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Abstract: The River Kali is an important surface water body in the western Uttar Pradesh (U.P). It is an intermittent
river which flows throughout the monsoonal months. The present study aims to assess the heavy metal contamina-
tion in the river Kali using pollution index (PI), based on five heavy metals (Fe, Zn, Cd, Pb, and Cr) during pre and
post monsoon seasons in the year 2014. The Pl evaluated during pre and post monsoon seasons with respect to
drinking water quality standards was found as 5.04 and 7.08 respectively, while related to inland water quality stan-
dards were found as 4.37 and 3.62, respectively. The results indicate that the river Kali was severely contaminated
(PI>3) in both seasons. Therefore, water of Kali River is not fit for drinking as well as for agriculture purposes.
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INTRODUCTION surface water of river Kali has not been carrietlyeau.

. s Therefore, in the present study, an attempt has bee
River water, a natural source forms the lifelineadlf 54 15 assess the degree of heavy metals contamina
living organisms. Water pollution, which is a major 4, 'in Kali River at seven sampling locations; (R

envwonmental ISsué in !ndla, is the |ntroduct.|oh 0 R;) at Uttar Pradesh (U.P) to calculate the pollution
contaminating pollutions into the natural waterdieg with respect to (w.r.t) drinking water quality and

to an adv;rze chandgeh The rapld(;ng_ustrzlallzatlef?’r& inland water quality standards so that a suitabfeser-
to water bodies and the untreated discharge ofsidu 4;iqn plan could be prepared and implemented.

trial effluents like toxic heavy metal contaminaie-
grade the water quality. Because of their bioacdamu MATERIALS AND METHODS
tion capacity and environmental persistence, specia
attention has been paid on toxic trace elementge@l . . o .
et al., 2014). These chemicals may enter aquatic c:omWhtICh ;IOWS ac_t|||vely, |n”mdor'1Asc3[0nadl monthi.hlttorugy
partments through a variety of routes, therefongaim \r}\";‘ee;ergoﬂpa \Igaﬁglgi\(/::r ?S a r':rivl\)/it::: n?)?rthe a%gé
ing the quality of not only aquatic ecosystems, a5 River which ;';1 ain is a tributary of thg Yamuna Rjve
human health (Baet al., 2012). As a consequence, and eventuallgflows into the Gyan a River nearridist

multidisciplinary approaches combining chemicalp ec K - Uy Pradesh. It ori 9 A q
-toxicological and ecological data in accordancéhwi annauj in Uttar Pradesh. It originates near An@va

: illage of district Muzzafarnagar in Uttar Pradesth
the Triad approach have been developed around th¥ . o ” ons " o
world (Benedettet al., 2012). However, the number of coordinate 29 9’ 34.29" N to 27°1'321.34°N and b7°4

potentially hazardous chemicals is ever growing; re 15.10” E to 77'58'14.03"E. it covers catchment area

dering a complete chemical characterization of con-1425'21. kfi and trav.el.s. a Iengt.h of 150 km
taminants almost impossible (Virdt al., 1999). The (approximately) before joining the river Ganga. The

river water quality was being continuously degradedd'mat'c condmon.of the area is charact_enzed aas
due to the ever increasing disposal of municipa an moderate_ subtrop|cal_ monsoon. The major _Iand use
industrial waste from the nearby region (Jatnal., surrounding the river 1S _agncultgre _and thereasior-
1997). Traces of heavy metals such as Pb, Mn, He anestk;:over. Th,\j soil of th('js area IhS silt loamy m_:}g h
Cr have been identified as deleterious to aquatic e cKarl_ ‘;{’?atesf-l oreover, u?ng tl € nlwonsoon ple(;lllfb' t
systems and human healh Panidal ana Kumarkel SN 108 IereRses 0 2 el operox 100
2014). Although several reports on water quality, the overgbanks in man )s/tretches The sampling-loc
planktonic and limnology of river have been pubdidh tions have been given >|f1 Table 1 a{nd Fig 1 ping-
(Bhargaveet al., 2009; Sirohiet al., 2014; Kapsikaget : v given I 9. 1.

. : Iculation of contamination index (CI) and pollu-
al., 2011; Ghosh and Mcbean, 1998; CPCB, 2012) buEa .
’ ' . Lo j ' .7 -~ “tion index (PI): The Cl and PI here have been used to
a comprehensive monitoring of heavy metals in theidentify the enrichment of heavy metals with resgec
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Study site: River Kali East is an intermittent river
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Table 1.Different surface water sampling locations.

P
S.N.  Sampling location  Coordinates Code L= \E{P]‘““ +art) (Ea.3)
1 Near Gesupur 29°2'9.74"N to R, Where, Pl is the Nemerow pollution index;,Riis the
Village 71°47'10.90°E maximum value of pollution indices of all five hgav
2 After confluence of 28°57'42.98'Nto R, metals considered at particular sampling locaticme
Abu Nala 1 77045,53'4Z E range for which Pl is classified assP(water not con-
3 ﬁgercigﬂzuence of 28T I R taminated); 2<R3 (slightly contaminated) and P>3
4 After confluence of 28°5629.68'Nto R, water severely contaminated. The inland water guali
Meerut drain 77°44'18.26"E standards and drinking water quality standardshef t
5 Near Pipli Khera ~ 28°48'42.34'NN R five heavy metals considered were obtained from the
village to 77°44'18.26"E Central Pollution Control Board (CPCB, 2012; EPA
6 Near Kaol village ~ 28°48'42.34'Nto Rg 1996) and BIS, 1991 norms of the Indian government
_ , 77°48'43.63'E for general discharge of environmental pollutant to
7 Near Ajrara village 28°47"71.41'Nto Ry

77°57'43.63"E assess contamination of heavy metals in river Kali.

Data collection and analysisThe data of heavy metal
the maximum permissible limit for standard disclearg concentration for analysis and calculation of iedic
of environmental pollutant to inland water and stan were obtained from the laboratory experiment during
dard permissible drinking water quality. The patat pre monsoon (March-May) and the post monsoon (Oct-
index of individual heavy metal was calculated bya Dec) in the year 2014 at seven sampling locatiSas-
tion 1 and the contamination index for potentialyic  ples from surface water were collected directihbgd in
heavy metal in the river was calculated by equétion a wide mouth glass jar, while the deep water sample
(Eq. 1) were withdrawn by Vendorn-type water sampler. The
water samples were stored at 4°C transported to the
1 laboratory within an hour and analyses were donthen
=g ZPi (Eq. 2) same day. The heavy metals were analyzed using HACH
Spectrophotometer taking in account the unit ofsuea
Where, Pi is the pollution index of individual hgav ment as mg/l (APHA, 2005) and the data obtainethgur
metal; ClI is the contamination index. The contamina analysis at all sampling locations were convential the
tion index is classified as CI>5 (contaminated), BB overall mean and standard deviation of each heaglm
(slightly contaminated) and CI<1 (not contaminated) concentration for the overall river water qualitydais
Further, to determine the magnitude contribution of shown in Table 2. The data was converted into iddal
individual heavy metal to toxicity of an area, 8iegle  pollution index (Pi) value using equation 1. Thatemni-
factor index, Nemerow pollution index (Yareg al.,  nation index (CI) is then calculated by averaging Pi
2013) is applied for river water quality with respéo  value of all five heavy metals at particular samplioca-
heavy metal. The Nemerow pollution index (PI) is tion for both pre and post monsoon using equation 2
widely applied to reflect the total pollution levahd  Then, Pi value was evaluated using equation 3.
evaluate environmental quality. It was calculatgd b According to WHO, all the heavy metals were abdwee t
equation 3: permissible limits. The pollution index and contaation
i index values with respect to the general standardrvi-
ronmental pollutant discharge for inland water bedire
N represented in Table 3 & 4 for both pre and postsoon
- A sampling respectively. While, using a denominator f
2 calculating Pi as drinking water quality standazd.and
b Pl values are represented in Table 5 and 6, réaglgct
subie for both pre and post monsoon.
Slight variation in Pl was found at most of the sam
pling locations in the pre-monsoon to post-monsoon
season, but at some of the locations where PI>3, ca
be due to nutrient enrichment during the rainy seas

. Measured concentation of individual heavy metal

1= s ;
Standard permisible concentration of heavy metal

Abu Nalia 1 {

e Nou It was also revealed that the Pl was more spetific
- P classifying the contamination level in the wateeam
Legend el e than CI (Tables 3-6).
- vilaga sampling /
e A RESULTS AND DISCUSSION
]E‘:;mwm The Kali river water quality was assessed using the
¥ sass 2 a2 five heavy metal parameter for different sampling |

Fig. 1. Schematic diagram of Kali River with specified sampling catlpns. The Season‘_al \,/a”a,tlon Of dlﬁe_rent hem"'y'
locations. als in water from Kali River is depicted in TableThe
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Table 2.Mean value of the data obtained during analysisvir
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Kali.

S.N. Heavy Water quality in present study Inland water quality Drinking water quality
metals (Mean+ S.D) (mgll) (mgll)
Pre-monsoon Post-monsoon

1 Fe 1.77+0.87 1.53+0.75 3 0.30

2 Cr 0.09+0.03 0.06+0.02 2 0.05

3 Cd 0.08+0.03 0.06+0.03 2 0.01

4 Zn 29.71+7.59 24.71+6.42 5 5

5 Pb 0.19+0.13 0.13+0.07 0.10 0.10

Table 3.Cl and Pl w.r.t inland water quality standard dunimg-

monsoon (March 2014 to May 2014)

Sampling Pi(Fe) Pi(zn) Pi(Pb) Pi(Cr) Pi Cl Pimax Pl Water quality

locations (Cd) contamination
Ry 0.19 4.00 0.80 0.03 0.02 1.01 4.00 2.92 Moderate
R, 0.31 4.80 0.90 0.04 0.04 1.22 4.80 3.50 Severe
Rs 0.47 5.80 1.20 0.04 0.04 1.51 5.80 4.24 Severe
R4 0.63 5.00 0.92 0.04 0.04 1.32 5.00 3.66 Severe
Rs 0.68 6.40 2.40 0.05 0.05 1.91 6.40 4.72 Severe
Rs 0.87 7.20 3.50 0.06 0.05 2.34 7.20 5.35 Severe
R; 0.99 8.40 3.90 0.07 0.06 2.68 8.40 6.24 Severe

Average 1.35 - 3.62 Severe

Table 4.The Cl and PI w.r.t inland water quality standardrty post-monsoon (October 2014 to December 2014).

Sampling Pi Pi Pi (Pb) Pi(Cr) Pi Cl Pimax PI Water quality

locations (Fe) (zn) (Cd) contamination
Ry 0.17 3.20 0.50 0.02 0.01 0.78 3.20 2.33 Moderate
R, 0.29 3.80 0.70 0.02 0.02 0.96 3.80 2.77 Moderate
R; 0.40 5.00 0.98 0.03 0.03 1.29 5.00 3.65 Severe
R4 0.47 4.20 0.72 0.03 0.03 1.09 4.20 3.07 Severe
Rs 0.63 5.60 1.60 0.04 0.04 1.58 5.60 411 Severe
Rs 0.74 6.00 2.00 0.04 0.04 1.76 6.00 4.42 Severe
R7 0.87 6.80 2.30 0.05 0.05 2.01 6.80 5.01 Severe

Average 1.35 - 3.62 Severe

laboratory analysis of samples indicates that ther r

of heavy metals is evaluated and shown in Tables 5

was supplemented with heavy load of Zn and Pb.,and 6 for pre and post monsoon, respectively. The C
which were found to be very high than the standardwas found in the range 1-5 whereas Pl was in rétige

limit of inland water quality that led the river tea
unfit for agricultural use. While all five heavy aés

>3 in both the seasons at all sampling locatioreeix
R; (Tables 4 and 6). The variation in Cl was alsmfbu

concentrations were found higher than standard perin pre monsoon (P1>3) and post monsoon (PI, 2s3), i

missible limit of drinking water quality thereforever
water was unsuitable for drinking purpose. Furtler,
order to classify the laboratory findings comprehen
sively, the PI and Cl were calculated with respect
inland water quality standard during pre and poshm
soon as represented in Table 3 and 4, respectiUibégy.
result showed that the Cl was in the range of h-5 i
both the season, was an indication of slightly aomt
nated water quality at most of sampling locatiams,
cept R and R. Moreover, the Pl was found in the
range Pl >3 at most of sampling locations indiaatin
the severely contaminated water quality, excefRjat

due to dilution of river water.

The present study indicated that the accumulated co
centration of heavy metals in the Kali River is min
mum during post-monsoon and maximum during pre-
monsoon. Reason behind, after rainy season (July-
August), rivers is highly flooded and the drainays-
tem is drastically affected, which results in mixiof
polluted and unpolluted water. This leads to demea
in heavy metal concentration, whereas increaséen t
concentration of metals during pre-monsoon might be
due to drought and reduction in water levels. Ftben
above it was found that the overall Pl is 4.79 &33in

(P1<3) was an indication of moderately contaminated pre monsoon and post monsoon respectively which

during both the seasons, while at Bhe Pl was found

shows that water is severely contaminated and is no

as 2.77 during post-monsoon and 3.50 during the presuitable for drinking and other life supporting iaict
monsoon season. Based on the results obtaineds it hties. The present findings also support the previou

been revealed that the water quality of river kalot
suitable for agricultural purpose. Furthermore, @le
and PI with respect to drinking water quality startl

studies (Bhargavat al., 2009; Sharmaet al., 2014).
Bhargavaet al. 2009 had studied quality of water on
the river Kali using microbial count and had repdrt
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Table 5.Cl and PI w.r.t drinking water quality standard dgrpre-monsoon (March 2014 to May 2014).

Sampling Pi (Fe) Pi Pi (Pb)  Pi (Cr) Pi (Cd) Cl Pimax PI Water quality
locations (Zn) contamination
R; 1.87 4.00 0.80 1.36 4.00 2.41 4.00 3.30 Severe
R, 3.07 4.80 0.90 1.48 7.20 3.49 4.80 4.20 Severe
R3 4.73 5.80 1.20 1.68 8.10 4.30 5.80 5.11 Severe
R, 6.27 5.00 0.92 1.54 7.30 4.21 5.00 4.62 Severe
Rs 6.77 6.40 2.40 1.84 9.50 5.38 6.40 5.91 Severe
Re 8.70 7.20 3.50 2.20 10.00 6.32 7.20 6.77 Severe
R 9.87 8.40 3.90 2.80 12.00 7.39 8.40 7.91 Severe

Average 4.79 5.40 Severe

Table 6.Cl and PI w.r.t drinking water quality standard dgrpost-monsoon (October 2014 to December 2014).

Sampling Pi (Fe) Pi Pi (Pb) Pi(Cr) Pi Cl Pimax Pl Water quality

locations (Zn) (Cd) contamination
R: 1.67 3.20 0.50 0.64 2.50 1.70 3.20 2.56 Moderate
R> 2.87 3.80 0.70 0.84 3.20 2.28 3.80 3.13 Severe
R3 4.00 5.00 0.98 1.22 6.10 3.46 6.10 4.96 Severe
R4 4.67 4.20 0.72 1.16 5.40 3.23 5.40 4.45 Severe
Rs 6.33 5.60 1.60 1.50 7.20 4.45 7.20 5.98 Severe
Re 7.40 6.00 2.00 1.64 8.60 5.13 8.60 7.08 Severe
Ry 8.67 6.80 2.30 1.90 9.60 5.85 9.60 7.95 Severe

Average 3.73 5.16 Severe
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