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ABSTRACT

Water quality of the River Ghaghara has been examined in special reference to seven heavy metals namely cobalt
(Co), copper (Cu), chromium (Cr), nickel (Ni), cadmium (Cd), zinc (Zn), lead (Pb), and on seasonal basis for two
consecutive years 2013-14 and 2014-15. Samples were collected from five stations namely Katernia ghat,
Colonelganj, Ayodhya, Dohrighat, and Chhapra. In the water of the river maximum value of Co, Cu,Cr, Ni, Cd, Zn,
Pb and was recorded as 0.027, 0.032, 0.007, 0.018, 0.043, 0.031and 0.019 mg/I respectively whereas the minimum
value was recorded 0.005, 0.016, 0.001,0.005, 0.003, 0.013, 0.005 mg/l respectively at different sites. Most of the
above values were found either below or closed the permissible limit set by World Health Organization (WHO)
except Cd. Cadmium concentration exceeded the WHO limit. Cd contamination in the river water of thisareaisa
serious concern for human health. Correlation analysis among all considered heavy metals shows positive
correlation with each other in both the years. The data generated may provide useful information to Governmental
agencies to control the heavy metal pollution of the river at these urban centers which may even be worst in future
scenario. The present experimental data indicates that the pollution level along theriver Ghagharais not very high
but the increasing population load in the basin may cause irreparable ecological harmin the long-term well masked
by short term economic prosperity

Keywords. Ghaghara River water. Environmental pollutionakie metals contamination. Correlation matrix.

INTRODUCTION

Rivers are the major geological agents in troparadl sub-tropical regions. Year by year, rivers dpamt about
37000 knf of water [1] and 13.5 x 109 tonnes of sedimen}sffdm terrestrial environments to the world ocgan
During transportation, water and sediments undergasiderable changes in their physico-chemical gntogs
depending on terrain characteristics and climatéhefregion through which the river flows [3]. & how well
understood that river transport of particulatesiriants and minerals plays a major role in maintgjnthe
productivity of the rivers. But, unfortunately, neased human interventions like domestic sewagiysinal
effluent, runoff from chemical fertilizers and pe&tes used in agriculture within the basin, angjdaquantities of
solid waste, including thousands of animals’ caseasand hundreds of human corpses are dumped inghevery
day in recent years have imposed tremendous peessuthe river systems. The scenario is being coatpd
further by the huge discharge of toxic contamindirien point and non-point sources. All these, ir avay or the
other, have negatively affected the natural pradectapacity of these life support systems of epand sub-
tropics.

In India, incidence of toxic heavy metal accumulatin fish, oysters, sediments and other componaégjuatic
ecosystems have been reported regularly [4, 5]s@Hhexic heavy metals entering in aquatic enviramnare
adsorbed onto particulate matter, although theyfaan free metal ions and soluble complexes thaisamilable for
uptake by biological organisms [6]. Untreated degddly treated industrial effluents often contawagiable
amounts of heavy metals such as arsenic, leadelnickdmium, copper, mercury, zinc and chromiumcivtiave
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the potential to contaminate crops growing undehsuigation [7]. These heavy metals have a mardéect on
the aquatic flora and fauna which through bio-mfggtion enter the food chain and ultimately afféot human
beings as well. Heavy metal pollution is an evaréasing problem of aquatic bodies. Weathering ofenals,
industrial effluents, atmospheric precipitation amezhpoint discharges are important sources of higgivy metal
concentrations in river systems.

To study the water quality of the river Ghagharghveipecial reference to seven heavy metals, na@ietgmium
(Cr), Cobalt (Co), Nickel (Ni), Copper (Cu), ZinZr(), Cadmium (Cd), and Lead (Pb) were investigatethe
present study. The metals selected for investigatiere assumed to be both from point and nongsoinices has
been identified in the river Ghaghra. Zn, Cu, Plol &£d are the most frequently researched heavylsnigta
bioaccumulation studies [8]. Ni and Cr were coesid because they have been found to be in higteotmations
in urban runoff due to corrosion-induced releasenfmetal alloys [9, 10].

The present study is an attempt to address cextqiacts of the water systems of the rivers riveagBhra flowing
through different districts of Uttar Pradesh andh@i The study includes a systematic analysis afyanetals
distribution in water of the river system. The dfie objectives of the study are firstly to invigsite the current
status of the heavy metals availability registarethe water of the river, secondly to assess #asenal variations
in the water quality of the river and to providdestific basis to understating the environmentalbyem in the
ecosystem context.

Study area

Ghaghara River is one of the most important leftkb@ibuteries of the river Ganga. In the upperchess, the river
Ghaghara is known as the Manchu and Karnali in Népeses in the Himalayan glaciers near Lampésgat an
elevation of 4800 meter at latitude® 38N and longitude 8057 E about 60 km South-West of Mansarowar. After
flowing for about 72 km in a south-easterly direntithe river enters Nepal. Ghaghra enters int@mlatiKotia Ghat
near Royal Bardia National Park, Nepal Ganj, wheie known as the river Girwa for about 25 km. Artage
called Girijapuri Barrage has been constructedhateind of the Girwa. Below the barrage the riviias the name
of the Ghaghra. The river receives the Mugu Karaadl the Tiha on its left bank. In the reach betw&€auriaghat
and Dhundras, The River is joined by the Seti srright bank. The river Bheri joins its left bankam Kueghat.
After traversing for some length in the plains, tiver branches off into several channels downstreadChisapani.
The Kauriala and the Girva are the important tebies. The Kauriala, before leaving Nepal, recethesMohan
River on its right. The Kauriala and the Girva iejat Bharatpur in Bahraich district of Utter PradeNear Gularia
the river receives the Sarjuon on its right andhiers downstream the Baheri Sarjuon on its lenfle. Sarda, most
important tributeries of the river Ghaghara joine Kaurial River at Rampur. After the junction witie Sarda, the
river is known as the Ghaghra. River Ghagra comsrits journey through Ayodhya where it is knowntlhe name
Sarjuon. The River Ghaghra flows in many channketeugh the district of Gorakhpur, Deoria, Azamgaahgd
Ballia. Near Dhuriapar, the Kuwana River joins tAhaghra. The course of the Ghaghra is confined smgle
channel at Dohrighat. The Rapti and the little Gangbin it from the left. After receiving the Jhaiand the Daha,
two small streams on its left, the river finallyirje the river Ganga few km. downstream of chhapventin Bihar
sub-basin of the River Ghaghara (excluding riveptRa

The Ghaghara flows for a total length of about 1880 the upper half of which lies in Tibet and Nepad the
lower half in India. Out of the total catchmentamf 1, 27,950 sq. km, the area in India is only687 sqg. km,
which falls 45% of the total area. The critical dions along Ghaghra in India where major shiftiag occurred
are Tanda, Ayodhya, Golabazar, Barhaj and Banstéavy mining of sand from its course and variatioflow is
the possible reasons for shifting in river Ghaghitee sampling sites are shown in the Fig:1.
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Fig: 1 Sampling stations of the River Ghaghara with the adjoining cities

Sampling stations of the River Ghaghra

There were five sampling stations were selectedHerstudy purposes of the river Ghaghara in Indiarritory
from Katerniaghat, Bahraich (UP) to confluence npoif the River Ganga at Chhapra, Bihar. The gmgigical co-
ordinates of sampling sites are given in the Table

Table: 1 Sampling sites of the River Ghagharawith their geographical co-ordinates

Study sites Latitude | Longitude | Elevation(ft) District State
Katernia ghat| 28°19'46'N | 81°07'44'N 462 Bahraich UttarPradesh
Colonelganj | 27°08'10'N | 81°41'58'E 352 Gonda UttarPradesh
Ayodhya 26°47'49'N | 82°11'53'E 298 Faizabad UttarPradesh
Dohrighat 26°16'37'N | 83°30'33°E 213 MauNathBhanjar)  UttarPradesh
Chhapra 25°%47'05'N | 84°43'37'E 196 Saran Bihar

Katernia Ghat is located near the Indo-Nepal Border of Indiah@ Bahraich district of Uttar Pardesh at is a feagi
eco-system spread over an area of around 440 sgilaneeters with sal and teak forests , lush geasdd and
wetlands along with the ever flowing. Girwa Riverdais a jungle known as the Katerniaghat Wildlin&uary.
The river is dominated by the Gharials and Mugg@rocodile) which can be seen basking on the sang. The
sanctuary is an important breeding area of the i@dawhich builds its nests on these sand barstld of various
kinds can also be seen basking in the sun andutiées splash in the water alerts one of the preseat the
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Gangetic Dolphin which playfully jump in the watefGhere are many small scale industries like texttioloring
reagents), tanneries, automobile, laundries chdspiearicultural manufacturing units and sugarcardustries
have established in this region. As of India ceskl, Baharaich had a population of 3,478,275.

Colonelganj is a historic place in Gonda District of Uttar &eah. Gonda is around 40 km east of Colonelgan;.
Colonelgan;j is located at 27.07°N 81.402°E. As @2 India census, Colonelganj had a populationdgf@3. This
City is situated on the bank of Saryu River whist2iKm away from Main city. In the range of Talidbe area of
sangam of two rivers as Ghaghara and Sarju aratsguSarju is a small river which merges in tha@tara near
Paska village. This river system is again calle@agu when it reaches Ayodhya in Faizabad disffibe untreated
domestic and industrial wastes are released ietoitler by open drains.

Ayodhya is an ancient city of India adjacent to Faizabity io Faizabad district of Uttar Pradesh. It isdted at
26° 47 49" N latitude and 82° 153" E longitude. As a result of rapid settlement aeslelopment Ayodhya has
been merged to Faizabad city. Ayodhya is locatetherright bank of the river it Saryu (also cal@tdaghara) Just
6 km from Faizabad,. Ayodhya has a warm humid sygital climate, typical of the Indian heartlandn8uers are
long, dry and extremely hot, lasting from late Maito mid-June, with average daily temperatures 132atC
(90 °F). As per provisional reports of Census Ingiapulation of Faizabad in 2014 is 167,544. Th&eaated
domestic and industrial wastes are released ietoitker by open drains.

Dohrighat is a small town of the district Mau Nath BanjantddtPradesh, spread in 5 kmrea. It is located
between 26° 1637" N latitude and 83° 3B3" E. Mau (Mau Nath Bhanjan) is situated on the legiains of the
Ganges—Ghaghara doab. According to sensus 201tbtdlepopulation of this district is 2,205,170. $Hdistrict
represents geographical characteristics of mid &anglain. “Khachari” and “Khadar” are types ofilsimund in
the areas of north of Azamgarh - Ballia. In songhhplaces “Bangar” soil is also found. In the seuthpart of the
district, river flow is absent, due to which thaea has Bangar type of soil, which is not fertlledustries like
leather tanning, small textile units, laundry chesis, paints and dyes, radiators, brake wires, twar,
anticorrosive plating are main contributors of hemetals contamination in the river.

Chhapra is a city and headquarters of Saran district endfate of Bihar, India. It is situated near thecfion of the
Ghaghara and the Ganges River. Chapra is locat@sP a7 05" N latitude and 84° 437" E longitudes. The district
is shaped like a triangle with its apex at the hasrfce of boundary of Gopalganj district and thendzk — Ganges
River. There are three rivers, namely the GangésgBra, Gandak, which encircle the district fronutBp North,
East and Western side respectively. The distrientirely constituted of plains but there are gaitew depressions
and marshes, which create three broad naturaliaigsindustries such as multiproductive agro-maactufring unit,
alcohol manufacturing unit, polythene manufactunimgts, leather tanning, small textile units, landhemicals,
paints and dyes, radiators, brake wires, tire weaticorrosive plating are main contributors of @d, Cr,Cu, and
Ni contamination in the river.
MATERIALSAND METHODS

The experimental work has carried out in two phdigedy, the field study and secondly the laborgitevork. To
collect the water and sediment sample from ther ii¥eaghra five sites have selected Sampling siter® Wocated
by using Global Positioning System (GPS) Technology

Water sampling procedures

The periodic samplings were carried out in monsaeimter and summer seasons with three replicatesvin
consecutive years 2013-2014 and 2014-2015. Theoditeampling is selected randomly by considering th
population, location and source of pollutions. Ehevere five sampling stations were selected for shaly
proposes. River water samples were collected gthdevarying from 15 to 30 cm with the help of atevasampler
which consisted of a glass bottle and a cord tieal lid. The whole assembly was lowered into waighe desired
depths and the cord of the lid was pulled and seldanly when displaced air bubble ceased to cortfeetsurface.
The whole assembly was withdrawn and the waterthes transferred into pre-cleaned polypropylendldstAll
the containers which used in sampling purposes ten®ughly washed and rinsed with 10% HNfollowing by
double distilled water. The bottles were filledaa no air space, and then the bottle was sealqutdvent any
leakage. Each container was clearly marked withndmae and address of the sampling station, sangslerigtion
and date of sampling. All the procedures were agtbptcording to the standard methods recommendé®PbiA
[11]

Preparation of water sample for the analysis of heavy metals
All chemicals used in the study were of analytigehde and obtained from E. Merck, Mumbai, India.uble
distilled water was used throughout the study. th glassware and other sample containers wer@ubbly
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cleaned and finally rinsed with double distilledteraprior to use. The trace metal concentratiothi& sediment
sample was determined by using Perkin-Elmer Atoftisorption Spectrophotometer model 800.

For determination of heavy metals in water, wagengles (50 ml) were digested with 10 ml of conc.®4Nit 80C
until the solution became transparent [12]. Thaitsmh was filtered through Whatman No. 42 filterppa and
diluted to 50ml with double distilled water. Thes@mples were used to determine heavy metal coatiems by
Atomic Absorption Spectrophotometer (Perkin-Elmerdel 800, USA).

Heavy metals were determined by atomic absorptii@ctsophotometer (AAS). Atomic Absorption spectagsgis
an absorption methods where radiation absorbed étalnions, excited atoms in the vapors state. bmat
absorption spectroscopy, the sample is first cdadeat a selected wavelength, which is charadieridt each
individual element. The same experimental conditvess also applied for the determination of the nmfee
samples of known composition.

Cobalt (Co™) was directly aspirated in to an aigHf, flame of an Atomic absorption spectrophotometet tre
absorbance of the standard Cd samples were mahibtbe wavelength of 242.5 nm.

Copper (Cu™) was determine by directly aspirate in to an aipbHL flame of an atomic absorption
spectrophotometer and absorbance was measuredeength of 325 nm.

Chromium (Cr*™") was determinate by directly aspired into aikHG flame of an atomic absorption
spectrophotometer and absorbance measured at wgtrelef 283.3 nm.

Cadmium (Cd™) was directly aspirated in to an aighf; flame of an Atomic absorption spectrophotometet thie
absorbance of the standard Cd samples were mahibtbe wavelength of 228.8 nm.

Nickel (Ni*") was determinate by directly aspirated in to an &gH, flame of and atomic absorption
spectrophotometer was measured at wavelength ofi232

Zinc (Zn™) was determined by directly aspirated in to an aldLCflame of an atomic absorption spectrophotometer
and absorbance measured at wavelength of 279.5 nm.

Lead (Pb*") was directly aspirated in to an airM flame of an atomic absorption spectrophotometat an
absorbance was measured at wavelength of 358 nm.

Statistical and computational analysis

M ean

For a data set, the mean is the sum of the obsemgatlivided by the number of observations. It iifess the
central location of the data, sometimes referred tonglish as the average. The mean is calculajestat software

Statistica 8, using, and the following formula.
EX)M=N

WhereX = Sum of

X = Individual data points

N = Sample size (number of data points)

Standard Deviation (SD)

The standard deviation is the most common meaduvarability, measuring the spread of the dataasal the
relationship of the mean to the rest of the ddtthd data points are close to the mean, indicdtiagithe responses
are fairly uniform, then the standard deviationl wé small. Conversely, if many data points areffam the mean,
indicating that there is a wide variance in thepoeses, then the standard deviation will be lalgell the data
values are equal, then the standard deviatiorbwiltero. The standard deviation is calculated dysstftware

Statistica 8, using the following formula.
E(X-M)2S2 = n-1

WhereX = Sum of

X = Individual score

M = Mean of all scores

N = Sample size (number of scores)
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Correlation study

The word correlation is made of Co-(meaning “tog€t)) and Relation. When two sets of data are gigotinked
together we say they have a high correlation. Catiom is Positive when the values increase togethad
correlation is negative when one value decreastseasther increases

Correlation can have a value:

» 1is a perfect positive correlation

» 0is no correlation (the values don't seem linkealln

» -1 is a perfect negative correlation

RESULTSAND DISCUSSION

Water and sediment quality of the River Ghagharadbhara River passes through mainly villages, tcantssmall
cities. However big city like Ayodhya is also loedton right bank of the river in Faizabad distattUttar Pradesh.
Domestic effluents are added into river from theris and cities. Untreated industrial effluentsals® added from
some small scale industries in to the river. Thelgtarea covers a stretch of the river Ghaghatadian Territory
from Katerniaghat, Bahraich (U.P) to Chhapra (Bih&ihe experimental findings of physico-chemicahlgsis and
heavy metals content in water and sediment of eaghara presented in Tables :2 to Table: 6

Table: 2 Water and sediment quality of the River Ghaghara at Kater niaghat, Bahraich (U.P.)

Heavy metalsin river water
araParamete Year 2013-2014 Ygar 2014-2015
Monsoon | Winter| Summe Mean * Sl Monsopn  Winter Semm Mean + SD
Co(mg/l) 0.005 0.008 0.022 0.011+ 0.009 0.008 0.0180.021 0.015+ 0.004
Cu (mg/l) 0.021 0.028 0.031 0.026+ 0.005 0.01D ®.02 0.033 0.022+ 0.011
Cr (mg/l) ND ND ND 0+ 0.00 ND ND ND 0+ 0.00
Ni (mg/l) 0.007 0.013 0.0 0.013+ 0.003 0.013 0.017 0.022 0.017+ 0.004
Cd(mg/l) 0.001 0.002 0.005 0.003+ 0.002 0.002 0.0030.007 0.004+ 0.002
Zn (mg/l) 0.002 0.017 0.021 0.013+ 0.010 0.005 0.02 0.028 0.018+ 0.011
Pb (mg/l) 0.001 0.007 0.021 0.009+ 0.01L0 0.00B .00 0.009 0.005+ 0.003

Table: 3 Water and sediment quality of the River Ghaghara at Colonelganj, Gonda (U.P.)

Heavy metalsin river water

araParamete Year 2013-2014 Ygar 2014-2015
Monsoon| Winter] Summef Mean=SI) Monsopn Winter Semm Mean = SD
Co(mg/l) 0.03 0.008 0.027 0.021+ 0.011 0.00% 0.0250.030 0.02+ 0.013
Cu (mg/l) 0.012 0.017 0.023 0.017+ 0.005 0.018 $.02 0.031 0.023+ 0.004
Cr (mg/l) ND ND ND 0+ 0.00 ND ND ND 0.00+ 0.00
Ni (mg/l) 0.007 0.013 0.025 0.015+ 0.012 0.00 8.0p 0.025 0.012+ 0.011
Cd(mg/l) 0.018 0.021 0.028 0.022+ 0.15 0.011 0.0250.027 0.021+ 0.00§
Zn (mg/l) 0.015 0.018 0.025 0.019+ 0.005 0.018 0.02 0.030 0.021+ 0.00§
Pb (mg/l) 0.005 0.018 0.029 0.017+0.002 0.008 ®.01 0.022 0.015% 0.007

Table: 4 Water and sediment quality of the River Ghaghara at Ayodhya, Faizabad (U.P.)

Heavy metalsin river water

araParamete Year 2013-2014 Ygar 2014-2015
Monsoon | Winter| Summe Mean * Sl Monsopn Winter Semm Mean + SD
Co(mg/l) 0.020 0.028 0.031 0.026+ 0.005 0.018 0.0270.038 0.027+ 0.010
Cu (mg/l) 0.015 0.023 0.047 0.028+ 0.016 0.01p .03 0.047 0.031+ 0.017
Cr (mg/l) 0.002 0.005 0.009 0.005+ 0.003 0.004 9.00 0.010 0.007+ 0.003
Ni (mg/l) 0.010 0.018 0.021 0.016+ 0.005 0.009 6.0 0.032 0.018+ 0.011
Cd(mg/l) 0.015 0.030 0.057 0.034+ 0.021 0.01) 0.0330.043 0.031+0.013
Zn (mg/l) 0.021 0.030 0.042 0.031+ 0.010 0.019 8.02 0.038 0.028+ 0.004
Pb (mg/l) 0.008 0.005 0.016 0.010+ 0.005 0.01p ©.02 0.028 0.019+ 0.004
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Table: 5 Water and sediment quality of the River Ghaghara at Dohrighat, Maunath Bhanjan (U.P.)

Heavy metalsin river water
araParamete _Year 2013-2014 Ygar 2014-2015
Monsoon | Winter| Summe Mean + Sl Monsopn Winter Semm Mean + SD

Co(mg/l) 0.002 0.015 0.028 0.015+0.013 0.004 0.0170.028 0.016+ 0.017
Cu (mg/l) 0.024 0.036 0.035 0.032+ 0.006 0.021L D.03 0.039 0.030+ 0.00¢
Cr (mg/l) ND ND ND 0+ 0.00 ND ND ND 0£0.00

Ni (mg/l) 0.002 0.004 0.009 0.005+ 0.003 0.004% 6.0p 0.010 0.007+ 0.002
Cd(mg/l) 0.024 0.038 0.042 0.035+ 0.009 0.02y 0.0320.048 0.036+ 0.001
Zn (mg/l) 0.014 0.018 0.021 0.017+ 0.003 0.011 0.01 0.023 0.017+ 0.006
Pb (mg/l) 0.002 0.004 0.008 0.005+ 0.003 0.00B .00 0.009 0.006+ 0.003

Table: 6 Water and sediment quality of the River Ghaghara at Chhapra, Saran (Bihar)
Heavy metalsin river water
araParamete Year 2013-2014 Ygar 2014-2015
Monsoon| Winter| Summe Mean * Sl Monsopn Winter Semm Mean + SD

Co(mg/l) 0.003 0.021 0.027 0.017+0.01 0.004 0.0240.028 0.019+ 0.012
Cu (mg/l) 0.010 0.014 0.025 0.016+ 0.007 0.018 8.02 0.044 0.019+ 0.014
Cr (mg/l) 0.002 0.006 0.008 0.005+ 0.003 0.001 £.00 0.007 0.005+ 0.003
Ni (mg/l) 0.003 0.009 0.017 0.009+ 0.007 0.01 a.0L 0.019 0.014+ 0.00%
Cd(mg/l) 0.031 0.042 0.051 0.041+ 0.010 0.03y 0.0490.043 0.043+ 0.009
Zn (mg/l) 0.020 0.029 0.031 0.027+ 0.005 0.018 8.02 0.019 0.020+ 0.00%
Pb (mg/l) 0.005 0.015 0.027 0.015+ 0.011 0.006 .01 0.025 0.016+ 0.004

Table: 7 showing Minimum and maximum value of seven heavy metals compared with WHO standar ds

Parameters Minimu_m v_alue at different siteg Maximu_m v_alue at different sites Eermissible Standards
in different years in different years limit (mg/l)

Co(Mg/l) | 0.011] katerniagha{ 2011-12 0.037 Ayodhya 01212

Cu (Mg/l) | 0.016]| Colonelganj| 2010-11 0.032 Dohrighat2010-11 1.0 WHO
Cr (Mg/l) | 0.005| Ayodhya 2010-11 0.00y  Ayodhya 20121 - 0.05 WHO
Ni (Mg/l) | 0.005 | Dohrighat 2010-11 0.018 Ayodhyal 2012 0.1 WHO
Cd(Mg/l) | 0.003| Colonelganj| 2010-11 0.043 chhapra 11202 0.005 WHO
Zn (Mg/l) | 0.013| Katerniaghaf 2010-11 0.031 Ayodhya 2010-11 5.00 WHO
Pb (Mg/l) | 0.005| Katerniaghat 2011-12 0.019 Ayodhya 2011-12 0.05 WHO

Table: 8 Presenting the Correlations coefficient between seven parametersin theyear 2013-14

Table: 9 Presenting the Corr elations coefficient between seven parametersin the

co Cu Cr Ni Cd Zn| Ph
co 1
Cu .982 1
Cr .966 .900 1
Ni .899 .966 .756 1
Cd .977 1.000 .888 .972 1
Zn 941 .988 .822 .994 .997 1]
Pb .999 .990 .952 .920 .986 .95 1
*. Correlation is significant at the 0.05 level (2-tailed).

co Cu Cr Ni Cd Zn| Ph
co 1
Cu .982 1
Cr .966 .900 1
Ni .899 .966 .756 1
Cd 977 1.000 .888 972 1
Zn .941 .988 .822 .994 .997 1
Pb .999 .990 .952 .920 986] 957 1
*. Correlation is significant at the 0.05 level (2-tailed).
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Cobalt (Co™)

Ghaghara River shows variability in cobalt concatidn at different sites. At Katerniaghat the ageraalue of
Co™ in water was recorded as 0.011 + 0.009 mg/l inyiar 2013-14 and 0.015 + 0.006 mg/l in 2014-15% Th
minimum value was observed in Monsoon season whéheamaximum value was recorded in the summepgeas
At Colonelganj the average value of Co was reco@8dl + 0.011 mg/l in the year 2013-14 and 0.@20G4.3 mg/I

in 2014-15. At Ayodhya the average concentratio@ofwas recorded 0.026 + 0.005 mg/l in the yeai32D4 and
0.027 + 0.010 mg/l in 2014-15. At Dohrighat the ragge value of Co was recorded 0.015 * 0.13 mgthényear
2013-14 and 0.016 + 0.012 mg/l in 2014-15. At Chrhahe average value of Co was recorded 0.017 G10n@y/I

in the year 2013-14 and 0.019 + 0.012 mg/l in 2@%4-The Co concentrations of water of the River ghlaaa at
different sites are presented in the Table: 2 tbl&:ab In the river Ghaghara maximum concentratbiCo was
noted 0.021 mg/l at Ayodhya in the year 2013-14 relag it was minimum 0.002 mg/l at Colonelganj ia {lear
2014-15.

Copper (Cu™) Concentration of Copper in the River Ghaghara gasite to site. At Katernia the average value of
Cu in the water of the River Ghaghra was recordé@®=+ 0.005 mg/l in the year 2013-14 and 0.02204.0 mg/I
in 2014-15. At Colonelganj the average value ofw@s recorded 0.017 = 0.005 mg/l in the year 2013411 0.023
+ 0.009 mg/l in 2014-15. At Ayodhya the averageueadf Cu was recorded 0.028 + 0.016 mg/l in the 984 3-14
and 0.031 + 0.017 mg/l in 2014-15. At Dohrighat #werage value of Cu was recorded 0.032 £+ 0.006 imdfhe
year 2013-14 and 0.030 + 0.009 mg/l in 2014-15.4ph& the average value of Cu was recorded 0.01607Gng/|
in the year 2013-14 and 0.019 + 0.014 mg/l in 2@%4-The Cu concentrations of water of the River ghlaaa at
different sites are presented in the table: 2 bdeta6. In the river Ghaghara maximum concentratdrCu was
noted 0.032 mg/l at Dohrighat in the year 2014-1é&whs it was minimum 0.002 mg/l at Colonelganjhe year
2013-14. In present investigation it was noted ttiet observed values were below the permissiblét loh
0.05mg/L set by WHO [13] (Table 7). It is importdrgre to note that Cu is highly toxic to most fish@evertebrates
and aquatic plants than any other heavy metal éxoepcury. It reduces growth and rate of reprodurctn plants
and animals. The chronic level of Cu is 0.02—-0.2n{@4]. Aquatic plants absorb three times more Rantplants
on dry lands [15]. Excessive Cu content can caaseage to roots, by attacking the cell membranedmstioying
the normal membrane structure; inhibited root ghoamnd formation of numerous short, brownish secondzots.
Cu becomes toxic for organisms when the rate dfrgitien is greater than the rate of excretion, anu is readily
accumulated by plants and animals, it is very irtgrdrto minimize its level in the waterway.

Chromium (Cr*") concentration varies from site to site and seascsetison for the River Ghaghara. Chromium
was not detected in water of the river Ghaghra atekiiaghat, Colonelganj and Dohrighat but it watecdted at
Ayodya and Chhapra. At Ayodhya the average valuérofias recorded 0.005 + 0.003 mg/l in the year3204 and
0.007 + 0.003 mg/l in 2014-15. At Chhapra the agerasalue of Cr was recorded 0.005 + 0.003 mg/hm year
2013-15 and similar value was also recorded in 2l8.4The Cr concentrations of water of the Rivea@tara at
different sites are presented in the table: 2letas. In the river Ghaghara maximum concentratib@r was noted
0.007 mg/l at Chhapra in the year 2014-15 wheteaas minimum as 0.002 mg/l at Ayodhya in thery2Gil3-14.
Cr was not detected from other sites of the riveaghara In the present investigation the averageo@tent in
water samples was found below the permissible lrfh@.05mg/L set by WHO [13]. [16] observed thatarhium is
a transition metal that is discharged into the mmrent through the disposal of wastes from indesstike leather
tanning and metallurgical, leading to contaminatiémiver water and sediment both. Chromium isrfen tanning
agent and most hazardous chemical used in chromméntaprocess. The excessive use of this chemgeals to
higher concentration in the effluent [17]. Chromilewels in the target area were found in very lonoant in the
undertaken rivers. It is the major chemical preserthe effluent, which, when released into waiercolates the
layers of sediments. Cr compounds are used as pighmaordents and dyes in the textiles and asattgirig agent
in the leather. The sources of emission of Cr anghrface waters are from municipal wastes, lauctdgmicals,
paints, leather, road run off due to tire weary@sion of bushings, brake wires and radiators, ®te. high level of
Cr in waste water effluent indicates excessiveytiolh from textile industries and tanneries [18tufe toxicity of
Cr to invertebrates is highly variable, dependipgm species [19]. For invertebrates and fishedpitity is not
much acute.

Nickel (Ni™") Nickel concentrations were varies from one samp#tagion to the other. At Katernia the average
value of Ni in the water of the River Ghaghra wasorded 0.013 + 0.003 mg/l in the year 2013-14a@d 0+
0.004 mg/l in 2014-15. At Colonelganj the averaghig of Ni was recorded 0.015 + 0.012 mg/l in thary2013-14
and 0.012 + 0.011 mg/l in 2014-15. At Ayodhya tlverage value of Ni was recorded 0.016 + 0.005 nmgthe
year 2013-14 and 0.018+ 0.011 mg/l in 2014-15. Abiighat the average value of Ni was recorded 000903
mg/l in the year 2013-14 and 0.007 + 0.002 mg/R@14-15. At Chhapra the average value of Ni wasroed
0.009 + 0.007 mg/l in the year 2014-15 and 0.0181G05 mg/l in 2014-15. The Ni concentrations ofevaif the
River Ghaghara at different sites are presentettiéntable Table: 2 to Table: 6. In the river Ghaghmaximum
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concentration of Ni was noted 0.018 mg/l at Ayodhyahe year 2013-14 whereas it was minimum 0.0@@ at
Dohrighat in the year 2013-14 The average Ni cdnterthe water samples of the river Ghaghara werend
between 0.003 mg/l to 0.030 mg/l which was belogvritaximum limit of 0.1mg/L set by WHO ( Table 7.5hort-
term exposure to Ni on human being is not knownawose any health problems, but long-term exposamecause
decreased body weight, heart, liver damage andiskation Tiwanaet al (2005). The carcinogenic action of nickel
carbonyl on rat was reported earlier by [20]. Nm @cumulate in aquatic life, but its magnificatalong in food
chain is not confirmed.

Cadmium (Cd"™) Ghaghara River shows different level of concerdratifrom site to site. At Katerniaghat the
average value of Cd in the water of the River Ghagias recorded 0.003 £+ 0.002 mg/l in the year 2D4.2nd
0.004 + 0.002 mg/l in 2014-15. At Colonelganj tverage value of Cd was recorded 0.022 + 0.015 mdfie year
2013-14 and 0.021 + 0.008 mg/l in 2014-15. At Aygallthe average value of Cd was recorded 0.034 210nfy/|
in the year 2013-14 and 0.031 + 0.013 mg/l in 20%4At Dohrighat the average value of Cd was reed1@.035 +
0.009 mg/l in the year 2013-14 and 0.036 + 0.00%l imy2014-15. At Chhapra the average value of CGtbw
recorded 0.041 + 0.010 mg/l in the year 2013-14 @043 + 0.008 mg/l in 2014-15. Cd concentratiohwater of
the River Ghaghara at different sites are preseimdtie Table: 2 to Table: 6. In the river Ghagharaximum
concentration of Cd was noted 0.036 mg/l at Dotaigh the year 2014-15 whereas it was minimum O/0@2 at
Katerniaghatin the year 2013-14. The values of Bthioed for the river Ghaghara Dohrighat wastbto be
higher than the permissible limit of 0.01mg/L sgtWHO (Table 7). Cd is contributed to the surfacders through
paints, pigments, glass enamel, deterioration ef ghlvanized pipes etc. The wear of studded tiees lteen
identified as a source of Cd deposited on roachsad. The average Cd content in water samplesouasl to vary
from river to river and place to place. Higher \edwf Cd in waste water effluent samples suggeshigph level of
pollution due to dyes paints and pigments manufagjundustries around. There are a few recordsthites of
Cd poisoning in human beings following consumptafncontaminated fishes. It is less toxic to plattitan Cu,
similar in toxicity to Pb and Cr. It is equally toxo invertebrates and fishes [19].

Zinc (Zn™) In the River Ghaghara the concentration of Zindesbetween one site to the other. At Katerniaghat
the average value of Zn was recorded 0.013 + O0n@d/0in the year 2013-14 and 0.018 + 0.011 mg2014-15. At
Colonelganj the average value of Zn was record@ti90+ 0.005 mg/l in the year 2013-14 and 0.021088.mg/l in
2014-15. At Ayodhya the average value of Zn wasnmded 0.031 + 0.010 mg/l in the year 2013-14 afi2® .+
0.009 mg/l in 2014-15. At Dohrighat the averageueadf Zn was recorded 0.017 + 0.003 mg/l in ther €4 3-14
and 0.017 + 0.006 mg/l in 2014-15. At Chhapra therage value of Zn was recorded 0.027 + 0.005 indHe year
2013-14 and 0.020 £ 0.005 mg/l in 2014-15. The dncentrations of water of the River Ghaghara dediht sites
are presented in the Table: 2 to Table: 6. In ither IGhaghara maximum concentration of Zn was n6té81 mg/I
at Ayodhya in the year 2014-15 whereas it was mimm®.013 mg/l at Katerniaghat in the year 2014t¥vel of
Zn was also found below the permissible limit &rBg/L as per United State Public Health ServiceSRHS,1997)
standard. Excessive concentration of Zn may résulécrosis, chlorosis and inhibited growth of péaThe overall
concentration of Zinc as obtained from the analgsisvater samples collected from different undestakivers
varied from 0.004 mg/l to 0.096 mg/l. Since theideklevel of Zinc is 5.0 mg/l, none of the samphes exceeded
the limiting value. However result indicates leanxthof Zinc from the waste dumping site confirmiig tpresence
of Zinc in the waste dumped.

Lead (Pb™) concentration at Katerniaghat was recorded 0.00930 mg/l in the year 2013-14 and 0.005 + 0.003
mg/l in 2014-15. At Colonelganj the average valti®lb was recorded 0.017 + 0.012 mg/l in the yedr3204 and
0.015 + 0.007 mg/l in 2014-15. At Ayodhya the ageraalue of Pb was recorded 0.010 + 0.005 mghényear
2013-14 and 0.019 £ 0.009 mg/l in 2014-15. At Dghat the average value of Pb was recorded 0.008G80ng/|
in the year 2013-14 and 0.006 + 0.003 mg/l in 205%4At Chhapra the average value of Pb was recodd&tb +
0.011 mg/l in the year 2013-14 and 0.016 + 0.009 img2014-15. The Pb concentrations of water & River
Ghaghara at different sites are presented in tideTa to Table: 6. In the river Ghaghara maximzoncentration
of Pb was noted 0.019 mg/l at Ayodhya in the yéxr4215, whereas it was minimum 0.005 mg/| at Kaggyimat in
the year 2014-15. It is one of the oldest metalsa#n to man and is discharged in the surface whteugh paints,
solders, pipes, building material, gasoline etad & a well known metal toxicant and it is gratiuaking phased
out of the materials that human beings regularly. @ombustion of oil and gasoline account for >5684all
anthropogenic emissions, and thus form a major compt of the global cycle of lead. Atmosphericdatl is
usually the most important source of lead in tlestirwaters [19]. The average concentration of Riiier samples
collected from the river Ganga and it's tributarigas found below the permissible limit for leaddnmking water
is <0.05mg/L according to the USPHS drinking watiandards. Acute toxicity generally appears inagigplants
at concentration of 0.1-5.0mg/L. In plants, itiadly results in enhanced growth, but from a coriaion of 5 ppm
onwards, this is counteracted by severe growthdat®n, discoloration and morphological abnornedit There is
an adverse influence on photosynthesis, respiratiod other metabolic processes. Acute toxicity of iR
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invertebrates is reported at concentration of irgll, [19]. Higher levels pose eventual threatfigheries
resources.

Correlation Coefficients matrix is a associations between variables thatst@w the overall coherence of the data
set and indicate the participation of the individefaemical parameters in several influence factdhe correlation
coefficient between every parameter pairs was co@dphby taking the average values of each seasonsfuoa,
winter and summer) for the five sites of the Ri@&raghra for the year 2013-14 and 2014-15. Corogladinalysis
among all considered heavy metals shows positivesleation with each other in the year 2013-14 (€aB).
Approximately similar pattern of correlation was@found in the year 2014-15 (Table 9).

CONCLUSION

On the basis of experimental findings it was fouhat the river water in summer, monsoon and wistasons
show different level of fluctuations in heavy metfilom place to place. The seasonal changes iwadlker quality of
the rivers were imparted mainly due to catchmearatteristics and seasonal effects. These var@ti@re noted
due to the change in the volume of industrial aedage waste being added to river at different statiof the
stretch. Concentrations of trace metals like Co, iy Zn and Pb in water of the river were recordedow the
permissible limit at most of the selected siteserghs the level of Cd in water exceeded the peitvtesémit. The
present experimental data indicates that the pofiutlevel along the river Ghaghara is not verghhbut the
increasing population load in the basin may causparable ecological harm in the long-term welskel by short
term economic prosperity. The experimental datagesis a need to implement common objectives, cabpat
policies and programmes for improvement in the stdal waste water treatment methods. It also sstggeneed of
consistent, internationally recognized data drivdrategy to assess the quality of waste water egffluand
generation of international standards for evalumtibcontamination levels. The existing situatibmishandled.
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