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ISSN: 097_2'6268 Twenty water samples of Chenab river in J&K State were subjected to chemical analysis

www.neptjournal.com for elements Si, Ca, Mg, Na, K, Mn, Ni, Cu, Pb, Zn and Fe. Out of these elements Si,
Mn, Ni, Pb and Fe were found to be above permissible limits. Total Dissolved Solids

Key Words: (TDS) and pH were present below the recommended permissible limits, and hence the

waters can be regarded non-toxic for domestic use. High Pb values in waters can be
linked with bad sanitation existing on both the banks of the Chenab river and hence the
mass awareness programmes are necessary for maintaining good sanitation throughout
the belt to lower down the Pb values of the waters. Adequate forestation in the watershed
areas and vetiver grass technology on the high repose slopes are also needed to lower
down the high values of Si, Mn, Ni, Pb and Fe of the Chenab water. Vetiver grass will
also control higher turbidity values of waters of the Chenab.
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INTRODUCTION

Present study of Chenab river, flowing from Pul Dodato Baggar areain Jammu and Kashmir State,
hasbeen carried out for the potential surfacewater resource and itsquality for variouscations. Inthe
area from Pul Doda to Baggar, there are not enough wells which could provide water for human
consumption except afew edit pipes existing in the snow-clad cliffs. The growing population inthis
part of Chenab valley uses Chenab water for various purposes. A watershed forms an ideal unit for
the optimum planning for sustai nable devel opment of water resources. Environmentalists every where
have emphasized the need for surface water quality assessment in order to overcome water-borne
diseases of the peoplewho depend on river water for their consumption. Water chemistry of Chenab
waterswith respect to somecationsis carried out in order to evaluate itssuitability for domestic use.

STUDY AREA

Study arealiesinthewest of Dodaareain the Jammu region. The Chenab river flows 38 km from Pul
Dodato Baggar (Fig. 1). Thisareaduring thelast 10 years has speedily grown in urbanization. This
route has become important on aNationa Highway NHIB from Jammu to Doda. Theriver stretchis
flanked in north and south by granite bossessuch asL a Draman granite, Piparan granite, Dal Draman
granite and Ramsu granitein the north and Bhalagranite, Dedni granite, Khal granite and Kaplasin
south. Inthe west of the area, there are two important thrusts, Panjal thrust and Murreethrust consti-
tuting Lesser Himalayan Zone. Baggar isamidst thesetwo thrustsand the rocksare more puckeredin
this zone. The whole zone represents a terraced valley. Though there occur supplies of water natu-
rally flowing fromice-fed mountains, yet thelocal people use Chenab water for human consumption.
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The watershed of Chenab river consists mainly of crystallines but in the north and northeast,
there occursgranite bosses, lime stones (Eocenes) and vol canic inthewest. The bulk rocksthat form
the watershed in the study area are Salkhala group of rocks compositionally constituting dates,
phyllites, pebbly dates, quartzites and limestones. In the west, lies the Murree thrust and Panjal
thrust, and so sand stones and shales of Murree rocks are found rich in ferromagnesian minerals
(Wadia 1970, Vaidyanathan & Ramakrishnan 2008). In presence of two narrowly thrusts present,
L esser Himalayan rocks have become tectonically unstable and from the cliffs, big lumpsof eroded
material roll down into the Chenab waters. A huge debris gets generated due to erosion of the high
cliffsand these contributelarge quantities of cationsfindingway into the solution of Chenab waters.

In the whole area of watershed, many nallahs flow from south to meet the River Chenab. From
west, the nallahs, namely Patnitop nallah, Shabgarh nallah, Ragi nallah, Nagin nallah, Dedini and
Khol nallahs, and Neru nallah from southeast join waters of Chenab. In the north, Garrsi nallah,
Chuchutar nallah and Kothi nallah flow towards south. In rainy season, landslides become common
and these are responsibl e to make watersof the river turbid. Inthe north of the area, the highest relief
isthat of Lal Draman (2554 m) and inthe south Khol graniteissituated 2746 m above mean sealevel,
which isthe highest peak on thisside.

MATERIALS AND METHODS

For the present study, 20 samples from Chenab waters from Pul Dodato Baggar were collected in
cleaned polythene bottles after rinsing them with triple distilled water. The sampleswere collected
twice (during pre-monsoon and post-monsoon in April, 2009 and August, 2009) at the same sites.
Thedetermination of pH wasundertaken on spot in thefield by means of afield kit. Trace elemental
analysiswas carried out on Atomic Absorption Spectrophotometer (AAS) Model 902, GBC make
Australia. GBC Manual Methods (1982) were followed strictly. The sampleswere collected on the
lines given by Raghunath (1987) and Ramakrishna (1998). Most of the major elements were also
checked by titrimetric methods as given by Trivedy et al. (1987) and Ramakrishna (1998). Potassium
and sodium were determined on flame photometry (EEL Model) by the method as given by Vogel
(1980).

RESULTS AND DISCUSSION

The chemical characteristics of water are presented in Table 1. The water quality parameters were
compared with the water quality standardsfor drinking purposes (Rodier 1975, Kudesa 1983, WHO
1984, BIS 1991). The comparison for convenienceispresentedin Table 2.

Theperusal of Table 1 showsconcentration of Calciumtolie between 3.80 and 4.13 ppmwithan
averagevalue of 3.98 ppm. Calcium concentration in all the samplesiswithin permissible limit. The
calcium concentration of water iscontrolled by limestones present inreasonable levelsin Salkhalas
(Dhar et al. 1996, Fotedar & Fotedar 2008b, Fotedar & Raina 2009). Calcium in bulk quantity has
been contributed by Salenite crystals and marbles present in older metamorphic rocks (Fotedar &
Fotedar 2009c). Volcanicstoo contain abundant calcium in the ground water (Fotedar et al. 1990,
Fotedar et al. 2008a).

Magnesium concentration liesbetween 0.88 and 1.00 ppm with an average val ue of 0.90 ppm and
isbelow the permissiblelimitsfor domestic use (Table 2). Thehost rocksfor Mginthe area are Payal
volcanic and Salkhal as (Fotedar & Raina 2009). Magnesium values are lower than that of calciumin
the Chenab waters, although Salkhalas and volcanic are rich in both Caand Mg (Fotedar & Raina
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Table 1: Chemical analysisfor water samples of Chenab river flowing from Pul Dodato Baggar area, Jammu and Kashmir
State.

S. Si Ca Mg Na K Fe Mn Cu Zn Pb Ni pH TDS Turb-
No. idity
1. 3310 401 098 203 215 054 019 010 001 005 006 7.7 64 62

2. 3316 399 09 188 225 062 029 009 005 006 005 76 64 6.4

3. 3314 383 088 187 215 051 037 007 010 0.08 004 7.7 65 6.8

4. 23.09 402 077 199 214 053 022 006 002 008 006 7.8 64 6.8

5. 26.08 403 076 1838 223 058 0.32 004 003 008 009 76 64 6.9

6. 2710 389 097 187 188 060 031 003 012 009 009 77 66 6.2

7. 2726 380 094 203 106 055 0.22 010 010 0.09 006 7.8 65 7.8

8. 2730 400 094 202 108 045 0.20 011 010 0.06 0.07 79 65 8.0

9. 2700 4.22 100 201 181 056 021 007 009 009 0.08 80 67 8.2
10. 28.00 4.10 0.78 202 178 056 0.30 006 007 007 007 74 70 8.2
11. 3410 3.80 096 106 176 057 032 007 006 005 006 7.2 69 7.3
12. 3400 3.81 095 187 174 057 030 007 004 006 005 76 76 8.2
13. 2431 3.87 095 177 186 053 0.28 007 004 006 006 7.7 74 6.2
14. 3416 3.83 087 178 183 039 032 0.07 003 008 0.07 85 67 6.1
15. 33.28 4.00 076 177 178 054 032 006 006 010 0.07 7.6 66 59
16. 3218 4.05 094 176 168 044 019 004 004 012 006 74 69 6.2
17. 36.20 4.12 094 182 170 032 0.20 001 004 008 0.06 7.6 67 6.4
18. 36.24 4.10 090 184 170 040 0.20 002 003 010 006 7.7 70 6.5
19. 36.36 4.13 088 183 173 042 0.20 001 001 011 009 75 74 6.7
20. 3312 411 088 182 169 044 032 002 011 012 010 74 70 7.2
Mean 30.9 3.98 090 184 180 050 0.26 005 005 008 006 7.2-85 7110 6.1-82

Note: All cations, anionsand TDS arein ppm.

2009). It pointsto the fact that Mg dissolves more rapidly than calcium during silicate weathering
(Wedepohl 1978). Also, Mg values may have partly come down in Chenab waters due to high
gradient.

Fe, Ni and Mn are found to be present in more than permissible limits and hence Chenab waters
can be regarded unsuitable with respect to these three cations (Table 2). In earlier sudies (Fotedar et
al. 1990, Fotedar & Singh 1994a, 1994b) Fe, Ni and Mn werefound to be present above thedesrable
limits. It needsto be mentioned here that on one hand, there are no industriesinthe area under study
which could be thought to have contributed heavy elements like Fe, Ni and Mn to the waters, but
reason for it isthat there are rich pocketsof Fe, Ni and Mn present in the phyllites, slatesand trapsin
the watershed area of Chenab river (Wadia1970). Further tothis, Fotedar & Singh (1994a, 1994b),
during the detail ed study in the watershed area of Chenab valley at Kishtwar, Khilleni and Ramban
areas, observed rich pocketsof Fe, Ni and Mninthe rocksthrough which Chenab river flows. Hence,
the rich pockets of Fe, Ni and Mn existing in the watershed area of Chenab in the present study also
may have contributed all the three cationsto the waters.

Heaviesappear to have been carried by watersto the position of stabilized colloidsin fine-grained
particlesin case of Chenab river (Fotedar et al. 2008c). Jenne et al. (1980) also hascorroborated the
same mechanism holding true for the transport of Fe, Ni and Mn in many river sediments of the
world. Erosion dueto silicate weathering in the area of study may have resulted in accumulation of
more clay particlesin their detrital matter responsible for transporting sufficient quantity of Fe, Ni
and Mn in them as coatings.
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Silica (Si) concentration in the waters ranges from 33.10 to 36.20 ppm with an average of 30.9
ppm. The permissible limit of Si inwater for domestic useis 15 ppm (BIS 1991), and hence all the
samplesof water can be said to be harmful for consumption. More corrosionin northern and southern
terrains has caused turbidity in all the samples of water and so the waters of Chenabinthisareafrom
Pul Dodato Baggar cannot be used for human consumption. Astherocksinthe areaare graniticin
composition and Salkhalas are al so mostly acidic in nature, both types of rocks, therefore, havehigh
amount of Si in them. Thisisthe reason of Chenab waters containing high amount of silica, which
entersin the solution of waters.

The concentration of copper (Cu) in Chenab river lie between 0.01 and 0.11 ppm with an average
valueof 0.05 ppm, and hence with repect to Cu, Chenab waters are suitable for human consumption.
Ingranites, mineralization has been noticed at number of placeslike Dal Draman, Assar and Khilleni
(Fotedar & Raina2009). These might have contributed Cu to the Chenab waters.

Zinc concentration of Chenab waterswas between 0.01 and 0.012 ppm with an average val ue of
0.05 ppm. The permissiblelimit of Zn in potablewatersis5 ppm (WHO 1984), and therefore, Chenab
waterswith respect to Zn are suitable and not harmful for domestic consumption.

Lead concentration in potablewatersshould be lessthan 0.05 ppm (Rodier 1975). In all thewater
samplesof Chenab waters, the concentration is more than recommended val ue. Hence, with respect
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Fig. 1: Simplified geological map of the areain and around Doda showing course of
River Chenab between Pul Doda and Baggar, J& K State.
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Table 2: Average concentration values of different cations and some other parameters for Chenab river flowing from Pul
Dodato Baggar, J&K State.

Element/Parameter ~ Average conc. Conc. recommended Reference Toxic/Non-toxic
sample for human consumption

1 2 3 4 5

Ca 3.98 ppm 75 ppm BIS, (1991) Non-toxic

Mg 0.90 ppm 30 ppm -do- -do-

Si 30.90 ppm 15 ppm Kudesia (1933) Toxic

Na 1.84 ppm - - Such alow concentration
cannot be considered toxic
for domestic use

K 1.80 ppm 50 ppm BIS (1991) Non-toxic

Fe 0.50 ppm 0.3 ppm BIS (1991) Toxic

Mn 0.26 ppm 0.1 ppm WHO (1984) Toxic

Cu 0.05 ppm 1 ppm BIS (1991) Non-toxic

Zn 0.05 ppm 5 ppm WHO (1984) Non-toxic

Pb 0.08 ppm 0.05 ppm Rodier (1975) Toxic

Ni 0.06 ppm 0.05 ppm Rodier (1975) Toxic

pH 7.2-85 6.5-8.5 Kudesia (1983) Normal

TDS 71.10 ppm 500 ppm BIS (1991) Non-toxic

Turbidity 6.1-8.2 5 units Kudesia (1983) Toxic

to Pb, Chenab waters are not suitable for human consumption. In the present area, the higher Pb
values may be dueto vehicular traffic which hasincreased manifold during thelast two decades. In
spiteof this, it canlogically be accepted that major source of Pbin Chenab watersislead mineraliza-
tion as reported by Wadia (1970) and later by various other workers (Fotedar & Fotedar 2008).
Fotedar & L oan (2004) hasreported higher Pbvaluesin Jajjar Kotli waters of Jammu region. Again,
Gupta (2005) has associated higher Pb valuesin variousaquatic systemsin Jammu and Kashmir state
with increase in vehicular traffic. The higher values of Pb in the Chenab waters are al so ascribed to
Pb sanitation occurring near both banks, from where the water sampl eshave been collected. A number
of workershave reported bad sanitation being one of the important factorsto have caused increase of
Pb in various waterbodiesin India such as Kudesia (1989), Fotedar et al. (1993b), Fotedar & Singh
(19944, 1994b), Fotedar & Singh (1995), Bukhari et a. (1999), Fotedar & Loan (2004), Fotedar et al.
(2008a, 2008b, 2008c), Fotedar & Fotedar (2008), Fotedar & Raina(2009), Fotedar & Fotedar (20094,
2009b, 2009c).

Sodium (Na) and potassium (K) are found to be present below permissible limits (Table 1). pH
for al thewater samplesranged from 7.2-8.5 unitsindicating the valuesbel ow the permissblelimits
(Kudesia 1983). As such the Chenab waters flowing from Pul Doda to Baggar are not toxic for
human consumption with respect to pH.

Thepermissiblelimit of TDS (total dissolved solids) in potable watersis500 ppm (BIS1991). In
the present study, the valueswere far lessthan this, and hence the waterswith respect to TDS cannot
be regarded toxic for human consumption.

Turbidity values of Chenab waters ranged between 6.1 and 8.2 units, whereas recommended
valuesfor potable water are 5 unit. The Chenab watersare toxic with respect to turbidity, and hence
objectionable. The higher values of turbidity can be linked to high index of weathering in the area
and the areabeing locally deforested during the last three decades.
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MANAGEMENT AND CONTROL

1. Forestinthewatershed of Chenab river towardsnorth and south has compl etely been removed by
local people. Thereislot of erosion occurring onthe hill slopes. For checking erosion, the water-
shed of Chenab river should be provided with adequate forest cover asadvocated by Gupta (2005).
Thiswill arrest many unwanted inorganic and organic materialsto pass on into the solution of
waters.

2. Also, on both the river banks from Pul Doda to Baggar, vetiver grass should be grown. It will
efficiently check unwanted ionsto moveinto thewaters, especially Fe, Mn, Ni, Pb and Si, which
are present above the permissible limits. Vetiver grass plantation is a tested technology having
been used in Himalayan terrains at so many unstable sitesfor checking contamination of water
and masswastage from the slopes.

3. Higher Pb values can partly be ascribed to bad sanitation existing throughout the river course
near the banks. Separate privacy corners in the whole belt need to be constructed so that with
proper sewerage system all the drainage could be diverted off and not allowed to mix with the
watersof Chenabriver.

4. Proper filtration methods and disinfection with chlorine/bromine should be done to render the
watersfit for human consumption.

5. Chenab valley hasenchanting hill topography onitsnortheast and the whol e basin has the scope
of addingto itsbanks, parksand terraced gardenswhich are bound to attract touristsfrom all over
India.

6. Thewholeareainand around Chenab river needsto have green cover, together with good sanita-
tionall around and for this mass awareness programmesare needed to educate people to maintain
the aesthetic and recreational vaue of thewaters. Thewhol e areaisbouquet of landscape, virgin,
serene and refreshing. The winding brooks, pure cool air and lasting treks are an extreme pleas-
ure, loved, enjoyed and cared. Mass awareness programme iS necessary to maintain the overall
beauty of thearea.
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