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Abstract The present study was carried out to assess the water quality changes across the upstream and
downstream sites of Jhajjar stream - major tributary of River Tawi in Jammu. Monthly water samples were collected
from two sites viz., Site 1 (upstream) and Site 2 (downstream) of Jhajjar stream and analysed for various water
quality parameters for a period of one year covering three seasons (summer, monsoon, winter). All the analysed
parameters were found to be within the desirable limits prescribed by the World Health Organisation and Bureau of
Indian Standards for drinking and domestic purposes except for total alkalinity and total hardness. Thirteen water
quality parameters were used for calculating the Arithmetic Water Quality Index which indicated good to very poor
water quality status of the stream during different seasons. Based on the water quality criteria as given by Central
Pollution Control Board for designated best use of water, both the sites were classified under the Class B which
means that the water was fit for outdoor bathing. However, Site 1 was also categorized under Class C for some
months of the year wherein the water could be used as drinking water source after conventional treatment and
disinfection. The multivariate cluster analysis was also performed which showed less seasonal variations at Site 1 but
monthly variations at Site 2 which may be attributed to high anthropogenic pressures at Site 2 as compared to Site 1.
Overall, the water quality of the sites under observation ranged from good to very poor for drinking purposes for
which prior treatment of water is highly recommended especially for Site 2 to make it fit for drinking and other
domestic uses.
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1. Introduction

For all living things, water is a necessary and life-
sustaining resource [1]. The amount of freshwater on
Earth is only 3%, 2% of which is frozen in ice caps and
glaciers, and the remaining 1% provides all the water

resources required for the survival of all living things [1,2].

Lakes, rivers, streams, ponds, springs, wetlands, and
groundwater are the main sources of readily accessible
freshwater [1,3]. One of the world's most important
renewable freshwater resources is provided by Himalayan
rivers [4] supporting the lives and well-being of more than
billion downstream residents [5]. Water quality has
decreased because these water resources are being used
carelessly and endlessly for industrial, agricultural, and
commercial growth [1]. Rising pollution levels pose a
threat to human health as well as the ability to use rivers
as a source of potable water [6] however they can also
contribute to the deterioration of rivers' and streams'

natural conditions [5]. Scientists and social activists
around the world are concerned about declining water
quality. Land use planning, atmospheric deposition,
geology and soil conditions, climatic condition, terrain,
and catchment hydrogeology are the main catchment
constituents responsible for contamination in the streams
because the riverine quality of water differs within as well
as between watersheds [5]. Due to the ease with which
wastewater and other pollutants can be disposed off,
surface water bodies are particularly vulnerable to
pollution [1,7]. Drinking contaminated water and using it
for irrigation both have the potential to seriously harm
people’'s health. In recent years, monitoring and
assessment of water quality have taken on essential
importance due to forecasts that there will be a shortage of
potable freshwater in the future, which threatens the
quality of life [8]. To create plans for enhancing
ecological conditions and preserving the status of water
bodies, regular water quality monitoring is necessary [9].
Regular geographical and temporal monitoring of the
water body produces a sizable, complicated dataset that
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must be translated into a form that is easily foreseeable
and usefully analysed. To evaluate the quality of both
surface water and groundwater, the Water Quality Index
(WQI) has been widely utilised throughout the world [1].
It is a technique that combines many physical and
chemical criteria into a single, simple number that can be
easily understood by policymakers. It gives a way, to sum
up, all water quality conditions [10,11]. It may be utilised
effectively in the execution of water quality improvement
programmes since it is an efficient technique for
examining the extent of water. Cluster Analysis (CA), one
of the most used multivariate statistical techniques for
assessing surface water quality, is an unsupervised
multivariate statistical approach used to group items into
clusters based on their similarity [12].

2. Materials and Methodology

2.1. Study Area

The present work was carried out to evaluate the water
quality changes across the Jhajjar stream- an important
tributary of River Tawi, which passes through two major
districts of the UT of J&K viz., Udhampur and Jammu.
The Jhajjar stream flows along National Highway 1A and
joins river Tawi at village Kattal-Battal near Nagrota. For
the evaluation of water quality two sites were selected on
the Jhajjar stream viz., Site 1(upstream site) and Site 2
(downstream site). Site 1 falls in District Udhampur and
lies at geographical coordinates of 32° 59' 70" N and 74°
59' 29.26" E whereas, Site 2 of the stream, falls in district
Jammu and lies at geographical coordinates of 32° 53' 50"
N and 74° 58' 0" E (Figure 1). The sites are located about
13km apart. The surrounding factors and anthropogenic effects
on both the sites are completely different as very little or
no anthropogenic stress was recorded at the upstream site
(Site 1), whereas at the downstream site (Site 2) which is
an important tourist destination of Jammu, a very high
anthropogenic load was observed throughout the year.

74°55'0"E T4°58'30"E
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2.2. Analytical Procedure

Monthly water samples for physicochemical analysis
were collected in pre-cleaned, polypropylene plastic
bottles from selected sampling sites and analysed for
different water quality parameters. The parameters (in-situ)
like temperaturewere determined using a mercury bulb
thermometer (0OC); pH, electrical conductivity (EC), total
dissolved solids (TDS) by using multiparameter kit
(Model WTW Multi 350i), and turbidity using Lutron
TU-2016 turbidity meter. The samples were analysed for
other major ions in the laboratory within four hours of
their collection except for BOD for which five days test
was applied using standard techniques [13].

2.3. Water Quality Index

The arithmetic water quality index(WQI) as suggested
by Brown et al. [14] was calculated for the two sites by
usingparameters such as pH, TDS, total alkalinity, total
alkalinity, calcium, magnesium, sodium, potassium, total
hardness, nitrate, sulphate, chloride, dissolved oxygen and
biological oxygen demand.

The following equation was used to determine the
WQI-

13 13
WQI =>'QnWn/ > Wn
=1 =1

Qn is the quality score rating and Wn is the unit weight of
the nth parameter.

The WQI value was compared with the following
classification scheme to determine the monthly status of
the water quality at the two sites [15]

WQI Range Water Quality Status
0-25 Excellent

26-50 Good

51-75 Poor

76-100 Very Poor

>100 Unsuitable for drinking

UDHAMPUR DISTRICT

32°58'0"N

32°54'30"N

JAMMU DISTRICT 1050 1 2 3

4

32°58'0"N

e e e Kilometers.

74°55'0"E T4°58'30"E

T5°2'0"E

Figure 1. Showing sampling sites selected for the present study
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Table 1. Primary water quality criteria as given by Central Pollution Control Board

Designated-Best-Use

Class of Water

Criteria

Drinking water source without conventional

treatmentbut after disinfection. A

. Total Coliform (TC) MPN/ 100ml shall be 50 or less.
. pH between 6.5 and 8.5.

. DO 6 mg/l or more.

BOD 5 days 20°C 2mg/l or less.

Outdoor bathing (Organized) B

. TC organism MPN/100ml shall be 500 or less.
. pH between 6.5 and 8.5.

DO 5 mg/I or more.

. BOD 5 days 20°C 3 mg/I or less.

Drinking water sources after conventional treatment
and disinfection

. TC organism MPN/100ml shall be 5000 or less.
. pH between 6 and 9.

DO 4 mg/l or more.

.BOD 5 days 20°C 3mg/l or less.

Propagation of Wildlifeand Fisheries. D

. pH between 6.5 and 9.5.
DO 4 mg/l or more.
. Free Ammonia (as N) 1.2 mg/l or less.

Irrigation, Industrial, Cooling Controlled Waste
disposal

. pH between 6.5 and 9.5.

. EC at 25C micro mhos/cm Max. 2250.
. Sodium absorption ratio Max. 26.

. Boron Max 2 mg/I.

MNP WNRAMONRPRONREAMONE

Below E

Not meeting A, B, C, D & E criteria

2.4. Primary Water Quality Criteria

For classifying the water based on the primary water
quality criteria for designated best use as given by CPCB,
the key metrics used included pH, DO, BOD and EC
[16,17].

2.5. Multivariate Analysis

Multivariate cluster analysis was performed to
understand the similarity in the water quality data in
different months. For the analysis, Ward’s linkage method
was used. The method uses the Euclidean distance of
similarity or clustering of the data. The Shapiro-Wilk test
was used to assess the entire data set prior to analysis to
determine its normal distribution; if the test result
was p 0.05, the data was deemed non-normal. When the
non-normal distribution of the data was discovered, log
transformation (Log10) was performed. The entire set of
data was then normalised using the Z-score method to
maximise the impact of factors with low variation and
minimise the impact of variables with high variance [18].
The statistical programme for palaeontology was used to
do a clustering analysis (Past 4.03) [19].

3. Results and Discussion

The descriptive analytical data of Site 1 and Site 2 of
Jhajjar stream have been tabulated in Table 2 and the
seasonal variations for one year study period have been
depicted in Figure 2. Comparative analysis of various water
quality parameters has shown high values of parameters
such as turbidity, TDS, EC, salinity at Site 2 as compared
to Site 1 (Figure 2). Also, cations like calcium, magnesium,
sodium and potassium, and anions like bicarbonate,
chloride, nitrate, phosphate, nitrate and silicate observed
high concentration at Site 2 as compared to Site 1. DO and
BOD observed inverse relationship with high value of DO
at Site 1 and low value at Site 2. BOD remained high at
Site 2 and low at Site 1 as there was no pollution source at
Site 1. Cationic dominance in the stream followed the
following trend: Ca**>Na*>Mg?" and> K* whereas anionic

dominance was shown by HCO; > CO5* > SO,*> Silicate
> NO* and >PO,*. The major cation that characterizes
stream water is calcium and major anion as bicarbonate.
Seasonally, most of the parameters showed elevated
values during summer season which may be due to Site 2
being important tourist destination of Jammu is visited by
tourists during summer vacations. However, high
phosphate and nitrate concentration during monsoon may
be due to entry of these nutrients from catchment along
with monsoon runoff. Compared to Site 1 (upstream), Site
2 (downstream) showed much monthly variation which
may be due to variation in the anthropogenic pressure
during different months.

3.1. Comparison of Water Quality
Parameters with WHO
and BIS Standard Limits

The mean of water quality parameter has been
compared with BIS [20] and WHO [21] standard limits for
drinking water (Table 3). All the water quality parameters
were within the desirable limit of WHO and BIS. The
mean total alkalinity (238.2 mg/I/363.9 mg/l) at Site 1/
Site 2 were within the desirable limit of BIS (2012). Total
hardness at both sites (138.5 mg/l, Site 1 and 188.08 mg/I,
Site 2) were above the desirable limit (100 mg/l) of WHO
but within the desirable limit of BIS (2012) (500 mg/1).

3.2. Water Quality Index (WQI)

Table 4 lists the relative weights determined for the
water quality parameters and the water quality condition
based on WQI. The WQI of Site 1 showed narrow
fluctuation from good to slightly poor for drinking
purposes (Figure 2). It showed a minimum value in March
(40.61) and maximum in May (60.56). The low value in
March may be attributed to the high DO, low nitrate and
neutral pH. High WQI in May may be due to high pH,
high TDS, alkalinity and high nitrate concentration during
this month.

At Site 2, the WQI was classified from good for July
and October to poor in the remaining months (Figure 3).
The low WQI was observed in July (44.93) while the
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maximum WQI value was attained in March (67.45). The
poor water quality status of water in most of the months
may be due to high anthropogenic pressures at this Site.
Water quality was observed in the poor category in 50% of
the months and was observed good for drinking in the rest
of the 50% of months at Site 1, while at Site 2 water
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quality was observed in the poor category during 83.33 %
of the months and remaining two months (16.6%) were
observed with good water quality (Figure 4). In comparison
to Site 1, water quality at Site 2 had high WQI which may
be due to high BOD at this site as other parameters
followed almost a similar trend at both the sites [22].

Table 2. The descriptive analytical data of the sites under study

AT WT Turbidity EC TDS Salinity pH COs> HCO; TA CI° FCO, DO BOD Ca?* Mg* TH Na' K*' NO* PO,* SO, Silicate WQI

Site1 120 120 120 120 120 120 120 120 120 120 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 120 120 120 120 120 120
N Site2 12.0 120 120 12.0 12.0 12.0 12.0 120 120 120 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 12.0 120 120 120 120
i Sitel 95 5.0 00 02 1098 00 75 0.0 1235 146.7 53 00 64 14 266 26 993 43 08 03 00 59 6.7 406
Min Site2 162 84 00 02 1148 01 76 0.0 1714 2251 62 00 52 12 401 51 1518 49 17 06 00 74 66 449
Sitel 341 272 120 0.3 1782 02 83 538 3320 3857 116 7.1 9.1 29 498 6.8 180.2 102 35 15 0.0 107 9.1 60.6
Mex Site2 374 291 198 05 2498 02 84 635 394.6 4441 183 12.7 89 3.8 56.6 9.2 2186 198 56 27 0.1 150 116 675
Site1 22.7 154 46 03 1398 01 80 214 2168 2382 88 19 7.8 22 366 4.7 1385 65 18 07 00 85 7.8 504
Mean Site2 27.1 20.0 82 04 1992 01 81 277 2788 3064 119 29 71 23 458 74 1881 103 33 15 00 112 95 564
Sitel 25 22 12 00 68 00 01 59 192 236 06 09 03 02 20 04 84 06 03 01 00 05 03 19
St error Site2 1.8 20 18 00 126 00 01 70 182 205 12 14 04 02 15 04 61 11 04 02 00 08 04 21
. Sitel 742 56.4 182 0.0 551.6 0.0 0.1 412.2 44379 6668 46 86 0.9 03 483 2.0 8397 44 10 01 00 28 08 426
Variance Site2 40.1 484 377 0.0 1891 00 0.1 5824 3959.5 5054 15.8 24.7 1.8 0.6 26.3 1.9 450.6 156 15 04 0.0 72 20 545
Sitel1 86 75 43 01 235 01 03 203 666 817 21 29 10 05 70 14 290 21 10 03 00 17 09 65
Stand. dev Site2 63 7.0 6.1 01 435 01 03 241 629 711 40 50 13 08 51 14 212 40 12 06 00 27 14 7.4
. Site1 229 15.8 38 03 1387 01 81 207 2046 2165 96 00 78 23 349 47 1362 58 16 07 00 87 79 491
Median Site2 27.1 204 88 04 2021 01 81 251 266.0 2828 121 0.0 7.0 22 447 7.7 1879 92 31 14 00 121 99 578
Sitel -0.2 0.1 09 02 02 04 -08 04 0.5 08 -05 10 -01 -04 04 00 00O 08 05 10 22 -05 0.2 0.1

Skewness
Site2 0.0 -0.3 05 -10 -05 02 -04 00 0.3 09 -01 15 00 04 12 -06 -03 12 05 04 11 -02 -06 -0.1
_ Site1 -12 -11 -07 -17 -16 -05 -08 -11 -09 -07 -11 -1.0 -15 -1.3 -06 -14 -16 -08 -15 17 53 -13 -16 -15
Kurtosts Site2 -05 -10 -04 07 -08 -19 -10 -17 -01 -04 -12 08 -15 -02 07 -08 -08 22 -02 -09 08 -16 03 -13

Abbreviations: AT- Air Temperature; WT- Water Temperature; EC- Electrical Conductivity; TDS-Total Dissolved Solids; F CO,- Free Carbon Dioxide;
DO- Dissolved Oxygen; HCOs- Bicarbonate; CI- Chloride; NOs — Nitrate; PO,* — Phosphate; SO,*- Sulphate; Ca?*- Calcium; Mg?'- Magnesium;
K*- Potassium; Na*- Sodium; TA- Total Alkalinity; TH- Total Hardness; WQI-Water Quality Index.

*AT and WT in °C; EC in mS/cm; Turidity in NTU; Salinity in ppt; pH and WQI without unit and all other parameters in mg/L.

Table 3. Comparison of water quality of Jhajjar stream with National and International standards for drinking water

WHO (2008) BIS IS 10500:2012
Parameter Mean Site  Mean Site Desfira_lble Permis_sib Accgpt_able Permissible limit (in absence of
1 2 limit le limit limit alternate sources)
EC, pS/cm 0.26 0.39 1500
TDS, mg/L 139.84 199.17 600 1000 500 2000
pH 8.02 8.06 6.5-8.5 NR 6.5-8.5 NR
HCOj3, mg/L 216.8 278.75 300* 600*
CI', mg/L 8.8 11.89 250 600 250 1000
NO;™, mg/L 0.71 1.46 50 - 45 NR
PO,*, mg/L 0.00 0.02 0.1
SO.%, mg/L 8.51 11.18 250* 200 400
Ca*, mg/L 36.6 45.79 100* 300 75 200
Mg, mg/L 4.7 7.38 30* 150* 30 100
K*, mg/L 1.82 3.25 10* 12*
Na*, mg/L 6.54 10.28 50 200
TA(as CaCO3), mg/L 238.2 306.39 200 600
TH(as CaCOs3), mg/L 1385 188.08 100 500 200 600
DO, mg/L 7.81 7.12 6
BOD, mg/L 221 2.30 5

*WHO (1997), NR-No Relaxation.
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Table 4. Unit weights for the water quality parameters used for WQI calculation
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Parameters BIS/WHO standard Unit weight, Wn
TDS (mg/L) 500.00 0.00
pH 8.50 0.18
Total Hardness 200.00 0.01
Chloride (mg/L) 250.00 0.01
Calcium (mg/L) 75.00 0.02
Magnesium (mg/L) 30.00 0.05
Total alkalinity (mg/L) 200.00 0.01
Sodium (mg/L) 200.00 0.01
Potassium (mg/L) 12.00 0.13
Sulphate (mg/L) 200.00 0.01
Nitrate 45.00 0.03
Dissolved Oxygen 6.00 0.25
BOD 5.00 0.30
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Figure 2. Seasonal variations in water quality parameters at two sites of Jhajjar stream
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Figure 4. Distribution percentage of WQI classes in the study area

3.3. Primary Water Quality Criteria

The mean pH (8.02, Sitel and 8.06, Site 2), DO (7.81,
Site 1 and 7.12 mg/L, Site 2), BOD (2.21 mg/L, Site 1 and
2.30 mg/L, Site 2) and EC (0.26 mS/cm, Site 1 and
0.39 mS/cm, Site 2) in water quality of both the sites of
Jhajjar stream is meeting the Class B of the primary water
quality criteria when compared with criteria required for
the particular class mentioned in Table 1 [16,17]. However,
Site 1 was also categorized under Class C for some months
of the year wherein the water could be used as drinking
water source after conventional treatment and disinfection.

3.4. Multivariate Cluster Analysis

Agglomerative hierarchical cluster analysis has been
performed which arranges the clusters progressively in
first being the pairs with the most similarity, and higher
clusters are generated in step-by-step manner, first
considering each object as the single-element cluster [23].
The cluster analysis of water quality parameters is a
practical tool for identifying homogeneity within the
groups [11].

In the dendrogram (Figure 5a), water quality clusters
for different months were formed at a very small distance
showing not much variation in the water quality

parameters. The hierarchical analysis clustered the data of
May and June at minimum distance showing maximum
similarity in different parameters during these months.
After that December and February have clustered. This
cluster is with slightly similar WQI value and similar
concentration of chloride, calcium, magnesium, potassium,
sulphate, nitrate, DO and BOD. Slightly similar cluster of
both July and August have been observed with similarity
in WQI, chloride, calcium, magnesium, sulphate, DO and
BOD. Cluster of March and April have shown similar
TDS, magnesium, sodium, potassium, sulphate, nitrate,
DO and BOD, at a little distance following the cluster of
December and February. January, September and
November further clustered at a little more distance. This
cluster has shown the minimum variation. Majorly three
clusters were observed at Site 1. December, February,
January, September, November, May and June months
clustered together in cluster I. In cluster Il, March, April,
July and August clustered. In the cluster 111, only October
month was observed. It joined the previous two to at a
very large distance showing high variation in water quality
parameters during this month as compared to other
months. Much variation in water quality during October
month at Site 1 was attributed to damming of water at this
site for construction of bund across the road which was
removed in the November month.
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Figure 5. Dendrogram showing the clustering w.r.t different months a) Site 1 b) Site 2

At Site 2, clusters formed at a certain distance
compared to Site 1 may be due to the significant monthly
variations in water quality parameters (Figure 5b).
February, November and March clustered together
signifying many similarities in the water quality data of
salinity, pH, DO, BOD, calcium, magnesium, TH, nitrate,
sulphate, silicate etc. July, August and September, the
monsoonal seasons clustered together with similarities in
water temperature, pH, TA, chloride, DO, BOD, Calcium,
magnesium, potassium, nitrate, silicate and WQI. April
and October clustered with similar water temperature,
turbidity, EC, salinity, pH, chloride, dissolved oxygen,
calcium, magnesium, total hardness, nitrate and phosphate.
May and June months clustered together having
similarities in air and water temperature, pH, DO, BOD,
sulphate, silicate and WQI. Three major clusters were
observed at Site 2. December, January, March and
November months clustered together in group I. In cluster
I1, August, September and July were observed. In cluster
I11, only April, October, May and June months were
observed.

4. Conclusion

The water quality changes along two sites of Jhajjar
stream were assessed. Detailed monitoring and analysis of
water quality parameters in the upstream and downstream
sites generated the following major findings:

i. All the water quality parameters at the upstream and
downstream sites of Jhajjar stream were within the
desirable limits of drinking water as compared to
the standard limits of WHO and BIS except total
alkalinity and total hardness which were above the
desirable limit but within the permissible limit.

ii. The water quality index of the stream at Site 1 was
observed better than Site 2 due to less
anthropogenic pressure at the upstream site.

iii. At the downstream site most of the parameters
showed elevated values with low DO and pH during
summer season.

iv. Based on the water quality criteria given by CPCB
for designated best use of water, both the sites were
classified under the Class B which means that the
water was fit for outdoor bathing. However, Site 1
was also categorized under Class C for some

months of the year wherein the water could be used
as drinking water source after conventional
treatment and disinfection.

v. Cluster analysis observed less monthly variation at
Site 1 in the water quality parameters due to the
clustering of different months at a very small
distance. The clustering of different months at Site
2 was at a greater distance showing variation in the
water quality parameters which may be due to
different inputs of anthropogenic wastes in different
months.

vi. The differences in the water quality at the two sites
are attributed to more disturbances at Site 2 due to
increased tourist pressure particularly during
summer months, developmental activities like
deforestation for recreation activities like zip lining,
park development, road construction and widening
near site 2 and entry of waste drains from the
restaurants and habitations in the catchment. At Site
1, very less anthropogenic pressures are noticed.
The water quality of both sites is being deteriorated
because of the anthropogenic pressures in the
vicinity.

The study proposes development of an intangible
framework as a basis for understanding the upstream-
downstream linkages of the Jhajjar stream and based on
that an integrated land and water management plan be
formulated. Also, increasing forest cover and riparian
zone management could reduce erosion and entry of
sediments and pollutants into the stream. Diversion of
drains and ban on entry of waste into the stream are also
suggested.
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