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Abstract The present study aims to assess the physico-
chemical parameters (pH, electrical conductivity, carbon-
ate, bicarbonate, chloride, sulphate, nitrate, fluoride, cal-
cium, magnesium, sodium, potassium, iron and total
hardness) of the underground water in tehsil Bishnah,
district Jammu, Jammu and Kashmir, India. The water
samples were collected from tube wells and hand pumps in
26 chosen sites during the pre-monsoon period (May, June
2013). The results were compared with standard values of
drinking water prescribed by IS: 10500, BIS and WHO. It
was observed that certain parameters like electrical con-
ductivity, bicarbonate, nitrate, total hardness, calcium,
magnesium, sodium and iron as determined from the
groundwater samples of tehsil Bishnah were above the
limits set by IS: 10500, WHO and BIS at certain places. To
analyse the data with statistical point of view the statistical
parameters like mean, range, standard deviation, coefficient
of variation, correlation coefficient, kurtosis, skewness
were systematically calculated for each parameter. Also,
single factor Anova tables, Piper diagram and Schoeller
graph were prepared to signify the major results. Also, an
account has been prepared to analyze the factors like sum
of anions (meq/L), sum of cations (meq/L), calculated TDS
(mg/L), dissolved minerals (mg/L) like halite (NaCl), syl-
vite (KCl), carbonate (CaCOs;), dolomite (CaMg(COs),),
anhydrite (CaSQO,), permanent hardness, temporary hard-
ness and alkalinity.
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Introduction

Water plays a fundamental role in human life. Water
supplies available for drinking and other domestic purposes
must hold high degree of cleanliness. It should be free from
chemical contamination and microorganisms [1-3].
Although groundwater is thought to be relatively clean and
free from pollution than the surface water, however, the
scientific research conducted globally during the last cou-
ple of decades has established that the ground water is also
getting polluted radically because of increased human
activities [4, 5]. Consequently, a number of cases of water
borne diseases have been witnessed from time to time
leading to health hazards [6, 7]. Therefore, basic moni-
toring on water quality is essential to observe the demand
and pollution level of ground water.

For the present study, various samples of groundwater
were collected from the different locations of tehsil Bish-
nah, dist. Jammu, Jammu and Kashmir, India and analysed
for their physico-chemical parameters. The results were
compared with drinking water specifications of WHO [8].

Material and Methods
Study Area (Fig. 1)

District Jammu is located between 74°24'-75°18' east
longitude and 32°50-33°30" north latitude. Administra-
tively the district has been divided into four tehsils, viz.
Jammu, R. S. Pura, Akhnoor and Bishnah. Bishnah consist
of 39 villages and 39 panchayats. Its coordinates are
32°37'0"N and 74°52'0"E in DMS (Degrees Minutes Sec-
onds). It is located at an elevation of 294 m above sea level
and its population amounts to 11,645.
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Geography

In the area under investigation, the climate is typically
monsoonal, though the region sufficiently harvests average
40-50 mm (1.6-2 in.) of rain per month between January
and March. In the summer season, Bishnah is very hot and
can reach up to 40 °C (104 °F) whilst in July and August,
very heavy though erratic rainfall occurs with monthly
extremes of up to 650 mm (25.5 in.). In September, rainfall
declines, and by October conditions are hot but extremely
dry, with minimal rainfall and temperature of around 29 °C
(84 °F).

Sample Collection
The ground water samples were collected from tube wells

and hand pumps from 26 chosen sites during the pre-
monsoon period (May, June 2013).
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Fig. 1 Map of the study area
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Preparation of Water Samples

The samples were collected in precleaned, sterilized
polyethylene bottles of one litre capacity without any air
bubble as per standard procedure. Each sample bottle was
clearly labelled and relevant details were recorded. The
samples were kept in refrigerator, maintained at 4 °C and
were analyzed within 12-24 h after collection.

Physico-chemical Analysis

Physico-chemical analysis was carried out for various
water quality parameters such as pH, electrical conduc-
tivity (EC), carbonate (CO5%7), bicarbonate (HCO; ),
chloride (C17), sulphate (SO4%7), nitrate (NO5 ™), fluoride
(F7), calcium (Ca®"), magnesium (Mg>"), sodium (Na™),
potassium (K1), iron (Fe), total hardness (TH) as per
standard methods [5] (Table 1).

High purity certified analytical grade reagents, double
distilled de-ionized water and borosil glassware were used.

Statistical Analysis

To analyse the data with statistical point of view the sta-
tistical parameters like mean, range, standard deviation,
coefficient of variation, correlation coefficient, kurtosis,
skewness were systematically calculated for each
parameter.

The standard formulae used in the calculation for sta-
tistical analysis are as follows:-
Sx
n

Mean pu =

where x is the value of observation, n the no. of observations

> (E-x)’

Standard deviation o = I
n—

where X is the value of parameter, n the no. of observations

. o
Variance cv = —

Correlation coefficient

n(d_xy) = x)(20y)
ny x = (32X |n3y = ()
2 2

ryr =

where x, y are values of array 1 and array 2 respectively,
n is no. of observations.
Also, Single factor Anova tables, Piper diagram and
Schoeller graph were prepared to signify the major results.
An account has been prepared to analyze the factors like
sum of anions (meq/L), sum of cations (meq/L), calculated
TDS (mg/L), dissolved minerals (mg/L) like halite (NaCl),
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Table 1 Analytical methodology for various parameters analysed

Parameters Analytical methods

pH Electro-metric method (pH
meter)

Conductivity (EC) Electrical conductivity

meter (EC meter)

Carbonate (CO327), Bicarbonate Titrimetric method

(HCO3™), Chloride (C17)
Sulphate (SO4>7)
Nitrate (NO3 ™)
Fluoride (F7)

Gravimetric method
Colorimetric method

Ultraviolet
spectrophotometric
method

Total Hardness (TH)
Calcium (Ca2+), Magnesium (Mg“) EDTA titrimetric method
Sodium (Na™)
Potassium (K™)
Iron (Fe)

Titrimetric method

Flame photometric method
Flame photometric method

Digestion followed by
atomic absorption
spectrophotometry (AAS)

sylvite (KCI), carbonate (CaCOs), dolomite (CaMg
(CO3),), anhydrite (CaSO,), permanent hardness, tempo-
rary hardness and alkalinity.

Dissolved minerals for the present water samples were
calculated using the software.

Results and Discussion

The experimental values for all the physico-chemical
parameters are presented in Table 2 and were compared
with standards as prescribed by different agencies [4, 8].
The interpretation of data has been made with the help of
statistical tools.

pH

pH serves as an index to denote the extent of pollution by
acidic and alkaline waste and represents hydrogen ion
activity in water. It affects equilibrium between most
chemical species in water. The permissible range for pH is
6.5-8.5 [4] for potable drinking water. pH of the under-
ground water tested (in 90 % samples) is in the range of
7.0-8.45 which is within the permissible limit.

Electrical Conductivity (EC)

It is a measure of the ability of an aqueous solution to carry
an electric current. It depends on the presence of ions, on
their total concentration, mobility and temperature of
measurement. Higher value of conductivity shows higher

concentration of dissolved ions [8]. Conductivity of water
sample was found in the range of 470-1630 micromhos/
cm?, which is quite high in some areas (Allah, Chak
Chimna, Chak Jawahar Singh, Chak Ramdas, Doal,
Fatehgarh, Karel Manhasan, Kathar, Khairi, Khojipur,
Kotli Charkan, Pandhori Brahmna and Upper Kanhal) as
compared to the WHO standards (0-800). Electrical con-
ductivity is considered to be a rapid and good indicator of
dissolved solids.

Carbonate (COs 27) and Bicarbonate (HCO;™)

The stoichiometric or chemical equilibrium equa-
tion between bicarbonate and carbonate is HCO;3 =
CO3™ + H'. Because bicarbonate and carbonate are on
opposite sides of the equilibrium equation, they are not
often detected in the same groundwater sample. However,
they can occur simultaneously at defined temperature,
pressure, and hydrogen ion concentrations (pH).

The carbonate concentration is zero at all places except
at Doal, Joian and Khairi. Bicarbonate ranges from 134 to
775 mg/L in 98 % of the samples studied. The acceptable
limit of carbonate (CO5>7) and bicarbonate HCO;™ is
75 mg/L and 30400 mg/L, respectively. The presence of
high concentrations of HCO3™ can cause nutritional dis-
turbances, such as reducing the availability of calcium and
the uptake of iron.

Chloride (C17)

Chloride is an anion found in variable amount in ground-
water. Chloride may be present naturally in groundwater
and may also originate from diverse sources such as
weathering and leaching of sedimentary rocks. The maxi-
mum permissible limit of chloride in potable water is
250 mg/L. In the analyzed water samples, the concentra-
tion of chloride varied from 7.1 to 82 mg/L which is well
within the permissible limit.

Sulphate (SO4*7)

Aquifers with a naturally occurring sulphate source, such
as gypsum, have very high concentrations of sulphate as
compared to other aquifers. Sulphate in groundwater may
enter through weathering of sulphide bearing deposits. The
acceptable limit of sulphate is 200 mg/L. The sulphate
content in all the analyzed water samples varied from 0O to
125 mg/L.

Nitrate (NO3 ™)

Natural nitrate levels in groundwater are generally very
low (typically less than 10 mg/L), but nitrate

@ Springer



P. Khanna

124

Y‘ODH-BN-®D 00S 6V'0 9T 8L 9C¢ 8SI LTO 14! L9 179 0 OLTT 8S'L EWP6L YL 6£€9°TE ML Tequesy roddn 9C
fFOOH-8SN-®D §T§ PU OTF  OF ey ovl 8¥'0 0C g¢ 8¢ S99 0 000°T 008 1€S8' YL £6°C¢E ML euwyelg Loypued ST
fODH-SIN-€D 0Ty ¢€S 60 11 €C  0¢l ov0 01 or vl 8S¥ 0 0sL STL 19¢8'vL  S¥SCe dH [oyoed e
YOS—*ODH-SIN-®D SIT 881 9T 9§ I T§ ¢€€0 S9 SS TI'L 0ce 0 0Ly 0¢L 69C8' YL 11€5°CE ML [0TeIN €T
YOS—*ODH-ID-SIN-®D SLT 90T TI'T 91 SI 98 LOO <CI9 §9 8 Yel 0 08S STL 6€S8' YL 80SSCE dH Indoydrey 44
YOOH-EN-SIN-BD S0€ PU  0€  SF 9¢ 79 1£0 91 pu I 8S¥ 0 099 018 ee06'vL  STSSTE dH TeySuey ‘Ic
*OOH-SIN-8D 08T CTI'0 LT S9 LT ¥8 pu LY 8y  6¢ 0ce 0 0ss 09L SLES YL €68S7CE ML BIBMSE] ‘0T
YOOH-EN-SIN-BD S0S PU 09¢  +9 9¢ OIl 8¢0 4! orr - +9 19¢ 0 0I1TT 08L e€GE8 YL €009°CE dH uesreyy 1,03 61
YODH-EN-SIN-BD S0T SH0 9T 8¢ Ic 8 €60 8IC 6l 11 66¢ 0 00s SLL 1€S8vL ¥¥CsTe ML B[Oy 81
YOOH-EN-SIN-BD SST 60 80 t€ Lc 85 9¥0 € 8¢ 8l €6C 0 029 08L €0L8 YL 8TYSTE ML [euwreqg Loyios| L1
fODH-BDBN 09C 800 <CTT O¢l 9¢ 9 vI0 €l 6C S¢ (349 0 0c6 ST8 €ECOVL  SLLSTE ML Indiloyy 91
f0OH-eD-3N-—EN 0v€ 0T0 991 LOI & 99 6£0 vC¢E 0 8¢ 0cL T 00€°T S8 SLO6VL  S8S'CE ML LITes] Sl
fFODH-SIN-®D  0¢S 010 0TS 0S 9¢ ¢SI 060 0 pu 9% SLL 0 08T SSL  TT98VL STISTE dH Teypesy h4!
YOOH-EN-SIN-BD G686 PU 66  ¥6 ¢S 87l 9¢0 9% SIT 8L 69L 0 0£9°1 09°L 80L8 YL 8S9GTE ML UeSBUUBIN [a1e3] el
fOD—*ODH®D S¥E LOO 08y  9¢ LT OIT 6£0 94 81 ¢¢C 09¢ 99 08  S¥'8 80L8YL STTSTE ML uelof !
YOS-*ODOH-SIN-®D Stk  PU Ol € ge 0¢l 0CT0 8¢ (174 B 09¢ 0 0L6 STL 19v8'vL 8EESTE ML yresyare] 1
Y0DH-BD-SIN-BN S6€ SO0 00f 1T LS ¥9 LSO 8¢ vl €S 12439 9¢ 0SI1T ¢€'8 STO'PL £€9S°CE dH [eod 01
f0DH-eN-8D-3IN §9C 90l €T €€ ¥e 0SS LLO 'l g¢ 11 1233 0 029 0SL  ¥IS8VL 12°X4% dH Ioysred ‘6
fOOH-tD-SIN SI¢ TrT L1 C€ 6y 9% 0v0 pu pu 11 (494 0 099 LV'L 6€998VL L66STE dH LHECL ) 8
f0DOH-SIN-BN-®D 0LE SI0 Ol Ss 6Cc 00l €90 II'V S99 ¥ Y44 0 09 0¢L SCI8 YL 8B8ISTCE ML sepuwey yeyp L
YOOH-SIN-BN-®D SSt #0'0  #'€ CTII Sy 801 050 9¢v gl LS 08¢ 0 00T1 S6'L LI06'VL 68SS°CE dH ySurg Ieyemer yeq) 9
f‘ODH-BN-M-®D 0I¢ 8.0 80T TS 9¢ w8 6¥0 8! SI ¢F VLS 0 OvI‘l 00L 1668'vL 19€S°CE ML BUWIYD eyD S
f0OH-3N-8D 0I¢ Ppu C 1T €e 0L 090 pu pu 'L Sy 0 029 LSL LIV98VL 1€19C¢ M ueATypewres qeuysrg R Y
fFOOH-8N-BD SS€ 0TT T'€ 8¢ ey CL TEO  6L6 pu 1T yor 0 0eL S6'L €088 VL  S09°CE ML [emied Yeyd ouyeqg €
fFOOH-8N-®D Ove II'T S€  0C €C 86 ¢€¥0 11 ¥s  SC e 0 OIL Oo¥L Te6LYL 61TSTE dH BlurY T
f0DH-EDBN-SIN 00€ SI'T +9 +9 Iy TS ¢€£0 €¢ 8¢ ¥ 0Ly 0 0007 SSL  98€8VL TLISTE ML Ye[v 1
/3w
ormjooddl, HL o4 M ,eN L SN BD d _*ON _JJOS 1D _fODH ;0D od Hd epmiSuo opmueT eomog uonesoT -ou g

JIWUYSES] pue NWWEl ‘nwwer Isp ‘ygeuysiq [1sy9) jo sdwnd puey pue sjfom aqn) woly Iojem punois jo sopdures jo siseue [eoruoyo-oo1sAyd jo ynsoy ¢ d[qel

pringer

A's



Physico-chemical Parameters of Groundwater of Bishnah

125

concentrations grow due to human activities, such as
agriculture, industry, domestic effluents and emissions
from combustion engines.

Nitrates generally move relatively slow in soil and
groundwater: there is a time lag of approximately 20 years
between the pollution activity and the detection of the
pollutant in groundwater. For this reason, it is predicted
that current polluting activities will continue to affect
nitrate concentrations for several decades. However, if the
pressure in the aquifer is high, transport can be very rapid
within the saturation zone [9].

The nitrate content in the study area varied in the range
0-45 mg/L which is higher than prescribed limit of 40 mg/L
at selected places like Karel Manhasan.

Fluoride (F7)

Small concentration of fluoride in drinking water has ben-
eficial effect on human health for preventing dental caries.
Higher concentration of fluoride than that of 1.5 mg/L
carries an increased risk of dental fluorosis and even higher
concentration could lead to skeletal fluorosis [10].

Fluoride content of 95 % of the groundwater samples of
the study area ranges from 0.0 to 0.93 mg/L which is well
within the permissible limit.

Total Hardness (TH)

When water passes through or deposits over limestone the
levels of Ca®", Mg”*" and HCO5 ™ ions present in the water
can greatly increase and cause the water to be classified as
hard water. High levels of hard-water ions can cause scaly
deposits in plumbing, appliances, and boilers. These two
ions also combine chemically with soap molecules,
resulting in decreased cleansing action. In the present study
the total hardness values ranged from 205 to 585 mg/L.
The moderately hard water has the range of 60—120 mg/L.
The high values of total hardness have an effect on the
soil nature like lack of aeration and permeability of earth
surface and it may indirectly affect the growth of plants
and the general health of human society.
Calcium (Ca*™)
Calcium salts and calcium ions occur most commonly in
nature. They may result from the leaching of soil and other
natural sources or may come from man-made sources such
as sewage and some industrial wastes. Calcium is usually
one of the most important contributors to hardness. Human
body requires approximately 0.7-2.0 g of calcium per day
as a food element; excessive amounts can lead to the
formation of kidney or gallbladder stones [11]. The
desirable limit of calcium is 75 mg/L while in the present

Table 3 Statistical evaluation of different parameters in the groundwater samples

K+ Fe TH

Nat

Mg2+

EC CO3*~ HCO;~ CI” S0,*~ NO;~ - Ca>*

pH

205.00

0.00

0.800
166.00

60

5.
130.00

15.00
57.00

46.00
158.00

0.00 0.00 0.00
45.00 0.93

125.00

7.100
82.00
135.507

134.00

0.00
66.00

470.00

1630.00

7.0
8.45

Min.

585.00

5.3200

775.00

Max.

361.730
380.00

27.4192  0.755

165.200

50.3115
124.400

89.53846 33.6153

112.00

0.42846
0.93

12.3007
45.00
12.679

42.6923
125.00

25.53846 464.692

66.00
816.2707

898.0769

1160.00

7.69308
1.45

Mean

5.3200

42.00

74.90

641.00

Range

1.16958 104.287

1.54911

3520594 12.27380 354689  41.2963

0.22141

22.20551 38.1919

168.601

304.5917

0.39714

St. dev.

0.28830

0.36512  0.70499 1.50611

0.39319

1.03075 0.51675
1.10225 0.44300
0.23773 0.29505

0.89459
0.91999

293778  0.36282  0.62537
2.78281
—0.09203

0.33916

0.05162

Coefficient of variation

0.54851
—0.72889

1.92581 2.51697
3.29882 7.00499

0.83854
—0.37691

0.31992

—0.93871

0.53697
—0.95605

0.49617
—0.77928

0.10198
—0.60527

0.48041
—0.63429

0.44729
—0.67383

Skewness

6.50483

Kurtosis
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Table 4 Anova tables: single factor Anova
SS df MS F p value

Between subjects™™

Factor 22,740,865.607 13 1,749,297.354 176.428 0.00

Error 3,470,270.373 350 9,915.058

Total 26,211,135.980 363
Within subjects®™¢

Factor 22,740,865.607 13 1,749,297.354 210.777 0.00

Within 3,470,270.373 350 9,915.058

Error 2,697,266.087 325 8,299.280

Total 26,211,135.980 688
# Each group has a normal distribution of observations
® The variances of each observation are equal across groups (homogeneity of variance)
¢ The observations are statistically independent
9 The variances of each station are equal across groups (homogeneity of covariance)
Table 5 Correlation coefficient (concentrations in mg/L)

pH COs*>~ HCO;~ CI° S0,2~ NO;~ F Ca*t Mg>* Na* K+t Fe

pH 1.0 0.526 0.378 —89E-2 —0.147 0.116 —94E-2 —0.143 0.348 0.589 0.357 —0.508
CO5>~ 1.0 —0.734 —0.615 —0.542 8.7E-2 —0.526 0.985 —0.982 —0.992 -0.297 —0.296
HCO;™ 1.0 0.29 0.173  0.267 7.1E-2 0.461 0.631 0.68 0.618 —0.285
Cl™ 1.0 0.531 0.464 —0.381 0.567 0.206 0.408 0.155 —0.292
S04~ 1.0 0.197 —0.341 0.398 0.425 0.151 —2.0E-3 2.8E-2
NO3 1.0 —0.264 0.309 0.406 0.265 0.159 —0.238
F~ 1.0 —8.0E—2 42E-2 —0.138 —74E-2 -0.16
Ca*" 1.0 3.5E-2 4.7E-2 42E-2 44E-2
Mg>+ 1.0 0.522 0.325 -0.175
Na™* 1.0 0.475 —0.534
K* 1.0 —0.265
Fe 1.0

samples it ranged from 46 to 158 mg/L. Thus it was found
higher than the desirable limit at many places like Arnia,
Chak Chimna, Chak Jawahar Singh, Chak Ramdas,
Fatehgarh, Joian, Karel Manhasan, Kathar, Kotli Charkan,
Laswara, Marchopur, Pachel, Pandhori Brahmna and
Upper Kanhal.
Magnesium (Mg*™)
The magnesium content in the study area varied in the
range from 15 to 57 mg/L. while the range prescribed by
WHO is 30 mg/L as desirable limit to 100 mg/L as per-
missible limit in the absence of alternate source.

A major hypothesis that has emerged from studies in
recent years is that magnesium, which together with cal-
cium is the main determinant of water hardness, protects

@ Springer

against death from ischemic heart disease [18]. There are a
number of facts to support the hypothesis that magnesium
deficiency can induce artery spasm, as has been shown in
animal experiments [12, 13].

Epidemiological studies in the United States [14],
Canada [15, 16], South Africa [17], Finland [18, 19], and
Sweden [20] have shown an inverse correlation between
magnesium in drinking water and mortality from ischemic
heart disease.

It has been suggested that the incidence of sudden
death from ischemic heart disease is higher when water
magnesium level is lower, owing to an increased tendency
to vasoconstriction [13, 14] or arrhythmias [17, 21-24].

Though it has also been suggested that at very high
concentrations, magnesium salts have a laxative effect
particularly when present as magnesium sulphate [25].
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Fig. 2 Piper trilinear diagram for anion and cation composition of
water samples

Sodium (Na™)

The sodium content of all groundwater samples of the
study area ranged from 5.6 to 130 mg/L while the per-
missible limit is 50 mg/L as prescribed by BIS. At room
temperature, the average permissible limit of sodium is
about 200 mg/L according to WHO. Sodium is a principal
chemical in body fluids, and it is not considered harmful at
normal levels of intake from combined food and drinking
water sources. However, increased intake of sodium in
drinking water may be problematic for people with
hypertension, heart disease or kidney problems that require
them to follow a low sodium diet besides it also affects the
palatability of water [26]. Higher content of sodium in
irrigation water may cause salinity problems.

Potassium (K™)

Potassium, an important fertilizer, is strongly held by clay
particles in soil. Therefore, leaching of potassium through
the soil profile into ground water is important only on
coarse-textured soils. Potassium is common in many rocks.
Many of these rocks are relatively soluble and potassium
concentrations in ground water increase with time [27].

Potassium is weakly hazardous in water, but it does
spread rapidly, because of its relatively high mobility and
low transformation potential.

Vital functions of potassium include its role in nerve
stimulus, muscle contractions, blood pressure regulation
and protein dissolution. It protects the heart and arteries,
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Fig. 3 Schoeller graph showing the groundwater types

and may even prevent cardiovascular disease. The intake of
a number of potassium compounds may be particularly
harmful at high doses [28].

In the present samples the range of potassium varied in
between 0.8 and 166 mg/L.

Iron (Fe)

Iron in rural groundwater supplies is a common problem:
its concentration level ranges from 0 to 50 mg/L, while
WHO recommended level is <0.3 mg/L. Iron and manga-
nese occur naturally in water, especially groundwater.
Neither of the elements causes adverse health effects; they
are, in fact, essential to the human diet. However, water
containing excessive amounts of iron and manganese can
stain clothes, discolour plumbing fixtures, and sometimes
add a “rusty” taste and look to the water. In the present
samples the concentration ranges from 0 to 5.32 mg/L
which is higher to the desirable limit at certain places.
Long term consumption of drinking water with high
concentration of iron may lead to liver diseases [29].

Statistical Analysis

The statistical results related to mean, standard deviation
and coefficient of variation are given in Table 3, Anova
tests are depicted in Table 4 and correlation coefficient is
shown in Table 5.

An account has been prepared (Table 6) to analyze the
factors like sum of anions (meq/L), sum of cations (meq/L)
and ion balance.

Also, the major ionic species obtained from the physico-
chemical analysis are projected graphically on the modified
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Fig. 4 Line graph showing variation in different parameters at 26 stations

Trilinear Piper diagram (Fig 2). The water-types inter-
preted from Trilinear Piper diagrams are summarized in
Table 2.

Figure 3 represents the groundwater types in the Scho-
eller diagram. The Schoeller diagram [30] is used to study
the comparative changes in the concentrations and ratios of
water quality parameters for different samples.

Figure 4 represents the variation in different parameters
at 26 stations.

Conclusion

In the present study it was observed that some physico-
chemical parameters like electrical conductivity, bicar-
bonate, nitrate, total hardness, calcium, magnesium,
sodium and iron as determined from the groundwater
samples of tehsil Bishnah were above the limits set by IS:
10500, WHO and BIS at certain places. The people
residing in these areas are therefore at high impending
threat of contracting ailments/diseases related to higher
level of such contaminants present in water.

In conclusion, it is essential to apply tough preventive
measures in the area concerned to save groundwater from
further deterioration and regular supervision and assessment
of the groundwater should be done periodically. The present

paper forms a part of a major project, the studies undertaken
during the post-monsoon period reveal that a better water
quality was found in the post-monsoon season than that of pre-
monsoon season, because of water recharging due to rains.

Since, agriculture is the main source of economy of
people in the area under study, it is evident that except for
water lost through evapotranspiration, agricultural water is
recycled back to surface water and/or groundwater. How-
ever, agriculture is both source and victim of water pol-
lution. Therefore, appropriate steps must be taken to ensure
that agricultural activities do not adversely affect the water
quality in the area so that subsequent use of water for
different purposes is not impaired.
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