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Abstract: Groundwater is a critical natural resource across the Indo-Gangetic Basin, sustaining agricultural
productivity, industry and livelihoods for millions of people. The sedimentary aquifer is used extensively for
irrigation and is also an important source of drinking water in growing urban centres. However, this resource is
being impacted by anthropogenic activities leading to groundwater pollution, and falling groundwater tables in
some regions. It is therefore important to establish an understanding of the spatial variation of the baseline water
quality status of groundwater bodies in this heavily impacted aquifer. In this pilot study we have investigated the
water quality of both the shallow (<50 m deep) and deep (>50 m deep) aquifers at (19) paired sites across the
Bist-Doab catchment (9060 km?) in Northwest Punjab, India. This paper includes samples collected during
February and May in 2013. Groundwater samples were analysed for a suite of major and trace elements as well
as field parameters. Preliminary results from across the catchment are presented and the variations in baseline

chemistry assessed in both the shallow and deep sedimentary aquifers.
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1. Introduction

Groundwater forms one of the most important sources
of water for domestic and agricultural use in this
region of Northwest Punjab, India, as well as across
much of the Indo-Gangetic Basin. This region of the
Punjab is important nationally for the production of
cereals and other agricultural products such as sugar,
as well as a large range of industrial products, all
dependent on groundwater sources [1]. Due to the
sustained increase in population in the last four
decades, and accompanied agricultural and industrial
development, the rate of withdrawal of groundwater
has increased [2] resulted in decline of water table [3].
This has led to growing concerns regarding the
security of groundwater resources and the economic
activity and livelihoods on which they depend. As
well as agricultural exploitation, in recent decades
unplanned urbanization and industrialization has put a
pressure on groundwater, which is an essential
commodity [4]. Urbanisation and expanding industry
both increase the pollutant loading to groundwater
and surface water bodies. This has been known for
some time and has prompted several studies in recent
years focused on evaluating groundwater resources in
this region [5, 6] to inform decision makers and
agencies responsible for managing and developing
this resource in a sustainable way. An understanding
of the natural variation in groundwater quality is
essential for a range of purposes; assessing pollution
and suitability for drinking water and irrigation;
understanding natural geochemical controls and flow
paths; imposing regulatory drinking water quality
limits and land use management practices [7].

Understanding groundwater-surface water exchange is
important from both a recharge and pollution
standpoint. Surface waters can act as recharge sources
and contaminant pathways for groundwater pollution,
for example through leakage from canals and river
bank infiltration, and groundwater has an important
role in contributing base flow to surface waters. As a
result of groundwater recharge processes the pollution
loading on the surface will have an impact the water
quality status of groundwater at depth. In light of this,
it is important to establish an understanding of the
spatial variation of the baseline water quality status of
groundwater bodies in this heavily used aquifer. This
is especially important in relation to human health
considerations, due to the reliance on this resource for
drinking water [8], as well as understanding the
suitability of this resource for irrigation [9], and the
impact of nutrient enrichment in groundwater and
surface water on the ecological status of the
catchment [10, 11].

Several factors such as topography,
hydrogeomorphology, geology, drainage pattern, land
use and climatic conditions are responsible for
controlling groundwater recharge, subsurface flow
and year to year changes in groundwater levels. The
chemical properties of groundwater are altered by
processes taking place in the recharge zone as well as
by the geochemical processes that occur during
subsurface flow. The natural baseline groundwater
quality variation is influenced both natural



hydrogeological controls and anthropogenic activities
[7, 12-15].
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Figure 1. Bist-Doab, Punjab

In the present pilot study, groundwater quality across
the Bist-Doab catchment was evaluated using existing
tube-wells (deep aquifers >50 m deep) and
handpumps (shallow aquifer <30 m deep). A paired
sampling design was employed to understand spatial
variation in groundwater chemistry of shallow and
deep aquifers, along with its suitability for drinking
water and irrigation. An important element of this
work will be to investigate the distribution of nitrate
within the layered sedimentary aquifers, and explore
its potential as a conservative tracer of modern
recharge, and in doing so shed light on the
connectivity and anisotropy of the aquifer system.
This will compliment ongoing work investigating the
groundwater residence time profiles within the same
aquifer. The region under investigation is by no
means unique hydrogeologically, and findings from
this study will have wider significance for
understanding aquifer connectivity and groundwater
recharge processes across other parts of the Indo-
Gangetic Basin.

2. Study area

The Bist-Doab is a triangular region and covers an
area of 9060 km?. The word “Doab” signifies the
region between two rivers namely, Satluj and Beas, in
the present study. It comprises the Nawanshahr,
Hoshiarpur, Kapurthala and Jalandhar districts of
Punjab State, India. It is bounded by Siwalik range in
the north-east, the river Beas in the north and west
sides and the river Satluj in south and east-south. The
area lies between 30°51'N and 30"04'N latitude and
74"57' and 76"40'E longitude (Figure 1). The study
area is part of the Indo-Gangetic alluvial plain and is
drained by the Satluj and Beas rivers and their

tributaries. The drainage density is high in the NE
strip bordering the Siwalik hills, but it is moderate to
low in the rest of the area with sub-parallel and sub-
dendritic patterns. In the plain area the gradients are
low, with a regional gradient of around 0.4 m/km
towards the SE [16].

The Beas and Satluj, two perennial rivers, rise in the
high Himalayas and traverse long distances in the
Himalayan and Siwalik zone before entering the state
of Punjab. Bist Doab area is also comprised of Kandi
region and central plains. In Kandi region, north-east
portions of Hoshiapur and Nawanshehar there are
deeper groundwater tables, due to the change in
topography this is also considered the recharge area
for the deeper plain aquifer system. The Jalandhar and
Kapurthala districts occupy the Central Plains of the
Bist-Doab. Some parts of Nawanshahr and Jalandhar
districts are irrigated through canal, while most of the
area of Bist-Doab is irrigated through groundwater.
The present day geomorphic features were formed in
response to changes in climate during the late
Pleistocene-Holocene, overlain by tectonic activity of
the Himalaya [17]. The sedimentary aquifers of the
alluvial plain in the Bist-Doab catchment are
composed of sands and gravels (late Pleistocene and
Holocene). These take the form a succession of
hydraulically interconnected aquifers of varying
transmissivities, some of which are thought to be
confined by clay and in places Kankar (largely
nodular calcium carbonate) deposits [16].

3. Sampling and analysis
Groundwater sampling from 19 paired shallow
and deep sites was carried out during February and



May 2013 across the Bist-Doab catchment (Fig. 1,
Table 1). Filtered (0.45um) water samples were
collected in pre-washed plastic bottles. The sample
locations were recorded using Garmin global
positioning system. Groundwater chemistry was
monitored carefully for a range of field parameters
including electrical conductivity (EC), pH, oxidation-
reduction potential (ORP) temperature measurement
using a flow-through cell and when these parameters
were stable, samples were collected. Field alkalinity
was determined by titration using 50 ml sample and
1.6 N sulphuric acid, bromocresol green was used as
the titration indicator. The unacidified sampling
bottles were carefully filled just to overflowing to
ensure no air bubble was trapped inside the sample
container. The samples were properly labelled,
brought to the laboratory and stored at 4 °C to avoid
any major chemical alteration prior to analysis.

The un-acidified sub-samples were analysed for major
anions F, CI', NO 3, SO4 and acidified sub-samples
for the following cations Ca™, Mg**, Na*, K* using
Dionex lon Chromatograph 1CS-5000 at National
Institute of Hydrology, Rookree. For analysis of
anions and cations before performing the analysis, lon
Chromatograph was calibrated using anion mixture

Table 1: Sample collection details

standards and cation mixture standards (supplied by
Dionex). In addition, trace elements were analysed by
ICP-MS at BGS laboratories, UK.

4. Results and Discussion

The physiochemical characteristic of groundwater for
shallow and deep aquifers in Bist-Doab, Punjab has
been shown in Table 2 & 3, respectively. The pH
values in samples were varying from 6.5 — 8.1 for
shallow aquifers and 7.0 -8.2 in deep aquifers. The
highest value for pH was observed at deep aquifer
sample of Govindwal. The slightly alkaline pH was
observed at Govindwal, Garhshankar and Bussowal,
which may be due to the influx of HCOj3 ions in the
groundwater aquifer as a result of percolation of rain
water through soil [18-19]. The EC is an indicator of
salinity and also signifies the amount of TDS. EC of
collected water samples ranges from 209 — 1816
puS/cm for shallow aquifers (Fig. 2) and 201 — 1123
puS/cm (Fig. 3) for deep aquifers. In shallow aquifers,
high EC was found Mailli, Boot, Bussowal, Jandiala,
Saidpur and highest was observed at Hoshiarpur
Temple and in case of deep aquifers the highest was
observed at Phillaur.

Sr. | Site Name District Longitude (E) Latitude (N) Depth (m)
No. Shallow Deep
1 Banga Nawanshahr | 75.5°9'36.4" 31°10'04.4" 16.0 100.0
2 Mailli Nawanshahr | 75.4°8'51.4" 31°12'47.6" 40.0 150.0
3 Phillaur Jalandhar 75.4°47'26.2" 31°01'24.1" 30.0 80.0
4 Malikpur Phagwara 75.4°50'07.5" 31°16'55.6" 25.0 160.0
5 Nawanshahr | Nawanshahr | 76°07'11.5" 31°07'33.1" 30.0 130.0
6 Memdwal Hoshiarpur | 76°04'12.7" 31°24'07.3" 45.0 80.0
Khurd
7 Hariana Hoshiarpur | 76°50'29.6" 31°38'06.2" 50.0 160.0
8 Aima Hoshiarpur | 75°37'57.6" 31°53'32.5" 20.0 85.0
Mangat
9 Arjanwal Jalandhar 75°41'44.2" 31°25'13.5" 10.0 140.0
10 | Jandiala Jalandhar 75°37'07.8" 31°09'46.4" 30.0 60.0
11 | Saidpur Jalandhar 75°19'43" 31°05'06.1" 35.0 122.0
12 | Mallian Jalandhar 75°24'57.1" 31°10'57.4" 35.0 130.0
Kalan
13 | Busowal Kapurthala | 75°09'17.5" 31°12'49.2" 9.0 130.0
14 | Boot Kapurthala | 75°23'52.1" 31°27'11.6" 10.0 130.0
15 | Garmsankar | Hoshiarpur | 76°08'07.8" 31°13'34" 18.3 45.7
16 | Hoshiarpur | Hoshiarpur | 75°55'09" 31°31'55.4" 45.7 64.0
Temple
17 | Ajnoha Hoshiarpur | 75°53'46.4" 31°19'36" 67.0 121.9
18 | Nussi Pind | Jalandhar 75°33'2.5" 31°24'02" 21.3 152.4
19 | Gouindwal | Kapurthala | 75°10'21.8" 31°22'49.5" 7.6 76.2
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Fig. 5 NO3;™ map of shallow and deep aquifers

| The Ca®* and Mg?* are the most abundant elements;  boiler for steam generation then it may lead to

the groundwater in Ca?* may readily dissolve from
carbonate rocks and lime stones or can be leached
from soil. The dissolved Mg?* concentration is lower
than Ca** in the groundwater. The Ca*" contents in
water samples range from 24.8-146.7 mg/L in
shallow aquifers and 16.6-85.4 mg/L in deep
aquifers(Table 2,3; Fig. 3), while Mg** concentration
varied from 5.4-46.5 mg/L in shallow aquifers and
5.9-43.5 mg/L in deep aquifers (Table 2, 3; Fig. 4).
No water sample of study area has Ca®* and Mg**
content above the permissible limit. Na* and K* are
naturally occurring elements in groundwater.
Industrial and domestic waste also adds these salts to
the groundwater, making it unsuitable for domestic
use. High concentration of Na* in drinking water may
cause heart problems. Further, higher Na* content in
irrigation water may cause salinity problems and may
render the soil barren [20]. The Na® concentration
varied from 6.2-262.3 mg/L in shallow aquifers and
5.8-128.4 mg/L in deep aquifers and the samples for
shallow aquifer taken at Bussowal and Boot exceed
the permissible limit 200 mg/L [8, 21]. K* is an
important cation and plays a vital role in
intermediately metabolism. It is also important for
Na—K" exchange pump. The K" content of
groundwater of Bist-Doab varied from 1.3 — 22.3
mg/L in shallow aquifer and 1.9-7.3 mg/L in deep
aquifers. K™ also regulates the stomatal activity of
leaves and hence plays a very significant role in crop
physiology involving transpiration losses and gaseous
exchange in respiration and photosynthesis.

Alkalinity of water is mainly due to the presence of
CO5* and HCOs—. It is a measure of the ability of
water to neutralize acids. CO5> and HCOs— in water
are present mainly in association with Ca** and Mg**.
HCO;™ ranged from 89.1-859.4 mg/L in shallow
aquifers and 87.8-593.7 mg/L in deep aquifers. High
alkalinity does not pose a health risk but can cause
problems such as alkali taste to water. Alkalinity is a
| big problem for industries; if alkaline water is used in

formation of scale and embrittlement and the lowered
efficiency of electric water heater. The main sources
of drinking water in the studied area are hand-pumps
and tubewells.

In general, it has been observed that groundwater
contains a higher amount of F dissolved from
geologic conditions while surface water typically
contains lesser amount of F [20]. Furthermore,
usually the F levels are more in the shallow aquifers
in alluvial plains but in the present case in majority of
the samples the concentration of F was found
relatively high in shallow aquifer (hand pump) than
deep aquifer (tube well). This could be due to
difference in the geochemical condition in aquifer.
The optimal drinking water concentration of F for
dental health generally ranges from 0.5 to 1.0 mg/L
and depends upon the volume of consumption and
uptake and exposure from other sources. The WHO
permissible limit of F in groundwater is 1.5 mg/L.
The value of F ranged from 0.2-1.1 mg/L in shallow
aquifers and 0.1-1.2 mg/L in deep aquifers and no
sample exceeds the permissible limits.

CI" occurs naturally in some sedimentary bed rock
layer, particularly shales. CI" is soluble in water and
moves freely with water through soil and rocks. CI" is
more persistent in nature than nitrate as it is not
readily consumed by microorganisms. High content
of CI" may give a salty taste to groundwater and can
corrode pipes, pumps and plumbing fixtures. People
who are not accustomed to high chlorine in drinking
water are subjected to laxative effects. CI
concentration in the study area varied from 4-225.5
mg/L in shallow aquifers and 1.3 to 88.4 mg/L in deep
aquifers. SO,* is a naturally occurring ion in almost
all kinds of water bodies and is a major contributor to
total hardness. SO,2 content more than 250 mg/l is
objectionable for domestic purposes, beyond this limit
SO,* causes gastro-intestinal irritation. All the water
samples of Bist-Doab area had SO, content



within permissible limits, ranging from 4.5 — 154.6
mg/L for shallow aquifers and 2.2-52.8 mg/L in
shallow aquifers.

Nitrate concentrations were on average three times
higher in the shallow groundwaters compared to the
deep groundwaters (Table 2, 3; Fig. 5). However,
several of the deeper sites had significant nitrate
concentrations (>10 mg/L) indicating a significant
component of modern recharge, however, due to the
low dissolved oxygen and mildly reducing conditions
(Eh) de-nitrification cannot ruled out for other sites
with low nitrate. Two shallow sites and one deep site
had nitrate concentrations >50 mg/L, in excess of
WHO drinking water quality standards.

4.2 Percent Sodium

Sodium plays an important role in evaluating the
groundwater quality for irrigation as it causes an
increase in the soil hardness and reduction in its
permeability [22]. High concentration of sodium
causes soil mineral particles to disperse and less water
to infiltrate [23]. Its effect becomes as infiltration rate
of a soil is reduced to the extent that the crops does
receive adequately amount of water. The sodium
percentage (Na %) is calculated using the equation:

% Na = Na'+K*)x100
(Ca+++Mg+++Na++K+)

The Na % in shallow aquifer indicates that 1 sample is
excellent, 7 samples are good, 7 samples belong to
permissible  criterion leaving 2 samples of
groundwater in doubtful category (Table 4) and only 1
sample taken from Boot in unsuitable category. The
Na % in deep aquifer indicates that 2 samples are
excellent, 7 samples are good, 6 samples belong to
permissible  criterion leaving 3 samples of
groundwater in doubtful category (Table 4) and only 1
sample taken from Bussowal in unsuitable category.
Thus, 18 groundwater water sampling locations water
can be used for irrigation leaving only four sampling
locations unsuitable for irrigation. Adsorption of
sodium on clay by its exchange with Mg®* and Ca?*
lons takes place when sodium is high. This results in
poor permeability and drainage of soil, leading to
restricted air and water circulation in it and thus
makes it hard [22, 24-25]. The areas with high value
(doubtful) of Na % in shallow aquifers are Mailli and
Boot while in deep aquifers are Arjunwal, Boot and
Nussi pind.

4.3 Sodium Absorption Ratio (SAR)

It is used to measure of alkali/sodium hazard to crops.
The excessive sodium content relative to the calcium
and magnesium reduces the soil permeability and thus
inhibits the supply of water needed for the crops. It is

an important parameter to determine the suitability of
groundwater for irrigation. The excess sodium or
limited calcium and magnesium are evaluated by SAR
[26].

SAR = Na*
Sg. Root (Ca™"+Mg*™)/2

The SAR values for the samples are shown in Table 5.
The SAR value’s indicated that only 1 taken from
shallow aquifer at Boot belong to doubtful (S3)
category.

4.4 Trace elements

In the shallow sites elevated Zn concentrations were
found, mean concentrations of 740 ug/L, compared to
deeper sites (mean = 24 pg/L). Significantly higher
average concentrations for Pb, Cu and B were also
found in the shallow sites compared to deeper sites,
also indicative of contamination of the shallow
aquifer. Lead concentrations in the shallow sites
exceeded the WHO drinking water standard of
10mg/L on three occasions. Uranium concentrations
were high but comparable on average (16 and 18
pg/L) for the deep and shallow aquifers respectively.
Three shallow sites and one deep site exceeded the
WHO drinking water limit for U of 30 pg/L. Iron
concentrations were on average twice as high in the
shallow sites compared to the deeper sites, but
groundwaters in both groups had overall low
concentrations with average values of 260 pg/L in the
shallow sites and 32 ug/L in the deep sites. Arsenic
concentrations were below the WHO drinking water
quality limit of 10 pg/L on all occasions, average
concentrations of <1.4 mg/L for both deep and
shallow sites, however one site, the Hoshiarpur
Temple, did have concentrations approaching this
limit (9.6 pg/L).

5. Conclusions

The hydro-chemical analysis of the study reveals that
the groundwater of the study area is very good in
terms of trace metals, such as chromium, manganese
and iron, however the shallow aquifer does show
evidence of contamination from nitrate and trace
elements including B, Zn, Pb and Cu at a small
proportion of sites. Uranium concentrations are high
for both the shallow and deep aquifers (average
concentrations >15 pg/L), however, WHO drinking
water standards were exceeded in only 10% of sites
investigated in this study. Arsenic concentrations
were below 10ug/L on all occasions. The
groundwater is well suited for irrigation based on the
sodium absorption ratio.
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Table 2: Major ions analysis of shallow aquifers
Site name Temp | Eh EC pH Ca Mg Na K Field | CI S0~ [NO;y | F
.(°C) | (mV) | (uSfem) HCO;
mg/L
Banga 26.6 -2.1 719.0 7.2 57.0 39.9 | 46.3 6.6 | 4815 | 4.8 9.8 5.7 1.2
Mailli 26 51.5 1061.0 7.3 36.9 24.7 179.4 |49 |616.8 | 19.0 | 39.3 19.0 1.1
Phillaur 27 17.9 924.0 7.1 73.5 32.1 76.5 6.6 | 443.7 | 452 | 35.6 38.8 0.4
Malikpur 25 41.6 981.0 7.1 66.9 | 451 | 88.6 6.6 | 626.6 | 15.9 11.6 3.0 0.3
Nawanshahr | 26 -60.5 | 909.0 7.1 96.7 | 42.0 | 485 53 | 4974 | 27.0 |415 21.2 0.5
Memdwal 26 251 681.0 6.9 85.9 16.6 | 40.2 21 | 3950 | 9.0 5.3 30.8 0.2
Khurd
Hariana 25 4.9 489.0 7.4 60.6 11.2 17.9 1.7 | 240.1 | 142 10.2 37.7 0.3
Aima 24 120.4 | 526.0 6.6 66.5 14.0 19.9 11.1 | 217.0 | 30.7 185 | 36.2 0.1
Mangat
Arjanwal 24 93 906.0 6.9 75.7 234 | 85.8 1.3 | 441.3 | 39.6 26.1 61.6 0.4
Jandiala 25 39 1539.0 6.5 146.7 | 46.5 131.8 | 7.0 | 655.8 | 151.2 | 36.6 72.7 0.2
Saidpur 26 35.8 1375.0 6.9 89.4 | 384 158.2 | 6.1 | 468.1 | 125.3 | 154.6 | 33.1 0.5
Mallian 25 15 845.0 7.3 67.5 275 | 83.6 7.4 | 4718 | 40.3 29.0 <0.02 | 0.2
Kalan
Busowal 25 13 1737.0 7.0 78.3 25.1 262.3 | 9.0 | 859.4 | 87.0 114.6 | 40.2 0.4
Boot 26 -61 1213.0 7.3 30.0 8.9 226.4 | 22.3 | 649.7 | 48.9 79.0 <0.02 | 0.6
Garmsankar | 24 32 745.0 7.1 69.2 37.7 | 328 35 | 4023 | 106 |45 17.9 0.4
Hoshiarpur | 24 -23 1816.0 6.9 128.8 | 21.6 1429 | 3.1 |5985 | 2255 | 79.1 0.0 0.2
Temple
Ajnoha _ -130 | 620 7.56 43.9 19.0 | 30.7 3.45 | 370.6 | 5.70 <0.05 | <0.02 | 0.6
Nussi Pind 24 -41 549.0 7.5 56.6 16.3 129 |42 |2511 |65 28.9 29.9 0.2
Gouindwal 25 -0.6 209.0 8.1 24.8 5.4 6.2 3.2 | 89.1 5.7 6.3 1.2 0.2
Minimum 24.0 - 209.0 6.5 24.8 5.4 6.2 1.3 | 891 |48 4.5 0.0 0.1
130.0
Maximum 27.0 251.0 | 1816.0 8.1 146.7 | 46.5 262.3 | 22.3 | 859.4 | 2255 | 154.6 | 72.7 1.2
Average 25.2 20.9 939.2 7.1 71.3 26.1 |89.0 |[6.1 |461.9 |48.0 | 40.6 28.1 0.4
S.D. 1.0 79.3 | 432.8 0.4 30.4 12.7 752 |47 |184.4 | 594 |41.2 20.7 0.3




Table 3: Major ions analysis of deep aquifers

Sitename | Temp | Eh EC pH Ca Mg Na K Field | CI S0~ [ NOgy | F
.(C) | (MV) | (uSfem) HCO,
mg/L
Banga 254 | 18.6 | 854.0 7.1 82.7 | 37.0 |458 6.0 | 4669 | 627 |144 |10 0.6
Mailli 26 32.7 | 648.0 7.3 443 | 319 | 46.7 6.4 | 4315 | 84 7.6 0.5 0.7
Phillaur 27 76 1123.0 7.1 56.9 | 435 | 1284 7.3 |593.7 | 431 |[528 |262 |06
Malikpur | 29 9.8 510.0 7.5 354 | 17.1 | 482 44 |3084 |31 2.8 <0.02 | 0.3
Nawansha | 25 55 731.0 7.1 678 | 373 | 337 53 | 4376 | 155 |[109 |114 |05
hr
Memdwal | 26 208 441.0 7.3 646 | 13.0 |17.2 19 | 2609 |29 2.2 16.4 | 0.2
Khurd
Hariana 28 117 435.0 7.3 50.8 | 15.0 | 20.1 20 |2694 |33 3.8 110 |03
Aima 26 233 451.0 7.3 68.1 | 105 | 125 40 | 2353|135 |80 111 | 0.2
Mangat
Arjanwal 26 -93 458.0 75 230 | 123 |654 3.2 | 3121 |29 3.0 0.2 0.4
Jandiala 26 150 859.0 7.0 854 | 414 | 456 48 | 3523 | 884 |273 |569 |05
Saidpur _ -79 634.0 7.3 30.3 | 284 | 665 7.3 |4096 |13 16.2 | 0.3 0.3
Mallian 29 -134 | 445.0 7.4 31.8 | 18.9 | 40.2 46 | 284.0 | 3.9 53 0.0 0.4
Kalan
Busowal _ 71 540.0 8.0 116 |59 96.8 23 | 2121 | 340 |465 |<0.02 |04
Boot 27 68 405.0 7.6 20.1 | 9.6 56.5 33 12926 | 26 5.9 0.0 0.4
Garmsank | 24 135 772.0 7.1 59.3 | 320 |310 3.0 | 4157 | 125 |6.0 123 |04
ar
Hoshiarpu | 24 293 439.0 7.5 494 |11.8 | 216 20 | 196.3 | 245 |120 |17 0.3
r Temple
Ajnoha 25 180 630.0 7.3 426 | 28.8 | 46.0 40 | 376.7 | 34 4.4 0.0 0.6
Nussi Pind | 25 147 493.0 7.7 19.9 12.2 63.3 29 3011 |41 3.7 0.1 11
Gouindwa | 24 89 201.0 8.2 16.3 | 6.6 5.8 24 1878 |6.3 6.4 0.8 0.2
I
Minimum | 240 | - 201.0 7.0 116 |59 5.8 19 (878 |13 2.2 0.0 0.2
134.0
Maximum | 29.0 | 293.0 | 1123.0 8.2 854 | 435 | 1284 73 |5937 | 884 [528 |[569 |11
Average 26.0 | 83.0 | 582.6 7.4 453 | 21.7 | 46.9 40 | 3286 | 177 | 126 | 838 0.4
S.D. 1.6 111.0 | 212.9 0.3 224 | 125 | 296 18 |1153 (238 |144 |146 |02
Table 4: Classification of groundwater on sodium percentage
%Na Water No. of samples | Samples (%)
class Shallow | Deep | Shallow | Deep

<20 Excellent |1 2 5.29 10.53

20-40 Good 7 7 36.84 36.84

40-60 Permissibl | 7 6 36.84 31.58

e
60-80 Doubtful 2 3 10.53 15.79
>80 Unsuitable | 1 1 5.26 5.26
Table 5: Classification of groundwater based on SAR values

SAR Water No. of samples | Samples (%)
class Shallow | Deep | Shallow | Deep

<10 Excellent | 16 18 84.21 94.74

10-18 | Good 2 1 10.53 5.26

18-26 | Doubtful 1 - 5.26 -

>26 Unsuitable | - - - -




Table 6: Trace element analysis of shallow aquifers

Site name Mn [ TotalFe |B [Cr [Co [Cu [2Zn [Mo [Cd [Pb |U [Se | As
Hg/L
Banga 8.0 58.0 111.0 <0.05 | 0.1 335 | 289.6 3.8 0.1 220 |10.6 |16 0.22
Mailli 11.3 11.0 247.0 1.0 0.0 7.0 10347 | 5.1 0.1 4.8 28.5 12 0.41
Phillaur 21.5 73.0 168.0 0.1 0.2 51 434.0 2.1 0.0 3.2 9.3 0.2 0.42
Malikpur 92.5 5.0 248.0 <0.05 | 0.2 226.4 | 74741 | 15 0.1 26.3 34.6 26 0.26
Nawanshahr | 93.6 1830.0 62.0 0.1 0.3 45 56.4 3.6 <0.01 | 0.7 27.9 <0.1 0.15
Memdwal 125 30.0 34.0 0.1 0.1 57.5 743.6 0.5 0.0 1.1 4.6 0.7 0.11
Khurd
Hariana 71.9 133.0 28.0 0.1 0.1 7.1 495.1 0.4 0.1 6.6 2.0 0.1 1.01
Aima 2.8 57.0 27.0 0.1 0.0 1.6 52.4 0.1 0.0 0.5 0.9 2.4 0.36
Mangat
Arjanwal 2.1 21.0 158.0 0.1 0.0 12.0 276.5 0.3 0.0 3.6 8.1 0.5 0.24
Jandiala 7.9 277.0 152.0 0.3 0.4 17.8 12299 | 0.3 0.1 3.3 3.9 0.1 0.45
Saidpur 3.0 65.0 336.0 0.1 0.0 2.7 179.5 2.0 0.1 0.5 64.4 4.8 0.47
Mallian 590.1 19.0 187.0 0.1 0.2 175 696.9 1.2 0.1 0.4 23.9 1.0 0.18
Kalan
Busowal 4109 | 22.0 225.0 <0.05 | 0.1 2.0 37.5 0.8 0.0 0.3 70.4 8.0 0.27
Boot 2275 | 128.0 225.0 <0.05 | 0.1 0.4 8.7 155 <0.01 | 0.2 17.1 0.6 1.81
Garmsankar | 127.3 | 40.0 55.0 <0.05 | 0.2 70.7 265.3 1.6 0.3 13.9 27.7 1.7 0.27
Hoshiarpur 854.6 | 400.0 131.0 <0.05 | 04 0.4 10.4 1.1 0.0 0.2 7.4 <0.1 9.66
Temple
Ajnoha 51.9 | 1576 83.0 <0.05 | 0.1 1.3 646 3.8 0.1 1.0 3.1 <0.1 |01
Nussi Pind 236.5 | 56.0 119.0 <0.05 | 0.1 1.1 120.5 0.1 0.2 1.9 6.7 1.8 452
Gouindwal 169.2 | 95.0 26.0 0.1 0.0 8.2 6.5 1.7 0.0 0.1 1.8 0.3 0.97
Minimum 2.1 5.0 26.0 0.1 0.0 0.4 6.5 0.1 0.0 0.1 0.9 0.1 0.1
Maximum 854.6 | 1830.0 336.0 1.0 0.4 226.4 | 74741 | 155 0.3 26.3 70.4 255 9.7
Average 129.7 | 257.7 138.0 0.2 0.1 25.1 739.9 2.4 0.1 4.8 18.6 4.7 1.2
S.D. 205.7 | 520.4 90.3 0.3 0.1 52.6 1670.3 | 3.5 0.1 7.6 20.3 7.3 2.3




Table 7: Trace element analysis of deep aquifers

Site name Mn Total | B Cr Co Cu Zn Mo Cd Pb U Se As

Fe

Hg/L

Banga 15 24.0 69.0 <0.05 0.0 6.4 14.1 5.0 0.0 24 | 224 1.3 0.56
Mailli 13.1 69.0 133.0 | <0.05 <0.01 | 15.5 42.1 9.0 0.0 44 | 197 0.6 0.85
Phillaur 9.3 5.0 2140 | 1.3 0.0 5.3 34.6 3.6 <0.01 1.1 | 201 0.7 0.65
Malikpur 15.9 24.0 104.0 | <0.05 0.0 34 79.0 1.7 <0.01 09 | 118 <0.1 |1.18
Nawanshahr | 21.8 10.0 72.0 <0.05 0.0 9.5 70.0 3.8 0.0 24 | 254 1.2 0.74
Memdwal 3.1 4.0 19.0 1.3 <0.01 | 3.9 5.9 1.4 <0.01 0.7 3.4 1.2 0.77
Khurd
Hariana 8.9 2.0 30.0 1.8 0.0 3.0 32.6 2.4 0.0 03 |56 0.8 0.65
Aima 28.5 2.0 20.0 <0.05 <0.01 | 1.7 51.5 0.1 0.0 04 |12 2.6 1.49
Mangat
Arjanwal 48.4 64.0 174.0 | <0.05 0.0 13 22.0 3.6 <0.01 04 | 151 0.1 1.53
Jandiala 0.5 4.0 66.0 34 0.0 15 10.4 2.8 <0.01 0.2 | 194 15 0.55
Saidpur 18.1 78.0 228.0 | <0.05 0.0 <0.4 |19.8 2.1 <0.01 0.2 |26.2 <0.1 |0.96
Mallian 14.6 106.0 | 99.0 <0.05 0.0 1.2 19.1 35 <0.01 05 | 181 <0.1 |1.87
Kalan
Busowal 5.9 9.0 115.0 | <0.05 <0.01 | 2.0 5.7 5.3 <0.01 02 | 121 0.3 5.94
Boot 10.8 51.0 128.0 | <0.05 <0.01 | 15 7.2 10.4 <0.01 05 | 121 0.4 2.76
Garmsankar | 64.9 <1 57.0 <0.05 0.1 11.5 10.3 1.8 <0.01 0.2 | 387 5.1 0.47
Hoshiarpur | 137.6 <1 29.0 0.1 0.1 <04 |21.0 2.3 0.0 0.1 |58 0.2 0.84
Temple
Ajnoha 56.5 12.0 129.0 | <0.05 0.0 <04 |20 4.7 0.1 0.1 |19.3 <0.1 |0.89
Nussi Pind 13.3 52.0 251.0 | <0.05 <0.01 | 0.5 10.5 10.3 <0.01 0.2 |18.2 <0.1 |1.65
Gouindwal 21.0 32.0 15.0 <0.05 0.0 1.2 35 0.8 <0.01 01 |65 <0.1 |09
Minimum 0.5 20| 150 0.1 0.0 0.5 2.0 0.1 00| 0.1 1.2 0.1 0.5
Maximum 137.6 | 106.0 | 251.0 3.4 0.1 155 79.0 10.4 01| 44 38.7 5.1 5.9
Average 26.0 32.2 | 102.7 1.6 0.0 4.3 24.3 3.9 00| 0.8 15.8 1.2 1.3
S.D. 325 32.0 72.8 1.2 0.0 4.3 22.3 3.0 00| 11 9.2 1.3 1.3




