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Summary: Isotopic technique was employed to study ground water recharge mechanism and the
effect of tannery effluents on the quality of ground water in Kasur area. Water samples collected
were shallow ground water, deep ground water, canal water, rain water and pond water. The
physicochemical parameters (pH, dissolved oxygen and electrical conductivity) were measured in
the field while stable isotopes of 2D and 'O were analyzed by using GD-150 gas source isotope ratio
mass spectrometer. Depleted isotopic contents of 5’D and %0 are characterized by canal recharge;
enriched isotopic values are associated with rains recharge and intermediate values show the mixing
of water from different sources. The shallow ground water had depleted isotopic values and is being
recharged by the canal. However, isotopic signature of shallow groundwater in the surroundings of
the pond has been modified by the seepage of the pond water. The deuterium excess values show the
effect of evaporated pond water and these values increase as the distance from the pond increases.
Electrical conductivity values and chloride contents decreased along the depth. The deep
groundwater that is termed as the native groundwater is being recharged by rains at piedmont
area/ bedrock outcrops. Results indicate that the quality of shallow ground water has been
deteriorated in the vicinity of stagnant pond water but quality of deep groundwater is good.
Chromium is absent in deep ground water, its penetration is limited up to a maximum depth of 20 m.

23

Introduction

Groundwater is of major importance to
civilization because it is the largest reservoir of
drinkable water for human beings. Although
groundwater is less contaminated than surface
water, pollution of this major water supply has
become an increasing concern in industrialized
nations. A variety of activities such as industrial
waste, septic tank overflow or leakage, agricultural
inputs, pesticides and urban waste are the major
sources of groundwater pollution. The tannery is
one of major industrial sector in Pakistan, which
generates considerable amount of poiluting
materials and is discharging without any treatment
into ponds or stagnant pools. The water bodies,
recipient of such highly polluted effluents are
constantly making their water unfit for its uses in
agriculture, industry and drinking. The history and
pathway of water in different parts of the
hydrological cycle can be followed by the
abundance of the stable heavy isotopes of hydrogen
called deuterium (*D), and oxygen (‘80) [1]. Atoms
with the same number of electrons and protons, but
different numbers of neutrons, are called isotopes.
It was discovered during the Second World War
that isotopes of the same element could be
separated by physical and chemical methods. This

discovery provided the basis for the methods of
enrichment of the fissionable isotope of Uranium

(®*U, meaning that the sum of the number of
protons and neutrons is 235) [2]. Hydrogen occurs
in the form of three isotopes i.e Hydrogen (‘'H),
Deuterium (?D) and Tritium (T), Tritium is
unstable but radioactive  [3-4]. Oxygen occurs in
nature in three isotopic forms i.e which constituents
%0 (99.765% of all oxygen atoms on earth), '*0
(0.1995%) and the even rarer isotope ‘'O [5]. The
most common isotopes of hydrogen and ox?'gen are
present in molecular form of 'H,'°0, H,"0, and
HD'YO [6-7]. In this way, water in different
environments develops isotopic “fingerprints”
which help in its identification and tracing of its
origin. Environmentally stable isotopes are
commonly used in groundwater studies to identify
the flow regime and source of recharge mechanism
[8-9]. Generally, groundwater retains its stable
isotopic composition, unless diluted or mixed with
waters of a different isotopic composition or if
warmed above 60 °C [10-11]. The stable isotopic
composition is very powerful way to trace the
history of recharge water in groundwater {12]. In
the present study, an attempt has been made with
the help of stable isotopic composition along with
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Table-1: The isotopic (**0 and *D) composition in the ground water of Kasur area.

S.No. Sampling Site 5"0 5D S.No. Sampling Site 8 ™0 3D
(%0) _ (%0) (%) (%)
1 Canal Water -9.63 -45.02 14 Pond Water -2.13 -11.03
2 Canal Water -8.64 -36.04 15 Shallow -8.98 -39.65
Ground Water
3 Canal Water -7.86 -43.44 16 Shallow -9.38 -43.36
Ground Water
4 Canal Water -9.63 -36.05 17 Shallow -7.92 -39.36
Ground Water
5 Canal Water -9.02 -25.8 18 Shallow -9.63 -46.32
Ground Water
6 Canal Water -8.76 -36.56 19 Shallow -8.35 414
Ground Water
7 Canal Water -1.78 -38.56 20 Shallow -5.64 -22.29
Ground Water
8 Pond Water 345 -10.56 21 Shallow -4.63 -259
Ground Water
9 Pond Water -1.05 -10.25 22 Rain Water -10.45 -54.36
10 Pond Water 1.9 -123 23 Rain Water -10.15 -52.12
11 Pond Water 2.01 -10.03 24 Rain Water 9.75 -60.26
12 Pond Water 345 -9.05 25 Rain Water -10.27 -55.36
13 Pond Water -1.02 -10.5 26 Rain Water -10.96 -62.36
14 Rain Water -11.36 -60.25 31 Deep Ground -11.06 -54.56
Water
15 Rain Water -10.35 -58.56 32 Deep Ground -10.96 -55.96
Water
16 Deep Ground Water -10.56 -56.02 34 Deep Ground -11.20 -53.63
Water
17 Deep Ground Water -10.66 -55.45 35 Deep Ground -9.87 -61.23
Water

physiochemical parameters to investigate the
recharge mechanism and source of groundwater
pollution in the environment of Kasur areas.

Kasur is situated 60 Km East of Lahore
city. A big cluster of 237 tanneries is located at
Kasur. The city has a population of approximately
250,000 inhabitants. It is spread over 2335 acres
and accommodates tanning operations taking place
over a wide area. Tannery units located here
process at an average of 8000 hides (cattle,
buffaloes) and between 12,000 and 15,000 skins
(sheep and goats) each day. Municipal sewage flow
is 15-20 cusecs. About 375 Kg toxic chromium is
discharged every day in tannéry effluents [13]. The
unprocessed waste from tanneries is disposed into
an open land for the last four to five decades, which
has become a big pond. The sewage from the Kasur
also joins the tannery effluents. Total discharge of
tannery effluents is about 4.25 to 6.1 m*/ min [14].
Recently the pond is being gradually diminished.

Results and Discussion

The present study covers only eighteen
months period from December, 2001 to May, 2003.

All waters on the earth which have participated in
evaporation and condensation have different
isotopic ratios of H to D and of 'O to 0. The
isotopic composition of '*0 and 2D changes due to
evaporation and condensation. The isotopic
composition of all natural waters falls on a straight
line, called the meteoric water line [15-16].

The pond water had 8'0 values in the
range of -2.13 to 3.45 % and 8°D values in the
range of -9.05 to -12.13 %. The sample Nos. 8 to 14
(Table-1) which were on the periphery of the pond,
had heavier isotopes of deuterium than MOSW
standard. Deuterium excess values increased as the
distance from the pond water decreased. The water
entering pound comes from tannery effluent and
sewage of Kasur town. Some people have water
connections from city water supply tapping deeper
zone while the others have installed their own small
pumps in shallow ground water. The pond water
encounters -strong evaporation. This evaporated
water penetrates into the shallow ground water
because sample Nos. 20 and 21 (Table-1) were
taken near the pound and found that heavier
isotopes as in pond water.
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Fig.1. Isotopic abundance in pound canal and shallow ground water

Series-1 Deuterium isotopic abundance
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The isotopic index of the canal in the study
area was estimated in the range of -7.78 to  -9.63
% for 8'°0 and -25.80 to -45.02 % for §°D and the
same range of isotopes of 5'°0 and 8’D was found
in shallow ground water have been plotted in Fig. 1.
The long term isotopic data of precipitation is not
available for the project area. The deep
groundwater that can be termed as the native
ground water is being recharged by the rains at the
piedmont area/ bedrock outcrops. The deep ground
water samples were collected from tube wells of
water supply schemes of public health engineering
department, penetrating up to a depth of 180m, has
mean §'°0 value of -57.61 % and 5°D value of
10.47 %. The isotopic index of rains at the
piedmont area was estimated in the range of -9.75
t0 -11.36 % for 3'*0 and -52.12 t0 60.26 % for °D.
The isotopic results of rain water and deep ground
water sample Nos. 22 to 35 (Table-1) were
collected from project area and plotted in Fig. 2.
The 8'*0 values range from -9.87 to -11.25 % and
8’D values range from -54.56 to -61.23 % in the
deep groundwater.

The data showing spread of isotopic water
suggests that the ground water is being recharged
by different sources. Depleted isotopic values
correspond to canal recharge, lighter than MOSW
standard isotopic values represent rains recharge,
highly enriched isotopic values with low deuterium

excess values, show contribution of the pond water
and the intermediate isotopic values show the
mixing of above mentioned sources in varying
proportions. It is evident from the isotopic data that
the canal passing through the project area is mainly
recharging the shallow groundwater.

Electrical conductivity of groundwater
varied from 578 uS/cm to 10778 pS/cm. Deep
ground water had low EC value than the canal
water. The EC of pond water varied from 6690
uS/cm to 20400 uS/cm. Low value of EC of pond
water was recorded in August. It may be due to
mixing of water from monsoon rains and that is
supported by the relatively depleted isotopic values
of pond water during same period. The contours of
electrical conductivity of ground water have been
plotted in Fig. 3. This indicates that contaminants
from pond water migrated up to certain depths.
Similarly, the data regarding concentration chloride
ions shows identical behavior as electrical
conductivity. As far the downward penetration of
the pollution is concerned, it is limited to a shallow
depth. The EC of deep ground water at 180m depth
is about 650 uS/cm. Wells penetrating up to a depth
of about 40 m (Table-2) had EC values up to a
maximum of 2120 uS/cm. It shows that EC
decreases rapidly with depth. 1t is clear that EC of
groundwater decreases exponentially with depth. At
this location, penetration is restricted up to 40m
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Fig. 2. Isotopic in rains and deep ground water
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But on the other side of the pond, along the plume
flow direction, depth of penetration is about 45m.
In this area upper soil layer is sandy and extends up
to water table.

The pH of ground water samples varies
from 6.53 to 8.64. The dissolved oxygen (DO)
concentrations for ground water ranged from
1.7mg/ 1 to 6.7mg/ 1, whereas DO of pond water
varied from 3.1mg/ 1 to 5.5mg/l. The temperature of
groundwater had minimum value of 20.8°C and
maximum 28.9°C. The EC values support the
isotopic data. The ground water having contribution

Electrical Conductivity

from pond water had low deuterium excess and
high EC values. As distance from the pond
increased, the EC decreased and deuterium excess
values increased. The EC values at sample Nos.1,
2, 3, 4, and 5 (Table-2) were highest and had a
decreasing trend away from the pond. This
indicates that the maximum contribution of the
pond is near its vicinity and it decreases with an
increase in the distance from the pond. One of the
tube wells was situated just at the boundary of the
pond, but isotopic data show no effect of
evaporated pond water. This indicates that
penetration of pond water is limited to shallow
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Fig. 3: Electrical Conductivity with respect to depth in all type of water.
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Table- 2: Important Hydro geophysical parameters
of ground water of Kasur area

Sr. No. Depth EC pH DO Chloride
(m) (pS/cm) (ppm) __ (ppm)
| 00 10778 851 6.7 3000
2 05 10580 805 6.2 2503
3 10 10500 792 5.8 2015
4 15 10025 8.15 5.7 2013
5 20 9005 813 54 1800
6 25 5600 756 54 1500
7 30 3200 785 5.1 1102
8 40 2120 723 42 1012
9 60 1550 745 4.1 692
10 80 900 755 37 605
1 100 850 78 3.0 556
12 120 775 705 26 523
13 140 698 682 21 521
14 160 665 - 6.53 1.9 S12
15 180 650 7.31 1.7 502
16 200 578 6.25 1.8 452

depths and the deep groundwater is still safe from
contamination that is also supported by the low EC
values. The groundwater samples and soil samples
from project area were also analyzed for the
determination of chromium concentration.

All the deep ground water samples for
chromium were below the detection limit. The
concentration of chromium in soil along depth is
plotted in Fig. 4. It is clear from result that shows
that concentration of chromium in soil decreases
with depth and is not detectable beyond 20m of
depth. The water table in the area is below 20m
from the surface.

Experimental
Water and Soil Sampling
Water samples were collected for the

analysis from existing tube-wells, hand pumps,
canal, and the pond receiving the tannery effluents

120
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and the sewage of the city. For isotope analysis,
water samples were collected in pre-cleaned, leak
proof double-stoppard glass bottles. The soil
samples were collected from three different sites
around the effluent disposal pond for the
determination of chromium.

Analytical Method

Physiochemical parameters such as pH
(Hydac), dissolved oxygen (DO meter Hanna) and
electrical conductivity (Hydac) were measured in
the field. Oxygen and hydrogen isotopes are
reported in the standard delta (5) notation (L0 for
difference in measurement between standard and
sample) and delta values for the isotopic
composition are expressed in parts per thousands
(%) relative to Vienna Standard Mean Ocean Water
(VSMOW) an average value for the isotopic
composition of ocean water.

Table- 3: Chromium in soil

Sr. No. Depth (m) Chromium (ppm)
1 0 98
2 1 87
3 2 79
4 3 77
5 4 68
6 b1 68
7 6 62
8 7 58
9 8 56
10 9 47
1 10 4]
12 11 35
13 12 29
14 13 24
15 14 19
16 15 15
17 16 08
18 17 07
19 18 >5

1 2 3 4 5 8 7 8

92 10 11 12 13 14 15 16 17 18
Depth (m)

Fig, 4: Chromium profile in soil along the depth,
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For the determination of &D concen-
trations, water samples were totally reduced to
hydrogen gas by using zinc shots [17] and for §'°0
values of water samples were determined by using
CO,-H,0 equilibration method [18}). Analysis of
"0 and &°D was performed on GD-150 gas source
isotope ratio mass spectrometer with analytical
errors of 0.15%0 and 1.0%o respectively. Per mille
units (%o) is the difference in the ratio of the heavy
to light isotope relative to the ratio in the standard,
times 1000, or alternatively as 10 times the percent
change [15-16]:

s=Ru=Ras 1000,
Rstd

where R is the ratio of the heavy to light isotope, u
is the unknown or sample, and std is the
international  standard. The commonly used
standard for °D and "0 in water is Standard Mean
Ocean Water (SMOW). A relative abundance of
0%o is identical with SMOW, a negative relative
abundance indicates less heavy isotope than
SMOW, and a positive relative abundance indicates
more heavy isotope than SMOW. The concen-
tration of chromium in the soil samples was
determined by using Inductive Couple Plasma-
Optical Emission Spectrometer (Model ARL 3580).
Chloride content was determined by ion-selective
electrode using Orion Micro-Processor Ion
Analyzer-901. All the instruments were calibrated
with standard solutions from NIST, Myron-L,
Merck, NPSL, and VSMOW for pH, electrical
conductivity, chromium, chloride and isotopes
respectively.

Conclusions

On the basis of present investigations, it
can be concluded that the shallow groundwater is
being recharged by the canal water and the
contribution of pond water has charged isotopic
composition of shallow ground water. The deep
groundwater is being recharged by rains at
piedmont area and is still safe from any kind of
pollution (below 45m depth). The quality of
shallow groundwater has been deteriorated in the
vicinity of the pond water up to a depth of 45m and
up to a distance of 7 Km along the Kasur Khudian
road. The quality of deep groundwater is good. The
chromium is absent in the groundwater, its
penetration is limited up to a maximum depth of
20m.
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