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The aim of this study was to evaluate seasonal as well as moderate temporal effects on deep 
groundwater quality by the dumpsites leachate in the Lahore Metropolitan with a population of about 8 
million. Groundwater samples for this study ware drawn from groundwater supply units installed by 
local government for the provision of drinking water to the residents. The groundwater in down slope 
regions from municipal solid waste (MSW) dumping sites has been identified by using Inverted 
Watershed technique. Eleven water supply units have been spotted that fall within the identified 
leachate plumes. Parameters of pH, turbidity, electric conductivity, total dissolved solids (TDS) and 
Escherichia coli were determined on water samples from these identified units. The quality analysis 
indicates that the effect of the leachate is more prominent in the hot and dry pre-monsoon season due 
to the domination of base flow for recharge of the groundwater, whereas dilution observed in leachate 
contamination during and immediately after the monsoon rainy season is due to the recharge through 
seepage of the rain water which dominates the base flow. Variation in the correlation factor between 
electric conductivity and TDS has been used to estimate constituents of TDS contributed both by 
rainfall seepage and base flow. An increasing tendency, showing influence of the leachate on the deep 
water quality, has been observed while analyzing the correlation between distance of the tube wells 
from leachate sources and measurements of quality parameters. 
 
Key words: Base flow, deep groundwater, down slope regions, landfill leachate, rainwater seepage. 

 
 
INTRODUCTION 
 
Almost 70% of the earth is covered with water but only 
2.5% of this is fresh water (PCRWR, 2007; Limouzin and 
Maidment, 2009) is suitable for human use. 
Approximately 99% of fresh water is in aquifers (ESA, 
2001; Gabriel and Khan, 2010) and being used as the 
major source of drinking water in Pakistan. Lashari et al. 
(2007) estimated that about 60 to 70% population of 
Pakistan depends directly or indirectly on groundwater for 
their livelihood. However, a number of locations in Punjab 

province of Pakistan have been reported to be 
contaminated by by-products of waste materials (World 
Bank, 2006). Therefore, qualitative and quantitative 
monitoring of these fresh water reservoirs is mandatory 
for human health.  

Underlying aquifer is the main source of water for the 
city of Lahore like the rest of the Punjab province with a 
population of 80 million. The extraction of this 
groundwater can be categorized in three types depending
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on depths. The first category ranges in depth from 9 to 18 
m depending upon the aquifer level. This serves the poor 
households around the dumpsites and cottage industry. 
The second category serves the agriculture; the water is 
drawn by relatively large water extraction tube wells with 
almost the same depth range as for the first category. 
The third type of extraction wells are installed by 
government agencies for the provision of drinking water 
to residents of the city. These tube wells are considered 
most sophisticated and deepest (150 to 180 m). 

Provision of water supply to about 90% population of 
Lahore is the responsibility of Water and Sanitation 
Agency (WASA), which has installed over 450 tube wells 
and given over 531,336 connections in the city (Gabriel 
and Khan, 2006). Other agencies like Lahore 
Cantonment Board, Model Town Society etc. serve the 
remaining 10% population of Lahore. Gabriel and Khan 
(2006) reported that these tube wells are of varying 
capacity and are operated for an average duration of 16 
to 18 h a day and the depth of these tube wells, varies 
from 150 to 180 m. Hydro-geologically, Lahore is a part of 
large interfluvial Bari Doab, bounded by River Ravi to the 
north-west and Rivers Satlej and Beas to the south-east. 
Its aquifer is un-confined with a thickness of about 400 m 
(Gabriel and Khan, 2006) and is composed 
predominantly of fine to medium grained sands and small 
lenses of silty clay. 

Monitoring of underlying aquifer in the vicinity of a 
dumping site is mandatory for the protection of 
groundwater. Dumping sites provide an easy and the 
cheapest way for waste management all over the world 
(Mahini and Gholamafard, 2006; Zhang et al., 2011; Butt 
et al., 2008). However, without properly designed and 
maintained, microbial and chemical products from the 
dumping site may produce harmful effect to the 
environment (Butt and Oduyemi, 2003). Hazards 
associated with landfills require proper evaluation even 
after their construction, in order to estimate and eradicate 
the bad effects to environment and public health 
(Gorsevski et al., 2012). Contamination of the underlying 
aquifer by leachate from the dumping sites is the most 
highlighted environmental issue found in the reviewed 
literature (Butt and Oduyemi, 2003; Santos et al., 2006; 
Demitriou et al., 2008; Din et al., 2008; López et al., 
2008; Singh et al., 2009; Li et al., 2012). For examples, 
groundwater contamination near the Ano Liosia landfill 
was reported in Attica region, Greece, which was 
unsuitable for irrigation (Feta et al., 1996). Another 
example is in Delaware New Castle where wells located 
downstream of the Llangollon landfill were found to be 
heavily contaminated and subsequently abandoned 
(Chian and DeWalle, 1976). 

In 2009, the areas under the jurisdiction of Lahore city 
produced about 5000 tons/day of municipal solid waste 
(MSW), where 60% of the waste was collected and 
disposed of in the open dumpsites (Batool and Chohdary, 
2009). Two major sites  for  municipal  waste  dumping  in  
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Lahore are located in Saggian and Mahmood Booti as 
shown in Figure 1. These dumping sites have neither a 
leachate collection system nor an impermeable liner 
system. The dumpsite leachate percolates through 
underlying sediments and contaminates the source of 
drinking water (Biswas et al., 2010; Li et al., 2012). Once 
the groundwater is contaminated, they are unable to be 
cleaned to a level that can meet international drinking 
water quality standards (Biswas et al., 2010). Horizontal 
spread of percolated landfill leachate is very limited 
(Cherry, 1990) but it moves down slope as a wide front of 
contamination (Lee and Lee, 1993). Municipal landfill’s 
leachate is heavier than groundwater, therefore, after 
percolation through lithological cross section it will sinks 
to the depth where it is diluted to a level where its density 
becomes comparable to that of the uncontaminated 
groundwater (Cherry, 1991; Lee and Lee, 1993). 

In the pre-monsoon season, lateral flow of groundwater 
is dominant while in the post-monsoon, vertical flow 
dominates the groundwater recharge. Lateral flow brings 
contamination to a location from its neighboring sources 
and the vertical flow brings contamination from the 
location itself. Most of the studies that analyzed the 
leachate hazards to the groundwater had used shallow (1 
to 10 m below surface) water samples, where the effects 
are more pronounced (Jensen et al., 1998; Nyenje et al., 
2013). This study is intended to delineate down slope 
groundwater regions of Mahmood Booti and Saggian 
dumping sites and the quality assessment of the drinking 
water supply tube wells that are located within the 
identified hazardous zones. The groundwater sampling 
depth ranges from 79 to 137 m from the tube wells 
installed by the government for the provision of drinking 
water. Timely detection of groundwater pollutants may 
lead to remedial measures for sustainability of the 
drinking water source. For this purpose some indirect 
methods have been used for the analysis of 
contamination caused by leachate to these depths. 
 

 
MATERIALS AND METHODS 
 

Methodology for this study has been divided into two steps. In the 
first step, down slope groundwater areas of each landfill have been 
identified and hence delineated. Afterward, in the second step tube 
wells falling within this area were assessed for the quality of 
drinking water. 
 
 

Down slope area identification 
 

WASA periodically measures the depth of groundwater on each of 
its tube wells installed within Lahore district. For this study, static 
water level (SWL) values for the months of April, July and October 
from 2009 to 2011 were used. Geo-referencing of the tube well 
sites was accomplished by a field survey identifying each tube well 
site using Garmin GPS map 76CSx with an accuracy of ±3 m. In 
order to develop water table, the point measurements had been 
interpolated after comparison of many techniques available for 
interpolation as shown in Table 1. This comparison had optimized 
Kriging (simple kriging) as the most suitable for the interpolation.  
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Figure 1. Dumping sites location in Lahore, Pakistan. 

 
 
 

Table 1. Comparison of interpolation techniques. 

 

Method RMSE Correlation Mean 

IDW 3.492 0.890536 0.1231 

Spline 3.399 0.897549 0.1748 

Kriging 3.37 0.898589 0.02551 

 
 
 
For the down slope area identification some of the geographic 
information systems (GIS) software only facilitates in finding down 
slope trajectories for individual pixels; whereas, one of the 
objectives of the study was to delineate all the area that receives 

water after passing through the landfills, therefore an indirect 
approach has been applied for this purpose. The method devised in 

this study for the down slope area identification is an inverse 
watershed technique. In this technique, the water table surface is 
inverted to get its reflection surface which shows higher areas at 
low levels and vice versa. The down slope areas in the actual raster 

surface will appear to be up slope areas or in other words, 
watersheds, in the output surface. The process of inversion of water  
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Figure 2. Inversion of groundwater surface. 

 
 
 
table surface is shown in Figure 2.  

Both landfills were used as target feature for delineating 
watersheds based on the inverted water table surface. This 
watershed gives the required down slope regions of the 
groundwater from landfills. To incorporate possible variations in the 
down slope area a time series of water table surfaces consisting of 
nine datasets spanning from April, 2009 to October, 2011 were 
used in this study. Groundwater surface changes with time as a 
consequence of rates and position of water extraction and 
recharge, the combined output of all down slope regions is shown 
in Figures 3 and 4 for Mahmood Booti and Saggian landfills, 
respectively. As a hypothesis, the estimated down slope areas from 
various input surfaces must overlap as they belong to the same 
region. Therefore, in the final down slope region only those areas 
which overlapped by at least two of the datasets were selected. The 
outputs of all the overlapping datasets are united for the 
demarcation of the down slope areas of both the dumping sites.  
 

 
Quality assessment of risk prone tube wells  
 
The final down slope area for each of the dumping sites identifies 
the possible hazardous region prone to leachate contamination. 
Tube wells installed by WASA, Lahore for drinking water supply 
were identified in this study. After identification of expected risk 
prone water supply units, an assessment was performed to check 

the water quality of these tube wells. The qualitative report of 
expected risk prone tube wells for pre-monsoon 2010 was taken 
from WASA, Lahore. The other data set for the water quality 
assessment was acquired especially for this study in post-monsoon 
2012. The available datasets made it possible to provide both 
seasonal as well as moderate temporal changes in the drinking 
water quality. This time gap provided a fair chance to evaluate the 
impacts of leachate, having a slow lateral movement (Cherry, 
1990), even at the farthest tube well identified. Water samples of 
the tube wells were collected in neat, airtight and sterilized 
polyethylene 500 ml bottles. Samples were immediately brought to 
laboratory for the analysis of selected water quality parameters. 

In the pre-monsoon season, lateral flow of ground water is more 

dominant, whereas in the post-monsoon season, vertical flow 
dominates the groundwater recharge. Both seasons were taken into 
account to determine the influence of lateral as well as vertical flow 
of recharge to water quality. In order to highlight the influence of 
landfill leachate to water quality parameters a basic principle of 
likelihood has been used by virtue of which any effect caused by a 
source is inversely related to the distance (Nyenje et al., 2013). A 
correlation of each quality parameter with distance from dumping 
site was established. The distance from the dumping site had been 
taken, keeping in view, both the filter depth of tube wells and its 
ground distance from the dumping sites as shown in Figure 5. 
 
 
RESULTS AND DISCUSSION 
 
The delineated down slope regions for both municipal 
dumpsites show a general trend of groundwater flow from 
dumping sites towards the residential area  of the city as 
shown in Figure 6. The extracted down slope regions 
using inverse watershed technique are verified by the 
cited literature, as explained in the following points:  
 
1) It is a fact that almost all the extraction of groundwater 
for livelihood is made in central portions of the city 
leading to a depression zone as mentioned by a number 
of studies (Mahmood et al., 2013). So, in order to 
maintain surface level, water flows from outer 
boundaries, beneath municipal dumpsites, to inner 
regions of the city.  
2) The River Ravi exists as one of the major recharge 
sources of Lahore’s groundwater at northern and western 
edges of the city (Basharat and Rizvi, 2011; Mahmood et 
al.,  2013).  Since  the  leachate   producing   bodies   are  



1474          Int. J. Phys. Sci. 
 
 
 

  
 

Figure 3. Time series of Water table down slopes of Mahmood Booti dumping site. 

 
 
 

 
 

 

Figure 4. Time series of Water table down slopes of Saggian dumping site.  

 
 
 
situated away from River Ravi to the residential part of 
the city, therefore,  flow  of  the water  for  recharging  the 

underlying aquifer is from dumpsites to central city. In this 
way, leachate contaminates that part of  the  groundwater  
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Figure 5. Distance from dumping site to tube well filter 

 
 
 

  
 

Figure 6. Groundwater flow to the Lahore city. 

 
 
 
which has to be ultimately extracted for human usage. 
 
 
Effects on the drinking water supply units/tube wells 
 
Table 2 lists the details of risk prone tube wells identified 
in this study. Nine tube wells were located within 
contamination reaches in Mahmood Booti dumping site 
(Figure 7)  and  two  tube  wells   were   in   the   Saggian  

dumpsite (Figure 8).  
The quality parameters for the risk prone tube wells are 

shown in Table 3. The landfill leachate contains acidic 
substances that cause decrease in pH value of the 
leachate (Kareem et al., 2010) which further tends to 
decrease pH of the ground water if it gets mixed with it. 
Keeping in view this effect to the pH parameter, Table 3 
shows the average measured pH of groundwater is more 
acidic in the pre-monsoon season than the post-monsoon



1476          Int. J. Phys. Sci. 
 
 
 

Table 2. Tube wells at risk along the dumping sites. 

 

S/N Serving area Effecting dumping site 
Design capacity 

(Cusecs) 
Distance from 

landfill (m) 

Water depth 

Nov, 2011(m) 

Water sampling 
depth (m) 

1 Madho Lal Hussain Mahmood Booti 0.112 2565 39.62 137 

2 Dy. Yaqoob Colony Mahmood Booti 0.112 2049 32.92 137 

3 Aliya Town Mahmood Booti 0.112 548 32.69 137 

4 Gulshan-e-Shalimar Mahmood Booti 0.112 1148 32.5 137 

5 Angoori Bagh SchemeNo.1 Mahmood Booti 0.056 3172 39.5 137 

6 Gosha-e-Angoori Mahmood Booti 0.112 3190 39.1 137 

7 Kotli Pir, Abdul Rehman Mahmood Booti 0.112 3328 39.8 137 

8 Naseer Abad, Pakistan Mint Mahmood Booti 0.112 2595 39.5 137 

9 Mahmood Booti Well Center 3 Mahmood Booti 0.112 50 32.55 137 

10 Rafi Abad Darbar Saggian 0.056 987 23.71 79 

11 Islam Pura Saggian 0.112 2095 25 79 
 

 
 

  
 

 
Figure 7. Drinking Water at risk around Mahmood Booti. 



Mahmood et al.          1477 
 
 
 

  
 

Figure 8. Drinking Water at Risk around Saggian 

 
 
 

Table 3. Quality degradation chart of the risk prone tube wells. 

 

S/N Location 
PH  Turbidity (NTU)  Conductivity (ms/cm)  TDS (ppm)  E. coli 

Pre MS* Post MS*  Pre MS* Post MS*  Pre MS* Post MS*  Pre MS* Post MS*  Pre MS* Post MS* 

1 Madho Lal Hussain 7.6 8.4  0.59 0.08  526 430  331.3 290  Absent Present 

2 Dy. Yaqoob Colony 8.1 8.5  0.16 0.09  518 410  236.3 290  Absent Present 

3 Aliya Town 7.5 8.2  1.07 0.13  514 390  323.8 380  Absent Present 

4 Gulshan -e-Shalimar 8.6 8.6  3.44 0.18  886 380  558.1 390  Absent Present 

5 Angoori Bagh SchemeNo.1 7.5 7.9  1.85 0.15  921 1010  580.2 465  Absent Present 

6 Gosha-e-Angoori 7.8 7.9  3.8 0.15  621 1010  391.2 465  Absent Present 

7 Kotli Pir, Abdul Rehman 7.9 8.2  2.02 0.16  560 560  352.8 390  Absent Present 

8 Naseer Abad, Pakistan Mint 7.9 8.1  1.94 0.21  574 530  361.6 359  Absent Present 

9 Mahmood Booti Well Center 3 7.9 8.1  1.97 0.15  380 450  239.4 310  Absent Present 

10 Rafi Abad Darbar 8 8.8  0.57 0.15  321 260  202.2 285  Absent Present 

11 Islam Pura 7.7 8.5  1.67 0.18  392 290  246.9 210  Absent Present 

Averages 7.8 8.2  1.73 0.15  564.8 520  347.6 348.5  Absent Present 
 

*MS- Monsoon. 
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Table 4. Change in co-relation (Pearson’s r test) among quality parameters. 
 

Correlation between Pre-monsoon Post-monsoon 

Electric conductivity/TDS 0.97638 0.82374 

Electric conductivity/Turbidity 0.511273 0.05530 

TDS/Turbidity 0.589632 0.16959 

Electric conductivity/pH 0.316727 0.82572 

TDS/pH 0.316727 0.68812 

 
 
 
measurement. This trend shows the effect of leachate 
intrusion to be more prominent in pre-monsoon season. 
As mentioned earlier, the groundwater recharge of the 
Lahore district is contributed by two main sources; one is 
the River Ravi and the other is rainfall. The measurement 
of pH in the pre-monsoon season is more influenced by 
base flow which carries the effects of the leachate to the 
groundwater down slope. In the monsoon season 
groundwater gets the dominant share of its recharge from 
rainwater that seeps down. In this way, quality of the 
groundwater is more influenced by the local 
circumstances. High value of pH in post-monsoon 
analysis indicates that the decreased value of pH in the 
pre-monsoon could possibly be due to the leachate, 
which is diluted in post-monsoon, affecting the increase 
in pH because of the local influence. 

A similar trend is observed in the measurements of 
turbidity which shows an average decrease from 1.73 to 
0.15 NTU. Landfill leachate tends to increase electrical 
conductivity (Kareem et al., 2010), therefore its value 
must be higher in the pre-monsoon as compared to the 
post-monsoon. The measurements (Table 3) agree with 
the hypothesis, though the effect has not been found as 
prominent as it was in the cases of pH and turbidity 
parameters. According to the cited literature, wherever 
hydrocarbon degradation takes place, it tends to increase 
total dissolved solids (TDS) (Atekwana et al., 2004). 
Kareem et al. (2010) has measured high concentration of 
TDS in the leachate for the same study area. With 
reference to his study, pre-monsoon measurement of 
TDS should be higher than the post-monsoon 
measurements as in this season effect of leachate is 
diluted considerably as found for other quality 
parameters, whereas, behavior of TDS is found 
somewhat variant from the expected, as it has shown an 
increasing trend from 347.62 to 348.54 ppm. 

This anomaly may also be the result of the local 
geochemical heterogeneity which is more prominent in 
the post-monsoon season. However, another interesting 
behavior has been identified in the relation between 
electrical conductivity and the amount of TDS. Nowaday’s 
electric conductivity is used as a proxy for the 
measurement of TDS in the water (Post, 2012), based on 
the assumption that almost all TDS constituent participate 
in increasing conductivity of the groundwater (Atekwana 
et  al.,  2004).  In  fact,  the  groundwater   contains   both  

the charged and the uncharged species in proportions 
that may vary depending upon geochemical 
heterogeneity. For example, dissolved silica (H4SiO4) and 
organic substances do not contribute to increase electric 
conductivity (Post, 2012). Any increase in uncharged 
substances disturbs the correlation between the two 
quantities. Therefore, electric conductivity cannot be 
directly used for the measurement of TDS, but it only 
gives a good approximation of the TDS through the 
relation given by Lloyd and Heathcote (1985): 
 
TDS = Kc × EC 
 
Where EC is electrical conductivity and Kc is correlation 
factor that may vary depending upon proportion of 
charged and uncharged constituents (Atekwana et al., 
2004). 

Decrease in the correlation between electrical 
conductivity and TDS in the post-monsoon season as 
shown in Table 4, indicates that base flow contribution to 
the TDS are dominated by charged species for the 
contributing leachate (Kareem et al., 2010). Whereas 
decrease in correlation factor and increased TDS in the 
post-monsoon season reflect that contribution of local 
influences to TDS is dominated by uncharged species. 
The charged species may include inorganic substances 
which may also contain metals for groundwater pollution 
(Rivett et al., 2011). Changes in the correlation may also 
be used as an indicator of raising the metal contents in 
groundwater due to intrusion of the leachate which is one 
of the serious issues of groundwater contamination 
(Jensen et al., 1998; Baumann et al., 2006; Malana and 
Khosa, 2011).  

Increase in the effects of leachate to groundwater has 
also been assessed in terms of correlation of the 
measured parameters with distance of sampling depths 
from dumping sites as shown in Table 5. 

With reference to Table 5 almost all the parameters 
had shown increase in the leachate influence over the 
time except turbidity. The smallest rise is found in the 
correlation of TDS with the distance, it may be the result 
of TDS contribution by factors other than the leachate, 
which already had been explained. Looking at the 
influential trends over pH and electric conductivity, the 
effect is almost doubled in the time gap of sampling. 
Here, it is very important to keep in mind that the samples  
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Table 5. Changes in influence of leachate over water quality. 
 

S/N Quality parameter 2010 2012 

1 pH 0.25382 0.41689 

2 Turbidity 0.20550 0.02893 

3 Conductivity 0.39163 0.63782 

4 TDS 0.37129 0.38575 

 
 
 

Table 6. Additional water quality parameters. 

 

S/N Location T.H Ca Mg Cl HCO3 

1 Madho Lal Hussain 140 35.2 12.4 18 156 

2 Dy. Yaqoob Colony 140 35.2 22.4 19 144 

3 Aliya Town 176 40 18.2 16 154 

4 Gulshan -e-Shalimar 102 19.2 12.9 70 100 

5 Angoori Bagh SchemeNo.1 250 48.8 30.7 42 246 

6 Gosha-e-Angoori 120 24 14.4 27 172 

7 Kotli Pir, Abdul Rehman 140 26.4 17.7 30 188 

8 Naseer Abad, Pakistan Mint 120 24.8 15.3 21 166 

9 Mahmood Booti Well Center 3 136 28.8 15.3 14 122 

10 Rafi Abad Darbar 140 27.2 17.2 10 92 

11 Islam Pura 124 24.8 14.8 18 130 

Averages 144.36 30.4 17.39 25.91 151.82 

Correlation with distance 0.1811 0.10047 0.2589 0.16906 0.72278 

 
 
 
in 2012 had been taken after monsoon that had diluted 
the effects of base flow but the results are still alarming. 
Other parameters like total hardness (TH), Calcium (Ca), 
Magnesium (Mg), Chlorine (Cl), and Bicarbonates (HCO3) 
can also be used for groundwater quality measurement 
(Malana and Khosa, 2011) and their source may also be 
associated with dumping of MSW (Xing et al., 2013). 
These parameters had also been analyzed in the first 
dataset taken from WASA, Lahore and are given in Table 
6.  

Regarding these additional water quality parameters 
two observations are important to note. The first one is 
the tube well installed at Angoori Bagh Scheme No. 1 
with comparatively high values of all quality parameters. 
At the second place, the correlation of bicarbonates 
(HCO3) with distance from dumping site is high, which 
shows contribution of leachate to this quality parameter. 
 
 
CONCLUSION AND RECOMMENDATION 
 
The Inverse Watershed technique had been found fruitful 
for the identification of contamination plume under 
Municipal Waste Dumping sites as the results agree with 
the reviewed literature. Flow of groundwater under both 
sites is found towards the residential part of the city, 
which  proves  unsuitability  of  locations  of  the  dumping 

sites. The groundwater in the down slope region around 
Mahmood Booti has nine tube wells that are being used 
for the provision of drinking water to residents. Similarly, 
the leachate plume detected around Saggian dump 
contains two tube wells of the same kind. 

Hazardous effects of landfill leachate to groundwater 
has been identified which are more prominent in the pre 
monsoon season and diluted by the intrusion of rainfall 
water to it in the post monsoon season. The variation in 
the correlation factor between electrical conductivity and 
TDS may possibly be due to the intrusion of metals to the 
groundwater by the leachate. The quality parameters are 
well within the range of the drinking water standards for 
these deep tube wells but the increasing influence of 
leachate in the down slope regions may turn out to be a 
big issue in the near future.  

Therefore, in future, drinking water supply tube wells 
should be installed at opposite sides of the groundwater 
down slope directions for the landfills. As the shallow 
water is more prone to these risks, so shallow bores in 
the area for drinking water need to be banned. 
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