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Abstract

Punjab is the biggest province of Pakistan in terms of population. lt has variety o1 industrics

in its major cities like Sheikhupura, Lahore, Raiwind, Mangamandi, Kasur, Gtrjranawala. ancl

Faisalabad. In these cities, industries are discharging their effluents directly into nearby wastc

water drains. In urban and sub-urban areas, drain water is being used for irrigation purpose,

and large area is exposed to groundwater contamination. And there is high possibility that

drain water may infiltrate down into groundwater and can affect its quality. f'herefbre. in

order to assess the groundwater quality, groundwater samples were collected from different

areas where waste water was being used for inigation purpose near waste water drain,

industrial. agricultural and residential areas. Preferably ground water samples were collected

from shallow water aquifers. Analysis showed that concentration of few organic and inorganic

contaminants were above the permissible limits set by WHO and U.S. EPA. DDT, DCP, TCI)

were observed above the maximum contaminant level pose severe danger to human health.

Inorganic/organic analysis has shown the presence of trace metals in drinking water. In

sheikhupura, concentration of Endrin and DCP are alarmingly high. In I-ahore, Ilndrirt antl

DDT were found in resiclential area. TCP and DCP concentrations were also high in Lahorc

samples. Raiwind samples have shown the highest concentrations of Endrin in agricultural

area and DCP in industrial area. DDE and TCP highest concentrations were tbund in

agricultural area. In Mangamandi, Endrin and Cypermethrin concentrations were found high.

In Kasur, high concentrations of Endrin, TCP, DCP, DDT were found. In Gujranawala,

concentrations of Endrin, Dieldrin, DDE were notably high,while TCP, DCP, and DDT was

found only in one sample. Likewise, Faisalabad showed same pattern of organic

contamination, Endrin, DCP and DDT. Similarly, Trace Metals in studied areas were

observed within the maximum contaminant levels. But its continuous addition into

groundwater is still potential threat to human health. Consumption of contaminated drinking

water has severe health impacts on human. Contaminated drinking water can cause dysentery,

diarrhea, hepatitis and chronic diseases; cancer, respiratory problems, nervoLIS systenl

dysfunction, mental impairment, kidney problems, skin problems etc. 'fherefore proper

treatment of contaminated water is pertinent and to prevent contamination of water resoLlrces'

tx



Chapter 1

Introduction



Chapter L Introductio n

1. Introduction:

Water is an essential for human life and other system on earth. The distribution of water

on the Earth's surface is not even. 97oh water on earth comprises of oceanic rvater, and

remaining 3% is available as fresh water. 69% freshwater constitutes glaciers, 30%

groundwater, and less than 1% is located in lakes, rivers and swamps. Only l% of thc

freshwater on the Earth's surface is usable by humans, and 99%o of the usable quantity is

situated underground. Therefore, groundwater is larger source of drinking water (Bralower 1'.

and Bice, D.2Ol4). Groundwater constitutes any subsurface water that occurs under the water

table in soil and other geologic forms (Rail, 20O0).Groundwater is found in soils and sands

can retain the water much like a sponge holds water OIGWA,20lO).Water is needed nearly

for everything humans and animals need(Chilton, J.,1996). Availability of water ensures thc

continuation of life on earth. Water had has been used for various things i.e., fiorn medicinal

use for human health to industrial processes. Unfortunately, untreated used water is left open

into environment and it may pose threat to groundwater resources. Use of toxic chemicals,

organic compounds, and bacterial activity has contaminated the water we drink, Geographical

variation also affects the groundwater quality. Besides, local geologic set-up human activities

are deteriorating the groundwater and rendering water unusable by humans. Nevertheless,

analysis of groundwater quality involves the determination of chemical composition of waler

and their permissible limit in water (Annapoorna and Janardhana,20l5).

1.1. Groundwater:

Groundwater is an essential source of water. It is estimated that groundwater makes up to

95Yo of all freshwater available for drinking purpose. If the polar ice caps and glaciers arc

excluded, groundwater remains only consumable freshwater. Groundwater is signif,rcant

source of water for many municipal water systems. In urban areas people mainly rely upor-r

municipal water systems (Rail, 2000). However, in rural areas, withdrawing water from tr.rbc

wells is common practice. The growing needs and continuous decrease of water resources has

amplified the need to protect the water, which is fundamental to human life and economic

activity. Groundwater has been misused for domestic use, agricultural and industrial activities

since long time. In addition, withdrawing of the groundwater to the surface and exploitation

Impact of Industrial Effluents on Groundwater Quality in Selected Cities of Punjab Page 1



Chapter 1 Introduction

of water has grown persistently (Chilton, J., 1996). Owing to reckless withdrawal ancl

mismanagement of water resources has caused depletion and contamination of groundwater

and adversely affected the human health, therefore, it has threatened human survival in severe

environments (Oren, et al., 2004).

Over a large area South Asian countries have a fresh-water aquifer. In many south Asian

countries, subsurface water is pumped out through shallow wells or deep tube wells/ turbittes.

mainly for agricultural and domestic purpose. Canals inigation is predominantly in public

sector whereas, wells/tube wells are largely seen in private sector (M. Flanil). South Asia

countries mostly facing water-related environmental problems depleting water resources,

water pollution, groundwater degradation and trans-boundary issues that exert pressurc on thc

availability of water (W8., 2Ol3).In Pakistan, about 80% of the population is dependent on

groundwater for household use. (WWF, Pakistan, 2001: PCRWR, 2002;Afzal 1999; Bhutta

1999).Ample management in terms of quantity and quality is dire to ensure access to satc

drinking water. Access to drinking water is reduced either by a shortage in the quantity of

water or by the deterioralion/ contamination of the water quality of aquifers (WB., 2013).

1.2. Groundwater Situation in Punjab-Pakistan:

Punjab is the biggest province of Pakistan by population. The one third of total population

of Pakistan lives in Punjab. Indus River and its tributaries drain the province (l'}PSGWP.

1998).'fhe groundwater recharge is dependent on rainfall (Amin, M.,2004).ln groundwater

areas, unnecessary pumping by tube wells and recharge by drain water and agricultulal

activities are causing groundwater contamination (NESPAK l99l; Zuberi', 1992; WI{RI.. et

al 1999; Ahmed 1993). Groundwater pollution needed to be eliminated in order to improvc

its quality by every possibte method (Ahmed, S., et al., 2002).In Punjab, different water tablc

depths have been reported, 2.41,5.78 and 5.08 meter inSheikhupura at various places

(Jehangir, W. A., et al., 2003).Many areas mostly comprises of shallow water aquifers, which

are usually more prone to contamination by means of seepage of contaminated water through

the soil. Selected cities of Punjab have huge industrial infrastructure. wide variety of

industries. Following table is showing a brief account of type of industries in respected cities

of Punjab-Pakistan.

Impact of Industrial Effluents on Groundwater Quality in Selected Cities of Punjab Page 2
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Table 1.1: Profile of major industrial cities of Punjab-Pakistan

S. No. Name of City Total Industrial

Area

Major Industries

I Lahore 875 Acres Pharmaceuticals. soft drinks, Consumcr

Goods,Engineering, Electrical Fittings,

Chemicals, Consumer Goods.

Steel Products

2 Mangamandi Mechanical, Textiles, fJnginecring

lndustries

3 Raiwind I l2 Acres Textiles, Sugar, Power Generation,

Garments, Chemicals, Engineering, Food

4 Sheikhupura 20 sq Km Road, Gas,Electricity

5 Gujranwala 209.65 Acres Engineering, Chemicals, Textiies,

Ceramics, Leather, Ceramics, Illcctrical

Machines, Domestic Machines, Irabrication.

Consumers Goods

6 Faisalabad 258.03 acres 'l'extiles, Engineering works, lrood

Processing, Hosiery, Rug, Lacc

7 Kasur Tannery, Textiles, Steel, Food. Paper Mill

Source :( ).

L.3. Groundwater Contamination :

Groundwater is greatly affected by source of recharge. Where the recharge sources arc

wastewater drain, industrial effluents and/ or agricultural runoff. The recharge water brings

certain contaminants which pass through the soil and leach down into groundwater. Soil acts

as a natural sorbent and contaminants adsorb onto the surface of soil particles. At certain

level, soil reaches to its saturation level and prevents further adsorption of contanlinants' At

that stage, chances of groundwater contamination rises drastically. Furthermore. porous soil

facilitates contamination of shallow aquifers(Tariq et al.,2OO4).Each source of u'ater has a

unique set of contaminants; normally groundwater stores pesticide, chemicals and nitratc

I.npr.t of f na*trial Effluents on Groundwater Quality in Selected Cities of Punjab Page 3



Introductiotr

while surface water contains most bacteria and other microorganisms. Because of thc

intermixing of groundwater and surface water, these contaminants might be shared between

the two sources. Neither water source can ever be entirely free from water contaminants. Duc

to the cycle of water (hydrology), these two sources of drinking water nourish each other,

sharing contaminants (Chester, R., 2000).Trace metals are important for proper functioning of

biological systems but their deficiency or excess could lead to a number of disorders

(Ward,1995). Tannery and textile effluents contain a higher amount of metals particularly

chromium, copper and cadmium. These untreated effluents released on the land, surt'ace water

which eventually seeps down to ground water and lead to contamination (Malarkodi et. al.

2007 : Deepal i and Gang,'r.ar.20 I 0).

1.4. Sources of Contamination:

The chemical composition of groundwater determines its suitability as a source of

drinking water, irrigation, and for industrial purposes. Chemistry (quality) of groundwater

reflects inputs from the atmosphere, from soil and water-rock reactions (weathering), as well

as from pollutant sources such as agriculture, acid precipitation, domestic and industrial

wastewater drains (Edmunds, W.M., 2004).The chemical alteration of the ground water

depends on numerous factors, such as interaction with solid phases, residence time of ground

water, seepage of polluted river water, mixing of groundwater with pockets of saline water

and anthropogenic impacts (Stallard and Edmond, 1983; Faure, 1998 and Umar et al., 2003 &

2006). The loss of water quality is causing health hazards, death of livestock and acluatic

lives, crop failure and loss of aesthetics (Usali and Ismail, 2010).Groundwater resources ol

Pakistan are being contaminated in many ways. Major sources of contamination are indtrstrial

effluents, sewerage wastewater, agricultural runoff, and natural physical activity. Industrics

are directly pouring contaminated water into waste water drains and there is no check on

them. However, recently in Kasur district responsible authorities has commissioned treatment

plants for effluents from the tanneries (Ahmed, S., et al,, 2002).

1.4.1. Contamination due to Industrial Effluents:

The chemical composition of groundwater determines its suitability as a source of

drinking water, irrigation, and for industrial purposes. Chemistry (quality) of groundwater

reflects inputs from the atmosphere, from soil and water-rock reactions (weathering), as well

Impact of Industrial Effluents on Groundwater Quality in Selected Cities of Punjab Page 4



Chapter 1 Introduction

as from pollutant sources such as agriculture, acid precipitation, domestic and industrial

wastewater drains (Edmunds, W.M., 2004).The chemical alteration of the ground water

depends on numerous factors, such as interaction with solid phases, residence time of ground

water, seepage of polluted river water, mixing of groundwater with pockets of saline water

and anthropogenic impacts (Stallard and Edmond, 1983; Faure, 1998 and Umar et al., 2003 &.

2006). Waterborne diseases are increasing and affectingthe ecosystem (Usali.,2010). Major

sources of contamination are industrial effluents, sewerage wastewater, agricultural runofl,

and natural physical activity. Industries are directly pouring contaminated water into wastc

water drains. However, recently in Kasur district responsible authorities has installed

treatment plants for industrial waste (Ahmed, S,, et al., 2002).

Table 1.2: Annual ton of waste water discharged by industries

City Urban
Population

(19e8

Ccnsus)

Total
Wastewater
Produced

(Million
m3/Year)

o/o of
Total

o//o

Treated
Receiving Water Bodv

Lahore,

Raiwind

5,143,495 287 12.5 0.01 River Ravi. In'igation

Canals, vegetable farms

Faisalabad 2,008,861 t29 5.6 25.6 River Ravi, River

Chenab, vegetable f-arms

Sheikhupura 870,1 1 0 15 0.7 SCARP drains

Kasur 245,321 t7 0.8 2 Irrigation canals and

agricultural fields

Gujranwala 1,132,509 7l 3.1 SCARP drains and

vegetable farms

Others 19,475,588 967 41.8 0.1

Total 28,875,884 L,486 64.s 28.31
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Source: Master Plan for (Jrbon lYasteutater (Municipal and Industrial) Treatment F'acilities

inPakistan. Final Report, Lahore: Engineering, Planning and Management Consultants. 2002:

Noreen. S.,2013.

1.4,2, Contamination due to Sewerage Wastewater:

Coverage for sanitation in Pakistan is of utmost poor. In many cities of Pakistan, the

wastewaters from the urban and sub-urban areas are disposed without treatment in to nearbl'

open drains. In cities, sewage is collected through pipes. The collected sewerage is disposed

of in nearby water bodies. In areas, where sewage collection system does not exist, ser,vage

reaches into groundwater through seepage. In rural areas, collection and disposal of sewerage

is almost rare. The discharge of sewerage wastes carried by drains and canals to rivers

worsens and broadens the spectrum of water contamination (Haq, M. U., et al., 2005:'[ariq.

M., et a1.,2006). Currently, the treatment of effluent waste is not practiced on the municipal

front (Ahmed, S., et al., 2002).Despite the contamination in water resources, another possible

source of contamination is water transportation. During transportation its quality firrther

declines. In cities, water comes from municipal supply through water pipes, pipes carryirlg

drinking water mostly go side by side with sewage system, and pipes leakage and improper

cleaning of the water tanks are the major source of the drinking water contamination (Eisen

and Anders on., 1979). While in villages' hand pumps, wells, open tanks filled canal and river

water are also exposed to all sorts of contamination (Okoh, A. I., et a1.,2004).

1.4.3. Contamination due to Agricultural Runoff:

Pakistan is an agricultural country. Agriculture contributes big share in the economy of

country, more than half of its population is directly or indirectly linked with the agricultule.

Punjab is the biggest province of country in terms of population. It has fertile land and strplus

of water. Punjab is a land of five rivers. It provides enormous of water to the agricultural

sector in the province. Agricultural land-use practices also exert a major influence on

groundwater recharge quality (Foster et al, 2000; Foster &Candela, 2008). Water percolates

through soil and trickles down to groundwater. Furthermore, industrialized countries tend to

increase yield of grain, oil-seed, vegetable, fruit and milk production per unit area through tl-re

replacement of traditional crop fertilizers with synthetic fertilizers and pesticides spraYs.

These pesticides sprays are potentially grave problem in recharge areas, where aquifers arc
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showing high susceptibility to pollution from the land-surface pesticides application (Shah, T.

2014). Seepage of water from farmland has been adding dissolved fertilizers, pesticides and

insecticides to groundwater. It increased groundwater pollution and deteriorated its quality. In

suburbs of major cities, waste water is also being used for irrigation purposes. Industrial

effluents contain variety of organic and inorganic contaminants, which trickles down into soil

and infiltrates to groundwater. It poses great peril to groundwater quality (Ahmed, S., et al.,

2002).

1.4.4. Contamination due to natural physical activity:

Groundwater is normally stored in aqueducts, underground layers of porous rocks that are

saturated with water. These aqueducts receive water from recharge areas. 'lhese rechargc

areas are one of the major contributors of contamination to groundwater. It is very impoftant

to know the nature of recharge area. If recharge area is contaminated then there is high risk ol

contamination in groundwater, as water percolates down into soil contaminauts may adsorb

onto the soil surface and retain on it. After a period of time, when soil reached to its saturation

and adsorbing capacity reduces then contaminants may pass to groundwater and callsc

groundwater contamination. As the aqueducts exceed their capacity for water storage, they

will bleed water back into streams or rivers. The aqueducts maintain a natural balance of

water, alternately receiving or giving water as their saturation levels oscillate. Ily this process,

water regularly moves between surface and groundwater sources, sharing contaminants

(Chester, R., 2000).

1.5. Nature of Contamination:

It is pertinent to know the nature of contaminants, which have been found in Punjab-

Pakistan in order to assess their significant impacts on human health. Contaminants cor-ild bc

organic/ inorganic in nature.

1.5.1. Organic Contaminants:

Groundwater has fewer microbes to digest organic pollutants, less oxygen no sunlight anci

surface from which organic pollutant can evaporate. Especially in slow moving groundwater,

pollutants can persist. Organic contaminants include organophosphates Endrin. Dieldrin,

Organochlorides, Phenolic compounds; Dichlorophenol and Trichlorophenol. DD'l'. DDE etc.

Threat of pesticides in drinking water varies, depending upon where one lives and what
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source of drinking water one uses. Comparatively, deep groundwater wells arc at less risk

than shallow wells (Gustafson, D. Et al., 1993).Contamination by organic compounds is likcly

to be very persistent and there are evidences of toxicity at even very low concentrations (Lync

and Mclachlan, 1949).

1.5.2. Inorganic Contaminants/ Trace Metals:

Disposal of industrial waste is continuously adding heavy metals and trace elements inttr

groundwater aquifers and surface water bodies. Solid municipal waste sites in nlan)' cities arc

the permanent source of organic and biological pollution. Domestic waste is becoming thc

source of all sorts of epidemics. In Punjab-Pakistan, about 3%o water resources having heavy

metals contamination (Ahmed, T., et a1.,2004: Saqib, A.N. S., ET AL.,2013).Thc Pakistarr

Council for Research and Water Resources (PCRWR) and LINICEF has conducted tl-rc

assessment of drinking water quality since 1999 following the heavy metals crisis in Pakistan

(PCRWR, 2OO2). Therefore, the presence of heavy metal contaminated ground watcrs l0-200

pglL has been recognizcd in many areas of Punjab (PCRWR,2002: Nickson, I{.1",2005)'

Heavy metals are typically present in trace amounts in natural water but they are toxic even at

minute concentration however, many of the metals are vital components of the biological

system. Metals such as Pb, Cd, Ni, Cr, Cu and Zn are highly toxic even in minor quantitl'.

Increasing quantity of heavy metals in ground water is result of disposal of industrial elflucnts

(Canter, 1987).

L.6. Groundw ater Quality:

Ground water serves many purposes, about 600/o of groundwater withdrawn globally uscd

for agriculture, domestic and industrial sectors (NGWA, 2015). Groundwater chemistry varies

according to the aquifer geology and flow rate of water. Sometimes water quality problem

may not have an anthropogenic source i.e. elevated concentrations of metals could llnd in the

vicinity of an ore body. Agricultural quality problems can be both from point and diflusc

sources and so are more extensive than most of the industrial contaminants (EPA, report

Ireland). In this regard, it is imperative to set some quality standards to determine water

quality. Water quality can be judged with respect to different parameters. It can be checked in

terms of clarity, odorless, pH, Turbidity, total dissolved solids, electrical conductivity,

nitrates, chlorides, heavy metals and organic contamination.
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1.6.1. Water Quality control Organizations:

There are dift-erent organizations which are working to improve the water quality and to

mitigate the quality related issues. One of the worldly recognized organizations is Worltl

Health Organization (WHO) and European Union (EU) and further sub-organizations. Manv

countries also have their own water quality control organization such as Pakistan has

Environmental Protection Agency (EPA), PSQCA and PCRWR. They are aimed to determinc

qtrality of water. Identif,, the toxic and hazardous water resources. There are man)' agencies

and organizations, which have established the water quality standards. World health

organization is major organization and has worldwide recognition (flPA, report

Ireland).Groundwater quality is judged on the basis of health and safety regulatiorts. No

adverse human health effects are known to exist at the recommended MCL's. MCL's havc

been issued and recommend ended for: inorganic chemicals such; Trace metals and Chlorides

for optimal levels; associated with industrial activities; synthetic organic chemicals,

agricultural and urban pesticide use (Allan F., 2006). Following table is showing the

maximum level contaminants (MCL's) limits of certain elements or compounds in

groundrvater.

Table 1.3: Groundwater Contaminants and their Maximum Level Contamination

S.

No.

Contaminants U.S.EPA,
mgtL

wHo
mg[L

EU'MCL
ttgtL

PSQCA

mglL

Organic Contaminants

2 Dieldrin 0.00003 0.030 0.002

-) Phenolic compounds < 0.002

4 DDTand metabolites 0.00r

Heavy Metals

5 Cadmium 0.005 0.003 5.0 0 003

6 Chromium 0.1 0.05 50 0.05

7 Zinc 5 3 J

8 Lcad 0.15 0.01 l0 0.01

9 Copper I .-) 2.0 2.0 1.0

l0 Nickel 0.07 20 002
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l1 Iron 0.3 0.3 200 0.3

l2 Manganese 0.05 0.4 s0 0.05

Inorganic Parameters

13 Chloride 250 250 250 250

l4 Nitrate l0 50 50 l0

l5 pH 6.5 - 8.5 6.5 -8.5

t6 EC 250 pS /cm 2500 pS/cm

t7 Total dissolved solids

(rDS)
500 s00

Source:

1.7 . Literatu re Review :

Following table presents the summary of literature review:

Table 1.4: Literature Review

Jabbar. A., 1991 Effect of Pesticides and Fertilizers on Shallow Groundwater

Oualitv
Pesticides in shallow groundwater of tsahawalnagar, Muzalargarll

D.G. Khan and Raian Pur districts of Punjab, Pu!lq4n--
Aamir. M.K., et al.,

2012

Evaluation of ground water quality fbr inigation and Drtnktng

purposes ofthe areas adjacent to hudiara Industrial drain. Lahore

Pakistan

Iqbal. F.., et aL.,2013 Assessmert of ground water contamination by various pollutants

from sewage water in Chakera village, Faisalabad

Asi. M.lt., et al., 2008 Sotia phase extraction of pesticide residues in water samples: DD'f

and its metabolites i

Mona. A. H.,2013 water quality assessment and hydrochemical charactertsttcs oI

groundwater in Punjab, Pakistan

Akhtar.M. andTang.2.,

2014

Municipal Solid Waste and its Relation with Groundwater

Contamination in Lahore, Pakistan

Abida. F., et a1.,2007 Toxia fluoride and arsenic contaminated groundwater in the Lahore

and

Kasur districts, Punjab, Pakistan and possible contaminant sources

Rubina. S. G., et al.

2013

A St.rC, of Drinking water of Industrial Area of Sheikhupura with

Special Concern to Arsenic, Manganese and Chromiurn

Abbas. M and Cheema.

K.J.,2015

Arsenic levels in drinking water and associated health risk in

District sheikhupura, Pakistan
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Farid. M., et a1.,2013 Comparative study of fresh and ground water Quality of
different areas of Faisalabad

Akhar. N., et al., 2005 lmpact of Water Pollution on Human Health in Faisalabad City
(Pakistan)

Saleem. M. Saif., et al.,

2005

Heavy Metals Contamination Through Industrial Effluent to

Irrigation Water and Soil in Korangi Area of Karachi (Pakistan)

Akram, M.Q., et al.,

20t4

Spatial distribution of heavy metals in ground Water of
sheikhupura district Punj ab, Pakistan

t

g

1.8. Significance of study:

The sustainability of groundwater resources is a serious issue; gradual decline of water

quality and growing demand for industrial, agricultural, and domestic uses is mounting threat

to human survival (United Nations, 2012). Groundwater is not adequately managed to ensure

its long-term sustainability. In fact, groundwater contaminations are very common throughout

the world and have led to indigenous socio-economic impacts. The continuous expansion of

the irrigation system, absence of proper drainage system, seepage from unlined canals,

infiltration from irrigation fields, and poor exploitation of groundwater resources are major

factors leading to groundwater contamination (Ajay., 2014).Globally, nearly 2 billion peoplc

are dependent on groundwater as their major source of rvater supply for both domestic,

agricultural and industrial activities. Therefore, Water being vital to human survival should be

managed properly and all water related issues must be addressed instantly. If it is not timelv

coped up, it can jeopardize the survival of next generation. Therefore, this research work is

designed to highlight the contaminated areas and to identify the pollutants and their potential

impacts on humans (Xifeng., et a1.,2014).

1.9. Aims and Objectives:

The Main objective of this study is to determine the magnitude of organic/inorganic

pollution in groundwater as affected by agricultural runoff and industrial clfluent's open

discharge into environment. Specific objectives of the study include:

ofselected cities
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'fo delineate regions where groundwater is suitable or unsuitable for drinkir-rg purpose

Possible adverse health impacts on local population caused by contaminated

groundwater

Y
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Chapter 2 Materials and Methods

2.1. Study Area:

The study area includes big industrial cities of Punjab. Groundwater samples were

collected from Sheikhupura,Lahore, Raiwind, Mangamandi, Gujranwala, Faisalabad. and

Kasur. Samples were preferably collected from shallow aquifer, nearby waste water drain,

residential areas and agriculture land being irrigated by wastewater. The sampling points u'crc

chosen on basis of hot spot declared in previous studies on organic profile of drains ancl

depending upon their past or present land use(sumera., 2013).ln addition, studyareas are bein-r-I

irrigated by the drainwastewater containing composite waste and it mayincreasethepossibility'

of groundwater contamination through seepage.

''i
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a
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t 
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Figure 2.1: Map of Pakistan

t
J
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Figure2.l.1: Map of Punjab

2.2. Sampling:

Ground water samples were collected from hand pumps, tube wells and bore holes located

in residential and commercial areas alongside the waste waterdrain.Groundwater is being usecl

for drinking purpose. Water samples for organic and inorganic analysis were collected ir-r pre-

cleaned one liter plastic cane and stored at low temperature. For Stable carbon isotopc

analysis water samples were collected in 250 ml plastic bottles. Few drops o1' mercuric

chloride solution were added to stop bacterial activities'
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Table 2.1: No. of samples from selected cities

S.No. Name of Cify No. of Samples

I Sheikhupura 20

2 Lahore 09

3 Raiwind 08

4 Mangamandi 08

5 Kasur r0

6 Gujranwala 12

7 Faisalabad 07

2.2.1. Sheikhupura:

Sheikhupura is situated near Lahore, the provincial hcadquarters. Sheikhupura has variett'

of industries like; Fertilizers, chemicals, pulp and paper, textile, steel. leather, spinning and oil

industries are releasing approximately 313.45 cusec untreated waste water into nearbv wastc

water drain that seeps down into the soil and eventually reaches to groundwater and causc

contamination.

Table 2.2:Sampling details and their Coordinates:

S. No. Sampling Points Latitude Longitudc

1 SGW-I 31"41'32.2"N 74'02',44.8"L

2 SGW-2 31'41',36.3"N 7 4"02'49.5"L.

3 SGW-3 3 I o4l ',44.1"N 74"02'.26.6"E

4 SGW-4 31"41'36.3"N 74"02',52.5"8

5 SGW-5 3l'41'19.4"N 74"03',41.6"E

6 SGW-6 3 l'41 ' 19.6"N 7 4003',41.9"8

7 SGW-7 31040',53.8"N 74"04'57 .0"E

8 SGW-8 31"41'02.8"N 74"05'1.4"E

9 SGW-9 3l o40'52.5"N 74"4',5J .2"E
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10 scw-10 3l o40'25.0"N 74"06',16.4"E

1l SGWI I 3l o39',56.3"N 74"06',17.4"8

12 scw-12 3l o40'9.2"N 74"06',33.2"8

t3 sGw-13 3l o40'9.33"N 7 4"06',29.52"0.

t4 scw-14 31'40',7.76',N 74"06',29.33"E

l5 scw-15 3l o40'6.40"N 74006',30.50"E

16 scw- l6 3 l'41 '00.8"N 7 4"06'I 8.0"[

t7 SGW- I7 3l "41 '6.09"N I4"06' I 6.3 5"tr

l8 scw-18 3 I "41 ',5.21 "N 14"06'16.53"1

r9 scw-19 3 I o41 ',4.29"N 74"06'16.73"8

20 SGW-20 3 1"41 ',3.98"N J4006',19.44"D

Figure2.2.1: Maps showing the sampling points of Sheikhupura Groundwatcr
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2.2.2. Lahore:

The Lahore is the capital of Punjab and it has large industrial estates consisting of

chemicals, paper, steels, pharmaceutical industries etc.Lahore drainage system consists of 14

drains through which sewerage and industrial wastewater of the city and its surrounding

townsiscollected.Thesedrainsare interconnected and dispose of the collected seweragc

andindustrial wastewater into the River Ravi. fuver water is used for irrigation and large arezt

is exposed to wastewater contamination. Nine groundwater samples were collected fionr

dilferent points. Following are the details of longitude and latitude of sampling points'

Table 2.3: Sampling details and their Coordinates:

S. No. Sampling Points Latitude Longitudc

1 LGW-1 3 1023',46.3 "N 74'21',47.1"8

2 LGW-2 3 1023'46.5 "N 74"21'53.5"E

J LGW-3 31o23',47.9"N 74022',7.3"8

4 LGW-4 3l o23',86.4"N 74"22',19.8"E

5 LGW-5 3 I 
o23',44.3"N 74"21',38.7"8

6 LGW-6 3 1 
023',3 3.7"N 74"21',25.3"E

7 LGW-7 3lo23',30.7"N 74'21',20.6"8

8 LGW-8 3 I o23',20.3"N 74'21'6.0"[]

9 LGW-9 3l o23',32.9"N 74"21',29.1"E
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Figure 2.2.2: Map showing the Groundwater sampling points of Lahore

2.2,3. Mangamandi:

Mangamandi is the small town situated at few kilometers away from Changamanga fbrest

near Lahore.There are textiles, Mechanical, Engineering Industries etc. Eight samples lvere

collected from ditferent points alongside the wastewater drain.

Table 2.4: Sampling details and their Coordinates:

S.No. Sample Latitude Longitude

I MGW-1 31o15'8.1"N 74"10'7.7"E

2 MGW-2 3 1015',2.6',N 74"10'4.2"E

J MGW-3 31014'44.8"N 74"9',46.0"8

4 MGW-4 31014'41.5"N 74"09',23.1"F.

5 MGW-5 3l o14'52.8"N 74009',5.3"8

6 MGW-6 3l o15'36.0"N 74010'22.0"8.

1 MGW.7 3 1 
015'23 "N 74"10'l L5"8

8 MGW-8 3 I o 15'24.2"N 74010'7.4"8
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Figure2.2.3: Map showing the sampling points of Mangamandi Groundwatcr

2.2.4.Ilaiwind:

Raiwind is situated in punjab Province about 40 kilometers away from Lahorc. In thc carlier

1990 an industrial estate was established in the west of town and another industrial zone was

set-up in first decade of 2l't century from few kilometers away from the Raiwind town known

as "sunder Industrial Estate". Eight samples were collected from different points.

Table 2.5: Sampling details and their Coordinatcs:

S.No. Sample Latitude Longitude

RGW-1 310I 5'20.6"N 740l0'56. I "E

2 RGW-2 3 10I 5'23.3 "N 74010'57.0"8

J RGW-3 3 1015'50.1 "N 74"1L',52"8

4 RGW-4 3 I 
o l6'29.6"N 74"11',20.2"8

5 RGW-5 31o16'46.4"N 74"ll'43.1"F,

6 RGW-6 3lol6'45.8"N l4"ll'42.2"E

7 RGW.7 37"17',18.6"N J4"12',43.2"E
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8 RGW-8 3lo17'58.5"N 74"13',27.5"8.

Figurc2.2.4: Map showing thc Groundwater sampling points

2.2.5. Kasur:

Main industrial area of Kasur consists of power looms and leather manufacturing industrics.

In Kastr district about 22 industrial units have been reported disposing of 17.96 cLrseo

untreated industrial wastewater released directly into the surface water bodies. which poses

great risk to ground water contamination (Atlas, 2008). Ten samples were collected f}onr

different points.

Table 2.6: Sampling details and their Coordinates:

S. No. Sample Latitude Longitudc

I KGW-1 31006'7.3"N 74"27',33.6"8

2 KGW-2 31006',7.0"N 74027',33.4"E

3 KGW-3 3 I o06',18.4"N 74027',22.5"E

.F:

i5
lrd.

.F
,t
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4 KGW-4 31006'20.6"N 74"27',23.9"8

5 KGW-5 3 1006'22.8"N 7402J',24.8"E

6 KGW-6 3l o06'35.2"N 74021'28.3"F.

7 KGW-7 3 1006' I 8.6"N 74"2J',20.3"8

8 KGW-8 31o06'1.7"N 74027',38.3"F.

9 KGW-9 3 1005'53.3 "N 74027',27.2"F.

t0 KGW-10 3 1005'5 I .2"N 74"27'21.1"E

.\\"'t?

Figure2.2.5: Map showing the sampling points of Kasur Groundwater

2.2.6. Gujranwala:

Gujranwala is an ancient city, Itranks as the third largest industrial center in the country,atier

Karachi and Faisalabad, The nature of industry here is varied and vast,with a rnaior

concentrationof light engineering industry,besides textiles, leather, ceramics. cutlcry'.

electrical engineering, iron, metal, textiles, tannery, sanitary, steel industricsandother

industries that release approximately 105.7 cusecs untreated industrial effluent directly into
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urban drainage system('8)Sugarcane,rice, melons and grains are major export crops of

Gujranwala which are irrigated with industrial waste due to being cheaper and easily

accessible. Total eleven samples were collected from different points. Prefcrably samples

were collected from shallow groundwater and few from deep aquifer wherever shallow

aquifer sample was not possible. . Following are the further details of sampling points:

Table 2.7: Sampling details and their Coordinates:

S. No. Sample Latitude Longitudc

GGW-l (ref.) 32009',17.7"N 320 09', 17.7"N

2 GGW.1 32" 09'17.7"N 740 08'5l.l"E

3 GGW.2 32" 09',19.7"N 740 08',53.6"E

4 GGW-3 32" 09',13.0"N 740 08',45.8"E

5 GGW-4 320 09',9.2"N 740 08'40.0"E

6 GGW-5 32009',13.4"N 74008',45.5"8

7 GGW-6 32009',15.4"N 74"08',48.7"8

8 GGW.7 32007'7.3 "N 74009',56.1"F.

9 GGW-8 32"J'7.4"N 74"9',5J.3"D

l0 GGW-9 32006',3 3 "N 7 4010',45.4"E

t1 GGW-10 32006'32.9"N 74"10',47.2"L

t2 GGW-I1 32006'32.9"N 74010',47.4"E
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Figure2.2.6: Map showing the sampling points of Gujranawala Groundwatcr

2.2.7 . Faisalabad:

Faisalabad is situated in the center of the Punjab Province.Sewage waste of city is dischargcd

drain(Tebbutt, T. H. Y., 1983). It tremendously affects the ground water resources of that

residential area. 'fhe wastewater is highly viscous with high-suspended solids and total

dissolved solids. (S.Munir, and M. Mukhtar,2005). In Faisalabad, there are 512 largc

Industrial units, out of which are 328 textiles, while 92 units are engaged in engineering

works and other 92 units with food processing activities. Other industries include: hosiery,

carpet, rug, lace, printing, publishing and pharmaceutical industries etc (M. Akram., et al.,

2006). Eight samples were collected from different points alongside the wastewater drain ancl

adjacent areas where drain water was being used for irrigation purpose. Following are the

details of samples:

Table 2.8: Sampling details and their Coordinates:

S. No. Sample Latitude Longitude

I FGW-I 3l o36',47.0"N 73053',35.9"8
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2 FGW-2 3l o36'47.8"N 73053'3 5.4"E

3 FGW-3 31o29'45.3"N 73"16',24.0"8

A+ FGW-4 31"29',41.0"N 73016',23.2"8

5 FGW-5 31"29', 22.1 "N 73"16',27.2"8

6 FGW-6 31" 29'42.4"N 73"16',29.4"8

7 FGW-7 31o29',40.3"N 73016',26.4"D

8 FGW-8 3l o27'54,8"N 730 18', 34.6"F.

Figure2.2.7: Map showing the sampling points of Faisalabad Groundwater

2.3. Materials and Reagents :

The organic solvents like n-Hexane (extra pure) of Riedal-de Haen, Acetone of scharlau

(Merck HPLC grade), Ethyl acetate (analytical reagent grad) of BDH chemical Ltd. Methanol

of Analar (BDH) (99.9% pure) and Acetonitrile (Merck HPLC grade) were used in analytical

work. SPE cartridges C-18 were used for extraction of organic pollutants. For Chlorides,

Silver Nitrate(AgNO3) byBDHchemicalsLtdand Potassir"rm
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dihydrogenphosphate(PHzPOa)byFlukaGarantiewereused. SPE cartridges C-18 were uscd Ibr

extraction of organic pollutants. All the glasswarewas washed with l0% HCL and 90ozi,

distilled water, rinsed with distilled water before the experimental work. Beakers, volumetric

cylinders, pipettes, flasks and small glass bottles were used during research work. All thcsc

bottles were oven driedbefore use.

2.4. Instrumentation:

pH Meter: Oyster PP-201 ,EZODO (china) model was used for measttrement

ofpll
Conductivify Meter: WTW LF 95 (German) model was used fbr thc

measurement of EC and TDS.

Chlorides: chlorides were determined by titration method.

Nitrates: Nitrates were determined bymeter Ion 516 Acorn series Oakton

Instrument.

'3C .table Isotope: The stable isotope analyses have been perlbrmcd using a

modified Varian Mat GD-150 Mass Spectrometer.

Mass ratio isotope spectrometer: The stable isotope analyses were performed

using a modified Varian Mat GD-150 Mass Spectrometer was used.

UV Spectrophotometer: UV Specord 205 Analytik Jena (Germany) was usecl

for complete scanning of organic pollutants.

2.5. Apparatus and Equipment:

2.5.1. Stable Carbon Isotope ("C) Technique:

The stable isotope values are different for different water samples. l3C values for pure ground

water are much different than the waste water. l3C value of groundrvater samples havebectr

used to determine the possible mixing of wastewaterlor recharge source. The stable isotopc

analyses have been performed using a modified Varian Mat GD-150 Mass Spectrometcr.

Stable isotope data is reported as for l3C analysis of Total Dissolve Inorganic Carbon. Thc

overall analytical error ist 0.01 %o for 6l3C measurement. To ensure precision. standard

deviation of the mass spectrometer has also been computed and standard deviation of each
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sample has been ensured to be within permissible limit. For isotope analysis on mass

spectrometer, water samples have been converted into gas phase. Since sample preparation

system is used for analysis of C, this system has been accordingly modified/ redesigned in

laboratory.

Extraction of Carbon Dioxide from water samples 1or13C analysis(inorganic froction:Fot'

the extraction of CO2 gas from Total Dissolved Inorganic Carbon of water. A 50 ml ol rvater

sample waspoured into the Pyrex reaction flask. A small burette containing H3PO4 acid was

then attached to the reaction flask [McCrea, 1950]. The reaction flask asscmbly'"vas

connected to the vacuum line. Dewar flask containing liquid N2-acetonmixturc (telttperature.

-800C) was attached to the moisture traps in the vacuum system. About 5 ml H:t'O.racid was

added to the pre-evacuated reaction flask. The CO2 gas was evolved as a result ol reaction

between inorganic carbon component/fraction of sample and the phosphoric acid according to

the following equation:

H:PO+ + Carbonate mineral----, COz + HzO

The moisture produced during the reaction was removed by cryogenic trap of -800C, The COz

gas was passed through vacuum line and purified by freezing in U-trap dipped in liquid

nitrogen flask. Other gases were pumped out from line. The liquid Nzflask frorn CO2 trap

wasremoved to expand COz in vacuum line which was finally collected in an ampoule dipped

in liquid nitrogen flask at the other end of line. The ampoule was labelled and removed from

the line for isotope ratio measurements onto the Isotope Ratio Mass spectrometer (lltMS).
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Figure2.S.l: A vacuum system for the extraction of COz gas liom water

2,5.2. Isotope Ratio Mass Spectrometer:

Thc stable isotope analyses were performed using a modified Varian Mat GD-150 Mass

Spectrometer Stable isotope data are reported for l3C analysis of Total Dissolve Inorganic

! Carbon. The overall analytical errors are + 0.01 %o for 6l3C measurements' 'l'o ensurc

precision, standard deviation of the mass spectrometer was also computed and standard

deviation of each sample was ensured to be within permissible limit.
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'- , i' :: '.r.

Figure2.5.2: Isotope Mass Ratio Spectrometry

For organic pollutants, quantitative analysis has been carried out. Before condtrcting the

analysis, First samples were extracted by using; Extraction and prc-concentratiort tcchrritluc

which includes:

2.5.3. Pre-treatment:

Filtration was done through Whattman filter paper and 0.45 prm filter paper by using vacutlnl

assisted filtrationsystem.For most of qualitative analysis, UV-visible spectrometry (U\z

Specord 205 Analytik Jena) was used. Samples were scanned with following instrumental

conditions: wavelength 190-500 nm Integration time 0.5, Delta )" lnmand Scarr spced 2

nm/sec,samples are usually placed inquartz cells; depending on the region of interest, they

may also be constructed of glass or plastic. Ultraviolet visible spectroscopy or ultraviolct-

visible spectrophotometry (UV-Vis or UVA/is) refers to absorption spectroscopy or

reflectance spectroscopy in the ultraviolet-visible spectralregion.Samples were analyzed b1'

UV spectrometer.Areferencesolutionofdistilled water was used.

2.5.4. Solid Phase Extraction (SPE):

;aia

: lli
;.

.l
tn

F-t
r-.\,
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s

TI-re groundwater samples were beyond detection limit of instrument, for convenlence,

samples were pre-concentrated by applying solid phase extraction.Then samples werc

analyzed on High Performance Liquid Chromatography (HPLC)(Tanabe, n. ct al..

2000).Solid phase extraction (SPE) is an extraction methodthat requires a solid phase and tt

liquid phase to extract one, or more of analye liom a solution.The stationary phase is ke1'

article which provides space to compound to adsorb onto its surface. it is composed ot'

different nature of compound and it is packed into a glass or plastic column. l'he column has a

frit on top of the stationary phase and might also have a stopper to control the tlorv of solvcrrt

through the column. Different columns are used for the extraction of compotrnds depending

upon the nature of element of interest.ln this technique, the organic contaminants present in

water samples were passed through solid phase 0 our desired compounds retained onto

stationary phase and then extracted by using following four different organic solvents.

Elution of samplefrom Ct8 Cartridge: The flow rate of lml /minute was used to elute thc

adsorbed organic pollutants on the surface of the C-18 tube by using four ml of following

solvents.

o Acetone (Merck IIPLC grade)

o Hexane (extra- pure) I{iedal-de Haen

o Methanol

. Ethyl acetate

In this manner, organic contaminants were pre-concentrated from one liter to 16 ml. C-ltt

Catridgcs were used for extraction and purification by SPE. Solid phase extractiorr

techniqueswere used not only to extract traces of organic compounds fiom environmental

samples but also to remove the interfering components of the complex matrices in order to

obtain a cleaner extract containing the analytes of interest.This technique was used to increasc

the detection limits of organic pollutants on instrument. The SPE technique is extensivcll'

applied for isolation of analytes from a liquid matrix and purified extracts.Solid Phasc

Extraction Assembly by SUPELCO Visiprep was used with CNWBOND HC-C 18 SPII

TUBES for scanning and pre-concentration.Thespecification of C-18 Cartridges islbllowing:
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Table 2.9: Cartridge detailsl bare silica physical properties:

Propcrties Specification

Particle size(pm) 40-63

Surface area(m2lg) 450-530

Average pore size(A) 53-67

Cleanliness tcst Proprietary

Bonded silica physical properties

Properties Specification

Carbon content(C %) >15.3

Loading(mmoL/g) >_0.71

S urface coverage (pr moLl m2) >1.77

Volatile content(%o,l l0 "c) s4

Cartridge characteri stic

Properties Specification

Tube purity Proprietary

Frit purity a

Luer tip integrity

Flow characteristic

One littcr volume of each sample was passed through C-18 cartridges for DD'l',DDIl,Endrin,

Dieldrin, Cypermetharin, DCP and TCP. The organic pollutants were adsorbed on the surf'acc

and the inorganic liquor was collected in a plastic bottle. Flow rate was adjusted as 80 drops

/ lml per minute controlled through vacuum (20Hg pressure) for maximunt adsorption oI

organic pollutants on C-18.
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Figurc 2.5.4: Assembly of Solid Phase Extraction

2.5.5, After Treatment (UVA/is Spectrometer):

To evaluate the efficiency of extraction and purification method the samples belbre trcatlxcnt

and aftcr treatmcnt were scanned on UV/Vis spectrometer in range of 190-500 nrn. IlV-

visible spectrometry (UV Specord 205 Analytik Jena) was used to scan the samples' Samples

were scanned with following instrumental conditions: wavelength 190-500 nm lntcgration

tirne 0.5, Delta )" lnm and Scan speed 2 nm/sec.A reference solutions consisting of elutirrg

solvents like ethyl acetate, hexane,methanolandacetone, in equal proportion was uscd.

Samples were placedin quartzcells.ln Scanning data of samples before treatment and alier

treatment was comPared.

2.6. Chemical Analysis :

2.6.1. Pre-concentration of heavy metals:

Normally groundwater samples have low concentrations of heavy metals. At tirncs. it

becomes diflcult to analyse their concentration as they appear below detc'ctiott linrit ol'

instrumcntal techniques. In that connection, groundwater samples were concentratcd bV
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simmering/heating it below boiling point by l0 % of their original volume. In this way,

sample was concentrated l0 times and then analysed.

Techniques for Metals..There are many analytical methods for metals determination such as

Atomic Absorption Spectroscopy, Inductive Coupled Plasma, and etc. In this studl'. rnetal

concentrations were measured by Inductive Coupled Plasma (ICP-MS ) and

- Voltametrypolarograph 797 Computrace.

2.6.2. Inductively coupled plasma optical emission spectrometry (ICP-

oES):

Measuring the concentration levels of trace and ultra-trace elements in diff'erent samplcs is atl

important analytical task in environmental, biological, clinical, as well as industria[ studies.

'fhe two most commonly used tools to deal with such analyses are plasma-spectrometrv

techniques, namely inductively coupled plasma optical emission spectrometry (lCP-OIIS) and

isductively coupled plasma mass spectrometry (ICP-MS). The suitability o1- these trvo

tecfiniques relies on their multi elemental capabilities, high selectivity, wide dynarnic range,

high sample through put, absence of chemical interferences, and easy coupling with dill-ercnt

separation techniques (Mermet, 2005).

Working principle: ICP-OES works on the principle that the atoms of clements take up

energy lrom inductively coupled plasma, are thereby excited, and fall back into thcir grotrrrd

state again emitting a characteristic radiation. The identification of spectrum of this cnrittctl

radiation by a spectrometer gives the qualitative analysis of a sample. A quantitativc

determination takes place on the basis of the proportionality of radiation intensity and clcmcnt

concentration in calibration and analysis samples (Michael and Nicholas, 1989).

2.6.3. Polarograph:

Polarography is avoltammetric measurement whose response is determined by combinccl

diffusion/convection mass transport. Polarography is a specific type of measurernent that falls

into the general category of linear-sweep voltammetry where the electrode potcntial is altcrccl

in a linear fashion from the initial potential to the final potential. As a linear swecp methotl

controlled by convection/diflusion mass transport. the current vs. potential response o{' a
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polarographic experiment has the typical sigmoidal shape. What makes polarograph)' ditl-ercnt

from other linear Sweep voltammetry measurements is that polarography makes use of thc

dropping mercury electrode (DME) or the static mercury dropping electrode. Computrace VA

797 was used for the analysis of zinc, cadmium, lead and copper Hanging Mercury Dropping

Electrode (HMDE).

2.6.4, Determination of chloride concentration by Titration:

Chloridc analysis was carried out by titration method. For it, we required 0.05N solution

ofNaCl, 0.05 N solution of AgNO3 and potassium chromate SoZ.we took 0.731gm NaCl (extra

pure) in 250 ml in distilled water. Then 2.l23gm AgNO3 in 250 ml of distilted water arlcl

transfer it to amber bottle in dark place(orcovered with aluminum foil). Dissolve 5gm extra

pure K2CrOain 100 ml of distilled water. l0 ml sample and transfer it to thc 100 ml beaker.

Added 2-3 drops of K2CrOaand mixed about 30 sec. Titrate until pink orange precipitates arc

formed. Chloride ions were detected using Argentometricmethod, Eq. II (Clarke 1950).

For HCO: determination:

Concentrat ion in ppm : molarity x molecular weight x 1000 -------llq' I

For Cl- Determination:

rnlof AgN03 x Molarityof AgNO3 x l000xatomicmassof Cholride
Cl(ppm): Eq ll

2.6.5..Determination of Nitrates:

Nitrates were determined by Ion meter (lon 5/6 Acorn series Oakton Instrument). '['he ion

meter5l6 was capable of up to three point calibration with standard solutiolls to ensurc

accuracy across the entire range of meter. Thc nitrate probe was connected to thc meter

being used for the analysis. Nitrate ions detection was carried out through ion selective

clectrode method using ion meter (lon5/6, Acron series: Akton Instrument) (lrlitrate 2001).

Nitrate probe/electrode: The electrode used consisted of an inert fluorocarbon body with a

detectable PVC membrane unit was used. The sensitive membrane consisted of liquid i<ln

exchange material immobilized in a poly (vinyl- chloride) matrix. The connection to a milli

voltmeter is via a BNC plug, though an alternative plug may be satisfied'

{-
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procedure..Nitratc electrode was connected with the meter being used Ibr analysis. 'fhe mcter

was calibrated using three standards of Nitrate solutions i.e., 1, 10 and 100ppm.'fhe standard

solutions were prepared from 1000ppm Nitrate stock solution (prepared from Potassittnt

Nitrate). The electrode w,as rinsed with the distilled water after calibration and blot dry withy

lint free cloth. Standard calibration curve was obtained tiom standard Nitrate solution using

j mV values on the linear axis and concentration on the horizontal axis. The water samples

were dispensed in an analytically clean beaker and electrode was dipped into it until millivolt

(mV) reading appears stable on the meter. For the determination of Nitrates conceutratiotl irt

samples calibration curve was plotted in MS-EXCEL 2010 (Basil et al., 2007).

2.6.6. High Performance Liquid Chromatography (HPLC):

High Performance Liquid Chromatography (HPLC) is equipped with thc UV cletector

(Waters, 1525) which was used to identify, quantify and analyze the organic compounds in

the samples. It has helped to identify the compounds and their concentration in the sample.

Apparatus;High Performance Liquid Chromatograph (Water Breeze System-1525) was uscd.

It comprises waters 2487 dual l. absorbance detector and Stationary phase consistcd of C-ltl

and C-{l analytical column (Waters,5pm particle sizel50mm.2mm i.d. column)was uscd.

And, sarnples were injected manually through injector'
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2.6.6.1. Analysis of DDE:

To determine DDE in groundwater samples, an advanced andmoreaccurate method u'as

developed with reverse phase HPLC and UV detector. The analytical conditions u'crc

improved at various wave lengths and flow rate to get extremell' calibration curves. 'i'hc

outstanding results were achieved by using mobile phase constituted to 11Yo doublc distilted

water (HzO) and90o/o acetonitrile passed through C-l8column at flow rate of lml/rnin using

wavelength 240 nm and retention time was 12 minutes. Standards were injected manually and

injection volume was 20pL Determination of DDEingroundwater was done with the standard

solution of 10 ppb, 50 ppb, 100 ppb, and 200 ppb. Following calibration curve was achievecl.

t.l " -1"?

CiE lppr O*ei.:qu,rec 3l&:C16 '.53.3-l Ptt ','1;,; I rnj ;. ',: i"E,'''e Di
OCEGppn 3ne,acqured'?18,:016 1 ll:3c Ptl V,a: : nj ;' l3 t-:-'*'!r*
0C E lppn' 3s:e A,:qu;red'f l8':ClE '.38:ll PAJ V:;' 1 nj ; " tl'3."-; []6
0CESpprt jr:e A:qu,r"i :.'18:C16'05:ll Ptl ','.i: 'i ,nj . i,l.'l--*'l.e

Figure 2.6.6.12 Standards calibration curve of DDE
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2.6.6.2 Analysis of Cypermethrin:

Tlre determination ofCypermethrin was done by using mobile phase constitutcd t'o 30%t

double distilled water (HzO) and 7O%o acetonitrile and C-lScolumn was used as stationarV

phase .The flow rate of mobile phase was lml/min at230 nm and retention time of 5 nrinutcs.

The quantitative determination of Cypermethrin was achieved by following calibration clrrvc

with fbur difl'erent concentrations (lOppb, 20ppb, 30ppb and 40pp) of Cypermethrin'

I
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Figure 2.6.6.22 Standards Calibration Curve of Cypermethrin
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2.6.6.3. Analysis of Dieldrin:

Dieldrin was determined by developed method. Mobile phase consisting of (60% aoetonitrilo

+ 40Yo water) r.vas used with flow rate of I ml/min in isocratic mode.Dieldrin exhibit

significant UV absorptive at wavelengths of220nm, retention tirne \\'as

2minutes.Determination of Dieldrin in groundwater was done with the standard solution of 4

ppb,6 ppb, 8 ppb, and l0 ppb to achieve calibration curve.Following are calibration curvc:

h
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Figure 2.6.6.32 Standards Calibration Curve of Dieldrin
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2.6.6.4. Analysis of Endrin:

For the determination of Endrin in groundwater samples by using mobile phase o1' 409"

double distilled water (HzO) and 6OYo acetonitrile was passed through C-lScolumn at [lo"r'

rate of lml/min using wavelength 230 nm and retention time was 3 minutes. Determination ol'

Endrin in groundwater was done withthe standard solution of 4 ppb,8 ppb. 16 ppb, and 20

ppb. Following calibration curve was achieved.
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Figure 2.6.6.42 Standards Calibration Curve of Endrin
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2.6.6.5. Analysis of DDl':

Determination of DDT in groundwater samples was carried out by using Mobile phase ol

acetonitrile and water gOYo and l0oZ respectively at the wavelength of 240 nm. The retentit'rtt

time was 3.5 minutes Determination of DDT in groundwater was done with the standarcl

solution of 10 ppb, 50 ppb, 100 ppb, and 200 ppb. Following calibration curve w'its achievecl.

v

r-r 50 100 150 200
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Figure 2.6,6.52 Standards Calibration Curve of DDT
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2.6.6.6. Analysis of Dichlorophenol and Trichlorophenol:

Dichlorophenol and Trichlorophenol were determined by using mobile phase of (Methanol

and water 50:50 and 0.05MKH2PO4 pH 2.7) at the wavelength of 240 nm.C-8 column was

used for the analysis of TCP and DCP. The retention time of DCP was 3.1 minutes and ol'

TCP were 4.1. Analysis of groundwater was done with the standard solution o1 0.5 ppm,2

ppm.4 ppm, and 6 ppm. Following calibration curve was achieved.
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Chapter 3 Results and Discussion

3.1. Physico-chemical Parameters:

3.1.1. Sheikupura:

Total dissolved solids varied between 578 to 1329mgll.All samples were out of permissible

limit of PSQCA and WHO quality standards. The level of TDS in groundwater increased due

to high concentration of salts (Din et al., L997).Electrical conductivity ranged from 959 to

2}ZlpSlcm lied within the permissible limit by WHO (2500 pS/cm).
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Figure 3.1.1.1: TDS and EC of Sheikhupura Groundwater

While, pH ranges from 7.3 to 7.82 is within the permissible limit. However, nitrates ranged

from 169 to 191 mg/I. Nitrates are above the permissible limits, however, chlorides varied

from 7.1 to l3l.35mg/l and remained within the set limits.
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Figure 3.1.1.22 Chlorides and Nitrates of Sheikhupura Groundwater

3.1.2. Lahore:

In Lahore samples TDS was found between 939 to l530mg/l and EC was also above the

l500rng/l only in one sample EC was l43gmgllIhese concentrations are above the

permissible limits.
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Figure 3.1.2.12 TDS and EC of Lahore

However, pH ranged from 7 .2 to 8.04 and Chlorides are 7.1 to 1 91 .7 mgll remained within the

limits. Nitrates are observed above the palatable limits set by WHO.
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Figure 3.1.2.22 Chlorides and Nitrates of Lahore Groundwater

3.1.3. Raiwind:

In Raiwind samplesTDS was found 649mgll to l700mg/1. While EC ranged lrom l079mgll

to 3056mg/1. These concentrations are above the maximum contaminant level.
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Figure 3.1.3.1: TDS and EC of Raiwind Groundwater

Although, pH ranged from7.2 to 8.4, and minimum concentration of Chlorides was found 79

mg/l while maximum concentration was observed 5l8mg/1. chlorides were found above the

f_
RGW-5

EC (uS/c
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limits only in two samples. Maximum concentration of Nitrate was found 200 mg/l.While,

nitrates were also observed above the permissible limits.

Raiwind

Irr
RG W.6 RG W-7 RG W.8

Figure: 3.1.3.2:Chlorides and Nitrates of Raiwind Groundwater

3.1.4. Mangamandi:

In samples of Mangamandi TDS were found in the range from l00lmg/l and l573mgll. EC

ranged from l662mg/l to 5052mg/. these concentrations were above the maximum

contaminant level. Whereas pH ranged from 7.12 to 8.12.And it is within the set limit by

WHO quality standards.
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Figure 3.1.4.1: TDS and EC of Mangamandi Groundwater
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Chlorides were found from 205.9mg/l to 770.35mglL nitrates l83mg/l to 190mg/1. Nitrates

and chlorides are above the palatable limits set by WHO and U.S. EPA.

Mangamandi
900
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t

r Chlorides , Nitrates

Figure 3.1.4.2: Chlorides and Nitrates of Mangamandi Groundwater

3.1.5. Kasur:

TDS were detected from 33lmgllto3424mgl1. while, EC was ranged from 543mgll to

l0045mg/l and it is too high from acceptable limit set by quality standards organization.

However, pH ranged within the limits.
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Figure 3.1.5.1r'fOS unU f l of l(urr. Groundwater
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Minimum concentration of chlorides was found 42.6rngll and highest concentration was

1366.75mg11. chlorides are above the limits. Nitrates were calculated from 1.09 mg/l to

l6.63mgl, nitrates remained within the set limits.
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Figure 3.1,5,22 Chlorides and Nitrates of Kasur Groundwater

3.1.6. Gujranawala:

TDS was calculated from 276mg/l to l337mgll. EC was ranged from 454mgll to

2019ngll.TDS and EC were observed above the permissible limits. While, pl-l rvas obscrved

within the limits.
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Figure 3.1.6.1: TDS and EC of Gujranwala Groundwater
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Chlorides were detected from l4.Zmgll to 227.2mgl1. Nitrates was found from 9.68mg/l to

lT.T5mgll.However in Gujranwala samples Nitrates and Chlorides were found within the

permissible limits.

Gujranwala

.,6
-.\i

c)e

tlrll
"J ""*t "".'*-*t ""."

,.f.
.) .n .h ..u ,h

""* ""* ""* ""* ""*

250

2oo

"lI-nlc.\,\,

r Chlorides ' Nitrates

Figurc 3.1.6.2: Chlorides and Nitrates of Gujranwala Groundwater

3.1.7. Faisalabad:

TDS was detected front 273mgll2706mg/1. EC was ranged frorn 238mgll 4032m9/1. thcse

two are found above the permissible limits. And, pH ranged from 7.1 to 7.8 and it is within

the set limits.
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Figure 3.1.7.1: TDS and EC of Faisalabad Groundwater

Chlorides ranged from 7.6lmgll to 763.25mg11. Nitrates were detected from Zngll to

34.Smgll. Chlorides and Nitrates were above the set limits and few samples were within the

permissible limits.

Faisalabad

, FGW-1 FGW-2 FGW-3 FGW-4 FGW-s FGW.6 FGW-7 FGW-8

r Chlorides Nitrates

Figure 3.1.7.2: Chlorides and Nitrates of Faisalabad Groundwater

3.2. Stable Carbon Isotope (613C):

Carbon has two stable, naturally-occurring isotopes; 5r2C lOS.aeo/o) an 6r3C 1l .11%).I{atios

of these isotopes are reported in o/oo relative to the standard VPDB (Vienna Pee Dee

Belemnite). The 6r3C of the atmosphere is -7%o.During photosynthesis, the carbon that

becomes fixed in plant tissue is significantly depleted in r3C relative to the atmosphere. l'here

is a bimodal distribution in the 6l3C values of terrestrial plants resulting from differences in

the photosynthetic reaction utilized by the plant. The 6r3C values of dissolved inorganic

carbon (DIC) in subsurface waters are generally in the range of -5 to -25 %o. The primarl,

reactions that produce DIC are:

Weathering of carbonate minerals by acidic rain or other strong acids;

Weathering of silicate minerals by carbonic acid produced by the dissolution of

biogenic soil COz by infiltrating rain water; and

Weathering of carbonate minerals by carbonic acid. The first and second reactions

produce DIC idcntical in 6r3C to the composition of either the reacting carbonate or
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carbonic acid, respectively, and the third reaction produces DIC with a 6r3C value

exactly intermediate between the compositions of the carbonate and the carbonic acid.

Consequently, without further information, DIC produced solely by the third reaction

is identical to DIC produced in equal amounts from the first and second reactions, l'hc

6r3C values of organic materials can provide extremely useful information about

sources of contaminants. Carbon stable isotope analysis has been extensively used in

estuaries as a tracer of the major sources of organic carbon (l{aines and Mon- tague,

1979; Hughes and Sherr, 1983; Gearing et al.. 1984: Sinienstad and Wissniar.

1985;Saliot et al. 1988: Lucotte. 1989). Stable carbon isotopes have also been used to

quantify the mixing processes between continental and marine particulate organic

carbon (POC) in estuaries where river and ocean end-members were the only sources

(Fontugne and Jouanneau. 1987).

3.2.1. Sheikhupura:

In Sheikhupura samples have 5l3C values ranging from -0.42 to -21 .91 o/oo PDB. SCW-4

collected from industrial area near the waste rvater drain, SGW-5 collected from industrial

area at a distance from wastewater drain with the depth of 80 feet. SCW-6 was also collccted

from a point near to previous point with the depth of 40 feet, SGW-8 was collected from

industrial area near the wastewater drain with the depth of 60 feet, SGW- I 3 was 40 f-eet decp .

SGW-14 was 40 feet deep, SGW-19 was collected from residentialarea and SGW-20 rvas 200

feet deep and collected from residential area near the wastewater drain. IJigher dcpleted

values of abovementioned samples convincingly suggested that samples were contaminated

with wastewater recharge. Results of these sampling points show the depleted valucs ol'

6r3C. which indicates the mixing of waste water into groundwater.

3.2.2. Lahore:

Lahore shallow groundrvater samples have 6l3C values ranging from -0.25 to -6.41 %o PDB.ln

Lahore samples, only in LGW-5 6l3C value was found -6.41 o/oo PDB. This sample rvas

collected from a point located at the edge of wastewater drain it. Other sample did not have

depleted 6rrc%o values. The data have some contrast with the metal data. Sarnples showing

metal contamination but did not have depleted 6r3C values. It suggested that samples collectcd
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from very shallow aquifer where water has sufficient aeration by plant roots respiration of

contact by air.

3.2.3. Raiwind:

6r3C in Raiwind ground water samples varies from -1.59 to -15.36 o/ro PDB.Only RGW-4was

collected from industriaI area located near the waste water drain with the depth ol100 feet. Its

6r3C value was -15.36 Yoo PDB. Higher depleted values of sample suggested that there is

significant adverse impact of wastewater on groundwater quality in this area.6'3C valucs ol'

other samples were within the normal range. It depicts that samples do not have tlepleted SrrC

values it might be due to the high dissolved oxygen contents, as these samples u'ere collected

from shallow aquifers.

3.2,4. Mangamandi:

5r3C ltOtc) of Mangamandi ground water is around -4.02 to -15.77 %o PDB.r3C values of

MGW-4 is -l5.77Yoo PDB which is located near the industrial area. Higher depleted values of

C-13 suggested wastewater mixing with groundwater at this point. Whereas,6l3C value of

MGW-5 is -6.56 %o showing minor depletion but suggesting small adverse impact of

wastewater on the groundwater table. This point was collected from industrial area very near

to drain.6r3C oIMGW-7 has -6.7\o/oovalue and this point is also Iocated in industriaI area near

the drain.

3.2.5. Kasur:

In Kasur samplcs 5r3C values ranging from -0.27 to -6.3 %o PDB. KGW-2 was collected from

industrial area with the depth of 100 feet. Its values show the mixing of waste water into

ground water.

3.2.6. Gujranawala:

Gujranawala shallow groundwater samples have 6l3C values ranging from -2.2 to -8.41 %o

PDB.GGW-I was collected with the depth of 60 feet from industrial area near the

drain,GGW-4 with the depth of 30 feet collected from agricultural land near the wastewater

drain.GGW-7, was collected from industrial area near the drain.GGW-8 was collected near
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the previous point with the depth of 40 feet, GGW-10 was collected frorn industrial area with

the dcpth l0 feet, GGW-Il was collected from previous point with the depth of 50 feet. In

general, in minor quantities groundwater is affected by waste water.

3.2.7. Faisalabad:

In Faisalabad, only two samples showed the depleted 6r3C. FGW-5 was collected fiorn depth

of 55 feet from industrial area near the wastewater drain. While, FGW-7 with the depth o160

feet collected from residential area nearthe drain. Faisalabad groundwater samples havc 6rrC

values ranging from -2.78 to -7.76 %o PDB. Overall Faisalabad samples shorved less

wastewater mixing into groundwater is certainly aflfected by industrial effluents.

3.3. Trace Metals:

Inductively coupled plasma optical emission spectrometry (lCP-OES) was used for measuring

the concentration levels of trace and ultra-trace elements in different samples. The suitabilitl'

of technique relies on its multi-elemental capabilities, high selectivity, wide dynamic range,

high sample through put, absence of chemical interferences. and easy coupling with diflerent

separation techniques (Mermet, 2005). Fe, Ni, Zn, Cr, Cu, Pb, Cd, Mn were analyzed in

groundwater.

3.3.I. Sheikupura:

Concentrations of trace metals in Sheikupura were not so high. Only lbur metals werc

detected in Sheikhupura. Groundwater sample SGW-10 has significant concentration of

cadmium atong with high contents of nitrates and chlorides. Sample SGW-10 rvas collected

from hand pump located in agricultural land, where, drain waste water irrigation is being

practiced. Whereas,SGW-ll and SGW-13 showed relatively high Zn concentrations as

compared to other trace metals but they still lied within the permissible limits.SGW-4showed

trace quantities of metals and it was also collected from hand purnp located in residcntial

areas alongside the main waste water drain. SGW-7, SGW-8, SGW-14 and SGW-15 also

exhibited minute quantities of trace metals but these concentrations were within the palatable

limits. High concentration of metals, chlorides, nitrates depicted that groundwater is being
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cootaminated by wastenrater firough se€pagp s infiltration process. It is worth mentioning

that TDS md EC vatuos were also mrrh higher, advffiting the recharge from wastewater

source. However, SGW-I, SGW-3 SGW-5 and SGW-6 do not have high concentration of

metals, although these samples were also collected from industrial zone but the depth of these

grormdwater samples were 400 and 300 fea respeaively. lt suggests that, deep aquifers in

this area, in amtrast to $allw aquif€r" re sill not afr€ctd by waste water drain. It shows

that soil in this area has buffering capacity to adsorb the metal contents. Zn concentrations

were found pronrinemt as compared to drer trace metals but theystillfound within the

permissr-ble limits set by WHO amd t[.S EPA Th€se samples were collected from shallow

wder-

0.05

0.045

E o.oa

E o.ors

E 0.03

E o.o2s

E o.o2

I o.orsc
E 0.01

0.005
o

aZn

rcd
IPb
rCu

".$+$".$rSf ,.{..*1.**r.*f""*f
Sheilhupura

Figurc 3.3.1: Trace metals in Sheikhupure Groundwater

332 hhorc:

Trre mchls ffiftdio itr I^*cE gorndr*er smples rycre nd significant as compared

to other cities of the Punjab. LGW4, LGW-5, LGW-6 showed no tace metals concentrations.

Concentrdions of Cd and Pb were observed in LGW-7 however, theseconcentrations were

wifrin fte permissible limis- LGW-7 pcrint was locded in residantial ara alongside the drain

with shallow aquifers. LGW-S also showed rdatively higher concentrations as compared to

other samples but these concmtrations were wiftin the permissible limits.Lcw-8 was located
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in agricultural rea with shallow aquifer md is being irrigated by waste water. Metal

cmffiindion in grumdwater smples with hi& cmc€ntrdim of clrlmides and nitrates

suggests that, waste water irrigation has affeded the groundwater quality through seepage

process. LGW-9 with shallow aquifer showed relatively higher metal conceirtations and high

contents of chlorides urd nitrates. The quality of grormdwater was so poor in this area that

som after pumping ffi water ftom hmd W it tumd yellow. This highly contaminated

groundwater was being used for drinking purpose by local community Zinc was found in

two, Cadmium and Irad were found in three samples while, Copper was found only in one

sample. Concennations of these samples were within the permissible limits set by WHO and

U.S EPA LGW-? was collectcd relatively ftom d€dh while LGW-8 utd LGW-9 were

collected from shallow water.
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Figure 3.3J: Trace metals in Lahore Groundwater

3JJ. Reiwind:

In Raiwind, highest concentration of Zn 0.0013mg/l was found in RGW-5 and remained

witrin the permissible limits. Highest amc€ntratim of Cadmiurn was formd in RGW-6 and it

also didn't orcced palatable limits. Lead's hi$est curccntration was found in RGW-8 and

Copper's highestconcentrationwas found in RGW-7. All the samples were collected from

shallow aquifers-Trace concentration of metal in shallorv aquifers and no metals in deep
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aquifers srggest tran grormd water in this arcas is by nearby wastewater drain that

aftcts rry to limitod depft to $allw aquiftr md rfrEty have my significant impact on deep

aquifer due to buffering phenomenon of soil that naturally have potential to adsorb the metals

and other contarninants. Shallow water aquifer samples also have comparatively high

concentration of nitates and chlorides. That is also due to the impact of nearby wastewater

draiL It is observed ftat, grormdrvater quality of the waste water inigated areas wils much

poor than residential areas with almost same depth. Overall sampleswerewithin the

permissible limits set by WHO and U.S EPA.
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Figurt 3JJ: Tne mctels in Reiwind Groundwetcr

3.3.4. Mangamandi:

Metals analysis of Mangamandi showed two samples contained trace quantities of metals

MGW-2, MGW-S. These poitrts were located in ind$trial aea and have a shallow aquifer.

Nonetheless, other samples collected from Mangamandi suburbs and have not shown metals

concenfration. No tace metals were found in sampling point MGW-6 adjacent to MGW-5

which has relatively high trace metals concentration. It shows that drain has least effect on

sampling point MGW-6 however, adversely affected MGW-S. This might be due to the

difference in the depth of the groundwater table and buffering capacity of soil. There is high

possibility one sarrpling point soil has rearhing to its safirrdiur pornt. Chlwides and nitrates
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concentrations in Mangamandi were significmtly high- Hi$ concentrations of chlorides and

nitrates might be dtrihfred to geologr of ihe sdl- This stat€ment is firther strengthened by

the presence of high EC and TDS values. Zjnc concentrations were formd in nro samples.

These concentations were found within ttle palatable limits set by WHO and U.S EPA. These

samples were colleood relatively frun deep wder.
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Figure 3.3.4:Trace metals in Mangamandi Groundwater

3.3.5. Kasur:

Trace m@ls crrnoertratims were dserved in KGW-I, KGW4, KGW-8 and KGW-10

samples. Cd and Zn concentrations were observed in KGW-I, KGW-6 and KGW-8samples.

KGW-I, KGW-6 and KGW-8 were collected from industrial area whereas; KGW-10

sampling point was located in the vicinity of industrial area KGW-10 contains concentration

of 7-n, Pb and Cd. This point is a little far away from industries and sample was collected

from 100 ft. depttr- Presence of trace metals in grormdwater suggested that aquifer of this area

has been contaminated by indstrial dischages. No significant cstcentration of nitrates in

grormdwater sanrples was fumd- This srggs$ts ftat water table in this aea is not being

contaminated by fresh industrial discharges. Presence of metals might be due the previous

mixing of industrial effluents which is now being reduced by the dilution factors. This might

be due to fte be*ter planning for industrial effiuents treatm€nt by installing and running of
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treffin€nt plants in recent past few y€ars- These smples were collected relatively from deep

water nnd cmtaining the cmmrratims abovc tre palanble limits s€t by WHO and U.S EPA.
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Figure 3.3.5: Trace Metals in Kasur Groundwater

3.3.6. Gujrarwala:

Trace metals concentratim in groundwat€r of Gujranwala varies from sample to sample.

Samples were collected from industrial area despite being industrial area trace metals were

not found high in it However, samples collected from agriculhre ar€as showed relatively

highermcentratiur of trare urttals- Surples GGW-2, GGW-3, GGW-5, GGW-10 and

GGW-II have concentration of trace metals and these samples were taken from hand pumps

located in agricultural areas, where the waste water irrigation is normal practice. This data

show that waste water inigatisr has prondnent adverse impact on the groundwater in this

rea Soil is pmous cmtaining highfr cffly Gmteil makes it mme wlnerable to wastewater

seepage and contaminating the goundwater consequently.Soil acts as filter, buffer and

degradation capacity with respect to adsorption of pollutant with the help of soil organic

caftm (Burauel and Bassmann, 2005). Chlsides and nitraes in this area are reasonably

high. Znc was formd within fte permiss'ble limits, [.ead was fotmd in three samples GGW-3,

GGW-5, GGW-l0ard these samples were collected from shallow water. AII the tace metals

were found within the palatable limits set by WHO and U.S EPA.
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Figure33.6: Trece Mctah in Gujranwele Groundwater

3.3.7. Faisalabad:

Cmcentnmims of tnaoe metals wete fomd in Faisalabad but varied from point to point.

Higher metal concentations were found in FGW-2Cu,Pb and Zn,FGW-5 andFGW-

TshowedCu,Pb, Cd and Zn, and FGW- 8 Zn and Cd. The sampling point FGW-5, FGW-7

andFGW-8 were located in residential areas ner the waste water drain with shallow aquifer.

Presence of zinc lead cadmium and copper was clearly indicating the mixing of waste water

with groundwater. FGW-2 sample was collected from the depth of 250 feet but still showing

the high concentration of metals. This point was located at the junction of waste water drain

and freshwater canal- At this pornt, industrial waste water drain was falling in canal. It

suggests ftu, wme water is seeping down futo gromd wder and soil has reached to its

saturation point and its buffering capacity might be reduced. Eventually, it has contaminated

the deep water. Chlorides and nitrates concentratior were also higher in this area. Zinc, Cd,

Pb md Coper concenlralions were fcxmd wiftin the pernrissible limis set by WHO and U.S

EPA. These samples were located in shallow wder excefl FGW-2 was collected from deep

water.
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Figure 3.3.7: Trace Metals in Faisalabad Groundwater

3.4. Comparison Before and After Treatment:

UVA/isible scanning of samples was carried out to check the efficiency of solid phase

extrastjm. Fdloring graphs are Sowing tte cmparison between bdse and after treafinent

of samples. Comparison shows that sample has concentated and prominent peaks show the

presence of compounds in sample.

3.4.1. Sheikupure:

Sheikhupura samples were UV scanned to monitor the peak trend of contaminants present in

the ground water sarnples. Absorbance and wavelength showed the presence of contaminants.

Contaminants fall in the region of UV spoctrum.After the treatnent of samples, they were

again scanned m UV to check tre efficiency of Sold Phase Extnaction. After treatnent

scanning peaks were more visible and showed different tend as compared to before

teafinent. Concentration of contaminants has increased many times and showed more

absorbance. Thus Solid Phase Ertractim teclmique has increased the concentration of
pollums mmy tims md c*n deect in my instnrment to calculate their accurate

concenmtion-
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Tablc3'4' l: Comparison ol before and after treatnlent of Sheikhupura Groundwa[cr

SGW.1
5

4

3

2

1,

o
190 290 390

Wavelength(nm)

SGW-4
5

4

3

2

L

o

240 290 390
Wavelength(nm)

g
c(!

lt
o

lt

q,

Et!
ll
o

l!

After Treatment

- 
Before Treatment

After Treatment

- 

Before Treatment

Impact of Indusrtial Effluents o, Ci*nailter Q uality ffi Paga 49



Chaprer 3 Results and Discussion

o(J
c(!
-o
o
lt

4

3

2

7

0

After Treatment

- 
Before Treatment

240 290 340

Wavelength(nm)

390

Impact of Indusrtial Effluents on Groundwater Q uality in Selected Cities of Pun jab Page 58



Chapter 3 Results and I)rscussion

Tablc3.4.l: Comparison of before and after treatnlent of Sheikhupura Groundwater
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3.4.2. Lahore:

Lahore samples were scanned on UV spectrometer to check the efficiency ol solid phasc

extraction. It is inferred that applied method for extraction and pre-concentration of organic

pollutant is helplul for the concentration of organic compounds in the groundwater samples.

'l'he peaks in the graphs showed that a large portion of organic pollutants has becn extracted

in a concentrated form that were previously present in trace quantities whereas. the portion

rvherc the peaks are not as high as the before treatment chromatographs peaks represent that

quitc a lot of inorganic compounds such as nitrates, sulphates, iodides, halogens and sornc

heavy metals released fi'om the industrial waste water are now removed.

'Iablc3.4.2: Comparison of before and after treatment of Lahore Groundwater
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3.4.3. Raiwind:

Allthe Raiwind samples were UV scanned to check the peak trend of contaminants prescnt irr

the ground water samples. Absorbance and wavelength showed thc presence olconterrrinants.

Contaminants fell in the region of UV spectrum.After the treatment of sarnplcs, thcv rvere

again scanned on UV to check the efficacy of Sold Phase E,xtraction. After treatment scarrning

peaks were more visible and exhibited dissimilar trend as compared to before treatrrent.

Conccntration of contaminants has increased many times and showed more absorbance.
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Hencc, Solid Phase Extraction technique has increased the concentration of'pollutants man)

times and can detect in any instrument to calculate their precise concentration.

'tablc3.4.3: Comparisorr of before and after treatment of Raiwind Groundwater
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3.4.4. Mangamandi:

All the samples were scanned on UV spectrometer before and after treatment. Samples rvcrc

run on Solid Phase Extraction Assembly for extraction and pre-concentration o['organic

pollutants. The graphs have showed tremendous difference in peaks before and aticr

treatment. The organic extract obtained through elution was then scanned on UV

spectrometer.The UV spectrometer graphs visibly suggested that applied method fbr

extraction and pre-concentration of organic polh.rtant is effective. The concentration ol

organic pollutant and were increased many times as a result of extraction attd pre-
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concentration method.1'he peaks are more visible and clear as compared to befbre treatmcnt'

'Iablc3.4.4: Cornparison of before and after treatment of Mangamandi Groundlvater
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3.4.5. Kasur:

Samples were collected from different locations of Kasur, All the samples were scanncd on

UV spectrometer. The chromatographs demonstrated substantial peaks showing absorbancc

and wavelength of different compounds.Then samples were passed through Solid I']hase

Extraction Asscrnbly for extraction and pre-concentration of organic pollutants. 'fhe organic

extract obtained from elution was then scanned on UV spectrometer.

I'ablc3.4.5: Cornparison of before and after treatment of Kasur
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3.4.6. Gujranawala:

Gujranwala samples were scanned on UV spectrometer to check the efl'icierrcy of-solicl plrasc

extraction. tt is inferred that applied method for extraction and pre-concentration ol organic

pollutant is helpful for the concentration of organic compounds in the groundwater sanrples.

The peaks in the graphs showed that a large portion of organic pollutants has been extracted

in a concentratcd form that were previously present in trace quantities whereas. the portion

where the peaks are not as high as the before treatment chromatographs peaks represent that

quite a tot of inorganic compounds such as nitrates, sulphates, iodides, halogens and some

heavl,metals released from the industrial waste water are now removed.
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Tablc3.4.6: Comparison of before and after treatment of Gujranwala Groundwatcr
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3.4.7 . Faisalabad:

All the samples were scanned on UV spectrophotometer. The chromatographs illustrated

signilrcant peaks showing absorbance and wavelcngth of different compounds.Samples wcre

run through Solid Phasc Extraction Assembly for extraction and pre-concentration of organic

pollutants. Thc organic extract obtained through elution was then scanned on UV

speclrometer.The UV spectrometer data clearly suggested that applied method lbr extrar:tion

and pre-concentration of organic pollutants in ground water shotved the signillcant results.

The concentrations of organic pollutants were increased as a result of extraction ancl pre-

concentration nrethod. The comparative data obtained through UV spectrontctct', 'bclorc

treatment and after treatment of samples showed enhanced concentrations of organic

pollutants and their visible peaks suggested that our desired compounds has been concentratcd

and extracted that were previously present in very minute quantities whereas, the portiorr

rvherc the peaks are not as high as the before treatment chrornatographs peaks t'epresent that

quite a lot of inorganic compounds such as nitrates, sulphates, iodides. halogens and somc

heav5,metals released fi'onr the industrial waste water are now removed.
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'I'ab1c3.4.7: Cornparison of,before and after treatment of Faisalabad Croundwater
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3.5. Organic Compounds Analysis:

High Performance Liquid Chromatography (HPLC) was used to identify. quantily and

analy'ze the organic compounds in the samples. HPLC equipped with thc [JV detcctor

(Watcrs, 1525) have been used for qualitative and quantitative analysis. It has helped tts to

identify the compounds and their concentration in the sample. Following organic compounds

were analysed: Ilndrin, Dieldrin, Cypermethrin, DDT. DDE, Trichlorophenol. Dichlrophenol

(Tariq., et a|.,2007).

3.5.1. Shcikhupura:

In Sheikhupura. highest concentration of Endrin and Dieldrin were found in SGW-l2locatcd

in agricultural land and sample was collected frorn shallorv water aquifcr. u'hereas highest

concentration ot'DDE was found in SGW-6. High concentrations of DCI'uct'c lburtd in

SGW-6 and SGW-8. In SGW-8 DCP concentrations were found highest as compare to other

samples and zinc and cadmium were also found in it, this sampling point is locatcd irt

residential areas near the waste water drain and these samples were collected frorn hand pulnp

its source was also shallow water aquifer their depth was 40 and 60 fect respcctivcly.

Cypermethrin rvas found only in four samples out of 20 samples. These four points werc

locatcd inindustrial areas. lt shows that it has been used in felv manufacturittg proccsses.

Cypcrmethrin is commonly not used in industries except in specific industrics. I-lou'ever, l'CP

and DDT were not found in Sheikhupura groundrvater samples. TCP is used in rnainly paints

and dyes manulacturing industries, while DDT has been banned in Pakistan so. that is the

reason it is not found in samples because of its prohibition. All samples collectcd frorn

Sheikhupura wcre shallow water except SGW-l was 400 feet deep. Concentration ol all

compounds lied above the permissible limits set by WHO and US EPA.
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rrgure 3.5.r:Analysis of organic compomds in slreilfiupura Groundwater

3.5.2lrLort:
ln Lahore, hiSrest concentration of Endrin and Deldrin were found in LGW-I, LGW-2

collected from residential areas alongside the waste water drain and LGW-9 from agricultural

area- Higttst cmcentratimr of DCP was formd in LGW- 2. LGW-? located in residential area

d ih#+E tfs-a$c*drdrdir aad LG.B'- I *rytrsrac c€&€#[ &sm -@ bws hgl€s,

except LGW-9, it was collected from hand pump. Highest concentrations of TCP were found

in LGW-2, LGW-5 and LGW-7. DCP concenfiations were high in LGW-I and LGW-2. They

were collected frm deq boreholes. DCP and DCP are usually used in dyes, paints industries

and smplirg puint *x irds*id rra Prcstaw d ff13ffiir w*ffiirffis in .deep grtrffid

water depicts the contamination of soil has reached to its saturation point and contaminants

are seeping down in deep water aquifers. DDE was found only in two samples LGW-7 was

collected fiom the bank of waste water drain ftom shallow wder depth and LGW-8 was also

dlerxe* ftm #lsm" **aqeifrrd samfrirypeint *us h#ed isry;cuttratmea. These

two samples were also contaminated with heavy meals (Cd, Pb, Zn\.DDT was found in four

sarn@t ud their sa*rpting point rres resifuitial iuie& n€ar the waste wder drain only LGW{
was locatod in agrioilttral area Their depft was deep bue holes except LGW-8 was

colleged ftoryt H trfitp. DDThas agrigrlhral sorrrce. Since ithas teen banned in pakistan

since 1975, its 6eserce in grornrd wat€r dqricts dlat it migfut be the residues of previous

uses.Whereas,Cyperme'ttrin rf,as not formd in lahme sunples. l^ahme sanples were collected
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bo& ftom sfrdlow ard deep wder apitrs, Afttr ilrabsis, it is ctered ftat both sources are

cmtrminmod- Shallow water hing trear to drain wdsr md waste inigmion has contaminated

the groundwater, whereas, deep water was contaminated due to contamination of soil.

Furthermore, ground water contamination suggested trat buffering and degradation potentials

of differenr soilexhibiteddifferensoil orgmic cflbm sorptiur coefficient (Koc) (Tariq et al.,

2004)- They *cenroditrffir*nfi Xe vrhesi rhis devidim is might be fu to variable and

changing nature of organic matt€r in soils uss( day contents and pH of soil that lead to great

variability in the results (Wauchope et al. lgyz}Ttrese compourds lied above the permissible

limits sef byWHO and U.S EPA.

0.07

o-05

0.05

0.04

0.03

0.02

0.01

0

Endrin (1X10 ppm)

0ie}#in{ppm)

Cypermethrin (ppm)

DDT (1x10 ppm)

DDE (ppm)

TcP (D(10 ppm)

DCP (1X10 ppm)

LGW-1 tGW-2 tGW-s tGW-7 tGW{ tGW-g

Figure 3.5.2:Analysis of Organic Compounds in Lahore Grourdwater

3.5-A B,eiwind:

Highest amcentrdims of Endrin and Dddrin were formd in RGW-7 located in agricultural

area, RGW-3 from industrial area and RGW-2 agriculnnal area. They were collected from

shallow water aquifers except RGW-2 was 150 feet depth. DCP concentration were found

onty in four smples; RGW-7 and RGW{ tocded in agriculturat aea while, RGW-I rrd
RGW-5 locfid in fudLsldal rea- \Ilhile TCP ild DDE were found only in two samples

RG\ry{ bcated in in&rstrial ara and RGw- &griculhral area. These samples were collected

from slrallow water DDT and Cypmmethria werc not forurd in Raiwind sarnples. All Raiwind

sanples were collected frorn stullow wder aquifa excqf RGW-I and RGW-4. Agncultural
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md inftstrid actiyities ild drdin rder has ffictod the grffird wffrr quatty. Concexrtation

ogu11 srrnples lies above lhe permissible limiS srt by U-S EPA md WHO.

Figure 3.5.3:Analysis of Organic Compounds in Raiwind Groundwater

3.5.4 Mangamardi:

In Mmgmmdi" Hi$es cmcentratims of En&in were found high in MGW-8, MGW-7,

MGW-lindustial arm at the barik of waste water rhain and MGW-3 from agricultural area,

and highest concentrations of Dieldrin were found in MGW-6, MGW-7 and MGW-8. These

srnples were collected from deep water aquiftr €xcept MGW-3, was collected from hand

pump. MGW-8, MGW-7 sampling portrts were locued in industrial areaDCP was found high

in MGW-I, MGW-3 and MGW-8 these points were located in agricultural area and were

collected from bore holes except MGW-3 was hand pump. It might be due to ponding

inigation which is cunmurly practicedinPakistarL might be resulting in faster water flow

infiltnatim almg with pesticid€s b cmteminafie the grormdwder (Ftury e* al., 194). TCP

was found only in three samples MGW-2, MGW{ and MGW-8 were taken from deep bore

holes it depicts the seepage of contaminants down into grotrnd water and saturation of soil.

These points were situaed near waste wat€r drain. And it could also have been leached down

from tre deplh,ofuearby wde wder &aiL High omo€ntrations DDE wse fo{rrd in }dGW-3

was collected from hmd pump md located in agricxrlhral and industrial ma near the waste

water drain and MGW-I was mllected frm bre hole it might have been leeched down into

grotmdtraa md smSingpdnf was locatcd nrr fte Easte waftr drdfuL C5permeittrin was
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fmd mly in one srylc tdGW-2 scmw brc tole md ras locrcd in inftstrial arsa at brink

of waste wter dnin- DDT ws trot fumd in my sqle of Mmgamadi and it might be due

to is ban in Pakistan. Mangamandi samples were collected from deep ground water and two

were from shallow water. Contamination of deep ground water shows that soil has reached to

its saturation point urd contaminants fre seeprng down into ground water and caused

contaminatim- lt is frct that the xil provides a potential pathway of pesticide transport to

contaminate water, through runoff and subsurface drainage; interflow and

leaching(Abrahams, 2002). These concentrations lied above the permissible limits of WHO

and U.S EPA.
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F"rgurc 354:Analysis of Orgruric Cunpounds in Nfmgunfrdi Crroundwater

3.5.5. Kasur:

In Kasur, high concentrations of Endrin were fqrnd in KGW-2, KGw-3, KGw-6 and KGW-

8. Ttrcse sanples were collected ftmn indrstrial areas. Did&in was high in KGW-2, KGW-3

and KGW-S. DCP was high in KGW-2, KGW-5 and KGW-8. TCP concentration was forurd

in KGW-3, KGw-6 and KGW-8. DDE was found only in four samples; KGw-2, KGw-3,

KGW-7 and KGW-9 samplingpoint was placed in agriculturd area. Samples were taken from

shallcm wter aquif€ns.DDT was fonnd mty in two sryles KGW-2 located in industrial area

near the agriffiltural fields and KGW-4 .This shows ftat, peshcides sprays used for

agricutturat practices have reachod to grornd water through infittratiqr and contaminated the

soil ccnsequently, DDT has reached to grormdwater and cortminated to it. However, DDT is
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bdiltcd in kistan so it might be ilrE rtsiful of pm uses. Tht is thE reffion it is found only

in two smples mly where its r€sifoes were lcft. While CIT€m€rhrin was not found in Kasur

samples. In general, KGW-2, KGW-3, KGW-8 werehighly contaminated, these samples were

collected from 100 feet depth and located in indrsrial area In Kasur, maximum samples were

collecfed ftun in&$trid areas ficept few nea agrioiltural areas. Hearry metals (Zn, Cd) were

also fmd in KGW{- This $ws thet infoslrial effircffi were dischrged into drains and

gradual seepage into ground water has contaminated groundwater. ln past indusfial waste

were directly discharged into waste water drains and it has badly affected the groundwater

quality. Now days, dirat and untreaed dischqge in not in practice in Kasur, resultantly, it

has grafoa[y revived the grmdwdtr quality- Concentratims of ugmic compound were

above the permissible limits set by WHO and U.S EPA.
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35.6. Gujnnewdt:
Concentration of Endrin and Dieldrin were found high in GW-I, GGW-3 and GGW-8. These

samples were collected from shallow wadLrr aquifers located in agricultlral area near

residcnrial aca And high omcenrmios of DCP were fomd in GGW-3, GGW-7 and GGW-

ll howw€r, TCP high cmcfltrations were formd in GGw-|, GGw-3 sited near

residentialrea ild Gcw-llwas collected fro*n industrial rea and from shallow water

aquifers. Presenre of TCP md DCP susosts tra[ it is bm us€d in industrial proc€sses in the
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mamfrctnring of d1ts, pains and greases Etc. iB ryffi disclrrge into waste water drains has

cmtaminded the grurndwater ftrflgh se€page- DDE was fumd in GGW-3, GGW-7 and

GGW-9 were sited near the agricultural land or previously it has been used for agricultural

purpose. DDT was found only in one sample GGW-10 situated at the brink of waste water

drain which deptcts that it is only residual ofpast use. While, Cypermethrin was not found in

Gujrmawala smples- It is nd used in induslries E(c€pt in few. Generally GGW-3,

GGW-4, GGW-10 and GGW-Il were more contaminated as compared to other samples. In

GGW-10 and GGW-I I heavy rnetals were also found. These samples were collected from

shallow wat€r. There is high poss-bility thd cmtaminants w€re leached down into

gramdwmer md camed cmtamindim- Ovemll omoentrdions of all contaminants were

found above of the permissible limits set by WHO and U.S EpA.

0.04

0.035

0,03

0.025

0.02

0-015

0.01

0.005

0

I Endrin (1X10 ppm)

r Dieldrin {ppm}

r DIE (ppm)

I rCP (1X10 ppm)

r DCP (1X10 ppm)

"".$S:".],.*",.;.L.},"},.},$""
Frgurc 3.5.6:Analysis of organic Compormds in Gujranwala Grotmdwater

3.5.7. Feiselrbad:

Endrin and Dieldrin highest concentration were found in FGW-5, highestconcentrations of
DCP were found in FGW4 located in agriculural area at the bank of waste water drain,

FGW-5 sited in industrial area near the waste wat€r drain, while TCP was found only in one

sample FGW-8 collected frsm shallow water and situated al the junction of industrial and

agricultural area- DCP and TCP ue used in industries and their pres€nce in ground water

depicts the mixing of industrial effiuents in grormd water. DDE was found only in three
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smpks; ffing &rce smrfles FGW-4 wffi comparathr€ty high in coneentration. DDT was

fCIxtd mly in FGW-3 collectod frqn slrallow water located in ind$trial rea at the edge of

waste water drain, though it has been banned in Pakistan it might be the residual of past

usage. However Cypermethrin was not calculated in any sample.Because, it is not commonly

used in indusuies- All samples ftom Faisalabad were collected frorn shallow water except

FGW-2 was ollocted froin 250 ftet depflL Cmtaminatim of strallow water samples shows

that use of drain water in agricultural activities and pesticides sprays over a long period and

industrial effiuents seepage into ground water has caused contamination in shallow water.

Concentraion of contarrinant may not so high but their continuous seepage into ground water

can milt in acmulmion which cm be diffiolt to reffie other possible reason to reach the

pesticides in aquatic environment is through direct nnoff, leaching, careless disposal of

empty containers, equipment washings, etc (Ahad et al., 2000, 2001; Tariq et al., 2004a,

2006). In briet, FGW-3, FGW-4 and FGW-S were highly contaminated, presence of more

conaminants as compared to rEst of samples make them hidrly contaminated, these sampling

points were located in indusrial area at the edge of waste water drain. Concentrations of

contaminants were above of the permissible limits set by WHO and U.S EPA.

Fig;ure 3.5.7:Analysis of Orgruic Compomds in Faisalabad Groundwater
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3.6. Impacts of Contaminated Groundwater on human health:

Drinking c<lntaminated qroundwater can have serious health ellccts. [)isclrses sttclt ar

heqtertitis and dvsenter) mav bc caused by'drinking contantinatcd \\atcr. Or'c-r a lotlg tirltt'

consLirnptit'lt can have chrclnic ell'ects such as ccrtain t1'pes of cancer, neurological el'fects.

diabetes, respiratory diseases, fetal diseases, and genetic disorders rnav also rcsult.Drinking

and bathing in polluted water are the most common routes for the spread of discascs vrith

symptoms tike abdominal pain, hair loss, numbness in hands, loss of appetite. eve inf'ections.

irritation of skin and fcver (Rizwan, U., et al., 2009). In Punjab about 40%o of-deaths arc

relatcd to water-borne diseases. According to Pakistan Council of Research in Water

I{esotrrces (PCI{WR) report 2OO3-04, it is estimated that around 40%ool all reported discases

and deaths are due to poor water quality in thc country 1r7;1okoh, A. I.. ct al.,2004). 'l-herc

are thousands of evidences showing that organic/inorganic contaminations have scverc

impacts on human health (Richter, 2002). Their severity could be difltrent depcnding on lhc

degrec, nature and the type of exposure (Henrik,A., et al Z}|4).Frequent exposLrre to ccrtain

pesticides signilicantly increases the risk of canccr (Lynch et al.,2009: Alavanja et al.. 2003:

lJeanc et al., 2005). High-intensity and cumulative pesticide exposure contributcs to

depression among pesticide applicators (Beseler et al..2008). Exposure to organochlorine

compounds and organophosphate is associated with increased prevalence of diabctes (Cox e1

a1.,2007; Montgomery et a[.,2008). Pesticide exposure is causing women specilrc disorders

regarding early menopause and issues in conceiving (Farr et al. (2006). In another sttrdl it is

stated that exposure of cypermethrin, DDT and DDE can cause liver, kidncy dysfirnctions and

respiratory tract infection (Azmi et al 2006).

Lead is hazardous to health as it accumulates in the body and affects the central rlcrvous

systern, mental impairment by depositing in brain. Children and pregnant wot.ttct-r are at high

risk. Manganese can aflect the kidneys and developing fetus. Copper can causc irritation in

nose, eyes and mouth, vorniting and diarrhea. Chromium can cause cardiovascular cliscases.

E,xcess of Iron can cause destruction of hernoglobin and disturb its oxygcrr absorbinrl

capacity.Drinking water that gets contaminated with nitrates can prove latal cspccialll'to

infants that drink formula milk as it restricts the amount of oxygen that reachcs the brairr
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causing the 'blue baby' syndrome. It is also linked to digestive tract cancers. E,xcess trf-'l'racc

metals can cause damage to the nervous system. kidney, and other rnetabolic disrirptions.
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3.7. Conclusion:

Water is an essential for human life and ecosystems on earth. Water is needed ncarlv lor

everything humans and animals and plants. In Punjab. many arcas mostly'cornpriscs o1-

shallow water aquifers, which are usually at high risk to contamination by'means olscc'pagc

of contaminated water through the soil. Industrial effluents and agricultural activities are

major contributors to water contamination. In studied areas of Punjab; Shcikhupura, Lahorc.

Raiwind, Mangamandi. Kasur, Gujranwala and Faislabad, samples werc collectcd lionr

differcnt points and from shallow water. This water is being used for drinking purpose.

Anall,sis showcd that concentration of few organic and inorganic contaminants were abovc

the permissible limits set by WHO and U.S. EPA while rest compounds were rvithin thc

palatable limits. DDT, DCP, TCP were observed above the rnaximum contanrinant levcl posc

severc danger to human health but remaining within the limits. Continuous incrcase ol-

contarninants into groundwater would result in contamination of soil and groundu,atcr and it

will make the resource unusable. Therefore keeping in view the scarcity of rvater in countrr

and contaminalion of water resources is unbearable. Hence it is obligatory to l'estorc thc

quality of groundwater unless it becomes difficult to treat. Furthermorc consumption ol-

contaminated drinking water has severe health impacts on hurnan, animals and ecosvstcr.r.r.

Contarninated drinking water can cause dysentery, diarrhea, hepatitis and chronic discascs:

cancer , respiratory problems, nervous system dysfunction, rnental inrpairrnent. kidnel

problcms, skin problems etc. Therefore apt treatment of contaminated rvatcr is pertincnt and

to manage the water resources sustainably to prevent any hazard to precious resource of

water.
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3.8. llecom mendations :

regarding industrial effluents discharge into water bodies without prior trcatment

excessive use olchemicals and their toxic effects on human health

f,rom groundwater and ensure the protection of aquifers

drains and industrial areas.
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