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PREFACE

Water is an important resource for the survival of any living object.

Availability of the water itself and quality of water is gaining more and more

importance. In addition to this 10 nature, the water available is of good

potable quality. But this good quality water is being polluted by man in

many ways In cities and towns , Water is polluted mainly due to sewage,

industrial waste and in the rural areas water is contaminated due to sewage,

mdusmes and application of chem ical fertihsers in the agricultural fields.

More and more people depend on ground water for domestic

requtrements. More than 95% of the rural population depend on ground

water source for their domestic req uirement and in urban areas also about 30

1040% of tbe populati on depend on ground water for the ir requirement. In

cities, there is not much scope for recharge of ground water aquifer due to

buildings, pavements, asphalt roads, etc . On the contrary, due to bad under

ground drainage. open sewage and disposal of industrial waste, ground water

in city area IS polluted .

Awareness is created among peopl e regarding pollution of ground

water, Many people bring In their bore well sam ples for analysis to the

Department Examinatio n of the water analysis results. obtained from these

bore wells have revealed that water from these bore wells are contaminated

with Bacteria. lron, Nitrate, lotal hardness, etc. In the light of the above

analytical results, department had taken up detailed water quality analysis of



ground water in Bangalcre and its environs in the ~1. Based on the results

obtained, reports were published in the year 1995 & 1998. At that time

analysis was restricted only to 15 parameters which was exclusive of

bacteria, polluting parameters and heavy metals. In view of that, the present

systematic collection of ground water samples and analysis was taken up.

The results obtained are tabulated m the report and the maps gent-orated are

also enclosed.

To carry out such an elaborate study, many officers oftbe department

were involved and the ground water samples were analysed in the central

laboratory of the department. Compcterisauoo of the data includin g the

generation of the thematic maps was done in the computer section of the

department. The entire exercise was executed in a time bound manner and

the results are presented in this booklet for the benefit of the people who are

residing in Bangalore city and Its environs. The results obtained clearly

indicate that the ground water is being polluted by various activity which

needs to be checked. If the present trend continues, in the next couple of

years all the ground WIl ler in the city areas and its environs will be highly

polluted and it will not be fit for human consumption. This is an attempt to

bring out the facts about the quality of the Ground water In Bangalore city

and its environs.

Bangalore
Dated: 7.7.2003

(DR.M.BASAPPA REDDY)
DIRECTOR OF MINES & GEOLOGY



GOVERNMENT OF KARNATAKA.

STATUS OF G R OUND WATER QUALITY llt

BAftGALORE AND ITS ENVlROBS

INTRODUCTION:

Water is an important resource for the d omestic.

agricu ltu re and industrial purposes. Though in o u r cou n try,

e have good rainfall, its availability in s pace and time is n ot

a::Iequ a te enough to meet the various requ irements of the

people who are living m every region . With proper

mana gemen t of available water resources, it is possible to

mfft th e m in imum requiremen t of the h uma n beings. While

the quantity of water a vaila ble is restricted in certain area s,

herever the water is available , its quality is making it u n

eeable . Therefore, both quan tity a nd quality of water are .

enportant wh ile considering the availability of water resources.

The water requirement for domestic. industrial a nd o ther

u ses in cities and towns is d iffic ult to meet a t all t imes . While

the major cities a re being s u pplied water from surfa ce water

ecurcee. the towns and villages in the maidan region are

exclus ively dependent on the ground water for their domestic

requiremen t. Even in places where th e surface water is

provided for drinking water purposes, partially ground wa ter

reso u rces a re tapped for domestic requirement in these cities

and towns . In big cities , s uch a s Bangalore, Mysore ,
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Mangalore, Davanagere, Hubli-Dharwar, Gulbarga, etc.,

ground water is extensively exploited to meet the domestic

requirement of water.

Bangalore gets its water su p ply from Arkavathy and

Cauvery basin areas. Inspite of several stages of water supp ly

schemes of cauvery, Bangalore City Water Supply is still

dependent partially on ground water resou rces for the

domestic requirement in the developing areas, revenue pockets

and old village area s . By one estimate, abou t 30 to 40% of the

domestic water requirement in BangaJore and it s en virons is

met from ground water source. Ground water is also exploited

commercially to meet the water requirement of the

construction a nd commercial establishments. Hu n dreds of

bore wells are drilled by private individuals and s u pplyin g

water through tankers in the city and its environs.

The availability of the ground water is limited in

Bangalore and it s environs, SInce the underlain rock

formations are massive in nature. The rock formations which

are fou nd in Bangalore and its environs are Gneisses, Granites

with intrusion of pegmatites, dykes etc. In their original form,

these rocks do n ot have any primary porosity in them to hold

water. Water is stored only in the top weathered zon e and

fractured zone u p to a maximu m depth of about 150 to 200

mts. As we go deeper, the water holding capacity in the



fractured zone a lso r-educes drastically which is only about

1%.

The replenishment of ground water is by rainfall

recharge . Since most of the city area is covered by buildings,

roads and payments not much scope is there for the rain

wa ter to recharge the ground water aquifer. Most of the rain

water which fall in the city goes as run off and very little

pe rcolates into the groun d . Due to ba d sewage system or no

un dergro u nd drainage in certain parts of the city and its

environs, sewage water and industrial w aete water percolates

into gro u n d and contiminating the ground water resources.

The ground water quality has been checked in and around

Bangalore in the las t co u ple of years. The ground water

sam ples are co llected. and analysed for its quality in and

around Bangalore in the last cou p le of years . The ground

wa ter quality is d eteriorating over a period of time. To study

sys tem atically the status of Ground water quality in Bangalore

and its environs, a survey wa s ca rried out and the ground

wa ter samples were collec ted in the months of March and April

2003 and analysed in the laboratory of the d epartmen t for the

following parameters .

Physical,
Chemical,
Ba cteriological.
Pesticides,
Heavy metals .
Totally 91 8 samples have been collec ted from the study

area.
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I. NATURE OF GROUNDWATER AND ITS CONSTITUEnS

Wa ter is one of the mos t essential requirement of all

living beings . For a long time groundwater has been

considered a s a well protected resources. The reasons for this

were the belief in self purification of the soil and as a rule the

protection of groundwater by the covering layers. Man's

influence on the quality of water is quite a p parent and now a

major concern.

Ground water has to be protected generally as it forms a

principal source for drinking water and a s it represents also a

precious ecological part within the balance of the water cycle

and 8 S essential for above ground ecosystems. Mixing with

municipal and industrial waste waters may result in dras tic

changes in the water quality of natural waters.

~1..QUALITYOF GROUNDWATER

Quality of any kind of wa ter is of utmost importance

when it comes to its suitability (or domestic purpose. The

ch emical laboratory of the Department of Mines &. Geology has

analysed water samples by d etennining 15 parameters,

ch em ical analysis, bacteriological analysis, pesticides and

heavy metals .

The laboratory I S adopting the American Standard

methods for analysis pu rposes .
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DIFFERENT CONSTITUENTS

PHYSICAL: Odour, Colour, Turbidity

CHEMICAL: Calcium, Magnesium, Sodium, Potassium,

Total iron, Bicarbonate. Carbonate,

Chloride, Nitrate, Sulphate, Total dissolved

solids, Specific conductance, Total Hardness

and pH.

BACTERIOLOGICAL: Total Colifonns and Faecal

Coliforma.

PESTICIDES: Lindane and DDT.

HEAVY METALS: Zinc . Lead, Copper and Chro m iu m.

w. SAMPLING METHODOLOGY

Abou t 91 8 water samples were collected systematically

grid wise in Bangalore and its environs. The collection a nd

s ubsequen t analysis envisaged to determine the quality of

groundwater.

Potable wa ter quality evaluation of the Bangalorc.city and

its environs is the primary objectives of the investigation. The

city now encompasses an extent of more than 400 sq.km.
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IV.IlETHODOLOGY

918 samples have been a nalysed for all the 15

parameters namely calcium, magnesium, sodiu m, potassium,

total iron. carbonate. bicarbona te. ch lorid e, nitrate , sulphate,

total dissolved solids, specific conductance, hardness . fluoride

and pH .

These consti tu te the major cation s and amons found

invaria bly in grou nd wa ter . A broad attem pt is made to

compare the results obtained from the analysis with that of

Indian S tandard specification as per 18 :10500:199 1 to

evaluate the quality of water for drinking purposes. Th e

specification falls into three d istinc t categories 8S follows:

A-Desirable limit

B·Undesirable limit

C-Permissible limit in the a bsen ce of alternate source

Accordingly water is classified a s potab le, Not potable

and only in the a bsence of alternate source. Water belonging

to third category ha ve concen tra tion s beyond the

recom mended desirab le limit bu t in a range where they do n ot

exc eed the pennissible limit. Wa ter belon gin g to this ca tegory

is ter-med as potable in the absence of alternate source. While

these waters may not be excellent for drinking, they a lso may
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not be hazardous. They may therefore be consumed if suitable

alternate sou rce is not available. Th is is intended to alleviate

human suffering in places of acute s horta ge of water where

the prescribed characteristic is essential. Such limits is

mandatory and water exceeding the limit are non -potable.

The a dverse effects of the dissolved con s t itu en ts

exceeding the prescribed limit are two fold . Firstly some

partake in the human metabolism causing deleterious effect

on health. Some may have adverse effect on other domestic

uses . Wh ile some may have both these effects s im u ltaneously.

As mentioned 918 sam ples co llected a nd were analysed have

been considered here for quality appraisal. The analysis

results are given in Ta ble- L. all the water samples are collected

from borewells which are in use.

The evaluation is done for critical parameters like To tal

Dis solved Solids. Hardness, Nitrate and Iron .

V. ANALYSIS

Groundwater is a weak electrolyte containing various

elements and their associated radicals in ionic equilibrium.

The major cations determined are calcium, magnesium ,

sodium and potassium . The major anion s are carbon a te,

bicarbonate, chloride, su lp hate and nitrate . The other
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parameters determined are total dissolved solid s, tote.

hardness, specific conductance, p H and iron. Each sa mp le is

a nalysed for 15 parameters. Th e res ults are reported in

milligra m per liter. Specific cond uctance is expressed m

pm hc e j cm. The chemical analysis was done a s per "Stand ard

methods for the examination of water and wa s te water", a s per

America n Public Health Association . American water works

Association a nd Water Environment Federation.

The results were evaluated in accordance with the

standards prescribed under 'In d ian Standard - Drinking

water specification - IS 10500:199 1" of Bureau of Indian

Standards - New Delhi. The test characteristics prescribe a

large lis t of minor and trace elements. Characteris tics of each

critical parameter analysed. are discussed in the following

paragraphs.

V (1 •• NITRATE

Nitrate is a critical constituent. Water containing m ore

than 50 mg/L of nitrate is n ot permissible for d rinki ng as per

lSI standards. The limit is mandatory. Beyond th is it m ay

cause methaemoglobinemia (Blue Baby disease) in children . It

is a lso reported to be a carcinogen (cancer causing) in a dults .
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The groundwater samples were analysed for nitrate, out

this 278 showed presence of nitrate in more quantity than

p:rmiss ible limit s . Nitrate values ranged from 50 m g/ L to 74 7

giL in these samples. In order to check these values

sample s were repeated from the same locations and analysed .

From these analysis it was fo un d that the nitrate values

remained al most same.

Nitrate m ay be from Igneous rocks, land drainage and

agricultural run off. In fresh water nitrate concentration

seld om exceeds 4.4 mg/ L. Higher concentrations indicate the

effec t of Human activity . Concentration greater than 50 m g/ L

ind ica te a significant level of pollution. In some cases where

mu ncipal waste water O f lacha te from garbage dumps has

con taminated the groundwater .

v (21. pH

The pH value of mos t groundwatere is controlled by the

a mou n t of dissolved ca rbon dioxide gas and the d issolved

carbonates and bicarbonates in mineral salts. The carbon

d ioxide-bicarbonate relation then, is t h e principal control of

pH in mos t ground waters. pH value is also affected by the

presence of naturally present humic substances wh ich may

be d ischarged into t h e body of water through wastes. The



DQIm& f'Rlue for pH 7
JS . The permis s ible nnW" ,:10 l¥tJl"eC<

6.5/0..9..5.

v (3/. IRON:

PFla;cally all water samples contain some iron. Th e iron

content of water is of considerable concern because s mall

amounts of iron seriously affect the water's unsefulness for

some domestic and industrial purposes. The standard of the

BIS s ugges ts th a t the iron con tent of drin king water should

not be greater than 0 .3 mgjL. This lim it is fixed for othe r than

physiological considerations.

Iron in wate r causes staining of plumbing fixtures ,

stain ing of clothes d uring laundering, incrustation of well

screens and plugging pipes. Amounts greater than 0 .5 mg/ L

are usually trouble some.

Water may pick up iron from co n tact with well caemg,

pump parts. and piping. The more corrosive the water, th e

more metal it will d issolve from the iron surfaces with which it

comes in contac t.

Well wate r con tain in g iron III a ppreciable a moun ts may

be completely clear and colorless when firat pum ped . Upon

standing for a time, the contact with the oxygen of the air is
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normal value for pH JS 7. The permissible range IS between

6.5 to 8.5.

v (3). IRON,

Practically all water samples contain some iron. The iron

con te n t o f water is of con s ide ra b le concern because s mall

amounts of iron seriously affect the water 's unsetu tneee for

some domestic and in d u s tria l purposes. The standard of the

HIS suggests that the iron content of drink ing water should

not be greater than 0 .3 mg/L. This limit is fixed for other than

physiological cons ideration s .

Iron in water causes staining of plumbing fixtures.

staining of clothes d uring laundering, incrustation of we ll

screens and plugging pipes. Amounts greater than 0 .5 m gj L

are usually trouble some.

Water may pick up iron from con ta ct with wen caemg,

pump parts, and piping . Th e more corros ive the wa te r , the

more metal it will dissolve from the iron s urfaces with which it

comes in con tact.

Well water con tain in g iron in a ppreciab le amounts may

be comp le te ly clear and colorless when first pumped. Upon

standtng for a time , the con tact with the oxygen of the a ir is
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sufficient to affect the d issolved 11"00. The water begins to

cloud up a little. and la ter a deposit o f B ruee-ecloured

material will be found at the bottom of the container .

Iro n bearing waters also favour the growth of iron

bacteria. such as crenothrix. These growths form so

a b unda n tly in water mains, recirculating systems, and other

places, that they exert a marked clogging action and c ut down

the flow rate. Frequently , these break loose in large clogging

masses.

Iron bacteria are of several kinds, but crenothriz IS the

most common.

When t he iron con ten t of the wate r at the source is

excessive, treatment for removal is the u ltimate solution. In

cases where iron and carbon dioxide content' of groundwaters

are moderately low and trea tme nt is not employed. difficu lty

m a y be minimized by taking ca re to avoid aeration .

V(4). TOTAL DISSOLVED SOLIDS

The total concentrat ion of dissolved minerals in water is

a general indication or the over-all suitability or water for many

types of uses. Solids refer to matter suspended or dissolved in

water or wasterweter. Solid s may affect water or effluent

quality adversely in a number of ways. Waters with high
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dissolved solids generally are of inferior palatability and m ay

induce an unfavorable physiological reaction in the transient

consumer. For thes e reasons, a limit of 500 mg dissolved

solida/L is desirable for drinking water. High ly m ineralized

waters also are unsuitable for many industrial a pplica tions.

Waters high m suspended solids may be es thetically

unsatisfactory for such purposes as bathing. So lids analyses

are im portant in the control of biologica l and physical

wastewater treatment processes and for a s s essing compliance

with regulatory agency waeterwater effiuent limitations.

v (5l. BIOLOGICAL

COLIFORMS BACTERIA

Micro-organisms are a valuable pa rameter of water

quality in relation to drinking water quality. The sanitary

quality of drinking water is th erefore rou t inely m easured on

the basis of the presence or absence of indicator bacteria. The

drinking water quality is judged on the basis of the presence

or absence of total colifonns. This provides an a dditional fa ctor

of safety.

The presence or absence of the coliform grou p of bacteria

determines the bacteriological quality of water. Its presence in
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water indicates contamination with sewa ge and o f t he pos s ible

p re een c e o f p ...l..h o &e n i.c lUi.cro·u..-S.......i ...n u. or h utnftn o rigin .

The p resence of colifcrme m a wa ter sample 18

determined by observing their growth in special culture media

a nd ma king a stat is tal deduction regarding their number. The

result is reported as the most probable number MPNfl OOml.
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H . EFFECTS OF CHF.:\IICAL COSSfnUEl'lT S OS HUU·\.;.'O
HEALTH A!'iD E:'IiVIROoSMENT

--- -
SI ..:"IO CONSTITUENTS PERMISSIBLE EFFECfS

m "- LIMIT
I Calcium 200 Encrwwion m ..,~ ~pp~

Rl'1.loCl\ll"e and adva': te erreeu 00--7 Total iron 1.0 8<" ,,'" "" limit
Ide/appearance are affeetcd, has
adverse effect on domestic uses
and ware- supply structu res, and

I nromote5 iron bacteria
) Chloride 1000 Beyond om limit. taste, corrosion

and ~atabilitv are affcaed.
4 Sitme SO -"" "" limit

mrtbacmogJobinemia (Blue baby
disease) takes nlace

s Sulphate 400 """"" m;, =~ ""'"intwstinal irritation wh~

- maaeesium or sodium are present
6 Total dissolved !lOlids 7000 Beyo nd this palatability decreases

and may cause gastro intestinal
irritation

7 T~ hanfncss 600 Enaumrioo m ..,~ ~
!It1UetUl'e III lldvene effCl.'ti on- -, ,II 6 5-8.S Beyond this nnge the water will
effect l he mucous membrane
and/or water~~-;~vdem

9 Fluoride IS Fluoride may be kept lIS low &.II

pcssibje. High fluoride lUlIIy cauw:
fluOT\ni.
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SALIENT FINDINGS

IRON

As discussed earlier the permiss ible limit for iron is 0 .3

mg/L. However , in the absence of potable wa ter the

permissible limit is 1.0 mg/L. As could be seen from the m ap

NO.1. there are lot of areas in and around Bangalore where the

Iron content in the groundwater is more than 1 m g/L. Out of

a to tal of 9 18 samples analysed, 116 samples (15.78%)

contain iron greater than 1.0 mg/L. The iron in groundwater

varies fr om permissib le limit to 16.1 mg/L.

Normally in the rock types found in Bangalore and its

environs, the Iron content in the Ground water will be from Nil

to 0.2 mg/ L. The higher concentration of Iron in grou n d water

is mainly due to rusting of casing pipes , ncn-ueea ge of bore

wells for a long time, percolation of iron con tamination

through space between bore hole and the ca sing pipe,

disposal of scrap iron m open areas, con tamin ation due to

industrial activity, etc. The higher concentration of Iron is

found in 116 locations and Iron greater t ha n 6 mg. /L IS

reported from Raghavapalya, Gyana ppan a haIli, Rach en alIi,

Turagahalli, Sampigehalli



To prevent the pollution of ground water from Iron, the

bore wells should be used periodically, annular space between

the bore hole and the casing pipe should be cemented

properly. To prevent the polluted water entering into the bore

wells directly, the Iron waste should not be thrown arou n d to

rain so that the Iron with the rain water will n ot percolate to

the ground, ind u s tries dealing with Iron and scrap sh ould take

specific care to dispose of the iron waste in a suitable manner

so that ground water is not contaminated with Iron.

NITRATE

The permissible limit for nitrate is 50 mg/L. There is

no relaxation for nitrate concentration even in the absence of

good soUrc". As discus.....,t, the pTesence o f nit rat e in

groundwater is mainly due to sewage pollution and domestic

pollution. Excess nitrate is also seen in many parts of the

study area. Nitrate in excess of 50 mg/L is observed in 262

samples (Map No.2) (35.65%). The nitrate conten t in n on 

permissible samples range upto 666 mg/L as compared to a

permissible limit of 50 mg/L.

The natural ground water when it is not contaminated

will have nitrite content of 5 mg/ L or less. Due to pollution,

n itrate conten t in ground water has exceeded 50 mg/L. The

main sources of pollution are: The seewage drains, septic
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tanks, garbage dump disposal, app licat ion of chemical

fetilieers, animal wa ste and mannure, Industrial waste etc .

The nitrate content in ground water is greately increasing over

a period of time. If it is n ot contrcllled, nitrate poDution m a y

increase to a larmining levels. As on today, there are n o

methods and tech niques by which nitrate can be removed

from the water except by reverse osmosis methid, which is

prohibitively expen s ive. Therefore, the remedy is to prevent

pollution of ground water from Nitrate and to recharge the

ground water aquifer by fresh rain water so that the nitrate

levels in ground wate r can be maintained within the

permissible lim its.

Higher conce ntration of n itrate above 200 is found at the

following places:

TOTAL DISSOLVED SOLIDS

The permissible total d issolved solids for drinking water is

500 mg/L. In the a bsence of potable water source the

permissible lim it is upto 2000 mg/L. As seen from the ma p

there are on ly 4 or 5 pocke ts wh ere the concentra tion of to tal

dissolved eotde are in excess of 2000 mg/L. Most of the areas

fall between 500 mg/L to 2000 m g/L. 12 samples (1.63%)

{Ma p No.31 have analysed greater than 2000 mg/L. Total



dissolved solids in non-permissible samples range u pto 2760

mgj L as compared to a permissib le limit of 2000 mgjL.

Generally the ground water samples in Bangalore and it s

environ s have total dissolved solids within 2000 mgjL which is

the permissible limit in the absen ce of good potabJf' wsdpr

' _",,~e . The ground water should be protected from

tamina t ion, to maintain the total dissolved solid s within

the permissible range .

TOTAL HARDNESS

The permissible limit for total hardness is 300 mgjL.

However, in the absen ce of good potable water the total

hardness upto 600 mgj L is acceptable . As seen from the m ap

the total hardness exceeds the permissible limit a t many

places . Out of 918 samples analysed in 5 1 (6.94%) number of

samples total hardness exceeds pennissible limit of 600

mgjL. Maximum Total hardness reported is 1404 mgjL.

The n a tural ground water, when it is not contaminated

will have a total hardness of less than 100 m gjL. As

discussed above , there are more than 50 samples, where the

total hardness has exceeded even 600 mgjL level. The higher

total hardness is mainly du e to disposal of untreated eeewage



and ind us trial waste . Action should be taken to prevent s uch

indiscrim inate d is posal of wa ste waters.

The a ccepted value for pH is 7 which is for neutral waters.

The permissib le range is between 6 .5 to 8 .5 . pH value is below

the permissible range in 106 (14.42%) number of samples.

The low pH of 5. 21 is reported which is attributed to pollution

d ue to co ntam ina tion by the industrial waste.

To determine the bacteriological pollution 100 samples

were collected and analysed for total colifonns and faecal

colifonns. The sample sites are spread all over the study

region and samples are drawn for analysis from possible

contamina ted areas . The results show that the bacteriological

pollution is seen in 74 samples (74%). These samples are

mostly collected from the possible sewage con tamina ted areas,

areas where there is no underground drainage . slum areas

etc., The permissible limit for drinking water is (without

chlorina tion) 0 MPN/ 100 ml. But, the results show that it

ranges upto 23 MPS/ l oo mI. From the health point of view,

the residents of these areas should be provided with potable

drinking water.



NCLUSIONS

From the analysis of 91 8 water samples collected from

- 35 locations, it is found that in 370 locations (50 .34%) the

groundwater is not suitable for domestic pu rposes as

tipu lated by .. Indian Standard - Drinking water Specification

- IS 10500:1991 "'. In these 370 samples, at least one of the

four parameters are above the permiaaible range. Therefore,

the groundwater from these areas has become n on-potable .

The contamination of ground is from vanous sources.

Since the usage of water for domestic, industrial and

agricultural related activities (gardening) ha s increased and as

a res ult . the waste water generation which is a source of

pollution has a lso increased. Unless th e waste water is treated

and disposed of, there is no way we can check the ground

water pollution. If the present trend continues, soon all the

ground water will be contaminated from one pollutant or the

other rendering precious ground water usele s s. Since about

40'% of the domestic requirement of potable water is met from

ground wa ter source in Bangalore a nd its environs, there is an

urgent need to protect ground water resou rces from pollution.

To meet the ever increasing need of potable ground water in

Bangalore and its environs, the economical viable solution will

be to harness the ground wate r protect the ground water from



pollution and to augment ground water resource by taking

a ppropria te measures.

To improve the groundwater quality in these areas

nu:a:n.lTe~ ~hou\d be initiated to ch eck pollution from sewage

and industrial waste . At the same time, action should be

taken to recharge the groundwa ter aquifer through rain water

harvesting.
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