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Abstract - The physico-chemical and bacteriological analysis was carried out for the assessment of drinking
water quality in the Mysore city. All the water samples were collected from overhead tanks, which are
located in different areas of city and as collected water samples were analyzed for the physico-chemical and
bacteriological characteristics. In the present study results obtained are reported and importance of drinking
water quality parameters obtained are discussed by compared with permissible limits set by bureau of Indian
standards. As per physico-chemical parameters are concerned, few drinking water samples supplied in the
city crossed their permissible limits. Moreover, the microbial examination was carried out by MPN method
and it was suggested that drinking water in the city was seriously polluted by harmful bacteria and unfit for
drinking purposes. The main sources and reasons for the contamination of drinking water in the city are
reported and possible alternative techniques for the control of drinking water contamination are suggested.
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Introduction

The modern civilization,  industrialization,
urbanization and increased population have led ast f
pollution of our environment. Water, food and fresh are
the basic necessities for the survival of all lvibeings and
no life can exist without water. Water is an esisémutrient
that is involved in every function of the human pcahd
two-thirds of the human body is made of water.dlpl to
transport nutrients and waste products in and btiteocells.
Water dissolves the carbon, oxygen and salts presehe
body and distributes to the different parts throuiie
process of blood circulation. It is also needed fhe
maintenance of proper body temperatdtd. Water is
indispensable and one of the precious natural ressuof
this planet. Since, it is not only essential fog 8urvival of
human beings but also for the animals, plants dindtlzer
living beings. Therefore, drinking water should nbé
containing unwanted impurities, harmful chemical
compounds or harmful bacteria and it should be wwa
remain pure. But, unfortunately water gets pollutiedugh
various sources. It has been reported that thedwedter
pollution is posing a threat to human life bothrimal and
urban area$!. In some countries lakes and rivers have been
polluted with an assortment of waste, includingreated or
partially treated municipal sewage, industrial weffits,
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harmful chemicals, and agricultural wastés”. The
degradation of both surface and ground water ressunad
adverse impact on the quality of drinking water fbe
human use, as well as harmful effects on aquaeadfi**.
The World Health Organization (WHOQO) estimated ir0a9
that every eight seconds a child dies from a watkated
disease and that each year more than five milleopfe died
from illnesses linked to unsafe drinking water madequate
sanitation™®*%, WHO also suggest that if sustainable safe
drinking water and sanitation services were prayitte all,
each year there would be 200 million fewer diardioe
episodes, 2.1 million fewer deaths caused by di@ah
76,000 fewer dracunculiasis cases, 150 million fewe

schistosomiasis cases and 75 million fewer trachoases
[12-13]

Material and Methods

Study area

Mysore is a unique city and it was the capital of
former princely state of Karnataka, India. It hapkalive
the royal tradition and splendor of the city. Madjas have
departed and new generation of industrialist is rging.
Mysore city is situated between®and 1 06 latitude and
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75° 09 and 77 07 longitudes and it is the second largest
city in the Karnataka state, located 140 km souththe
Bangalore metropolitan city, India. The populatiofthe
city is 6.53 lakhs as per the 1991 census (at ptedmve 20
lakhs). Mysore city is a divisional headquarterd #ns also
called as the garden city of India.

Brief history of municipal water supply system in he
Mysore city

Vani Vilas Water Work (VVWW) is exists in the
Mysore city to supply domestic water to the peoplehe
Mysore city. The water source is mainly dependentte
Cauvery river and also local ground water for ddines
purposes. VVWW is supplied domestic water to thesbhg
city from Krishna Raja Sagara (KRS) dam throughrfou
different pumping stations. Total 160 -200 millititer of
water is supplying to the city each day. Pumpedewlibm
different pumping stations was stored in the sulragfe
water tanks, which are located in outskirt of thg and later
stored water is supplied to the people for theimdstic
usage through the overhead tanks. These over haakis
are the main storage tanks for drinking water & ¢hy and
later water was directly supplied to the housesdfmmestic
purposes. The water pumped by local bore wellschviare
located all over the city is also directly pumpes the
overhead tanks and mixed with Cauvery river watethie
same overhead tanks for domestic supply.

Sampling and Analysis Technique

Drinking water samples were collected from the
overhead tanks, which are located in all over titye @nd
Figure 1 shows the sampling sites in the city. Tdta
samples were collected from different areas otthein two
series of 45 days time intervals for the duratiér8 anonth
(October to December). Water samples were colleasauy
one liter plastic canes, before collection of sammptanes
were washed with dilute nitric acid and rinsed withter to
be analyzed. The samples were collected early mgr5i30
— 6:00 A.M by using available tapes under the osach
tanks in each area. Temperature gl of water were
determined during sample collection at samplingssitAs
collected water samples were brought to the labaest for
determination of physico-chemical and microbial
parameters. The determination of water quality metars
were carried out by standard techniqté$® and important
parameters (Table 1), which are playing main rolethe
human health, were considered. For comparativeystud
water samples (treated) were collected from all fitwer
pumping stations and analyzed. The results obtainect
compared with drinking water quality standards bgt
bureau of Indian standards and techniques usedthir
analysis is shown in Table 1.

Results and Discussion

The results obtained for physico-chemical
parameters of all the water samples in differeatarof the
Mysore city are tabulated in Tables 2(a) and 2(hjyl a
microbial parameters obtained show in Table 3. fdsailts
obtained are showing that there is a wide variationthe
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quality of drinking water in the Mysore city. Based the
physico-chemical and bacteriological parametersainbtl,
the drinking water varies from moderate contamoratio
large extent of contamination. All water samplesrave
observed and found to be colorless and odorlesg Th
temperature of all water samples was ranged betw&2a

to 21° C andpH was within permissible limit (6 to 7.8) in
both first and second series of water quality asialgFigure

2).

Electric conductivity (EC): The EC of all water samples
ranged between 750 m-mho to 1462 m-mho. The EC of
water sample reveals that levels of dissolved isniostance
in drinking water and EC was high in few water séap
which collected from the sampling sitBsJ, K, N andM in
both series of water quality analysis (Figure.RBw water
samples showed high value of EC in some areasoddieetct
mixing of untreated ground water drawn from localréb
wells, which contained high amount of dissolved igon
substances. It was one of the important possilasores for
the higher EC of drinking water in those areas.

Total dissolved solid (TDS):The amount of TDS in water
indicates the general nature of salinity of walére water
contains more than 500mg/L TDS is not considerethdo
desirable for drinking water suppy**®. In the present
investigation all drinking water contains accepsatlue of
TDS and they were ranged from 65mg/L to 200mg/badth
series of water quality analysis (Figure 4). TD®teots of
water samples were within permissible limits whigitl not
cause any harmful effect to the consumers.

Total hardness (TH): TH of water mainly depends upon the
amount of calcium and magnesium salts or both. The
permissible limits of TH in potable water rangedhi 500
mg/L. In the present study the obtained TH rangetveen

75 mg/L to 180 mg/L in both series of water quadityalysis
(Figure 5). The water quality analysis showed #ilhimost

all drinking water samples were within permissibiait in

TH and indicating drinking water supplied by VVWW the
Mysore city has less and acceptable range of TD.

Calcium and magnesium:Calcium and magnesium content
in drinking water should be within permissible kmirhe
permissible limit of calcium and magnesium contémt
drinking water is 75 mg/L and 30 mg/L respectivefe.
According to the results obtained in the presenidyst
calcium (28 to 56.0 mg/L) and magnesium contentewer
within permissible limit (Figure 6). Calcium contewas
high in comprison to magnesium contents in all kirig
water samples. Few water samples, which were detlec
from the areaf, G, M, N andB, E, H, I, M showed slightly
high amount of magnesium contents (Figure 7).

Chloride: Chloride imparts salty taste to the water. The
permissible limit of chloride in drinking water 250 mg/L
(1418 The results obtained from the present study sti@w
chloride contents were ranged between 70 to 15Q.mdle
high amount of chloride was found in water sampliected
from the areaN during first series of water quality analysis.
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All most all drinking water samples supplied by VWW
were showed within permissible limit amount of aide
contents (Figure 8).

Nitrite and Nitrate: The maximum permissible limit of
nitrite and nitrate in drinking water is 0.9 mg/hdal0 to 45

mg/L respectively***®. The nitrite contents in all drinking
were ranged between 0.2 to 1.2 mg/L and it wasesedo

permissible limit (Figure 9). The amount of nitratewater

indicates the biological contamination of watercéuding to

the obtained results of the present study the oenaoe of

high amount of nitrate was found in drinking wasepplied

by VVWW in the Mysore city. Especially the watemgales

collected from few areak, G, H, J and K showed high

amount of nitrate contents than others areas ofcihe

(Figure 10).

Sulphate: Sodium sulphate and magnesium sulfate exert a
cathartic action in the human being and also smlfigt
associated with respiratory illness. Therefore
recommended limit of sulphate content in the dngkiater
is 200 to 250 mg/L. The results obtained in thespn¢ study
showed that sulphate content in all water samplesew
ranged between 50 to 120 mg/L and is within peritmiss
limit (Figure 11).

the

Alkalinity: Alkalinity measures a water sample's ability to
neutralize hydrogen ions (its acid-neutralizing liabi
Alkalinity may be caused by dissolved strong basesh as
sodium hydroxide or potassium hydroxide (and other
hydroxide-containing compounds) and also it maygdesed
by dissolved carbonates, bicarbonates, borates,
phosphates. The measured alkalinity is the totahlbfof
these species found in a water sample. For the séke
simplicity, it is expressed in terms of mg CaflOalthough
many species other than dissolved calcium carbometg
actually contribute to the alkalinitf#**®. In the present
study all drinking water samples showed that thegeaof
alkalinity was within the permissible limit in bofirst and
second series of water quality analysis (Figure. 12)all
areas the alkalinity of drinking water supplied YyWWwW
was very less and acceptable range for safe dgnkin
purposes.

and

Zinc: The permissible limit of zinc contents in drinking
water is 0.1 mg/L and it should not exceed its tlirkligh
amount of zinc contents in drinking water causentiar
effects to the human bod}/™*®. The results obtained from
the present study indicate slight contaminationzioic in
drinking water supply (Figure 13). Regarding zinc
contamination except few ared G and N, remaining
drinking water samples were within permissible timiboth
series of water quality analysis. Also few watempbes
were showed free from zinc contents and showed feaife
drinking purposes regarding to zinc contents imkdrg
water. Few drinking water samples, which were obdd
from the sample site®, G and N showed high range
contamination of Zinc due to direct mixing of locabre
wells water, which are highly contaminated by sesvag
water. Few research works also reported regardnygipo-
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chemical and bacteriological contamination of the
underground water in few area of the Mysore ity and
mixing of such contaminated water with drinking eraeads

to zinc contamination.

Fluoride: Fluoride is an important nutrient in drinking wate
for the development of normal bone and teeth, bshould
be within permissible limit (0.5 to 1 mg/2f*®. The excess
fluoride in drinking water cause dental Flurosikelstal
Flurosis and crippling Flurosis. The results amtai showed
that the fluoride contents in drinking water wem@nged
between 0.2 to 2.5 mg/L (Figure. 14). The high antaof
fluoride contents was found in water samples afeds, G,
H, L, N and O during first series of water quality analysis
and water samples areBsG andO during second series of
water quality analysis. The possible reasons amdcsofor
fluoride contamination may be the mixing of fluaridich
bore well water with Cauvery water in the overh&satks.

Iron: Permissible limit of iron content in drinking wates
0.3 mg/L™**® and it present in different forms such as; in
solution or complex with other minerals or organic
substances. It is commonly found in water in theideform
and cause harmful effects to the human body kéeeds its
permissible limit in drinking water. In the present
investigation the iron content ranged between (0112-mg/L
(Figure 15). Few water samples collected froN (First
series) and~, G, | (Second series) showed high amount of
iron contents in drinking water. The possible seuot iron
contamination of drinking water in the Mysore ciyas
mainly corroded metal pipes, which were used fankiing
water supply and iron pipe linings of bore well$ieh were

all most corroded.

The water quality analysis of drinking water in the
Mysore city showed that absence and within permissi
limits of other trace metals like copper, chromiumercury,
manganese and aluminium etc,

Bacteriological quantity

The acceptable limit of MPN/mL prescribed for
drinking purposes by Indian standard limit shoulel lbss
than 10 total numbers of coliform bacteria and Zerdecal
coliform bacteria per 100 mi:**®. The microbial analytical
results obtained are shown in Table 3. Only fewewat
samples, which were collected fro@) D, F andJ showed
satisfactory values with respect to total colifobeicteria in
drinking water and other water samples were highly
contaminated by total coliform bacteria in both tezies of
water quality analysis. Water samples collecteanftd and
L showed high level contamination of total coliforckeria
(40 to 50/100 mL). Presence of fecal coliform bdatén
drinking water serves as a potential indicator afnfful
bacteriological contamination. In the present stddpking
water quality analysis indicated that out of 16 lextked
drinking water samples only 3 to 4 water samplesewe
found free from fecal coliform bacteria. The wasamples
collected fromB, C, F, I, O (First series) and, I, M, O
(Second series) were showed acceptable resultea#Hl f
coliform bacterial contamination in drinking wateDther
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than above mentioned areas, all drinking water sesnpere
highly contaminated by fecal coliform bacteria ahdy are
bacteriologically not safe for drinking purposes.

In the present investigation results obtaiimeticate that
all water samples were free from chemical and nbiedo
contamination at their pumping stations (source) aithin
permissible limits (Table 1). But all drinking watsamples
collected at different areas of the city (except tweas) are
highly contaminated by harmful bacteria and other
pollutants. It clearly indicating that drinking weat
contamination is taking place during its transpitg
storage and distribution level in the Mysore city.

The possible sources and reasons for the drinking ater
contamination in the Mysore city are listed below

 The water supply pipes are close located to sewage
drains and septic tanks which lead to the drinkirger
contamination trough joints and cracks. The pip&sdu
for drinking water supply and bore well liners afmost
corroded and lost their strength to carry good igual
water. Motors and pumps used in boreholes were also
frequently increasing the iron concentrations ire th
water.

» Direct pumping and mixing of bore well water with
Cauvery water in the overhead tanks is the majorcgo
of drinking water contamination in the Mysore cigl!
most 80% of bore wells water in some areas of itye ¢
has been chemically and biologically contaminatgd b
sewage water, it has been proved by many research
works carried out by local agencies and KPCB ptsjec
Some bore wells are located nearest to the sewage
drainage and direct entry of sewage water in tabthre
well also leads to high level contamination of the
underground water, which is mixed with Cauvery wate

» Direct exposing of large water storage tanks, opater
supply pipe valves and stop wall fits to the ambien
environment leads to microbial contamination of evat
by activities of birds, insects and some animals.

* Poor maintenance, lack of inspection and infornmtio
improper and unscientific storage and water distiin
system in the Mysore city play important role in
drinking water contamination.

Conclusion

Regarding to potability of drinking water supply of
VVWW in the Mysore city with respect to analyzed
parameters consideration we can conclude thatwier
was physically and chemically satisfied except escef
iron, nitrate and nitrite content of over permigsibmit in
some areasl (G, H, J, K, F, G, I). The drinking water in
some areas has been highly contaminated by micatgs
and they were bacteriologically unsafe for drinkjgposes.
Generally water samples contain slightly high valoke
fluoride, iron, nitrate and EC contents in someaaref the
city. Based on our qualitative study of drinkingterain the
Mysore city confirmed that drinking water supplidny

a7

VVWW has been completely polluted by harmful baieter
and it is unsafe for drinking purposes.

The results of this study would greatly faatié the health
and sanitary authorities to monitor and to contiohking
water contamination in the Mysore city. It needsreno
detailed study on chemical contamination includsegvage
contamination. It needs the continuous disinfectioh
drinking water at the site of each overhead tark storage
tanks during water supply system. Periodic drinkinater
guality monitoring is necessary in drinking watapgly and
storage system. Old and corroded pipes are nottaldarry
good quality of drinking water to the public asaternative
technique for this problem is suggesting hereHlerusage of
microbial growth resistant material coated metateramic
pipes for the safe drinking water supply system.
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Figure 15: Iron contents in the water samples in

Mysore city
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Figure 14: Fluoride contents in the water

samples in Mysore city

Table 1: Details of analytical methodology and driking water quality standards
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Table 2 (a): Physico-chemical parameters of drinkig water samples in first series of water quality aalysis

Paramete Water samples collected at different areas of Mysercity during First series

rsin

mg/L A B C D E F G H J K L M N @) P
Temper 20 | 19| 18| 19 19] 20 19 19 1P 118 18 20 19 21 18
Colour NF | NF| NF| NF NF| NF| NF| NF NH NF NF NE NF NF NH
Odour NF | NF| NF| NF NF| NF| NFf NH NH NF NF NE NF NA NH
pH 65| 65| 75| 65 7 65 64 74 75 7 7.5 1 6.5 6| 6.5
EC 900| 850/ 840 1200 920 908 950 938 956 1p00 148®0 | 850| 1300 1100
TDS 100| 76 | 120 100 120 80 7C 160 1B0 150 1p0 [1500 |1820 | 180
TH 100 | 130| 150, 180| 110 80| 120 100 1RO 7% 120 (120 |9D50 | 80
Ca 32 | 40 | 44| 48 32| 44| 40 27 44 40 40 85 44 48 44
Mg 24 | 27 | 30 | 30 28| 35| 41| 26/ 17 15 17 30 37 40 2[7
Cl 106| 78 | 99 | 106| 72| 78| 90, 106 9 78 78 90 108 15010 1
Nitrite 08 | 09| 08| 05 06/ 05 1 08 0p 09 09 2108 0.7 1
NO; 30 | 50 | 30 | 20 30| 30| 45| 53 35 50 50 40 20 20 48
SO, 120 | 120| 120, 100| 120 100 120 80 80 100 115 DO 900 12110
Alkalinity | 100 | 150| 200/ 150 | 150 10p 150 150 1p0 120150 | 100| 120/ 100| 100
Mn NF | NF | NF | NF NF| NF| NF| NF| NF| NF NF NH NHE NF NF
Zn NF | NF | 01| 0.2 NF| NF| 0.2l NH NHE NF 0.1 NF NF 03 FN
Al NF | 0.2 | NF | 0.1 NF| NF| NF| NF| NF NF 0.1 NE NF NF NAH
Fl 15| 02| 02| 0.8 05 24 17 1p 109 0.2 0.p 1.86 | 2.5 1.4
Fe 09| 06| 08| 05 09 09 06 09 01 oo 05 1@9 | 1.6 1
Cu NF | NF| 01| 0.2 NF| NF| 0.2 NH NHF NF 0.1 NF NF 03 FN
Cr NF | NF | NF | NF NF| NF| NF| NF| NF| NF NF NE NF NF NF
Hg NF | NF | NF | NF NF| NF| NF| NF| NF| NF NF NE NF NF NF

NF-not found

Table 2 (b): Physico-chemical parameters of drinkig water samples in
first series of water quality analysis

Parameters | Water samples collected at different areas of Mysercity during Second series

in mg/L A B C D E F G |[H J K |L M N O P
Temper 21 18] 21| 20/ 17 22 18 21 22 19 19 2D 19 17 |21
Colour NF | NF| NF| NF| NF| NFf NF NF| NF| NKF NF NF NF NF NF
Odour NF | NF| NF| NF| NF| NF NH NF NF NEF NF NF NAH NF NF
pH 6 65| 65| 7 65| 7 6.5 7.8 6.5 6|5 7 78 75 5.5

EC 750 | 750 855 920 1201 760 89P0 1151 1p15 |900 (83O | 1300, 78Q 950
TDS 120 | 130, 90 | 89| 130, 150 90 85 70 70 65 1p0 95 120

TH 120 | 120{ 150| 130 90 90 100 13p 150 180 80 120 7O | 90

Ca 36 | 44| 32.6 52| 38 55 40 32 28 32 35 32 28,5 |36 (30
Mg 30.1| 35| 30.1 26| 40 25 27 32 33 19 30 27 3 P8 |25
Cl 106 | 90 | 95 | 78| 78 108 150 90 106 106 110 9B 99 9800
Nitrite 11 | 09| 06| 0.6/ 05| 02 09 0.8 0.4 12 1 90/ 06 | 08| 0.9
NO; 35 |32 30| 26| 35 52| 42| 37 27 25 50 5 42 42 40
SO, 120 | 80 | 80 100 120/ 150 90 90 80 99 115 1p0 65 80 |70
Alkalinity 150 | 120| 110| 10Q 100f 120 120 12p 180 15060| 90 100 | 120 90
Mn NF | NF| NF | NF| NF | NF| NF| NF| NF| NH NRF NF| NF NF NF
Zn 01 | 0.1] NF| 01] NF| NH NF NF| NFf Ofp 01 04 0.0 10.01

Al NF |NF [ NF | 0.1] 0.1 NF| NF| NF NF NE NFE NF| 0.2 0J1 NF
Fl 06 | 23] 11| 0.6/ 0.8 11 16 1 1.1 02 08 06 701 1.2

Fe 1 05| 03] 09 08| 12 1p 0.7 12 03 09 088 (Q.08]| 1

Cu 0.1 ]| 01] 01| NFO0.1 NF| NF| NF | NF | NF| 0.1] 0.1] 0.1, 0. o0
Cr NF | NF| NF | NF| NF | NF| NF| NF NF NE NFE NF| NF NF NF
Hg NF | NF| NF | NF| NF | NF| NF| NF NF NE NFE NF| NF NF NF

NF-not found
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Table 3 Bacteriological analysis of drinking water samplesn the Mysore city

Water samples MPN test during first series MPN test during secondseries
diffce?gﬁtcfri:; of Total (_:oliform Fecal _coIiform Total c;oliform Fecal poliform
: bacteria/100ml | bacteria/100ml | bacteria/100ml | bacteria/100ml
Mysore city

A 39 5 24 2

B 45 0 24 2

C 9.4 0 9.3 1

D 7.4 2 9 0

E 25 1 28 4

F 8 0 11 3

G 31 4 36 6

H 51 15 41 13

I 13 0 23 0

J 9 1 8 2

K 32 4 32 3

L 40 6 32 4

M 20 2 37 0

N 25 1 41 1

@) 30 0 20 0

P 12 4 20 5
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