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EXECUTIVE SUMMARY

Water quality assessment is an important part of overall wateageanent and an
essential feature in controlling spread of water borne diseases. Control on water quality is
invariably nonexistent in rural areas where water is drawn from underground aquifers.
With this background,raexploratory study was conducted electedschools andillages

of District Raigad, Maharashtra to ascert@roblems related to drinking water and
physical, chemical and microbial quality order to recommend best purification
technology for it. Three schoolsSri. Annabhau Shastrabudieudanit Ashramshala,
Shantivan, WakadMaje High Schoolywaze Nere High School, Nejeand three villages
(Usuti, Chinchovli and Vangan) were selectedn Panvel, Raigad (M. S.). A focused
group discussion and survey was conducted to ascertain themmlglated to drinking
water as well as common sources of drinking water and water borne diseases.

Drinking watersamples were collected all the three seasons (Pre monsoon, monsoon
and post monsoorgs per standard method from sources viz. bore hetid pumpswell

etc. Samples were analyzed for physical (pH, turbidity, electrical conductivity, total
dissolved solids), chemical (alkalinity, hardse chloride, sulphate, nitratparameters
Microbial analysis of all the samples was carried out bytillel Tube Fermentation
Method and the results were summarized in terms of MiNx IMVIC, that is a
biochemical and enzymatic analytical technique was performed to identify major
pathogenic bacteria. Low cost disinfection techniques viz. boiling, oakish and solar
disinfection (SODI$ of infected samples was carried out to evaluate #gfectin all the
threeseasons.

Sources of drinking watewere observed to be from only underground water drawn by
bore well, hand pump or open well. The physiaad chemical parameters of water
samples were found to be within the prescribed limits. Samples showed minor variations
in physical, chemical and microbial contamination levels with season though salinity
problems were not encountered. Arouf@dl to 8% of the drinking water samples are
found to have microbial contaminatidn.monsoon, microbial contamination was highest.
Most of the collected water samples were found to be contaminatedEwitbli and
Klebsiellag hence were unfit for consumptio8ODIS proved to be an effective and

economical method for disinfection.
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Five avareness generation programmes were performed in selected schools and villages to
impart knowledge about the common sources of pollution in drinking water, diseases and
low cost purifiation techniques of drinking water. NGOs working in selected areas were
involved to ensure impregnation of knowledge for long run. Training materials viz.
posters, pamphlets and audigsual aidsin regional language Marathiereprepared and
distributedto make training programmes interesting and éadgarrnng technical aspect

of water purification. In order tassesshe impact of awareness generation programmes
pre and post knowledgeedback forms were filled up by the participants. Completely
filled forms were analyzed by using statistical tools to evaluate the significance of training
before and after the programmé&ignificant improvement in knowledge of participants
was observed. Majority of villagers were found to use chlorination for désiofe of
drinking water because Public Health and Engineering Department is promoting it mainly
in rainy season. However, they were not sure abousttrearddose of chlorine drops
required for disinfection. Moreover, participants were not aware abeutetative effects

of excess chlorine on human being. Through our programmes we were able to
successfully impart this knowledge and create interest in other low cost techniques for

water purification.

Further studies on the popularization of knowledge ow kost water purification

techniques for adoption are required.
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BACKGROUND OF THE PROJECT

Provision of safe drinking water to the general public is one of the key objectives of
Public Health Management and a number of habitations are sufferigafraariety of

water quality problems not only in rural India but also in metropolitan cities.
Technological approaches to providing safe drinking water in the Indian context are
recently reviewed by Prabhakar (2008)he drinking water quality data agais and
compilation is done by several government as well as non governmental agencies in
India. Several educational institutions also had undertaken this task in the past at nearby
| ocati ons. The efforts of NGOOsradewramd educat
confined to restricted periods and such data had been useful in the past in identifying the
problems of contamination.The diseases most commonly transmitted through piped
drinking water are gastroenteritis, typhoid, cholera, paratyphoid, dygerdiarrhea,

polio, hepatitis and jaundice. The causative agents could be bacteria or viruses or
sometimes even chemical toxicants. In recent years, in spite of advancement in water
purification methods many incidences of drinking water contaminatige bacurred.

Suret al (2007) reported an outbreak of acute viral hepatitis due to hepatitis E virus in
Hyderabad from March through Aug 2005. In another study, Pathalk 2008 reported

34 % samples of drinking water to be non potable due to presénokforms such ak

coli, Klebsiellasp. Citrobactersp. and fecabtreptococci Moreover, the contaminants
exhibited multiple antibiotic resistance. The authors suggested that the drinking water
contaminated with antibiotic resistant entero toxigdeal bacteria to be responsible

for presence of water borne diarrheal diseases attributed to therapeutic agents used by
urban population in the tropics. There are reports of transmission of Enterohemorrhagic
E. coli from drinking water distribution systesnin Lucknow. (Ranet al, 2008). An
outbreak of typhoid fever due to waterborne transmission through piped water supply
was reported from South Dum Dum area, West Bengal in 200 Apan(Bhuniaet al,

2009). In a study by Clansen al, 2008, 40.4 oktored drinking water samples were

positive for fecal coliforms with 25.1% exceeding 100 fc/100ml.
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In a community based bacteriological study of quality of drinking water in Maharashtra
45.9% of the samples from piped water supply were polluted. Tab#be 2008. In the
Metropolitan city of Mumbai an article reports that the levels of bacterial contamination
can go upto 20 % in many wards. Samples from P. L. Lokhande Marg Chembur,
Masijid , Parel Dadar , Mulund and Jogeshwari touched 1600 fc/100ménw&ome
middle class housing societies in Chembur which were surrounded by slums had 70 %
samples unpotable. According to NMMC environment status report@903.08 % of
samples were contaminated with bacteria and thus unpotable. Moreover, percéntage o

water samples unfit for drinking was very high in summer.

The contamination is largely due to infiltration of sewage into water mains. This
happens when water lines run through dirty pools of water parallel to sewage pipes or
are damaged within the Bding compounds or streets. Poor maintenance of overhead

and underground tanks is another important cause.

Jonnalagadda and Bhat (1995) have reported parasitic contaminants of stored water used
for drinking and cooking in Hyderabad. They reported cydtsG@rdia lamblia
Entamoeba histolytigaadult stages db. lamblia, Balantidium coliand nematode eggs
(Enterobius vermicularisAscaris lumbricoidesTrichuris trichiura) rhabditiform and
filariform larvae, adult stages &trongyloides stercoraliandEnterobius vermicularis

Occurrence of natural calamities are known to initiate contamination of drinking water
contamination. Rajendraet al (2006) studied bacteriological analysis of water samples
from tsunami hit coastal areas of Kanyakumari wistriPresence of coliforms was
detected in 56 water samples. An outbreak of rotavirus under gastroenteritis was
reported post earthquake conditions in Kashmir through piped tap water (Chaatira
2008). About 6311 cases of fever and 233 deaths wpoetee after July 2005 flood in
Mumbai and Thane districts. Apart from this, there was spread of other water borne
diseases and leptospirosis

No doubt that chlorination has been successfully used for the control of water borne

infectious diseases, howeyatentification of chlorination by products and incidences of
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potential health hazards created a major issue on the balancing of the toxicodynamics of
the chemical species. There have been epidemiological evidences of close relationships
between the expase and adverse outcomes particularly the cancers of vital organs in
human beings. Trihalomethanes and haloacetic acids are two major classes of
disinfection byproducts commonly found in waters disinfected with chloRagan et

al., 1990 reportetrihalomethanelevels in Chennai public drinking water supply system
which are potential mutagen, carcinogen and terato@smrman 1999 reviewed
drinking water disinfection byproducts and reported that they were responsible for
bladder, colon and rectal cancBakoreet al. (2004) reported organochlorine pesticide
contamination in drinking water samples from Jaipur. In order to reduce public health
risk from these toxic compounds regulations must be enforced for the implementation of
guideline values to lowehé allowable concentrations or exposure. (Gepal., 2007).

Sobseyet al (2009) studied different point of use technologies for safe drinking water.
They suggested ceramic and biosand household water filters are identifies as most
effective accordig to the evaluation criteria applied and as having the greatest potential
to become widely used and sustainable for improving household water quality. One
prospective intervention study found consumers of RO filtered water h88%0dess
gastrointestinaillness than those consuming regular tap water with an excess of 14% of
illness due to contaminants introduced in the distribution system.

The effect of deteriorating drinking water quality and its effect on public health is a
subject matter of researa@nd concern in thickly populated industrialized countries.
Drinking water is a major source of microbial pathogens in developing regions, although
poor sanitation and food sources are integral to enteric pathogen exposure.
Gastrointestinal disease outconage also more severe, due to undetrition and lack

of intervention strategies in these regions. Poor water quality, sanitation and hygiene
account for some 1.7 million deaths a year wavide mainly through infectious
diarrhea. Nine out of 10 such dles are in children and virtually all of the deaths are in
developing countr (Ashbolt, 2004)Improving and protecting the microbial quality

and reducing the infectious disease risks to consumers of collected water stored in
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households requires alterivat or interim strategies andpproaches that can be
implemented effectively, quickly and affordaldifiough chlorination checks microbial
growth in most of the cases, the recontamination of the treated water is a major problem.
A recently published work shwsthat infectious intestinal disease occurs in one in five
peopleeach year in England, but only a small proportion of cesesorded by national
laboratory surveillance syste(Wheeleret al, 1999) Chemical products in drinking
water have been assatedwith bladder and pancreatic candgWard et al 1995;
Boormanet al, 1999: WHO guidelines, 1996pnd also with reproductiveffects
(Krameret al, 1996; Sawamet al, 1998; Galaghaet al, 1998). In communitiesvith a

high economic and publicslalth development access to abunadait good quality water

is stated as a basic right, and consumptiolap water is not seen as an important. risk

In countries with good epidemiological surveillance systems, a series of waterborne
outbreaks have beemported in communitiewith adequate established measures of
water quality control. Thisepresents a warning about the potential risks from drinking
waterdespite the state of the art water treatn{&uldsteinet al, 1996). In March of
1993,and becase of a contaminated water suppghgre was a widespread outbreak of
gastrointestinal illnessesainly attributable tdCryptosporidiumamong the residents of
Milwaukee that affected more than 4000 peopléMacKenzieet al, 1994).Before this
outbreakthere were markethcreases in the turbidity of treated water, reaching a
maximal daily turbidity of 1.7nephelometric turbidity units (NTU).The major
difficulties dealing with Cryptosporidiumare that itis difficult to detect in water
samples, it is varresistanto disinfection, its infective dose is low, it could affect more
severely immunocompromised subpopulations, and, at present,st@res to be no
effective treatmentMeinhardt et al, 1996; Rose, 1997)The impact of organics
notably, landfillleachates, pesticides, disinfection byproducts, heavy metals, arsenic and
fluoride on human health are well documented in literature (Follett and Self, 1989).
Studies of the health effects of pesticides on humans focus on two aspects, the acute
toxicity, or immediate effects resulting from shtetm exposure, and the chronic
toxicity, or effects resulting from mo#grolonged exposureOrganic chemicals in
water derive from the breakdown of naturally occurring organic materials

contamination of source wier andreactions that take place during water treatment and
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distribution A wide range of organic substances can enter the water source from human
activities in the catchment. These sources include agriculture, runoff from urban
settlements, wastewatersdharge and leachate from contaminated soils. Most organics
in water supplies that have harmful health effects are part of this.ghflugn pesticides

are found in water supplies, they normally are not present in high enough concentrations
to cause acuteealth effects. Instead, they typically occur in trace levels, and the
concern is primarily for their potential for causing chronic health problédtisough
disinfection of water offers protection against waterborne infectious diseases, it also
increaseshe risk of other diseases such as cancer due to the formation of disinfection
by-products(Morris et al, 1992) Fluoride concentrations of 1.0 milligrams per liter or
greater will reduce the incidence of dental cavities. However, concentrations over 2.0
milligrams per liter can darken tooth enamel causing fluord8isght et al. (2004)
performed a systematic review of microbiological contamination between source and
point use in developing countries. They concluded that the policies to improve water
qudity through source improvements may be compromised by post collection
contamination. They also recommended safer household storage and treatment to

prevent this, together with potof- use water quality monitoring.

Among the techniques employed in datie water purifiers, UV sterilization is
considered rapid, simple to use and economld¥l.disinfection is most effective for
treating a high clarity purifiedeverse osmosidistilled water. As a matter of facts,
suspended patrticles are a problem because microorganisms buried within particles are
shielded from the UV light and pass through the unit unaffected. However, UV systems
can be coupled with a pfdter to remove hose larger organisms that would otherwise
pass through the UV system unaffected. Thefittex also clarifies the water to improve

light transmittance and therefore UV dose throughout the entire water column. Another
key factor of UV water treatment ied flow rate: if the flow is too high, water will pass
through without enough UV exposure. If the flow is too low, heat may build up and
damage the UV lampGadgil, 1997) lodine or silver impregnated resins for domestic
water purification are effective,ub it is difficult to know when the unit has lost its

effectivenessExposing water to halogens such as iodine or chlorine is beltevied
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bacteria and viruses, but not all protozoan cysts. 4dhelled Cryptosporidia show
strong resistance to iodin@dchlorine lodized water presents a taste sqraeple find
particularly objectionableAlso lodine can be unhealthy for some people, particularly
for pregnant women, individuals with thyroid conditioSslver can be used in the form

of a silver salt, comonly silver nitrate, a colloidal suspension, or a bed of metallic
silver. Electrolysis can also be used to add metallic silver to a solutltvafiltration
membrane based domestic water purification units claim to be very effective and

economical. Buits durability and reliability needed to be ascertained.

Population of Mumbai and Navi Mumbai has been increasing rapidly due to urban
migration and maintaining water supply and its quality is becoming a difficult. Navi
Mumbai is fastdeveloping area inwhich several villages still thrive on open tanks,
wells, common piped water and tanker water supply. Creating awareness about the need
to maintain the water quality, water conservation methods and simple water purification
techniques such as solar disetfen among the public is another major issue which
requires attention. In this project we wish to undertake the water quality assessment in
selected villages. Some villages beyond Panvel are identified for the study, namely,
Chincha/li, Vangani, Shanivan, Waze, Bhanghar and Usurli in which seasonal variation

of water quality assessment would be carried out. Study of their microbial disinfection
using various available technologiesas carried out in laboratory. Awareness
generation among the nearby schchildren and villagers on the need to maintain the
water quality, water conservation methods and simple water purification techniques such

as solar disinfectiowas also conducted
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APPROVED OBJECTIVES OF PROJECT:

1 Toidentify the water sampling locations such as open tanks, wells, common taps
and tanker supplied water in the selected villages in Navi Mumbai under
MMRDA jurisdiction region.

1 To conduct physical, chemical and microbial analysis of the water samples
collected.

1 To study disinfection on the collected samples by various disinfection methods.

1 To impart knowledge to the students regarding potential sources of
contamination and risks associated with it.

1 To create awareness about water purification and ¢ethnologies among the
nearby school children as well as among the villagers
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METHODOLOGY AND SYSTEM APPROACH IN PROJECT

1. Survey of locations and identifying problems associated with drinking water
sources and its utilization.

A survey was conductetb identify problems associated with drinking water sources,
purification technique and the knowledge level of the populattowas conducted by
preparing questionnaires containing closed ended and open ended questions (Annexure
). It included B0 partcipants comprising both students and villagers.

2. Selection of water sampling locations

A field survey of the various villages beyond Panvel was made to identify water
sampling locationsTotal of 6 villages and 3 schools were identified for the st(idgp

1). Detailsof selectedvillages and schools are givenTable 1.

An aerial map of sampling locations is shown below.

| CEECIN ) & it
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Map- 1: Project sites selected near Panvel, Raigad (M. S.)
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Table: 1: Details of drinking water sampling locations in Panvk Raigad (M. S.)

Sr. | Name of the sampling location Sources of location

no

Schools

1 Sri. Annasaheb Sahastrabuddhe Handpump and Well
Anudhanit Ashransala, Wakdi

2 Waje High SchoolWaje Well and Borewell

3 Nere High School, Nere Borewell

Villages

4 Vangani Handpump, borewell and stored wat

5 Bhangar Handpump

6 Usurli Syntex tank and borewell

7 Chinchovli Well

8 Karjat Borewell

9 Nerul Borewell

3. Procurement of field kits for water testing

Water testing kits required for the awares& programmeunder the project were
procured fromDevelopment Alternatives, New DelhiThey havelJaltarakits for the
analysis of water samples for physical, chemical and microbial analysis. From one kit up
to 100 samples can be analyzed.

4. Sampling ofdrinking water samples

Three sets ofrihking water samples were collected from the above mentioned locations
in all the three major seaseri¥st monsoon, pre monsoon and monsoon samples. Table
2 gives the number of samples collected in different seasms samples were
transported to lab on the same day and microbial analysis samples were stored in
refrigerator at N Q, @owever, those for chemical analysis were stored ¢t 25

1eC. Thesample numbers are given in Table 3.

Table 2: Details of water sampling from selected sites

Sr. No. Seasons Month of sample No. of samples
collection
1. Post Monsoon February2014 22 (Only 15 samples were

taken for final analysis
because 7 samples were
rejected after final site

selection)
2. Pre Monsoon May 2014 16
3. Monsoon August 2014 16
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Ashramshalat Shanthivamvolved in study

i 2 == 4 5 b — . o
Plate2: Sampling of vater sample from a boweell water collected in
sintex tankocated inUsurali village, Panvel

Plate3: Project staff Ibeling the collected water samples
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Plate4: Samping of water samplegor microbial ansis at Vani Village
by Project st

SR 3 « ~

Plate 5:Sample inking water sampl’érom Community water suply system a
Chinchorli village by project staff

‘ T
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Table 3: Location and sample numbers at different seasons

Location and source of Post Monsoon Pre monsoon Monsoon
water sample sample sample
Sri. Annasaheb MMREIS-008 MMREIS-023 MMREIS-039
Sahastrabuddhe
Anudhanit Prathmik,
Madhyamik
Ashramsala, Wakdi
ShantivanHandpump)
Sri. Annasaheb MMREIS-009 MMREIS-024 MMREIS-040
Sahastrabuddhe
Anudhanit Prathmik,
Madhyamik
Ashram#$ala, Wakdi
Shantivan(Well water)
New EnglishSchool MMREIS-010 - -
(Borewell)
Waje School Waje MMREIS-011 MMREIS-025 MMREIS-041
(Borewell)

Usurli (Handpump ) MMREIS-012 MMREIS-026 MMREIS-042
Usurli (Borewell) MMREIS-013 MMREIS-027 MMREIS-043
Usurli (Borewell) MMREIS-014 MMREIS-028 MMREIS-044
Usurli (Borewell MMREIS-015 MMREIS-029 MMREIS-045

Chinchovli(Borewell) MMREIS-016 MMREIS-030 MMREIS-046
Chinchovli(Borewell) MMREIS-017 MMREIS-031 MMREIS-047
Chinchovli(Borewell) MMREIS-018 MMREIS-032 MMREIS-048

Vangani(Borewell) MMREIS-019 MMREIS-033 MMREIS-049

Vangani(Borewell) MMREIS-020 MMREIS-034 MMREIS-050

Vangani(Borewell) MMREIS-021 MMREIS-035 MMREIS-051

NereHigh School Bore MMREIS-022 MMREIS-036 MMREIS-052
well)

Usurli Abandoned well -- MMREIS-037 MMREIS-053

ShantivarRiver -- MMREIS-038 MMREIS-054

5. Physical, Chemical and Microbial analysis of drinking wate samples

The samples aranalyzedfor various physical chemical and microbjarameters as
shown in Table 4. The results of the physical, chemical and microbial analysis of
drinking water samples are given in Tables 5 to Tables 8.

The temperature of éhwater samples were measured at site using a glass thermometer.
pH and electrical conductivity were measured using pH and Digital conductivity meters
respectively. Turbidity of the samples was measured using a turbidity meter. Total
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dissolved solids wereneasured gravimetrically after total evaporation. Free @@d
alkalinity were estimated titrimetrically. Total hardness was estimated by EDTA
titration. Cloride was estimated volumetrically by titrating using standardized silver
nitrate.  Sulphate was a@rimetrically estimated. Fluoride was analysed using
procured water test kits.

commerci al |

y

Di

method. Calcium, magnesium, manganese iron, copper and zinc were estimated using
atomic absorption spectroscopy.

Microbial contaminationn water samples were analysed by multiple tube fermentation

technique and the results expressed in MPN values. Samples which showed positive

microbial contamination were checked using Hydrogen sulphide gas production method.

Table 4. Physico chemical and microbial parameters analyzed in samples

Physical parameters

Parameters Method
Temperature APHA, 1997
pH APHA, 1997
Conductivity APHA, 1997
Turbidity APHA, 1997 (Nehphlometery)
Total dissolved solids APHA, 1997 (By evgoration)

Chemical Parameters

Total hardness By EDTA titrationGoetzet.al 1959
Alkalinity Richard 1954
Free C(% By calculation
Dissolved oxygen Winkler 1888
Chlorides Argenometri c MethdgdMo hr
Fluoride Jaltara Kit
Nitrate UV-Spectrophotometry (Armstrong,F.A.J 196
Sulphate APHA, 1997
Calcium APHA, 1997
Magnesium APHA, 1997
Arsenic By Jaltara kit
Sulphate APHA, 1997
Copper APHA, 1997
Zinc APHA, 1997
Iron APHA, 1997
Mangnese APHA, 1997
Microbial Analy sis
MPN APHA, 1997
IMVIC Aneja, 1996

H28 gas production

Manja et al., 1982

SIES Indian Institute of Environment Management, £handrasekarendra Saraswati Vidyapuram,
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Table 5: Identification of microbesbased onlMV iC test results of contaminated
water samples

Bacterial Indole Test | Methyl red Test | Voges Pausker | Cimon Citrate
Species Test Test

Escherichia + + - -
.coli

Shigella sp. +or- + - -

Citrobacter - + - +
freundii

Citrobacter + + +
diversus

Klebsella, - - + +
Entrobacter &
Aerobacter

group

6. Disinfection Studies

Drinking water samples found positive in MPfdr microbial contaminatiornwere
further utilizedfor disinfection studiesThe low cost disinfection methods viz. boiling,
chlorination and solar disinfection (SODIS) were studied for identification of best low
cost method for the disinfection of drinking t@a in rural householdDisinfection
efficiency was detected by comparing reduction in number of CFUs (Colony Forming
Units) in the samples.

Boiling: Boiling or heating of water with fuel has been used to disinfect household

water since ancient times. Is effective in destroying all classes of waterborne
pathogens (viruses, bacteria and bacterial spores, fungi and protozoans and helminth

ova) and can be effectively applied to all waters, including those high in turbidity or
dissolved constituenté&s peg WHO Guidelines for Drinking Water Quality, 2002 water

was kept in glass beakes f or boiling atolling bog ©or 1don5d al | o we
minutes when it reached boilin§amples of boiled water were collected at iButes,

10 minutes, 20 minuteand 30 minutegPlate 32) However, control samples were

collected as soon astheibb i ng was slrheaersanglds ware plade@ enCuryl

sul phate media to check disinfection. Pl at e
up to 48 hours. Colonies were counted and recorded.

Chlorination: Of the drinking water disinfectantsgf chlorine is the most widely used,

the most easily usemhd the most affordable. It is also highly effective against nearly all

waterborne pathogens. At doses of a few mg/l and contact times of about 30 minutes,
17
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free chlorine generallinactivates >4 logj0 (>99.99%) of enteric bacteria and viruses.
Government of India also promotes chlorination by providing free chlorine drops in
rural households.

Experiments on chlorination were carried out on contaminated samplaB the

seasons.
It was observed #t Public Health andEngineering Department of Panvel, Raigad
distributesSodium Hypochloritesolutonby t rade name O6damseshgddhi
villagers. It is marked mthe bottle of 100 mlvolume that it contains 4% sodium
hypochlorite. It is advisd to add 2 drops of solution in 10L of water forI®)minutes.

It was observed that 1 drop of solution had a volume of 0.025 ml. So, in 10 L of drinking

water 50 ppm of solution was required. On this basis experiments were designed with
threedosages.e. 1%, 2% and4% of sodium hypochlorite solution for the time duration

of up to 5 minutes, 10 minutes and 15 minutes to evaluate best dose of sodium

hypochlorite and contact time.

Solar Disinfection (SODIS):It was conducted by keeping contaminated drigkirater
samples of 100 ml volume in glass bottles for the incubation time of 30 minutes,1 hour,
2 hour and 4 hour. Bottles were placed in a tray covered by black paper sheef).(Plate
The setup was exposed to direct sun from 11 am to 3 pm in all thenseasght
intensity and temperature were recorded. At each incubation time samples were

collected and plating was done on lauryl sulphate media for total coliforms.

7. Awareness Generation Programmes
Training cum awareness generation was imparted byoawdiual presentations and

discussion. Posters were displayed and pamphlets were distributed among stakeholders
in regional languageQuestionnairecontaining open ended and closed ended questions
were prepared to check the knowledge and soempnomicprofile of students before

and after training programme. Pre and post knowledge questionnaires were same. Before
filling up questionnaires, students were briefed about the aim of filling it and questions
were discussed one by one to remove any confusi@m@rimem. Training programme

was started after filling up questionnairtes pre knowledge test. Post knowledge

guestionnaires were filled up after the traininghe questionnaires were arranged
18
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separately for pre and post survey. Coding of questionnaiassdone to maintain
uniformity of respondents. Coding of questions was done as per the standard practice for
analysis. The data was analyzed by using MS Excel software. Correlation of
independent variables (age, sex, education and family size) and dejpesikbles was

done in order to check their affect on knowledge about drinking water purification
before training. Two tailed -Ttest was performed on pre and post questionnaires to

study the improvement of knowledge level of respondents after trairoggagmme.

8. Statistical analysis

The data collected before and after training programmes were analyzed for the
assessment of impact of training. Correlation of dependent variables with independent
variables was conducted to ascertain significant reiglip between different variables

and knowledge level of respondents about different aspects of drinking Weter.

tailed T test was performed to know the effect of training on respondents after awareness

generation programmes. All the analysissperformed by using MS Excel 2007.
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RESULTS: MAJOR FINDINGS OF THE PROJECT

1. Survey of Water Availability , Assessment oProblems Related toDrinking

Water Quality in SelectedVillagesin Panvel, Navi Mumbai
In order to understandhe souce, availability quality and other related problems
connected with drinking water in the chosen villages, namely, Chiichgangni,
ShanthivanWaze, Bhanghar and Usurli beyond Panvel a field survey was conducted. A
set of questionnaire was made dreadback wascollected from the local population.
Total 150 respondentgomprising school children and villagengere involved The

composition of the respondents is given below.

Table 6: Composition of respondents

Sr.No. | Group | Totalno.of | No.of | No. of Age Group | Occupation
respondents | Males | Females
1 I 112 55 57 13-15 Students
2 I 38 36 2 24-67 Farming
andservice

The questionnaireovered three main aspects, namely availability and quality of drinking
water, sewage waste disposal methods availabld the prevalence of water borne
diseases. The questionnaire also covered their existing knowledge level on the
purification of watei(Annexure ).

Main source of drinking water was bore well in selected areas (Figure 1). 122 of the
respondents repiad to use bore well water as their drinking water source and 28 use open
well water.Out of 150 respondents 75 have bore well at home and the rest do not have
bore wells(Figure 2) Same water is used in all seasons and drying of bore well source is
not reported.126 said that suspended impurities are absent in drinking water and 24 said
that suspended impurities are present (Figuré4).respondents have said that the water

is sweet. 7 admit that the water is slightly sé@Rigure 4) 94 respondentsut of 150use
commercially obtained filter@~igure 5 & 6) 60respondents reportedat a filter cloth is

used for filtering water. 12 respondents said that simple decantation is préEimec

5).
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75 respondents use water purification units at hontk &8 respondents do not use any
water purification units at homand rest have not given any response (Figurdiégse

units are in use for varying periods of up to 5 yéaigure 7).

51 respondents said that these water purification units are pelipdseaviced. 67
respondents said that these are not periodically serviddters have not given any
response (Figur@). 78 respondents boil water before drinking and 71 do not boil water
before drinking (Figure 8).

93 respondents said that no salt dépaseen in the vessel after boiling while 36 said that
salt deposition is seen (Figure 9). 74 respondents said that they drink water available in the
area outside home. 59 respondents carry water from home when they go outside. 15
respondents said thatethbuy mineral water bottles (Figure 10).

For knowledge on water purification methdss respondents said that they are aware of
wat er purification process while 90 respond e
purification procesgFigure 11) Out of 150 total respondents 5 have not reported any
information.

About the information on water borne diseas&8 respondents could name a few diseases
caused by water contamination (FgimelR)e 31 resport
Out of 150 respondents 118id that toilet is available at home while 38 respondents said
that they dono(Figheal8)e toi |l et at home

Out of 10 respondents 109 said that the toilet discharge is directly connected to a septic
tank. 8 respondents said that it directly flowstoopen nullah. 2 respondents said that it

is connected to the main sewage lindewever, 31 respondents have not mentioned any
information (Figure 14).

Distance of septic tank from drinking water sources is crudial.of 150 respondent428

said thatthe bore well is beyond 30 feet from septic tabk.said that the bore well is
between 20 to 30 feet distance from septic tahkaid that the bore well is at a distance of

10 to 20 feet whil@ said that the distance could be less than 10(Fegtire15).

Regarding \ater source available for other than drinking purpmsieof 150 respondents

117 said that they have an open well nearby wB#esaid that they have an open tank
nearby(Figure 16)
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Source of drinking water at home
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Figure 1: Sources of drinking water in selectedreas

Owning a bore well at home
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60 A
50 +

20 A
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N
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Figure 2: No. of respondents having a bore well at home
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Presence of suspended impurities in
drinking water
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Figure 3: Presence of suspended impurities in drinking water

Taste of drinking water
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Figure 4. Response regardingdste of drinking water
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Removal of suspended impurities from
drinking water
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Figure 5: Methods for the removal of suspended impuries from drinking
water

Use of water purification units at home
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1

use commercial Do not use any
units at home commercial units at

Figure 6: Use of water purification at home
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Periodic servicing of water purification units at
home
80 1
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c
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Figure 7. Periodic servicing of water purification units at home
Whether they boil water at home before drinking
2 80 1
G 78 1
©
S 76 -
o
2 74
5 712 7
G 70 -
o]
E 68 -
66 T .
boil water at home do not boil before
before drinking drinking

Figure 8: Boiling of drinking water before use
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Whether salt deposit is seen in vessel after boiling
water at home
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Figure 9: Information about salt deposition in contairers

Source of drinking water outside home
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Figure 10: Information about source of drinking water outside home
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For proper water management drinking water should be awaytfrewater used for other
purpose.Out of 150 respondents 87 said that they use different sources of water for
drinking, cooking and washing/hile 63 saidthat they use the same watéigure 17) It

was observed that storage of water of drinking and other requirements was not separate
Due to which cleanliness of storage containers was observed as a major issue in wate
quality.

Regarding theaurce of water for washingut of 150 respondents43said that they use the
same bore well wateB respondentsaid that they use open well water and 19 said that
open tank water is used.4 3aid that river water is used for sfang purpose andé4said

that water from a nearby lake is ug&tgure 18) It was observed that villagers commonly
wash cloths from river water as well as pond water.

Regarding the foaming ability of water used for washing out of 146 respondents 126 said
that it is good while 2&aid that it is poofFigure 19) This could be correlated with the
absence of salt deposition on the bottom of containers after water storage (Figure 9).
Regarding ay occurence of vomiting and diarrheaut of 150 respondentd14 said that
nothing like that happened in the pas6 said that they suffere@dFigure 20)

Information on water borne diseases is very important to assess the quality of water.
Regarding the particular season for disease occurrence, respondents twaey rotear;
however on focused discussion some have said that during monsoon frequency of water
borne diseases is moiRegarding the frequency of occurrence of water borne diseases, out
of 150 respondents56 said that it is more than three times a yehile 48 said that it is

thrice a year and6 said that it is twice a yedFigure 21) Other family members were also

reported to fall sick due to contaminated drinking water (Figure 22).
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Whether they are aware of any water purification
techniques
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Figure 11: Awareness aboutvater purification techniques

Whether they could name a few water borne
diseases
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Figure 12 Information about water borne diseases
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Whether toilet is available at home
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Figure 13 Information on the availability of toilet at home.

How the faecal matter is discharged?
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Figure 14 Information about discharge offaecal matter
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How far the septic tank is located from the bore

well?
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u
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Figure 15: Information on distance of septic tank from the bore well?

Alternate source of drinking water
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Figure 16: Information on alternative source of drinking water
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Whether same source of water is used for
drinking cooking and washing?
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Figure 17: Information on the source of water used for drinking cooking and

washing
Source of water for washing
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Figure 18 Source of water for washing
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Foaming ability of water used for
washing
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Figure 19: Foaming ability of water used for washing
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Figure 20: Information on the occurrence of vomiting and diarrhea
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Figure 21: Frequency of occurrence of water borne diseases

Occurence of vomitting and diarrhea
by other members of the family
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Figure 22 Occurrence of vomiting and diarrhea by other menbers of the family
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Age group of sufferers of water borne
diseases
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Figure 23: Information on age group of sufferers of water borne diseases

Regarding ge group of sufferersut of 134 respondents 77 sditht noneand 19

said that elders sufferehd 33said that children suffergérigure 23) Remaining 16
respondents have not given any refggarding pesence of bacteria or microbial
toxins in drinkingwater18 said that it is presenthile 51 said that it is not present
while 76 said that they have no idelaowever, 5 have not replied anyity (Figure

24). Regarding deases often encountered obitl24respondents 13aid that they
suffered from cholera, 6 said that they suffered from typhoid, 68 said that they
suffered from jaundice. 25 respondents said that they suffered from malaré and

suffered from skin disease®6 respondents have not given any answer (Figure 25)
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Presence of microbial toxins in water
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Figure 24: Presence of microbial toxins in water
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Figure 25: Diseases often encountered
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2. Physical, Chemical and Microbial Quality of Drinking Water
Samples Collected from Selected Stes in Panvel during Different
Seasors

The drinking water samples were collected in post monsoon season in February 2014,
pre monsoon season in May 2014 and in monsoon season in August 2014 (Table 2)
from selectedsites near Panvel (M. SJotal 54 samples including 22 in post monsoon
season, 16 in pre monsoon and 16 in monsoon season was collbeteshmples were
collected as per the standard methimdgiplicates and transported same day to lab and
stored aper the requirementhe results for different parameters is presented as below

Physical Parameters

i. Temperature

Temperature ranged from @& to 32 C in different seasongTable 6) Highest
temperature was recorded in post monsoon season as wetingean season in bore
well samples. Lowest temperature was recorded in monsoon s@ésemtemperatures
fluctuate naturally both daily andeasonally.Temperature also affects solubility of
oxygen inwater. Solubility of oxygen in water increases wdtdgreasing temperature.

Table 7: Drinking water t emperature (eC) during different seasons from selected

sites
Location with sources of water | Post Monsoon | Pre monsoon | Monsoon
WHO Standard3 0 e C | S: 2RobWeBentSt andar
Ashranshala, Shantivan 28 29 27
(handpump)
Ashranshala, Shantivatwell 30 29 27
water)

New EnglishSchool (borewell) 32 -- -
Waje School (borewell) 32 28 28
Usurli (handpump ) 31 29 25
Usurli(borewell) 29 28 25
Usurli(borewell) 30 28 26
Usurli (borewell 30 27 28
Chinchovli(borewell) 28 29 27
Chinchovli(borewell) 27 27 26
Chinchovi(borewell) 29 27 25
Vangani(borewell) 30 29 26
Vangani(borewell) 32 28 32
Vangani(borewell) 30 28 30
Nere high school (borewell) 28 27 27
Usurli (bandoned we)l -- 29 29
Shantivan (wer) -- 28 28
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ii. pH

The pH ofdrinking water samplesasin the range of 26to 7.94 (Table 7)The lowest

pH was in Waje School bore well water during pre monsoon season; however, in same
sample during post monsoon and monsoon season pH was 7.37 and 7.35, respectively.
The maximumpermissible limit of pH asnescribed byindian Standard for Drinking

water is 6.5t0 8.50. All thesampleshave pH values withithe desirable and suitable
range.

Table 8: pH of drinking water samples from selected siteduring different seasons

Location and Past Monsoon Pre Monsoon Monsoon
sources of water
WHO Standard: 68.5; 1S:10500 Standard: 6865
Ashranshala 7.37 7.41 7.76
(handpump)

Ashramshaldwell 7.54 7.67 7.35

water)

New EnglishSchool 7.74 -- --

(borewell)
Waje School Waje 7.64 7.26 7.66
(borewell)

Usurli (handpump ) 7.83 7.76 7.55
Usurli (borewell) 7.73 7.48 7.42
Usurli (borewell) 7.90 7.41 7.63
Usurli (borewell 7.65 7.67 7.54

Chinchovli(borewell) 7.31 7.24 7.72
Chinchovli(borewell) 7.44 7.29 7.73
Chinchovli(borewell) 7.25 7.94 7.97

Vangani(borewell) 7.71 7.84 7.42

Vangani(borewell) 7.34 7.71 7.62

Vangani(borewell) 7.62 7.73 7.63
NereHigh School 7.41 7.17 7.41

(borewell)
Usurli (ébandoned -- 7.67 7.38
well)
Shantivan (wer) -- 7.94 7.30
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iii. Electrical conductivity

Electical conductivity is considered to be a rapid and gowsure of dissolved solids

It was inthe range of 0.25 to 0.89 mS/cm in different seasons andwitag

permissible limit.A clear trend in the increase or decrease in EC with season was not

observe (Table 9).The maximum value of EC was in the bore well of Nere High

School, Nere during prénonsoon season.

Table 9: Electrical conductivity (mS cm™®) of drinking water samplesfrom selected
sitesduring different seasons

Location | PostMonsoon | PreMonsoon |  Monsoon
WHO Standardi.8; 1S:10500 Standarddot Present

Ashranshala 0.398 0.36 0.43
(handpump)
Ashramshaldwell water) 0.40 0.38 0.25
New EnglishSchool 0.48 -- --
(borewell)
Waje School Waje 0.31 0.30 0.26
(borewell)
Usurli (handpmp ) 0.545 0.46 0.53
Usurli (borewell) 0.589 0.52 0.40
Usurli (borewell) 0.59 0.49 0.70
Usurli (borewell 0.60 0.58 0.81
Chinchovli(borewell) 0.53 0.43 0.83
Chinchovli(borewell) 0.56 0.55 0.55
Chinchovli(borewell) 0.43 0.57 0.53
Vangani(borewell) 0.68 0.55 0.56
Vangani(borewell) 0.63 0.67 0.78
Vangani(borewell) 0.72 0.67 0.78
NereHigh School 0.65 0.89 0.85
(borewell)
Usurli (ébandoned we)l -- 0.55 0.57
Shantivan (ver) -- 0.27 0.30
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iv. Total Dissolved Solids (TDS)

TDS was more dimg monsoon season in majority of samples (Table 10). In Vangani
village drinking water samples had comparatively more TDS in comparison to
permissible limit. River water samples had more TDS during monsoon season in
comparison to pre monsoon. It could dge to high amount of soil and sediment in
rivers during monsoon.

Table 10: Total Dissolved Solids datgmg/L) of drinking water samples from
selected sitesluring different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard500; 1S:10%90 Standard500
Ashranshala 258 220 303
(handpump)

Ashramshaldwell 267 170 174

water)

New EnglishSchool 317 -- --

(borewell)
Waje School Waje 207 150 150
(borewell)

Usurli (handpump ) 355 120 450
Usurli (borewell) 384 260 580
Usurli (borewel) 391 340 500
Usurli (borewell 399 310 450

Chinchovli(borewell) 348 240 400
Chinchovli(borewell) 369 400 400
Chinchovli(borewell) 287 350 350

Vangani(borewell) 453 320 600

Vangani(borewell) 415 550 500

Vangani(borewell) 474 550 600
NereHigh School 428 590 220

(borewell)
Usurli (bandoned - 590 450
well)
Shantivan (wer) - 220 650
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v. Turbidity

The samples from Vangani village had more turbiditycomparison to other sites
(Table 11)and permissible limits as per WHCHowever, ager Indian Standard for
Drinking Water river and abandoned well samples had higher values specifically in pre
monsoon and postmonsoon seasons. Majority of bore well samples had high turbidity

during rainy season.

Table 11: Turbidity (NTU) of drinking wat er samples from selected siteduring
different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard5; 1S:10500 Standard:0
Ashranshala 2.9 1.8 1.2
(handpump)

Ashramshaldwell 1.1 2.5 4.3

water)

New EnglishSchool 3.7 - --

(borewell)
Waje School Waje 0.04 0.8 0.97
(borewell)

Usurli (handpump ) 0.6 0.4 6.9
Usurli (borewell) 4.0 4.3 4.4
Usurli (borewell) 2.8 5.2 1.1
Usurli (borewell 1.0 3.9 4.4

Chinchovli(borewell) 2.5 1.3 8.5
Chinchovli(borewell) 3.4 2.0 3.5
Chinchovli(borewell) 0.9 5.1 2.9

Vangani(borewell) 2.6 4.7 5.2

Vangani(borewell) 2.7 5.5 6.17

Vangani(borewell) 1.9 4.2 6.9
NereHigh School 14 4.9 8.0

(borewell)
Usurli (abandoned well -- 20.9 14
Shantivan (river) -- 37.5 11.4
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Chemical Parameters
I. Total alkalinity

Total alkalinity was above permissible limits in some bore well water samples during
monsoon (Table 12) Samples collected from Vangani, Usurli and Nere had
comparatively more alkalinitghan othersamples. River water sample alkatly was
within permissible limit.

Table 12: Total Alkalinity (mg CaCQO;/ L) of drinking water samples from selected
sitesduring different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard250; 1S:10500 Standar@50
Ashranshala 210 241.5 310
(handpump)

Ashramshaldwell 183.8 241.5 172

water)

New EnglishSchool 262.5 -- --

(borewell)
Waje School Waje 78.8 69 172
(borewell)

Usurli (handpump ) 78.8 69 276
Usurli (borewell) 105 69 207
Usurli (borewell) 105 69 241
Usurli (borewell 105 69 310

Chinchovli(borewell) 105 138 276
Chinchovli(borewell) 131.3 138 310
Chinchovli(borewell) 131.3 103.5 287

Vangani(borewell) 78.8 69 183

Vangani(borewell) 262.5 69 207

Vangani(borewell) 131.3 138 276
NereHigh School 236.3 241.5 552

(borewel)
Usurli (abandoned - 345 276
well)
Shantivan (river) -- 103..5 69
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ii. Free CO,

High amount of CQ@ in water is not desirable since it promotes microbes in water

samples (Table 13). In all the samples free,G@s very low in compasbn to

permissible limit of WHOIn rainy season free GQvas more in all the sampleRiver

water samples in pre monsoon as well as post monsoon season had more CO

Table 13: Free Carbon Dioxide (ng/L) of drinking water samples from selected
sitesdurin g different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon

WHO Standard2 ; 1S:10500 StandardNot Present
Ashranshala 0.0137 0.013 0.089
(handpump)

Ashramshaldwell 0.0173 0.023 0.035

water)

New EnglishSchool 0.0274 -- --

(borewell)
Waje School Waje 0.0218 0.009 0.044
(borewell)

Usurli (handpump ) 0.0 0.028 0.056
Usurli (borewell) 0.026 0.015 0.076
Usurli (borewell) 0.040 0.012 0.047
Usurli (borewell 0.0203 0.023 0.058

Chinchovli(borewell) 0.0102 0.008 0.034
Chinchovli(borewell) 0.0137 0.006 0.034
Chinchovli(borewell) 0.0088 0.043 0.039

Vangani(borewell) 0.0256 0.034 0.076

Vangani(borewell) 0.0109 0.025 0.032

Vangani(borewell) 0.0208 0.026 0.032
NereHigh School 0.0128 0.007 0.028

(borewell)
Usurli (abandoned well] -- 0.023 0.012
Shantivan (river) -- 0.043 0.009
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iii. Dissolve Oxygen

Dissolve oxygen was within permissible limit in all the samlegsble 14) A clear
trend due to seasons or sources was not observed in any sample. It ranged from 0.33 to
1.9 mg/L.

Table 14: DissolvedOxygen data (ng /L) of drinking water samples from selected
sitesduring different seasons

Location | PostMonsoon | Pre Monsoon | Monsoon
WHO Standard5; 1S:10500 Standards
Ashranshala 1.39 1.653 1.48
(handpump)

Ashramshalgwell 1.19 1.521 1.48

water)

New EnglishSchool 1.49 - -

(borewell)
Waje School, Waje 1.49 0.86 1.58
(borewell)

Usurli (handpump ) 1.79 1.03 0.79
Usurli (borewell) 1.69 1.08 1.78
Usurli (borewell) 1.49 1.26 1.78
Usurli (borewell 1.79 1.12 1.25

Chinchwli (borewell) 1.49 1.16 1.68
Chinchovli(borewell) 1.19 1.55 0.79
Chinchovli(borewell) 1.29 1.52 1.68

Vangani(borewell) 1.34 1.52 1.90

Vangani(borewell) 0.99 1.42 1.90

Vangani(borewell) 1.59 1.42 1.90
NereHigh School 0.79 1.12 1.21

(borewell)
Usurli (abandoned -- 0.826 1.58
well)
Shantivan (river) -- 0.330 1.78
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iv. Total Hardness

The hardness of water is not pollution parameter but indicates water quality mainly in
terms of Ca2+ and Mg2+ expressed as Ca@ore well water of UsurliChinchovli
and Vangani villages had high hardness during pre monsoon and monsoon seasons

comparison to post monsoon season@her sites (Table 15)

Table 15: Total Hardness (mg/ CaCQL) of drinking water samples from selected
sitesduring differe nt seasons

Location |  Post Monsoon | Pre Monsoon | Monsoon
WHO Standard500; 1S:10500 Standar&00
Ashranshala 303
(handpump) 221.76 376.32
Ashramshalgwell 174
water) 211.2 376.32
New EnglishSchool
(borewell) 137.28 - -
Waje School Waje 184
(borewell) 47.52 117.6
Usurli (handpump ) 116.16 203.84 381
Usurli (borewell) 132 196 255
Usurli (borewell) 264 250.88 532
Usurli (borewell 137.28 235.2 648
Chinchovli(borewell) 253.14 203.84 641
Chinchovli(borewell) 163.68 313.6 410
Chincho/li (borewell) 216.48 235.2 444
Vangani(borewell) 264 320.00 445
Vangani(borewell) 269.28 368.48 427
Vangani borewell) 200.64 282.24 426
NereHigh School 103
(borewell) 227.04 243.04
Usurli (abandoned - 509.6 115
well)
Shantivan (river) -- 203.81 120
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v. Chloride

Chloride content was within permissible limit in all the seasons as well as sites (Table
16). A clear trend of increase or decrease in chloride content was not observed due to
seasonal changes.

Table 16: Chloride content (mg/L) in drinking water samples from selected sites
during different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard250; 1S:10500 Standar@50
Ashranshala 15.0 14.25 28.36
(handpump)

Ashramshalgwell 40.0 14.25 28.36

water)

New Engli School 55.0 - -

(borewell)
Waje School Waje 53.0 47.41 36.36
(borewell)

Usurli (handpump ) 95.0 97.40 68.00
Usurli(borewell) 930 102.15 39.70
Usurli (borewell) 93.0 102.15 99.26
Usurli (borewell 125 104.53 110.60

Chinchovli(borewell) 38.0 9027 161.60
Chinchovli(borewell) 125 97.40 68.00
Chinchovli(borewell) 130 123.53 99.26

Vangani(borewell) 95.0 121.16 99.26

Vangani(borewell) 63.0 147.29 68.00

Vangani(borewell) 1230 190.05 150.00
NereHigh School 123.1 123.53 78.00

(borewell)
Usurli (abandoned -- 116.40 56.71
well)
Shantivan (river) -- 30.88 11.37
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vi. Sulphate
Sulphate content was under permissible limit in all the samples and s€bsiolesl 7).

Excess sodium sulphate should not be present in drinking water as theyathasicc
actionas well as respiratory diseases

Table 17: Sulphate content (mg/L) in drinking water samples from selected sites
during different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standardi50 400; 1S:10500 Standar@50
Ashramshala 38.38 30.476 25.68
(handpump)

Ashramshaldwell 13.53 21.777 17.43

water)

New EnglishSchool 34.285 - -

(borewell)
Waje School Waje 35.95 38.16 20.18
(borewell)

Usurli (handpump ) 28.68 105.485 43.34
Usurli (borewell) 34.56 129.229 26.37
Usurli (borewell) 53.37 128.436 41.00
Usurli (borewell 29.89 38.666 47.90

Chinchovli(borewell) 20.60 43.518 70.87
Chinchovli(borewell) 34.42 43.530 32.56
Chinchovli(borewell) 5.25 119.114 39.44

Vangani(borewell) 27.87 62.530 36.23

Vangani(borewell) 50.95 42.283 38.90

Vangani(borewell) 27.87 55.494 84.63
NereHigh School 3.83 51.172 96.70

(borewell)
Usurli (abandoned -- 51.975 21.1
well)
Shantivan (river) -- 13.079 24.2
46

SIES Indian Institute of Environment Management, £handrasekarendra Saraswati Vidyapuram,
Sector V, Nerul, Navi Mumbai




Testing, Develpment and Awareness Generation of Water Purification in Municipal Schools,
Sponsoring ageneylumbai Metropolitan RegiorEnvironment Improvement Society, Mumbai

vii. Nitrate

Nitrate content wabelowthe rangen all the sample§Table 18). The sources of nitrate
are usually fertilizer industry waste, solid waste dumps etc. Excess ofnitrate causes blue
baby syndrome in human being.

Table 18: Nitrate content (mg/L) in drinking water samples from selected sites
during different seasons

Location |  Post Monsoon | Pre Monsoon | Monsoon
WHO Standard45; 1S:10500 Standard5
Ashranshala 0.672 0.28
(handpump) 0.44
Ashramshalgwell 0.392 0.193
water) 0.2551
New EnglishSchool -- --
(borewell) 0.0065
Waje School Waje 0.313 0.015
(borewell) 0.04
Usurli (handpump ) 0.09 0.260 0.854
Usurli (borewell) 0.04 0.112 0.256
Usurli (borewell) 0.0065 0.297 0.196
Usurli (borewell 0.005 0.135 0.247
Chinchovli(borewell) 0.93 0.176 0.139
Chinchovli(borewell) 0.543 0.383 0.249
Chinchovl (borewell) 0.04 0.589 0.420
Vangani(borewell) 0.416 0.112 0.573
Vangani(borewell) 0.34 0.503 0.643
Vangani(borewell) BDL 0.058 1.18
NereHigh School 0.215 0.122 0.961
(borewell)
Usurli (abandoned - 0.769 0.091
well)
Shantivan (river) -- 0.734 0.072
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viii. Flouride

Flouride content was within permissible limit as per WHO standard as well as Indian
Standard (Table 19 all the seasons and sité&xcess of fluoride causes fluorosis in

human being and animals.

Table 19: Fluoride content(mg/L) in drinking water samples from selected sites
during different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standardi.50; 1S:10500 Standard:.07 1.2
Ashramshala 0.6 0.6 0.6
(handpump)

Ashramshala (well 0.6 0.6 0.6

water)

New Endish School 0.6 -- --

(borewell)
Waje School Waje 0.6 0.6 0.6
(borewell)

Usurli (handpump ) 0.6 0.6 0.6
Usurli (borewell) 0.6 0.6 0.6
Usurli (borewell) 0.6 0.6 0.6
Usurli (borewell 0.6 0.6 0.6

Chinchovli(borewell) 0.6 0.6 0.6
Chinchovli(borewel) 0.6 0.6 0.6
Chinchovli(borewell) 0.6 0.6 0.6

Vangani(borewell) 0.6 0.6 0.6

Vangani(borewell) 0.6 0.6 0.6

Vangani(borewell) 0.6 0.6 0.6
NereHigh School 0.6 0.6 0.6

(borewell)
Usurli (abandoned well] -- 0.6 0.6
Shantivan (river) -- 0.6 0.6
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ix. Calcium

It was within permissible limit as per WHO and BIS standard at all the sites in all the
seasons (Table 20y monsoon season calcium content was high in majority of samples.

Excess of calcium causes hardness of water.

Table 20: Calcium content ((mg/L) in drinking water samples from selected sites
during different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard75; 1S:10500 Standard5
Ashramshala 7.2 2.0 8.543
(handpump)

Ashramshala (well 7.4 2.5 7.137

water)

New EnglishSchool 11.1 - -

(borewell)
Waje School Waje 6.4 2.2 28.14
(borewell)

Usurli (handpump ) 111 5.2 27.4
Usurli (borewell) 12.4 6.4 39.8
Usurli (borewell) 12.3 6.2 18.34
Usurli (borewell 12.9 6.3 48.32

Chinchovli(borewell) 50.9 4.8 52.8
Chinchovli (borewell) 4.5 6.7 40.4
Chinchovli(borewell) 8.0 6.9 12.07

Vangani(borewell) 49.5 5.1 5.87

Vangani(borewell) 56.1 6.9 32.38

Vangani(borewell) 10.1 8.2 53.4
NereHigh School 49.5 1.0 44.6

(borewell)
Usurli (abandoned -- 7.9 12.0
well)
Shantivan (river) -- 1.40 2.015
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X. Magnesium

Magnesiumcontent vas within permissiblelimits (Table 2). It was maximum in
monsoon season at all the sites and iwdisit as per India and International standards.

Table 21: Magnesiumcontent (mg/L) in drinking water samples from selected sites
during different seasons

Location | PostMonsoon | Pre Monsoon | Monsoon
WHO Standard50; 1S:10500 Standard0
Ashramshala 0.4 3.1 9.3
(handpump)

Ashramshala (well 21 13.5 9.7

water)

New EnglishSchool 0.19 -- --

(borewell)
Waje School Waje 0.04 0.2 9.9
(borewell)

Usurli (handpump ) 0.06 1.99 11.2
Usurli (borewell) 0.12 2.86 9.15
Usurli (borewell) 0.09 2.02 11.4
Usurli (borewell 0.07 1.9 11.6

Chinchovli(borewell) 0.44 2.17 11.8
Chinchovli(borewel) 0.36 7.79 12
Chinchovli(borewell) 20.0 1.54 12.02

Vangani(borewell) 0.49 0.08 12.4

Vangani(borewell) 0.31 1.37 12.6

Vangani(borewell) 0.2 0.19 12.8
NereHigh School 0.47 12.91 13

(borewell)
Usurli (abandoned - 3.74 13.2
well)
Shantivan (rier) -- 13.21 13.6
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xi. Micronutrients (Manganese,Zinc, Iron and Copper)

Manganese anbfon content verebelow detectable limits (Tables 21, 22, 23 andi@4)

all the seasons at altd sites. However, zinc and copper were present during monsoon
seasonZn content wasvithin permissible limit at all the sites and in all the seasons as
per India and International standafdsble 23) While Cu content was aboweinimum
permissible limitin majority of samples (Table 25). As per WHO and Indian Standard
copper content upto 1.5 mg/L is relaxed (Annexure).

Table 22: Manganese hg/L) of drinking water samples from selected siteduring

different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard0.2; 1S:10500 Standard.1
Ashramshala BDL BDL BDL
(handpump)

Ashramshala (well BDL BDL BDL

water)

New EnglishSchool BDL - -

(borewell)
Waje School Waje BDL BDL BDL
(borewell)

Usurli (handpump ) BDL BDL BDL
Usurli (borewell) BDL BDL BDL
Usurli (borewell) BDL BDL BDL
Usurli (borewell BDL BDL BDL

Chinchovli(borewell) BDL BDL BDL
Chinchovli(borewell) BDL BDL BDL
Chinchovli(borewell) BDL BDL BDL

Vangani(borewell) BDL BDL BDL

Vangani(borewell) BDL BDL BDL

Vangani(borewell) BDL BDL BDL
NereHigh School BDL BDL

(borewell) BDL
Usurli (abandoned -- BDL BDL
well)
Shantivan (river) -- BDL BDL
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Table 23: Zinc content(mg/l) in drinking water samples from selected siteduring
different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard5.0; 1S:10500 Standard.0
Ashramshala 0.167 BDL 0.032
(handpump)

Ashramshala (well 0.168 BDL 0.042

water)

New English school BDL -- --

(borewell)
Vaje school BDL 0.01 0.151
(borewell)

Usurli (handpump ) BDL BDL 0.01
Usurli (borewell) BDL BDL 0.091
Usurli (borewell) BDL 0.03 0.032
Usurli (borewell BDL BDL 0.011

Chinchovli(borewell) BDL BDL 0.011
Chinchovli(borewell) BDL BDL 0.012
Chinchovli(borewell) BDL BDL 0.004

Vangani(borewell) BDL BDL 0.007

Vangani(borewell) BDL BDL 0.007

Vangani(borewell) 0.127 BDL 0.013
NereHigh School BDL BDL 0.019

(borewell)
Usurli (abandoned - BDL 0.0054
well)
Shantivan (river) -- BDL 0.0236
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Table 24: Iron content(mg/L) in drinking water samples from selected siteduring
different seasons

Location | PostMonsoon | Pre Monsoon | Monsoon
WHO Standard0.3; 1S:10500 Standard.3
Ashramshala BDL BDL BDL
(handpump)

Ashramshala (well 0.005 BDL BDL

water)

New EnglishSchool 0.007 -- --

(borewell)
Waje School Waje 0.01 BDL BDL
(borewell)

Usurli (handpump ) BDL BDL BDL
Usurli (borewell) 0.057 BDL BDL
Usurli (borewell) BDL BDL BDL
Usurli (borewell BDL BDL BDL

Chinchovli(borewell) BDL BDL BDL
Chinchovli(borewell) BDL BDL BDL
Chinchovli(borewell) BDL BDL BDL

Vangani(borewell) BDL BDL BDL

Vangani(borewell) BDL BDL BDL

Vangani(borewell) BDL BDL BDL
NereHigh School BDL BDL BDL

(borewell)
Usurli (abandoned - BDL BDL
well)
Shantivan (river) -- BDL BDL
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Table 25: Copper content(mg/L) in drinking water samples from selected sites
during different seasons

Location | Post Monsoon | Pre Monsoon | Monsoon
WHO Standard0.05; 1S:10500 Standard.05
Ashramshala BDL BDL 0.00043
(handpump)

Ashramshala (well BDL BDL 0.021

water)

New EnglishSchool BDL -- --

(borewell)
Waje School Waje BDL BDL 0.013
(borewell)

Usurli (handpump ) BDL BDL 0.021
Usurli (borewell) BDL BDL 0.048
Usurli (borewell) BDL BDL 0.149
Usurli (borewell BDL BDL 0.065

Chinchovli(borewell) BDL BDL 0.08
Chinchovli(borewell) BDL BDL 0.067
Chinchovli(borewell) BDL BDL 0.07

Vangani(borewd) BDL BDL 0.065

Vangani(borewell) BDL BDL 0.078

Vangani(borewell) BDL BDL 0.109
NereHigh School BDL BDL 0.1008

(borewell)
Usurli (abandoned - BDL 0.131
well)
Shantivan (river) -- BDL 0.105
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Microbial Parameters

i. Most Probable Number (MPN) by Multiple Tube Fermentation Method

Microbial analysis of all the samples was carried out by Multiple Tube Fermentation
Method and the results were summarized in terms of MPN inddsaut 40 % samples in

post monsoon season, 50% samples in pre marasod88% drinking water samples were
found to be contaminatgdable 26 Plates). River sample during pre monsoon waghly
contaminated could be due to less water, bathing and washing activities. Some of the
borewell samples were highly infected may thee to dirty surrounding ommproper
handlingof borewells.Overall high microbial density in monsoon season could be due to
mixing of runoff water containing wastes etc.

Table 26 : Most Probable Number (MPN) in drinking water samples from selected
sitesduring different seasons

Location Post Monsoon Pre Monsoon Monsoon
MPN Index MPN Index MPN Index
WHO: FecalColiform - 0 cell100 mL; Relaxed Standard 1- 10 cells/100ml;
IS:10500 Standard: 110
Ashramshala Nil Nil 49
(handpump)

Ashramshaldwell 27 14 Nil

water)

New EnglishSchool Nil - -

(borewell)
Waje School Waje 2 34 7
(borewell)

Usurli (handpump ) Nil Nil 70
Usurli (borewell) Nil 2 70
Usurli (borewell) 6 120 49
Usurli (borewell 1600 Nil >2400

Chinchovli(borewell) Nil Nil Nil
Chinchovli(borewell) Nil Nil 49
Chinchovli(borewell) Nil Nil 350

Vangani(borewell) Nil 15 >2400

Vangani(borewell) 2 Nil 5

Vangani(borewell) 4 2 23
NereHigh School Nil 5 220

(borewell)
Usurli (abandoned -- Nil >2,400
well)
Shantivan (river) -- 1600 4
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Plate 7: Sampl®MREIS- 009showing acid and gas production in
4 double strength and 3 Single strength tubes
v : E \ﬁ

—

SNBSS

Plate 8: SampleMMREIS 011only one tube showing acid and gas produétio

Plate 9: SampI®MMREIS 014showing gas and acid production in two
single strength tube
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Plate10: SampleMMREIS 015showing acid and gas production in 5
double strength and 9ngjle strength tubes

Plate 11: SampI®IMREIS 020- Acid and gas production only in ingle strength tuk

Plate 12: SampI®IMREIS 021showing Acid and gas production in one double
strength and one single strength tube
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