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Chapter -1
INTRODUCTION

Water is one of the most essential and importatiral resources for human beings,
animals and plants. It is difficult to imagine amwvgonment without water. Man can live only
three or four days without water. Potable and dnigkwvater play an important role in the
development of the good health of a nation. Wateukl be suitable for drinking and food
preparation (Tihansky, 1974). Water is a good sulead picks up impurities easily and thus
changes its taste, colour and odour. It is a wedivikn fact that when water is polluted, its

normal functioning and properties are affectedv@ddiet al, 2010).

The water plays a central role in economic andadal@velopment. Total amount of water is
constant worldwide, its quantity and distributiore anequal. To execute this task, accurate
and adequate information must be available aboet ghality of this natural resource.
Although our planet has nearly 71 per cent of watety 3 per cent of it is fresh (Dugan,
2012). The demands of water supply have been isicrgdaremendously due to increasing
industrialization on one hand and exploding popoitaton the other. Moreover, due to
sewage, industrial waste and a wide range of stinthbemicals, a considerable part of the

water are polluted.

Freshwater, which is a valuable and limited vit$ource, needs to be protected,
conserved and used judiciously. But unfortunatilig has not been the case, as the polluted
lakes, rivers and streams throughout the worldfyesiowever, poor water quality continues
to pose a major warning to human health worldwi{@bally, waterborne diseases are the
cause of death and suffering of millions of peopdspecially, children in developing
countries (Schaferat al, 2009). Worldwide 250 million cases of waterbodigeases have
been reported (Esret al, 1985).

The World Health Organization states that watertains many types of impurities
from various sources, causes different types ofemwatborne diseases and due to unsafe
drinking water supplies each year, millions of gecguffer from such diseases. Due to water
- borne diseases, four hundred children in devatpmountries including India, die every
hour (Asati and Choudhari, 2012).

The availability of safe drinking water is decriegsrapidly. For last few decades, the

rapid increase in the human population, increasamghropogenic activities, land-use



changes, discharge of sewage and municipal wakiewiater bodies have degraded water
guality (Meiteiet al, 2004). Water sources are becoming unsafe foranuonsumption as
well as for other activities like irrigation anddustrial needs. The severe contamination of
water around urban areas indicates that industaiadl domestic sectors contribute

significantly to water pollution in our country.

Water plays a vital role in the dispersal of vasoarganisms, bacterial and viral
diseases. Dangerous diseases like dysentery, typtiodlera, hepatitis, and diarrhea can be
spread by fecal polluted drinking water. It is rgpd that about 70 per cent of the surface
water sources have already contaminated (Rao amdalha, 2004). Water is a good solvent
and picks up impurities easily and thus, changesagte, colour and odour. Groundwater is
usually assumed to be a very good source of potader due to the purification property of
soil (Odeyemet al,, 2011).

The pressure on water resources is increasingpandapita availability of water is
reducing day by day with a rapid growing populatiand improving living standards
(Sampathet al, 2003). The climate change is further expecteaffiect the quality of surface
and groundwater sources and thus, water availaslialso degenerate because of increasing

pollutant loads from the point and non-point soarce

Solan district of Himachal Pradesh has also comasup hub for various types of
industries. Presently, it has about 38 small sealé 6 large-scale industries. The state is
having 56 urban and suburban habitations, whichfatber growing rapidly and releasing
about hundreds of tons of solid waste to the enwrent. Various anthropogenic activities
like construction of roads, the establishment oflustries and educational institutes,
deforestation, change in the cropping pattern am@ssive use of chemical fertilizers and
pesticides for higher crop yield have degradedaater quality (Ranat al, 2016).

Therefore, there is an urgent need for monitoringlity parameters of water like
biological oxygen demand, chemical oxygen demangspended solids, pH, electrical
conductivity, hardness, toxic metals pesticidelsand grease, and total coliform. The present
study aims to analyze the quality of drinking waiterdifferent educational institutions in
Solan District of Himachal Pradesh so that appegprpreventive and remedial measures

could be undertaken.

The physico-chemical and biological parameters itaged for the assessment of
water quality are expressed in a single form caNater quality Index (WQI). Use of a water



quality index (WQ)I) is one of the most effectivepapaches to communicate information to
decision makers. It promotes the understanding afervquality issues by integrating
complex data and generating a score that descwlésr quality status (Reza and Singh,
2010). Keeping this in view, the present studytkti“The Assessment of water quality in
Educational Institutes in Solan District of Himathradesh” was undertaken with the

following objective:

I. To assess the physical, chemical and biologicarpaters of water sources



Chapter -2
REVIEW OF LITERATURE

Water is of paramount importance to the livelih@wdl health of the inhabitants. The
problem of water pollution has further been worsebg the rapid population explosion,
leading to congestion, increased waste generatmohextreme pressure on the available
water resources. The cohesiveness in representdtibe related research has been analyzed
in the present investigation entitlethssessment of Water Quality in Educational

Institutes in Solan District of Himachal Pradesh.” under following headings:
2.1 Physico-chemical and biological parameters ofater sources

2.2 Water Quality Index (WQI)

2.1 Physico-chemical and biological parameters ofater sources

Al-Saleh and Iman (1996) observed the simple metfoydthe spectro-chemical
analysis of water samples by inductively coupledspia atomic emission spectroscopy.
Samples from 32 schools in drinking water coolarRiyadh,Saudi Arabia were assemble at
a specific time and analyzed for Al, Be, Cd, Co, Cu, Fe, Mn, molybdenum Mo, Ni, Si,
strontium (Sr), vanadium (V) and Zn to assess théewquality. The analysis of drinking
water in some cases showed high concentrationstdlsnthat exceeded the guideline limits
prescribed by WHO. Lokeshwari and Chandrappa (20§i6fied was undertaken for
assessing the level of heavy metals such as iion, zopper, nickel, chromium, lead and
cadmium in water, water hyacinth and sediment sampf Lalbagh tank, Bangalore. The
results revealed that by large all metals are ptageall the samples, except cadmium in the
sediment samples. The average concentrations wfiiravater and sediment samples, and
lead in water hyacinth were found exceeding thetdiraf Indian Standards. In general, the
concentrations of iron and zinc were found mor#peed by lead, chromium, copper, nickel
and cadmium concentration was low. Adekuateal (2007) observed that the most rural
settlements in Nigeria, access to clean and potahter were a great challenge, resulting in
water borne diseases. The aim of study was to aslsedevels of some physical, chemical,
biochemical and microbial water quality parameterswelve hand-dug wells in a typical
rural area of southwest region of the country. Theywe also examined the seasonal
variations and proximity to pollution sources. pdrameters were detected up to 200 m from



pollution source and most of them increased in entration during the rainy season over the
dry periods, pointing to infiltrations from stormater. Coliform population, Pb, N@nd Cd

in most cases, exceeded the World Health Organizaticommended thresholds for potable
water. The qualities of the well water samples wéerefore, not appropriate for human
consumption without adequate treatment. Regular itovomg of groundwater quality,
abolishment of unhealthy waste disposal practiogsiroduction of modern techniques was
recommended. Chaat al (2007) conducted the study on the water sampulscted before
and after filtration treatment was given. Fivedagmf filtered drinking water and five types
of unfiltered tap water were chosen randomly framages in Klang Valley for analyses. The
purpose of the study was to determine the quafitijitered drinking water by looking into
the microbiological aspect and several physicochalanalyses such as turbidity, pH and
TSS. The microbiological analyses were performedtraxe the presence of indicator
organisms and pathogens suctEasherichia coli Streptococcus faecalandPseudomonas
aeruginosa All of the water did not comply with the regutats of Food Act as consisted of
more than 103-104 cfu fhifor total plate count. However, the total colif@randE. coli
were detected lower than 4 cfu hand not exceeding the maximum limit of Food Act.
While the presence @. faecalisandP. aeruginosawere negative in all samples. The pH
value was slightly acidic (pH<6.5) compared to thege in the regulations. The TSS for the
samples was low (1.0x10-4 - 2.2x10-3 mg and the turbidity for all the samples were
recorded below 1 Nephelometric Turbidity Units (NTWhus, complying with the
regulations. Ojcet al (2007) observed that water samples were colleftted Lagos State
University, Ojo Campus. The water samples were idiately subjected to both chemical
and microbiological analysis in order to evaludte guality of potable water in circulation
within the university and identify its sources aintamination. Levels of iron, calcium and
magnesium appreciable in the circulating drinkingitev were far below the WHO
recommended limits. This explains the high percgmtaf water-borne diseases such as
Dysentery, Diarrhea and Typhoid fever within thaversity population. Meanwhile, other
microorganisms detected weEe coli, Pseudomonas aerugings&taphylococcus aureus
yeasts and moulds. The pH of potable water in Etmn falls within recommended limits
(6.0-8.0) but for faculty of arts and social sciesthat had pH of 5.5 which suggested a high
degree of public health concern. Akatb al (2008) studied the water samples from five
sampling points on four rivers, Owabi, AkyeampomeRampunase and Sukobri. Heavy
metals (Zn, Cu, Mn, Cu, Pb and As) concentratiamd some physical parameters of the

water samples were determined. EC and pH of wétens all the streams were found to be



within the acceptable limits of the (WHO). All tre#greams showed high turbidity values
above WHO limits. The heavy metals determine inulager samples, Fe, Mn, Zn and Cu
concentrations in all the streams were within tbeeptable WHO limits, whiles Pb and As
appeared to be higher than the acceptable limitdlithe streams. There was a statistically
significant positive correlation between pH and sometals at all the sample points (p =
0.05). The results showed that all the streams peikited and must be treated before
consumption. llyast al (2008) studied forty samples of water, collectedn different
sources available at schools Ghulam Mohammad AbBagsalabad were examined for
chemical composition. The analysis included totaldness, total dissolved solids, chlorides,
carbonates, bicarbonates, nitrates, calcium anchesigm. Results showed that Water and
Sewerage Authority (WASA) water as direct supplatey stored in schools tanks and that
available in schools coolers had calcium less ttien WHO permissible limits. Total
hardness, total dissolved solids, chlorides, caate®) bicarbonates, nitrates and magnesium
were within the safe limits. However, analysis obuynd water showed that chlorides, total
dissolved solids, carbonates bicarbonates, calantimitrates exceeded the WHO limits. Kar
et al (2008) studied the surface water samples cotlefrttam river Ganga in West Bengal
during 2004-05 was analyzed for pH, EC, Fe, Mn,@u, Cd, Cr, Pb and Ni. The maximum
mean concentration of Fe (1.520 mY Wwas observed in summer, Mn (0.423 iy in
monsoon but Cd (0.003 mi)land Cr (0.020 mgY) exhibited their maximum during the
winter season. Fe, Mn and Cd concentration alseedawith the change of sampling
locations. A significant positive correlation waghiited for conductivity with Cd and Cr of
water but Mn exhibited a negative correlation watinductivity. Tikooet al (2008) carried
out water analysis of Bichlari Nala at Banihal &amban (Jammu and Kashmir, India) for
determining presence of Ca, Mg, K, Na, Fe, Mn, Bi,Zn and Pb. The analysis revealed
that all cations were below the permissible lingixsept Fe, Mn and Ni. They also reported
that bicarbonates, sulfates and nitrates, totalrtems and pH values were within safer levels
while turbidity values were higher. Sahato and K@&#i09) reported that the temperature in
January and August was 18 andG3pH in September and June was 7.3 and 8.9, aillyali
in July and January was 160 and 240 thgrinimum chlorides (30 mg') in September and
maximum (85 mg1) in December, conductivity (320 dS’nin September and 496 dS™'m
in December, total dissolved solids were 240 thinlSeptember and 391 mid in October,
turbidity was 30 NTU in December and 78 NTU in Majssolve oxygen was 7.0 mg in
January and 9.0 mg'lin July, calcium (50 mg?) in July and September and (78 rigjih
October, magnesium (21 mg)lin August and September, and 35 rigii June of water



samples of Keenjhar lake and concluded that thiati@m in parameters were due to rain and

flow of river Indus in Keenjhar Lake, District, Tita, Sindh, Pakistan.

Shaikh and Mandre (2009) studied the physico-cbainparameters of drinking
water in khed ( lote ) industrial area to analy#tesl certain parameters like , pH, temperature
, EC and chloride was found to under permissiiotgt lin all ten different water samples.
Parameters like TDS, DO, COD , BOD and hardnessfaasd to beyond permissible limit
in well water samples. In the present study corexto seasonal change in parameter; there
was no remarkable change of parameter as per seassnfound expect electrical
conductivity, temperature and quite chloride. Agarvand Rajwar (2010) studied the
physico-chemical and microbiological charactersstidé the water of Tehri dam reservoir in
the Garhwal Himalaya of India. Total solids, tosalspended solids, total dissolve solids,
turbidity and sulphate values were maximum in raimynths. The alkalinity varied during
different months. The pH, conductivity, hardnessciam, dissolved oxygen and biological
oxygen demand was higher during summer months.chl@ide concentration was highest
in the month of January and nitrate in the summerearly monsoon. The maximum number
of total coliform and total plate count was durisignmer and rainy seasons and minimum
during winter season. Joseph and Jacob (2010)stsdime physico-chemical characteristics
of a fresh water wet land were investigated. Thedyamns was carried out for a period of two
years. Physical parameters such as colour, odeompdrature, (EC), (TSS), (TDS), (TS),
turbidity and chemical parameters such as pH, ialkgl hardness, (DO), (BOD), (COD),
chloride, salinity, flouride, phosphate and nitratere examined. The results indicated that
water in Pennar River is highly contaminated andsade for drinking. Uncontrolled use of
chemical fertilizers and pesticides, unscrupulousping of domestic wastes are the major
causes of deterioration of water. Poor quality ohidng water was recorded as the major
risk factor for the large-scale water-borne diseasdéhe area. Quagraine and Adokoh (2010)
assessed water quality in a dry season for the Capst municipality in Ghana, which has
been experiencing chronic water shortages. Fifth#arent sampling stations four surface,
five ground, and six tap water samples were andlyfer physicochemical and
microbiological parameters during January to ARAD5. Levels or trends in water quality
that may be harmful to sensitive water uses, inndirinking, irrigation, and livestock
watering have been noted with reference to welhldisthed guidelines. Excess to some
health-based drinking water guidelines includedtp@scoliform for various water samples.
The World Health Organization laundry staining Frdgline of 0.3 mgt was exceeded by



75 per cent of surface water, 44 per cent tap watet 53 per cent groundwater samples. The
corresponding Mn guideline of 0.1 mg Iwas exceeded by all the water samples.
Respectively, all surface water samples and alsperfscent of the surface water exceeded
some known Cu and Zn guideline for the protectibaguatic life. In several instances, tap
water samples collected at the consumer’s endeodiitribution system did not reflect on the
true quality of the treated wateaxena and Gangal (2010) assessed the physicaeahem
properties of drinking water in Brij region from igarh to Mathura and reported the
concentration of pH, total dissolve solids, temp&e chlorides, calcium , magnesium, BOD
and COD were in the range of 7.27 to 8.02, 3136 mg I*, 29 to 35C, 28.4 to 485 mg,
25.2 to 42.4 mg, 80.3 to 98.4 mg}, 6.8 to 12.8 mg, and 8.6 to 12.2 m@' respectively.
Sharma and Kapoor (2010) assess the physical peaeamef lake water of Patna Bird
Sanctuary revealed that depth, pH, temperaturéjdity and light penetration of various
experimental sites. As far as chemical parametese woncerned, BOD, COD and DO
fluctuated from 14.01+0.007 to 44.04+0.002 ppm;03%0.028 to 98.02+0.004 ppm; and
2.04+0.028 to 6.05+0.004 ppm, respectively. Thddgjral indicators i.e. phytoplankton and
zooplankton attained lowest and highest populatiafifferent seasons of 2004-05 and 2005-
06. In present investigations, the lake water wastnfavorable for higher fish production
during rainy as well as winter season. Ali al (2011) determine the water quality of
different reservoirs at schools of District Peshawdineteen schools were selected for
sampling of water. Thirty two drinking water sangphlere collected and analyzed for total
coliform bacteria, fecal coliform bacteria afifl coli. The data revealed that out of 32
samples 15 were fit for human consumption. Positegeilts for total fecal coliform bacteria
were found in 37 per cent samples, while E. cok weesent in 18 per cent samples. Highest
contamination of total coliform bacteria (TCB) was100 MPN mif* and lowest was 9 MPN
ml™. Hamadet al (2011) analyzed the six water samples colleatech fvarious schools and
six bottled water brands collected from local sapskets and food stores in North Central
of akaka city, Saudi Arabia in respect to chlorimanganese, nitrate, chromium, sulfate, iron
and copper concentrations to ascertain their diittafor human consumption. With respect
to manganese concentration, two of the analyzetledotvater samples failed to meet
drinking water guidelines of Saudi Arabia Standafiganization (SASO), but were below
the limit set by WHO. All tested schools water sémspfailed to meet drinking water
guidelines of SASO, but were below the limit setWiHO. Comparison of the study results
with the reported label values indicated good ages# with most components but

considerable variation for Manganese in the setwadd. Low sulfate variations were found



in all brands. Puri (2011) studied the water p@lutvith heavy metalsin Nagpur
City, Maharashtra, India. The levels of the ocomee of heavy metals
like (cd), (Fe), (Zn), (As), (Hg), (Pb)and rjC were estimated in Futala, Ambazari,
Gandhisagar and Gorewada lake, within Nagpur éilythe session January to December
2008. The monitoring was made over a period of paar comprising of three seasons;
summer, winter and rainy season respectively. Tdaly variation in the concentration of
heavy metals had definite upward trends. In thig\stevealed that dissolved constituents of
Fe, Pb, Zn and Cr were above ranges of unpollutattrwindicating their contamination
throughout the season in cases of Pb, Fe and Zmaasional for As and Hg. The metals
Zn, Fe, Cd, Ni almost remained in natural level le/f@rsenic (As) was always below the
detection limit of 0.0001 ppm. Wogu and Okaka (P04tudied the surface water samples
from Warri river in Delta State of Nigeria were &r@d quantitatively for the concentration
of nine heavy metals, namely: Cadmium, Chromiumpgeo, Iron, Lead, Manganese,
Nickel, Vanadium and Zinc, using Atomic AbsorptiBpectrophotometer. (Fe) recorded the
highest mean value of 1.9304 mg hile (Pb), had the least mean concentration @@L
mg . Cadmium, Chromium, Manganese and Nickel had highacentrations than values
in standard guidelines for potable water, pointiaghe existence of risks to public health.
Yadav and Srivastava (2011) studied physico-chdmiagerties of River Ganga at Patthar
Ghat, Bada Mahadeva Ghat, Dadari Ghat, CollectoatGind Chitnath Ghat during
September 2005 to August 2007 and found depletidha dissolved oxygen, and increase in
temperature, total solids, electrical conductapté, biochemical oxygen demand, chemical
oxygen demand, chloride, acidity, total alkalinitytal hardness, calcium, phosphate, nitrate,
sodium and potassium. Durmigdti al. (2012) the objective of this study was the assess

of physical, chemical and bacteriological qualifytlee drinking water in the city of Tetova
and several surrounding villages in the Republidviaicedonia for the period May 2007-
2008. A total of 415 samples were taken for chemaysical and bacteriological analysis.
They had used the Canadian Drinking Water Qualiigek (DWQI) for the quality
assessment of drinking water. The results showaidthie highest water quality was recorded
at the South East European University (SEEU) (DWQ®R.69), whereas the lowest quality
at Shipkovica (DWQI = 63.18).The study stronglyaeenended the immediate correction of
these issues to protect the health of populatiom fwater borne diseases as well as regular
monitoring of the drinking water quality in the reg. Jadhawet al (2012) to assess the
Borewell water quality for suitability for drinkingnd domestic purposes were carried out

from Ajara Tahsil. The ground water quality wasessed by examining various physico-



chemical parameters. Borewell water samples welleated from 51 villages from Ajara
Tahsil during April 2011. The physico-chemical pagders like temperature, pH, EC, total
alkalinity, total hardness, Ca and Mg hardnessprades and dissolved oxygen have been
analyzed. The results were compared with WHO arf8l @Inking water standards. On the
basis of hardness, out of 51 borewell samplesa#@pkes were within the permissible limit
and safe for drinking purpose. Sujitea al (2012) reported the water quality parameters
(salinity, TDS, DO, BOD, turbidity, pH, temperaturalkalinity, hardness and dissolved
nutrients) of surface water and sediments of Karemaver. The highest temperature was
31.0°C during pre monsoon period and there wasfieence of salinity. In the monsoon
period, high DO (5.4 mg") was noticed. TSS (17 mg)lat Manakatukadavu, 40 mg &t
Thiruvallam during pre monsoon and 24 migat Manakatukadavu, 60 mg ht Pallichal
during monsoon were reported. TDS in water samplzeased from 56 m@ lat station 1 to
28 mg I' at station 5 during pre monsoon and from 41fh@ station 1 to 112 mg'lat
station 5 from March to July. Total alkalinity olged in well was within the prescribed
standards of drinking water (>120 mg).I High hardness (12 mg') was recorded at
Karamana at Siva temple during pre monsoon peridthkuret al (2012) studied the water
becomes contaminated with enteric pathogens amdetmsure the extent of drinking water
contamination with the pathogenic microorganismsaté¥ samples were collected from
different areas of Solan city in Himachal Praddgi®N test was performed to detect the
coliforms in water samples collected from surfacdewr sources, hand pumps, taps, roof top
storage tanks and aqua-guards. Chlorination of sgater samples was done to see the effect
of chlorine on bacteria. The indicator organismslated wereE. coli and Enterobacter
aerogenesvere the characteristic of intestinal tract of naend animals. The study revealed
that surface water and roof top storage tank wager more liable to contamination whereas,
ground water and aqua-guard water was safer foahwwansumption. Chlorine was effective
in removing these bacteria from water.

Asadullah et al (2013) investigated the physico-chemical qualy 780 water
samples collected from 490 educational institubested in various areas of Karachi, during
the period of May to September 2005. The paramétetsde pH, turbidity, total dissolved
solids, hardness and conductivity that were vaineah 3.2 to 8.7, 0.2 to 3.1 NTU, 79 to 1066
ppm, 69 to 558 ppm and 96 to 1775 dSrespectively. On the basis of pH 6 per cent, taste
2.1 per cent, turbidity O per cent, TDS 2.5 pert@rd hardness 1.3 per cent, of the samples
were found out of acceptable limits of World Healiganization guidelines. Moreover, the

conductivity of the studied waters was found totlhe multiple of 0.6001 to that of TDS

10



when regression model was established. Bichi arid B2013) studied the Tatsawarki River,
which was one of the major tributaries of the K&heer, received all domestic and industrial
waste waters of Kano metropolis from the southemt. @’he samples of surface water were
collected from three different points along theeriand ground water samples were collected
from three irrigation areas along the river. Consamples were collected from locations
away from the river. The water samples were andlyioe physico-chemical parameters
(Temperature, pH, TDS, Turbidity, Electrical contivity, Hardness, Nitrates, and Nitrites)
and heavy metals (Pb, Cr, Co, Cd, Zn, Cu, Fe anjl Mimese results showed the higher
values than the WHO guideline. The concentratiohthe heavy metals in the irrigation
water were also found to be higher than the FAQIgjuie values with the exception of Fe
and Pb, which were found to be below the FAO gingelalues. All irrigation water samples
were also found to have higher metals level in camspn with the levels obtained in control
sample with the exception of Pb. Sameieal (2013) assessed the physical and chemical
quality of several borehole water sources, usedrimal schools in Greater Giyani
Municipality Mopani district, South Africa, to detaine their safety for human consumption.
Atomic absorption spectroscopy and ion chromatdyawere used to determine the
chemical quality of water sources. The pH of theéewaamples varied between 5.29 and 8.3
and tended to be higher in winter and lower in semniihe turbidity values varied between
6.17 and 44.7 NTU in some of the schools. The camnagon of calcium and magnesium
were high. Anions such as chloride and sulphateeweithin the recommended. The
concentrations of nitrates were high obtained fedhschools except in Nyanisi high school.
In all schools there were no fluorides and phogshaHeavy metals like arsenic, iron,
cadmium and lead were within the prescribed DWARitB. The results indicated that the
water from the studied boreholes was not suitadnidniman consumption based on hardness
and nitrate content and may cause a serious thoe#tte health of the consumers and
therefore call for urgent intervention in order reduce such chemicals and preserve the
health of the children. Baket al (2014) the main aim of this study was to invesigthe
drinking water quality in primary schools of a nogtolitan area in Ankara. Water samples in
a metropolitan area of 31 primary schools of Ankaese collected to determine the quality
of drinking water. The physical and chemical partrse were within acceptable limits,
except cadmium and lead levels. More than 30-y&hisohool buildings, which were 24.1
per cent of all 54 buildings, had higher and stigaly significant averages of lead
(0.01620.013 mg™) levels compared to the others (0.006+0.01 My In old school

buildings lead contaminated plumbing materials &hde treated and drinking-water quality
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monitoring should be continually maintained. Guptaal (2014) study on surface water
quality from different land uses and under différseasons of Parwanoo area of Solan
district of Himachal Pradesh was conducted dunvigter, summer and rainy seasons under
different land uses. Samples of surface water fdifferent sources under different land uses
(agriculture, forest and urban) were collected andlyzed for quality parameters viz. pH,
temperature, electrical conductivity, total disgal\solids, BOD, COD, Ca, Mg, NGnd CI
contents. The contents of all the elements wereinvgermissible limits except Ca (>75 mg |
). Rahmaniaret al (2015) analyzed the drinking water quality wassirspected parts of
Perak state, Malaysia, to ensure the continuouplgu clean and safe drinking water for
the public health protection and to analyze theupaters such as pH, turbidity, conductivity,
total suspended solids, TDS and heavy metals ssickuazZn, Mg, Fe, Cd, Pb, Cr, As, Hg,
and Sn were analyzed for each water sample callesieing winter and summer periods.
The values of each parameter were found to be nwithe safe limits set by the WHO and
NDWQS. Overall, the water from all the locationsswiaund to be safe as drinking water.
Sharma (2015) observed the safe drinking waterviuate the physical and chemical
gualities of tap water of Chandigarh. Tap water @aswere collected from various sites in
Chandigarh and were determine for physico-chemgatameters like colour, odour
temperature, pH, turbidity, electrical conductiyitptal dissolved solids, dissolved oxygen
and salinity. The water samples studied presenvahee of various parameters to be within
BIS and WHO guidelines. It was achieved that thaliguof water samples studied were
acceptable from the various physico-chemical pararseObiet al (2016) observed the
microbiological and physico-chemical analysis afdamly selected borehole waters used by
staffs, students and pupils in twenty private sthao Umuahia Abia State. The physic-
chemical parameters were within acceptable limtegx for nitrate whose range fell between
10-53 mg T above WHO guidelines of 10 mg.IThe findings showed that 16 of the
borehole water samples from the 20 private scho@s with WHO standards for drinking
water while the water samples from four school$ th@ not meet with the WHO standards
for drinking water and pose serious health thréatthe pupils and teachers who drink the
water. Shresthat al (2017) conducted the study to assess drinkingmiality, sanitation,
and hygiene (WASH) conditions among 708 schooldcail and 562 households in Dolakha
and Ramechhap districts of Nepal. A flame atomsogttion spectrophotometer was used to
test lead and arsenic content of the samples. Thesyaf water samples for pH (6.8—7.6),
free and total residual chlorine (0.1-0.5 rifY Imean lead concentration (0.01 nTy, land

mean arsenic concentration (0.05 mY were within national drinking water quality
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standards. The presence of domestic animals roamsige school children’s homes was

significantly associated with drinking water contaation.

2.2 Water Quality Index (WQI)

Gebrehiwotet al (2011) the main objective of assessing suitgbdi groundwater
quality for drinking purposes through WQI investiga of the different hand dug wells in
the watershed. This was done by subjecting the @@nglwater samples collected to
comprehensive physico-chemical analysis using ARdtendard methods of analysis. For
calculating the WQI, 10 parameters have been cereid (pH, N& K*, Mg®*, C&"Cl,
HCO;, SO>S and TDS). The WQI for these samples ranges frém15to 86.24. All the
groundwater samples estimated using the watertguadlex fall in the good water class and
are all suitable for drinking purposes. Damo ar@ 12013) analyzed the quality of drinking
water in the city of Pogradec, Albania. The samplese taken daily from six fixed points in
the city. They were analyzed based on the stanalattiods for the following parameters:
taste, odour, temperature, pH, EC, turbidity, N ®O*, NH*", chloride, and microbial load.
The determination of water quality was made usimg WQI of the Canadian Council of
Ministries of the Environment (CCME). The calcuthtgalue of CCME WQI by 87.81
indicates that the drinking water quality in thgy@f Pogradec is “good,” and that turbidity is
the main problem in quality. Vatkaet al (2013) aimed at evaluating the WQI for the
drinking water of engineering colleges in Kolhapity. This has been determined by
collecting a monthly for period of one year frombF2011 to Jan 2012 of four engineering
colleges of Kolhapur city and subjecting the samptea comprehensive physico-chemical
and biological analysis. For calculating the wafeality index, nine critical parameters have
been considered. The WQI for these fourty eightdasiranged from 66.26 to 98.80 with an
average value of 84.14. The analysis reveals teabverall drinking water of the sampling
sites, in general, can be considered fit for edanat institutions of the student community
and sampling sites B are slight to moderate wabdugon and their water can be used for
drinking purposes only after proper treatment ttingsresults that overall quality of drinking
water is good at the sampling site. Shanbehzatdedl (2014) studied was carried out to
examine heavy metals concentration in water andnsed of upstream and downstream of
the entry of the sewage to the Tembi River, Iraamfles were collected from upstream and
downstream and were analyzed for Cd, Cr, Cu, Fe,N¥band Zn by atomic absorption
spectrophotometer. The results indicated that Wleeage concentration of the metals in water

and sediment on downstream was more than thatstfagm. The mean concentration of Cu
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and Zn lies within the standard range for drinkimgter and the mean concentration of Mn,
Zn, and Pb lies within the standard range of atjuical water.Batabyal and Chakraborty
(2015) investigate the hydro geochemical paramedmid addition of a WQI to assess
groundwater quality of a rural tract in the nortlstvef Bardhaman district of West Bengal,
India. Groundwater occurs at shallow depths wite thaximum flow moving southeast
during pre-monsoon season and south in post-morgewod. The physicochemical analysis
of groundwater samples shows the major ions inotider of HCQ.Ca.Na.Mg.Cl.S® and
HCO;.Ca.Mg.Na.Cl.S@ in pre-monsoon and post-monsoon periods, resgdgtivihe
groundwater quality is safe for drinking, barrirgetelevated iron content in certain areas.
Based on WQ)I values, ground water falls into onéhoée categories: excellent water, good
water, and poor water. The high value of WQI iséuse of high concentration of iron and
chloride. The majority of the area is occupied by @oor water in post-monsoon and good

water in pre-monsoon period.
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Chapter -3
MATERIALS AND METHODS

The study entitled’Assessment of Water Quality in Educational Institues in
Solan District of Himachal Pradesh”was conducted during 2018-2019 in the Department
of Environmental Science, Dr. Y.S. Parmar Univgrsit Horticulture and Forestry, Nauni
(Solan), Himachal Pradesh. The details of matetiatsd and methods employed during the

present study are presented in this chapter.
3.1 Location

The study was conducted in Solan, Dharampur andl&gimat blocks. Solan district is
located between 880” and 3%£50” N latitude and 782" to 7720” E Longitude. The
altitude of the district varies from 300 to 3,00@ters above mean sea level. The total

geographical area of the district is 1936 sq km.
3.2 Climatic and weather conditions

The climate of the Solan district is sub-tropical dub-temperate and semi-humid
characterized by cold winters and having distinigeds four major seasons in the year. The
winter season commences from November to Febrsargmer season from March to May
followed by the monsoon season from June to Semeard autumn season from October to

November. The higher reaches of the district receiowfall during winter months.
3.3 Study sites and treatment details

a) Study area: Solan District

Number of blocks: 3

. Solan

. Dharampur

. Kandaghat

b) No. of schools 3 in each block

C) Seasons 2 (winter and summer)

d) Total Treatment Combinations =3x3x2=18

e) Replication =2



3.4  Collection and preparation of samples

Water samples were collected in acid washed plastittes of one liter capacity as
per standard procedure (APHA 1998) from selectédds during two seasons i.e., summer
and winter in two replications. Tap water samplesravcollected after running water for
about five minutes as per standard procedure (lghalGupta, 2009). The colour, odour and
temperature of water samples were determined dirtteeof sampling at the site itself. The
temperature was recorded with the help of thermemeAll samples were adequately
labeled, taken to laboratory and analyzed for p8, EDS and BOD immediately and the

remaining samples were stored in refrigerator @t #t performing subsequent analysis.

Table 3.1: Sampling details and sites

Sites Schools Latitude Longitude

Solan S1 30°54.547"N 077°06.066"E
S2 30°52.137"N 077°08.140"E
S3 30°52.003"N 077°10.211"E

Kandaghat S4 30°55.943"N 077°07.917"E
S5 30°57.843"N 077°06.092"E
S6 31°00.620"N 077°05.412"E

Dharampur S7 30°51.738"N 077°04.278E
S8 30°53.340"N 077°04.016’E
S9 30°53.726"N 077°01.450"E

(S1 = Government Senior Secondary School (Girlslar§oS2 = Government Senior
Secondary School Oachghat, S3 = Government Semoonflary School Shamror, S4 =
Government Senior Secondary School Salogra, S5wei@ment Senior Secondary School
Kandaghat, S6 = Government Primary School Wakna@vat Government Middle School
Anhech, S8 = DAV School Kumarhatti, S9 = Governm&snior Secondary School

Dharampur).
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Fig. 3.1: Map showing study area

3.5 Water sampling and analysis

The water samples were then analyzed for the pllysitbemical and biological parameters
by applying the following procedures:

3.5.1 Physical Parameters
a) Colour
Colour was determined by visually seeing the cotdwater with naked eyes.
b) Odour
Odour was determined by smelling the water samples
c) Temperature (C)

The temperature of the water samples was recatie sampling site by using

laboratory thermometer.
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Table 3.2 Colour and odour of water samples accordg to CPCB classification

1. Light brown | 6. Dark green 1. Odour free 6. Septic
2. Brown 7. Clear 2. Rotten eggs 7. Aromatig
Colour Odour
code 3. Dark brown | 8. Colourless| .44e 3. Burnt sugar 8. Ahlmus
4. Light green 4. Soapy 9. Alcoholic
5. Green 5. Fishy 10.Unpleasant

3.5.2 Chemical parameters
a) pH

The pH of the water was determined by using npi@oessor based pH meter
(Model-1013 of EIA make).

b) EC

The electrical conductivity (EC) was measured withicroprocessor based

conductivity TDS meter (Model-1601 of EIA make) aexpressed dS
C) TDS (Total Dissolved Solids)

The Total dissolved solid (TDS) was measured bingi Microprocessor based

conductivity TDS meter (Model-1601 EIA make) angvessed in mg'i

d) Biological Oxygen Demand (BOD)

The BOD was estimated by using 5 day BOD test asp&0B method (APHA,
2012). The pH of the water samples was adjustesdsst 6.5-7.5 ranges. Water sample (152
ml) was taken in BOD bottle and 5-6 drops of nitafion indicator inhibitor was added and
stirred properly. Gasket was kept in BOD bottle &l drops of KOH solution was added
and sensors were attached to the BOD bottle byguB@D system oxi-direct (Aqualytic
make). Then BOD bottles were loaded in the systednkapt in the incubator for five days at
20°C. BOD readings were recorded after five daysexpressed as mg.|

e) Chemical oxygen demand (COD)

The COD is the amount of oxygen in myrequired for the degradation of organic
compounds of waste water to occur. The COD tedblelgathe measurement of a waste in
terms of total quantity of oxygen required for @sidation to carbon dioxide and water was

based upon the action of strong oxidizing agentdeunacidic conditions. Potassium

18



dichromate (KCr,0O;) is the most commonly used oxidizing agent in tigst. Chemical
Oxygen Demand was estimated by oxidizing water $ampth hot HSO, solution of
potassium chromate with silver sulphate as thelysitalhe water samples were digested at
148C in the pre heated thermo-reactor (TR 320) for h@utes. In the system chloride was
masked with mercury sulphate the concentration of' Gons was then determined
photometrically by using Spectroquant Pharo 300rkveake) instrument and expressed as
mg I''. The observed procedure is analogous to EPA 418.&tandard method 5220 D, and
ISO 15705.

f) Heavy metals

The water samples were filtered with Whatman fiiaper (No. 1) and heavy metals
viz. As, Cd, Pb, Fe, Mn, Cu, Ni and Zn were estedaty using standard kits and Inductively
Coupled Plasma of Atomic Emission Spectroscopy-68000 (ICAP-6300 Duo) and

expressed as mg.|
3.5.3. Biological Parameters
Total Coliform

The standard test for the assessment of numhkbeafoliform groups may be carried
out either by the multiple tube dilution tests Gumptive test, confirmed test, or completed
test) and by the membrane filter technique followgdPHA (2012).

a) Presumptive stage

I.  Use Mac-Conkey broth. Inoculate a series of feratemt tubes with applicable
consistent quantities of the water to be testece Thncentration of nutritive
ingredients in the mixture should be injected inlgde strength and 1 ml and its
dilution should be injected into single strengthdmen.

ii.  Incubate all tubes for 24 to 48 hours at 37°C. Rhesch tube at the end of 24+2
hours for gas production and if no gas has beanddrreincubate for another 24
hours and at the end of 48 hours, check again. thet@resence of or absence of

gas at each check of the tubes regardless of tbaram

iii.  Formations of the gas in any amount within 48+3rBpin the inner fermentation
tubes complete a possible presumptive test. Thenabsof gas formation

incubation constitutes a negative test at the éd@63 hours.
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b)

Confirmed stage —In confirmed test the medium used is brilliantegrebile lactose
broth (BGB).

Submit all primary fermentation tubes at the en@4hours showing any amount of
gas incubation to the confirmed test. If additiopamary fermentation tubes show
gas at the end of 48 hours incubation, these t@tl §ie acknowledging to the
confirmed test. Sterile metal loop 3 to 4 mm innceer are used to transfer one or
two loopful of medium from the presumptive positiubes to a tube of BGB’ broth.
When making such transfers, firstly shake the tabenix by rotating. And at last
incubate the inoculated tubes at 37°C for 48+ 3$iou

The formation of gas in any amount in the Durhatutses of BGB tube constitutes a

positive confirmed test at any time within 48+ 3iha

Completed test

Applied to positive BGB tubes. Shake the tube, stnelak with the help of a loop
as soon as possible on the Mac-Conkey agar platessdh a way so as to get
distinct colonies. At 37°C for 24+ 2 hours inculsatiee plates.

Pick up typical or typical colonies from each plated inoculate lactose broth and

nutrient agar slants. Incubate for 24 to 48 hou&7aC.

For gram- stain nutrient agar slants can be ugemtghnisms are gram negative
and non- spore forming bacilli and in lactose brg#s is produced the test is

considered completed and the presence of colifogarssms is demonstrated.

Grame-stain technique- Prepare a thin smear of bt on a clean glass slide on
the agar slant. Air dry, fix by passing the slideoa flame, and with ammonium
oxalate-crystal violet solution stain for 1 minut#ash the slide with water, blot
dry; decolorize with ethyl alcohol for 30 secondjng gentle agitation. Blot and
envelope with counter stain for 10 seconds withasaf, then wash, dry and audit
under oil immersion. Cells which decolorize andanbthe safran in stain are pink
in colour and determine as gram-negative in reactiells which are retain the
crystal violet stain and do not decolorize, andagetned as gram-positive which

are deep blue in colour.
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3.6 Permissible limits

The permissible limits of various physico-chemiparameters and concentration of
heavy metals in the drinking water recommendediffgrdnt agencies has been summarized
in Table 3.3.

Table 3.3: Permissible limits of drinking water pamameters

Parameters Desirable Permissible limit Reference
pH 6.5 8.5 BIS, 2012
EC (dS 1) 0.75 2.25 WHO, 2011
TDS (mg ) 500 2000 BIS, 2012
BOD (mg ') 5.00 - BIS, 2012
COD (mg 1) 250.00 - BIS, 2012
As (mg IY) 0.01 0.05 BIS, 2012
Cd (mg 1) 0.03 - BIS, 2012
Zn (mg M) 5.00 15.00 BIS, 2012
Pb (mg 1) 0.05 - BIS, 2012
Fe (mg 1 0.3 - BIS, 2012
Mn (mg ') 0.10 0.30 BIS, 2012
Ni (mg I 0.10 0.30 BIS, 2012
Cu(mg 1) 0.05 1.5 BIS, 2012

3.7 Water quality index (WQI)

Water quality index refers to a technique of ratihgit provides the composite
influence of individual water quality parameter tme total quality of water. To get a
comprehensive picture of total quality of surfacel groundwater, the WQI was used. The
Indian standard specified for drinking water (B2912) was used for the calculation of WQI
(Table 3.4). Each of the 15 parameters (pH, tentipesaEC, TDS, BOD, COD, As, Cd, Zn,
Pb, Cu, Fe, Mn, Ni and total coliform) was assigaedeight (W) according to its relative
importance in the overall quality of water for dding purposes and the WQI was calculated
by following method outlined by Batabyal and Chakndy (2015) as mentioned below:

WQI =25 ,

Sli =Wx g

21



Where,
S} is the sub index of ith parameter;
W is relative weight of ith parameter;
g is the rating based on concentration of ith paramend

nis the number of chemical parameters.

wi
Wi= —
>wi

Where,
W is the relative weight,
w; is the weight of each parameter, and
q = (G/S) x100
Where,

qi is the quality rating,

Ci is the concentration of each chemical parameteaah water sample in mg, land

S is the Indian drinking water standard for eachneical parameter in mg'l

Table 3.4 Water quality classification

Range Quality

0-25 Excellent

26-50 Good

51-75 Bad

76-100 Very bad

>100 Unsuitable for drinking

3.8  STATISTICAL ANALYSIS

The data obtained from the physical, chemical antb@ical analysis was subjected

to statistical analysis under the Factorial ConghjeRandomized Design by following the

procedure suggested by Gomez and Gomez (1984)afchn seasons of the study. The

treatment means were compared by the means afatridifference (CD) at 5 per cent level

of significance. The Analytical data was analyze@PSTAT online.
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Chapter—-14
RESULTS AND DISCUSSION

The results obtained from the present investigagintitled“Assessment of Water

Quiality in Educational Institutes in Solan district of HimachalPradesh” are described in

this chapter under the following headings:

4.1

4.2

4.3

4.4

4.5

4.1

Physical parameters

Chemical parameters and Heavy metals
Biological parameters

Correlation analysis of parameters
Water quality index (WQI)

PHYSICAL PARAMETERS

The physical parameters like, colour, odour, terajee of tap water were found to

vary with seasons in Solan, Dharampur and Kandagbeks of district Solan.

4.1.1 Colour

Data presented in (Appendix I) revealed that tapewtaken from selected schools

was found to be colourless.

4.1.2 Odour

Data presented in (Appendix I) revealed that tapewtaken from selected schools

was found to be odourless.

4.1.3 Temperature

The data presented in table 4.1 revealed thaethperature of tap water ranged from

18.31 to 21.2%C, whereas, season wise temperature was found rio fuam 13.22 to

24.87C, which were within the permissible limits as prised by BIS. It was observed that

the maximum (21.2C) temperature was found in Government Senior SkrgnSchool

Shamror followed by Government Middle School Anh¢tR.60C), Government Primary
School Waknaghat (19.88), Government Senior Secondary School Oachgha041®),
DAV School Kumarhatti (18.7Z), Government Senior Secondary School Dharampur



(18.56C), Government Senior Secondary School Kandagi®b4LC), Government Senior
Secondary School (Girls) Solan (18388 and Government Senior Secondary School Salogra
(18.37C). The mean temperature was higher (22287 summer while lower (13.22) in
winter. The interaction effect of school and seas@as also found to exert significant
influence on the tap water. The results are contgrmith the findings of Trivediet al

(2010) and Ranat al (2016) who observed maximum temperature in suns@&son.

Table 4.1: Seasonal variation of temperature®C) of tap water in selected Educational

Institutes
Blocks Schools Seasons Meah
Winter |Summer
Solan Government Senior Secondary School (Girls) Solan| 12.32 24.45 | 18.38
Government Senior Secondary School Oachghat 12.56 25.53 | 19.04
Government Senior Secondary School Shamror 14.87 2755 | 21.21
Kandaghat | Government Senior Secondary School Salogra 12.34 24.28 | 18.31
Government Senior Secondary School Kandaghat | 13.83 23.25 | 18.54
Government Primary School Waknaghat 12.56 25.56 | 19.06
Dharampur | Government Middle School Anhech 14.76 24.45 | 19.60
DAV School Kumarhatti 12.56 24.88 | 18.72
Government Senior Secondary School Dharampur | 13.23 23.89 | 18.56
Mean 13.22 24.87
CDo.05
School = 0.727
Season = 0.342
Schools x Season = 1.027

4.2 CHEMICAL PARAMETERS AND HEAVY METALS

In Solan, Dharampur and Kandaghat blocks of dis8olan, the chemical parameters

like, BOD,COD and heavy metals of tap water werentbto vary with seasons.
4.2.1pH

The data presented in table 4.2 revealed thatkhefpgap water ranged from 6.95 to
7.13 whereas, seasons wise pH was found to vany &®9 to 7.07, which was within the
permissible limits as prescribed by BIS. It waseved that the maximum pH (7.13) was
found in Government Senior Secondary School Kanalafgifiowed by Government Middle
School Anhech and DAV School Kumarhatti (7.09), @wwnent Senior Secondary School
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(Girls) Solan (7.04), Government Senior Secondacho8l Oachghat and Government
Senior Secondary School Shamror (7.03), Governi®enior Secondary School Salogra and
Government Senior Secondary School Dharampur (6v@®@reas, minimum pH (6.95) was
noticed in Government Primary School Waknaghat, ftean pH was higher (7.07) in
summer while lower (6.99) in winters. The interantieffect of school and season was also
found to exert significant influence on the tap evaiThe higher pH during summer season
was because of more evaporation and less dilusotoenpared to other seasons (Salve and
Hiware, 2006).

Table 4.2: Seasonal variation of pH of tap water irselected Educational Institutes

Blocks Schools Seasons Meahn
Winter | Summer
Solan Government Senior Secondary School(Girls) Solan 7.03 7.05 7.04
Government Senior Secondary School Oachghat| 6.92 7.13 7.03
Government Senior Secondary School Shamror 6.95 7.11 7.03
Kandaghat | Government Senior Secondary School Salogra 6.94 6.99 6.96
Government Senior Secondary School Kandaghat 7.10 7.15 7.13
Government Primary School Waknaghat 6.98 6.92 6.95
Dharampur | Government Middle School Anhech 7.02 7.15 7.09
DAV School Kumarhatti 7.01 7.17 7.09
Government Senior Secondary School Dharampur 6.98 6.95 6.96
Mean 6.99 7.07
CDo.0s
School = 0.01
Season = 0.00

School x Season 0.01

4.2.2 Electrical Conductivity (EC)

The data presented in table 4.3 revealed thaE@ef tap water ranged from 0.24 to
0.51dS rit whereas, seasons wise EC was found to vary fr8&1t9.0.35 dS m, which was
within the permissible limits as prescribed by WHQwas observed that the maximum (0.51
dS m') EC was found in Government Senior Secondary ScBbarampur which was
significantly different from other EC values folled by Government Senior Secondary
School Salogra (0.40 dS ¥ Government Primary School Waknaghat (0.37 d%),m
Government Senior Secondary School Shamror (0.3813AV School Kumarhatti (0.31
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dS m?), Government Senior Secondary School Kandagh&0 (@S nv), Government
Middle School Anhech (0.29 dS ) the minimum (0.24 dS M EC was found in
Government Senior Secondary School (Girls) Solanchvhwas statistically at par with
Government Senior Secondary School Oachghat (025it). The mean EC was higher
(0.35 dS 1) in summer while lower (0.32 dS Hin winter. The interaction effect of school
and season was also found to exert significanuénite on the tap watefhis is in

confirmation with the findings afadhawet al (2012)

Table 4.3: Seasonal variation of EC (dS i) of tap water in selected Educational

Institutes.
Blocks Schools Seasons Mean
Winter | Summer
Solan Government Senior Secondary School (Girls) Solan 0.23 0.26 0.24
Government Senior Secondary School Oachghat 0.18 0.33 0.25
Government Senior Secondary School Shamror 0.38 0.34 0.36
Kandaghat | Government Senior Secondary School Salogra 0.44 0.35 0.40
Government Senior Secondary School Kandaghat| 0.32 0.29 0.30
Government Primary School Waknaghat 0.29 0.45 0.37
Dharampur | Government Middle School Anhech 0.26 0.32 0.29
DAV School Kumarhatti 0.30 0.33 0.31
Government Senior Secondary School Dharampur,  0.50 0.52 0.51
Mean 0.32 0.35
CDo.os
School = 0.04
Season = 0.02

Schools x Season 0.06

4.2.3 Total dissolved solids (TDS)

The data presented in table 4.4 revealed that B® af tap water ranged from
107.90 to 194.02 mg’| whereas, seasons wise TDS was found to vary ft84183 to
143.77 mgf, which was within the permissible limits as présed by BIS. It was observed
that the maximum (194.02 mg%)l TDS was found in Government Primary School
Waknaghat which was statistically at par with Goweent Middle School Anhech
(190.97mg 1) followed by Government Senior Secondary Schoaidéghat (152.10mg'),

Government Senior Secondary School Shamror (1276 ), Government Senior
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Secondary School (Girls) Solan (126.22 m, IGovernment Senior Secondary School
Oachghat (125.32 md), Government Senior Secondary School Dharampi8.801mg 1)
whereas minimum TDS was found in Government Sedemondary School Salogra (107.90
mg ) which was statistically at par with DAV School arhatti (108.85 mg?). The
mean TDS was higher (143.77 mj In summer while lower (133.83 mg)lin winters. The
interaction effect of school and season was alsnddo exert significant influence on the tap
water.The present trend is in confirmation with the fimgé of Sharma and Kapoor (2010) and
Raoet al (2011).

Table 4.4: Seasonal variation of TDS (mg™) of tap water in selected Educational
Institutes

Blocks Schools Seasons Mean

Winter | Summer

Solan Government Senior Secondary School (Girls) Solan145.60 106.85 | 126.22
Government Senior Secondary School Oachghat | 124.30 126.35| 125.32
Government Senior Secondary School Shamror 116.20 137.90 | 127.05

Kandaghat | Government Senior Secondary School Salogra 101.75 114.05| 107.90
Government Senior Secondary School Kandaghat, 108.20 196.00 | 152.10

Government Primary School Waknaghat 193.60 194.45 | 194.02
Dharampur | Government Middle School Anhech 189.95 192.00 | 190.97
DAV School Kumarhatti 108.85 108.85 | 108.85
Government Senior Secondary School Dharampur 116.05 117.55| 116.80
Mean 133.83 143.77
CDo.os
School = 5.083
Season = 2.396

Schools x Season 7.189

4.2.4 Biological oxygen demand (BOD)

The data presented in table 4.5 revealed that @@ Bf tap water ranged from 0.69
to 2.26 mg T, whereas, seasons wise BOD was found to vary ir@® to 1.49 mg1, which
was within the permissible limits as prescribedBi$. It was observed that the maximum
(2.26 mg ™ BOD was found in Government Middle School Anhefdilowed by
Government Senior Secondary School Dharampur (81§2™"), DAV School Kumarhatti

(1.85 mg 1), Government Senior Secondary School Kandaghd¥ (thg I*), Government
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Primary School Waknaghat (1.35 mg),| Government Senior Secondary School Salogra
(1.25 mg 1), Government Senior Secondary School Shamror5(M§ '), Government
Senior Secondary School (Girls) Solan (0.92 iy dnd minimum BOD was found in
Government Senior Secondary School Oachghat (06$%%mn The mean BOD was higher
(1.49 mg ™) in summer while lower (1.39 mg)lin winters. The interaction effect of school
and season was also found to exert non-significdloience on the tap water.The results are
inconformity with the findings of Trivedi and Go@986) and Mathuet al. (2007) who have
indicated enrichment of water sources with orgamatter as a reason for high BOD.

Table 4.5: Seasonal variation of BOD (mg™) of tap water in selected Educational

Institutes
Blocks Schools Seasons Mean
Winter |Summer
Solan Government Senior SecondarySchool (Girls) Solan 0.66 1.19 0.92
Government Senior Secondary School Oachghat 0.51 0.87 0.69
Government Senior Secondary School Shamror 0.88 1.01 0.95
Kandaghat | Government Senior Secondary School Salogra 1.21 1.34 1.27
Government Senior Secondary School Kandaghat| 1.36 1.58 1.47
Government Primary School Waknaghat 1.62 1.09 1.35
Dharampur | Government Middle School Anhech 2.26 2.26 2.26
DAV School Kumarhatti 1.81 1.90 1.85
Government Senior Secondary School Dharampur| 2.21 2.22 2.22
Mean 1.39 1.49
CDo.o0s
School = 0.29
Season = N/S
Schools x Season = NIS

4.2.5 Chemical oxygen demand (COD)

The data presented in table 4.6 revealed thaC@@ of tap water ranged from 56.50
to 119.75 mgt, whereas, seasons wise COD was found to vary &0 to 98.16 mg?
which was within the permissible limits as presedbby BIS. It was observed that the
maximum (119.75 mgY) COD was found in Government Senior Secondary &cBalogra
which was statistically at par with Government RaignSchool Waknaghat (113.25 mi) |
followed by Government Senior Secondary School @aah(106.75 mg™), Government

Senior Secondary School Dharampur (99.25 g Government Senior Secondary School
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Shamror (95.75 mg'), Government Middle School Anhech (81.25 nT), IGovernment
Senior Secondary School (Girls) Solan (74.50 H)g and minimum (56.50 mg*) COD
was found in DAV School Kumarhatti which was stiatally at par with Government Senior
Secondary School Kandaghat (66.00 iy The mean COD was higher (98.16 iy in
summer while lower (82.50 mg').in winters. The interaction effect of school asehson
was also found to exert significant influence oa thp water. The results are in conformity
with the findings of Joseph and Jacob (2010) andtiGpadhyayet al (2005) who also

reported similar results where they found maximu@Ddn summer season.

Table 4.6: Seasonal variation of COD (mgY) of tap water in selected Educational

Institutes
Blocks Schools Seasons Mean
Winter |[Summer

Solan Government Senior Secondary School (Girls) Solan | 66.00 83.00 | 74.50
Government Senior Secondary School Oachghat 103.00 | 110.50| 106.75
Government Senior Secondary School Shamror 90.00 | 101.50| 95.75

Kandaghat | Government Senior Secondary School Salogra 107.50 | 132.00| 119.75
Government Senior Secondary School Kandaghat 43.50 88.50 | 66.00
Government Primary School Waknaghat 105.00 | 121.50| 113.25

Dharampur | Government Middle School Anhech 80.00 82.50 | 81.25
DAV School Kumarhatti 52.00 61.00 | 56.50
Government Senior Secondary School Dharampur 95.50 | 103.00| 99.25
Mean 82.50 98.16

CDo.05
School = 1011
Season = 476

Schools x Season = 14.30

4.2.6 Heavy metals
4.2.6.1. Concentration of Arsenic (As)

The As content of tap water in Solan district was$ influenced by schools, seasons
and their interaction (Appendix 1ll). The data ipp&ndix Il further revealed that As content

was zero in selected schools.
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4.2.6.2. Concentration of Cadmium (Cd)

The data presented in table 4.7 revealed thatthef tap water ranged from 0.000 to
0.001 mg T, whereas, seasons wise Cd was found to vary fré@00o 0.001 mg, which
was within the permissible limits as prescribedBd$. The interaction effect of school and
season was also found to exert non-significanti@rfte on the tap water. The results are in
conformity with the findings of Lokeshwari and Cllaappa (2006) who reported Cd in the
sampled water much below the permissible levels.

Table 4.7: Seasonal variation of Cd (mg™) of tap water in selected Educational
Institutes.

Blocks Schools Seasons Mean

Winter | Summer

Solan Government Senior Secondary School (Girls) Solan 0.001 0.002 | 0.001
Government Senior Secondary School Oachghat 0.000 0.001 | 0.000
Government Senior Secondary School Shamror 0.001 0.002 | 0.001

Kandaghat | Government Senior Secondary School Salogra 0.000 0.001 | 0.001
Government Senior Secondary School Kandaghat| 0.001 0.001 | 0.001

Government Primary School Waknaghat 0.001 0.001 | 0.001
Dharampur | Government Middle School Anhech 0.000 0.001 | 0.001
DAV School Kumarhatti 0.001 0.001 | 0.001
Government Senior Secondary School Dharampur,  0.000 0001 | 0.001
Mean 0.000 0.001
CDo.o0s
School = N/S
Season = 0.000
Schools x Season = NI/S

4.2.6.3.Concentration of Zinc (Zn)

The data presented in table 4.8 revealed thaZnhaf tap water ranged from 0.001 to
0.003 mg T, whereas, seasons wise Zn was found to vary fr@®10o 0.002 mg, which
was within the permissible limits as prescribedBi§. It was observed that the maximum
(0.003 mg 1) Zn was found in Government Senior Secondary ScBatogra followed by
Government Senior Secondary School Oachghat, GovarnPrimary School Waknaghat
and DAV School Kumarhatti (0.002 mg)| and minimum (0.001 mg') Zn was found in

Government Senior Secondary School (Girls) SolanyeBiment Senior Secondary School
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Shamror, Government Senior Secondary School Karadagbovernment Middle School
Anhech and Government Senior Secondary School Dipara The mean Zn was higher
(0.002 mg 1) in summer while lower (0.001 m@)l in winter. The interaction effect of
school and season was also found to exert nonfisgmi influence on the tap water. The
results are in conformity with the findings of Shahzadehet al (2014) that the
concentration of Zn was within the standard ramgealfinking water.

Table 4.8. Seasonal variation of Zn (mg™) of tap water in selected Educational
Institutes.

Blocks Schools Seasons Mean

Winter | Summer

Solan Government Senior Secondary School (Girls) Solan 0.001 0.002 | 0.001
Government Senior Secondary School Oachghat | 0.001 0.002 | 0.002
Government Senior Secondary School Shamror 0.001 0.002 | 0.001

Kandaghat | Government Senior Secondary School Salogra 0.002 0.003 | 0.003
Government Senior Secondary School Kandaghat| 0.001 0.001 | 0.001

Government Primary School Waknaghat 0.001 0.002 | 0.002
Dharampur | Government Middle School Anhech 0.001 0.001 | 0.001
DAV School Kumarhatti 0.001 0.002 | 0.002
Government Senior Secondary School Dharampur, 0.000 0.001 | 0.001
Mean 0.001 0.002
CDo.os
School = 0.001
Season = 0.000
Schools x Season = N/S

4.2.6.4. Concentration of Lead (Pb)

The data presented in table 4.9 revealed thaPlthef tap water ranged from 0.00 to
0.01 mg ", whereas, seasons wise Pb was found to vary ftémt6 0.01 mgt, which was
within the permissible limits as prescribed by BI®ie mean Pb was same (0.00 iijih
winter and summer. The interaction effect of screoad season was also found to exert non
significant influence on the tap water. The resalts in conformity with the findings of
Wogu and Okaka (2011) where Pb had the least nwarentration of 0.01 mg}l
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Table 4.9: Seasonal variation of Pb (mg™) of tap water in selected Educational

Institutes.
Blocks Schools Seasons Mean
Winter | Summer
Solan Government Senior Secondary School (Girls) Solan 0.00 0.00 0.00
Government Senior Secondary School Oachghat| 0.00 0.01 0.01
Government Senior Secondary School Shamror 0.00 0.00 0.00
Kandaghat Government Senior Secondary School Salogra 0.00 0.01 0.01
Government Senior Secondary School Kandaghat 0.00 0.01 0.01
Government Primary School Waknaghat 0.00 0.00 0.00
Dharampur | Government Middle School Anhech 0.01 0.00 0.00
DAV School Kumarhatti 0.00 0.01 0.00
Government Senior Secondary School Dharampuyr 0.00 0.01 0.00
Mean 0.00 0.01
CDo.o0s
School = N/S
Season = 0.00
Schools x Season = NIS

4.2.6.5. Concentration of Copper (Cu)

The data presented in table 4.10 revealed thatthef tap water ranged from 0.00 to
0.02 mg 1, whereas, seasons wise Cu was found to vary fréft® 0.01 mgt, which was
within the permissible limits as prescribed by BiSwas observed that the maximum (0.02
mg ™) Cu was found in Government Senior Secondary ScBatogra and Government
Primary School Waknaghat which was statisticallpatwith Government Senior Secondary
School Oachghat, Government Senior Secondary Sc8baemror, Government Middle
School Anhech, DAV School Kumarhatti (0.01 rity &nd lower (0.00 mgY) Cu was found
in Government Senior SecondarySchool (Girls) S@ad Government Senior Secondary
School Kandaghat. The Mean Cu was higher (0.01 tinIsummer while lower (0.00 mg |
1) in winters. The interaction effect of school as&hson was also found to exert significant
influence on the tap water. The results are in @wonity with the findings of Shanbehzadeh
et al. (2014) who reported that the mean concentratioBwfvas within the standard range

for drinking water.
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Table 4.10: Seasonal variation of Cu (mg™) of tap water in selected Educational

Institutes.
Blocks Schools Seasons Meah
Winter | Summer
Solan Government Senior Secondary School (Girls) Solap 0.00 0.01 0.00
Government Senior Secondary School Oachghat 0.01 0.02 0.01
Government Senior Secondary School Shamror 0.01 0.02 0.01
Kandaghat | Government Senior Secondary School Salogra 0.02 0.02 0.02
Government Senior Secondary School Kandaghat| 0.00 0.01 0.00
Government Primary School Waknaghat 0.01 0.03 0.02
Dharampur | Government Middle School Anhech 0.00 0.02 0.01
DAV School Kumarhatti 0.01 0.01 0.01
Government Senior Secondary School Dharampur| 0.00 0.00 0.00
Mean 0.00 0.01
CDo.os
School = 0.00
Season = 0.00
Schools x Season = 0.00

4.2.6.6. Concentration of Iron (Fe)

The data presented in table 4.11 revealed theftdhaf tap water ranged from 0.63 to
0.95mg 1, whereas, seasons wise Fe was found to vary frt@Bt0 0.88 mgt, which was
above the permissible limits as prescribed by BiS:as observed that the maximum (0.95
mg ) Fe was found in Government Senior Secondary Sclsadogra which was
statistically at par with DAV School Kumarhatti 9. mg 1Y) followed by Government
Middle School Anhech (0.92 mg), Government Senior Secondary School Kandagh®f (0.
mg '), Government Primary School Waknaghat (0.84 rfy IGovernment Senior
Secondary School Shamror (0.84 iy &nd the minimum (0.63 mg') Fe was found in
Government Senior Secondary School (Girls) Solanchviwas statistically at par with
Government Senior Secondary School Oachghat anér@ment Senior Secondary School
Dharampur (0.67 mg'). The mean Fe was higher (0.88 ritjih summer while lower (0.75
mg ) in winter. The interaction effect of school andason was also found to exert
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significant influence on the tap water. The resaftsin conformity with the findings of Puri

(2011) who have also indicated increase in Fe adraton during summer.

Table 4.11: Seasonal variation of Fe (mg?) of tap water in selected Educational

Institutes
Blocks Schools Seasons Mean
Winter | Summer
Solan Government Senior Secondary School (Girls) Solan 0.60 0.66 0.63
Government Senior Secondary School Oachghat| 0.62 0.71 0.67
Government Senior Secondary School Shamror 0.82 0.87 0.84
Kandaghat Government Senior Secondary School Salogra 0.94 0.96 0.95
Government Senior Secondary School Kandaghat 0.85 0.89 0.87
Government Primary School Waknaghat 0.66 1.01 0.84
Dharampur | Government Middle School Anhech 0.85 0.98 0.92
DAV School Kumarhatti 0.90 0.98 0.94
Government Senior Secondary School Dharampur 0.51 0.83 0.67
Mean 0.75 0.88
CDo.os
School = 0.03
Season = 001
Schools x Season = 0.04

4.2.6.7. Concentration of Manganese (Mn)

The data presented in table 4.12 revealed thd¥thef tap water ranged from 0.03 to
0.06 mg 1, whereas, seasons wise Mn was found to vary fré ® 0.05 mgt, which was
within the permissible limits as prescribed by BiSwas observed that the maximum (0.06
mg ™ Mn was found in Government Senior Secondary Sch@irls) Solan and
Government Senior Secondary School Shamror (0.06'rfgllowed by Government Senior
Secondary School Oachghat and Government Senion8ary School Salogra (0.05 mb),|
Government Senior Secondary School Kandaghat, Gmeat Senior Secondary School
Dharampur (0.04 mg), DAV School Kumarhatti, Government Middle Schoshhech,
Government Primary School Waknaghat (0.03 ijg The mean Mn was higher (0.05 mg |
1) in summer while lower (0.04 mg)l in winter. The interaction effect of school arghson

was also found to exert non significant influenae the tap water. The results are in
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conformity with the findings of Dwivedi and Tiwai}t997) who found that the manganese

content in water samples was below the permissinie

Table 4.12: Seasonal variation of Mn (mg™) of tap water in selected Educational

Institutes
Blocks Schools Seasons Mear
Winter | Summer
Solan Government Senior Secondary School (Girls) Solan 0.06 0.07 0.06
Government Senior Secondary School Oachghat 0.04 0.06 0.05
Government Senior Secondary School Shamror 0.05 0.07 0.06
Kandaghat | Government Senior Secondary School Salogra 0.04 0.06 0.05
Government Senior Secondary School Kandaghat| 0.03 0.05 0.04
Government Primary School Waknaghat 0.03 0.04 0.03
Dharampur | Government Middle School Anhech 0.03 0.04 0.03
DAV School Kumarhatti 0.04 0.05 0.03
Government Senior Secondary School Dharampur,  0.03 0.04 0.04
Mean 0.04 0.05
CDo.0s
School = 0.00
Season = 0.00
Schools x Season = 0.00

4.2.6.8. Concentration of Nickel (Ni)

The data presented in table 4.13 revealed thallitlhoé tap water ranged from 0.00 to
0.02 mg " whereas, seasons wise Ni was found to vary fr@t6.0.02 mg't, which was
within the permissible limits as prescribed by BiSwas observed that the maximum (0.02
mg ') Ni was found in DAV School Kumarhatti and minimiwas found in Government
Senior Secondary School Oachghat and GovernmemrS&econdary School Salogra (0.00
mg ). The mean Ni was higher in summer (0.02 fgwhile lower in winter (0.00 mg?).
The interaction effect of school and season was falsnd to exert non significant influence
on the tap water. The results are in conformityhwibe findings of Lokeshwari and
Chandrappa (2006) where it was found that all Hrages from various sources contain Ni

much below thelimits prescribed.
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Table 4.13: Seasonal variation of Ni (mg™) of tap water in selected Educational

Institutes
Blocks Schools Seasons Mea]n
Winter | Summer
Solan Government Senior Secondary School (Girls) Solan 0.00 0.02 0.01
Government Senior Secondary School Oachghat | 0.00 0.01 0.00
Government Senior Secondary School Shamror 0.01 0.02 0.01
Kandaghat | Government Senior Secondary School Salogra 0.00 0.00 0.00
Government Senior Secondary School Kandaghat| 0.01 0.02 0.01
Government Primary School Waknaghat 0.00 0.02 0.01
Dharampur | Government Middle School Anhech 0.01 0.02 0.01
DAV School Kumarhatti 0.00 0.04 0.02
Government Senior Secondary School Dharampur 0.01 0.02 0.01
Mean 0.00 0.02
CDo.os
School = N/S
Season = 0.00
Schools x Season = N/S

4.3 BIOLOGICAL PARAMETERS
4.3.1. Coliform

The data presented in table 4.14 revealed thatiotaé coliform of tap water ranged
from 20.00 to 54.00 MPN ri| whereas, season wise total coliform was foundary from
34.11 to 41.53 MPN rifi which was within the permissible limits as présed by BIS. It
was observed that the maximum (54.00 MPN)motal coliform was found in Government
Senior Secondary School Dharampur followed by Gawent Primary School Oachghat
(48.50 MPN mit), Government Primary School Waknaghat (46.00 MAN)nGovernment
Senior Secondary School Shamror (43.00 MPN)PMDAV School Kumarhatti (43.25MPN
ml™), Government Senior Secondary School Salogra $38IPN mi*), Government Senior
SecondarySchool (Girls) Solan (29.00MPNYniGovernment Middle School Anhech (23.50
MPN ml*) and Government Senior Secondary School Kanda@®e®0 MPN mif). The
mean total coliform was higher (41.53 MPNhin summer while lower (34.11 MPN

in winter. The interaction effect of school and swawas also found to exert significant
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influence on the tap water.The results are in aonity with the findings of Shaikh and
Mandre (2009) who also observed maximum conceatraif total coliform in summer and

minimum in winter.

Table 4.14: Seasonal variation total coliform (MPNmI™Y) of tap water in selected
Educational Institutes

Blocks Schools Seasons Mean

Winter | Summer

Solan Government Senior Secondary School (Girls) Solan 25.00 33.00 | 29.00
Government Senior Secondary School Oachghat 39.00 58.00 | 48.50
Government Senior Secondary School Shamror 52.00 34.00 | 43.00

=}

Kandaghat | Government Senior Secondary School Salogra 34.00 36.00 | 35.25
Government Senior Secondary School Kandaghat | 19.00 21.00 | 20.00

Government Primary School Waknaghat 35.00 57.00 | 46.00
Dharampur | Government Middle School Anhech 21.00 26.00 | 23.50
DAV School Kumarhatti 34.00 52.00 | 43.25
Government Senior Secondary School Dharampur| 52.00 56.00 | 54.00
Mean 34.11 41.53
CDo.0s
School = 272
Season = 1.28
Schools x Season = 3.84

4.4 Correlation analysis of Parameters

The table 4.15 revealed that during winter the ¢ highly significant negative
correlation with chemical oxygen demand (r = -0.880.01), significant with copper (r =-
0.68, p<0.05). Akotcet al (2008) have reported similar results (r = -0.20.05). The
electrical conductivity has negative correlatiorthamotal dissolved solids (r = -0.436) and
positive correlation with chemical oxygen demand (.32) and biological oxygen demand
(r = 0.417). The temperature has highly significpaositively correlation with nickel (r =
0.87, p<0.01). The biological oxygen demand hasifstgnt negative correlation with
manganese (r=-0.717, p<0.05) and positive withracsg = 0.021), lead (r = 0.510), iron (r
= 0.107) and nickel (r = 0.426). The Arsenic haghty significant and positively correlation
with copper (r = 0.66, p<0.05). Zinc has highlyrsiigant and positively correlation with
copper (r = 0.70, p<0.05) and iron (r = 0.70, p8).Kar et al (2008) have also reported

similar results. Lead correlatednegatively with gep(r = -0.354), manganese (r = -0.316)
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and positively with iron (r = 0.244) and nickel=%r0.395). Copper has negative correlation
with nickel (r = -0.559) and positive with iron £ 0.438) manganese (r = 0.112). Iron has
negative correlation with manganese (r = -0.0774) aositive with nickel (r = 0.046).
Manganese was negatively correlated with nickel{0.350).

The table 4.16 revealed that during summer thespblwed significant positively
correlation with electrical conductivity (r = 0.7,28<0.05) and chemical oxygen demand (r =
0.686, p<0.05). Tripathiet al (2014) have reported have similar findings. Eleat
conductivity has negative correlation with arsgie -0.052), cadmium (r = -0.382), zinc (r
=-0.165) and nickel (r = -0.023) and positive witmperature (r = 0.012), biological oxygen
demand (r = 0.270) and chemical oxygen demandQ(#27). The temperature has negative
correlation with biological oxygen demand (r = @43, arsenic(r = -0.451), lead (r = -0.482)
and iron (r = -0.010) and positive with chemicalygen demand (r = 0.169), cadmium (r =
0.514), zinc (r = 0.367), copper (r = 0.534) anckal (r = 0.052). The biological oxygen
demand showed significant and negative correlatim manganese (r = -0.672, p<0.05) and
positively with lead (r = 0.196), iron (r = 0.37&0d nickel (r = 0.396). The chemical oxygen
demand showed highly significant negative correfatiith nickel (r = -0.83, p<0.01) and
positive with zinc (r =0.466), copper (r = 0.490pn (r = 0.061), total coliform (r = 0.240)
and manganese (r = 0.047). The arsenic showedisartinegative correlation with iron (r =
-0.79, p<0.05) and positive with cadmium (r = 0.0éad lead (r = 0.350). Similar finding
have been reported by Akotet al (2008). The cadmium showed significant positive
correlation with manganese (r = 0.77, p<0.05). Zine has negative correlation with nickel
(r =-0.395) and positive with (r = 0.040), copjer 0.449), iron (r = 0.020) and manganese
(r = 0.561). The lead has negative correlation wpper (r = -0.478), iron (r = -0.025),
manganese (r = -0.129) and nickel (r = -0.100). Tbe has negative correlation with
manganese (r = -0.592) and total coliform (r =50)0and positive with nickel (r = 0.197).

The manganese was negatively correlated with nickel0.258).
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Table 4.15 Correlation among the water quality paameters during winter in selected Educational Instutes

pH EC TDS | TEMP | BOD | COD As Cd Zn Pb Cu Fe Mn Ni TC

pH 1.000

EC -0.133 | 1.000

TDS 0.090 | -0.436] 1.000

TEMP | 0.211 0.131| 0.148 1.000

BOD 0.294 0.417| 0.294 0.279 1.00
COD |-0.860** | 0.232 | 0.211, -0.157] -0.101 1.0Q00
As -0.332 | 0.238| 0.223 -0.43C 0.02 0.567 1.000

Cd 0.470 | -0.2120 0.022 0.003 -0.23 -0.560 -0.060 1.000

Zn -0.182 | -0.147} -0.102 -0.218 -0.39 0.126 0.567 @®.001.000

Pb 0.190 | -0.229] 0.599 0.563 0.51 -0.089 -0.189 -0.396000 | 1.000

Cu -0.686* | 0.168| -0.284 -0.367 -0.30 0.521 0.668* 11@.| 0.707*| -0.354 1.00d

~NTOoOO O TN N I TO

Fe 0.164 0.074| -0.224 0.272 0.10 -0.301 0.185 0.1240® | 0.244| 0.438| 1.00¢

Mn -0.168 | -0.242 -0.22% -0.191 -0.717* -0.097 -0.209.350 | 0.237| -0.316 0.112 -0.077 1.000

Ni 0.350 0.399| -0.0330.879** | 0.426 | -0.210, -0.47§ -0.100 -0.474 0.395 -0.%59 ®.040.350| 1.000

TC -0.698* | 0.530| -0.320 0.049] -0.04f 0.5%4 -0.003 58.1-0.376| -0.425 0.30% -0.357 0.095 0.114 1.000
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Table 4.16 Correlation among the water quality paraeters during summer in selected Educational Instiites.

pH EC TDS | TEMP | BOD COD As Cd Zn Pb Cu Fe Mn Ni TC

pH | 1.000

EC |0.725*| 1.000

TDS | 0.065 | 0.018] 1.000

TEMP | 0.058 | 0.012] -0.100 1.00(¢

BOD | 0.111 | 0.270/ 0.106 -0.564 1.00

COD | 0.686*| 0.427| 0.061 0.169 -0.47

As 0.011 | -0.052 -0.173 -0.45 -0.05

,_
1
o
o
[o5)
W

1.000

W

0.060 1.900

Zn -0.242 | -0.165 -0.501 0.367 -0.62 0.466 -0.395 9.181.000

Pb 0.114 | 0.140| -0.342 -0.48 0.19 0.04% 0.350  -0.%98.040 1.000

Cu -0.111| -0.0920 0.447 0.534 -0.55 0.490 -0.508  ©.030.449 -0.478 1.00G

D
B
5
Cd 0.067 | -0.382 -0.312 0.514 -0.429 -0.15
0
)
2
)

O [N

Fe -0.078 | 0.278| 0.479 -0.01 0.37 0.061 -0.796* 0.510.020 -0.025 0.373 1.00

O

Mn 0.230 | -0.598 -0.539 0.435 -0.672* 0.047 0.129 O772.561 -0.129 0.039] -0.592 1.000p

Ni 0.374 | -0.023 0.021 0.052 0.396-0.837** | -0.125 | 0.060 | -0.395 -0.100 -0.329 0.197 -0.258 @.p0O

)
TC -0.422 | 0.647| -0.34¢ 0.237 -0.139 0.240 0.087  -0.318.207 0.260 0.047 -0.050 -0.2%1 0.1p7 1.000
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4.5  Water quality index (WQI)

The data presented in table 4.17 revealed thatvéter quality index (WQI) of tap
water ranged from 25.80 to 36.38. The maximum W&B.38) was found in Government
Middle School Anhech followed by Government Ser@condary School Salogra (35.75),
DAV School Kumarhatti (33.31), Government Primarych8ol Waknaghat (32.72),
Government Senior Secondary School Kandaghat (B2®8vernment Senior Secondary
School Shamror (31.38), Government Senior Secgnd&uhool Dharampur (30.91),
Government Senior Secondary School Oachghat (2&f&8) minimum(25.80) WQI was
found in Government Senior Secondary School (GBlslan. The WQI for all the selected

educational institutes in Solan district was catezgal as excellent.

Table 4.17: Water quality index in selected Educatinal Institutes

Schools WQI
1 | Government Senior SecondarySchool (Girls) Solan 25.80
2 | Government Senior Secondary School Oachghat 28.16
3 | Government Senior Secondary School Shamror 31.38
4 | Government Senior Secondary School Salogra 35.75
5 | Government Senior Secondary School Kandaghat 32.03
6 | Government Primary School Waknaghat 32.72
7 | Government Middle School Anhech 36.38
8 | DAV School Kumarhatti 33.31
9 | Government Senior Secondary School Dharampur 30.91
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Chapter-5
SUMMARY AND CONCLUSION

The present investigation entitlédssessment of Water Quality in Educational
Institutes in Solan District of Himachal Pradesh” was conducted during the years 2018-
2019 in three blocks of Solan district (Solan, Rmapur and Kandaghat) and analysis was
carried out in the department of Environmental Soge Dr. Yashwant Singh Parmar
University of Horticulture and Forestry, Solan (MguHP. The quality parameters of tap
water analyzed were pH, EC, colour, odour, tempegaffDS, BOD, COD and heavy metals
(As, Cd, Zn, Pb, Cu, Fe, Mn, Ni) and total coliforrho communicate water quality

effectively the water quality index (WQI) was alsalculated.
5.1. Water quality parameters

The pH of tap water ranged from 6.95 to 7.13 irtladl selected locations. Among the
seasons, the mean pH was found higher (7.07) inmgurand lower (6.99) in winter season.

The pH of tap water in the study area was withengkrmissible limits as given by BIS.

The EC of tap water was in the range of 0.24 asd @S nt in all the selected
schools. Among the seasons, the mean EC was fagherh(0.35 dS M) in summer and
lower (0.32 dS i) was in winter season. The EC of tap water instiuely area was within

the permissible limits as given by WHO.

The colour of tap water in selected educationalitutes was colourless in all the
selected locations.

The odour of tap water in selected educationalituies was odourless in all the

selected locations.

The TDS of tap water was in the range of 107.90 284.02 mg fin selected
institutes. Among the seasons, the mean TDS wasdfbigher (143.77 mg?) in summer
and lower (133.83 mg?) in winter season. The TDS of tap water in thelgtarea was

within the permissible limits as given by BIS.

The temperature of tap water ranged from 18.311t&@22C in selected educational
institutes. Among the seasons, the mean temperaasdound higher (24.8€) in summer



and lower (13.2C) in winter season. The temperature of tap watehe study area was

within the permissible limits as given by BIS.

The BOD of tap water was found to be between 0:6@ 226 mg t in all the
selected educational institutes. Among the seagbasmnean BOD was found higher (1.49
mg ") in summer and lower (1.39 mg)lin winter season. The BOD of tap water in the

study area was within the permissible limits aggiby BIS.

The COD of tap water ranged between 56.50 and 51®ng I* in selected
educational institutes. Among the seasons, the @€ was found higher (98.16 mg)lin
summer and lower (82.50 mg)lin winter season. The COD of tap water in thelgtarea

was within the permissible limits as given by BIS.

The concentration of As of tap water was foundedhimg T in selected educational

institutes and within the permissible limits asegi\by BIS.

The concentration of Cd of tap water ranged frof00.to 0.001 mg in selected
educational institutes. Among the seasons, the Geawas found higher (0.001 mg)lin
summer and lower (0.000 mg)lin winter season. The Cd of tap water in the wga was

within the permissible limits as given by BIS.

The concentration of Zn of tap water ranged fro@00.to 0.003 mgin selected
educational institutes. Among the seasons, the r@eawas found higher (0.002 mg)lin
summer and lower (0.001 mgd)lin winter season. The Zn of tap water in the ptaika was

within the permissible limits as given by BIS.

The Pb concentration of tap water was in the rasfg200 to 0.01 mg1in selected
educational institutes. Among the seasons, the rawas found higher (0.01 mg)lin
summer and lower (0.00 mg)lin winter season. The Pb of tap water in the starga was

within the permissible limits as given by BIS.

The concentration of Cu of tap water ranged fro@000 0.02 mgtin selected
educational institutes. Among the seasons, the meamwas found higher (0.01 mg)lin
summer and lower (0.00 mg)lin winter season. The Cu of tap water in the pimiga was

within the permissible limits as given by BIS.

The Fe concentration of tap water ranged from @®3.95 mg T in selected

educational institutes. Among the seasons, the rreawas found higher (0.88 mg)lin
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summer and lower (0.75 mg)l Fe in winter season. The Fe of tap water in theysarea

was above the permissible limits as given by BIS.

The Mn concentration of tap water ranged betwe88 @nd 0.06 mgin selected
educational institutes. Among the seasons, the nveamvas found higher (0.05 md)l in
summer and lower (0.04 mg)IMn in winter season. The Mn of tap water in thely area

was within the permissible limits as given by BIS.

The Ni concentration of tap water ranged from 0t600.02 mg Tin selected
educational institutes. Among the seasons, the rhéamas found higher (0.02 mg') in
summer and lower (0.00 mg)INi in winter season. The Ni of tap water in thedy area

was within the permissible limits as given by BIS.

The total coliform of tap water ranged from 20.@054.00 MPN nit in selected
educational institutes. Among the seasons, the rtigahcoliform was found higher (41.53
MPN mr?) in summer and lower (34.11 MPN ltotal coliform in winter season. The total

coliform of tap water in the study area was witthia permissible limits as given by BIS.

The water quality parameters were correlated wébheother significantly during
winter. The pH was correlated negatively with cheahbxygen demand (r = -0.86, p<0.01)
copper (r = -0.68, p<0.05) and total coliform (¥369, p<0.05). The temperature has highly
significant positive correlation with nickel (r 8., p<0.01). The biological oxygen demand
has significant negative correlation with mangan@se 0-0.71, p<0.05). The Arsenic has
highly significant and positive correlation withpgeer (r = 0.66, p<0.05). Zinc has highly
significant and positive correlation with copper(0.70, p<0.05) and iron (r = 0.70, p<0.05).

The water quality parameters were correlated wébheother significantly during
summer. The pH showed significant positive corretatwith electrical conductivity (r =
0.725, p<0.05) and chemical oxygen demand (r =6).§80.05). The biological oxygen
demand showed significant and negative correlatwth manganese (r = -0.672, p<0.05)
The chemical oxygen demand showed highly significeegative correlation with nickel (r =
-0.83, p<0.01). The arsenic showed significant aegativecorrelation with iron (r = -0.79,
p<0.05). The cadmium showed significant and positerrelation with manganese (r = 0.77,
p<0.05).
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5.2  Water quality index (WQI)

The water quality index ranged from 25.80 to 36rB8elected educational institutes.
The WQI for all the selected educational instituteSolan district categorized as excellent.
CONCLUSIONS

The study revealed that various water quality patens of tap water in selected
educational institutes were found to be within geemissible limits prescribed by BIS and
WHO except iron (0.63 to 0.95 md)lwhich was above the permissible limit. The water
guality index in selected schools was found tomekent.
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APPENDIX- |

1. Seasonal variation of colour of tap water in seleetl Educational Institutes

Blocks Schools Colour
Solan Government Senior Secondary School (Girls) Solan| Colourless
Government Senior Secondary School Oachghat Colourless
Government Senior Secondary School Shamror Colourless
Kandaghat Government Senior Secondary School Salogra Colourless
Government Senior Secondary School Kandaghat | Colourless
Government Primary School Waknaghat Colourless
Dharampur Government Middle School Anhech Colourless
DAV School Kumarhatti Colourless
Government Senior Secondary School Dharampur | Colourless

APPENDIX-II

2. Seasonal variation of odour of tap water in selecteEducational Institutes

Blocks Schools Odour
Solan Government Senior Secondary School (Girls) Solan| Odourless
Government Senior Secondary School Oachghat Odourless
Government Senior Secondary School Shamror Odourless
Kandaghat Government Senior Secondary School Salogra Odourless
Government Senior Secondary School Kandaghat | Odourless
Government Primary School Waknaghat Odourless
Dharampur Government Middle School Anhech Odourless
DAV School Kumarhatti Odourless
Government Senior Secondary School Dharampur | Odourless




APPENDIX-III

3. Seasonal variation of As (mg?) of tap water in selected Educational Institutes

Blocks Schools Seasons Mea
Winter |Summer
Solan Government Senior Secondary School (Girls)0.00 0.01 0.00
Solan
Government Senior Secondary School Oachghat0.00 0.01 0.00
Government Senior Secondary School Shamror 0.000. 0.00 0.04
Kandaghat | Government Senior Secondary School Salogra 0.01 0.00 0.00
Government  Senior  Secondary  Schpol 0.00 0.01 0.00
Kandaghat
Government Primary School Waknaghat 0.01 0.00 0.00
Dharampur | Government Middle School Anhech 0.00 0.00 0.00
DAV School Kumarhatti 0.00 0.00 0.00
Government  Senior  Secondary  Schpol 0.00 0.01 0.00
Dharampur
Mean 0.00 0.00 0.00
CDo.05
School = N/S
Season = NI/S

Schools x Season

N/S



APPENDIX-IV

4. Seasonal variation of pH of tap water in selecteddticational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.127 0.016 299.670
Seasons 1 0.054 0.054 1,016.692

Schools x Seasons| 8 0.068 0.009 161.299
Error 18 0.001 0.000
Total 35 0.249

5. Seasonal variation of EC of tap water in selecteddticational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.217 0.027 27.791
Seasons 1 0.011 0.011 11.307

Schools x Seasons| 8 0.056 0.007 7.147
Error 18 0.018 0.001
Total 35 0.301

6. Seasonal variation of TDS of tap water in selectelducational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 35,050.167 4,381.271 380.046
Seasons 1 890.299 890.299 77.227

Schools x Seasons| 8 8,953.653 1,119.207 97.084
Error 18 207.509 11.528
Total 35 45,101.628

7. Seasonal variation of Temperature of tap water inaected Educational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 26.284 3.286 13.951
Seasons 1 1,220.686 1,220.686 5,183.289

Schools x Seasons| 8 15.192 1.899 8.064
Error 18 4.239 0.236
Total 35 1,266.401

8. Seasonal variation of BOD of tap water in selecteBducational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 10.219 1.277 32.679
Seasons 1 0.095 0.095 2.432

Schools x Seasons| 8 0.691 0.056 2.211
Error 18 0.704 0.039
Total 35 11.708




9. Seasonal variation of COD of tap water in selecteBducational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 15,355.500 1,919.438 42.031
Seasons 1 2,209.000 2,209.000 48.372

Schools x Seasons| 8 1,309.500 163.688 3.584
Error 18 822.000 45.667
Total 35 19,696.000

10. Seasonal variation of Cd of tap water in selecteddticational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.000 0.000 1.528
Seasons 1 0.000 0.000 13.444

Schools x Seasons| 8 0.000 0.000 1.694
Error 18 0.000 0.000
Total 35 0.000

11.Seasonal variation of Zn of tap water in selecteddicational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.000 0.000 10.350
Seasons 1 0.000 0.000 45.000

Schools x Seasons| 8 0.000 0.000 0.450
Error 18 0.000 0.000
Total 35 0.000

12.Seasonal variation of Pb of tap water in selecteddticational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.000 0.000 0.977
Seasons 1 0.000 0.000 11.000

Schools x Seasons| 8 0.000 0.000 0.977
Error 18 0.001 0.000
Total 35 0.001

13. Seasonal variation of Fe of tap water in selecteddticational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.502 0.063
Seasons 1 0.144 0.144
Schools x Seasons| 8 0.120 0.015
Error 18 0.007 0.000
Total 35 0.773




14. Seasonal variation of Cu of tap water in selecteBducational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.001 0.000 17.833
Seasons 1 0.001 0.001 75.000

Schools x Seasons| 8 0.000 0.000 6.000
Error 18 0.000 0.000
Total 35 0.002

15. Seasonal variation of Mn of tap water in selected dicational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.004 0.000 86.627
Seasons 1 0.002 0.002 288.011

Schools x Seasons| 8 0.000 0.000 5.624
Error 18 0.000 0.000
Total 35 0.006

16. Seasonal variation of Ni of tap water in selecteddticational Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 0.001 0.000 2.382
Seasons 1 0.001 0.001 25.941

Schools x Seasons| 8 0.001 0.000 2.382
Error 18 0.001 0.000

17.Seasonal variation of Total coliform of tap water m selected Educational
Institutes

Source of Variation DF Sum of squares Mean squares| F-calculated
Schools 8 4,481.500 560.188 183.334
Seasons 1 498.778 498.778 163.236

Schools x Seasons| 8 1,163.722 145.465 47.607
Error 18 55.000 3.056
Total 35 6,199.000
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ABSTRACT

The present study entitlédssessment of Water Quality in Educational Institues
in Solan District of Himachal Pradesh”was conducted in the department of Environmental
Science, Dr. Y S Parmar University of Horticulted Forestry, Nauni-Solan. The aim of
the study was to assess the water quality in ssleetlucational institutes in Solan district.
The study was conducted in Solan, Dharampur andd&gmat blocks of Solan district
Himachal Pradesh during winter and summer seasims.collected water samples were
analyzed for their physical, chemical and biolobarameters. The study revealed that the
different water quality parameters like pH, EC,czol odour, TDS, temperature, BOD, COD,
heavy metals (Ar, Cd, Zn, Pb, Cu, Mn, Ni) and taliform ranged from 6.95 to 7.13, 0.24
to 0.51 dS nt, colourless, odourless, 107.90 to 194.02 thdlB8.31 to 21.21°C, 0.69 to 2.26
mg I, 56.50 to 119.75 mg' 0 mg I*, 0.000 to 0.001 mg'| 0.001 to 0.003 mg'| 0.00 to
0.01 mg T, 0.00 to 0.02 mg?, 0.03 to 0.06 mg¥, 0.00 to 0.02 mg’ and 20.00 to 54.00
MPN ml?, which were within the permissible limits whereBs,ranged from 0.63 to 0.95 mg
It was above the permissible limits. The water quatitlex of tap water for all the selected
educational institutes ranged from 25.80 to 36188 @ategorized as excellent.

Signature of Major Advisor Signature of the student
Name: Dr. R K Aggarwal Name: Aarti Sharma
Date: Date:

Countersigned

Professor and Head
Department of Environmental Science
Dr. YS Parmar University of Horticulture and Forestry
Nauni, Solan (HP)-173 230

51



Name

Father's Name
Mother's Name
Date of Birth

Permanent address

BRIEF BIO-DATA

Aarti Sharma

Sh. Ved Prakash

Smt. Kiran Sharma

20" July, 1996

Village Jhatwar P.O. Dughli Tehsil and District Hgpar

(H.P) - 177029

Sex Female

Marital status Unmarried

Nationality Indian

Educational Qualification:
Certificate/ Degree Division Board/University Yearof passing
10" class First HPBOSE 2012
12" class First HPBOSE 2014
B.Sc. (Medical) First HPU, Shimla 2017

Whether sponsored by some state No

Central Govt./Univ./SAARC

Scholarship/Stipend/Fellowship/Any other financial University Stipend

Assistance received during the study period




