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Abstract: The observations of present investigation revealed that the groundwater regime at State Infrastructure
and Industrial Development Corporation of Uttarakhand Limited (SIDCUL) Industrial Estate (IE) was highly
responsive to the anthropogenic stress of recharge and discharge parameters concerning the distressing industrial
activities. The present study on groundwater characteristics of SIDCUL-IE, Haridwar in year 2013-2014 showed that
the water of Sampling station-D (SSD) had relatively poor quality in comparison to the groundwater collected from
Sampling station-A (SSA), Sampling station-B (SSB) and Sampling station-C (SSC). The samples had a high
mineral load with relatively wider pH range. The physico-chemical parameters like pH (6.35 in October) at SSA, TDS
(553.5 mg/l in November) at SSC, TH (600.0 mg/l in July) at SSB and alkalinity (525.0 mg/l in October) at SSD were
beyond the prescribed limits of Bureau of Indian Standards (BIS). The Karl Pearson correlation matrix showed
moderate to significantly positive correlation between various parameters like COD-phosphorus (r=0.629),
temperature-DO (r=-0.477) at SSA; pH and bicarbonate (r=0.668) at SSB; pH-temperature (r=-0.551),turbidity-BOD
(r=0.467), BOD-phosphorus (r=0.518), bicarbonate-acidity (r=-0.833) at SSC and TSS-turbidity (r=0.616), BOD-COD
(r=0.6771) at SSD and temperature-DO (r=-0.666), hardness-acidity (r=-0.6542) BOD-COD (r=0.654) at control site.
The overall quality of groundwater, though hard, was found acceptable for drinking purpose. The divergence in the
results of groundwater samples taken from SIDCUL-IE and the Control site, 2 km away from SIDCUL-IE, indicated
that groundwater pollution is increasing alarmingly which may have serious threats to human health in near future.

Keywords: Groundwater quality, Human health-risk, Industrial effluents, Physico-chemical parameters, SIDCUL,
Spatial, Temporal.

INTRODUCTION being contaminated by the discharge of poor quality
effluents from the industrial establishments (Singh
2001; Pujari and Deshpande 2005; Mone#alal.,
2005; Singtet al., 2006; Naiket al., 2007; Ullahet al.,

The significance of pure drinking water is much
understood and needs least to be explained. Puez wa

is a limited, precious and renewable natural resdur ,,n9. A lakhet al., 2009: Patekt al., 2010 Nubi and
which cannot be produced synthetically. Rapid

. X . . Ajuonu 2011; Brindha and Elango 2012; Bhaeral.,
increase in population has exerted a continuoussthr 2013; Bingbinget al., 2014 and Brindhat al., 2014)
: : '€SThe a,lquatic systems' in the close proximity ;)f indies
2009). Simultaneously, the constantly increasing oo o< the principal means for the disposal st

mdus_tnahzatlor_l and ever expanding urbanizatianeh especially the liquid discharges. These wastesattan
considerably increased the rate of groundwater,

pollution. The pollution of groundwater resouraged the physical, chemical and biological nature of the
to devastating industrial activities has threatettesl receiving water body that usually has an ulimaszacteristic

. ) . . . ___correlation with the subsequent aquifer (Ntetlial.,
existence of human beings including other organlsmszon)

that rely on freshwater resources for their suivivae
crises are more severe in developing countries lik
India, having higher rate of increase in populatoual
industrialization (Subbaraet al., 1998 and Raet al.,
2001). Underground water resource, which is t
major drinking water source in India, is frequently

Groundwater is often considered as a reliable soofc

Sresh water which is easily accessible near topthiat

of consumption. It is generally believed that

hegroundwater is purer and safer than surface water d
to protective earth crust shield (Sarawal., 2013). At
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the same time, the economic upgradation has resulte(2012), at Beed City, India; Ramesh al., (2012),

in severe impacts on groundwater characteristibe. T Bangalore, India; Bhadre al., (2013), Pali City, India;
indiscriminate disposal of industrial effluents and Sekhon and Singh (2013) at Patiala, India and
leachates from landfills had caused considerableVenkateswarlu (2014) at Hyderabad, India etc. But
decline in the groundwater quality (Rajkuneral., there are no reports available regarding the cteaistic
2012). Numerous methodologies have been raised tdynamics of groundwater quality resulting from of
approximate groundwater vulnerability and pollution distressing industrial activities at SIDCUL-IE, ftlwvar.
threats over varying hydrogeological conditions Central Pollution Control Board (CPCB) has
(Al-Adamat et al., 2003). But still, a worldwide forwarded the concept of Comprehensive Environnhenta
approach for the assessment of probable risks das nPollution Index (CEPI) for Industrial Clusters india,
been forwarded yet. which intend as an early warning tool for pollution
The natural circumstances that affect the grounelwat potential of any industrial realm. This index captl
system include climatic parameters like temperature various health dimensions of environment including
rainfall, evapo-transpiration etc., whereas air, water and land. The district Haridwar ranks®73
anthropogenic actions include excessive groundwateamong 88 major industrialized districts) in India
pumping and percolation of contaminated fluids thue terms of pollution potential of its industrial ctas with
offensive  management of industrial effluents and CEPI score of 61.01. The districts with CEPI ranfe
irrigation  systems (Kumar 2012). Groundwater 60-70 were considered as severely polluted areas.
pollution caused due to these contaminated rechargeFurther, CPCB recommends a periodic surveillance fo
results in irreversible damages to soil, croppiygfesm  designing and implementation of pollution abatement
and entire biological realm. Consequently, measures in Haridwar. Keeping above in view, the
contaminated drinking water is the major source forpresent study was conducted with the objective to
the spread of epidemic and chronic diseases in thenonitor temporal and spatial dynamics in groundwate
native population. Risks may change over time,quality and its potential health risks ensuing stdal
particularly when pollutants tend to accumulateeiTh distress of untreated effluent discharge at SIDCUL
prolonged exposures probably result in skin ailment Industrial Estate at Haridwar, India.

typhoid, jaundice, dysentery, diarrhea, tubercslest.
(Patelet al., 2010). MATERIALSAND METHODS

Groundwater quality monitoring is a fundamental Study area: SIDCUL-IE is a densely industrialized
element of any effort to integrate groundwaterseée  complex in district Haridwar with major industrial
with  water-management decisions. Monitoring set-ups (Fig.1). Geographically, the industrialaaie
provides the necessary data that aids injocated within latitude 284" in the north to longitude
water-governance (Alley 2007). The State Infrastméc ~ 78°16' in the east with an elevation of 370 m above
and Industrial Development Corporation of mean sea level. The complex has a vast expanse of
Uttarakhand Limited Industrial Estate (SIDCUL-IE) about 823.13 hectares with more than seven hundred
was established in year 2006 in Haridwar distritt o independent industrial units in operation. SIDCUL-I
Uttarakhand state in northern India. The expansion serves as a transition zone between two major giealo
industrial establishments in SIDCUL-IE is being formations viz; the hard rock relief (Shivalik ras)
continuing since last seven to eight years. Siti@e t and the alluvial terrains (with a steep gradie®i). the
commissioning of industrial complex, a number of pasis of regime, the quality of ground water inrbot
processing and production industries have beenhese reliefs would be strictly different. Conseuflye
established including apparel, agro food, cosmeticsthere is high probability of natural variation in
plastic, pharma-products, electric and electronicgroundwater characteristics at SIDCUL-IE.
products, packaging, synthetic fabrics, electrapiat  Simultaneously, the groundwater system is susdefitb
commercial automotives etc. In context to the newly multiple factors, therefore a holistic approackegnating
established industrial estate, no major studyclimate, temperature, hydrogeology and geochemistry
concerning the assessment of impacts of industriaheeds to be considered while studying the different
wastes particularly effluents on groundwater hasnbe processes responsible for the contamination of the
carried out till date. groundwater resources along with the anthropocene.

In the recent past, many researchers have cartied oClimate and temperature: The district Haridwar
different studies concerning the impact of différen experiences moderate subtropical to humid climate
industrial and developmental activities on grouniwa  with three different seasons viz. summer followsd b
quality like Leung and Jiao (2006) in Mid-level®ar  rainy and winter season. Temperature begins toimise
Hong Kong; Dimitriou et al., (2008) at Athens, March (29.2C) and reaches to its maximum in May
Greece; Karunakaraet al., (2009) at Namakkal, India; (39.2C). With the beginning of monsoon season by
Bhaskaret al., (2010) at Tumkur, India; Rajappa mid of June, the temperature begins to fall. Duting
(2010), Hakinaka Taluk, Davangere, India; Nubi andwinter season, in the month of November to February
Ajuonu (2011), at Oyo state, Nigeria; Faz#aal.,  the temperature ranges between %0.Fnd 6.1C
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Fig.1. Showing groundwater sampling sites at SDCUL-IE

(CGWB 20009). precipitation. The average annual rainfall in thetrett
Hydrogeology and rainfall: The alluvium is chief s 1174.3 mm, of which 84% is received during
water bearing strata in the region consisting @frse  monsoon and 16% occurs during non-monsoon period.
sand, fine sand and silt. Groundwater in HaridwarRainfall is the chief source that sustains the igioater
district occurs under unconfined, confined andin Haridwar (CGWB 2009).

semi-confined conditions. The aquifers are sepdrate Sampling procedure: In view of a large study area,
with thick clay with considerable thickness, whiatt  the SIDCUL-IE was divided into four sampling
as confining layers. The water level studies cotetic stations (SS), named as Sampling Station-A (SSA),
by Central Ground Water Board, India, suggests the>@mpling Station-B (SSB) Sampling Station-C (SSC)

. . and Sampling Station-D (SSD). Grab samples of
presence of multllayer_ aquifer system. Gengraﬂg, groundwater were taken from the bore-wells witlhia t
ground water abstraction structures in the dis@i® ;4 stries and hand- -pumps (India Mark-1l) installed
shallow and deep tube-wells with depth ranging fromfor public use. On the basis of availability, two

60 to 150 meters below ground level. The SIDCUL-IE sampling sites were identified in each samplingjata
region along the foothills of Shivalik range cotsief for the sampling of groundwater. Thus eight
boulders, gravels, sand and clay, which charaeteriz9roundwater samples were collected for

high permeability and porosity. This feature makes physico-chemical characterization. Two control
. . o samples of groundwater were taken from Shivalik
fine recharge zone through the direct infiltratioh
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Nagar (Residential area), situated at the distasfce (Barrettet al., 2010). The pH is greatly influenced by
about 2 kilometers from SIDCUL-IE. Monthly the temperature of water. In the present study ptte
sampling was carried out from February 2013 todgnu of groundwater samples was observed to be quite
2014 (between 9.00 am to 12.00 pm). The eightacidic (6.35) at sampling station A (SSA) in themntio
sampling locations within the study area are deatedc  of October whereas the pH was relatively alkaline
in figure 1. The groundwater samples were collected(8.17) at sampling station B (SSB) in the month of
from taps and hand-pumps after flushing water forMarch. In control groundwater samples, the pH range
5-10 min. The samples were collected in 2.5 literwas observed between within the prescribed limés i
capacity high density polyethene (HDPE) bottleg tha 7.23 in July to 8.1 in the month of May. These
were pre-washed (rinsed 4-5 times with distilledesp ~ observations are similar to the range values (6#-8
and dried before use. All the samples were immelgiat determined by Rameez al., (2012) in a study of
transported to the laboratory and were stored@ttil ground water quality in industrial zone of Visakiegam.
analysis. During the sampling procedure, the Though, pH generally does not have a direct effect
precautions were taken as per the standard guédelin consumers yet it is a crucial operational waterligua
of APHA (2012) to avoid possibility of any parameter. The maintenance of an even hydrogen ion
contamination. (H") concentration in body fluids is necessary for
Analytical procedure: The pH and total dissolved survival. In healthy individuals, plasma pH is blily
solids (TDS) in groundwater samples were determinedalkaline and maintained in the narrow range of Z®5
using microprocessor based digital water and soil7.45 (Barrettet al., 2010). The consumption of drink-
analysis kit (ESICO, Model-1160). Temperature wasing water with lower pH (below 4) may possibly caus
recorded using digital thermometer (Maxtech, multi irritation in eyes, skin, and mucous membranes avhil
thermometer). Turbidity was measured in Nepheldmetr exposure to extreme lower pH values (approximately
turbidity unit (NTU) using turbidity meter (ESICO, 2.5) may lead to irreversible and extensive daniage
Model-335). Other parameters like, dissolved oxygenepithelium (WHO 1986). The pH range of 10-12.5 has
(DO), biochemical oxygen demand (BOD), total been reported to cause swelling in hairs wheregtsehi
hardness (TH), chemical oxygen demand (COD),pH values (above 11) may have similar symptoms
bicarbonates (HC§), acidity and alkalinity were mentioned above for lower pH values (below 4). On
calculated by titrimetric analysis whereas the ltota the other hand, gastrointestinal irritation mayoals
solids (TS) and total suspended solids (TSS) wereoccur in susceptible (new born and elderly) indinit$
analyzed by gravimetric analysis. Potassium (K) was(WHO 2003). Beside health perspectives, pH can
determined using microprocessor based flameaffect the degree of corrosion of metals (pipes in
photometer (ESICO, Model-1382) while phosphorus distribution systems) as well as disinfection eéficy

(P) was estimated by UV-Vis spectrophotometer which may have an indirect effect on human headth a
(Agilent, Model- Cary 60). The analysis of the abov well as on the treatment systems.

mentioned parameters was done in triplicate folilgvi Temperature: The temperature of water is the vital
the standard methods of APHA (2012). parameter that affects the chemistry of water there
Statistical Analysis: The observed data subjected to causing variation in pH, turbidity, alkalinity, fthress
statistical analysis for the mean, standard devrati and dissolved carbon dioxide (@OTemperature also
(SD) and Karl Pearson Correlation matrix for the has a great effect on biological system as it ériltes
characteristic correlations of different physic the metabolic activities of an organism. An inceeas
-chemical parameters was calculated using MS Excethe temperature of water proportionally increades t

2007. rate of biochemical reactions. In this study, treugdwater
samples with lowest temperature (2ZPwere observed
RESULTSAND DISCUSSION at SSC in the month of December whereas the highest

The meantSD values of various parameters oftemperature (31°€) of water samples was recorded at
groundwater samples and the Control samplesSSB in May. The temperature of control samples
investigated in this study during February 2013 toranged from 24%& in February to 29.9C in the
January 2014 are given in Table 1 to 5. The cdiogla month of May. The observed values of temperatuge ar
matrix of different parameters of various sampling Similar to the observations (22-31) of
stations and the control is shown in Tables 6 to 10Karunakaranet al., (2009), who studied the physic
Health risk assessment was accomplished by congparin-chemical characteristics of groundwater at Namhakka
the observed groundwater quality data with drinking India. Although, the drinking water temperature sioe
water standards and regulations laid down by thehot bear a direct relationship with human healtt,ib
regulatory bodies and health agencies. The healtfierms to palatability, a limit of< 15°C has been
impacts were predicted on the basis of the eafigfies ascertained. The activation energy of most chemical
concerning the same aspect. reactions is associated up to this temperatureerang
pH: The pH of a solution is defined as the logarithm to (Health Canada 1995). The rise in temperature
the base 10 of the reciprocal of thé(ion concentration ~ increases the vapour pressure of trace volatilarocg
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in drinking water which may result in increased ndo good, between 300 and 600 mg/litre; fair, betwe@d 6
(APHA 2012). The growth of disease causingand 900 mgl/litre; poor, between 900 and 1200
microbes is also enhanced by warm waltegionella mg/litre; and unacceptable, greater than 1200 tag/li
pneumophila is extensively found in water (WHO 2003).

environments which can multiply at temperature &ov Turbidity: Turbidity is measure of the transparency in
25°C. This waterborne pathogen wasponsible for  water. Turbidity in groundwater is caused due te th
legionellosis, with two clinical identified forms: presence of inorganic particulate matter as sugpens
Legionnaires’ disease (pneumonic illness) and Ronti These materials may be clay, silt, organic ma#iaits
fever (WHO 2011). and some microscopic organisms (Momba al.,

TS, TSS, TDS: The solids indicate the presence of 2006). Turbidity does not have any direct effect to
various minerals in water. Total solids constitute human health rather; the particulates responsibte f
suspended and dissolved solids as well. TSS are thwurbidity can protect microorganisms from the effec
solids which are retained by a glass fiber filteda of disinfection and can also stimulate bacteriaigh.
dried to a constant weight at 103-105vhereas, TDS  The water with a turbidity of less than 5 NTU isigeally
refers to the dissolved inorganic salts and trames acceptable to consumers but this may vary with
organic matter in water as a solution. The keytitoiesits ~ specific conditions (WHO 2008). In this study, the
of TDS include dissolved calcium, magnesium, sodiumturbidity in the groundwater samples was obsereed t
(Na") and K cations and carbonate, hydrogen carbonatepe nil at many sampling sites almost all the tinfelev
chloride, sulfate, and nitrate anions (WHO 2007). maximum turbidity (5.7 NTU) was recorded at SSD in
Naturally, most of the dissolved constituents in the month of November. In control samples, the eslu
groundwater are due water-rock interactions ocagrri  of turbidity ranged from O to 1.0 NTU. Turbidity wa
within a lithological outline. Aesthetically, anjebtive of ~ found within the prescribed limits in all the water
<500 mg/L has been established for TDS in drinkingsamples. The observed results were quite higher
water. At higher concentration, water may become(0.5-0.79 NTU) than the observations of Abbulu Raa
excessively hard, non-palatable, while corrosiory ma (2013) in assessment of physico-chemical charatsri
also occur in plumbing networks as a consequence o6f groundwater in the industrial zone of Visakhapat,
mineral deposition (Health Canada, 1991). India. Turbidity is a crucial indicator of groundisa

In the present study, the minimum values of TS (170quality variations, particularly under the influenof
mg/l), TSS (23.5 mg/l) and TDS (85.5 mg/l) were percolation from surface. The aquifers experience
observed at SSC and SSB in April; and SSD inrapid changes in terms of water quality, during the
October, while the maximum values of TS (1000.0lyng/ recharge periods (Martigt al., 2008). Consequently,
TSS (694.0 mg/l) and TDS (553.5 mg/l) were this may be also applicable for the seepage of
recorded at SSD, SSD and SSC in the month ofindustrial effluents from the industrial complexaitrage
November respectively. The solids in the control system which possibly alters the turbidity of grdun
samples of groundwater ranged as, TS from 280.8@vater at SIDCUL-IE. Some recent health studies
mg/l in May to 1000.74 mg/l in November, TDS from investigating the outbreak of drinking water tuityd
220.0 mg/l in October to 538.0 mg/l in January andshowed a potential association of turbidity with
TSS from 8.0 mg/l in October to 517.32 mg/l in gastro-intestinal illness (Maret al., 2007).

November. The recorded values of TDS and TSS werdO: DO concentration has a considerable impact upon
extremely higher as compared to the observations ofround water quality. It regulates the valanceestdt
Uhegbuet al. (2012) for TDS (3.65- 72.35 mg/l) and trace metals and restricts bacterial metabolism of
TSS (2.95-15 mg/l) in assessment of groundwaterdissolved organic matter (Rose and Long 1988). The
quality at Aba Metropolis, Nigeria. In different presence of sufficient oxygen in drinking water
epidemiologic studies, it has been reported thatemately  supplies is necessary, as it aids the formatigmaiéctive
high TDS level (below 1,000 mg/L) protected constame layer inside metal pipes in public distribution tgys.
against cancer and heart disease (Schroeder 196This needs an optimum DO concentration of 6-8 mg/L
Burton and Cornhill 1977; Craun and McCabe 1975(Lenntech 2014a). DO in the groundwater samples was
and Monarcaet al., 2006), but the mechanism(s) observed to be minimum (3.0 mg/l) in August at SSC,
underlying these observations are not completelysimultaneously the maximum value (8.35 mg/l) of DO
understood. While the constituents of TDS, markedlywas recorded at the same sampling station in the
Mg hinders with the formation of thrombi in month of January. In the control samples of ground-
arteriosclerosis (Sauvant and Pepin 2002 and Manarcwater, the minimum value of DO (5.6 mg/l) was
et al.,, 2006). Although, World health organization recorded in the month of April and May, whilst maxi
(WHO) has not proposed any health-based guidelinanum value of DO (7.0 mg/l) was observed in the
values for TDS in drinking water but the presente o month of March. Similar DO range (5.6-7.1) in
dissolved solids may affect its taste. The palétgluf groundwater samples was observed by Rameeal
drinking water in relation to its TDS content caa b (2012) in an industrial area at Visakhapatnam, andi
classified as: excellent, i.e. less than 300 mmgilit Ahmedet al. (2010) also observed nearly same range
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of DO (4.91-7.56) in groundwater samples in a studyReckhowet al., 1990 and Bryandt al., 1992).
of assessment of surface and groundwater quality aBicarbonates. Bicarbonates are the standard alkaline

Chittagong region of Bangladesh. The DO concentrati
level does not have any direct effect on humanthgal
rather it may lead to leaching of toxic heavy mefal
water-supply pipes, thereby causing indirect impaot
human health.

BOD: BOD is a quantitative indicator of the biologically

constituents found in almost all ground waters that
affect alkalinity and hardness of water. Naturatlye
rock-weathering process adds bicarbonates in gnaied
but the concentration of bicarbonates in wateesetin

pH and is usually observed to be less than 500 img/I
groundwater. Any standard for permissible limit of

degradable organic substances in water. It is widel bicarbonate concentration in drinking water is not

used to assess strength of pollutants in aquasies)s.
The minimum value of BOD (0.4 mg/l) in groundwater

recommended by WHO, while it is considered to be
not more than 500 mg/l. In this study, the minimum

samples was observed at SSA in August, whereas theoncentration of bicarbonates (33.55 mg/l) in gdwater
maximum value of BOD (3.3 mg/l) was recorded at was observed at SSD in the month of December at the

SSB in the month of July. In control samples, ti@B
ranged from 0.4 mg/l in March to 3.3 mg/l in the
month of July. The lower BOD value in all grounderat
samples indicated good sanitary condition of theewa

same time the maximum concentration of bicarbonates
(463.6 mg/l) was observed at same sampling station
the month of March. In control samples, the bicadtes
ranged from 170.8 mg/l in December to 305.75 my/l i

The observations for BOD in the present study arethe month of March. Ramesh and Seethe (2013) also

significantly lower than the BOD (2.68-10.07 mg/l)

reported similar results for the highest limit afaobonates

reported by Khanam and Singh (2014) in assessmen207.4-488 mg/l) in groundwater samples from a¢ayn

of groundwater quality near a polluted canal area i
Kichha, district Udham Singh (U.S.) Nagar, India.
High BOD in groundwater indicates its faecal coritam
nation. Kumaret al. (2011) observed a strong positive
correlation of BOD with total coliforms (0.52) and

industrial complex Vellore, India. Prabkaal. (2013)

also reported nearly similar values for the maximum
concentration (159-471 mg/l) of bicarbonates in
groundwater at an industrial area in Tirupur India.
Bicarbonate ingestion causes changes in acid-base

fecal coliforms (0.36) as welE. coli can cause serious
diseases, such as urinary tract infections, basteie

balance, blood pH and bicarbonate concentration in
biological fluids. Coenet al. (2001) suggested that
gastroenteritis and meningitis (Ashbolt 2004 and@®/H consumption of bicarbonate-rich water lowers ths ri
2011). In general, higher values of BOD in drinking of calculus formation in urine. In contrast, Lua992)
water may cause serious health impacts, but the BODeported higher incidence of goiter, hypertension,
values in this study were considerably in safeitim ischemic heart disease, gastric and duodenal
COD: COD is the equivalent of oxygen required by ulcers, chronic gastritis, cholecystitis and nejigdue

the organic substances in water to oxidize thema by to consumption of mineral deficient water.

strong chemical oxidant. In this study, the minimum Total hardness. Hardness refers to the sum of
COD in the groundwater (1.0 mg/l) was observed atconcentration of polyvalent cations dissolved ie th
SSA in the month of June simultaneously, thewater. Calcium (C4) and magnesium (Mg are the
maximum value of COD (14.0 mg/l) was recorded atmost common polyvalent cations that are frequently
same sampling station in the month of May. In asintr present in groundwater. Ferrous {ifeand manganese
samples, the COD varied from 1.1 mg/l in November (Mn?") ions also contribute to groundwater hardness
to 8.0 mg/l in July. The observed values were(Jain and Jain 1990). The hardness in groundwater
considerably higher (3.1-3.7 mg/l) than the valueswater is generally due to the interaction of sufzze
reported by Sirajudeelt al. (2014) in a study of water with the soil media and rock formations. The
groundwater contamination carried out at Tirunéjvel concentration range for pleasant taste due to the
India. Higher COD in groundwater indicates the calcium ion depending on the associated anion is
presence of non-biodegradable dissolved organicl00-300 mg/L, but higher concentrations are also
carbon (DOC). The high incidence of DOC causesacceptable to consumers. Hardness values above 500
undesirable color, taste and odor in drinking watermg/L are usually aesthetically non-agreeable
(Sagehashiet al., 2005). It also interferes with the (Zoeteman 1980). In the present study, the hardness
disinfection process and results in toxic disinfact groundwater samples was observed to be minimum
by-products (DBPs) such as trihalomethanes (THMs)(100 mg/l) at SSD in July, while the maximum value
and haloacetic acids (HAAs) (Whigtal. 2003; Wong  of hardness (600.0 mg/l) was recorded at SSB in the
et al., 2007; Chowet al., 2008; Ratasulet al., 2008; month of July. Hardness in the control samplesedhri
Krasner 2009; Matilaineet al., 2010 and 2011). DPBs between 280.0 mg/l in June to 480.0 mg/l in the timon
have been reported to pose harmful effects on humanf February, whereas the permissible limit of hasn
health (Hanson and Solomon 2004; Zkebal., 2006;  for drinking water is 300 mg/l. However, it is
Jung and Son 2008 and \&tel., 2009). These byproducts important to note that total hardness in groundivate
had also been identified as a potential fetotoxin,was higher at all sampling sites all the time. Regtchl.
mutagen and carcinogen as well (Ruddithl., 1983; (2013) also reported relatively higher (302-752 Img/
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values of hardness in groundwater samples of aralkalinity was maximum (525.0 mg/l) at SSD in the
industrial belt at Visakhapatnam, India. month of October. Alkalinity in control samples of
There does not appear any influential study inpa&t, = groundwater ranged between 250.67 mg/l in February
correlating the drinking water hardness with adeers and 550.77 mg/l in October. Yadast al. (2012)
health effects in humans. Rather, drinking waterreported relatively lower values for alkalinity
calcium plays a key role in a number of physiolagic (160-610) in ground water of Bhiwadi industrial are
functions like suppression of neuromuscular exditgb  at Alwar, India. The interaction of vadose watethwi
myocardial function, heart and muscle contractility soil and bedrock results in ion-exchange process th
intracellular information transmission and blood reduces groundwater acidity (Dahmdteal., 1986 and
coagulation (Kozisek, 2005). Consequently, theMoss and Edmunds 1992). Water with low alkalinity
outcome of numerous cohort studies recommendednay be corrosive and can irritate the eyes. Inresht
that water hardness may protect against many diseas higher alkalinity in water causes soda-like tastel a
particularly against cardiovascular diseases (Yeing can dry out the skin due to basic pH. Excessive
al., 1996), cerebrovascular diseases (Yagtgal., alkalinity also causes scaling in plumbing and
1998), cancer of esophagus (Ya@l., 1999c), cancer distribution systems thereby reducing their water
of pancreas (Yangt al., 1999d), cancer of rectum supply efficiency.

(Yang et al. 1999e) and breast cancer (Yaetgal., Potassium: The K occurs naturally in most of the
2000). Drinking water calcium has also proven to beminerals. It gets dissolved in soil solution thrbug
statistically significant in reducing the risk fpre-term  weathering phenomenon. This dissolved phase serves
birth and low birth weight (Yang al., 2002). In contrast, as a main source of groundwater K through downward
Miyake et al. (2004a) suggested that the higher valuesseepage (Lenntech 2014b). In present study, tha¥ w
of hardness can be a risk factor for childhood iatop observed to be minimum (0.13 mg/l) at SSC in
eczema. September, whereas the maximum value (2.30 mg/l)
Acidity: Dissolved CQ is the main factor responsible was recorded at SSD in the month of March. The K in
for acidity in unpolluted waters. G@n reaction with  control samples was below the detection level in
water results in the formation of carbonic acid avhi March and April whereas it ranged up to the maximum
imparts acidic nature to water. Simultaneously, value of 1.34 mg/l in the month of May. The present
industrial effluents have a considerable potenttal observations were extremely lower (6-102 mg/l) than
alter the chemistry of groundwater and make it morethat reported by Gadhawe al. (2008) in groundwater
susceptible to acidification (Carr and Neary 2008). of an industrial area at Shrirampur, India. K igital
unsaturated zone, various organic processes likerace element in living organism including humalns.
nitrification, base-cation uptake by vegetationgamic  reference to physiology, vital role of K includés i
acid production in decaying vegetation and oxidatio function in nerve stimulus, muscle contraction,dalo
of reduced forms of sulphur influence the groundwat pressure regulation and protein dissolution. Higker
composition, thereby increasing the acidity of pleting levels in drinking water could be a major concesn f
water (Reusgt al., 1987). In this study, the minimum human health but there are no reports illustrating
value of acidity (11 mg/l) in groundwater samplessw harmful impact of the same. Thus, any health-based
observed at SSB in December whereas the maximunguideline value for K in drinking water is not
value (360 mg/l) was recorded at SSA in the morfith o established yet. Stil, K may cause some health
November. The acidity in the control samples variedconsequences in susceptible individuals (indivislual
from 15.5 mg/l in October to 87.5 mg/l in the mooth  with renal and cardiovascular diseases) resultiomf
June. The values of acidity in this study were K intake from drinking water that is well below the
significantly higher (16.65-63.10 mg/l) than thdues level at which adverse health effects may occur.
reported by Uhegbst al. (2012) in characterization of Infants also have a limited renal reserve and iraneat
groundwater in Aba Metropolis, Nigeria. Elevated kidney function and may therefore be more vulnerabl
acidity levels in groundwater may also mobilize (WHO 2009).

various trace elements e.g., Cd, Mn, Fe, As, and H¢Phosphorus: Generally, phosphates (BOare the
from soils (Meybecket al., 1989), thereby making most common form of phosphorus (P) that frequently
groundwater reserves highly toxic. occurs in natural water (APHA 2012). P in grounchwvat
Alkalinity: Alkalinity is the potential of water to may be due to various natural factors like leaching
neutralize a strong acid. The natural sourceskatiaity from rocks and soil media and runoff from fertilize
in groundwater are the geogenic alkalis like €03 applications. Soils have a small capacity to refin
HCO® and OH salts of Ca, Mg, K, and Na. Usually, and once the ability of soil to absorb more P edsge
natural water has alkalinity ranging from 10 to 500 the excess gets dissolved in soil solution andnaltiely
mg/L. This feature is important while determinifggt gets percolated to the aquifer (Domagalski
suitability of water for irrigation purposes. Inigh and Johnson, 2012). This factor is a significanrce
study, the minimum value of alkalinity (302.5 mgfl)  of P contamination in groundwater. In this studye t
groundwater was observed at SSC in March whereasoncentration of P was nil at almost all sampliiigss
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Table 10. Correlation matrix (r values at significance leveéd®) of various physico-chemical parameters of gawater at Sampling Station-C (SSC) at SIDCUL-IE, Hadr during

the year 2013-2014.

K

Alkalinity

Hardness  Acidity

Temp TS TSS TDS Turbidity DO BOD COD HCO4*-

pH

pH
Temp
TS
TSS

TDS

1
-0.217
-0.272
-0.051
-0.554
-0.666
-0.351

0.422

1
0.803

0.715

-0.44
-0.06
-0.66
-0.21
-0.44
-0.33
-0.08
0.337

1
0.158
0.304
0.188
-0.27

1
-0.346
-0.069
0.4071

1
0.82295
-0.42015
-0.18137
0.32672
0.14344
-0.19464
-0.62214
-0.28492
-0.14656

-0.01

0.087

Turbidity
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1
-0.237
-0.174
0.094
0.149
-0.128
-0.423
-0.212
-0.296

DO

1

0.057

BOD

1
-0.455
0.0008
0.3429
-0.338
0.3256
-0.219

0.654
-0.78
0.349
0.011

-0.24 -0.463 0.1522
0.07 0.262

-0.13
0.411

0.011

COD

1
-0.708
0.239

-0.171
-0.251
0.6127
0.3593

0.315
-0.501
0.4117

HCOZ-

0.026

-0.2
-0.28

0.262

Har dness

Acidity

1
0.098

-0.6542
-0.1947
-0.1299
-0.3892

0.067

0.026

0.024
0.248
-0.45

0.541 0.437

0.009

0.242
-0.026
0.5913

Alkalinity

0.094 0.409 1
-0.284

-0.136
0.391

-0.12
-0.082

0.109
-0.371

0.557

1

-0.217

0.254

-0.32

0.133
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over and over again while the maximum value of P
(0.26 mg/l) was observed at SSD in the month of
February. Similarly, the values for P were nil antol
sites all the time while the highest concentration
control samples was recorded 0.2 mg/l in April.
Relatively higher concentration of P at controkesit
pretend to be of geogenic origin. These values were
significantly higher (0.01-0.09 mg/l) than the vedu
reported by Khanam and Singh (2014) in groundwater
samples at U. S. Nagar, India. Biologically, the,PO
are one of the basic components of DNA materias th
have a vital role in energy distribution procegscess

of PQ, may cause health problems such as kidney
damage and osteoporosis. Hyperphosphatemia ig a lat
-stage chronic kidney disease that may be causedodu
elevated levels of POn blood, thereby resulting in the
increased cardiovascular morbidity and mortality in
effected individuals (Lee and Marks 2014).This
disease is often caused due to excess qf(B®Ofood
additives) in food but there is no literature sl

any water-borne disease resulting due to high P
concentration in drinking water.

Correlation among physico-chemical parameters at
different sampling stations of SIDCUL-IE: Karl
Pearson Correlation matrix calculated at significan
level (0.05) for the water quality parameters isvsh

in Tables 6 to Table 10. Various parameters showed
moderate to significant positive correlation withe
another. The parameters like TS-TSS (r=0.963), TSS
-turbidity (r=0.412) at SSA (Table 6), TS-turbidity
(r=0.406) at SSB (Table 7) and TSS-turbidity
(r=0.616) at SSD (Table 8) were significantly and
positively inter-related with each other which mizy
due to the presence of higher percentage of susdend
particulate matter. Higher phosphates and turbidity
(particulates) stimulates and promotes the mictobia
growth in drinking water (Miettineret al., 1997),
thereby leading to increased values of BOD and COD.
This statement also justifies the observed positiveslation

of turbidity-DO (r=0.262, insignificant); COD
-phosphorus (r=0.629, significant), at SSA (Tab)e 6
and turbidity-BOD (r=0.467, moderately significant)
BOD-phosphorus (r=0.518, moderately significant) at
SSC (Table 8). The possible reason may also be the
calcium ions (hardness causing chemical species)
which provide an environment conducive to growth of
micro-organisms (Anonymous, 1999), thereby regiltin
in higher values of BOD. Also, at SSA (Table 6) and
SSC (Table 8), turbidity-phosphorus were obsereed t
have an insignificant positive correlation i.e.qr52)

and (r=0.129) respectively. This may be due to the
reason that the suspended particles may be probébly
organic-phosphate origin. A similar insignificartsgive
relationship was observed between TSS-phosphorus
(r=0.112) at SSC (Table 8). At SSD and Control, site
BOD-COD (r= 0.6771) (Table 9) and (r= 0.654)
(Table 10) were observed to have a significanttpyesi
correlation. A similar trend of significant posigiv
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correlation of BOD-COD in groundwater at Perur, that bicarbonate ions have an alkaline charactdr an
India has also been observed by Ushagaai. (2010).  thereby causing a rise in the pH level of water.
Similarly, at SSA and SSB pH and bicarbonate wereln addition, the groundwater samples at SSC were
observed to have positively insignificant (r=0.375) oxygen-deficient with quite higher amount of dissal
(Table 6) and significant (r=0.668) (Table 7) rielat  solids. The control groundwater samples had redtiv
respectively. This may probably be due to the faat  higher hardness and phosphorus values which may
bicarbonate ions bear an alkaline character anéltge possibly be of geogenic in nature. The present
causing a rise in the pH level of water. characteristic quality of groundwater indicatedt ttie
However,, the observed values of temperature stiowegeneral public and industrial workers may ratiopall
poor to significant negative correlation with piHda use groundwater for potable use. However, on
BOD at different sampling stations like temperatDf@ persistence of indiscriminate disposal of induktria
(r= -0.477) at SSA (Table 6), pH-temperature effluents and sludges on fallow terrains and open
(r=-0.27) at SSB (Table 7), pH-temperature (r550) drainage channels, the groundwater contamination ma
at SSC (Table 8) and pH-temperature (r=-0.28)52 S gradually build up at regional scale over a peridd
(Table 9) and temperature-DO (r= -0.666) at control5-10 years. The contaminated water in supplies may
site (Table 10). This may possibly due to the that  result in synergistic reactions in public distrilout

the values of pH and DO had characteristic thesmasi-  system. Further, it may significantly pose serious
tivity (Carr and Neary, 2008). At SSC, bicarbonate- threats among the local population in and aroured th
acidity (r= -0.833) (Table 8) and at Control site, SIDCUL-IE and Shivalik Nagar. Moreover, it is
hardness-acidity (r= -0.6542) (Table 10) were recommended that concerned agencies should carry
observed to have a significant negative correlationout periodic monitoring of groundwater quality at
which may be likely due to the reason that aciditg SIDCUL-IE. At the same time, regular assessment of
alkalinity have an inverse relationship as bicadiea  waste treatment and disposal system must also be
ions are the major contributor of alkalinity as We$  taken care to ensure compliance of the regulatory
of hardness (Wilson, 2011). guidelines.
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