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Abstract
Kanpur City is a large industrial complex with nearly 800 industries. Several environmental pollution are causes due to these
industries. The present study was carried out to assess the ground water pollution due to industries and also assess their
Suitability for Drinking in different villages of industrial area Jajmau, Kanpur. The waste water from industries discharged
with different types of pollutants is causing serious health problems in industrial area of Kanpur City due to improper
treatment plants. These toxic pollutants affect the surface water as well as sub surface water and making it unsuitable for
drinking and irrigation purposes due to leaching. Samples were collected during 2016-2017 (summer and winter) from hand
pump in and around Jajmau, Kanpur. Samples were analyzed for physicochemical parameters and heavy metals. All analyzed
data  were compared with Indian standard specification for drinking water IS 10500-2012. The comparison of the data of
ground water in different villages showed that TDS is very high which not only above acceptable limit, it is found above
permissible limit in almost all sampling sites. Heavy metal like Chromium is also exceeding the acceptable limits in almost all
sampling stations. Statistical analysis for two seasonal data of drinking water at ten villages, of industrial area Jajmau, Kanpur
has been done and the results were discussed here. Groundwater is unfit for human consumption as it contains higher
concentration of major ions and chromium. Contamination of groundwater causes the several water borne diseases.
Key words : Ground water, Waste water disposal, Contamination, physicochemical parameters, Heavy metals,
Correlation.

Introduction
Water has been playing a major role in development

of human civilization, Industrialization and urbanization.
Over 97% of all the water an earth is salty and most of
the remaining 3% is frozen in the polar ice caps
(Bhattacharya et al., 2012). Groundwater is an important
natural resource. It is the largest reservoir of fresh water
available on earth which is being continuously exploited
due to increase in population especially in developing
countries. Ground water is used for domestic, agriculture
and industrial purposes in most of the part of the world
(Karunakaran et al., 2009). Contamination of water is
increasing day by day. Keeping in view of the pollution
effects and its risk management to the ecosystem, it is
very essential to monitor the impact of industrial effluents
on ground water quality (Agrawal et al., 2016).
Groundwater is the major source of drinking water in

both urban and rural areas. Ground water has become a
scarce commodity due to over exploitation and pollution
of water. Groundwater provides drinking water for more
than 80 cities. It is also used to irrigate crops, provide
drinking water for stock and to support industry.
Contamination of drinking water has become a major
concern to the Environmentalist in the developing
countries.  Due to this pollution load sustained over long
periods. Water is drawn from the ground for a variety of
uses, principally community water supply, farming (both
livestock and irrigated cultivation) and industrial processes
(Chilton, 1996). Groundwater contamination can be
classified as having either natural or anthropogenic
sources. Natural groundwater contamination is mainly
due to geological formation with shallow groundwater
mass (water–rock interaction in cold waters), infiltration
from low-quality surface water bodies (streams, rivers,



lakes), seawater intrusion, or due to the effect of
geothermal fluids (water– rock interaction in hot waters).
Anthropogenic groundwater contamination is generally
ascribed to extreme use of agricultural pesticides and
fertilizers, mining wastes, disposal of industrial wastes,
waste disposal sites, and imperfect well construction
(Alper and Gokmen, 2011). Groundwater is natural source
of our life support system.  Ground water quality has
become an important water resources issue due to rapid
increase of population, rapid industrialization, unplanned
urbanization, flow of pollution from upland to lowland,
and too much use of fertilizers, pesticides in agriculture
(Joarder et al., 2008). Human and ecological use of
ground water depends upon ambient water quality. In
India, most of the population is dependent on ground water
as the only source of drinking water supply (Murhekar
and Krushna 2011). India accounts for 2.2% of the global
land and 4% of the world water resources and 16% of
the world population. It is estimated that one third of the
world’s population use groundwater for drinking (Pawari
and Sagar 2015). Now days, the expanding danger to
groundwater quality because of human action has turned
into the matter of great concern. Presently a days the
ground water potential and its Quality level in significant
urban communities and urban focuses is getting crumbled
because of the blast of population, urbanization,
industrialization, disappointment of storm and inappropriate
administration of rain water. Not just ground water, soil
is additionally sullied by human and industrial activities
due to dumping of solid waste and industrial effluent.
Waste water is being used for the irrigation of edible
plants and is a matter of concern due to the presence of
pollutants particularly toxic metals (Barman et al., 2000).
The over exploitation of groundwater in some parts of
the country induces water quality degradation (Mondal
et al., 2005). Contamination of drinking water may occur
by percolation of toxics through the soil to ground water
(Khan and Shivastava, 2012). Pollutant discharge causes
widespread organic pollution, toxic pollution, and
eutrophication, along with severe ecological destruction
(Miao et al., 2012). Approximately 190 million people
fall ill and 60,000 people die from a range of other diseases
and injuries associated with water pollution each year
(Tao and Xin, 2014). Urbanization and industrialization in
India has resulted in deep increase of generation of waste.
Due to improper treatment and lack of awareness, waste
water is not properly treated and disposed. Most of the
industries discharge their effluent without proper treatment
into nearby open pits or pass them through unlined
channels resulting in the contamination of groundwater
(Jinwal and Dixit, (2008). The problem is more crucial in
rural cities due to cluster of industries. The strong waste

produced from enterprises is being dumped close to the
industrial facilities, is subjected to response with
permeating precipitation water, and achieves the ground
water level. Which make the issue of ground water
contamination in a few piece of the nation. Both surface
and subsurface water sources are getting polluted due to
developmental activities (Chandra et al., 2014). Industries
are responsible for water pollution. Pollution in the soil
and water has a lot of adverse effects and thus is of
great concern to the public health agricultural production
and environment health. Treated Industrial and domestic
waste water is being used for the irrigation of the
agricultural land which contributes significantly towards
the contamination of the soil in wastewater receiving area
(Sinha et al., 2006).

In India, The province of Uttar Pradesh alone in
charge of more than half of poisons entering in the river
stream because of partially treated effluent drained into
river and also used for irrigation. In Uttar Pradesh, Kanpur
is biggest mechanical and business focus. Kanpur is one
of the important industrial centres in northern India, where
more than 800 industries are involved in manufacturing.
Kanpur is most contaminated city as a result of huge
number of tannery businesses is built up. It is otherwise
called Leather city. Pollution becomes acute when
tanneries are concentrated in clusters in small area like
Kanpur, India (Beg and Ali, 2008). The large number of
industries has clearly contributed to the economic growth
of Kanpur. The tannery business mushrooming in north
India has secured the Ganga River into a dumping ground.
Kanpur is one of significant tannery bunch with generation
of around 1000 tons of raw materials per day. In Kanpur
mainly Jajmau area is home to biggest leather tanneries,
footwear, and manufacturer and leather goods. The
industrial area of Jajmau Kanpur having more than 400
tanning industry.  99% of industries are performing
chrome tanning process. In tanning process dangerous
gushing produced, which require exact care in treatment
of effluent. Tanneries process is totally based on chrome
tanning. It has been established that a single tannery can
cause pollution of ground water around a radius of 7 to 8
km (Central Leather Research Institute (1990). Basic
Chromium sulphate is used as Tanning agent. In tanning
process, harmful toxic waste water generated, which
require exact care in treatment of emanating. This toxic
waste water, treated or partially treated is also being use
for irrigation purposes. As per an estimate, about 80-
90% of the tanneries use Chromium (Basic Chromium
Sulphate) as a tanning agent. Chromium has many
industrial uses and its unregulated application has led to
the contamination of soil, sediments, surface and ground
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water (Barnhart, 1997; Kotas and Stasicka, 2000). It also
contains chiefly chromium salts, copper, magnesium, iron,
cadmium and arsenic salts when it discharged into the
rivers it greatly affects the aquatic ecosystem Various
chemicals used in tanning include lime, sodium carbonate,
bicarbonate, common salt, sodium sulphate, Chrome
sulphate, fat liquors, vegetable oils and dyes. Much waste
water in urban areas discharges to ground (Ravenscroft,
2003). The treated tannery effluent is being used for
irrigation nearby area which is 1800 hectare, covered
different villages. There is CETP operating for treatment
of tannery waste water but due to old technology and
lack of knowledge, the CETP is not successful. This area
is being irrigated with tannery effluent for last four decades
which ultimately lead to ground water contamination. Due
to large number of tanning industries, surface water as
well as ground water quality is polluting continually by
leaching of effluent which is mainly uses for irrigation
purposes. Industrial effluents from leather tanneries
discharged untreated, if allowed to Percolate into soil to
ground water for a prolonged period seriously affect soil
profile and the ground water table of the locality and
make it unfit for drinking, irrigation and for general
consumption Hence, it is important to know the quality of
groundwater because it is the major factor which decides
its suitability for domestic, agriculture and industrial
purposes (Raju et al., 2009). Many investigations have
been conducted on anthropogenic contaminants of
ecosystems Heikka, (2007) and reported that drinking
water quality is affected by the presence of different
soluble salts (Sonawane and Khole, 2010). So the objective
of the study is to assess the Ground Water quality and
their Suitability for Drinking in reference of physical and
chemical properties and also to know the heavy metal
contamination like Cr,  As and Pb in industrial area Jajmau,
Kanpur. The quality of ground water has been assessed
by comparing each parameter with the standard desirable
limit of that parameter in drinking waste.
Scope of study

Long-term disposal of tannery wastes has resulted
in extensive contamination of agricultural land and water
sources in many parts of India. The tannery industry
mushrooming in North India has converted the Ganga
River into a dumping ground. The untreated or partial
treated industrial effluent discharge is increasing day by
day and polluting the soil as well as ground water through
percolation. In Jajmau  industrial area of Kanpur city
having one CETP and two STP since 1995 (36 mld UASB
Tannery waste water Treatment Plant,130mld ASP
Sewage Treatment Plant, 5 mld UASB Sewage
Treatment Plant). The ground water has been

contaminated possibly due to use of Effluent for irrigation.

Materials and Methods
Study area

The study area, Jajmau is one of the major regions in
Kanpur district, Uttar Pradesh, India. Kanpur is house of
small and medium scale industries which are producing a
large amount of industrial waste. It is situated on the left
bank of Ganga River and the right bank of its tributary,
Pandu River (Gowd Srinivasa et al., 2010). The district
Kanpur lies between 800 21" East longitudes and 260
28’’ North latitude. Jajmau is a chronic polluted area and
one of the biggest exporting centers of tanned leather.
The treated and untreated wastewater is being used for
the irrigation from last two decades which covers 1800
acre land including near 10 villages. The distance between
treated effluent channel and villages is 0.5 km to 10 km.
Sampling Locations

The present study was carried out at the different
locations of  Jajmau area of Kanpur city. The locations
of sample collection were near the industrial area. The
site for the sampling was identified which mainly used
for domestics purposes. Total two sampling were done
in year 2016-2017. One summer and one was winter
samplings were done. Ten sampling stations were
selected for the collection of ground water for this study
in year June 2016 and January 2017. I had selected main
villages of tannery industrial area of Jajmau which are
located besides of effluent channel from distance of 0.5
to 10 km. Ground water samples were collected from
selected locations in year 2016-2017 in seasons (summer
and winter) from ten different selected villeges which
were located along the effluent channel where effluent
water is being used for irrigation purposes. 10 samples
from 10 identified locations namely as Sekhpur (L1), Jana
(L2), Motipur (L3), Kishanpur (L4), Madarpur (L5),
Movaiya (L6), Kulgao (L7), Trilopkpur (L8), Allolapur
(L9), Rooma (L10). All sampling sites of ground water
along effluent channel with the aim of assessing the
drinking water Quality has been illustrated in Fig. 1.
Sample Collection and Analysis

The ground water samples were collected from
different hand pump of Jajmau villages along the effluent
channel within the study area.  The method described by
APHA 22nd Edn 2012 were followed during field and
laboratory work. Ground water samples were collected
in plastic cans. All the sampling cans were cleaned with
diluted HNO3 then rinsed with tripple distilled water and
also rinsed with ground water to be sampled. After
collection of sample, some parameters like Temperature,
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pH, Electrical conductivity (RI) was determined
immediately on sampling site by portable digital meter.
After that sampled were preserved in ice box and
transported to the laboratory for further analysis like
chemical and Heavy metals analysis. They were analyzed
within a short period of time to get more reliable analytical
results.

In ground water, Parameters were Total Dissolved
Solids, Total Hardness (as CaCO3), Calcium (Ca),
Magnesium (as Mg), Total Alkalinity (as CaCO3), Chloride
(as Cl) Nitrate (as NO3), Sulphate (as SO4), Fluoride (as
F), Total Chromium (as Cr), Arsenic (as As) and Lead
(as Pb). The drinking water quality depends on many
physicochemical parameters and their concentrations,
which are derived from laboratory tests of water samples
(Heydari and Abasi, 2013). The samples were analyzed
for different physicochemical properties and heavy metals
as per the Standards methods outlined in APHA 22nd edn
2012 (APHA, 1998) as well as IS 3025 with different
parts. Total Dissolved Solids, Total Hardness, Calcium,
Magnesium,  Total alkalinity, chloride, Fluoride analyzed

by titrametric method, analyzed by gravimetric method
as well as pen type meter, Nitrate, Sulphate, were
analyzed by Ultra violet Spectrophotometer (Make-
Shimadzu, Model-UV 1800, Range-190-1100 nm), and
heavy metal analysis done by ICP-MS make by Agilent.
For the comparison of analyzed concentration of ground
water with standard acceptable limits. Drinking water
standard limits given by Indian Standard 10500-2012.
Correlation coefficient

In statistics, Correlation is a technique which can
show relationship between two or more variables. In
water quality it is used for the measurement of the strength
and statistical significance of the relation between two
or more parameters (Mehta, 2010). Correlation analysis
measures the closeness of the relationship between
chosen independent and dependent variables. If the
correlation coefficient is nearer to +1 or –1, it shows the
probability of linear relationship between the variables x
and y (Sudhakar et al., 2010). In this study, the
relationship of water quality parameters with each other
in the data of water analyzed was determined by

            

 

 

Fig. 1: Showing different Sites of Ground water (L1-L10) at Industrial Area Jajmau, Kanpur, Uttar Pradesh.
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calculating Karl Pearson’s correlation coefficient, R, by
using the formula as given below:

  
     
 

 22 yyxx
yyxxR

Where, x (x =values of x-variable, =average values
of x) and y (y =values of y-variable, =average values of
y) represents two different water quality parameters. If
the values of correlation coefficient ‘R’ between two
variables x and y are fairly large, it implies that these two
variables are highly correlated. X Y (Sudhakar et al.,
2010).

Experimental Result and Discussion
Ground water quality assessment was done to

determine its suitability in terms of drinking purposes.
Concentration with limits followed by IS 10500. The
results of the physio chemical analysis of ground water
samples of hand pumps in industrial area of Jajmau are
presented in Table 1 & 2 and Table no 4 & 5 shows that
shows that the Pearson Correlation coefficient (r) matrix
between physicochemical parameters of Ground water,
Jajmau, Kanpur The quality of water resources depends
on the management of anthropogenic discharges as well
as the natural physicochemical characteristics of
catchment areas (Efe et al., 2005).

Temperature is a important parameter of ground
water. Temperature was found between ranges 21-230C
in june 2016 and 18-23.20C in January 2017. The increase
in temperature decreases the portability of water because
of elevated temperature carbon dioxide and other volatile

gases which impart taste are expelled (Karunakaran et
al., 2009). The maximum temperature 230C in L5 in June
2016 and 23.20C was found on site L3 in January 2017.
Temperature has positive correlation with EC and TDS.
pH is also an important ecological factor and provides an
important piece of information in many types of
geochemical equilibriums or solubility calculations
(Shyamala et al., 2008). The pH value is an important
index of acidity or alkalinity. In the present study pH
ranges from 7.5-8.01 in June 2016 and 7.21-7.61 in
January 2017, which lies in the range prescribed by IS
10500-2012. For the numerical values of correlation
coefficient, R for the water quality parameters was given
in Table 3. It is shown that a single parameter analyzed
has relationship with other parameters. Highly positive
correlation is observed between EC and TDS (R=0.83 )
in January 2017 and R= 0.995  in June 2016, between Ca
2+ and TH (R=0.960) and R= 0.866 in June 2016.
Electrical conductivity of water is a direct function of its
total dissolved salts (Harilal et al., 2004). The average
range of electrical conductivity from all ten sites was
recorded 2470.8 µs/cm in June 2016 and 2473.2µs/cm in
January 2017. The maximum and minimum conductivity
was found 3735µs/cm and 1390 µs/cm on site L3 and L8
in the year June 2016 and in January 2017 maximum
was 3830 µs/cm on site L3. Higher the value of dissolved
solids, greater the amount of ions in water (Bhatt et al.,
1999). The level of TDS is one of the characteristics,
which decides the quality of drinking water. In the present
study, Maximum TDS was found on L3 site ie 2835mg/L
and 2581 mg/l in both season and  according to Indian
standard 10500-2012, total dissolved solid values for

Table 1: Physicochemical parameters of drinking water from Industrial Area Jajmau, Kanpur, June 2016.

Temp pH EC TDS TH Ca Mg TA Cl NO3 SO4 F Cr As pb
L1 22 7.8 2950 2286 1195 261 134 489 683 76 265 2.6 0.02 0.004 0.001
L2 21 7.6 2515 1985 995 220 110 395 580 54 210 1.7 0.05 0.003 0.0001
L3 22 8.01 3735 2835 1380 412 155 502 905 84 345 3.2 0.06 0.008 0.005
L4 23 7.5 2935 2285 1156 235 139 434 545 59 235 2.1 0.01 0.0002 0.001
L5 23 7.6 2310 1725 1075 257 112 337 375 68 220 0.8 0.021 0.003 0.002
L6 22 7.7 1810 1445 856 200 88 324 265 51 139 0.99 0.02 0.0005 0.0002
L7 22.5 7.65 2410 1950 1010 244 98 329 585 57 168 0.67 0.004 0.002 0.004
L8 23 7.7 1390 1150 710 177 90 321 261 49 125 0.56 0.029 0.001 0.002
L9 22 7.7 1643 1256 645 196 49 372 315 47 115 1.5 0.008 0.004 0.006
L10 23 7.6 3010 2397 1325 325 167 470 535 67 320 2.9 0.1 0.006 0.008

Mean 22.35 7.68 2470.8 1931.4 1034.7 252.7 114.2 397.3 504.9 61.2 214.2 1.70 0.032 0.0031 0.0029
Min. 21 7.5 1390 1150 645 177 49 321 261 47 115 0.56 0.004 0.0002 0.0001
Max. 23 8.01 3735 2835 1380 412 167 502 905 84 345 3.2 0.1 0.008 0.008
SD 0.66 0.14 719.22 540.90 244.25 69.81 35.38 71.60 204.48 12.23 79.54 0.96 0.03 0.002 0.00269

*Except Temp (0C), pH and EC in (μs/cm) remaining all Parameters are in mg/l.
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drinking water permissible limit is 500mg/L. The analyzed
data shows that all samples in both season had more
TDS value permissible limit (Table 1 and 2).

The total hardness is depends on availability of calcium
and magnesium ions in water. The maximum value of
hardness was observed on L3 site and minimum was on
L9 site in both seasons. In ground water total hardness is
mainly contributed by calcium, magnesium, carbonate,
bicarbonate, Sulphate and chloride of calcium and
magnesium salt (Ramesh and Thirumangai, 2014). In
present study, all sampling sites, ground water have high
hardness value as compared with the standard values
200 mg/L as per IS 10500-2012 and this may be due to
industrial effluents discharges and leaches. Calcium is

the cation found in ground water which is the complex
form of total hardness. It was found from ranges between
177-412 mg/l as well as 131-315 mg/l in June 2016 and
January 2017. The permissible limit of drinking water is
75 mg/l so all the sampling sites in industrial area of
Jajmau have high calcium concentration and crossed the
permissible limits. Calcium and magnesium are most
common constituents of natural waters and both are the
contributor of total hardness. In ground water, magnesium
was also found in higher value having ranges between
49-167 mg/l and 48-192 mg/l in June 2016 as well as
January 2017. All the samples exceeded the permissible
limits. In ground water, maximum alkalinity was found
on L3 in June 2016 and L10 in January 2017. Alkalinity

Table 3: Correlation Coefficients among Various water quality Parameters June 2016.

Temp pH EC TDS TH Ca Mg TA Cl NO3 SO4 F Cr As Pb
Temp 1
pH -0.327 1
EC -0.072 0.339 1

TDS -0.065 0.311 0.995 1
TH 0.105 0.230 0.955 0.958 1
Ca 0.027 0.565 0.880 0.866 0.866 1
Mg 0.222 0.131 0.871 0.887 0.951 0.774 1
TA -0.137 0.406 0.859 0.853 0.784 0.745 0.767 1
Cl -0.275 0.513 0.925 0.924 0.814 0.815 0.701 0.797 1

NO3 0.044 0.5611 0.865 0.839 0.878 0.882 0.782 0.763 0.808 1
SO4 0.050 0.329 0.944 0.939 0.967 0.909 0.939 0.867 0.814 0.893 1
F -0.165 0.408 0.838 0.833 0.765 0.769 0.749 0.982 0.751 0.713 0.860 1
Cr -0.003 0.154 0.473 0.496 0.562 0.613 0.664 0.532 0.345 0.401 0.679 0.616 1
As -0.194 0.637 0.636 0.613 0.581 0.842 0.480 0.697 0.654 0.707 0.723 0.735 0.654 1
Pb 0.286 0.191 0.215 0.222 0.217 0.493 0.182 0.30 0.172 0.193 0.316 0.376 0.498 0.664 1

Table 2: Physicochemical parameters of drinking water from Industrial Area Jajmau, Kanpur, January 2017.

Temp pH EC TDS TH Ca Mg TA Cl NO3 SO4 F Cr As pb
L1 20 7.61 3120 2510 1130 235 139 425 836 71 185 1.8 0.13 0.009 0.001
L2 22 7.52 2835 1615 910 245 117 370 532 53 154 1.4 0.06 0.005 0.003
L3 23.2 7.29 3830 2581 1360 315 145 378 805 83 234 2.9 0.05 0.002 0.006
L4 22.5 7.49 2578 1870 890 219 120 342 450 70 207 2.9 0.053 0.004 0.0002
L5 22 7.54 2475 1790 881 204 103 314 510 58 125 1.1 0.041 0.0001 0.0006
L6 20 7.55 1880 1949 670 170 105 307 310 40 138 0.61 0.016 0.002 0.004
L7 19 7.32 1910 1356 635 184 126 365 295 47 125 0.34 0.081 0.0005 0.001
L8 18 7.4 1530 1345 620 162 192 355 210 52 95 0.7 0.004 0.001 0.005
L9 19 7.21 1864 1270 472 131 48 320 305 47 108 0.82 0.014 0.002 0.0001
L10 22 7.56 2710 2190 927 222 126 435 345 50 270 2.8 0.035 0.007 0.007

Mean 20.77 7.45 2473.2 1847.6 849.5 208.7 122.1 361.1 459.8 57.1 164.1 1.53 0.048 0.003 0.0028
Min. 18 7.21 1530 1270 472 131 48 307 210 40 95 0.34 0.004 0.0001 0.0001
Max. 23.2 7.61 3830 2581 1360 315 192 435 836 83 270 2.9 0.13 0.009 0.007
SD 1.78 0.14 698.17 470.22 263.52 51.57 36.37 43.66 215.42 13.42 57.87 1.0 0.04 0.003 0.003

*Except Temp (0C), pH and EC in (ìs/cm) remaining all Parameters are in mg/L.

1574 Richa Gupta et al.



has acid neutralizing ability. The alkalinity of water is due
to the salts of carbonates, bicarbonates, borates and
silicates along with the hydroxyl ions in the Free State
(National Environmental Engineering Research Institute).
Alkalinity is correlated with pH. Chloride is also an
essential parameter of drinking water. It mainly found in
water in form of sodium chloride. Chloride is also found
above the prescribed limit. As per IS 10500-2012,
Acceptable limit for chloride 250 mg/l. Maximum Chloride
is found on L3 site ie 905 mg/l in year June 2016 and 836
mg/l on L1 site in January 2017. High concentration of
chloride is due to the invasion of domestic wastes and
disposals by human activities (Jha and Verma, 2000). The
analyzed chloride value  in all samples has been observed
to be high, which can cause erosion and setting of iron
plates or pipes. Contamination of drinking water/ground
water by nitrate is more common due to human exercises.
It found in water in dissolve form and can move
effectively through soil. The nitrate range lied between
47- 84 mg/l in June 2016 and 40-83 mg/l in January 2017,
almost all samples were in above the range of  acceptable
limit i.e. 45 mg/l except on L6 site in January 2017. Nitrate
is form due to different chemical fertilizers, rotten
vegetable and animal hide, domestic effluents and sewage
sludge disposal to land. Excessive concentration of nitrate
in drinking water is unsafe for health. Sulphate is also
found in soluble form. In the present study, sulphate ion
is estimated to vary from 115-345 mg/L in June 2016 and
95-270 mg/l in January 2017. It is also found in high
concentration but in some locations, It found under the
acceptable limit i.e. 200 mg/l as per standard 10500-2012.
The high amount of sulphate causes diarrhea. Hence it is

clear that all most samples are free from sulphate
problems except few. Fluoride is also important but in
excessive amount in water causes the florosis.  The
fluoride range observed was 0.56 to 3.2 mg/L and 0.34
to 2.9 mg/l in 2016 & 2017. Maximum standard limit of
fluoride is 1.0 mg/l. Few samples are found in standard
range.

Toxic metals like Chromium, arsenic and lead was
also found in ground water. Mainly Chromium was found
in higher concentration on most of the locations. The
maximum allowable limit for chromium as per IS 10500-
2012 guidelines, is 0.05 mg/l. Metals are essential
component but can be harmful in higher amount. The Cr
is toxic to human even in low concentration. In June 2016,
Cr was found between 0.004-0.1 mg/l and in January
2017, Cr was found in the range of 0.004-0.13 mg/l
Chromium is found on two forms, hexavalent chromium
and trivalent chromium. Hexavalent chromium is the most
toxic form of chromium. Chromium is the most worrisome
of these: popular in the tanning industry because it makes
leather goods (Article on ground water Pollution, 2011).
The main source of Chromium in Kanpur industrial area
is tanning leather industries. Exposure to chromium is
associated with many chronic diseases such as dermatitis,
ulcers and perforation of the nasal septum and respiratory
illness as well as increased lung and nasal cancer (ATSDR
2008; Pandey et al., 2010). Lead and Arsenic was also
found but concentration was below detection limit.

Conclusion
The ground water sample collected from ten different

locations of industrial area Jajmau, Kanpur, Uttar Pradesh

Table 4: Correlation Coefficients among Various water quality Parameters January 2017.

Temp pH EC TDS TH Ca Mg TA Cl NO3 SO4 F Cr As Pb
Temp 1

pH 0.279 1
EC 0.792 0.175 1

TDS 0.607 0.425 0.83 1
TH 0.739 0.287 0.961 0.886 1
Ca 0.787 0.183 0.946 0.772 0.960 1
Mg -0.072 0.211 0.122 0.231 0.346 0.347 1
TA 0.182 0.292 0.523 0.539 0.544 0.507 0.434 1
Cl 0.554 0.219 0.902 0.794 0.893 0.809 0.119 0.415 1

NO3 0.581 -0.006 0.819 0.679 0.851 0.792 0.323 0.342 0.832 1
SO4 0.730 0.293 0.745 0.778 0.726 0.715 0.142 0.671 0.472 0.524 1
F 0.790 0.200 0.769 0.710 0.749 0.728 0.159 0.522 0.531 0.718 0.917 1
Cr 0.149 0.325 0.516 0.456 0.516 0.456 0.128 0.562 0.684 0.463 0.276 0.201 1
As 0.233 0.571 0.475 0.565 0.444 0.346 0.081 0.773 0.465 0.263 0.608 0.523 0.569 1
Pb 0.201 0.085 0.237 0.374 0.323 0.372 0.513 0.425 -0.028 0.017 0.478 0.331 -0.342 0.126 1
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and analyzed and on the basis of these analysis the
following conclusions were arrived. The pH of the entire
water samples is well within the permissible limits but all
other parameters are found above the acceptable limits.
in industrial study area the ground water quality is based
on TDS value which is very high and on some sites it
was found above the permissible limits. The permissible
limits of drinking eater as per IS 10500-2012 is 2000 mg/
l. The effect of treated effluent with high TDS affecting
the ground water quality in surrounding villages. The waste
water from industries discharged with different types of
pollutants is causing serious health problems in industrial
area of Kanpur City due to improper treatment plants.
The water of the River Ganga is also contaminating by
toxic metals. These toxic pollutants affect the surface
water as well as sub surface water and making it unsuitable
for drinking and irrigation purposes due to leaching. The
situation is alarming and must be remedied by putting
restrictions on the industries and requiring them to treat
their wastewater before discharge. The sampling stations
which are near to effluent channel is highly polluted and
toxic in nature due to presence of chromium concentration.
Hardness, chloride sulphate nitrate and alkalinity were
also found on almost sites beyond the acceptable limits.
L1, L3 and L10 were highly affected sites. Based on the
correlation study, it can be concluded that all the
parameters are more or less correlated with each other.

Overall the Ground water of industrial area is not
safe for drinking purposes. It is clear that the ground
water of Jajmau is highly contaminated due to tanning
activity. In area heavy metals and other parameters are
found beyond the acceptable limits as per IS 10500:2012.
So the ground water in the studied area is not fit for
drinking purpose before proper treatment and heavy
metals consumption in drinking water causing serious
public health hazard.
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