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Abstract:  The current research examined the level of groundwater contamination in Sharada industrial area of Kano, Nigeria.
Groundwater samples were collected, examined and analyzed for water quality parameters (physicochemical and
heavy metals) and compared with permissible water quality standards (World Health Organisation (WHO); Nigeria
Standard for Drinking Water Quality (NSDWQ); and National Agency for Food, Drug and Control (NAFDAC). A
random sampling method was employed in collecting the samples from three (3) different locations of Sharada
phase I, 1l and 11l. Heavy metals were determined using Atomic Absorption Spectrophotometer and titration was
employed to determine physicochemical parameters while pH, electrical conductivity (EC) and temperature were
measured in-situ. Results obtained from the analysis of the heavy metal in the sampled hand dug wells revealed
mean concentration ranges of Cd(0.10-0.20 mg/l), Cr(0.0370-0.0925 mg/L), Pb(0.0650-0.1305 mg/L) and
Zn(0.0280-0.0420 mg/L) while the sampled boreholes recorded mean concentration ranges of Cd(0.10mg/L),
Cr(0.0925-0.1110 mg/L), Pb(0.0430-0.1085 mg/L) and Zn(0.0560-0.0830 mg/L). In comparison with standards
requirement for water quality, it was found that some of the parameters were above the standard quality for water
requirements. Analyses also revealed that, the mean concentration of heavy metals like (Cd Cr and Pb) were found
to be above standard water quality requirement, while Zn level did not exceed the standard limits. In conclusion,
improper discharge of untreated effluents in the environment could have led to the contamination levels by heavy
metals and other parameters detected in this study. It is therefore recommended that industrial, domestic and
agricultural effluents should be subjected to the required treatment standards and constant monitoring of disposal
processes of both industrial and domestic effluents in the study area that would guarantee protection of

groundwater resources in the locality should be implored.
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Introduction

Water is an essential commodity that supports all forms of
plant and animal life (Vanloon and Duffy, 2005). About 60%
percent of human body is water as life began in water and life
is nurtured with water (Fasunwon et al., 2010). Access to
adequate safe drinking water is of prime importance to many
governmental and international organizations and without
doubt it is the principal component of primary health care and
a basic component of human development as well as a pre-
condition for man’s success to deal with hunger, poverty and
death (SOPAC/WHO, 2005). Water is primarily used for
industrial, domestic, agricultural activities and necessary for
sustainable economic development of an area as it is the next
major support to life after air (Pritchard et al., 2008).

The availability of pipe-borne water, borehole water and
shallow wells in urban areas is an indication that water is a
vital component of human existence. It is generally found
from two major natural sources; Surface water such as fresh
water lakes, rivers, streams and Ground water such as
borehole water and well water (McMurry and Fay, 2004;
Mendie, 2005). Provision of adequate and safe water for
drinking is important for the development of any country
(Pritchard et al., 2008). The quality of water that human
beings ingest is critical in determining the quality of their
lives (Fetter, 1994). The World Health Organization has
frequently insisted that the single major factor adversely
influencing the general health and life expectancy of a
population in many developing countries is the ready access to
potable water (Hoko, 2005). The usefulness of water for a
particular purpose is determined by the water quality (Fetter,
1994).

According to Jones (1997), groundwater is used by about 1.5
billion people worldwide. The sources of groundwater
contamination are many and the contaminants are numerous.
Increasing industrialization has been accompanied throughout
the world by the extraction and distribution of mineral
substances from their natural deposits. Subsequent to
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contamination, water sources undergo chemical changes
through technical processes, finely dispersed and in solutions
by way of effluent, sewage, dumps and dust into the water, the
earth and the air and finally into the food chain (Fetter, 1994).
It is against this backdrop that this study was conducted to
assess the physicochemical quality and the possible presence
of heavy metals in Sharada industrial area groundwater with
view to compare the results of examined parameters with
acceptable standards.

Materials and Methods

Study area

Kano metropolis covers an area of about 600 km? located
between longitude 8° and 9°E and latitude 10° and 12°N. Kano
industries are concentrated in three industrial estates which
are: Bompai, Challawa and Sharada. The climate area of Kano
is the tropical wet and dry type with dry season between for 4
- 5 months and wet season between May and September (Dan
Azumi and Bichi, 2010). Sharada is one of the popular
industrial areas in Kano which is located in Kano Municipal
Local Government and Kumbotso Local Government area of
Kano State as shown in Fig. 1.

Water sampling

The water samples were collected from six (6) boreholes and
six (6) hand-dug wells. Generally, two (2) samples
represented each well at different phases from Sharada
industrial area were randomly subjected to heavy metals and
physicochemical analysis as depicted in Fig. 1. Random
sampling method was adopted in collecting groundwater
samples and this was done due to the numerous contaminants
that alter the water quality in groundwater of industrial zones.
All water samples were taken at a specified time and point to
give an indication of the water quality at that point in time and
all samples were stored at a cool temperature of 4°C to inhibit
the activities of microorganisms.
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Fig. 1: Map showing the study area and sampling points

, BUK. 2017

Analytical analysis

All the samples were promptly taken to the laboratory and
then analyzed for the following physicochemical and heavy
metals parameters; Temperature, pH, Electrical Conductivity
(EC), Magnesium (Mg), Calcium (Ca), Potassium (K),
Sulphate, Chloride, Bicarbonates, Nitrates (NOs), Cadmium
(Cd), Chromium (Cr), Lead (Pb), and Zinc (Zn) were
determined using standardized methods (APHA, 1998).

Data analysis

Results of laboratory analyses were subjected to Statistical
analysis using Microsoft Excel. Descriptive statistics and
One-way analysis of variance (ANOVA) were used to
compute the variations in the physicochemical and heavy
metals parameters of the water samples between the sampled
sites.

Results and Discussion

Analytical results of physicochemical characteristics of
groundwater samples from hand-dug wells and bore holes are
presented in Table 1. The hand-dug well water samples from
SP 1 and 2 had the mean value of 6.41 and 6.34 which are
below the allowable limits set-up by the drinking water
quality standards. This implies that the water is slightly acidic.
The pH value in SP 3 was 6.50. This is within the
recommended limits for drinking water quality standards. The
results of the borehole water samples from SP 1 to 3 were
found to be 5.98, 6.00 and 6.19. These are below the
recommended ranges for drinking water standards. The pH
values obtained in this current study are contrary to Bello
(2013), who reported a pH value range of 6.00 to 9.00 in the
same study area. The current change in pH range of the area
can be attributed to the acidic constituents/pollutants that must
have seeped into the groundwater over the years.

Temperature is one of the most important ecological and
physical factors which has a profound influence on both the
living and non-living components of the environment, thereby
affecting organisms and the functioning of an ecosystem.
Based on the results obtained from the study area, the overall
mean values of temperature for hand-dug wells were 32.60°C,
31.60°C and 31.80°C while the boreholes recorded overall
mean values of 31.60°C, 31.60°C and 32.0°C respectively in
Table 1. Interestingly, similar temperature differences have
been reported by Mohammed et al. (2015) in the same area.
The electrical conductivity (EC) mean values of the collected
water samples for hand-dug wells were 468.0, 526.50 and
360.50 pS/em, respectively; which are within the
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recommended ranges for NSDWQ drinking water standard
(Table 1). Based on the results obtained from the sampled
boreholes, the mean values for the samples were 277.0, 228.0
and 322.50 uS/cm, respectively; which are all good and
suitable for drinking. Onwughara et al. (2013) reported value
of 9.32 uS/cm which is below the recommended limit of
NSDWQ while Karpagam and Ramesh (2015) also reported
value of pre-monsoom from 1050 to 2990 pS/cm and post
monsoon from 1320 to 2140 pS/cm, in which all are above the
allowable limit set by NSDWQ and also contrary to the results
obtained from this research.

The hand-dug wells for SP 1, 2, and 3 had calcium (Ca) mean
concentrations of 0.67, 0.75 and 0.67 mg/L, respectively
(Table 1) which are below the maximum permissible limit set
by NSDWQ, WHO and NAFDAC for potable water. The
mean concentrations of calcium (Ca) in the sampled boreholes
were 0.50, 0.50 and 0.50 mg/L in SP 1, 2 and 3, respectively.
These values are within the recommended ranges set by
NSDWQ standard for drinking water and no variation was
observed in all the phases as their mean concentration is
0.50mg/L. According to a similar research conducted by
Adefemi (2012), reported a mean value of calcium (Ca) which
ranged from 3.35 to 26.23 mg/L is obviously below maximum
acceptable limits prescribed by drinking water quality.

The sampled hand-dug wells from SP 1, 2, and 3 recorded
magnesium (Mg) mean concentration values of 0.60, 0.40 and
0.40 mg/L, respectively which are above the acceptable limit
set by NSDWQ and below the limits set by WHO and
NAFDAC standards. For the boreholes, the mean
concentrations of magnesium (Mg) in the collected water
samples are 0.40, 0.30 and 0.50 mg/L for the SP 1, 2 and 3,
respectively. These values are above the recommended limit
set by NSDWQ standard for drinking water but below WHO
and NAFDAC standards. Similar result to the one obtained in
this current study has been reported by Onwughara (2012)
which had a mean value of 33.6 mg/L, exceeding the
acceptable limit of NSDWQ.

The water sampled from SP 1, 2, and 3 (Hang dug wells) had
sodium (Na) mean concentration values of 25.00, 22.66 and
21.00 mg/L, respectively which are within the recommended
ranges set by NSDWQ standard for drinking water of 200
mg/L. The mean concentrations of Na in the sampled borehole
water were 16.335, 14.335 and 21.335 mg/L for SP 1, 2 and 3,
respectively; which are within the recommended limit 0.2
mg/L set by NSDWQ standard for drinking water. Therefore,
no health based guideline value is proposed. Although, as
prescribed by WHO (2012), when the concentrations are in
excess of 200 mg/L unacceptable taste may arise.

Based on the study, the hand-dug wells water sampled from
SP 1, 2, and 3 had potassium (K) mean concentration values
of 9.165, 9.500 and 10.08 mg/L respectively which are above
the recommended limit set by WHO and NAFDAC standards
for drinking water of 1 — 2 and 1.00 mg/L, respectively (Table
1). For the borehole, the mean concentrations of potassium
(K) in the collected water sampled were 7.1700, 11.5800 and
10.4150 mg/L for the SP 1, 2 and 3, respectively which are
above the recommended 1 — 2 and 1.0 mg/L limit set by WHO
and NAFDAC standards for drinking water. Earlier research
conducted by Mohammad et al. (2015) recorded between 1.58
and 13.46 mg/L which agrees with the findings in this current
study.

The hand-dug wells water sampled from SP 1, 2 and 3 had
sulphate (SO4) mean concentrations of 0.0584, 0.0657 and
0.1241 mgl/L, respectively which are below the recommended
limits set by NSDWQ standard for drinking water. For the
boreholes, the mean concentrations of sulphate (SO4) were in
the range of 0.0511, 0.0803 and 0.1168 mg/L for the SP 1, 2
and 3, respectively are within the recommended 100 mg/L
limit set by NSDWQ, WHO and NAFDAC standards for
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potable water. Similar research study carried out by Kwari
(2015) reported a mean value (95.05 mg/L) which is within
acceptable limit of drinking water quality standards was
contrary to the result reported by Bichi and Bello (2013) that
had a mean value of 102.33 mg/L which is above NSDWQ
acceptable limit for drinking water quality.

The mean concentration values of Chloride (CI) for the hand-
dug wells in SP 1 and 2 were 292.9000 and 324.850 mg/L,
respectively; which are above the recommended limits set by
NSDWQ, NAFDAC and WHO standards (250 mg/L) for
drinking water with the exception of SP 3 with a mean
concentration of 200.600 mg/L which is within the
recommended limit. The mean concentrations of Chloride (CI)
for the boreholes in SP 1 and 2 were 232.5500 and 147.3500
mg/L, respectively; which are within the recommended 250
mg/L limit set by NSDWQ and WHO standard for drinking
water with the exception of borehole water from SP 3 that had
the highest value (477.5000mg/L) which is above the standard
for drinking water. However, it has been established by WHO
(2008) that chloride concentrations in excess of about 250
mg/litre can give rise to detectable taste in water. Earlier
research on ground water quality around cement factory in

Ibese Ogun State by Ayedun et al. (2012) reported Chloride
(CI) mean value of 259.47 mg/L and also Bichi and Bello
(2013) obtained a mean value of 552.87 mg/L which are
contrary to the results obtained from this current. Again, these
variations may be due to the constituents of the pollutants that
seep into the groundwater at the various study areas compared.
The hand dug water sampled from SP 1, 2, and 3 had Nitrate
(NOs) mean concentrations of 0.7005, 0.7005 and 1.0508
mg/L, respectively; which are within the recommended limits
set by NSDWQ and WHO standards for potable water. For the
borehole, the mean concentrations of sampled water were
1.0508, 1.0508 and 1.0553 mg/L for the SP 1, 2 and 3,
respectively, which are within the recommended limit set by
NSDWQ and WHO standards for potable water. These results
are in line with the finding of Amoo et al. (2017) regarding
the Nitrate (NOs) concentration obtainable in Kano and its
environs. However, low level of nitrate in the study area may
be attributed to the less anthropogenic activity involving
nitrate pollution of the groundwater.

Table 1: The results of physiochemical characteristics of groundwater with the standards

Parameters HWSP, HWSP, HWSP; BHSP, BHSP, BHSP; WHO NSDWQ NAFDAC
(mean) (mean) (mean) (mean) (mean) (mean)

Coordinate 04447092 0446563 0444405 0447191 0445182 0443920 ND ND ND
Latitude P32 P32 P32 P32 P32 P32

Longitude 1323294 1323008 1320142 1322503 1323375 1320845 ND ND ND
pH 6.42 6.38 6.50 5.98 6.00 6.19 6.5-8.5 6.5-8.5 6.5-8.5
Temperature(°C) 32.60 31.60 31.80 31.60 31.60 32.00 ND ND ND
EC (uS/cm) 468.00 526.50 360.50 277.00 228.50 332.50 1000 1000 ND
Magnesium (mg/L) 0.60 0.40 0.40 0.40 0.30 0.50 150 0.20 30
Calcium (mg/L) 0.67 0.75 0.67 0.50 0.50 0.50 100 - 300 150 75
Sodium (mg/L) 25.00 22.67 21.00 16.34 14.34 21.34 200 200 ND
Potassium (mg/L) 9.17 9.50 10.08 7.17 11.58 10.42 1-2 ND 1.0
Sulphate (mg/L) 0.0584 0.0657 0.1241 0.0511 0.0803 0.1168 250 100 200
Chloride (mg/L) 292.90 324.85 200.60 232.55 147.35 477.50 250 250 200
Bicarbonate (mg/L) 396.50 244.00 396.5 335.50 183.00 152.5 ND ND ND
Nitrate (mg/L) 0.7005 0.7005 1.0508 1.0508 1.0508 1.0553 50 50 50

HWSP = Hand dug Well Sharada Phase; BH= Borehole well Sharada Phase; EC= Electrical Conductivity; ND= Not Detected

Table 2: Heavy metals characteristics of groundwater in Sharada phase (SP) 1,2 & 3

HWSP, HWSP, HWSP;

BHSP;

BHSP, BHSP;

Parameters WHO NSDWQ NAFDC
(mean) (mean) (mean) (mean) (mean) (mean)

Coordinate 0444702 044653 044445 044711 044512 0443920 ND ND ND
Latitude P32 P32 P32 P32 P32 P32
Longitude 1323294 132308 132012 132253 132335 1320845 ND ND ND
Cadmium (mg/L) 0.20 0.20 0.10 0.10 0.10 0.10 0.003 0.003 0.003
Chromium (mg/L) 0.0370 0.0925 0.0555 0.0925 0.1110 0.0925 0.05 0.05 0.05
Lead (mg/L) 0.0870 0.0650 0.1305 0.0430 0.0870 0.1085 0.01 0.01 0.01
Zinc (mg/L) 0.0975 0.0280 0.0420 0.0695 0.0560 0.0830 3 3 3

HWSP = Hand dug Well Sharada Phase; BH= Borehole well Sharada Phase; EC= Electrical Conductivity; ND= Not Detected

The mean value of Cadmium (Cd) for the hand-dug wells in
SP 1, 2 and 3 ranged from 0.10, 0.20 and 0.20 mg/L (Table 2)
as compared with the research done by Sankar and Rao
(2014). All these values when compared with the standards are
above the recommended limits set by WHO, NSDWQ and
NAFDAC. However, there was no variation in the mean
concentration of Cadmium (Cd) in all the three (3) Phases of
Sharada and having a mean concentration of 0.10 mg/l in the
sampled boreholes. The high level of Cadmium in the
groundwater of the study area might be attributed to the
indiscriminate discharge of untreated sewage, industrial
effluent or disposal of urban waste on the surrounding land.
These results suggest that consumption of water in the study
area is not advisable as serious health effects of Cadmium
(Cd) have been established by Hodgson and Levi (2001).
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The mean concentrations of Chromium (Cr) in the hand dug
wells were found to be 0.0370, 0.0925 and 0.0555 mg/L in SP
1, 2 and 3, respectively (Table 2). The mean concentration of
Chromium (Cr) in SP 2 and 3 were found to be above the
recommended limits set by WHO, NSDWQ and NAFDAC,
while it was found below the standards set by WHO, NSDWQ
and NAFDAC in SP 1. The mean concentration level of
Chromium (Cr) in the sampled boreholes were found to be
0.0925, 0.1110 and 0.0925 mg/L in the three phases
respectively and all are above the acceptable limits that should
be found in potable water. This implies that, the consumption
of water from the study area is not safe since hexavalent
Chromium (Cr) is very toxic, mutagenic and known to be
possible human carcinogen, where long term exposure can
cause damage to liver, kidney circulatory and nerve tissues, as
well as skin irritation (California Environmental Protection
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Agency Fact Sheet, 2009). The high level of Chromium (Cr)
recorded in this current study has equally been reported by
Akan (2007). However, as submitted by this author that the
effluent released from industries in the vicinity of the study
area had a whole lot to do with the increased level of
Chromium (Cr) obtained during his research study, the same
reason can be attributed to this current study.

The mean concentration level of lead (Pb) in hand-dug wells
(SP 1, 2 and 3) were found to be 0.0870, 0.0650 and 0.1305
mg/L (Table 2). The mean concentration values of lead (Pb) in
boreholes (SP 1, 2 and 3) were found to be 0.0430, 0.0870 and
0.1085 mg/L, respectively. These results have shown that both
hand-dug wells and boreholes wells have got lead (Pb) above
the recommended limits set by WHO, NSDWQ and
NAFDAC. These results suggest that consumption of water in
the study without proper treatment is not advisable. In a
similar study conducted by Ravi and Prasada (2014) obtained
minimum and maximum concentration of lead (Pb) which
varied between 0.012 — 0.153 mg/L and Edo (2014) also
reported the mean value of 0.038 mg/L which exceeded the
allowable limits of drinking water quality standards.

The hand-dug wells mean concentration levels of Zinc (Zn) in
SP 1, 2 and 3 were found to be 0.0975, 0.0280 and 0.0420
mg/L. In the boreholes, the mean concentration values of Zn
in SP 1, 2 and 3 recorded 0.0695, 0.0560 and 0.0830 mg/L,
respectively. This implies that the concentrations of Zinc (Zn)
in both hand dug wells and boreholes were below the
maximum permissible limits set by potable water quality.
These results are in line with a similar study conducted by
Casimir et al. (2015), which reported Zn concentration range
of 0.073 - 1.670 mg/L.

Conclusion

The results of the physicochemical properties and heavy
metals in the sampled water in this study showed that hand
dug wells or poorly covered wells pose the commonest risk to
water quality. The mean concentrations of heavy metals such
as cadmium (Cd), chromium (Cr) and lead (Pb) in the
groundwater were far above the allowable potable water
standards set by WHO, NSDWQ and NAFDAC, while zinc
(Zn) is within the permissible limits. The results of this study
have clearly shown that the quality of boreholes and hand dug
wells in Sharada Industrial area is unfit for human
consumption considering the fact that heavy metals detected
are toxic even at low level as it can lead to kidney damage and
cardiovascular problems. The physicochemical parameters
which include potassium (K) and chloride (Cl) were above
acceptable limits with the exception of Sharada Phase three
(3) which was within permissible limits. The pH of water
samples was not within acceptable limits with exception of
Sharada Phase three (3) which was within acceptable limits.
However, nitrate (NOs), electrical conductivity (EC), sodium
(Na), calcium (Ca) and magnesium (Mg) were all within
recommended limits. It is therefore recommended that proper
drainage and sewer systems should be constructed in the study
area in order to ensure proper disposal of hazardous liquid
waste, thereby preventing their seepage into the groundwater.
Government and relevant regulated authorities should ensure
and enforce stringent standard practices with a view to
preventing indiscriminate disposal of untreated effluent into
the environment and ultimately saving the groundwater from
further pollution.
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