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Abstract

This study is aimed at assessing and characterization of groundwater seasonally in Minna
metropolis using water quality index (WQI) with the aid of weighted arithmetic index
method. 90 groundwater samples from four sub-areas within Minna metropolis were
collected and subjected to comprehensive physicochemical analyses during dry and wet
seasons. Parameters considered included pH, total hardness, calcium, magnesium,
bicarbonate, chloride, nitrate, sulphate, total dissolved solids, iron, manganese and
fluorides. Correlation analysis was used to check the relationships among all the parameters
for both the dry and wet seasons. In all the study areas, the WQI of the samples ranged
from 334.27 to 535.88 and 242.51 to 404.19 in both dry and wet seasons respectively which
has been attributed to the higher values of Manganese, sulphate, total hardness, total
alkalinity, and particularly total dissolved solids in the groundwater. Significant correlation
was observed in all sampling areas between electrical conductivity, chloride, magnesium,
sodium, and total hardness at 0.01 level and with manganese at 0.05 level. The analysis of
the results showed non-compliance with World Health Organization (WHQO) and Nigerian
Industrial Standard (NIS) standards which reveals that the groundwater of the study areas
is not safe for consumption and therefore needs serious degree of treatment before
consumption. This present study thus suggests the use of water quality index as a very
helpful tool that will enable the public and stakeholders to evaluate the quality of
groundwater.
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Introduction has been greatly over explored over the

Minna is endowed with a wvast decades. According to Mariappan et al.
diversity of natural resources such as (2005), its use in irrigation, industries and
water, fertile soil and groundwater (Kuta domestic function continues to increase
et al., 2014). As a result of surface water where perennial surface water is absent.
contamination by industrial waste and Butrapid urbanization, especially in
other degredational factors groundwater developing countries like Nigeria, has
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influenced the accessibility and quality of
groundwater as a result of its over-
exploitation and inappropriate waste
disposalin urban areas (Ramakrishnaiah et
al.,2009). The monitoring of groundwater
quality is therefore a necessity due to its
susceptibility to contamination so as to
ensure its safe consumption.

The development of water quality
index (WQD for groundwater
characterization has been described in
several studies (Yisa and Jimoh, 2010;
Khalid, 2011; Rao and Nageswararao,
2013; Kumar et al., 2015; Saleem et al.,
2016). The WQI representing gradation in
water quality was first proposed by Horten
(1965). WQI gives an indication of a
single number that expresses the overall
water quality at a certain area and time
based on several water quality parameters
(Gupta and Roy, 2012). WQI reflects a
composite influence of contributing
factors on the quality of water for any
water system. It has been described as one
of the most effective tools to communicate
information on the quality of water to the
concerned citizens and policy makers
(Ramakrishnaiah et al., 2009) and an
important technique for demarcating
groundwater quality and its suitability for
drinking purpose (Dohare et al., 2014).
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WQI is computed to reduce the large
amount of water quality data to a simple
numerical value that articulates the whole
water quality based on different water
quality parameters with the aim of turning
complex water quality data into
information that is easily understandable
by the public.

The objectives of this study are (1) to

analyze few  groundwater quality
parameters in terms of their physico-
chemical characteristics and (2) to

characterize the groundwater quality in
the study areas using water quality index
and provide information on their
suitability for human consumption based
on computed water quality index values.

Materials and Method
Study Area

Minna, a capital city of Niger State of
Nigeria is located between Latitude
9°37"N and Longitude 6°33"E (Figure 1)
and covers a total landmass of
approximately 1300 km? (Adeniyi, 1984).
Minna has a mean annual rainfall of 1334
mm with the highest mean monthly
rainfall in September which is around 300
mm. The mean monthly temperature is
highest in March at 30.5°C and lowest in
August at 25.1°C.
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Fig. 1: Map of Minna showing the sampling locations

Sampling Method

Minna metropolis was divided into 4
sub-areas for sampling purposes. The 4
sub-areas are  Chanchaga, Bosso,
Kpakungu, and Gidan Kwano. Samples
were taken during both the dry and wet
seasons of the year 2017. Fifteen wells
were sampled and 90 samples of water
were collected for analysis during the
sampling periods. The groundwater
samples were collected early in the
morning in labelled plastic bottles and
kept in ice packs before being transported
to the laboratory for analysis.
Analysis of Samples

Physico-chemical parameters
analyzed were pH, total alkalinity,
chlorides, sulphate, total hardness,
calcium, magnesium, electrical

conductivity, and total dissolved solids
(APHA, 1992 and WHO, 1992).
Calculation of WQI

The Water Quality Index (WQI) was
calculated using the Weighted Arithmetic
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Index method. The quality rating scale for
each parameter gi was calculated using
equation 1:

qi = (Ci/Si)x100 [1]

A quality rating scale (gi) for each

parameter is assigned by dividing its
concentration (Ci) in each water sample
by its respective standard (Si) and the
result multiplied by 100. Relative weight
(Wi) was calculated by a value inversely
proportional to the recommended standard
(87) of the corresponding parameter:
Wi=1/Si [2]
The overall Water Quality Index (WQI)
was calculated by aggregating the quality
rating (Qi) with unit weight (Wi) linearly
(Equations 3 and 4);

WQI = [iquj

Zqiwi
2V,

(3]

Overall WQI = [4]
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Statistical Analysis

The statistical analysis was carried out
using correlation matrix with IBM SPSS
22 to check the relationships among the
water quality parameters.

Dry Season Sampling

Tables 1 to 2 present the calculations
of WQI of the groundwater in two of the
study areas for the dry season. The two
study areas represent the lowest and

highest values of the WQI for the
groundwater samples which range from
334.27 in Kpakungu study area to 546.23
in Bosso study area.

Results and discussions

Table 1: Computed Dry Season WQI for Water Quality of Kpakungu wells

WELL E.C PH TH TA CL- Ca Mg SO4-2 Na TDS Fe Mn
W1 24433 7.18 97.67 117.00 11.90 27.47 7.09 259.05 745 15637  0.39 0.13
w2 25633 699 94.67 13333 9.00 24.39 8.24 24096 694 16405 0.12 0.07
W3 316.67 739 12633 13633 21.23 42.89 4.70 14471 793  202.67 0.19 0.13
W4 430.67 7.59 110.67 172.67 27.37 30.00 8.73 207.57 11.14 275.63  0.30 0.07
W5 34433 731 129.00 129.67 19.94 3827 8.16 29748 8.82 22037 0.25 0.11
Wé 27733 742 100.00 104.00 2091 26.35 8.34 18831 6.65 17749  0.32 0.10
W7 272,67 7.14 11733  97.67 2492 30.70 9.93 196.06 743 17451 040 0.22
W8 442.67 699 196.67 131.00 6159 4990 1758  250.65 14.88 28331 048 0.11
W9 264.67 7.08 103.67 10633 21.06 29.72 7.19 23837 775 16939  0.37 0.10
W10 37400 731 15033 117.67 41.17 45.56 8.93 285.21 10.07 23936  0.52 0.08
W11 505.00 7.25 152.67 170.67 64.16 21.73  24.01 171.19 15779 32320  0.55 0.09
W12 305.67 7.58 137.67 17033 10.13 38.55 10.11 170.54 857 19563 027 0.13
W13 19333 7.03  87.00 107.33 7.40 24.25 6.45 20575 625 12373 025 0.10
W14 553.00 7.35 231.67 156.33 9423 5242 2459 149.55 1425 35392  0.66 0.07
W15 347.67 726 13933  83.33 28.94 39.95 9.66 182.50 8.27 22251  0.28 0.11
Lab Value(Ci) 341.89 726 131.64 12891 30.93 3481 1091 212.53 9.48 21881 0.36 0.11
S. Value (Si) 1000 8.5 150 120 250 200 0.2 100 250 500 0.3 0.2
Weight (wi) 4.00 4.00 2.00 3.00 5.00  2.00 2.00 4.00 3.00 5.00 4.00 3.00
Rel Weight (Wi) 0.10 0.10 0.05 0.07 0.12  0.05 0.05 0.10 0.07 0.12 0.10 0.07  1.00
QOtyRating qi 3419 8538 8776 10743 1237 1741 5456.89 21253 379 4376 119.26 53.78

ZCZiwi

ZW,- —334.27 _ 33427
1.0
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Table 2: Computed Dry Season WQI for Water Quality of Bosso wells
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Sample E.C PH TH TA CL- Ca Mg SO4-2 Na TDS Fe Mn
W1 672 6.81 176.00 84.00 10493 58.71 11.34 138.08 11.55 430.08 0.13  0.02
w2 891 6.66 115.67 196.00 81.08 43.73 1141  261.62 18.11 57024 031 0.11
W3 374 6.68  77.67 13333 27.82 4135 8.54 26490 634 239.15 0.19 0.01
W4 1945 6.62 370.00 235.00 193.64 3575 68.50 186.68 44.87 124480 0.14 0.18
W5 1391 7.13  158.00 15133 67.86 54.53 1592 29354 2143 89024 020  0.05
Wé 1494 7.38 211.67 218.00 6256 57.19 3376 238.18 9.11 956.16 0.16 0.02
W7 1437 6.92 127.00 260.00 46.66 43.87  20.85 189.90 40.83 91947 0.09 0.05
W8 997 7.17  134.67 179.00 7647 5440 6.56 23175 29.04 63829 0.10 0.01
W9 986 6.95 87.33  224.67 6637 2384 11.53 167.69 2534 63125 0.19 0.04
W10 1175 6.66 140.33 152.00 7481 2859 16.82 169.30 27.87 752.00 0.10 0.04
W11 1062 6.59 15833 117.33  65.04 3999 1325 23657 1449 67947 025 0.13
W12 1152 6.75 206.67 11533 4849 6393 2577 21469 996 73749 045 0.12
W13 436 7.36 150.67 142.67 3029 40.67 12.00 211.14 17.77 279.25 071  0.17
W14 336 6.77 104.00 94.67 2681 30.54 6.76 27938 11.17 21525 043  0.16
W15 365 6.63 11433 16933 21.19 2496 12,69 33281 11.26 23339 020 0.02
Lab Value(Ci) 980.89 6.87 15549 164.84 6627 42.80 1838 22775 1994 627.77 024  0.07
S. Value (Si) 1000 8.5 150 120 250 200 0.2 100 250 500 0.3 0.2
Weight (wi) 4.00 4.00 2.00 3.00 5.00 2.00 2.00 4.00 3.00 5.00 4.00  3.00
Rel Weight (Wi) 0.10 0.10 0.05 0.07 0.12 0.05 0.05 0.10 0.07 0.12 0.10  0.07 1.00
OtyRating qi 98.09 80.86 103.66 137.37 26,51 21.40 9189.50 227.75 7.98 125.55 80.96 36.72
Wngn 9.8 8.7 5.18 9.62 3.2 1.07 459.5 22.8 0.56 15.1 8.1 2.6 546.23

Zini

Zwi =546.23 _ 546.23
1.0

Results obtained for pH in all the study
areas varied between 6.81 and 7.69 which
are within the limits of World Health
Organization (WHO) values of 6.5-8.5
(WHO, 1998). This was attributed to the
levels of concentration of calcium,
magnesium and total alkalinity. The
results obtained for sulphates range from
212.53 mg/L in Kpakungu to 293.41 mg/L.
in Chanchaga all of which were above the
permissible limit of 100 mg/L.

The total hardness varies from 131.64
mg/L in Kpakungu study area to 155.49
mg/L in Bosso study area which are within
the limits of Nigerian Standard for
Drinking Water Quality (NIS, 2007) of
150 mg/L and WHO specifications of 300
mg/L. (World Health Organization, 1998),
except in Bosso study area. TDS values

670

range from 218.81 mg/L to 627.77 mg/L
in the study areas. The values are within
the permissible limit of 500 mg/L except
in Bosso study area. The high WQI values
are due to high concentration of iron,
electrical conductivity, total hardness and
sulphate. This could be attributed to the
seepage of wastes either from septic tanks
or from decaying organic matter into the
ground water system.
Wet Season Sampling

The calculations of WQI for the wet
season are presented in Tables 3 and 4 for
two of four study areas. The WQI for the
groundwater samples ranges from 242.51
recorded in Chanchaga study area to
404.19 recorded in Gidan Kwano study
area which follows the same trend as
recorded during the dry season



Table 3: Computed Wet Season WQI for Water Quality of Gidan Kwano Wells
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Sample E.C PH TH TA Cr Ca Mg S04 Na TDS Fe Mn
Wi 32400 675 10067 83.00 1887 3140 5.43 164.15 8.11 207.36  0.05 0.25
w2 249.00 6.65 10250 7550 546 2460  10.02 136.64 9.74 159.36  0.22 0.25
w3 28467 7.06 10200 73.00 1506 3476 3.1 186.68 1096  182.19 0.10 0.25
W4 25633 684  109.67 67.67 1192 3294  6.69 155.14 1042  164.05 0.07 0.06
w5 77133 6.80 14833 99.67 4131 4135 11.00 14001 7.94  493.65 0.18 0.03
W6 31133  7.00 10833 9200 1655 2565 10.81 11459 11.02 19925 0.22 3.04
W7 37633 670  131.67 6833 2499 3140 13.00 12134 1093 24085 0.22 0.16
1079.3
w8 3 7.00  250.67 217.67 69.85 4934  31.10 157.07 1693  690.77 0.34 0.13
W9 629.00 699 23867 208.67 2499 2551 4269 27037 20.16 40256 0.13 0.02
W10 23400 7.09 8467 7167 1175 2621  4.69 19376 1525  149.76 0.05 0.03
Wil 360.67 673 10533 7400 2284 3434 478 167.05 889  230.83 0.05 0.03
w12 49633 671 14767 6267 3608 3406 1528 12810 929  317.65 0.14 0.02
W13 40333 651 12133 8033 2681 3504 826 18346 7.99 25813 0.34 0.18
w14 48333 673  139.00 99.33 4403 3743 1111 141.62 972 30933 0.36 0.23
W15 43633 672 188.00 82.67 3145 3448 2486 16479 1421  279.25 0.19 0.05
LabValue(Ci) 44636 6.82 13857 97.08 2680 3324 13.56 161.65 1144 28567 0.8 031
S. Value (Si) 1000 8.5 150 120 250 200 0.2 100 250 500 0.3 0.2
Weight (wi) 4 4 2 3 5 2 2 4 3 5 4 3
R.Wt (Wi) 0.1 0.1 005 007 0.12 005 005 0.1 0.07  0.12 0.1 0.07 1
Qty Ratingqi  44.64 8022 9238  80.90 1072 1662 678096 161.65 4.57 5713 5896  157.44
Wigi 4.46 8.02 462  5.66 129  0.83 339.05 1617 032  6.86 5.90 11.02  404.19
z q;w;
Zwi =404.19 — 4104.19
1.0
Table 4: Computed Wet Season WQI for Water Quality of Bosso wells
Sample  E.C PH TH TA CL- Ca Mg S04-2 Na TDS Fe Mn
Wi 67200 688 109.00 91.00 3451 59.78  4.79 159.45 698 37120 0.7  0.05
w2 891.00  6.83 13433  93.67 4536 7694 5.3 144.84 823 50944 022  0.03
W3 373.67 727 12400 122.00 28.63 77.64  7.02 14439 602 36096 031 0.04
W4 194500 694 193.67 18200 13390 7344 1344 13229 475 127296 035  0.02
W5 1391.00 7.20 11240 17233  96.00 40.64 834 147.09 7.2 75285 028  0.02
W6 149400 7.16 181.80 246.67 9352 66.72  8.44 139.69  9.12 109824 0.17  0.08
W7 1436.67 720 183.73 120.67 108.58 46.09 14.14 12489 696 93568 028  0.07
w8 997.33 733 12933 123.00 53.79 4808 1338 12295 539 79509 024  0.04
W9 986.33 726 11333 161.33  46.68 4597 342 12842 517 67456 028  0.17
W10 117500 699 18420 13267 8375 7596 187 131.64 511 891.52 038  0.08
W1l 1061.67 694 12433 7733 5743 59.15 475 108.15 569 587.09 033 0.5
WI2 115233 6.78 143.00 7400 7084 6679 1198 10042  6.02 45227 024  0.06
W13 43633 699 69.67 6733 2185 4359  6.43 10235 844 35285 027  0.12
W14 33633 722 7567  69.00 695 2536 1023 8111 584 24555 033 0.06
W15 36467 7.8 7333  89.00 21.68 3293  4.67 116.84 598 34389 024  0.10
LabValue(Ci) 980.89 7.08 130.12 12147 6023 5594 7.87 125.64 645 64294 027 0.06
S.Value(Si) 1000 85 150 120 250 200 0.2 100 250 500 0.3 0.2
Weight(wi) 4 4 2 3 5 2 2 4 3 5 4 3
R.Wt (Wi) 0.1 0.1 005 007 012 005 0.5 0.1 0.07 0.12 0.1 007 1
QtyRatingqi 98.09 8328 8675 10122 24.09 2797 39373 12564 258 12859  91.04 3244
Wigi 9.81 833 434 709  2.89 140 196.87 1256 0.18 1543 9.10 227 27027

qu‘wi

Zwi =270.27 — 270.27

1.0
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In Table 4, total alkalinity (TA),
sulphates and TDS values were above the
limits which dictate the high concentration
of WQI obtained in Bosso study area.
From Tables 3 and 4, total dissolved solids
(ranging from 218.81 mg/L to 627.77
mg/L), sulphates, and total hardness (TH)
values were above the limits compared to
other parameters in Bosso study area
which explained the higher value of WQI
recorded in all these study areas. This thus
explains that TDS, sulphate and
magnesium values determine the values of
WQI in groundwater.

Thus, the WQI values obtained
categorizes the groundwater in all the
study areas as ‘water unsuitable for
drinking’ (Table 5). The high values of
WQI has been attributed to the higher
values of Manganese, sulphate, total
hardness, total alkalinity, and total
dissolved solids in the groundwater
(Rupal et al., 2012). The higher total
hardness recorded in Bosso study area
might be due to atmospheric deposition of
acid-forming substances which found its
way to groundwater body and leaching of
calcium, magnesium and other
polyvalent within the study area (Ikomi
and Emuh, 2000). Using this water for
cooking untreated might result to
formation of scales in boilers leading to
wastage of fuel and the danger of
overheating of boilers (Egereonu, 2004;
Yisa and Jimoh, 2010).

The higher value of TDS in
groundwater could also be attributed to
intense anthropogenic activities along the
course of the river and run-off with high
suspended matter content in the study area
(Chapman, 1996; Yisa and Jimoh, 2010).
Use of this water for irrigation will harm
the crops and reduce crop yields (Sreedevi
etal., 2016).
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The sulphate values in the study areas
are all above the permissible limit of 200
mg/L. Contaminated water are said to
contain high sulphate concentrations
which is responsible for gastro intestinal
irritation in humans (Saleem et al., 2016).
Sulphates is naturally present in surface
water as SO4%~. Industrial discharges and
atmospheric precipitation can also add
significant amounts of sulphate to surface
waters. The mean concentration of the
sulphate value is 9.97 mg L-1 which is
within the tolerable limits of 500 mgL™"
(Ikomi and Emuh, 2000; Egereonu, 2004).

The suitability of WQI values for
human consumption is as presented in
Table 5, according to Asuquo and Etim
(2012).
Table 5: Water Quality Index and Water
Quality Status

Water Quality

Index Water Quality Status
<50 Excellent

50-100 Good water

100-200 Poor water

200-300 Very poor water

Water unsuitable for
>300 drinking

Source: Asuquo and Etim (2012)

Table 6 shows the summary of the
WQI values for both the dry and wet
seasons. Apart from Gidan Kwano study
areas, the values of WQI recorded during
the dry season are higher than the values
obtained during the wet season. This could
be attributed to the reduction in the
concentration of these parameters in the
groundwater as a result of rise in
groundwater table during the wet season.
In other words, during the wet season,
contamination of groundwater is less as a
result of excess water from both the
surface runoff and percolated water
recharging the groundwater, thereby
resulting in rise in piezsometric surface.



Seasonal Characterization of Groundwater Quality in MinNn@.......ees. ADESI]I et al.

Table 6: Summary of WQI with the sampling areas

Average WQI
Sampling Area Dry season Wet season
Gidan Kwano 361.53 404.19
Bosso 546.23 270.27
Chanchaga 535.88 242.51
Kpakungu 334.27 323.28

From the tables 5 and 6, it is clearly
shown that in both dry and wet seasons,
groundwater in all the study areas are very
poor and unsafe for human consumption.

Tables 7 and 8 show the correlation
coefficients and interrelationships among
the water quality parameters for dry and
wet seasons for Chanchaga and Kpakungu
study areas respectively.

During the dry season, significant
correlations were observed in all sampling
areas between electrical conductivity,
chloride, magnesium, sodium, total
dissolved solids, and total alkalinity at
0.01 level and with total hardness and
manganese at 0.05 level. pH values
strongly correlated with total alkalinity
and calcium at 0.01 level only at
Chanchaga study area.

Table 7: Correlation coefficient matrix of water quality parameters of Chanchaga wells for

dry season
EC PH TH TA CI Ca Mg S04* Na TDS Fe Mn
EC Pearson Correlation 1
Sig. (2-tailed)
PH Pearson Correlation -.009 1
Sig. (2-tailed) 975
TH Pearson Correlation 8277 407 1
Sig. (2-tailed) .000 132
TA Pearson Correlation 494 7217 73171
Sig. (2-tailed) .061 .002 .002
Cr Pearson Correlation 758 -326 486 -008 1
Sig. (2-tailed) .001 235 .066 9717
Ca Pearson Correlation 439 600" 724" 6557 235 1
Sig. (2-tailed) 101 .018 .002 .008 .399
Mg  Pearson Correlation 842 093 8577 526" 522" 270 1
Sig. (2-tailed) .000 743 .000 .044 .046 .330
SO04*  Pearson Correlation 457 -.051 .290 144 377 -146 5367 1
Sig. (2-tailed) .086 .855 294 .609 .166 .604 .039
Na Pearson Correlation 7247 292 703 555" 548" 374 6767 318 1
Sig. (2-tailed) .002 290 .003 .032 .034 170 .006 .248
TDS  Pearson Correlation 1.000" -.009 .827" 494 758" 439 842" 457 724 1
Sig. (2-tailed) .000 975 .000 .061 .001 101 .000 .086 .002
Fe Pearson Correlation -418 132 -.266 -195 -330 -.044 -330 -290 -.142 -418 1
Sig. (2-tailed) 121 .639 338 486 229 .876 229 295 .615 121
Mn Pearson Correlation -5777 126 -461 -396  -250 -260 -456 .040 -292 -577° 484 1
Sig. (2-tailed) .024 .655 .084 144 .369 .350 .088 .888 291 .024 .068

*#*_Correlation is significant at the 0.01 level (2-tailed).
*. Correlation is significant at the 0.05 level (2-tailed).
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There were no significant correlations
observed in all sampling areas between
electrical conductivity, chloride,
magnesium, and sodium during the wet
season. However, total hardness and total
alkalinity were strongly correlated with
calcium at 0.01 level in Chanchaga study

area while in Kpakungu study area
calcium showed strong correlation with
total hardness, total alkalinity and total
dissolved solids at 0.01 level. The results
of correlation analysis for Kpakungu
study area is presented in Table 8.

Table 8: Correlation coefficient matrix of water quality parameters of Kpakungu wells for

wet season
EC PH TH TA CI Ca Mg SO4* Na  TDS Fe
EC Pearson Correlation 1
Sig. (2-tailed)
pH Pearson Correlation -049 1
Sig. (2-tailed) 862
TH Pearson Correlation 974" 176 1
Sig. (2-tailed) 000 530
TA Pearson Correlation 931" 272 958" 1
Sig. (2-tailed) 000 327 .000
CI Pearson Correlation 955* 124 908™ 858™ 1
Sig. (2-tailed) 000 659 000 .000
Ca Pearson Correlation 878" 194 813 701 883" 1
Sig. (2-tailed) 000 488 000 004 000
Mg Pearson Correlation 7217 -587° 804" 852" 565 377 1
Sig. (2-tailed) 002 021 000 000 028 .166
$04*  Pearson Correlation 265 -.141 267 306 310 178 306 1
Sig. (2-tailed) 340 617 33 267 261 527 267
Na Pearson Correlation 958 .220 966 944 8937 743" 808" 315 1
Sig. (2-tailed) 000 430 000 .000 000 .002  .000 .252
TDS  Pearson Correlation 9887 058 9577 922" 949" 866 708" 206 .945" 1
Sig. (2-tailed) 000 838 000 000 000 .000  .003 461 .000
Fe Pearson Correlation ~037 -087  -131 004 -033 078 -043 014 -159 015 1
Sig. (2-tailed) 897 758 641 987 908 782 878 961 571  .958
Mn  Pearson Correlation -029 073 125 051 012 170 -111 -013 -149 014 87"
Sig. (2-tailed) 917 796 657 856 965 544 693 962 595 961  .000
**_Correlation is significant at the 0.01 level (2-tailed).
*_ Correlation is significant at the 0.05 level (2-tailed).
Conclusions Manganese, sulphate, total hardness, total
The WQI for 180 samples of alkalinity, and particularly total dissolved

groundwater collected from four different
areas in Minna metropolis have been
obtained. The values of WQI obtained
range from 334.27 to 535.88 in all the
study areas. This shows that in all the
study areas, the groundwater is unsafe for
consumption. The high values of WQI has
been attributed to the higher values of
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solids in the groundwater. Significant
correlation was observed in all sampling
areas between electrical conductivity,
chloride, magnesium, sodium, and total
hardness at 0.01 level and with manganese
at 0.05 level. The results of analyses have
been used to suggest the most critical
parameters in groundwater quality. The
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analysis also reveals that the groundwater
of the study area needs serious degree of
treatment before consumption, and it also
needs to be protected from the perils of
contamination. Meanwhile, the study
could be extended to some other parts of
the city so as to have a broader picture of
groundwater quality in Minna as a whole.
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