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ABSTRACT

Seasonal variation in heavy metal contamination of groundwater in the Jimeta- Yola area was investigated.
The objectives of the study were to determine the seasonal variation in heavy metal contamination and to determine
the influence of anthropogenic activities on heavy metal contamination. Groundwater samples were collected from
hand-dug wells and boreholes between the dry season and rainy season periods. The water samples were analyzed
using the DR/2010 spectrophotometer, TDS/conductivity meter and membrane filtration method. The results revealed
that chromium hexavalent and copper enrichment occurred in the rainy season in the order of Cr*®*<Cu. The source of
these heavy metals contamination is anthropogenic. The mean values for chromium hexavalent and copper were 0.20
mg/l and 0.69 mg/l. The AF mean values for chromium hexavalent and copper were 20.1 and 70 while the lge, mean
values were -4.6 and -1.6. The strong positive correlation between copper, AF and l4, ranged from 0.74 to 0.99 while
the correlation between AF and |y, as it relates to copper was 0.43. The strong positive correlation between chromium
hexavalent, AF and lg, ranged from 0.89 to 0.99. The correlation between AF and g, as it relates to chromium
hexavalent indicated a perfect correlation. These results indicated that anthropogenic input is the most likely source of
these heavy metals and the contamination indices are weakly influenced by anthropogenic input in the case of copper
and anthropogenic input is the only source influencing the contamination indices in the case of chromium hexavalent.
Anthropogenic contamination was also indicated by the positive correlation between nitrate and Ec (r=0.54), pH and
Ec (r=0.36) and nitrate and pH (r=0.34). Anthropogenic sources of contamination in the area include household solid
waste, water pipes, and smelting works, wastes from mechanic workshop, metallurgical works, electrical machineries,
electronic wastes, car scraps, computer inks, paints, chromium-plated plastics and sewage effluents. The groundwater
quality is unfit for human consumption prior to treatment due to contamination by chromium hexavalent, nitrate and
coliform bacteria.
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INTRODUCTION
Increasing interests in trace/heavy metals in the

was as a result of the analyses carried out together with
other heavy metals such as lead, lithium, cadmium, zinc

environments apparently is due to their toxicity and
persistence within the drainage networks/aquatic
systems (Salomon and Foester, 1984). Although
sediments are said to represent the ultimate sinks for
heavy metals in the environment (Gibbs, 1977), the
environmental  significance  of the  adsorbed
concentrations lies in the relative ease of re-
solubilization into the water phase (Tijani et al., 2005).
Surface and groundwater are increasingly subjected to a
variety of heavy metal pollution attributed to
urbanization, industrialization, and proliferation of
chemical products, and even natural sources.
Indiscriminate waste disposals generate leachates
which contain a variety of heavy metals. Surface water
quality may be affected if untreated leachate is
discharged or due to leachate contaminated surface
runoff into nearby water body (Christensen, 1992).
Groundwater quality may be affected via infiltration of
surface water through the aquifer systems, and
groundwater-rock interaction. Urbanization, in proper
land use pattern, and indiscriminate waste disposal can
be a source of heavy metal pollution of groundwater
(Tijani et al., 2004). The heavy metals of concern in the

and barium. The results revealed the presence of only
chromium hexavalent and copper in both the dry season
and rainy season periods in the area. Improper disposal
of these metals in low-pH wastes gradually enhances
their mobility (Minnesota Control Agency, 1999).
According to Jenne (1968); Tijani et al (2005) that pH
and Eh are the controlling factors of trace metals
mobility in soils and groundwater. Trace metals may be
absorbed or desorbed on soil particles depending on the
pH-Eh regime. According to Freeze and Cherry (1979),
that the absorption capacity of these trace metals in
groundwater may vary from one zone to another. They
went further to state that man’s activities may disturb the
pH-Eh regime, thus leading to the reduction in the
absorption capacity or the reverse situation may occur.
Copper may occur as Cu®* or Cu" oxidation states and
is derived from cuprite. High levels of copper in
groundwater may come from fertilizer, septic systems,
animal feedlots, industrial waste and food processing
waste (Centre for Disease Control and Prevention,
2003). Low pH and soft water running through copper
pipes and fittings can cause gradual leaching of copper
resulting in elevated levels in drinking water (Sonon et
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iron ore, or chromite. It is widely distributed in soils and
plants; it is rare in natural waters. Higher concentrations
above the natural background value are indicators of
anthropogenic pollution (Brilly et al., 2003). Chromium is
found in two oxidation states as trivalent and hexavalent
chromium. Chromium hexavalent exists as bichromate
when the pH is below 6.5 and exists as chromate when
the pH is above 6.5. Chromium hexavalent is mobile in
the environment and is acutely toxic, Cr(lll) has
relatively low toxicity (Van Weerel, et al.,, 1984).
Chromium has been released in to the environment due
to poor waste disposal practice (Carl and Robert, 1984).
Hence the objective of this work is to assess the
contamination of chromium hexavalent and copper in
groundwater system, and also assess the influence of
anthropogenic activities on the heavy metal pollution in
the study area.

DESCRIPTION OF THE STUDY AREA

The study area is situated between latitudes 9°11'N to
9°20'N and longitudes 12°23'E to 12°33'E covering an
estimated area of 305km? (Fig. 1). The area has a mean
annual rainfall of 918.9 mm, and means monthly
minimum  temperature  of 19°C and maximum
temperature of 37.9°C. The mean monthly temperature
is 28.5°C (Ishaku, 2007). The mean monthly relative
humidity in Yola varied from 26% in February to 76% in
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August with mean relative humidity at 52.8% (Ishaku,
1995). The area is characterized by broadly flat to gentle
undulations (Ishaku, 1995). The area is largely drained
by the River Benue, which is characterized by extensive
flood plains along which occur lakes Geriyo and Njuwa
(Adekeye and Ishaku, 2004). Jimeta area is bordered by
River Benue and lake Geriyo, and is dissected by a
number of small streams (Ntekim and Bello, 2001), while
Yola is bordered by lake Njuwa in the east. The major
occupation of the people is agriculture while industries
such as Nimafoam, Faro bottling Company and some
other small-scale industries occur in the area. The
population of the area is about 325,925 based on 2006
population census.

Water supply to the people is through surface
water from water treatment plants while groundwater is
obtained through b oreholes and hand-dug wells. The
area lack a planned waste disposal system, waste
disposal is through open dump for solid wastes as well
as pit latrines and septic tank for human wastes (Yenika
et al., 2003). The rate of waste generation per capita in
Jimeta metropolis is about 0.90kg/day, and is about
0.56kg/day in Yola town (Tanko and Anametemfiok,
2001). Liquid wastes flow through drainage network and
empty into the Benue River. The rural-urban migration
into the state capital has caused rapid growth in
population
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Fig.1 Geologic map of the study area showing sampling points



and unplanned expansion has made the urban
infrastructure and services to lag behind population
growth. The growth in population has affected the land
use pattern, which has subsequently affected quality of
the water resources (Adekeye and Ishaku, 2004). The
study area is underlain by the Cretaceous Bima
sandstone and Quaternary River Alluvium (Fig.1). The
Bima sandstone is found at the base of the sedimentary
succession and uncomformably overlies the Basement
Complex (Offodile, 1989). The Bima sandstone consists
of feldsparthic sandstone, grits, pebble beds, clays and
shale (Offodile, 2002; Ishaku and Ezeigbo, 2000;
Eduvie, 2000). The Bima sandstone underlies most
parts of the study area. The River Alluvium consists of
poorly sorted sands, clays, siltstones and pebbly sand
(Ishaku and Ezeigbo; 2000, Yenika et al., 2003). The
River Alluvium occurs along the flood plains and course
of the main River Benue and extends to the southern
part of the study area. Ishaku and Ezeigbo (2000) stated
that the Bima sandstone in the Yola area is largely an
unconfined aquifer while semi-confined conditions may
be occurring in some places where aquitards occur. The
saturated thickness of the aquifers varies from 32 m to
206 m with an average of 140.9 m. The average
hydraulic conductivity (K) and transmissivity (T) values
for the aquifers are 1.63x 10° m/s and 1.24x 102 m%s
respectively (Ishaku and Ezeigbo, 2000). Average
borehole yields vary from 7.3 m*h to 87.8 m°h (Ishaku,
1995). The depths to water between the dry and rainy
seasons in the area range from 0.82 m to 12.38 m in the
hand-dug wells in the dry season and from 0.05 m to
11.85 m in the rainy season (Ishaku, 2007). In boreholes
in the dry season, values range from 1.8 m to 40.53 m
and from 1.1m to 38.8 m in the rainy season. The
depths of hand-dug wells range from 1.1m to 12.5 m,
and total depths of boreholes range from 8 m to 170 m
(Ishaku, 2007). Most boreholes range from 40 m to 45 m
in total depths.

METHODS OF INVESTIGATION

Groundwater quality monitoring was carried out
for the seasonal variations in the concentrations of
copper and chromium hexavalent between the dry
season and the rainy season periods. The monitoring
started in March, 2005 and ended in September, 2005.
Existing boreholes and hand-dug wells were used as the
monitoring points (Fig.1). According to Chilton (1992),
sampling of the discharge of existing boreholes is the
most commonly used method for groundwater
monitoring. Before the collection of the water samples,
the plastic containers were rinsed twice with the
samples to be collected according to Barcelona et al
(1985) method. The analyses were carried out using
DR/2010 spectrophotometer for chromium hexavalent,
copper, nitrate and iron, while coliform bacteria were
analyzed using membrane filtration method employing
the use of membrane assemblage (Vacuum pump,
Asbestos pad, Bukner flask and membrane funnel) and
Leica Quebec Dark field colony counter. Electrical
conductivity (Ec) and pH were determined in the field
using TDS/conductivity meter (HACH KIT) and portable
pH meter. Fifty-five (55) water samples were used for
this study and the analyses were carried out at the

Adamawa State Water Board, Yola and the Department
of Micro-biology, Federal University of Technology, Yola.
To establish the sources of the heavy metal
contamination, indices such as anthropogenic factor
(AF) and index of geoaccumulation (lge) were
employed. Anthropogenic factor (AF) is a sort of
quantification of the degree of contamination relative to
composition of respective metal or to measured back
ground vakues from geologically similar and
uncontaminated area (Tijani et al., 2004). It is expressed
as:
AF= Cm/Bm
Where
Cm= measured concentration in sediment or water
Bm= back ground concentration (value) of metal either
taken from literature (average shale/average crustal
abundance) or directly determined from a geologically
similar environment. In this study, the back ground
values of the metals were taken as the concentration
(values) of the metals in natural groundwater not
affected by waste disposal. Base on this, the back
ground value of chromium hexavalent in groundwater
not affected by waste disposal is 0.01 mg/l (Hem, 1984).
The back ground value for copper was taken from Davis
and Dewiest (1966) as 0.01 mg/I.

The index of geoaccumulation (lg,) was
proposed by Mueller (1979) to also evaluate the degree
of contamination. It is expressed as:

lgeo= l0g2 [(Cm)/(1.5+ Bm)]

Where

Cm and Bm are as explained above, and
1.5 is a factor for possible variation in the back ground
concentration due to lithologic difference. Mueller (1979)
classified the index of geoaccumulation into; an index of
geoaccumulation of <0 is practically uncontaminated; O-
1 is uncontaminated to slightly contaminated; 1-2
moderately contaminated; 2-3 moderately to highly
contaminated; 3-4 highly contaminated and >5 very
highly strongly contaminated.
RESULTS
The seasonal variations of heavy metals are presented
in Tables 1 and 2 while the results of the physic-
chemical parameters are presented in Table 3. The
summary of the results of the heavy metals and physic-
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Table 4, the pH of the water samples ranged from 5.9-
8.5 in the dry season and ranged from 5.4-8.3 in the
rainy season with mean values 7.0 and 6.9 for both the
seasons. Ec values ranged from 60-4310 uS/cm in the
dry season and varied from 80-3500puS/cm in the rainy
season with mean values of 740uS/cm and 732.2uS/cm
resgectively. The results of heavy metals indicated that
Cr*® ranged from 0.01-0.11 mg/l in the dry season with
an average of 0.02 mg/l while in the rainy season,
values ranged from0.01-1.18 mg/l with an average of
0.20 mg/l. Copper concentrations varied from 0.01-2.16
mg/l with a mean value of 0.43 mg/l in the dry season
while in the rainy season, values ranged from 0.01-3.0
mg/l with an average of 0.69 mg/l. The concentrations of
iron and nitrate varied from 0.01-5.6 mg/l and 3.1-238.8
mg/l in the dry season with mean values of 0.31 and
59.3 mg/l. In the rainy season, their values ranged from
0.01-1.23 mg/l and 4.9-224.1 mg/l with mean values of



0.29 mg/l and 59.7 mg/l. The coliform number counts
ranged from nil to 75 in the dry season and ranged from
nil to 50 in the rainy season with mean values of 19 and
computed values of the anthropogenic factor (AF) as it
relates to the concentrations of copper varied from 0.0 to

154 ND 32.0 - -2.2 -

12 respectively. The indices used for the evaluation of
heavy metal concentration in Tables 1 and 2 revealed
that the

(Table 1). The computed values representing the index
of geoaccumulation (lge,) for copper concentration

216 in the dry season and 1.0 to 300 in the rainy season

values varied from -7.2 to 0.5 in the dry season

Table 1 Values of copper in the Dry and Rainy season in the study area

Hw= Hand-dug well, AF= Anthropogenic factor, lg,= Index of geoaccumulation, BH= Borehole, Bdl= below detection

Proj. | Copper | Copper | AF AF Igeo Tgeo Proj. | Copper | Copper | AF AF Igeo Igeo pH pH
NO. Dry Rainy Dry Rainy | Dry Rainy | NO. Dry Rainy Dry Rainy | Dry Rainy | Dry Rainy
(BH) | Season | Season | season | season | season | season | (Hw) | Season | Season | season | season | season | season | season | season
Mg/l Mg/l Mg/l Mg/l
1 Bdl 0.53 0.0 53.0 0 -1.5 73 Bdl 2.57 0.0 257.0 0.0 0.8 7.4 7.7
2 0.09 0.36 9.0 36.0 -4.0 -1.2 74 0.40 1.55 40.0 155.0 -1.9 0.04 8.0 7.7
87 1.04 0.49 164.0 49.0 0.1 -1.6 71 0.14 0.22 14.0 22.0 -3.4 -2.8 7.5 7.6
194 0.17 0.05 17.0 5.0 -3.2 -4.9 17 0.03 1.06 3.0 106.0 -5.7 -0.5 7.6 7.1
77 Bdl 0.68 0.0 68.0 0.0 -1.2 27 1.30 1.75 130.0 175.0 -0.2 0.2 7.4 7.6
86 0.16 0.29 16.0 29.0 -3.2 2.4 42 Bdl 1.37 0.0 137.0 0 -0.1 8.5 7.8
3 0.11 0.50 11.0 50.0 -3.8 -1.6 45 1.82 1.22 182.0 122.0 0.3 -0.3 7.8 7.5
6 0.05 225 5.0 225.0 -4.9 0.6 54 Bdl 1.06 0.0 106.0 0 -0.5 8.3 7.3
8 Bdl 0.23 0.0 23.0 0.0 2.7 60 0.18 ND 18.0 - -1.3 - ND ND
25 0.06 0.33 6.0 33.0 -4.7 2.2 59 1.22 0.52 122.0 52.0 -3.0 -1.5 7.7 7.4
49 0.33 0.28 33.0 28.0 2.2 2.4 124 Bdl 3.0 0.0 300.0 0 1.0 7.8 7.7
52 0.13 0.19 13.0 19.0 -1.3 -3.0 116 0.06 1.11 6.0 111.0 -4.7 -0.4 7.6 8.2
50 0.04 0.28 4.0 28.0 -5.2 2.4 196 0.04 0.96 4.0 96.0 -5.3 -0.7 59 7.1
67 Bdl 232 0.0 232.0 0.0 0.6 192 0.13 0.27 13.0 27.0 -3.5 2.5 6.3 7.1
120 0.14 0.2 0.0 2.0 0.0 2.9 155 0.08 0.16 8.0 16.0 -4.2 -3.2 6.7 7.5
55 0.08 0.29 14.0 29.0 -3.4 2.4 176 1.61 1.10 161.0 110.0 0.1 -0.5 6.5 6.5
125 0.10 0.47 8.0 47.0 -4.3 -1.7 184 0.67 0.54 67.0 54.0 -1.2 -1.5 8.0 54
122 Bdl ND 10.0 - -3.9 - 163 0.35 0.90 35.0 90.0 -1.2 -0.7 7.7 7.6
108 Bdl 0.22 0.0 22.0 0.0 -2.8 160 0.12 0.01 12.0 1.0 -3.7 -7.2 6.3 7.1
130 0.32 0.22 0.0 22.0 0.0 -2.8 188 1.33 0.81 133.0 81.0 -0.2 -0.9 7.9 7.5
131 2.16 0.38 32.0 38.0 2.2 2.0 189 1.63 0.69 163.0 69.0 0.1 -1.1 7.8 7.1
132 0.22 0.20 216.0 20.0 0.5 2.9 173 0.01 0.53 1.0 53.0 -7.2 -1.5 6.7 6.5
199 0.24 0.17 22.0 71.0 -2.8 -1.1 134 0.27 0.18 27.0 18.0 2.5 -3.1 7.9 83
172 0.21 0.51 24.0 51.0 2.7 -1.6
140 0.06 0.33 21.0 33.0 -2.8 2.2
146 0.24 0.27 6.0 27.0 -4.7 -2.5
190 0.19 0.23 24.0 23.0 2.7 -2.7
147 0.09 0.57 19.0 57.0 -3.0 -1.4
191 0.32 0.16 9.0 16.0 -4.1 -3.2
154 ND 32.0 - 2.2 -
limit,

ND=Not determined
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Table 2 Values of chromium hexavalent in the Dry and Rainy season in the study area

Proj. pH pH Ccr Ccr Dry Rainy | Dry Rainy | Proj. [ Ccrt Dry Rainy | Dry Rainy

NO(BH) | Dry Rainy | Dry Rainy | Season | Season | Season | Season | NO(Hw) | Dry Rainy | Season | Season | Season | Season
season | season | Season | season | AF AF Igeo Igeo season | season | AF AF Igeo Igeo

Mg/l

1 6.4 6.2 Bdl 0.04 0.0 4.0 0 5.2 73 Bdl 0.12 0.0 12.0 0 -3.7

2 7.3 6.8 0.02 0.63 2.0 63.0 -6.2 -1.3 74 0.01 0.05 1.0 5.0 -7.2 -4.9

87 8.0 8.0 0.02 0.04 2.0 4.0 -6.2 5.2 71 Bdl 1.18 0.0 118.0 0 -0.4

77 6.5 6.4 Bdl 0.58 0.0 58.0 0 -1.4 17 Bdl 0.53 0.0 53.0 0 -1.5

86 7.3 7.8 Bdl 0.06 0.0 6.0 0 -4.7 27 Bdl 0.03 0.0 3.0 0 -5.7

3 6.4 6.1 Bdl 0.04 0.0 4.0 0 -5.2 42 Bdl 0.07 0.0 7.0 0 -4.4

6 79 7.5 0.02 0.19 2.0 19.0 -6.2 -3.0 45 0.02 0.09 2.0 9.0 -6.2 4.1

8 6.9 6.4 0.01 0.05 1.0 5.0 -7.2 -4.9 54 Bdl 0.03 0.0 3.0 0 -5.7

25 6.7 6.4 Bdl 0.04 0.0 4.0 0 5.2 59 0.01 0.61 1.0 61.0 -7.2 -1.3

49 6.6 6.1 0.05 0.05 5.0 5.0 -4.9 -4.9 124 0.01 0.12 1.0 12.0 -7.2 -3.7

52 6.5 59 0.01 0.02 1.0 2.0 -7.2 -6.2 116 0.01 0.07 1.0 7.0 -7.2 4.4

50 6.5 6.0 0.01 1.10 1.0 110.0 272 -0.5 196 0.02 0.08 2.0 8.0 -6.2 4.2

67 6.8 6.2 Bdl 0.65 0.0 65.0 0 -1.2 192 0.01 0.01 1.0 1.0 -7.2 -7.2

120 6.8 6.7 0.01 0.05 1.0 5.0 -7.2 -4.9 155 0.03 0.04 3.0 4.0 -5.7 -5.2

55 6.9 6.6 Bdl 0.03 0.0 3.0 0 -5.7 176 0.03 0.01 3.0 1.0 -5.7 -7.2

125 7.7 7.0 Bdl 0.06 0.0 6.0 0 -4.7 184 0.11 0.01 11.0 1.0 -3.8 -7.2

108 6.7 6.0 0.01 0.06 1.0 6.0 -7.2 -4.7 163 0.02 0.01 2.0 1.0 -6.2 -7.2

130 6.9 7.6 0.01 0.04 1.0 4.0 -7.2 -5.2 160 0.01 0.01 1.0 1.0 -7.2 -7.2

131 6.6 6.7 0.03 0.05 3.0 5.0 -5.7 -4.9 188 0.01 0.02 1.0 2.0 -7.2 -6.2

132 6.8 7.5 0.02 0.05 2.0 5.0 -6.2 -4.9 189 0.05 0.01 5.0 1.0 -4.9 -7.2

199 6.6 6.8 0.03 0.03 3.0 3.0 -5.7 -5.7 173 0.06 0.01 6.0 1.0 -4.7 -7.2

140 6.3 6.6 0.02 1.02 2.0 102.0 -6.2 -0.6 134 0.02 0.02 2.0 2.0 -6.2 -6.2

146 7.0 6.6 0.01 1.12 1.0 112.0 -7.2 -0.4

190 7.7 7.9 0.01 0.63 1.0 63.0 -7.2 -1.3

147 7.3 7.2 0.02 0.55 2.0 55.0 -6.2 -1.5

191 6.2 5.7 0.01 0.01 1.0 1.0 -7.2 -7.2

165 7.0 7.7 0.03 0.02 3.0 2.0 -5.7 -6.2

194 6.0 6.4 0.01 0.01 1.0 1.0 -7.2 -7.2

183 6.2 6.1 0.02 0.02 2.0 2.0 -6.2 -6.2

177 6.0 5.5 0.02 0.02 2.0 2.0 -6.2 -6.2

172 6.1 6.8 0.06 0.01 6.0 1.0 -4.7 <12

178 6.4 6.6 0.04 0.01 4.0 1.0 -5.2 =72

70 - 6.6 0.03 0.62 3.0 62.0 -5.7 -1.3

Hw= Hand-dug wells, AF= Anthropogenic factor, ly.,= Index of geoaccumulation, BH= Borehole
Bdl= Below detection limit
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Table 4 Summary of heavy metals and physic-chemical parameters in the study area

*USEPA (1975), **WHO (1984)

strong oxidant and is reduced in the presence of

Measured Range Dry season | Rainy WHO
Parameters Dry season Rainy season | Mean seaso | (1993)
n
mean

Chromium 0.01-0.11 0.01-1.18 0.02 0.20 0.05*
Hexavalent(mg/1)
Copper(mg/1) 0.01-2.16 0.01-3.00 0.43 0.69 1.0
Iron(mg/1) 0.01-5.60 0.01-1.23 0.31 0.29 0.3
Nitrate(mg/1) 3.10-238.80 | 4.9-224.1 59.3 59.7 50
Ec(uS/cm) 60.00- 80.0-3500 740.0 732.2 1450

4310.

00
Coliform Nil-75 Nil-50 19 12 0-3**
pH 5.9-8.5 5.4-8.3 7.0 6.9 6.5-9

and values ranged from -7.2 to 2.0 in the rainy season.
The AF for Cr*® varied from 0.0 to 11.0 in the dry season
and 1.0 to 118.0 in the rainy season (Table 2). The lge
for Cr*® varied from -7.2 to 0 in the dry season and -7.2
to -0.4 in the rainy season.

DISCUSSION OF RESULTS

From the mean results presented, the pH mean values
is higher in the dry season, however, the difference
between the mean values did not show much
significance (mean values are 7.0 in the dry season and
6.9 in the rainy season). The pH values ranged from
acidic to alkaline throughout the monitoring period. The
Ec values revealed higher mean value in the dry season
and lower in the rainy season. The higher mean value
suggests higher anthropogenic pollution in the dry
season which could be due to absence of dilution and
higher rate of evaporation in the dry season. The mean
values of Ec and pH are below WHO recommended
limits in both the dry season and rainy season periods.
The mean coliform number counts are higher in the dry
season than the rainy season periods. The mean values
for the dry and rainy season have exceeded the WHO
recommended limit (Table 4). Chromium hexavalent and
copper revealed higher mean values in the rainy season
than the dry season period which could be attributed to
the dissolution of waste materials and subsequent
releasing of leachates coupled with the remobilization of
the metals bounded to sediments into the groundwater.
Thus, the mean concentrations of the heavy metals in
terms of abundance is in the order of Cr°<Cu. The
mean values of the heavy metals (0.20 mg/l for Cr*® and
0.69 mgl/l for copper) are above the natural background
values of 0.01 mg/l which is an indication of
contamination. The mean values of the heavy metals in
dry season though lower than the rainy season; values
still exceeded the back ground values, this is also an
indication of contamination. The order of abundance of
the heavy metals (Cr+6<Cu) could also be attributed to
the differences in the mobility of the metals. The low
concentrations of chromium hexavalent could be due to
the reduction of chromium hexavalent to chromium
trivalent. Carl and Robert (1994) stated that Cr(VI) is a

electron donors. Electron donors commonly found in the
soils include aqueous Fe (lll), ferrous iron minerals;
reduced sulphur and soil organic matter. Copper is also
known to be mainly retained in soils through exchange
and specific adsorption mechanism and has a high
affinity for organic ligands and humic compounds
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rainy season, the difference is however not significant.
Nitrate mean values also did not show significant
difference between the seasons, all the mean values
however exceeded WHO recommended limit. The
correlation of the physic-chemical parameters using the
Pearson correlation revealed positive correlation
between nitrate and Ec (r=0.54), pH and Ec (r=0.36) and
nitrate and pH (r=0.34). The positive correlation between
the physical parameters and nitrate is an indication of a
common source which is anthropogenic. Attempts to
correlate the physic-chemical parameters and the heavy
metals could not yield any form of correlation. This could
be attributed to the differences in the chemical behaviors
of the metals. Correlation of the mean values of the
physic-chemical parameters revealed that pH, Ec, iron
and copper are below the maximum permissible limit of
WHO (1993) standards for drinking water (Table 4).
Although the mean copper concentration is below the
WHO recommended limit, long term cumulative intake
could posse threat to human health (Sonon et al., 2003).
The mean value of copper observed to fall below WHO
limit does not imply absence of contamination as lower
concentrations could be attributed to adsorption on soil
particles/sediments in the study area. From Table 1,
Boreholes 6 and 67 and hand-dug wells 27, 45, 59, 176,
188 and 189 recorded higher concentrations of copper
in the rainy season period. These boreholes and hand-
dug wells are located opposite the banks of the Benue
River (BH6) where most of the solid wastes are
deposited; others are located in the densely populated
areas of Demsawo area in Jimeta metropolis, opposite
Jimeta main market and in the densely populated area
of Lamido Sanda in Yola town. Chromium hexavalent
revealed higher mean value in the rainy season which is
above the USEPA (1975) standard limit of 0.05 mg/I for
drinking water. This is an indication of serious threats



due to chromium hexavalent in the area. The controlling
factor for chromium hexavalent enrichment could be
related to the pH of the different environments for both
the hand-dug wells and boreholes in the area (Ishaku,
2007). The author went further to indicate that most
samples from the hand-dug wells in both the dry and
rainy seasons revealed mostly neutral pH conditions
with few acidic and alkaline conditions. The borehole
samples revealed mostly acidic pH conditions.
Boreholes 50, 140 and 146 revealed higher
concentrations in chromium hexavalent in the rainy
season (Table 2). These boreholes are located down
gradient of refuse dumps located in densely populated
areas. The high level of chromium hexavalent in the
rainy season in the area could be associated with waste
materials, oxidation of Cr (lll) to Cr (VI) and reduction of
Cr (VI) by aqueous Fe (ll) and soil organic matter. The
sources of chromium hexavalent could be due to
household solid wastes, and pigments resulting from the
numerous small-scale industries involved in the dyeing
of clothes, inks from computer cart ridges, dissolution of
paints from buildings and chromium plated-plastics.
Chromium compounds are used in metal cleaning; pre
plating and electroplating, skin tannage, and in the
manufacture of inks, paint pigments, chromium-plated
plastics and dyes (Brilly et al., 2003; Shinya and
Hiroyuki, 2005; US patent, 2005). High levels of
chromium are known to cause skin lesions and
gastrointestinal ulcers (Smith and Allean, 1975). High
levels of chromium hexavalent is also known to be
mutagenic (Bonatti et al.,, 1976; and Paschin et al.,
1983), teratogenic (Abbasi and Soni (1984) and
carcinogenic (Mancuso and Hueper, 1951; Mancuso,
1951; Waterhouse, 1975; Yassi and Nieboer, 1988; and
One, 1988). Also, the high concentration of copper in the
rainy season could be associated with acidic nature of
the groundwater in the area. pH ranges from 5.4 to 8.3
in the rainy season. Low pH water influences the
dissolution of copper from waste materials. Recharge
water under acidic condition can increase the re-
solubility of copper and its eventual release into the
groundwater. The atmospheric dissolution of carbon
dioxide by precipitation and organic decomposition in
the soil zone could be responsible for lowering of pH
and thus enhancing the dissolution of copper by-product
from wastes and copper bounded to sediments in the
area. Sources of copper in the area include water pipes,
smelting works, mechanics workshop, metallurgical
works, electrical machineries, electronics, and car

scraps. Health hazards due to drinking water with
elevated concentration of copper include stomach and
intestinal distress, liver and kidney damage, and anemia
(Centre for Disease Control, 2003; Sonon et al., 2006).
The higher concentrations of copper and chromium
hexavalent in the rainy season could be anthropogenic
resulting from the dissolution of waste materials.
Anthropogenic pollution is confirmed by the higher
values of nitrate and coliform bacteria in both the dry
season and rainy season periods which are above the
recommended limit of WHO (1993). Possible sources of
nitrate and coliform bacteria in the area could be from
household solid wastes and sewage effluents following
the use of pit latrines by many residents. The heavy
metal contamination in the study area was determined
using anthropogenic factor (AF) and index of
geoaccumulation (lgeo). The back ground values of the
heavy metals in natural groundwater not affected by
contamination were employed in order to give a
comparative idea about the quality and the degree of
heavy metal contamination in the study area. Table 5
indicated that the anthropogenic factor (AF) for
chromium hexavalent revealed higher mean value in the
rainy season which implied high degree of
contamination in the rainy season period due to high
anthropogenic input. The mean AF value for copper was
also high in the rainy season. This mean value also
revealed that the degree of contamination is high in the
rainy season, thus indicating high anthropogenic inputs.
The AF value for copper ranged from 1.0 to 300.0 in the
rainy season and that of chromium hexavalent ranged
from 1.0 to 118.0 (Table 1 and 2). In the absence of any
contamination above the back ground value, the AF
values for the heavy metals is suppose to be unity. The
mean AF value for copper indicated about 70 folds
above unity while that of chromium hexavalent revealed
more than 20 folds level of enrichment. This is an
indication of heavy metal contamination. The high AF
values in the rainy season are an indication of
anthropogenic inputs resulting from the dissolution of
waste materials by precipitation and mobilized through
recharged water into the groundwater. The mean value
of the index of geoaccumulation (lg) for copper and
chromium hexavalent revealed higher values in the rainy
season. As mentioned earlier, Mueller (1979) classified
the index of geaccumulation into; an index of
geaccumulation of <0 is practically uncontaminated; 0-1
is uncontaminated to slightly contaminated; 1-2



SEASONAL VARIATION IN CHROMIUM HEXAVALENT AND COPPER IN GROUNDWATER

151

Table 5 Summary of indices used for the evaluation pof contamination of heavy metals in the study area

Heavy metals Average metal values Indices
Dry Rainy Average AF Average I, Background
season season values value
Dry Rainy Dry Rainy season s
season | season season
Chromium 0.02 0.20 1.8 20.1 -4.7 -4.6 0.01
hexavalen
t(mg/1)
Copper(mg/1) 0.43 0.69 35.0 70.0 2.3 -1.6 0.01
moderately contaminated; 2-3 moderately to highly strong positive correlation is an indication that

contaminated; 3-4 highly contaminated and >5 very
highly strongly contaminated. From the above criteria,
the mean values of Iy, for chromium hexavalent
indicated absence of contamination while copper
indicated slight contamination. The heavy metal
enrichment in the rainy season is from the dissolution of
waste materials. Chromate and cuprite which are the
sources of chromium and copper may be unlikely in the
Bima sandstone. Consequently, the sources of these
metals could be anthropogenic. The correlation between
the heavy metals, AF and index of geoaccumulation
indicate a strong positive correlation. The correlation
ranged from 0.43 to 0.99 for copper and ranged from
0.89 to 1.00 for chromium hexavalent (Table 6). This
from buildings and chromium-plated plastics.

anthropogenic input is the source of the heavy metals.
The positive correlation between AF and lge, in the dry
season as it relates to copper is an indication that the
indices are controlled by anthropogenic input. Also, the
perfect correlation between AF and lg, in both the dry
and rainy season is an indication that the indices are
solely influenced by anthropogenic input. Sources of
these metals as indicated earlier include water pipes,
smelting works, waste from mechanics workshop,
metallurgical works, electrical machineries, electronics,
car scraps, household solid wastes, pigments resulting
from the numerous small-scale industries involve in the
dyeing of clothes, inks from computer cart ridges,
dissolution of paints.

Table 6 Correlation of heavy metals with the indices used in the evaluation of heavy metal contamination in the study

area

Heavy metals | Correlating Correlation
(mg/l) parameters coefficients
Copper Cu (rainy season and AF (rainy season) 0.99

Cu (dry season) and AF (dry season) 0.99

AF (rainy season) and I, (rainy season) 0.75

Cu (rainy season) and Ly, (rainy season) 0.74

AF (dry season) and I, (dry season) 0.43
Chromium Cr ° (dry season) and AF (dry season) 1.00
hexavalent AF (rainy season) and Cr'° (rainy season) 1.00

Cr'° (dry season) and Leo (dry season) 0.92

I,e, (rainy season) and Cr'® (rainy season) 0.89

AF (rainy season) and I, (rainy season) 0.89

AF= anthropogenic factor
lgeo= index of geoaccumulation

CONCLUSION

The consequences of indiscriminate waste disposal
practice are responsible for the degradation of
groundwater quality in many urban centers including the
study area. This study has demonstrated that
indiscriminate waste disposal practice is responsible for
the heavy metal contamination in the study area. The
study revealed that heavy metal contamination occurred
in the rainy season as revealed by the mean

concentration values of chromium hexavalent and
copper which is in the order of Cr*®<Cu. The indication
of heavy metal contamination is also confirmed by the
higher mean values of the metals which ranged higher
than the back ground values. This is a clear indication of
anthropogenic inputs related to household solid wastes,
water pipes, smelting works, wastes from mechanic
workshop, metallurgical works, electronics, car scraps,
small-scale textile activities, computer inks, dissolution
of paints from buildings and chromium-plated plastics.
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Indication of anthropogenic contamination is also
revealed by higher AF mean values in the rainy season.
The AF mean value for copper indicated about 70 folds
enrichment over AF value of 1 while chromium
hexavalent was enriched by more than 20 folds. The
strong positive correlation between the heavy metals,
AF and lg, is an indication that anthropogenic input
could be the most likely source of the metals. The
positive correlation between nitrate, Ec and pH is also
an indication of a common anthropogenic source. The
mean values of chromium hexavalent, nitrate and
coliform bacteria ranged above the recommended limits
of WHO in both the dry season and rainy season
periods. It can be concluded from this study that heavy
metal contamination occurred in the rainy season period
in the order of abundance as Cr*®<Cu. The groundwater
quality in the area is unfit for human consumption prior
to treatment due to contamination by chromium
hexavalent, nitrate and coliform bacteria. This study
recommends the following steps towards the protection
and conservation of groundwater quality;

a) People should be discouraged from consuming
contaminated water, and periodic water analysis should
be carried out.

b) All refuse dumpsites should be closed and
legislation should be enacted regarding illegal
dumps. Refuse collection centers should be
erected at designated areas.

c) Land fill should be constructed over the
basement complex rocks along the Dumne
junction some 50Km from Yola.

d) Boreholes in the alluvium aquifers should be
drilled between the total depths of 60-80 metres
rather than the present practice of 40 metres
and below.

e) All boreholes drilled along the edges of the
drainage networks be sealed or chlorinated at
six months intervals.
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