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Abstract: The study investigates some physicochemical properties ( pH, conductivity, total dissolved solid
alkalinity, chromium, cadmium, lead etc) of surface and underground water selected from different locations in
iron mining zone of Kogi State, North Central Nigeria. The study was conducted in two seasons: rainy and dry
seasons. The results of the analysis show no significant difference between the physicochemical properties in the
rainy and dry season at « = 0.05 levels. The soil pH was found to be weakly acidic in the dry season and
weakly alkaline in the rainy season. The electrical conductivity ranges from 180.0-714.2 uscm™ in the dry
season and 181.0-718.2 uscm™ in the rainy season. Total dissolved solid ranges from 70.2-207.3 mgL™ in the
dry season and 75.3-207.9 mgL™ in rainy season and alkalinity ranges from 89.6-416.0 in the dry season and
90.6-417.1 in the rainy season. The concentrations of heavy metals determined by APLHA 4 model Atomic
Absorption Spectrophotometer for both dry and rainy seasons respectively are 0.10-2.10 mgL™ and 0.01-1.92
mgL™ Pb; 0.01-0.7 mgL™ and 0.01-0.7 mgL™ Cd ; 0.01-1.9 and 0.01-2.0 mgL™* Cr ; 3.0-16.0 and 5.2-20.0mgL"
! for Fe respectively. The water bodies sampled were found to contained significant amount of toxic metals
based on pollution index calculated.
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I.  Introduction

Water like air is one of the most important natural resources of man, without which life cannot exist.
Water is assessed in order to know the extent of contamination by various pollutants which are either
intermittently or continuously discharged into it through several modes. Such pollutant have been identified to
be deleterious to human’s health and other living organism in the environment [1].Water resources have been
the most exploited natural system since the world begun and it is used for both domestic, industrial and
agricultural activities. The usage depends on the quality of water. Surface water (river, stream, lake and dam etc)
and underground water (borehole and well etc) can serve as sources for drinking water. But with the increasing
contamination of the surface water, there is now an increasing reliance on underground water for drinking and
domestic purposes since it is believed to be pure through natural purification processes [2]. However,
underground water can also be polluted through various ways such as seepage from effluent waters, fertilizer
from agricultural activities, mining activities, vehicle maintenance and sewage disposal and domestic waste [3].
The polluting ability of those pollutants depend on their intrinsic properties determined by their structure or non-
chemical factors like their production and pattern of use [4]. Some of these pollutants are untreated chemical
wastes discharged from industries containing toxic substances which may react with an organ of the living
system,thereby resulting into complications that cannot be easily treated by either oxidation or metabolic
activities [5].Since the effects of metals in water ranges from beneficial through troublesome to dangerously
toxic depending on concentration, it becomes imperative that thorough physical, chemical and biological
examination be carried out to provide idea of extent of treatment needed to make the water potable [6]. Analysis
of cations is often carry out by a number of methods; gravimetric colorimetry flame photometry, polarography,
spectrophotometry[7,8,9] .

Many researchers have analysed light and heavy metals in sewage, sludgewater, borehole, well water and other
environmental samples using different techniques[10,11] . The levels of trace metals in surface and underground
water samples have been shown to cause direct or indirect symptoms of toxicity and hence the analytical control
of these metals in water is of utmost importance. Therefore , the amount of these hazardous metals in surface
and underground waters and their subsequent effects to human health gave rise to the significance of this study.

Il.  Materials and Methods
All the reagents and equipment used in this research were of analytical grade. Distilled-deionised water
was used for reagents preparations.
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2.1 Sample Collection

Total of seven water samples were collected from surface and underground water bodies within the
iron mining zone of Itakpe and its environment in Kogi State Nigeria. The sample locations are River Pompom
(RPW), Estate borehole (EBW),Estate Stream (ESW), Osara Dam (ODW),Osara River (ORW),Eika-Adagu
Well (EAW) and Eika-Turu Well (ETW) . In each case, the water samples were collected following standard
methods [12,13] .

The physical parameters analysed include pH, electrical conductivity and total dissolved solids. The pH
was determined using a digital pH meter, conductivity with a conductivity meter and total dissolved solids by
gravimetric method. Total acidity, total alkalinity and total hardness were determined using titrimetric methods
and chlorides by Mohr’s method. Nitrate and sulphate were determined by colorimetric method. Heavy metals
were determined using known standard methods[14,15].

Water samples were digested with the standard method proposed by the American Water Works
Association [13]. 50cm® of each samples was treated with 5.0cm® of concentrated HNO; and heated on a hot
plate until it was evaporated to about 20.0cm®. The digest was allowed to cool and another 5.0cm® of
concentrated HNO3z; was added, heating continue for one hour at 100° C. It was then cool and then filtered. The
filtrate was poured into a 50.0cm® standard volumetric flask and made up to the mark with distilled-deionised
water. Portion of the solution was used for metal analysis with Atomic Absorption Spectrophotometer (AAS)-
APLHA 4 model.

I11.  Results and Discussion.

The results of the physicochemical analysis of both surface and underground water samples collected
within the iron-ore mining zone of Kogi state and its environment are presented in Table 1.

The pH values of the water bodies ranged from 6.0-6.9 in dry season while rainy season ranged from
7.2-8.2. This indicates that the water is slightly acidic in the dry season and weakly alkaline in the rainy season.
The low level of pH could be due to the presence of dissolve CO,. The pH values obtained in water samples
fall within the recommended standard of 6.0-8.5 [17]. pH is an important parameter in water body since most of
the aquatic organisms are adapted to an average pH and do not withstand abrupt changes. Generally, the pH of
water is influence by geology of catchments area and buffering capacity of water.

The conductivity of water samples ranged from180.0-714.2 uscm™ for the dry season and 181.0-
718.2 uscm™ in rainy season with RPW having the highest value .Conductivity indicates the presence of
dissolved solids and contaminants especially electrolytes. The values obtained in all the samples are below the
maximum limit of 1000 uscm™ set by Standard Organisation of Nigeria [18]. The conductivity of most fresh
water ranged from10 t01000 uscm™ but may exceed 1000 uscm™ especially in polluted waters or those
receiving quantity of land run-off [19].

The results show that the presence of suspended and dissolved solids being higher in the rainy (42.0-
124.0 mgL™* and 75.3-207.8 mgL™) than in the dry season (40.0-121.0 and 70.2-207.3 mgL™") respectively. The
total hardness levels of the samples varied between 38.4-73.5 mgL™ in the dry season and 38.50-76.40 mgL™ in
the rainy season and is below the WHO standard of 300 mgL™* as CaCO; . It is mainly derived from weathering
of minerals such as limestone (CaCOs3) or dolomite (CaCOs.MgCQ3). Total hardness is the sum of Ca and Mg
concentrations expressed as CaCO; in mgL™ [20]. Alkalinity and acidity ranged from 89.6-416.0 mgL™*, 8.1-
57.1 mgL™ in dry season and 90.6-417.1, 8.3-61.2 in the rainy season respectively. In natural water, alkalinity is
caused by three major classes of minerals: hydroxides, carbonates and hydrogen carbonates. In all forms of
effluents, alkalinity is due to the presence of salts of weak acid such as ethanoic, propanoic or the presence of
ammonia hydroxides.

The concentrations of the chloride and sulphate are all within the WHO(1991) acceptable limits for the
water , having values of 10.59-17.80, 0.021-1.50 mgL™ in the dry season and 11.10-17.72, 0.47-1.65 mgL™ in
the rainy season. The concentration of nitrate in some of the samples are however slightly above limits of 45
mgL™. These results agree with the earlier researchers in terms of prevalence of the parameters in the
environments [21,22].

Table 1. Mean of the physicochemical parameters of the samples

Locatio | pH Conductivit | TSS TDS TH Alkalinit | Acidity | Nitrate, | Chloride, Sulphate,
n y (mgL™ | (mgL™) | (mgL |y (mgL™ | NOs Cl' (mgL™ | SO4% (mgL’
(usem™) ' ' (moL™) |9 (mgL D D

)
RPW 7.40 716.18+0.04 | 71.00 | 160.00 45.00 98.55+0. | 33.40 0.29 17.92+0.9 | 1.65+0.60

+0.0 | (714.19+0.0 | 010 | #0.80 | +0.31 | 20 +040 | 001 |2 (1.500.42)
1 2) (65 (150.00 | (45.11 | (98.97+ | (3050 | (0.28 | (17.800.

(6.10 +0.20) | 20.09) | £0.41) | 0.10) $023) | £0.12) | 32)

+0.0

1)
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EBW 7.93 253.71+0.02 | 60.00 | 195.00 | 38.50 103.60 61.20 18.00 14.52+0.5 | 0.82+0.20
+0.0 | (253.09+0.0 | +0.20 | +0.05 +0.01 +0.00 +0.01 +0.52 1 (0.67£0.12)
4 3) (52.00 | (192.59 | (39.35 | (102.50 (57.13 | (18.70 | (12.90=0.
(6.94 +0.10) | +0.72) +0.00) | +0.90) +0.12) | +0.40) | 50)
0.0
2)

ESW 7.90 | 196.37+0.01 | 124.0 | 17176 | 67.70 90.61+1. | 8.30 24.03 18.50+0.4 | 0.47+0.31
+0.0 | (195.37+0.0 | O +0.04 +0.60 10 +0.70 +0.30 0 (0.21£0.03)
5 3) +0.11 | (171.74 | (60.74 | (89.62 (8.10 (22.03 | (15.52+0.
(6.00 (121.0 | £0.05) +1.32) | #0.01) +0.42) | +0.36) | 05)
0.0 +0.12)
3)

obw 7.72 181.00+0.00 | 62.00 | 109.11 | 52.29 124.02+. | 27.12 53.05 13.32+0.0 | 0.98+0.21
+0.0 | (180.00+0.0 | #0.03 | +0.30 +0.42 01 +0.60 +0.40 7 (0.98+0.40)
4 2) (62.00 | (107.10 | (50.29 | (125.00 (24.64 | (51.06 | (11.20+0.
(6.20 +1.20) | +2.10) +0.80) | +0.67) +0.51) | £0.40) | 03)
+0.3
5)

ORW 8.23 341.00+0.05 | 63.00 | 207.86 | 62.67 230.0 31.00 34.44 16.16+0.2 | 0.95+0.44
+0.0 (341.00£0.0 | +0.04 | +0.8 +0.01 +0.55 +1.12 +0.12 4 (0.82+0.42)
0 2) (60.00 | (207.30 | (61.67 | (210.56 (30.00 | (30.56 | (14.56+0.
(6.84 +1.01) | +1.20) +0.20) | 0.85) +0.87) | £0.2) 70)
+0.0
1)

EAW 7.20 | 195.94+0.01 | 46.12 | 153.70 | 39.91 417.11 29.82 39.41 11.42+0.3 | 1.09+0.30
+0.0 | (195.83+0.0 | +.30 +0.80 +0.01 +0.42 +0.40 +0.01 2 (1.02+0.51)
2 3) (46.00 | (153.57 | (38.37 | (416.00 (25.80 | (38.45 | (10.59+0.
(6.85 +0.30) | +0.40) +0.20) | +0.85) +0.41) | £0.30) | 04)
+0.0
4)

ETW 7.69 258.12+0.02 | 44.00 | 75.32 45.10 364.00 32.00 18.30 14.30+0.5 | 0.80+0.01
+0.0 | (255.19+0.0 | +0.07 | +0.32 +0.30 +0.01 +0.31 +0.40 0 (0.90+0.03)
2 3) (41.00 | (77.34 (40.17 | (362.00 (31.62 | (16.62 | (12.62+0.
(6.20 +0.62) | +0.81) +0.45) | +0.04) +0.40) | +0.42) | 42)
0.0
2)

Values in the parenthesis = dry season
TSS = Total suspended solid TDS = Total dissolved solid
TH = Total hardness

Table2. Concentration of metals in water samples (mgL™)

Location Pb Pl Cd Pl Cr Pl Fe Pl
RPW 1.92+0.02 192 0.73+0.01 73 2.00+0.01 40 20.00+0.01 66.7
(2.10£0.04) | (210) (0.71£0.04) | (71) (1.89+0.08) | (37.8) (16.14+0.01) | (53.8)
EBW 0.10+0.01 10 0.01+0.03 1 0.83+0.05 16.6 16.14+0.02 53.8
(0.08+0.03) | (8) (0.01£0.02) | (1) (0.80+0.03) | (16) (10.00+0.04) | (33.3)
ESW 0.01+0.00 1 0.03+0.44 3 0.01+0.04 0.24 8.11+0.03 27
(0.02+0.05) | (2) (0.02+0.41) | (2) (0.01+0.02) | (0.2 (7.00£0.05) | (23.3)
obwW 0.14+0.06 14 0.37+0.01 37 0.72+0.00 14.4 6.66+0.04 22.2
(0.32+0.03) | (32) (0.26+0.04) | (26) (0.55+0.01) | (11) (6.61+0.05) | (22.0)
ORW 0.12+0.04 12 0.03+0.01 3 1.00+0.12 20 5.22+0.02 17.4
(0.10+0.02) | (10) (0.04+0.02) | (4) (0.96+0.04) | (19.2) (3.00£0.03) | (10)
EAW 1.12+0.03 22.4 0.02+0.03 1.7 0.72+0.05 14.4 6.23+0.05 20.77
(1.26£0.01) | (25.2) (0.02+0.01) | (1.5 (0.64+0.01) | (12.8) (5.26+£0.02) | (17.5)
ETW 0.20+0.01 20 0.13+0.01 13 0.93+0.02 18.6 7.70+0.04 25.7
(0.17+0.02) | (17) (0.10+0.04) | (10) (0.85+0.04) | (17) (5.76£0.04) | (19.2)

Values in the parenthesis = dry season

The results of the analyses of lead ( Pb), cadmium (Cd),chromium (Cr) and iron (Fe) in different water
samples in the studied area are summarized in Table 2. It is evident from the table that the concentrations of the
metals in most of water samples exceeded the WHO(1991) guide limits at a level that puts the health of the
unsuspecting public at risk. The Pollution Index (PI) showed that metal levels in both surface and ground water
samples pose serious threat to health since Pl calculated as a ratio of experimental value to the tolerance limit
were greater than one (P1>1) in most of sampled areas.

The concentration of Pb ranges from 0.01 -1.9 mgL™ in the raining season and 0.1-2.1 mgL™ in the
dry season . RPW has the highest value and ESW has the least value of Pb. Lead has been found to be
responsible for quite a number of ailments in humans such as chronic neurological disorder especially in
foetuses and children [23]. The maximum permissible limits for Cd set at 0.005 mgL™[24], 0.003 mgL™ [18],
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0.01 mgL™ [26] were all found to be lower than values obtained from all the samples as indicated in Table
2.The concentration of Cd in the water samples ranges from 0.01-0.73 mgL™ in the rainy season and 0.01-0.71
mgL™ in the dry season. RPW also has the most elevated value of 0.7 mgL™ and 0.7 mgL™ while EBW has the
least values of 0.01 mgL™ for the two seasons. Cadmium is one of the most toxic elements with reported
carcinogenic effects in humans[27]. It accumulates mainly in the kidney and liver and high concentrations have
been found to lead to chronic kidney dysfunction. The concentration of chromium ranges from 0.01-2.0 mgL'1
in the rainy season and 0.01-1.89 mgL™ in the dry season. It has PI of 40 and 37 for raining and dry seasons in
the sample RPW and PI of 0.24 and 0.2 for the sample ESW. This implies that RPW is highly polluted with
respect to chromium and other metals discussed . The concentration of Fe in the samples for both seasons
ranged from 5.2-20.0 mgL™ and 3.0-16.1 mgL™ . Higher concentration of iron is expected because it is the most
abundant metal in the area [28]. High concentration of iron could results in effect like unpleasant taste and
odour of water. The PI values in the Table 2 show the extent of metal pollution of the water bodies. The relative
abundance of Pb, Cd, Cr and Fe in water samples within the area could have been influenced by human
activities such as quarry operations, mining of iron-ore, flooding, poor waste disposal and sanitation. This
further confirmed by their PI being greater than unity.

IV.  Conclusion
There is an increased level of Pb, Cr, Cd and Fe in the order: Pb < Cd < Cr < Fe . From the results
obtained water in the area are polluted with these metals as their concentration were found to be above WHO
recommended limits. Regular monitoring of heavy metal levels in the soil and water should be ensured to
reduced the risk of heavy metal poisoning in the area.
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