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Abstract

Mineral element contents in potable water at high concentrations may affect its quality. Concentrations of Na*, K*, Ca?*, and Mg?* were
determined in water from some boreholes in some parts of Nasarawa state, Nigeria. Levels of Na*and K* were determined using flame
photometry, while Ca®* and Mg?* were quantified with the aid of atomic absorption spectrometry method. Concentrations of Ca®* (10 —
42 mg/L) and Mg?* (0.03 — 1.63 mg/L) were relatively low in the water samples. Nasarawa Toto (NTT) recorded the highest levels of
mineral elements (0.26 — 10.61 mg/L). Mean concentrations of Na* (7.59 — 11.08 mg/L) and Mg?* (0.13 — 0.56 mg/L) were highest and
lowest respectively. The levels of mineral elements according to studied areas varied in the order of NTT > NEG (Nasarawa Eggon) >
KRV (Karu) > AKW (Akwanga) > KEF (Keffi) > GRU (Garaku). The ratios of Na/K for borehole water at Wayo (3.35) and Wamba
Kurmi (3.55) at Wamba (WAM) areas were the closest to the optimal ratio of 3: 1 for the control of cardiovascular diseases, while
Ca/Mg ratios were above the optimal ratio of 2:1. Total hardness levels (10 — 48 mgCaCOza/L) for water from the boreholes were < 60
mg/L, therefore, classified as being soft in nature. Mineral element concentrations in water from the boreholes were within the WHO

acceptable limits for drinking water.
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1. Introduction

Water is a natural resource that is essential for the sustenance of
life [1-2]. Accessibility and availability of clean water is necessary
for development [3]. Groundwater resources are commonly vul-
nerable to pollution [2]. This has become a major environmental
issue, particularly where it represents the main source of drinking
water [4]. Pollution of underground water is so common in many
developing countries, including Nigeria, where the security of
drinking water supply has been chosen as one of the ten Millenni-
um Development Goals [5], [6].

About 41% of Nigerians do not have access to potable water sup-
ply, with higher proportion in the rural areas [4], [7]. Also, Water
Supply and Sanitation Baseline Study (WSSBS) and the
UNICEF/WHO Joint Monitoring Program (JMP) have shown that
Nigerian water supply has not kept pace with meeting the Millen-
nium Development Goal (MDG) target of 75% coverage for safe
drinking water.

Ground water quality varies from place to place; sometimes due to
seasonal changes and geology of the area through which it moves
[8], [9]. Human activities such as industrial discharges, urban
activities, agriculture, groundwater plumage and disposal of waste
can also affect groundwater quality [9].

Basic cations such as Ca?*, Mg?*, K*, and Na* commonly occur in
surface water (Seth et al., 2014), mainly in the form of dissolved,
chlorides, nitrates, sulfates, hydrogen carbonates and carbonates
[10]. In natural water, minerals are the sources of cations in water,
and their concentrations oscillate within wide ranges. Although
ground water is generally less susceptible to contamination than

surface water, it is more mineralized in its natural state. As water
moves slowly through the ground it comes in contact with miner-
als in the soil and bedrock and becomes saturated with dissolved
solids from these minerals. This dissolution process continues
until chemical equilibrium is reached between the water and the
minerals [10].

Ca?* and Mg?* ions in water are responsible for water hardness. It
was proved that there is a causal relationship between drinking
water hardness and morbidity and also with cardiovascular diseas-
es [11]. Epidemiological studies have reported that water with low
levels of Ca?* and Mg?* ions (soft water) is associated with in-
creased morbidity and mortality from cardiovascular disease com-
pared to hard water and water high in magnesium [12]. Ca?* and,
to a lesser extent Mg?*, prevent the absorption of some toxic ele-
ments such as Pb and Cd from the intestine into the blood, either
via direct reaction leading to formation of compound that may not
be absorbed or via competition for binding sites [13].

Continuous monitoring of water quality parameters is of im-
portance because changes in the quality of water may have ad-
verse effects on man and biota. Attention has been centered on the
beneficial or protective effects of mineral elements in drinking
water, with scarce information on their toxicity. Physicochemical
properties of some of the boreholes have been reported [6].The
study was carried out to assess mineral element quality of water
from some boreholes in the western and northern geo-political
zones of Nasarawa state.
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2. Materials and methods

2.1. Study areas

Water samples were collected from boreholes in the northern part
of the state, which encompasses Akwanga, Wamba and Nasarawa
Eggon areas, and at Garaku, Keffi, Karu, and Nasarawa Toto in
the western geo-political zone (Fig. 1.).
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Fig. 1: Northern and Western Political Zones of Nasarawa State
2.2. Sample collection and analysis

The samples were collected into prewashed clean 2 liters plastic
containers with screw caps during the dry period. Sampling and
preservation procedures were carried out according to APHA [14]
standard methods for the examination of water and wastewater.
Na* and K*were determined using flame photometry, while Mg?*
and Ca?* were quantified using atomic absorption Spectrometry
method.

3. Results and discussion

The levels of mineral elements in water from boreholes at
Akwanga (Table 1) indicated that the highest Na* (11.09 mg/L)
and K* (7.81 mg/L) levels were recorded at Nuku and Nidan re-
spectively; while the highest Ca?* (4.02 mg/L) and Mg?*
(1.63mg/L) contents were observed at Township clinic . Na/K and
Ca/Mg ratios varied from 1.01 - 4.02 and 0.03 — 1.63 respectively.
Borehole water from Koko contained the highest level (48 mg/L)
of hardness and the lowest (10 mg/L) at Tidde. Na* (14.12 mg/L)
and K* (8.21 mg/L) levels were highest in Ogba at Nasarawa
Eggon (Table 2). Similarly, the highest levels of Ca?* (4.65 mg/L)
and Mg?* (0.32 mg/L were recorded at Galle South. Water hard-
ness varied from 18 - 42 mg/L in the zones.

Mineral element contents at Wamba (Table 3) indicated that the
highest Na* (14.05 mg/L) and K* (6.45 mg/L) levels were both
recorded at Zalli. However, the concentrations of Ca®* (6.11
mg/L) and Mg?* (0.30 Mg/L) were highest at Kwabe and Yashi
respectively.

Ca/Mg and Na/K ratios varied; with the highest levels at Wamba
Kurmi (152.50) and Yash (6.48) respectively. Water total hardness
varied from 18 - 30 mg/L. Mineral contents of water from Karu
(Table 4) show that the lowest levels of Na* (7.21 mg/L) and K*
(2.25 mg/L) were recorded at Gurku. Ca®* and Mg?* varied from
2.22-3.05 and 0.26-1.26 respectively. Na/K and Ca/Mg ratios
varied according to locations, except at New Karu in Karu area. At
Nasarawa Toto (Table 5), the levels of Na* (13.11 mg/L) and K*
(8.54 mg/L) at Chiji were maximum, while the highest concentra-
tions of Ca®* (3.40 mg/L) and Mg?* (0.60 mg/L) were obtained at

Ukya. Total hardness varied between 20 and 32 mg/L. Mean lev-
els of macro-elements (Fig. 2) indicated that Na* levels were
highest in the borehole water, while Mg?* remained the lowest in
all the studied areas. The levels of mineral elements according to
studied areas varied in the order of NTT > NEG > KRV > AKW >
KEF > GRU. The observed trend might be due to variations in
geochemistry of the areas.

Mineral elements are essential for life. Calcium, magnesium, so-
dium and potassium ensure proper functioning of some important
physiological mechanisms [15]. In ambient conditions, the com-
pounds of these minerals are present in proportions that create a
balanced solution. If there are additional inputs of dissolved solids
to the system, the balance is altered and detrimental effects may be
seen. Na* has been reported to be an important mineral maintain-
ing electrolyte balance in humans. The levels of Na* in the bore-
hole water predominate; which is in agreement with the results
reported by Roba et al. [16]. Macro-element contents were lower
than the values reported by Satyavani et al. [17], but were within
the maximum permissible limits of 200mg/L for Na* and Ca**
250 mg/L for Mg?* [18] and 10 mg/L for K*[19] . The observed
relatively higher levels of Ca?* and Mg?* for some boreholes
might be due to the seepage of industrial and domestic water or
due to cationic exchange [17].

K* in couple with Na* adjusts the osmotic pressure and the status
of blood acidity. The 3: | optimal value of Na/K, gives protection
against cardiovascular diseases; however, higher ratio in drinking
water is associated with increased incidence of hypertension [15].
Na/K ratios were generally lower than the optimal value. The ratio
of Ca/Mg in water is also of importance. An optimal ratio of 2:1
offers greater protection against cardiovascular disease [15], [16].

Table 1: Concentrations (Mg/L) of Mineral Elements and Total Hardness
(Mgcacos/L) in Water from Boreholes at Akwanga (N = 3)

Sites Na* K* Ca®* Mg¥ NaK CaMg TH

Takpir 8.29 301 101 024 272 4.25 22

Anjida 8.29 309 304 024 268 12.67 2

Nunku 11.09 565 146 031 1.96 471 30
—(I;(I)ivr\llincsmp 6.23 137 402 163 4.55 247 32
Tidde 6.25 137 400 161 456 062 10
Nidan 6.34 781 209 022 081 950 16
Koko 9.17 400 345 017

2.29 20.29 48

Agyaga 813 201 204 003 .0 g0 20

Mean 8.00 354 264 056 295 15.31 25

+SD 0.23 224 116 0.67
1.33 22.22

n = number of replicate determinations, T.H — Total hardness

Table 2: Concentrations (Mg/L) Of Mineral Elements Andtotal Hardness
((Mgcacog/L) in Water from Boreholes at Nasarawa Eggon (N = 3)

Sites Na* K* Ca®* Mg* Na/K CaMg T.H

Kagbu Error ~ 8.14 505 153 1.00 161 153 24

Ogba 1412 821 167 0.18

174  9.30 20

Angbaigah 11.08 781 192 0.24

142  8.00 18

Galle South ~ 7.92 4.65 4.65 0.32 1.70 1453 18

Langalaga 1412 813 1.05 0.19 174 553 42
Mean 11.08 6.77 216 0.39 164 778 24.50
+SD 3.05 176 143 035 013 4580 11.70

n = number of replicate determinations, T.H — Total hardness
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Table 3: Concentrations (Mg/L) of Mineral Elements and Total Hardness
((Mgcacog/L) in Water from Boreholes at Wamba (N = 3)

Mean 7.78 144 460 047 554
+SD 2.12 020 164 047

18.66  22.67

211 1642 643

n = number of replicate determinations, T.H — Total hardness

Table 5: Concentrations (Mg/L) Of Mineral Elements And Total Hardness
((Mgcacos/L) In Water From Boreholes At Nasarawa Toto (N = 3)

Site Na/

s Nat  K* Ca®* Mg®¥ K Ca/Mg TH
14.0 2.1 14.38 30
Zalli 5 6.45 3.02 0.21 8
3.3 85.33 26
Wayo 455 1.36 5.12 0.06 5 30
6.4 5.97
Yashi 8.10 1.25 1.79 0.30 8
Kwab 25 10.83 18
e 6.79  2.66 6.11 0.06 5
Wam-
ba 35 15250 25
Kurmi 445 126 3.05 0.02 3
3.6 72.00 25.80

Mean 759 260 3.82 0.13 2
16 6170 4.92
+SD 393 224 1.75 0.12 9

n = number of replicate determinations, T. H — Total hardnes

In the present study, Ca/Mg ratio varied greatly and mostly above
the optimal ratio. There is a causal relationship between drinking
water hardness and morbidity by cardiovascular diseases.

High levels of Ca?* and Mg?* in water increase water hardness,
and may lead to a decrease of the myocardial infant or sudden
death risk [15]. Water total hardness levels in this study ranged
between 10 and 40 mgCaCOs/L which falls within the permissible
limit of 150 mg/L (NIS, 2007). The values indicated that water
from the boreholes might be classified as soft in nature [17]. Mac-
ro-element levels were generally highest at NTT, and the lowest at
GRU; which might be attributed to variation in geochemistry of
the areas.

Table 4: Concentrations (Mg/L) of Mineral Elements and Total Hardness
(Mgcacog/L) in Water from Boreholes at Karu, Keffi and Garaku (N = 3

Sites Nat O car Mg Ea/ gca/ M TH
124
Kuru : 7.05 193 020 o oo o
102
Offu : 7.24 M0 015 gy 26 4
Karmo 810 245 22 018 5y LT g
131
Chiji . 8.54 245 031 1o 100 o8
. 10.2
Umaisha 0 7.24 3.04 0.20 141 (1)5.2 29
101
Ukya 0 7.15 219 0.60 141 305 20
Zakun 10.1
Bello 5 4 168 018 147 933 20
Mean 106 644 626 026 113 245
1 1.82
7 7
10.6
+SD 166 200 : 016 068 620 526

Sites Na®  K'  Ca® Mg Na/K Ca/Mg -rl;é\rd.
Karu

New Karu 1021 711 3.05 0.26 144 11.73 26
Gurku 721 225 222 1.08 320 206 40
Kurampe 1021 7.11 3.05 0.26 144 11.73 20
Kare 10.36 6.8 288 1.02 152 2.82 26
Mean 950 582 280 0.66 190  7.09 28
+SD 153 238 039 0.46 187 537 8.49
Keffi

Sabon Gari 826 133 530 0.20 014 2650 10

Main Market ~ 7.43 125 6.12 026
594 2354 34

Mean 7.85 129 571 0.14 304 2502 29
+SD 0.59 0.06 058 0.17 410 209 16.97
Garaku

Arusu 10.12 131 6.20 0.20

773 3100 30

Kurame 5.98 167 499 0.20 352  24.95 18

Kana Apawu  7.23 135 280 1.01 536 0.03 20

n = number of replicate determinations, T.H — Total hardness
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Fig. 2: Distribution of Metal Levels (Mg/L) in the Studied Areas.

4. Conclusion

Concentrations of Na* and Mg?*were highest and lowest respec-
tively across the zones. NTT recorded the highest levels of miner-
al elements. Na/K ratios for borehole water at Wayo and Wamba
Kurmi in Wamba (WAM) area were within the optimal ratio.
Ca/Mg values were highly above the optimal ratio, except at Gur-
ku (2.06) in Karu (KRV) area. Total hardness level of borehole
water was < 60 mg/L, therefore, water from the boreholes may be
classified as being soft in nature. Mineral contents were within
WHO acceptable limits for drinking water. Water from the bore-
holes, therefore, is considered suitable for drinking and other do-
mestic purposes.
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