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Abstract
Borehole water sample from seven different locations (Kasuwa, Tudunwada, Low cost, General Hospital,
Bolari, Mallam Inna and G.R.A) were collected in Gombe town and analyzed for physical and chemical
properties using standard methods. Sampling point was on the basis of water source for drinking and other
domestic uses. Results showed temperature range of 29 – 31oC; conductivity 110 – 141 µs/cm; Alkalinity 65 –
200mg/L; total hardness 115 – 200 mg/L and pH 6.0 – 7.1 respectively. The concentration of heavy metal and
ions were low generally except Mn, Fe, and Pb which were relatively high with values 0.69 – 1.10mg/l, 0.09 –
0.27mg/l and 0.11 – 0.66mg/l respectively. Cadmium, cobalt, nickel and chromium were not detected in all the
borehole water examined. All other parameters examined showed values within the accepted limit as proposed
by W.H.O for drinking water. In conclusion, Gombe borehole water could be said to be potable as at time
analyses.
__________________________________________________________________________________________
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INTRODUCTION
Potable water is that which is safe to drink. Ground
water forms the main source of water and is of major
importance to civilization because it is the largest
reserve of drinkable water in regions where human
can live (Sharma 2000). The quality of any ground
water is primarily dependent on the elemental
availability in the soil and rock through which it
percolates (WHO 1993). However, burying and
surface dumping of waste on the ground which is the
practice among communities, industries especially
the roadside dumping in Nigeria is increasingly
influencing the ground water quality (Ezeonu, 2003).
Environmental concern with metallic poisoning such
as Pb, Ni, Cd, Hg etc has resulted to decrease in
concentration of these metals in gasoline paint, and
drinking water (USEPA, 1999).

Ground water quality assessment is an important
pollution monitoring tool and has been carried out in
similar significant lakes and other souse of drinkable
water around the world such as lake Balaton,
Hungary (Nguyen et al. 2005), Chad (UNEP 2004),
Oguta (ILEC 2008), Alau (Haiti et al. 2008), among
several others. In most studies, pollution associated
with heavy metals release in to water is a major cause
for concern due to their toxicity. Ground water, soaks
into previous geological formation such as gravel,
sand and limestone which are extracted through dug
wells or borehole (Du-Preez, 1965). It is the best
source of water in terms of quality and contains
excessive qualities of CO2, H2S, CH4, Mn and
hardness (Hileman, B. 1995). Similarly colour in
water results from the presence of natural metabolic

ions and thus its removal makes it suitable for general
and industrial application (Denever, 1990).

In view of the challenges of lack of sufficient potable
water in Gombe state, Nigeria, it is important to carry
out pollution monitoring of the alternative source of
water to the people since such areas are densely
populated with high anthropogenic activities
(Nikoladge et al, 1994; Diamante, 1980; Wong,
1979). Which are observed to be the major source of
pollutants to the boreholes; thus, this work provides
monitoring information concerning usage of
boreholes as an indicator of extent of pollutants
associated with domestic activities in and around the
boreholes in year 2009.

MATERIALS AND METHODS
Study area, sample and sampling
Gombe state is located on latitude 11-72 N and
longitude 13-87 E on the North Eastern part of
Nigeria(Google E.arth,2008;Idakwo and Abu,2004) .
Borehole Water samples were collected form seven
boreholes periodically in an already precleaned
plastic container and labeled appropriately as points
S1,S2,S3,S4,S5,S6&S7 respectively. The samples
were ashed and digested with concentrated HNO3 and
HCl as prescribed by (Skoog and West 1975). The
digested samples were then cooled, filtered and kept
at 4oc for preservation.

SAMPLE ANALYSIS
The analyses were carried out in two stages:
I: The physical parameters such as temperature,

pH, conductivity and total solid were
determined according to standard analytical
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methods described by Radojevic and
Bashkin (2006). All determinations were
conducted on site with potable meters on-
site. The pH meter and electrode was
calibrated with buffer solutions of pH 7 and
4 for pH determinations. Conductivity
measurements were carried out using model
4150 conductivity meter (jenway ltd,
Dunmow, uk). This was calibrated with
standard potassium chloride solution and
results presented in µs/cm1.

2. Determination of Elements.
Flame atomic absorption spectrophotometer
(FAAS) was used to determine the
concentrations of HMs in the prepared
samples. A Shimadzu AA-6800 equipped
with an ASC-6100 auto sampler and air-

acetylene atomization gas mixture system
was used for the analyses. The standard
calibration method was employed according
procedures described by SC and Vogel
(2000); while titrimetry was employed in the
determination of cations and anions
respectively.

All observations of parameters at each sampling
station were made in triplets. Results obtained were
statistically analyzed for significance in variations
between sampling points by analysis of
variance(ANOVA) with Bonferroni post hoc test
using coupled Microsoft excel + Analyze(Analyse-
it,2007).variations were considered significant at
p<0.05.

RESULTS AND DISCUSSION
Table 1: Result of some physical parameter in borehole water samples of Gombe town Gombe State, Nigeria.

Locations Physical parameter

pH Temp.
(oc)

Conductivity
(µs/cm)

Colour(pt/co) Alkality
(mg/l)

Turbidity(Ntu
)

Hardness
(mg/l)

Kasuwa 6.7 30 100 2.5 67 14 186
Tudunwada 7.1 29 120 3.3 11 11 118
Low cost 69 31 110 4.6 39 05 115
General Hospital 7.5 30 130 5.0 100 10 190
Bolari 6.4 29 125 3.2 200 07 200
Malam Inna 7.0 28 140 2.8 180 05 180
G.R.A 6.0 30 141 3.5 200 08 200
WHO standard 6.5-7.5 ≤ 25 300 5.0 30-50 5.0 100-200

Table 2: Elemental Result of some borehole water samples of Gombe town, Gombe, Nigeria.
Location Heavy metals concentration (mg/ml) Ions concentration (mg/ml)

Pb Cu Fe Zn Mn F- NO3- Ca2+ Mg2+ Na+ K+

Kasuwa. 0.09 0.06 0.69 0.11 0.66 0.83 6.3 48 20 36 16
Tudunwada. 0.14 0.06 0.71 0.12 0.45 1.53 5.3 47 9.3 38 14
Low cots. 0.14 0.09 0.72 0.13 0.53 1.63 2.8 60 11.5 78 20
General
Hospital.

0.15 0.10 0.75 0.14 ND 0.98 3.0 52 8.6 41 13

Bolari. 0.17 0.13 0.88 0.16 0.11 1.30 0.5 50 4.5 51 06
Malam Inna. 0.27 0.10 1.05 0.15 0.15 0.55 0.8 62 6.3 47 07
G.R.A. 0.24 0.10 1.10 0.20 0.30 1.20 1.6 53 5.3 30 09
WHO stnd 0.01 2.00 0.30 3.00 0.1-05 0-1.0 50.0 50.0 50.0

ND Means not detected = > 0.001.

DISCUSSION
Analysis of borehole water samples of Gombe town
showed variation in characteristic with respect to
location. The physical parameters examined tends to
give values which were within the recommended
standards as stipulated by the W.H.O.; except
turbidity and alkalinity which showed a higher values
in almost all locations ranging(11-200mg/l) for
alkalinity; and (5-14mg/l) for turbidity as compared
to(30-50mg/l) and (5.0mg/l) standard.

The high concentration of Iron (0.69-1.10mg/l) and
Lead (0.09-0.27mg/l)could be due to the nature of
rocks and soil. The relative proportion of these and

other essential elements define the natural baseline
chemistry (Edmonds 1966). The major ion (Na+,
Mg2+, Ca2+ and Carbonates), constitute over ninety
percent of water and hence are important in water
resource strength. The results showed that sodium
and potassium concentration are generally low.
Sodium concentration value range between 40mg/l -
90mg/l, while for potassium, 1.0 - 10mg/l. Both
sodium and potassium values are below the WHO
standard value of 30 – 35Mg/l and o.6 – 1.0mg/l
respectively. Magnesium concentration values were
below the recommend limit of 60mg/l (WHO 1994)
as the value range between 4.5mg/l and 10.0mg/l.
The concentration of the major ions in both the
sedimentary stress and basement complex show no
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significant difference. Hence, water in Area could be
non-dominant bicarbonate type. This could probably
suggest borehole to tap water in same aquifer as well
as recharge of the fractured aquifer system.

The effect of major ions reflected mainly on plants
growing conditions and physical structured of the soil.
The electrical conductivity varies from 100µs/cm –
140µs/cm. which was below the critical value of
300µs/cm that would cause severe problem on
agricultural production. However, parameter such as
total hardness, iron and manganese can affect
industrial machinery in form of incrustation or scum
formation. Total hardness values range from 118mg/l
– 200mg/l. Total hardness greater than 250mg/l
may not be suitable for some industries such as
confectioneries, carbonated beverages and food
processing industries (Todd, 1980). Since iron and
manganese are slightly higher in borehole water of
Gombe town, over 40 percent of the samples are
likely to pose risk to industries activities due to high
connection of manganese. The possible source of
lead, iron and manganese must have been the
metamorphic rocks, soils and sedimentary in the
study area (Todd 1980). Manganese can be removed
by passing the water through a bed of manganese
green sand, the green sand is made by treating a
natural zeolite (glanconite) with manganous sulphate
(Johnson 1975). High concentration of these metals
in underground water makes the area to be prone to
kidney damage, liver malfunctioning as well as
abnormal contraction of muscle (UN, 2000). Since
most underground water is meteoric in nature, they
are mainly for human and animal consumption
(Gupta, 1997). Thus, excess concentration of salts
such as sodium, manganese and iron can cause bitter
taste and is health hazard to cardiac and kidney
patients. (Kundzeniez and Zbigniew, 2002).
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