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ABSTRACT: Thisstudy consisted of the determination of the trace metals and some physiochemical propertiesin
drinking water samples from the Brong Ahafo region of the Republic of Ghana, where drinking water samples are not
treated before it is consumed. The purpose was to ascertain the quality of water from these sources. Samples were
taken from fifteen sampling points and analyzed for the following parameters Fe, Cu, Mn, Zn, Al, NO,, NO,, 8042'
, POAZ', and F using the procedure outline in the Palintest Photometer Method. The data showed the variation of the
investigated parameters in samples as follows: pH 5.57-7.54, conductivity (EC) 35-1216 ps/cm, turbidity 3.25-72.50
NTU, PO,>10.32-9.30 mg/L, F 0.32-1.05 mg/L, NO, 0.09-0.99 mg/L, NO, 0.006-0.114 mg/L, SO,* 3.33-8.02 mg/L,
Cu 1.19-2.75 mg/L Fe 0.05-0.85mg/L, Zn 0.04-0.15 mg/L, Mn 0.003-0.011 mg/L and Al 0.05-0.15 mg/L. The
concentrations of most of the investigated parameters in the drinking water samples from Brong Ahafo region were
within the permissible limits of the World Health Organization drinking water quality guidelines. There were no
correlations between metal concentrations in the drinking water samples.
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INTRODUCTION

Good drinking water quality isessential for thewel
being of all people. Unfortunately in many countries
around theworld, including Ghana, some drinking water
supplies have become contaminated, which has
impacted on the health and economic status of the
populations (Anonymous, 1992). Contaminants such
asbacteria, viruses, heavy metals, nitratesand salt have
found their way into water supplies as a result of
inadequate treatment and disposal of waste (human
and livestock), industrial discharges, and over-use of
limited water resources (Singh and Mosl ey, 2003).

Even if no sources of anthropogenic contamination
exist thereis potential for natural levels of metalsand
other chemicals to be harmful to human health. This
was highlighted recently in Bangladesh where natural
levels of arsenic in groundwater were found to be
causing harmful effects on the population (e.g.
Anawara, et al., 2002). Unfortunately, this problem
arose because the groundwater was extracted for
drinking without adetailed chemical investigation. The
natural water analyses for physical and chemical
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properties including trace element contents are very
important for public health studies. These studies are
alsoamain part of pollution studiesin theenvironment
(Kot., etal,. 2000 and Soylak. et al., 2002 ). According
to our literature review, there has been no published
report concerning the trace metals and other possible
contaminants in drinking water sources in these
communities.

Inthiswork, concentrations of Fe**,Cu?*, Mn?", Zn?*
and Al* ionsin drinking water samples from water
sourcesin these communitieswere determined. Some
physical and chemical properties of the sampleswere
also determined by using standard anaytical methods.
Correlations between the metal concentrations were
investigated.

MATERIALSAND METHODS
Sample collection

The drinking water samples were collected in
prewashed (with detergent, diluted HNO,and doubly
de-ionized distilled water, respectively) polyethylene
bottles. pH and conductivity of the samples were
measured while collecting the samples. Each water
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samplewastaken four timesat four different sampling
periods approximatey threemonth apart. Sampleswere
collected in February, May, August and November;
2005.The determinations of the major ions, physical
and other chemical properties of the water samples
were performed on the sameday of sampling.

For surface water sampling, the bottles and caps
wererinsed three timeswith water to be sampled during
sampling and for ground water, the samples were
obtained directly from the water pump after allowing
the water to run for at least five minutes and each
sample bottle and its cap rinsed three times. These
samples were subsequently stored at 4 °C for as short
a time as possible before analysis to minimize
physicochemical changes (Anonymous, 1996).
Because very little particulate matter was present in
the sample, filtration was not considered necessary.

Methodology

Analytical water test tablets (photometer grade)
reagentsfor specific test were used for the preparation
of all solutions. Each samplewasanalysisfor Fe, Cu,
Mn, Zn, Al, NO_, NO,, SO/*, PO, and F using
proceduresoutlinein the Palintest Photometer Method
(Palintest Photometer 5000) for theexamination of water
and wastewater.

RESULTS

The average physical and chemical properties of
the drinking water samples including pH, electrical
conductivity, turbidity, phosphate, fluoride, nitrate,
sulphate and nitrite from these sample points were
given in Table 1. The pH values werein the range of
5.47107.54. Minimum pH (5.74) was observed from an

artesian wdl at Bonsu villageand a maximum of (7.54)
was observed from the Yokom stream at Kintampo. The
pH level swerelower than permissiblelimit (6.5-8.5) in
21% villages, the rest werewithin optimum limit. The
recommended permissible limit for electrical
conductivity (EC) is 300 ps'cm. By analyzing theresults
96% villages showed EC lower than permissiblelimit.
Thevaluefor EC ranged from 53 to 253 pus/cm, except
that of the groundwater samples from Kwame Danso
and Atebubu which recorded 873 ps/cm and 1216 pg/
cm respectively. Turbidity is a measure of the
cloudiness of water. It has no health effects. However,
turbidity can interferewith disinfection and providea
medium for microbial growth. Turbidity may indicate
the presence of disease causing organisms. These
organismsinclude bacteria, viruses, and parasitesthat
can cause symptomssuch asnausea, cramps, diarrhea,
and associated headaches (US EPA 2003). All the
samples have turbidity values greater than the WHO
permissible value of 5 NTU except that of the
groundwater samplefrom Jinijini and Drobo villages
which recorded values of 4.47 NTU and 3.25 NTU
respectively. Phosphate (PO,?) ranged from 0.33t09.30
mg/L. Fluoride (F-) varied from 0.32 to 1.03 mg/L.
Minimum (0.32 mg/L) and maximum (1.03 mg/L)
concentration of F was observed from Pruso and Fiaso
villagesrespectively (Table 1). Permissiblelimit for F
concentrationis 1-1.5 mg/L accordingto WHO (2003).
The data revealed that al the villages had lower F
values. Nitrate and nitrite (measured as nitrogen) in
the investigated samples were found to bein arange
of 0.09t0 0.99 mg/L and 0.006 to 0.114 respectively.
The range of sulphate (SO,?) in the samples was
3.33t08.2 mg/L but wasnegligibleat Jnijini throughout

Table 1: The physical and chemical properties of the drinking water samples

Sampling site water oH EC Turb. PO~ F NOs SO~ NO;
type ps'em NTU (mgll) (mg/ll) (mg/ll) (mg/L) (mg/L)
Subin (wenchi) surface 6.78 54 42.07 0.49 0.98 0.99 4.67 0.036
Tain (Tainso) surface 7.15 167 54.05 0.69 0.60 0.60 5.01 0.025
Bia (Biaso) surface 7.46 235 40.39 0.43 0.63 0.44 511 0.027
Fia (Fiaso) surface 6.54 53 30.77 4.79 1.03 0.29 5.67 0.011
Pru (Pruso) surface 6.29 153 59.39 3.36 0.32 0.42 7.67 0.013
Tano (Ntotoroso) surface 7.02 190 65.85 0.56 0.73 0.18 4.67 0.021
Goa (Goaso) surface 7.21 228 51.97 0.37 0.56 0.22 8.02 0.006
Ankwasua (Afrisipa) surface 6.97 182 72.50 0.33 0.33 0.23 533 0.007
Y okom (Kintampo) surface 754 89 24.40 124 0.88 0.11 3.33 0.011
Tano (Tachiman) surface 6.76 58 24.20 0.46 0.47 0.20 6.67 0.006
Bolehole (Drobo) ground 5.47 72 325 201 0.65 0.19 3.67 0.114
Bolehole (Jinijini) ground 5.81 60 447 2.38 0.66 0.24 - 0.007
Bolehol e(Atebubu) ground 6.93 1216 25.40 127 0.58 0.28 5.67 0.018
Bolehole (K. Danso) ground 7.01 873 23.33 8.71 0.95 0.31 6.11 0.015
Artesian well (Bonsu) ground 5.64 74 37.07 9.30 0.62 0.09 8.01 0.013

The names of communities at which samples were corrected are put in brackets in the table of results
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the sampling periods. Nitrate, nitrite and sulphate
concentrations were all below the WHO permissible
limits. The concentrations of the major ionswerebelow
the permissible limits given by the WHO.

The concentrations of trace metals (Cu, Fe, Zn, Al
and Mn) ions in the drinking water samples are
presented in Table 2. Thelowest and thehighest levels
of trace metals detected ranged between 0.003 mg/L
for manganese in the sample from Atebubu and 2.75
mg/L for copper from the Subin stream at Wenchi
villages. The highest level of total trace metalsions
were found in the water sample from Subin. Average
copper concentrations in the drinking water samples
wereintherangeof 1.19t02.75mg/L. Thelevelsin all
thestationswere abovethelimit of 1.0 mg/L permitted
by WHO in drinking water. Thisindicatesthat thelocal
mineral depost in the catchment areastudied may have
high levels of copper. Copper isan essential nutrient,
but at high doses it has been shown to cause stomach
and intestinal distress, liver and kidney damage, and
anemia (US EPA, 2003). The highest iron level was
found in the sample from Subin as0.85 mg/L and the
lowest in Pru as 0.05 mg/L, amost all the samples
contain higher amount of iron except in Pruwhereit was
below the acceptance limit of iron which is 0.1 mg/L
permitted by the WHO. Thelevd sof zincin thesamples
wereintherangeof 0.04 mg/L to0.15mg/L (minimumin
Bia stream and maximum in the groundwater sample
from Brobo). None of the drinking water samples
analyzed for zinc exceeded thelimit permitted by WHO.
Average manganese levels were found to be in the
rangeof 0.003 mg/L t00.011 mg/L. Manganese content
inall thewater sampl eswere bd ow the WHO permitted

[imit which is0.05mg/L. Aluminum concentrationin
the drinking water samples were in the range from a
minimum of 0.05 mg/L from Goa stream at Goasotoa
maximum of 0.15 mg/L from theriver Tanoat Ntotoroso.
Aluminum was considerabl ebelow thelimit of 0.5 mg/L
permitted by WHO in drinking water.

A linear regression correlation test was performed
to investigate correlations between metal
concentrations. The whole data were subjected to
statistical analysis and correlation matrices were
produced to examine the interrel ationships between
the investigated metal concentrations. Correlations
between metal concentrationsin water samples have
been widely studied by anumber of authors(Mohmood,
etal, 1998 and Asubigjo, et al, 1997). Thecorrelations
between Cu-Zn, Cu-Fe, Cu-Mn, Cu-Al, Zn-Al, and Al-
Znwerefound as-0.937, -0.797, -0.846, -0.963, -0.963
and -0.937 respectively. According to the data given
by literature (Miller and Miller 1998, and Soylak, et al,
2002 b), these correl ationswere not significant.

DISCUSSION AND COLCLUSION

In conclusion, the concentrations of the
investigated major ions and trace metal ions in the
drinking water samplesfrom thesecommunitiesinthe
Brong Ahafo region, Ghana were found below the
guidelines for drinking waters given by the World
Health Organization (WHO). Further research on other
communitiesin thisregion for drinking water analyses
isrequired aslevels of contaminants may vary dueto
different soil types, water chemistry and different
human activities. No correlationswere found between
metal concentrationsin the drinking water samples.

Table 2: The concentration of trace metals ion in the drinking water samples

Sampling site Water type Cu (mg/L) Zn (mg/L) Mn (mg/L) Fe(mg/L) Al (mg/L)
Subin (Wenchi) surface 275 0.06 0.003 0.85 0.06
Tain (Tainso) surface 247 0.08 0.008 0.45 0.09
Bia (Biaso) surface 184 0.04 0.004 0.12 0.11
Fia (Fiaso) surface 119 0.09 0.011 0.45 0.13
Pru (Pruso) surface 1.26 0.12 0.007 0.05 0.14
Tano (Ntotoroso) surface 2.03 0.08 0.004 0.20 0.15
Goa (Goaso) surface 1.63 0.05 0.008 0.15 0.05
Ankwasua (Afrisipa) surface 1.86 0.06 0.005 0.12 0.10
Y okom (Kintampo) surface 1.87 0.05 0.009 0.15 0.09
Tano (Tachiman) surface 1.36 0.06 0.004 0.45 0.12
Bolehole (Drobo) ground 2.56 0.15 0.008 0.14 0.13
Bolehole (Jinijini) ground 1.39 0.07 0.021 0.45 0.13
Bolehole(Atebubu) ground 177 0.11 0.003 0.21 0.14
Bolehole (K. Danso) ground 1.35 0.10 0.004 0.20 0.09
Artesian well (Bonsu) ground 154 0.06 0.006 0.11 0.07
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