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This article reports on the level of toxic trace metals (Cd, Pb, Mn, Zn, Cu and Ni) in surface water and
sediment along the Blaauwbankspruit in the West Rand District of South Africa. This spruit serves as
receiving channel of wastewaters from sewage treatment plant and a gold mine. Some physical and
chemical influences of released wastewater on the quality of the surface water, which is utilized for
agricultural purposes was studied. Total trace metals in water and sediment samples were digested
using mineral acid and then analyzed by Inductively Coupled Plasma-Atomic Emission Spectrometry.
The mean concentrations of analyzed trace metals in water samples ranged from trace — 0.05, trace —
0.11, 4.35 — 942.2, 0.10 — 0.41, 0.08 — 0.88 and 0.15 — 0.42 mg/l for Cd, Pb, Mn, Zn, Ni and Cu,
respectively. The mean levels of trace metals in sediment samples also ranged between trace — 0.12,
trace — 0.38, 12.3 — 2957.2, 0.13 — 2.57, 0.39 — 1.96 and 0.18 — 2.84 pg/g, respectively, in the above
metallic order. Higher metallic load in sediments, compared to those in water samples were obtained.
Safety limits, specified by the Department of Water Affairs and Forestry for the use of water for
domestic and irrigational purposes were exceeded in many samples. This further highlights the serious
concern regarding the use of contaminated surface water. In addition, higher values of determinants
obtained from sampling points close to the wastewater treatment plant and the mine exit channels
strongly revealed their influence on the general quality of the stream. Detection of metals such as
cadmium and lead above acceptable limits has dire consequences across the food chain.
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INTRODUCTION

The importance of ground and surface waters in the lives
of many rural dwellers in developing countries, including
South Africa, cannot be overemphasized. Therefore, it is
imperative that the quality of such water systems be
evaluated and monitored regularly. Although the
influence of natural factors such as the weathering of
rocks, erosional processes and variable precipitation on
the quality of the stream cannot be ruled out, influence
from anthropogenic factors are by far the most predo-
minant (Jarvie et al., 1998). Anthropogenic factors such
as run-offs from agricultural activities, discharges from
domestic and industrial waste treatment plants, contami-

*Corresponding author. E-mail: Awofoor@unisa.ac.za. Tel: +27-
12°-3524059. Fax: +27-123534270.

nation from improperly managed landfill sites, illegal dum-
ping of waste on land and into the water systems are
among the major sources of concern of human factors on
the quality of ground and surface waters.

Issues of water safety, conservation and protection are
of priority to the national government, but more
particularly to the Gauteng Provincial Government due to
the geographical location of this province in South Africa.
Agricultural practices at subsistence and commercial
level abound in the province and in order to minimize and
conserve the use of potable water, treated wastewater
from sewage treatment plants are being utilized for
several activities such as irrigation of farmlands and
private lawns and to provide water for livestock. The
chemical status of the “treated” wastewater would have
an influence on the receiving land. For instance, if the
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water is contaminated, it might possibly contaminate the
produce cultivated on such land. An earlier study has
revealed the influence of surface water on the metallic
load of agricultural soil and its produce (Awofolu et al.,
2005).

Several toxic metals such as lead (Pb), cadmium (Cd),
nickel (Ni) and arsenic (As) which are important to
environmental and human health, have been detected in
aquatic media. These toxic metals are continually
monitored due to their health implications since they are
non-essential metals and are of no benefit to humans
(Borgmann, 1983). The presence of these metals in the
aquatic ecosystem has far-reaching implications directly
to the biota and indirectly to man. Cd is of environmental
and human health concern due to its carcinogenic and
endocrine disrupting effects in humans (Goering et al.,
1994). It accumulates mainly in the kidney and liver and
high concentrations have been found to lead to chronic
kidneys dysfunction. It induces cell injury and death by
interfering with calcium (Ca) regulation in biological
systems. It has been found to be toxic to fish and other
aquatic organisms (Woodworth and Pascoe, 1982).

Apart from the health implication, the metal (Cd),
together with other elements such as zinc (Zn), form a
toxic “soup” that often acts synergistically. Sources of Cd
include wastes from Cd-based batteries, incinerators and
runoff from agricultural soils where phosphate fertilizers
are used, since Cd is a common impurity in phosphate
fertilizers (Stoeppler, 1991). Pb, another toxic metal, has
been found to be responsible for quite a number of
ailments in humans such as chronic neurological dis-
orders found especially in foetuses and children. Sources
in aquatic systems include used dry-cell batteries,
sewage effluent, runoff of wastes and atmospheric
deposition.

Although, Zn has been found to have low toxicity to
man, prolonged consumption of large doses can result in
health complications such as fatigue, dizziness, and
neutropenia (Hess and Schmid, 2002). Copper (Cu) is
classified as essential to life due to its involvement in
certain physiological processes. Elevated levels of Cu,
however, have been found to be toxic (Spear, 1981).
Nickel is a naturally occurring element found in a number
of mineral ores including Ni sulphides, oxides and
silicates. It is present in the enzyme urease and as such
is considered to be essential to plants and some
domestic animals. It has not yet been demonstrated that
Ni is essential to man (Teo and Chen, 2001). However,
Ni-related health effects such as renal, cardiovascular,
reproductive, and immunological effects have been
reported in animals. Toxicity of Ni to rainbow trout have
also been reported (Pane et al., 2003).

While water is a medium commonly used to assess the
level of several aquatic pollutants including trace metals,
sediment can also provide a deeper insight into the long-
term state of pollution of the water-body. Sediment has
been described as a ready “sink” or reservoir of pollutants

including trace metals where they concentrate according
to the level of pollution (Onyari et al., 2003). The need to
evaluate the quality and assess possible influence of
“treated” wastewater being released from the Percy
Stewart Water Care Works in Sterkfontein into the
environment has become imperative in view of the health
implications that cut across the food strata. The quality of
sediment from the water channels in terms of its metallic
load would also be assessed.

The research work on which this article is based
reports the level of trace metals of toxicological potential
(Cd, Pb, Ni, Zn and Cu) in water samples along the
Blaauwbankspruit. This spruit serves as discharge
channel for the Percy Stewart Water Care Works in the
West Rand District of South Africa. The possible
influence of discharged wastewater from this treatment
plant on the quality of the surface water was evaluated. In
addition, the metallic load of the sediment and some
physico-chemical parameters of the water were also
assessed.

MATERIALS AND METHODS

Study area

Area of study was the Blaauwbank spruit. The spruit (stream) forms
part of the Limpopo Catchment Area, as demarcated by the
Department of Water Affairs and Forestry (DWAF) as one of the 19
catchment areas of South Africa. It turns eastwards and flows into
the Crocodile River. In addition, as a tributary of the Crocodile
River, the spruit has significant impact on the quality of water of the
Hartbeespoort Dam which is regularly plagued with blooming algae
resulting in pressing environmental concern. This study area is of
significance because of the likelihood that if water from this stream
is polluted, it can negatively affect the water sources of the World
heritage. Several users such as livestock and agricultural produce
farmers, private property owners for irrigation of lawns and possible
utilisation by informal settlers within the area depend on water from
this stream. The most plausible impact on this stream are the
“treated” effluents from the Percy Stewart waste treatment plant and
the mine discharge. Samples were collected from four points: S1 =
downstream (Percy Stewart Sewage treatment plant) (S 26° 02m’
24.1s; E 27° 43m’ 15.8s); S2 = Mid-stream (S 26° 00m’ 32.4s; E 27°
44m’ 02.0s); S3 = Upstream (confluence of Blaauwbankspruit with
the Crocodile river) (S 25°58m’ 53.5s; E 27° 47m/ 17.1s) and S4 =
mine discharge (S 26° 06m’ 27.4s; E 27° 43m’ 20.5s).

Samples and sampling treatment

The various sampling sites are as shown in Figure 1. Water and
sediment samples were collected from four different sampling
points into 1-1 Nalgene plastic containers which were thoroughly
washed with detergent, rinsed with water and then with distilled
water before soaking in 5% HNOj; for about 24 h. Containers were
finally rinsed with double distilled water before use. Water samples
were kept cooled en route to the laboratory and stored at 4°C while
sediment samples were kept frozen at -18°C until analyzed.
Treatment and analysis of samples usually took place within 24 h of
collection. Sediment samples were allowed to defrost; air-dried in a
circulating oven at 30°C and thereafter sieved mechanically using a
2 mm sieve. All determinations were based on the fine sediment
particles obtained, since metals are known to adhere to these fine
particles.
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Figure 1. Map of South Africa (top) and the Gauteng province showing areas of sample collection.

Physical parameters

The pH and temperature of the water samples were determined
directly on site with the pH meter 330 supplied by Merck NT
Laboratory (Pty) Limited. The samples were preserved with 5 ml of
concentrated HNOs. Electrical conductivity (E.C) of the water sam-
ples was also determined on site using the Hanna Inc. conductivity
meter.

Limits of detection and quality assurance

Limits of detection of the analyzed metals were determined as
thrice the standard deviation (30) of their lowest detectable concen-
trations from the mean of six replicate analyses. Good linearity was
obtained from the calibration curves prepared from 1,000 mg/l of
each metal standard from BDH laboratory, England. The open-
beaker digestion method (OBD) as applied and described in Awofo-
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Table 1. Detection limits (mg/l) and *mean % recoveries (£SD) of trace metal standards added to

double-distilled water and pre-digested sediment.

Recoveries
Metal Detection limits | Spiked conc. Water Sediment
Cd 0.002 0.05 95.7 £ 0.002 91.2+0.004
Pb 0.004 0.05 92.3+£0.002 82.71£0.005
Mn 0.004 5.0 90.5+0.004 90.3+0.001
Zn 0.005 5.0 87.8+0.001 84.0+0.002
Cu 0.003 5.0 95.5+0.003 86.5+0.003
Ni 0.005 5.0 96.4+0.005 85.6+0.003
*Values are mean of triplicate analyses.
Table 2. Some physico-chemical parameters determined in water samples.
Sampling Parameters
sites Dates pH E.C (uS cm™) Temp (°C) Appearance
S 25/10/06 6.5 7300 24 Partly cloudy
S2 ’ 7.6 6200 22 Slightly cloudy
S3 " 6.8 7420 20 Cloudy
S1 6/11/2006 7.4 6200 23 Slightly cloudy
S2 " 6.6 6310 20 Slightly cloudy
S3 " 9.4 820 20 Cloudy
S 20/11/2006 7.7 6000 25 Cloudy
S2 ’ 7.6 6130 23 Slightly cloudy
S3 " 7.8 6020 20 Clear
S4 ’ 9.7 5010 18 Deep brown
S1 04/12/2006 7.6 830 22 Partly cloudy
S2 " 7.3 900 20 Slightly cloudy
S3 " 6.8 700 24 Clear
S4 ' 10.9 7500 23 Deep brown

lu et al. (2005) was used in the digestion of water samples. The
spiking method of double-distilled water at fortification levels of 0.05
mg/l Cd and Pb, 5.0 mg/l of Mn, Zn, Cu, and Ni was applied.
Triplicate analyses of each metal together with a blank were carried
carried out. For sediment samples, the quality assurance protocol
was done following the procedure described by Shriadah (1999)
and previously applied by Awofolu et al. (2005). This method has
been widely applied in environmental investigations because it
removes metal fractions associated with carbonates, sulphides,
soluble salts, organic matter held and Fe-Mn oxide phase (Agemian
and Chau, 1976). Triplicate digestion of each sample together with
the blank was carried out.

Analysis of samples

The open-beaker digestion (OBD) protocols were used for the
chemical analysis of water and sediment samples since the quality
assurance of both protocols gave acceptable recoveries and

reproducibility. Three replicate digestions were carried out for each
sample.

RESULTS

Results of the limits of detection of the analyzed metals

and the percentage recoveries of the spiked double-
distiled water and pre-digested sediment with metal
standards are presented in Table 1. The detection limits
are 0.002, 0.004, 0.004, 0.005, 0.00.3 and 0.005 mg/I for
Cd, Pb, Mn, Zn, Cu and Ni, respectively. Percentage
recoveries from the spiked double-distilled water ranged
from 87.8 £ 0.001 to 96.4 = 0.005 mg/l while those of the
pre-digested sediment varied between 82.7 + 0.005 and
91.2 + 0.004 pg/g. Results of some physico-chemical
parameters determined in water samples were as pre-
sented in Table 2. The pH, electrical conductivity, (E.C)
and the temperature of sampled water from the spruit,
across the four periods of collection ranged from 6.53 -
10.88; 820 - 7500 uS/cm and 18 - 25°C respectively.

Trace metals in water and sediment

Figures 2 - 5 present the level of trace metals obtained in
the Blaauwbank spruit water and sediment samples at
various sampling periods. The mean concentrations of
Cd in water ranged from trace - 0.05 mg/I while those in



10000

Sampling sites

[-0--Cd —F-Pb —A-Mn —x-Zn —%--Cu --0--Ni

1000 - B N
s Y
G -7 AN AN
3 100 & e S A
- .
.g PAY \\\ ///
s 10 a”
E)
E
o e PYEases o —0—|
S ST iew T 828 U -Sgw._ . SR
o STTLTX U=t RN L
0.1 el &
)‘.
g o
0.01

Figure 2. Concentration (mg/f) of trace metals in surface
water and sediment (ug/g) samples collected during the
first period (25/10/06) of sampling. S = sampling point, w

= water sample, s = sediment sample.
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Figure 3. Concentration (mg/f) of trace metals in surface
water and sediment (ug/g) samples collected during the
second period (06/11/06) of sampling. S = sampling point, w =

water sample, s = sediment sample.
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Figure 4. Concentration (mg/f) of trace metals in surface
water and sediment (ug/g) samples collected during the third
period (20/11/06) of sampling. S = sampling point, w = water

sample, s = sediment sample.
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Figure 5. Concentration (mg/f) of trace metals in surface
water and sediment (ug/g) samples collected during the fourth
period (05/12/06) of sampling. S = sampling point, w = water
sample, s = sediment sample

sediment varied between trace to 0.12 ug/g. The metal
was not detected in over 60 % of all samples (water and
sediment) across the periods of sample collection.
However, more detection was recorded in sediment
samples than in water across the four sites. Lowest Cd
concentration of 0.03 = 0.01 mg/l (S1) was obtained in
water with the highest value of 0.12 + 0.001 ug/g (S1) in
sediment (Figure 2). Concentration of Pb obtained in
water samples varied between trace - 0.13 + 0.03 mg/|
while that in sediment ranged from trace - 0.71 £ 0.03
1g/g. The lowest value of 0.02 £ 0.001 mg/l of Pb in water
at S1 (Figure 1) was obtained while the highest values of
0.71 + 0.03 ug/g also at S1 in sediment was recorded
(Figure 4). Zn concentration ranged from 0.10 = 0.002 to
0.41+ 0.001 mg/l and 0.13 + 0.01 to 2.57 + 0.03 ug/g for
water and sediment samples respectively. In Figure 3,
0.06 £+ 0.003 mg/l was obtained as the lowest Zn value in
water (S3) while the highest value of 2.57 £ 0.03 ug/g
was obtained in sediment (Figure 5).

The concentration of Mn obtained across the period of
sampling varied from 4.35 + 0.004 as the lowest value at
S2 (Figure 3) - 942.2 + 7.26 mg/l and 12.3 + 0.14 -
2957.2 + 18.4 ug/g as the highest recorded value at S1
(Figure 5) for water and sediment samples respectively.
This metal was detected in all analyzed samples, which
indicated its prevalence in the aquatic medium. The level
of copper in water and sediment samples were from 0.15
+ 0.003 - 0.42 + 0.001 mg/l and 0.18 = 0.001 - 2.84 +
0.03 ug/g, respectively. This metal was also detected in
all analyzed samples with the highest value of 2.84 +
0.03 ng/g obtained from S2 (Figure 3). Ni concentration in
sampled water ranged from 0.08 = 0.004 - 0.88 + 0.002
mg/l while those in sediment samples varied between
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0.39 £ 0.001 - 1.96 £ 0.04 pg/g with the latter as the high-
est value from site S2 (Figure 3).

DISCUSSION

Good instrumental detection limits of analyzed metals
were obtained and recoveries of the spiked concentra-
tions of metals from double distilled water and pre-
digested sediment sample were appreciable. This was an
indication of the applicability of the method used in the
analyses of water and sediment samples. The hydrogen
ion level of water, as measured by the pH was slightly
above the Target Water Quality Range (TWQR) of 6 to 9
for pH in water intended for domestic use (DWAF,
1996a). The range obtained was also higher than the
recommended range of 6.5 to 8.5 by the United States
Environmental Protection Agency (USEPA, 1986).

Water acidity is known to influence the solubility,
availability and toxicity of metals in the aquatic ecosys-
tems. Electrical conductivity (E.C) gives a measure of
water conductivity as well as an indication of the level of
inorganic constituents in water. Typical conductivity
values recommended for drinking water ranged from 50
to 1500 uS/cm™ (Radojevic and Bashkin, 1999). Most of
the water samples exceeded this range, which indicated
the presence of high concentration of inorganic sub-
stances in the samples. Exceptions to this were samples
from site S3. There was no particular pattern in E.C
values of water samples from sites S1 — S4 across the
period of sample collection. However, the lower E.C
value obtained at S2 relative to S1 during the first period
of sampling (25" of October 2006) could possibly be
attributed to dilution factor of the concentration of ionic
constituents in stream water from the higher value
obtained at S1. In addition, the higher E.C value obtained
at S3, compared to both S1 and S2 during this period
might be due to input from other anthropogenic sources
such as runoff from agricultural farms along the spruit. It
was also observed that conductivity values obtained
during the fourth period of sampling (4™ of December,
2006) were lower compared to the earlier three periods
with the exception of water sample from the mine outlet
at S4. This could be due to reduced influence from
anthropogenic sources and non discharge of effluent
from the waste treatment plant during this period. The
values for water temperature obtained were within the
Council of European Community (CEC, 1988) recom-
mendation of 25°C for water intended for drinking
purposes.

Temperature is known to influence water chemistry and
the toxicity of metals. Generally, the colour of water sam-
ples appeared cloudy during sampling with the exception
of samples from the mine outlet, which were deep brown.
Water samples were collected around mid-morning with
relatively high flow rate, which might explain the cloudy
nature of the water.

The concentration of Cd obtained in water samples
from this study were higher than the tentative South
African Target Water Quality Range (TQWR) guideline of
0-0.005 mg/l in river water for domestic use (DWAF,
1996a). The values were also higher than 0.005 mg/l as
the maximum contaminant level (MCL) specified by
USEPA (1986) and that of the South African TWQR of 0 -
0.01 mg/l recommended for irrigation and livestock water-
ing (DWAF, 1996¢). This showed that water from the
stream is unsuitable for these activities with regard to the
value obtained in this study. If water from this stream
were to be used for irrigation and watering, it could have
detrimental health effects on the users. For example,
bioaccumulation of Cd could occur in livestock that drink
this water and in ruminates that feed on grasses irrigated
with the water. However, the level of the metal was below
the instrumental detection limit in some water and
sediment samples, for example at S2 and S3 (Figure 3).

Higher levels of Cd (0.01 - 0.26 mg/l) in South African
water systems had been previously reported (Fatoki et
al., 2002). The higher level of Cd obtained in some
sediment samples (S1: 0.12 pg/g) relative to that in water
samples (S1: 0.03 mg/l) in Figure 2 might be due to the
fact that metals are generally known to bind to organic
matter in accumulated sediment under aquatic ecosys-
tems. Contribution from other sources such as
agricultural runoff where fertilizers are used cannot be
ruled out. Apart from natural sources, other probable
sources of this metal in surface water include leaching
from Ni-Cd based batteries (Hutton et al., 1987), runoff
from agricultural soils where phosphate fertilizers are
used (Stoeppler, 1991), and other metal wastes.

Pb was detected in both water and sediment samples
across the sites with trace levels in some instances
(Figures 2, 3 and 5). Higher levels of Pb in sediment
samples relative to those in water were obtained at S1
and S2 (Figures 2 and 4 respectively) while the opposite
occur at S2 in Figure 5. The sediment, which is usually
referred to as “sink” for pollutants including trace metals
could be an influential factor on the level of Pb in water.
In addition, site S1 is the up-stream sampling point of the
study area, which is close to the sewage treatment plant.
Both water and sediment samples from this site contain
higher levels of analyzed constituents relative to the mid-
and down-stream portion of sampling sites in many
instances. Similar higher value was obtained from the
mine discharged outlet (S4) to the stream. Higher value
of contaminants from these two outlets was an indication
of possible influence on the quality of the stream.

The TWQR for Pb in river water for domestic use is 0 to
0.01 mg/l (DWAF, 1996a). The range obtained in this
study exceeded this limit, thus making the water
unsuitable for domestic use. The presence of informal
settlements along the water channel raised the possibility
of the use of the stream for drinking purposes. Chronic
exposure to Pb has been linked to growth retardation in
children (Schwartz et al., 1986). Pb toxicity studies con-



ducted on female mice revealed mostly miscarriages,
premature delivery and infant mortality (Taupeau et al.,
2001).

Levels of Pb > 0.1 mg/l have been reported to be
detrimental to foetuses and children, with possible
development of neurological problems. TWQR of 0 to 0.2
mg/l and 0.1 mg/l (DWAF, 1996¢) has been set for Pb in
river water for use in irrigation and livestock watering
respectively. Levels of Pb in water samples obtained in
this study were lower than these ranges, with the
exception of values of 0.11 — 0.13 mg/I (Figures 4 and 5)
which makes the water unsuitable for livestock watering
purposes. The possibility that the level of this metal in
water samples could become higher than the limit is most
probable due to various dynamic influences and
interactions of water chemistry and the sediment core.
For example, lower water pH can influence metal bio-
availability from sediment since higher value of 0.71 +
0.03 pg/g was recorded in sediment at S1 (Figure 4). The
stream water was not noticeably used for recreational
purposes because of its aesthetic state. In Figure 3, Cd
and Pb were below the detection limits in analyzed water
samples while they were all recorded in sediment
samples with the exception of Cd at S3. Mn was detected
in all samples across the sites how-ever; higher values
were generally obtained in sediment compared to water
samples. Similar trend was also observed in Zn, Cu
(except at S3) and Ni. The relatively higher values of
trace metals such as Mn, Zn and Cu obtained at S1
(Figures 3 and 5) could be as a result of the influence of
the effluent released from the waste treatment plant. The
analyzed metals are more likely to be higher within this
circumference while the value reduces with increasing
distance from this source due to dilution. Exceptions to
this trend were values obtained from Ni which increased
at S2 with marginal reduction at S3. The higher Ni values
obtained at S2 and S3 might be due to contributions from
other sources such wastes from nickel based batteries.

Zn was detected in all the analyzed samples however;
the levels were lower than 3.0 mg/l as the TWQR for Zn
in water for domestic use (DWAF, 1996a). Hence no
detrimental effects from domestic water usage could be
expected if used for domestic purposes. The TWQR
levels of Zn in water for a safe aquatic ecosystem
(DWAF, 1996b), irrigation and livestock watering (DWAF,
1996¢) are 0.002 mg/l, 0 - 1.0 mg/l and 0 - 20 mg/l
respectively. The water is unfit for the sustenance of
aquatic ecosystem and irrigation purposes but could still
be utilized for livestock watering, since the range
obtained for the latter was much lower than the TWQR
value. The levels of Zn obtained in sediment samples
were generally higher than those in water across the sites
(S1 — S8) with the exception of S3 (Figure 5).

The South African guideline for Cu in domestic water
supply is 0 - 1.0 mg/l (DWAF, 1996a). The range
obtained was lower than the set value, hence adverse
effects from domestic use are not expected as far as this
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parameter and the results obtained are concerned. At
neutral or alkaline pH, typical concentration of Cu in
surface water is 0.003 mg/l (DWAF, 1996a). The TWQR
levels of Cu for irrigation and livestock watering are 0 to
0.2 and 0 - 5.0 mg/l respectively with adverse chronic
effects expected at 1 - 10 mg/l, depending on the
livestock (DWAF, 1996c¢). The water is unsuitable for the
maintenance of the aquatic ecosystem as well as and for
irrigational purposes. However, Cu is not expected to
cause any problem if the water is utilized for livestock
watering.

Attention has been focused lately on the toxicity of Ni in
low concentrations. For instance, it has been shown that
Ni can cause allergic reactions and that certain Ni
compounds may be carcinogenic (McKenzie and Smythe,
1998). Typical concentrations of Ni in unpolluted surface
water are given as 5.0 x 10 mg/l (DWAF, 1996d) and
0.015 to 0.020 mg/I (Salnikow and Denkhaus, 2002). The
range obtained in this study was much higher than the
above limits, indicating that the water is contaminated
with this metal. All Ni compounds except for metallic Ni
have been classified as carcinogenic to humans (IARC,
1990). Possible sources of Ni in surface water include
anthropogenic sources, combustion of fossil fuels
(Merian, 1991), old battery wastes, components of
automobiles, old coins, and many other items containing
stainless steel and other Ni alloys.

Among the known health-related effects of Ni are skin
allergies, lung fibrosis, variable degrees of kidney and
cardiovascular system poisoning and the stimulation of
neoplastic transformation. With regards to Mn, the World
Health Organization (WHO, 1996) recommended 0.5 mg/I
as the provisional health-based guideline in water for
domestic use while a limit of 0.05 mg/l was specified by
USEPA (1986). The level obtained in this study for both
water and sediment samples were much higher than
these limits, hence the water is highly unsuitable to be
used for domestic purposes. Although Mn is considered
to be an essential element, an excess amount in the body
can cause damage to the brain, liver, kidney and to a
developing fetus (ATSDR, 2000).

Results obtained from the determination of trace metals
in water and sediment samples were subjected to the
Pearson Moment Correlation Coefficient. This was to
check possible relationship between the analyzed metals
in both samples. From Figure 5, good correlations (r =
0.97 and r = 0.98) were obtained between Mn and Pb as
well as Zn and Cu respectively in water samples. Also in
sediment, good correlation (r = 0.99) was recorded
between Cd and Cu while Pb and Ni was poorly
correlated (r = 0.82), also from Figure 5. The various
correlations obtained between analyzed metals in both
water and sediment samples showed common sources of
the metals. Generally, all the analyzed metals were
detected in water and sediment samples. The influence
of released wastewater from the water treatment plant
and the mine was observed.
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Conclusion

The importance of regular assessment of the level of
pollution and monitoring the influence of discharged
wastewater on the receiving aquatic systems cannot be
overemphasized. This becomes more important if the
water body is used for domestic, agricultural and
recreational purposes. Some evaluated physico-chemical
parameters, notably pH and E.C as well as some metals
such as Pb and Cd were above recommended limits. The
detection of toxic metals such as Cd and Pb above safety
limits for water intended for irrigational purposes gave
cause for concern because ruminants that feed on
grasses irrigated with this water might be at risk of
bioaccumulation. This risk could be passed up the food
chain. The influence of the discharged wastewaters on
the stream was evident from the higher values of para-
meters obtained from the STP and the mine sampling
points. However, the possibility of other anthropogenic
sources cannot be ruled out. The efficiency and
effectiveness of the waste treatment operations should
be regularly evaluated. In addition, regular monitoring of
the quality of receiving surface water should be done in
order to ensure sustainable influence on the stream.
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