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Abstract

This work assessed the presence of heavy metals in water contaminated with petroleum products in Keffi
Local Government Area. Two water sampling station were selected based on the stratified method of
sampling of Antau River. Station A is located along Federal Government College Keffi popularly known
as Antau Bridge where Agricultural and mechanical activities, with sales of petroleum product take place.
Station B was located at Dadin Kowa known as Gada manu where human activities such as bathing and
washing takes place which served as control. The distance between stations is 1km. The procedural plan of
this study was monthly sampling of water from both Stations. Materials such as funnel, sampling container,
distilled water, conical flask, filter paper, 50ml polypropylene centrifuge tube, cooler were used. Heavy
metal concentration were determined using X — ray Fluorescent Spectroscopy (XRF) at the Center for
Energy Research and Training (CERT), Ahmadu Bello University Zaria. The water parameters of the four
samples were determined using the Extech instrument. The result on Physico — chemical parameters
revealed the values obtained from contaminated water samples to be pH (7.31), Dissolved Oxygen (1.14),
Electrical Conductivity (8.22), Total Dissolved Solid (4.13), Temperature (27.45) and Salinity (0.091)
while the controlled Station at point B were pH (7.43), DO (7.35), EC (3.14), TDS (1.54), Temperature
(26.75), Salinity (0.094) respectively. From the result obtained, the heavy metal contaminated samples had
the following values: Mg (29.31%), Al (218.69+), Si (230.12+), S (1153.65%), Cl (54.25+), Ca (106.56%),
Ti (23.66%), Cr (3.15%), Fe (15.92+), Cd (7.54). For the control sample at point B, the following values
were obtained: Mg (27.49%), Al (223.71+), Si (243.21+), S (94.84%), Cl (23.52+), Ca (28.44+), Ti (32.991),
Fe (16.63%), Cd (7.67+) respectively. The P-value was 0.8105 (p>0.05) for the water quality parameters
while for the concentration of heavy metal P-value was 0.2054 (p>0.05). This implies that there was no
significant difference between the concentrations of elements. However, the concentration values of heavy
metals in the contaminated water at Station A and control water samples at Station B were higher than the
World Health Organization values (Standard) for drinking water
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Introduction

The term heavy metal has been called a
“misinterpretation’” in an IUPAC technical
report due to the contradictory definition and
its lack of a coherent scientific basis.
Concentration of these metals in soil is an
indicator of environmental pollution (Hajara et
al., 2010). The heavy metals can react with
various contents of aquatic environment and
can associate with various geochemical phases
in the sediments Morillo, et al. (2004).

Among aquatic biota, freshwater
mussels are desirable organisms for bio
monitoring purposes (Viarengo et al 2007)
since these organisms are in direct contact with
polluted parts of water and sediments of their
habitats can accumulate high levels of heavy
metals in soft parts of their bodies (Farris &
Van Hassel, (2007). Freshwater mussels are
sensitive indicators of chemical pollution due
to their filtration activity (Atkinson, & Vaughn,
2015. Chowdhury et al., (2016). In freshwater
mussel, mantle and gills have respiratory and
feeding functions (Bril. 2014) and significant
potential for accumulation of heavy metals and
other pollutants (Chakraborty, 2010 and
Kolarevic et al.,2016).

In recent years, there has been an
increasing ecological and global public health
concern  associated with  environmental
contamination by these metals. The impact of
pollution in the vicinity of overcrowded cities
and from industrial effluents and automobiles
has reached a disturbing magnitude and is
arousing public awareness (Begum et al.,
2009). Excessive levels of pollution are
causing a lot of damage to human and animal
health, plants including tropical rain forests as
well as the wider environment (Khan and
Ghouri, 2011).

The accumulation of heavy metals in
our environment has intensified in recent years
due to population growth, industrialization and
new technological developments. This
phenomenon is of great concern because heavy
metals constitute considerable hazards to
human health due to their toxicities,
accumulative tendencies and persistence in the
environment (Ayenimo et al., 2005).
Occurrence of potential toxicants in the aquatic

ecosystem causes a reduction in the quality of
the aquatic environment that results in impaired
level of dissolved oxygen (DO), pH,
temperature, biological oxygen demand, and
chemical oxygen demand (Roberts et al.,
2001). Organisms in aquatic environments are
usually exposed to a complex mixture of
chemicals causing multiple damages at the
organisms, population and ecosystem level, in
organ function (Ginebreda et al., 2014).
Different compounds in polluted water
are reported to damage the genetic material of
exposed organisms and therefore cause
genotoxic effects. The toxicity of these
elements is due to their ability to cause,
oxidative damage to living tissues (Bakar et al.,
2007). The degeneration and malformation
(morphological alterations) of the cells reflect
one aspect of the cytotoxic impacts after
exposure to pollutants and serve as an index of
cytotoxicity (Harabawy et al., 2014). Metals
were of particular concern due to their toxicity.

Materials and Method
Study Area

This study was carried out at Antau
River located in Keffi Metropolis, the
headquarters of Keffi Local Government Area
of Nasarawa State, Nigeria. Keffi is about
58Km from Abuja (the Federal Capital
Territory) and 128Km from Lafia, Nasarawa
State Capital. The town is situated on latitude
80 5” North and longitude 70 50 East and
about 850 meters above the sea level
(www.wikipedia). Keffi has population of
92,664 (NPC 2006), making it the second
populated city in Nasarawa State. It has a total
land mass of 27,117Km? (Akwa et al., 2008).

Materials Used

Materials used include Funnel, sample
containers, distilled water, conical flask, filter
paper, 50ml polypropylene centrifuge tube,
cooler was used in this study where the cases
best contributing to the information needs of
the study will be selected. Two different water
bodies within Keffi town were selected for
sampling. Point A close to source of petroleum
product contamination served as Station A
while the other not situated near any petroleum
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product contamination source which served as
control was Station B.

Machine used
> XRF (x-ray fluorescence spectroscopy)

Sample collection and treatment

Two water sampling station were
selected based on the stratified method of
sampling of Antau River. Station A is located
along Federal Government College Keffi
popularly known as Antau Bridge where
Agricultural and mechanical activities, with
sales of petroleum product take place. Station
B was located at Dadin Kowa known as Gada
Manu where a human activity such as bathing
and washing takes place. Water samples were
collected from the control source Station B
into a 1ltr pre cleaned polyethylene sample
containers prior to the sampling and the
contaminated water source with petroleum
product at Station A. The sample bottles where
thoroughly rinsed with the sample to be
collected 1ltr of each sample was divided into
two portions. The first portion was used for
Physico-chemical analysis according to
standard procedures described by (APHA,
2005).

The second portion was passed through
a 0.45um pore size filter paper to remove
extraneous materials according to (Yeskis &
Zavala 2002). An initial portion of the filtrate
was used to rinse 100ml conical flask used to
collect the sample filtrate. The sample filtrate
was then stabilized or acidified with 2ml nitric
acid to prevent bacterial activities and
adsorption of heavy metal to the container
wall. Each pretreated sample was taken in to a
50ml polypropylene centrifuge tube and stored
in a freezer 4°C. Heavy metal concentrations
were determined using an X-ray Fluorescence
spectroscopy (XRF) at the Centre for Energy
Research and Training (CERT) Ahmadu Bello
University, Zaria. The instrument settings and
operational conditions were in accordance
with the manufacturer’s specifications. The
instrument was also calibrated with analytical
grade standard metal solutions.

Statistical Analysis

The concentration of the elements for
contaminated and uncontaminated water was
subjected to statistical analysis using SPSS
statistical software (version 17. 0). Mean and
standard deviation of the concentration of the
elements across samples was computed and
analysis of variance (ANOVA) was carried out
to test for the significant difference in
concentration of the elements between
contaminated and uncontaminated water. The
correlation between the concentrations of
elements was also obtained. The results were
presented in tables.

Results

Tablel represents Physico - Chemical
parameters of the contaminated (Station A)
and control (Station B) water. Various
parameters were determined such as Dissolved
Oxygen (DO), pH, Salinity, Electrical
Conductivity (EC), Temperature and Total
Dissolved  Solid (TDS). The water
contaminated with petroleum product has
lower DO (1.14+0.21) than the control
(7.35£0.21); this is due to the water
contaminated with the products. Petroleum
products reduce the amount of DO in water.
Occurrence of potential toxicants in aquatic
ecosystem causes a reduction in the quality of
the aquatic environment that results in
impaired level of Dissolved Oxygen (DO), pH,
temperature, biological oxygen demand, and
chemical oxygen demand. The temperature
(°C), Total Dissolved Solid and Electrical
Conductivity (mg/L) were both higher in
contaminated water than in the control water.
This may be due to the high level of
contaminant which makes the water unfit for
the habitation of some aquatic dwelling
organism. Dissolved Oxygen and pH are
higher in control sample than in contaminated
water which makes the water fit for habitation
and less pollution. Salinity is also higher in
control but not too significant.
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Table 1: Physico - Chemical Parameters of Contaminated and Control Water

Parameters Station A Station B
Mean+SD Mean+SD
Dissolved Oxygen (mg/l) 1.14+0.21 7.3510.21
pH (H20) 7.31+0.12 7.43+0.33
Electrical Conductivity (S/m) 8.22+0.20 3.14+1.21
Total Dissolved Solid (mg/l) 4.13+1.10 1.54+0.02
Temperature (°C) 27.45+0.32 26.75+0.05
Salinity (PPT) 0.091+0.01 0.094+0.00 30

Table2. Heavy metal in both Station A and
B water samples with petroleum product includes;
Magnesium (Mg) 29.1 and 27.49, Aluminum (Al)
0.92 and 3.47, Silicon (Si) 9.16 and 1.78,
Phosphorus (P) 0.00 and 0.00, Sulphur (S) 1.81 and
1.30, Chlorine (CI) 2.20 and 1.31, Calcium (Ca)
6.41 and 0.42, Titanium (Ti)0.89 and 5.73,
Cadmium (Cd) 0.02 and 0.61, Tin (Sn)0.00 and
0.00, Barium (Ba) 0.00 and 0.00, Mercury (Hg)
0.00 and 0.00, Lead (Pb) 0.00 and 0.00, Vanadium
(v) 0.00 and 0.00, Manganese ( Mn) 0.00 and 0.00,
Cobalt (Co) 0.00 and 0.00, Nickel (Ni) 0.00 and
0.00, Cupper (Cu) 0.00 and 0.00, Zinc (Zn) 0.00

and 0.00, Bromine (Br) 0.00 and 0.00 and Iron (Fe)
1.67 and 0.09 Table 2 shows the mean and standard
deviation of the concentration of the elements for
both Station A and B water. Sn, Ba, Hg, Pb, V, Mn,
Co, Ni, Cu, Zn and; Br were not significant (less
than 0.000mg/kg) at both Station A and B. Cr was
detected in Station A but was not present in Station
B. While Cd was observed in Station A and Station
B water samples. Mg, S, Cl, Ca, and Ti were
relatively higher in contaminated (Station A) water
sample compared to control sample (Station B)
While Al, Si, Fe, and Cd were relatively higher in
control (Station B) water sample.

Table 2: The Concentration (mg/kg) of Elements in the Contaminated and Control Water Sample

Station A Station B
Element MeanzSD MeanzSD
Mg 29.31**+29.31 27.49**+27 .49
Al 218.69*%*+0.92 223.71%*+3.47
Si 230.12*%*+9.16 243.21*%*+1.78
P 0.00*+0.00 0.00*+0.00
S 113.65**+1.81 94.84**+1.30
Cl 54.25**+2.20 23.52**+1.31
Ca 106.56**+6.41 28.44**+0.42
Ti 33.66**+0.89 32.99**+5.73
V 0.00*+0.00 0.00*+0.00
Cr 3.15%*+3.15 0.00*+0.00
Mn 0.00*+0.00 0.00*+0.00
Fe 16.63*% 1.67 15.97°*+ 0.09
Co 0.00*+0.00 0.00*+0.00
Ni 0.00*+0.00 0.00*+0.00
Cu 0.00*+0.00 0.00*+0.00
Zn 0.00*+0.00 0.00*+0.00
Br 0.00*+0.00 0.00*+0.00
Mo 0.00*+0.00 0.00*+0.00
Cd 7.54*%*+0.02 7.57%*+0.61
Sn 0.00*+0.00 0.00*+0.00
Ba 0.00*+0.00 0.00*+0.00
Hg 0.00*+0.00 0.00*+0.00
Pb 0.00*+0.00 0.00*+0.00

* Concentration of elements not significant

** Concentration of elements significant at 0.05 level
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250.000 Mg Al Si P S CI Ca Ti Cr Fe Cd Concentration (mg/kg) Elements Control Vs Contaminated

Figure 1: Concentration of elements in contaminated and control water samples 0.000 50.000 100.000
150.000 200.000 250.000 Mg Al Si P S CI Ca Ti Cr Fe Cd Concentration (mg/kg) Elements Control (Station

B and Contaminated (Station A) water samples.

Table 3 shows the correlation of heavy
metals in contaminated and non-contaminated
water. There is a strong positive correlation
existing between AIl/Si, Al/Fe, S/CI, S/Ca,
S/Cr, SIMo, Cal/Cr, Cl/Ca, Ti/Fe and Cr/Mo
and a strong negative correlation between
Mg/Al, Mg/Ti, Mg/Cr, Mg/Fe, Al/Ca, Al/CI,

Al/S S/Ca, and S/CI from the results obtained.
Both the contaminated water sample and the
control sample were highly polluted above the
WHO standard 2018 making it unfit for
consumption and subsequently for other living
organisms that inhabit the water.

Table 3: Correlation between Elements in contaminated and control water samples

Mg Al S S Cl Ca

Ti Cr Fe Mo

Mg 1
Al -0.6251
Si -0.438 0.529* 1

S-0.132-0.603 -0.614 1

Cl -0.082 -0.639 -0.637 0.999* 1

Ca -0.057 -0.672 -0.620 0.996* 0.998* 1
Ti-0.782 0.647* -0.085 0.196* 0.156* 0.106* 1

Cr -0.577 -0.258 0.163* 0.679 0.656* 0.668* 0.172* 1
Fe -0.703 0.861* 0.098* -0.169 -0.207 -0.257 0.932* -0.115 1
Cd 0.047* -0.707 -0.718 0.983* 0.991* 0.991* 0.079* 0.561* -0.273 1

Elements whose concentration are lower than 0.000(mg/kg) are not included in the correlation matrix

* Positive correlation
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Discussions
Physico - Chemical Parameters

The chemical character of any water
determines its quality utilization (Elueze et al.,
2004). The quality is a function of the physical,
chemical and biological parameters to which it
could have been subjected to a particular use it
is intended for (Tijani, 1994). The temperature
range observed (27.45°, 26.75°) were slightly
lower than the values observed by (Oni, 2000)
who reported a temperature range (28 to 30°C
and 27 to 30°C) of contaminated water at
Ibadan and this is also very close to the values
observed by (Olayinka, 1999) who observed a
temperature range of 26.7 and 29.10° in
shallow underground water. The pH and
electrical conductivity observed were (7.31),
(8.23) respectively. This is in contrast with the
values observed by (Ahmed et al., 2016). Who
observed a value of pH (8.33), and electrical
conductivity (381.30)

Concentration of Heavy Metals

This concentration of heavy metals as
stated in table 2 above is in agreement with the
result of (Ahmed et al., 2016) which showed a
high level in the concentration of Al and Fe at
Station B which was above the WHO
permissible limit. This could be as a result of
the use of pesticides and fertilizers which are
composed of Al and Fe. The heavy metal with
the least concentration was Cr while that with
the highest concentration was Si in
contaminated (Station A) water sample. The
heavy metal with the least concentration in
non-concentrated water sample was Cd, the
heavy metal with the highest concentration was
Si.

Correlation between Elements in
contaminated (Station A) and control
(Station B) water samples

The positive correlation between Al
and Si is in contrast with the result of (Hajara
et al.,, 2015). Heavy metals are diffuse and
conservative pollutants that bio-accumulate
and bio-magnify along the food chain with
deleterious effects on the aquatic ecosystems
and subsequently humans that depend on the
aquatic organism as sources of food. Although

cadmium, iron, calcium and chromium are vital
in metabolic processes, efforts should be made
to ensure that they and other heavy metals do
not exceed the prescribed world Health
Organization (WHO) and Federal
Environmental Protection Agency (FEPA)
acceptable limits. All environmental policy
should be enhanced and campaigns carried out
to educate the public on the importance to
protect and preserve aquatic systems and their
resident biota. Biological removal of heavy
metals in water can be used, in
Phytoremediation, plants play a great role in
the biological process as they break down,
reduce, degrade and remove these
contaminants using various parts, such as the
root, leaves, stomata, cell wall and the shoot
(USEPA, 2000; Rajendran et al., 2003;
Sharmae et al, 2012). In microbial
remediation, microbial communities are of
primary importance. The process is cost
effective process, with non-hazardous end
products (Ahmed et al., 2004). According to
Gupta et al., (2000) and Duffus et al., (2002),
the major groups of microorganisms that have
been implicated in heavy metal remediation are
bacteria (such as Anthrobacter, Bacillus sp,
Citrobacter, Cupriavidus metallidurans, 37
Cyanobacteria, Enterbacter cloacae,
Alcaligenes,  Sphinganonas,  Rhdococcus,
Mycobacterium and Arthrobacter) and fungi
(such as Aspergillus tereus, Penicillium
chrysogeum, Candida and Rhodotorula
mucilaginosa). Beside bacteria and fungi,
certain protozoa, such as Euplotes mutabilis
and algae, such as Oscillatoria sp, Chlorella
vulgaris and Chlamydomonas sp have been
reported to possess metal reducing capabilities
(Ramasamy et al., 2006).

Conclusion

This study examined the presence and
concentration of heavy metals in the water from
mechanic and agricultural activities and the
control samples in Keffi, Nasarawa state. It was
discovered that water affected by petroleum
product had a lower level of dissolved oxygen,
pH and salinity. All other parameters were
higher in the control sample. For the control
samples Dissolved Oxygen, pH, Salinity was
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higher and all other parameters were lower. For
the concentration of heavy metals, Water
affected by petroleum product had higher
values of Mg, S, CI, Ca, Ti and Cr all other
elements were lower. For the control sample
Al, Si, Fe and Cd were higher all other elements
were lower in the control sample. This will
pose a serious health risk to the inhabitants of
the area. All aquatic animals are affected. It can
also result to neurodegenerative disorder,
nervous system, kidney and cancer diseases.
Even the fishes in the River can be affected
which indirectly affects man through the food
chain.
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