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ABSTRACT

Aims: This research is aimed at determination of heavy metals concentrations in water
(surface and ground) and aquatic macrophyte and to compare the values with the standard
recommendations.
Study Design: Water (surface and ground) and aquatic macrophyte (Ceratophyllum
demersum) were analyzed for heavy metals (Fe, Cu, Mn, Cr, Zn, Hg, Pb, Cd, Ni, and V)
content. Surface water was collected from six sampling sites in the dry and rainy seasons
of years 2008 and 2009. Ground water was also collected from six sampling sites in the dry
and rainy seasons of years 2008 and 2009. Aquatic macrophyte was collected from two
sampling sites in the dry and rainy seasons of years 2008 and 2009.
Place and Duration of Study: Samples were collected from Agbabu bitumen deposit area,
Western Nigeria, in the dry and rainy seasons of years 2008 and 2009
Methodology: Analysis was carried out using atomic absorption spectrometry.
Results: In dry season of 2008, surface and ground water in all sampling stations, except
one, had concentrations of Cr and Mn that were higher than WHO recommendations for
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potable water, which is 0.05ppm and 0.01ppm respectively. The mean concentrations of Fe
and Ni were also higher than WHO recommendations in most of the water samples
examined. Fe had the highest mean concentration in aquatic plant (Ceratophyllum
demersum) in the dry and rainy season of years 2008 and 2009. Bio-concentration Factor
(BCF) of metals in Ceratophyllum demersum were as high as 3620.00 (Zn-dry season
2009), showing that it can be used in phytoremediation of surface water polluted with
heavy metals. Analysis of variance and multiple comparison of concentration of Cr and Mn
in surface and ground water with SPSS 17 (α = .05) showed no statistically significant
differences between the sampling points which shows that Cr and Mn in the study must
have originated from similar sources.
Conclusions: The study area presently has been impacted by the presence of bitumen.
Data available in this study can be used as baseline for monitoring of metal contamination
at Agbabu bitumen deposit area.

Keywords: Aquatic macrophyte; Bioconcentration Factor (BCF); bitumen; heavy metal;
phytoremediation; water.

1. INTRODUCTION

Bitumen has similar composition as the light crude, that is, hydrogen, carbon, and minor
amount of sulphur, oxygen, Zn, Ni, V and Fe [1]. They are believed to have formed from
biodegradation and water washing of light crude. The Nigerian bitumen is believed to have
formed in a similar process [2]. The probable reserve of bitumen and heavy oil in the entire
Nigerian belt is about 120 X 4.3km [3,4], spreading along the bitumen belt stretching from
Lagos, Ogun through to Ondo and Edo State. Nigeria has a reserve of 30 – 40 billion barrels
of bitumen [5]. Agbabu is one of the farm settlements in Ondo State hosting a vast deposit of
bitumen (Fig. 1). This is where bitumen was first spotted in Nigeria in 1910 and the first
bitumen well NBC-7 was drilled there. Agbabu bitumen belt consist of the main Agbabu
village inhabited by about 5,000 people and other smaller farm settlements such as Temidire
village inhabited by about 3,000 people. Farmers in this area deal mainly in cash crops such
as cocoa and colanut and food crops such as yam and plantain and fishing along River
Oluwa which flows through whole land. These villages depend on River Oluwa for their
farming activities and other domestic use while hand dug shallow wells and bore hole serve
as their only source of potable water. The two distinct seasons in the year are rainy and dry.
The rainy season is at its peak from July to the middle or September while the dry season is
from January to March. The annual precipitation of River Oluwa ranges between 2000mm to
2500mm [6]. Discharge records for Rivers Niger (5,589 m3s-1) and Ikpoba (39m3s-1) have
been reported [7], but there are no discharge records for River Oluwa, like many rivers in
Nigeria. The average depth of hand dug well at Oluwa bitumen deposit area was 7.5m.
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Fig. 1. Map of Nigeria showing sampling points [8]

Natural sources of heavy metals include volcanic emission, whereas anthropogenic sources
include combustion of solid wastes, fossil fuels in coal, and oil fired power plants, releases
from metal smelters and automobile emissions. Chemical and metallurgical industries are
the most important sources of heavy metals in the environment controlled by biological and
physicochemical processes. Since there are no industrial activities yet in this bitumen
deposit area, the likely sources of heavy metal contamination in the environment are
farming, fishing, domestic activities and the presence of bitumen.

Heavy metal pollution is a serious and widespread environmental problem due to the toxic,
persistent, non-biodegradable and bioaccumulation properties of these contaminants.
Changes in physical and chemical features of the aquatic system may influence the solubility
and mobility of heavy metals in that system [9]. Macrophytes are considered as important
component of the aquatic ecosystem not only as source of food for aquatic animals, they
also act as an efficient accumulator of heavy metals and act as efficient biological filters.
Macrophytes concentrate great amount of various substances, such as metals, and are
considered as indicators of local pollution [10]. The inputs of pollutants into water bodies are
discontinuous and such pollutants are quickly diluted.

This capability is useful in removing toxic heavy metals and trace elements from
contaminated soils in a process called phytoremediation [11]. The capability of a plant to be
used for phytoremediation can be known by calculating the Bioconcentration factor (BCF).
Enugu, called the coal city of Nigeria, is a city in the eastern region of Nigeria with a very
large deposit of coal (mainly of sub-bituminous grade), estimated at 1.5 million tons. Local
geochemical background in the sediments of River Ekulu, Enugu, showed that the coal city
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of Nigeria was affected by coal mining. Moreover, organic chemical and elemental analysis
in bituminous sands of Nigeria was carried out, and the sediments of River Ekulu were
analyzed for heavy metal content [12]. This research established the presence of toxic
metals in the area and called for a follow up study to determine how the human and aquatic
lives have been affected.

Most of the works on pollution in the vicinity of Agbabu bitumen field concentrate on
Polycyclic Aromatic hydrocarbons (PAH) in surface soil and water [13], n-alkanes in soil and
water [14], heavy metals in soil and terrestrial plant [15]. Nevertheless, studies of water and
sediment contamination with heavy metals in the bitumen belt are lacking [16] and the
present work is aimed to evaluate this.

2. MATERIALS AND METHODS

2.1 Sampling Area and Sample Collection

Samples were collected in the four seasons as follows: Surface water sampling points (6),
Ground water sampling points (6), aquatic macrophyte (Ceratophyllum demersum) sampling
points (2) i.e. PLANT-OLSW1 and PLANT-OLSW4. Sampling points were geo-located using
geographical positioning system (GPS) to ensure consistency. More sampling points were
taken from Aba Temidire (Mile – 2 bitumen well). Control samples were taken at Okitipupa
town which is about 20km to the research site. Water samples were collected to 0.5 l bottles
and acidified with conc. HNO3 (5ml/l) and kept under ice chest while aquatic plant were
collected to polythene bags. The aquatic macrophyte (Ceratophyllum demersum) samples
were later air dried and kept for digestion.

2.2 Sample Analysis

Samples for analysis were prepared according to standard analytical procedures [17, 18].
50ml distilled water, 0.5ml concentrated HNO3 and 5.0ml concentrated HCl were added to
each sample and the blank. Each beaker was covered with watch glass and digestion
carried out on a hot plate in a fume chamber avoiding splattering all through. Digestion was
continued until the entire volume was reduced to about 15ml. The beakers were allowed to
cool to room temperature. The digests were then filtered into 50ml volumetric flasks and
made up to volume with distilled water. Detection limits were 0.008ppm for Fe, 0.001ppm for
Cu, 0.005ppm for Mn, 0.007ppm for Cr, 0.001ppm for Zn, 0.006ppm for Pb, 0.002ppm for
Cd, 0.002 for Ni and 0.004ppm for V. Accuracy of the method was evaluated by determining
the concentration of heavy metals in a standard reference solution.

Aquatic macrophyte (Ceratophyllum demersum) samples were washed with water to remove
adhered particles. Samples were cut into pieces and air dried. A representative sample
(2.5g) of the plant was accurately weighed and subjected to HClO4 (10ml), HNO3 (4ml) and
H2SO4 (1ml) wet oxidation digestion at a rate of 5 mL/0.5 g of sample. Digestion was carried
out on a hot plate at a temperature of 100oC. Digestion was continued until the liquid
became clear. The entire digest was then made up to 25mls for analysis.

Bio-concentration Factor (BCF) was calculated as the ratio of the heavy metal concentration
in the plant tissues at harvest to the concentration of the element in surface water [11].

BCF = (P/E)i
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Where i = heavy metal.
P = Heavy metal concentration in plant tissues (mg/kg dry wt).
E = Heavy metal concentration in water (mg/l).

Analysis was carried out with AAS using GBC Avanta PM. Ver. 2.02.

2.3 Validation Procedure

To validate the procedure, GBC Avanta PM. Ver. 2.02 atomic absorption spectrophotometer
was programmed to carry out metal detection by displaying three absorbance readings and
what was reported was the average. Accuracy of the method was evaluated by determining
the concentration of heavy metals in a standard reference solution (Table 1). Blanks were
also used for correction of background and other sources of error.  Apart from calibration
before use, quality checks were also performed on GBC Avanta PM. Ver. 2.02 atomic
absorption spectrophotometer after every ten sample runs. This was done by checking the
absorbance of the blanks again and correction of background.

Table 1. Analytical precision and accuracy

Metal Certified value
(ppm)

Average measured
value (ppm)

% Error % Accuracy

Fe 1.29 1.24 3.876 96.124
Cu 0.541 0.51 5.730 94.270
Mn 2.82 2.79 1.064 98.936
Cr 0.024 0.023 4.167 95.833
Zn 1.27 1.23 3.150 96.850
Pb 0.015 0.013 13.333 86.667
Cd 0.033 0.031 6.061 93.939
Ni 0.411 0.397 3.406 96.594
V 0.08 0.065 18.750 81.250

2.4 Data Analysis

Analysis of variance (ANOVA) of concentration of metals in surface and ground water was
carried out with SPSS 17 at α = .05 to determine significant statistical differences between
the metals, sampling stations and seasons.

3. RESULTS AND DISCUSSION

3.1 Heavy Metal in Surface Water

Table 1 shows the concentration of heavy metals in surface water in year 2008 and Table 3
shows the concentration of heavy metals in surface water in year 2009. Mercury was not
detectable in all surface water samples in the study area. In 2008, Fe was not detectable at
sampling station AGSWM2 and values of Fe recorded at the remaining sampling points
ranged from 0.301ppm to 15.990ppm. These values were higher than 0.3ppm recommended
assessment level [19]. Elemental characterization of the Nigerian bitumen by total reflection
x-ray fluorescence showed Fe, Cr and Mn to be part of its components [20]. High values of
Fe recorded were probably due to the presence of bitumen deposit. Fe was not detectable in
surface water in the study area in 2009 probably due to run-off.
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Cu was not detectable at all surface water sampling stations in the study area in the dry
season of 2008 and 2009. In the rainy season, Cu was not detectable at sampling points
AGSWMile2 in 2008 and OLSW2 in 2009. Cu ranged from 0.001ppm to 0.011ppm at the
remaining sampling points. These values were below 2.0ppm recommended assessment
level [19]. Concentrations of Cu were higher in the rainy season than in the dry season
probably due to evaporation of the compound in which it occurred in the dry season.

In 2008, Mn in surface water in the study area ranged from 0.001ppm to 1.373ppm. Values
of Mn in all surface water sampling stations, except AGSWMile2, were higher than
0.010ppm recommended by WHO [21]. High values of Mn recorded were probably due to
the presence of bitumen. Mn was not detectable in the study area in 2009 probably due to
run-off and evaporation.

Cr was not detectable at all surface water sampling stations in the study area in the dry
season of 2008 and both seasons of 2009. In the rainy season of 2008, Mn ranged from
0.075ppm to 0.091ppm. Values Cr in surface water sampling stations were higher than
0.05ppm recommended by WHO [21]. High values of Cr recorded were probably due to the
presence of bitumen deposit. Concentrations of Cr were higher in the rainy season than in
the dry season probably due to evaporation of the compounds in which they occur in the dry
season.

In 2009, Zn was not detectable at sampling stations OLSW2 in the dry season and OLSW4
in the rainy season. Zn ranged from 0.002ppm to 0.311ppm at the remaining sampling points
in 2008 and 2009. Values were below 3.0ppm recommended assessment level [19]. In 2009,
Pb was not detectable at all sampling stations in the study area in the dry and rainy seasons.
In 2008, Pb ranged from 0.004ppm to 0.031ppm. Values were below 0.05ppm
recommended by WHO.

In 2009, Cd was not detectable at all surface water sampling stations in the study area in
both seasons. In 2009, Cd was not detectable at sampling points OLSW3 and AGSWMile2
in dry season. Cd ranged from 0.001ppm to 0.010ppm at the remaining sampling points.
These values were below 0.05ppm recommended by WHO.

Ni was not detectable at all surface water sampling stations in the study area in the dry
season of 2008. In the rainy season of 2009, Cu was not detectable at sampling points
OLSW2 and OLSW3. Ni ranged from 0.007ppm to 0.111ppm at the remaining sampling
points. Values of Ni in surface water sampling stations, except OLSW4 and AGSWMile2 in
the rainy season of 2009, were higher than 0.010ppm recommended by WHO [21]. The
Nigerian bitumen components (asphatene, oil and resins) were subjected to trace metal
analysis and were found to contain high concentrations of Zn, Ni, V and Fe [1]. Therefore,
high values of Ni recorded were probably due to the presence of bitumen.
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Table 1a. Heavy metal analysis of surface water (dry and rainy season, 2008)

S/N Sampling points Fe (ppm) Cu (ppm) Mn (ppm) Cr (ppm) Zn (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 OLSW – 1 1.663 1.612 ND 0.008 1.373 0.058 0.091 ND 0.138 0.041
2 OLSW – 2 1.321 0.973 ND 0.003 0.331 0.024 0.083 ND 0.184 0.024
3 OLSW – 3 1.416 2.183 ND 0.005 0.720 0.064 0.083 ND 0.092 0.080
4 OLSW – 4 15.990 3.089 ND 0.001 1.112 0.073 0.091 ND 0.311 0.054
5 AGSW – MILE2 ND 0.301 ND ND 0.001 0.025 0.075 ND 0.101 0.054
6 CONTR-SW 0.258 0.361 ND 0.003 0.044 0.011 0.070 ND 0.210 0.047

ND = Not Detectable

Table 1b. Heavy metal analysis of surface water (dry and rainy season, 2008)

S/N Sampling points Pb (ppm) Cd (ppm) Ni (ppm) V (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 OLSW – 1 0.029 0.011 0.003 0.010 ND 0.049 ND ND
2 OLSW – 2 0.024 0.006 0.012 0.004 ND 0.055 ND ND
3 OLSW – 3 0.031 0.007 ND 0.005 ND 0.062 ND ND
4 OLSW – 4 0.026 0.005 0.001 0.005 ND 0.053 ND ND
5 AGSW – MILE2 0.022 0.004 ND 0.003 ND 0.059 ND ND
6 CONTR-SW 0.024 0.016 0.003 0.008 ND 0.053 ND ND

ND = Not Detectable

Table 2a. Heavy metal analysis of aquatic macrophyte (dry and rainy season, 2008)

S/N Sampling points Fe (ppm) Cu (ppm) Mn (ppm) Cr (ppm) Zn (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 PLANT OLSW1 712.10 296.40 2.70 1.65 29.35 21.38 1.55 1.10 19.03 14.86
2 PLANT OLSW4 370.84 210.70 4.23 2.37 16.70 11.96 1.44 1.29 6.31 8.27
3 MEAN AQ.PL. 541.47 253.33 3.47 2.01 23.03 16.67 1.50 1.20 12.67 11.57
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Table 2b. Heavy metal analysis of aquatic macrophyte (dry and rainy season, 2008)

S/N Sampling points Pb (ppm) Cd (ppm) Ni (ppm) V (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 PLANT OLSW1 1.46 0.88 1.50 1.01 2.93 1.96 0.21 0.14
2 PLANT OLSW4 1.59 1.22 1.46 0.99 3.17 2.06 0.37 0.19
3 MEAN AQ.PL. 1.53 1.05 1.48 1.00 3.05 2.01 0.29 0.17

Table 3a. Heavy metal analysis of surface water (dry and rainy season, 2009)

S/N Sampling points Fe (ppm) Cu (ppm) Mn (ppm) Cr (ppm) Zn (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 OLSW – 1 ND ND ND ND ND ND ND ND 0.012 0.014
2 OLSW – 2 ND ND ND 0.004 ND ND ND ND ND 0.008
3 OLSW – 3 ND ND ND 0.007 ND ND ND ND 0.008 0.002
4 OLSW – 4 ND ND ND 0.011 ND ND ND ND 0.023 ND
5 AGSW – MILE2 ND ND ND 0.005 ND ND ND ND 0.021 0.001
6 CONTR-SW ND ND ND 0.005 ND ND ND ND 0.112 ND

*ND = Not Detectable
Table 3b. Heavy metal analysis of surface water (dry and rainy season, 2009)

S/N Sampling points Pb (ppm) Cd (ppm) Ni (ppm) V (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 OLSW – 1 ND ND ND ND 0.082 0.007 ND ND
2 OLSW – 2 ND ND ND ND 0.084 ND ND ND
3 OLSW – 3 ND ND ND ND 0.052 ND ND ND
4 OLSW – 4 ND ND ND ND 0.08 0.008 ND ND
5 AGSW – MILE2 ND ND ND ND 0.111 0.016 0.054 ND
6 CONTR-SW 0.020 ND ND ND 0.368 0.004 0.000 ND

*ND = Not Detectable
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Table 4a. Heavy metal analysis of aquatic macrophyte (dry and rainy season, 2009)

S/N Sampling points Fe (ppm) Cu (ppm) Mn (ppm) Cr (ppm) Zn (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 PLANT OLSW1 43.11 22.10 5.60 1.94 30.80 5.98 9.30 0.43 36.20 8.39
2 PLANT OLSW4 NA 27.57 NA 1.34 NA 3.79 NA 0.67 NA 8.43
3 MEAN AQ.PL. 43.11 24.84 5.60 1.64 30.80 4.89 9.30 0.55 36.20 8.41

*NA = Not Applicable

Table 4b. Heavy metal analysis of aquatic macrophyte (dry and rainy season, 2009)

S/N Sampling points Pb (ppm) Cd (ppm) Ni (ppm) V (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 PLANT OLSW1 0.77 2.78 0.24 1.87 4.48 6.36 0.36 0.61
2 PLANT OLSW4 NA 2.73 NA 1.22 NA 3.54 NA 0.34
3 MEAN AQ.PL. O.77 2.76 0.24 1.55 4.48 0.18 0.36 0.48

*NA = Not Applicable
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V was not detectable at all surface water sampling stations in the study area, except
AGSWMile2 in the dry season of 2009. Surface water samples were also collected from
Okitipupa to serve as control sampling point. Okitipupa is about 20km away from Agbabu
bitumen deposit area. Concentrations of heavy metals in the surface water of Agbabu
bitumen deposit area were higher when compared with the values recorded at the control
station (CONTR-SW).

The concentrations Fe, Mn, Cr, Zn and Pb were higher in surface water in the dry season
than in rainy season probably due to dilution by rainwater which influences concentration
and heavy metal dynamics. Domestic activities in the dry season, which include washing and
bathing at the surface water sampling stations, could also increase the concentration of
contaminants. This agreed with the report of Onwerenmadu et al. [22]. Mobility of heavy
metals depends not only on the total concentration but also on the metal properties and
environmental factors. Concentrations of Cu, Cd and Ni were higher in the rainy season than
in the dry season probably due to evaporation of the compounds in which they occur in the
dry season. Higher concentration of Cu, Cd and Ni in the rainy season can also be due to
evaporation of the compounds in which they occur in the dry season.  This agrees with the
findings of Lokeshwary and Chandrappa [23].

3.2 Heavy Metal in Aquatic Macrophyte (Ceratophyllum demersum)

Table 2 shows the concentration of heavy metals in aquatic macrophyte (Ceratophyllum
demersum) in year 2008 and Table 4 shows the concentration of heavy metals in aquatic
macrophyte (Ceratophyllum demersum) in year 2009.

Mercury was not detectable in all aquatic macrophyte samples in the study area. At sampling
points PLANT-OLSW1 and PLANT-OLSW4 in years 2008 and 2009, Fe ranged from
22.10ppm to 712.10ppm, Cu from 1.65ppm to 5.60ppm, Mn from 5.98ppm to 30.80ppm, Cr
from 0.43ppm to 9.30ppm, Zn from 6.31ppm to 36.20ppm, Pb from 0.77ppm to 8.39ppm, Cd
from 0.24ppm to 1.87ppm, Ni from 1.96 ppm to 4.48ppm, V from 0.14ppm to 0.37ppm.

Samples of aquatic macrophyte (Ceratophyllum demersum) were collected from River
Oluwa. River Oluwa was considered as surface water at Agbabu bitumen deposit area.
Sampling point PLANT-OLSW1 was located at the southern part of the River Oluwa while
sampling point OLSW4 was located at the northern part (Fig. 1).

The concentrations of heavy metals in aquatic macrophyte were low when compared with
the acceptable normal and critical ranges in plants [9], as shown in Table 5. The critical
range of the concentration of a heavy metal in plant is the concentration of the heavy metal
in the plant above which it is not safe to eat the plant.

3.4 Bioconcentration Factor

Bioconcentration Factor (BCF) was calculated as the ratio of the heavy metal concentration
in the plant to the concentration of the same heavy metal in the external environment [11].
BCF’s calculated for metals in aquatic plants (Ceratophyllum demersum) are shown in Table
6.

The minimum BCF of the metals in aquatic plant (Ceratophyllum demersum) calculated in
the dry season was 4.40 (Ni – Dry season, 2009) and the maximum was 3620.00 (Zn – Dry
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season, 2009). In the rainy season, the minimum BCF calculated was 36.15 (Ni – Rainy
season, 2008) and the maximum was 1682 (Zn – Rainy season, 2009). High values of BCF
show that aquatic plant (Ceratophyllum demersum) can be used for phytoremediation of
surface water polluted with Fe, Cu, Zn, Pb and Cd.

3.2 Heavy Metal in Ground Water

Table 7 shows the concentration of heavy metals in surface water in year 2008 and Table 8
shows the concentration of heavy metals in surface water in year 2009.

Hand dug wells and bore hole were the two major sources of drinking water for the rural
dwellers at Agbabu bitumen deposit area. Hand dug wells at sampling stations AGGW1,
AGGW2, AGGW3, AGGW4, AGWMile2 and the bore hole at sampling station AGBH, were
sampled for water analysis of heavy metals in ground water (Fig. 1).

Mercury was not detectable in all ground water samples in the study area.

Fe was not detectable at all the sampling stations in both seasons in 2009 and sampling
station AGGW4 in the rainy season of 2008.Values of Fe recorded at the remaining
sampling points ranged from 0.500ppm to 3.81ppm. These values were higher than 0.3ppm
recommended assessment level [19]. High values of Fe recorded were probably due to the
presence of bitumen deposit because total reflection x-ray fluorescence of the Nigerian
bitumen showed that Fe is part of the components. Ingesting too much of iron through
drinking water is not associated with adverse health effects. However, consuming large
amounts of iron can lead to iron overload; this can lead to hemochromatosis, a severe
disease that can damage the body's organs [24]. Fe was not detectable in ground water in
the study area in 2009 probably due to evaporation. Cu was not detectable at all ground
water sampling stations in the study area, except AGGW3 in the rainy season of 2008.

In 2008, Mn was not detectable at sampling point AGWMile2 in the dry season. Mn in
ground water in the remaining stations in the study area ranged from 0.021ppm to
1.280ppm. Values of Mn in all ground water sampling stations were higher than 0.010ppm
recommended by WHO [21]. High values of Mn recorded were probably due to the presence
of bitumen deposit because total reflection x-ray fluorescence of the Nigerian bitumen
showed that Mn is part of the components. Mn effects occur mainly in the respiratory tract
and in the brains. Symptoms of Mn poisoning are hallucinations, forgetfulness and nerve
damage. Mn can also cause Parkinson, lung embolism and bronchitis. In 2009, Mn was not
detectable at all ground water sampling points in the dry season and sampling point
AGWMile2 in the rainy season, probably due to evaporation.
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Table 5. Heavy metal concentration in aquatic plant (Ceratophyllum demersum) in this study compared with the critical and
normal ranges in plant [9]

Heavy metal Normal range (µg/g) Critical range (µg/g) Ceratophyllum demersum Conc. (ppm)
Dry 2008 Rainy 2008 Dry 2009 Rainy 200i

Zn 1 – 400 100 – 400 12.67 11.57 36.20 8.41
Cu 7.53 – 8.44 25 – 90 3.47 2.01 5.60 1.64
Ni 0.89 - 2.04 10 – 50 3.05 2.01 4.48 4.95
Pb 0.2 – 2.0 30 – 300 1.53 1.05 0.77 2.76
Cd 0.2 – 2.0 10 – 30 1.48 1 0.24 1.55

Table 6a. Bio-concentration factor of aquatic macrophyte in surface water (dry and rainy season, 2008)

S/N Year Fe (ppm) Cu (ppm) Mn (ppm) Cr (ppm) Zn (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 2008 106.22 155.26 - 472.00 32.65 341.6 17.73 - 76.69 228.66
2 2009 - - - 32.80 - - - - 3620.00 1682.00

Table 6b. Bio-concentration factor of aquatic macrophyte in surface water (dry and rainy season, 2008)

S/N YEAR Pb (ppm) Cd (ppm) Ni (ppm) V (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 2008 57.93 159.09 296.00 185.19 - 36.15 - -
2 2009 - - - - 56.00 30.00 36.00 -
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Table 7a. Heavy metal analysis of ground water (dry and rainy season, 2008)

S/N Sampling points Fe (ppm) Cu (ppm) Mn (ppm) Cr (ppm) Zn (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 AGGW – 1 3.810 0.508 ND ND 0.997 0.028 0.108 ND 0.111 0.051
2 AGGW – 2 0.720 0.340 ND ND 1.222 0.029 0.091 ND 0.179 0.076
3 AGGW – 3 0.640 0.394 ND 0.004 1.280 0.023 0.083 ND 0.181 0.092
4 AGGW – 4 0.500 ND ND ND 0.416 ND 0.099 ND 0.164 ND
5 AGW – MILE2 1.220 1.433 ND ND 0.898 0.021 0.075 ND 0.170 0.005
6 CONTR-GW 0.470 0.178 ND 0.004 0.400 0.016 0.061 ND 0.120 0.074

*ND = Not Detectable

Table 7b. Heavy metal analysis of ground water (Dry and Rainy season, 2008)

S/N Sampling points Pb (ppm) Cd (ppm) Ni (ppm) V (ppm)
DRY RAINY DRY RAINY DRY RAINY DRY RAINY

1 AGGW – 1 0.007 0.019 0.007 0.009 ND 0.057 ND ND
2 AGGW – 2 0.016 0.012 0.003 0.020 ND 0.065 ND ND
3 AGGW – 3 0.029 0.010 0.013 0.009 ND 0.067 ND ND
4 AGGW – 4 0.016 ND 0.014 ND ND ND ND ND
5 AGW – MILE2 0.008 0.008 0.021 0.003 ND 0.072 ND ND
6 CONTR-GW 0.010 0.011 0.015 0.014 ND 0.082 ND ND

*ND = Not Detectable
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Table 8a. Heavy metal analysis of ground water (dry and rainy season, 2009)

S/N Sampling points Fe (ppm) Cu (ppm) Mn (ppm) Cr (ppm) Zn (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 AGGW – 1 ND ND ND ND ND 0.021 ND ND ND 0.014
2 AGGW – 2 ND ND ND ND ND 0.027 ND ND 0.032 0.008
3 AGGW – 3 ND ND ND ND ND 0.024 ND ND 0.012 0.002
4 AGGW – 4 ND ND ND ND ND ND ND ND ND ND
5 AGW – MILE2 ND ND ND ND ND ND ND ND 0.046 0.001
6 AGBH ND NA ND NA ND NA ND NA ND NA
7 CONTR-GW NA ND NA ND NA ND NA ND NA ND

*ND = Not Detectable
*NA = Not Applicable

Table 8b. Heavy metal analysis of ground water (dry and rainy season, 2009)

S/N Sampling points Pb (ppm) Cd (ppm) Ni (ppm) V (ppm)
Dry Rainy Dry Rainy Dry Rainy Dry Rainy

1 AGGW – 1 ND ND ND ND 0.048 ND ND ND
2 AGGW – 2 ND ND ND ND 0.072 0.005 ND ND
3 AGGW – 3 0.059 ND ND ND 0.059 0.007 ND ND
4 AGGW – 4 ND ND ND ND 0.035 ND ND ND
5 AGW – MILE2 ND ND ND ND 0.107 ND ND ND
6 AGBH ND NA ND NA 0.047 NA ND NA
7 CONTR-GW NA ND NA ND NA 0.005 NA ND

*ND = Not Detectable
*NA = Not Applicable
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Cr was not detectable at all ground water sampling stations in the study area in the rainy
season of 2008 and both seasons of 2009. In the dry season of 2008, Cr ranged from
0.075ppm to 0.108ppm. Values of Cr recorded at ground water sampling stations were
higher than 0.05ppm recommended by WHO [21]. High values of Cr recorded were probably
due to the presence of bitumen deposit because total reflection x-ray fluorescence of the
Nigerian bitumen showed that Cr is part of the components. High concentration of Cr in the
ground water is dangerous for these rural dwellers because Cr and its compounds can
cause cancers of lungs, nasal cavity and para nasal sinus and suspected cause cancer of
the stomach and larynx [25]. Considering the concentrations of Fe, Cr and Mn in hand dug
wells at Agbabu bitumen deposit area, this source of water is not fit for human consumption
based on WHO’s recommendations.

In 2009, Zn was not detectable at sampling stations AGGW2 and AGGW4 in the dry season.
Zn was also not detectable at sampling point AGGW4 in the rainy seasons of 2008 and
2009. Zn ranged from 0.002ppm to 0.181ppm at the remaining sampling points in 2008 and
2009. Values were below 3.0ppm recommended assessment level.

In 2009, Pb was not detectable at all sampling stations in ground water in the study area in
the dry and rainy seasons, except sampling point AGGW3 in dry season. Pb was also not
detectable in the rainy season of 2008. Pb ranged from 0.007ppm to 0.059ppm at the
remaining sampling points. Values were below 0.05ppm recommended by WHO. In 2009,
Cd was not detectable at all ground water sampling stations in the study area in both
seasons. In 2008, Cd was also not detectable at sampling point AGGW4 in the rainy season.
Cd ranged from 0.003ppm to 0.021ppm at the remaining sampling points. These values
were below 0.05ppm recommended by WHO.

Ni was not detectable at all ground water sampling stations in the study area in the dry
season of 2008. In the rainy season of 2009, Ni was not detectable at sampling points
AGGW1, AGGW4, AGWMile2. Ni ranged from 0.035ppm to 0.107ppm at the remaining
sampling points. Values of Ni recorded in ground water sampling stations, including AGBH
(bore hole), were higher than 0.010ppm recommended by WHO [21]. High values of Ni
recorded were probably due to the presence of bitumen deposit because trace metal
analysis of the Nigerian bitumen showed that it contained high concentration of Ni [1].
Workers who accidentally drank water containing very high levels of nickel had stomach
aches, and blood and kidney disorders [26].

V was not detectable at all ground water sampling stations in the study area. In the study
area, ground water sampling station

AGGW1 had the highest concentration of Fe and Cr. Ground water sampling station
AGGW3 had the highest concentration of Cu, Mn, Zn and Pb. Ground water sampling station
AGWMile2 had the highest concentration of Cd and Ni.

The concentrations of Fe, Mn, Cr, Zn and Cd were higher in ground water in the dry season
than in the rainy season probably due to dilution and run off. Concentrations of Cu, Pb and
Ni were higher in the rainy season probably due to evaporation of the compounds in which
they occurred. The concentrations of Fe, Cr and Mn were very high at Agbabu bitumen
deposit area compared with the values obtained in control sampling points. High
concentrations of Fe, Cr and Mn in most of the surface water and ground water samples
considered in this study may likely be due to the deposit of bitumen. Trace elements such as
transition metals get into bitumen in form of porphyrin complexes at its early stages of
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formation. Adebiyi et al. [21] in an elemental characterization of the Nigerian bitumen by total
reflection x-ray fluorescence showed Fe, Cr and Mn to be part of its components. The
Nigerian bitumen components (asphatene, oil and resins) were subjected to trace metal
analysis and were found to contain high concentrations of Zn, Ni, V and Fe [1].

3.5 Data Analysis

Analysis of variance and multiple comparisons of concentrations of Cr and Mn in surface
water in the sampling points showed no statistically significant differences. This shows that
Cr and Mn in the study area must have originated from similar sources in a particular
season.

Analysis of variance of the concentrations of Cr and Mn in surface water in the four seasons
showed statistically significant differences indicating that sources of Cr and Mn varied from
one season to another. This implies that Cr and Mn in the study will probably originate from
bitumen and anthropogenic sources which include farming and laundry. Sources of Cr and
Mn varied, depending on the season.

Analysis of variance of Cr and Mn in ground water in the sampling points also showed no
statistically significant differences. This indicates that Cr and Mn probably came from the
same source at all the sampling points in a particular season. ANOVA of Cr and Mn in the
four seasons also showed statistically significant differences. This means when dry season
2008, rainy season 2008, dry season 2009 and rainy season 2009 were compared, Cr and
Mn probably came from different sources. Multiple comparisons of concentrations of Cr and
Mn between the seasons showed no statistically significant differences between rainy
season in 2008 and dry season in 2009, and rainy season in 2008 and rainy season in 2009.
This shows that Cr and Mn in the study must have originated from the similar sources when
these specific seasons were compared. Apart from the deposit of bitumen in the study area,
which may be a natural source of heavy metals, other sources of heavy metals in the study
area are anthropogenic sources which included farming, fishing and domestic activities.

4. CONCLUSION

Data available in this study can be used as base line data at Agbabu bitumen deposit area.
The mean concentrations of Fe, Cr, Mn and Ni were higher than WHO recommendations in
most of the water samples examined. The concentrations of Fe, Cr, Mn and Ni in ground
water samples examined rendered the hand dug wells considered as ground water unfit for
human consumption.  High values of BCF showed that aquatic macrophyte (Ceratophyllum
demersum) can be used for phytoremediation of surface water polluted with Fe, Cu, Zn, Pb
and Cd. Analysis of variance and multiple comparisons of concentration of Cr and Mn in
surface water and ground water considering the sampling points at a particular season
showed that they probably originated from the similar sources. When the four seasons were
considered, analysis of variance and multiple comparisons showed that Cr and Mn probably
came from several sources which included bitumen deposit, domestic activities, laundry,
fishing and farming.

Further research can be carried out to determine the concentration of heavy metals in
various parts of the aquatic macrophyte in the environment. It is also recommended that
further research be carried out on speciation of the heavy metals in aquatic macrophyte to
determine the forms in which they occur.
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