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Abstract 
Spatial and seasonal trend of Lead (Pb), Iron (Fe), Nickel (Ni), Cadmium (Cd), Chromium (Cr), and 
Copper (Cu) in surface waters of Ikpa River were determined using standard methods. The twelve 
months survey revealed spatial and seasonal variations. In wet season, average concentrations of heavy 
metals followed the pattern: Fe > Cd > Ni > Pb > Cu > Cr with concentration values 0.59 mg/L, 0.0105 
mg/L, 0.005075 mg/L, 0.002575 mg/L, 0.00225 mg/L, 0.000325 mg/L respectively. In dry season, 
average concentrations followed the pattern Fe > Cu > Cd > Ni > Cr > Pb with concentration values of 
3.01 mg/L, 0.6075 mg/L, 0.0065 mg/L, 0.000575 mg/L, 0.000325 mg/L, 0.000165 mg/L respectively. 
Heavy metal levels in Ikpa River were within the recommended limits set by World Health Organization 
(WHO). In dry season however, Cu levels across the stations exceeded the guidelines of Federal 
Environmental Protection Agency (FEPA). Statistically, there was no significant difference in the 
seasonal variations of respective heavy metals concentrations, except for Fe which showed significant 
difference in stations one (t = 3.635, p<0.05), station two (t = 3.939, p<0.05) and station three (t = 4.118, 
p<0.05). Ikpa River is used farm irrigation and domestic activities hence, the need to protect this river 
from pollution. The ecological and human-health implication of heavy metal pollution in the river is 
discussed. 
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1. Introduction 
With recent population growth and industrial development, heavy metal pollution in our 
aquatic systems has become increasingly critical. Greater proportion of heavy metals in 
aquatic systems are from municipal sewage, agricultural waste and industrial effluents. As one 
of the most industrialized regions in Nigeria, economic growth in the Niger Delta has resulted 
in excessive discharge of heavy metals into major aquatic systems and adjacent coastal waters. 
Since heavy metals are noted for toxicity and persistency in the natural environments [1-2], 
ecological and human-health implications of its presence in aquatic systems cannot be ignored. 
It constitutes a serious threat to human health and the ecosystem thereby necessitating 
adequate monitoring. The Niger Delta is an oil producing area with major oil facilities and 
industrial activities. Incessant crude-oil spill, gas flaring, and dumping of petroleum wastes 
associated with heavy metals raises much concerns. Heavy metal pollution is detrimental to 
the health of the environment [3]. 
When dissolved in ionic forms, heavy metals are notable for their toxicity. The toxicity, 
persistency, and bioaccumulation properties of these metals could lead to serious 
environmental loss [4]. Frequent decline in genetic diversity of organism was observed in heavy 
metals polluted Southeast Korean waters [5]. Significant reduction of species richness was 
reported in heavy metals contaminated waters [6]. In human, heavy metals could affect the 
arterial systems of the kidneys and also cause abnormal conditions in the gastrointestinal tract 
and nervous system [7]. During feeding activities, aquatic organisms incorporate heavy metals 
into their tissues and pass it into the food chain [8]. Understanding the potential ecological risk 
of heavy metals is critical for the management of these metals in aquatic systems. 
Ikpa River is one of the important rivers flowing into the Cross River creek before finally 
emptying into the Atlantic Ocean. Anthropogenic activities such as industrial discharge, 
farming, sand mining and dredging, have greatly influenced the water quality of the river. 
Aquatic macrophytes in Ikpa River were studied with recommendations that chemical fertilizer 
be discontinued in the floodplain [9].
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Spatial variations in physico-chemical variables and nutrients 
along Ikpa River were assessed with conclusions that high 
nutrient levels affect the water quality of the river [10]. It has 
been confirmed that the topsoil of Ikpa River adjoining 
floodplain is heavily contaminated with heavy metals 
resulting from fertilizers application [11]. Toxic chemicals, 
heavy metals and suspended solids have been recorded in 
surface runoff draining into Ikpa River [12]. Despite few 
available studies on Ikpa River, comprehensive heavy metal 
assessment in the river has not been reported. The present 
study aims at assessing the spatial and seasonal variations of 
Pb, Fe, Ni, Cd, Cr, and Cu, along the river course. This study 
is significant for adequate management of the river. 
 

2. Materials and Methods 
2.1 The Study Area 
Ikpa River is one of the major rivers in the Niger Delta region 
of Nigeria (Figure 1). With a total length of about 53.5 km 
between its source and the point of discharge, it is 
characterised by a small perennial rainforest and drains a 
catchment area of 516.5km2. Nigeria has a tropical climatic 
condition with two weather seasons. Wet season is between 
April and September while dry season is from October to 
March. The southern coast is characterised by mangrove 
forests and swamps, with hot humid temperatures along the 
Niger Delta. In the river, transparency varies between 12.5 cm 
to 100 cm, and the substrate is made up of fine sand, 
mud/sand, and organic debris. The river has current a velocity 
ranging between 3.5 – 6.9 cm/s. 

 

 
 

Fig 1: Map of Ikpa River showing sampling stations. 
 

Ikpa River has a rich composition of various floral and faunal 
communities which are subjected to alteration by a wide 
range of industrial and agricultural activities going on in the 
area. A large oil palm processing mill is sited along the River 
where the wastewaters from the mill is discharged into the 
river course. There are rubber processing industries which 
channels wastewaters into the river as well. Bordered by a 
rich fertile soil, the adjoining land is used for crop production. 
 
2.2 Sampling Stations 
Four sampling stations were established along the river 
course. Station one (Latitude 5.09° 62′ 8.53″ N and Longitude 
7.89° 89′ 69.861″ E) was located upstream. Bordered by thick 
riparian vegetation, human activities such as fishing and 
farming is prevalent around this station. It is the point where 
artisanal fishers commence and retire from their daily fishing 
activities. Station two (Latitude 5.09° 42′ 90.551″ N and 
Longitude 7.91° 61′ 13.701″ E) had palm plantation. Here, 
palm wine tapping is the major occupation of the coastal 
dwellers. With the rich fertile soil within this station, 
vegetables such as waterleaf, fluted pumpkin are cultivated 
for commercial purposes. Station three (Latitude 5.09° 42′ 
45.212″ N, and Longitude 7.92° 86′ 83.498″ E) is 
characterised by sparsely distributed vegetation. It is an area 
influenced by anthropogenic perturbations such as effluent 

deposition, sewage disposal, dredging, and laundry activities. 
It is also the discharge point of rubber company effluents. 
Station four (Latitude 5.06° 81′ 42.114″ N and Longitude 
7.94° 74′ 59.825″ E) was located downstream and surrounded 
by riparian forest characterized by vegetation such as Elaeis 
guineensis and Bambusa vulgaris, 
 
2.3 Sampling and Laboratory Analysis 
During the twelve months field campaign, water samples 
were collected monthly considering six months for wet season 
(April – September) and six months for dry season (October – 
March). At each station, 1 liter of water was collected at 50 
cm depth into a pre-washed sample bottle and acidified with 
nitric acid. This was to ensure that heavy metals did not 
adsorb to the container during transportation and storage. In 
the laboratory, heavy metals concentrations were determined 
following the standard procedures of APHA [13]. Statistical 
Package for Social Sciences (SPSS) version 20.0 was 
employed to compute mean, and standard error in the data. 
Also, two-way analysis of variance (ANOVA) was employed 
to separate significant differences in mean values computed 
for stations while paired sample t-test was used to compare 
seasons. Matlab computer software was used to produce bar 
graphs representing spatial and seasonal variations. 
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3. Results 
3.1 Spatial Variability 
Spatial variations in mean concentrations of six heavy metals 
recorded during the study is shown in Table 1. In station one, 
the mean concentrations followed the pattern Fe > Cu > Cd > 
Pb = Ni = Cr with values 1.455 mg/L, 0.3415 mg/L, 0.005 
mg/L, 0.0001 mg/L, 0.0001 mg/L, 0.0001 mg/L respectively. 
In station two, the mean concentrations followed the pattern 
Fe > Cu > Cd > Pb > Ni = Cr with values 1.80 mg/L, 0.4455 

mg/L, 0.0095mg/L, 0.00025 mg/L, 0.0001 mg/L, 0.0001 
mg/L respectively. In station three, the mean concentrations 
followed the pattern Fe > Cu > Cd > Pb = Ni = Cr with values 
1.89 mg/L, 0.4265 mg/L, 0.0145mg/L, 0.0001 mg/L, 0.0001 
mg/L, 0.0001 mg/L respectively. In station four, the mean 
concentrations followed the pattern Fe > Ni > Pb > Cu > Cd > 
Cr with values 2.055 mg/L, 0.011 mg/L, 0.008mg/L, 0.006 
mg/L, 0.005 mg/L, 0.001 mg/L respectively. 

 
Table 1: Spatial Variations (mean ± S.E) in Heavy Metals concentrations in Ikpa River 

 

Heavy Metals (mg/L) Station 1 Station 2 Station 3 Station 4 
Lead (Pb) 0.0001±0.00 0.00025±0.001 0.0001±0.011 0.008±0.001 
Iron (Fe) 1.455±0.50 1.80±0.61 1.89±0.64 2.055±0.18 

Nickel (Ni) 0.0001±0.00 0.0001±0.00 0.0001±0.00 0.011±0.006 
Cadmium (Cd) 0.005±0.002 0.0095±0.003 0.0145±0.003 0.005±0.001 
Chromium (Cr) 0.0001±0.00 0.0001±0.00 0.0001±0.00 0.001±0.00 

Copper (Cu) 0.3415±0.23 0.4455±0.30 0.4265±0.29 0.006±0.002 
± S.E = Standard Error 

 
Highest Pb value was recorded in station four with mean 
value of 0.008±0.001 mg/L while station one recorded the 
lowest concentration of Pb (0.0001±0.00 mg/L). Fe 
concentrations in the river increased from station one (1.455 ± 
0.50 mg/l) to station four (2.055±0.18 mg/l). Ni 
concentrations in the river was higher in station four with the 
mean value of 0.011±0.006 mg/l while the remaining stations 
recorded same low values of 0.0001±0.00 mg/L respectively. 
Highest Cd value was recorded in station three with the mean 
value of 0.0145±0.003 mg/L while station one and station 
four had the lowest value of 0.005±0.002 mg/L and 0.005 ± 
0.001 mg/L respectively. Cr value was higher in station four 

(0.001 ± 0.00 mg/L), while the remaining stations recorded 
the least value of 0.0001 ± 0.00 mg/L respectively. Station 
two had the highest value of Cu (0.4455 ± 0.30 mg/l) while 
station four had the lowest Cu concentration of 0.008 ± 0.002 
mg/L. Statistically, there was no significant difference in 
respective metal concentrations across the four stations and all 
the metals were within the recommended limit of WHO [14]. 
Figure 2 revealed that high concentration area of heavy metals 
were mainly at the downstream reaches of the Ikpa River 
which could be attributed to the disequilibrium of industrial, 
agricultural and municipal waste discharge prevalent in the 
area. 

 

 
 

Fig 2: Spatial Variation of Heavy Metal Concentration in Ikpa River 
 

3.2 Seasonal Variability 
Seasonal variations in average concentrations of the six heavy 
recorded during the study is shown in Ikpa River in Table 2. 
In wet season, average concentrations followed the pattern Fe 
> Cd > Ni > Pb > Cu > Cr with values 0.59 mg/L, 0.0105 
mg/L, 0.005075 mg/L, 0.002575 mg/L, 0.00225 mg/L, 
0.000325 mg/L respectively. In dry season, average 
concentrations followed the pattern Fe > Cu > Cd > Pb > Ni > 

Cr with values 3.01 mg/L, 0.6075 mg/L, 0.0065 mg/L, 
0.00165 mg/L, 0.000575 mg/L, 0.000325 mg/L respectively. 
Table 2 reveals that the concentration values of Pb, Ni, and 
Cd in the wet season were higher than that of the dry season 
while Fe and Cu content were higher in dry season than in wet 
season. Cr content remained the same in both seasons. 
Statistically, only Fe showed significant seasonal variation 
(p<0.05) in concentrations. 
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Table 2: Average Seasonal Variations (mean ± S.E) in concentrations across four stations 
 

Heavy Metals (Mg/L) Wet Season Dry Season FEPA 2003 WHO 2017 
Lead (Pb) 0.002575±0.00 0.00165 ± 0.00 0.01 0.01 
Iron (Fe) 0.59 ± 0.10 * 3.01 ± 0.59 * 0.2 - 

Nickel (Ni) 0.005075 ± 0.00 0.000575 ± 0.00 0.02 0.07 
Cadmium (Cd) 0.0105 ± 0.00 0.0065 ± 0.00 0.03 0.003 
Chromium (Cr) 0.000325 ± 0.00 0.000325 ± 0.00 - 0.05 

Copper (Cu) 0.00225 ± 0.00 0.6075 ± 0.39 0.05 2.0 
± S.E = Standard Error, * = significant at p<0.05 

 
Table 3-6 shows seasonal variations in heavy metals 
concentrations from station one to station four respectively. 
Table 3 shows that Fe, Cd and Cu were higher in dry season 
while Pb, Ni and Cr remained the same in both seasons. Table 
4 revealed that Pb, Fe, and Cu were higher in dry season, Cd 
was higher in wet season while Ni and Cr remained the same 
in both seasons. Table 5 revealed that Fe and Cu were higher 
in dry season while Cd was higher in wet season. However, 

Pb, Ni and Cr remained the same in the same in both seasons. 
Table 6 showed that Fe and Cu were higher in dry season 
while Pb, Ni and Cd content were higher in wet season and Cr 
remained the same in the same in both seasons. Statistically, 
Fe showed seasonal difference in stations one (t = 3.635, 
p<0.05), station two (t = 3.939, p<0.05) and station three (t = 
4.118, p<0.05).  
 

 
Table 3: Seasonal Variations (mean ± S.E) in Heavy Metals concentrations (Station One) 

 

Heavy Metals (Mg/L) Wet Season Dry Season FEPA 2003 WHO 2017 
Lead (Pb) 0.0001±0.00 0.0001±0.00 0.01 0.01 
Iron (Fe) 0.19±0.02* 2.72±0.70* 0.2 - 

Nickel (Ni) 0.0001±0.00 0.0001±0.00 0.02 0.07 
Cadmium (Cd) 0.003±.001 0.007±0.004 0.03 0.003 
Chromium (Cr) 0.0001±0.00 0.0001±0.00 - 0.05 

Copper (Cu) 0.003±.001 0.68±0.43 0.05 2.0 
± S.E = Standard Error, * = significant at p<0.05 

 
Table 4: Seasonal Variations (mean ± S.E) in Heavy Metals concentrations (Station Two) 

 

Heavy Metals (Mg/L) Wet Season Dry Season FEPA 2003 WHO 2017 
Lead (Pb) 0.0001±0.00 0.0004±0.00 0.01 0.01 
Iron (Fe) 0.20±0.02* 3.40±0.81* 0.2 - 

Nickel (Ni) 0.0001±0.00 0.0001±0.00 0.02 0.07 
Cadmium (Cd) 0.01±0.00 0.009±0.00 0.03 0.003 
Chromium (Cr) 0.0001±0.00 0.0001±0.00 - 0.05 

Copper (Cu) 0.001±0.00 0.89±0.57 0.05 2.0 
± S.E = Standard Error, * = significant at p<0.05 

 
Table 5: Seasonal Variations (mean ± S.E) in Heavy Metals concentrations (Station Three) 

 

Heavy Metals (Mg/L) Wet Season Dry Season FEPA 2003 WHO 2017 
Lead (Pb) 0.0001±0.00 0.0001±0.00 Yes 0.01 
Iron (Fe) 0.21±0.02* 3.57±0.82* 0.2 - 

Nickel (Ni) 0.0001±0.00 0.0001±0.00 0.02 0.07 
Cadmium (Cd) 0.02±0.00 0.009±0.00 0.03 0.003 
Chromium (Cr) 0.0001±0.00 0.0001±0.00 - 0.05 

Copper (Cu) 0.003±0.00 0.85±0.56 0.05 2.0 
± S.E = Standard Error, * = significant at p<0.05 

 
Table 6: Seasonal Variations (mean ± S.E) in Heavy Metals concentrations (Station Four) 

 

Heavy Metals (Mg/L) Wet Season Dry Season FEPA 2003 WHO 2017 
Lead (Pb) 0.01±0.00 0.006±0.00 0.01 0.01 
Iron (Fe) 1.76±0.35* 2.35±0.01* 0.2 - 

Nickel (Ni) 0.02±0.01 0.002±0.00 0.02 0.07 
Cadmium (Cd) 0.009±0.00 0.001±0.00 0.03 0.003 
Chromium (Cr) 0.001±0.00 0.001±0.00 - 0.05 

Copper (Cu) 0.002±0.00 0.01±0.00 0.05 2.0 
± S.E = Standard Error, * = significant at p<0.05 
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Fig 3: Seasonal variation of the heavy metals across stations 
 

4. Discussion 
Water samples were analysed to assess heavy metal 
concentrations in Ikpa River. Results revealed that heavy 
metal pollution increased spatially from station one to station 
four. This result reflects the level of anthropogenic activities 
taking place in respective stations. Station three was 
influenced by serious anthropogenic perturbations such as 
effluent deposition, sewage disposal, dredging, and laundry 
activities. It is also the discharge point of rubber company 
effluents. Due to river flow direction, station four also 
recorded significant concentrations of some metals. High 
levels of heavy metals in station three and four give credence 
to the fact that the water quality of the river is deteriorating. 
This agrees with earlier report that high metal contaminants in 
Nigerian waters results from increased human population and 
proliferation of industries [15]. 
During the field survey, it was observed that the adjoining 
land is used for agricultural activities. Topsoil of the farmland 
is likely contaminated with heavy metals as a result of 
fertilizer application to improve the soil fertility. This supplies 
high quantity of heavy metal concentration from the farmland 
to the river during irrigation or rainstorm. Earlier report 
revealed that surface run-off draining into Ikpa River contains 
heavy metals and other toxic chemicals resulting from poorly 
disposed wastes on the hinterlands [12]. This explains why 
some metals had greater concentration in rainy season than in 
dry season. Heavy metals such as Cd, Pb, and Ni were also 
recorded in this river and these metals are known for extreme 
toxicity even at trace levels [3].  
Although mean concentration of Pb was within the WHO [14] 
recommended limits, average Pb content was higher in rainy 
season than dry season. Pb concentrations in the river could 
be attributed to runoff from hinterland. Significant amount of 
Pb originating from traffic emissions, municipal and industrial 
wastes are usually transported into urban rivers through 
surface run-off. Unfortunately, Pb suppresses the supply of 
metabolic products that acts as electron accepters [16]. Despite 
the fact that Fe lacks WHO [14] guideline value, its 

concentration values in the present study were significantly 
higher than what is permitted by federal environmental 
protection agency (FEPA) in Nigeria. Higher values of Fe in 
the study could be attributed to leaching from erosion site as 
well as deposition from surface runoff [17]. Although Fe is 
present in natural fresh waters, high concentrations is 
undesirable. Ni was also recorded with concentrations within 
the WHO [14] permissible limit. This metal is widespread in 
areas of industrial activity following its role in manufacturing 
processes. Ni is however regarded as an essential element to 
plants but its usefulness to man is yet to be established [18]. 
Accumulation of Ni in humans could lead to lung fibrosis, 
cardiovascular, kidney diseases [19] and certain Ni compounds 
are assumed to be carcinogenic. 
Wet season concentrations of Cd in station one was at the 
threshold of the permissible limit while the remaining three 
stations exceeded the WHO [14] permissible limit. Apart from 
domestic sources, Cd and its compounds have also been 
linked to vehicle tyres. Uncontrollable burning of vehicle 
tyres contributes to Cd levels in the environment. High levels 
of Cd recorded in wet season could be attributed to discharge 
of domestic effluents, sewage discharge and urban runoff. 
Implication of Cd toxicity include alteration of biomolecules, 
modulation of DNA repairs and genotoxic consequences. 
Genome stability is influenced through inhibition of DNA 
repair and generation of free radical-induced damage. At the 
cellular stage, Cd is known to induce oxidative stress by 
reducing endogenous antioxidants. Mitochondrial damage, 
induction of apoptosis and interference with intracellular 
calcium signaling has also been attributed to Cd [20]. 
Cr concentrations in all sampling stations were within the 
WHO permissible limit. Possible sources of Cr in the river 
include abandoned metals from dredging activities and engine 
boat repairs. It may also be unconnected with inputs from 
anthropogenic sources such as waste water derived from 
adjoining companies. Emissions from vehicle in the 
hinterland could also be a possible source [21]. High Cu levels 
in all stations during dry season could be attributed to surface 
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runoff resulting from farm irrigation in the hinterland as well 
as the dumping of waste in the stations. Dredging and harbour 
activities along the shoreline could also be a possible source. 
Cu concentrations in water has been reported to pose a great 
ecological risk to aquatic species [22]. Ikpa River has great 
specie biodiversity and heavy metals presence could likely 
affect both the species diversity and the ecosystem. 
As one of the most important rivers in the Niger Delta, most 
of the commercial important fish species in Nigeria are 
present in the River. However, with several anthropogenic 
perturbations taking places within and around the river, heavy 
metals toxicity and accumulative tendency could modify the 
species diversity of aquatic organisms as well as the 
ecosystem. Cd and Pb also recorded in the present study are 
known to have no identified important role in the body of 
aquatic organisms but these metals have characteristic high 
toxicity even at low concentrations [23]. Heavy metals 
accumulation in marine organisms depends on the feeding 
behavior, physiological characteristic of the organisms as well 
as the biological function of heavy metals [24]. This infers that 
the extent of heavy metal accumulation in aquatic organisms 
likely depends on the species and its feeding habits. 
Fish is a rich source of proteins with nutritional and 
therapeutic benefits [25]. Vital minerals, vitamins and long-
chain polyunsaturated omega-3 fatty acids are also obtained 
from fish consumption [26]. Since Ikpa River is one of the 
main sources of fishes in the Niger Delta Region of Nigeria, it 
is risky for concentrations of these heavy metals in the river to 
exceed WHO and FEPA recommended limit. However, due to 
rapid industrial and agricultural development together with 
high population growth in the hinterland, heavy metals 
pollution is inevitable in the river and it constitutes a 
significant environmental hazard to shell and fin-fishes. In 
Nigeria, most of the riverine communities use river waters for 
domestic activities. At the peak of the dry season, Ikpa River 
becomes a source of water for household activities thereby 
exposing the riverine communities to health hazards. 
Vegetable gardens at the river bank are usually irrigated with 
the water from the river thereby posing a high risk of food 
poisoning if heavy metals in the river increases beyond the 
permissible limit. 
 
5. Conclusion 
Monitoring the aquatic environment serves the urgent need of 
protecting aquatic resources and reducing health risk in 
human. This study assessed the spatial and seasonal 
concentrations of heavy metals in Ikpa River with the aim of 
providing information for monitoring and management 
strategies. Apart from species abundance and biodiversity, 
water from the river is used for irrigation and other domestic 
activities. It is necessary to protect this river from pollution 
thereby reducing environmental risks. We therefore 
recommend regular monitoring of the river. Further 
investigations on the biological effects of heavy metals in the 
river would probably provide the much needed information on 
the taxonomy of the available aquatic species. Pollution 
control and management policies should be formulated and 
implemented accordingly. 
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