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Abstract

Alaro River is the main receiving water body for industrial effluents from 

Oluyole Industrial Estate. Previously, studies on environmental monitoring 

of heavy metals pollution in Alaro River have focused on the levels of 

heavy metals in sediment samples, water samples and fishes. However, 

studies on bio indicators of heavy metal pollution such as algae and 

banana (Musa spp.) plant, which are commonly found within/around the 

river, are still lacking. This study was therefore conducted to determine the 

concentrations of selected heavy metals in algal biomass and banana plant 

in order to establish the feasibility of using the two indicators in 

phytoextraction and bio-monitoring of environmental quality. Algae 

samples, banana leaves and roots, and soil samples were collected at 

different sampling points along the course of the river and analysed for 

heavy metals. Translocation factor for banana and pollution index for soil 

samples were determined. Analysis of algal biomass showed that zinc 

was the most accumulated with values ranging from 133.27 ± 6.36 to 

299.98 ± 130.13 mg/kg. Copper, lead and chromium were also detected in 

varying concentrations while cadmium was not detected in all the 

samples. Similarly, copper (10.90 ± 3.22 - 11.96 ± 1.98 mg/kg), zinc 

(50.59 ± 15.14 - 88.52 ± 32.73 mg/kg) and chromium (10.28 ± 5.98 - 12.13 

± 6.32 mg/kg) were detected in the roots of banana while only zinc (17.69 

± 2.92 - 29.02 ± 10.01 mg/kg) and copper (5.07 ± 0.86 - 10.10 ± 5.98 

mg/kg) were detected in the leaves. Copper (0.49) was the most translocated 

metal for banana plant. The potential to bio-concentrate metals were in the 

order of zinc (1.24), copper (1.12) and chromium (0.44). The mean soil 

pollution load index was determined to be 0.62. From the results of the 

study, it can be concluded that algae and banana (Musa spp.) plant have 

potential as aquatic bio-filter plants for phytoextraction and bio-monitoring 

of heavy metals pollution in Alaro River.
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Figure 3c: Chromium concentrations in
                  soil, banana root and leaf
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Figure 1a: Copper concentrations in soil, 
                 banana root and leaf                                   
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Figure 3.1b: Zinc concentrations in soil, 
                    banana root and leaf

Bio concentration and Translocation Factors 

in Banana

Bio Concentration Factor (BCF) is the ratio of 

heavy metal content in root part of plant to the 

sample in respective soil samples. It is an important 

parameter to know the transfer capability of a 

metal from a soil into a plant. The BCF that is 

greater than 1 indicates that the plant is an 

accumulator for metal being analysed (Baker, 

1981). The BCF was generally less than 1 for Cu 

and Cr at all sampling points except at sampling 

point 4 where BCF for Cu was 1.76. Conversely, 

BCF for Zn was greater than 1.0 except at 

sampling point 2. The mean BCF from all the 

sampling points can be ranked in the order of 

decreasing magnitude as Zn (1.24)>Cu (1.12)>Cr 

(0.44). This indicates that Musa spp. was an 

accumulator of Zn and Cu.

Translocation Factor (TF) in the banana leaf 

and root (Table 3) expresses the mobility of a 

given element within the plant species, where 

higher TF values result in a greater translocation 

capability (Deng et al., 2004). The mean TF from 

all the sampling points can be ranked in the order 

of decreasing magnitude as Cu (0.49)> Zn (0.39). 

This indicates that Cu was the most translocated 

metal for banana plant.
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Table 3: Bio concentration Factors in Banana Plant

Heavy metals Sampling point 1 Sampling point 2  Sampling point 3  Sampling point 4  
Cu 0.96 0.81 0.95  1.76  
Zn 1.08 0.76 1.16  1.95  
Cr 0.41

 
0.35

 
0.40

 
0.60

 
Pb -

 
-
 

-
 

-
 Cd - - - -

Table 4: Translocation Factors (Leaf/Root) in Banana Plant

Heavy metals Sampling point 1 Sampling point 2 Sampling point 3 Sampling point 4

Cu 0.42 0.49 0.54  0.52  
Zn 0.41 0.48 0.35  0.33  
Cr -

 
-

 
-

 
-

 
Pb -

 
-

 
-

 
-

 Cd - - - -

Contamination Indices

The geo-accumulation indices (Igeo) for the sampling 

points are presented in Table 4. Soil with Igeo < 0 

is classified as practically uncontaminated (Muller 

1969). The results in Table 4 thus indicated that 

the soil at all the sampling points were practically 

uncontaminated. Contamination factor (CF) is 

the ratio between the concentration of each metal 

in soil samples and the background value. The 

background values adopted were from Olapiti 

Village used as control point by Isibor (2016). 

The CF is classified as low contamination when 

CF<1 (Hakanson, 1980). The CFs for the tested 

heavy metals were less than 1 (Table 5), which 

Table 5: Geo-accumulation index ratio of soil across the sampling points

Heavy metals Sampling point 1 Sampling point 2 Sampling point 3 Sampling point 4

Cu  -0.99  -0.80  -1.11  -1.17
Zn  -1.26  -0.95  -1.61  -1.56
Cr

 
-1.47

 
-1.29

 
-1.51

 
-1.86

Pb
 

-
 

-
 

-
 

-
 Cd - - - -

Table 6: Contamination Factor and Pollution Load Index of soil

indicated low contamination by the tested heavy 

metals. The pollution indices (PLI), which give 

an assessment of toxicity status of samples and 

the contribution of each metal to the pollution, are 

presented in Table 5. The PLI<1 indicates that 

there is no metal pollution in the site; otherwise 

there is no pollution (Varol, 2011). The results 

showed that there was no metal pollution.

Contamination Factor
   

Sampling 
Point

Cu Zn Cr Cd Pb  PLI  Pollution degree  

1 0.76
 

0.63
 

0.54
 

-
 

-
 

0.64
 

No metal pollution  
2 0.86

 
0.77
 

0.61
 

-
 

-
 

0.74
 

No metal pollution  
3 0.70

 
0.49
 

0.53
 

-
 

-
 

0.57
 

No metal pollution  
4 0.67 0.51 0.41 - - 0.52 No metal pollution

Discussion

The present study was conducted to determine 

the level of metals accumulated in the algae so as 

to determine its potential as aquatic bio-filter 



plant for phytoextraction and bio-monitoring of 

heavy metals pollution in Alaro River. The algae 

samples were found to be Spirogyra spp which 

are green algae capable of photosynthesizing 

food due to the presence of chlorophyll. They are 

visible on the water body as green filaments 

covered in slime by the edge or at the point of 

sluggish flow of water due to obstruction by 

debris. The relative abundance of heavy metals in 

the algae decreases in the order Zn> Cr> Cu > Pb. 

This order is close to that reported by Akcali and 

Kucuksezgin (2011) who conducted a 

biomonitoring study with macroalgae in the 

Eastern Aegean coastal areas which decreases in 

the order Fe > Zn > Cu > Cr > Cd > Hg > Pb. The 

abundance of heavy metal in algae biomass can 

be attributed to heavy metal pollution in the Alaro 

River. Tyokumbur et al., (2014) who conducted 

an experiment to assess heavy metals in the fish 

(Hemisynontis membraneeous) in Alaro stream 

concluded that the fishes were contaminated and 

that the sediments are greatly polluted by heavy 

and trace metals. This shows that the sampled 

algae have potential to be used as aquatic bio-

filter plant for phytoextraction activities and bio-

monitoring of heavy metals pollution in Alaro 

River.

The distribution of heavy metals in the soil, 

banana leaf and root samples were analysed. Zinc 

concentration was the highest in all the samples. 

Zinc concentration decreased in the order of root 

> soil > leaf. Copper concentration followed the 

same order as zinc (root > soil > leaf). However, 

chromium concentration differed as concentration 

in soil was higher than in root sample. Chromium 

was not detected in the leaf samples.  The metals 

concentration in the leaves are almost similar to 

that recorded in banana leaves also collected from 

Industrial Area in Rio de Janeiro by Flores et al., 

(2018). The concentration measurements for 

heavy metal contents in the study were as follows 

Cd (0.09 ± 0.05 mg/kg), Cu (5.86 ± 2.34 mg/kg), 

Pb (1.54 ± 0.90 mg/kg), and Zn (50.81 ± 13.90 

mg/kg). It can also be observed that zinc had the 

highest concentration in the leaves than copper 

which is in complete harmony with findings in 

this study. The results of copper, zinc and 

chromium obtained from this study are within 

closed range to that reported by Isibor (2016) who 

earlier conducted assessment of soils within the 

industrial estate. The result obtained by Isibor (2016) 

who also assessed the heavy metals concentration 

in soils around Oluyole Industrial Estate showed 

the mean value increased in the order 

Mn>Cr>Zn>V>Pb>Cu>Ni>Sr>Co>Sc>As>M

o>Cd. The critical elements needed for normal 

plant growth and metabolism are Co, Cu, Fe, Mn, 

Mo, Ni and Zn, but these elements can easily lead 

to poisoning if their concentration is greater than 

the optimum value. The possibility of moving 

heavy metals from soil to humans should be a 

matter of concern, given the edible portion of the 

plant in most vegetable species (Jordao et al., 

2006). A possible hazard to animal and human 

health is the uptake of heavy metals by plants and 

subsequent accumulation along the food chain 

(Sprynsky et al., 2007). Therefore, the determination 

of bio concentrations of selected heavy metals in 

sampled banana is desirable for food safety.

Bio concentration factor infers the efficiency 

of a plant species to take up and accumulate a 

specific element in its tissues from the soil. From 

the result, it can be concluded that banana (Musa 

spp) has higher bio accumulation capacity (from 

soil to root) for copper and zinc than chromium. 

The translocation factor is a measure of the 

mobility of an element within the plant. The 

higher the TF values the greater the translocation 

capability (Deng et al., 2004). Translocation 

factor could not be calculated for chromium as 

chromium was not detected in leaf. Plant root 

absorption is one of the key routes of entry of 

heavy metals into the food chain The absorption 

and accumulation of heavy metals in plant tissue 

depends on several variables, including temperature, 

humidity, organic matter, pH, and the availability 

of nutrients (Jordao et al., 2006). These probably 

explain the differences in TF values recorded in 

this study.

The geo-accumulation factors for copper, 

zinc and chromium in the soil were all below 

zero. It can, therefore be concluded that the areas 

covered in the study were practically uncontaminated 

by copper, zinc and chromium. The geo accumulation 
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index is in close relation with that of Isibor (2016) 

who reported practically uncontaminated to 

moderately contaminated sites for Cu, Zn and Cr.

Copper contributed mostly to the pollution index 

of the study site, followed by zinc and chromium. 

The pollution load index which is an assessment 

of the overall toxicity of the metals and their 

contribution to the pollution status of the area, 

across all the sampling point was less than 1. This  

implies that the study sites seem not to be polluted 

by heavy metals. However, it important to state 

here that with pollutant discharges still ongoing 

and no investment in pollution tracing and 

control in the study area, the situation as reported 

in this study may be transient. Soil pollution by 

heavy metals is a well-known environmental 

problem (Hinojosa et al., 2004). In addition to 

having adverse effects on different parameters 

concerning plant quality and yield, heavy metal 

contamination often induces changes in the size, 

composition and behavior of the microbial 

community (Yao et al., 2003). Chen et al. (2010) 

reported that heavy metals in polluted soils caused 

a decline in the richness of bacterial species and a 

relative increase in soil actinomycetes or even a 

decrease in both the biomass and diversity of the 

bacterial populations. 

Conclusion

This study supports growing evidence that Alaro 

River is actively accumulating heavy metals that 

are likely traceable to discharges from industrial 

activities. It also indicates that algae have the 

potential to accumulate Zn, Cu, Cr and Pb. It can 

thus be used to assess the level of pollutants, which 

can be a reflection of heavy metal pollution in the 

river. Consequently, algae can be used in the 

phytoextraction process of heavy metals in 

wastewater effluents. Zinc, copper and chromium 

were detected in Musa spp roots while only zinc 

and copper were found in the leaves. Results of 

bio concentration factor of Musa spp indicate that 

the plant is an accumulator for copper and zinc 

but not for chromium. Translocation factor of 

elements between the roots and leaves of Musa 

spp indicates that copper has higher mobility than 

zinc. Values of geo-accumulation and pollution 

load index indicate soil quality is practically 

uncontaminated.
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