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Abstract: Cleanup of contaminated soils to get 

rid of heavy metals using environmental 

friendly methods is of great significance. 

Phytoremediation is a biological on-site clean 

up approach that makes use of plant with high 

metal uptake ability. In this study, Hyptis 

suaveolens and Euphorbia hirta were grown on 

soils that were contaminated by Cu2+, Cd2+, 

Ni2+ and Co2+ while the uncontaminated soil 

served as a control.  The dried leaves, stems 

and roots of the harvested weeds were analyzed 

using Atomic Absorption Spectrophotometer 

(AAS). Both plants showed highest 

phytoextraction coefficients with respect to the 

root.  Euphorbia hirta showed accumulating 

capacity for cadmium (i.e 37.75 µg/g) than 

cobalt (i.e 15.35 µg/g). Hyptis suaveolens also 

followed similar trend accumulating 45.85 and 

23.95 (µg/g of cadmium and cobalt ions 

respectively.  
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1.0 Introduction 

The presence of heavy metals in the soil is of 

serious environmental concern because of its 

tendency to affect primary production capacity 

of plants, which will ultimately affect the entire 

ecosystem through the food chain and surface 

run off (Tangahu et al., 2011). Studies have 

shown that much attention have been directed 

towards the contamination of water than those 

of the land and the air environment (Ashraf et 

al., 2017). Plants can absorb heavy metal into 

their cells through foliar absorption process 

(Eddy and Ekop, 2007). Since plants are 

primary producers to both man and animal, 

consumption of such plants can lead to 

bioaccumulation of such heavy metal ions in 

their tissues, hence manifestation of toxic 

impart depending on the type of the heavy 

metal ions, the nature of the plant, soil and 

climatic conditions (Jadia and Fulekar, 2009). 

Some of the options that have been reportedly 

used to remediate soil contamination by heavy 

metal ions are excavation of the soil, 

stabilization of the soil (through addition of 

chemicals to the soil), etc ((Cho-Ruk, et al., 

2006; Hinchman et al., 1998).  However, 

phytoremediation has been found to be one of 

the best options because it is nonselective, 

environmentally friendly and cost effective. 

According to Eddy and Ekop (2007), 

phytoremediation involves the use of the 

growing plant to remove the metal ions from 

the soil. Tangahu et al. (2011) also stated that 

phytoremediation can be achieved through 

phytostabilization, rhizofiltration and 

phytoextraction. Consequently, some weeds of 

Nigerian origin have been found to exhibit 

strong phytoextraction potentials (Ashraf et al., 

2017; Rakhshaee, et al., 2009). For example, 

Ekwemegbo at al. (2013) found that 
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Bryophyllum Pinnatum is very effectice in the 

extraction of several heavy metals from 

contaminated soil. Eddy and Ekop (2007) 

reported very high extraction efficiency of 

Phyllanthus amarus (chanca piedra), 

chromoloena odorate (awolowos weed), 

Stachytarpheta indica (gervao), Bryophyllum 

pinnatum (life leaf) and Murraya koenigii 

(curry leaf) for Pb2+, Zn2+, Cd2+, Cu2+ and Ni2+. 

Other weeds have also been reported as 

effective for phytoextraction of heavy metal 

from the soil (Goland-Goldhirsh, 2006; 

Dasgupta et al., 2011; Quainoo et al., 2015).  

Weeds are unwanted plants and are found in 

soils that they have not significant economic 

benefit. Most of them can withstand harsh 

environmental conditions and some are found 

to exhibit strong phytoremediation potentials 

because of the nature of their leaves, stems and 

other organs (Sunil et al., 2010). In view of 

their wide spread and great potentials for the 

removal of heavy metal ions from 

contaminated soils. This study seeks to apply 

Hyptis suaveolens and Euphorbia hirta for the 

remediation of soils contaminated by Cu2+, 

Cd2+, Ni2+ and Co2+.  
 

2.0   Materials and Methods 

2.1  Sample collection and preparation  

Soil samples used for planting were gathered at 

5 cm below the earth surface within the 

premises of Ibrahim Badamasi Babangida 

University Lapai, Niger State Nigeria. Soil 

samples were put in polyethylene pots 

(measuring 49.3 cm by 32.9 cm) and 

transferred to the school garden where the 

transplanting will take place. Each of the 

polyethylene pots containing the soil were 

watered for three days so as to soften the soil 

and prepare it for transplanting. The 

taxonomical classification identifies the soil as 

loamy sand with a pH of 6.20.  

Various concentrations of Cu2+, Cd2+, Ni2+ and 

Co2+ were prepared from CuSO4, Cd (NO3)2, 

NiSO4.6H2O  and CoSO4.7H2O respectively 

and stored for  further use.  

The weeds used for the study, (Hyptis 

suaveolens and Euphorbia hirta) were 

collected from the botanical garden in our 

institution. They were planted in different pre-

prepaid polythene bags, whose soil contents 

were properly irrigated with the respective 

metal ion solution in order to enhance 

absorption. The plants were cultivated in the 

respective soils after three months. Each soil 

sample was irrigated daily with distilled water 

that contained various concentrations of the 

respective heavy metal ions. The experimental 

design was randomized completely block 

designed. The soil sample that was not 

contaminated with any heavy metal ion was 

marked as the control.  

At the end of two months, each plant sample 

was uprooted and the respective soil samples 

were taken for heavy metal analysis using 

atomic absorption spectrophotometer (AA-

6300 model). However, the leaves stems and 

root of both plants were separated and analyzed 

Acid digestion of the samples was carried out 

according to the method described by Kabta-

Pendias and Pendias, (1984); Yusuf et al., 

(2003).   
 

2.1 Determination of Translocation 

Factor 
 

𝐵𝐹 =  
𝐶𝑝𝑙𝑎𝑛𝑡(𝜇𝑔/𝑔)

𝐶𝑠𝑜𝑖𝑙 (𝜇𝑔/𝑔)
     (1) 

where Cplant is the mean concentration of metal 

ions in plants, Csoil is mean concentration of 

metal ions in soil, BF is bioconcentration 

factor.  Translocation factor (TF) was 

calculated using the formula of Yadav et al. 

(2009); 

l × 𝑇𝐹 =  𝐶𝑎𝑒𝑟𝑖𝑎𝑙 ×
1

𝐶𝑟𝑜𝑜𝑡
  (2) 

Where, 𝐶aerial is the concentration of the metal 

ion in the aerial part of the plant while 𝐶root  is 

the concentration in the root 
 

3.0   Results and Discussion 
 

Table 1. Show the concentrations of Cd and Co 

in the soil before contamination. The results 

reveal that the concentrations of cadmium and 
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cobalt ions are 1.60 and 10.55 µg/gTherefore, 

the background concentration of these metal 

ions in the soil is within recommended safety 

limits.   

 

Table 1: Concentration of metals in soil used 

for planting 

 

Element C(µg/g) ± SD 

Cadmium 1.60 0.01 

Cobalt 10.55 0.07 

Nickel 0.00 0.00 

 

Contamination from industrial and other 

anthropogenic activities are responsible for 

most heavy metal pollution (WHO, 1996). 

Concentrations of cadmium and cobalt ions in 

the weed samples that were used for 

phytoextraction ate presented in Tables 2 and 3.  

Contamination from industrial and other 

anthropogenic activities are responsible for 

most heavy metal pollution (WHO, 1996). 

Concentrations of cadmium and cobalt ions in 

the weed samples that were used for 

phytoextraction ate presented in Tables 2 and 3.

 

Table 2: Concentration of metals in Hyptis suaveolens (µg/g) 

 

 Leaves Stem Root Total 

Cd (Control) 0.00 0.00 1.40±0.01 1.40 

Cd (extracted) 2.65±0.01 11.50±0.01 31.70±0.01 45.85 

Co (control) 2.23±0.01 1.32±0.01 5.55±0.01 9.10 

Co (extracted) 7.00±0.06 6.45±0.01 10.50±0.06 23.95 

 

Table 3: Concentration of metals in Euphorbia hirta (µg/g) 

 

 Leaves Stem Root Total 

Cd (Control) 0.00 0.10±0.01 1.05±0.02 1.15 

Cd extracted 7.75±0.01 9.45±0.03 20.55±0.04 37.75 

Co (control) 0.10±0.01 1.75±0.01 3.70±0.01 75.55 

Co extracted 4.35±0.06 5.05±0.01 5.95±0.02 15.35 

Table 4. Translocation factor of the weed 

plants 

 

Element Hyptis 

suaveolens 

Euphorbia 

hirta 

Cd (control) ------ 0.10 

Cd (extracted) 0.45 0.84 

Co (control) 0.64 0.50 

Co (extracted) 1.28 1.58 

 

The results presented in Table 2 reveal that H. 

suaveolens showed best extraction capacity for 

Cd2+ (45.85 µg/g) compared to Co2+. However, 

the roots alone extracted (31.70 µg/g) while the 

remaining 11.50 µg/g) and the lowest 

accumulation was found in the leaves (2.65 

µg/g). Out of the total cadmium concentration 

accumulated by the plant, 14.15 µg/g was able 

to translocate effectively to the stem and leaf 

while 31.70 µg/g remains at the root. 

According to WHO (1996), the permissible 

limit of cadmium in plant is 0.02 µg/g and H. 

suaveole was able to mop up substantial 

concentrations of Cd in the roots compared to 

the aerial parts. However, Cd accumulated by 

Hytis suaveolens is considered beyond the 

permissible limit without any deformity or 

alteration in the plant growth.  Therefore, Hytis 
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suaveolens is a good phytoextractor for 

cadmium (Sumiahadi and Acar, 2018). 

Results obtained for the absorption of cobalt by 

H. suaveolens revealed that the root absorbed 

most (10.50 µg/g) while 6.45 and 7.00 µg/g 

were absorbed by the leaf and stem 

respectively.  Therefore, the leaf has better 

capacity to store cobalt than the stem and the 

translocation trending from the root to the stem 

was very low compared to that of the stem to 

leaf. Therefore, retention of cobalt ion by the 

stem is less likely but most likely for the metal 

ion to be transferred to the leaf.   The total 

concentration of cobalt extracted by H. 

suaveolens for the period of 30 days was 23.95 

µg/g. 56.16 % of cobalt was translocated to the 

above ground part that is 29.23 % for the leaves 

and 26.93 % for the stem, where as 43.84 % 

remains at the ground level (root). Hence, H. 

suaveolens can bioaccumulate considerably 

high concentration of cobalt. 

Accumulation of nickel in Hytis suaveolens: no 

traces of nickel were found in the root, stem or 

leaves (fig.4) as the concentration of nickel in 

the plant was below the detection limit of the 

instrument. Therefore H. suaveolens shows no 

accumulation potential for nickel.  

The amount of cadmium ions extracted by 

Euphorbia hirta; root was 20.55 µg/g after 30 

days of remediation. However, 9.45 µg/g and 

7.75 µg/g were absorbed by the stems and 

leaves respectively. Therefore, the root of this 

plant has higher extraction efficiency than the 

stem or leaf. This is because the initial 

mechanism of absorption of heavy metals by 

plants is through the root before it is gradually 

shifted to the stem and leaf. The translocation 

trending from the stem to the leaves was high 

compared to the trend from the root to the stem. 

The total concentrations of Cd2+ extracted from 

the soil was 37.75 µg/g.. Also, in Euphorbia 

hirta, 5.95 µg/g of Co2+ was accumulated in the 

root while 5.05 µg/g and 4.35 µg/g were 

extracted into the stem and leaves respectively 

(Table 3). These showed a low trend of cobalt 

accumulation in E. hirta. Only 5.89 % of cobalt 

was accumulated in this weed plant. WHO 

1996 permissible limit of cobalt in plant is 10.0 

µg/g.  Euphorbia hirta exceeded the 

permissible limit. This result thereby predicts 

E. hirta not possessing a mechanism of high 

cobalt accumulation. According to Huang and 

Cunningham (1996) and Blaylock et al., (1997) 

plants can remove between 180 and 530 kg/ha 

of metals per year, which suggests that the 

amount of heavy metal ions accumulated by 

this plant is not strange. This rule may however 

fail in cases where some plants have very high 

tendency to tolerate high concentrations of 

heavy metal ions in their tissues.  

Translocation factor (TF) can be used to 

characterize the ability of phytoremediation 

(Baker, 1981; Usman and Mohamed, 2009; 

Yoon et al., 2006). It is defined as the ratio of 

the metal concentration in the shoots to that in 

the roots. Plants with TF values > 1 are 

categorized as high efficiency plants for 

translocation of metals from roots to shoots 

(Ma, et al., 2001). Therefore, the high 

extraction efficiency of H. suaveolens and E. 

hirta leaves is justified since their TF values 

(1.28 and 1.58) are greater than unity.  

4.0 Conclusion 

From the results and findings of the present 

study, the following conclusions are drawn 

(i) Roots, stems and leaves of H. 

suaveolens and E. hirta plants have 

strong tendency to accumulate 

heavy metal ion and are suitable 

phytoextractors. 

(ii) The root can accumulate heavy 

metal ions more than the stem and 

the leaf because the mechanism of 

absorption of heavy metal ions from 

the soil occurs through the root 

before it is transported to other parts 

of the plants 

(iii) The two phytoextractors have better 

extracting capacity for Cd2+ than 

Co2+ 

(iv) H. suaveolens and E. hirta plants 

can be used as a phytoextractor for 
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the removal of Cd2+ and Co2+ from 

the soil.  
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