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Abstract:- In this study, the ability of J. curcas in the 

extraction of Lead (Pb) and Copper (Cu) from soils 

irrigated with municipal waste water was investigated. 

The seeds of J. curcas were planted in pots containing 

soil (1kg) obtained from vegetable garden irrigated with 

municipal waste water. Due to the limited availability of 

some metals to plants, chelating agents such as ethylene 

diamine tetra acetic acid (EDTA) was applied to the soil 

to facilitate the solubilisation and transport of these 

metals to the plant roots. EDTA (5ml, 0.1mmol) was 

added on the 10th, 11th and 12th week. In the control, 

EDTA was not added and all the plants were harvested 

after 13 weeks of planting. The average number of leaves 

and shoot heights of the plants were recorded. Pb and 

Cu contents in the roots and shoots of the plants in 

EDTA treated soil and control were analyzed using 

Microwave plasma atomic emission spectrophotometer 

(MP- AES). The results obtained showed that the 

application of EDTA increased (P < 0.05) the average 

number of leaves and shoot heights of J. curcas when 

compared to control. The results obtained also showed 

that EDTA increased (P < 0.05) the uptake of metals in 

the tissues of the plant when compared to control. 

Phytoextraction ability was assessed in terms of bio 

concentration factor (BCF) and transfer factor (TF). 

Based on the TF and BCF values, J. curcas can be used 

as a good candidate for the removal of Pb and Cu in the 

soil. 
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I. INTRODUCTION 

 

The re-use of waste water for agricultural purposes due 

to paucity of water is a common practice in tropical and 

semi arid parts of the world [1]. The suitability of waste 

water for agricultural purpose depends on the nature of the 

waste contained in the water [2]. Effluent wastes from 

industries, sewage dumps and refuse contain high levels of 

organic and inorganic contaminants that are essential for 

plant growth as well as a high level of toxic heavy metals 

that are carcinogenic which can pollute the environment 
once it is discharged to nature [3, 4].The presence of these 

high concentrations of toxic heavy metals is a threat to food 

safety, human health, the ecosystem surface and ground 

water [5]. Higher doses of heavy metals can cause metabolic 

disorders which can lead to inhibition of seeds and further 

seedling development in some plants species and this can 

cause reduction in overall plant growth and in turn affect the 

yield of the crops [6, 7] hence, the need to remediate the soil 

using cheap available and sustainable method. Conventional 

methods such as excavation landfill of the top contaminated 

soils are not sustainable or are not practically feasible 
especially on large scale contaminated farmland due to their 

extremely high cost, labour intensive generation of 

secondary waste and lack of a long-term solution. In this 

work, a sustainable technology option using plant is applied 

to remediate contaminated soil irrigated with municipal 

waste water contaminated with waste generated from 

markets and other business activities, runoff from 

petrochemical wastes, mechanical and electrical workshops 

containing chemicals. 

 

A major setback in this study is the non- bio 

availability of metals to plant for roots uptake as plants 
don’t have access to all the metals present in the growth 

substrate. As a consequence to that, the influence of chelator 

(EDTA) in the uptake of these metals was examined using 

Jatropha curcas. 
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II. MATERIALS AND METHODS 

 
A. Soil Sampling and Treatment 

Soil sample used for this experiment was obtained 

from different locations a vegetable garden, irrigated with 

municipal waste water in Katsina Local Government Area, 

Katsina state. Surface soil (0 – 15 cm) samples were 

collected at ten different locations on each sampling site.  

All soil samples were collected using decontaminated soil 

probe, kept in separate polyethylene bags and transported to 

Chemistry laboratory of Umaru Musa Yar’adua University 

(UMYU) for pre treatment and analysis. The soil samples 

were thoroughly mixed to obtain a representative sample, air 

dried for four days then crushed into fine powder and made 
to pass through 2mm mesh sieve. The physicochemical 

parameters of the collected soil sample (pH, particle size, 

soil moisture content, soil organic matter, cation exchange 

capacity and concentration of Pb and Cu in the soil sample) 

were carried out using standard procedures.   

 

B. Waste Water Sampling  

Municipal waste water sample was collected from ten 

different points 10 meters away from each other and stored 

in 25 litres acid cleaned container. This waste water sample 

was then transported to Chemistry laboratory of UMYU for 
pre treatment and analysis. The physicochemical parameters 

of the collected waste water sample (pH, temperature, total 

dissolved solid, dissolved oxygen, biochemical oxygen 

demand, chemical oxygen demand, electrical conductivity 

and concentration of Pb and Cu in the waste water sample) 

were carried out using standard procedures. 

 

C. Phytoremediation Studies 

Seeds of J. curcas were planted in 3 different plastic 

pots of dimension 25cm by 30cm filled with treated soil 

sample (1.0 kg) and watered with waste water. The 

seedlings were thinned to four after germination. EDTA 
(5ml, 0.1mmol) was added to each pot on the 10th, 11th and 

12th week of planting. The control was setup the same way 

but without the addition of EDTA and the growth of the 

plants was monitored. All experiments were in triplicates 

and placed in the Biological Garden of Umaru Musa 

Yar’adua University, Katsina. The plants were harvested 

after thirteen weeks of planting and the average number of 

leaves and shoot height of J. curcas in the control and 

EDTA amended soils were compared. The concentration of 

Pb and Cu in the roots and shoots of the plants were also 

determined.  
 

D. Treatment of Plant Samples 

The plants were harvested separately according to soil 

treatment after 13 weeks of planting and were brought to the 

laboratory. These plants were washed thoroughly with tap 

water and later with deionized water to remove earthy 

impurities and any other form of dirt. This was to ensure 

that only the metals absorbed by the plant will be analyzed. 

The washed plants were separated into roots and shoots, 

dried in open air for 2 days then in the oven at a temperature 

of 80°C for 5hrs.  The dried plant samples were grinded to a 
fine powder using a cleaned ceramic pestle and mortar and 

sieved using a 2mm mesh sieve. The fine powdered sample 

of each part of the plant were stored and labeled in an acid 

cleaned container and kept for further analysis.  
 

E. Digestion of Plant Samples 

The powdered plant samples (0.5g) of each of the roots 

and shoot was placed in a digestion flask (100cm3) followed 

by the addition of aqua regia (10cm3) (3 parts concentrated 

HCl and 1 part concentrated HNO3). This was heated on a 

hot plate in a fume cupboard, until a clear solution was 

obtained. The digest was diluted with deionized water, 

filtered into a volumetric flask using Whatman No. 4 filter 

paper. The filtrate was transferred into an acid cleaned 

sample bottle (50cm3) and made to the mark with deionized 

water. This was then taken for elemental analysis [10].  
 

F. Digestion of Waste Water Sample  

The effluent water sample (50cm3) was treated with 

concentrated HNO3 (20cm3) and heated on a hot plate until 

white fumes evolved. The digest was allowed to cool, 

filtered into standard volumetric flask (100cm3). The filtrate 

was transferred into an acid cleaned sample bottle (50cm3) 

and made to the mark with deionized water. This was then 

taken for elemental analysis [11].  

 

G. Digestion of Soil Samples 
Soil sample (10g) was weighed into a beaker (100cm3), 

followed by the addition of concentrated HNO3 (5cm3) and 

HClO4 (2cm3). The mixture was heated on a hot plate until 

the digest was clear. Water (20cm3) was added to the clear 

digest to dilute it and then filtered with Whatman No 4 filter 

paper into a volumetric flask. The filtrate was transferred 

into an acid cleaned sample bottle (50cm3) and made to the 

mark with deionized water and taken for elemental analysis 

[12].   

 

H. Elemental Analysis  

Microwave plasma atomic emission spectrophotometer 
(MP - AES) was used to determine the concentrations of Pb 

and Cu present in the roots and shoots of the plants used for 

the experiments as well as in the waste water and soil 

samples.  

 

I. Bio-Concentration Factor (BCF) Index and Transfer 

Factor (TF)                                 

The ratio of heavy metal concentration in whole plant 

tissues to that in the soil was determined using the formula 

by [13, 14]   

 

BCF =          (1)       

 

While the capability of plants to take up heavy metals 

in their roots and to translocate them to their above-ground 

parts (shoots) was calculated using the formula by [15]: 
 

TF =               (2) 
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J. Statistical Analysis           

 The analysis was done using paired sample t-test. This 
was done to compare the means of the metals in the tissues 

of plants sown in soils amended with EDTA and the control. 

The statistical software used was statistical package for 

social sciences version 22 (SPSS). 

 

III. RESULTS AND DISCUSSION 

 

A. Physicochemical Analysis of Soil  

The result of analysis of soil from the study site is 

given in Table 1. The soil texture was found to contain 80% 

sand, 11% clay and 9% silt which indicates that the soil is 

sandy loam according to textural triangle. The soil was 
slightly acidic (6.5) and considered useful for plantation 

according to [16]. pH is considered to be an influencing 

factor in metal uptake from soils, because hydrogen ions 

from the acid displace metal cations from the cation 

exchange complex (CEC) of soil components and cause 

metals to be released from surfaces which have been 
chemisorbed [17]. The organic matter content of the soil 

was found to be 2.713%. Soil organic matter is an important 

indicator for judging soil fertility [18]. It controls the 

behaviour of trace metals in the soil because it has the 

ability to reduce the phytotoxic effects of metals in the soil 

by forming metal-organic complexation [19].The CEC of 

soil was 6.10cmol/kg−1. CEC is a very important soil 

property that influences the soil’s ability to allow for easy 

exchange of cations between its surface and solution [20]. 

The levels of Pb and Cu in the soil sample were 0.216 

mg/kg and 0.680mg/kg respectively and these values are 

within WHO and FAO permissible limits but could increase 
with time from constant irrigation of plants with 

contaminated water since these metals don’t decompose in 

the soil. 

 

Table 1 Physicochemical Parameters of Soil 

Physicochemical  parameters Values Method of analysis 

Particle size (%)  Hydrometer  method 

 Clay 11.00 

Sand 80.00 

Silt 9.00 

Soil texture Sandy Loamy  

Soil pH 6.5 Potentiometric  method 

Moisture content (%) 67.07 Gravimetric  method 

Soil organic matter (%) 2.713 Walkley  -  Black 

Cation Exchange Capacity, CEC (cmol/kg−1) 6.10 Ammonium Acetate  Method 

Concentration of Pb (mg/kg) in soil sample 0.216 MP-AES 

Concentration of Cu (mg/kg) in soil sample 0.680 MP-AES 

 

B. Physicochemical Parameters of Waste Water Sample 

The physicochemical properties of waste water 

determine the nature of pollutants in the waste water, the 

extent of the pollution and the suitability of the waste water 
for reuse and the results are presented in Table 2.  In this 

study, the pH values of 5.9 was recorded for the waste 

waters used and this is not within the FEPA regulatory unit 

of 6 - 9 set for discharge into surface water and this could be 

as a result of the nature wastes being discharged into the 

water. Parameter such as pH, measures the degree of acidity 

or alkalinity of a substance. The acidic nature of the waste 

water is very important because it is capable of impacting 

metal availability. The Total dissolved solid (TDS) of the 

waste water sample was 201mg/l which is below the 

1000mg/l permissible limit set by FEPA. TDS measures all 

inorganic and organic substances contained in a liquid in 
molecular, ionized or micro-granular suspended form. The 

low TDS in this waste water indicates the presence of low 

inorganic and organic substances in the waste water sample. 

The EC value in this study is lesser (53.4 µS/cm) than FEPA 

set limit of 1000 µS/cm. Electrical conductivity of water is 

directly related to the concentration of dissolved ionized 

solids in the water which create the ability for that water to 

conduct an electrical current [21]. The Low EC value 

indicates the presence of lower contents of dissolved salts in 

the water [22]. Dissolved oxygen measures the amount of 

oxygen in aquatic environment that is accessible to all 

organisms in the water [23]. Oxygen demand is associated 

with the biodegradation of the carbonaceous portion of 

wastes (BOD) and oxidation of nitrogen compounds such as 
ammonia (COD) hence, polluted water contains low level of 

oxygen [24]. The value of dissolved oxygen observed in the 

waste water sample was 20.3 mg/l. This value is above the 

FEPA set limit of 7.5 mg/l indicating the presence of less 

organic pollutants in the water. The BOD level of waste 

water was 14.3 mg/l which is lesser than FEPA set limit of 

50mg/l. BOD indicates the amount of oxygen taken up by 

microorganisms for the decomposition of organic waste 

matter in wastewater. A high BOD indicates the presence of 

a large number of microorganisms which indicates a high 

level of pollution in wastewater [24]. The low BOD 

observed in this study indicates low level of organic waste 
matter in the waste waters. The COD values obtained for the 

waste water sample used in this study was 62.5mg/l which is 

lesser than FEPA set limit of 150 mg/l. COD is a measure of 

the oxygen equivalent of the organic matter in a water 

sample that is susceptible to oxidation by a strong chemical 

oxidant [25]. The low COD indicates the presence of low 

organic matter in the water. The levels of Pb and Cu in the 

waste water sample are 0.112mg/l and 0.295mg/l 

respectively and these values are within WHO and FAO 

permissible limits for water used for irrigation. 
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Table 2 Physicochemical Parameters of Waste Water Sample 

Physicochemical parameters Values FEPA 

Temp °C 25  

pH 5.9 6-9 

TDS mg/l 201 2000 

EC µs 53.4 1000 

DO mg/l 20.3 7.5 

BOD mg/l 14.3 50 

COD mg/l 62.5 150 

 

C. Plant Growth in EDTA Amended Soil 
The effect of EDTA on the growth of J. curcas in soil 

irrigated with municipal waste water was studied for 13 

weeks and the results obtained showed that the average 

number of leaves and shoot height of J. curcas sown in 

EDTA amended soil increased with respect to control 

(unamended soil) Table 3. J. curcas sown in control soil 

attained an average shoot height of 20.00cm and 5.50 leaves 

which increased to 24.00cm and 10 leaves with EDTA 

amendment. There were no visible signs of heavy metals 

toxicity such as chlorosis in the plants sown in both the 

control and EDTA amended soil during the 13 weeks of 

planting. This could be due to the property of EDTA as a 
chelating agent. It has been reported by [26] that the 

application of chelating agent like EDTA can improve plant 

tolerance to heavy metals and enhances plant height, shoot 

fresh and dry weight and this was probably due to the 

chelation of the heavy metals which reduced the toxic 

effects of the metal on the plant. Reference [27] also 

reported that EDTA improved plant growth, biomass, 

chlorophyll contents, gas exchange attributes and ultra-

structure of chloroplast while ameliorating oxidative stress 

by enhancing the anti - oxidative defense system. 

  

Table 3 Growth Performance of J. curcas in Soil with and without EDTA Amendment 

Treatment Average number of leaves Plant height (cm) 

Control 5.50±0.58 20.00±7.07 

EDTA 10.00±0.00 24.00±0.00 

 

D. Concentration (mg/kg) of Metals in the Root and Shoot 

of J. curcas   

The influence of EDTA in the dissolution of Pb from 

the soil, uptake by the roots and subsequent translocation to 

the shoots of J. curcas was investigated in soil irrigated with 

municipal waste water and the results are presented in Table 

4.0, Figures 1 and 2 respectively. From the results obtained, 

it was observed that the application of EDTA to the soil 

significantly increased (P < 0.05) the accumulation of Pb in 
the tissues of J. curcas with respect to control. Increase in 

Pb uptake by the tissues of J. curcas according to [28] could 

be due to the coordination of Pb by EDTA which enhanced 

Pb mobility within the plants thereby, allowing the plant to 

accumulate high concentrations of Pb in its tissues. 

Increased Pb uptake by the tissues of Brassica juncea 

influenced by EDTA was reported by [29].The distribution 

of Pb in the tissues showed that the root of J. curcas in the 

control accumulated 0.13mg/kg Pb which increased to 

0.32mg/kg with EDTA amendment. This is about 2.5 fold 

more than the level of Pb accumulated in root of the plant in 

control. This result is consistent with the observation of [30] 
who reported an increase in the root Pb level of Ageratum 

conyzoides in EDTA modified soil compared to the roots of 

the plant in unmodified soil. The shoot Pb uptake in EDTA 

amended soil compared to control also increased. The shoot 

of J. curcas accumulated 0.19mg/kg Pb in control which 

increased to 0.25mg/kg with EDTA treatment which is 1.3 

fold increases. This result is in accordance with the report of 

[31] where shoot Pb accumulation of Pelargonium hortoum 

in EDTA amended soil was higher than in control.    

 

 

A significant increase (P < 0.05) in Cu uptake was 

observed in the tissues of J. curcas when EDTA was applied 

to the soil compared to control (Table 5). Reference [32] 

reported that EDTA had positive effects on Cu 

bioavailability in soil and markedly enhanced Cu uptake and 

accumulation in S. alfredii. Increase in Cu uptake with 

EDTA in P. maximum relative to control was reported by 

[33]. Comparing root and shoot Cu uptake in J. curcas sown 

in EDTA amended to control, it was observed that the root 
of J. curcas in control accumulated 0.04mg/kg Cu which 

increased (P < 0.05) to 0.18mg/kg when EDTA was applied. 

This amounts to an increase of 4.5 fold in Cu accumulation 

in the root of the plant due to EDTA application. Similarly, 

the shoot of J. curcas in control accumulated 0.05mg/kg 

which increased to 0.10mg/kg when EDTA was applied to 

the soil resulting in 2 fold increase with respect to 

unamended soil. Reference [27] made similar observation in 

Jute (Corchorus Capsularis L.) while [34] noted similar 

behaviour in the efficiency of EDTA in removal of Cd using 

P. hortorum.  

 
The application of chelating agents to metal 

contaminated soil is not to only increase root metal 

accumulation but to also facilitate the translocation to the 

aerial parts for effective phytoextraction. Reference [35] 

opined that root to shoot translocation was enhanced by 

metal chelation thereby reducing the affinity of the metals 

for the binding site in the cell walls. EDTA has been 

reported to be the most effective chelating agent capable of 

enhancing metal accumulation in the shoots of plants 

through the formation of metal chelate complex which 

enhances its mobility within the plant and increases root to 
shoot transport [36]. Reference [37] found that the 
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application of EDTA increased the accumulation of Pb in 

the shoot of E. camaldeulensis. Reference [38] observed 
increase in shoot Zea mays Cu accumulation when EDTA 

was applied to the soil.  In contrast to this study, EDTA 

demonstrated a lower ability to translocate Pb and Cu to the 

aerial part of the plant. This low translocation of metals 

from root to shoot is a limiting factor for the 

phytoremediation of heavy metals from contaminated soils. 

The retention of more metals in the root than the shoots of 

plants according to [39] could be due to the formation of 

complexes between metals and ligands like organic acids / 

phytochelatins in the root thereby allowing only a small 

amount of metals to be transported to the shoots. Reference 

[40] opined that EDTA was far more efficient in 
overcoming the diffusion limitation of metals to the root 

surface than the barrier of root to shoot translocation. This 

result is in agreement with the report of [28] who observed 

high level of Pb in the roots of Catharanthus roseous than in 

the shoot. 

 

 
Fig 1 Mean Concentration (mg/kg) of Pb in the Root and 
Shoot of J. curcas in EDTA Amended Soil and Control 

 

 
Fig 2 Mean Concentration (mg/kg) of Cu in the Root and 

Shoot of J. curcas in EDTA Amended Soil and Control 

 

E. Bio Concentration Factor (BCF)  

The relation between metal contents in the different 
plant parts and its total content in soil was calculated as bio 

concentration factor (BCF) [13,14]. Therefore, it is 

suggested that the plant species having a higher metal 

concentration in its tissues than the soil can be considered as 

accumulator for phytoremediation. The accumulation 

efficiency of plants was categorized into three depending on 

their BCF levels [41]. BCF was categorized as; excluder if 

BCF < 1; accumulator if BCF values are within the range of 

1 to 10; hyper accumulator if BCF > 10. In this study, the 

values of BCF obtained of J. curcas for Pb and Cu in control 

are 1.48 and 0.21 respectively which increased to 2.64 and 

0.41 respectively when EDTA was applied to the soil (Table 
4 and 5). It could be observed that the accumulation of Pb 

and Cu in the tissues of J. curcas was enhanced with the 

application of EDTA. The BCF values also showed that J. 

curcas can be classified as an accumulator of Pb and an 

excluder of Cu. Similar results of EDTA enhanced metal 

accumulation in plant tissues were also observed by [42] in 

Lespedeza chinensis and Lespedeza davidii. 

 

F. Transfer Factor (TF) 

The ability of plants to transport metals from roots to 

edible parts is characterized by the transfer factor (TF) [15]. 
Plants with TF values greater than 1 (TF > 1) are classified 

as high-efficiency plants for metal translocation from the 

roots to shoots, hence, these metals are removed by 

phytoextraction process. On the other hand, plants with TF 

values less than 1 (TF < 1) indicates low metal translocation, 

hence, phytostabilization technique was employed in the 

removal of the metals from the soil.  In this study, it was 

observed that the TF of Pb (1.46) and Cu (2.50) in control 

soil was higher than the TF of Pb and Cu in EDTA in 

amended soil (Pb, 0.78; Cu, 0.56) (Table 4 and 5).  This 

result is in agreement with findings by [43] where shoot of 

sunflower (Helianthus annuus) grown in unamended soil 
accumulated more toxic heavy metals than in amended soil. 

It was also observed that the TF values of Pb and Cu in 

control t were greater than 1 (TF > 1). This implies that Pb 

was removed from the soil by phytoextraction technique. 

The values of TF obtained for Pb and Cu in EDTA amended 

soil was less than 1 (TF < 1). This implies that Pb was 

retained in the root of both plants, hence, phytostabilization 

technique.  

 

 

Table 4 Mean Concentration of Pb (mg/kg) in the Tissues of J. curcas, BCF and TF 

 Root Shoot BCF TF 

Control 0.13±0.10 0.19±0.20 1.48 1.46 

EDTA 0.32±0.10 0.25±0.00 2.64 0.78 

  

Table 5: Mean Concentration of Cu (mg/kg) in the Tissues of J. curcas, BCF and TF 

 Root Shoot BCF TF 

Control 0.04±0.00 0.10±0.00 0.21 2.50 

EDTA 0.18±0.00 0.10±0.00 0.41 0.56 
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IV. CONCLUSION 

 
This study examined the influence of EDTA in the 

phytoremediation of Pb and Cu from soil irrigated with 

municipal waste water using Jatropha curcas. The effect of 

EDTA on the average number of leaves and shoot height of 

the plant was also examined. The analysis of the 

physicochemical parameters of the waste water showed that 

the water was not highly polluted, hence, suitable for 

irrigation. The results obtained showed that the average 

number of leaves and shoot heights of the plants increased 

in EDTA amended soil compared to control. The results also 

showed that total heavy metals uptake in the plant tissues 

increased when EDTA was applied compared to control. 
The BCF values obtained showed that the application of 

EDTA enhanced the accumulation of Pb and Cu in the plant 

tissues compared to control. The BCF values obtained also 

showed that in both amended and control, Pb accumulation 

in the plant tissues was higher than Cu. The obtained TF 

values showed that the application of EDTA to the soil did 

not influence the translocation of Pb and Cu to the shoot of 

the plant. Based on the TF and BCF values, it can be 

concluded that EDTA can be used to enhance the removal of 

Pb and Cu from heavy metal contaminated soil using J. 

curcas.  

 

ACKNOWLEDGMENT 

 

Dayo, L Yusuf would like to thank Engr. S. A. Yusuf 

for his financial support, Dr. Bishir of the Centre for Dry 

Land Agriculture, Bayero University Kano and Mallam 

Aminu of the Department of Geography soil and water  

laboratory, Umaru Musa Yar’adua University, Katsina for 

their technical assistance. 

 

REFERENCES 

 
[1]. Ruma, M.M and Sheikh, A.U (2010). Reuse of 

wastewater in urban farming and urban planning 

implications in Katsina metropolis, Nigeria. African 

Journal of Environmental Science and Technology, 4 

(1): 028-033. 

[2]. Nazif , W., Pervens, S., Shah, (2006). Evaluation of 

irrigation water for heavy metals of  Akbarpura 

Area. J. Agric. Biol. Sci. 1 (1): 51-54. 

[3]. Jadia, C.D., Fulekar, M.H. (2009). Phytoremediation of 

heavy metals: Recent techniques. Afr.J.Biotechnol. 

8(6):921-928. 
[4]. Khaled, A., Ola Abdelwahab, O., El-Sikaily, A., El 

Nemr, A. (2008). Treatment of wastewater containing 

toxic chromium using new activated carbon developed 

from date palm seed. Journal of Hazardous Materials, 

152:263-275. 

https://doi.org/10.1016/j.jhazmat.2007.06.091 

[5]. Li, F., Fan, Z., Xiao, P., Oh, K., X. Ma, and W. Hou, 

(2009). “Contamination, chemical speciation  and 

vertical  distribution of heavy metals in soils of an 

old and large industrial zone in  Northeast 

China,” Environ. Geol. vol. 57, pp. 1815-1823. 
https://doi.org/10.1007/s00254-008-1469-8 

[6]. Yaqvob Mami, Golale Ahmadi, Masoud Shahmoradi 

and Hamid Reza Ghorbani (2011). Influence of 
different concentration of heavy metals on the seed 

germination and  growth of tomato. African 

Journal of Environmental Science and Technology Vol. 

5(6), pp. 420-426. 

[7]. Muhammad Shafiq., Iqba, M. Zafar., Mohammad, 

Athar. (2008) Effect of lead and cadmium on 

germination and seedling growth of Leucaena 

leucocephala.  J. Appl. Sci. Environ. Manage. Vol. 

12(2) 61 – 66. 

[8]. Danh, L.T., P. Truong, R. Mammucari, T. Tran and N. 

Foster. (2009). Vetiver grass, Vetiveria zizanioides: A 

choice plant for phytoremediation of heavy metals and 
organic wastes. Int. J. Phytorem,11:664-691. 

https://doi.org/10.1080/15226510902787302 

[9]. Prasad, M .N. V and Freitas, H. M. D. O. (2003). Metal 

hyperaccumulation in plants-biodiversity prospecting 

for phytoremediation technology. Electron. J. 

Biotechnol., 6: 275-321.     

https://doi.org/10.2225/vol6-issue3-fulltext-6 

[10]. Kisku, G. C., Barman, S. C and Shargava, S. K. (2000).  

Contamination of Soil and plants  with PTE irrigated 

with mixed industrial effluent and its impact on the 

environment. Water, Air and  Soil Pollution, 120:  121 
– 137. https://doi.org/10.1023/A:1005202304584 

[11]. American Public Health Association (APHA), (1998). 

Standard methods for the  examination of water 

and waste water. 20th Edition, Washington DC, U.S.A. 

[12]. Waziri, M.,  Abdullahi, U., Audu, A. A  and 

Kalimullah. (2016).Phytoremediation Potentials of 

Selected Plants in Industrially Contaminated Soils. 

International Journal of Environmental Science and 

Development,Vol.7,No.10. 

https://doi.org/10.18178/ijesd.2016.7.10.875 

[13]. Yoon, J.,  Cao, X., Zhou, Q and Ma, L. Q. (2006) 

“Accumulation of Pb, Cu, and Zn in native  plants 
growing on a contaminated Florida site”. Sci. Total 

Environ.368(2-3):456-464. 

https://doi.org/10.1016/j.scitotenv.2006.01.016 

[14]. Cluis,C.(2004). Junk-greedy Greens: phytoremediation 

as a new option for soil decontamination. BioTech J. 

2:61-67. 

[15]. Marchiol, L., Sacco, P., Assolari, S., and Zerbi, G. 

(2004). Reclamation of polluted soil: phytoremediation 

potential of crop-related Brassica species. Water Air 

Soil Pollut., 158:345–

356.25.https://doi.org/10.1023/B:WATE.0000044862.5
1031.fb 

[16]. The United States Department of Agriculture Natural 

Resources Conservation Services, 2011. 

[17]. McBride,M. B. (1994) Environmental Chemistry of 

Soils (1st edn). Oxford University Press, New York, 

416pp 

[18]. Sen Zhang, Xia Lu, Yuanzhi Zhang,  Gege Nie and 

Yurong Li. (2019). Estimation of Soil Organic Matter, 

Total Nitrogen and Total Carbon in Sustainable Coastal 

Wetlands.Sustainability,11,667.https://doi.org/10.3390/

su11030667 
 

http://www.ijisrt.com/
https://doi.org/10.1016/j.jhazmat.2007.06.091
https://doi.org/10.1007/s00254-008-1469-8
https://doi.org/10.1080/15226510902787302
https://doi.org/10.2225/vol6-issue3-fulltext-6
https://doi.org/10.1023/A:1005202304584
https://doi.org/10.18178/ijesd.2016.7.10.875
https://doi.org/10.1016/j.scitotenv.2006.01.016
https://doi.org/10.1023/B:WATE.0000044862.51031.fb
https://doi.org/10.1023/B:WATE.0000044862.51031.fb
https://doi.org/10.3390/su11030667
https://doi.org/10.3390/su11030667


Volume 8, Issue 8, August – 2023                              International Journal of Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

 

IJISRT23AUG387                                                              www.ijisrt.com                 411 

[19]. Gupta, A.K and Sinha, S. (2007) Phytoextraction 

capacity of the plants growing on tannery sludge 
dumping  sites. Bioresource Technol 98:1788–1794. 

https://doi.org/10.1016/j.biortech.2006.06.028 

[20]. Wuana, R. A., Ishaq, S. E and Julius U. N. (2016). 

Single and mixed chelants-assisted phytoextraction of 

heavy metals in municipal waste dump soil by castor. 

Advances in Environmental Research, Vol. 5, No. 1 

(2016) 19-35DOI: 

http://dx.doi.org/10.12989/aer.2016.5.1.019 

[21]. U. S. Environmental Protection Agency (EPA). 

Washington, D.C. "Guidance for Water Quality-Based 

Decisions: The TMDL Process." Doc. No. EPA 440/4-

91-001. April  1991. 
[22]. Shazia, I., Sadia, K., Iftikhar, A., Tauseef, T., 

Vishandas, S and Mahmood, M. (2012). Assessment of 

Physicochmical Parameters of Waste Water Samples. 

Environ Monit Assess, 185: 2503-2515. 

https://doi.org/10.1007/s10661-012-2727-5 

[23]. Omid Bozorg-Haddad, Mohammad Delpas and 

and Hugo A. Loáiciga (2021). Water Quality, hygiene 

and health in Economic, Political and Social Issues in 

Water Resources.  Pages 217-257. 

https://doi.org/10.1016/B978-0-323-90567-1.00008-5 

[24]. Ewere, E. E., Omoigberale, M. O., Bamawo, O.E.R 
and Erhunmwunse, N. O. (2014). “Physio-Chemical 

Analysis of Industrial Effluents in parts of Edo States 

Nigeria”. J. Appl. Sci.  Environ. Manage. June, 

Vol. 18 (2) 267-272. 

https://doi.org/10.4314/jasem.v18i2.18 

[25]. Jain, S.K.,   Singh, V.P. (2003). Water Quality 

Modeling Developments in Water Science Volume 51. 

Pages 743-786. https://doi.org/10.1016/S0167-

5648(03)80067-9 

[26]. Nawaz, H., Ali, A., Saleem, M. H., Ameer, A., Hazeez, 

A., Alharbi, K., Ezzat, A., Khan,  A., Jamil, M 

and Farid, G. (2022). Comparative Effectiveness of 
EDTA and CA  Assisted Phytoremediation of Ni 

Contaminated Soil Using Canola (Brassica napus). 

Brazilian Journal of Biology, Vol 82, e261785. 

https://doi.org/10.1590/1519-6984.261785 

[27]. Muhammad Hamzah Saleem, Shafaqat Ali, Muzammal 

Rehman, Muhammad Rizwan, Muhammad 

Kamran, Ibrahim A.A. Mohamed, Zaid khan, Atif A. 

Bamagoos, Hesham F. Alharby, Khalid Rehman 

Hakeem, Lijun Liu. (2020). Individual and combined 

application of EDTA and citric  acid assisted 

phytoextraction of copper using  jute (Corchorus 
capsularis L.) seedlings. Environmental Technology 

and innovation  v.19 pp.1008952352-1864. 

https://doi.org/10.1016/j.eti.2020.100895 

[28]. Subhashini, V., and Swamy, A.V.V.S. (2013). 

Phytoremediation of Pb and Ni  Contaminated 

Soils  Using Catharanthus roseus (L.). Univers. 

J. Environ. Res.  Technol.. 3(4): 465-472 

[29]. Nafees Bacaha, Rabia Shamas, Jehan Bakht, Abdur 

Rafi, Farhatullah and Afsheena Gillani. (2015). Effect 

of Heavy Metal and EDTA Application on Plant 

Growth and Phyto-Extraction Potential of Sorghum 
(Sorghum Bicolor). Pak. J. Bot., 47(5): 1679- 1684. 

[30]. Aiyesanmi, A. F.,  Iyalabake O. Ajayi and Afamefuna 

E. Okoronkwo. (2021). Assessing the         potential of 
Ageratum conyzoides for the phytoremediation of 

lead-polluted soils. IJRES 8, 27-35. 

[31]. Gul I, Manzoor M, Kallerhoff J and Arshad M 

(2020)Chemosphere 258 127405. 

https://doi.org/10.1016/j.chemosphere.2020.127405 

[32]. Yue-bing Sun, Qi-xing Zhou, Jing An, Wei-

tao Liu, Rui Liu (2009).Chelator-enhanced 

phytoextraction of heavy metals from contaminated 

soil irrigated by industrial wastewater  with the 

hyperaccumulator plant (Sedum alfredii Hance). 

Geoderma. Volume 150, Issues 1– 2, 15 April 

2009, Pages 106-112. 
https://doi.org/10.1016/j.geoderma.2009.01.016 

[33]. Azeez, J. O. Olowoboko, T. B.,  Bada,  B. S., Odedina 

J. N. & Onasanya O. O.  (2020). Evaluation of  Soil 

Metal  Sorption Characteristics and Heavy Metal 

Extractive Ability  of Indigenous Plant Species in 

Abeokuta,  Nigeria. International Journal of 

Phytoremediation,DOI:10.1080/15226514.2020.17174

33 

[34]. Iram Gul, Maria Manzoor, Nosheen Hashim, Jean 

Kallerhoff, Muhammad Arshad. (2018). Comparison of 

EDTA, Citric Acid and TiO2 Nanoparticles to Support 
Cd Phytoaccumulation in Spiked Soil Proceedings of 

the 2nd International Conference of Recent Trends in 

Environmental Science and Engineering (RTESE'18) 

Niagara  Falls, Canada – June 10 – 12,  2018 

Paper No. 119 DOI: 10.11159/rtese18.119 

[35]. Jean, L., Bordas, F., Gautier-Moussard, C., Vernay, P., 

Hitmi, A and Bollinger, J. C. (2008). “Effect of citric 

acid and EDTA on chromium and nickel uptake and 

translocation by Datura  innoxia,” Environmental 

Pollution, vol. 153, no. 3, pp. 555–563. 

https://doi.org/10.1016/j.envpol.2007.09.013 

[36]. Garba, Shuaibu Tela, Osemeahon, Akuewanbhor 
Sunday, Maina, Humphrey Manji and Barminas, Jeffry 

TsawareEthylenediaminetetraacetate. (2012). (EDTA)-

Assisted  phytoremediation of heavy metal 

contaminated soil by Eleusine indica L. Gearth. 

Journal of Environmental Chemistry and 

Ecotoxicology Vol. 4(5), pp. 103-109, 2. 

https://doi.org/10.5897/JECE11.078 

[37]. Khalled Sallami, Stephen, J. Coupe, Jess Rollanson, 

K., Eshmaiel Ganjan. (2013). Soil Amendment to 

Enhance Pb Uptake by E. camaldeulensis Cultivated 

on Metal Contaminated Soil. European Journal of 
Experimental Biology, 3 (6): 7 – 13. 

[38]. Chigbo, C and Batty, L. (2015). Chelate-Assisted 

Phytoremediation of Cu-Pyrene-Contaminated Soil 

Using Z. mays. Water Air Soil Pollut 226(3). 

https://doi.org/10.1007/s11270-014-2277-2 

[39]. Anita, S and Sarita, S. (2015).Cadmium Toxicity and 

its Phytoremediation; A Review International Journal 

of Scientific & Engineering Research, Volume 6, Issue 

9. 

 

 
 

http://www.ijisrt.com/
https://doi.org/10.1016/j.biortech.2006.06.028
http://www.epa.gov/OWOW/tmdl/decisions/
http://www.epa.gov/OWOW/tmdl/decisions/
https://doi.org/10.1007/s10661-012-2727-5
https://doi.org/10.1016/B978-0-323-90567-1.00008-5
https://doi.org/10.4314/jasem.v18i2.18
https://www.sciencedirect.com/bookseries/developments-in-water-science
https://doi.org/10.1016/S0167-5648(03)80067-9
https://doi.org/10.1016/S0167-5648(03)80067-9
https://doi.org/10.1590/1519-6984.261785
https://pubag.nal.usda.gov/?q=%22Muhammad+Hamzah+Saleem%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Shafaqat+Ali%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Muzammal+Rehman%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Muzammal+Rehman%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Muhammad+Rizwan%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Muhammad+Kamran%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Muhammad+Kamran%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Ibrahim+A.A.+Mohamed%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Zaid+khan%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Atif+A.+Bamagoos%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Atif+A.+Bamagoos%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Hesham+F.+Alharby%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Khalid+Rehman+Hakeem%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Khalid+Rehman+Hakeem%22&search_field=author
https://pubag.nal.usda.gov/?q=%22Lijun+Liu%22&search_field=author
https://doi.org/10.1016/j.eti.2020.100895
https://doi.org/10.1016/j.chemosphere.2020.127405
https://www.sciencedirect.com/journal/geoderma
https://www.sciencedirect.com/journal/geoderma/vol/150/issue/1
https://doi.org/10.1016/j.geoderma.2009.01.016
https://doi.org/10.1016/j.envpol.2007.09.013
https://doi.org/10.5897/JECE11.078
https://doi.org/10.1007/s11270-014-2277-2


Volume 8, Issue 8, August – 2023                              International Journal of Innovative Science and Research Technology                                                 

                                        ISSN No:-2456-2165 

 

IJISRT23AUG387                                                              www.ijisrt.com                 412 

[40]. Lombi, E., Zhao, F. J, Dunham, S. J, and McGrath, S. 

P.  (2001). Phytoremediation of Heavy   metal 
contaminated soils: natural hyperaccumulation versus 

Chemically –enhanced phytoextraction. Journal of 

Environmental Quality 30, 1919-1926. 

https://doi.org/10.2134/jeq2001.1919 

[41]. Blaylock, M. J., Dushenkov,  D. E.,  Zakharova,  S., 

Gussman , O., Kapulnik, C., Ensley, Y and Raskin, 

B.D.  (1997) Enhanced accumulation of Pb in 

Indian mustard by soil-applied  chelating 

agents. Environmental Science and Technology 64: 

489–496. https://doi.org/10.1021/es960552a 

[42]. Ling, J. Z., Xiao, M. L., Ursula, L. M  and Thomas, P. 

(2011) “Effects of Lead and EDTA-Assisted Lead on 
Biomass, Lead Uptake and Mineral Nutrients in 

Lespedeza chinensis and Lespedeza davidii”. Water Air 

Soil Pollut, 220:57–68. https://doi.org/10.1007/s11270-

010- 0734-0 

[43]. Liphadzi, M. S., Kirkham, M. B. (2006). Availability 

and Plant Uptake of Heavy Metals in EDTA – Assisted 

Phytoremediation of Soils and Composted Biosolids. 

South African Journal of Botany 72, 391 – 397.  

https://doi.org/10.1016/j.sajb.2005.10.010 

 

 
 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

http://www.ijisrt.com/
https://doi.org/10.2134/jeq2001.1919
https://doi.org/10.1021/es960552a
https://doi.org/10.1007/s11270-010-%090734-0
https://doi.org/10.1007/s11270-010-%090734-0
https://doi.org/10.1016/j.sajb.2005.10.010

	ACKNOWLEDGMENT
	[25]. Jain, S.K.,   Singh, V.P. (2003). Water Quality Modeling Developments in Water Science Volume 51. Pages 743-786. https://doi.org/10.1016/S0167-5648(03)80067-9
	[32]. Yue-bing Sun, Qi-xing Zhou, Jing An, Wei-tao Liu, Rui Liu (2009).Chelator-enhanced phytoextraction of heavy metals from contaminated soil irrigated by industrial wastewater  with the hyperaccumulator plant (Sedum alfredii Hance). Geoderma. Volum...


