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Abstract—Researches towards the management of heavy metals 
(HM) from waste receive much more attention. HM accumulates in 
the body tissues of living organisms and affects many biochemical 
pathways and extent of toxicity depends on it’s chemically 
availability. Naturally occurring metal hyper accumulators have 
gained importance recently due to immense potential of these plants 
in phytoremediation of heavy metal-contaminated sites. Weed plants 
are widespread throughout the world and usually have great 
potential for invasion due to high growth and reproductive rate, 
efficient dispersal, rapid establishment and stress tolerance. The 
current research is projected to use weed plants Thalaspi 
caerulescens, Ageratum conyzoids, Parthenium hysterophorus, 
Equisetum diffusum, Bidens pilosa, Sedum alfredii for heavy metal 
management/ detoxification. The detoxification involves the 
immobilization of metal by complexation/chelation to less toxic 
form by using natural chelates present in the plants. These plants 
form phytochelatin complex (PC) with heavy metals and hide their 
identity. The HM –PC complex formation is depends upon the 
availability of ligand, kinetics of complex formation, and steric 
factor.  
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1. I NT R ODUC T I ON  

Environmental pollution by heavy metals has become a 
serious problem in the world. The mobilization of heavy 
metals through extraction from ores and subsequent 
processing for different applications has led  to the release of 
these elements into the environment. The problem of heavy 
metals pollution is becoming more and more serious with 
increasing industrialization and disturbance of natural 
biogeochemical cycles. Heavy metals cannot be destroyed 
biologically but only transformed from one oxidation state or 
organic complex to another [1]. Heavy metals adversely 
effects plant like growth growth, poor yield and aberrations in 
metabolic function like photosynthesi and respiration [2]. 
Various chemical and physical methods are employed for the 
extraction of metals which are costly [3] (Table 1) and require 
highly sophisticated equipments and skilled labour. The use of 
synthetic chelates like EDTA cannot be avoided in these 
methods. Synthetic chelates pollute ground water, negatively 

affect soil quality and also chelate necessary ions unselectively 
[4]. So, it is necessary to use environmental friendly, greener 
and cost effective technique (phytoextraction) for the 
remediation of heavy metals. Metal hyper accumulating plants 
have gained increased attention because of their potential to 
accumulate heavy metals and have application in 
decontamination of metal polluted soil. Weeds plants are 
suitable for this purpose because of their inherent resistant 
capability, fast vegetative and reproductive growth, wide 
adaptability, stress tolerance and their non-suitability for 
fodder purpose [5]. They have the intrinsic capacity to 
accumulate metals into their shoots and roots, have the ability 
to form phytochelates and formation of stable compound with 
ions. This behavior of accumulation along with chelate and 
stable compound formation is utilized as a tool for 
phytoremediation activity. 

Table 1:  C ost of different remediation technologies [3] 

S. No. Remediation technology Approx. Cost [(£)/ tone soil] 
1 Biological 5-170 
2 Chemical  12-600 
3 Physical 20--170 
4 Thermal 30-750 

2. PH Y T OR E M E DI A T I ON 

Phytoremediation basically refers to the use of plants and to 
reduce the concentrations or toxic effects of contaminants in 
the environments [6]. It can be  used for removal of heavy 
metals and radionuclides as well a s  for organic pollutants 
(such as, polynuclear aromatic hydrocarbons, polychlorinated 
biphenyls, and pesticides). It is a novel, cost-effective, 
efficient, environment- and eco-friendly, in situ applicable, 
and solar-driven remediation strategy [7-9]. The t e r m  
‘‘phytoremediation’’ is a  combination of two words: Greek 
phyto (meaning plant) and Latin remedium (meaning to 
remove an e v i l ). Green plants have an enormous ability to 
uptake pollutants from the environment and accomplish their 
detoxification by various mechanisms.  
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3. C H A R A C T E R I ST I C S OF  W E E D PL A NT S AS 
H Y PE R A C C UM UL A T OR  

Hyperaccumulator plant species have revolutionized the 
phyremediation technology since they have an inherent 
capacity to uptake metals at levels 50-500 times greater than 
average plants [10-11]. Metal hyperaccumulators are naturally 
capable of accumulating HM in their aboveground tissues, 
without developing any toxicity symptoms. A metal 
hyperacumulator weed/plant (Table 2) must accumulate atleast 
100 mg Kg-1 (0.01%dry weight) Cd, As and some othertrace 
metals,1000 mg Kg-1 Co, Cu, Cr, Ni and Pb and1000 mg Kg-1

Table 2:  M etal hyper accumulator  weed and their  
bioaccumulation potential 

 
Mn and Ni [12-13]. The bioconcentration factor of soil (BCFs) 
is defined as the ratio of metal concentration in the shoots to 
that in the soil [14-16].The BCFw is defined as the ratio of 
total concentration of element in whole plant to that in the 
growing solution [17, 16]. The translocation factor which 
determines the effectiveness of plant in translocation is the 
ratio of element concentration in the shoots to that in the roots 
[18, 16]. 

S. 
No 

Weed plant Metal Bioaccumul
ation 

Reference 

1 Ageratun conzyoides Pb 16.86 mg/kg [37] 
2 Ageratun conzyoides Cd 0.50 mg/kg [37] 
3 Ageratun conzyoides As 0.12 mg/kg [37] 
4 Solanum 

photeinocarpum 
Cd 158 mg/kg [38] 

5 Bidens pilosa Cd 303 mg/kg [39] 
6 Thalspi praecox Cd >1000 µg/g [40] 
7 Ipomea alpine Cu 12,300 

mg/kg 
[41] 

8 Echornia crassipes Cr 6000 mg/kg [42] 
9 Parthenium 

hysterophorus 
Cu 59.3 g/kg [43] 

10 Chenopodium album Zn 33.5 g/kg [43] 
11 Thlaspi caerulescens Zn 19410 mg/kg [44] 
12 Thlaspi caerulescens Cd 80 mg/kg [44] 
13 Phragmites australis Cr 48225 mg/kg [45] 
14 Sedum alfredii Zn 13977 mg/kg [46] 
15 Brassica juncea Ni 3916 mg/kg [47] 
16 Potentilla griffithii Zn 19600 mg/kg [48] 
17 Rorippa globosa Cd 218.9 µg/g [49] 

 
Weed plants posses the following characteristics and can be 
used for phytoextraction purposes: 

- Widely distribution 
- More accumulation of the heavy metals  
- Bioconcentration (BCF) and translocation (TF) 
factor>1 
- High stress tolerance 
- Repulsion to herbivores to avoid food chain contamination 
- Protection against pathogens and pests 
-Allelopathy 

The hyperaccumulating nature of plants depends on the type 
of species, soil quality, and its inherent control. All the weeds 
undertaken in the current study are capable of sufficient level 
of bioaccumulation, and still they are capable of maintaining 
their growth rates and reproduction levels as compared to 
controls in studies undertaken. 

4. ST R E SS T OL E R ANC E  M E C H A NI SM  I N W E E D 
PL A NT S 

Weed plants secretes various secondary metabolites under 
metal stress. Allelopathy is the release of chemicals by weed 
plants/plants that adversely effects the growth of other plants 
and enables weed plants to colonize new environment [19-20]. 
Parthenium hysterophorus secretes phenolic acids and 
sesquiterpenes like parthenin,coronopilin etc. [21] Lantana 
camara secretes both volatile and non-volatile chemicals like 
lantadenes, aesulin, quercetin,tricin etc. [22, 23].  

5. C H E L A T I ON A S M E T H OD OF  H E A V Y  M E T A L S 
DE T OX I F I C A T I ON 

Chelation of heavy metals with PCs, a primary cellular 
mechanism for heavy metal detoxification. At the cellular and 
subcellular levels, the sequestration and storage of non-labile 
metal-organic complexes in vacuoles are considered as the 
main detoxification mechanisms [24]. Hardness/Softness 
characteristics of electron donor and acceptor are not only the 
determining factor for complex stability but also for chelator’s 
degree of metal selectivity to competing metals and vice versa. 
In general metal ions and ligands prefer to form complex with 
partners having similar HS character, but the stability of 
complex increases with degree softness of both metal and 
ligand. The stability of complex can be increased with 
increasing the number of rings formed.  

Natural chelators like APCA’s (aminopolycarboxylic acid) and 
NLMWOA (natural low molecular weight organic acids) are 
produced by many plants and microorganisms which are 
biodegradable. Natural chelators like EDDS 
(aminopolycarboxylic acid) are produced naturally by a 
number of microorganisms [25] such as Amycolatopsis 
japonicum sp. [26]. PC are LMW,metal binding proteins that 
can form mercaptide bonds with various metals [27] and play 
a role in their detoxification [28, 29]. PCs are small 
glutathione derived and enzymatically synthesized peptide that 
form a family of structures with increasing repetitions of the—
Glu-Cys dipeptide units followed by a terminal Gly, (γ-Glu-
Cys)n-Gly or (γ–EC)n-Gly, where n generally ranges from 2 
to 5, but can be as high as 11 [30]. On the basis of the number 
of—Glu-Cys units, PCs have been classified as PC2, PC3, 
PC4, PC5, and PC6 etc. [31]. Polychelatins are the best-
characterized heavy metals chelator in plants [30]. The 
synthesis of polychelatin occurs in cytosol. PCs interact with 
the metals through thiol (-SH) group of cysteine. However, the 
degree of polymerization in PCs was observed with increasing 
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intracellular metal concentration indicating increased binding 
stability of metal–PCn

R E F E R E NC E S 

 complexes [32]. The metal–PC 
complex formation is governed by availability of ligand, 
kinetics of complex formation, and steric factor. By over 
expression of natural chelators like PCs, MTs, and organic 
acids, not only metal ions’ entrance into plant cell but also 
translocation through xylem is facilitated [33].With exposure 
of metal to the root of the plant, polychelatins coordinate to 
form ligand complexes with these metals, which are further 
sequestered into the vacuole. The prominent metal 
complexation processes are the synthesis of phytochelatin and 
other metal chelating peptides [34]. Oxalic acid is secreted in 
rhizosphere of buckwheat (Fagopyrum esculentum) due to 
metal (Al) stress and detoxified Al-oxalate complex is taken 
up by roots and translocated into leaves [35]. Cd is transported 
and loaded into the seeds of cadmium hyperaccumulator 
Thlaspi praecox as a Cd-thiolate complex, which is relatively 
non-toxic because of the strong Cd-S coordination [36].  

[1] De Filippis, L. F. “Role of Phytoremediation in Radioactive 
Waste Treatment. Soil Remediation and Plants: Prospects and 
Challenges” 2014, pp. 207. 

[2] Garbisu, C., and Alkorta, I. “Phytoextraction: a cost-effective 
plant-based technology for the removal of metals from the 
environment”, Bioresource technology, 77(3), 2001, pp. 229-
236. 

[3] Juwarkar, A. A., Singh, S. K., and Mudhoo, A. “A 
comprehensive overview of elements in bioremediation”. 
Reviews in Environmental Science and BioTechnology, 9(3), 
2010, pp. 215-288. 

[4] Wu, G., Kang, H., Zhang, X., Shao, H., Chu, L., and Ruan, C. 
“A critical review on the bio-removal of hazardous heavy metals 
from contaminated soils: issues, progress, eco-environmental 
concerns and opportunities”. Journal of Hazardous Materials, 
174(1), 2010, pp. 1-8. 

[5] Baker, H. G. “The evolution of weeds”. Annual review of 
ecology and systematics, 1974, pp. 1-24. 

[6] Greipsson, S. “Phytoremediation”. Nature Education 
Knowledge, 2(7) ,2011. 

[7] Singh, A., and Prasad, S. M. “Reduction of heavy metal load in 
food chain: technology assessment”. Reviews in Environmental 
Science and Bio/Technology, 10(3), 2011, pp. 199-214. 

[8] Vithanage, M., Dabrowska, B. B., Mukherjee, A. B., Sandhi, A., 
and Bhattacharya, P. “Arsenic uptake by plants and possible 
phytoremediation applications: a brief overview”. 
Environmental Chemistry Letters, 10(3), 2012, pp. 217-224. 

[9] Ali, H., Khan, E., and Sajad, M. A. “Phytoremediation of heavy 
metals—concepts and applications”. Chemosphere, 91(7), 2013, 
pp. 869-881. 

[10] Lasat, M. M. “Phytoextraction of metals from contaminated soil: 
a review of plant/soil/metal interaction and assessment of 
pertinent agronomic issues”. Journal of Hazardous Substance 
Research, 2(5), 2000, pp. 1-25. 

[11] Bhargava, A., Carmona, F. F., Bhargava, M., and Srivastava, S. 
Approaches for enhanced phytoextraction of heavy metals. 
Journal of environmental management, 105, 2012, pp. 103-120. 

[12] Watanabe, M. E. Phytoremediation on the brink of 
commericialization. Environmental Science & Technology, 
31(4), 1997, pp. 182A-186A. 

[13] Reeves, R. D., and Baker, A. J. Metal-accumulating plants. 
Phytoremediation of toxic metals: using plants to clean up the 
environment. Wiley, New York, 2000, pp. 193-229. 

[14] Brooks, R. R. Plants that hyperaccumulate heavy metals. Plants 
and the chemical elements: biochemistry, uptake, tolerance and 
toxicity, 1998, pp. 87-105. 

[15] Mattina, M. I., Lannucci-Berger, W., Musante, C., and White, J. 
C. Concurrent plant uptake of heavy metals and persistent 
organic pollutants from soil. Environmental Pollution, 124(3), 
2003, pp. 375-378. 

[16] Ha, N. T. H., Sakakibara, M., Sano, S., and Nhuan, M. T. 
“Uptake of metals and metalloids by plants growing in a lead–
zinc mine area, Northern Vietnam”. Journal of Hazardous 
Materials, 186(2), 2011, pp. 1384-1391. 

[17] Tu, C., Ma, L. Q., & Bondada, B. (2002). Arsenic accumulation 
in the hyperaccumulator Chinese brake and its utilization 
potential for phytoremediation. Journal of Environmental 
Quality, 31(5), 1671-1675. 

[18] Zhang, W., Cai, Y., Tu, C., & Ma, L. Q. (2002). Arsenic 
speciation and distribution in an arsenic hyperaccumulating 
plant. Science of the Total Environment, 300(1), 167-177. 

[19] Hierro, J. L., and Callaway, R. M. “Allelopathy and exotic plant 
invasion”. Plant and soil, 256(1), 2003, pp. 29-39. 

[20] Bais, H. P., Vepachedu, R., Gilroy, S., Callaway, R. M., and 
Vivanco, J. M. “Allelopathy and exotic plant invasion: from 
molecules and genes to species interactions”. Science, 
301(5638), 2003, pp. 1377-1380. 

[21] Kohli, R. K., and Rani, D. “Exhibition of allelopathy by 
Parthenium hysterophorus L. in agroecosystems”. Tropical 
Ecology, 35(2), 1994, pp. 295-307. 

[22] Arora, R. K., and Kohli, R. K. “Autotoxic impact of essential oil 
extracted from Lantana camara L”. Biologia plantarum, 35(2), 
1993, pp. 293-297. 

[23] Ambika, S. R., Poornima, S., Palaniraj, R., Sati, S. C., and 
Narwal, S. S. “Allelopathic plants. 10. Lantana camara L.” 
Allelopathy journal, 12(2), 2003, pp. 147-161. 

[24] Haydon, M. J., and Cobbett, C. S. “Transporters of ligands for 
essential metal ions in plants”. New Phytologist, 174(3), 2007, 
pp. 499-506. 

[25] Nishikiori, T., Okuyama, A., Naganawa, H., Takita, T., Hamada, 
M., Takeuchi, T., ... and Umezawa, H. “Production by 
actinomycetes of (S, S)-N, N'-ethylenediaminedisuccinic acid, 
an inhibitor of phospholipase C”. The Journal of antibiotics, 
37(4), 1984, pp. 426-427. 

[26] Goodfellow, M., Brown, A. B., Cai, J., Chun, J., & Collins, M. 
D. (1997). Amycolatopsis japonicum sp. nov., an actinomycete 
producing (S, S)-N, N'-ethylenediaminedisuccinic acid. 
Systematic and applied microbiology, 20(1), 78-84. 

[27] Maestri, E., Marmiroli, M., Visioli, G., and Marmiroli, N. 
“Metal tolerance and hyperaccumulation: costs and trade-offs 
between traits and environment”. Environmental and 
Experimental Botany, 68(1), 2010, pp. 1-13. 

[28] Gupta, D. K., Huang, H. G., Yang, X. E., Razafindrabe, B. H. 
N., and Inouhe, M. “The detoxification of lead in Sedum alfredii 
H. is not related to phytochelatins but the glutathione”. Journal 
of hazardous materials, 177(1), 2010, pp. 437-444. 

[29] Jiang, W., and Liu, D. “Pb-induced cellular defense system in 
the root meristematic cells of Allium sativum L”. BMC plant 
biology, 10(1), 2010, pp. 40. 

[30] Cobbett, C. S. “Phytochelatins and their roles in heavy metal 
detoxification”. Plant physiology, 123(3), 2000, pp. 825-832. 

[31] Rauser, W. E. “Phytochelatins and related peptides. Structure, 
biosynthesis, and function”. Plant Physiology, 109(4), 1995, pp. 
1141. 
 



Weed Plants for Heavy Metal Management 17 
 

 

Journal of Agroecology and Natural Resource Management 
Print ISSN: 2394-0786, Online ISSN: 2394-0794, Volume 2, Number 1; February-March 2015 

[32] Fan, T. W. M., Lane, A. N., and Higashi, R. M. “An 
electrophoretic profiling method for thiol ‐rich phytochelatins 
and metallothioneins”. Phytochemical Analysis, 15(3), 2004, pp. 
175-183. 

[33] Wu, G., Kang, H., Zhang, X., Shao, H., Chu, L., & Ruan, C. 
(2010). A critical review on the bio-removal of hazardous heavy 
metals from contaminated soils: issues, progress, eco-
environmental concerns and opportunities. Journal of 
Hazardous Materials, 174(1), 1-8. 

[34] Rengel, Z. “Root exudation and microflora populations in 
rhizosphere of crop genotypes differing in tolerance to 
micronutrient deficiency”. Plant and Soil, 196(2), 1997, pp. 
255-260. 

[35] Ma, J. F., Zheng, S. J., Matsumoto, H., & Hiradate, S. (1997). 
Detoxifying aluminium with buckwheat. Nature, 390(6660), 
569-570. 

[36] Vogel-Mikuš, K., Arčon, I., & Kodre, A. (2010). Complexation 
of cadmium in seeds and vegetative tissues of the cadmium 
hyperaccumulator Thlaspi praecox as studied by X-ray 
absorption spectroscopy. Plant and soil, 331(1-2), 439-451. 

[37] Dada, O. A., Fayinminnu, O. O., and Taiwo, T. O. 
“Phytoremediation of Pb, Cd and as from urban solid waste 
compost using Tithonia diversifolia hemnsl and Ageratum 
conyzoides L”. Annals of West University of Timisoara, series of 
Biology, XV (2), 2012, pp. 149-158. 

[38] Zhang, X., Xia, H., Li, Z. A., Zhuang, P., and Gao, B. 
“Identification of a new potential Cd-hyperaccumulator 
Solanum photeinocarpum by soil seed bank-metal concentration 
gradient method”. Journal of hazardous materials, 189(1), 2011, 
pp. 414-419. 

[39] Sun, Y., Zhou, Q., Wang, L., and Liu, W. “Cadmium tolerance 
and accumulation characteristics of Bidens pilosa L. as a 
potential Cd-hyperaccumulator”. Journal of Hazardous 
Materials, 161(2), 2009, pp. 808-814. 

[40] Vogel-Mikuš, K., Arčon, I., and Kodre, A. “Complexation of 
cadmium in seeds and vegetative tissues of the cadmium 
hyperaccumulator Thlaspi praecox as studied by X-ray 
absorption spectroscopy”. Plant and soil, 331(1-2), 2010, pp. 
439-451. 

[41] Baker, A. J. M., and Brooks, R. Terrestrial higher plants which 
hyperaccumulate metallic elements. A review of their 
distribution, ecology and phytochemistry”. Biorecovery,1(2), 
1989, 81-126. 

[42] Lytle, C. M., Lytle, F. W., Yang, N., Qian, J. H., Hansen, D., 
Zayed, A., and Terry, N. “Reduction of Cr (VI) to Cr (III) by 
wetland plants: potential for in situ heavy metal detoxification”. 
Environmental science & technology, 32(20), 1998, pp. 3087-
3093. 

[43] Malik, R. N., Husain, S. Z., and Nazir, I. “Heavy metal 
contamination and accumulation in soil and wild plant species 
from industrial area of Islamabad, Pakistan”. Pak. J. Bot, 42(1), 
2010, pp. 291-301. 

[44] Banasova, V., Horak, O., Nadubinska, M., and Ciamporova, M. 
“Heavy metal content in Thlaspi caerulescens J. et C. Presl 
growing on metalliferous and non-metalliferous soils in Central 
Slovakia”. International Journal of Environment and Pollution, 
33(2), 2008, pp. 133-145. 

[45] Calheiros et al., 2008 
[46] Jin, X. F., Liu, D., Islam, E., Mahmood, Q., Yang, X. E., He, Z. 

L., and Stoffella, P. J. Effects of Zinc on Root Morphology and 
Antioxidant Adaptations of Cadmium-Treated Sedum alfredii 
H”. Journal of plant nutrition, 32(10), 2009, pp. 1642-1656. 

[47] Saraswat, S., and Rai, J. P. N. “Phytoextraction potential of six 
plant species grown in multimetal contaminated soil”. Chemistry 
and Ecology, 25(1), 2009, pp. 1-11. 
 

[48] Hu, P. J., Qiu, R. L., Senthilkumar, P., Jiang, D., Chen, Z. W., 
Tang, Y. T., and Liu, F. J. “Tolerance, accumulation and 
distribution of zinc and cadmium in hyperaccumulator Potentilla 
griffithii”. Environmental and Experimental Botany, 66(2), 
2009, pp. 317-325. 

[49] Sun, R., Jin, C., & Zhou, Q. (2010). Characteristics of cadmium 
accumulation and tolerance in Rorippa globosa (Turcz.) Thell., a 
species with some characteristics of cadmium 
hyperaccumulation. Plant growth regulation, 61(1), 67-74. 

 


	Introduction
	Phytoremediation
	Characteristics of weed plants as hyperaccumulator
	Stress tolerance mechanism in weed plants
	Chelation as method of heavy metals detoxification
	References

