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Abstract- Arsenic and cadmium are  of great environmental concern due to its extensive contamination and carcinogenic 

toxicity. There is a great need for reliable and cost-effective technologies capable of reducing arsenic contaminated sites to 

environmentally acceptable levels. Phytoremediation, a plant-based green technology, has been successfully used to remove 

contaminants from soils. After the discovery of an efficient arsenic-hyper accumulating plant in cold countries, the Brake fern 

(Nature, 409:579), efforts for discovering similar hyper accumulating species in areas having arid environment is in progress. 

In this effort four different plant samples found in wild, terrestrial and arid environment were harvested in Greenhouse in an 

arsenic- cadmium contaminated soil for 16 weeks and were analyzed for arsenic concentrations. In addition, some plants 

growing in naturally contaminated soils were also analyzed. Among these species Calotropis procera among other species was 

found to be a better arsenic and cadmium hyper accumulator, its efficiency being calculated in terms of their enrichment 

factor which for Calotropis procera  was as high as 25.00 and 17. The highest arsenic concentrations the biomass of the plant  

growing in the arsenic-cadmium contaminated soil in the field was 14 ppm. This plant thus has a better potential to be used for 

Phyto remediating arsenic and cadmium contaminated sites. 
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I. INTRODUCTION 
 

Anthropogenic activities viz. mining, manufacturing, 

urban sewage and agricultural activities contribute to 

extensive soil contamination. A particular problem is the 

widespread pollution of agricultural and other cultivated 

land by heavy metal contaminants.  

 

Elevated heavy metal concentration in soil exerts a toxic 
effect on soil organisms, impair plant growth by entering 

the food chain, and threaten human and animal health. 

Depending on soil properties heavy metals can also be 

leached into ground waters and enters into the biological 

cycle.  

 

Concerns associated with heavy metal contamination have 

been well documented (Brown et al., 1994). Current 

methodologies to clean toxic metal-polluted soils consist 

of excavation and burial of hazardous waste. This method 

has an average cost of $1 million per acre of soil cleaned 

(Raskin, 2000). Many industrialized countries are faced 
with this challenge of cleaning the heavy metal toxicant 

sites and they are turning to cost effective methods such as 

phytoremediation i. e. the use of plants to alleviate 

contamination problems. Phytoremediation takes 

advantage of the plant’s natural capability to take up 

nutrients from the soil and the ability of the plant’s cellular 

components to store metal ions (Raskin, 1996). After 

growth and accumulation of contaminants, plants can be 
harvested in an inexpensive manner, which allows for a 

less intrusive means of contaminant removal, beneficial in 

both the sense being inexpensive and effective to clean 

hazardous waste and recover toxic metal ions from soils. 

 

1. Biochemical Response to Arsenic Compounds: 

When arsenic in solution penetrates the cuticle and enters 

the apoplast system (the nonliving cell-wall phase), it 

bathes the external surface of the plasmolemma of the 

symplast. This is the location of at least some of the 

enzymes of the living plant. One of the first symptoms of 
injury by sodium arsenite is wilting, caused by loss of 

turgor, and this immediately suggests an alteration in 

membrane integrity. Reaction of trivalent arsenic with 

sulfhydryl enzymes could well explain the effects of 

membrane degradation—injury and eventually death. 

 

In general, arsenates are less toxic than arsenites. The 

arsenate symptoms involve chlorosis, but not rapid loss of 

turgor (at least in the early expression of toxicity), and the 

contact action of the arsenates is more subtle. Arsenate is 

known to uncouple phosphorylation. Thus, the coupled 

phosphorylation of adenosine diphosphate (ADP) is 
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abolished, the energy of adenosine triphosphate (ATP) is 

not available, and the plant must slowly succumb. 
 

Phytoremediation processes in hyper accumulating plants 

are the area of great interest to soil and environmental 

scientists. These plants may transform a toxic species into 

a less toxic form or produce a volatile species of the toxic 

element. However, we do not understand the chemical 

composition of metal binding sites within the plant 

materials. The speciation of the trace elements within the 

plants and the chemical structure of metal binding proteins 

are needed. These are areas where soil biochemists and 

plant physiologists can work closely with plant molecular 

biologists to produce better metal accumulating plants, 
enhancing remediation efforts (Tonner and Traina, 1998).  

 

In phytoremediation studies the arsenic as well as 

cadmium sensitive species typically display symptoms in 

one week that include wilting and inhibition of shoot and 

root growth. Plants that lack or minimally display these 

symptoms are selected for further analysis, including 

tissue arsenic content and response to greater arsenic 

concentrations. To date, members of the Brassicaceae 

family (Artus et al., 2002) have shown greatest tolerance. 

Brake fern, a recently discovered arsenic hyper 
accumulator, is a potential plant for the phytoremediation 

of arsenic-contaminated soil.  

 

A better understanding of the arsenic uptake, hyper 

accumulation, species transformation and tolerant 

mechanisms may enhance the use of the Brake fern in 

phytoremediation and provide useful information for 

arsenic tolerant mechanism in other plants (Cai et al.., 

2002).The phytoextraction strategy aimed in this research 

is to reduce the immediate risk of uncontrolled heavy 

metal transfer to the biosphere or to the ground water. In 

this direction plant mediate a special form of stabilization. 
This requires heavy metal –tolerant living plants that 

reduce the mobility of heavy metals in soil by uptake and 

storage in the roots.  

 

II. MATERIALS AND METHODS 

 
1. Soil collection, characterisation, and analysis:   

Soil for the study was collected from the non contaminated 

areas of few selected sites of , Durg, Rajnandgaon and 

Kabirdham of  Chhattisgarh.  Background level of Arsenic 

cadmium  and other metals like, Fe, Mn, Al and Phosphate 

in the soil were measured chemically. The clay content of 

the soil was also analysed.  
 

The soils were collected in summer from the vegetated and 

unvegetated sites and were taken from the top 20-cm of 

the surface.  Each soil was air dried, crushed and finally 

passed through a 10-mm screen to ensure uniformity of the 

material. The subsequent soil analysis was reported on an 

oven-dry basis. Sub samples of each soil were 

characterized for various parameters like pH, 

Conductivity, Phosphate, Organic carbon, Alkalinity, 

Chloride content, sulphate , particle size distribution etc. 
For analyzing the metal content in the soil prior to 

analysis, the soil was acid digested by HNO3-HF-HClO4. 

Arsenic was analysed by HGAAS method, Cadmium  by 

AAS while Fe, Pb and Mn were determined 

spectrophotometrically by persulphate method.  

 

2. Study on effect of Arsenic and cadmium  application 

 

A uniform pot study was carried out by using the already 

grown Calotropis sp., Dhatura sp., Ipomea sp. and 

Parthenium sp.  Growin g in arsenic and cadmium  free 

soil in opaque plastic pots of 5L capacity to evaluate the 
growth of these four plants. Prior to the  toxic metal 

application the plants were well watered and kept in that 

condition for 4 weeks and this condition was maintained 

through out the experiment. After 4 weeks each plant 

species were classified into 7 sets including a control. The 

first set contained five plants with no arsenic and cadmium  

application and was considered as control.   

 

The other sets according to the nature of their application 

are shown in the following Table 4. Each treatment had 20 

replicates based on collection of the specific part i.e. 
leaves or stem on a particular interval like after 16 days, 

40 days, 75 days, 90 days and 95 days etc. to minimize the 

errors during application and for adequate statistical 

validity. The pots were placed in different randomised 

blocks so that each block represented a separate 

application. A plant response was conducted concurrently 

with the concentration experiment are described in the 

Table 2-8.  

 

III. PLANT ANALYSIS 

 
Plant samples were harvested on each harvest date (16, 40, 

75, 90 and 95 days). Harvesting of Plant specific parts i.e. 

leaf or stem in such a manner that uniformly plucking in 
same numbers from all the branches and at same height 

from the ground. 

 

The samples were oven-dried overnight at 450 C, 

weighed, and ground to pass a 0.85-mm sieve. One-gram 

portions of the ground plant material were digested with 

nitric acid-sulphuric acid-perchloric acid (Portmann and 

Riley, 1964) The resulting absorption of the lamp radiation 

is proportional to the arsenic concentration. Same protocol 

for cadmium was followed via AAS. The typical detection 

limit for this method is 0.002 mg/L and 0.2 mg/L. 
 

IV. APPARATUS AND MATERIALS 

 
Atomic absorption spectrophotometer – The AAS used 

Chemito (AAS 201) is a single channel, double-beam 

instrument having a grating monochromator, photo-

multiplier detector, adjustable slits, a wavelength range of 
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190 to 800 nm. For cadmium the lamp was set at 228.8 

nm. The burner used was special corrosion resistant metal 
as recommended by the particular instrument 

manufacturer. Photron, Australia manufactured the arsenic 

hollow cathode lamp used. 

 

V. REAGENTS 

 
Analytical reagent grade chemicals (Merck, Germany/ 

India) were used in all tests. The reagent water used was 

deionised and double distilled, interference free water. All 

references to water in the method refer to reagent water 

unless otherwise specified. Acid viz. HNO3, H2SO4, and 

HCl etc. were analysed to determine levels of impurities. 

The acid was used only when the method blank was less 

than the detection limit (< MDL).  
 

For arsenic speciation As (III) was determined directly by 

hydride generation at pH 5-7 and then As (V) was 

measured at pH <1 using a pre-reductant viz. potassium 

iodide-ascorbic acid following the method of Francesconi 

et al. (1994). 

 

VI. RESULT AND DISCUSSION 
 

This research  has identified the problem of ground water 

soil  contamination by arsenic and cadmium  in the few 

regions of  Chhattisgarh. Groundwater contamination in 

Rajnandgaon District of Chhattisgarh is the first major 
case of arsenic poisoning outside West Bengal and 

Bangladesh where about 85 million people are suffering 

from arsenicosis. In this area, many hundred people are 

showing the signs of arsenicosis of first to second degree. 

This research work  on the hyper accumulators in the 

region is showing that the plants are also contaminated at 

certain locations in the region. Apart from the above, the 

naturally mineralized area of Rajnandgaon and few areas 

in Kabirdham can be expected to contribute to the 

pollution of soil systems.  

 
This study has targeted this naturally mineralised area for 

arsenic levels study as the groundwater of certain locations 

in this area is already reported to be contaminated. The 

results obtained by this research confirm a contamination 

of the soil systems also.  

 

There was no evidence of arsenic and cadmium  Toxicity 

during the growth and treatment of the four plant species. 

The plant digest including a control (from an 

uncontaminated plant) digestion blank were subjected to 

Total arsenic analysis by HG-AAS technique by AAS and 

the results collected from the various samples along with 
their observations can be displayed as follows. All these 

results show the potential capacity of the four species 

specially the Calotropis Procera and Parthenium to 

accumulate arsenic and cadmium  from the soils through 

competitive behaviour. All the results were calculated in 

terms of net increase in arsenic and cadmium uptake in 

plant part in ug per kg of dry weight of the plant. Prior to 
the application of the studied metals in soil the various soil 

characteristics were analysed and the resultant is  

presented in the Table 1.   

  

 
 

Fig 1. Depicting arsenic and cadmium toxicity in some 

plant celluar species. 

 
Table 1. Selected physical and chemical characteristics of 

soil taken in the phytoremediation operation. 

 

Soil Property Values 

Clay content (percentage) 38.00 

Calcium Carbonate (percentage) 8.10 

CEC (Cation Exchange Capacity) 

Cmol kg-1 

65.98 

pH 1:1 in H2O 7.26 

Chloride (mg kg-1) 229.72 

Sulphate (mg kg-1) 66.67 

Phosphate (mg kg-1`) 3.75 

Alkalinity (total in terms of calcium 

carbonate mg kg-1) 

337.50 

Percentage Organic matter 4.49 

Percentage Carbon Content 2.61 

Iron (mg kg-1) 250.00 

Manganese (mg kg-1) 50.00 

Arsenic (mg kg-1) 1.34 

Lead (mg kg-1) 2.1 

Cadmium (mg kg-1) 0.11 

 

The selection of Calotropis Procera and parthemium  as a 

dual test plant for further carrying out the 

phytoremediation experiment was based on its 

characteristics efficacy of extracting more Arsenic as well 

as cadmium duo as compared to rest other two 

experimental species Dhatura, and Ipomea species.  
 

As shown in Table 2 and Figure 4., among the four plants 

grown in soil subjected to a Arsenic and cadmium dose of 

10-200 mg kg-1), after 90 days Calotropis alone 

phytoextracts almost three times more arsenic as compared 

to rest three test plants and in presence of parthenium this 

tendency was further increased to almost five times .  
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Table 2.Arsenic  uptake in four plant species subjected to a 
soil dose of 2-120 mg/kg as and cd  all values are 

expressed as g arsenic and cadmium  phytoextracted per 

kg plant body part. 
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 d
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Fig 2. Graph depicting comparative arsenic- cadmium 

uptake in four plant species subjected to a soil dose of 2-

120 mg/kg), all values are expressed as g arsenic or 

cadmium phytoextracted per kg of the plant. 
 

The results were similarly testified for relative uptake in 2 

different parts of the plant viz. leaf and stem. The results 

indicated that stem of the same plant Calotropis showed a 

higher Arsenic  uptake as compared to stem (Figure 4 ) 

although the  tendency was found to and cadmiumshortly 

reduced after 90 days. This may be visualized as its 

probable translocation to flower and buds. The later 

showed a increasing Arsenic uptake after this period.  
 

 
 

 

Fig 3. Comparative arsenic cadmium  uptake in stem of 

four terrestrial plant species subjected to a soil dose of 2-

120 mg/kg. 
 

 
 

 

Fig 4.  Graph depicting positive arsenic cadmium  uptake 

of calotropis stem compared to rest other species 
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All these results indicate that the Calotropis Procera 
showed a characteristically higher efficiency of Arsenic up 

take than the rest three species.  Therefore Further 

experimentation's were    carried out in Calotropis sp. 

 

1. Plant-Soil Interactions: 

Because soil As Cd concentrations and Plant As Cd 

concentrations varied over time, all correlations between 

plant and soil parameters were made using mean plant 

As/Cd concentrations. Correlation of plant and soil 

parameters using integrated plant As or Cd values yielded 

an equivalent statistical analysis, but was conceptually or 

difficult to justify.   

2. Plant Dry Matter Production: 

Dry matter production was best correlated to the mean 

plant As-cd concentration. There was significant increase  

in the dry matter production of the Calotropis plant grown 

in the soil treated with 20 mg kg-1 Arsenic as Na-Arsenate 

or Na-arsenite over the 0 added As control plants (Table3).   

 

This increase in dry matter production was apparently due 

to an enhanced P status of the plants from the 

displacement of sorbed P from  the soil by the added As 

(Barrow, 1974).  
 

The P concentration in the control plants was higher than 

the P concentration of plants. Due to larger dry matter 

production, however, total  uptake by the plant from the 

As treated soil was higher than in control plants. 

 

Table 3. Pearson correlation coefficients for plant and soil 

parameters (N= 11). 

Measured 

Properties 

Plant 

Weight 

Plant 

(As) 

Plant 

(P) 

Amount Of Metal  

Added 

-0.83*** 0.66 -0.95*** 

    

    

Mean Total  

 

 

 

 

Cd -As 

0.32 0.11 0.12 

 
*** and **significant at 0.01 and 0.001 probability levels 

respectively. 

 

3. Observation of arsenic species loading upon 

phytoextraction of  Calotropis 

Treatments with applied Na-Arsenite contained only 

Arsenite in soil on Day 0 of the experiment. By day 13, 

however, conversion of added Arsenite to arsenate was 

seen to occur preferably due to the relatively high redox 

potential of the soils. This was evidenced by analyzing the 
relative Arsenic species in soil.  

 

Treatments with applied Na-arsenate had no arsenite 

present in soil by day 10 . The increase of arsenate in soil 

resulted from the conversion of arsenite to arsenate (Table 

4) probably due to decline in the redox potential of the soil 

declined consistent with the observations of Takamatsu et 

al. (1982) and Onken(1995).  

 

A comparative lower value of arsenite and higher value of 

arsenate caused a higher consumption in arsenate value 

during the course of the experiment as is evidenced from 
the Table 4 and Figure 7. 

 

 
 

Fig 5.  Graph  depicting the plant response to a dose of 10-

120 mg kg-1 as-cadmium. 

 

 
 

 

Fig 6. Graph  depicting the plant response to a dose of 10-

50 mg kg-1 as(iii). 
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Table 4. Calculated  efficiency of arsenic-cadmium 

removal day wise. 
  

 
 

Fig 7. Efficiency of arsenic removal day wise. 

 

Table 5. Calculated  efficiency of arsenic removal plant-

part wise. 

 

As-Cd 

Concentration 

mg/kg 

Leaf Stem root Flower 

20  0.697 0.091 6.714 0.074 

30  0.041 0.042 0.383 0.047 

40 0.009 0.0003 0.045 0.010 

 

Figure 8. Graph depicting  efficiency of arsenic removal 

plant-part wise.  

 

The efficiency of  the contaminant removal is essential to 

understand the contaminant fate and transport of 

contaminant. For applications involving ground water 

remediation, a simple capture zone calculation  (Domenico 

and Schwartz, 1997) is also used to estimate whether the 

phytoremediation ―pump‖ can be effective at entraining 
the plume of contaminants. 

 

The uptake rate is given by the following equation:  

U = (TSCF)(T)(C) 

 

Where U = uptake rate of contaminant, mg/day 

TSCF = Transpiration stream concentration factor 

T = Transpiration rate of Vegetation 

C = Aqueous phase concentration in soil water or ground 

water, mg/L 

          

   Table 6. Types of phytoremediation system.  

 

 
 
Source: Adapted from Miller (1996) and Workshop on 

Phytoremediation of Organic Contaminants (1997) 

 

Even though phytoremediation appears to have limited 

application, researchers in industry, academia, and 

government are looking into phytoremediation as a useful 

treatment technology.  

 

Table 7. Advantages and limitations of phytoremediation. 

 

 
  

A major hurdle for innovative technologies to overcome is 

a lack of performance data, and  phytoremediation is no 

exception. One of the current barriers to performance data 
is the length of time involved in a phytoremediation 

project. Plants can only grow so fast, so obtaining long 

term performance results is dependent on the rates of plant 

growth and activity.  

 

This allows for non-availability of conclusive performance 

data in time and non-publicly availability it is difficult to 

predict the exact cost of a technology that has not been 
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Days 
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20 0.003 5.449 25.066 7.874 7.576 

30 0.003 0.111 1.147 0.323 0.513 

40 0.002 0.032 0.115 0.118 0.047 
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established through years of use. However, since 

phytoremediation involves the planting of trees or grasses, 
then it is by nature a relatively inexpensive technology 

when compared to technologies that involve the use of 

large scale, energy consuming equipment 

 

VII. CONCLUSION 

 
The measured plant uptakes were generally best correlated 

to cadmium arsenic concentration. This would indicate 

that arsenate concentration should be of as much concern 

as cadmium concentration in the ground water and soils.  

 

This paper also favours the significant plantation of 

Calotropis Procera (oak) and parthenium  as a better 

phytoremediation species in combating the soil arsenic 
cadmium  levels for those areas facing excess arsenic 

contamination  owing to it  being a wild nature , easy 

growth in terrestrial and arid environment.    
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