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ABSTRACT 
Heavy metals are one of the most hazardous contaminants and pose serious threats to 
biodiversity and human health. Waste discharge from the Jagiroad Paper Mill of Assam (India) 
increases the heavy metal levels in the soil in its vicinity. Five indigenous plant species viz. 
Centella asiatica, Oxalis corniculata, Mikania mycrantha, Rumex nepalensis and Ageratum 
conizoides growing in the contaminated site were screened for the heavy metal accumulation. 
Accumulative factors like transfer factor and contamination factor were calculated for the metals 
in both plants and soils and used as basis for interpreting the state of the environment. Of the 
selected plant species, Ageratum conizoides exhibited high levels of metal accumulation and can 
be used as an effective phytoremediation tool to detoxify the heavy metal contaminated soil 
around the paper mill. 
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INTRODUCTION 

The continuous increasing in the rate of 
production and consumption have led to the 
increase in the rate of resource depletion. All 
these led to pollution associated with fossil 
fuel and coal combustion, industrial effluents, 
solid waste disposal, fertilizers and mining and 
metal processing. Of all the pollutions, the 
heavy metals are one of the most hazardous 
and toxic contaminants.  
The heavy metals may get incorporated in the 
biomass and accumulate in the food chain. It is 
extremely difficult to remediate the metal 
contaminated soil. The removal of heavy 
metals from contaminated soils through 
traditional physicochemical methods is 
expensive. Therefore, some methods are 
developed to keep the metals in the soil but 
reduce the risks related to this presence e.g., by 
decreasing bioavailability through in situ 
immobilization processes.1 Other methods of 
immobilization are by altering the 
physicochemical properties of the metal-soil 
complex by introducing a multipurpose anion, 
transforming the metal ions from one oxidation 
state   or    organic  complex to another , use of  

microorganisms as a tool for metal 
remediation. 
The use of metal-accumulating plants prove to be 
more advantageous over the above processes 
since plants can actually extract metals from the 
polluted soils and render the soil theoretically 
metal-free.2,3 Phytoremediation, the use of plants 
to extract, sequester and/or detoxify pollutants 
has been reported to be an effective, non-
intrusive, inexpensive, aesthetically pleasing, 
socially accepted technology to remediate 
polluted soils.2,3,4 Phytoremediation is widely 
viewed as the ecologically responsible alternative 
to the environmentally destructive physical 
remediation methods currently practiced. 
Field studies have been carried out to study the 
capacity of accumulating heavy metals by the 
plants that grew naturally on metalliferous wastes 
and on contaminated soils. These studies have 
revealed that some plant species accumulate 
higher levels of heavy metals than the normal 
levels generally found in plants,5-7 thereby 
proposing that such plants can be used as 
decontaminants of heavy metal polluted soils. 
Since there is a dearth of information regarding 
the metal accumulating plants from Assam, an 
Eastern most state of Indian subcontinent.  *Author for correspondence 
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AIMS AND OBJECTIVES 
The present study aimed to assess the 
concentrations of Pb, Cu and Zn in some 
selected herbaceous species as well as in their 
dwelling soils contaminated with paper mill 
wastes. 

MATERIAL AND METHODS 
Study sites  
The experimental design of the study involved 
sampling from the test site and the background 
site.   The   test  site  selected  for  the study is the  

Nagaon Paper Mill (Jagiroad, Assam), a unit of 
Hindustan Paper Corporation, established in the 
year of 1985 (Fig. 1). The test area is located 
between 260 5/ N and 260 15/ N latitudes and 920 
10 / E and 920 15/ E longitudes. The paper mill is 
surrounded by a vast spread of agricultural land 
used for paddy cultivation on all sides except the 
southern side that remains covered with hills and 
forests. The control site selected for the study is a 
location 23 km from the Nagaon Paper Mill and 
is distant from any anthropogenic source of metal 
contamination.  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 1 : Map of Jagiroad Paper Mill, the sampling site 

Selection of plant species 
Five different herb species, growing in both test 
and background sites were selected for the 
present study based on their high abundance in 
both the localities. The herbs are Centella 
asiatica, Oxalis corniculata, Ageratum 
conizoides, Mikania micrantha, Rumex 
nepalensis. 
Collection of plant and soil samples 
Depending on the biomass, six to ten replicate 
samples were collected from each location for 
each plant species. The samples at each site were 
mixed to form composite of the particular 
species, stored and transported in plastic bags to 
the laboratory for detailed analysis. Plant 
samples used for identification were collected 
separately and kept in paper bags.8 Soils were 
sampled  at  the  same  locations,  from where the  

plants were collected at 5-15 cm depth rooting 
zone and mixed to form composite samples for 
each location. 
Plant and soil samples pre-treatment 
Plant samples collected from the field were 
washed under running tap water to remove 
adhered soils and then washed with distilled 
water. The samples were air dried. The dried 
samples were ground using agate mortar and 
pestle, sieved to < 2mm and are transferred to 
polyethylene bags for storage until later 
analysis.8,9 The soil samples were air- dried at 
room temperature for two weeks, mechanically 
ground and sieved to < 2mm diameter size. 
Estimation of heavy metals 
The < 2mm fraction soil and plant samples (1 gm 
weight equivalent of each) were digested             
to     determine    the    maximal  environmentally  
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available heavy metals. This was done using 
concentrated HNO3 in conical flasks which were 
placed on a boiling water bath for 3 hours at 700 
– 800 C. The predigested samples were 
completely digested by adding HClO4 and 
heating the samples at a temperature above 
2000C over a hot plate until clear solutions were 
obtained. The digested samples were filtered in 
100mL volumetric flasks and reconstituted to the 
desired volume with distilled water and stored in 
polyethylene sample bottles prior to instrumental 
analysis.10 The heavy metals, (Pb, Cu, and Zn) 
were measured with atomic absorption 
spectroscopy (Varian spectra AA 220) 
Evaluation of contamination factor 
The Contamination Factor (CF) has been used to 
assess soil contamination11 through comparison 
of the concentrations in the surface layer to 
background values by the expression : 
c i

 f = c  i 0-1 / c n i 

Where, C i f is the contamination factor (CF), C i 
0-1 is the mean of the concentrations of individual 
metal from all test sites and C n

 i is the baseline or 
background concentration of the individual 
metal. This expression was also adopted to 
calculate CF in plant samples. CF was defined 
according to four categories as follows :  

CF < 1 - Low contamination factor 1 < CF < 3 
- Moderate contamination factor 3< CF< 6 - 
Considerable contamination factor 6< CF - 
Very high contamination factor 
Evaluation of transfer or bio-concentration 
factor 
The transfer or bio concentration factor (TF or 
BCF) of the metal into the plant is determined 
using the expression Cp/Cs where, Cp is 
concentration of the metal in plant and Cs is 
the concentration of the metal in corresponding 
soil. TF greater than 1 indicates high level of 
accumulation of metals in the plant.12-15 
Statistical analysis 
Pearson correlation coefficient was calculated 
between metal concentrations in the plant tissues 
and soil factors using Statistical Package for 
Social Science (SPSS) version 10.0 for deter-
mination of relationship between plants and soil 
factors.  

RESULTS AND DISCUSSION 
Estimation of heavy metals in the selected 
species 
The results revealed that the metal contents in the 
plant bodies differed among species at the 
polluted site indicating their different capacities 
for metal uptake (Fig. 2).  

 
Fig. 2 : Heavy metal concentrations in mg/kg in the selected plant species 

By and large, Ageratum conizoides and Rumex 
nepalensis accumulated Pb. Plants like Centella 
asiatica, Mikania micrantha and Oxalis 
corniculata showed considerable accumulation 
of Pb (134.88 mg/kg, 157.52 mg/kg and 151.16 
mg/kg respectively) but Ageratum conizoides 

showed highest mean concentrations of Pb 
(190.12 mg/kg) followed by Rumex nepalensis 
(165.72 mg/kg). Similarly, Cu was also mostly 
accumulated by Centella asiatica and Ageratum 
conizoides, with the mean concentrations being 
36.74mg/kg and 52.56 mg/kg respectively.  
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Rumex nepalensis has shown some degree of Cu 
accumulation (23.38 mg/kg), where as Mikania 
micrantha and Oxalis corniculata has shown low 
levels of accumulation (17.68 mg/kg and 14.72 
mg/kg respectively).  Ageratum conizoides is the 
highest accumulator of Zn (86.36mg/kg). The 
other plants viz. Centella asiatica, Mikania 
micrantha, Rumex nepalensis and Oxalis 
corniculata have shown moderate levels of 
accumulation (57.86 mg/kg, 54.14 mg/kg, 55.93 
mg/kg and 47.28mg/kg respectively). The 
background sites showed lower concentrations of 
heavy metals in both soil and plant samples. This 

showed that the selected site was less 
contaminated environmentally and was suitable 
to be selected as control site. 
Variation of heavy metal concentration in 
plants with levels in soil 
The concentration of heavy metals in the soil 
is more than that of the plants. The relative 
abundance of the metals measured by their 
mean concentration in the soil was found to 
be in the order of Pb> Zn> Cu (Table 1). It 
is evident from the Table 1 that the Pb, Cu 
and Zn concentrations varied with levels in 
soil.

Table 1 : Correlation coefficients of accumulation of metals in plants in relation to soil of 
test area 

Plants 
Correlation coefficients of metal accumulation 

Pb Cu Zn 
Centella asiatica         0.99** 0.90* 0.96** 
Mikania micrantha 0.94** NS 0.97** 
Rumex nepalensis 0.98** NS 0.91* 
Oxalis corniculata 0.93* NS 0.88* 
Ageratum conizoides 0.98** NS 0.94** 

NS= Not Significant, * = Significant at 0.05 level, **= Significant at 0.01 level 

The Pearson correlation established that the 
metal concentrations in plants were positively 
correlated to that in soil .The correlation of Pb 
and Zn   analyzed from soil and plants showed a 
strong positive relationship and association in the 
two environmental media. The Cu concentration 
is Centella asiatica is positively correlated (r=0. 
90, p< 0.05) to that in the soil. Zn shows a strong 
positive relationship in all the plant species. 

Contamination factor 
The contamination factors (CF) were 
calculated for both the plant and the soil 
samples collected from the test area. The 
contamination factors of metals in plants 
(Fig. 3) and soil samples (Fig. 4) have 
confirmed that Pb has the highest 
contamination factor in all the plant species 
as well as in the soil.  

 
Fig. 3 : Contamination factor of heavy metals in each plant samples 
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Fig. 4 : Contamination factor of heavy metals in soil 

Oxalis corniculata has the highest contamination 
factor for Pb (19.61). Cu shows considerable 
contamination in Centella asiatica. Zn exhibits 
moderate contamination in all selected plant 
species. 
Transfer factor or bio-concentration factor 
The mean transfer factors depict the rate of 
transfer or bio concentration of metals from 

soil to plant. However, none of the plant 
samples analysed had a transfer factor more 
than 1. The evaluation of TF for each metal 
with its mean values presented in Table 2 
indicates the order of transfer of metals in 
decreasing order as Pb > Zn > Cu. Ageratum 
conizoides has the highest TF for Pb,              
Cu and Zn. 

Table 2 : Transfer or bio concentration factor of metals from soil to plant 

Plant species 
Transfer factor for heavy metals 

Pb Cu Zn 

Centella asiatica 0.51 0.63 0.52 

Mikania micrantha 0.59 0.30 0.49 

Rumex nepalensis 0.62 0.40 0.43 

Oxalis corniculata 0.57 0.25 0.35 

Ageratum conizoides 0.72 0.90 0.78 

Average 0.602 0.49 0.514 

Metal accumulation and tolerance in plant 
species 
The present study shows that the plant species 
differ widely in their ability to accumulate 
heavy metals. e.g. Centella asiatica 134.88 
mg/kg Pb, 36.74 mg/kg Cu 57.86 mg/kg Zn; 
Rumex nepalensis 165.72 mg/kg Pb; Ageratum 
conizoides, 190.12 mg/kg Pb, 52.56 mg/kg Cu 
and 86.36 mg/kg Zn). The results presented 
here suggest that this metal-tolerating strategy 
is   widely   evolved  and exists in plant species 
when they grow in metal-contaminated areas.  

This is evident from the positive correlation 
coefficients for metal concentrations in plants 
and soil.  Cu and Zn are essential plant nutrients, 
but may exhibit toxicity when present in higher 
concentrations. The ranges of zinc in the plant 
species presented here were generally higher 
than the levels reported for other emergent 
vegetation. The highest concentration of Zn was 
reported for Ageratum conizoides (86.36 mg/kg). 
Cu is also essential to plant growth but may have 
toxic effects at levels higher than 20 mg/kg. The 
majority of Cu values in this study were high 
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with the highest concentration of Cu being 
accumulated in Ageratum conizoides (52.56 
mg/kg) followed by Centella asiatica (36.74 
mg/kg). 

CONCLUSION 
This study was conducted to screen plants 
growing on the contaminated soil around 
Jagiroad Paper Mill to determine their capacity 
for metal accumulation. The result shows that all 
the selected 5 plant species can colonize heavy 
metal-polluted areas and they can absorb a wide 
range of soil metals (Pb, Cu, Ni and Zn).  Of the 
selected plants Ageratum conizoides, particularly, 
exhibited high levels of metal tolerance and can 
be used as an effective phytoremediation tool to 
detoxify the soil polluted with paper mill waste. 
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