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Abstract

Heavy metals are causing serious health hazard due to its toxicity and persistence in soil and aqueous 
medium too. Heavy metals contamination in drinking water has become a major cause of concern for 
the environmentalists. Arsenic(III) and Chromium(VI) is widely distributed in aqueous medium in 
the Gangetic plain causing skin pigmentation and liver disorders. Fluoride is also a major pollutant 
of drinking water in southern part of the Ganges. Several methods of removal of heavy metals from 
aqueous medium e.g. precipitation, adsorption, ion exchange are in practice. But the naturally grown 
aquatic weeds, biomass and medicinal plants can be utilized for the removal of arsenic and chromium(VI) 
from aqueous medium. Medicinal plants e.g. Cymbopogon flexuosus (Lemon grass) is grown by farmers 
in this area due to its aroma. In the present study, medicinal plants have been put to study by taking 
different masses up to fixed interval of time in the synthetic solutions of As(III) and Cr(VI) . The kinetic 
study of adsorption of As(III) and Cr(VI) by Lemon grass has been done with a view to know the order 
and characteristics of the reaction.
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Heavy metals enter the water and food cycles 
through a variety of chemicals and geochemical 
processes(Aswani et.al.  2011).  It  is almost 
impossible to see soil without heavy metals, but 
their excess amount more then permissible limits 
are harmful to the living beings. Chromate is 
toxic, mutagenic and carcinogenic in nature (Park 
Et.al. 2006). Chromium, a heavy metal is released 
into the environment and water bodies through 
anthropogenic activities and industrial effluents, 
dyes and pigments, electroplating, metal finishing, 
petroleum refining, leather tanning and corrosion 
inhibitors in conventional power plants (Elangovan 
2008, Gajalakshmi 2012, Park 2005). This metal is 
the most common heavy metal contaminant of 
groundwater at hazardous waste sites. Hexavalent 
Chromium present in aqueous medium in the form 
of CrO-

4 and Cr2O7
- possess higher levels of toxicity 

than trivalent Chromium (Quintelas 2008, Horsfall 
Jr. 2006).
Arsenic, a metalloid, is harmful for living beings 
when ingested in amounts more than permissible 
limits causing skin lesions, hyper pigment action and 
lead to even death by continued uptake of arsenic 
contaminated water (Rao 2004, Mondal 2002). 
Millions of people around the world are facing the 
risk of arsenic contamination in groundwater which 
can enter in food chain through drinking water and 
agricultural products. Arsenic is taken up by plants 
and accumulated in several plant parts. Arsenic 
is released into the environment in organic and 
inorganic forms. Several varieties of rice have been 
found to be contaminated with arsenic (Zhao 2008, 
Zhao 2010).
The conventional method for heavy metal removal 
are precipitation, coagulation, ion exchange, 
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cementation and electro-dialysis. These processes 
are expensive and not eco-friendly (Horsfall 2006). 
Several recent works have been reported regarding 
removal of Cr(VI) and As(III) from aqueous medium 
e.g. use of adsorbents e.g. flyash, minerals,peat and 
agricultural by-products. The sorption capacity of 
these substances have been determined and utilized 
for suitable heavy metals.
The effectiveness of agro-based material e.g. crushed 
coconut shell, almond cell, groundnuts have also 
been evaluated.
Attempts have been made to use them for heavy 
metals removal . Recently various studies have 
been carried out to develop transgenic plants 
which can combat As stress. A number of fern 
species e.g. pitrogram macalomelanos, Petris vitata, 
Petris criteca, petris longifolia and Petris umbrosa 
are known to be As hyperaccumulators (Kumar 
et.al., WHO 2007) Some aquatic macrophytes like 
hydrilla verticillata, potamogeton pectinatus, Eichhornia 
crassipes, Egeriadensa, Ceratophyllum demersum and 
water cress lepidium sativum also accumulate As.
A number of medicinal plants which grow naturally 
in this area are Acacia nilotica, Bacopa monnieri, 
Commiphora wightii, Ficus religiosa, Glyeyrrhiza glabra, 
Hemidesmus indicus, Salvadora oleoides, Terminalia 
bellirica, Terminalia chebula and Withania somnifera 
(Kulhari 2013, Agely 2005). Cymbopogon flexuosus 
(Lemon grass) is cultivated by farmers in this area 
for aromatic oils and the leaves of this grass are 
used as a substitute of lemon in tea. Besides this, 
several other plants are being grown in this area to 
boost up the economy of this specific area (Jha et.al. 
2011, 2015). Very little information and researches 
are available on the influence of these medicinal 
plants on diseases and chemical compositions of 
these medicinal plants and its physiological action 
on human beings. But several medicinal plants have 
the potential to adsorb heavy metals when grown 
in polluted sites. Higher level of heavy metals 
can cause cancer and disorders in central nervous 
system (Jha 2014, Mohan 2007,Jha 2014).
In the present study, the experiment has been 
designed from Lemon grass to study the kinetics of 
removal of Cr(VI), Arsenic and Manganese.

Experimental

Cymbopogon flexuosus (Lemon grass) have been 

collected from B.A.U. Sabour. The root of these 
plants have been washed with water and then 
doubled distilled water. The plants have been put 
in MS liquid media (Plant nutrient media) to avoid 
stress. 100 ml of 2 ppm Cr(VI), 4 ppm Cr(VI) and 
6 ppm Cr(VI) solution are taken in which 8.26 g, 
8.43 g and 8.20 g of lemon grass are put up to 24 
hr. and 72 hr. The concentration of 2 ppm Cr(VI) 
decrease to 1.31 ppm and 6 ppm Cr(VI) decreased 
to 2.34 ppm in 24 hrs. Same experiment is repeated 
for 72 hr in which concentration of 2 ppm decreased 
to 0.42 ppm and 6 ppm decreased to 0.39 ppm. But 
without MS media(nutrient support) lesser amount 
of Cr(VI) decreases in 72 hrs.

2 ppm, 4 ppm and 6ppm As(III) solutions are prepared 
from stock solution of 100 ppm sodium arsenite. 9.07 
g, 9.20 g and 9.74 g of Cymbopogon flexuosus (lemon 
grass) are put in 2 ppm, 4 ppm and 6 ppm As(III) 
solution up to24 hr and 72 hr. The concentration of 
As(III) solution decreased to amount not traceable. In 
this experiment too, Lemon grass is taken in nutrient 
media and without nutrient media. the pH of the solution 
ranges from 6.3 to 7.3.

Similarly 2 ppm, 4ppm and 6 ppm KMnO4 solutions 
have been prepared and 3.40 g, 11.40 g and 6.84g 
Cymbopogon flexuosus (Lemon grass) are put 
in the solution. the concentration of Mn have 
been measured after filtration. Mn and Cr(VI) 
concentration have been measured by UV double 
beam spectrophotometer Pharo 300. Residual 
arsenic concentration is measured by Merckoquant 
kit and AAS perkin Elmer.

Result and discussion
Lemon grass commonly grown in this area has 
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been tested for adsorption capacity of As(III), Cr(VI) 
and Mn. Lemon grass has been put in water with 
and without nutrient media. 100 ml 2 ppm Cr(VI) 
concentration decreased to 1.31 ppm with 8.26 g 
Lemon grass in nutrient media in 24 hr and 6 ppm 
Cr(VI) concentration decreased to 2.34 ppm (Table 
1). 100 ml 2 ppm Mn concentration decreased to 
1.75 ppm and 6 ppm to 2.38 ppm with 3.40 g and 
6.84 g respectively (Table 2).
The results are more satisfactory when 2 ppm, 4ppm 
and 6 ppm As(III) solution treated with almost 9 g of 
lemon grass in nutrient media. The residual Arsenic 
is almost not detectable. It has been removed from 
the aqueous medium completely (Table 3). Similar 
results have been obtained when repeated up to 
72 hrs (Table 4). But whole set of experiments 
have been carried out with the living plants in 
nutrient media so it was difficult to take fixed mass 
of Lemon grass. Lemon grass was found to be a 
good accumulator of Arsenic. The mechanism of 
biosorption may be through intracellular uptake are 
important for detoxification of Cr(VI) and As(III)by 
the application of medicinal planta. The surfaces 
of the roots of these plants are reactive towards 
dissolved metals. Thus the investigation presents 
the applicability of Cymbopogon flexuosus in order 
to remove hexavalent chromium and arsenic from 
aqueous media. Further the leaves have been dried 
and powdered after which the experiments will be 
done with leaf powder.

Table 1 : Cr(VI) concentration up to 24 hr with lemon 
grass in nutrient media

Initial 
concentration in 

ppm

Weight (g) Residual 
concentration in 

ppm
100 ml 2ppm 8.26 g 1.31
100 ml 4 ppm 8.49 g 3.13
100 ml 6 ppm 8.20 g 2.34

Table 2 : Mn concentration up to 24 hr with Lemon 
grass in nutrient media

Initial 
concentration in 

ppm

Weight (g) Residual 
concentration in 

ppm
100 ml 2ppm 3.40 g 1.75
100 ml 4 ppm 11.40 g 0.05
100 ml 6 ppm 6.84 g 2.38

Table 3: As (III) concentration up to 24 hr with Lemon 
grass in nutrient media

pH Initial con-
centration 

in ppm

Weight (g) Residual 
concentra-

tion in ppm
6.3 100 ml 

2ppm
9.07 g 0.00

7.0 100 ml 4 
ppm

9.20 g 0.00

7.0 100 ml 6 
ppm

9.74 g 0.00

Table 4 : As(III) concentration up to 72 hr with Lemon 
grass in nutrient media

pH Initial 
concentration 

in ppm

Weight 
(g)

Residual 
concentration 

in ppm

6.3 100 ml 2ppm 9.07 g 0.00

7.0 100 ml 4 ppm 9.20 g 0.00

7.0 100 ml 6 ppm 9.74 g 0.00

Table 5 : Cr(VI) concentration up to 72 hr with Lemon 
grass in nutrient media

Initial 
concentration in 

ppm

Weight (g) Residual concentration 
in ppm

100 ml 2ppm 8.26 g 1.65
100 ml 4 ppm 8.43 g 3.50
100 ml 6 ppm 8.20 g 6.60

It is clear from Table 5 that removal of chromium 
(VI) is not taking place satisfactory in 72 hr. Some 
release by the roots might have taken place.
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