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Green technology for cleanup of soil contaminated by coal fly ash 

Section I: To evaluate the genotoxicity of Fly ash contaminated soil by applying the integrated physico-

chemical-biological approach using different cells or organisms from more than one trophic level 

Fly ash collected from Kolaghat thermal power plant and Titagarh thermal power plant was 

subjected to subsequent characterization, bioassay for toxicity and phytoremediation studies. 

Characterization of fly ash (FA) and fly ash leachate (FL) 

 

 

Figure 1: Scanning electron microscopic image of fly ash (A) dumpsites of Kolaghat thermal 

power plant (B) dumpsites of Titagarh thermal power plant 
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Figure 2: EDX analysis of fly ash sample. (A) Kolaghat fly ash; (B) Titagarh fly ash 
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Table 1: Atomic absorption spectroscopic (AAS) analysis of fly ash and fly ash leachate prepared from 

fly ash collected from Kolaghat Thermal Power Plant and Titagarh Thermal Power Plant. Values are 

replicate of 3 samples ±SD. BDL- Below detection limit 

Heavy 

metal 

Kolaghat fly ash 

(mg/kg±SD) 

Kolaghat fly ash 

leachate (mg/L±SD)

Titagarh fly ash 

(mg/kg±SD) 

Titagarh fly ash 

leachate (mg/L±SD) 

Nickel 50.00±1.12 12.00±0.78 49.00±0.04 <0.092 

Cadmium 1.50±0.50 0.40±0.25 BDL <0.147 

Copper 5680.00±1.12 8.50±0.62 86.00±0.05 <0.198 

Lead 48.20±1.12 3.10±1.13 36.00±0.02 <0.088 

Arsenic 8.50±0.90 2.50±0.99 BDL BDL 

Cobalt 23.00±3.45 0.90±0.12 15.00±0.05 0.213±0.09 

 

Inference: 

SEM images revealed particle sizes ranging from 46.6±3.23 nm-492.6±2.91 µm and 59.4±0.23 nm- 

741.2±2.32 µm respectively for Kolaghat fly ash and Titagarh fly ash. Surface morphology study of 

Kolaghat fly ash revealed mostly spherical shape with smooth outer surface whereas in Titagarh fly 

ash mostly irregular shaped particles were observed. In both fly ash, EDX analysis showed presence 

of higher amount of aluminium, iron, silica, carbon, titanium. 

Atomic absorption study (AAS) of Kolaghat fly ash and fly ash leachate showed presence of 

significant amount of nickel, lead, arsenic and cobalt. In Titagarh fly ash nickel, copper, lead and 
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cobalt were found in significant amount. In fly the leachate only cobalt was found to be present in 

significant amounts.  

 

B. Bioassay for toxicity assessment of fly ash and fly ash leachate: 

Onion bulbs were treated with fly ash (control and 100 % FA) and fly ash leachate (control, 1:16 

FL, 1:8 FL and 1:4 FL) to evaluate fly ash induced toxicity. To assess toxicity, cell viability, 

DNA damage and oxidative stress was evaluated. 

Cell Viability 

 

Figure 3: TTC test in root cells of Allium cepa exposed to fly ash (A) and Fly ash leachate (B). 

Values are replicate of 3 samples ±SEM. * statistically significant with respect to control 

(p≤0.05). 

 

 

Kolaghat 
Titagarh 



7 
 

 

Genotoxicity evaluation:  

Alkaline comet assay  

 

Figure 4: Alkaline comet assay in root cells of Allium cepa exposed to fly ash (A) and Fly ash 

leachate (B). Values are replicate of 3 samples ±SEM. * statistically significant with respect to 

control (p≤0.05). 

 

 

 

 

 

 

Kolaghat 
Titagarh 
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Oxidative stress: 

 

Figure 5: Oxidative stress biomarker in root cells of Allium cepa exposed to fly ash. (A) Lipid 

peroxidation; (B) Total non enzymatic antioxidant value (FRAP value) (B) GSH content, (C) 

Catalase activity, (D) Guaiacol peroxidase activity. Values are replicate of 3 samples ±SEM. * 

statistically significant with respect to control (p≤0.05). 
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Figure 6: Oxidative stress biomarker in root cells of Allium cepa exposed to Fly ash leachate. (A) 

Lipid peroxidation; (B) GSH content, (C) Catalase activity, (D) Guaiacol peroxidase activity. 

Values are replicate of 3 samples ±SEM. * statistically significant with respect to control 

(p≤0.05). 

Inference: 

TTC test revealed a reduction in the number of viable cells. Decrease in cell viability of fly 

ash and fly ash leachate was statistically significant and concentration dependent. 

Kolaghat 
Titagarh 
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Alkaline comet assay results indicated that there was an increase in DNA damage in onion 

roots treated with fly ash and fly ash leachate. The DNA damage was more pronounced in fly 

ash leachate sample collected from Titagarh. 

The results of Allium test show a decrease in mitotic index with increase in chromosome 

aberrations and number of bi nucleate cell. Similar trend was noted in root tips exposed to fly 

ash leachate. The values were statistically significant. In onion roots treated with fly ash and 

leachate, a significant increase in lipid peroxidation was noted at the highest concentration.  

In fly ash exposed Allium root tissues, no significant increase was noted in reduced 

glutathione (GSH) content and in total non enzymatic antioxidant activity. A significant 

increase in GSH content was observed in fly ash leachate treated sets when compared to 

control. Catalase activity increased significantly (1.5 times) in fly ash treated onion root 

tissue. On the other hand, increase in catalase activity in fly ash leachate sets (Kolaghat fly 

ash) was significant at the concentrations i.e.1:8 and 1:4 fly ash: water (w/v). In the case of 

fly ash leachate prepared from Titagarh ash, no change in catalase activity was observed. 

Guaiacol peroxidase (GPOD) activity was significantly induced by fly ash and fly ash 

leachate compared to the control plants. 

Section II: To identify the plant species best adapted for the uptake, sequestration, or degradation of 

FA and evaluate the phytoremediating potential of the species  

The present study pivots around the phytoremediating potentials of Saccharum spontaneum and 

Saccharum munja- two strikingly tolerant members of the Poaceae family. The performance of 

these grasses was analyzed in two different stressed conditions- One being the soil contaminated 

with industrial wastes while the other being coal Fly Ash (FA). 
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Saccharum spontaneum and Saccharum munja have proved their success in growing in all types 

of unfavorable and disturbed areas. They accelerate the ecological processes in an adverse 

environment, lending to long term sustainable eco-restoration. They can well tolerate stress 

conditions due to nature of their vigorous and extensive fibrous root system which could have a 

phytostabilizing effect as well. To handle this problem judiciously a study was undertaken where 

these two grasses owing to their aggressive growth and capability to produce substantial biomass 

were grown on coal fly ash and contaminated soil. They were maintained for a prolonged period 

and were evaluated periodically for genotoxicity by single cell gel electrophoresis. Analysis of 

metal content in FA and contaminated soil and in roots and shoots of these two grasses were 

carried out before commencement and after termination of treatment period. In addition, Allium 

bulbs were planted on that very pot where S. spontaneum and S.munja are growing and Allium 

test was conducted to assess the genotoxicity of fly ash and contaminated soil. Experiments were 

undertaken to find out whether plantation of S. spontaneum and S. munja are eco friendly choices 

to remediate polluted growth surfaces or not.    

          Coal fly ash (FA) was collected from the dumpsites near Kolaghat and Titagarh Thermal 

Power station (West Bengal, India) in the month of January (2013). Plastic drums were used for 

the said purpose and was stored in the laboratory at room temperature. The soil was collected 

from the contaminated sites near Industrial areas. Authenticated specimen of Saccharum 

spontaneum and Saccharum munja were collected from Bolpur, West Bengal, India and grown 

in the Experimental Garden of department of Botany, University of Calcutta for the purpose of 

the purpose of acclimatization and multiplication. 

Estimation of heavy metals was carried out by AAS in contaminated soil and fly ash 

immediately after sample collection. Then after 12 months, plant sample (roots and shoot of S. 

spontaneum and S. munja) as well as soil and FA sample were studied for AAS.  

S. spontaneum and S. munja were grown on contaminated soil and FA in earthen pots (size- 

diameter; 20cm, height; 17 cm) for a period of 12 months. Comet assay was performed in shoot 

and root cells of the two plants on day 1 of planting to detect DNA damage. After 12 months 

comet assay was again performed in shoot and root cells of the plants to detect the changes in 

DNA throughout the treatment period. Before the commencement of treatment for Saccharum, 

Allium cepa was grown on FA and soil sample for 5 days and thereafter the roots were processed 
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for comet assay. At the end of the 12th month, Allium bulbs were once again planted on those 

very pots for 5 days where S. spontaneum and S.munja were planted, to study the soil clearing 

potential of these grasses. 

Allium cepa bulbs were grown on contaminated soil as well as fly ash (for 5 days) immediately 

after their respective collections i.e before the commencement of treatment period. Allium was 

again planted on the same sample after the termination of treatment period as well. 

 Comet assay-The nuclei of both the roots as well as young leaves of S. spontaneum and S. munja 

and root nuclei of Allium were processed for comet assay. 

In addition phytoremediation of fly ash was performed utilizing the plant Vetiver, planted in 

control soil and fly ash for 18 months. Effect of fly ash on the pigment, genetic material and 

antioxidative enzymes were evaluated from leaf tissue. Metal uptake potential of plant resulting 

into lowering of the metal concentration was also evaluated. 
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Results: 

Table 2 Estimation of heavy metals in shoot and root tissues of Saccharum spontaneum (SS)  

              and  Saccharum munja (SM) plants (N=3)grown on fly ash 

 
  

Metals 

 
 

Plants 

Amount 
(µg/ g of shoot tissue) 

 

Amount 
(µg/ g of root tissue) 

 
Day 1 

 
12 Months Day 1 12 Months 

Zinc SS 18.00 ± 1.40 
 

22.00 ± 1.95 124.18 ± 3.64 201.48 ± 2.78* 

SM 20.00 ± 1.05 
 

24.02 ± 2.05 131.11 ± 2.45 221.68 ± 2.84* 

Lead SS 17.00 ± 1.32 
 

19.25 ± 1.05 11.25 ± 1.03 20.75 ± 1.08* 

SM 18.00 ± 0.98 
 

21.08 ± 1.98 20.25 ± 1.78 25.75 ± 1.37* 

Copper SS   0.40 ± 0.01 
 

0.48 ± 0.02 41.68 ± 2.40   49.18 ± 3.47* 

SM   0.45 ± 0.01 
 

0.57 ± 0.02 48.29 ± 1.02   52.78 ± 1.12 

Nickel SS   2.00 ± 0.90 
 

 2.00 ± 0.7 10.65 ± 0.11 13.00 ± 0.13 

SM   2.03 ± 1.00 
 

2.50 ± 0.7   8.01 ± 1.03    10.65 ± 1.13 

Cadmium SS   0.10 ± 0.01 
 

0.10 ± 0.03   0.73 ± 0.22     1.51 ± 0.24* 

SM   0.14 ± 0.02 
 

0.14 ± 0.02   0.85 ± 0.07     1.48 ± 0.47 

Arsenic SS   0.10 ± 0.01 
 

0.10 ± 0.03   0.27 ± 0.14     0.45 ± 0.15 

SM   0.18 ± 0.03 
 

0.20 ± 0.03   0.26 ± 0.15     0.38 ± 0.15 

    

Values are Mean of three samples ± SD; *- Statistically significant at p≤0.05 when compared to 
day1 

Bio accumulation and translocation factors (BAF and TF respectively) are very useful 

parameters to study the soil to plant transfer pattern of heavy metal accumulation (Rezvani and 

Zaefarian 2011). BAF and TF values greater than unity are indicative of the fact that the plant is 

a potential heavy metal accumulator and is effective in translocation of the metals from root to 

harvestable parts (Tu and Ma et al, 2002). Thus BAF and TF values determine the role of the 
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plants in remediation of heavy metals from FA. For most of the metals studied here, higher 

ranges of BAF values were observed in roots of both the grasses. Among the metals Zn, Cu and 

Cd had the highest BAF values for roots in S. spontaneum (Zn-6.97, Cu-3.01, Cd-1.65). Among 

the two Saccharum species S. munja was efficient in extracting additional number of metals from 

FA (Zn-7.67, Pb-1.10, Cu-3.24, and Cd-1.62) (Table 4). The BAF values in the shoots of the 

plants are less than unity and of higher values for Pb and Zn. This is in coherence with TF values 

which indicates that relative translocation of these metals did not occur to a significant amount in 

the aerial parts (Table3). Different trends on BAF and TF values are available in literature that 

varied depending on the metals (present in FA) analyzed and the plants selected (Ahmad and 

Ahmad 2014, Jambhulkar and Juwarkar 2009) favoring the best one for phytoextraction of  the 

metals. Based on the results of BAF and TF we can say that S. spontaneum and S. munja are 

suitable for extracting Zn, Cu, Cd and Pb from FA and could be used as sustainable alternative in 

the management of FA dumpsites. 

Table 3   Phytoextraction of heavy metals by Saccharum spontaneum and Saccharum munja  

               Plants (N=3) grown on fly ash  

 Saccharum spontaneum Saccharum munja 
Heavy 
metals 

TF BAFShoot BAFRoot TF BAFShoot BAFRoot 

Zinc 0.11 0.76 6.97 0.11 0.83 7.67 
Lead 0.93 0.82 0.88 0.82 0.90 1.10 
Copper 0.01 0.02 3.01 0.01 0.03 3.24 
Nickel 0.15 0.14 0.92 0.23 0.17 0.75 
Cadmium 0.07 0.10 1.65 0.09 0.73 1.62 
Arsenic 0.02 0.19 0.88 0.03 0.39 0.74 
 

The presence of heavy metals is often reported to have genotoxic effects in plants. Investigations 

made by various authors and data from literature validated the fact that heavy metals like Zn, Pb, 

Cu have acute toxic effects in plants (Herawati et al., 2000; Ivanova et al., 2008). Rank and 

Nielsen (1998) established that the genotoxicity of heavy metals in plants can be correlated to 

industrial loads and their concentrations. Therefore, comet assay was used to study the genotoxic 

potential of the FA. The % tail DNA was the parameter selected (Kumaravel and Jha 2006). 

DNA damage in Saccharum spontaneum and S munja shoots in plants grown on FA or garden 
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soil do not show any statistically significant values over the period of experiment.  Table 4 

presents results of ANOVA test followed by Duncan’s New Multiple Range test (DNMRT). The 

values of the % tail DNA in FA samples for both the plants increased significantly in the root 

cells at the end of the study period (Table 4). This can be correlated to the elevated retentions of 

heavy metals in the shoots and roots of the plants.  

Table 4  Detection of DNA damage in shoot and root cells of Saccharum spontaneum (SS)  

                and Saccharum munja (SM) plants (N=3) grown on garden soil (GS) and fly ash 

 
 

Metals 

 
 

Plants 

Shoot Root 

Day 1 
 

12 Months Day 1 12 Months 

Tail DNA 
( %) 

 

Tail DNA 
( %) 

Tail DNA 
( %) 

Tail DNA 
( %) 

 
GS 

SS 15.93±1.56a 
  

16.15±1.96a 7.46±0.08m 9.40±0.37m 

SM 7.34 ± 1.06b 
 

9.05 ± 0.98b 8.26±0.05m 11.44±0.18n 

 
FA 

SS 16.73±1.28a  
 

17.95±4.24a 7.46±0.51m 10.51±0.56n 

 
SM 10.28±2.28b 

 
12.15±0.84b 7.95 ± 0.22m 11.82±0.08n 

 

Values are expressed as Mean of three replicates ± SD. One way ANOVA test followed by 
Duncan’s New Multiple Range Test. Values in a vertical column followed by the same letter 
(a,a) or (m,m) are not statistically different at the 5% level whereas values with different letters 
(a, b) or (m, n,) are significant at the 5% level. 

The overall performance of Saccharum plants has proved its potential in growing on coal 

fly ash. The plants can extract Zn, Cu, Cd and Pb from FA and stabilize them in the underground 

part. At the end of the study period a considerably less amount of the metals were detected in the 

shoots. Since these plants are perennial and a natural colonizer unlike the introduced plants they 

can be promoted as an excellent candidate for remediation and restoration of FA dumpsites.  

 

Re-vegetation of FA dump site would require the plant to be tolerant to extreme environmental 

conditions, heavy metals, acidic/alkaline pH, and severe drought/rain. Vetiver system is known 
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to be tolerant to extreme conditions and at the same time capable of controlling soil erosion 

(Truong and Baker, 1998a,b; Truong, 1999; Roongtanakiat and Chairoj, 2001; Roongtanakiat et 

al., 2003; Yang et al., 2003; Roongtanakiat, 2009). The present study thus explores the 

possibility of using Vetiver system for phytoremediate of FA, in a controlled laboratory based 

study. The study has been divided into the following parts for easier understanding and 

interpretation of results viz.: (a) Characterization of FA using scanning electron microscopy and 

elemental analysis. (b) Uptake of heavy metals by vetiver grass system. (c) Effect of heavy metal 

uptake in reducing toxic potential of the FA. 

RESULTS: 
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Table 5 
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Amelioration of J;l ,, coal F'ry Ash

cerBiotostandGenetic,":iY,:#i:;::;::IH::;3,"*DepartmaentorBotany,
university of calcutta, 35, Ballygunge circular Road, Kourata- 70aug

*Email: arpitade@ocketmail.com

Coal fly ash is a byproduct of coal combustion at electricity utility plants. Though it
has got a significant contribution to environmental pollution, scientists have proved the
efficacy of using this hazardous waste to amend soil used in agricultural purposes. Fly ash
(FA) when amended to soil can cater to be a promising option for augmenting the nutrient
status of the soil which manifests into higher crop yield. Owing to its basic mineral contents,
FA can even promote growth of crops on nutrient deficient soils. Based on relevant literature,
the present study was under taken to evaluate the genotoxicity of soil amended with FA.
Various proportions in which FA were mixed with soil are as follows- Tyo, ZsYo, 50yo and
100% fly ash. Thereafter Allium test was carried out to test their genotoxicity. The results
shorv that there was a fall in mitotic index and root length inhibition in a dose dependent
manner with a maximum effect at l00Yo conbentration of FA. The damage inducing
capacities of FA have been confirmed by cell viability assays like TTC and Evans Blue
assays. Hence it is found that2l%o concentration of FA serves to be the best amendment that
can be used for agricultural soil amelioration.

P.g

resting the Efficacy of 
"rro;:L:y,tr"::tracts 

as a potentiat Anti-

Bhanu Priya S., P. Aswini, G.M. Nair and V.B. Sanieer Kumar*
School of Biological Science, Central University of Kerala, Kasargod

* Email : sameerkum arvb@gmail.com

Cardiac glycosides have been reported to be anti-proliferative in nature owing to its
ability to bind and inhibit Na+ Ka+ATPase. The present study was designed to analyse if the
reported toxic properties of Cerberin, a cardiac glycoside from Cerbera odallam could be

exploited to develop it into an effective anticancer drug. For this, dichloromethane extract of
Cerbera odallam was fractionated on silica column and the fraction was subjected to
qualitative phytochemical analysis. On the basis these analyses coupled with the results of
HPTLC we concluded that fraction five is relatively pure with a minor band and constituted

the cereberin rioh fraction. This fraction was used for testing the antitumor activity in vitro,
for which A43l and PBMCs were selected as the tumor cell and normal cell model. These

were cultured in parallel, and treated with various concentrations of the serially diluted

fraction 5. IC50 and safety index were calculated from regression curve plotted using
4L



tn rl\
{{ It \1t\jlJj\\l/ /t\J(J

(-?
iIll.
t ,--------J
it
II
t!

I_5

D<\{{ \\itt]V
A

*.--.11I< il\l 1

\

(A4
il t(ilil
ll rL--l

il
ti
lL----r
lffil

il
II('_.:

fif\t{ il il\#{

^rAitltllil tl il[", ,i
tJ-----___-_*\j

A
atri}] 

t\\
\l

UWffiruffi; Jir$ ffi ffi''ffi Ws

obv
DEffiffiOFffi
Umfir@ffi ffith

mmn, remh


