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Abstract: Phytoremediation is defined as the treatment of environmental pollutants using
plants that alleviate the environmental problem without the need to excavate the
contaminant material and dispose it elsewhere. Plants are specifically selected to remove
specific pollutants such as metals, pesticides, solvents, explosives and crude oils.
Phytoremediation has many advantages over other traditional pollution removal methods
such as cost, decreased environmental disruption and it is more aesthetically pleasing. The
present study was focused on removal of fluoride from the industrial effluent water and
artificially polluted water using the seeds of Eleusine coracana (Ragi), Pennisetum glaucum
(Bajra), Setaria italica (Korra), Sorghum bicolor (Jowar). Seeds were germinated using a
paper and cloth germination procedure. After germination, the seed plants were placed in
fluoride contaminated water. Fluoride levels were measured using spectrophotometer at
regular time intervals. The experiments, removal of fluoride ions by the above-mentioned
seeds, were conducted at three different conditions i.e. aerobic, anaerobic, laboratory
condition, and all the conditions favour the phytoremediation process. Among these,
Pennisetum glaucum (Bajra) shown good results in all three conditions. During
phytoremediation process, drastic colour change was observed in industrial effluent and the
percentage removal of fluoride ions was high, which indicates that the phytoremediation has
followed the strategy of phytoextraction. During and after phytoremediation the effect of
concentration, effect of dosage and effect of contact time were also studied. We observed
that as the concentration increases, the percentage removal decreases, as the dosage
increases the percentage removal also increases and as the contact time increases the
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percentage removal increases up to optimum level. All the seeds were found to be efficient in
the removal of fluoride except Setaria italica (Korra), from industrial effluent and each seed
was observed to have a specific function in all the three conditions.
Key words: Phytoremediation, Eleusine coracana (Ragi), Pennisetum glaucum (Bajra),
setaria italica (Korra), sorghum bicolor (Jowar), Phytoextraction.

INTRODUCTION:
The term bioremediation is sometimes thought to be synonymous with phytoremediation,
but these terms describe two completely different methods. Although both seek to exploit
living organisms to alter contaminated environments, bioremediation involves the
manipulation of microbial populations, and phytoremediation concerns the use of higher
plants. Bioremediation refers to a process through which metal contaminants are modified
as a direct result of microbial activity (NRC, 1999). The objective may be to mobilize,
immobilize, or reduce the toxicity of pollutants in soil or water depending on the ultimate
goals of remediation.
Recently, a promosing alternative remediation technique, called phytoremediation that can
be utilized in certain situations to replace other costly methods has been explored (Shimp et
al. 1993, Huang et al, 2004, Kakitani et al, 2006). Phytoremediation is the use of plants to
absorb certain contaminants from soil or water through a plant’s root system into the body
of the plant where they are stored and ultimately disposed (Huang et al. 2004). The optimal
results for successful phytoremediation would be the maximum removal of heavy metals
from contaminated water with a minimal level of phytotoxicity to the plant tissues. The
interaction between phytotoxicity, pollutant accumulation and plant species is highly
complex and requires research. The objectives of this study were to evaluate the removal of
fluoride by four species of germinated seeds.

ADVANTAGES OF PHYTOREMEDIATION
The most important of phytoremediation Advantages are:


Variety of organic and inorganic compounds is amenable to the phytoremediation
process.



Phytoremediation can be used either as an in situ or ex situ application (USEPA,
2000; Raskin and Ensley, 2000). In situ applications are frequently considered
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because minimizes disturbance of the soil and surrounding environment and reduce
the spread of contamination via air and waterborne wastes.


It is a green technology and when properly implemented is both environmentally
friendly and aesthetically pleasing to the public (Raskin and Ensley, 2000). As a green
technology, it is applicable for different kinds of organic and inorganic pollutants and
provides aesthetic benefits to the environment by using trees and creating green
areas, which is socially and psychologically beneficial for all (Ghosh and Singh, 2005;
Lewis, 2006). This green technology is suitable for large areas in which other
approaches would be expensive and ineffective (Vidali, 2001; Prasad and Freitas,
2003).



Phytoremediation does not require expensive equipment or highly-specialized
personnel, and it is relatively easy to implement.



The greatest advantage of phytoremediation is its low cost compared to
conventional clean-up technologies (USEPA, 2000; Raskin and Ensley, 2000). For
example, the cost of cleaning up one acre of sandy loam soil with a contamination
depth of 50 cm with plants was estimated at $60,000-$100,000 compared to
$400,000 for the conventional excavation and disposal method (Anonymous, 1997).



Disposal sites are not needed.



It is more likely to be accepted by the public as it is more aesthetically pleasing then
traditional methods.



It avoids excavation and transport of polluted media thus reducing the risk of
spreading the contamination.



It has the potential to treat sites polluted with more than one type of pollutant
(Hegedus et al., 2009).



Furthermore, the expan-sion of contaminants to air and water is reduced by
preventing leaching and soil erosion that may result from wind and water activity
(Pivetz, 2001; Ghosh and Singh, 2005).
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DISADVANTAGES AND LIMITATIONS OF PHYTOREMEDIATION
In contrast to its many positive aspects, phytoremediation does have a few disadvantages
and limitations that are:


It is restricted to the rooting depth of remediative plants.



Remediation with plants is a lengthy process, thus it may take several years or longer
to clean up a hazardous waste site, and the contamination may still not be fully
remediated

(USEPA,

2000a).

Time

is

the

most

serious

limitation

of

phytoremediation, because this approach may require several years for effective
remediation (Vidali, 2001; Rajakaruna et al., 2006).


The use of invasive, non-native species can affect biodiversity.



The consumption of contaminated plants by wildlife is also of concern. Harvested
plant biomass produced from the process of phytoextraction may be classified as a
RCRA hazardous waste, therefore subject to proper handling and disposal.



Moreover, preserving the vegetation in extensively contaminated areas is
complicated (Vidali, 2001), and human health could also be threatened by entering
the pollutant into the food chain through animals feeding on the contaminated
plants (Pivetz, 2001).



Unfavourable climate is another important consideration because it can limit plant
growth and phyto mass production, thus decreasing process efficiency (USEPA,
2000b).

MATERIALS & METHODS:
Seeds selected for removal of Fluoride:
The seeds used for removal of chromium are shown in Figure-1, i.e.
i.

Eleusine coracana (ragi,)

ii.

Pennisetum glaucum (bajra,)

iii.

Setaria italica (korra,)

iv.

Sorghum bicolor (jowar)
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Figure-1: Germinated seeds of selected for present investigation
Seed Germination:


Collect 200 gms of each seeds that are used for the experiment.



Drop the seeds into a vessel of distilled water and keep them aside.



Let them soak for about 24 hours.



Filter the seeds, place them in a towel, knot it tightly, and keep them in a dark place.



After 24 hours we see the seeds germinated

Experimental Method:
The removal of fluoride were carried out by using the germinating seeds in three different
conditions to know which environment is suitable for the removal and which conditions
favours the removal process . The experimental setup were categorized as follows,
1.

Laboratory condition :


A normal grade reagent bottles are used for laboratory condition.



The bottles are filled with standard solution and desired concentration with selected
seeds.


2.

They are kept at normal room temperature.
Aaerobic condition :



Conical flasks of 250ml are used for aerobic conditions.
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The flasks are filled with standard solution and desired concentration with selected
seeds.



Air is pumped into flask at a rate of 3lit/min at pressure of 0.02mpa.



They are kept in normal room temperature.

3.

Anaerobic condition :


Biological oxygen demand (BOD) bottles are used for anaerobic conditions.



The bottles are filled with standard solution and desired concentration with selected
seeds.



They are kept at 30-33 ± 20c temperature.



There is no air supply as this is anaerobic condition.



The bottles are covered with suitable caps, which will not allow the air to enter into
it.

The

initial

and

final

concentration

of

fluoride

was

directly

measured

with

spectrophotometer by using SPADNS dye method. To estimate the percentage removal of
fluoride from aqueous solution the following equation was used
𝑅𝑒𝑚𝑜𝑣𝑎𝑙 𝑜𝑓 𝐹𝑙𝑢𝑜𝑟𝑖𝑑𝑒 =

𝐶𝑖𝑛𝑡𝑖𝑎𝑙 − 𝐶𝑓𝑖𝑛𝑎𝑙
𝑋 100
𝐶𝑖𝑛𝑡𝑖𝑎𝑙

RESULTS & DISCUSSION:
Effect of Contact time:
To check the efficiency of Eleusine coracana (ragi), Pennisetum glaucum (bajra), Setaria
italica (korra), Sorghum bilocor (jowar) seeds to remove fluoride ions from aqueous solution
at regular time interval, Batch experiments were performed by taking a series of reagent
bottles with constant fluoride ion concentration (4 mg/1lit) and 5 gm of germinated seeds of
above mentioned separately, and samples are drawn after regular time intervals to check
the % removal of fluoride from solution at aerobic condition (3lit/min at pressure of
0.02mpa), as described in materials and methods. The percentage removal of fluoride with
four different germinated seeds at different time intervals (i.e. 24 hours, 48 hours, 72 hours)
at aerobic condition shown in a graphical representation in Figure-2. From the figure-2, it
can be concluded that all the four seeds as the capacity to remove fluoride. The percentage
removal is increased with increase in contact time with all the germinated seeds used in this
experiment except the sample treated with germinated seeds of Setaria italica. At 24, 48
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and 72 hours the high percentage removal observed with Pennisetum glaucum (bajra),
seeds at lowest percentage removal with Setaria italica seeds. There is no significant change
in percentage removal was observed at 48 hours and 72 hours time intervals in samples
treated with Eleusine coracana (ragi) seeds. However, significant change was observed in
samples treated with Pennisetum glaucum (bajra) and Sorghum bilocor (jowar) germinated
seeds.

Figure-2: Removal of fluoride (Aerobically) by different germinated seeds
The same batch experiments were conduted in anaerobic condition where there is no
supply of air and light, to check the efficiency of germinated seeds to remove fluoride ions,
from aqueous solution. The percentage removal of fluoride at regular time interval (i.e. 24,
48 and 72 hours) are shown Figure-3. From the figure-3, it was observed even the anaerobic
condition also favors the removal process. The percentage removal is increased with
increase in contact time with all the germinated seeds used in this experiment in anaerobic
condition. The percentage removals at three different time intervals with all treatment are
lower than aerobic conditions and almost equal to laboratory condition (Figure-4). From the
above experiments it can be concluded that anaerobic and laboratory conditions are
favorable and easy way to remove fluoride from aqueous solution with all the germinated
seeds used in the present study, except Setaria italica germinated seeds.
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Figure-3: Removal of fluoride (Anaerobically) by different germinated seeds

Figure-4: Removal of Fluoride (Lab/Room condition) by different germinated seeds
Effect of germinated seeds dosage on fluoride removal
To find out the effect of dosage of germinated seeds on fluoride removal the experiments
were conducted by taking 4 mg/L fluoride solution with various dosages of Eleusine
coracana (Ragi), Pennisetum glaucum (Bajra), Setaria italica (Korra), Sorghum bicolor (Jowar)
seeds i.e. 1 gm/L to 10 gm/L. Water samples were treated for 72 hours contact time period.
The results were shown in figure-5 to figure-7. From the figures it is observed that the
percentage removal of fluoride is increased with increase in amount of germinated seeds at
all three experimental conditions.
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Figure-5: Effect of germinated seeds dosage (Aerobically) on fluoride removal
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Figure-6: Effect of germinated seeds dosage (Anaerobically) on fluoride removal
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Figure-7: Effect of germinated seeds dosage (Laboratory) on fluoride removal
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The maximum percentage removal was observed with Pennisetum glaucum (Bajra), at all
three different experimental conditions compare to other germinated seeds used in present
study. The best % removal 40, 42 and 45 at Laboratory, Anaerobic and Aerobic conditions
with 5 gm/L Pennisetum glaucum (Bajra), seeds respectively. A very poor removal of fluoride
was observed with Setaria italica (Korra), in all three different conditions even at higher
seed dosage.
Effect of initial fluoride concentration on phytoremediation:
To evaluate the effect of initial fluoride concentration on phytoremediation of fluoride at
constant seed dosage the batch experiments were performed by taking different
concentrations of fluoride ranging from 1 mg/L to 10 mg/L at constant 5 gm of seed dosage.
The samples were treated for 72 hours at three different experimental conditions and the
results were shown in figure-8 to figure-10. From the figures it is observed that the
percentage removal of fluoride is decreased with increase in initial fluoride concentration

% Removal

with all the four seeds used in present investigation.
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Figure-8: Effect of initial fluoride concentration on % removal at aerobic condition
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Figure-9: Effect of initial fluoride concentration on % removal at anaerobic condition
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Figure-10: Effect of initial fluoride concentration on % removal at laboratory condition
Application:
The developed method was applied for the electroplating industry wastewater (which has
4.40 mg/L fluoride) was treated with 5 gm of Pennisetum glaucum (Bajra), and the removal
efficiency was found to be promising when compared with other removal methods. Results
were shown in figure-11. Therefore, it is reasonable to consider this proposed approach to
be a novel approach to be applied as adequate pre-treatment in advanced water treatment.
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Figure-11: Removal of fluoride from electroplating industrial wastewater using
Pennisetum glaucum (Bajra) germinating seeds.

CONCLUSION:
The phytoremediation of fluoride by using germinated seeds were shown effective %
removal with Pennisetum glaucum (Bajra) germinated seeds at all three experimental
conditions. These results were concluding that fluoride can be remediate by using
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germinating seeds in a eco friendly method. These types of technologies will prove useful in
environmental cleanup procedures. Hence, attempts on remediation of fluoride
contaminated water by phytoremediation method fulfil the National policy of Eco-friendly
development

and

create

socio-economic,

scientific

development

among

the

environmentalists, agriculturalists and scientists who involved in the application of this
technique. The above described low cost remediation method will help the poor and rural
people who suffering with hyper fluoridation.
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