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Abstract-Azolla pinnata var. imbricata, a local aquatic macrophyte growing in Vadodara was
tested to determine its capacity to absorb heavy metals and fluoride from the two different
concentrations ( 1ml/ml and 0.5ml/ml) of wastewater of Oil and Petroleum refining industry at
Vadodara during the post monsoon period. There was found to be significant difference
between the initial and final concentrations of the wastewater with respect to metal ions and
fluoride after using Azolla plant for checking its phytoremediation capacity, but there was
found to be no effect of dilution on the absorption capacity of ions by the test plant except for
hexavalent chromium and iron. BCF of fluoride, zinc, cadmium, and iron though found to be
less than one but BCF of lead, chromium, hexavalent chromium and copper was found to be
approximately equivalent to one indicates not only its ability to phytoremedify these metal ions
from the multimetal solution but also in pollution monitoring of other heavy metals and
fluorides.
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I. INTRODUCTION

The main sources of heavy metal pollution are mining, milling, petro chemical industries,
discharging a variety of toxic metals into the environment. Although the removal of toxic heavy
metals from industrial waste waters has been practiced for several decades, the cost effectiveness of
the most common physico-chemical processes such as oxidation and reduction, chemical
precipitation, filtration, electrochemical treatment, evaporation, ion-exchange and reverse 0smosis is
limited[33]. The need to remediate these sites has led to the development of new technologies that
emphasize the destruction of the pollutants rather than the conventional approach of disposal.
Bioremediation, the use of microorganisms or microbial processes to degrade environmental
contaminants, is among these new technologies. Bioremediation has numerous applications, including
clean-up of ground water, soils, lagoons, sludges, and process-waste streams. The bioremediation has
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been proven successful in numerous applications especially treating petroleum contaminated soils
[21]. Petrochemical plants generate an aqueous effluent containing various conventional pollutants as
well as specific petrochemicals and intermediates.

The effluent of Gujarat Refinery I0C Ltd. at Koyali of Vadodara containing heavy metals and
fluorides together with other pollutants though found to be having Pollution Index(P1) less than one
after treatment in their plant, since entering the ecosystem through various means may lead to
Bioaccumulation, Geoaccumulation and Biomagnifications.

According to the Science News references fluorides and heavy metals are found to be having
toxic effects on fishes and human beings even below the permissible limit of CPCB[12]. Fluoride (F)
concentration as low as 0.5 mg/l can adversely affect invertebrates and fishes [9]. Even at low
ambient concentration fluoride can cause a no. of physiological and biochemical changes in plants
without visible sign of injury[22]. Wastewater or effluents can be treated either chemically or
biologically or both to lower the load of harmful pollutants and so can be safely reused. Biological
treatment is basically bioabsorpotion, which can be done by the mechanisms of phytoremediation.
Plants may break down or degrade organic pollutants, or remove and stabilize metal contaminants
where using living cells over non- living biomass to remove heavy metals is advantageous.

Azolla pinnata var. imbricata is a local macrophyte growing in Vadodara. Azolla spp. are
heterosporous free-floating freshwater ferns that live symbiotically with Anabaena azollae, a
nitrogen-fixing blue-green algae. The genus Azolla belongs to the single genus family Azollaceae.
Various research findings had proved its ability to absorb metal ions from the media, with single
metal solution as well as multimetal solutions and from wastewaters [19],[31]. In the present study A.
pinnata var. imbricata was used to test its metal and fluoride uptake capacity from the wastewater of
Oil and Petroleum refining industry at VVadodara, thereby determining its phytoremediation capacity.

I1. MATERIALS AND METHODS

The plant material was collected from the Anand Agricultural University, washed thoroughly
and kept in 2/5 N-free Hoagland solution [8], [27] for 5 days before the treatment with wastewater.
Plastic pots (15.5cm in diameter and 17cm height) containing 200ml of wastewater in two different
concentrations (1ml/ml, 0.50ml/ml) was used as the media for the growth of the plant. One gm of the
test material per pot was used as the treatment material and each set was repeated in triplicate and
placed randomly in the Botanical garden for 7 days in the post monsoon period.

Sampling of the wastewater was done using plastic buckets on the day of the experimental
set-up from the outlet channels at Koyali, Vadodara and stored at 4°C, kept under refrigeration for
further analysis of physico-chemical parameters methods as prescribed in APHA, 2005 [1], [10]. The
samples of wastewater used as the media and test materials were collected and preserved for further
testing after the specified period (7days) of treatment.

Digestion and analysis of elements in plant tissue and in the wastewater (before and after the
treatment period) was done following the method prescribed in APHA (2005) [1]. Preparation of the
test plant materials for elemental analysis was done by wet-digestion method using con. HNO3.The
concentrations of metals present in the solutions (for both wastewater and plant tissue) were measured
using AAS. The difference between the initial metal concentration and remaining metal concentration
in the solution after the treatment period (7days) was taken to be metals bound to the plant[2].

The amount of metal ions per unit of the plant material(biosorbent) was obtained by
using the following expression [14]:

q=[(CO—C1) VIIM
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where q is the amount of heavy metal onto the unit amount of biosorbents (mg/g) and CO and C1 are
the concentrations of metal ions from the solution (mg/l) before and after biosorption respectively; V
is the volume of the aqueous phase and M is the amount of the biosorbent (g) [32].

Percent removal efficiency was calculated by using following formula [15]:

Percent removal efficiency = inlet pollutants- outlet pollutants / inlet pollutants *100

Bioconcentration factor:

The ability of the plant to accumulate metals with respect to the metal concentration in the substrate is
known as the bioconcentration factor (BCF). BCF could be calculated as follows[38]:

BCF = Concentration of metal in plant tissue / Initial Concentration of metal in external solution.
Statistical analysis:

Wilcoxson signed ranked test to find out the significant difference between the concentrations
of the wastewater before and after the treatment and between the % absorption of metal ions in both
the concentrations of wastewater used in the study. Correlation between initial concentration of
wastewater and concentration absorbed by plant tissue was done using spss 19.

I11. RESULT

Physico - chemical analysis of the wastewater initially and after treatment showed the
presence of metal ions [Hexavalent chromium(HCr), Chromium(Cr), Lead(Pb), Zinc(Zn), Nickel (Ni),
Copper(Cu), Cadmium(Cd), Iron(Fe)] and fluoride in varying concentrations but within the
permissible limit laid down by CPCB (Fig-1). PH, TDS, BOD and COD, EC of the wastewater was
found to be 8.21, 19mg/L, 81mg/L, 892mg/L and 1.393dS/m respectively. Temperature and relative
humidity ranged from 23°C to 32°C and 56% to 70% respectively during the experimental period.
Photoperiod received was 12.5hr day and 11.5hr night. BCF of metal ions and fluoride (table-1)
though found to be less than one in the pure wastewater but equal to one for hexavalent chromium in
the diluted concentration (0.50ml/ml) of wastewater after treatment.There was found to be no
significant difference in the percentage absorption of metal ions by the test plant material in both the
concentrations of wastewater used at 0.05 level of significance (p> 0.05). There was found to be
significant difference between the initial and final concentrations of the wastewater with respect to
metal ions and fluoride after the treatment with Azolla at 0.01 level of significance according to
Wilcoxon- singed ranked test (p=0.004< 0.01). Positive correlation between the metal ions and
fluoride in the initial solution and the plant tissue absorbed was found at 0.05 level of significance (p<
0.05) in both the concentrations of wastewater used. Percentage absorption and per gram absorption
by the plant tissue of most of the metal ions was found to be more in the pure wastewater than the
diluted concentration of wastewater (0.5ml/ml) except for hexavalent chromium and iron (Fe) (Table-
1). Copper, chromium and hexavalent chromium were found to be absorbed more than 50% from the
pure wastewater as well as from the diluted concentration(0.5ml/ml) of wastewater whereas lead was
found to be absorbed more than 50% from the pure wastewater but less than 50% from the diluted
concentrations ( 0.5ml/ml) of the wastewater. Fluoride, zinc, nickel, cadmium and iron were absorbed
in less than 50% from both pure wastewater and its diluted concentration (0.5ml/ml).

IV. DISCUSION

Metal ions are mostly present in nature together with other ions in the soil or in water.
Wastewater of most industries are containing an aqueous solution of pollutants in varying
concentration. Oil and Petroleum Refining industries also have their effluent treated both chemically
as well as biologically before releasing into the outlet channels. So these wastewater generated from
them not only contains heavy metals in lower concentrations but also have nutrients necessary for the
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growth of a plant. Plants can easily grow in them with varying degree of biomass generated in them
together with their potential to absorb the pollutant heavy metals helping in further lowering the
concentrations of the pollutants. Aquatic vascular plants absorb heavy metals, concentrate them, and
play an important role in storing and recycling metals [7],[20],[11],[23].[25]. No generalization,
however, is possible due to the fact that different species have different mechanism of absorption,
transport, and storage of metals [3], [6],[13].

In the present study the test plant material was found to absorb copper, chromium and
hexavalnt chromium more than 70% and lead above 50% from the pure wastewater. Dilution of the
wastewater was not found to increase the percentage absorption of metal ions except hexavalent
chromium which was absorbed totally from the diluted wastewater after treatment. Hexavalent
chromium, chromium and fluoride have an anagonistic effect on the uptake of other metal ions by
competing with their carrier proteins or by some other way of interactions [34], [28]. Lead, copper
and cadmium was also found to be having an interfering effect on each other in their absorption
capacity by plants [5]. Zinc, Nickel, and Iron are absorbed below 40% from pure wastewater by the
test plant whereas from the diluted wastewater (0.5ml/ml) it was 0%, 0% and 35% respectively. 4.6%
of Fluoride was absorbed from the pure wastewater whereas non from the diluted wastewater
(0.5ml/ml). Non essential elements generally may compets with the absorption of essential elements
as they generally do not have any specific carriers or mechanism of absorption by the plants or not yet
investigated.[34], [24]. According to Das et al. (1997) Cd was reported to interfere with the uptake,
transport and use of several elements (Ca, Mg, P and K) and water by plants [ 16], [30]. Since lead
was absorbed more than 45-50% from the medium it may inhibit the activity of enzymes at cellular
level by reacting with their sulfhydril groups, cause water imbalance, and alterations in membrane
permeability, disturbs mineral nutrition and thus may affect the uptake of other ions [35], [30].
However no synergistic/antagonistic effect was noted for the multiple metal experiments, in terms of
metal removal for lead and nickel [4]. Though the concentration of Zinc in the initial concentration of
pure wastewater was more than copper but still copper was found to be absorbed of about 88% and
80% from the pure and diluted wastewater respectively whereas according to Ebbs and Kochian
(1997) [17] Zn rich media have an antagonistic effect on copper. Heavy metal uptake is not linear in
response to the increasing concentrations. As far as the growing environment is concerned the
increase in pH, i.e., the environment becoming more alkaline, and decrease in Eh (redox potential),
i.e., the environment becoming more reducing, result in decrease in availability of heavy metals, or
metals in general to plants [29], [30]. The absorption capacity of a plant thus is not only the outcome
of the combination of metal ions present in the solution or media together with other influencing
factors like PH, BOD, COD, TDS, EC etc. but also the type of the plant growing in it [37]. The
concentration of chromium and iron are high in comparision to other metal ions in the medium which
might be the main interacting factor affecting the absorption of other ions.Thus interaction and
chelation are two most important reactions which influence significantly the uptake of ions by plants
from any medium. The percentage absorption of metal ions was found to be in the order of Cu>
HCr> Cr> Pb> Ni> Cd> Zn> Fe> F in pure wastewater (1ml/ml) whereas it was in the order of HCr>
Cu> Cr> Pb> Fe> Cd> Ni=Zn= F in the diluted medium ( 0.5ml/ml). No significant difference in the
% absorption in the different concentrations of the wastewater shows no effect of dilution on the
absorption capacity of ions by the test plant. Strong correlation between the metal ions in the solution
and the plant tissue absorbed shows its bioindicating capacity of metal ions. BCF of lead, chromium,
hexavalent chromium and copper indicates its ability to phytoremedify these metal ions from the
multimetal solution [26]. Thus Azolla pinnata var. imbricata have the capacity to phytoremedify the
wastewater from Oil and Petroleum Refining Industry at vadodara as Azolla was also reported to be
capable of phytoremedifying different types of metal ions from wastewater and effluents from various
sources [36],[18]. Further studies needed to be done to investigate the effectiveness of its
phytoremediation capacity of the wastewater from Oil and Petroleum Refining Industry at VVadodara
in different seasons of the year.
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V. CONCLUSION

Significant difference between the initial and final concentrations of the wastewater with
respect to metal ions and fluorides after the treatment with Azolla pinnata var. imbricata and BCF of
lead, chromium, hexavalent, chromium and copper being found to be approximately equivalent to one
indicates its ability to phytoremedify these metal ions from the multimetal solution as well as
pollution monitoring of heavy metals and fluorides.
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Table-1:
% % BCF in BCF in  Absorption  Absorption
Absorption  Absorption  1ml/ml 0..5ml/ml in mg/ gm in mg/ gm
in Imi/mi in 0.5ml/ml of tissue in of tissue in
Imi/ml 0.5ml/mi
F 4.6153846 0 0.0461538 0 0.0039735 0
Cr 73.298429 68.586387 0.7329843 0.6858639  0.1854305 0.0839744
Hcr 771777778 100 0.7777778 1 0.0092715 0.0576923
Pb 57.142857 42.857143 0.5714286 0.4285714  0.005298 0.0019231
Zn 23.728814 0 0.2372881 0.2625 0.018543 0.0134615
Ni 37.037037 0 0.3703704 0.0357143  0.013245 0.000641
Cu 88.627451 80.392157 0.8862745 0.8039216  0.0598675 0.0262821
Cd 36.666667 20 0.3666667 0.2 0.001457 0.0003846
Fe 10.47619 35.238095 0.1047619 0.352381 0.0291391 0.0474359
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