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Abstract: In the present study it has been found that algae have immense capacity to absorb metals, and there is considerable potential
for using them to treat wastewater. Concentration of metal and biomass of algae, pH, temperature, biochemical activities of the organism
affect the rate of metal absorption. Algae can effectively remove metals from water bodies. In the case of test spices, Diatoms can be
used for removal of Arsenic from aquatic biota. The present investigation was under taken to study the removal of Arsenic from the
metal treated medium in vitro. Arsenic is a carcinogenic and highly toxic heavy metal existed in two valiancy state such as As (V) and
As (111). The toxicity of metal can be reduced in alkaline condition. So the sea water containing medium were used for the present study.
The parameters of productivity, photosynthesis rate, respiration, pigmentation, end product of photosynthesis bioactive phenol and
proline were studied in different concentration of As (I11) and As (V). The maximum removal of the metal from the aqueous medium
was observed at the exponential growth phase and also increase in the amount of proline and phenol in the test species under stress
condition. So algae are used for biosorption of Arsenic from the aquatic biota.
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I. INTRODUCTION

Environmental pollution is one of the greatest life threatening problem of this century. It has been damaging to aquatic ecosystem
due to the discharge of heavy metals, pesticides, and salts from agricultural, urban and industrial wastes (Fatma T et al, 2007). Industrial
activities introduce novel chemicals into the environment in addition to altering the natural flow of materials (Faisal and Hasnain, 2004).
Metals, including heavy metals, occur in solution in almost all natural waters (Wong et al, 1978). The major sources of heavy metals in
water bodies including mining, municipal sewage / waste water, industrial processing of metals and ores, industrial wastes, and solid
waste dumps (Forstner and prosi, 1979). The presence of heavy metals in the environment is of major concern because of their toxicity,
biomagnification tendency and threat to human life and the environment (Hoesfall and Spiff, 2005).Various studies have been carried
out to show the role of algae in the bioremediation of heavy metals and heavy metals can be incorporated in to food chain or release
into water bodies which are sources of drinking water supplies (Forstner and Prosi, 1979). Arsenic (As) is a component of many
industrial raw materials, products and wastes. Elevated levels of arsenic in drinking water have been implicated in human diseases and
mortality (Wang S, Zhao X, 2009). Chronic exposure to arsenic causes neurological and hematological toxicity (Bayron. W. R et al,
1967). The most common Arsenic species observed in the environment are the trivalent form As (111) and pentavalent form Arsenic As
(V) in which As (111) is more toxic than As (V) (Cullen. W. R and Reimer. K. J, 1989). Because Arsenic readily changes valence state
and reacts to form species with varying toxicity and mobility, effective treatment of arsenic can be challenging. Arsenic treatment
technologies requires peroxidation step to form As (V) from As (11) (Kim. M. J and Nriagu. J, 2000). But the cost and secondary
product formation during other conventional method reduce the practical’s (Wang. S and Mulligan. C. N, 2006). Use of biological
processes provides a means for cost effective removal for the treatment of metal contaminated waters (Sibi. G, 2014). Microalgae are
known to sequestrate heavy metals due to their cell wall constituents which act as binding sites for metals (Davis et al, 2003).
Bioaccumulation of metals by algae may create a feasible method for remediating water contaminated with metals (Darnal. D. W et al,
1986). It is well established that several marine and fresh water algae are able to take up various heavy metals selectively from aqueous
media and to accumulate these metals within their cells (Kumar. D, Gaur. J. P, 2011). Microalgae have been shown to accumulate
arsenic and could potential remediate through adsorption and biotransformation of inorganic arsenic (Maeda. S et al, 1985). Biological
materials can thus be developed into a very good system for the removal of metallic pollutants. It can be very cost effective and seems
to be a very promising field of research (Meenal Kowshik and Sarita Nazareth, 1999). These are considerable studies made over few
decades on biological removal of Arsenic and their biotransformation in the aquatic environment as Arsenic compound have been
established as carcinogenic substances (Manju. M. R and Jyothi Krishna, 2013).
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Il. INNOCULATION OF ALGAE

For the present study Diatom Navicula was used as the test spices. For the uniformity of the experiment, a definite amount of the
inoculum was used throughout the experiment. The light necessary for the growth was provided by using fluorescent tubes having 1200
lax light intensity for 12-14 hours a day. The experiment was carried out in duplicate. The pH was determined in all culture. At every
alternate day biomass was determined. Productivity was also determined in every alternate days. Different pigments such as chlorophyll
a, chlorophyll b, chlorophyll c, carotenoid, were determined by Larzen and parkings equation. Protein content was determined at the
end of growth phase by Lowry’s method. Proline content also determined at the end of growth phase.

I11. METERIALS AND METHODS

Diatoms are single cell eukaryote microalgae which are found in all habitat where water is present. For the present study Diatom
Navicula was used as the test species. In this study, is the emphasis has been laid to know the efficiency of algal species in removing
the arsenic from aqueous solutions. The effect of As (I11) and As (V), in different valences on the growth parameters such as biomass,
productivity, chlorophyll, protein, proline content of algae Diatom Navicula. For the present study algae were cultivated in the laboratory
and were grown in Guillards F/2 medium. This is a common and widely used general enriched sea water medium designed for growing
coastal marine algae, especially diatoms [18]. From the preliminary trial experiment, it was observed that Diatom Navicula thrive well
at an alkaline pH 7.8. Medium was prepared by dissolving necessary nutrients in 1000 ml sea water. The medium was autoclaved at
1210C for 20 minutes. As salinity is an important factor for marine forms, a salinity of 35ppm was maintained throughout the experiment
for Diatom. The selected valances of Arsenic were As (111) and As (V) were 0.001ppm, 0.01ppm, 0.1ppm, 0.5ppm, 1ppm, 2ppm, Sppm,
10ppm. A control was maintained in each experiment for comparison studies. The alternate dark and light was provided for the growth.

IV. GROWTH PARAMETERS
e Biomass Determination: On the basis of the number of cells with the help of haemocytometer.
Determination of productivity by modified Winkler’s method.
Determination of the quantitative variation in the pigments by spectrophotometry.
Estimation of protein by Lowry’s method.
Proline content determined by Spectrophotometry.

V. RESULT AND DISCUSSION

Biosorption of Arsenic (I11) and Arsenic (V) from aqueous solution by microalgae was investigated.PH plays an important role in
its metal uptake capacity and the biological process of Arsenic removal [17]. As (I1l) and As (V) dissolved in sea water medium in
alkaline condition was maintained throughout the experiment. The Diatom Navicula thrive well in alkaline pH. The algae was grown
in Guillards F/2 medium having alkaline pH for the better growth of the algae.

Growth response: Growth pattern of Microalgae Diatom in relation to different concentration of Arsenic (V) and Arsenic (111) has been
studied. By preliminary screening experiment, the range of toxicity of test species was determined. The different concentration selected
for the study for Arsenic (V) and Arsenic (I11) were 0.001ppm, 0.01ppm, 0.1pm, 0.5ppm, 1ppm, 2ppm, 5ppm, 10ppm respectively.

Growth pattern of test species in relation to different concentration of As (I11) and As (V) has been shown in (Fig 1 and 2).

The growth rate of algae was stimulated by the presence of Arsenic in the culture medium and similar is the case with the
environment [17].

In As (V) and As (111) supplement medium algae showed decrease in the growth rate with increase of As concentration. In the case of
biomass in As (V) was found to be having maximum growth at a concentration of 0.5 ppm and As (I11) in 2ppm respectively.
(Fig 1 and 2).

In the case of productivity, Arsenic is found have stimulatory effect on the growth of test species (Fig 3 and 4).

The pigmentation chlorophyll a, chlorophyll b, chlorophyll ¢, carotenoids more than that of control As (V) and As (I11). Chlorophyll ¢
and carotenoid pigments are greater than that of chlorophyll a and chlorophyll b. (Fig 5 and 6).

The protein content in As (I11) and As (V) gradual decrease with increase in concentrations (Fig 7 and 8) (Fig 9 and 10).

Among the pigments carotenoid was found to be more than that of other chlorophyll pigments compared. That may be reason for
the yellowing of culture in the presence of As compared with the control. Thus it was concluded that by the effect of As, there was
increase in carotenoid pigment when compared with other chlorophyll pigment chlorophyll ¢ and carotenoid pigments shows an adjacent
values in As (V) and As (II1). In nature of algae subjected to a variety of stresses due to fluctuating environmental conditions. In
response, they have developed elaborate protective mechanisms to ensure their survival [1]. Accumulation of proline has been reported
to be an important index for stress tolerance capacity in plants, bacteria, protozoa, algae and marine invertebrates [19] due to its function
as a stabilizer [20]. Present study shows increase the biomass with gradually increase the proline content in the test species.
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The increase in proline may be due to the adaption of algae to the stress condition. Proline accumulation in algae under heavy metal
stress has reported by many workers [21]. Wu et al, 1998 reported increase proline in chlorella under salt stress condition. The present
study focused on the significant role of proline in the pollution stress adaptation mechanism in Diatoms and it helps to resist adverse
environmental conditions (heavy metal, salt). The p* had pronounced effect on growth of test species. Maximum biosorption was
observed at alkaline p™. Thus increase in the growth was reflected in the increase in the rate of biosorption. Chlorophyll content
decreased with increasing concentration of carotenoid pigments. The medium was alkaline and is treated with Arsenic (V) and As (111).
While proline content was increased with heavy metal and salt stress.
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Fig.1. Effect of arsenic (v) on biomass of diatom. (express the biomass in number of cells per liter)
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Fig. 2. Effect of arsenic (iii) on biomass of diatom. (express the biomass in number of cells per liter)
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Fig.4. Effect of arsenic (iii) on productivity of diatom.
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Fig.5. Estimation of pigments in different concentration of arsenic (v)
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Fig.6. Estimation of pigments in different concentration of arsenic (iii).
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Fig.7. Protein content of diatoms on different concentration of arsenic (v).
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Fig.8. Protein content of diatoms on different concentration of arsenic (iii).
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Fig.9. Proline content of diatoms on different concentration of arsenic (v).
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Fig.10. Proline content of diatoms on different concentration of arsenic (iii).

VI. CONCLUSION
From the above findings, it can be concluded that microalgae Diatom can be effectively used for removing Arsenic from the water

bodies. Among the two valency states As (I11) and As (V), Arsenic (V) was more toxic in test species. This was reflected in biomass,
productivity, protein, and proline content. By the effect of Arsenic, there is increase in carotenoid pigment when compared with other
chlorophyll pigments Alkaline pH promote better growth of Diatoms. The proline appears to be a stress induced substance in the Diatoms
and that helps to resist adverse conditions (heavy metals and salt). Thus Diatoms with the potential of synthesizing more proline, may
prove to be a promising candidate for the bio-remediation of aquatic pollution. This study emphasizes the role of algal communities as

indicators as well as agents of bioremediation that can be sustainably used for waste water treatment economically.
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