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AS(III) pH
Living Dried

Chlorella Oscillatoria Scenedesmus Spirogyra Pandorina Chlorella Oscillatoria Scenedesmus Spirogyra Pandorina

10 mg/l

2.0 4 3 5 4 4 4 4 5 5 4

4.0 7 6 7 6 7 7 6 7 6 6

6.0 7 6 7 6 7 7 5 7 6 6

8.0 5 4 5 4 5 5 4 5 5 5

10.0 4 3 4 3 4 4 3 4 3 5

20 mg/l

2.0 8 6 9 8 7 9 8 9 9 9

4.0 11 9 13 12 12 12 11 14 13 15

6.0 10 9 12 12 14 11 10 14 13 14

8.0 8 5 8 6 6 7 4 8 7 7

10.0 5 3 5 3 3 4 2 5 3 3

30 mg/l

2.0 10 9 11 8 8 9 9 10 9 8

4.0 20 18 23 20 21 21 18 22 20 21

6.0 19 17 22 20 20 21 18 21 18 19

8.0 9 7 8 9 8 9 8 8 9 9

10.0 5 3 5 4 4 5 4 5 4 4

40 mg/l

2.0 10 9 12 11 12 12 9 13 11 11

4.0 17 16 20 18 19 17 15 19 18 17

6.0 13 11 14 12 12 14 8 13 13 12

8.0 11 7 9 8 9 9 7 8 9 8

10.0 9 6 8 7 7 9 6 7 6 6

50 mg/l

2.0 12 7 11 9 9 12 8 10 9 9

4.0 14 10 15 13 12 14 11 14 12 12

6.0 11 8 12 10 9 10 7 11 9 9

8.0 10 7 9 9 8 9 7 9 8 8

10.0 8 6 7 8 7 8 6 8 8 8

Table 1:���%�L�R�V�R�U�S�W�L�R�Q���R�I���$�6�����,�,�,�������P�J���J�����X�Q�G�H�U���Y�D�U�\�L�Q�J���S�+��

AS(V) pH
Living Dried

Chlorella Oscillatoria Scenedesmus Spirogyra Pandorina Chlorella Oscillatoria Scenedesmus Spirogyra Pandorina

10 mg/l

2.0 5 4 5 4 4 5 3 5 4 5

5 44
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�e pH of the solution has played a key role in the biosorption of 
arsenite and arsenate by the microalgae. Aqueous solutions containing 
As (III) and As (V) were prepared with varying pH ranging from 2.0 to 
10.0. Arsenic sorption decreased with increasing pH and the maximum 
arsenic removal occurred at pH 4.0 for both living and dried biomass. 
�e highest As (III) uptake (Q) of 23 mg/g was recorded with living 
biomass of Scenedesmus at a initial concentration of 30 mg/l followed by 
Pandorina (21 mg/g). Maximum uptake of 22 mg/g As (III) was found 
with the dried biomass of Scenedesmus which was followed by Chlorella 
and Pandorina (Table 1). �e metal sorption of As (V) was highest in 
living biomass of Scenedesmus (20 mg/g) and the trend was re�ected in 
dried biomass of Chlorella and Pandorina at 30 mg/g (Table 2)

Various temperatures in the range of 23°C - 35°C were used 
to study the metal uptake by the algal isolates. �e results indicated 
that 32°C was found optimum in which maximum adsorption has 
taken place and there were no signi�cant changes in the metal uptake 
at temperature below 29°C and above 32°C. �e living biomass of 
Scenedesmus and Chlorella has adsorbed maximum As (III) from the 
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as they are required as essential nutrients [32] and have been explored 
for metal removal [33]. �e level of metal removal by a microalga 
depends on biomass concentrations, pH and contact time [34-36]. In 
this experiment, arsenic sorption values of dried biomass were high in 
comparison with living biomass. �is could be due to the larger surface 
area due to the destruction of cell membranes during the dried biomass 
preparation. Non-living microbial cells have lower sensitivity to toxic 
metal ions concentrations over living cells which o�er to use them at 
adverse operating conditions [37]. �e metal sorption capacity was 
drastically reduced at pH values above 6.0, which could be due to the 
formation of insoluble metal hydroxides. Further, it was noted that the 
arsenic uptake was lowered at pH below 4.0. �e temperature of the 
solution could in�uence the metal biosorption of living cells [37] and 
culture temperatures have profound e�ects on the chemical composition 
of the algal cells. �e biosorption of As increased with temperatures 
from 23°C-32°C and the results indicated that elevated temperatures 
tend to increase the biosorptive properties of isolated microalgae with 
an optimum temperature of 32°C. However the variations in uptake of 
As (III) and As (V) based on temperature need to be investigated. It 
was observed that higher biomass levels have reduced the adsorption 
amount which was in�uenced by the formation of aggregates at higher 
concentrations that has ultimately resulted in reduced biosorption area 
[38].

�e accumulation of heavy metals in algae involves and rapid 
uptake initially followed by slower uptake [37,39-41]. �e same trend 
was observed in the experiments as the metal sorption rate was higher 
in �rst 36 hours followed by signi�cantly slower uptake in the next 
hours. Further, As (III) and As (V) sorption was more at initial time (0-
36 hrs) followed by almost constant a�er 36 hrs of contact time.

Based on the pH studies, As (III) was e�ectively removed by both 
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