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2. MINATOUDNBINY (Oxidase Test)
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3. MInaaay MR (Methyl Red Test)
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4. MInaaoav VP (Voges-Proskauer (VP) Test)
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5. msnaaeudulaa (Indole Test)
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2. ®@1302018 Kovacs’ reagent
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7. MsnAaaUMILLIIAIAY (Gelatin liquefaction Test)
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9. msmaaums’%ﬁwﬂlmmﬂ (Nitrate reduction Test)
d =
Qﬂﬂim!!ﬁ$ﬁ1§!ﬂu
1. ®IN13L¥iQ7 nitrate broth
2. sulfinilic acid
3. OL- naphthylamine
% =S
4. ANENNSH
v 4 '

A A Ao .
1. arenleIg 24 92 113091101%13:Ma7 nitrate broth

E4
a

A A Y o3| o
2. U?JLGH@TIQ'MW{]?JWBQHJUQQT 48 G]fUTEJQ



99

3. 1ya sulfinilic acid {48¢ OC- naphthylamine
Y a ' 3
4. punaguasluazneutaaswamsnageuduuan

5. o luineldaumadansdaell

a d
MIAIUAICNH
4

wavan himediiiesnn luasagniaidiiiululesduas Tulasnu

Y a a <3|
waay  ounaduasnaiuay

10. msnameumsaiauialalasoudiale (Hydrogen sulfide (H,S) Production Test)
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11. minageumsninmslvlamsn (Carbohydrate fermentation Test)
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1. Nutrient agar

Beef extract 3.0 n3u
Peptone 5.0 EY
Agar 150 03N

2. Motility test medium

Tryptone 10.0 N3N
Sodium chloride 5.0 bty
Agar 5.0 bty

3. Hugh and Leifson’s O-F medium (pH 7.1)

Peptone 2.0 5w
K,HPO, 03  n3u
NaCl 50 AW
Agar 3.0 bty
Bromthymol blue 0.2% 150 03U

4. Nitrate broth

Beef extract 3.0 NI
Peptone 5.0 N3N
Potassium nitrate 1.0 nN5Y

5. Nutrient gelatin medium
Beef extract 3.0 NN
Peptone 5.0 NI

Gelatin 120.0 nN3Y



6. Tryptone broth

Tryptone

7. MR-VP medium
Buffered Peptone

Dipotassium phosphate

Dextrose

pH 6.9 1 25 DA USALTOH

8. Simmons’ citrate agar

MnSO,

(NH,)H,PO,

K,HPO,

NaCl

Sodium citrate

Bromthymol blue

Agar
pH 6.8

9. Starch agar

Beef extract

Peptone

Potato starch

Agar

10. Fermentation Carbohydrate medium

Beef extract

Peptone

kS
HIAA

(nglaa uanTaa g lasa)

Bromthymol blue 1.6%

pH 6.8-7.0

10

7.0
5.0
5.0

0.2
1.0
1.0
5.0
2.0
0.08
15.0

3.0
5.0
10.0
15.0

3.0

5.0

10.0

4.0
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il lumsAnunauauiamedund

1. myazaelelasnuleseon ladanudutuiosay 3
H,0, 30 nu
H,0 100 Naaaag

2. @sazangwnalsa (Methyl red)

Methyl red 0.8 n5u
Ethanol 95% 300  Naaans
WInau 200  Haaaasg

3. 15azaeNAToU NI (Nitrate test solution)

a13azany A:

Sulfanilic acid 0.8 NIy

5 N acetic acid 100 laaans
4. Voges-Proskauer test solution

asazanw A (Auluviadan):

Alpha naphthol 10 N3y

Ethanol 95% 100 dadaag

91305018 B:

KOH 20 niu

vhnau 100 Uadans
5. Bromthymol blue 1.6%

Bromthymol blue 1.6 5w

Ethyl alcohol 100 Uagans
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Figure 22.
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Standard curve of arsenite concentration at optical density 880 nm.
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Figure 23.
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Standard curve of arsenate concentration at optical density 880 nm.
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Figure 24. Standard curve of protein concentration at optical density 750 nm.
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Figure 25. Standard curve  A: cell concentration at optical density 660 nm. and wet cell

weight (mg) of strain B-4.
B: dry cell weight (mg) and wet cell weight (mg) of strain B-4.
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Figure 26. Standard curve  A: cell concentration at optical density 660 nm. and wet cell

weight (mg) of strain B-7.

B: dry cell weight (mg) and wet cell weight (mg) of strain B-7.
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Figure 27. Standard curve A: cell concentration at optical density 660 nm. and wet cell

weight (mg) of strain B-8.
B: dry cell weight (mg) and wet cell weight (mg) of strain B-8.
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Figure 28. Standard curve A: cell concentration at optical density 660 nm. and wet cell

weight (mg) of strain B-10

B: dry cell weight (mg) and wet cell weight (mg) of strain B-10.
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Figure 29.
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AT 12 wammﬁm%ﬁuéfwmmiazawmimg@iamﬁaﬂawmmiﬁg

Table 12. Effect of initial pH on arsenic removal.

Arsenic adsorbed on biomass (x100 mg/g biomass)

pH
B-4 B-7 B-8 B-10 B-13
4 26.41£6.08"  15.61£11.80° 12.84+10.05" 14.52+3.08"  14.65+8.10"
5 28.07+11.01°  15.26+4.00°  8.54+10.60°  18.27+8.51"  8.57+5.35"
6 30.22415.05°  13.59+1.11°  17.48421.04°  9.71+2.97"  2.10+1.27"
7 44.04+1031°  13.43+8.20"  7.03+3.88°  11.87+7.16°  4.11+0.87"
8 19.81+4.70°  18.63+6.35"  9.26+9.59 "  28.17+10.98" 16.93+4.10"
a, b and c: statistically significantly difference with p value < 0.05.
AT 13 Wﬁﬂl@iqmﬁ{]ﬁﬁi@miﬁﬂﬁiﬂl@ﬂﬁﬁ‘ﬁk{
Table 13. Effect of temperature on arsenic removal.
Arsenic adsorbed on biomass (x100 mg/g biomass)
Temperature
(°C) B-4 B-7 B-8 B-10 B-13
25 27.95+12.90" 9.084329"  4.67+329"  8.32+8.93"  0.832.80"
30 25.10£0.80°  13.1846.82°  16.83%6.60°  12.71£7.12°  2.95+1.37"
37 18.40£0.20 " 13.19£1.02° 13.28+3.97 ™  8.18+6.22°  0.28+2.27"
45 13.84+2.55"  7.96+537"  3.87+2.82°  6.92+9.49"  4.43+1.70"

a, b and c: statistically significantly difference with p value < 0.05.
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Table 14. Effect of adsorption time on arsenic removal.

Wa"llfNiz83L’Jaﬂuﬂﬁﬂﬂcﬁlﬂﬁiﬂﬂﬁﬁﬂﬁ\ﬁlﬂ\‘lﬁﬁﬁk{
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Arsenic adsorbed on biomass (x100 mg/g biomass)

Contact time

(hours) B-4 B-7 B-8 B-10 B-13
2 11.9449.21 "  5.64+4.84" 8.38+4.14°  7.89+4.84" 8.03+7.38"
4 153046.72°  6.75£3.30°  12.2048.31°  10.44+4.37™  523+4.12°
8 11794921 " 6.72+2.39" 6.41+0.27" 14.14+0.57" 5.40+3.31"
12 27.95412.90° 13.1846.82"  22.4442.53° 12.71+7.12%°  2.95+1.37"
16 13.16£1.74°  9.65+2.07" 7.39+3.89" 3.44+1.63" 6.93+4.70"
24 15.5240.45°  8.02+3.67" 3.91+1.31" 4.57+4.44" 10.66+2.02"
a, b and c: statistically significantly difference with p value < 0.05.
AT 15 HAYDIANUTNTUISUAUVBIA1TUYADNITAADIVOIENTHY
Table 15. Effect of arsenic concentration on arsenic removal.
Arsenic Arsenic adsorbed on biomass(x100 mg/g biomass)
concentration
B-4 B-7 B-8 B-10 B-13
(mM)
40 22.14+5.59"  10.77+4.82°  12.234521°  17.98+6.58°  23.47+0.56"
60 12.10+2.99" 8.80+10.03°  9.91+6.82° 5.98+3.46" 11.73+5.76"
80 9.19+3.80" 21.49+14.97° 13.814925°  6.42+1.79° 11.64+5.99"

a, b and c: statistically significantly difference with p value < 0.05.
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M3 16 naveslTanFeqaunidaonisanaiuesdiny
Table 16. Effect of cell concentration on arsenic removal.
Cell Arsenic adsorbed on biomass (x100 mg/g biomass)
concentration
B-4 B-7 B-8 B-10 B-13
(mg/1)
0.5 20.44+5.16°  31.54+15.95" 42.60+22.03"  13.98+4.58" 19.7746.34"
1.0 19.87+7.86"  24.27+17.52" 18.20+17.40"  9.58+7.05" 16.964+3.00"
1.5 21.92+7.26" 10.43£2.96"  40.26+7.20"  8.10+1.13" 17.61+£3.94"
2.0 28.49+5.09°  29.25+18.62" 22.06+12.77°  8.73+6.73" 18.20+6.64"
a, b and c: statistically significantly difference with p value < 0.05.
Aa a o w % [ 9 1
M3 17 ﬂizﬁmmwmﬁmm@ﬂwﬂauuﬂﬂwu
Table 17. Biosorbent regeneration efficiency (%).
Biosorbent regeneration efficiency (%)
Cycles
B-4 B-7 B-8 B-10 B-13
1 40.63£26.84"  21.99+12.66° 21.77+0.81" 37.62+16.87"  45.30+27.32°
2 56.00+28.05"  79.31+14.11°  60.77+8.98" 56.63£13.66"  73.74+11.42"°
3 26.39+6.07"  68.28+20.15" 66.97+11.20" 59.30+28.00"  40.55+20.66"

a, b and c: statistically significantly difference with p value < 0.05.
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M1319 18 Uszansmmmsilanassaisny
Table 18. Arsenic desorption efficiency (%).
Arsenic desorption efficiency (%)
Cycles
B-4 B-7 B-8 B-10 B-13
1 21.76+£12.69°  22.73+13.50" 29.57+15.50°  22.90+17.43"  33.57+25.49"
2 29.11+£31.82°  28.74+18.49" 28.39+14.73° 23.71+21.31"  18.0245.57"
3 26.44+17.90" 38.07+16.92° 38.44+1931° 20.19+18.31"°  22.09+9.74"

a, b and c: statistically significantly difference with p value < 0.05.
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MIai 19 msfeuReudenuniiGenisauen’d (87, B-8 uag B-10)
Table 19. Identification of isolated bacteria (B-7, B-8 and B-10)
Phylogenetic Related species Accessionno.  Similarity Isolated
affiliation (%) bacteria
Actinobacteria Microbacterium oxydans strain S28n AY509223.1 97 B-7
Microbacterium sp. B-2033 DQ347557.1 97
Microbacterium paraoxydans strain C57-  AJ581908.1 97
33
Actinobacterium RG-63 AY561622.1 97
Microbacterium maritypicum strain DSM AJ853910.1 96
12512T
Betaproteobacteria Achromobacter sp. LMG 5911 AY170848.1 99 B-8
Arsenite-oxidizing bacterium BEN-4 AY027504.1 99
Bacterium RRP-ES AJ536691.1 99
Alcaligenes faecalis isolate 5659-H AJ509012.1 99
Alcaligenes sp. isolate 159 AJ002804.1 99
Alphaproteobacteria Ochrobactrum anthropi isolate CLF19 AF526523.2 97 B-10
Ochrobactrum cytisi strain 6zhy AMA411072.1 97
Ochrobactrum sp. 1605 DQ989292.1 97
Ochrobactrum lupini AY457038.2 97
Ochrobactrum tritici strain CCUG 29689  AM114403.1 97




TTCGCAGATACGCAGCGTATCATGCAGTCGTACAGGTAGCCGTATATGNTCTGTGGTATCAGTGGCGAA
CGGGTGAGTAACACGTGAGCAACCTGCCCCTGACTCTGGGATAAGCGCTGGAAACGGCGTICTAATACTG
GATATGTGACGTGACCGCATGGTCTIGCGTTTGGAAAGATTTITTCGGTTGGGGATGGGCTCGCGGCCTAT
CAGCTTIGTTGGTGAGGTAATGGCTCACCAAGGCGTCAACGGGTAGCCGTACTGAGAGGGTGACCGGCCA
CACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATATTGCACAATGGGCGGA
AGCCTGATGCAGCAACGCCGCGTGAGGGATGACGGCCTTCGGGTTGTAAACCTCTTTTAGCAGGGAAGA
AGCGAAAGTGACGGTACCTGCAGAAAAAGCGCCGGCTAACTACGTGCCAGCAGCCGCGGTAATACGTAG
GGCGCAAGCGTTATCCGGAATTATTGGGCGTAAAGAGCTCGTAGGCGGTTTGTCGCGTCTGCTGTGAAA
TCCCGAGGCTCAACCTCGGGCCTGCAGTGGGTACGGGCAGACTAGAGTGCGGTAGGGGAGATTGGAATT
CCTGGTGTAGCGGTGGAATGCGCAGATATCCAGAAGGAACACCGATGGCCGAAGGCCAAGATCTCTGGG
CCGTTAACTGACGCTGAAGAGCGAAAAGGGTGGGGAGCAAACAGGCTTAGGAGTACCATGGTATGTCCA
CCCCGTAAACGTTGCAGAACTTAGTTCAGGAGTCCAGTICCACTGGGCCATTCCGTGACGCAGCTAACGC
ACTTAAGATCCTCCGAAAATGGGGAGAACGGCACGCAAGGCATTAGAATCAACTGTAACGTCGTGAAGA
CTCACAATCTGCAGGGCAGAGGCAGTAATGAGGTCCAGGACTTCGATCTTGACCAAGACGTGACAGTAT
AGGGGACCTGGGCCAGTAAGTAAATAAGATTTAGGCCAGTCGAGAACATATGGTACAGGGTGGTGGTCA
GAACTTATCTGGGGATGGTTGTATAAGTCGGGCACACGATCTCAACCCGCGAAAGAGGTTGCCAACCAG
AAGTGGTGGGTACTTCACGCAGCCTGCCGGGGTCAATGTAGGAGGAAGGTGGGGAAGATATCAAATCGT
CAGCGCCCCGTAGGAGTAGGGTTCGAGGTATAGTACAATGCGCGGGTGCATGATGATCGCAGAACAGGA
AGGGAGAATGGATCCCAAAGAAGCGCGGTCCCCGTTAGGAATTAGGTCTGCAAATGGGGCGGATCAGAA
GTGCGGATGAATATTGTAACCCCAAGTGGGCACAGGGGATATGAACAGGTTTCCCGGAGTGATACTCAC
GCAACAAGGCAAAGTACTTCAAGCGNGATACANCANGNANNNTTATAGANTTTATCNNGCTCNTTCCTA
GAGTTTTGTATTCTGGG

[

AN 30 MFUE 16S rDNA U091%0 B-7

Figure 30. 16S rDNA base sequences of isolated bacteria B-7.
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NNCCGATANNNNNNNNGGGATGGCAGCATAACNTGCAGNTCGAACGGCAGCACGGACTTCGGTCTGGTG
GCGAGTGGCGAACGGGTGAGTAATGTATCGGAACGTGCCTAGTAGCGGGGGATAACTACGCGAAAGCGT
AGCTAATACCGCATACGCCCTACGGGGGAAAGCAGGGGATCGCAAGACCTTGCACTATTAGAGCGGCCG
ATATCGGATTAGCTAGTTGGTGGGGTAACGGCTCACCAAGGCGACGATCCGTAGCTGGTTTGAGAGGAC
GACCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCAGTGGGGAATTTTGGACA
ATGGGGGAAACCCTGATCCAGCCATCCCGCGTGTGCGATGAAGGCCTTCGGGTTGTAAAGCACTTTTGG
CAGGAAAGAAACGTCATGGGCTAATACCCCGTGAAACTGACGGTACCTGCAGAATAAGCACCGGCTAAC
TACGTGCCAGCAGCCGCGGTAATACGTAGGGTGCAAGCGTTAATCGGAATTACTGGGCGTAAAGCGTGC
GCAGGCGGTTCGGAAAGAAAGATGTGAAATCCCAGAGCTTAACTTTGGAACTGCATTTTTAACTACCGA
GCTAGAGTGTGTCAGAGGGAGGTGGAATTCCGCGTGTAGCAGTGAAATGCGTAGATATGCGGAGGAACA
CCGATGGCGAAGGCAGCCTCCTGGGATAACACTGACGCTCATGCACGAAAGCGTGGGGAGCAAACAGGA
TTAGATACCCTGGTAGTCCACGCCCTAAACGATGTCAACTAGCTGTTGGGGCCTTCGGGCCTTGGTAGC
GCAGCTAACGCGTGAAGTTGACCGCCTGGGGAGTACGGTCGNCAAGATTAAAACTCAAAGGAATTGACG
GGGACCCGCACAAGCGGTGGATGATGTGGATTAATTCGATGCAACGCGAAAAACCTTACCTACCCTTGA
CATGTCTGGAATTCCGAAGAGATTTGGAAGTGCTCGCAAGAGAACCGGAACACAGGTGCTGCATGGCTG
TCGTCAGCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTTGTCATTAGTTGCTA
CGAAAGGGCACTCTAATGAGACTGCCGGTGACAAACCGGAGGAAGGTGGGGATGACGTCAAGTCCTCAT
GGCCCTTATGGGTAGGGCTTCACACGTCATACAATGGTCGGGACAGAGGGTCGCCAACCCGCGAGGGGG
AGCCAATCCCAGAAACCCGATCGTAGTCCGGATCGCAGTCTGCAACTCGACTGCGTGAAGTCGGAATCG
CTAGTAATCGCGGATCAGCATGTCGCGGTGAATACGTTCCCGGGTCTTGTACACACCGCCCGTCACACC
ATGGGAGTGGGTTTTACCAGAAGTAGTTAGCCTAACCGAAGGGGGCATACCCTGAGTCAGAGCCCTGAN

NN 31 Mdud 16S rDNA U091 B-8

Figure 31. 16S rDNA base sequences of isolated bacteria B-8.
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GGGGAGCGCGCTACCTCAGTCAGGCCCGCAGGGGAGCGGCAGACGGGTGAGTAACGCGTGGGAACGTAC
CTTTTGCTACGGAATAACTCAGGGAAACTTGTGCTAATACCGTATGTGCCCTTCGGGGGAAAGATTTAT
CGGCAAAGGATCGGCCCGCGTTIGGATTAGCTAGTTGGTGAGGTAAAGGCTCACCAAGGCGACGATCCAT
AGCTGGTCTGAGAGGATGATCAGCCACACTGGGACTGAGACACGGCCCAGACTCCTACGGGAGGCAGCA
GTGGGGAATATTGGACAATGGGCGCAAGCCTGATCCAGCCATGCCGCGTGAGTGATGAAGGCCCTAGGG
TTGTAAAGCTCTTTCACCGGTGAAGATAATGACGGTAACCGGAGAAGAAGCCCCGGCTAACTTCGTGCC
AGCAGCCGCGGTAATACGAAGGGGGCTAGCGTTGTTCGGATTTACTGGGCGTAAAGCGCACGTAGGCGG
ACTTTTAAGTCAGGGGTGAAATCCCGGGGCTCAACCCCGGAACTGCCTTTGATACTGGAAGTCTTGAGT
ATGGTAGAGGTGAGTGGAATTCCGAGTGCAGAGGCGAAATTCGTAGATATTCGGAGGAACACCAGCGGC
GAAGGCGGCTCACTGGATCCATTAATGACGCTGAGAGTGCGAAAGCGTGGGGAGCAAACAGGATTAGAC
ACCCTGGTAGTGCACGCTCATAAACGATGAATGCTAGCCGTTGGGGAGTATACTATTCGGTGGAGCAGT
TAACGCATTAAACATTCCGCCTIGGGGAGTACGGTCGCAAGATTAAAACTCAAAGGAATTGACGGGGGCC
CGCACAAGCGGTGGAGCATGTGGTTTAATTCGAAGCAACGCGCAGAACCTTACCAGCCCTTGCCATACC
GGTCGCGGACACAGAGATGTGTICTTITCAGTTCGGCTGGTCCGGATACAGGTGCTGCATGGCTGTCGTCA
GCTCGTGTCGTGAGATGTTGGGTTAAGTCCCGCAACGAGCGCAACCCTCGCCGTTAGTTGCCAGCATTT
AGTTGGGCACTTTAAGGGGACTGCTGGTGATAAGCTGAGAGGAAGGTGGGGATGCCGTCAAGTCTTCAT
GTGCCCTTTCGGGCTGGGCTACACACGCTGCTTCAAAGGTGGTGACAGTGGGCAAGCGACCACGAGATG
TGTGACGCTAATCTAACAATACAGCCATATGCAGTTCTIGGATCTGCACATGTGACATACCTGAGACGTG
CCACTGAACGTCCGGAATCGGACTAAGTAATCGGCGTGGATGCACGCAGAAGCTCAGGCGAAGTGCTGT
TTTCCGGGCGTTGTACACACCTCCTGTCACAGCCAAGGGAGCTTGGTCTTACCCTGAAGCGCGTCTGTC
CTAACNCGCAGCGATGCAGGCTGCNCGCTGCGGTACTGTTGCCCCC

WA 32 MAUE 16S rDNA U010 B-10

Figure 32. 16S rDNA base sequences of isolated bacteria B-10.
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