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APICHART PANITCHAGUL : BIOSORPTION OF COPPER AND ZINC
IN AQUEQOUS SOLUTIONS BY RHODOPSEUDOMONAS BOONKERDII
SP. NOV. STRAIN NS20 AND BRADYRHIZOBIUM SP. STRAIN DOAO.

THESIS ADVISOR : ASST. PROF. USANEE KITKAMTHORN, Ph.D.,

208 PP.

ADSORPTION/BIOSORBENT/ADSORPTION ISOTHERM/UPTAKE KINETIC

This research was carried out in order to assess the heavy metals (Zn and Cu)
removal by Rhodopseudomonas boonkerdii sp. strain NS20 and Bradyrhizobium sp.
strain DOA9. Both bacterial strains were proved as heavy metal tolerant. The
experiments were divided into the adsorptions by living and by dead cells. Growth
rates and populations of the two strains in aqueous solutions containing 250 and 500
mg-L™ of each CuSO4.5H,0 and ZnSO..7H,O were investigated. Bacterial inocula
obtained from 5 days cultivation (early of stationary phase) at 1, 5 and 10% (vol/vol)
were inoculated into the 10 mL of heavy metals containing media. The heavy metal
sorption times were evaluated at 48 to 144 hours. The heavy metal concentrations in

the supernatant were determined using atomic absorption spectrometer. It was found

that both strains can grow in aqueous solutions containing 250 and 500 mg-L™ of each
metal compounds. Growth rate and population of bacteria decreased with an increase
of heavy metal concentration. The highest heavy metal removal efficiency by living

cells was found when 10% (vol/vol) of fresh bacteria were inoculated into the

aqueous solution containing 250 mg-L™ of heavy metal compounds. The sorption took

place and reached equilibrium over 48 hours. The highest efficiency of sorption



process was found in zinc uptake by R. boonkerdii sp. strain NS20. Zinc was removed
by about 50% within 144 hours. In case of adsorption by dead cells, 2 and 4 g-L™* of
each bacterial dried biomass were inoculated into the heavy metal solutions
containing 80-500 mg-L™ of each CuSO4.5H,0 and ZnS0,.7H,0. Solution pH was
adjusted to 4, 5.5 and 7. The sorption times were 5 to 1,440 minutes. It was found that
2 g-L™ of biomass exhibited higher heavy metal removal efficiency than 4 g-L™" of

biomass. Dried biomass showed the highest metal uptake when used as biosorbent in

the treatment of 500 mg-L™* of metal compound solutions. The sorption equilibrium
was reached within 30 minutes. The highest metal removal efficiency was found in
copper uptake by R. boonkerdii sp. strain NS20. The copper concentration in the
solution was decreased by about 80% within 24 hours. The adsorption by dead cells
followed Freundlich adsorption isotherm and the uptake kinetic was well described by
pseudo-second order model. The adsorption process was found to be endothermic.
Positive values of standard entropy changes were found in copper uptake. The
sorption was considered to be spontaneous process only in the case of copper removal
by R. boonkerdii sp. strain NS20. Heavy metal removal efficiencies by the both
bacterial strains became lower when used with industrial waste water treatment. This
was due to the presence of two-ions species in the water. In order to determine the
possible active site in the bacterial biomass, FT-IR analysis was carried out. The
result indicated that amine, amide, carboxyl, hydroxyl and phosphate were the

important functional groups involving in the cell-metal ion interaction.
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Minimum inhibitory concentration (mg-L_l)
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Mo Zn Cd Hg Co Pb Cu
NS1 >5000 | >4000 | >3000 | 800 | >4000 | >3000 | >5000
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NS23 >5000 | >4000 | >3000 | 800 | >4000 | >3000 | >5000
NS28 5000 | 3000 | 2000 | 300 | >4000 | 3000 5000
B.japonicum USDA 110 3000 500 100 | <10 | 200 800 200
B. elkanii USDA 94 2000 500 200 | <10 | 400 300 200
Rhs. Palustris DSM 123" 1000 800 100 50 | 1000 500 200
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be selective
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selective
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pH
dependent
Solvent Some Metal Fouled Intolerant >100
Extraction Systems selective
pH extractants
tolerant available
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Metal
Metal Biomass type Biomass class uptake Reference
(mgg")
Thiobacillus thiooxidans Bacteria 43.29 Liu et al., 2004
Rhizopus arrhizus Fungi 2.0 Tobin et al., 1984
Sargassum sp. Brown seaweed 0.50 Lui et al., 2004
Ulva sp. Green seaweed 0.54 Lui et al., 2004
Gracillaria sp. Red seaweed 0.40 Lui et al., 2004
“n Sargassa sp. Brown algae 70 Davis et al., 2003

Sacchromyces cerevisae Yeast 14-40 | Volesky et al., 1995
Candida tropicalis Yeast 30 Mattuschka ef al., 1993
Rhizopus arrhizus Fungus 20 Tobin et al., 1984
Pencillium Fungus 0.2 Nui et al., 1993
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d‘ (% 1 Y o =S [ [ = 1
f1319N 2.4 mamqmﬂmmmmaGlumi@ﬂﬁlm"l’e‘)aeuﬂlmTammﬂmuaxmmm (919)

Ulva reticulate

Spirulina sp.

Marinr green

alga

Blue green

algae

Metal
Biomass
Metal Biomass type uptake References
class 4
(mg-g)
Pantoea sp. TEM 18 Bacteria 31.3 Ozdemir, 2004
Pichia guilliermondii Yeast 11 Mattuschka et al., 1993
Scenedesmus obliquus Algae 10 Mattuschka et al., 1993
Pencillium Fungus 9 Nui et al., 1993
Streptomyces ~ noursei Bacteria 5 Mattuschka et al., 1993
Sp. Marine
Cu

Enterobacter cloaceae bacterium 6.60 Iyer et al., 2005

56.3 Vijayaraghavan et al., 2008

Chojnacka et al., 2005
6.17

A @ 1 9 o A 9 ad @ Y] @ =
MINN 2.5 @l'Jf’)fJ’Nﬂ’]iiﬂf’Jﬁﬂlﬁﬁf’)i“b'@ﬂll‘ﬁiillslﬂﬁlﬂu?ﬁﬂﬂﬂ%’ﬂqf’)@@uﬁﬁﬂzﬁl!ﬁzm@\ulﬂﬁ

Adsorption
Biosorbents
Metals Capacity (mg-g") / References
(Natural products)
Efficiency (%)

Coconut shell carbon 90% Amuda et. al., 2007

Coffee beans 5.98x10" mmol-g_l Katsuya et. al., 2007
Zn Husk of Black gram 33.81 (mg-g) Saeed et. al., 2005

Papaya wood 66.8 (%) Saeed et. al., 2005

Waste fruit residues

87

Senthilkumar et. al., 2000
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(d0)
Adsorption
Biosorbents .
Metals Capacity (mg-g )/ References
(Natural products)
Efficiency (%)
Coffee beans 5.98x10° mmol-g' | Katsuya et. al., 2007
Crab shell 2439 mg-g_l Vijayaraghavan et. al., 2006
o Husk of Black gram 25.37 (mg-g_l) Saeed et. al., 2005
u
Papaya wood 97.8 (%) Saeed et. al., 2005
Sugarbeet pulp 285 mg.g'l Aksu et. al., 2005
Wheat shell 999, Basci et. al., 2004
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Gram-Negative

Outer membrane

Peptidoglycan layer

Capsule
Cytoplasmic
membrane

Lipoprotein

Inclusion
body

Periplasmic

gel

Flagellum

A 9 ~ A ..
E‘IJVI 2.2 Tﬂﬁ\iﬁiNsUffNLL‘]Jﬂﬂ!iﬂllﬂill‘ﬂ')ﬂl!ﬁ%uﬂii]ﬁ‘ﬂ (Vljayaraghavan, 2008)

GRAM POSITIVE BACTERIA

outside
Surf
ey @@W@ e S
Peptidoglycan
N
Cell Wall Fibres
Teichuronic & ... _.
— susse Teichoic Acids
Plasma Q ‘F‘k&sﬂ’?’f TITTS

GRAM NEGATIVE BACTERIA

outside

Surface Array

QOuter
Membrane

Cell Wall

Plasma
Membrane:

T%T“’@ ‘ZE T@a

inside

Lipopolysaccharide )i&

Lipoprotein D
Peptidoglycan S~
fibres

Phospholipid zL

Protein @

gﬂﬂ 23 Iﬂﬁ\iﬁiN“ﬂN’J“UENLlflJﬂ‘VILiEJLLﬂﬁiJ“]J’JﬂLLﬁ“’LLﬂ‘iiIﬁ‘IJ (Volesky, 2007)
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a)

Biosorption mechanism

Metabolism dependent

Non metabolism dependent

Transport across Precipitation Physical Ion Complexation
cell membrane adsorption exchange
b) Biosorption mechanism
Intracellular accumulation Cell surface Extracellular

adsorption/precipitation

\

accumulation/precipitation

Transport across

Ion exchange

Complexation

cell membrane

3
WA

Physical Precipitation

adsorption

[ v 9 Y
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FUUBIFAS b) ANUIVBEAT (Veglio 11a¢ Beolchini, 1997)
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M3 2.7 NN YUUITAFINIA (Volesky, 2007)

Binding group Structural formula pK= HSAE classif. Ligand atom  Occurrence in selected biomolecules
Hydroxyl =0H 9.5=13 Hard o} PS, UA, SP5, AA
Carbonyl (ketone) =C=0 - Hard 0 Peptide bond
Carboxy!l 1747 Hard 0 UA, AA
-C=0
|
OH
Sulfhydryl (thiol) -5H £.3-10.8 Soft 3 AA
Sulfonate - 13 Hard 0 5PS
I
=0
I
i,
Thicether =5 - Soft 5 AA
Amine =NH; g-11 Int. H Cto, AA
Secondary amine =NH 13 Int H Cti, PG, peptide bond
Amide - Int H AA
=C=0
|
NH:
Imine =NH 11.6-12.6 Int N AA
Imidazole 6.0 Soft N AA
=C-N-H
I =CH
H-C-N
Phosphonate 0.5-21
?H Hard 0 PL
_P=0 6.1-6.8
|
OH
Phosphodiester 15 Hard 0 TA, LPS
=P=0
|
OH

PS = polysaccharides; UA =uronic acids; SPS = sulfated PS; Cto = chitosan; PG = peptidoglycan; AA = amino acids; TA = teichoic acid;
PL = phospholipids; LPS =lipoP5.
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Parameter Physical adsorption Chemical adsorption
Temperature Lower Higher

Heat of adsorption Lower Higher

Rate Fast Non-activated
Activation energy Low E Low E

Coverage Multilayer possible Monolayer
Reversibility Hige Often irreversible
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—o— Control
g 14 1+ 250mgL  CuSO,5H,0
S |y 500 mg-L"' CuSO,.5H,0
e ~%-250 mg-L" ZnS0,.7H,0
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84 & 4.5/ =k, C, (4.8)
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MG 4.1 MasimsgaduiazalsziiiuanugnAeveLUTIaeIdNgaNsgAT UV

waag
TaqgaduNanziin q,. k, R’ i
(mg-g’) (L'mg’)
DOAY9/Cu 8.70 0.3200 0.8640 0.468
DOAY9/Zn 23.15 0.0098 0.8961 0.586
NS20/Cu 142.86 0.0092 0.9730 6.437
NS20/Zn 36.50 0.0053 0.9893 0.855
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(Y] v 2

agaadu/larizniin q, k R

(mgg’)  (min’)

DOAY/Cu 6.53 0.00737 0.9936
DOAY9/Zn 0.45 0.00207 0.0778
NS20/Cu 5.19 0.00691 0.9406
NS20/Zn 1.32 0.00138 0.2000

6.4.2 GUMIONTIOUAVTDIUTNEN (pseudo-second order rate equation)
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A o w o A Y 9 ° Y A
Nensomidn Taneniinluaisazarenfianuutud laa Taamnizluaisazareninnw
Yy 9 @ o 1 g’/ ] g’; o W %’
WNIUVe9 laneHInAINII 100 ppm azuumi@@1cmmN%am‘w?Nmﬁaumumumimmm

y @ Y 9 {
oandiunmvesTavzinliivaedosiga

9.4 19NA1591909
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1. Van Niel’s (VN) ﬁWi%"lJ!amv‘l?@ R. boonkerdii sp. nov. strain NS20

Bunwuneans
K,HPO, 1.0g
MgSO,.7H,0 05¢g
Yeast extract 100 g
Agar (5013139 150 ¢g
MsAIE

Y v
e azatwansadluiiindusuas 1000 mL taziAu agar USua 15 g WINADINS

G <
IO TYUDTINITLUN

® A2UAY pH 9 7.0

a

v Ay Y & o d' 0. & -
® Y UYDAWHUDUIANUAY (autoclave) ngungu 121 °C Wunal 15 wn

@

2. Arabinose-Gluconate Medium §1%5Uiae91¥%0 Bradyrhizobium sp. strain DOA9

Sunwuneans
Hepes-MES (HM) buffer' 10.0 mL
Salt solution’ 10.0 mL
arabinose 10g
Na glutamate 1.0g
Yeast extract 1.0g
Agar (1151 IM1311%4) 150 ¢

MSAIEN

1 g < =Y a
® (@3 buffer 1A salt solution 88198 10 mL adluinaulsu1as 930 mL uaz@Ay
9 = <
agar ﬂ%mm 15 g NINABDINTIATINDTINITLUN
® A7UAN pH N 6.6

] j’ Y Y & @ a a o I =
® JUFDAWHUDUIANUAU (autoclave) ngauUnnu 121°C Wuan 15



'Ms1a583 Hepes-MES (HM) buffer
Hepes (Sigma NO. H-3375)
MES (Sigma NO. M-8250)
® aza10 Hepes waz MES luhndui3uas 10

® 1)U pH 1WA 6.6 A28 NaOH

’M31A383 Salt solution
FeCl,.6H,0
MgSO,.7H,0
CaCl,.2H,0
Na,SO,

NacCl
Na,HPO,

) 2 HEN
o azaenaoadluiinnausung 1 L uaznuldn 4°C

1300 g

110.0 g

0.67¢g
18.00 g
130 g
25.00 g
32.00 g

1250 g
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o A 9 dy Y
ﬁ“]ﬁaga’lfljawgwuﬂﬂi%iuﬂ’lﬁ‘ﬂﬂa@Qullﬂﬂ'lﬂﬂ'lﬁaza']ﬁlﬁ13ﬂﬁﬁﬂﬂ‘ﬂﬂlﬂ\‘]

H Y =) Q)
Tangnowaazdinsdluinnay TasdSnasiguanuvesanslszneu Taneneauaaas

danzauanalua1s19maANTIn V.1

A1519MAKuIn 1.1 WSuaanuluaisdsenovu Tangneauaanaz dans a

FINany YSunasauanuluasidsznon | Bunasiguanulumslszney
CuSO,.5H,0 (Max) ZnS0,.7H,0 (Max)

Fe 0.003% 0.0005%

Ca 0.005% 0.001%

K 0.01% 0.001%

Na 0.02% 0.005%

Ni 0.005% -

As - 0.00005%

Cd - 0.0002%

Cu Wuasilszneumnan 0.0005%

Mg - 0.001%
Mn - 0.0002%

Pb - 0.0005%

Cl 0.001% 0.0005%

N 0.002% 0.0005%
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A1514 A.1 ©ATINT 1AYBY Bradyrhizobium sp. strain DOA9 Tuansazateh luii Tanzwiin

L WamM3IAnINYH (OD)

ll v Y4 L 2 3

a3an 1 n3ad 2 A3 3 ANy AudeaIUY (SD)

1 0.015 0.003 0.000 0.006 0.007

2 0.287 0.316 0.293 0.299 0.015

3 0.920 1.061 1.081 1.021 0.088

4 1.221 1.375 1.356 1.317 0.084

5 1.210 1.291 1.268 1.256 0.041

6 1.220 1.286 1.331 1.279 0.056

7 1.349 1.289 1.334 1324 0.031

A1 A.2 8AT1N3 1ADY Bradyrhizobium sp. strain DOA9 Tudisazate laviznouas

HaM33IANNNYY (OD)

L 4 | msazaemsiszneuneuas 250 mgL’ msazaemsilszneuneuas 500 mgL’
Ral T3] 2] 2a T3] %2 T3
asah | aSed | aded . asen | aSefl | a¥ed .
nag SD nagy SD
1 2 3 1 2 3
| 0.025 | 0.036 | 0.023 | 0.028 | 0.007 | 0.003 | 0.045 | 0034 | 0027 | 0027
2 | 0203 | 0249 | 0206 | 0219 | 0026 | 0.174 | 0204 | 0211 | 0196 | 0.019
3 0.864 | 0.801 | 0.894 | 0.853 | 0.047 | 0.788 | 0.769 | 0832 | 0.796 | 0.032
4 1256 | 0.840 | 1.192 | 1.096 | 0.224 | 0.790 | 0989 | 0.877 | 0.885 0.099
5 1272 | 1224 | 1319 | 1272 | 0.048 | 0878 | 0.918 | 0827 | 0874 | 0.045
6 1235 | 1220 | 1314 | 1256 | 0.051 | 0.809 | 0973 | 0968 | 0917 | 0094
7 1272 | 1284 | 1.284 | 1.280 | 0.007 | 0.745 | 0.894 | 0987 | 0.875 0.122




A5 7.3 OATINT IAVON Bradyrhizobium sp. strain DOA9 Tuensazata lanzdan

176

=)
o

W3 IANNYY (OD)
5. msazagasdsznoudinz@ 250 mgL” msazaeasdsenoudanzd 500 mg-L”
asen | adei | e . ased | adei | e .
mae SD mae | (SD)
1 2 3 1 2 3

1 0.057 | 0.052 0.058 0.056 0.003 0.052 0.050 0.050 0.051 0.001
2 0.158 | 0.170 0.144 0.157 0.013 0.112 0.094 0.108 0.105 0.009
3 0.255 | 0.177 0.299 0.244 0.062 0.150 0.186 0.229 0.188 0.039
4 0.284 | 0.419 0.365 0.356 0.068 0.433 0.322 0.266 0.340 0.085
5 0528 | 0581 | 038 | 0497 | 0.103 | 0.316 | 0.476 | 0.289 | 0.360 | 0.101
6 | 0519 | 0515 | 0449 | 0494 | 0.039 | 0369 | 0.565 | 0497 | 0.477 | 0.010
7 0.473 | 0.485 0.485 0.481 0.007 0.459 0.428 0.493 0.460 0.033

A9 A4 OAIING IAVBI Bradyrhizobium sp. strain DOA9 luansazate® luil lavigviinuag

Tutiunasaivouuaz lulasau

o2 WA IAnNNYH (OD)
un v P L= 2 3
Asan 1 A39m 2 A3an 3 ANy ANDEUY (SD)
1 0.119 0.087 0.073 0.093 0.024
2 0.098 0.214 0.279 0.197 0.091
3 0.152 0.196 0.324 0.224 0.089
4 0.191 0.353 0.326 0.290 0.087
5 0.239 0.368 0.401 0.354 0.066
6 0.275 0.386 0.401 0.354 0.069
7 0.320 0.367 0.378 0.355 0.031
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AN NS OATINT LAY Bradyrhizobium sp. strain DOA9 Tuaisazatelaviznowuasi

J 14
1Jﬁ1ﬁmmmmmimuLmzuluimmu

WaN3IAANNYY (OD)
o 4 | asazaeansisznouneanag 250 mgL’ misazaemsdsznounauns 500 meg L’
WM =T T2 o2 T2 [ 2a] o2
asan | a3eh | aTeh . asan | afef | afed p
wmag | SD nae (SD)
1 2 3 1 2 3
1 | 0006 | 0006 | 0.005 | 0.006 | 0001 | 0.002 | 0.005 | 0.006 | 0.004 | 0.002
2 | 000 | 0.015 | 0.026 | 0.017 | 0.009 | 0.006 | 0.007 | 0.002 | 0.005 | 0.003
30024 | 0030 | 0.037 | 0.030 | 0.007 | 0.000 | 0.004 | 0.016 | 0.007 | 0.008
4 10018 | 0012 | 0067 | 0032 | 0030 | 0025 | 0020 | 0005 | 0.017 | 0.011
5 10029 | 0.040 | 0.038 | 0.036 | 0.006 | 0.032 | 0.033 | 0.025 | 0.030 | 0.004
6 | 0.026| 0019 | 0.046 | 0.030 | 0.014 | 0.024 | 0.036 | 0.030 | 0.030 | 0.006
7 | 0011 | 0.036 | 0.086 | 0.044 | 0.038 | 0.036 | 0.012 | 0.042 | 0.029 | 0.016
AN A6 OATING LAV Bradyrhizobium sp. strain DOA9 Tuesazate laviedansan

' 4
‘lJfl"lﬁﬁ]'lﬂL!Wﬁ\?ﬂ'li‘]JﬂuL!ﬁgvl‘l:li@]iﬁ]u

WaN133IANNYY (OD)
o = -1 & 2 -1
L 4 | mIazasmsdsznevdanzds 250 mgL msazaneansdsznoudanzd 500 mg-L
W T T T2 T 3
asan | aSan | aFan i L\, avan . .
wae | SD | aSan1 AsaN3 | wde | (SD)
1 2 3 2

1| 009 | 0093 | 0034 | 0.072 | 0.033 | 0.028 | 0019 | 0028 | 0025 | 0.005
2 | 0094 | 0.066 | 0.106 | 0.089 | 0.021 | 0.049 | 0.048 | 0.043 0.047 | 0.003
3 | 0139 | 0.089 | 0.120 | 0.116 | 0.025 | 0.044 | 0062 | 0034 | 0047 | 0.014
4 | 0100 | 0098 | 0.174 | 0.124 | 0.044 | 0.047 | 0.031 0072 | 0.050 | 0.020
5 | 0076 | 0.124 | 0.124 | 0.108 | 0.028 | 0.032 | 0.081 0.070 | 0.061 | 0.026
6 | 0157 | 0.084 | 0.112 | 0.118 | 0.037 | 0.074 | 0.035 0.078 | 0.061 | 0.024
7 | 021 | 0111 | 0.139 | 0.124 | 0.014 | 0.094 | 0.084 | 0020 | 0066 | 0.040
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A5 A.7 OAIING IAUB R. boonkerdii sp. nov. strain NS20 Tuansazateh lisi langwiin

WaN3IAANNYY (OD)

H avaii1 a¥afi 2 aafi 3 Aunay AT (SD)
1 0.152 0.158 0.153 0.154 0.003
2 0.198 0.281 0.189 0.223 0.051
3 0.587 0.614 0.563 0.588 0.026
4 0.713 0.635 0.638 0.662 0.044
5 0.704 0.652 0.546 0.634 0.080
6 0.611 0.608 0.635 0.618 0.015
7 0.639 0.655 0.644 0.647 0.011

M99 7.8 9A31N15 1AU0Y R. boonkerdii sp. nov. strain NS20 TuesazareTanzneuad

WM 3IANNYY (OD)

o 4 | msazawmsidszneunesnas 250 mg L’ misazawasdszneuneanas 500 meL”
WM T e T o2 T 2 T 2 T 2
asan | asen | aTei y asan | afen | ased .
mae SD mae | (SD)
1 2 3 1 2 3
1 | 0053 | 0.061 | 0066 | 0060 | 0.007 | 0.022 | 0.090 | 0.056 | 0.056 | 0.034
2 0027 | 0132 | 0.033 | 0.064 | 0059 | 0.074 | 0073 | 0.067 | 0.071 | 0.003
3 | 0171 | 0314 | 019 | 0225 | 0078 | 0203 | 0.120 | 0256 | 0.193 | 0.067
4 | 0493 | 0483 | 0497 | 0491 | 0.007 | 0409 | 0402 | 0.560 | 0.457 | 0.089
5 | 0572 | 0548 | 0.569 | 0563 | 0.013 | 0498 | 0.599 | 0595 | 0.564 | 0.057
6 | 0568 | 0.554 | 0.546 | 0.556 | 0.014 | 0537 | 0532 | 0533 | 0.534 | 0.002
7 | 0553 | 0478 | 0.646 | 0559 | 0.080 | 0.551 | 0557 | 0.548 | 0.552 | 0.005
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AN A9 BATING IAVDY R. boonkerdii sp. nov. strain NS20 Tuasazate lavedanzd

WaM33IAANNYY (OD)

L 4 | msazaemsdszneudangd 250 mg L’ msazaegmsdsznoudinzd 500 mg-L”
WN T2 22 A T 3 T 3
asan | asen | AT 4 asean | a3 | e 4
wmag | SD mag | (SD)
1 2 3 1 2 3

1 0.119 0.103 | 0.112 | 0.111 | 0.008 0.118 0.118 0.095 0.110 0.013

2 0.167 0.152 | 0.169 | 0.163 | 0.009 0.204 0.158 0.230 0.197 0.036

3 0.405 0.366 | 0.339 | 0.370 | 0.033 0.310 0.349 0.345 0.335 0.021

4 0.365 0.338 | 0.438 | 0.380 | 0.052 0.314 0.341 0.447 0.367 0.070

5 0.525 0.307 | 0.374 | 0.402 | 0.112 0.357 0.420 0.397 0.391 0.031

6 0.494 0472 | 0.324 | 0.430 | 0.092 0.341 0.365 0.389 0.365 0.024

7 0.400 | 0412 | 0.424 | 0.412 | 0.012 0.435 0.409 0.374 0.406 0.031

A5 A.10 BATINT IAVDY R. hoonkerdii sp. nov. strain NS20 Tuaisazatedn ludilavigniin

(= 1 o
waz litunasmsvounas lulasau

o WaN3IANNYY (OD)
un v P L= 2 2
A 1 Asen 2 AN 3 Aunde ANl (SD)
1 0.014 0.019 0.018 0.017 0.003
2 0.024 0.019 0.014 0.019 0.005
3 0.022 0.025 0.016 0.021 0.005
4 0.027 0.024 0.024 0.025 0.002
5 ] ] ] ] ]
6 - - - - -
7 ] ] ] ] ]
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SN A1 OATINT IAVDS R. boonkerdii sp. nov. strain NS20 luesazais lanznowaan

J J
ﬂﬁmmmmmmﬁ‘uemmz"luiﬂimu

WaM33IAANNYY (OD)
5 misazaemsdszneuneanng 250 mgL” msazanemsdsznounaaung 500 meg L’
adeit | afait | aedt | afeit | a¥ell | ¥ 2
wmag | SD mag | (SD)
1 2 3 1 2 3

1 0.022 0.004 0.000 0.009 0.12 0.000 0.025 0 0.008 0.014
2 0.000 | 0.014 0.015 0.010 0.008 0.022 0.021 0.020 0.021 0.001
3 0.024 | 0.023 0.021 0.023 0.002 0.023 0.024 0.019 0.022 0.003
4 0.018 0.027 0.029 0.025 0.006 0.022 0.024 0.024 0.023 0.001

6 ] ] ] ] ; ] ] ] ] ]

AN A12 0ATINT IAUDS R. boonkerdii sp. nov. strain NS20 luaisazatelansdanzan

' 4
ﬂfl"lﬁi]'lﬂLLWﬁ\?ﬂ'ﬁU@ullﬁgul‘LlTﬁimu

a A

WaM33IANNNYY (OD)

msazaemsilsznoudIngd 250 mg L’

msazaemsilszneudIngd 500 mgL’

i T 5 e
v v v v v v
A3IIN A3IIN AN 4 A3IIN AN AIIN 4
pag SD nay (SD)
1 2 3 1 2 3
1 0.014 | 0.011 | 0.000 | 0.008 0.007 0.007 0.003 0.000 0.003 0.004
2 0.000 | 0.220 | 0.005 | 0.009 0.012 0.005 0.006 0.009 0.007 0.002
3 0.025 | 0.021 0.021 | 0.022 0.002 0.021 0.020 0.023 0.021 0.002
4 0.023 | 0.018 | 0.031 | 0.024 0.007 0.029 0.022 0.018 0.023 0.006
5 - - - - - - - - - -
6 - - - - - - - - - -
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M1519 9.1 #an3aaFuTanenouaIde Bradyrhizobium sp. strain DOA9 N30
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anITMIYATY WamMsIanPNTUYD IMBWAINEHAINIRATY

ANty ¢ ¢ 1 Y . o
4y 50 namsgady | ATIN1 | ATeR2 | ATaN3 | mde .

iU oy . Weayu

] FAATUAY (1 119) (mgL") | (mgLl™") | (mgL" | (mgL?

(mg-L") (SD)

48 50.44 50.80 51.20 50.81 0.38

1% 96 49.32 46.74 46.10 48.76 1.70

144 46.96 46.56 46.76 46.76 0.20

48 49.32 48.64 48.56 48.84 0.42

53.28 5% 96 50.48 48.85 48.87 49.40 0.94

144 47.48 50.84 47.56 48.62 1.91

48 45.04 46.35 46.85 46.08 0.93

10% 96 44.36 45.56 44.01 44.64 0.81

144 41.44 43.12 41.20 41.92 1.05

48 105.48 105.24 105.36 105.36 0.12

1% 96 109.08 108.32 109.24 108.88 0.49

144 102.68 103.40 101.39 102.49 1.02

48 101.08 101.50 100.12 100.90 0.70

107.96 5% 96 102.03 100.19 102.34 101.52 1.30

144 91.44 94.21 92.87 92.84 1.39

48 94.40 93.80 95.00 94.40 0.60

10% 96 98.48 98.35 92.88 96.57 3.19

144 92.64 91.44 96.36 93.48 2.57




M1519 9.2 wamsaasu Tane danz@A20 Bradyrhizobium sp. strain DOA9 9

A

HBIA
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anITMIYATY wamsTannundnduvesdinzd@nanainsgady
AN N Y y y . o
P Vnausad | neimsgadu | AT | ATaA2 | ATaA3 | mde .
AL ., . SIEEGIN
} AU (#7319 (mgL") | (mgL") | (mgL") | (mgL"

(mg-L ) (SD)

48 59.49 56.38 55.73 57.20 2.00

1% 96 56.73 56.26 53.45 55.48 1.77

144 53.42 50.33 46.28 50.01 3.58

48 56.37 55.65 55.83 55.95 0.37

60.48 5% 96 54.84 54.79 55.43 55.02 0.36

144 43.38 45.11 45.01 44.50 0.97

48 48.48 50.16 49.11 49.25 0.85

10% 96 46.32 49.83 54.75 50.3 4.23

144 37.90 39.86 40.38 39.38 1.31

48 112.42 110.06 107.76 110.08 2.33

1% 96 114.41 114.06 114.37 114.28 0.19

144 104.5 107.22 106.85 106.19 1.48

48 111.10 102.94 106.33 106.79 4.09

112.40 5% 96 97.32 100.68 100.53 99.51 1.89

144 91.58 93.42 96.16 93.72 2.30

48 101.27 98.73 99.10 99.70 1.37

10% 96 99.40 99.28 99.64 99.44 0.18

144 89.48 90.78 90.94 90.40 0.80




AAa

MIN 43 HaNIRATD TangNoUAIAIY R. boonkerdii sp. nov. strain NS20 NHi43a
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anITMIYATY HaM T IANNINTNT UV MO WAINHAINIRAT
ANty 2 I ¢ 1 Y . o
o Vinauwad | nemsgadu | AT | ATaR2 | AT | mde |
iTuAY . . _ _ _ | Weanu
; AU (2 1309) (mgL") | (mgL") | (mgL") | (mgL™

(mg-L") (SD)

48 56.36 52.24 57.63 55.41 2.81

1% 96 43.72 42.35 44.07 43.38 0.90

144 43.74 44.84 47.74 45.44 2.07

48 55.36 58.25 59.67 57.76 2.19

60.22 5% 96 46.26 46.83 47.55 46.88 0.65

144 44.74 44.36 48.69 45.93 2.39

48 38.85 40.74 41.23 40.27 1.26

10% 96 41.64 42.24 40.41 41.43 0.93

144 41.67 42.35 44.23 42.75 1.33

48 105.53 107.43 109.48 107.48 1.98

1% 96 90.54 89.64 95.01 91.73 2.88

144 92.64 91.56 96.45 93.55 2.57

48 112.27 111.75 109.97 111.33 1.21

122.33 5% 96 112.75 118.14 115.04 115.31 2.71

144 83.75 80.45 90.62 84.94 5.19

48 102.93 102.15 102.48 102.52 0.39

10% 96 98.66 94.13 97.43 96.74 2.34

144 87.35 82.56 86.77 85.56 2.61




A

M3 94 wamsgasuTanedang@aie R. boonkerdii sp. nov. strain NS20 NHF3a
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anITMIYATY WamsIanNuTNIUYe ITINZEMEHAINsgATY

ANty 2 I ¢ 1 Y . o
o Vinauwad | nemsgadu | AT | ATaR2 | AT | mde |

iTuAY . . _ _ _ | Weanu

} AU (2 1309) (mgL") | (mgL") | (mgL") | (mgL™

(mg-L) (SD)

48 60.56 52.75 58.08 57.13 3.99

1% 96 38.48 39.25 39.63 39.12 0.59

144 35.31 38.64 37.59 37.18 1.70

48 46.38 50.23 48.47 48.36 1.93

62.35 5% 96 37.93 39.73 37.75 38.47 1.09

144 36.75 35.86 36.53 36.38 0.46

48 54.68 55.86 52.24 54.26 1.85

10% 96 34.75 34.24 37.39 35.46 1.69

144 31.93 29.67 29.12 30.24 1.48

48 82.88 95.84 86.58 88.43 6.67

1% 96 77.58 76.59 75.56 76.58 1.01

144 78.42 74.46 73.58 75.49 2.58

48 91.83 97.45 63.86 84.38 3.97

88.04 5% 96 72.12 69.92 70.90 70.98 1.10

144 80.70 62.50 78.68 73.96 1.43

48 87.45 85.75 90.35 87.85 2.32

10% 96 70.35 73.56 68.13 70.68 2.73

144 60.53 68.45 69.95 66.31 5.06




A5 9.5 #an3aaF 1 TanenouaIaIe Bradyrhizobium sp. strain DOA9 N1 l1ifiF e
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anITMIPAYY WamM s IAnNNTNTUYD INBWAINEHAINIPATY
RGN
iwad anuudy | adaii1 | adafiz | adeiis | wde | Audeann
Fudu Sudu (mgL") (119) P (mgLl") | (mgL") | (mgL") | (mgL") (SD)
(gL")
5 52.64 51.04 46.50 50.06 3.19
10 43.63 47.76 40.52 43.97 3.63
30 7 42.07 41.65 42.82 42.18 0.59
60 42.28 42.25 42.04 42.18 0.13
55.36
2 720 34.51 33.78 32.17 33.48 1.20
4 | 558 | 46.73 41.76 48.11 7.15
1,440 | 55 | 27.89 | 36.65 42.59 35.71 7.39
7 | 3196 | 33.43 34.86 33.41 1.45
98.39 1,440 94.89 83.86 89.39 89.38 5.51
4 55.36 1,440 ’ 20.93 18.20 14.11 17.75 3.44

@ o Y . { 1 a
A1519 9.6 wamsgasu Tane dang@ae Bradyrhizobium sp. strain DOA9 1 11iii%3a

aNNITMINAYTY HaM3IAANMINIUVRITINZAMBHAINSQATD
SIERTRCY
1wag ANty | m adait 1 | afeR2 | abeiia | wmde | Audeanu
TuAU U (mg-L") (i) - (mgLl) | (mgL") | (mgLh) | (mgL") (SD)
(gL")
5 52.95 51.86 5293 52.58 0.62
10 47.74 47.85 50.24 48.61 1.41
30 7 44.85 44.58 46.97 45.80 1.08
60 47.89 47.06 46.07 47.01 0.92
53.24
2 720 45.88 46.86 45.26 46.00 0.81
4 | 5186 51.86 51.03 51.58 0.48
1,440 | 55| 51.77 50.54 48.96 50.42 1.41
7 | 47.63 48.42 45.14 47.06 1.71
119.50 1,440 108.85 | 10253 | 111.03 | 10747 4.41
4 53.24 1,440 ! 43.35 43.71 44.24 43.77 0.45
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MI199.7 Wam3gauTanenouasdie R. boonkerdii sp. nov. strain NS20 91 11iii%3a

anITMIPAYY HaM T IANNINFNT UV MO WAINHAINIAAT Y
Wwawad | anududu | pan adaii 1 | afeii2 | efeits | mde | Audloanu
Sudu (gL | Gudu (mgLh) | (i) - (mgL") | (mgl™ | (mgLl") | (mgLl™ (SD)
5 35.87 33.64 37.35 35.62 1.87
10 20.52 21.37 22.13 21.34 0.81
30 7 14.47 18.60 16.45 16.51 2.06
60 17.57 15.72 15.72 16.33 1.07
55.36
2 720 10.85 12.25 11.83 11.64 0.72
4 24.43 21.46 25.09 23.66 1.94
1,440 | 5.5 18.73 14.00 19.67 17.47 3.04
7 | 1109 | 1505 | 899 11.71 3.07
98.39 1,440 47.67 | 6157 | 5331 54.18 6.99
4 55.36 1,440 N 5.18 6.93 6.03 0.88
M99 4.8 HansgasuTansdans@dae R. boonkerdii sp. nov. strain NS20 7 11i133a

anITMIYATY wamsTannundnduvesdinzdmanainsgadu
IEFGLY
waq ANy na adali 1 | etz | afeits | mde | sudeauy
G.“@?'}u Suﬁ’u (mg~L-1) ("IO;I’JINQ) R (mg-L") (mg-L-l) (mg-L-I) (mg-L-l) (SD)
(gL
5 47.76 47.84 48.40 48.00 0.35
10 44.84 45.45 46.15 45.48 0.66
30 7 40.84 38.74 46.21 41.93 3.85
60 42.26 41.34 43.56 42.39 1.12
53.24
2 720 4170 | 4047 | 4086 | 41.01 0.63
4 | 4383 | 4317 | 3945 | 4215 2.36
1,440 | 5.5 | 4329 | 4427 | 4457 | 44.04 0.67
7 | 4124 | 4238 | 4277 | 4213 0.80
119.50 1,440 86.78 86.73 85.18 86.23 0.91
4 53.24 1,440 ’ 39.78 36.69 36.38 37.62 1.88




M1T N9 Waﬂﬁ‘ﬂﬂﬁ’ﬂ‘uﬁuﬂaﬂlﬂ\iﬂﬁﬂﬂcﬁjﬂIﬁﬁ%ﬂ@\illﬂ\‘lﬁ’w Bradyrhizobium sp. strain

DOA9
anandutuEudY, ANUITNTUNONAINITYATY, C, Bnamewnsiignga
C, (mg.L") FUADNTUIAAQAH, q
(mgL") afafi 1 | a%aii2 | adefi3 | wde | sD (mg)
14.78 345 5.48 4.38 443 1 1.01 5.17
20.30 9.00 7.73 6.63 7.78 | 1.19 6.26
42.28 2005 | 27.63 | 27.58 |28.08 |0.84 7.09
53.20 3925 | 39.98 | 37.45 |38.89 | 1.30 7.15
66.03 5193 | 5123 | 44.63 |49.26 | 4.03 8.38
87.23 7080 | 7120 | 67.60 | 69.87 | 1.97 8.68
110.60 89.33 | 9338 | 89.48 |90.73 | 229 10.28

o Y .
AT .10 Nﬁﬂﬁ“ﬂﬂﬁ@ﬂﬁu@aﬂl@ﬁﬂﬁ@ﬂqﬂ_ﬁaﬁz%ﬂ%mmw R. boonkerdii sp. nov. strain

NS20
AnadutuEudY, ANUITNTUNONAINITYATY, C, Bunamewnsiignga
C, (mgL”) FUADNTUIAAQAT, q
(mgL") adaii asaii 2 | adad 3| wmde | sD (mg)
14.78 4.09 4.09 461 | 426 | 030 5.26
20.30 5.53 6.41 586 | 593 | 045 7.18
42.28 10.67 855 | 1097 |10.06 | 1.32 16.11
53.20 1529 | 1500 | 1553 |1527 027 18.96
66.03 2040 | 2139 | 21.70 |21.16 | 0.68 22.43
87.23 3268 | 3159 | 2527 |29.84 | 4.00 28.69
110.60 4846 | 5023 | 5135 |50.01 | 1.46 30.29




189

MINALLL wamInadeuduaaveIn1saasy Tavedins A0 Bradyrhizobium sp. strain

DOA9
anutuduiEudy, ANUAUTUMIEREINI AT, C, Bnadaingdiignga
C, (mgL") FUADNTUITAAAAK, q
(mgL") ﬂ%y’aﬁ 1 ﬂ%ﬂ‘ﬁ 2 ﬂ%y’aﬁ 3| wae | sp (mg)
16.45 1485 | 1537 | 13.13 | 1445 | 1.17 1.00
20.46 1553 | 1745 | 17.86 | 16.95 | 1.24 176
47.93 40.12 41.04 41.95 41.03 | 0.92 3.45
52.45 44.36 44.74 46.99 4536 | 1.43 3.54
64.83 55.84 | 5743 | 59.05 | 57.44 | 1.6l 3.70
86.73 7636 | 7696 | 7691 | 76.74 | 0.33 5.00
114.76 103.45 | 10482 | 106.22 | 104.83 | 1.39 4.98

MIN 12 HaMsNAdoUaNaveIN1sRaGU TansdInz @18 R. boonkerdii sp. nov. strain

NS20
anututuEudy, ANUTUTUN1BUEINTYATY, C, Binadanzdiignaa
C, (mgL™) FUABNTUIAAQAT, q
(mgL") afaii1 | afadl a%aii 3 | mdes | s (mg)
16.45 1214 | 1175 | 12,00 |11.96 | 0.19 2.25
20.46 1585 | 1573 | 13.96 |15.18 | 1.06 2.64
47.93 3574 | 3672 | 3563 |36.03 | 0.60 5.95
52.45 4046 | 4056 | 40.89 |40.64|0.23 5.91
64.83 5205 | 5025 | 50.53 |50.95]0.97 6.94
86.73 62.02 | 6423 | 6434 |63.53(131 11.60
114.76 89.51 | 8895 | 88.64 |89.030.44 12.80
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MIN I3 HANTNATOUNIAASU Tane NOUAIAIY Bradyrhizobium sp. strain DOA9 7

QUNNNAN
gungil ANUEANTUNBHAINTRATY, C,

(C) (mg-L")

At 1 Al 2 Al 3 Inde SD
20 33.41 33.64 33.66 33.57 0.14
24 33.39 33.49 33.47 33.45 0.05
28 31.96 33.43 34.84 33.41 1.44
32 33.03 34.79 32.41 33.41 1.23

TN .14 Nﬁﬂ"lﬁ“l/lﬂﬁ@‘]_lf‘lﬁﬂﬂ“ﬁ/ﬂiﬁﬁgﬂﬂﬂllﬂﬂﬁj’m R. boonkerdii sp. nov.

v
=

strain NS20 N

QUNNNAE
Y 9 Y] @
R ANUAVTUNBNAINTQATL, C,
gungll

. (mg:L™)
(€ 2 2 2 3

AsIn 1 ASIN 2 ASIN 3 nae SD
20 10.83 11.74 13.10 11.89 1.14
24 11.28 12.04 11.81 11.71 0.39
28 11.09 15.05 8.99 11.71 3.07
32 12.04 11.21 11.79 11.68 0.43

MIN LIS HAMINATOUMIAAFY Tanz dINLTAIY Bradyrhizobium sp. strain DOA9 1
PUNNNANE
R ANUTNTUNENAINITYATY, C,
gyl
. (mgL")
(©) 2 Z 2 Z 2 2
ATIN 1 ATIN 2 ATIN 3 @y SD
20 48.35 46.16 47.21 47.24 1.09
24 46.66 47.09 47.85 47.20 0.60
28 47.63 48.42 45.13 47.06 1.72
32 47.42 47.63 46.04 47.03 0.86




M9 9.16 wamsnagounsgasu Tanedang@aIe R. boonkerdii sp. nov. strain NS20 Ngmwngil
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A

U

A9
R ANUEANTUN BN AINTRATU, C,
gangil
. (mgL™)
(©) Z 4 Z 4 Z 4 3
AsaN 1 Asan 2 AsInN 3 maY SD

20 40.73 41.39 41.30 41.14 0.36
24 4121 40.88 41.27 41.12 0.21
28 41.24 42.38 42.77 42.13 0.80
32 40.64 40.96 41.64 41.08 0.51

Y
M3 .17 wamsialsualaneminluhi@egaairinasy

Anututuno Uiy pH (mg L") ANUANTUHS IS pH=2 (mg:L")
Tone MIVAINT | NOUAINII MENAT | MeNas
" AOUMIAATY | AATUAIY | AAFUAIY |NouMsgasy | MIgasy | Nsgacy
DOA9 NS20 @20 DOA9 | A28 NS20
Cu 0.706 0.0598 0.574 0.063 - -
Zn 809 801.42 800.14 91.94 81.92 77.86
Cr 122 111.56 107.68 0.0179 - -
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1. Spectrophotometer (Pharmacia Biotech Ultrospec 2000)

3 A A A 9 o ] 9 [
Spectrophotometer HJ’L!L?WENN@Vlcl‘]ﬂﬂﬂﬂ?ﬂﬂ!l&ﬂlﬂﬂﬁ?i@%ﬁ?ﬂﬂlﬂ%ﬁaﬂ Iﬂﬂal‘]ﬁ’i‘aﬂﬂ'lﬁ

1 @ A v v W A = 7 8 J A aa
meuasru lgiasidesnsia awaaslugdd 0.1 uuaiiseduau 10-10° waaaeladans
= oA < Yy Y 1R 9 a [ 1 A
tanuuiansaneuduldareaniar Bsawsoldmaiianisiannugunioniiy
nuHulumsiasnsins Tnvesuuniiseld iFen31 turbidity method ¥30 optical density

A A A & Sa aa . &
method LNORPUTINUANNINIAAUATUUINIUTITASAGNVUUANLIY LAITIUNUIIEYN

v
=} Y =

= Y A Y o D o 9/13!’ I o 1 @
uyuant ﬂﬂﬂ“ﬁﬂqﬂﬁﬁﬂﬁgﬂ@uﬂﬁﬂ ﬂimmuﬁwgﬂ@ﬂclmuhu%!,ﬂuﬁﬂﬁauiﬂﬂmﬁﬂmlum
S A =S

S A o A A A 4 P~ ' ) Y 1
VDIUBAAVIDITUIULUANLIY NANIND LEaaLLUANL ﬂﬂmmem%z@@mmmﬂ’iﬂlﬂmﬂﬂ’n

=

s A < A = AA o o Y 1 = A
FaanuuuIaan 1’75'E]]Jﬁll'lmllﬂﬂ‘]/lﬁﬂ"lnuﬂlﬂlTﬂ’ﬁ'llﬂiﬂ@ﬂqfﬂllﬁ\i]l'ﬁﬂ UINDILUANLIINUY

o 79y
MUIUIYAUDY

GRITGA

‘ i

0 100

uvastauag AITULEY  Suauaairivesazas (%)

= 9
/LLﬁ\‘WIQﬂﬁgﬂ’t‘)u

\‘/
\
0 100
L7
L % 2N\

=

% =
IFAQLUANITY

0

310 9.1 vdnmsiannuauvesuniiiedau spectrophotometer




194

2. Atomic Absorption Spectroscopy (AAS: Perkin elmer AAnalyst 100)
I a o % a 4 4 ]

AAS Humalad1msuns Nz No1dunIzUIUNTAANAUIAIVDI0ZADN
a A o Y a A zg U Y [
saszio Iiinamaldsudoiuzninaoiuziu lilganuznizquszaunsn lagozaon
a [ a 1 4 1 o a g
daszunInIuAazyaIzgAnauLdInlnNeIAIURNIE uANTIzY 1HDIaNATO U5

A & A v¥ 9 A A o v & '
luasdsznounatluezaeudasz 1d1u deoslinsganaunasaiud 1y dee1veglugl
' o ' o P A 9 Y 2 Y A
a1 U wasauanudeuninnlan l wieanwdounin Iuih Hudu eezaonvoisig
Ay a 4 A @ A I a ~ ] [ A =
Ndeansuasziganaunasuuazlasuiluezaeudasziogludoiuzunanio lo Favy
A | A & ' 9 ° ] A

ganauuaInnurastlamedsunnanuzu ligaauznszdu i ldiSnanasiosn

T o A %‘, { 4 [ U I [ 1
NNUHAITUIANUANNTZNVTUATOITALEN (dectector) anad Tasainsganaunauudadiu

% H 1 [} 1 4 o [ Y] Jd v ]
T@fm5amm:mJL%’mi’ummamanﬁﬁagiumimaﬂw 1ol NuFuRUTAINa1INITIa
n3 MU Fuen (calibration curve) TagIAAINITRANAULEIVOIAITAZAIONIATFIUANTIVAT

Y 9 1 9 =~ 1 1 A Yy 9
ANUUVTUUUUBUUAINAEUNTINTENIIAINITAANAUUAIAZANVUVNTUVDIAITAZAY
Y o A o T Ao Y] = o v A ]
WAsTIN Mnlnhnnsganautavedasaled i da lavuiisununsdsuifieunse
NIUANUAUTUVDIATA0E19
Y
lurumsmisualsgadimsumsnaaeumlsuaveslaneninmeluaisazare

Y ? K o A ~ ° < A =
38 AAS uu]’lﬂJQQMﬂuﬂ Lu@ﬂinﬂﬁﬁaszmi]zﬂ1ﬂ15%ﬂﬁ’ﬂﬂlﬂuﬁ’1ia$mﬂﬂ1ﬁ Ullllmzﬂ@‘u

=

1o & Y ' 9 o v & o ]
HAN muﬂuﬁmﬂaﬂmﬂﬂm a1ﬂU"Uu@]'E]‘Llﬂ’liW]L%ElllG]'J'E]ﬂ?ﬂiuﬂ?iﬂﬂﬁ@ﬂﬁi?ﬂﬁglaﬂﬂ

Aoe Aoe
Dhe Tee

o v Aa dy a A o S A Y
2.1 thamsazamelazminiiiyenuaiize ldihmsuenewuniiGeoonaions
: . < @ g o
MINAMNIGITOUFIE) HAINUUIUENDURIIZAITaZA N ITIMINATo
a o A Y Y o Y 9 =
2.2 1$938UA1502A19UD JansHINNNIIUANUINIUTIUIY 4-5 anuaNIy Tagh
Yy v A A Y £ ' Y 9
AnududuaesaIsazate lanziinimion 139z AoaAT0UAQNTIIVBIANNITUTUYDI
A150AI0819NILNNINATO
2.3 imsadunslinesgu Taeiua1nnsia Blank standard nourielSudyanun
Y Y I J v ¥ = o ¥ 1 A = o w
18910 blank  1Hiugud nasaniudeiinsianinsganaunaizeanINE1auINAY
< o 4 S
riuduiteslduinsuasunnaududu vazadradunsldsuiion Tagns i ldeziiy
P A . . A 2 1 =
[AUATI I@El‘ﬂﬂ1 Correlation of determination %139 R (m‘]N‘]JfJﬂﬂ’ﬂm‘UENL‘]JWUfNﬂﬁW)

¥ ' = 3 1A o Y
TADININNIT 0.995 %Qﬁ]mﬂuﬂ’lﬂﬂ@lﬁﬂqﬂ
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[Tl A o A " Y lz&l A A A
2.4 'Jﬂﬂ']ﬂ'lﬁﬂﬂﬂaul!ﬁ\isllﬂ\‘]ﬁ'ﬁa%a'IEJIaﬁgﬁuﬂﬂlliJllﬂGlﬁlslf@L!Uﬂ‘ﬂlﬁﬁllW@‘ﬂﬁ']Uﬂ']'nJ
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3. Inductively Coupled Plasma-Mass Spectrometry (ICP-MS: Agilent 7500ce)
<3 A A a 4 @ @ .
ICP-MS 11/11A34N0 AT IZH 19 1AL IABNTZUIUNTAINAINUVDIBLADN (atomic
. < Y o o ¥ o o @ '
emission) ICP 11Jumslanasnuannaraunlumsmiadinazaigesnainasazaisding1s
o ] Y < @ ] { Y I
nagszemsaled1eliegluzille aelevesTumnadsaiegieazgnildsuliiluezaowy
¥ ag a 9 g o 9y a
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4. Fourier transform infrared spectrometer (FT-IR: Bruker Tensor 27)
I . a { o @ a °
FT-IR flunilslumaiandszgnaldsaddsunsnsa lunsswuniszinnaeg
a A Jd a A J Y = =2 =2 J A '
A150UNIY MseluNTd nazWuszialluTuana saudsausovenatesfllszneunleyly
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v < [ [ o o2 g
aﬂymzmmmsauuazmiwgmeﬂmaqamumﬂugﬂ 9.2 waﬂmsmqmmmqﬂﬂmwﬁ
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P v aa A o < a A v aa Y o aa
ANudvessIdourTusainwngs Tuananazinanisganauiadounsusa 1l Seaoumsuse
= wa A ] I 9| Yy a ==K A A ] <3 Y o 1 A
Hawiauaduuuman i a1sdreasensanudvesnauuivan liihazedeanavaay

- P 3 -1 2 o A ' o
(wave number) HANHUINTY cm’ H¥U10DITIWIUGNAAUTUIZILNII T cm  FIVDITIA
a Aq Y a J ' ' A -1
aunsusanlylumsinaizriazed luaiauavaau 4000-400 cm

A & 9 ) = ' o == <
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s

asymmetric stretch symmetric stretch

in-plane bending or scissor out-of-plane bending or wag

in-plane bending or rock out-of-plane bending or twist

71U 2.2 myauves lwanalugiunuaieg
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A 1 A A ] Jd o 1
M1319N 2.1 ‘If’NLaGUﬂauﬂlﬂﬂﬂﬁﬂﬂﬂauiﬂﬁ@uﬂﬁliﬂﬂl@ﬂﬁuﬁﬂﬂﬂ“lﬂ!ﬂNG]

Wave number (cm’) bonding functional group
3640-3610 O-H stretch, free hydroxyl alcohols, phenols
3500-3200 O-H stretch, H-bonded alcohols, phenols
3400-3250 N-H stretch 1°, 2° amines
3300-2500 O-H stretch carboxylic acids
3300-3270 —C~ C-H:C—H stretch alkynes (terminal)
3100-3000 C—H stretch aromatics

=C—H stretch alkenes
3000-2850 C—H stretch alkanes
2830-2695 H—C=0:C-H stretch aldehydes
2260-2210 C~ N stretch nitriles
2260-2100 —C~ C-stretch alkynes
1760-1665 C=0 stretch carbonyls (general)
1760-1690 C=0 stretch carboxylic acids
1750-1735 C=0 stretch esters, saturated aliphatic
1740-1720 C=0 stretch aldehydes, saturated aliphatic
1730-1715 C=0 stretch o, — unsaturated esters

1715 C=0 stretch ketones, saturated aliphatic
1710-1665 C=0 stretch o, — unsaturated aldehydes,
ketones

1690-1650 C=0 stretch amide
1650-1580 N-H bend 1° amines, 1° amides
1600-1585 C—C stretch (in-ring) aromatics
1550-1475 N-O asymmetric stretch nitro compounds
1500-1400 C—C stretch (in-ring) aromatics
1470-1450 C—H bend alkanes
1370-1350 C—H rock alkanes
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v A

1 4 ] Jd v 1 1
M3 2.1 “If’]\‘llasllﬂﬁusllﬂ\‘]ﬂﬁﬂﬂﬂﬁu5\1?(@1!7‘]3%5@5[1@\11’?@]1/1\1ﬂ“lflm'l\‘la] (919)

Wave number (cm’) bonding functional group
1360-1290 N—-O symmetric stretch nitro compounds
1335-1250 C—N stretch aromatic amines
1320-1000 C-O stretch alcohol, carboxylic acids,

esters, ethers
1300-1150 C-H wag (-CH2X) alkyl halides
1250-1020 C—N stretch aliphatic amines
1000-650 =C-H bend alkenes
950-910 O-H bend carboxylic acids
910-665 N-H wag 1°, 2° amines
900-675 C-H aromatics
850-550 C—Cl stretch alkyl halides
725-720 C—H rock alkanes
700-610 —C~ C-H:C—H bend alkynes
690-515 C—Br stretch alkyl halides
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Kitkamthorn (2012). Biosorption of zinc and copper ions from aqueous solution by
Rhodopseudomonas boonkerdii sp. strain NS20 and Bradyrhizobium sp. strain DOAY.
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a a 9

9NN WIUYNA, JITY Houralow, n3saan AnAzYNT, Ml Aud139, guald DaMEs
(2555). mic;]ﬂci'f’uiamﬂmumua:é’an:ﬁhmﬁa:mﬂﬁﬁm Rhodopseudomonas
boonkerdii sp. strain NS20 and Bradyrhizobium sp. strain DOA. N19 5 :G};u%wms
malanzinenmialszmalng adad 6.

Apichart Panitchagul, Rujirek Niosangiam, Panlada Tittabutr, Neung Teaumroong, Usanee
Kitkamthorn (2013). Biosorption and bioaccumulation of zinc and copper ions from
aqueous solution by Rhodopseudomonas boonkerdii sp. strain NS20 and
Bradyrhizobium sp. strain DOA9. 2™ International Conference on Biomaterials Science.

PN Witwna, 53159 Yeoieloy, Wssaan AnAzyas, Wil 1Aed139, quald namss

9 q

1y LY d
(2013). MmsgagulansHEnMeBImnAIesaauuniiize. Metal Magazine., W11 24-

26.



202

1. The 2" asian conference on plant-microbe symbiosis and nitrogen fixation, October 28" -3 1%,

2012, Phuket, Thailand.

| T R

Biosorption of zinc and copper ions from agueous solution by
Rhodopseudomonas boankerdii sp. strain N520 and
Brodyrhizobium sp. strain DOAS

Rujirek Miosangiam®, Panlada Tittabutr®, Neung Teaumroong’,

Usanee Kitkumthorn®

ks

Apichart Panitchagy

beikaral of Metallurgical Eng

“Srhoal ol Bicter nglagy, Ingliture

The search for new technologies toward the removal of heavy metals as biosorption in
aquaous solution has been focused. Murmerous studies have identified 8 nuember of potential
biosorbents capable of heavy metal adsorption. This study has baen carried out to assess the heawy
metal (Zn and Cu} removal efficiency of two species of bacteria, Ahodopsevdomones boonkerdi
strain NS0 and Bragyrhizobivr sp. strain DOAS, which are heavy metal tolerant strains, Batch scale
sorption experimants were parformed. The stock of heavy metal solution containing 250 and 500
g/l of IS0y, TH,0 andCus0, 5H;0was prepared. The remainad heavy metal concentration In the
supernatant was determined by atomic adsorption spectrometer. At eguilibrium, the rermowal
efficiency of Zr and Cu at the concentration of compound equal to 250 mg/l by fhodepseudomonos
hoonkerdil sp. strain N520 was feund to be 51.50 and 35.30% and at 500 mg/l was 24,68 and 33 36%,
respectively. Likewise, the removal efficlency of Zn and Cu at the concentration of compound equal
ter 250 mgfl by Brodyrhizebivm sp. strain D0AS was found to be 47.72 and 27.13% and at 500 mg/1
was 1958 and 13.42%, respectively, 1t was clearly demonstrated that the heavy metal removal
efficiancy in lower concentration is higher. In addition, both of the strain alse performed heawy
metal reduction when cultivated in the media without C- and N- sources supplementation. This
indicates the high potential for using both of bacterial strains to remowve both heavy metals in waste
waler.

S The £ asian Canference an Plant-Microbe Symbicsis and Wirogen Foaton®
(] Fhuket, THAILAND
Choher 13-31, 31T




2. The 6" Thailand metallurgy conference, December Sth-7th, 2012, Chiang Mai, Thailand.

Metallurgy towards Sustoinable Development
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Fhodopseudomonas boonkerdii sp. Nowv. N520
was Bradyrhizobium sp. strain DOA9
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Rhodaopseudomanas boonkerdi £p. strain N520 wae Sradyrhizobium sp. strain DOAG
mrreRulaveminaSaunmsasaiea Tisenay Zn50 THO wae CusO SHO adlu
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wuudarTy (TEM) Banianaaaanyuan Aarutudurasainisenavlans 250 me/l
Shadapseudamanas boonkerdii sp. strain N520 @usaadudnzAuasvaadls 51.50
WAy 35.30% wasiinududy 500 me anduld 20.68 uar 33.36% niudiu
AIUnSEYD4 Brodvrhizobium sp. DOAS fu Fanudutuvasanisznaulans 250 me/
ﬁ’lm'inflﬂﬁuﬁmxﬁuﬁ:'ﬂmmﬂ.ﬁ 47.72 uge 21.13% waeiarudidiu 500 me wmdy
1 1958 vaw 13.42% s wenaniifmuiuueiidedmesmeigannselildlu
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3. 2" International conference on biomaterials science, March 19th-22nd, 2013, Epochal Tsukuba,

Ibaraki, Japan

PO34
Biosorption and Bivaccumulation of zine and copper ions
from aqueous solution by Rhedepsudomonas boonkerdii |«
sp. strain NS20 and Bradyriizebinm sp. strain DOAY |

Mpichart E"anilc]mgu]', Rujirek Niﬂsangiam’. Fanlada Tittahutr, Mewng
Tesumroong”, Usanee Kitlumthom'
{1} Seoed o Meraifurgieal Ergineering, Jostiuie of Enmeceriay, Swanaree Lndversay af
Techrolomy, Nesbbar Resodasimoa J000, Trailmd
21 Schos! of Binfecknolagy. Festitite of Agriculiaral Technology, Swrvngree Lnfversite af
Techwology, Nakbor Raoscdhasm T80, Thailaod
Eoal & wsgiseeld vat.ar.of

The search For new techrologaes  towand e removal of heavy wwlals o bosomplion and
bigareumulation in agueous solution has been focused, Namerous studies have identified 2 number of
potential bioserbents capatile of heavy metal adserption. This study has been carried our to assess the heavy
imetal {Zl'l and O remieal I.'n—li.'l.l.'l'll.'}' al twa ::rn’.‘l."ia."h af li'\.-jl'lg cell bacteia, .R.l'.'w||;'.l_|'.l.'\.|'!'£I|:Ilr.l|'PJr.lr.'|:L'r heserararadin
s stram MNEIE and .!Tl'.;;.;.\j'.l',l}l'zr.lhr'|.'m spslmnn IR A, wihich are by mzlzl toleramt strzins . Batch scale
sorption experiments were performed. The stock of heavy metal solution containing 230 and 500 mal of
AnBOL TH0 and CuS0, 2H0 was propared. The heavy metal selution was controlled te pH 7 with MaOH.
Tlee remazned  heavy metal concentzation it superpatant was deteomaned by atonic adsorprien
spectromieter, Al uqu:li::lrium, the remaval efficiency ol o amd Lozl the comeeniralion ol componand eepual 1o
250 mgdl by Rfsclyrsendowmionas booferodi spo strain M3520 was found to be 5150 and 35.20% and at 504
mgl was 2468 and 33.36%, respectively. Likewiseo the remowal efficiency of Zn and Cu at the
coneelraton of compaund equal ty 250wl by Srochelizetiam speoatain DOAS wis found w be 4772
and 27024 and at 500 mgT was 1938 and 13 42%, respectively, It wis clearly demonstrated that the heavy
metal removal efficiency in lower concentration is higher, In addition, both of the sirain alse performed
heavy metal reducteon when culwvated in e media withowt C- and M- soueces supplesicotation, This
mehiistes the high pogential for usinge beth of acterid strans e remave bolh ey matals moanste water.
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Fig I. The heavy metal remaoval efficiencies of equilibrium of the sorption process.
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Table 1 Copper removal effclency from aqueous solution
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(Biosorption of Heavy Metals by
Bacteria Cells)

Currently, heavy metal remeval lechniques, such as
chemical precipitation, ion exchange, and efectrachemical
treatment, ete, are used commaercially to eat industrial wasie
water, However, those 1echniques have some limdations. Only
2 single technique alone cannot effectively remove heavy
metals from wasle waler o the concentration lavel required by
laws. Some technigues can be agplied 1o treat cnly the waste
waler with high concentrations of heavy metals. Such techniques
also lead o the fermation of by-products which need 10 be
removed Of irealed further,

Heavy metgl removal technolegy using micreorganisms
Ig referred to as “tioremediation™. Various natural materials,
such as plants, seaweeds, and micrcorganisms, can be used
83 heavy metal biosorbents. The advantages of bloremediation
Include &s lower costs, its effective removal at a wide ranga of
heavy matal concentrations, and its environmentally friencly
quality. Bioremediation of heavy metals was frst studied in 1978
when the heavy metal lons were found %o e accumulated In
Iving blomass. The mechanism of heavy metal uptake depends
on mesatolism of calls and is called “bloaccumulation” [1-4].
Later in 1981, Volesky [S] prepoeed the biosorption machanism
In which metal ions are abscrted onto the surface of non-living
call. Therafore, the mechanism Is matabolism-independent.
The absoption rate and the removal efficiency by bicsorption
are higher than bioaccumulation. Biosorption can take
place both on the surface of living and non-living celis by the
Interaction between metal lons and chemical species on the cell
surface such as carboxyl, amine, hydroxyl, and phosphonate,
which are main components of cell wall [6]. Depending on the
location of metal kons, the interaction between metal lons and
bicsorbent can be classified into three mechanisms which are 1)
precipitation outside csll wall, 2) absorption onto cell wall, and
3} translocation [7-81.

One ofthe mostimpertant sswes in bicsorpion technology
is the biosorbont selaction, Some of e effective bioscrbents have
been commercalzed such as ground seavweed AlgaSORS® from
Biorecovery System Co,, LId,[9]. Physical parameters such as

m
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lemperature and pH of wasle water can aso affect the absorption
efficiency, In general, the non-iving bisorbents can de used at
varous conditions compared 1o kving bisorbents.

In 2010, Nesangiam et al, [10] found that some bactena
cultvated from Thaland's soil are heavy metal tolerant. Sincs
2011, the efficiencies of boaccumulation and tiosarption of
heavy metals by Rhodopsuck 185 boonrkerdii sp. stran NS20
and Bradyrhizobium sp. strain DOAS have been investigatec by
our research group. Both of biogorpticn and bicaccumulation
expenments were carried outin erder to ssess tha heavy metal
removal efficiencies &t various conditions. Some axpenmental
results are shoen in Table 1. Further studies on the application
of bicaccumulation and Diceorption of heavy metals by toth
microorganisms for industrial effiuent (zinc plating waste water}
are be rigorousty carned oul.

Technical Knowledge Plus
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