uni 4
NAN15I8

AuautRvasAuivulauuanlisy

NSNANAUTENINAULY (UsrAnnisUnleunantien) AULSEINEE@TaIng (zinc
silicate) NiwAnsNULUDUSRIIEIU 1:1 (Suksabye et al., 2016) 1U1618819U1LATIENR
AanURvaIRumunITTwesluned 4.1

M54 4.1 Aaaudinianmenmuasieiivesiuiluileunandounldlunismaaes

TREREVE ALY

oY 7
% VUINBUNIAAY

% AUNIY 42

% Neu 24

% futnAtlen 34
dunseTng (%) 1.96
Woanesa (mg/kg) 25
Tnuagey (mg/ke) 165
wAALTHEY (Mg/kg) 2664
wuni@es (me/ke) 489
CEC (cmol/ke) 19.50
USunauandlan (me/ke) 103.68+2.70

NnHansAaeUIRuiifitey 7 Fadnindufuiifiosnans wagdingizsi % vuin
aunAvesiy nunAudulngiluiunse wasnuiunadunieng 1.96 % n1U3uw
SunisingegsrAutiunans uenindanmsiiesgdinudtuimalnunadon weadou
wazuundi@euilogluuiinaigs Teedusunu 165, 2,664 waz 489 fadniu/Alaniu
mudiu dueaneda files 25 dadinsu/Alaniu dndnegluseduliunans duen CEC
fifn 19.20 cmoly/ke dvnvimnaandlonludufiaududuEudiu 103.68+2.70 fadnsu/
Alan3y
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N3AATIMRAUTENaUNNATIvaY EnIEanasuazlularsanAunTEANaMITAIEY

Lﬂ%.a\i X- ray Fluorescence Spectroscopy

n153eseimUsiaeenlydvesindie 9 MluedduszneuvasAynIzgnuy
nszantd nszgnuumn (ulersannnseanuy) waznszaniawn (lulewsannseanln) de
LT84 X-ray fluorescence WaMIAINITIIN 4.2

M1319% 4.2 YSanaesdusenaumaniivesianusuuesu

d15UTuUsenu CaO | P,Os | Na,O cl SO, | MgO | SiO,
(%) (%) (%) (%) (%) (%) (%)
nIEANY 62.5 30.1 2.22 1.55 0.979 | 0.967 | 0.919
NIEANVILNN 58.3 36.2 2.80 1.29 0.249 1.08 0.574
ﬂiz@ﬂlﬂl 60.4 31.4 1.39 0.303 0.849 1.10 2.73
ﬂiz@ﬂlﬂll,m 60.2 36.0 1.30 0.302 0.367 1.12 0.162
M99l 4.2 Viinaesduszneuynaaiivesianuiuusiu (de)
Anadu ALO; | K,O | Fe,05 | ZnO | TiO, | MnO | SrO
(%) (%) (%) (%) (%) (%) (%)
nITaNAY 0.333 0.227 0.224 | 0.0776 | 0.0409 | 0.0174 | 0.0153
NIEANVILNN 0.0318 | 0.170 | 0.0307 | 0.0534 - - 0.0125
ﬂiz@fﬂ,ﬂ' 0.904 | 0.281 0.390 | 0.0931 | 0.0701 - 0.0210
ﬂiz@ﬂlﬂlm 0.0763 | 0.293 | 0.0618 | 0.0854 - - 0.0231

1NA19199 4.2 WU NTEAANY ﬂiz@ﬂ"l,ﬂ' NILANNILKY LLazﬂiz@ﬂlﬂ'Lm NG
Usenauvasiaal@eueantes (Ca0)  adan wazsesawunliun P,Os lilaifigufivasdusenay
d‘ 1 a & 1
2935190U 7 lag WUl waal@eueanlyn deglu nsvanny adan (62.5 %)  WALIOIALN
Lown Tunseanla (60.4%) uay nseanlik (60.2%) wag NzaANMKT (58.3%) d@duu3um
Y94 P,0s  nulunsegnuengaign (36.2%) sesasnloun nsznlaiun (36.0%) nsggnln
(31.4%) wansEAnvy (30.1%) AMdEIRU Jauawnszanesiaglulaviinniaynsean

asmalfivsunaves wraleuwasneanesadussdusenauiianiesain lnevaly
nszgnazdansdunidiluesAusenauosas 30 uazarsefiunidiluesduszneviovas 70
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(Kizilkkaya et al., 2010) %amsaﬁum‘%ﬂuﬂsz@ﬂﬁLﬂumﬁﬂssﬂawé’ﬂﬁa hydroxylapatite
(Cayo(PO4)60H, (HAP) (Modin et al.,2011)

N1sANYIENBAILYaITaAUTUUIIRUAIY Scanning Electron Microscope with Electron
Dispersive X-ray Spectroscopy ( SEM/EDS)

Snunirvesiiufinresnszgnuy nsegnuain nazgnln wagnsegnlimn uansfann
fl 4.1-0.2 anamdanaiiuinnszgany uaznsenliunuaglifisngu Jefaonadesuaves
neinfiufifa (BET surface area) lumnsnsdl 4.3 finudiliuiiiasduiios 3.79 uay 3.00
MIANRT /T MuARU uinsEanvai waznsegnla (W7l 500 ssmwaldua Wuan
2 ) ﬁﬁﬁuaugwquLWMMWﬂ%u wazananmYesiuAagwyT FIUIUINTUTRINTEANLA
W1 figngusnnndn nszgavLn (@enndesiunanisnaaes BET surface area Tunsnsdi 4.3)

(% '
LY a

AIUUANATNY 4.1-4.2 %Lﬁu"l,é"jflmﬁﬁwmwmz@ﬂmms LU NIENIY ﬂsz@ﬂldmﬁwaaz

a

ViR fdn vz dugnuiudu

n.nseEAnMY X 1000 11



SElI  15kV
STREC

x1,000  10pm

A. NseANl X 1000 Wi
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3. N3Nl X 1000 i

AW 4.1 2E1E9In SEM (A1) n3zgnuy X 1000 Wi (¥) ASEQAMYIKT X 1000 19

(A) NszANtA X 1000 i1 (3) nszanlawl X 1000 i



SElI 15kV
STREC

UNILANULYNT X 2000 1911

40



SEI  15kV
STREC

a.n3EANlAKT X 2000 111
AW 4.2 2 wENERIN SEM (1) nsEgnuy X 2000 W (1) ASERAMEILA X 2000 1

() nszgnla X 2000 11 () nsegAlAKT X 2000 i1
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weNINHUN1INAae AT IieIRUTEnaureesIn (element) Tunsegnuy nszanti
N3EANYYLNT NTEANLALKT AI8LATEY Scanning  Electron  Microscope  with  Electron
Dispersive X-ray Spectroscopy FNaN1TVIAADILAAIAINITINT AMNA 4.3-4.6 LagA15199

43-4.6

ch Spectrum 1

s

0 2 4 6 8 10
Full Scale 8307 cts Cursor: 11.554 (11 cfs) ke

AN 4.3 2 mesAUTEnauvess (element) lunsegnuy MAT1¥9iR8 SEM/EDS

M19197 4.3 23AUTENBUVDIENY (element) Tunsegnuy MLATIZYIAIY SEM/EDS

519 %
58.33
® 33.80
Na 0.52
Mg 0.25
P 2.79
cl 0.07
Ca 3.41




Spectrum 1

40pm Electron Image 1

43

Na

s Ji

Ca

Spectrum 1

0 1 2 3

4 5

Full Scale 4765 cis Cursor: 11.554 (2 cfs)

MW 4.4 2 MeAUTENaUYBINY (element) Tunsegnuying NLAT1EMAY SEM/EDS

M19197 4.4 83AUTENBUVDIETY (element) Tunseanviying MlATI¥MAY SEM/EDS

510 %
24.71
O 52.91
Na 0.99
Mg 0.42
P 8.49
Cl 0.49
Ca 11.99
0 P Ca Specirum 1
C
Ca
Vg Ca
P
01z 3 4 18
Full Scale 4765 cis Cursor 11.554 (2 cfs) keV|

i Al

E 40um ! Electron Image 1

MR 4.5 2nesrusenauvesse (element) lunsegnln AllAs18visae SEM/EDS
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M19199 4.5 93AUsENaULeeeNg (element) Tunseanln Wns189i9e SEM/EDS

200pm

Electron Image 1

s

L

510 %
C 40.53
O aa.67
Na 0.36
Mg 0.21
P 5.84
Ca 8.39
[ISpectrum 1 P ¢ Spectrum 1

0 1

Full Scale 5921 cts Cursor: 11.554 (10 cls) ke

2

3 4 3 6 7 [

MR 4.6 21NeIAYTENOUTISIA (element) Tunseanlimn MAszsisie SEM/EDS

M13°99 4.6 D9AUTENDUTBIEIN (element) Tunsegnling MIAszvisng SEM/EDS

519 %
C 23.97
@) 53.86
Na 0.39
Mg 0.43
P 8.55
Ca 12.80




a5

nanIINAasINUIaSeuLTiay NIEANYY (M151991 4.3) AUNTLANNYLKA ( e
Yluwn 500 asrwaldea Wunan2 Fluskisuuiionnid (15197 4.8) YSuawes
ASusuanal 910 58.33 % U 24.71 %  diuUSinaeandiau Winduaan 33.8 % 1u
5291 % weifUsuiaeendauiintuenaiesan dnswdifitesndiou viilrusuna
paNTLAUINTY LavUSinamsusuanas dauUsuna Na, Mg, P uay Ca fUsinanfiudu
WIS TneUSunauaai@oy uay P iiuduann 3.41 % Py 11.99% uag Wntuain
2.79% Ju 8.49 % muaIRU

daunszantiuaznszgnlneniguiiediu nansuaassmuitnssgnlnm (M151991
4.6) flUSinmAsUsuanat 90 40.53% Ju 23.97% way dUSuneendauiiudy 910
44.67% Ju 53.86% @uUsuad Na, Mg, P uag Ca fUSnanfiudy wdnnswn Tng
USinauealden was P iiudiuenn 8.39 % 1Ju 12.80% uag iinTuain 5.84 % 1Tu 8.55 %
AIUANY
NamaaﬁﬂwmzﬁuﬁﬁwmLﬂwnisrﬂnmm'su,a31U16m1%%aetﬂwnszg]nmmi (BET surface

area)

MNMTTeTguAifIs g (BET  surface  area) voaiAunszgnaiusléin
nszanuyarnszanla diululevisveaaunsegnennms loun ﬂiz@ﬂ‘w%LN’]LL@%ﬂiS@ﬂIﬁLN’]‘ﬁI
T Jutanuivdsanu FeLa3es surface area analyzer WU SRS uwE (BET surface
Area) %umﬁu&hu@uéﬂmwm INguU (pore size diameter) U%mm‘ua\igwguﬁwmm

(total pore volume) F1915139 4.7

a o

a & A ' | e v
M13199 4.7 NuPEITwNIzveenTEanmy nseanli NsEANUIMT waznsegn ik ALy

Judanuiulseiu
$9819 BET (mz/g) Total pore volume | Average pore
(cc/9) diameter (A)
NIEANIY 3.79 0.0025 33.85
nseanin 3.00 0.0102 108.13
NITANUYLN 92.26 0.2546 110.41
n3zgnlAk 135.47 0.2785 82.13

= dgj dIQ o 1 a1
NANIIANWIWUNNIV NN (BET surface area) NUINNTENNNY LL@SﬂiS%ﬂlﬂiﬂﬂ?

NUNRITNIEAIUINLAYS 3.79 WAL 3.00 MISIMUAT /NSY AIUAIAU WALIDUINILKN 2

'
1 a

FILug 500 sarwalded wuiAiuNRd s veInsegnuykarnsvanlafiAitgy laed



a6

ANVINAY 92.26 UAg135.47 MIUNAT /AU AINEINY wazn1snaasdeanudl Usunsgngu
(Total pore volume) wazduAdurUAUINA19INTY (Average pore diameter) (o

nrANMyaynIEgN bRt liAgeTy

nan1sldianszananns lulewsveaenszanainas Tunisaanisazaunanidesluduy
v
417

n1snaaednedeulvretaynsznne1ms  lulev1sveAunszgneInis uas
Bacillus subtilis TunnsanasauAnleulUAUTIILEARIRIAITI9N 4.8 wazn g 4.7
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4' a = n:l' 1 1 4 ¥ d{' d' 1 Y
A15197 4.8 Usunauuanilounazanlugiunng i vosrudluteulunisnaaesiuananeiy

Roulun1maaas USunauuandien (mg Cd/kg dry weight)

N a6u wWaan WA
Normal soil (control) 0.00 0.00 0.00 0.00
Cd-sail (control) 301.91+1.25" | 111.70+2.23" | 13.45+0.82° | 3.70+0.24°
Cd-soil + pork bone (1%w/w) | 157.96+1.02° | 2239+0.78" | 2.72+0.20° | 0.18+0.01°
Cd-soil + chicken bone (1% 161.16+0.91° | 29.86+1.48° | 3.42+0.48° | 0.45+0.03
w/Ww)
Cd-soil + biochar derived from | 205.37+1.21° | 44.01+1.39" | 6.76+0.23° | 1.98+0.25°
pork bone (1% w/w)
Cd-soil + biochar derived from | 201.16+0.89° 40.38+0.65 | 5.96x0.42° | 1.56x0.07
chicken bone (1% w/w)
Cd-soil + pork bone 214.16x2.67 | 45.11x1.38 | 6.91x0.09" | 2.08+0.08'
(0.5%w/w)
Cd-soil + chicken bone (0.5% 220.96+1.72° 08.61+1.71° | 7.38+0.28° | 2.59+0.15°
wW/W)
Cd-soil + biochar derived from | 240.67+1.28" | 54.78:0.61" | 8.75:0.18" | 3.21+0.07"
pork bone (0.5% w/w)
Cd-soil + biochar derived from | 233.10:2.24 | 51.20+1.01 | 8.22+0.08 | 2.91+0.02
chicken bone (0.5% w/w)

NLYR: Gl']?.]ﬂ'lﬁﬂLWEJE]UHUIJJJJF]']’]MLLG]ﬂGYNV]lIUEJE? Uilu.lj

LAUAULTDI 95% Fuunlag Duncan multiple range test

350 A
2
o 300 A
]
2
> 250 -
o
on
< 200 -
e
(v]
on -
é 150
° 4
3 100
£
5 50 1
(V]
0
Normal soil  Cd-soil  Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone  chicken biochar biochar pork bone  chicken biochar  +biochar
(1% w/w) bone (1%  derived  derived (0.5% w/w) bone (0.5% derived  derived
w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)

) 97N



a8

120 A
=
=
g 100
5
o 80 -
S
kel
O 60 -
on
£
5 40 A
o}
G
< 20 A
S
0 T T T T T T T T
Normal soit  Cd-soil ~ Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone  chicken biochar biochar pork bone  chicken biochar  +biochar
(1% w/w) bone (1%  derived derived  (0.5% w/w) bone (0.5%  derived derived
w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)
o v
) A1AU
16 -
2 14
=
(9]
2 12 -
5
P 10 -
3
O 8 A
£
3 %7
5
£ 4 -
£
8 2 _ .

Normal soil  Cd-soil ~ Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone chicken  biochar  biochar pork bone chicken  biochar  +biochar
(1% w/w) bone (1% derived  derived (0.5% w/w)bone (0.5% derived  derived

w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)

A) waen
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4.5 7

35 A

25 -
5
15
,
05 -
0 —mam BN . . . . .

Cd in grain (mg Cd/kg dry weight)

Normal soil ~ Cd-soil Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil

(control)  (control) pork bone  chicken biochar biochar pork bone  chicken biochar  +biochar
(1% w/w) bone (1%  derived  derived (0.5% w/w) bone (0.5% derived  derived
w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)
<
9) Lan

A 4.7 Uiinawaadealusin (n) d16u (v) wWaen (a) uazdad (1) Weugndilu
AunUuleunaniiouneldteulusng o nduAuies 90 Ju

NHANNTNARDINTIST 4.8 Waznmila.7 wuinsldnszgany 1% wiv 1dulufy
fuudiouuanflolunisugndniusuyusid 1 vdafuiieadn 90 fu wuin nszgnuy
nseanla Nszgnuumn wag nszantiwnidnenmlunisaanisavauvesandenly 510 &
fu Waen uazwdnvesing usegdlsinuainnanisnaasseziiuin Weldnszgnvy 1%
w/w Wuansuiulssiuagiivinaneniloiazalundamigadlowsudsuiuiouly
3u 9 TnefivSuauendenluwdedinindefios 0.18£0.01 mg Cd/ke dry weight s
Ysunauwanfledluwdadnadengnn Saliiuginsgiuves Codex Committee on Food
Additives and Contaminant (CCFAC) AifnvualiuSanauduaadiosluwdatlimsiiu
0.2 findnsu/Alansy uansliiduinmsld nsegnuy 1% waw ddlufufivudeuwandion
Tunsugnina fdneamilanunsaanuandoufiazaslumdndnleglunasinasgu @
msldnszgnuy 0.5 % w/w Uinauenideuiiavaslumdadnanasduiuudidganinnmusi
111357 Codex Committee on Food Additives and Contaminant (CCFAC) lagU3sna
wanleniivdelumdatradloldnszanuy 0.5% uasusudgauiiaindu 2.08+0.08 mg
Cd/kg dry weight

wazanHaNIRaBadmuIn ndsaniuiedn 90 Yu 19 nsegavy 1% wiw
a1usaanUsunanisazaulusin a1du wWien wazwdntnn lagendinisugndilufu
UuﬁjammmLﬁwﬁﬂsmmﬂaﬁﬂ%’wqaﬁu (Cd-soil) agnsfitludnAgyneana (p< 0.05) 1oy
Usnaueaiduiiazanlusin §1éu wien uay waadhi veamsiinnsegamy 1% w/iw il
WInAU 157.96+1.02, 22.39+0.78, 2.72+0.20 Waz 0.18x0.01 mg Cd/kg dry weight
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muddu dw)  TasUSnauendenfiazaslusin vy 1Wden waz wind1n vesnsugn
drlupuiudeunanifisuiiusaannslaasuivlgaiu (Cd-soil) fudmnauandondiaza
WU 30191 +1.25, 111.70+ 2.23, 13.45+0.82 uay 3.70+0.24 me Cd/kg dry weight
PuEU wenINiinavenel 4.8 uaznnil 4.7 wudn msldnsegavy 1% ww Huans
Uiulgsiuasiivssavsnwlunisannisazasvesnaailonlududnifian sesasnldun ns
19 nszanln 1% w/iw, nsenlien 1% w/w nTEanmsi 1% , nseanmy 0.5 % w/w
nseanbi 0.5 % w/w, N3EANLAWI 0.5 % w/w Wag NTEaNUyi 0.5 % w/w AINa1eY
mMsfinsggnuyiivszaninmmsannisazauuaaiflonluguinlafliviasfefuuiunug
WILVBIFIRATU INTIFAINATH SEM Al 4.1 waz 4.2 azuiiudn nszgnvyunuaglaifigngy
vuituiiifidowioudleutu nsggnuaumnuas nszgnlien uinmaaesild thansuuuge
fuogsay 2 wiv inluth Unaandoou ) diludnluiwgluedoasn (shaker) 1By
nan 24 Halua wui nsegnuy 1% (wA) TUnaueadeiuazuuniifenazangeoninly
1 DI gegalasfiduaadonviniu 7.31 + 1.31 fadn3usedng uazAuuniiBonsinty 4.42
+ 169 fadnSusedns mMud iy (319 4.9) sesasnleua nseenla nszgnlimn was
NIEQNYN AEITU Beinuanmsnaasstinanazaenadesfunimmaaedluiiuiiaiiy
msUgninlufuvudeusaniloniiinslaasuiulssiu anvniivililusin $1du wWien
uay Wwandnnsld nsegamy 1 % wiw Suszavsamnisanuaniflesluduinfiige 19
fosnn nssgnuydiauannsolunmsasaounaidon uay uinii@euluieoningiugegn
felunsnnassaiadedinssntihdniugnieinssu asiliunadouwaziuniifon
avarweenuligefigaiiiouiouiisuiuieulvdug inlduaaflondeou wdeduiu
wraLdoudeou wazuuniifeudeouiiod lulwadsinvesity (Tian et al, 2011 : Cho, et al,
2012) FeiutinaueaiBeuuazuniidoulufuingesdshlivfinuendeuanas

o a = a ) v A Y -
A19519N 4.9 YSUULLAALZEULLAY LL@JﬂuL‘UU@Jﬁ]"IﬂWﬂ@ﬂ%UWLLEJﬂGUS\'ﬂ'J‘EJU'] DI

0819 AR LN
NIEANMY 2% (v/w) 731 +1.31 4.42 + 1.69
nsEania 2% (v/w) 7.02 = 0.81 1.81 + 0.23
NITANNYLNT 2% (v/w) 1.18 + 0.89 0.17 + 0.09
nENLALET 2% (v/w) 2.6 +0.41 0.18 + 0.03
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Usnvesuaniisuiimvaoaglufu

USuaumesuanilisufiiviseglufiu ndsainduarsusuliiuviindie o lufud
Yudouupniiiealunisuandy uansisnnsan 4.10 uagn1ni 4.8

A15197 4.10 USinaandlsuiindesglufiu vdsaniiuies 90 Ju

Roulunsnaaassng 9 USuauandiay
(mg Cd/kg soil)
Cd- soil (initial) 103.68+2.70°
Cd-soil (control) 55.64+1.43"
Cd-soil + pork bone (1%w/w) 81.15+0.96°
Cd-soil + chicken bone (1% w/w) 75.49+1.37°
Cd-soil + biochar derived from pork bone 62.72+0.58°
(1% w/w)
Cd-soil + biochar derived from chicken bone 67.6110.49f
(1% w/w)
Cd-soil + pork bone (0.5 %w/w) 61.23+1.02'
Cd-soil + chicken bone (0.5%w/w) 58.81+1.12°
Cd-soil + biochar derived from pork bone 55.14+1.00"
(0.5%w/w)
Cd-soil + biochar derived from chicken bone 57.72+0.52
(0.5%w/w)

LY

mngwesnwsimiloutulifinnuuandeniidedfgyiiseauainuntedu o5 9uunlag

Duncan multiple range test
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80

60
40 -
20 1
0 -

Cd-soil Cd-soil  Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(Initial) ~ (control) pork bone chicken  biochar  biochar pork bone chicken  biochar  +biochar
(1% w/w) bone (1% derived  derived (0.5% w/w)bone (0.5% derived  derived
w/w)  pork bone  chicken w/w)  pork bone chicken
(1% w/w) bone (1% (0.5% w/w)bone (0.5%

w/w) w/w)

Remaining Cd in soil (mg Cd/kg soil)

il 4.8 UsinawendlsniivdosgluiunigldReulunismaaesng o vdwiniuies
90

91nA15199 4.10 Uaz MWHANIINARBIT 4.8 nuitUTinanandoslufuFudy
(Initial) fiAwvinfy 103.68+2.70 mgCd/kg soil waziileldansusuusedu nsvgamny nszgnla
nsznuyn waznszantn udanuiuugedu ﬁUuﬁammmﬁaﬂumsUQﬂéﬁ"n ERRIRRR
wandouluuivgaiudeisuisutuiuilifnisldarsusuussiu (Cd-soil  control)
agiitedAN19ada (p< 0.05) laenudninsiunsegnuy 1% w/w wdUsuauaAniey
fimdoludugeian Weiisuiunsldasuiuussausiadug sesasnldun nszgnld 1%
w/W, ﬂiz@ﬂlﬂ'l,m 1% w/w NSEQNAYET 1% , NSenuy 0.5 % w/WﬂizQﬂld 0.5 % w/w,
NEANtART 0.5 % w/w Wag NTEANYTILNT 0.5 % w/w Aua1iu

11NN5WT 4.8 wazanse 4.9 wud Uiinauandleuimdelufuieldnszgnvsy
1%w/w TAWinAU 81.15+0.96 mg Cd/kg soil 9nUsunauuanfleusudiy  103.68+2.70
mg Cd /kg soil uandliiiiuin uaniflendesulufuazgnandumensegnnyoglufiuganiy
msltansusulsiuvindu 4 oy auyfgnuiiuaaifionazgnaie (mmobilization) Tl
nszgnvy luanziireudraatios (stabilization) vinliuamioueglufudeuiisgaiosan
wanidlaaneadeudl (mobility) 1nAugiuinmaensudadliteras viatiilesainlunszgn
fansefunsdlussrusenaunanlaunfe hydroxylapatite (Ca;o(PO)60H, (HAP) (Modin
et al.,2011; Kizilkaya et al. , 2010 ) ¥ HAP fusganganlunisgadulaneninlafnienis
wanwasudesuvedlaventintu Ca * vuRivenszen (Kizilkaya et al. , 2010) uananii
iU Ca0 anmTAaszvisny XRF fmnssil 4.1 anndiuiinsygamyiiuiuna
Ca0 gagn (62.5 %) \lewSeuiiisudu nszgnla nszgvgien nszgnlimn Juililenia
uaniasudesuveauanideniu Ca = vuivesnszgnldgsniinsldansuiulgsiusiindy
fau n1sldinszgniy 1% waw Huasuiuuiudeiivimaueadonedoutisaniu Tug



53

510 U Waen wazwdaladesnindeWisuiunsldaisusuliuedndu 4 (1n19199
4.8)

a v 2 o v v & o
NANARNY aamﬂugﬂmwummwmmu LY

wdLAURL9N 90 Ju msvaaesld Fadmdnuds (dry weight) vasdudn tite
Wisuifsutmidnuisessudindeldideulonisaaewinefulunafslududivuiieu
uanidenlunisugnin wan1svaaeauansdisnIIed 4.11 uazn g 4.9 s91nm39d
4.11 waznmit 4.9 wuin Yimdnaesduda (dry weight) wleld n3gaNuY (pork bone)
19%w/w islufuiivuidiounendoslunsugnd agihiadnufaiidy 20.17+0.08 nfy
sonszany BeUSmaniutinuiswesiudnn Wonszanuy (ork bone) 1%w/w  1Huans
U%’Uﬂqqau%ﬁﬁmﬁﬂqujwL‘ﬁlauvLﬂJmimaaqmﬁaﬁﬂ%’wqaamﬁmﬁu 7 waznsUgndnad
Us1Aannisldansusuugedu (Cd-soil) agreiitieddgynisada (significant) (p< 0.05) lae
ihafnusfsvesdudniiusmainnisldansuiuuseiu danfies 13.75:0.17 n¥w/nszans
uenanidanuiinisliimsnsegnuy 1 %wiw Hufaguivussiu dmnuiomdaaniu
AevesiivlndiAssiunmstgndnlufuiivsmannsiudeuwanden (Normal soil) 27n
pansnRaesavIALansimslnsegndutagUiuusiuuenanddnenmannisazay
vosandenluiuddeilndunsedyiulavesdudlddnde

A15199 4.11 A wnuiia (dry weight) vasdudandaiuies 90 Yu

Foulunisnaaassng 9 Ywinuasdudng (dry weight, g/pot)
Normal soil (control) 20.05+0.18"
Cd-soil (control) 13.75+0.17°
Cd-soil + pork bone (19%w/w) 20.17+0.08°
Cd-soil + chicken bone (1% w/w) 19.41+0.15"
Cd-soil + biochar derived from pork 17.50+0.11°
bone (1% w/w)

Cd-soil + biochar derived from chicken 18.42+0.07"
bone (1% w/w)

Cd-soil + pork bone (0.5 %w/w) 17.06+0.06°
Cd-soil + chicken bone (0.5%w/w 16.99+0.01"
Cd-soil + biochar derived from pork 16.09+0.11'
bone (0.5%w/w)

Cd-soil + biochar derived from chicken 16.53+0.17
bone (0.5%w/w)

mnewnssnyIivdeuiulifanuuandnided Ayiiseauainundedu 95% F1uunlag Duncan multiple

range test
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25 7

15 A
10
5
0 A T T T T T T T T T

Normal soil  Cd-soil Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil
(control)  (control) pork bone  chicken biochar biochar  pork bone  chicken biochar  +biochar
(1% w/w) bone (1%  derived derived  (0.5% w/w) bone (0.5%  derived derived

Dry weight of rice plant (g/pot)

w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w)  bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)

ANF 4.9 drninusis (dry weight) vessiudnindaiuiies 90 Tu

= ' o ] Y v
leax‘lLLﬂaL%ﬂumaﬂ%mmLtﬂﬂLuﬂuwazaﬂuﬁuﬂn's

LY

a v & o & A a A o - | | Y 1%
LLﬂaL%UNﬁ]@LUUﬁW@!Wﬁ]WLUUW@WGULLa%ﬂJUWUWWV]ﬁWﬂiUIUW% LYY GU'JEJIUﬂ']iﬁirl\clLsdaa

o
'
I A

wazlassasaveaaduesity Hrgligadfnseiu uavaztiedountuyad waglidugusis
(Cho et al., 2012) waziilefivanauaa@enluazdnder 1o Tumdea (Schmitz-Eiber et al,,
2002; Cho et al, 2012) uaginiwegluszuzeannen fana nmentasiavniunenagl
NAIUIADNLAZNAIL TN

navesaaduuiiavanlusin a1du Waen way Wan wansdinns1ed 4.12 wavani

a d'

& 1A = £ A qguo 9 = =
4.10 INWANISNAARzNIUTIMLAABENzawile i TanUSuussiuilawSeuiiey

o w

ﬁ’umsﬂgﬂ%ﬂuauﬁﬂmﬂmmuﬁmmaﬂ%’wqqau (Cd-soil) egnelidedAyNIsaia (p<
0.05) Ineamzegrsbaileld nszanuy (pork bone) 1%w/w WuasuiuUssiu asiivsanm
waaudeslusin d1du wWien win guilenisuiiisuiunmsldtanuivusshuniindu q i
o1aiflesanlunsygnmyaiiuTinaesduseneuves CaO gails 62.5 % (M13797 4.1) uazan
137 4.9 nedeunsarats wealdeuluthusmaindeeu (D)) nuidviinaueade
azangeanin geamilalIeuifiudu nszgnld nszgnliien uaznszgRvLAN
frudlavnszgnnyluidutan Uusuussiulunisgndieduinaunadeusin 61
fu Waen uazwdngs Tnewleld nszgnuy (pork bone) 1%wiv  iRdluAufivuiou
waadlenlunisugndezdvsunauaadeulusin d1du wWien wazwba JaAiniu
21071.70+£161.10, 8099.79+1.47, 3617.46+29.26, 373.83.15+54.6 mg Ca /kg dry weight
wilumansafudiy suiUinamesuanfleslusin dwu 1Waen uavwdnvesdnn e
n3zaNMY (pork bone) 1%w/w axiivSinauandioyiazanludusing 4 vesdnidesninile
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Wisuisuiunisliiaguiuuseiudu 9 wesuinaneadlenluwdadnilalifusnsgu
983 Codex Committee on Food Additives and Contaminant (CCFAC) (15741 4.8 Al
4.7) wanslifiuinusunaueadeuiazanludiudng q vesdudnasuusnniufuusuna
waalloulusin aidu 1Waen wavwdn wansliiui waal@euuiazdisananudufivees
wonflonlududnn  TnedSunauandeudananiiefivsuauaadonfiutulugudig
WARLLYUDDDULALLARLTUDDDUWEIT U LA INVBINY (Tian et al,, 2011 : Cho, et al,
2012) uenani Lu et al. (2010) Sslddnwmuit UinaueadenssdisanuSunauanidioy
favaulugrdiuves S. alifredii

nanaasgniluduiivudouuandlomdoldnssgnvy 1 % wiw Uiim
waaBeslusin diu wWaen wazwde davgsninnsléiaguiuussiuvdnduuaslalisan
USuugedu (Cd-soil  control) et Hululén ﬂis@ﬂ%gﬁmﬁﬂﬁzﬂawaqLmat,%auqafjmﬁa
JeufuTanwiadu q wazanunsnazatsoonghulddediu unadoudesuludiusn d1du
Waenuazwdnisiluiinaunadsugailoiouiisuiuteulsduiilesnnunadeudosy
anunsangsduiuuandeudeoufiazdunlugudnldviliwendlonlududnnanas (Suksabye
et al, 2016) Wleldnszgnusy



a a = A ! ! Y v o & A v
M1919M 4.12 ‘UilﬂﬁuLLﬂaL"'UEJNVI?IB&%JIUE‘WUG\'N €] VBIFAUVTINAINULNYIVTI
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90 JuU

Feoulanisvnaes UTunadlAal@eu (mg Caskg dry weight)
510 S Waen AR
Normal soil (control) | 22263.11+125.54° | 8548.08+49.06" | 4153.22+50.03° | 441.13+25.27"
Cd-soil (control) 11323.05+103.33° | 4043.19+48.95" | 2096.80+6.54° | 220.45+10.22°
Cd-soil + pork bone | 21071.70£161.10° | 8099.79+1.47" | 3617.46229.26° | 373.83+5.46

(19%w/w)

Cd-soil + chicken
bone (1% w/w)
Cd-soil + biochar
derived from pork
bone (1% w/w)
Cd-soil + biochar
derived from
chicken bone (1%
w/w)

Cd-soil + pork bone
(0.5%w/w)

Cd-soil + chicken
bone (0.5%w/w)
Cd-soil + biochar
derived from pork
bone (0.5%w/w)
Cd-soil + biochar
derived from
chicken bone
(0.5%w/w)

19716.81228.88"

18615.37+99.44°

18938.72429.51'

18371.52+57.55°

18163.3052.93"

17774.23+125.44

18033.39+58.46

7876.02+22.42°

7320.24+34.64°

7570.19+26.58"

7136.04+59.34°

6952.38+51.06

6390.14+57.55

6730.04+32.55

3482.16+27.18°

3185.50+23.73°

3204.1246.94"

2965.51+56.33°

2835.86+55.71"

24537545226

2698.41+8.23

358.62+0.75°

328.31+1.41°

336.56+1.67

320.38+2.06°

311.68+3.03"

283.42+4.49

296.42+513

a Y

mngwnisnyInmileuiulidanuunnsenided Ay iseduninundedu 95% duunlag Duncan multiple range test
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25000
2 20000 -
on
E
£
15000 -
¥
3
(6]
on
£ 10000 -
o
1<}
o
£
8 5000
0 - T T T T T T T T T
Normal soil  Cd-soil  Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone  chicken biochar  biochar pork bone  chicken biochar  +biochar
(1% w/w) bone (1% derived  derived (0.5% w/w)bone (0.5% derived  derived
w/w)  pork bone  chicken w/w)  pork bone chicken
(1% w/w) bone (1% (0.5% w/w)bone (0.5%
w/w) w/w)
n) 3N
10000 A
9000 -
2 8000 -
o
¢ 7000
g
6000 -
s
g, 5000 A
£
% 4000
<]
<
“ 3000 A
£
8 2000 -
1000 -~
0 -
Normal soil  Cd-soil  Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone  chicken  biochar  biochar pork bone chicken  biochar  +biochar

(1% w/w) bone (1% derived  derived (0.5% w/w)bone (0.5% derived  derived

w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)
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4500 7
4000 -

3500 -

Ca in husk (mg Carkg dry weight)

3000 -
2500 -
2000 -
1500 A
1000 A
500 A
0 T T T T T T T T T

Normal soil  Cd-soil ~ Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone  chicken biochar biochar pork bone  chicken biochar  +biochar
(1% w/w) bone (1% derived  derived (0.5% w/w)bone (0.5% derived  derived
w/w)  pork bone  chicken w/w)  pork bone  chicken
(19 w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)
=
A) Uaen
500 -
450 -
400 -

350 -

Ca in grain (mg Ca/kg dry weight)

300 -

250 -

200 -

150 -

100 -

50 -
0 T T T T T T T T T

Normal soil  Cd-soil  Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control)  pork bone  chicken biochar biochar pork bone  chicken biochar  +biochar
(1% w/w) bone (1%  derived derived  (0.5% w/w) bone (0.5%  derived derived
w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)
<
3) Lan

AN 4.10 YSnaueaideailusin (n) d1diu () Waen () wazdad (1) Weugndily

a A & = v ! v o= d' U
muwﬂmﬂammmmmmﬂmanulﬁumsmaaﬂmq 9 NasnuNgl 90 1U
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a ' a a' Yy v
NEW.IENLLSJﬂuLGUEJ&IﬁEJU%SJ’]ﬂJLLﬂﬂLSJSJ&I‘VIﬁ%ﬁ&IbLuﬂu?I'I'J

wunih@euiinudrdyduiia 1wy Wussrusenavassmaslsiladlunszuiunis
Fuarziuaswesiiv Wudiswazdiusznevveaeuledlufis daslunisndeuteeivs
Tuiiwwazidusthnneanesalunisgaduainsinludadiunig 9 vesiiv (Chou et al, 2011)
Fawaves wundiFeuseUSunanandouiiazanludiun@esiudinuanadinssd 4.13 way
Wi .11

a = a N ] 1 Y Y v = [
A15199 4.13 Usinauunili@oudiasanludiusig 9 VRIAUYNIVAWNULNYT 90 U

Feulunsnaaes Usunaunili@en (mg Mg/kg dry weight)

570 adu wWaen Wan
Normal soil (control) 5289.54+68.24" | 3550.25:66.01 | 2023.04+29.91 | 205.85+6.00
Cd-soil (control) 2576.7156.61° | 1731.71+3534 | 966.45+13.11 | 104.34+3.82
Cd-soil + pork bone 4750.27+49.77° | 3106.29+12.05 | 1795.30+4.88 | 196.00+0.66
(19%w/w)
Cd-soil + chicken bone | 4596.16+5.97° | 2760.73+37.57 | 1647.97+11.49 | 188.25+1.00
(1% w/w)
Cd-soil + biochar 4012.33+9.68° | 2300.51x11.55 | 1343.54+16.98 | 172.98+0.73
derived from pork bone
(1% w/w)
Cd-soil + biochar 4312.48+12.50 | 2522.25+2837 | 1497.90+2.44 | 178.3G+1.00
derived from chicken
bone (1% w/w)
Cd-soil + pork bone 3917.23+33.77° | 2139.52463.20° | 1295.43+4.96° | 169.38+0.85°
(0.5%w/w)
Cd-soil + chicken bone | 3763.05+37.04" | 2009.49+6.92" | 1217.25+29.35" | 166.4620.99"
(0.5%w/w)
Cd-soil + biochar 3248.29+88.50 | 1820.79+31.00 | 1009.45+7.93 | 159.13+0.89
derived from pork bone
(0.5%w/w)
Cd-soil + biochar 3586.89+66.50 | 1911.87+11.89 | 119132951 | 162.38+1.10
derived from chicken
bone (0.5%w/w)

nnawaienynmeuiuliianuunnsendded A issdunnuidesiu 95% duunlag Duncan multiple range test
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6000 A
5000 -
2
=
[}
2 4000 -
>
o
A
>
= 3000 -
on
£
8
= 2000
£
on
=
1000
0 -
Normal soil  Cd-soil ~ Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone chicken  biochar  biochar pork bone chicken  biochar  +biochar
(1% w/w) bone (1% derived  derived (0.5% w/w) bone (0.5% derived  derived
w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w)bone (0.5%
w/w) w/w)
n) 9N
4000 A
3500 A
5
‘@ 3000 -
2
£ 2500 -
s
g 2000 A
on
£ 1500 -
=
w
£ 1000 A
on
=
500 -
0 -
Normal soil ~ Cd-soil ~ Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +  Cd-soil
(control)  (control) pork bone chicken  biochar  biochar pork bone chicken  biochar  +biochar

(19 w/w) bone (1% derived  derived (0.5% w/w) bone (0.5% derived  derived

w/w)  pork bone  chicken w/w)  pork bone  chicken
(1% w/w) bone (1% (0.5% w/w) bone (0.5%
w/w) w/w)
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2500 1

2000 -

1500 -

Mg in (mg Mg/kg dry weight)

soil (control) pork bone chicken  biochar  biochar pork bone  chicken
(control) (1% w/w) bone (1% derived  derived (0.5% w/w)  bone

(1% w/w) bone (1%
w/w)

1000
N I I
0 - T T T T T T T T T

Normal Cd-soil  Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil +

w/w)  pork bone  chicken (0.5% w/w)pork bone  chicken

A) waen

200 A

Mg in grain (mg Mg/kg dry weight)

150 1
100 A
0 A

soil  (control)  pork  chicken biochar biochar  pork  chicken biochar

w/w) w/w) pork  chicken  (0.5% (0.5% pork
bone (1% bone (1%  w/w) w/w) bone
w/w) w/w) (0.5%

w/w)

Normal — Cd-soil Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil + Cd-soil

(control) bone (1% bone (1% derived derived  bone bone  derived derived

<
3) LUaa

Ml 4.11 Snawanii@eulusin (n) d1du (v) wWien (A) wezwdadn ) Wedgnda

TuAunluleuuaadlounelddoulunismaaesse o ndanuiien 90 Ju
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INENTNIN 4.13 Wazn il 4.11 wud1 NsRNNTEANAY (pork bone) 19%w/w Tufu
a kA a Y A A A a o v & I ]
mUuLUauLLﬂmmeﬂ,umsﬂqﬂsun azdlvsunauuni@enlusin a1au Waen way wan N
nsldianUiuUssRustindu 9 naonaulidinisidvasuuussiu (Cd-soil) Nilianaiiodain
= H a a I A A
nsnageunisarany waaenluliusiAaIndeey O Tum1s1ed 4.13  wudndvsune
wuniidey azateeany asgadlaUSeuieuiu nseanln nseanlili LagnIEgNNYLK
v & 4 o & W ) a Y = A a A a o v
aedulletinszanvyluiluianuiudseanlunisugndnifsivsunasunii@eusin d1du
a < A a a a o v a s A& a
Waen warwdngs  vausUSawendsuazaulusin d1du wWhen wazwdniliedy
nsenyy (pork bone) 1%w/w Tunsugndnlufuniuilouuaniisuiiusunuteeigniile
Wisueuiuindanuiuusshumeuledu 9 (115199 4.8 wagn1mi 4.7) uansinuuntidey
WinTuaranuSunawandeuluaut1y (Nazar et al., 2012) @onndadnun15398v89 Kashem
and Kawai (2007) AiT1ea1udnuunili@ouasiionsequnissyiulavesiiviianiniiean
mudufivannueadien lneusey 2+ vesuandounazuundifoussudaiuiiadduiu
WULUSUYRINY (Nazar et al., 2012).

HavasasUFuUTsAusaAayvasnulun1sUgnd1?

M19197 4.14 Arievaulunisuandnidieldianusuueausmeiu

Feulunmsveass fovisud fowndaufuien
90 U
Normal soil (control) 6.95 6.90
Cd-soil (control) 6.98 6.90
Cd-soil + pork bone (19%w/w) 7.04 6.85
Cd-soil + chicken bone (1% w/w) 7.05 6.80
Cd-soil + biochar derived from pork bone (1% 7.02 6.83
wW/W)
Cd-soil + biochar derived from chicken bone 7.10 6.88
(1% w/w)
Cd-soil + pork bone (0.5%w/w)+ 6.95 6.89
Cd-soil + chicken bone (0.5%w/w) 6.91 6.84
Cd-soil + biochar derived from pork bone 6.99 6.80
(0.5%w/w)
Cd-soil + biochar derived from chicken bone 6.95 6.81
(0.5%w/w)
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NMTNN 4.14 Wuniliednseiieruedfusudu uar Tuil 90 (Aufier) wud
Arfilevanal Wntoevennloulunnn1saaedinsiitevanatonaioninnisiiege
Tangninyinlvilanuass H' Swilsifilovanas (Sriprapat and Thiravetyan, 2011)

nsgaduasazauAalisufleAEnsEAnaIms wazlulavisvaaAunszgn

<) = o a S o a A o

Junisnaassdnwinalnnisgeaduluaisazaiguaniiisy Madaaindunvueu
waniles (gaziBeauantluund 3 ) veanseanuy nseanla nszgnuyinn (ulewd) waz
nszgnliwn (ulew1d) wan1InaReanianIsIen 4.15

M15197 4.15 Msgaduasazasuanilsumeiigadusiingng o

AnAdu UseEnSnImn1saadu (%)
n3TgnvY 96.92+0.089
nsegnln 95.91+0.11
nsEaniam 93.65+0.23
NILONVYLH 90.59+0.11

= < = a a o
MNNANINAABIANTIN 4.15 asiiunseanuuiivszansamlunisgeaduaisazany
LARLENEIER 96.92+0.089 %  sosanlawn nsrgnla (95.91+0.11 %) AsEANlAMA

(93.65+0.23 %) NILQANLLHT (90.59+0.11%) Uaw L@@ Bacillus subtilis SUsydnsaw
nsAduLiles 25.68+28 %

UszAnSnmnisuenvzuaniisnaananfinadu (desorption)

d‘ a a =) . U (% =
M3 4.16 LanaUTzansnImnNIThenTzAnLleU (desorption) 89N31NAINAYTY B9

Y o

mgadulain nszanuy nseanla NsEANMYKT NTEANLAKT ?z'iqmsmaaawud']Lﬁai%ﬂsﬂ%’avj
30 (H,50,) 1 laa (M) WHuansuenay %ﬁﬂmwﬂ%gqqmLﬁam%'amﬁauﬁ’umﬂ%’ laieuls
asenlas (NaOH) 0.5 Tugn (M) uazih Deionized water (D) Tnonanisnnassuigiold
nsndan3n 1 luan (M) WWuansuenys UseanSnmnisuenyzues nsegniywngeds 77.44%

sosaunlaun nszanln (52.65%) nseanuy (43.48%) way nseAnlntin (4.12%) anuddy
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a a a al U 7
191940 4.16 ‘Ui%ﬁﬁ/lﬁﬂ’]‘Wﬂ']ﬁLLEJﬂ%%LLF"I@L&JEJN@@ﬂQ'mG]'J@jG]SUU

Eluents

% desorption

nszanla
Deionized water (DI) 1.3388
1 M H,50, 52.659
0.5 M NaCOH 6.9620
NILANNY
Deionized water (DI) 1.2899
1 M H,S0, 43.4891
0.5 M NaCH 2.8894
nszanlaen
Deionized water (DI) 1.0102
1 M H,50, 4.1271
0.5 M NaOH 1.2341
nssg]nwgl,m
Deionized water (DI) 12.3448
1 M H,S0, 77.4401
0.5 M NaOH 1.5044
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msﬁnmmjﬁaﬁ%’u (functional group) vasdagadudqe FTIR (Fourier Transform
Infrared spectrophotometer (FTIR)

nsfnuvyilsiduresnszanuy nseanti NsEANVLIT wanIegnliiT VneuLay
NAINIRATUATAEANELAALTENAIELATDY Fourier Transform Infrared  Spectroscopy
(FTIR) HAKAAIAINING 4.12 - n1W7d 4.15

O-H
- CH
f C-0
=5 i
o 1 | CH
T ™ ranad” | c=C f
3 ~ Y c-o/| CH OH)
oA ' ns=ANUY (Aaw) )
§ - ~ | ey co\
8 & -
g ° CH
£ |
2 CH c=C [\
<L EE | ™ C-H [
=1 O-H
| nT=ANWY (WA3)
g
T T —T—= T T
3500 3000 2500 2000 1500 1000
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