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Cadmium (Cd) removal from synthetic-wastewater by shrimp shell
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Cadmium (Cd) removal from synthetic wastewater by shrimp shell
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Cadmium (Cd) removal from synthetic wastewater by shimp shell :
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100 96.6 + 2.3 BC
Cr(if)
20 96.5+ 0.5 AB
40 97.0+ 1.2 AB
180 989+ 0. 1A
100 991 + 01 A
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20 67.0+0.9E
40 69.6 £3.4D
80 443+ 19 F
100 /525G
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infalalrsruuandialalna fMensiniy 6 dwiulalnaupluundug Winerfielals
Tusansagadulessunasunuarlossuuasilonldgandn Wedsutulalnaugluuy

o = L

auq Bunalessunainsuazleseuuamiioniigngaduilanvndu 345 w.osle n. uay

333 w.n.68 N. AIUAU { Thipwimon ,2004)

12 A1 pH Altuasanspady Copper
v d .
qoo = ﬁuﬁm‘iﬂuwunﬂ@gmmﬁ@nfj@ ( adsorbent phase metal concentration )

Co0 = Lﬁ‘u’wm‘immﬁnﬁﬂghﬂﬁﬂmﬂﬂ(solution phase metal concentration )
o k4 =l < o o ] = .
nasamtu Copper Aauitnns Deacetylated ( Aa nagRadnuyeriiluaansin
Tassaireledin ) wiends uazdBnas Decalcified ( N9 Ca eenatnidasnds ) waends
i 1 i 1 g ! 4 i 2 ; 1
VA1 pH 36 ANBATQE0 431uA1, GO figyaumiadiae (13 ) Lay wudn A1 pH
Winiy 6 AaefiBnas Deacetylated Aanasanduilaeniagsqauazgandi nas Decalcified

widends( Chu 2002

®OPH6 MpH5 ApH4 s pHE |

G (Mmmok/g)

Om ¥ L T ¥
0.0 0.5 1.0 15 20

C.. (mmol/)

e ' as = 9
2NA 3 waTe pH Aansaady Copper 1aeRan1s Deacetylated waands

(qananiy ) usznisDecalcified twaends (qaldsen)

fa : Chu (2002 )



1.3 A1 pH AuasaNsQAFU sulphate ion
(DD Aa AnsrAureanszulunasnidnariiludassaanainiasiainenes

Chitin ) AMNANSANE WU HaTBIAT pH ﬁﬁuwiaﬂsxﬁw%mwlumsqm%u Suiphate ion
184 chitin 5 szl A2 Q0 , Q1 , Q2 , Q3 , Q4 nudr A pH'ﬁ'mmmmiﬂms’@,m%u
Sulphate ion BER4-4.5 (il 4) Tae® Chitin 98 Q1 (25% DD ), Q2(82 % DD )
uss Q3( 68 % DD ) aNnsngadu Suiphate ion 'lc:w'mn'ﬁlzgm e pH ¥y ( Moret and

Rubio ,2003 )

100

Adsorption, %

-
(953
e
L
oy
ol
()

P allnl ) o b d' » ar N . ] -
MAY 4 ULAAWRYI83 pH wumﬂms@mu Sulphate ion 94 umnmonulu chitin LLAASTUA

A4 : Moret and Rubio (12003 ) .

o L = o =l d
1.4 msAn¥INIERadY Cu maeilaannafl pH 3.5 WaepH 4.5
AMNAINUAAILENTWNIZAATL Copper- 989 Chitosan (Han1MumAT pH
windu 3.5 waz 4.5 ndsarnandiuwly 12 4w wudn Binnminnsgadu Copper Tae

‘ 4. T i
chitosan MsLAU pH 3.5 ALANG1 NsZAY pH 4.5 (nnn 5)( Ngetal., 2002)
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Chiosan Adsorption Capacly gt
{mg coppeng chitosan)

4] 3 4 [ & 10 2 td 1%

Time {Days}

< g - : D [ )
PN 5 uansAnnieadu Cu Tne chitosan 184iufends luszalipH 3.5 uay
pH 7 4.5 Hswnaninuld 12 9w

#1 : Ng et al, (20029

1.5 A1 pH AinadensaaduNMNUNNY
QNN 6 WidRaIaIAT ok lunismaaastagnasiFuadliazen ¥
+9914 pH 3-6 WA chitosan LFHATIMNIZaL WU TiAY pHANAY 4 Huann i

nneaadU NANDY95% (AhmadAlL et all, 2006 )

— 100 = e
;5 '.‘:\_‘\"\.,
T 80 7 TP
a
@ i
o 60
S
2, 10
s - ar-- Alum 8.09A)
5 —e— PAC {6.097
g 204 . . s Ghitozan (0.699k
o
0 v - ' v . Y . \
2 2.5 3 3.5 4q 4.5 5 55 8 6.5
pH

] ] » L4 o ‘ﬂ’ o
DINH 6 LamInaTes pH Aantsnidananuisulaeld chitosan | alum was PAC

#1311 - Ahmad A.L. et al. (2006 )



1

2. AMANNEIINTagIgalunisgadulansmin

am = AnfFunninisaedugaaauetiuat pH ( maximum capacity of the
adsorbent mmol/g )
#iAa4 chitosan HuaFAa (gm )

b4

RNNTANHINLAN A7 gm 189n19gAdL copper A28 Chitosan arnldants A

2 1 . - = - ' ) <R 1 [:3 ) 81 <l .
Yiaeinda chitosan Uignialiasiaeg usitisatnalsininanldaralunismzen Chitosan am

<4 [ a ) d; =i o . - &5 - ] -
wWaenfeavirndufiewfisudeuiy chitosan 1igvsaliacieg ( 1R 2)

P ' or . - o - ]
A1919N 2 WARIAT gm 18INNIARTU Copper 11 Chitosan 13 nBsHAR1T

Afsunnums
1inresianady pH TS SVERET

q,, (mmaol/g)
aneradlalngiu 5 3.91
Talamn s tinue W 4,754 275
TaTnaruatineg 5 0,71
Talaanusdaidu 6 0233
wasnda 6 0.27

fun: Chu(2007)

2.1 AAINATNNTGIGR LUNNTARTY Copper
ATAIIN TN NEIRe NIRRT Copper ion” 1ot Chitosan (115147 3)

o

dafnmunn pH YN 35 LAE A 5 WUI1ATGo L2833+ b c, d, esdy f Y
2.824 2,592, 1.773 , 2.838, 2.596 U@z 1.807mg/g AINSIAU (a, b, ¢, d, euaz f Aa
MIABYNIATRY Chitosan ﬁﬁm@@i@ﬂﬁ:ﬁw%mwlums@ﬂiﬁ e (a) Hawaeynimviniy
250-355 pm ,(b) HauraBuntAnTY 355-500 pm , () HTureayAliaiy 710-1,000
um , (d) Hawmsyniminiu 250-355 um | (e) Jaurpayniamaiy 355-500 pm ,( f)

WRBRPAANNAL (710-1,000 um )( Ng et al. , 2002)
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=l ' » . . . o
FA199IN 3 uamIA Langmuir Sorption Isotherm Constants lumiq}mu

Copper ionlagr Chitosan

72U pH ANAINAINTNGIRA IUNIIAATY
96{mg/g)
pH =3.50
(a) 250-355 um 2.834
(b) 355-500 pm 2592
{c) 710-1000 ym . 1.773
pH =4.50
(d) 250-355 pm". - 2,838
(e) 355-500-um 2.596
(f) 710-1000 " pim 1.807

iU Ngetal. (2002)

3. AU29AINLTNTY
3.1 #au94d ‘Solid concentration
PRSIEIU Q1/30,” ( Q1 AB Chitosan 125% DD ) dszune 8.5 mg /mg B4
[ % -ﬂ' qi' ] o ar p dl & v J
Wudnadiuiinuaranigadnuiunisgady Sulphate Jon TauamalmtioNesQl lunis

N14m Sulphate ion (92% ) (NN 7 ) Moretand Rubio , 2003 )

2500 100
{} ° v
2000 1 4 80
v 3 o;-:
= 1500 160 2
" I —— Adsorption =t
o~ 5 2 =
S 1oof 2 15047 140 E
2 ¢ R
500 + N -4 20
0 [l M 1 1 (] < O
0 5 10 15 20 25

Ql/SOf'_. g.mg"
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A 7 uamanansznurssaudindues Chitosan sian1egady Sulphate ion /
A1 SO,” (TN 2325 mg/l pH 4.3 + 0.3 13817 Chitosan A&
Ny Sulphate ion 60 min

311 : Moret and Rubio (2003 )

32  mavasAntnduressglavewindamsgadudanFaufsusening

wlaannsuazilaany
annismsanaulanzlessu 3 alia Aa Cu , Cr , Ni nudn chitin 193 uae

chitosan amailfeniaiusafinda Cu . Cr ssnanniniilanzdsiy 20-100 mg/ 1§
NINNG1 93 % anafta 99% ( msnefl ) aBmareerineides chitin Anwdendadtetiun
fdp Cu . Cr FaBenl#my chitosan | nuldeny Sailw polymer ae1edluninin
chelation 12381AlAMENTIMEEU Ar0iu N Sdsz@vBaswmsnidalansuansteiuatis
_Lﬁu‘lﬁimmu(mm?ﬁ)Lﬁudﬂﬂ?ﬁw'ﬁmmm chitosan 4Ny AY183 UsEANTNINNIIAAR
Tauswiin (%) 8tfulsyarios 82-99% luanisd chitin annffafiinfanda adsswing 44-70%
asifiuinAraaudauduass N fiaduan UssBnaninnnsiidntansmin (%) 19911AeNy
analiinmilefenuidendsianasnnn usidndeus Arsdniui i uaes Cr
100 mg/! agiuanmsdnad UssRnsaannasiosmlansmin (%) Tetldendsaz@ings
dladeury dssananmnnsiisalansmin (%) ammidran geuArasdiduduaas cu A
189 Usr@viiamnaaindntanendin (%) vadrifentuezildaniaslbidfautdanyinlain

' . P _
WafisuiumuEuduiANIu Chiiet al. 1996 ')

3.3 asufEpindisuAiuainisnlumsgadulansminszuiradfaniuas

wiaany

WavmsuFaufisuanuainsatunisgadulanyleasunia 3 Aa Cr Cu uay Ni
3 .. 4 9 =l ) o ar % |73 L4 [ o’ dv

wudichitin aasdentsliausrunsaisudalunisgeadulaveswinldnuadudeil Cr >
Cu > Ni luanii chitosan 1eut@enianuainisanisgaduag® Cu > Cr > Ni
AYNATNNTDIuNNeRAdY Cu chitosan aaaeny@ndn chitin aesdenfufisudnides
uslunnamsaindrumsgadu Cr luwdandeaz@ings dau Ni nsgadusenl@ansndn
o <4 v o a’l( v 9 o a & o
unuraslansigngalasilaendaasiiuuinivaiuaanudaduniinivreslansmin
uaasamdNRusihudunss (nwdl 1) Amusssaagansnlunisaaduans chitin 189
uay chitosan 1 nfu wan1sgady Cu waz Cr asfimamdudufisniuann 20-100 mgiL

=% W o a2 . - o . . <4 3 .
Dausiazdalaitiagn maximum uafiRndanasasdu Ni 1w chitin aesl@ands uas chitosan



Sorbed motal {mg/g shrimp chitin)

14

seatldanyifiananududures Ni AinTuan 20-40 mg/l wa 40-80 mg/l ( Chui et al. |

1996 )

—x—Cr
——Cu

-0 Ni

Sorbed metal (mg/g crab chitosan)

20 40 80 100 20 40 80 100

Metal concentration {mg/L) Metal concentration (mgiL)

= ar " .
MW 8 7U A uamearuganasnlinimady Co Cruay Niaichitin aan
wWaenfa

U B uamspemmanosnlunisgedy Cu .CrusNi 384 chitosan any

31 : Chuietal.{ 1996)

msihlanzuinuazidfennanavuilg i .
1. msldasaaiiladudazninman Cu uas Nireanaaildants wudn
waenfearnirafads Cw eansnminifasnnnin 92% uazanuisoozdielans

winanuasnfandunn4ls 100% avn-Acid-copper 1duduii 314 mg/ uaz copper

pyrophosphate 1dudufl 148 mg/t widse@nsamlunisiadnean uaznisunnauun 14l

F981989e Copper cyanide YuilAEendn(®151905)( Chui et al. , 1996 )
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<) o o ° o ) 1
AN 5 NINLEAT NITNIRALAZNITHN Cu NAUNA 1T ludannngsuaunig

Electroplating rinsing water  WnalflusAumiludoulsznevutas

Chitin Turfs
isrdnsang
ANTBINTIAA EDTA
1) srdndnn lunisunlane
smueeans  Culll)conc. Tanzuwin Tunnsnnan min
(mg Cu/g
N (mg/) chitin) Tanenin(%)  nauuntdlun (%)

Acid copper 313.7 3.02+0.5 96.4+1.4 100.4+1.8
Copper 148.2 1.36+0/1 91.9+1.5 - 100.2+7 1
pyrophosphate
Copper 2123 1.37+0.3 64.5+1.6 62.0+5.2

cyanide

fx1: Chui et al ( 1996)

2.msldas EDTA
ANANTUAChitin 1a9%UAans wae chitosan 1aadeny luvnimeassgsdu Cu

waz Ni WAMsaunsTLIuAns Electroplating rinsing waters tagm 19619822 EDTA \fia
fh Cu uay Ni agnainilfanfs ussaldeny i Cu e N AUl wudy
awnsnas Cu uar Ni agnamidandausy smdunaldlwilete’ 80-100%  wsidudu
chitosan 7891] #5011 Cu as Ninauun l4luslld~66-100 % n1sld EDTA iadanlu
nh Cu kaz Nindusnlmiiy Svldanmasndulanzwiniagld chitin uas chitosan
sesilanfauesilienyfidnduiansmin amnsnidslulssnvgaemnssy duinldess uaz
lvgea ustednalafinnn sl EDTA fdafidadninvie deaniuedludulss@ninings

laianugod waz despamaawmamaisBu( Chui et al. , 1996 )



d = L
A919N 6 uanaLlss@vinnreanisld EDTA lumsinldilaends uaza/fany

o o 1 yai [ v oo ]
windun M nllinssauanududuaacdanssing

1se@nsresEDTAlUMMN Tauz Tanzminnaunn 14

drnnseslansudn Twsl(%)
(HaanFu/Ang) Talagulunlaany lafuludaands

Cu (i)
20 88.6+2.9 CD 100.7£1.9 A
40 83.7+1.6 D 98.7+5.9 A
80 749452 E 94.0+1.9BC
100 65.946.2 F 98.9+3.0 AB

Cr(th)
20 8.5+0.6.CD 37.1+4.0 A
40 42+0.1D 334%x5.7 A
80 15.0+53 BC 20:014.1 B
100 14.14+4.8 BC 20.8+2.7 B

Ni(ll)
20 100.1£5.5 A 92.3+3.28B
40 99.6+3.5 A 80.3+30C
80 82:7+2.2C 97.6+4.6 A
100 95.9+3.0°AB 91.1+3.1 B

: Chui et al. (1996

16
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A1nTanazIsng

2.1 DI (Deion Water)

3. WA (Cd)

atnsoi

1.9ninaf

2 1hils
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4.3N879
5.aa11l9%
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9. finsnanann
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oo

i)

LRUNTITNARDY
o = e o =l -4 v ar cicl I
‘ﬂ’]ﬂ’lil“Vl@I@'EN‘L]Szﬂ‘/lﬁfi’IWﬂ’1ﬁ‘@'Wﬁuﬁ’]?LLF’]C’WLuﬁﬂﬂ]@ﬂtﬂﬂﬂﬂq&uﬂﬁﬂ@@ﬁ NUNAABR

magadu lneudanisvaasuds 7 mmases A 1. ulsuiieuasuainisolunisaaduy
= <4 Y oed o =t Y [
arsuanilznranddantfidiunszusimemiaaiiaialalngwuaslsitiiunszusunis
naualusdy pH 9137 2. daeszevieanfivaaausalunisaadu(Equilibrium time) 3.
nasBInaIRitRAtkazAIi NI uIsIaTuAnlsLRiTnasan IaadusB L iAente 4.

yaassrwsrasldaniaiuansaiuilnadanisgaduansuamien 5 MAAIHATE4

]
-2

unnseaddandeddnasensgaduamasniion 6. naasstssAninmansialifidans

q

| <4 ;4 ‘il v :: o 3 o
arsumniianaanainidasnge taseaildainnaairaasisnnnllindinisgaduans

¢ o W

wanLilauAatATe LA a S Alomic Absorption /Spectrophotometer (AAS) meau’m'au“amﬁ

1ﬂﬁﬁmmmmmmmlum?@ A UAY TUA AL B ULATEINAIATIZ AN N9 2 DALLL(CRD)

NARDILLIL 3 T1

FEN1sMSNAany

1.msiasEdllannis
:Il a =4 9 b 73 g djl’ A dla 1 9 :// o ]
dunsnddaaniunansin ugsinsidsiatnnnadaen Wnue-antuiiaen

1 v 1
Hesnann s inesinhliddunaus st

= <4 14 -l =
1.1 Lﬁ]5'?]1]Lﬂ@'ﬂﬂquuquﬂ?zﬂquﬂq3ﬂqﬂ!ﬂ“

11 fwdidenialy %50 Mnaaulansanlmuiinings 1,000 Hafans 1 A

L d v
= (Y3 0 o

:’ 2 2 g N 2 + 174 2 g
FINUPKWIBENA2E1EN DI (Deion) ARAIHUNILADY LAINUI DI 919 813 170U 3

AT

1.1.2 anntusiilfenfsldeyuiignimnil 100 assaidnauu 3 Su

1.1.3 anuinddende Tuudlu 5% lalnasedn wiu 6 falue

114 anthudnadan 1 DI udamie 10 3 A

145 aandu bdRandelluile %50 tndeutaasanisfludnines 1,000
faRans 7 HOUNH 90 BeAIAEEA WL 6 dalua

11,6 Antiuinnnsinadoenin DI uazdfuen pH 1vinriu 8 e pH AIRITNEN
DI s antindendeldmnlduds Wiuldtnines wieddunmasestuduneusell

- < v oMoy =
1.2 Lﬂ?ﬂﬂtﬂﬁ@ﬂﬂ‘ﬂ’ﬂiﬂﬂﬂﬂN’\%ﬂ?:ﬁﬂ‘)ﬂﬂ’]?‘ﬂ’}ﬁlﬁﬁ
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1.2.1 dfdenfafinnudaana Uil goumnil 100 ssAnsaides wiu 3 Ju aandu

wifaenieanue wirenldlunmaasludunausalyl
2 MAATENAITUARLNEN
( WnamaaeIAINIRsg1LTeY uAMKaL 0.5488 nu/AN DI 100 Haams

2.1 Fnsdads uamien 0.5488 n¥u avantlutia 100 Radarsluiinnefauna 500
d88dns nouarslaelduAnainefise azldmuidnduaetarsuaniiion 2,000 DaRny
AOART
3.uffpunfisuanuaansolumsapduansuamissueasdanisfitunszurunis
matatiuazlaEuNszUIUNSMALATILGEAY pH 71 3-7

3.1 wmaﬂmﬁﬁﬂﬂﬁ:ﬁ'chumxmum?mqmﬁ?;szﬁu pH 3-7

p I 74

3.1.1 wirsnBupsasuamiley 550 Dadans (Midudugas 20 Raaniuang)
3.1.2 wnssuamieigtninesaune 500 o lddmnefay 100'mi 41w 5 1u

3.1.3 anniluninasts pH arsiaslieniiseay pH- 3-7-atnsasiininad

3.1.4/ s aRe Nt unss L BN snIRAN TR0 0,035 14 flast wanadn

q
'3

wresaenieszAupH Az 3 11
et =l /e ¥ w { A iy Iy

3.1.5 anuwAnatsuAmienTLiY pH Ludalaasle flask Hiulaenis flast sz 30
APRMT

3.1.6 anuuinithagasasrzaaeiduman 24 salug

3.1.7 shuadasn pH AR watasyn flak

o =l < [ S £/ ] -
3.1.8 nanrssesansiaaliemiandsenfianndnediinses ldaamanaiafinas 12
HARANT

3.1.9 uwdrn lnesasalussn 2 vean Tuwiesses 2aimne

3.1.10 andwilldeRaaruandauiindeainmisaadurensfanisendes

Atomic Absorption Spectrophotometer {AAS)

T
=

3.2 nepavdaendanbidiunszusunitemamiifsydu pH 3-7
o o - o @ a3 el
3.2.1 dusaulumaneseuiuniiawiuiunisneaaui/dangefitunszuaunismia

il (Aowsnldsudu@endsilinszuountsmaed )
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4. wﬂamﬂammﬂﬁqammuaxmﬂmm"uﬁ'ummmsuﬂmﬁﬂnﬁﬁmaﬁamsgm%’umm
waanna
lunsmeassarldanududuresssuaniioud 20, 40, 80,160,200 ppm. WAy
faaaanlunimanesagd 0, 0.02, 0.04, 0.06, 0.08,0.1,0.15,0.20,0.30 , 60, 3, 6, 12,
24, 48, 72,96, 120 Falu
4.1 nosasnsuaniaTiaudud 20 fedniudedns

4.1.1 wisnansuamlauaadndud 20 Sadanfusedns 5unes 850aAAMs

4.1.2 Bnasupminuisiend 250 fadass Wiinines 500 faddas 1 1y

4.1.3 Tuissarsuandoudasudnamefisa wasdfudn pH MHwinriy 3

4.1.4 furRenfa o3 ns _

4.1.5 riaumanasasligasasuanidisnivld tube 12 TaRAR3 1 Maan

4.1.6 mn&u’teﬂﬂﬁmr’j«mlnaﬁsl,z,ﬂmﬁﬂw‘/’;ffuﬁmumﬁnmmm’m

4.1.7 Wpnsnas dietaoaneiius uuses e WS e bH TiAsuutlag

niauriugaatsuamaitunzaalfentesen ldas tube Wiiins 12 Dadtas ludouosiaz 1

n{|m

=1

4.1.8 MMSNLRRDTNMEN 0.5 falusnd2linimmaaead i 2 de lnadunay

nMInasasniieuiuiunIMaaeslyy Gaksn
o . - = T ¥ v - = P .

4.1.9 | mistlvmdgiasuanidtuinti fantedssasansuing na firandn g
AELNBINY 97 1 AT 39 2-aunatesoaNnanua s azdasaandaninasinen pH #
wasuudaslunfasiugasasuaafoynsentdendsasnld tube linBuans 12 mi vinau
AU 12 99lue INUNaNIRUALTILE Y

4.1.10 iharsuamileuitsiddsntndelitedrasadazfiunalinld flask uda
W ldhuvdssdaarsasthinicted1isedias

4.1.11 diethavdesasy 24 4alue tarsuamienlidnan pH uazgassuandles

L4 ]
S ol

nsasilaandeesn anld tube 12 Nadans Wunasias ¥ 1 uay 912

p =l o

4.1.12 amhahansuandisnfudifendendehifsnarfaafunaliinla flast
udnh lthawiesdaeiasreatihusieseenasniila
. 4o, XY a o ¥ ¥
4.1.13 Mn1enaaesini 3 Ae Tefureulunismasauniiowiy 47 1 uaz 999 2
4.1.14 diafluwReansupsifieniusnlfendsfiend 1 uaz 599 2 Seteaaiinivus
AR 48, 72, 96 uar120 Falus luwsazdaaan 191N 93mA pH LALANRITUAALTEINNTD

wiaenfeaen gald tube 12 Naddms LiLNaRITNT 1 uaz 912



21

o o a Y J o o ¥ ¥ R 4
4.1.15 YIN1IANTUNARDITIV 3 IBHBUAL 49N 1 LAY 91 2 WaLlienIg92ani
hd v o <5 g AJ ’0’ or d' 1
AMMUA IIALARMNEY 917 1 WAL 12 AINNAIINT
dll & %:1 2,’ v o =i b 73 o~ o sSas
4.1.16 Wanuuansunati 3 lWuansueslisnuiveamaansa uaAsn (0.2 vagaams
A1 DI 100 fadans) 2 nam wdamnistiuldidai fosasasamns
4.1.17 i lladrersuanfleniiindaainnisgaduainulaentefaniaes Atomic
Abscrption Spectrophotometer (AAS)
4.1.18 Tuntmmaanmagespnud uduiissduanud uduresasupmianluss s
20, 40,80,160,200 #adanfusia@ns ynauiduduazinn smaaesuilauiuynduanau

nsaan Wous 4 2.1.1-2.1.18
5.A8L UNALAENR tadillAenininasamsaatussuAnL e
5.1 nARaU AR BeNURANN

5.1.1 WulFanfeTatteniidoiAiey

5.1.2 tii@mm:fuﬁfnﬂﬁ@nﬁdﬁ'ﬁumﬁ‘ﬂw’f'mmunmﬁ"ﬂummm 0.1,,025 .05,1.2
Fatiuns anasu-nnfautsunsinssunnlnniten |

5.1.8  wittsdIsuaeien 1 DI imeasidad 20 Sasnfudedss (asonls 500 1
AQF9) UTU pH iy 3

5.1.4 Suldendaiseuldamarneg wudluatsuamiaaiieaaaly lhesasmdou
waenfuieansazaqunamiion 0.03 nFuse 30 fadng MaGEIIue6T 3 17 (iFuansg
uamdlensaduld 349) siasadndliaan 22590

5.1.5 dar1pH ey e (@atfuiing wiannuiusaadrsasian ey

fildannisudilaandsluusazsuialngnisnsatriaudinnsaaivld tube FAaatnsaz 12

ARART

2

5.1.6 ansimnasieainmaansa WeBn (02 Seanssiann DI 100 Hadng)
2 weip udavnnastuldidniu daganmng

517 ilifaArnasgaduansunmifioudaniedes Aomic  Absorption
Spectrophotometer (AAS)

5.2 nadau Ha raulaanns
5.2.1 dafaenfs ifunni0.01, 0.02,0.03 ,0.04 ,0.05 nFx

5.2.2 wranasuanLienluil DI Aaoududy 20 Aadnfusiaasns

(wezenld 500 Tadns) Y5u pH winsu 3
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523 dndAenfudazaBuiosnutlussuandlouiistonld edsurnadien
flesteansazanauamiilon Bunniay 0.03 nfuse 30 Haddas naaafuas 3 41 (Fy
siupmdiadaduly 3 9n ) Mmsueinliasn 24 Falua

52.4 3pA" pH V{Lﬂéjﬂmmm(%ﬂuﬁn) wianfuifuseteasuam oy
nnnisuduldendelunsaziuralaenimeasioufinges  uatsazarouandionly
ARLNNAY 12 NAARMS

525 anvuiasuandion neansa Tussn (usn0.2 fasanssann DI 100
finaans) 2 wen udanannstuliidniu damnamns

52.6 urlUdn ﬁ'ﬂm?@mﬁ'ummﬁmﬁﬂué’faﬁm‘?"m Atomic  Absorption
Spectrophotometer (AAS)

6. MasamsuARLHgNaanaImL&an)y
6.1 IATeNTFIF 1M EDTA, 1M NA,HCO, 1M NAHCO,, "MH,S0,, DI Water

6.2 wisgmildentuaasasareuaniiion. Wilnanil@eandsiat1aas 0.03 nfu
' =l o ooy = L - A o § =
AagnTarafauAnLei 30 Hadans (uamiandudu 20 fadniusadns)

6.3 issenntlaeniesearsavantiandian 5 Aoty Raraeenags 3 97

6.4 LATENRTATATELAALTEIN A 5004400 Tanans (WAL asdudw 20 fadniu

i o

28m9) U5 pH 1¥vinAu 3

6.5 iuasaraneuAndeLiaunaaasly 3 naseaenay12 indans

6.6 Hutldangldasiuanzazanaunndios wev2a falis

6.7 ﬁﬁmsazmmmmtﬁﬂuﬁuﬁtﬂﬁ@nﬁwﬁmm pH

6.8 mm‘i’uﬁqnﬂsmmmﬁﬂnﬁwan diuarsaraqaldrotlanifiunagaz 12
faadns neansatusin 2 wes wdanonarduliidaufeasmnsudairluugifuseaus
sntutiaenfaifaeduuiinseds drmuslues meden iy s 1M EDTA, 1M
NAHCO,, 1M NAHCO,, 1M H,50,, DI Water fatheay 3 sagnudluam 24 $atus
6.9 vnitunsaatldenfieandaedinses iuansietnaas 12 isdans
6.10 faAn s adu anzazatsuLAnanazatsdaetnIfaniAtes Alomic

Absorption Spectrophotometer (AAS)
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mstiufintaya
TUANAN pH 4ainEYNARINeALNANITNARDY NN NIINAAE

nMsAlATRdays
1493 0UWAN 1WafiFunIsANaRaSHARALTIEY

wWafiduninndnans (% Ruasiiistemove) = (Co-Ceq) * 100/Co

4, pry \ - a o o -
WHaAY % Remove A AUASEUNITNIRARILARALHEIH
o« [ 9 v :f 9, -l - LY ) e
Co AR  ATAIINITHINITNRTTFARARLAALNAN ( HAANTNFADARNT)
- g o =\ | or - "
Ceq AR mmﬁ‘uﬂmuﬂuwma@mnma‘qm"m‘lﬁmmﬂﬂ@ﬂqq
(NARNIUGEART)

2.ﬁ’nmumﬁhmmmmsn'lun'ra‘qmﬁi}”uma‘mmﬁﬂu
f-ﬂ'ﬁﬂfmumma‘mluﬂ%‘@miu (a)= (CO-Ceq)viwv

dl ) =i » ar o)

WeRY g PE AMRIINANNNZ0 UNTART LIRS (Ma/wpRiditing dry wt.)
<4 ) i :/1 9 =l &soa o 1o

Cov At ATRITNINTHIBIRSAIAULAALLSN (HARNIUABARNT)
P ) P L y o a (e
Ceq AR ﬂ’]ﬂ’l‘i‘uﬂﬂLﬁJﬂﬂJﬂL‘Hﬂ@ﬂgQ’mﬂ’]‘i‘@ﬂﬁiﬂtﬁﬂL'I_]ﬂ'_ﬂﬂq\‘i
(Haanfusienng)

E ] ' = a o e 1a

AR ATLTUNATIRIATTLAALNEN (WA NTUADART)

<4

A

8 AN18IINMRNEa (g) x 15000 wi,

3. ¥en pH Gusuuay pH qaving, ANUFFUNITNITAANT UREATAIITNAINNTO I
mi‘qﬂe’fumﬂmmﬁﬂummmmgﬂ

4. fhenresrneisaendefifunisindaas uazuanliaunaTaIA1AINEINNT0
Tunsaeduarsuanfinnluusazdseannsdudunavinnes

5 daudayanadadssenefifunisitdaatsunmilaunaznaresdn
ﬂ'm:umms‘n't.um?@mﬁ'um?uﬂmﬁﬂulums‘wma'awyl"wum UNIATIZAAINNS
adfmnArAssunasBautauAedetiszauanmde sy Taeldllsunsy

ABuNLAaY SPSS
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=l o
AONUNYIIMITNAADS
= = 'y =i o =t
NIATTIINEIANEATNITUTENS AndzinAlulatnisineas aonTwvalulad

WILABUNAUANANMTAIANTIAI

TTEZLIATIUMSNARDY  LABUASIAN 2550 DaiRE e 2551
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NANSNARDILASIANTOI

as - L N
LifFaufisuanusansalunisaaduaisuaaianeasdfsniafiiiunszuauna
(Y] = ' <l [
Lﬂﬁ(ﬂnm'lﬁTmmu)LLazLﬂaanﬁqﬁ'lumuﬂizmumsmamﬁ fiszAU pH 3-7

Han1saLAITInI sl auiauA e s luntsgaduasuaail snaanainin
Auduanviraaddanidfianalalnruazlsladnlalnanuluwsassedu pH Auansnaiu
1 L= 9 -ﬂ. [N o d’ o al )
wudn wdenfenldinunssuaunisanalalngu fszdy pH 3 fAmuatunsalunisgs
duansuanllongegainfiy 17.08 + 3.75 (mglg) uwaziiszdu pH 6 vausldanfiefisinu
nszuaunisaialalagu darpossiunsoniseadustsuanadlantaegs indu 1.75 +

3.75 (mglg) HanNsIATITinAEna-wuaq ﬁﬂL‘iﬂﬁ”\uﬂmvﬁ(mﬂmmL:‘Iﬂu)ﬁﬁue-ﬁu

oH 4-7 lumsmaansvasdaanfafiduncsaiatalnmuuaPiitaunsaialalagiy el

q

o as

Ao N9 AR LANT lkaRTENARN A s E el A TRy 1R RA(RN19T 6

WATANTN 7)
o =l
1.1 93A1 pH FMuNZa N
ANNNINARDIAY La'aﬂl‘nLﬂaﬂnnwiumuﬂs”mum'smqmu mmmmﬂaﬂnnw

UNNEITUNTZLAWNT mmamw%nm%'[mwwumu’mumﬂ@@nmum NITANAAAAITIH

Fhanthe iR Snmnawiede snaannns I aRanlaa fenta s nsalalama

an Ananansansd adegludsandisanteliidlalaginysans Anfluntsduddss

AP AR TIGanAfaLNIINARaIIa(Chui et al. . 1998)MnaaaatFeiauns g

e

laRuanuldenfaiutalaeriukani gadu Cu, Cr /Nivwudn dss@nianaeslafineas

widenfeazaedu GuyCrNi IadetindadianFenifitifulalna udansusszansnm
lunisgedulndiAzsnn wazsS#iu pH izl hinanaasdisnaladeiy An pH 3
ilasaniussy pH RnsnZeafenasgatiansuandetuesimauan s lunsge
%uﬁzgqegm Janemp&aaiu Moret and Rubio (2003) inmaasiladeassrn pH filnase
sr@ninmwlunisgady Sulphate ion 6 50,” Budud 2350 mg/l 5LAY pH fnmasan

5.8 19817 Chitosan &ufiar Sulphate ion 60 min FanaaINnTNARes WG ST pH 33

AAasanutsalunsgady Sulphate ion 14geTiga uaz(Guo et al. , 2004) #ildinas

o

naasnhlafunigady e, uAalinnuazneIwas #udnRseay pH 3 HAtANaNIs

]
[

Tuntsaeduiinfige



<] ar 2 i '
A9 6 uamsauatunsnlunmaduatrIBLAmisntasUaBnie i unsT LIRS

mapilluseay pH 91 3-7

i
o ar

* sdnesPsaiuluaeduiiAaaiy nunet Tanuwansisetniteddnyniada
wWeddusinis  Anisgedu
499 pH ANEA (mg/g) pH FuFY pH ga¥ine
pH 3 90.09 + 0.37°  24.07+1.44° 3.05+000  3.09+0.04°
pH 4 90.83+ 0.37% 19 11+ 1.44° 2014000  4.13+ 0.03°
pH 5 90.814 0.377 ~17.52+1/44%> 498 + 0.00% “5.01 + 0.15°
pH 6 92 24+-0:37% 19106 4/ 1.48° 11 5767000~ 577+ 0.12°
oH 7 67.86,2.0/377 /|- 19.20 A1 44° . 7072000 . 666%0.12°
(P<0.05)

=] ar = Pl 2 dl (o
193N 7 LL@@\?F’IQ’]N&?N’]ﬁ‘ﬂlﬁﬂ’]?@ﬂ‘ﬁﬂﬂ’]ﬂmﬂLNEI?J‘ﬂﬂQLﬂﬂ’ﬂﬂf}\‘l‘ﬂiﬂN’]Uﬂﬁ‘ﬁU’)Uﬂﬂ?

aadl lusedy pH 7 3-7

wlefiausinng AINNZRATY

499 pH nan (mg/g) pH Gunu pH gavine
pH3  91.09+0.05° . 26604 1.44° 300 £ 0007 3.70+0.10°
pH4  9083+005%  21.60%1.44° 400 +000  3.89+0.06°
pH5  90.81+0.05°  19.40 + 1.44° 500+ 000  5.39+0.28°
pH6  9224+005% 2080 + 1.44° 6.00+0.00  6.82 +0.06°
bc b e

pH7  99.09 + 0.05 2100 + 1.44 700+000  6.94+0.11

]
=

* BaBnN®INe

(P<0.05)

wiulupadulidaaiu nunets JanuusnsetsldedrAy st
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2. parasnslasnna

anmsnaneslduldandafianie 2-0.1 mm lunisgaduaisuailon wudt mna
waende 1 mm TAndefiduflunmsiidnsrsguenidlougegn tinfu 98.67+ 0.05 uazilen
AINAINT NIRRT UANSGIRAIMNNL123.47+ 1.19 Lﬁmlﬁﬂmﬁﬂuﬁmmmﬁhﬂmm
waanfalunismanes dauddandeiifaug 0.5 mm fAndefifuinnsindaanstand
waoLilenugafl 89.48+1.20 werdiArannanuisnlunisandusiianfigauamiony
114.19+2.32 AN AT HAIAINAINIT0 LRNN9AATUAIT HULAALTI NI 2UIAT9
:

wWaendelt 2, 0.25, 0.1 mm TArauanunsolunsgadussupmiisuliuanareiu

] =l or ©  a ] ] ar 3 = o © a’ a]l ai
DUWUULRIACULAUAULANAINUBUIUUERIATY NTUA 1, 0.5 mm {M19197 8)

<l = e =i 4 ti' 1 s#' o =i
A1919% 8 uamtsrdvEnmesudaenfiivwissing ildluaaduansuaniiien

175 AINYTARTL
mm)  wedidusnisniean (mg/g) pH sl pH aaving
p) 96.9440.61%° 120.7240.22% - "3.01+0.00 | 3.43+0.03°
1 98214 0.20° 424,8246:59 3012000 | 3.51+0.01%
05 96.28+0.86 115.50+2.43% 3014000 | 3.61 +0.03%
0.25 96.23+0.65° 123:4641.11% +3.01+0.00 / 3.70+0.02°
0.1 97 5430272 117635423 3.0110.00 3.78+0.06°

* adnesnsniuluassuhasadunuatiedanuianeisddnsiide s Anynig

4DiR(P<0.05)
3.ansasfiinoudfann
nmanaasslfidaandalutFunn 0.01-0.05 (g) lunseaduarsuamifian wuda

widandsfinfuins 0.05 (g) HAnefiduflunteindassnnuandofigainty 94.68 +
0.30 dawlAandafiszAuiaunm 0.02 (g) e fiduunsindnarsdengauaniend
WAL 69.33 + 0.15 drunaansmanusnsnsnlunisanduaissasaldenuamiinugs 7
szavfFune 0.01 (g) ﬁrshmwmmm‘lums@m'ﬁ’ugaqﬁﬁwhﬁu 41.59 + 4.56 (mg/g)
dqum%'anﬁq?{szﬁmﬁmm 0.05 (g) ﬁr&hmmmmmiumsqmeﬁ'um?ﬁfaﬁ“?{uﬂmiﬁﬂmgm‘?i
WY 1127 + 0.12 (mg/g) AnnsimszirasesAefifumlunieindmsns fiszsu

uasldlanEnuaents 0.01-0.05 (g) wuindefduslunteitdnarsuaniianilaong
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] ar

wansinafuetsldedrAtynsadauazAtanuariisolunsgadusnsissiuuasiiieny
annnulaends 0.04uaz0.05 (g) LiflaanuuandnstuatiredhindAyusdanuuansneiu
o

agidrd Aty sesuiFunnadaents 0.01-0.03 (g) (A15199 9)
3y d

d = - i 1 H -
M99 9 uanslsr@nininsssfendesfitFinmsneidluaeduansupmiion

uw.laens ANNIRATL
(9)/30 ml % remove (mg/g) pH G pH gAving
0.01 88.46+ 0617  113.11+022°  3.02+000 3.40 + 0.05°
0.02 90..49 + 0,20% " 115.32¥6:59° 3.02+0.00 3.45+0.05°
b b b
0.03 9544 + .86 121136 £1.31° 302+ 0.00 361+ 0.04
0.04 / /" 97:27+065°% 12355 £1.10° 302+ 000 374 + 0.05°

0.05 98.01+.0.275 12576 ¥1.23% [31024.0.00 % 13.78 + 0.23°

ar

* fadnmspnaiulupadulifeany wuteds Haaauuandrsatneidoanfrunneads

(P<0.05)

4. HAURIAT TN TUFNAULBILAALT
4INNFNAGRINA TBIT A A s T uapsgTsunm ieudan sgadutes
r ] [ P 3 Y <l -a' 3 Ve o e e e ] 1 dl
waendeienudndiresarsuanflenEusiiniy 20 Dadnfusafans Aidn 9099817 3
folus arsnsnindnralseenagnuARRENINUIEEA AR Ligaqaa 8466 % dauNanIsan
o d‘ s 9 =i' o= e e ) = ’ ] al' c:d o o
fuinnududurasansi 40 fadnfusrass »udd 43919019120 Falaaunsanidnans
sanauanlituindednaedligmeiy 4566 % doutanisaaduiiaonudnduracans
=l a‘ o o o - v ] d. olr o  a =l
uAAENNS0 Tadniusiedns wudl doaaa¥ 120 dalusarunsontsaansaanaumaide
v 1] 3
wnidasnaneldgeaniie 85.32 % dounanisaaduiaududuaesaisfuamileon 160
Tadnfusadss wud 12389 120 Falananunsnnidpansasnainuaniilautinieaiaed

- o t

#geqm0e 95.64 % daunanisgeduiinorunduduresansupnidlen Aliadniusedng wudn

“ 9
&

] J 14
1aai2a79 72 Faliarnsoindransussileneananundudnaedldgeantc 96.71% dou
o ol [T | ¢=lI o o o Ve ' ' -
nansgaduATNTuIsasuamilani 200 Hadnfusedng wudn Faae8R 120
dlwmuisanideansuandsusananunfedunsefligegaiis 98.97% (nnit ouaz

d' a-l' < ) dll T 7 ] nl c‘ﬂ}
NNN10) “N""’)’]ﬂﬂﬁ‘ﬁﬂ"}&ﬁu"ﬂLN'Elﬂ"J"rNL‘IlﬁJiIMﬁ’]?LLﬂLLﬂﬂLNﬂNZL'Jﬁ’II.WSJ‘IIUﬂ’}’lﬂJ’&’WJ’}i‘ﬂlu
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ar Py 3 1 o i o °
mMsgaduasaninTuAeTIaeAARBITUNIINARBITBY INTEY, (2540) NNIN1TNAGBINN
laRunazlalnrunigadu laflsuuazazinfanudnileanududureslanzuazdaaan

X oy e g d 3
Wnauazi A uatsns lunisgeadu lalisnuasneiaina

g value
600.00 -
=)
2 500.00 |
&
g 400.00 -
=
g 30000
e
2 200.00 -
e
2
£ 100.00 |
G
0.00
=l ar
NINT 9 Lan T
20 ppm
40 ppm
80 ppm
- 160 ppm
120.00 :] —x— 200 ppm
a?_ 100.00
€ 8000
£ |
' 60.00 - &
2 40.00
:.'5 20.00
-8 X
0.00 % . : A

0.00 20.00 40.00 60.00 80.00 100.00 120.00 140.00
2Ar95zuziIa (21u)

< J o o i o '
AN 10 wemsAntlafiduinisnindnasuanilanraudfenisiiszduanaududusioe

] N ¥ o o ¥ P = ) 1 Y o v L4 1%
enansiluenansianulidmsunisidauienis@nwvingy ldeusnliluldusslevdsunisen

lidnsdilagiiadu Snviavnuiilvdnulasiient wazfasadadadvesenalsynasaniinisunluly
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5. AaURIATNTUE A UTDILARLITE N
AVNNITNARBINATBITINIAWAT AT NS UrRIa suAm Tl andanIsaR T U9
waend
fenududuresaisuandauGuduiniu 20 fadnusiedns nudn daanad 72 dalia
annsaindamsuandlenaenaminidediaedlégagniia 87.90% daunansaa iUy
Fuduresansupmnd 20 fadnfusedns Wit Gaaaani 72 $alusamnsandaans
Ltﬂmtﬁﬂnaanmnﬁmﬁ'ﬂ%mm"l,@i@qegmﬁq 94.59% zdaumam?@m%nﬁﬂcmmiim”mmmms
ALl Eud 40TANFUAEART WA TratanT 120 Faluaanursoindaansuaniiadean
amnidzinaadldgednils 96.71% daunanzgpduiradiduresansusaiflond 80
fiadnsusiadng wudn datiaaait 72 4alsananson TeRa suaslEnaananIn A Banas
¥qaanila 98.92% daunansasduiinanudidutasansuniiond 120 fafnsusadns
wudn 429987 72 %‘immmmﬁq@”ﬂmmﬂmﬁﬂmfaﬂmnﬁwLaﬂﬁﬂﬂmléfgezg@ﬁe
96.71%  daudaniseadiinias R tuTasAtssRadi 160-Hadnsusiedns wudd
Fa09an7 48 3 lues A TARA R ATIRELT NN NN AEEN AT W kE GegaTe 98.97%
(PN SUAZANNI10) A9aanns WAz ILINEAS I s s AL L LaY9a L ALY
ﬂ’]’mﬂ’]‘u’]‘i’ﬂiuﬂﬂi‘qﬂ“ﬁ’nﬂ'lﬁ‘l,tﬂmﬁtmﬂzLﬁu'%uﬁqaé@ﬂﬂﬂﬂﬁﬂdﬁﬂﬂ’]?ﬂﬁ'ﬁ'élxi‘ll’ﬂﬂ LA,
(2540) ﬁ'ﬁqmswmamﬁﬂﬂﬁmm:Iﬂ‘[mmumqmiu TadianiasazTaTanusnie Ay

2 1 + 4=h' f-‘!ﬂ’ o k74 o’ a‘ n’/
iuduraslanziasdadiann mmm:wﬂﬁmwmmﬁ'nlum:‘qmu Tallguuasnein

- X
PN
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a

)

&

w —e— 20 ppm
c

% —a— 40 ppm
v 80 ppm
r':_‘z -z 160 ppm
2 —x— 200 ppm
e

a

[y

@

1 3 6 12 24 48 72 96 120
va (Hruv)
P A a = v o | Y T
NN 1 LL?WNﬂ')'luﬂ'lﬂ']?ﬂ'lun']ﬁ‘@ﬂ‘ﬁUﬂ'}?LlﬁfﬂLNElN‘?]lellﬂ@ﬂQGW?UﬂUﬂQ'\NLﬂN“ﬁ%WqQ']

6. Absorption Isotherm(Q, )
ar ) A qi' o
mﬂm?ﬁnmmmwmmm@aa;ﬂlumsrg}mm‘u wAMNEN(Q, ) T83aannszay

or

10 - 160 ppm w3 ﬂ'mmwmsngazgmlun'ﬁﬂumuaﬂﬁ 31.95 mg/g m’IZJ"M]ﬁ.f]“IIﬂ\}

YU

Langmuir #léan-Q,, =1/ (@ 3)

Langmuir isotherm

4 | |—®—lsothem .

3.5 4 (B (Isothem)

y=00313x+0.1103

Ced/q(mg/L)

0 T ¥ T T T ¥ 1
0 20 40 60 80 100 120 140
q(mg/g)

< o i oo
MAR 12 wamsunndunsaaIntaseanIsanduLAaiBNTsTAL 20, 40, 80,1604ax200

ppm
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7. madnauanlElus (Desorption)
annisveasslfilzendigaduaisuamflonudatdndaentenidannisgaduly

AdNsuAnENBanfItans 1M EOTA , 1M NaHCO,, 1M Na,HCO, , 1M H,S0, , DI
Water (Deion Water) wudn #12 EDTA Wénsmsuasifianaanainuliendléaign winfy
50.08 dauang HoS04 W& sansaenuasiiianannaandeldtianga windy 2.47(msfm‘7‘{
10) A1NN"53ATZTEN Desorption daflusatisuandetszAninnesansniddrasns
wesliansanatnildands azifiuds EDTA Husz@nBainlunisdrsasuaaidousanain
wldendsligs Fasenadasiunimmaansans Chui et al. (1996) 1Hnisnaaanin Chitin
rafendsliimegadu Cu, Cruaz Ni_udaindenfsfigady Cu uaz Ni undnadag

EDTA #ud1 @13150/3 Cu uss Nigananaenrs1sie.80-100%

ar

=l ! P =t 9 Fg ¥4 = '
1N 10 LL‘ZWNﬂ"lﬁ']'a"ﬂ’JﬂLLﬂﬂLNElNuLﬂ@’]ﬂﬂ"l?ﬁ’]\?ﬁ?ﬂﬂ’]?‘ﬁ‘l&ﬂﬂ’]\‘l’l

Ceq LF3pTU CiCeq ., Ceggmvine

YUARNT Cilmg/) (mg/) (mg/l) (mar) Desorption

(IM)EDTA| 92089 0,132, 5188 £0.67° \\/ 1536 769+ 0.43° 50.08

(1M)NaHCO3 ~20.89 #0137 1386 % 0°37° 17037168 + 0410 9.89
(IM)NA;HCos 20.89 £0.13° 361+ 0.487 17 28 [ ~0.84 +,0.15°° 488
(1M)HoSO4 | 120089 + 0432 - 4.49.5021% /- 116.48 0.41+ 0/06° 2.47

DI water 200:8940:13%" 113974 0.25° 16.02 1164 0.43%° 6.88

o sadnmsiseiuluassuRiRasn: vunety tasatianssadnsddegAtyn 9t

(P<0.05}
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a1l

9

v ¥
o

= o =i L7 =l ] o = 4 14
annsAne luafiiiagiddnsedu pH Hunasdenisgadunemiansesnddent

wazaInnIsnasas wudn waendeiilianalalngnuiissdu pH 3 luannsisiussiilan

b.

=

udu 20 mgh UseBninwlunisgeadugangauaniilon arursogaduliie 16.87 mg/g

q

wrltsz@ndlunsgaduansuanianfhivananefuadaiidodrAty (o <0.05) Ausvéu

@ © ar a8

pH 5, 6 WaL7 Lmzwudﬂmmnﬁqaﬁwafhﬁﬁuﬂa’tmynmﬁﬁfanf’j\i"i‘imummﬁmiﬂ‘imqu o
LA pH 4, 5, 6 WAT7 mummmﬂ%anﬁgaﬁﬂmmummsnmmmulummﬂmﬁ'uﬁ@ 1 mm
AeasuraLiian 30 ml gaduuamiilanlits 16.63 ma/g ez Funfi A uaINIgD
snzanlunigady Aa 0.06"g-saasuAMTBN30-mIgaduatsuamilnulite 11.27

mg/g annsanEAtdRduIeads 20 LARLLMGA lutessasiaaT 2, 4, 6, 8, 10, 15,

ar [l

20, 30, 60 Wil , 3,6, 12, 24, 48,:72,.96, 120 Falsrs wudn 1538 uaatuNIanduat 24

frluanasnmsgaduuasissesiaan 72 daliwdsannnisgadoiiarpiuansaluniage

fugeian 19.60 mg/g. dauarsuaniflenilddmanadnu/aenteldfngn fa  EDTA 34

ansoafAniianaenatnasna(Desorption) 185404 50.08 % fssunisndaniddan

%

[ = (=3 = 97 or P = e - 1% o 13 |
Nqﬂﬂaﬁﬂﬁq?LLﬂﬂhﬂJﬂuﬂﬁQi’Lﬂﬂﬂ‘L‘ﬂ'Jﬂﬂ°ﬂNﬂﬁ':ﬁﬂﬂﬁﬂqwqﬂﬂqu'}SQIﬁWﬁuﬂuﬂuvlﬂLLﬂ:ﬁJ?qﬂ'\

<

gnivadoeansuynlunngnngsa
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IBNA1SA198 4

gfmiiedas uazdunes gunsnn. 2546, netdanzta uezirenlunin@anani
Manyarasseuytiaeinaalalagnu. wnarslsynaunistsegu lafu-lalaanu
winlszimalng. eiaensniuiminende safuaudinatuladilancuazian :
45-47.
woiei asu. 2540. fadefiinasaruanansalunisduianzaadlafiuuas lnlau,
meuwusUTy . aAInendEaIIaATuNS : 90 u.
Uuaf dwwdnyny uazilazyme ndienasiug. 2546, nasnidalaneminuimnsgiu dained
usruaniey drelalamuwefalin. wanaqstesnaunstlszay lafu-Talnouwia
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