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Special Project Title Recovery of chitin and chitosan and their
Cation Exchange Capacity
Name Miss Chompoonuch Dolsuklert
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Abstract

The aim of this special project is to recovery chitin and chitosan from prawn
penaeus and to study cation exchange capacity of chitosan. The work was classified into
4 parts: recovery of chitin from prawn penaeus, deacetylation of chitin as chitosan,
comparison quantity of chitin and chitosan from 7 types of prawns, determination of
cation exchange capacity of chitosan with metal ions: Cu2+, Zn2+, Pb2+, Fe3+ and Cd2+.

From the experimental data found that Penaeus of Monodon Fabricius has highest
amount of chitin and chitcsan, with the following of semisutcatus, merguiensis, giant
freshwater prawn, Metapenaeus sp., tatisucatus and sea lobster, respectively.

Cation exchange capacity of Chitosan was determined by using Atomic
Absorption spectrophotometer. It was found that, the cation exchange capacity of
chitosan depended on type of metal ion and its deacetylation. Chitosan of 2 hours
extraction had better ability of cation chelating than chitosan with 1 hour extraction. It
also found that Cu2+ had given a highest value of cation exchange capacity of chitosan,
with the following of Pb ", Zn, Cd ', Fe  respectively in both individual and mixed
solutions. Moreover, ionic radius obviously had greater influence on cation exchange
capacity of chitosan than the nature, electronic configuration, of the elements and larger
ions generally give more contribution to the value of cation exchange capacity as

expected.
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(polydentate UAIMUNUIYI many-teeth FINWWDY Hunaw®) vy wiau laeiiy
q e V" = = * : 2 o '
(NH,CH,CH,NH,, 1¥#70971 en) 3 N-ndluszaoumsoy 2 ozaou 3u5oniuiuluay

4
NAAUNUA (bidentate)

Monodentate ligands:

O—u  PfN—H Y IR BN R Cc—S\\0—H
| i
Water B Dbk Chloride  Cyanide Catbon Thiocyanate | Hydroxide
) ion icn monooxde on ion
Bidentate ligands:
A o)
N ® A N 4
N (N l
. \?H ) 3 EH P
CH N AN
. 2 - < 0 0
: N/ 0 / e o) -
# % i
H
Ethylenediamine (en) Glyeinate 1on (gly") Oxalate ion
wrilgigteniare- s e —
0 0
T [
:0—C— CHZ\ CH—C—O:
T N— CH,—CHZ-N:\ o
=5 ) CH—C—0Q:
:0—C—CH 2/ 2y -
o 0
O

Ethylenediaminetetraacetate ion EDTAY)

510 2.5 uamedieenalassasavesannuanwi lana 11

a
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2.2.2 msilszneuBaveunian

a > s a a L
mslszneudaveuveslans lossuiunedaumaaunua (Polydentate ligand)

3 ¥ &9 v
FIUNATIDVEINWOAAUNATUNUANAINTZAAAA (Chelating agent)  Chelate 3

) & = 3 113 I ! = P=1 3 o’: dyd' a
IINANNININAYINTAN “Chele” wilan nsudy wienw) MitliipINNOALUMA
a ul d’d ' d’ Q.I ar oS w ¥ s =} =1
mmumﬂuimaqawmum“lwmu Wodunu lanzazlianyauzaaienis loudl  HIoHty

g a o = = ' = . = 2 a ”
voanwiiadnuuziidlui Gonn 1Aaa (chelate ring) Bonasvio lovauFiron

Ve

=1 a A a o ! o A Y
HUUUINTALEAN ﬂiiﬂaﬂzﬂmﬁ (metal chelate) G\’mﬂNL‘Huﬂ“ﬁ%U‘Ummﬁau1ﬂtauuﬂn

Tosouves con lugii 2.6

The arrangemenc of ‘'two-toothed™
(bidentate) ethylenediamine ligands on
[Co(c:hy!encdmmmc)ll 3L the octahedron of N atoms about Cod~

3+

v’ ¥ £
71U 2.6 naaelnsaas 9ol looouBasen [Co(en),]

2.2.3 ANHAUZMIIVVDIAUNUAVUIATITTIIVDINDAINDS
v 7

7 2= .
dnvuzmitulessulanzvesdunuauulnsasnveneawestegraugll
¥ 0
uu lann

1) WoAWas InsIsAeNNaunuarianaIenyI8d 1l (multifunction ligand)

aguulassasndunuaae) uaadlugiin 2.7
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v o A PR3 v v L]
11 2.7 wamdnyavestunuanlnaenyIo I Tasesumaung

RS TNG e

- P v . -Q & a Ty v
2) WOAWBT 1ATITNAMNENAUNUATIANYIBY 1URYT (monofunction ligand) DY

E ¥ & i 4
vuIassasnlumsiiafaany lessu Tans lvaunua lnafaalunmssulessu  uaaslu

91l 2.8

= ar = dd'd 1 a oot ol ' ‘
2117! 28 uﬂmanymzmmmmuﬂmmpm'1'J‘zfuﬂmmﬂuuuiﬂsa‘mmﬂlw

HAWA AU

N i 2 ‘ {etn ’ey ar 5 - v
3) WeAwes Insis a1y AFduhumimiinTuagadirianaianyleslagn

¥ 1 4 4 [
a0 1114 1A5995 1 (chelating adsorbant) neraslugali 2.9

4 o a e ' o g ' ’
;ﬂ‘n 2.9 uﬂmanymzmmuﬂnu‘ng'Jm‘l':@ﬂcw"l'ﬂuiﬂiasnmmemmﬂ

AN
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o~y ¢ =Y ¥ 1 r s -~ "Q ¥ X
4) woRwesuuuITuaY NldnyaznIiulessu lansvesdunuamaiunielu

e T (intramolecular chelating) uaraslugal 2.10

51 2.10 uamsdnyazmssuloseu Tanzareluane s

=) ¢ =) b 3 ot s = 4 P g N
5) woResHULTUAY NianyusIulossursIBuAUARATUTZH N

14 (intermolecular chelating) uﬂm“lugﬂ‘?l 2.11

s 211 neasdnyazmsiu lessu TanssenaeaeTe

a 7 Y y = g a ’ a
6) woaweI N Janzunsnogluaie Janofnes (metalopolymer) aunuaYiia
UBUDIIBTN (monomeric) %3818A 1nWBIN (oligomeric) t¥ouriy loooulanzlusilyes

YW1 1998 (metal-ion bridge form) uaalugyi 2.12

Mo MO M

517 2.12 yansdnvaznisdulessu TansludnyazarmubouTes
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; A dha v 2o e
rissnnlaTausuilunedmesiiinyres hfmafsGunua  (chelating  ligand)
U Ly ¢ 4 N -3 ¥ ¥ L J&
¥IolaAMUMATINUA (mutidentate ligand) (Founanulassasaienuszlanmun
” TR T 2
anuawso lunslynuvedlalaurusstiuogiunyeliu - demsiazanelunsanyil
Qr é Q i ¥ QA ‘
wiuTisaounaadly (Ng,") Fvinlnlalausudhlsey Iwuasliqguanifdunsany
i s a Y 2 'a &
(Ng)  dluTuagaiifidsz@niamluasueneymaniilssaudwuiuaseseylui
ar  as N dyo ¥ ‘A o '
Tassudu Tumgamanilinesuvavaseluedes uazanazneusenuuduvewdaly

S
AU

CH,0H. 0O
0
S X{F
H 0% e /
Cu

* b = ¥ 2
319 2.13 ueree1AT AT NYBIAIIFITOU Cu - Chitosan
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2.3 mm@mmmsuamﬂ'ﬁau”laaau (Ion Exchange Capacity)

4 N < = = & o =
L'H't']\ﬁl']ﬂﬂ15ﬂﬂﬂ'lﬂ')'lll‘ﬂqﬂlﬂﬂﬂ'l‘iuﬁﬂ!ﬂﬁﬂu10391&“!11111”%53’1“1&1‘! mlwssu

-~ d‘ S o < asy o '
nsAnyInIueImsuanieu leseuuinved ln Tausuisufiowfsninisdinan
¥ s =) N dy
A%l fa5wazPsans 1il

1] [ b4 ¥ v ]
mInsFussauaanIlizngdan 9 lanmne  Sedudusedifen

AT AUAAIRN VAN HUZYDUS FTUADYUINVBINUUAZANUUIIVBINYNTAUASIE M

=Y ° * e’w v v
wiarnugdumzveusuaunguae  minaunyfinduneavensauaziuaiiegly

14

~ 1 o o) [- ' JOI 1

1 afwweusduiiuns  msmanugswnzlumalfiademdwaunylinduneai
[ 1 4 4

aunsanamsuanaeu loseulass q Tuaazvesmiinaasaiu q wSomiduu

] F 4 *
iadnsueuyavedlossuvousduly 1 nfuveuwsFuiumalunwlfia  awdsndm
() ¥ ¥ . ¥

v k4 *
anug lumalifszussn nmanugnngeg niiueyiulasiaawayaiu
s ¥ v
Usgneuveusiuveimsazaeinssmsuanilaey loooy

o as [ v a ¥ o
dmsumsmanuguan lossunazuou loooudnarunsdu  aohileds pH
¥ 4 v

¥ [ 4 .
yosmsazalenIemsIe  susiatezuannfouladnie luiuegiy pH lunsdives

¥

uan lovourtiaoouasimanuyllomsazaiell pH gann 9 uazlunsdiveusy

¥

Teopuisdusiineou assaugdiossazaed pH #1021 5
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3.1 gUnIny
3.1.1 1A789 Atomic Absorption Spectroscopy
3.1.2 19509 Infrared Spectroscopy
4

3.1.3 INTBUNIBInzNBU
3.1.4 IATBAUGNVIUIABYNA
3.1.5 IN509UAMS

o . b4
3.1.6 gUnsanTown?

¥ .
3.1.7 geuyHanueIn g

3.2 maadl
3.2.1 M3 laauuATgIu
3.2.2 a13 a Tauannasgiu
323 Twdowleasenlua
324 nsalelasansin
325 ;ﬂﬁaﬂf:wﬁm;n g
3.2.6 9% Ay
3.2.7 BNazdan
328 Twdenlelasnaelsn
329 myazanslovouTanswiaas q 1wy
- FeCl, %30 FeNO,
- CuSO,
- Cdo,

- PbCL, uazasazae Tanzuiindu q
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3.3 TuABUMSIATLNEITIAY
1. mamsaumsazaelanzwin

3
- Msazaeveundnleaay (Fe )
¥ b4

mIgumIarAMeINAsIUYeuMan TopauIuNIY 2, 4, 6, 8 AT 10 ppm
a o o 2. @ 2: o 1Y)
US1as 100 ml (FmSumsazaienaad (Cu ) uasazna (b ) Aunileufuans
<
AU UNAN)
s =3 3+ v ¥ =y ¥
wygunIazmumanleoau (Fe ) Wy 20 ppm UTuas 100 mi 1
Tunsnageummunsaveen1sgasu leosuves lanzminves'ia Tauwu

ar Pt 2+
- @1Taca VeI INEd (9eey (Zn )
4 ¥

mssuEsazAAsINYIdInz A lessuuay 0.5, 1.0, 1.5 uaz 2

ppm 1331915 100 ml
¥ ¥

mIsumsazaedinz looouunuy 20 ppm USwas 100 ml Tuwiala

suas

2
- msazawvewaaiie leeey (Cd )
¥ ¥
wIsumsaTaeINassMuAAlioy TopouuYY 1, 2, 3, 4 U8 5 ppm

o b 4
$UIU 100 ml MINANTATWIATTIULAARION ODBUVUYY 1000 ppm
¥ ¥
wssuEsazamounaiion 198aUUNIY 20 ppm USuAs 100 ml Tuvaa

Jailsuas

2. matadsumvazawiivlumsana laduasinlausy

- msazawlmdanisasenlea (NaOH) (vav 50 %

O'I o i as $ : ¥
#lmasulaasonlam 50 a5y azaealsinlsieeinlessusula
1511915 100 ml

L 4 [ 4

- msazawlvdoslsasenlya (NaOH) 1vuv¥ 2%
FImdoulsasenlan s n3u azaehnindu smiuasid 250 mi

- arsazamnsa’lalasnasin (HCD wavi 1.25 N
wioulaTrensilamsazmensalalasnaesnmuy 373% ww 1

¥ ¥ ]
25.71 ml @ovNwiInauIuIUSuasEY 250 mi
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- maazawlwdaslslasnaslsa (NaOCD (wuvy 0.815%

3oy lalasilnlamsazane Infes la lasnan lsaunSunas 1486 ml
¥ @ 1)
99919A28110aY 250 ml Tuwaadalsuas

d ¢ L4 L 4
- arazaalalasiounleseenlua (H,0,) tvavy 3%
s ¢ o~ (-
witulaeilnlaansazarelaTasnunleseen laauniTinas 21.42 m h

» 4 t
msRevnaminauluratalsumseulusuing 250 ml

3.4 YUABUMTIVY
3.4.1 msaftamsinay
o " b4 b 4 ¥
1. hmldenngauanlnazeia

¥ e v
. ounldenned 65°C wu 6 Falus

[

b4

¥ ¥ v b4
- vauldenneaianisauams suazdeauaihnsLeneWIIABYMARIY

W

A [~ i o yd
w3ouenvie nulrlugedlugin
4. asiia ldsay

9 A 4 L = LS o
Mwldennwuyly 2% wy vesmsazaieImdoylsasenlan Sas

[] I 4 ¥ e v '
annhminalfenninelSinamsazats 1:15 Nguugd 100°C ww 2 F1lus Hims

¥ ¥ ¥

anmoinlsrnn lesousu pH iunas
5. MNINRAKT T

[ b
!!ﬂﬂ%ﬂﬂu‘mﬂ"ﬁuﬂ’l?ﬁ']‘\sl’ﬂiﬂﬁauclu 125 N mﬂﬁﬁ'ﬁagﬁ'lﬂﬂiﬂ‘lﬂiﬂﬁ

[] ¥ b4 F 4
) -

] ¥ v * ¥
Aaesn dastmiutimiinaelsues 1:15 i 2 $lue Ngungiived iimsanaei
Yseenlosouau pH lunan
6. Mmanend
o d' ¥ o_as . ' <
aznouftlannasteussigumylu  0315%  veilwmdoulalas

Ed E4 b4

' . ]
A9 158 U 10 1N AU 1:15 ANAWDLFIAY 9AT1EIU 1:15 AWAE 3% UBI

v ¥y ¥ . ¥ ¥
®15a2@1Y hydrogen peroxide BAFTEIU 1:15 UAIANABAIYNITAZAGONABLTIANAIY
OATIEIU 1:15

[ ¥ ] ¥
7. thladuinlaldeufigungd 65°C suuns
T . a? 4 s
8. ladunla s znenilszneumuniiaaunioduviusa

anlnlasalal



dnitmenyanmi_wizeeuintiniandels

3.4.2 msafalalauay

FladulvlenwasBoanailoy 4 fuMus @Y S0% wi YeIEIATAY
TwfewlaasonlsanesasianInduae Indolaasenlen 1 nfy : 20 fadansh
gungll 120°C W 1 %’a‘lmiuﬁsﬁaﬂ;;c?nﬁamu%:msmmﬁ“luimwu mensasluen
dusassnsaad yarannilunmealetinlsieeinlessuimansesazneu
TaTauan Thaznewleudt 65°C suuns Fahminlalauauile iinlauauilall
asvasUBImlszneumMuniinIomioq Infrared Spectoscopy fndsnndalaslaamly

msana la lauauuu 2 ¥ lug

3.4.3 Mminagsumanuguesmaanaeaylessuvedlavzveslnlauwy
t4 A
swenaeoulaglinTes Atomic Absorption

SEnmnaaey

v v ¥ v @ 13 v
1. % lalauau 0.5 nsu @FuhminssazBoaalenailoy 4 dwnu) uyaslu
3 ° a an &) '
MIATABIATTIUVBUNAN 100U (Fe ) $1uu 25 fanaas Teslyalunsuyiuan
ANNY 15 10, 20, 30 HAL 60 WA

o

A 3 v L4
2. Lﬁ’ﬂﬂiﬂﬂ'lilnﬁ'lﬁﬂ']‘ﬁuﬂ MNTNIBITTACAWHIUNIZATHNIDUUBT 1 N

v Y | SR ]

¥ ¥ ] v ¥
ALNBUN IaAIANIUMT  deionize Esazated 1a llvlSuasiuuusunaitihly
¥ 9 b v A o
Jaanuwuvuvedlans lessualuaiastosasulinueurelsfumnlas Inlalines
(Atomic Absorption Spectophoto meter )
o 2 4 < dq Yo &
3. msnaassduve 1-2 Taglfoumsazans lossuves lanshlyaail
P 4
- asavanemleinaaalsa (FeCl)
L'
- nsavaensunlosdaia (Cuso,)
Y JU
- MyazneRagada ( Zoso,)
- msazao@ma lwasn ( PbNO,),)
o o
- msavmouaadiondalia ( CdSO,)
- mMsazany lesouved lansHau
a = ¥ o M “d ¢ a ¥
4. hwafi landmsznnmlesduamsqadu leosu Tanzay la Tanruuazm

annuguesntsuanilaoulosou (Ton exchange capacity)

32029
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o
Han13Ive

L4 L 4 v
41 msansznbBinalafululdengeriiams q

]
P=

a ¢ A a i o ¥ ¥ o A N a
namsanszvlsunaladuiadia lasnnldenned oy 7 sile wun leadun
¥ e

ydcv g = - T a a' Y a
Tafidnvazilwniafvnazenn nuaazrialilSina ladufineiuniuaisad 1

? d d L4 L 4
M1 1 uaasfBnsmlesidumsuiuiimdnnldenns

%ﬁﬂﬂ]ﬂ@!ﬂﬁﬂﬂf{ﬂ % chitin | NG
ﬂjﬁ qawh (Penaeus monodon Fabricius) 33.79 -
fj’ammfmm (Penacus Semisutcatus) 28.48 -
Qyw‘l’J (Penaecus Mrguiensis) 27.71 -
f;ﬁﬂ;‘lil 13730 (Penaeus giant freshwater prawn) 26.46 -
fi‘ﬂﬂﬁ'ﬂ (Metapenaeus Sp.) 25.51 -
f;aawﬁu (Penaeus Tatisucatus) 24.77 -
fj’asm:w (Penaeus Sea lobster) 16.59 -

T 4

nnAs i 1 nunnegmmeediliinalafuinniiga As 33.79% sewaunde

b4 4 > v > o [ ¥ v v o
pemeihea 2848% uazussiigado Qe 16.59% Fuldennwaaswiiailai
S a a - i 2 A YA > o
wnaasaulinunumas fveuldentanmeniuswdwldengefimniumsvanalnsil

Y og

. o
dnvazaniuuNialdnyusamady ©yUIe), Yyiadiun

¢ 1 » ]
4.2 msimnzvfSnalalaunfisiaonlnfiuvesnlfengeriinms
=y ¢ Ly =S 3 ¥ ¥ o ' o
wansansznlsuna e lausuan lagun lannaldennerians q §ww 7

A N Yy g = A a ' ae ‘A A
FUA W‘U'nnlﬂIﬂllwuﬁﬂﬂmglﬂumﬁﬂﬁﬂ']glﬂllﬂu'lﬂﬂu HASHUTIHUALINIUUDINGL
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Tasdsnauazdiommsieusuala Tausun lanunanuuananvsalSunafiada

. 4
Tauaasdamsnn 2

MmN 2 uaasBinallalausuninlnfvvesnesiiama q

wilaveadenne %chitosan | HAUIGHE)
fi’df}mﬁ’l (Penaeus Monodon Fabricius) 83.30 -
f;ammfwna (Penaeus Semisutcatus) 83.11 -
f;dil’l’a (Penaeus Merguiensis) 81.96 -
f];iﬂiy 1A (Penaeus giant freshwater prawn) 78.12 -
f;ﬂﬂﬁ'ﬂ (Metapenaeus Sp.) 77.26 -
qymwﬁu (Penaeus Tatisucatus) 75.711 v
f;Qu‘If{J"Jﬂ (Penaeus Sea Lobster) 44.49 rﬂuma
fj’awfm 5633 | af@aud 2 w.

{ < i { o N a i as
PInm3en 2 sz lan lnTauaudanalasn laguiinamsaiauiu 60 win
v ¥ e E 4 ¥ b4
sllSnuuananiumuyiaveanldennanlsada ladulasnenaiies In laTausy

v E4 b4

+ } 4 3 ¥ -4 @)
winfigadie 8330% toudinihminladunly sesaaunleun geaeiea 83.11%, o9

b4 ¥ o b4 ¥

Y12 81.96%, NATINATIN 78.12%, N310AN 77.26%, Naehiy 75.71%, wasuouiigana
b4 4 v v 3 ¥ o
QNS 44.49% Hufidungniimanizmsiso@eany lalaususinnusuie el
¥ . ¥ oy 3
dnvazdunalasuuariuildennaiaivhmiise uazlumsadalalasesuu 2 43Tue

¥ ] ] 0] 9o v ¥
IS lalasrusnnilma lumsadauiu 1 ¥ luelasezanala 56.33 %

d v ¢ L 4 ]
4.3 momnzvmylanfuvedlnfumazlalanaruarumsedursusamilnlasalad

a o 4 A v 4 o i a o

lunisitaiieRgauimsianalafe lnduuas lnlauauilaonisdny
’ 1 4 1t

dursusamlnaiuvesms lnAunaz lalausuiada ladisudu laduuas laTauauhds
dy s o o < i é o as o4 ' !u d'
F¥BINUTHN Fluka Uszmaaiawesuaun Falududsusamalnasudinyfansunaule

= ~
ANHT MUMNMTNN 3
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M1 3 wERsA Rz EnYazIn Mz saudunTusaminasuanle

Fumuauoy ANHULINWIZYDAULDY NIEIHe
(Cm.l) (peak characteristic)
3200-3600 N-H Stretching T
ez
O-H Stretching unun';mzazqa
N-H 184 NH, uanszmzﬁw
3100, 3255 CH-NH (C-2 amide)
2940, 2970 o
CH,-C- (C-2 amide)
1680 O Stretching LA
-C- (acetyl carbonyl)
1550 N-H bending

v ¥
dmfusunsusaaalnasuvedlnfunnuSEN Fuke uazlafufidunsiznla

& ¥ ar d' o o
nnlaennaangla 4.1-4.2 muday
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nnmsufSsuiisuduisusaminaivves lnduiana lasnnldennanulaau
. k4
INUSHN Fluka WUNHIATIATINN infrared spectroscopy iniloununniszns laol
fununazanyuzveaududsusaanlaasudu llawmsen 3
dy c; ' g d' a c‘; ’4'! aa
wennntmsi luaunsadunquoy  -NH,  neduladisanniisursusa
o & : a o = a = ¥y Ny
anlnasudulusfenny  -OH  Fwengwuszasuiian vhaugennlulaseu
» v 7 .
azaey W lnmsnldounlaTumuavsaiusziinannueaiusey N-H uaumsqanau
s a . Y ' % o 3 ¥ ‘o
§98BUNIUTAYDI O-H Streching 39UNNNUDY N-H Streching M 1nuos luminuunuues
= a < d
N-H Tu RNH, Falndvziruilunong
dmsvdudssaanlnaiuvedlnlaiagneiinisingzn lnlauwusiia  High
MW a2 Low MW 919U3HN Fluka uag lalansuidamsizuanladudaanalasin
a 74 < 4 S < o
aldennafinanlumsduasizrmu 1 ¥aluaas 2 ¥ luadludagil 43-4.6
a v o ‘uly -« g7 o o o
vnduwsisamalnasuiims wr lanun la Tausuilanadaasiznuny 1 2
Tin Tanvwsvesursusaminasumiouny lalausuveaussn Fluka nndszms
' o . ' ' -1 u = =
nazwuBuls waanlnaiuupIny acetyl carbonyl (C=G) M1 1680 cm  &4ANDYF
it | k A o )y . ¢ o o~ - Lﬂ'u P Q
uaaalwfummsdivanyezmiant la luauysa dwmsulalavrunlyaarlums
o4 N :;1 =1 = Qs . yw ‘g
Fuasenuiu 2 Flie sgdidsnguududsusaaulnasiues N-H bending lataiu
luvazinaudursisaan/nasuved acetyl carbonyl aAad EAINNT deacetyl W11ad

PUEIDINNINMST deacetyl
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- My enluaazatelans oo uumaz il

TumsisolamlnTanau 4 wialaun lalausuvila High MW fidadonn
USEM Fluka (1), Talauauwiia Low MW Rida909Inu5m Fluka L), Tnlauauiily
nalumsduanesnanladu 1 $2lm () ua laTaumilyna lumsdunsznn
Tadu 2 $3lms s  wwrlumsazansleseuTanziwau 5 wiladelosouveundn
®e ). losourasdangd @n ), looouusameaas (o), losauvanzii b )
waz Tooouveanaon (Cd) MU 20 ppm TIEN 60 17 st lauiTu Tlawans1a
i 4

v
U )

d' p <5 ‘ U U 11 d' =4
AN 4 !!i’!ﬂQtﬂﬂil‘#uﬂﬂﬁﬂﬂﬂﬂjaﬁzﬂ‘uﬂ‘ﬂE)\‘iﬂiﬂll"ﬁ%ﬂ% 4 ¥uaNA1 60 UM

rilavedlang H L - S

(%)

Y | % | A0FU | % | aadu | % | aadl | %

Man (Fe ) 674 173370 [ 350 .1:1750\| 276 | 1380 | 4.09 | 2043
NBAWAL (Cu ) | 1731 | 86.60- 1 1552 | 7760 | 13.12 | 65601 1400 | 70.02
Fined zn ) 1148 . 5590 1632 | 3160 | 1532 | 26.60-1 12.66 | 6330

TGETRUSG (Cd_—) 7,52 37.60 | 4.44 22.20 3.94 19.70 {(nl106 | 5528

0
(Y

Az (sz-‘) 1598 | 7990 | 14.84 | 74.20 843 42208 Y127 | 5632

AN 4 semun inlawmnumazslisssiinuausalumsgadyulany
e a 0wl S & s
Toooulumiiu TaolnTaususiia High- Mw-gedtlaafiqga seswaunne 1alauauy

- % dn ¥ " . 5 o Y 4
¥iia Low MW, lalaugunlsnmlumsdunsiznuiu 2 $21u uazuesiiganslnla

¥
o

4 » 3 [ g @ =1 . a o )
sruilyanlunmsduasrzvuiy 1 $1lue wenvinil lanz lessuunazyiangngaiy
Vv . . & > & JC‘ 7 o
TaglnTauauTa lumdu Tasiigduvesdesiduanisaavy lesouTanziulyTunun
maRuiufsannsagady lessuvsmeaicy ) lannnga sesaanfialossuves

M 2+ il < 3+
aznl (Pb ) lLﬁzq@‘n’]ﬂ%glﬂu1aﬂﬂuﬂ1331ﬂaﬂ (Fe )
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A o a ! = _ At o '
WeunInmsivanyezisia  (deacety) Twmidu  IaglaTausuiisinsidany
¥ v [ v [ e E4
surriageezgaiulanzladnn aaumsileseulanzunazyiagnaatu lumduiiud
amaunvuaved leoan lumsazaionaza I uuUYelsEy  (charge density)
2 w o ¥ o ’ et '
fie zy / Seiileonu @lannansdi 5) TaowunTlansleseuiifanumumulsyy
! A = H as o { ya{ o g o * ¢; a
gaszmoinusanagani vhAudszyavuudunualaddhiln luanaGireuiiadl

~ T S - S ¥ v oo =
ANuEDesntu lae lfovesnusisunaves lanz lessudalaun  msiatossian

A0 IUDTAD

Flue (S, Feeunsanimstida

A nt :
Man 5 uaasiailanzleesuiasniumuuuilzy

sUavsdlany

Tl looou (pm)

10
charge density x 10

MAN (Fe )
NOWAL (Cu’ )
AT (Pb )

Faned @n )

uaalen (Cd )

65
73
86

75

4.62

19
)
(W)

]
(@)
~X

[S°)
—
5

- myaanizvluasazaenanvesloveulanzuin

v 3+ 2+ 2+
Tunis3se lavhmsnaasswauasaza lessuvsslanzniin (Fe ,Cu ,Zn ,
Vv

=

2 o . - Y
Cd” uaz Pb ) VU Iﬂﬂ"laaauiamxma:wmw

WU 20 ppm wah la lausuriania

[] v ¥ +
vmaaeun1sgadu loseuTansdmai lautlu Tuawmsei 6
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‘; ‘ 1 ¢ e o Q"J a
M3137 6 uaaudonduamsgadulanzrinveslalauyuns 4 yialumsazaglany

HunWaunial 60 wIn

riavedlany H L 5 S

AFY | % | QAFU | % | QU | % | 90U | %

Man Fe ) 549 | 2071 | 236 | 1368 | 174 | 870 | 323 | 16.14
NOWAI (Cu ) | 12.69 | 6345 | 12.16 | 6080 | 857 | 4255 | 870 | 4352

qINH (Zn ) 6.63

33.15 5.90 29.50 5.10 25.50 6.25 31.29
unALa (Cd;) 3.88 19401 2.02 10.10 2.60 13.00 | 545 2T
Azn7 (Pb%) 8.26 4130 5.78 28.90 593 29.65 5.82 29.08

TaTauauytiaimin uanagusiouveyluasazamonauveos losauTansna 5

a ' o 3 z ar o 2 o < s

yianuNlesmuanisgay Tanenniasyanaesutuldmuarsai 6 ammnlan
3 4P 2+ 2+ 2+ iz C3 o

lumsazaonauyoiloson Fe , Cu , Zn , Cd uaz Pb alesiduanmsaniyloseu

a Lo\ & g X ¥ = ' a w

Tanzweala lauarunnriazanay nadaualesduansgasy looey lansuaagyiad

a 2 o 2 2 2 % 3
AUNIBUIAY HNAD Cu > Pb ., Zn > Cd , Fe

'

4.43 n1531ﬂ51:?;ﬂ1ﬂ1mmgmmmsxmmﬂ‘éau"laaau (Ton Exchange Capacity) Y83
Talauau

msmmanuvesnsiangdvleasn (Cation Exchiinge Capacity) @11150H)

'lﬂ,maﬂ'1ms@¢1§'uTam'laaammﬂﬂimwu Tastimaily ppm a0 1 n3uveatimiin

TaTauau Tassanissnumanuguesnmisuanalaou looeu uaanumsnn 7-8




M3 7 vgasmanuguaamsianifdsulessuuinveslnlauyun 4 vilaluas

azmglavizrvnyianis 9 inal 60 i

yiavedlans Cation Exchange Capacity
H i 5 s
Wan (Fe ) 13.74 7.00 552 8.18
NBAAL (Cu’ ) 34.62 31.04 26.24 28.00
Fand zn ) 2236 12.64 10.64 2532
upaloy (Cd ) 15.04 8.88 7.88 2212
=71 (Pb ) 31.96 29,68 16.86 22.54

M31ef 8 ugasmagueamistantiagleeeutinvedlalnuauns 4 yialums

azanglavzpaunal 60 1IN

yHave lany Cation Exchange Capacity
H L s, 5
Man Fe ) 10.98 472 3.48 6.46
NOWAL (Cu ) 2538 2432 17.02 17.40
&ned Zn ) 13.26 11.80 10.20 12.50
uaalion (Cd ) 776 404 520 10.90
azfia Pb ) 16.52 11.56 11.86 11.64
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a a N - o 4 &
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o * 2+ 3+ 2+ 2+
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717 16 1NT030zABUNNUBUFONTY (Atomic Absorption Spectroscopy)
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71U 17 n5edursusaanln Tasalndl (Infared Spectroscopy)
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