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Summary

Adsorption-desorption characteristics of the pesticides (phosphamidon,
fenitrothion, triadimefon and diniconazole) in natural zeolite (clinoptilolite,
CLIN) and several synthetic zeolites was investigated. The synthetic zeolites
used in this study were as follows : Na-Pls, sodalite octahydrate (SODs),
analcime (ANAs), nepheline hydrate (JBWs) and cancrinite (CANs)
synthesized from Jeju scoria; Faujasite (FAUs) synthesized from coal fly
ash; the mixture of FAU and Na-Pl synthesized from the ratio of Jeju
scoria 6 to coal fly ash 4 by weight (FAU + Na-Pl)sg; waste fluid catalytic
cracking catalyst (FCCw). The results obtained from this study were
summarized as follows.

1. The pesticides were not adsorbed on zeolites (Na-Pls, SODs, ANAs,
JBWs and CANs) synthesized from: Jeju scoria, which is considered to be
caused by the fact that the former can not enter the pores of the latter as
the molecular sizes of the former are larger than the pores of the latter.

2. The distribution coefficient, Kp, which is a ratio between the amount
adsorbed per unit mass of zeolite and the pesticide concentration in solution,
and the Freundlich constant, Kg, which gives a measure of the zeolite
capacity, decreased in the following sequences : FCCw > FAUr > (FAU +
Na-Pl)ss > CLIn among the zeolites; diniconazole > fenitrothion >
triadimefon > phosphamidon among the pesticides. The order of Kp or Kr
among the pesticides was in accordance with the order of their
ocatnol-water partition coefficient (Kow). Diniconazole with the highest Kow
or the lowest water solubility was adsorbed the most.

3. As the temperature was increased, the pesticide amount adsorbed per
unit mass of zeolite increased for FAUr (FAU + Na-Pl)sr and FCCw, but
it decreased for CLIy, for all the pesticides used in this study.

4. The pesticide amount adsorbed per unit mass of zeolite was
independent of pH for phosphamidon, fenitrothion and triadimefon, but for
diniconazole, it decreased as pH was increased, for CLIn, FAUf (FAU +



Na-Pl)sr and FCCw.

5. The desorption characteristics of pesticides adsorbed on zeolites was
greatly different from the adsorption characteristics of pesticides in zeolites.
The very small aqueous pesticide concentrations that result from pesticide
desorption during successive desorption cycles lead to poorly defined
desorption isotherms, greatly deviated from the adsorption isotherms,
indicating the severe hysterisis. The hysterisis was more evident in more

adsorptive zeolites and at lower pesticide concentration.
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ssldel BEEA Cronstedt(1756)= A etolE #Eo AZ ~gu}
ol E(stilbite)E AT olzh, A9 2009 F& ALHNELE B X YA
A BN HFHAYL B AABTENE 1 FANS AW 2@
PERELS

BarreriZ 48 2402 194545 e AgctolE B2 NYLES 24
oz Be 2 FASY Sol e Aol AR D Miktonol oA 1948
d Hzz AgeolEs) 4Pl Hah FyALolE ALT 1953 )
olfol Breck® FAo% #ws olTojxA HU @ YRME
19403 ) 2ARE oln] HAAgelolEvf FdEoz B AaA
. 19504 D) ol ¥RE 2Asy HA ASctolEe] Taleh A LetolE
54 9 FA UE TEUVY ATHHE 1960 el = A Leto]E s}
Fa% 4B A4HI]d ozt

1) +&

HZelolEx 38 2A4 Na K, Ca, Mg, Sr 2 Bag Ygoj2oz A4 &

gf3ts g4 ¢Fu =AY B3 E(hydrous aluminosilicate)oltd, A=

Bore dFUEFAGREY &GN el (Si, ADOs AbEA 9 =
T A2 Eol £ HE AEA A FHEHUA 3aYH oz AdHE
B3 &F 0] x4 E 32 (tectoaluminosilicate)o] £3ch WAt FAlY B E
A Mgz FMT FEEL AU} FFMZF 26 ~ 27NE o]FE d v
A ASeYolEe AF T FEH(TH 23 ~ 75A)°] ¥AHE Ax
2 G FERMF 120 ~ 23)8 ZEd

AgetolES] x40 5 A7E BF 4 ~ 12709 M4 B0 TF
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TAs= BAZ o] Fol2EL F g Yo|2Ed] oSN HA @
27 A EF FEUHAN FANHo2 FaA hAHe ERFE o
Fol2 sl A wat 4 e R 10~18 wt %) BEASo
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FEE Holnl At B2l 34 AEo wPAM T Auwg

(3) Fof 54

AEEolEE BAES F4Y 5 UL U 2 TEH =S TA
(void volume, & 50% HEol o2& AL !
8498 ZA Ho by $53 Zogns
olES Zuj5de gL F= 2952 D HgelolEe 7
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ol&o BAT Tz HA, @ S/AlY HAu, @B FEULSe
2% 52 5 4 9t
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AgetolEs AP FolMY &84 dH0F o] BEEo] EE3 X
Ui g FolemBsy, FF % EAA B4, Eo54 12n 94 @
AET 54 T W A 2L Atk A LeolEE YA
NAES dgst FFHAR ALgEo gton EAMNFA, vlaY Fote
HzA a2 AR 5 sdECIAM o) f MEetolES Holy way
, FF R FETE, v A4 ag3 2o Axe ge YAs=e
shof A2 FHAM EFI FAAERAM o) fo] 7ty EAEte]
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1991; Zamzow &, 1990), ¥ =& ©o]29 A A(Bernal o Lopez, 1993; x
5, 1990, Semmens &, 1978 % 5 , 1998), A4, A AMA(R T, 1997),
HaS, CO; SO« B NOx & 7F24 71419 Al A (Aiello 5, 1980; Kel'tsev,
1979; Zhang 5, 1993), A il &= YCs, ¥sre] AA(Q T
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7l dEA 2 Fa%ge] Aistd HA A LdolEE ol ALLF AU, A
AHEFEoIH sHBHLM wEsElEe AdH7IEQ Fly ash, 7123
R HAAFE A4S AHgolER FAs AFHASF Sol $&£HT: g
ot (Henmi, 1987; Kim %, 1997).
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T FHEE AREHLY /108 =)
Z F kcalJEZA °—Hi414 S Al LS e FRL 2]
we s GAZR Bl mdate] FARE ad w3 AgEo] gstn
P4 A olm, Van der Waals& #olet gttt a3 Fae 318 wigsx
of FS vlAs F3¥ FHo2 FAE A2 B A AL 4
ol M dojus H3 22 Feho Afel ste] FHo] o) UA ©
o 33ty FALE LUt AsEtd FRSEI Frree Aol BEln
HlZt Aolny, @2 Fo] F4Hed oA FHAG HF A 4%
2ol FF At gofzte] g oFslr] wEolr},
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D FF A7 F

FA-222 AF nAH EUWAl|E A&5Hog olFdE A<l
HHolgh, HERA EAE Zoldrn 1 F FH 1 BExSo] o} g
< F WM e e BAu YL diyFoer EFH Yt (Bailey
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g3 22 2g/3e e A s FAY 4 Uup gL

B S)EE dAME EFSo EFKI)BATIS ASA Rl
4 (hydrophobic partitioning process)2. 2% EHEt} oW 2o glof
A B od Fato] Ao HE A4 vy Zo] EstA ®o
dE 9, RF7ISFELE 2V)dE M 2@ WAUEZ S ATsE 29
olsted Fato] o]Fojxm, I oz 73 R oste Fito] o]
oAd FHE AHE¢A Pt

(1) London-van der Waals

London-van der Waals forcese #itae] Az A47|= @A W9 o
2 (short-range bonds)22 F=2 Hlo] 24 u]ZA Rzt 9 Ezjo] |2
4 79§33 BAo] Aok FERIA] A3 A8 (Induced dipole-induced
dipole interaction) & ¥4t EAER Mz ¥ Aszge Ay
ojth. o]E HZABM N2 UdHT 247} BxS9 Azle o]Fe A
3l AL &% FH7IAA JHe SAEE A B Y. o]E 43
28] FxE vd F1(2-4 kJ/mol), A 1/ wal FASA Lo}
=3

(2) =243
T2 Van der Waals¥Z 28120 2% dipole-dipole 4% 28§ o
2 FEHA Mt ojFolztn B £ glon dol24g R HEZJE
o F25<e ¥dolth -OH7IE 7HA1 Yt vFHYRE0) HEZE g
o FAHE @4 dEAQY oo
TaZ8E 2-4 kJ/mol] kg AFANA 60 k]/mole] 7 Atz W
e £ e AUAE e B2 9 - RN dojd § o

(3) 24 A & (hydrophobic bonding)

EYW F7189 454 BYoMe oz u2gxol 2}
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YA, EAF £28 BF F AL 4L 227 e A9 A%
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(5) vl ¥ 2 & (Ligand exchange)

geuge & FAL carboxylate =& hydroxyl®d #e $71%4&
717 HEREY EFAAM F&0l2(Fe £ ADY 7] hydroxylolu}t £
A2 A@H| HEZ B Fdo] FHHE AL Z/AA F= HAbo
c}.

(6) Protonation

T 28717 BHY St BFAE FAHY of FEIAHAA Eoke
protonation £ M3 Ho]|E A dHAo] o] Fo]zt} retention 7Y
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73tk (Giles 5, 1960).
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Mol HAtet 22 Hehg Yehdoh LY F#L 1/ngto) 09 oz, ©a
A< Langmuire] &2t5&49 Asjoln} 713 FAxe Fxggoz F
2ol 2712 RE 849 Fdo] neyso] Mk FHae FaR s}
Holx F&ol FAEd C¥ 4L 1/ngte)l 09 ~ 11 Alo]z, £Ao)
AAGEGE FAAZ HA AFste 49 deldoz Yygdae ¢
2 WA dHE £ Fao] AYso Juxo EdE QMo
Byt gke dehiA @ch(Gregg 5, 1967). S8 F2E I/ngto) 1.1 oA o
2, L¥3%e 29 §33% AAge] stdo] 2 AH9o 44A Yoju= &
gols, 889 Tt W A% £33 FaA Alold] 2o MBS
EPHA D 8289 57 5 4% T4 multilayer® o] 234 & 3o
F7te o

Amount adsorbed

Equilibrium concentration of solute
fig. 1. Types of adsorption isotherms.

FATLAL dAT 2l M FHAG 8AS HEAA HIA e o
SUd o FE FHAC F4Y 839 BAE ey ol FRE
<42 UetlE 2 ol& Lineard, Freundlich® 2 Langmuir® $o] ¢t}
(Bailey 5, 1968).

(1) Linear & #5242

3 O
Linear F2524& 2 () 7o,

- 10 -



X KL C, - e e
£~ K»C, 9

A7IM, x/me FAHY F FHA9 U9z UG T3y 829 Y
ug/g) Ceo FHBEY F & Fol ol e 839 ¥%(ug/mL), Kp
= FABY A SAUY g o FaAe vy FTay F
g 88 479 ug debe Bl A S (distribution coefficient)o] T}, o]
HE A BAE Jehde 93P s=dYdUdM olgHn, g9 =
=7F S7hE wet FaEe doidoz ZilstAY gadtd T
Bf & e

(2) Freundlich & 2524

Freundlich §&5 242 da) Agyoz Faldgza Agaolxg, Ha
ETYEAANM FHo)2o2 R Aol L3 F2Ade A o A
< &3t Aol Falstod A

Freundlich &35 242 4 (2)¢ 2o}

A (@28 d¥ssE A Y 2o
log % = log Kp+ % logC," =« =« « o oo (3)

9714, Kr, 1/n2 Freundlich 442, Kre 2 A0 tat £29 Ay
H FAEFE YEdle A Hold, I/ne F29 U4y Py ET Aol A
WY AHdA4Y =8 Yele TR 45 2 Foju}

(3) Langmuir ¥ 325 &4

34 B3R FAHE staR oo Alolo gs= AL o
g3ta Fao] g Aolgt MZE L, Langmuire Ao FiE= 5
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Langmuir #5242 F#58 o OFHAe Edo Fy & Y=
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@FHL ¥zt A A YA E Zxrt Fdo 3}
T £E9 £ BHORRE giasHE £ golng Fio] APHE
£Ec 75 vldsted, oA oW FxolA FaE Yn 1 ¥x
AN FH7bed de zolg Yedt HYETME o] o= (o
oo
Ao = Ceo F2F x/me Langmuir 422 JehE 4 (4)9 g

Langmuir& 22 ©
s

A71M, av A¥euxg #dEE A5 QE FAY £ A= Huyz
(ug/g)ol .
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I A=z 2 4
1. Al &golE

2 Mgl % FAAZ ALY A 2 FHALPYolEE e 2
23

O =A9 el Tl THHT Ye AA ALFPolE(XH A
=4l 93 Clinoptilolite (CLIx)Z #<21¥ (Fig. 2)

@ AFE 2olZRE G r|oA sdwog FA4H A2

E(Na-Pls, sodalite octahydtrate (SODs), analcime (ANAs), nepheline
hydrate (JBWs), cancrinite (CANs) (&, 1999)

@ B2 MEgAzRE ngwgrldM Fdwgoz P4
Faujasite (FAU) A &gtolE (FAUr) (Fig. 3)

@ @9 zz2ote @ MeAE 649 B &R 3 FAT AL}
EE FAU% Na-P19] £380] Ao} ((FAU+Na-Pl)sf, Fig. 3)

® M F53F £H¢E Fo)(Fluid Catalytic Cracking, FCCZ )2 Zuj
FHEL2 YA EYHOlEE Steam Treatmentol] 98] tjRE o] AlS A A3}
i, AAE Al A E SistgES F7rstd Siz X 83 USY(Ultra Stable
Y Zeolite)o] 2, 7]oll HgFe] PHY HesLdFry £x HEFEL
Binder2 #7t3 2102 FAU¥ A &g E(FCCw, Fig. 4)

Zt AZeolEE T3 T B B Y YA 42 L A A
7l A3 "ol FRFE FEI AMHEALD, oA 105TAN YA
TL AZAA FEE AAY F, FEAZ dHG 27)(200/270 mesh) S
THE] A&t

2 AgeolEx XA IHHEAI(XRD, Rigaku max/Il A)Z &l&
o, #3tx4d & X-H 333X A (Shimadzu XRF-2100)& AL 3 4
S, 71 €8 %S Walkley-Blacky, EHA & 142 BETH(Gregg
and Sing, 1992)0.2 No7}2~ & A}83t A 97, o)l x 88 2(CEC)S

o]
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IM CHsCOONH:% (Page, 1985)2.2 =438 dqch 7} a1 &aolE9 =g . s}
&2 548 Table 1, 33824 Table 20 YR A o}

C
C
2
»
5 C ¢
= C
B C
CC CC
w0 x4 5
20/0

Fig. 2. XRD pattern of natural zeolite used in this study.
(C : Clinoptilolite)



Intensity

40 50

30
26/6

Fig. 3. XRD patterns of the zeolites synthesized with the ratio of
Cheju scoria and coal fly ash by weight (S: Scoria; P:
Na-Pl; F(ratio): Fly ash; F(peak): FAU; M: Mullite; Q:
Quartz;, Pl: Plagioclase; Py:Pyroxene; H: Hematite).
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Fig. 4 XRD pattern of FCCw(waste fluid caltalytic cracking catalyst)
used in this study (F: Fauyjasite).
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Table 1. Physical and chemical properties of zeolites used in this study

Properties
Zeolit SpeCifiC :
cone Channel di;;glgier suggge ( CI/EI%O ) (i]rgfitré;c
(A) (m'/g) measitieg) (9)

8-ring 26x3.7
CLIy® 3.3X%X46 75 182.2 0.12
10-ring 3.0%X76

Na-Plg° 8-ring  37~48 NA® 162.5 0.27
SODs” 6-ring <3 NA® 1575 0.25
ANAS® 8-ring <3 NA® 151.6 0.26
JBW® 8-ring  3.7~48 NA® 147.1 0.25
CANg® 8-ring 5.9 NA® 112.3 0.27
FAUF g 64 136.1 0.19
(entrance)
(FAU+Na-P1)s¢® 12-ring' 13 54 180.8 0.34
(inside
FCCw* channel) 150 451 0.20

®natural clinoptilolite, “Zeolite syntheSJZed from Cheju scoria,

‘FAU synthesized from coal fly ash, °mixture of FAU and Na-Pl
synthesized from the ratio of Cheju scoria 6 to fly ash 4 by Welght
‘waste fluid catalytic cracking catalyst, characterlstlcs for FAU,
analyzed.
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Table 2. Chemical composition(wt %) of the zeolites used in this

study
Zeolite Si02  ALO;  NaO CaO FeO; Others'
CLIN* 68.6 133 2.7 2.7 2.1 106
Na-Pl1s" 436 16.3 102 6.7 134 9.8
SODs” 42.1 16.8 17.7 6.2 10.4 6.8
ANAS® 46.8 12.2 8.4 9.3 119 114
JBW¢° 44.2 16.4 15.0 6.6 10.0 7.8
CANg® 419 16.6 16.3 74 10.2 76
FAU§ 38.1 30.1 56 48 49 16.2
(FAU+Na-Pl)ss®  46.2 141 5.8 8.3 13.1 12.4
FCCw* 73.4 25.0 - - - 16

“natural clinoptilolite, "FAU synthesized from Cheju scoria,

‘FAU synthesized from coal fly ash, mixture of FAU and Na-Pl
synthesized from the ratio of Cheju scoria 6 to fly ash 4 by weight,
waste fluid catalytic cracking catalyst,

‘sum of MgO. K20, TiO2 MnO and P.Os
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2. 3AFF 3 AP gde zx

= Aol AH8E TS FA FE AN Al EET Q= F o
A2FHAEA2F 5 422 Ao AR on, o
d& Table 33} 2t}

TA4L =Y Dr. Ehrenstofer GmbHelA AAbgl phosphamidon(2-chloro
-3-(diethylamino)—1~methyl~3~oxo—l-propenyldimethyl phosphate) & & B %

£
9

ofN
ofy

it
Jn

fenitrothion (0,0-dimethyl O-(3-methyl-4- nitrophenyl) phosphorothioate)& 4=
5 BRI % tn'adimefon(l—(4-chlorophenoxy)-3,3-dimethyl~1—(1H-1,2,4-triazo]-1-yl)-
2-butanone )2 &% P %, dinioonazole((E)-(i)-B~[(2,4-dichlorophenyl)methylene]— a
-(I,1-dimethylethy])~1H-1,2,4-triazole-1-ethanol) & %% 998 % 5 4 F9 ¥
& T3t A&t

°lE & w%F dBFL st BHEEF EAL methanold] =1 1000
ug/mL H =% stock solutiong %3}t

FHAA Gl AH8® 8] FEE phosphamidon, fenitrothion, triadimefon®]
2 ~ 10 ug/mL, diniconazole®] 06 ~ 3.0 ug/mL<] HolA dAHo g
570 T=7t H=% 1000 mL §3FEe239) stock solution®] Iy Fe
HAsted ¥, 8o Al yxs A $AAIN7] s 1 M
CaCl; 10 mLE 7}3ld 0.01 Mol = A s},
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Table 3. Characteristics of pesticides used in this study(Tomlin, 1994)

Pesticide
Phosphamidon | Fenitrothion | Triadimefon | Diniconazole
Characteristics
f‘;HyC”;l;N-’{)- )(),E(o/; Ci
. o N H, %W\ OH
Chemical & ) N ‘ P »= CHeteHys
Structure 0 h—( yeomoc g o eed
G okioc RN
G A e, Sy
(di
~(4- (E)-(%)-8-(24-
2-chloro-3-(diethy|0, O-di met hyl éx(ﬁ_ghsl(_)g?g}gg dichio ylmet
IUPAC lamino)-1-methyl-|0O-(3-methyl-4- ]-yl-(l'H-I 94-t hylene]- a -(1,1-
name 3-oxo-1-propenyld|nitrophenyl) giazo]- 1-v]) - dimethylethyl)-1H
imethyl phosphate |phosphorothioate 9-butanon e) -1,2.4-triazole-1-e
thanol
Molecular
weight 299.7 277.2 293.8 326.2
Molecular CioH19CINOsP | CeH12NOsPS | C14Hi6CIN3Os CisH17ClaN3O
phenyl
Famil organothio- | conazole conazole
amily insecticides | phosphate | fungicides fungicides
insecticides
Water o
Solubility 1x10 21(207C) 64(20C) 4(25C)
(mg/ {)
Molecular size *
(minor X major | 6.73x11.007 | 6.37x9.77 | 7.84x1056 | 6.30x 10.01
diameter, A)
relatively
. table to
rapidly S :
hydrolys_ed by ugggrr ?grilr?al stable to
DTa(lkahsa-mcD conditions: | hydrolysis: |stable to heat,
Stability ?2‘3310 a:loc) DTx DTso(22 T) light and
60d(pH 5) (estimated) | > 1y(pH 3, moisture
D o0 11088d(pH 4),| 6, and 9)
Sd(pH 7). | g4 34(0H 7)
12(pH 9) oCptt L
75d(pH 9)
(22 C)
* Measured in stable conformation of these pesticides using

semiemperical AM 1 Hamiltonian computer program.
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3 FHAY

FH#A YL batch equilibration technique® A F=HHU} 7 A<
ZolE 0.1 gt YoM ZAS AFLY 20 mL borosilicate glass vial®l
¥l screw capl® W& ¥ 25 TE 823 F2FZoAM 6 A Fob
THUE 220 pmo 52 APAAY. Iy F dARas)= AL-& 3o
4000 rpome 2 20 £3F 44 ®sted, 4R A F 5 mLE borosilicate glass
viall ##3} 3 hexane® ethyl acetate® 1:1 g8 % 8v) 5 mLE g

AFZFo] Teflon22 A2 @ septume 717 screw capo.2 e % |
B BEA EE0] FAHES FEEAY. 1 £ 30 By wx e oS
7189023 2 L& Gas Chromatographyol FQlate] Aael Z o % oky
< AEstdo
A Fao mxe 2xo AP Hotaty] Ysid phosphamidon,
fenitrothion® triadimefon& 10 ug/mL, diniconazole2 3 ug/mL 20mL ¢}
7t A &eolE 0.1 g& borosilicate glass vials] @] 15 T, 25 C ¥ 45
Co FeFzoM 6412 W7 & ARl FHd Fo] gy
S AZs o

Fore] Fatel viAle pHY A%e gobsty] 989 0.1 N NaOHS 0.1
N HCl& 7tsted 21" F9f pH7F 3 ~ 109 ¥ 952 dANoz =
A gk phosphamidon, fenitrothion® triadimefon< 10 ug/mL, diniconazole
< 3 ug/mL 20mL9} 7t A& 2olE 0.1 g€ borosilicate glass viald] %o
25 Cof F2FzAM 6A1Z AN F AR aste] Ao o ko
< A @23}

FRF ANL 2N F BFF dole FTAY Aoz RFsA AAs

o, A&l ES e e FAH dAME AR FI 9y
2 MNP HFHoz Apgagr)
€459 FFE Gas Chromatography (Hewlet Packard, HP5890 Series
0, USA) &t HP-1 capillary column (Crosslinked Methyl Silicone
Gum, 10 m x 053 mm ID x0.88 xm Film Thickness)®2 2 &]3}d]

2

Jo He

r
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phosphamidon® - fenitrothion-& YU==HHE71(FPD), triadimefonz}
diniconazole® HAXHYAZ7)(ECD)2 HEa o}, ZI71EA A eee
TEOR o, FYT LxL 250 C, Py eru 250 TE #=3
R, oven LEE Fofo] wal A g sto phosphamidon-& 165 C |,
fenitrothion 170 °C, triadimefon& 200 'C, diniconazole 220 C o) A A
Fskd o

4. G2A1 Y

EHANGE 7 5ok 5 WA A0 gBY % Q4R T Ay
A& ¢Hs AAD 001 M CaCl 20 mLE uoa 25CAM 6 A7 B
A9 olst FANYY 2o Wyoz YA vre Pasaon
4 AgetolEof ol sokel By AR dohus] ot} 4 Ho) B ©
HAYS Yahdnh 2700 2 AgelolEd Faw more oy *Lw
Foll EAete woke] doRRE, 2 se] YHAGeA 2 A etol £
AE e ¢ g Fo wAYE 33 AvFYT

o
&
Jo
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v. 23 ¢ 13z

1 §349% =2A7

FHAEAAM AGAGE FaAGo] B AFS 7X7) BB FHA
hE 229 FAd oM AAIE AAsE RS Fady

AR FAPEARE A7) Y8k CLIv, FAUs, (FAU+NaPl)sy, FOCw 2t
Al &eto]E 01 g& phosphamidon, fenitrothion, triadimefon 10 ug/mlL ¢}
diniconazole 3 ug/mL& borosilicate glass vialdl ¥ 1, FHA A & s
ANy g woz 5 2 10 ¥, 30 B 1 Algh 3 Az 6 A7 9
AlZE 12 AZE 18 A1ZE, 24 A7, 36102 MEAI || 824 2o A
NG F FAA Fo 2 549 ¥58 248 AHE Fig. 59 Ug
WA ok

FAAMNEA AoiM R AFAE] NAPH FHAHE 24 A7
%83t o™ (Leenheere} Ahlrichs, 1971; Bowman¥} Sans, 1977; Cancela
s, 1990; Sanchez-Martin®} Sanchez-Camazano, 1991; Hu 3, 1998), A4
At wel 2~ 72 AAA gE2A Hgstd AP tHChang#
Stritzke, 1977, Aly &, 1980; Rick %, 1987, Bosetto S, 1993; Cheong
5, 1996, Cheah &, 1997, Niwas %, 2000). Fig. 59|14 Jebd ule} o]
7t A golEo HEF RE Fodo] thalM 6 AL FAHH Tl
7ol FEE ABYS & F AT F4 EFol BAIYe] CLIn, FAUF
R (FAU+Na-Pl)see 1 A13F ojulel]l Hyo| =gstgon 2 & 36 AlzF 59
FHE s A7t A HlEE 4% A Lo EQ FCOwE 10 & o]
Holl 90 %01 FHERCH, 10 ¥ ~ 3 Az ApolollA] Fo) 2FH Yojyt
o8, 2 F B AR T FAFFE s W3l AT FAHAL fa)Ly)
o & Ex oA o3 wofo &4o] Ak WM 6 AT FHIYY F
FA| FrRigte 39 2o Ao

o
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Phosphamidon Fenitrothion

—_
n

~

[(e]
[{e]

o))

Pesticide in Solution(mg/L)
w (o]
Pesticide in Solution(mg/L)

w

0 10 0 K} 40 0 10 20 0 40
Time (hr) Time (hr)

Triadimefon Diniconazole

Pesticide in Solution(mg/L)
w (o))
Pesticide in Solution(mg/L)

A .

0 10 20 30 40 0 10 20 30 40
Time {(hr) Tirme (hr)

Fig. 5. The pesticide adsorption kinetics on several zeolites. (—e— ‘CLy,
—— FAUr, ——:(FAU + Na-Pl)s;, =« FCCw, —s— :Control)
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2. AlgetolEe] Fob 3 54

D AF zFolzRe FAEY ALeolE Fof T2 =4

AT AFgolZREY A Na-Pls, SODs, ANAs, JBWs @ CANs &
5 & AIdolEY Tk FHAE5L HESV 98 o5 7 ALaolE
0.1 goll 10 ug/mL9 phosphamidon, fenitrothion, triadimefon % 3.0
ug/mL®] diniconazole 20 mL& 7}ste] M. 39 FHAY Lo wa &
Yt Foko] FAF S HEFY

EYGE ol8E T% T2 AFNM 5% Fase 43 229 EgE
o AA= #71E1(Singh §, 1990), #71% T3 (Grover, 1977), %ol L
A &8 FCEC) (d2 ¥, 1992), #7183 CEC (% 5, 1999), §7129 =
E%% (Davis, 1993; Sundaram %5, 1997)0] 242 ot Falae =
7beta, EFTe f718 2 HEGBI soro) Fagys (+)o Anni
(Locke, 1992)7F Atk B e 3 gty Fofo] Fale) nx: Qzigt: =
okl Fx, BAIZY], AAMSUL, o)A, A%A 24 agm 7 seH
R A Ao Aedgn 2 gy (Sabljic, 1984; Woodburn %,
1990).

371 5% ¥4 AMFHolE] @ ¥k Fa AY A HE Fao)
doux] itk o] A EEo]EE Table 114 Bz Hd @ 2z
ol FAUS #Ateh &2 CECS V%9 #7128 21 gloy ols A&a
oJEStE 22 FoFe Fo] Yoy ¥E HoZ Hol HLeGo|Eo] o
g 5o FHL EYBt 98 CECH ARAo) ¢a =3 §72 3
ol PlFol7] HEo] EY g2 vrtgZol o Fao] Yojy: Moz
B F AEHolE F718 FFo] vjFo]r] o] xLalolE g
AM ok FAo] ez & wgd ALeolEY channellz =
°fol Eoi7bok Bty AbE Fofel Balgo]l Az Yo A7) 6 AolA
282 Ax, olg ALYEY MF A7E 4 AdAM 6 Aolstolmz
(Table 132), AISHoE AF W oz 4 ¢7] gE Aoz Ho)
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2, HE AEHE R FAUE olF ool Bz 4 e 7 Ao)atsl
TEY A7) MBE 2 ) WA FAHE oz *@7-}5101 A,

= YW EFAN Fokol Fatole og shx) HGdd Qg0 BAg 5
AARE MFA717h dstA way A &eolE MFoME Eop gRo)
AZ2olE A Fol S8 £ guu wx U=l g Bas zzs)
T FHe F Y Hoz moy,

)
WA B AT olE AeolEE A Y ASeolE B =
T FAUS djef 5o & 93 a78 Sgsg

2 HA % ¥4 FAU #getolEe] sof 33 £y

M AM&RolE 2 4 FAU A LejolE gl T ¥R SNHe Amm
7] 918t CLIy, FAUf, (FAU+Na-Pl)sy, FCCw 2} 0.1 ge 2 ~ 10 mg/L
e phosphamidon, - fenitrothion, triadimefon = % 06 ~ 30 mg/L9
diniconazole & #3001 M CaCl: 20 mL o] 7bsted . 3 XA o)
Wet FYste] F2 ¥y £ o Ans Linear(#1), Freundlich(2]3) @
Langmuir &2H5-22)(45)0) 2 L3l Fig. 6, 7, 894 Z+zt £ A8 3, o]
SEFH 78 ALY 2 AYASRRH: Table 49} Zon
Table 4288 78 72} F252249] selng Table 59 o} Fig. 6,
7,8 % Table 49 R* M iz vhe} go] A eelolE B pope) 8
o weh thae stol QA g M LeolEg] wok FH 47 37kA &3
T2l HlmA # Hgye o £ glgn =3 FCCwe ¢ A9 gn

¥ FeelA R > 099 ol4g BYe ¥ £ e, o]t FCCwrt 244
AEetolEclng FAELR Y7} Ba A8d Sobo] ¥r 271 &

Ao 2 Alg gt}

oleld AAe EY Fo %o ZFHo| Linear ¥ Freundlich4}ol & &
HEEHY EYEWHo| FUsx ¢x Ergds F3e dodm sk ¢
TASe2 FaEo Langmuirdlols @ 345z 2e A3 Fatsg
(Sundaram %, 1997, £, 1999).
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& @TA Linear F25 240 ofs) Had 2o ARA57 98
AR, o] 4 ufe e PWyEToly FHHAANE s de Ha
= I Hrtgo olRe (o) (DHA EAol o8 FAA wo.
(DHHL Yo Agejole = FTHe] EAE ouistm ()"He
ol Eo] F3g sofo] A Laole 8ol Fxo PYPo| Tgalx gt
He Ae ofu gt gayq B Al &2to]Eol sofo] & a3}x) =,
BHol AHYE RS 24 FaAy dolEle] ZHHo2RE sosgn
BEE = A 28y o) A9 ZIZ712RE T8 RujAs K= F2HA
B2 T FH5L wasig 25 AHEE 3 9lthSingh S, 1990;
Sundaram %, 1997; ., 1999).

Ko 5ol EXY T2 Hao ga HEA Yeldn, dukygoe g
Ko7b 3% Fitgo) ags 3 omsin Freundlich2l ol 4 Kegte 3
ABYFEE Ce=l ug/mLY o FAYTRZ AR soby F A
Abelel oA sty yeye ABE, Kedtol 242 Kpot vpais}
AR F2Fe] A9 (Cleveland, 19%) & =5 T g3l oy A
< 97 % tH(Baarschers 5, 1983).

A &e}olE CLIy, FAUf, (FAU+Na-Pl)ss @ FCCwell dig sofel Ky
X Keg d9Bng T4 FH  BAQ FCCw > FAUr >
(FAU*Na-Pl)se > CLIx9) 02 Zage & F AAL & Aol
Abole] Foko] Ui FRsL slxm ue T2 Bole CLIv o
a3l Blwstr) Yo Rp, = Kpcew/Kpicuw, Rps = KpFau/Kpcw, Rpy =
KbitFavNa-pnsel/Kpcu FE Ry = Kr#cew/Krein, Rpp = Kr#ave/KgcLi,
Rr3 = Krirav-na-posl/Kpcun® 738+ 0}

Roi, Roz, Ros, Rei, Reg, Rpss phosphamidon®] 79 ztz} 4282, 14, 1.3,
4459, 2.1, 1.8, fenitrothion2 3% 2z 6730, 12, 1.1, 3453, 19, 15,
triadimefon®] 7% ¢ z+zt 69856, 1.5, 1.5, 3446, 2.4, 1.2, diniconazole 9| 7
¥+ 7tz 575, 15, 1.1, 4039, 1.8, 1622 FCCw: CLInel &) Kpe o
4008 o4, Kee oF 3508 o)A} 7pe s FHALE & & AAY. FAUs
© CLIN H&) Kpe 12 ~ 154, Kez 19 ~ 2.49), (FAU+Na-Pl)gp=
CLIxel ®l3 Kpe 11 ~ 15W}, Ke= 12 ~ 184 =& FAAYe o 4
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ARt

FCCw7b & F#5¢ Mot 2L &4% FAUR YA LdolE =
=4E Yetde AR g v 349 Sig 288 USY Al &etolEolm, ¥
GE Bl FAo)7) R Row Ate €. 28y FAUr, (FAU+Na- Pl)sr
7 FCCwell Hl8) 2} §3%58 moles Re &3 FAUZ} o}z g
A EE AlF A3 ore] AR FAU AEeFolEZ HEHY7] wFoo},
CLINF ¥134 & YEhNE Si09 #o] 8% %:r‘?f}”’(Table 0I5
< FATE Bole AL HAHo 2 wEoj o Z7 F&o] 73 A
H EA(Twin) 2H 728 & 497 27 g2 Roz a:2:0=3

A eolEe] FAERSS CLIVE A9stn g BET A dx
= 4%& 2tk 28y BET EUAE d2Ex7}) Sojzt T Ae
BE SHT Holn A 5% A7)E 6 Aoj4bols] wEa S8 Yy
Ho2 dAge AL ol oo Aol Q37 AFF=z,
2 AT BE Fo] 4% 2 4 o}

Freundlich4 o I/mye= &29 43 #dxc alo)g A8 g
Hete FRDE 2 Fol 1 (Bansal, 1983), o] @& o] R3] A &2} o]
Eo ¥ FA¥HE BE3td BH(Giles 5, 1960), FCCwol W3t R E
FeFel Unp &2 1o 7bhE S 7hXE CY A Ygs Yetz gle
ool FHA 02 UG v Ru) £ A5 Sojn= & ool
Hall Getde FAYH2N SERYE 24 FxsE AL o e

- 9 CLIy, FAUr % (FAU+*Na-PD)spoll ti§ Ao RE xote 1/, &
°] 09E Y ol L¥ 22 ugd ol 713 UuiHe TRy %7
@A S FAAN sokol dE AHHL AT Y= R UYetdeg, &
Hol AYLFE FAAA o] gastd Fato] YH YA HE AL o] m]
A (Giles &, 1960). WA R FRoME Fago) Bou EEsp =
Zbgel et ddiHor AL P Fye wolg,

FF Y Ko £ Kpe Table 5014 Bax= ulo} o] #Lalo]E o
ol #A%le] diniconazole > fenitrothion > triadimefon > phosphamidon

oA 2 FoF Alole] A Ky i KeE W a7
A 7hE RE& Ko E5 Kewte YehlE phosphamidone 7]Z o2

L
r4>
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Koidiniconazolel/ Kphosphamion),  Ktfenitrothion)/ Kiphospharmidon, Kouriadimetony/Koxphosphamidon,
Kediniconazole)/ KFtphosphamidon),  KFtenitrothion)/ K (phosphamidon), KFtriadimeton)/ K¢ phosphamidon)
o] vl & MdHrgtt o A CLIx® 3% zZ+zt 196, 1.27, 1.01, 2.64, 2.55,
1.95, FAUr9 7% 213, 1.11, 1.09, 227, 226, 157, (FAU+Na-Pl)sro| 7
¥ 168, 1.16, 1.14, 2.37, 205, 1.29, FCCw9 7% 263, 2.00, 165, 2.39,
197, 15122, Kp ¥ KrE phosphamidonol] H] 3| dinionazole2 z}+Z} 168
~ 263Wi, 227 ~ 2644, fenitrothion® 7} 1.11 ~ 2.008), 197 ~255
8, triadimefon2 Z+7Z} 101 ~ 1654, 1.29 ~1.954f =& e 713 o
T ARk o)Ed AF: sws-z = 8 Al = (Kow) (diniconazole,
fenitrothion, triadimefon, phosphamidon®] 7 ztz} 199953, 2691, 1288,
6.17(Tomlin, 1994))7} 242, Z 2o us sote L& w7} HeTE
(Table 3 %t Fig. 9) k9] &2tefo] Z7gte & 4 AU o2 st Az
< Chiou $(1977), #(1997), Kim3} Feagley(1998), # 5(1999a)9] o}
FAHL 2o O Gemst ¥ FdY4E woko Faako) datt=
Bt dREH
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Fig. 6. Linear adsorption isotherms of phosphamidon( s ), fenitrothion( & ),
triadimefon( 4 ) and diniconazole( * ) for the several zeolites.
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Table 5. The parameters of the isotherms of Linear, Freundlich and
Langmuir for the adsorption of pesticides in several zeolites

Linear  Freundlich Langmuir

Zeolites Pesticides
Kb Kr I/nr Qug/g) b

phosphamidon 1889 200 097 667 0.033

fenitrothion 2401 510 0.73 556 0.089

CLIn
triadimefon  19.09 390 0.74 357 0.115
diniconazole 3696 527 (.71 149 0.584
phosphamidon 2564 422 079 385 0.126
fenitrothion 2845 953 052 333 0.390
FAUf

triadimefon 2782 662 067 455 0.155

diniconazole 5452 957 0.60 217 0.869

phosphamidon 2439 362 080 385 0.103
fenitrothion 2838 74.1 0.55 278 0.363

(FAU + Na-Pl)sr
triadimefon 2771 466 074 333 0.169

diniconazole 4096 857 068 238 0.609

phosphamidon 8089 8917 1.08 -10000 -0.50
fenitrothion 16158 17608 104 - 14286 -1.00

FCCw
triadimefon 13336 13440 0.99 -100000 -0.14

diniconazole 21252 21286 0.90 3333  0.0003

_36_



3) 2&9 Wl Mg MLeolEY ok FH =4
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¥ parathion® FHA70 23 A LE7} A=) et Fato] #ast
T A% Hon ol FHFGo]l & HoE xWslo ma = &3
=9 MuFoln, Fido] we Fo: gy Fauge = A ¥
o Foletn 3t
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T olfE A ALAoIEA Foo] Solz £ Uk ATE 10447
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2R 252 o3 FHA 2o 9§ e deye WM (gH)E
7P 49 sgom, o] | AHo 2 s e (]) FFEd
Mo 8Ee &, (2 R85 Folee 2T Yt Fxy Tt 4%
FLEERY), 28n (3) FHEAY Yrzogngy St gy
(FE#44)8n gt

degx el WMIHIH)E 2T 2 Van't Hoff4](4]6)o.2Re 23439
T Aen, 1 A#HE Table 69 YEHYUT

mCa=ICp (6)
1/ T] - 1/ T2

AdH=R

A7l A, RE 71045, Ca® Coll 25 Tid TyollM o HEFT

FHAG v ZAAolY Yol 2 AyHor ve gyH= T
FA4AAol B 2 Roz Yol el FFANAM gH
< 20Kcal mol !, Adams(1973)].
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Fig. 10. Relationship between the amount of the pesticide adsorbed and
temperature for phosphamidon( ¢ ), fenitrothion(® ) triadimefon

(4) and diniconazole(® ).
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Table 6. Change in enthalpy(4H) for the adsorption of the pesticides

on the zeolites with the temperature

AH (Kcal mol ")
Zeolites
Phosphamidon Fenitrothion Triadimefon Diniconazole
CLINn -0.488 -1.307 -0.494 -0.465
FAUf 0.421 0.227 0.903 0.638
(FAU+Na-Pl)sg 0.309 0.399 3.608 0.362
FCCw 1.576 3.708 2.038 0.988

4) pH ¥z M & A Leho]EY Fof 2 EA

Al ZefolESl  pHW S| WE Fofol FEAL motsly] st
AH-&etolE 0.1 goll 0.1 N NaOH® 0.1 N HCI& 7}8td pH 3 ~ 1022
HSHAI 71 A T 39 FAAY Wy wet 3% A2 Fig. 119 Je
Wt Al A Al&ele]E CLIy, FAUr, (FAU+Na-Pl)s,2 FCCw
o] pHE Z+7} 6.31, 7.56, 7.84, 6.43°] 1t}

Fig. 11olAM B2 nvfe} o] phosphamidon, fenitrothion3}
triadimefon pH®| @&l 3] FaFo Ao WEr A=, o=
o] Feofo] Hlo]2Ao]7] wWFoln H|o] 24 FFL Fale FHA BAH
g we FHo FAHE ol2AAFeZ FFHo] HE AHol ol
Van der Waals3, 252% 534 22 AU Fd 9ostd F&57)

o2 Azdr ol Altzman 5(1972)0] H]o] &4 ¥ 2kQ parathion©]
pHo| 3stol] uwe} FHFe] ¥yt glods 219 Pusino $(1994)0)
Metolachlor &2toll Q1o #71gbiel] didt F2A = pHAl 9L ¥z
Fitte AFA %G} FAEEA

3} ATt diniconazole?] 7 ¢+ Fig. 110l UEld v} o] R E &7
o|Ed] W3ale pH7} F7tstol wel Fate] Zads ARE BHY ol
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Fig. 11. Relationship between the amount of the pesticide adsorbed(ug/g) and
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Fig. 12. Phosphamidon sorption-desorption isotherms on zeolites. Closed
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AgolES] FoF F- g% S4L AHuy Y& HAMLYgoE
(Clinoptilolite, CLIn), A AZglo}l2HE AW A &2} o] E(Na-Pls,
sodalite octahydtrate (SODs), analcime (ANAg), nepheline hydrate
(JBWs), cancrinite (CANs)), &2 2 8 #§4 ¥ Faujasite AL aolE
(FAUr), £=32jotet MaAE 6:49 v &2 39 A3 FAUS Na-P1o9]
3" A &Yo)E ((FAU+Na-Pl)sp), ¥ H52 2] Hajurgzo)
(FCCw) T o]l8349 oo "ol AI¥IFHm Y= phosphamidon,
fenitrothion 59 #7114 4% 49} triadimefon, diniconazole 5 triazole
T ATA F 4% 9 Fofol dal 72 ALeolE wof AE F - QA
T FAol vjAEs fd pH, & A So Wty AEI}G v
2 AL dAd

1. AlF 232022y FAE Na-Pls, SODs, ANAs, JBWs ¥ CANg
5%9 fA ALeolEd o3 FF FHL HE Yojux gk, o=
Tt 4zte A7t 23, o] AgFPolEY HF Av|J}t Fomz Fop
of AIZY)E HF WZ EojZ & Q7] WEA HoZ Alg@r}

2. AZ}olE FHe WE Fo BuiASF Kp 2 Freundlich & #4449

Kres &9 F79) #AQlel FCCw > FAUF > (FAU+Na-Pl)sr > CLIn®
Tog Aasrt

3. 5% FF¥ Ko £+ Krt diniconazole > fenitrothion > triadimefon >
phosphamidon®] €22 ZAFHYEH, o] &M= Foto LL-E BujAs
Kow), & &9 €l g Salert Z28+2 5% Kp =& Kert 27}
e 3R YA s

4. =7t F7tgel we CLIv® F&% o] Zasts W, FAU
(FAU+Na-Pl)sr9t FCCwo & 2%7F Z71stol mwal & go] Zrhstgy
o},

5. phosphamidon, fenitrothion ¥ triadimefon& pH®2 3o o5t F
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2ol W3st A3 diniconazole® RE A &elolEd| Wity pHF =
7bgoll mhet F o] Zaste AFRE R

6. AlZeolEo] Fitd Fto e FA ENFE g =
o9, FE AgHolEoN g5 Foko] o] S o] FHREL
Azt 34 Hojue o)daNe A3, $%9 T/ 22842 |, a7
I 5Y Fi5o E ALY EYSFE olF@AL Zutslu
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X
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