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Summary

In order to assess the potential groundwater contamination, pesticide
adsorption characteristics and water-dispersible colloids fractionating
capacity of various soils were investigated, The leaching potentials of some
pesticides used in Cheju by analyzing indices of groundwater ubiquity score,
GUS, retardation factor, RF, and attenuation factor, AF, which were
obtained from the experiments with citrus orchard soils in Cheju were

compared.

Part 1. Pesticide Adsorption Characteristics of Citrus Orchard Soils
with Different Amounts of Organic Carbon

Laboratory experiments were performed to evaluate the adsorption
characteristics of Cheju citrus orchard soils with various amounts of organic
carbon for metribuzin [4-amino-6-(1,1-dimethylethyl)-3-(methylthio)-1,2,4-
triazin-5(4H)-one], metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-
methoxy~1-methylethyl) acetamide], alachlor [2-chloro-N-(2,6-diethyl~phen
yD-N-(methoxy-methyl) acetamide], linuron [3-(3,4-dichlorophenyl)-1-meth
oxy-1-methylurea], diuron [3-(3,4-dichlorophenyl)-1,1-dimethylureal, dini-
conazole {(E)-(%)- 8 -[(2,4-dichlorophenyl)methylene]- @ —(1,1-dimethylethyl)
-1H-1,2,4-triazole-1-ethanol}, chlorothalonil [2,3,45-tetrachloroisophthalo-
nitrile], chloropyrifos [0,0-diethyl-Q-3,5,6-trichloro-2-pyridyl phosphoro-



thioate]. Batch equilibration technique was used in the experiment. To
obtain adsorption coefficients, Linear, Freundlich, Langmuir, and BET
adsorption isotherms were employed. How the amount of organic carbon
affected the adsorption types and capacity of various soils, Freundlich
adsorption coefficients, K; and organic carbon-based adsorption coefficients,

Ko were studied

1. The soils used in this experiment had a range for the organic carbon
amount from 13g kg™ to 157g kg !. The range of pH(NaF) was from 7.20
to 11.31. The soils were classified into 16 volcanic ash soils and 14
non-volcanic soils. A soil with pH(NaF) > 94 is a volcanic ash soil. We
could say that the samples represented all the citrus orchard soils found in
Cheju.

2. The adsorption equilibrium times were approximately 7, 6, 10, and 20
hours after shaking the mixture of soils and solutions of metribuzin,
metolachlor, linuron, and chlorothalonil, respectively.

3. The Linear, Freundlich, Langmuir, and BET adsorption isotherms
were employed. Among them, the Linear and Freuﬂdlich isotherms could
be fitted in 5% significance for all the eight pesticides. The Freundlich
isotherm was best fitted in the determination coefficients.

4. For metribuzin, metolachlor, linuron and chlorothalonil, the graphs
obtained from the non-volcanic soils with low organic carbon exhibited
S-shaped isotherms. As the organic carbon content was large, the graphs
exhibited C-shaped, L-shaped, and H-shaped isotherms, depending uopn the

organic carbon. It means that the adsorption capacity of soils becomes high
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when the organic carbon content is large. Donghong, Pyungdae, Wuimi,
Hangyeong, and Songdang soil series exhibited H-shaped isotherms and the
highest affinity. For alachlor and chloropyrifos, the graphs obtained from
most soils exhibited linear isotherms and constant rate of adsorption in spite
of the change in the pesticide concentration in the soil. For diuron and
diniconazole. most soils exhibited L-shaped isotherms, which means that the
adsorption capacity becomes small when the amount of the initial
concentration of the pesticide is large in the soil.

5. Freundlich adsorption coefficients, Ks, ranged from 04 to 48Lkg ' for
metribuzin, 0.1 to 106Lkg ! for metolachlor, 0.6 to 9.1Lkg* for alachlor,
08 to 67.0Lkg * for linuron, 3.2 to 163Lkgl for diuron, 10.2 to 112Lkg'1
for diniconazole, 9.4 to 189 L kg™ for chlorothalonil, and 43 to 516 Lkg ' for
chloropyrifos. It means that Cheju citrus orchard soils had big differences in
adsorption capacity.

6. Adsorption appeared to be significantly influenced by the organic
carbon content- present in each soil, but the exact relationship varied from
pesticide to pesticide. The K: values increased linearly for metribuzin and
metolachlor, logarithmically for alachlor, diniconazole and chloropyrifos, and
exponentially for linuron, diuron and chlorothalonil, with respect to the
organic carbon content.

7. Ka values showed close relationship with K; That is, K4 increased as
K increased, even though exact values for K4 and K; were not the same.

8. Soil organic carbon-based adsorption coefficients, Ko, of diniconazole,
chloropyrifos and alachlor became small when the organic carbon content

was large. On the other hand, K of linuron and diuron was large when
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the amount of organic carbon was large. Ko of metribuzin, metolachlor, and

chlorothalonil showed no change.

Part 2. Comparison of Water-Dispersible Colloids Fractionation of

Soils

The chemical properties of soils affecting the  water-dispersible colloids,
WDCs, made out out of the soils were investigated. WDCs are considered
to be a pesticide carrier through macropore, cracks, and sinkholes to
groundwater. They were gravimetrically determined at 105 C in dry oven.
The effects of pH(KCI), pH(Hz0), ApH, and oxalate extractable Al and Fe

on WDCs fractionation were also studied.

1. The amounts of oxalate extractable Al and Fe were observed to be
less than 40 g kg™ and linearly proportional to the organic carbon content.

2. The WDCs fractionating capacity in soils was inversely proportional to
the organic carbon, but Al+1/2Fe values were proportional to the organic
carbon.

3. KCl extractable Al contents were inversely proportional to both
pH(H:0) or pH(KCl). The magnitude of pH(KC]) in soils was large in
proportion to the organic carbon content, but the magnitude of pH(H:O) did
not have any relation with the organic carbon in soils. The difference
between pH(KCI) and pH(H;0), ApH, was inversely proportional to the

organic carbon content in soils.
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4. WDCs fractionating capacity showed significant correlation ApH.
When ApH increased from -0.75 to -1.8 unit, WDCs increased from zero to
08kkg! and when ApH was less then -0.75, WDCs were hardly
fractionated.

Part 3. Comparison of Pesticide Leachability Using Indices of GUS,
RF and AF

Here, groundwater ubiquity score(GUS), retardation factor(RF) and
attenuation factor (AF) of the soils with various pesticides experimented in
Part 1 were compared. With those three indices, the difference of potential

leachability to groundwater and the relation to organic carbon were studied.

1. Bulk densities of soils ranged from 04 to 14gcm’ and varied
exponentially with respect to the organic carbon content. The porosity
ranged from 0.48 to 0.80 cm®cm ® and varied logarithmically with respect to
the organic carbon content.

2. For GUS index considering Ko values and half-life of pesticides in
soil, metribuzin and metolachlor were classified as leachers. Alachlor in
volcanic ash soils, and linuron in non-volcanic soils were classified as
leachers. In most soils diuron and diniconazole were classified as leachers,
and chlorothalonil and chloropyrifos were classified as non-leachers.

3. For RF values considering bulk density, porosity, and adsorption
capacity, K; in soils, metribuzin was classified to be very mobile or mobile
in soils with low organic carbon. Therefore, we may conclude that

metribuzin has potential leachability to groundwater. Metolachlor and



alachlor were classified to be moderately immobile for most soils. Linuron,
diuron, diniconazole, chlorothalonil and chloropyrifos were all classified to be
very immobile.

4, For AF wvalues, diniconazole, chlorothalonil, and chloropyrifos were
classified to be very unlikely leachable for all the soils when we considered
such factors as RF, average pore water velocity, and decay coefficient of
pesticide and when we assumed the soil depth of 0.5 m and net recharge
rate of 0.0068mday "’ for the groundwater. On the other hand, metribuzin
was classified to be likely leachable. The potential leachability of the
metribuzin in the volcanic ash soils was low, but high in the non-volcanic
ash soils. Metolahclor, linuron and diuron were classified to be leachable
only in the non-volcanic soils but were different in their magnitude of
leachahility. Alachlor was less leachable with large amount of organic
carbon in non-volcanic soils, but did not show a uniform tendency in the
volcanic ash soils.

5. Metribuzin and metolachlor, which were classified to be leachers with
GUS, had the values of AF from 0.35 to 0.01 and 0.55 to 0.001, respectively,
depending upon the amount of organic carbon. Linuron and diuron, which
were classified to be leachers in non-volcanic soils and to be transitional in
volcanic ash soils using GUS, respectively, were classified to be leachable
with AF only in non-volcanic soils with low organic carbon. Alachlor was
classified to be leachable even in volcanic ash soils with relatively low
adsorption capacity. Diniconazole, which was classified to be transitional
with GUS, was classified to be unlikely leachable with AF. Chlorothalonil
and chloropyrifos were classified to be also unlikely leachable with AF.

_Vi'_



Summary i
2z vil
List of Tables xi
List of Figures Xii
List of Abbreviations XV
L A& 1
L d7A} 4
1 A% E%9 54 4

2. FFFHEA - 5

D ¥4 #odts £8 EFAA 5

2) FFNAH FAFT2AY FH 6

3) EFYAN &7t sFEFA viXe 9% 8

4) f718° F&d vXNe IF 9

5 ¥FAHA HAE 8 10

3. %9 o|FH4 11
4. EFe ERAY FRo|=d 3 Fok olEAAA 13
5 E¢ 29249 oF 13
6. Fe &2 AN Bt 15
D &#3 B9 F44 84 o9 AdAF 16

2) FFFS AT oJFAZ 16

3) ol FANRFH EHEYTol AT LB A$ 16

4
R

- vii -



4) Groundwater UbiqUIty SCore w e e 17

Fued 19
Y1 A71G2TF] HE 4BY EFIA FH] FREY e 2
q e or
AE R HPE e 27

1L EFNEY AH 2 #4 27

2. T FF- 27

3. 44849 =A - 29

4. EHLY 29

5 F&524 30

6. EFH A 31
4% 9 1% 33

1. EYEA4 33

2. 373 FHAEIANT 35

3. WYz ue F3F 35

4. FAYH 38

b E¥d 4% 41

6. #7182 % %3} Freundlich Kr #t#e] #A 45

7. Ki &% Kq gt #A 47

8 Edd AL EFR}s 50
& o -

- viii -



AY 2. E¥Y BEEAAY E20l29 AYTY v 60

AqoE 60
Ag € UH 62
1. WDCs A4 % 274 62
2. pH(H,0), pH(KC]) 2 ApH 62
3. oxalate &9 AZA Al Fe@dFa} KCIEd &4 AIRF 24— 62
A3 4 3% 64
1L BANERY Uukd A4 64
2. F1gafFd 02 Ald Fed® w3 65
3. AlZ} Fe¥tzz WDCs A4 5e] #A - 67
4. F7ld28%s WDCs BA T &4 68
5 KCl €9 H&4 AIFE3} pH(H0), pHKCDTHE) FA| oo 69
6. fr71gAgFo] m& pH(KCD, pH(H0)9 #A 70
7. f7leAag el W& ApHY Wi 71
8 ApH% WDCsAlAd e #A 72
9. WDCsell vlX& 84910 3 o34 B4 73
8 ¢ : 74
R 75
4§ 3. GUS, RF % AFE o448 ¥%9 88 ZA4 v ——-78
o 78

As Ry 80

_ix_



1.

23}

EY¥Y E84 54 £4 80
2. % 23 Y4 A 80
1) Groundwater Ubiquity Score 80
2) Retardation Factor 81
3) Attenuation Factor 81
R 83
B¢ B3 54 83
&2 44 86
1) Metribuzin 86
2) Metolachlor 88
3) Alachlor 90
4) Linuron 92
5) Diuron 94
6) Diniconazole 96
7) Chlorothalonil 98
8) Chloropyrifos 100
o} 101
4 104
TH4dE 110



List of

Part 1.

Table 1.
Table 2.
Table 3.
Table 4.

Part 2.

Tahle 1.

Part 3.

Table 1.

Tables

Pesticide Adsorption Characteristics of Citrus Orchard Soils
with Different Amounts of Organic Carbon

Physical properties of the pesticides used in this study-—-—— 28
Initial concentrations of pesticides for the adsorption-—--- 31
Organic carbon contents and chemical properties of the soils—34

Freundlich constants, Kr and 1/n, and distribution coefficients, K,

for the adsorption of the pesticides to the soils 43

Comparison of Water-Dispersible Colloids Fractionation of
Soils

Statistical description of soil chemical properties used in this

DT ITUEIY b= 64

Comparison of Pesticide Leachability Using Indices of GUS,

RF, and AF

Soil physical properties at the series level for the Cheju soils— 85

_xi_



List of Figures

Part 1. Pesticide Adsorption Characteristics of Citrus Orchard Soils
with Different Amounts of Organic Carbon

Figure 1. Changes in adsorption amount for metribuzin, metolachlor, linuron,
and chlorothalonil to the soils with shaking. The organic carbon
contents of the Ora(a), Sara(m), and Gimyoung(e) soil series were

1.28%, 712 %, and 14.3 %, respectively. 36

Figure 2. Adsorption isotherms of the pesticides for Ara(e), Donghong(m),

Hangyeong(a), and Songdang(v) soil seres. 37

Figure 3. Distribution of non-linearity constants, 1/n, for the adsorption of

pesticides with different organic carbon contents. 40

Figure 4. Relationship between Freundlich coefficients, K; and different

organic carbon contents by the pesticides. 46

Figure 5. Relationship between distribution coefficients, K4, and Freundlich

adsorption coefficients, Ki. 49
Figure 6. Relationship between different organic carbon contents and organic
carbon-based adsorption coefficients(Ko) by the pesticides.—52

Part 2. Comparison of Water-Dispersible Colloid Fractionation of Soils

Figure 1. Relationships between different organic carbon contents and

oxalate extractable Al and Fe contents. 66

- xi -



Figure 2. Effects of oxalate extractable Al/Fe on the water-dispersible

colloids in soils with organic carbon contents 67

Figure 3. Relationship between different organic carbon contents and water-

dispersible colloids 68
Figure 4. Relationships between KCl extractable Al and pH(KCl) and
pH(H0) of the soils. 69

Figure 5. Relationships between different organic carbon contents and

pH(KCD) and pH(H:0) 70

Figure 6. Relationship beteen different organic carbon contents and ApH,

the difference between pH(KCl) and pH(HzO) 71

Figure 7. Relationship between the difference between pH(KCI) and

pH(H:0), ApH and water-dispersible colloids 72

Part 3. Comparison of Pesticide Leachability Using Indices of GUS,
RF and AF

Figure 1. Changes in bulk density and porosity with different organic

carbon contents 84

Figure 2. Comparison of GUS, RF and AF values for metolachlor with

different organic carbon contents 87

Figure 3. Comparison of GUS, RF and AF values for alachlor with different

organic carbon contents &9

Figure 4. Comparison of GUS, RF and AF values for linuron with different

organic carbon contents a1

- xiii -



Figure 5. Comparison of GUS, RF and AF values for diuron with different

organic carbon contents 93

Figure 6. Comparison of GUS, RF and AF values for diniconazole with

different organic carbon contents 5

Figure 7. Comparison of GUS, RF and AF values for chlorothalonil with

different organic carbon contents 97

Figure 8 Comparison of GUS, RF and AF values for chloropyrifos with

different organic carbon contents 9

- Xiv -



List of Abbreviations

Al,

Fe,
Foc

GUS

Ks

RF
pm
Tz
WDCs
ApH
& rc
o

P

¢ Attenuation factor

i Oxalate extractable aluminium in soil
 Depth of root zone

. Oxalate extractable iron in soil

. Fraction of soil organic carbon content
. Groundwater Ubiquity Score

' Distribution coefficient

: Freundlich adsorption coefficient

. Retardation factor

: Round per minute

. Soil half-life of pesticide

: Water—dispersible colloids

: Difference between pH(KCI) and pH(HzO)
: Water content at field capacity

. Bulk density in soil

: Particle density in soil

' net groundwater recharge rate

- XV -



L A &

AFEe FAERM &59 dEEE Asted o&stn gtk 2#y 4
= dF At LgdAo] FAANA ALgtE sEtujgd] oF Ao
WEHAAAM(F T, 199%; 8 F, 1998), B & 2 7MsAE ArjHT 9
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AFEY EF2 EYAd wa 37 449 EgFoz v 44 v
FABEE FH MEFY dFEZW, Aota] A ER ZHNEE
g FACR ZEH gtk E4 JAINEE FRAY, gL 543
Ee @iy dFEE2ddg 433 9o £xHo d(FA, 1976). 4L
EE HgUEGS v, UvA 349 EYTE FAIER EFIHS,
1998).

53], A EE f71E0l ¥ FFH EGAe] o thgd FHFEE
2 Uit o33 {182 EF F w9 FAHNA B o WS FAX
Hi Be FENE ATy dEd M F8% FFA2AM FLdd
(Richter, 1996). ¥t At E #7152 ¥ A A E 2 (amorphous materials)?!
Al Fe T st Yatstso] AR iR & Frh(Shoji, 1993).
Chiou(1984)= ®7|&€< #HE7|H4(apparant surface area)’} AA|HA
(external surface area)& &7 v @24 WPFeo watA FHo) & %
)7} A& F UFE AlAEIA -

OJATAY FFEAEAH WP d7E ¥ IR F, 1994 9 ¥,
1995; ©] &, 1998)& AYstie dFEEo] F7]1edqFo] ¥ Edd gy
olFoA fon, F7|E%Fo] ¥& SHAYE dd FFd #E A7 A
8] o]FoA A gttt



AFE FMNHEE F71EH vjAL FFo] wof FF&0] 21, F4E5ET
meE 548 Z2u vk 53 FAX A9 21 AP dE ResEs
4~1099cmhr’ HHold, HF 302cmhr OHAFEF NG FGZAL,
1997). B3, 243 Fetatg FACE A g0 wal 1,240 mmoel A 2,500 mm
ole, AYT FFUFE 1229147 4A, 191). AstsE FAHE &9 &
& Ay 1872mme 44%9 80mmyr'E A Ko H& wW¢ BAFE
FAL S ALAH, 1993). 2ol g3 AgrHAe ¥FL 5094 140mmé
B 7F %< W 104l A 18A3F B Fo vtelvtm, 16904 53A41% Ft T
A Aol ASHATL LIPS ER(IL F, 1998) ZFol Adge AHF
L% 9%e FI A&E UEMAT

AFzqM FF FEFL 62000has) F4X ol uld 560080 A4XHI
ATHAFE #739MA, 19%6). 2 Fle 49 AgrdM AEHATGT 2
¥ alachlor, metolachlor, metribuzin, linuron, chlorothalonil, chloropyrifos,
bentazone, bromacil, pendimethalin, endosulfan, carbofuran €2} % 2%(Funari
T, 190)E A3F 23 Aok 2y ol AnA AFke AsgolA FoF
o] AZHAYE Hie g

XY FF2 E¥SS THdE A @A &% ol FEA H, olF F
o] E¢d FFHE A wg o 54xE @2 $(Brusseau, 1995
van Genuchten®} Wierenga, 1986). &3 e] #d3sli= F9 A= F7EGH
I NEFFozM(Y F, 1977, Weberst Peter, 1982, & 5, 1984; 33} 7,
199093 %, 1992, Weber% Swain, 1993;  Sanchez-Martin® Sanchez-
Camazano, 1991), #7| €& %] S7184 8 Fr&r aAA, v% &%
X F7ed,

AUt Zo] dId FdE AL, FrEY A71EFFH0 vt
TEXHO e EFIAE FABYT o|F5A0] QAH 4% A )
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e, 2) B s Fo] AsA dolvts wofd oF Ao A
A& Wrtst) A8 EG F w9 olFuAR BFHe FEAY FRo=
o A vAe EFLAE W3, 3) Groundwater Ubiquity Score
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1. AFE E¥9 54

AFzo £EHo = 6319 EYE T T7%7 FAHNER ERAUCE
A, 1976). M EE pFololA SALES w1, RFFo| an, et
AE7}h i &k ICOMAND(1988)E 44 LT 090gcm”® ©18E Andisols2
THGL v} A ES] SHYET ¥ A2 UNHoR FI|EHF] E
T, #7189 JAMET} 14~18gcm 2 WS Fed sQHy, £E St
glass®] YAUEI} 24gem 2 B AW F HEFEQ Allophaned] TZ7}
4o] ¥ F¥(spherules)o|olA] TF2EH T3] B& dE 7A@ Th($, 1989).

33 9] pH(H0)= Allophaneo]t} Imogolite?} & AEZEYU A$+<
50~702.2 vl Fou, Al-, Fe-#715%A7 8 74EY wi= 50 9
&9 A& JeEb Atk (Shoji®t Fugiwara, 1984; Saigusa®t Shoji, 1986; Shoji
%, 1988; Ping %, 1989; Parfitt$} Kimble, 1989).

B EE wAEREo] HAAEF(amorphous materials), short-range-
order 3, E& Al-¥7])2%4 (Aluminum-organic matter complex)?} F7}
He EGoRA, N EY 55¢ B2 3EA 542 o AR 54
of 71t o]F AAFLEY Ao F5hA Wl A9A 2ol A
253 1o (Methods of Soil analysis, 1986), 4H4 (pH 3.0 == 35)9 02M
oxalate &2 Al-, Fe-#7|&%4), allophane} imogolite %% o}re}
Ferrihydrite$t #& short-range-order #&& -£3A71th, Wada(1980)&
oxalate €408 JZHT AT @4 Alojg 3, HAAED B &4
Aldl 93 SMIFEE A A& FANAT. A& Fe-#715ZA %



ferrihydrate® ¥ §3la Al+1/2Fe, = 2.0 %% Andisols ¥#71£22 A1
ATHICOMAND, 1983)

a3 HHZ9 FaPAHAN WEEHE AR Fed #7IEH Ao
Al-, Fe-#7128AE dA#ch pH 50 ©181Y A FHA< gF&e
g4 Alo] aAH F71EHA Hel2 S8 A AT, pH7F FohA W Eo}
AFE tAAo] ¥ R{71EBFA Y Al v FVEEAE oFn JUA @2
Alo] Si%} #3H¢| allophane E imogolited MAEH7] dvh. wetA {7
E@Fol ¥1 pH7l R E€5F A-R7IBEA e Hes 5= A%, §71E
gako] Y3 pH7l %&+E allophane®] F7F ®rHE:, 1989 Shojist
Fujiwara, 1984; Parfitt®} Saigusa, 1985, Mizota$} van Reeuwijk, 1989)

2. 5FE%54

2AEAo EYURAY A B ESUAY V149 AAWEY A Ee
FAHE @42 8o ¥ FA42 /19HQA A o2ZM EYUA BY
of A FAstzol wety Eojgrie P} WFE Ao] ttEA vehdd.

EGYA g9 EAFE olFo] FAAHE adsorption(EAE )} EYS
A gl W@le n4dg PAIAY, EFYa U FHEFE o] FE A
H(precipitation), EXY T EE #7)H F2o2 Fiixo 4z xHY FFH
€ absorption(W¥-&%) Fo8 TEE7IE AT AFE FEGE AL o
850, 3708 AEgE FES By #FAT £2 71 sorption 2.2 AHEH 7
% ¥} (Koskinen3} Harper, 1990).

1) §%d Bojdte F2 EFAR
EGS4 Fol4 EF pH, 4ERF 2 471293 5o F3d A%



AA GFL U EFAAolt EF pH B FEFRFS ol I #
Ztol] o8t (Ladlie %, 1976; Harper, 1988; Weber$t Swain, 1993), 71 &%
gL T2 noj A Fge F& FA@H(Upchurch T, 1969 Kahnd
Mazurkewich, 1974; 9 %, 1977, Weber$} Peter, 1982, Kozak$ Toth, 1983;
Peter?} Weber, 1985a; 1985b: Clay$%} Koskinen, 1990; Murphy &, 1990;
Singh %, 1990, Leonard, 1990; ¥ %, 1984 #3 0, 1990; A= %, 1992;
Weber2t Swain, 1993; & %, 1995).

2) FF133 45249 ¥4

A3 g3 FFEA} EFYRS 43 B ALolE B9 olEE
BHESLE 7FgAQ Aot BAE FOBr|L, IRAE HWHY A £
Ag Atold] &3t Y& 9719 mechanisme.Z #7349 $oh.

F71885e F2 B384 o2 van der Waals force, +422%, cation
and water bridging, F#4d%, Lol2ud YolLuny, <*AHA, ligand
exchange, physical trapping & 9709} 71%d M AFHH, o5 o4
ARG 718 A o] Fole AL olun, 7hg ZF H9jdl dd FFo|
dojubd Hoh odt fXd] dsME F/4HA FA7|Fo] A&sA B
(Koskinen® Harper, 1990).

vlo] 24 %L F2 van der Waals force, 744 %, ligand exchange %
9] FA7Zte] A o]|Fo] Wi (Hamaker®t Thompson, 1972, Stevenson,
1982; Weber, 1980). §3] #7|8 FE WA ¥ FiL hydrophobic
bondingel 2}l d}=d], oA 444 HH Foo] EHFH=HA #4939
£t} hydrophobic bondingo]l &4 F8 7|&4d o, FH445 &S /71E
NNEez B4 3 Kt EYERZE Zol7b flo] dAT & YA
Hm, 2 e S5AAA gol Ak Chiou §(1979)2 £ule] FARA &



T2ol AAAE vehle AR S FEAYe Atold A A4#
#AZ AYeE A, F Atold FAFFH dojuA gevte A F& &
olA ZHjo] & A AT

alachlor®} metolachlor 5 acetoanilides#l &¢9 &F&2 7|83 HEM
it 24 e FAPHE Uetdth F7)EdM e fF7]EEHY carboxyl
7] ®3= hydroxylZle]l H €A} 59 carbonyl7] 2] O 2 Atolo) FAAF,
a3 77189 BEEEA wFY WFEHY Alolo] Ml Moo A 4
$(charge transfer bond)®] 744 F&7|Z o] o]\ H, 0|5 7| @ &
A9 F%H {K71BEA Ateld o2 e F2AEY AE o]Fo MW
oz 2%y wie W2 FAEHE XA @ik wEA, AFde

FUFEET FHES S FERY AA Rhde LY FAFRALE et
A #ck,

#H HEJNME 5 carbonyl”]9 O 949 HE FH Alold EEA7}
7t o @(water bridging)% 3o FAFHola BjEo|Ho g HAYsE SY &
2oz Yeidd {7184 FENL EFH v EdAME S¥EA L
Hol Aoz 2gsto CHY FHFUE et B s th(Webers}
Peter, 1982)

diniconazole® Z< AE9 ¥4 tricyclazoled propiconazoled F 22
pH 7.0 o4 Bt @¥& pHolA o & F3%F & Jedoh o)A Fofo] 7}
Ax Qe 94714 54 WiEodtn B s Y Weber, 1982 Liu$t Weber,
1986). W2tA] diniconazole®] &% 7|22 % pHAAM YAz slo] ola] oFo]&
= 9 F Fold A@Hgd o3 FHo| Frte Aoz HnHtHWeberst
Swain, 1993). #¥ Ladlie 5(1976)2 #)Z4] metribuzin®] pH7} @& E %9
N o]E4o] & 0)4E metribuzin® amine”|] FAAEI Aolhm, A
A3 metribuzino] Fol2 A §ubgo] oJs) FFo] F71sts] HELR A



= At

Foo] AXE F A3to] Fugho] wit FE:A4o| FATHE AL FFE
EFHA ZEA7] gt 53 FAHd A HAHE EAA (molecular
sieve) Woll Al A4 Asagod A A9 ZYE4E Khan(1982)d <3
M FHA7|FoEZA HdEEAY EAANE FeE FYAAE f71E BE
of dgHol 4 32 FTF Yo ZIUA Ev). =F /U EFFH] &
EgdA fr1E@F] F71E4F metribuzing] FFL Frksd o, &L
#addva B s chHarper, 1987). £3), #7128 %0 =2 muckE %9
A 108 23 49 F 10%7F £48 AH2 ¢ 9, mineral EZolAE 6
3 23 49 F 4% ols7t 349 Adz dAvtn B E Y tHSharom3}
Stephenson, 1976).

3) EFAAT AE717 AFFA VA= G

EdYatel 93 2H4Ed] FAHE JEE A FFEA} H2 JE
slob atvf, =& FA A e FLI9 o oo wet g ¢ Yo
T8 e wHEAYL FE7] Atold wiAER fleo] FAH A3ty
inner-sphereg /33712 apm, SHEAE WAHR A3 outer-sphered
F4sr1E P

w2t ZAE71EL F5d 2R, AVIEEEY 27, YA 4 BHES F
T(Ladlie &, 1976), 287219 H2 7FsA §o 3o 4F& WA= F
2% 8471 Ao EFYAE e A8 EE F71E Alold 19 A
520 mebA FeRATE AL + Y A0 AVIA HA, i BAs
< TAR EFES, RS AA Alo] EE EFYVRE Fotd 24dU # 8l
= BEAEYT Hol 7Med FTUNE AFHVE  H(Koskinen#} Harper,
1990).



4) F71E0°] F& v 4%

At oz I Ho|RA FFL FE2 RIVEHH AEHF T 9
AN FgE ¥ JAoE AW ¥y FAIAEY B EG F {UEL
HAAEZT tjEo] AWESH Y dd YHE EAScHShoji F,
1993).

Chiou ¥(1990)2 #7189 FHAS &AY 43 ZH7] TUHL 560~
800m” g !¢l whelel AR FRAL 1m’gleldtel Aoz B oA
2 F71E0] & o BFHo A Ao weh FAEEHL W E 2
ol HolE AoZAN HAHOAA & {71FAAMY Hlo]2A o FF
2 FE8 APE fUlEdA e FFo v I3 FLE vusgd A
(1996)> YoM AxA quizalofop-ethyl? F3to] &7)1E8 o] H A
A 4AE #7118 AGHA £ AT FEFo] N, ESYAst A
A EEFo| A7) fEoz B4},

F71E2FT Hol2A FFe) FF Alolg 4RBAL 0~4%Y W
F2 ALAAHE JdEIHCalvit 3, 1980). =8 e {7123 %S IR ES
< EYUAE AL Y& f71F0] FdAeR ¢ Wi Foo) FF
FHol Aol fold WA {HIIETH] FUE wEtN F3} B9 H
2ol AFH: Roz RudFrHMullersh Wegener, 1982). HamakerS}
Thompson (1972)2 S/471& 7HA¢ EEC] F7153F Zrbd g A
% 4 (non-linear) 4 A& Piling-up 3}tz A stgc}

Seybold 5(1994)2 A @A oA HAHE Edo] 2IAYGAN YA P EF
2ot ¢ 2 §712283345 K 88 it n Bagdozs §718 A
Aol ZA7F He AAd watq Fdge] dE & 982 Wt Senesi F
(1994)& st AN H48 247 A2 AFF Eode] R4S
Hlaldte] F A2t FRYest da2ves A8 Rusgh



Hance(1988)= E%# & Alold] Sold 43340 e o, #7879
Aagde 9ojd 4 A& Bastdth Garbarni®t Lion(1986)2 Aold EF
o WA Hlol A HFEe FFHLE f7]Ed & FFo] F7 HEE Ko
e 9Asn, AE T FIFFA FHA AAE B K S QAT &
S #A 2L F 424 AL Loux 5(1989)& HEY o4F F22 f#7)
29 % 29 Ade oy IAEFAE Rl e LB UEHRe
U, dEFH] 52 EFINE 4718 A3 &8 grod A dEde
2H HES /7189 FUHQ FF Aold A& FHe sldse J=I o
£< Bu3gch

5) ¥F A A+ 89

B S B EE] Aol g B FF3e BujHe W&e AT
(distribution coefficient, K)#t2 30, olze FaAaA ljd F M3
potential ol 2131 dojdth EFA &ze] vl go] wiAA F AL FF
o BejA$ #utk old), pH, °)2%E T3 Z& §954° €A 4
(Roy %5, 1991). waty EFH §oze) uj&e FA4Fd 9%& & + Ao
(Grover®} Hance, 1970; Dao®} Lavy, 1978). 1 H]&o] A &45 FAFS F
7}et Al ®tH(McDonald? Evanglou, 1997). McDonald ¢ Evangelou(1997)+
Egy g9 HHugg FujAsd @@t YER ™ (Optimal solid to
soil ratio=12/Ky), °l= BWAs7}t §48 B4 §49 0&E A 3o
&g vehdn

W AA B e 2oz Y] A B 949 vEe 1R
stele A&7 o]FojA 1 YA T radicassayH o2 FARENEE AFER
#AH T YtH(Jacques? Harvey, 1979; Clay® Koskinen, 1990; Burgard ¥,
1993; Kookana %, 1992). wtehA] &3e7l W &2 i@ FHAYPAAE

- 10 -



2 HES AA @ ¢ gl oy, diEEe] S8 oA JFE v 1
57F A3 A2 HadghKim# Green, 1991).

47 Al FEv v4Y Loz dFE F, o2 Ao A2
FTEZL #E€75F §49 SeE WoAA Hoz FAFL F/HEvn Ba
3t tH(Hurle®} Freed, 1972; Swanson3 Dutt, 1973; Dao%} Lavy, 1978). &3
Ade e EYYAY 209 9% FAHEE colloide] FANE 4
&g #t(van Olphen, 1977).

FANEA dofA HIANZLE iR ANE HEsa Jdudl(Clays
Koskinen, 1990; Sanchez-Martin®} Sanchez-Camazano, 1991; Johnson3}
Sims, 1993; Seybold %, 1994; Seta$} Karathanasis, 1997; Weber$} Peter,
1982; ¥ &, 1984), A7Abell wet 3~48A27472] b2 AL3a e T,
1977, Rao$}t Jessup, 1983; Rick ¥, 1987; Peteret Weber, 1985a; 1985b; 7 %
Zl, 1990; Piccolo %, 1992; Weber®t Swain, 1993; Senesi &, 1994; Maraqa
s, 1998). 22 u]F EPAY AL FPAHA ) 24A 7T o HEYed
At 5 5% B WA 7 ME NS AHRES #Asa o

3. %9 o]F¥4

Y olFHL B T4, EFEA, %Y B 42 F 9
H 7k adel oA AuiEc}. Ashton(1961)S triazine”l %9 simazine,
atrazine ¥ atratone™ uread ¥ % fenuron, diuron ¥ neburong °¢|EAL &
4% AT Basg £, dntd, dEd=edAr $8409] 30
mg L HY & FoFe o]§Ao] gE ez BT YUrhCohen ¥, 1995).

Harris(1966)9t Rodgers(1968)= <2 719 4& 434S 7IXEe E%o o
AN EF(soil coumn)dEE & A s8Rz E F&d 428 & vt

_11 -



3 Hugch 2#iA Harris(1966) atrzine, simazine, prometone, propazine

% prometryn®] §BA4L ¥ 3 EFF 454 wjgde Ag #F
Rct. vIF EPAIME Kq 5mLg ‘o8&, 222 fHolME 10mLg o5&
olFAdel A& Aer EFHIL JrHCohen 5, 1995).

Hamaker®} Thompson(1972), Rao%} Davidson(1983)2 Ku%} KocE ©] &3
of F%9 olF FANE HristHth ©EFE ded A EYvic @3
T AE FALTE P FEYE FHERA /718 GAFAE ELR
RMEE & Kot FFH2AE FAHsed oJ&Hx flom(Garbarmi¢t Lion,
1986), 4H .2 AxA T HEFES AYsted o459 $tHEagle,
1983). W5t EPAY X &9 screening 712024 Foke FaA3 #AdE o
Ko 300~500 ©l8l& 29 FAAo]l & Aoz ¥Fsled o484 HCohen
%, 1995).

Helling(1971)2 TLCE& ©]§3ld ¥%9 o544 & H7Ath 12%9 w944
14%2 4do] & E¥d tslA AgstL, 4#EAd o3 EF54H 9
349 #AAE zAEAY. Hlol&A w9 oA EFETE, FU1E, A
B 9 Gol2AERFA 9 FAZ vk w4, Lol FdL BEY
pHS da4dol A&E Eudih

TR o]FAHL gty o= water flux® 2% #do] ¢t Davidsond
Chang(1972)& E4AF 7l&d o83l F44E 43U v A7)
picloram®] °o|F/Add WA L TR, i FFH5o) 108 F4H
& o FFo] F7HAG L Rudgnt gy F5EErh H2d 2o A4
&0l o] FojA 1 FAEAI FEo] Frlete AL YENSIY £ 9@
A71& 20014 042 mmZE ZAA 7)Y picloram?] F&L Z/tse AE #F
At

o g MAHHFL F¥Y o]FAH "XE ALES YEed F2 o &
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Hol o, ETAZAELE FFANAE R EYFT B oF2
micropore %} macroporeE E3tad o] Fo| XA, macropore?t AdtF F3
F9 F2oJtiThomasst Phillips, 1979). webA Foke] olF2 o
macropore’} & 2@ H EYA FZEH(Seta®t Karathanasis, 1997a).

4. E@d RN ERol=d 3 Ay LHFAA

AAEFA NN EEAA Z 7 o|=(Water-dispersible colloids, WDCs)+&= 71
B3} U150 Faaged oA o]Fold YT P2 A5, oA
o] gl Aoy 437 f7] Ev 77 L9EFY ol ATE WDCso A
Aol Bow 7% £ gl wSAololN B¢ FaA F3 == DDT,
PCB, HCB $#% S4ojA%t Fo]24elr] diel Edd A FAH=
paraquat’t X &t5elA HEH= ARE WDCsol 9% ojFoz siAdA
(Ballard, 1971; Vinten %, 1983; Enfield %, 1989, Dunnivant, 1992). =% E%
7 Z3tA FAEHA e atrazine®] A% WDCsol| 93 FH571 Aed
L2 A olFo| FAHUTLL B3t rh(Seta®t Karathanasis, 1997a; 1997b)

5. Bl 94 & ol F

EYd 29829 AL oFY BN 9gFHA  o]FoA9, van
Genuchtend) 22 AL},

oC 8°C 8 C
R'—a7=D o "V Tax (1)

_13 -



o] A& o] F AR 4 (Convective-Dispersive Transport Equation, CDE) 2.
24 Bl B9 o5 o|fg Fale] g o]FojAn, 42 FAd 9
A B9 olF&rrRT} RUE Addvs AE vt q7]4 RE A4
Foln, Bk} Fof Alolo] A3 24o] AttH Kex 00 Hm, R2 10] €t
Kis 483 FulAsols AEEAAE /M43 2 gRAMT FasHA
"ot Mgty HYEFFAA B EGdde] FFoE 74, AALHY
80 /HHEDE, F 0% g7t AT FHE 2EHA AT A
A 2) o7 2ol vetd & Y.

R=1+ pKy/0 (2)

AL A3)el d3A A4 Zo] FAAHLE HET F 34

T=vt/L X AxHETHREEW EOHD (3)
aC _ 1 8*c _acC /
RST =P J3x2 " 0X @

o7]A L& Al2€e ZAolojtl, T9 XE systeme] HAde] LE o
Fatgdsg Aotk TE F5AH(pore volume) 2.2 YEMY T2 A|Zto|
. P& Peclet number24 &d3AMe 2Ygg Uehiuy, FEAS HEA9
H & uvebdch was F3-F40 AW P go] 2W FEA F, of7} A
w4 o] gt 1 B 7 gon, FFfr&el =AY, P @l How P & F
A&k -JEHH o] o]FE Aug devn ¥ 4 Ao &5 #d P=0
t SAEF]E, P=owE piston displacementE ¢V Fch (F, 1999; Rao %,
1989). P gto] F713t £dF4E A9 sigmoid ¥z HZ3H, P7}
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10820 How 2HZNL iAol ok ol WAF L ulg & &t
o] %9 A7 e]rh(Brussean, 1995). 4714 P g £HFAY V2712 FEH 4
(5)& ol g3t FE F SUTh

P=4r RS (5)

714 R C/Co=0590M9) F3MAS T Fholm, Sre R @M &4
A 71g7)oldh PRg &9 4 Q) 98 f&5& dASA FA}E R
o ol& FAAFLE ANYE 4 drhHvan Genuchten®} Wierenga, 1986).

4= % e FAUES P9 RS o/, B4t © FEo] o7 vlA= I
g a3ty glon, o5 WFEL EUY ¥ £¥YE, 34 %
AN 5 9 714 EX ST F FAEA, 28 fA9 555
AQ FITAET BAAs §9 #AE st uehhn AthRao T,
1989).

6. s°%9 &9 FAY 7}

n)Zq e 19704 98 A8% X84 monitoring programel 2] 3}
A Fdel 9F AsE el FHASA o)FAL YFel RuHUT
(USEPA, 1977; 1978 Pye %, 1983). "o} Az E1]opof A= 197930 Axt
e et 9L AR P, ulHodYd FHARYH F%e] HYHx
AFE &t HCardozo 7, 1985). olA@ Ass eALL ZASE B
o #2 ALPA WEE HAA TR ATFRT o]EH oz HIAAY,
APANA o|F4A ANE 71 H2a
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) #&3 £E49 544 890 4@ AdAF

RF (retardation factor)E EFFoA FHHe FUE EY oF&5Ed H
8 AdHe AEE Uehlle AdAFelh F3o F7ME+E v € RF #
€ 7HAA HH, F&Fe] A dojutA] @€ W, 59 o]FHEe HopA I
g2 lo] "tk WA RF g2 19 7MA4E olgA4e] & A& 9w}
Helling @ Dragun(1980)2 RF = 1.0 very mobile, 1.0 < RF < 2.0 mobile, 2.0 <
RF < 3.0 moderately mobile, 3.0 < RF <10.0 moderately immobile, RF = 10.0
very immobile® 73t Aty 49 FAHE Hrsh=d AHea

o138 EPAANANE B4% S 88 35F 025myr ! o4, A44AL19
FEF B2 X, FF80] B2 EYS %o o@ A&F 0F 540 ¥

& Aoz BRI e

2) 375 4@ ol FA}

TC((Travel Time)= %ol 4A "ol7AA olFsed div AITLRA
Foe] Edel FAHE AEYG EFFE FHIE B9 $E4 3o ZH
HH, Jury $(1983)°0 ea|A ok o]FAH AEZ AHEHUL

TC = RF X d/v (6)
Q71A d= ESEY Zoloy, v & EY 2 FI &40t

3) ol EAI T RHEEGFo T LHYASF

AF(attenuation factor)t ¥%o] E% WA AFsE 59 i8R ¢

dol Q= AW AAEAZ §98 FANol goenz BoR HHAG
$&A S0tk AFE o543 ARAL THFOEH o] EokEda o
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= ¢ Fa g gz FiE F deAE AR £ 7 dAd(ury F, 1984
Rao &, 1985).

v]5¢8] EPAYIAE 7he®E W37 255 o4, FEd w3l 15 o4,
EGT 7] 2~3%F oS FYdME EYF U] 219 ol4E &¢ A
Aol &2 FFo.2 BH3IL itk RF @& @A §%o] B9 ojF&rd
H s A debt ] #2333 Yoluest ¢ ngd Ao, A{rE T
St Fe LA R FT wdd AFE B0l HEEE TH3lT Alold
T H fAE = nEF AFolrh wekA w3t & Fofeldy,
RF Zto]l & 3 4¥ oz EF Fo 2 9F2A 3o £d= 8
NAe ¥& FVMNAHLEN SHFE 9 F AL Yt ¥vh. 2 RF &
g M= ol Wizt e wds A¥FoH AR £EE
€49 & Ao WA AF @2 RF @3 93718 183 A+2A AXxd 5
5 HYFS TH £95s &y 2

AF gkel 0ol &x® & T s A2 257 geve AS 90|

3, AF gto] lojete A2 A4Xxd ¢o] AR AsFz Eod FAAl 3

© A& 9ugd, oA Kahn#d Liang(1989)2 10<AF <025 very
likely, 0.25 < AF < 0.1 likely, 0.1 < AF < 0.01 moderately likely, 0.01 < AF <
0.0001 unlikely, 0.0001 <AF < 0.0 very unlikelyd HXEE A§3te] %o
A% At 29 FAES Hrksg

4) Groundwater Ubiquity Score

GUS(Groundwater Ubiquity Score)= A|3loA AEd o9 EHL B
Nt FHHog BE Ad4F Y HEAFE Yebdh(Gustafson, 1989).
GUS < 1.8 non-leacher, 1.8 <GUS < 2.8¢& transitional, 281 GUS >28%
leacher® #%8tAt}. Vogue 5(1994)& GUS 0.1 o] 32 extremely low, 1~2
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£ low, 2~3% moderate, 3~4% high, 4 °]%4% very high 5 GUSE 5% %
o2 ARFo e

RFSH AFol & A3t 24 AA49 H7te Rao $(1985)9 M Al
MEAoH, Kahndt Liang(1989) &jsjA etol At F 5% 88
A4& Hrtshzdl, 281 Diaz-Diaz §(1998)2 Canary A= Tenerife 4
o] AstrF FAed FANS Hrleted ol &HAY. detold A5, 1920
W ool R Azt FHAGEL BAG}Y] HA, RAAYE AAdL PHE
AgsH o, ke ddRtsg FAGT AUtk 23y Fo] dFo g ALEH
 AYE 402 AgFiA AEHY ARsALH, ofeE LgAEHz <
sted @A AR e Foel W@ LYFAEL 45 EiHT Ao
T dite] B} v 4E AZE £ e Yol ZEd wat vHeEY
o2 QA3 ANy o9 FHHE ZAEy] A% HrEEel d7H Ad
(Loague &, 1996).

_18_



n7)g, €94, 38, 198 AFEANT FA9F 5. A28 FIEY
BAGIAFAR FANZAE Adte - BolA] @e AY. ISEJYET
2], pp. 21-61.
71474, 1991. =71 FF. A2d. ¥EH L (1961-1990)
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TR E A 15:442-447
93, 1980. AF%E HEEYY Andic Propertieso] #3% o, AM-E2didw
Ao HA R =
94, FA4F, AEA, L¢vl, AHY, JAY, AdE, 18T, &2, #F
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A 1. $19age] BE 22 EAA Sk
F254

F¥A g% A, ed AP L % EG W o)FEA A8 dF
€ o, Foke] FAEAL olF8Ad Fog AR FEFv EF FF
o BFFHLE FAY fIE, 24 F FHAAY 5A4F EL QG 5
Aol o3 FFe wevh vk woa ESF] A4 #¥E Fed 2
A < (distribution coefficient, Ka), #7] %2 & &4 (K,), Freundlich &34
(Kp 5& ¥%o A&+ o]Fg dFsc Fag JdARE ALY
(Hamaker$} Thompson, 1972; Kahn® Mazurkewich, 1974; Rao$} Davidson,
1983; Kozak$} Toth, 1983; Cohen &, 1985, Rao %, 1989; &3} 7, 1990).

ATk F3AY EGL EFA e 2A 3N EYT oz BEFHdt=d
(533, 1976), EFAYL F2 {7188 F 98 ZAH =2 (Femnandez %,
1988), 71 @ F e EFTE £R7sted F8 AA= ALgH) wety 7HE
YolA Wol] AHg3E ¥4 EFEFF S4F EG 47ERFH] #AE
Wile AL AA FEYE EDGAA Fe FAEHS Agsa A oF
AE4-& Hrrsked 71ZABE o] 5 Ut

53] A EY YoM F71EL HAIAEZD B AHES o
d4E < A= EAVH(Shoji F, 1993). ¥ ¥ FI1EFHE /MR
EFe E¥YAE AL e A71Fe] AUz g dEel Fool
EARAo] F2o] Bo|F W] {7 ZFFo| Fiste] wel FAESY H
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o] AR AoE RIHATHMullerst Wegener, 1982).

2 ATE AFE F2Yd ®ol AEdT  triazined EFAAQY
metribuzin, acetanilided] %91 alachlor®} metolachlor, urea#] A<
diuron ¥ linuron, & =7} W3 W& triazoled 2FAQ) diniconazole, &
Skt 53] W& AAl chlorothalonil® 4% 4] chloropyrifos®] 23w, £
W A<, Freundlich ¥#44& 733 E¥ F 47|28 %A9 FAE ¥a)7)
A% Zojrt,
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As 2 9y

L EFNEY AA 2 84

EGNET EYAYULEE Fuste ZEdo] £X5o e 200 EFF
A F71 5@ e 0719 EGS AHRATE o) F RUI1EFF] w2 ¢
24 v I EE 8 EGFAAM 103, #7188F & 424 4 &
A FAAEL 10/ EFE L 8 BN 42 127 2 88 AEE A
A

EGS FA¢ ¥ 2mm A& FHANA FAANEZE AHSsET. EF pHE
1:5% 0.2 &334t pHNaF)+= F1E 05g& A& 2Ad ¥, pH7t
7008 2FojA IN NaF4dE 5mly 4o, 227 10mpmez A% F
pHE ZA3Act fr1e4agHe v g Hee B4R 4& 05~
10g, SAIAELFLE 02g WY E F3o Wakley-Blackio2 #7]|E5HFS
28, frISLABAF L7242 U7 7Y Fol2XE4Fe pH
70 IN NHOAcH 8.2 &R YcHEFZETEA Y, 1988)

2. 35

A A 4L AFE FEolAM Bol AHgdle T FolA A
7.9 ¥4l AxHe AxA, AFA £ A FAA 8F FFe FTA
THoE AU ol FAL Table 13 Zo] BAFL Hdh, EY
el Mo FFol IFE & F A= B hF $8%, FNG, EF T 43
7] §ol g& F%elUr.
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F %2 Chem Serviced| 4] AR technical grade?) alachlor [2-chloro-N-
(2,6-diethyl-phenyl)-N-(methoxy-methyl)acetamide] & &%= 98.2%. metribuzi
n [4-amino-6-(1,1-dimethylethyl)-3- (methylthio)-1,2,4-triazin-5(4H)-one]&
X 99%, metolachlor [2-chloro-N-(2-ethyl-6-methylphenyl)-N-(2-methoxy
-1-methylethyl)acetamide]= X 999%, linuron [3-(3,4-dichlorophenyl)-1-met
hoxy-1 -methylureal2 % 98%, diuron [3-(3,4-dichlorophenyl)-1,1-dimethy
lureal €% 99%, diniconazole{(E)-(%£)- 8 -[(24-dichlorophenyl) methylene]
- a ~(1,1-dimethylethyl)-1H-1,2 4-triazole-1-ethanol}+ <% 98%, chlorothalo
nil [2,3,4,5 tetrachloroisophthalonitrile] 2 X 98.5%, chloropyrifos [O,0-dieth
yl 0-3,5,6-trichloro-2-pyridy! phosphorothicate] = &% 99% 5 8%9 ¥4<
TA3t ALgE AT

Table 1. Physical properties of the pesticides used in this study

Pesticide s:l‘lljli)ti(leilt.:y Mole'cular Soil half -life pl\'(fezzﬁze
(mg L) weight (days) (mPa)
Metribuzin 1220.0 2143 32 0.058
Metolachlor 530.0 283.8 44 4.2
Alachlor 2420 269.8 24 29
Linuron 7.0 249.1 60 0.051
Diuron 42.0 233.1 90 0.0011
Diniconazole 4.0 326.3 97 293
Chlorothalomil 0.6 266.9 30 0.076
Chlorpyrifos 2.0 350.6 63 2.7
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3. 298949 =4

FHAEL HA FoF AXF 2|8 AX F EY ¥W 3cm Wl F1
FEEIGT HEYE e FEE HLFER L GAAHLE BFM 5
M T $ES FstF o, Table 29 Zo] A2t §9¢ dAFHE
GAEE e 500mL §FE A ¥ IM CaCl 5mLE 7Hste] 001
Meo] HA &t 5] polyethylene ¥4 &elddo] = RE WAL &3
57 dE %S o melrl 4dA ZREF FA4 8 methanolE 0.2 %A
10%7+A 2zt 9AEZ F/3te e A3

4, &4

F 3482 batch equilibration techniqued] elsjA F8EUct EY 5g3
£ BbmLE FHsle] dAETA W2 BTN 20A7F<t 250 rpme] £
=2 AgAAT A% F 250 mmo R 2082 d4Eesse. 44 F 5
mLE 233 screw cap(#% Ho| Teflon®.2 A2 ® septums 7} w}l)
o] % horosilicate glass viald] ¥i, F2ELE =0]7] 94 NaClZ o
015g€ 7I F £594 59t} %89 < hexaned} ethyl acetateE 1:1
9 W&z EFP £9E A YRS FEL 547 5mLE ¥
oM 122 FetA ES0A, 3022 YA & #71% Fo 2uE 42E& AY
St 2lE FAAEY AFE /71%F € micropipete® 1mLE 33l 2
mL viald ¥32 d% E#dHEA A5 FYE dguid Aol 2 4LE Gas
Chromatographyl 9Iale] ¥AaT #94 WA FYRY Ane FYe
2 A% 9uE o7l A F¢Y F microsyringed acetoneL & 53] A3
dgoen, #9387 A= 53E A Hste Loj-AE-8)9 sandwich 2%
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© 2 gyringed] AlEE loadingdtd FY3Ah olet T WHoR 8F FY
o] EEdd N NPT 52 98~1086%Y WHAE vEhiden, F
obd WFEFEHAE 25% oldto| Atk

FEF AL ARYE BRE dede FHE ALE UAFHA AUIRIA
om, EGE 7PetA @2 EEYY dHME Al F4g #Hos AEe
o A#uHoZ AHESIE 7] HEel 35&2 Atel nHstA] ¥kl

£ F9 F%E& Gas Chromatography (Hewlet Packard, HP5890 Series
O, USA)Y 9l8ld Rtx-5 %+ Ultra-2 capillary column (Crosslinked 5%
phenyl methyl silicone, 25m X 032mm ID X 052 pym) 22 ¥8&o AR
THYAE7|(ECD)R ZAEAT 717184 4A) 2ee $&22 gfon, F4
T &5 250 C(diniconazole2 270 C), A&7 +E+ 300 CE A3
oven?] 2%+ Foo] wat vt2A H-&39 o diurone 140 T, linuron2 160
C, metribuzin 2 chlorothalonil® 210 °C, metolachlor, alachlor 2

chloropyrifost= 220 C )3 diniconazole 240 Tl ¥l dte] A F3sH ).

5. 3524

FF Atolo] FA5/HE vy HHA mole BHE FAstd FAFE
ANEAY. EF 28 F2E $E(9)% BFEHY EFEY F9 =)
& x&3 y%ol F¥3I Lineard € AAoW(H1), x5F3 y=E logdstd
Freundlich &4%24& AAH2). Z+ 49 #¥4& Linear?], Freundlich
4] Langmuird] % BET4 & HEAA 5% FAAH F58& FZAI= Aoz
wds A Ky gt Lineard & Z#ZolA 5714 djd F&4%E 5k
2 yeo] HFsld F& 4 tt(Johnson®} Sims, 1993). &2t 8+ Freundlich
49 I/n &F o83t 4 3H 27 (Giles, 1960), K¢ &2 B¥F=7t 1 M
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L'd g 7lgez Fadtt 471823 34F (Ko # Freundlich &%
A K S & EY) fo1g28F02 YoM AiEstdr (43).

S=Ks XC (A1)
log S = log K¢ + (1/n) log C (42)
Koc = Ki / %0C X100 (43)

Table 2. Initial concentrations of the pesticides for the adsorption

Pesticide Initial concentrations in solution( # M L™)
Metribuzin 5.69 11.3 170 284 5.9
Metolachlor 9.91 19.8 29.7 39.6 49.5
Alachlor 471 941 14.1 235 47.1
Linuron 833 16.7 250 333 41.7
Diuron 8.7 175 26.3 35.1 44.7
Diniconazole 2.03 6.10 10.2 14.2 183
Chlorothalonil 2.80 116 174 23.2 29.0
Chloropyrifos 590 118 17.7 23.6 29.5
6. FIPYAL

AA FAYY AN 2R 98M 30719 EF F fU1828F 2o
7t & 3709 EYF 849 Y5 Ed did A=Y Ao|7t & metribuzin,
metolachlor, linuron ¥ chlorothalonil ¥ 4% 9 %< AAs U AFE 37
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EYFY 419283 47 128%, 7.12% 2 143%010eH, 7t Fke]
E%Ag ¥$E¥ metribuzin 260 #ML", metolachlor 198 ¢ML™, linuron
220 pML™, @ chlorothalonil 181 4ML'2 wEUT 99 Hsd =&
AAEA /FAA7] A8 CaClzg AHE3H] 0.01Mo| HA At F%E4d
& Edo At FA"Agte] wa} AzbE EEAF WsE A O AA
ARFAZEE 2477 o|loll A F&Fe] o ol F7I3IA] @ AHE 7L
2 At
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1. E454A

FHA Y AH4E EFL Table 33 Zo] fr1vrad%Ho] 13gkg 'olA
157 gkg’ o2 Tgdiglon, gol X #8% 2 pHE EY Abojd] Ao]7} 3
. pHNaF)& 720~11319) £X& vehjo], FANEYL HIHIE 2 3
AE AFE 23 de EYE TanF Rz AU I EQ
Andisols At pH(NaF) > 948 M ES] vR7|Eo= AMEsa §l
=d, o] £R7IES AL FANEY T SAIEE 167, vFAIE 1470
2 ERHEAYG g3M AFARR AT BG4S v & MF A 9
e vAEe FIEHEFE EGE Aol7t Aod, AFE #EY EX 44
& ZuF ¥ YAk
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Table 3. Organic carbon contents and chemical properties of the soils

Organic carbon

Soil series’’ CEC pH(Hz0) pH(NaF)
content
% me/100g

Ora-1 1.28 9.3 5.70 8.44
Aewol 1.39 9.6 484 7.20
Haweon 1.97 136 5.98 7.25
Mureung-1 2.14 10.0 5.02 7.32
Mureung-2 2.31 11.7 467 7.60
Ido 2.44 135 5.84 135
Ora-2 2.60 105 5.60 750
Donghong-1 2,61 11.0 445 7.35
Ara 3.06 108 5.20 10.02
Donggui-1 3.17 11.2 577 7.70
Donggui-2 3.18 13.3 581 7.38
Donghong-2 398 13.6 564 7.20
JTeiu~1 464 11.1 477 7.47
Jungeom 482 13.2 550 8.95
Udo 5.00 17.2 470 8.72
Jungmun 5.76 9.5 5.30 11.06
Sara 7.12 18.2 6.02 10.86
Ora-3 752 133 5.0 11.01
Jeiu-2 9.43 126 498 1128
Jeju-3 957 14.8 496 11.03
Ora-4 9.90 20.7 5.44 11.18
Ora-5 10.3 154 483 11.11
Pvungdae 11.0 22.9 6.05 11.18
Wuimi 11.1 21.7 583 11.11
Gimryeong-1 11.2 17.2 5.01 11.15
Hangyeong 11.2 24.9 583 11.00
Noksan 116 17.0 5.01 11.16
Songdang-1 127 25.3 583 11.30
Gimryeong-2 143 517

Songdang—2 157 164 6.02 11.31

YMureung-1, -2, Ora-1, -2, -3, -4, -5, Dongui-1, -2, Jeju-1, -2, -3, Gimryeong-1,
-2, and Songdang-1, -2 were collected from different sites with the same soil
series
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2. 33 FXRYAN

A Azhd F&g WEle Fig 19 2t metribuzin® A¥ § 7A1Z,
metolachlor 6+17}, linuron 1043}, chlorothalonile 20A)17F F FH o TE3H
o YA ZHE A9 Bof i £3x 27]9} whvlElgte AFE HAT

EFZAA A FYARE gEE AANIE HEz JEd(Clayst
Koskinen, 1990; Sanchez-Martin#} Sanchez-Camazano, 1991 Johnson#
Sims, 1993; Seybold %, 1994; Seta®t Karathanasis, 1997a; Webers} Peter,
1982; & %, 1984), A7A ol ugl 3~4B8A1 714 t2A Hesdn UAHY T,
1977; Rick %, 1987, Peter®} Weber, 1985a; 1985b; Z3} #, 1990; Piccolo ¥,
1992; Weber®t Swain, 1993; Senesi %, 1994; Maraga %5, 1998). 7|22 &%
o] & A5 B dig $d=st 7HF RS chlorothalonile) 74 %A
Hyo] z@Pornz o FAFHAQ 2041 HEAA FALEE ¢
&t

3. 4¥8%xd B FF%F

FHRT2HL 8F T dis HYARE AHEEF 3070 El dHE ¢
Pon, 3 F FUIELTF] EAA T odtE, TIF, 4T R $7
Y FF FFHFE Fig. 29 Jehliich 9 HdsRolA Z w49 FF
F2 frleadF st

o]l FAF5£42 Lineard, Freundlich®, Langmuird] ¥ BET4S A&
& 43 8% w% talA 5% FAFFANAME Lineard] # Freundlich¥
o] B% H& 7Msdtden, diEe EFoM Freundlichd &) BAASF gtol
E34
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Changes in adsorption amount for metribuzin, metolachlor, linuron,
and chlorothalonil to the soils with shaking time. The organic
carbon contents of Ora(a), Sara(w), and Gimyoung(e) soil series
were 1.28 %, 7.12 %, and 14.3 %, respectively
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4. ¥39H

F&Y = Freundlich¥ 9 1/n #& °l&3dto EFIHGiles &, 1960).
I/n 3ol 05 °olgh= HYo2 /3, 09 olshe LYL=, 09~11 Aol
EXE A49de C¥es a¥m 11 o9 A$ S¥Eer ERIY
(Sanchez-Martin®} Sanchez-Camazano, 1991, Weber$} Peter, 1991).

alachlor®} chloropyrifos® 1/n g2 EE EYoA 19 71718 £ & BY
=H(Fig. 3), olAL WiEY EYo| alachlorg F2% ¢ C¥H FXFHE
e AT B (Senesi §, 19909 LXEATE ol Fo] EFUA £2
2 4R uE2 v Ex IR Solvle w9 da veds F2YH
24 (Giles, 1960) S8 Bue A FFste A& v dh(Senesi 7, 1994).
diuron# diniconazole®] 1/n #& 092t} Yol LY FHoz2 EFHUT oA
2 7hF dvAd EAYHEA EGYATL B4 g & A4S A
i e RS Ve (Weberst Peter, 1982), EX YA B8 HHHoRZ o
2 A8 ZH§7)(multifunctional)ell & H#stn YA Fito] IPA+E
FHAH o] Faste A uFckGies §, 1960). wetd Fe& FEAAE

&g Bo, X7t St we Yo FAFL gide FHE
Bt} metribuzin, metolachlor @ linuron® 1/n #& §7)@A% ko wia}
74t g FAYHE BATh e aTEFel 5% oM E S8 F3YH
£ Uetdleon, ole EYol T JARTE Eo g§ HstAo] A7) Wi
(Weber$} Peter, 1982; Kozak %, 1983; Peter$} Weber, 1985a; 1985b) &%}
g 7tial(water bridging)2 38 EY RWHY FHFHoz vy F47)
(monofunctional)ol] <3 A= Y= A& YePA}H(Giles 5, 1960). wekA]

< FEAMNE FFego] AL, st A3 FIE g B % F
AFe Shste Ao FEE. wdd 5% o4 A ENNE LY
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&y )& et  chlorothalonil® 7@ 4 %ol 3% o|8le EdoA
S¥ FAFHE Ueld U9, EG frIda¥eko] 1%t wet C¥ 2 LY
< Uedlen, %% BUF, HnE, 4% 2 $935dMe ESH 5
o Hzpgel okF & HYY FAYEE B goHSanchez-Martind
Sanchez-Camazano, 1991).

Weber®} Peter(1982)% acetanilidesA 5%¢! alachlor, metolachlor %
acetochlor’t #7189 F2% e L¥S vehliz #7184 AES} E¢F o
2 ALY 9 CH FXYHUE Jehvie Ao vustgch Senesi 5(1994)&
FHo] &8 f718e] FaAde Fel= CYoln, BAo] W A {7)8q &
ke ¥He S¥EoR FFSUL Bugo RN #7189 ¥4 Fxd ug
F4YPeE ZEsie AL AjAY. B dFoAM metribuzin, metolachlor,
linuron, chlorothalonil®] &3e¢] o8 Feg2 Yelys Ao Hol f7ei
ol ¥ EFAME AE T #4718 ol99] 4o F3o] A3, 47
@l Frgel ma fu)ge] FE F7 HE ez AU,
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Fig. 3. Distribution of non-linearity constants, 1/n, for the adsorption of
pesticides with different organic carbon contents.
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5. E¢d &%%

Ke 32 FHgdsx C=19 o ¥ JFFHA4 ol (Sanchez-Martin
Sanchez-Camazano, 1991), Ka &< SAFEAAMe we] ZujAls gel).
Aoz K; & AFEdA, Ko &2 52 FEoA9 F43S Vg o
AHE- @t} Table 4% 3070 Egel tid 87) Fokel K¢ 3 Ko & 2 Un &%
tehd Aeltk Ky g& metribuzin® 04~48Lkg ', metolachlore 0.1~10.6
Lkg ', alachlor 06~9.1Lkg", linuron 0.8~67.0Lkg ', diuron& 3.2~163
Lkg, diniconazole& 102~112L kg™, chlorothalonil& 94~189Lkg"' %
chloropyrifos 43~516Lkg ' o2 E%d o7} A Ky gL K 33 v
&Aoo, Edo] FE FFs: e L woke o fF fxd
utg} oF7k Apo]E H )

F7lg ool B A Ed A knuron® FI3Y4 & & 5(1984)0
Bygt it & Zez Bop FANEY g HgAol 53 & Ao
AZ+H U diniconazole®  metolachlord]  &#A44 & Weberst
Swain(1993)¢] Hxng A FASFEY. 53 metolachlor$t  alachlors
acetanilide”] ¥ 24 B 3 4= 53079 242mgL ‘24 AW
K; @2 vl3doh, gdutd oz £8wrt ¥ ool EFF718d 93 o
wol F&E}(Carringer %, 1975 Rahman, 1976). 28U £ Ao A K, g
< metolachlor7t 2%zt 2 Ro2 Jelgdul, Weberst Peter(1982)= o] A&
A= B £x37)% #Ho] Y Aol ofud, ERATRAY AoldH &
AoR sYaigict. £ alachlors] K & 9 519779 Hish §AH%
ou, @ §(19%)°] HuF R okt wtrh Sethi®h Chopra(1975)= &
4 R 482 EYA alachlory] &350 & v, 44 EGAe F4F
°f Aty HugozM EF pH7l FHAY JFE Fi AL AAe
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At chlorothalonily] F&44 @2 @ S(19%)°] B3 gur} ok ek
2.1}, Reduker 5(1988)°] 1@ 744Lkg'e ¥9 e T & A
A 3§ FaAds #e 7] i FANF @& EF IEsz isled,
ol & Ao AMEF BEdAdAo] thoFaly] fEQ Reg AzEch
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Table 4. Freundlich constants, K; and 1/n, and distribution coefficients, K,
for the adsorption of the pesticides to the soils

Metribuzin Metolachlor Alachlor Linuron
Soil series

K 1I/n Ka Ki I/n Ko Ki I/n  Kg KK 1/n Ka
Ora 06 111 09 02 121 05 06 09 06 08 143 26
Aewol 05 119 09 01 177 08 18 08 12 21 118 33

Haweon 06 101 06 26 090 08 21 091 17 55 08 42
Muretng 06 103 06 03 141 10 10 115 14 47 091 37
Mureung 06 085 04 08 106 10 14 112 19 17 116 26

Ido 08 090 06 30 098 26 16 113 22 31 111 41
Ora 05 110 07 11 124 16 15 109 19 14 123 26
Donghong 04 102 04 13 105 15 39 079 24 17 128 35
Ara 04 112 06 23 09 17 37 0% 3l 26 120 44

Donggui 08 099 08 24 082 39 42 08 28 50 105 55
Donggui 07 100 07 12 120 21 18 112 24 58 09 57
Donghong 11 106 13 17 118 28 41 100 42 1.7 116 93

Jeju 17 092 14 34 103 37 48 093 42 76 107 87
jungeom 06 123 12 50 100 58 39 109 47 131 096 122
Udo 11 087 10 49 082 40 42 100 43 78 08 bb
Jungmun 10 097 09 28 108 34 34 099 34 124 089 100
Sara 27 080 16 33 096 29 54 093 48 239 067 137
Ora 13 093 17 41 08 29 52 08 41 220 075 145
Jeju 20 091 16 51 08 36 52 092 44 282 081 217
Jeju 35 084 24 50 104 56 89 09% 80 204 093 184
Ora 38 061 14 60 094 50 56 102 50 256 079 189
Ora 29 075 16 43 094 37 36 109 44 248 071 156
Pyungdae 41 077 24 72 095 63 36 126 61 409 075 315
Wuimi 30 092 25 80 083 61 73 098 70 416 076 326

Gimryeong 32 085 22 49 094 42 55 102 58 37 078 279

hangyeong 30 08 21 85 08 60 62 109 74 166 097 159

Noksan 19 094 17 66 083 43 49 102 51 245 080 182
Songdang 48 075 26 97 091 80 78 106 87 344 076 258

Gimryeong 32 085 41 106 08 74 91 097 88 670 072 591
Songdang 40 077 23 64 08 44 59 097 57 406 081 335
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To be continued

. . Diuron Diniconazole Chlorothalonil Chloropyrfos

Soil series

Ki I'/n Ka Kf 1/n Ki Ki I'n Ka K¢ I/n K4
Ora 32 072 23 102 071 76 145 108 187 55 083 528
Aewol 99 072 51 192 072 167 94 169 216 43 143 510
Haweon 138 070 72 255 077 242 339 088 315 92 1.02 917
Mureung 156 064 72 219 070 197 187 120 234 82 094 830
Mureung 90 075 50 293 073 289 209 113 232 & 094 863
Ido 102 076 59 223 075 205 357 096 356 105 081 118
Ora 92 077 53 251 079 238 262 084 251 97 097 985
Donghong 67 032 43 237 079 281 199 143 293 129 067 177
Ara 90 082 60 21.7 079 200 258 101 266 109 091 113
Donggui 110 084 77 229 110 240 314 087 285 132 092 139
Donggui 124 079 79 252 089 244 350 084 315 132 1.00 132
Donghong 211 070 123 5.1 084 614 568 044 631 160 099 162
Jeju 240 075 158 537 094 555 597 065 581 205 09 216
jungeom 211 072 143 535 089 563 706 060 759 183 094 194
Udo 240 08 196 589 070 759 444 08 416 316 101 311
Jungmun 217 072 131 362 083 369 463 078 421 169 095 177
Sara 582 058 427 607 09 628 697 063 734 53 132 338
Ora 675 073 587 500 080 550 690 058 710 248 090 28
Jeju 703 070 613 604 085 667 826 067 920 243 088 287
Jeju 8.1 070 811 112 09 118 968 030 154 516 102 500
Ora 600 069 489 491 1.09 483 771 062 8.2 372 093 419
Ora 619 072 521 B2 091 578 649 070 647 377 101 370
Pyungdae 106 066 110 524 068 661 119 042 326 323 111 283
Wuimi 9%.1 071 931 641 082 730 124 044 8.2 278 093 307
Gimryeong 916 070 888 495 073 580 100 061 131 396 094 442
hangyeong 565 077 481 752 092 799 959 045 177 427 118 329
Noksan 667 074 582 506 078 574 817 052 107 327 095 355
Songdang 782 079 731 536 078 620 119 040 362 331 094 363
Gimryeong 163 067 206 106 1.02 105 189 070 293 519 115 406
Songdang 111 075 114 458 084 488 109 052 182 303 088 367
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6. F719A28 %3} Freundlich K; &#9 @74

Freundlich? 9] K; #& EE EYAA FrI@iddeFo] F718d o 2
A, 2age, B AT 42 57180 (Fig. b), FAFE frleLd @
o F7Hgel wet TR Y v2A ¥t AFE vehhe oA
< BT A1 Aagsd UM §FY AT Z(Weberst Peter,
1982)¢} #7+=7](Helling, 1971; Rahman, 1976), 281 #7189 4% 54
(Senesi, 1994) Tl GEdA 7|Qse Aoz 2

metribuzin® metolachlor®] K; #& F71@428%F T/t oet AMd3e
2 F7HIg e, ol AL RUledaEFe] & YoM FLE 4ET Fo=
AL vebdi(Ladlie F, 1976, Bouchard &, 1982; Peter®} Weber, 1985b;
Savage, 1976; Sharom¥ Stephenson, 1976; Obrigawich %, 1981). &3 o]&=
#8%7t 22 1220mgl’ 2 540mgl'® ¥/ W2 AZAErh(Bailyst
White, 1964; Hamaker®} Thompson, 1972, Karickhoff, 1981, Rao, 1990).
alachlor, diniconazole 2 chloropyrifos® K #&2 E%9 #F71€428%F 371
o uwe =ZaygHE  FrHEAcd, ol Parochetti(1973),  Peter$}
Weber(1985), Loux 5-(1989) % Seybold &(1994)0] A#4do] Egrtawt ¥x
st AH Hag s QAW ol FAIES thF JAHE {718 9%
rgdte Aoz FZ g} W linuron, diuron ¥ chlorothalonil® #7]%&
A2%Fo] S7HEA Wi Ao FEHE, AL EY F U8
B39 F7H71 599 F&o] FsHoE A& Aow AYAHY, o @
5 (1984), Kahn¥ Mazurkewich(1974) % Kozak® Toth(1983)8] H.i¢ Th&
g
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Fig. 4. Relationship between different organic carbon contents and

Freundlich coefficients, K; by the pesticides.




7. Ka @3 K, #&t# 9] @4

Ki &2 7 59982 5709 BYFxo] e F239 g Yad Ao
ZA NG wEHAAA Y FEHY FHFS YT, HYFEY A7)
& AA gL ek aY K 4 FHEE 1A FHFos w2
FEAAMe RujAsE v oebM Ky @3 Ko @38 #AE vede
AAX 71&7] @3 FaAF @E FiE 2 A Yetst(Fig. 5.

7Z1€71€ Ke @&l H% Ko @9 #A4E uvetdd, metribuzin 0512,
metolachlor 0.666, alachlor 0928, linuron 0.766, diuron 1.130, diniconazole
1.100, chlorothalonil 1873, 283 chloropyrifos 08322 Z+Z+ vehfgivl.
metribuzin®] 713 ¥9kx, chlorothalonile] 7} =%t o9 &L A= E
Fd w4 FFTEAY Feol wat 4744 FElE EFHAT metribuzin,
metolachlor R linuron®} #A) 49 7)&7] F2 051294 07672 713 @&
79 F3ged, FAEL4L2 S, C 2 L9 HHE ved Fosold
alachlor®} chloropyrifos® 22t 09289 083224 Ky gte] Kr gtu.th L 7
g HAen, C3Y FHAFT2HE B FYEoUTh  diurondt
diniconazole &9 EdA LY FH 52L& el Foy, 7| &
7} g2 22 1139 1102.24 K #tol Kr @2t ¥ 2EE JEdT
W, chlorothalonile 187224 7H3 &%ken, o|AL T3 %, ¥4%, 4
%, 3% 2 AFE § 4F EYAM HIY F2AF24¢ ey A&
L2 EYHAH.

AAAT e Eo A &=t ¥r] e FFF=st =2A Y4
metribuzin, metolachlor 2 alachlors Ztz} R?=0.680, 0.865, 2 08669 g<
HERen, =7 ddFes woudA HYFsl 1o ste REE B
9l linuron, diuron 2 diniconazole® =2 HAASL % R*=0960, 0969 =
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09738 Z2+ vehllo] Ky &% K g Ateldl zel7h §l&E JeRAU.
chlorothalonil# chloropyrifos®] H¥FEE 18T 4 ¥ & YehAY)
g Fo R?=0709 % 08739 < Uehd Aoz mah,

weiA Eo] Fokd ti# FRAHYI BGFAFE V€7 gL AM Ky
gol Ke gl vlsiA HA Heon, g3t FAYYE el 3HUYTE Ky
g3 Ke @9 HZt 16l 7ihE g JdEbdY. B3 PYFEE Fok] &l
e S= W oM A=A, HP 527t 194 dojue 7 &
75 Ko &3 K &9 Aol Aok webA g8 27t & $Y45S 97
7] At FAET HeL K 3g A g3te Ao u#FE, 53] {7E
FF BV s EGAY AN e K ol B A £ e
gol & 4 Sle AoE BaHAY.
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Fig. 5. Relationship between Freundlich adsorption coefficients, K; and
distribution coefficients, Ka.
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8. E¥d fU1dL2E{YT

7L FE VE0E AT K o2 F% FFd #4935

Ko &2
9ol JA& wjA§ Ao|ch(Leonard, 1988, Cohen %, 1995). w&}

€ 7R
N fRARFY F7to) Wit Ke #ol AT A+ FFo BAs: Fo
ARAE FriesR B, 371 Ex ase ¢ dE 2o AgdE

S,

o2 FAded o]g@h(Sanchez-Martin¥} Sanchez-Camazano, 1991,
Garbarni® Lion, 1986). %718 & %] 2L EFAME H7184FZ AT (Ka)
© A% 249 5 F7180 H48 A we xol& BYvtn BEasdt
(Seybold &, 1994)

metribuzin® Ko & 10~500.2, E4E f7|d28F S7td e 4%
2 glov E4g BXE el metolachlord Ko #t2 10~1409] ¥ &
Hngon, 5% ojate] E¢L AA BAalHo #7184 098 FF8le] #o
e ez A7 EAh alachlord] Ko #t2 25~16022, EF f71@48F
7t wel FoFQd A AFE HAY 5% ol8e EYS £AE H ol
& Aog Hol #718 ol99 FFHadde] e Aoz FAHAY. linuronst
diuron®] Ko #& 40~4803} 200~120022 42 EF F f71@¢AL8Fo| F
7hetel ute nlElF o Friste B ¥E UENYh diniconazole®] Ko
300~14000.2  f7RARF  FUH wE WA er Fagch
chlorothalonil®] Ko #2 700~1800°]e.H, f7|gtiagtso] 5% olste) ES
< 22E HEE 2o {718 o9 FFagle] FEde oz AAHA
o}, chloropyrifos®] Ko #2 2000~80002] £¥X & wHgon A&tEd AFE
£ AE F¥ fr1essFe] S ot Hagez HAstel alachlor
9 diniconazole® ¥ %3 7 %L JYel Ak (Fig. 6).
8709 &% alachlor, diniconazole ¥ chloropyrifos®] Ko &2 #71€4
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ol Frtd wel F FFAFo] FAHUCH, ol #71ETFl ¥olF
oA mat Fofe] K718 FAFAZY Ao oHs] HED Ao AR
A vHHamakers} Thompson, 1972; Mullerst Wegener, 1982). 53]
diniconazole> 74 Z&o| 71 e, AL dH7IdE H= T4 IHE
o]7] &) Aoz AZdAri(Weberst Swain, 1993).
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Fig. 6. Relationship between different organic carbon contents and organic
carbon-based adsorption coefficients, K, by the pesticides.

_52_



B ATE B4 fU1BEFe] O 267 ESFOM 3079 FEY EYS
AFst FF L 2ol AFEdE A xAQU triazineA metribuzin, acetanilide
A alachlor$} metolachlor, uread diuron® linuron, 4Z A< triazoleA
diniconazole®} chlorothalonil % 4F%#1¢1 chloropyrifos®] &2, EulA =,
Freundlich #3448 71 ESF F7188%7e] FAE wel7] g A
ot} FAAYL batch equilibration technique2 <35 Linear?|,
Freundlich4], Langmuir] ¥ BETY %59 F&A5&d Heaoq FHE5Y
4 7t A5E Tagen, 2 E¥d i35, 471928 %F 5 Freundlich K %
Fo1dAEFAYTe] #AE ZAEIAT

1 BR3P AHE% EFL f71d28Fo) 13gkg ~157gke 22 T
Jagon, Fol2XFEHF 2 pHE EU zol7b 3ot pH(NaF)= 7.20~
1131 23& Uehdo], FAEYF F I EE 167, HSUAE 142 &
FHAT

2. Ag A7rE F3%F ¥ metribuzin® A8 F 7A17H metolachlors 6
Al 7}, linuron& 10A1 7}, chlorothalonil& 20417t 3 H o] TE3lH T

3. #3524 Lineard, Freundlich?], Langmuird] % BET4& 2 &%
A} 8FY wo%ol A 5% F9+EAAE Lineard# Freundlich4 ©]
2% Ag Edlged, i e E%oA Freundlichd o] AA A gtol ¥
kot

4, metribuzin, metolachlor, linuron 2 chlorothalonil® f71g@ 4§ Fo] ¥

B R AL SHe FAYHE dEhiRen, frlvatEe] BolHol
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e} C¥, LE, HY 22 Watyq {5 Ha ARG 53] $&F, HU%,
AU, $3% £ $952 HYY FHIHE i, )AL 549 EF
o 7% FgAHd g8 R FreA w2 FATE UEC ubEd
alachlor®} chloropyrifost W#E9 EJA CHe FAYHE HAo, 27|F
27 Eobel wat FFFo] AAdA Fr18A.  diuron# diniconazole
L¥Y FAYEHE el 5949 Fxrt woldel utgt F37Fo] Fide
74 ol A,

5. Ki #2 metribuzin 04~4.8, metolachlor 0.1~106, alachlor 0.6~9.1,
linuron 0.8~67.0, diuron 3.2~163, diniconazole 10.2~112, chlorothalonil 9.4~
189 % chloropyrifos 43~516Lkg & 22 vehjio] E¢E= & o8 B4
}.

6. 7@ agFo] F71%el mal metribuzin® metolachlore] F&4& A
Aoz F7131Q 2, alachlor, diniconazole @ chloropyrifos®] #¥3& 23%
20 2, linuron, diuron ¥ chlorothalonil?] F&2 A ¢d¢xoz Z71349
t}.

7. Ka &2 Ke gt A9 4848 24on, AU Fod wet zfol7}
At

8. diniconazole, chloropyrifos ¥ alachlor= #7]@4 %30 F71g] ule}
Ko @l otz ort, linuron# diuron®] Ko #< b 2w, metribuzin,
metolachlor, chlorothalonil ## o] 1t}
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A 0. E¥Y EEAY F2o= Y59 v

AFEE g XNqge €8 FE £45H49A £30 A dedH o
EF& A 43 945 A FoF Ay A AR 4HA U
o} wekd Fofol EFFE BHEA Aggd =@IE Frele FF A E
F WolA g ojFe] o3 A gl FF¥E VAT wF& FH +9U€
A%l e FIHE ZRolE7t Bo FAH £33 F3 AR o
ZA 7= v 2A ZL- S (McCarthy 9 Zachara, 1989; Lafrance %, 1991).

ERAA 22 o= (Water-Dispersible Colloids, WDCs)t E %< &4 9
3 4gE ded 47128 F] BEFE WDCsk HojAW, EYS ApH, ¢
L% T o8] YAdFol @&z tHvan Olphen, 1977).

EYF 9 o|%& micropore®} macroporeE F38td o] FojX| A7
macropore’} A& £e F2 B o)t (Thomas® Phillips, 1979). £,
WDCs2] o]%2 o]# % macropore’t & wdd EdolA & HHSetad)
Karathanasis, 1997a). @&+, WDCst E%3} 7ZslA F&4Ho E42L §
8 o]FHA @ %L AFFE FYATE WAZA FAEFHIE G,
H 540l E¥ Z3A §4=e DDT, PCB, HCB 53 FAoIAT &
oj24ol7] W&ol El BeA EFAFE paraquat Fol Aol HAEH
BE2E WDCsol 9@ o822 d4e}r|x s gith(Ballard, 1971; Vinten
5, 1983; Enfield 5, 1989; Dunnivant, 1992). &% E<J3 281A §&HA &
atrazine®] 74-% WDCsol 93 && R-471 Adgozsn oFo &34

e

rir



At B aEYrH(Setast Karathanasis, 1997a; 1997b).
12 AedME RAE £ oy, AFZ7E dele ARt S
€ 23 BAQsy) g g RAEEY og ol At AFkE F

EYgoA £29 EXE Aeto Bng =82 flou, AFE FAY
of £Fo] A U Aeg st Uuk weEkA, AFe FEHA A
£¥ %] WDCsol EF34¥ Huz EFFol ofd #3& ¥4 #92 £
3171 W&ol WDCsel A4 mAE d%L #3E AL AsF 29 A9
& Bristed F23% AXE AHEE # AUth

Ut oz WDCst EYY ¢ dAd 3HAHY 985 nAe #7188
ZF Al 9 Fe 5 %ol2o] B&43 A4%o| 4o pH(KC)A pH(H0)
2 W ApH gol d3g el AF: 4Ed EYe (9 2 Eddd o
d #7123 Al Fe 5 %ol 2 ApH #&9 zelrt ®7] wiie] WDCs9
A go] b g F glon, o] Hol7} A&y 29 FFS F F ATk

welA 2 dAjoAe AlE 100 AR FAESS AHEE9 ApH, HIA
g AT Fe ¥ #7]18%Fo] WDCso AN vlX& 93-S ¥ 5ol
WDCsoll §&¥ Ad2 A&4E 29 7154 & EYE E/FstaA
TP AT}

ik
rlo
o

_61_



Az 2 WY

1. WDCs A4 %9 §34

WDCs %€ Seta®t Karathanasis (1997)7F Hiig Wi FA3t9 £33
At FNEY 5g% FFF 5mlE d4Ee e ¥ BAAES €A &2
Aejel A 150 rpmo 2 16A17F 9t A®E R 2500 rpmo 2 208 €A Ee
F AL NPl 243 wet B}k FAF AN 2~214NT T
AAHA &= AL oY Z2oj=g FE7] HE o (Sposito, 1989), 2213t
A W2 F $JolA 2cm HeldlH S5mLE A FHapoq dzx7|HA
15CE g3ad § FHFHeE FFHAT

2. pH(H20), pH(KC]) 2 ApH

pH(H:0)& 1:5¥ o2 &A3gew, pHKCDL EY 10g3 IN KCI 25
mLE 7}3te] 3087 A & ATYd s F45% . ApHE pHEKC)
A pH(H:0)E W Ztojtl.

ApH = pH(KCl) - pH(Hz0) - - N €

3. oxalate 89 =4 AlF Fel%d 2 KCI 49 A&4 Al &5 534

oxalated 9| A& Al Fedt¥ 34L& INEFE 05mmA2 I F 04
g d4%Agd YT pH 359 02M NHsoxalate$ ¥ 40mLE 7+ %A
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TAS B3 ARy A3 ¢FvE TUE A AT Ft IABSATHE,
1989). g & FA] 2500rpm o2 20%-3F AAEE F A YL daste] Al
3 Fed#E 4AFZREAZ AFsdch

A KCl AE4 AIlFFE pHKCDERHH Zeo] Astd J&d £
T AlY ¥%E dAFLFEAZ SHIAY.
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1. TAESY Aty 44

FNEY #atd A4AL Table 1% Zo| pHH)E 445~605 HHdl
e, ¥ 5388 YeERAAL pHKCDE B 41124 pH(H0)e Hl 3
1.27 ¥oith, gubg o2 pH(KCH2 pH(H0)H wig @A Jehded, oe
pH(KCD)o| KCl&9o2 E¢S AE37] Wi EGEHY Fho|do] EF
44 Fog ¢ Bo| #Esd ver] Yoz YA€ ApH #L -175~
-0.75 "ol Aded, F -1.270] Ut}

oxalate &4 HEA A3} Fe¥rFe 42 37 164 % 157gke ‘24 £
B Eg vsNE ¥ AFE JeAATHE, 1989). weba E Al AL
3 EF2 WDCs A4l vixE 9.91¢1 pH(H:0), pH(KCD, ApH, #7184 %
% Al 2 Fedlt@do] o3 EGE TnF XFs3 vt

Table 1. Statistic description of soil chemical properties used in this

experiment
- . KC1 Oxalate
P Organic extractable extractable, WDCs
H,0 KCl ApH carbon content Al Al Fe
% g kg™
Mean 538 411 -1.27 6.73 0.0819 16.4 15.7 0.24
Min 445 3.22 -1.75 1.28 0.0004 19 35 0.015
Max 6.05 4.86 -0.75 15.7 0.2750 35.8 387 0.659

- 64 -



2. 7128 Fd & Al FeRtF W3t

oxalate® 9 24 AlT} Fed & allophane, imogolite, Al/Fe-humus=-3%
A R ferrihydrite FE2 EABT 2 FFe ZE EYo] 0gkg o3t
Fig. 1% o] EY F oxalate ¥&4 A% Fe 32 frle2ddn =7
129 Jo 4#L JehhATHR=0830, 0808). waAAN EF W @9 7%
A%eFe Zylo] W& oxalated 24 Al BF9 HIE 26gkgold o, Fe
& 203gkg '0.2A AlY #Fo] 06 AL EUTH IRL 4 HHYEY F
BN BEEE Ald Feol 52 {7183 Ao AlFe-w715#AE
FAEuA 7IAskE AL2A(%F, 1989), AlF Fed EY YA AHMEA
24 Zgste gdTg gAged rldse Aoz HIHAHGoldberg T,
1990; Shoji &, 1993).

2o g4 Al pH 50 ol3te] A4 2HdAe AT /71 5F/A
o el EAA HAL, pH7t FHEFE Aol R K71 EFAY Al
Ee ) EHAE o|F3 AA ¥ Al Si¢t 37 T3 o] alophane =&
imogolite2 WA H7] 4dh. &, oxalate FZ4 Al Fed EYU 718 &F
i} pHel w&} Al/Fe-+-7]18&A & allophane, imogolite] Hel= A3,
#F71E%Fo] £ pH7l R&F5 ARV EEAY iz F2 EA%t3, #
718%#Fo] ¥ pH/F %445 allophaneo]l F7b Hrh(d, 1989 Shojish
Fujiwara, 1984; Parfitt$} Saigusa, 1985, Mizota®} van Reeuwijk, 1989).
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4]
(=

y =2.60x - 1.21
R? = 0.830

N w .
o o Q

Oxalate extractable Al{g/kg)
o

0 5 10 15 20
Organic carbon(%

50

40 1 v -2.03x+1.71 .

R? = 0.808 *
30 |

20

10 |

Oxalate extractable Fel(g/kg)

0 5 10 15 20
Organic carbon(%)

Fig. 1. Relationships between different organic carbon contents and oxalate
extractable Al and Fe contents.



3. Al, Fe# 33 WDCs A4 #¢ A

oxalate &9 FE4 AlY FeFe BF f7lea83d wadAg veh)
Aorg WDCs B %D v asty] 984 Al+1/2Fed] ez M@ AL
9. WDCs A% A gk 06598, Al+1/2Fe g2 Al9] #High, Fed 3
AFZE 474 dYgsly dojzl 56152 vro] AdAA ghol o8 v wsti .
Fig. 2914 B vheb o] WDCse #7948 H 5% o3t EJdMe B
of AAHRNLT, 5% o4 EdfMe AA AHHUYG. 538 WDCs B4
#a Al+1/2Fe #9 W33 N2 dAHoE S #AE eI
(Fig. 2). WatX E4F oxalate 54 Al# Fe@a2 WDCs 84S A6
= Aoz RAZEUY, o]= Seta®t Karathanasis(1997a; 1997b)8 R3¢} U A
ot

—
o

-o0—Al/Fe
—e—WDCs

[=]
[o.2)
o

[=]
=]

o
i

Relative value

o
GV

0.0
Soils with organic carbon increasing

Fig. 2. Effects of oxalate extractable Al/Fe on the water-dispersible colloids
in soils with organic carbon contents.
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4. #7124 %%7 WDCs 44539 &4

EY F 71842832 WDCs A% dhvl#H gl #4171 A tH(Fig.
3. 2 olfT FAINE {F718L Al-, Fe-H71ERAE dA4sto G g
< ¥FA83(Shoji &, 1993), 718 & A7)¢ wet e AL FEYA
oA kg FHAIE A4E AW, FEED & AL 98 A9 FEY
Ag AgAIe AES dte A2q BRIFHAY(Durgind Chaney, 1984). @
GA 71T Ee St wAY Al Fedl 93 9usier Ast F8hhEof
o3 WDCs9l Aol A= Ro2 Azt

0.8

. y =-0.026x + 0.42
N R2 = 0.256

WDCs(g/kg)
o o
» -
™
°

o
[y+)

0 5 10 15 20
Organic carbon(9%)

Fig. 3. Relationship between different organic carbon contents and
water-dispersible colloids.
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5. KCl 49 d&4 Al #%7 pH(H0) 2 pH(KCD# 9] A

FNEYF F KCl §9 24 Al g3& 0~300mgke'e) HHE et
Jtl. Fig. 4= KCl #&4 Al §3F9 ZF7ld wE EY F pHH0)%
pH(KCD) Ztztste] #AE vebd AozA whudse #4471 AAD. KCl
A&4d Al FFe) F7/Hdd = pHH0)E 60014 452 FAsAoH,
pH(KCDE 48~32% #A3td pH(H0)% pH(KCD Y A= 1.39] Aol& EH
o}, o2 whuld 7 Aol Adjadeh$} Inoue(1999)7F Rud A frA}
e ol KCl AEA Alol Ae.2A #4314 (pKa=5.02) Fxol2& W]
o] M (Sadiq$} Lindsay, 1979), webA Al $he]l pH ghol A HH oz g3
g F& Aoz 4499 2% pHEKCD2 KCl £902 EFS IE37] o
B EY BHY Fholge] EFEY Fo2 o Hol EHY pHHO)E
o} @A UEd

y ==0.005x + 5.77 ® pH(H20)
R? =0.766 o pH(KCI)

pH{KCI) & pH(H20)
o o

-9

Y = ~0.004x 4,4.40 o
R? = 0.662 ,

0 50 100 150 200 250 300
KCl extractable Al(mg/kg)

Fig. 4. Relationships between KCl extractable Al and pH(KC]) and pH(H-O)
of the soils.
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6. #7142 F 7t ©E pH(KCD pH(H:0)9 ¥4

E9%9) pH(KCD) g2 Fig. 59 o] frlgadFe] F7hgtel whet vl
02 2739 R=0275), pHH)YE UAE Aol AATHR?<0.016).
pHKCDE A@Axe Hrg AlEHn, B% pHH)EY W& AR Hu
59t Nanzyo 5, 1993). AFE ZEd E% f718& Alg B4 HeH=
EA87) 2 EF F Al §o] B Aoz RuHYthE, 1989). +71&E
GFol BE4E VBT ERAE ¥4 A Al ¥ BoHAAE, KA
o 93N FEHAAE Al ¥ A7) Wi EFS KC §422 &
AL W AEHE F202L HojAg, dHA FI|EFANE o] F= Al #F
o] 2242 pHKC)E ZolxE Rez2 HtKSadiq9 Lindsay, 1979).

7
y =0.014x + 5.26 ® pH(H20)
R? = 0.016 o pH(KCI)
o * = .. *
T * '. *e
z e Y —%
G o * o
b e .. Q
— [ ] ~ o} [o) o
X o o o o]
I, ©0 o %, o’
so %  y=0.050x+3.76
00 R? = 0.275
3 - ‘

Qrganic carbon{%)

Fig. 5. Relationships between different organic carbon contents and pH(KCI)
and pH(H0).
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7. 718284 4E ApHY W3

pH(KC)# pH(H:0)9 #¢ ApHE -06914 -1.89 HWHE vedon
fr7lgagFeol F/1tel e v#ElF oz 43k (Fig. 6). ApHE KCI &
9 F&A4 Al #39 HEE el (Ueharast Gillman, 1981), £ Alge] A}
4% E%9 KCl 24 Al 3L 1828 Fo ¥&5F oA 4GS
Hoj WA EYFE & Aoq PZEHAY, o] A2 $(1988)1 Shin(1978)
o] AFE EYFAA AUrt wotdFE ApHZ/L FopAx, £§ ole A}
AT E Fr @2 Fo] R EH s Rz Raug UiH Ze
7 gol At pH(NaF)7 94 o8k uvshits E%e apH @& -15 WY&
e, ol ARt A8 EFF ApH #tol -150 7M7hE 2Y¥E B
Avhs B34, 19899 v <tk 9, pH(NaF)7}F 94 o]4<2l 33 Eof
Ae @& ApHY ¥ E BYu meby frleiagFe] 7184 E KO &
4 A& Al FHRGE F7)1 584 U2 SAs= A2F HAHUT

L )
. y = 0.0361x - 1.5069
15} ® ®ece R? = 0.3649
(] [ ]
I
a
q-1.2
-0.9
L]
-0.6
0 5 10 16 20

Organic carbon(%)

Fig. 6. Relationship beteen different organic carbon contents and ApH, the
difference between pH(KCl) and pH(H:O).
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8. ApH%} WDCs #3479 #4

ApHS WDCse #AlE 1xe 4B4L 717 AN FH ey
(Fig. 7). ApHE -0.75914 -187A] Z7b8 o, 2500 rpmo 2 #&§ WDCs
£ 0ol4 08gkg '7HA F7bstglnh 58 ApHZF -0.75 ©8Y WE WDCse)
A5 gtk WDCse X84 Al T 9J3M AAE A3 sy
AL b go] §AHE Aoz B}, oy e uhdldg e ApH9 894 o
A7l eaq Aulg PEv(van Olphen, 1977; Sposito, 1984). ek ApH
7} WDCs9t = ¢] A##AE Holr] Wie] AFES Zo] 30| Bol £
¥d BE¥dA ApHE %] 38 WDCsol 93 A&4E L9414 75
dol & EFE EHded 71 AHAHQ AEE LT + dE AR 4
2+ Tt

0.8
y =-0.697x - 0.652
R2 =0.683 %
0.6
E;
S 0.4
-
Q
Q
S
0.2
0 — . N
-0.6 -0.9 -1.2 -1.6 -1.8

A pH

Fig. 7. Relationship between the difference between pH(KCl) and pH(HxO),
ApH, and water-dispersible colloids.
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9. WDCs A4l vAx 809 dd G543 24

ol4el ARE THAY, EF T WDCs9 44L& YAt 202 WDCs
o A% wvdlste #AE vdehde WY AT Fe@ ¥, #7128% R
pH(KCD) °lit}. wreie]l WDCs9] 8A& FRste 89 WDCs9 A4 F4
Hidsle #AE JehlEe pHH0) R ApHelth waMd tdd e e
Bl FHsAT

WDCs = -0908 + 0.132 pH(KCD" - 056 ApH™ + 0.01 OC -0.003Al
~0.008 Feo (n=30, r=0.919) o 2]9)
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E AZE A5 ZE v £ F2E R EF UIF R 7
TE B4 A,E 29/ F e AANES #HI7] A8 EY T v
o) EMAZ FHEH F UE B A FEo|=(water-dispersible colloids,
WDCs)9 A Fl vXe EFY 38y 298 At E¥S 49 1
A AT NEY YR EFE A EFY pH(KCI), pH(H0), ApH,
oxalate A&A AlZ} Feol E% T 549 olgujAzZ #4¥ 4 Y= EEA
A ERolze] AN "X FFE AU

1. oxalate A% Al#} Fe ¥F& RS Edo] 40gkg loldtgdon, E%9
Tl e A AdHoz vsyct

2. WDCs8 A4 #FL #7433 s Asgon, Al+1/2 Fe &2 A
H st #AZ AU

3. KCl €9 &4 Al #%& pHH0)% pHKCDH F-¢9 #A7 AN,
EY9 pHKCD) g2 f7Ieta@Fo] F7iste] wet v#H oz /AL
U, pHH0)& dA7 4ol gilvh pH(H:0)9 pHKC)#2) zte]?]l ApH
T 7l AaFol SIS we HAHer A

4. WDCs9 A4%F& ApHY 129 Ao Ja4de 711 FAde ez
et ApHZF -0.7500 4 -1.87tA] F71& W7kA = WDCs A %2 00l A
08¢ kg 742 F743stgden, ApHZE -0.75 ©13tY wE WDCse BA %S A
o Uit
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A4 M. GUS, RF 2 AFE o] 4§ 5%
L2344 v

A&

ARE EYL f718¢8o gyslug FFdid JFE vxe 338
B¢ O EXF Holil gl R7IEE T ¥2 EYL % §FF50 2
Bet olvgt F4&Ek A WY #7188 30 ¥ EYL ¥ 2T
of ¥ FFpEEE vl

AFEe lold Ads: $FEL 082myr'2 FHEALTHALAE,
1993). &8 YA} AxE AN A% 100kgha '8 Fokol AHEHT glo
o, 338 ¥ £& AdT FEHETH A w2 &F o|FHo AsrE
LM 7ol At BF o]E T FoT AT Adgd AF: AL
& metribuzin, metolachlor, alachlor, linuron, chlorothalonil $¢ % <%% ©}
FoE ALEHI JAHAFE #7F WA, 1996).

o A% AdF 29 FAAHL GUS, RF ¥ AFE o|43le HriHm
ATt GUSE AdtgolA AEd v 548 48 2P TE A
4% 5F HAE A5 (Groundwater Ubiquity Score)2A4 F718k2F 344+ gt
I EF F FoFe iAvE o83t It rH(Gustafson, 1989). RFE &9
o] E4FAN F&AHE FUE B9 og&kd H& AdEHE FEE g
W& AAA T (Retardation Factor)24 E%9 % FF4H F44 4%l
(Davidson® Chang, 1972; Jury %, 1983)2 i#sle %719 }(Helling3
Dragun, 1980). AF= E¢ TWd AXFH %o EZE WolA dAZ7A
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olFde F¢ FF T EIFA Fx deol gle E&EA FHAFT Ee
£ g4 (Attenuation Factor)2 AE-H19, A 4AF, EFETTE S}l &
9 f& 2 EFF w99 wzr] 29& n#ste BrlEtHRao F, 1985).

RF$} AFel o Hrhyge stetojo A sofol o s+ od FA43
& #Hrlet=d ®o) ojgEH A oew(Kahn? Liang, 1989 Kleveno %, 1992;
Loague, 1991; 1994; Loague %, 1989; 1990), 2# Q1 shte] A 2] Tenerife 4
o Agy 2 FAAE Frtste s AHE-H A tH(Diaz-Diaz, 1998).

wetA & d7E GUS, RF, R AFE ol &8 A4 A7t AF: Ady
°od #AYE A7 Y7 screening model2A AHE7ME A E HAESE A
ojm, A&t o HAAe]l & FhE FHRElE /e 29 HHEol E &
¥& ERnz A=HU
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As 92 Uy

1. E49 B84 54 ¥4

FANESY QAYEE cored T €A YUEE pycnometer (method of soil
analysis, 1986)2.2 &Aoo, TIEL YALES SHLEE o] &5}
AMIATHA). X84 F e AFE EFY FESHIHE o] &3
B8l o

7=1- 1/ oy e (4D

A7NN 7t Ede] 3T, ool SAUE, oot UNUEE 47 e
o

2. §4344 |71

1) Groundwater Ubiquity Score

GUS= AdtroM BEd F%9 548 B4std FYHes TE Ag
%5 Y% HEAF(Groundwater Ubiquity Score)®4, GUS 3t Gustafson
(1989)0] A|otdt Wjoz 229 o] Attt

GUS = log Tiz X (4-log Ke) (42)

471N Kot AYINA 78 g2 ol §340m, Ty EF 3 5o
A712A HE4E nes] A8M 7bse & TREANN 349 2EAR
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g o434 £ AFE AFd EF &% ©)4de] pH 55 o]ste] AHE
Fl &3e AAFEEEAEY, 198)& 1gisted Foda 2o fAtd
EGNA A" g €3t metribuzin 3293 alachlor 24% (Weed %,
1995), metolachlor 449 (Gustafson, 1989), linuron 60%, diuron 90Y %
chlorothalonil 30¥(Vogue %, 1994), diniconazole 97¥(°] %, 1996), %
chloropyrifos 63 (Jury %, 1987)& 7} A &3¢t

ja]

2) Retardation Factor

RF= &9 olF&xd vla] EGF WA %2 F2oz s o]Fo]
AdHE A58 JehlE #h(Retardation Factor) 224 E%e] FoF XA 3
F44 292 m#sted HriEok(Helling® Dragun, 1980). £ F& A4
Ki 2 48 1oAM 78 g ol &stden, §4UE(py) 2 F5&(0)E
o] §-3te] A4dH tH(Brusseau, 1995; Rao %, 1984). RF 3t¢] #X3* Helling
7} Dragun(1980)¢] =gt E-R/HE &3 ok

RF = 1 + Kf 2L (43)

3) Attenution Factor

THE EGTE olFste Fo FAHL 2adrh AF: EYEWA A4X
5% F ojFde ¢ 3 re FAHA g1 43 ZdojdA ZHae
H&E& Uedt. AFE RFY 599 ESF w7(Tw), EAW), Ads 2
AEE(Q) R EFEFF(0rc)E 23t 237 o] AMgt(Rao &, 1984;
Kahn# Liang, 1989; Mulla %, 1996; Loague %, 1996; Diaz-Diaz %, 1998).
BN AFE EGESE FHAE B9 £5(v=q/0rc)}t 255, 5% EY
T 2AEES AE4E Adrz £9 FYHE 2L A, W £
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FA5E Aol ZE,E AFE HojAo B2 AFE %9 Adeld
A g FdHQY HEE vehdiv, 2 7]$£2 Khan#} Liang(1989)°]
A HEE ALY Agtr $AEEE AT Hd A4F 1872mm, &
T HT Aede 129 R Ade FAF MURAFE=FALITFALAY
1993)8 & 83k At

AF = exp [-0693 X RF X d X fpc/ (Tip X @) ~monn(2]4)
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1. 549 Ed3 54

Table 12 EYEE fr|g2d3F E&o] Jrlsle ¢o2 44, &
e, 358 2 EAETEHFE dguidth 2 F SANESY U= 5
€9 #A%E Fig. 13} 2t} $HUEE 0494 14gem®y B¥E Hof EY
b ztolzt Foew, BEde] frldiaggel S8 et AsFryer gh
Stath wekA FrieAEe] B2 AEFd EY SAHEEE AWt E¢
v 3] o ¢ ket

TIES §4UES dEe] #AAE UEhle F71ETFe] ¥ 349
7t 58 EYATE EG o E9 olF5E7 He w50 ¥ AeE

UYEbsth 28 EFELFHFE {2 EHES F3E&E ol &dld AFE EY
o EGPRETHORRE #AG oA 03804 0459 BXF UERAAL
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=1,59x~-0.37
R? = 0.806

Bulk density(g/cm ®)
)
©
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0.9

y =0 105Ln(x) + 0.47
0.8 RZ = 0.784 °

0.7

0.6

Porosity(em 2 /em?®)
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Fig. 1. Changes in bulk density and porosity with different organic carbon

contents.
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Table 1. Soil physical properties at the series level for the Cheju soils

LIS ]

Soil Series foc oo "o porosity 6 rc
gcm m’m*
Ora 0.0128 1.05 2.63 0.601 0.40
Aewol 0.0139 1.37 2.66 0.485 0.39
Haweon 0.0197 1.37 2.66 0.485 0.39
Mureung 0.0214 1.37 2.66 0.485 0.38
Mureung 0.0231 1.08 267 0.596 0.41
Ido 0.0244 121 261 0.536 0.39
Ora 0.0260 112 2.62 0.595 0.42
Donghong 0.0261 1.27 261 0.513 041
Ara 0.0306 0.91 245 0.629 0.40
Donggui 0.0317 1.06 2.62 0.595 0.43
Donggui 0.0318 1.19 2.57 0.537 0.40
Donghong 0.0398 113 2.65 0.574 0.41
Jeiu 0.0464 0.90 2.55 0.647 0.41
Jungeom 0.0482 094 242 0.612 0.45
Udo 0.0500 091 261 0.652 0.45
Jungmun 0.0576 0.78 243 0.679 0.43
Sara 0.0712 0.88 251 0.648 0.44
Ora 0.0752 0.62 2.54 0.646 0.44
Jeiu 0.0043 0.52 2.33 0.777 0.43
Jeiu 0.0957 0.67 2.38 0.719 0.44
Ora 0.0990 0.62 2.44 0.664 0.43
Ora 0.1030 0.90 2.54 0.741 0.43
Pyungdae 0.1100 0.66 2.40 0.725 0.43
Wuimi 0.1110 0.74 241 0.693 0.43
Gimrveong 0.1120 0.71 242 0.707 0.43
Hangveong 0.1120 0.61 222 0.727 0.42
Noksan 0.1160 0.72 2.39 0.699 0.43
Songdang 0.1270 061 2.38 0.735 0.44
Gimryveong 0.1430 0.46 2.35 0.804 0.41
Songdang 0.1570 0.69 2.44 0.717 0.39

"fraction of soil organic carbon

“volumetric water content at field capacity

""soil bulk density
soil particle density

Ll
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2. $2%4A4

1) Metribuzin

GUSE F9%°l AdteFelA HEE 7Hs4d Aweln, GUS #el 28 By}
g o, AEZA] & Aoz FFI} metribuzin® GUS #%< 35~452 A4
AE 7tsAol & Z(leacher) 22 EFHILH, BEYF Alolo Aol Aot
(Fig. 2). B8 AEE F#¥§ 23} metribuzin® GUS gL 22~899 g2
2 Aor EauHo(Vighi F, 199), & d7dA Hrid gt ¥/ 4
< Aoz etk RFE B9 o)%&kd vg FFoz A3 AARZEE
HetE R S2A metribuzin® RF #2 16~519 X & Jehfden, #
NNgafFel W EgddMs olFAdel Ai(mobile), F71@iAEHEH =&
Ego A= o]FAo] %2 Z(moderately immobile) 2.2 EFEHSth AFE E
F% 494 Hol7tA Y FYATZA metribuzing AF #2 001~0.354 ¥
g HAT #F71@a8Fel 3] 3 EYdMs §8AF7 e o
(very likely), #7184 & Fo] & EFNME £8x+7} &L Almoderately
likely)2 2 EFHA, BE EFdA Astye 29 APl vy & Fgo
2 EFEA

%o FASAS WwgUHE o] &% GUSH 9% Hrte Ads 2 4
Aol & FFoE EFRHJUL, EYY £33 AW F548 18T RF
R AF9 & F7tPE WE RU1RLEF B EY HE HE B
A 29 S84 B 2 A2 et Vighi $(1995)2 2AF tA 284
T ¥ 3%9 HEWNER, Cohen 5(1986)& 0.09~435 pgL'e] FE& Adl
X HEHATIL BudPYen, Southwick 5(1995)7 Muir$t Baker(1976)
FTE ZT¥ metribuzinF ol 0013~17%7 S2EATGT Mg waA
AFE EGolA metribuzin® A &54d LEAL 7t g & AoE o
A€t
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Fig. 2. Comparison of GUS, RF and AF values for metribuzin
with different organic carbon contents.
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2) Metolachlor

metolachlor®] GUS #& 30~558X4 Aalgor HE7MFA & Fofe
2 BRHINeH, 71E RuAR 22~34(Gustafson, 1989)®.t} %7t H A e
%tk 53] Fig. 391 yebd vhs Zo] f71ed4¥% 5% olate] EFAME
GUS 30~552 Ezt ztol7} Frh &9 o5&kl vg B¢ FHow
AH AAF=E Vel RF & 16~9824 Ugd £33 vgoen, o
T2 EYAM EY ol5&Ed v 48 o]y g o|FdE RAeE M
of o]FAo] @& Aoz FRIHUC. Ed il EG v E Afo]d
AL 7EE UEUA g3t %] EY F olFde ¢ FAHAY 24
HA g1 94 2oldAM 28t AEE YEE AF 2 0.001~05524
F71R g Fe] 5% olFe EdoMiz £& tsAel W9 E& A(very
likely)ol A 2+ A(unlikely)7tA] BE&= Ao velhgon d A3 Ed A
= EY Alolell Aol7h ok FABARF 5%l EFAME 49 7t
o] B (moderately likely)?l ZoA @2 A(unlikely)7t] EFH, #7118
afgo] F2 Efo]l 2 Edd vg Adtr o FAAAol L EYO
gL Aoy HItHAL

Fokel FAEAG wzIwhg o] 43 GUSH 93 Hrle Ak o 9
Aol & w42 ERHUAW RF 2 AF 98 Hrie 2% s 2
X E YEhAT Vighi 3(19%)2 231d A58 23 473 28 A
% o 6%°14, Cohen $(1986)& 0.1~05 g L™9 =2 metolachlor’t 7%
¥ Aoz nudgk Southwick E(1995)3 Gaynor 5(1995)& E A ¥
T 007~223%7F £2HAGL RudH) gty AFZINE A o
3,500 kg (4 %)% metolachlor7} ALg-H 1 Jo)H(AFEF7A WA, 1996), B3}
AESG e EdoAME Aoty 299 $37) e Res wudn,
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Fig. 3. Comparison of GUS, RF and AF values for metolachlor
with different organic carbon contents.



3) Alachlor

alachlor®) GUS #& 26~352A4 f7|stA %% 5% o3t dF Eds
ALstae AdeF HEMeA) & U EHHANLY, f71dLAEF
o] ¥& EgolA vug HE/MsAe £ Aoz ERHJAG A= B4
E EYd wel GUS 11~339 g& uehlo] Asted A HE7M54d0 e
ZA(non-leacher)?| Al 7523 ol A& A(eacher)7tA] X3z o2 HIEO
(Vighi &, 1995), & d7oA H7lE @R ¥ *e £¥E YA RF @&
2 Ule ESB(#H)S A BE EddA 30~1002F ojFAe] W
Ao g ERFAen, EGF frivaitde] 74 we AL UUG. AF
2 0.0001~0182A4 E%ZF zol7h dglen, o, 7, € HHFAAE
FH o R Fold gE e vh(Fig. 4).

alachlor®] 7-¢ H7bidel et sty LAZAAdol d2A destoh
GUSE i3 B A Asks 2 g4l e ¥z HriE YA, B 5
A3 Ee] AR EFoME transitional® EFH, A3r 29 AL EL
Aoz Ytk RFe AY EE EYAA olFAol W Ao Yeid,
AFId A= 7|47 5% oldte] HIFANEqAE A Fide FES
ek vt SIS EdM e EGEd &9 A4 Aels} Fth

Cohen 5(1986)2 0.1~10 zgL'9] ¥ %2 alachlor’} A&d ZAoez ¥y
BRq.om, Kledivko 5(19D% 438 & F 47 0~001 %7 285H= R
2 HI3t9 metolachlorRthe &8 A /o] FA% A47]e Hr7tAAL RAL
& dAE JehiAch ek metolachlor2 = alachlor®& AME3le Ao &
gRA4E @& 7 J& A2 Hely A AFEAE  alachlor?t
metolachlor2 ¢} oF 10v] ®-& Azt 30,000 kg(AEF)o] AL (A F=
WA, 1996), FF Ao AYF A AAANME HENH5AH de A
L2 BoHd,
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Fig. 4. Comparison of GUS, RF and AF values for alachlor
with different organic carbon contents.
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4) Linuron

linuron®] GUS g2 22~429 #£3& Ro] v[sMIHEAE 280]4e2
Al A HAE7MsA0 B FYeR EFE 33, FAAEdME A
2] FAEFE WHHoR Fasd A HEvMeAHel A A
transitional (E @l wel thg)ol EAFo le Aoz EFHAJW RF g2
2~45°] WR EPEz Ao} Flow, B fr@aEFge] i1 ©
g vEdez F7beA wEA frla@adHEe) F3) @*e 4dF EFL o
4ol AdE Ao EFHo|, Bumside §(1969), Dubey? Freemman(1965),
Harris(1967), Shahied®} Andrews(1966), Upchurch $(1969) % Miller ¥
(1978)¢] ol& Aol Uty EF$ A dAHAEd, ol F7gdLdHFo] ¥
< HEEY FAE Ushie EY dd AAZ HHHJDG. 23y o
9 EYS RF gho] 30 o|¥Le.2 olFAol wAY, w$ R Aoz s
ot 28 EF Wl BrHe B #4 olsdte F BAHAY, FHHA
%1 EF5 AA Ho7HA FYel £2E AF AF @2 K71eLRHF 5
% olate WA EAE 00001~04524 EXE Atoldl zelzp aAARE
FA e &2 7bsAel 0o 7Hte £EE YERIAG(Fig. 5).

HISH A3 B M e H7bdye] mhel oty Aole YA T 349 BrAS
BFoA AZEA linuron® Adt, 29 YA 2 RAo® Jepdut a8y
SHtS Ec A= RFS AF| o8] #Aats oF A1¥Ael fle Aoz Hrtd
g, GUS ajM e EFd wat oA & 7Msdel e A# /s
ol w2 Zo] EA=Eo] & transitional2 H7+H ATh.
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Fig. 5. Comparison of GUS, RF and AF values for linuron with
different organic carbon contents.
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5) Diuron

diuron®] GUS #< 18~312 HSAINE | B 7He EFdAT A
NA HE7IeAel e sYeE BFHT, 2 99 EYL transitional® ¥
FH At o] Gustafson(1989)e] B g 321 B}l thHE ¥okth RFES &
1A ¥ FIEL F LS A RE EFFTE oFA40
§ @2 Z(very immobile)2.2 BFHUL, HFreidFo] F7tEe] utek
RF @& F7hste Aol Tt BG4S W A dotAe &2A+
AF e /71828 F 3% olste W vHAHEAL EgFd we
0.0001~0.058] & veho] £ 7542 HEQ AdA 53] @2 A7A
TEXHTE WA 3% ol EFFAAY AFE 09 /e EXE Ho &
g b5 e o2 ¥FHAUANFg. 6).

diuron®] RF @& HA EGFAA ofFAe] v Aoz Hriso], Iveyst
Andrews(1965), Upchurch $(1969) ¥ Miller £(1978)0] o]%Ale] U= Ao
B EFE Ade Aol HYLw, 53 Miler 5(1978)°] diuron®] linuronk
o} o]gAe] & Zo& Bug A vole AnE Yehldth AF @&k &
71gagFd 3% o] EgdAe dAR7AY 8BIIEF] e ALE
B7HHAA T GUSAME W29 EYFol transitionalZ2 F7tEo] & 73
S B3t WA diuron®] EF W o] FAHL AT BaLxrt L8y o
Tl EG W f718428%0] 3% oE ¥ EdAE diurond] 9% A
e 2 EH gl e Reg Hrigr

£
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Fig. 6. Comparison of GUS, RF and AF values for diuron with
different organic carbon contents.
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6) Diniconazole

A7 A diniconazoleel AdtdlA HAEd sts4-& vehiiE GUS @2 1
7~29%2 1/ EYEE AYET ZE EYFIA transitional2 EFHU2H,
fFrrlgdagFo] 5ET5 GUS ol xohath B9 olg&x e vlud 59
RF &2 A EYelA 10 o] 4224 o|FAo] ml-¢ @& Z(very immobile)2
7 BEREHNe, fFrasxggns dAF #AAE JvehlA gdd BEYS
W A7t A 9 &8 7HeAE YeEhle AF @#tE 2852 HETE R A
9] EFFAM 0.0001~000068 E2X2AN £ M54l ¥ AR EF
lem, ojde og RE EYgdME 8% JMeAel I3 #& Alvery
unlikely) 8.2 27 5 A tHFig. 7).

diniconazole® GUSe| 93 A& transitional® ®HF% AT, RFe AFE
7o & Wi gFRe EGEAA Aske 24 APl e A=
A 2oy 2xdS 22 Wt F8e FF23@9embr )N E 2
¥&e 178%% 046%7F Im ol AN AHF & FAA AZHA
tn BRREATHe &, 1998). wtekx E<%o] diniconazole ¥F&o] o3jA e}
U olgde AdeAMe Ass 2F A8AL F3) AW A 2o
Fridol ¥ 2HAME FAAH) e ALE #ddE
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5.6
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Fig. 7. Comparison of GUS, RF and AF values for diniconazole
with different organic carbon contents.
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7) Chlorothalonil

GUSE sofo] AdtsofM H&E 7t5A4E vYehie 24 GUS 1.89]
gt Astro A ZE7MsACl U %22 EFEY. chlorothalonild &9
g gal=rt I3 ¢ AEAEAN ESY GUS @& 12~179 2¥& ¢
itk gty BE Edd dsid AsteF AE st fle %
(non-leacher) 22 EFHAU. o8 GUSH #IX+ Gustafson(1989)¢] K.
3 16 ghe s, <d AFE YA £ oleEES B wE
o Egel ¥of &0 AAHE ALE Jelle RFE 10 o4 9 oF
Aol w9 e Foow EFHU(Helling® Dragun, 1980). chlorothalonil €]
RF @2 B8 EYEdA 10 ol4ez Jeht gislEe u|3lii3 B A4
glol o]FAo] ul$ & ‘Fo(very immobile)oE EFHJUT AF #%
0000103tz EY¢S W dAlARY &2 7MeHE F9 W& Alvery
unlikely) 22 #HEH A} wtabA 3709 b 27 FAIE, WS R
A g8 g8 Aats 29 AP L e vFeR E75ArHFig. 8).

chlorothalonile] A shpelAl AEE Atdle AdrtolA BAY vHE& &3
Z 1A 0065 ugL'el $EE HZ XA (Government of Nova Scotia,
199008 Aol AHFolm, fREe EYUEHHYO'Neill 7, 1992; the US. EPA,
1990; Stallard ¥, 1972)14 & A& A 4ttty Base] o] dis} I3
B3t
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Fig. 8 Comparison of GUS, RF and AF values for
chlorothalonil with different organic carbon contents.



8) Chloropyrifos

chloropyrifost &9 W3 &%/ 53] *E H4FAZA GUS @2 1.3
olgte] X E YEMA wA AdFeA HE: MEAL T ¥R
BEH0M  Gustafson(1989)e] Rud GUS # 0372 =dstxn gich
RF k= 10 o] o2A olFAol ¢ W& Foz FFIHIG AF #%
00001 ojstzx E4F W 44 Zo7tAe 48 7HsAE I3 @& 2eE
EHEIAYG "a A GUS, RF, 2 AFdl 9§ 7t A chloropyrifosi= £l
g% Ay o9 FAHL e AeqE FrhE Y (Fig. 9).

chloropyrifos= AlFZAME A7 3600kge] AlEHE dEAZAN EU F
Aol w7] Wi 544 EF § &L Wi¢ &} o9 2L AR
o] diAM EY EFd FHAAo AT 4L FAY EFYASY §A F9
BH 2 HYges FEH AAAol & Aoz EAvk(Lafrance, 1993; Ballard,
1971; Vinten &, 1983; Enfield &, 1989; Dunnivant, 1992).
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AE 1o A8 FF 2 EYFE AMEEA  Groundwater Ubiquity
Score(GUS), Retardation Factor(RF) % Attenuation Factor(AF)e] #< B
3o BFER 2 EYE A3 29 FAYY Folg fr1EGFHRY B4
& ZAMSA

1. $495E 0d4gem®lA ldgem®s EXE Byon, EFY f7%
Ao Z7gte] mal AeFrHoE iU FFEE 048904 0.809)
ool dlfleH, EF 3 FV1842EF St wet 2afeH o2 S A
tt.

2. GUS H7td o3 L& EFFAA 297tsAol 2 leacher® %7t
%2 metribuzin® metolachlore] 2.9, alachlore 343 E A, linuron
H] 3} AL Bl B o A leacher2 H7FE T E§ diurond} diniconazoled Wi¥-¥ E
%o A transitional® ¥ 71% 11, chlorothaloil®}t chloropyrifos© non-leacher
2 3 A

3. RF 7o ¢)8)A diuron, diniconazole, chlorothalonil, chloropyrifost
RE EYdA o)Al Wi e Rog FFHULH, linurond HEEY
BEoA o]EAo] @& Aoz alachlor® metolachlors thE29] E %o A
o]F/dol B3 ALE, metribuzin® FI1@LGH| F EFoM o4
Aol A Aoz FrERT

4, AF A <o 2318 diniconazole, chlorothalonil, chloropyrifost 243 E,
H) $hAbs] Eol #AIQl0] At & FAAAGo] Qe Aoz YriEyew, wd
metribuzine 3AEE WS B #AIGle]l ) FAHo] Us AeE H
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7FE Atk =7 metolachlors= 3 EA sty oF ZFAAdol e A
o2 HrtE A, linurond} diuron S EAAM S &2 FAAdo]l /1 v}
A EdME ESF Atold a4 29 AW e A Aelrt #
t}. alachlore H| S4B Eo A f7)1@ads F7ld npe} v)e g ez 243549
on, $AIHENME= RN GFY FEE BHT

5. GUSAl 93 Ao HEE 7Medel e vdeE EFE
metribuzin® metolachlory EYW F71&tA%Fo] Frte] mat AF Fo] =
A A WIS EoA leacherst SAIZEA transitional2 FFHHKA
9 linuron® diurone Fr71gtA o] ¥ v EA g Lol 2
Aoz yEst alachlors S ENAME Fage] Julgoz W E
Ae A3ty 29 FHAAol A AR EYFAT transitionalE EF
diniconazole AF Ftoll ]3] chlorothalonil, chloropyrifosst &7 #8l4 &4
ZAAde] F3 ¢ Aoz RFHYL

- 103 -



-0
R
o
rl

234, 187, Fad. 1998, Orpar, BE 2 zeoliteE FAUE FZAFA
fenitrothion, triadimefon @ diniconazole®] F2 3} ol%, WAL E#AR A
33 - (A e84 83 FTFtedRs] TIE=E %I
129-130.

oMY, ol&Z, HAY. 19%6. EFFT FALRIALIE 4AE AY 2w @
87353 A 15:128-144,

AT 1993, FALTINEAE.

AFZ, 199, AFE373 9

AFEFEJTY. 198 ZEY EYY #%3 SAH AHFA AFsd
30:1-7

Augustin-Beckers, PW.M.,, A.G. Hornsby, and R.D. Wauchope. 1994. The
SCS/ARS/CES. pesticide properties database for environmental decision
making II. Additional compounds. Reviews of Environ. Contamin.
Toxicol. 137:1-82

Ballard, T.M. 1971. Role of humic carrier substances in DDT movement
through forest soil. Soil Sci. Am. J. 35:145-147

Dunnivant, FM.,, PM. Jardine, DI. Taylor and JF. McCarthy. 1992,
Transport of naturally occuring dissolved organic carbon in laboratory
columns containing aquifer material. Soil Sci. Soc. Am. ]J. 56:437-444

Durgin, PB., and J.G. Chaney. 1984. Dispersion of kaolinite by dissolved

organic matter from Douglas-fir roots. Can. J. Soil Sci. 64:445-455.

Enfield, C.G., G. Bengtsson, and R. Lindgqvist. 1989, Influence of

- 104 -



macromolecules on chemical transport. Environ. Sci. Technol, 23
1278-1286.

Brusseau, M.L. 1995. Sorption and transport of organic carbonhemicals. In
Handbook of vadose zone characterization and monitoring. Wilson et al
(ed.). Lewis Publishers. CRC press. pp. 93-104.

Burnside, O.C., C.R. Fenster, G.A. Wicks and J.V. Drew. 1969. Effect of soil

and climate on herbicide dissipation. Weed Sci. 17:241-245.
Caux, P.Y., RA. Kent, G.T. Fan, and G.L. Stephenson. 1996. Environmental
fate and effects of chlorothalonil: A Canadian Perspective. In Critical
Reviews in Environmental Science and Technology. 26(1):45-93.
Davidson, JM. and R.K. Chang. 1972. Transport of picloram in relation to
soil physical conditions and pore-water velocity. Soil Sci. Soc, Am. Proc.
36:257-261

Diaz-Diaz, R. JE. Carcia-Hernandez and K. Loague. 1998. Leaching
potentials of four pesticides used for bananas in the Canary Islands. J.
Environ. Qual. 27:562-572,

Dubey, HD., and J.F. Freeman. 1965. Leaching of linuron and diphenamid in
soils. Weeds. 13:360-362.

Funari, E., L. Donati, D. Sandroni, and M. Vighi. 1995. Pesticide levels in
groundwater: Value and limitations of monitoring. In Pesticide risk in
groundwater, Vighi, M., and E. Funari(ed), CRC Press, Inc.

Gaynor, ].D., D.C. MacTavish, and W.I Findlay. 1995. Atrazine and

metolachlor loss in surface and subsurface runoff from three tillage
treatments in corn. J. Environ. Qual. 24:246-256.

Government of Nova Scotia. Nova Scotia farm well water quality assurance

- 105 -



study.

Gustafson, D.I. 1989. Hazzard assessment groundwater ubiquity score : A
simple method for assessing pesticide leachability. Environ. Tox. Chem.
8:339-357.

Harris, C.I. 1966. Adsorption, movement, and phytotoxicity of monuron and
s-triazine herbicides in soil. Weeds 14:6-10

Harris, C.I. 1967. Movement of herbicides in soil. Weeds 15:214-216.

Helling, C.S,, and J. Dragun. 1980. Soil leaching tests for toxic organic
carbonhemicals. cited from Diaz-Diaz, R. J.E. Carcia-Hernandez and K.
Loague. 1998. Leaching potentials of four pesticides used for bananas in
the Canary Islands. J. Environ. Qual. 27:562-572.

Ivey, M.J. and H. Andrews. 1965. Leaching of simazine, atrazine, diuron, and
DCPA in soil columns. Proc. South. Weed Conf. 18:670-684.

Jackson, M.L., CH. Lim, and L.W. Zelanzny. 1986. Oxides, hydroxides and
alluminosilicates, In Methods of soil analysis, part 1. Physical and
mineralogical methods- Agronomy Monograph no. 9(2nd ed.) SSSA.
677. South Segae Road, Madison, WI. 53711. USA.

Jury, WA, DD. Focht, and W.]. Farmer, 1987, Evaluation of pesticide
groundwater pollution potential from standard indices of soil-chemical
adsorption and biodegradation, J. Environ. Qual. 16(4):422-428.

Jury, WA, WS Spencer, and W.I Farmer. 1983. Behavior assessment
models for trace organics in soils: I Model description, J. Environ. Qual.
12:558-566

Khan, MA,, and T. Liang. 1989. Mapping pesticide contamination potential.
Environ. Manage. 13:233-242

- 106 -



Kladivko, E.J.,, G.E. van Scoyoc, E.J. Monke, K.M. QOates, and W. Pask.
1991. Pesticide and nutrient movement into subsurface tile drains on a
silt loam soil in Indiana. J. Environ. Qual. 20:264-270.

Kleveno, ].J., K. Loague, and R.E. Green. 1992. An evaluation of pesticide
mobility index: Impact of recharge variation and soil propile
heterogeneity. J. Contam. Hydrol. 11:83-99

Lafrance, P., O. Banton, P.G.C. Campbell and J.P. Villeneuve. 1990. A
complexation—-adsorption model describing the influence of dissolved
organic matter on the mobility of hydrophobic compounds in
groundwater. Wat. Sci. Tech. 22:15-22.

Loague, K. 1991. The impact of landuse on estimates of pesticide leaching
potential: assessment and uncertainities. J. Contam. Hydrol. 8:157-175.
Loague, K. 1994. Regional scale ground water vulnerability estimates:
Impact of reducing data uncertainities for assessments in Hawaii.

Groundwater 32:605-616

Loague, K., R.L. Bernknopf, RE. Green and T.W. Giambelluca, 1996.
Uncertainity of groundwater vulnerability assessments for agricultural
regions in Hawaii : Review. J. Environ, Qual. 25: 475-490.

Loague, KM, RN. Miyahira, D.S. Oki, RE. Green, R.C. Schneider, and
T.W. Giambelluca. 1994. Chemical leaching near the Waiawa Shaft, Ohau,
Hawait: 1. Field experiments and laboratory analysis. Ground Water
32:986-996.

Loague, KM.,, R.S. Yost, REE. Green and T.C. Liang. 1989. Uncertainity in a
pesticide leaching assessment for Hawaii. J. Contam. Hydrol. 4:139-161.

Miller, J.H.,, P.E. Keeley, R.J. Thullen, and C.H. Carter. 1978. Persistence and

- 107 -



movement of ten herbicides in soil.

Muir, D.C. and B.E. Baker. 1976. Detection of triazine herbicides and their
degradation products in tile drain water from fields under intensive corn
(maize) production. J. Agric. Food Chem. 24:122-125.

Muller-Wegner, U. 1982. Uber die adsorption umweltrelevanter Chemikalien
in Boden. Erde. 41:175-181.,

O'Neill, H.J., P. Millburn, D.A. Leger, J. Macleod, and J.A. Richards. 1992.
Screening survey for chlorothalonil residuesin waters proximal to areas
of intensive agriculture. Can, Water Resour. J., 177

Rao, P.S.C.,, A.G. Hornsby, and RE. Jessup, 1985. Soil Crop Sci. Soc.
Florida Proc., 44:1-8

Shahied, S., and H. Andrews. 1966. Leaching of trifluralin, linuron,
prometryns, and cotran in soil columns. Proc. south. Weed Conf.
19:522-534.

Southwick, LM., G.H. Willis, D.C. Johnson, and HM. Selim. 1995. Leaching
of nitrate, atrazine, and metribuzin from sugarcane in southemn Lousiana.
J. Agric. Food Chem. 40:1264-1268.

Upchurch, R.P., F.T. Corbin, and F.L. Selman. 1969. Persistence pattern for
diuron and linuron in Norfolk and Duplin sandy loam soils. Weed Sci.
17:69-77.

Vighi, M., L. Donati, D. Sandroni, and E. Funari. 1995. Pesticide levels in
groundwater: Value and limitations of monitoring. In pesticide risk in
groundwater, M, Vighi and E. Funari. eds. Lewis Publishers

Vinten, J.A., B. Yaron and P.H. Nye. 1983. Vertical transport of pesticides
into soil when adsorbed on suspended particles. Agric Food Chem. 31.

- 108 -



662-664

Vogue, P.A,, E.A. Kerle, and J.J. Jenkins. 1994, OSU Extension pesticide
properties database, http://ace.orst.edu/info/nptn/ppdmove.htm

Weed, D.A, R.S. Kanwar, DE. Stoltenberg, and R.L. Pfeiffer, 1995.
Dissipation and distribution of herbicides in the soil profile. J. Environ.

Qual. 24:68-79.

- 109 -



m F3%4de

AFEE FAERAN A Qd e} AN ES} v ERZ F3EA TE
Ho] E¥Ho| id B2 F3%5 € AAIEE F2 § - EFAYA, A
heog 22 FHgol A& uANET A EXAF Bo] 2XHI 3l
t}.

229N @2 100kgha ') ool MEHo) g Ao ¥ e A
Lo B}t =9 YT Z5HFL 1,872 mmolH, o] F F 4 %7 AT
FUdHo] FRR 18%, dktole 3B %ol w3 AT FUHE Fol ¥
ol Fokol oAF Aatr 2d APl s Aot

dutH o2 Foo oF s eHLE EFH w47 FAWRE E oF
3 #E9 ESY 283 Fdo o8 9% Tk % A7 Ay L
A ZA4L Freundlich K; &3 EF8 554 2<2(Davidson¥ Chang, 1972;
Jury %, 1983), E% F ui7t7] £% 23§ RF(Helling® Dragun, 1982),
AF(Rao %, 1985) ¥ GUS(Gustafson, 1989) 5& o] &3te A4t} GUS+
Aetgos #HED FFY 54 EAse FPHez W& AdFF Y
A2 A $(Groundwater Ubiquity Score)2 UEl®, RF= 29 olF4xe H
3 FFoz A% AdsHe AZE UEhle A QAT (Retardation Factor)©]
ol &3 AFE Fokol EG oM dA FAol7kA olFete ¥ FAHAU
EaEA @3 dobx] &£2d rMeAE deEE $2AF Eo AT
(Attenuation Factor)o]|t}.

E%e 5o E£&3e] &4oA E u) metribuzin, metolachlor, linuron %
chlorothalonil® B 2HAE B4 f7ldAfae] vay & EFdMEe 5§,
HZd f7|gafdo]l 22 EYdAE CIE, a8z, diey INIEE

- 110 -



L& Yehiglen, chlorothalonil®] 24+ $3%%, HUE, SAvE, #4%
2 FFEoA HYY FHFHE e ¥e sE8 7ee2 & 1, &
A el F3%9 271 SP<KCY<LY <HIYY FO2A, o §78a
ol F7tgrs FHFo Frrshd, FEHAYH L£H UgFS HepiA
W o] alachlor® chloropyrifos© tiHEe ESA CHO= diurondt
diniconazole® L¥o.2 el E%d FASE dveh:e K @&
metribuzin 0.4~4.8, metolachlor 0.1~10.6, alachlor 0.6~9.1, linuron 0.8~67.0,
diuron 32-~163, diniconazole 102~112, chlorothalonil 94~189 %
chloropyrifos 43~516 L kg '€ ZtZt Uehfo] EgEa & xjo]& BREt}

4L EY T F/dagdd g 24 9% AT 2 A5 5
of wet Aol7b AT FrIEATFe] F/Hte  @E  metribuzind
metolachlor®] F#2 FAAXH 0T Z7bsty o™, alachlor, diniconazole 2
chloropyrifos® &#2 =Za@sHe=x 83 linuron, diuron %
chlorothalonil®] &#& A ¢@sdoz F7sidth ot IHUIE {7182
Ald FeT o W|AAEA 9 Jush(Shoji, 1993)9}F *71 &9 o &3
FHE9 H2o] of#&(Muller-Wegener, 1996), f718°] 3% A9 3
°[(Seybold, 1994), F71E83249 Zo](Senesi, 1994), #7187 Foe Fo|g
F&2%E(Hance, 1988), 4932 A% f718 HF Hx9 Ao(Chiou F,
1990) 59 84lo] s 71 8¢F Frto WE wgol AAIA 7] G
E¢d uet e g2 vehd 205 ¥

AFEE Astre A48 F2 $4HEY 230 AAH oA ESH
o FHgo AatA Lol EFWA o]FAol Hol Adly: L HAHA
AL FYE BEF 20124 R4 U2 A4z 98 4 Aok gy
B ®4M4 ZZo)=(water-dispersible colloids, WDCs) A4 & £ F
ol ZAstA dojue Fod % Ay LY dZstEd FaY ARR

- 111 -



o]-¥ ™ WDCsAqHZFE oxalatedd HEA AlHR Feg#ol B EY, EF
71 &8 Fo]l e EY R pHKCDOl %2 EFeA FHolAw, pH(H:0)7t
%31 pH(KCD®l %ol ApH7F & 7 ¢l WDCs A FL BolAe Aoz
bt 53], pH(KCD3 pH(H:0)9l #ol¢l ApHE WDCs A4 #E o2
& e T8 EYUAR Aoz #uHen, WDCs B4 FL v gat
JEAN B, S EM FHL Aot

RF= &9 olg&xd Hs] EFEeA FHoez A% AAAEE vy
T ®oZAM RF=12 o|FA W$ &, LOSRF< 20 °]§4 &, 20<RF
<30 °]84d H%F, 30 <RF<1002 °IFA 2+, RF 2100 o154 =$ 2
o2 EFsd A5 A Helling® Dragun, 1980). AF= A¥d %9
ESW dALoAA olFdte FU% FF Ev EIHA g2 dolde ¥
2N FF 824 ARE AHEHY, 1<AF <0258 ¥4 ¢ =8
025 <AF <01 8484 &5, 01<AF <0012 484 2%, 001<AF <
0.0001 &4 &, 00001 <AF < 002 &34 w$ ¥& 59 Hxd 93
A B7tE R HKahn# Liang, 1989). GUSE Aeto A HE&d 5o S4L
Tt APHOE WwE AeF vF HEAFERAM GUS<18E
non-leacher, 1.8 < GUS < 2.8& transitional, 22]1 GUS > 2.82 leacher2 #
7ot A3t 2 F AAAGE Frsled AFS-H A HGustafson, 1989).

GUSY d8iM AstroA HE FAGo] & 542 ¥-7E metribuzin
7 metolachlore £ £ #7ldh##o] F7o wel AF gtol 42 0.3590 A
0.01%, 055914 00012 ZA #H2dH. v A EA leachers}t 343 E
oAl A transitional2 ¥FFUY linuron® diurone AF H7le] & f7)gx
gHfol E& vFAB E M S0l ¥ Aoz yehgr 939 AgS
A HEgol =W alachlors GUSY 93 transitional2 2FHJoL}
AF 37td o8 ng it s frldigdege] Sohge we Ay 2

o
"
==,
X3

- 112 -



A FAge] golAl= Ao veygten, IMIE Aoz EFER A§
7 249 HAHY 2o|7b Ful transitional2 EF¥ diniconazoled AF gt
9)8} chlorothalonil, chloropyrifos®t &7 A3l g FAAel ¥AY fle
Ao.2 EHEHAL

GUSl 93 it EYY FAEFAALNL ESF 437 A 2A4H
 AFeA F /M awg e R Aty L9 FAAAY Wit fol@
Fdol vk & A7 At oM HrtE e dFE T oA
AFe Edd &Y 399 wopd Ay o4 FAAEE AFs=d +8
¢ Aoz AAHUG AF gl & Hrke GUS #rtadd E¥e T4
B 71FAHA 2R0E vt Hriste Ae2A GUSEHUE o ¥ 7EAR
€ Yo T o g HEFsrlie sty By, w%d Ak 29 AAAL H7H
Fed Ro2 W=k RF #tol 4% Hrie EYe FAFA4d Rl
28 nHAM H7Hg Ao 24 Helling? Dragun(1980)°] ¥F& 71Eg A

5

vl
§38 23 GUSS AFl Mgk Azt o4 H@A ol ®A FrhE A,

~

- 113 -



AL 2

e

RolA AatAlLh W7t Be & 9 LEHeR SolFAY BE &
AA} A A g FAHE SHEAUTh

B A7 A4FAAA AHeE AEHFN dehg Aznsy, &
g0l AHHNAA HWY APl E BFHL AL o] £AF HH
FA LA w5, F71F ied, 234 w4y, a8 28T
A, FRDANARE A F AERDE ob7H GO Fed @iy
3§32 @adolA vhe Qo| ZAE YT

2 978 S0t 9 AFS 1A% oA 404 4 ATA
9, 498 A7AL FAA 474 598 AFAL 291 RAPAATY
o o7} ¥2E, FBATLY A8 AT Y71 ANH A
F, PASol S ATLY S4Z WS MRE ofd Auy, 4D 7
BHaE =o4FUA BAE v g9y n3d, FEU, @99, 3
g4, 287 B o FuSAE AE =dUd

3 AFANN B5E AAWA o2 AAZ £EE F ABA EE
S 1A% 23, herde] @714 YALAIAS BAY whes AT

AAY NE2A BAA ToA FES S4E AFaE ohy HSo)
9 23, Y, dAY ol FF & AES dels BEY goR
AdAZA AU, FEEH REelA o £2L HPYT:

2 A7 9= BgF 34 ARATA AAATN@FRAY B
29 Ba71EADe o) SYHYo, oo ZA=Yu

i
e}
2

to

e



	표제면
	Summary
	목차
	List of Tables
	List of Figures
	List of Abbreviations
	Ⅰ. 서론
	II. 연구사
	1. Á¦ÁÖµµ Åä¾çÀÇ Æ¯¼º
	2. ³ó¾àÈíÂøÆ¯¼º
	1) 흡착에 관여하는 주요 토양인자
	2) 흡착기작과 흡착등온식의 형태
	3) 토양입자내 작용기가 농약츱착에 미치는 영향
	4) À¯±â¹°ÀÌ ÈíÂø¿¡ ¹ÌÄ¡´Â ¿µÇâ
	5) 흡착실험에 미치는 요인

	3. 농약의 이동성
	4. 토양별 물분산성 콜로이드에 의한 지하수 오염잠재성
	5. 토양내 오염물질의 이동
	6. 농약의 용탈 잠재성 평가
	1) 흡착과 토양의 투수성 요인에 의한 지연계수
	2) °ø±ØÀ¯¼Ó¿¡ ÀÇÇÑ ÀÌµ¿½Ã°£
	3) 이동시간과 분해속도상수에 의한 용탈성지수
	4) Groundwater Ubiquity Score

	참고문헌

	실험1. 유기탄소함량이 다른 감귤원 토양에서 농약의 흡착특성
	서론
	재료 및 방법
	1. 토양시료의 채취 및 분석
	2. 공시농약
	3. 실험용액의 조제
	4. 흡착실험
	5. 흡착등온식
	6. 흡착평형시간

	결과 및 고찰
	1. Åä¾çÆ¯¼º
	2. 적정 흡착평형시간
	3. 평형농도에 따른 흡착량
	4. 흡착형태
	5. 토양별 흡착능
	6. À¯±âÅº¼ÒÇÔ·®°ú Freundlich K_f °ª°úÀÇ °ü°è
	6. Kｄ값과 Kｆ값과의 관계
	8. Åä¾çº° À¯±âÅº¼ÒÈíÂø»ó¼ö

	요약
	Âü°í¹®Çå

	실험2. 토양별 물분산성 콜로이드 생성능의 비교
	서론
	재료 및 방법
	1. WDCs 생성량의 측정
	2. pH(HⓒuO), pH(KCl)및 △pH
	3. oxalate 용액 침출성 Al과 Fe함량 및 KCl 용액 침출성 Al 함량 측정

	결과 및 고찰
	1 .공시토양의 일반적 성질
	2. 유기탄소함량에 따른 Al과 Fe함량 변화
	3. Al°u Fe함량과 WDCｓ생성과의 관계
	4. À¯±âÅº¼ÒÇÔ·®°ú WDCs »ý¼º°úÀÇ °ü°è
	5. KCl 용액 침출성 Al 함량과 pH(H₂O), pH(KCl)과의 관계
	6. À¯±âÅº¼ÒÇÔ·®¿¡ µû¸¥ pH(KCl), pH(H©üO)ÀÇ °ü°è
	7. 유기탄소함량에 따른 ΔpH의 변화
	8. △pH와 WDCｓ생성과의 관계
	9. WDCｓ생성에 미치는 요인에 대한 다중상관 분석

	요약
	참고문헌

	실험 III. GUS, RF 및 AF를 이용한 농약의 용탈잠재성 비교
	서론
	재료 및 방법
	1. Åä¾çÀÇ ¹°¸®Àû Æ¯¼º ºÐ¼®
	2. 용탈잠재성 평가

	결과 및 고찰
	1. Åä¾çÀÇ ¹°¸®Àû Æ¯¼º
	2. 용탈잠재성

	요약
	참고문헌

	III. 종합결론

