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Summary

The agricultural soils around the springwaters being heavily affected by
pesticide run-off and the agricultural soils around wells considering the
regional characteristics were sampled at 24 stations among the soils of Jeju
Island which have the diverse physicochemical properties, their
physicochemical properties were examined. In these soils, the adsorption and
leaching characteristics of diazinon, fenitrothion, alachlor, atrazine and
metalaxyl were investigated. The results obtained in this study were

summarized as follows:

1. Examining the major physicochemical properties of soils affecting the
adsorption and leaching of pesticides, the values of soil pH, organic matter
content and cation exchange capacity (CEC) were in the range of 4.64~
830, 09~13.1% and 12.7~31.7 meq/100 g, respectively, indicating their
values were different greatly depending on the sampling stations. The
contents of clay, silt and sand in soil texture were 9.4~42.7%(mean
21.2%), 9.8~581%(mean  22.6%) and 19.7~76.4%(mean  56.2%),
respectively, showing the great difference in each content depending the
sampling stations, and sampled soils were classified as 7 clay loam, 4
light clay, 4 sandy clay loam, 4 sandy loam, 2 silty clay, 2 loam and 1

sandy clay in the classification of soil texture.

2. The Freundlich constant, Ky, which gives a measure of the adsorption
capacity, decreased in the order of fenitrothion > diazinon > simazine >

alachlor > atrazine > metalaxyl among the pesticides. Among the soils, it



4.

o.

was very highly correlated with organic matter content (* = 0.800~0.876)
and CEC (r* = 0.715~0.825), highly correlated with clay content (r* =
0.473~0.575), soil pH (r* = 0.40~0.45), negatively correlated with sand

content (¥ =-0.299~-0.337) and little correlated with silt content.

The Freundlich constant, 1/n, which gives a measure of the adsorption
intensity, was in the range of 05~09 for fenitrothion, alachlor and
metalaxyl and in the range of 09~1.1 for diazinon in most soils,
indicating that the adsorption Kinetics correponded to the L type for the
former and C type for the latter in the clasification of proposed by Giles

et al. (1960).

The leaching of pesticides in soil column showed the reverse relationhip
with their adsorption in soils, namely, the pesticides were leached the
most quickly for the soils with the lowest organic matter content, CEC
and clay content among the soils, and were leached in the order of
metalaxyl > atrazine > alachlor > diazinon > fenitrothion among the

pesticides,

With the results of evaluation of groundwater contamination potential of
pesticides using groundwater ubiquity score (GUS) proposed by
Gustafson(1989), the leaching potential of pesticides was in the order of
metalaxyl > atrazine > alachlor > diazinon > fenitrothion based on high
GUS wvalue. The pesticides exceeding GUS 2.8 and with moderately
leaching potential and with little leaching potential in most soils were

metalaxyl, atrazine, and alachlor, diazinon and fenitrothion, respectively.

_Vi_



w7}

3
oF
il
Njo
o

Ho

ol

. 2~4)
T St

A] ol A

;OE

N
il

o
oF
o
~N

—

<H

NS

diazinon(O,0-diethyl O-2-isopropyl-6-me

-
1

o

et

1A
i

N3

O-4-nitro

fenitrothion(O,0-dimethy]l

phosphorothioate),

—thylpyrimidin—-4-yl

|, chloroacetamides] |z A<l

T71AA &S A

A=Nye)
o

-m-tolyl phosphorothioate)

alachlor[2-chloro-N-(2,6-diethylphenyl)-N-(methoxymethyl) acetamide], triazin

—e7|

p=2
o

atrazine(2—-chloro—4-ethylanino—6-isopropylamine-s-triazine)

A Z A Q1

ol FAlQl acylalanine”l

A metalaxyllmethyl-N-(2,6-dimethylphenyl-N-(2-methoxy acetyl)-DL-

= A

" AT ol A

o] 2004 AFSEAAE LAl A

Al AREE AL glew)?

AAA 2 39

S
T

alaninate]

B2
of

¢+

—
fite)

=
=

°of 4

o~
T

3

o] AbgH oL A

=13
s

A

!

or

Ho

o

rd

AJr
.

ol
G

B
)

el

o] 2 gk&F(CEC), B4, EY pH,

%

&

!

%

o

I

Tor



9]

17 7}

I

st gleh whebA ohe

T B WA AA

Inceptisol |

R olBE 7h

S

sl A

ol wlg ok weha A

N
[€)

)=
Rl

1A 5 g

S

I Groundwater ubiquity score(GUS)2]o] 33 ¢

3|
pud

Gustafson” o] #] A]

§A57 AT U= Fu

-
1

o] =LA YEt

o3 4

3)

Q

I

Fekel F2o

E

]

25

I,

A
l
=

F710A A

Q

5
A Z A Q1

diazinon, fenitrothion

atrazine

triazine Al

alachlor,

il

I

A2 metalaxylell W] &

A

Al

chloroacetamide 7|

AF
=

acylalanine 4|



0

27 i

.F_H

.F_H

e a9l

S

g A4AAT} e

p=2
o

Tor

o

o
to

B

!

)

el

% QAo Aols} A,

b
o
olo
)
el
o}

I

—
fite)

74 A}

7] 4.
JOCRECT ST

]

kA

3|
~

Al Dot B A o] EA o]

o] 7}3&



%mt@maiaﬁ % ™o o %W%nﬁyﬂ%
N nl N 0] = .FH - N
T LE N L o ™ = B TN = N 5
S S = A Xk — i
=4 S - @ = NG ~ B o ™ = O
oy - 3! o=, S - —_ o
T CHNPI: o 2 o oMW =T W
T2 o <~ o e
T W T W (y S o ﬂxﬂ_%ﬂmﬂﬂ
T W X gy o o Z oo e N R
o B I S oy e il X o
m > W o X ™ R ﬂ,H o ofm ~ BT o ahy
I R TR Y oy § = = o B X o o
T = o )Y E= SN LI A B
TV o= g SR T = ar
S 7o ) ojp o) W o/
o om owm A A TE m sgmﬂﬁ colc o i
X i — = 0 ! —
o oo W iy - & joln AN = - B - S
D S S A =P s = EF o0
‘Nv_ﬂ o To ﬂwﬂ o S :i 9 K3 HT_ HL E.E
g Boe A ox . A = RN T
- ) o n o - 2
=2 X5 L E TN E:xHs PTERTE
© 5 T Y & X RR=RCH A I
ST I z w BB T oew Tom B
W oo T R S o) — T 2 R - = 2 T T |
P Ho b om Bow 2 2 T mom - Moo =
B e 9 A N ol 5 X N alh] & = w B N o ﬂr )
fite) .F_H O ~ ;OH UI
T oE o 2o = i £ ol = J
%o 50 T X % W O N o T S @ P =
W o E.._ M_uLO \‘w Onﬂ ,Mﬂ 1__/| \ml ~ 1% ) ,ﬂAIl ‘m 1ﬂ__.tm N ‘WO
Lo P T T e T s EFTF TR E T
T E T BT X0 o B Y T
0 | —_— —_—
ST W Om oMo T g o B Hﬂw T 5o
% Nomp T R I Y o W o W o _
A Y & P G AN VI T
o ) = _mﬁu o¥ P N~ 11L|r = M o 3l SIS | o b
o oo % T o ﬁ * = I BT T G
S D S o S - ST o e & L I 5 B W < % -7
X e o o o T N1 X P owmow W —
ol B o3 3 = S ol XN o R gy I
of W T w T 9 _ jjp o w T N WX
o T oW T X R ol — oA o T o N oI W

share o)

=

-

1

(1) London-van der Waals
London-van der Waals forces

T;]— 24)



(short-range bonds)S.Z F= H]o]

o] A3 Z-8(Induced dipole-induced dipole

.F_H

interaction) &

Aol M= <

EURERENCE

S

(2-4 kJ/mol), A7 1/t wet 4

9] London-van der Waals forces®ol] <]

5o

gl M

O} atrazine, imazethapyr, fluridone® &

Njo

i
b

ToR

T
“q
¢+

N
i)

o

7

o | A

van der Waals

PN 51 0
TaAeE

6‘1:]1-

|

=™, o

9]

ok 2~40 kJ/mol®l

-
1

1
=

R |

]

dipole—-dipole

A=HEF, N, 0)

-
1

0]
s

o] 31

I

Ao wa ooy ¥

=
=

=30y W7

[e)
IT

1
=

=
=

7] (complementary group)

2 smectite©l] A

atrazine, £ 7] & A atrazine, imazethapyr, imazaquin,® &

E_Jvl-c"] T 3)1]:]'.25’26’29)

!

3) 294 4% (hydrophobic bonding)

(

x
B
70
<

o}
ol
)
=
W
=
o
ol

;OH
W

%0

4

< =EFE AL

§
# Afo] o

of gk F8 WIIUFOoZE AAHL

=
T

v 2 M

=]
RLe

-
it

), o] mI7ZbHEL &vjot HSA

1

29

(8wl v 7H

I

i

Ao, o

T

714 sterol

28) oFr&l
A=

s,

triclopyr, imazaquin, atrazine

2]

)

o

gl

simazineS X%+

ol
=

ol
=

A, prometryn, 2,4-D



ok
2

=
R

WAUFOZ HFH G pH F7bel )

EL

2 AN} b2
%

[©)
= —

=

AdAste BE pHel

Tag w7ty

o
=

(4) ©

)

I

1

© & (>20 keal mol ™),

X

<

/2)1—

14

7

9,

=
=

= =
=

WA G B Brp 2 dojipr (e

oJ
=

)

fite)

!

el

==
0
.F_H

™
X7
i
fite)

[e3]
2R

Far

o, °ol+=
5

-

1

3145 o]

o

[©)

[e)
o —

A &
REER R

=<

F(hysteresis)glo] {7 &35
oF

A ol

-

1

Q&)Y HE 2 §7E0] o
1) 7] S0l A

-
1

)

R

-
el
jant

il

Uz

y
00

)

=3

)

ol

brpolch®

)

Fol2<l(el, pH < pKadllA

2] a1

7ty E =

ki3

of 7F& A

al7

)

FA % bipyridylium 3FgHE (¢,

°

A} 3} ¥ triazines By o=

i
fite)

9]
F Qo fr1Ee] ®

paraquat, diquat)®} F= =&

s

al7

i~

p—

0
X
N
on

a0
oF
il

o}
ojn

il

N-H 717} 4

-

SKe)

S
&

o

]_O

H
gl

to] simazine® ©

ol &S Ao AxHow HHAE A &S(o|, atrazine, prometrynd}

°

H]ﬂ



(58] ¢ A+ gk (ligand exchange)
w9 2p wE w7y Fel og e EYd fUlE Ee JbeabstE BH
AAE = FREAOE brt Fol2S 7HA A A+ F 3 (hydration water) =
&

= o}

r
4
rol
ju )

) #F2] s-triazines 2 So]2
gk 23S ¥ Ainsworth 5% o] w7lUZe s 29A wrgS At

s, A WA e BAA A ZY Rel o] HAe we A4y

-

A
binuclear & = & WHFA ZA ZA 9 PSS (SN e Aibst
ol g Aol mecoprop & F-d FH uF-d HA o8 Fshar,
24-D ¥ bentazone 22 &F-H ZAAE F3l 22 oFst

WgIA mE e aE Evel e f714e] ffel #adt s=
!

clofenset= ~-COOH ¥ -OHE REF zta low XN=Z 7t7to] Qlo] 5453 ¥9
2zFel $] &} 2FA)| (surface bidentate complexes)®] H4 S 7153 A 3o}
oA wae A wle Z3tE A ELolA] imazaquin® 2 goethiteol A

glyphosate™#} & Aol e 3§ & AF w7tUEoZ A= 9t

F

(6) #3tols

Quinone® & HAAF= X9 diphenols¥ #& A FR3 275 %
£ zta fe FYEe] EAe AA goAA-FE&A WS @ ¥he)S Sl
Astol sz A 7hee dAS A B WA F o] AH(s-triazines,
pyridines, imidazolinones®] amine and/or heterocyclic nitrogen atoms) =+ #
A} 48 A (atrazine?] ¥ &4 8% bypyridilium ring)2 #4384 glom ® A3}

olE Ao BAARY T AAUEY P wie zFIop?



s2xAe RS aYER U4 Akl wel 7] £AE FAstE A
g AR Fusi 50 fluazifop-butyle o2 X34 FolL3} e
#pgtol o Al B Fe F&ole HEC W] 49 5 dvh=
ol

77} fluazifop-butyl 2 azimsulfuronel] o sjA %=

S,
ftlo
s
38
o
=
do
>
b
iIh3
B=)

4ol 7lil(cation bridging)= HE EiE 718 ®TWA wdrtesd Fol
Hog ool Fol E= FA9 7wl Abolel WiR-d FHAlS] FAHomEH o
ojutt. golee BT FIat= EiRAb o8 SR 7] wiel f7] 7lE

e B ARE £ dolol UG YA AT FAES Az

f

W EX

5

_

e = AE A8 ¢ gls u dojdrh
AL w7 Fol o] 38 = AN A fF7] 715 7] Abelol ¢
H® B B f7) B ol Abele] At #oldngw B
4 B Jlue Fe¥, AT, Mg™ 9t 2o o] & ¢ 22
AA7VE 2t e Fol2o® o dojur] HfdH, 25 & 59 T3 A"
¥E 23 Qo] B RBAs X#slr)7h | ojgy] wiol k.
Sol2 ¥W AHsE ztal 9+ kaolinited] mecoprop ¥ 24-Do] =A% &=
< CaCl7b Al d=2A4 H7MEASs o 2aEd =, oA ofnf Ca-5F-1H
kil

270 g4 wFolt}? mwlu ¥

(il
N
El
rlr
do
N
N
{
N
N
ofo
=2
b
Ol

=

= ¥ Wl glyphosate, clofenset 2 4k

Aors]) ar gl oh VL0 g P2 flyazifop-butyl?} fluazifope E7Fn 2 C=0



=9 Al o
o T T1—

E2A o 93 &Ao FEHES Freundlich, Linear ¥ Langmuir® 3%

°ol-&

KeX
=

Fig. 1% #o] Freundlich?] 2] 1/n%t

-
1

o, §2e g

o

[e3]
2R

=
T

o

a7y

=

te}

B
i
i)

—
fite)

o

it
2K

el

1

Langmuir®] &

Z] o]
[ BR S

I~

I
fite)

-

__A_u

]_

FA 2 A

Ungtel 09~1.1 Abol =,

2O
ze

F&2 1/ngkel 1.1°]

¢}

UehaAl gt S

ELRTe=s

~

B
)

=
=

.W_H

Equilibrium concentration of soluts

P2qIospe Junowy

Fig. 1. Types of adsorption isotherms.



ol

.F_H

I

—

<
N

el

T
Do

_1!
.F_H

B

A9 #AE tehd

.F_H

[e3]
2R

Langmuird 5 ©|

)
=

Freundlich®, Linears
(1) Freundlich

!

Freundlich

|
—~

(1
(2)

Freundlich

[e)

L

logC,

_KFcen
—logKF-i—‘]'
£49 Fx(ug/g), Kr, 1/n

X
X

log

w4 @3 2

Fed Aok,

Freundlich & %%
3] s}

2E
[e]

s}
=

Aol &
21(1)

A3

I

el

olH, 1/n

.F_H

o]

3)

-1l Al 5= (distribution coefficient)©] t}.

KpC.

-

1

X
ehy)

=

=

]

A
A

%t v

B

d &4

1

(2) Linear &25 &
)

3

il
0

o)

e

Hr

AL sl

7}3

=
[¢)

Qo=

¥

AO

o
w

.F_H

7t Fkeel ue

b,

_10_



)

g 1 XA 7 BHAe v =z (site)ot

(3) Langmuir &

_z_o

="

A}

o] AR K L o

=

o

AL v

—
fite)

o 7§

7

o 2

2}

.F_H

S
T

%

Langmuir

o}
ra

)

R

+
il

~

.F_H

B

Langmuir

ol

EEREE!

o

,_—ll.

)

4
)

(4)
(5)

7} o] Z}o]
o) HF(ug/g) ol t}.

1
e

Langmuir?] &2 YehyH 2(4)9} 2},
_1
Q+

[e)

=

)

o] Qo] T}

X

(

% x/m

g 4 (5)eh 2o,

o

a9 st

=

=

(4)

Al
2

!

ol
o

sht ol

bE AR E, Fe/Al 4Hst= 5)ol

o

2

)

Z}-
=

of F¥ AR

W

I

el

11



e oko]
MCP
A

o
—1]: /}l' }\é

s—triazi
triazines
)

apyrell T
2) B9 pH

LY
T — =
g 4 8, 5 o W
~ ~ —_— _11_ —_—
A p R = T =
9 o 5 R i i o
To° fils) . HT T J = g
5 P ER N T OTm o< I- iy
Anﬁ%m.ﬁﬂﬂkpgi% T N L
mIl of s N o 0 o w0 ! H N of
=i = T = s 2 — T
—_ 8 o o 0 o o° o} Bo ) Ho B o -
no . o @ . 7 7 < = g 7 e
N oF ) ] mmu o NN = I+ 8 < M ° 2
= - s O o o N o ° = =~ S KRS NS
W%N% LT3 ar.gmr,ﬁoﬂmlarm
= o = SR oz M o 2 % do M o Dﬂ ol =
o o — = T ~ N
g_uw1mﬂuxioﬂowmﬂ &ﬂ#l%@ﬁ%@
2 o 2 — of =3 5 Mo X 5 w2 W =
o o ol .F_H ZT e S 3 io = = ™ ;&E file) 0 c.l m o m
ohy Zo Ho = o) N G T - Wl Mo B - NI
4 T A NN o EN- o S o oE
.ﬂ% G = o mrm o X o _ml o= <~ NG T =
] ey 100 0 _ -~ _ - n o il
1oﬁ_%7@ommﬂﬁwm? zagewﬂL@>wﬁf
oy ,._Mﬁ 0 zo Mro m O_E oo E.E W oF 2 W 0° 8. _ﬂwo X0
o Ho o) N mhﬂ o LM._ S o Ho mK o T g, i HM Y A
oﬂ@ap%omﬂ 2 70 swaﬁﬁg = ow s
- P ~ —
;@%ﬂ@%&sggg @%ﬁ%q%ii%
= = w9 W E o T o Bl % o L T OE N
@HQ%OILJZ z - R mﬂﬂom;a
2 ,UF T AW b _ﬁo ,Aluﬁ g "M. m_irw __@ iy )] o MM oF or 7o Ay
Hﬁﬂkqgaaﬂym> gﬂﬁgmgg%@
3 £y 3, 90 o — ~ an! <7 5 ot = e} ~ 0| A
— ty ol 0 i ol o & | W o ] — =K ol
= M s MK W oo o~ = %0 v p B F X R
o T M o SR - 9 P b S ® X
W Bow of M o m. o & o g roANEN = ) mm E
< ) — jan ey — —_—
W i Ko o 2 mw i = I mﬁ Hoo = IS =
Wk ﬂlz o g0 T B 4o J qopmmn,@
Njo S e ) R R = LR 2l
Y oy & o= el oy T 5 0 N me
o T oy 5 o ~ 1 o 5 ol e =
Ct T ;OO Lo i —_ Z ~ 5 — . )
T Bo 0 o ol Tu J_l B Of ;Irkl oR = %O 3o
H o 4 R o — S X0
0 Y = 00 \UI 3o 7E O 0 00 ZT
A NS/ c.l ~0 ol %o —_—
Y m ) ml Y il W
=) RO ~o X =3 oy
O sl S — R
. T
o
5 T R B
SN

- 12 -



acifluorfen,

-

1

2]

36,63)
At

w2 A A, wE s

-

1

A Z A

=

[e] o]
oF7Fe] s-triazines & 2FALolol A

=

L= e

EHA0”
glyphosate

2]

N

_foﬁl

o

=K

<2 clofenset¥} salicylic acid,primisulfon, 2,4-D

.F_H

dicamba, imazaquin, mecoprop, 2,4-D % bentazone 5 <

)
=

)it
wK

B
ol
1o

0
.F_H

ol

0]

)

—
fite)

el
ol

fo) 11] ’40,64~68) o] g_

PR —
Fol ¢

1
=

o E<ol A Al/Fe AF3}E 9

ToR

o

puzel
~

™
K

o
!
T

Nlo

AL
00

ol
v
{r

o)

%0

N

_foﬁl

o
K

i

o

ol
!

]_]:]_‘69)

o

Zas

53

F= pHell A

°

A

=
L

o] 20 &

[e)

1=

o] Ael

=]
=

o
!
il
<

Aoz ®

-

1

7}

=

[e}

Fol e}

1oz e 9’ Wehtje 57 A%

[==
jand

amo
I

2 prochloraz2}

30)

| &2 %9 7}7bol A4 sulfometuron % imazethapyrs

, Roy &

al

°©

B

el
B

)

Jo] Rz whEs Pujec

_13_

tol FufE, ole} & AIU} atrazined

450

6.98)2 &

]’.‘E] gj\]:]_‘71,72)

=

pzs

gy E

fenpropimorph, pKa
metsulfuronol] 4] =



o Eot

o}
Do

TO
0
.F_H

=K

%

i

)
iy

fvze)

!
olo

o)
Ho
™

P
e

il

AL
00

Do
ze]

\A
o

i

A4 B3 §7)

ok
2

Nd
o

=K

il

ol

\.—_mﬂo

I s B g L

)

5% 9

. 16)
T AT

71+ 2 2 Groundwater

= Ask

Rom o GUS

al

ubiquity score(GUS)7} tHF 202 o] o] §X

X
Ny

—
fite)

!

A+ &3k, Gustafson'” o] A

KeX
=

GUS<1.8

Al <t

Gustafson©]

leacher

KeX
=

non-leacher( I ), 18<GUS<2.8% transitional(Il), 28] 32 GUS>2.8(I)

(6)

logio T X 4 - logio Koc)

GUS

o714 logip Tipe &<k

B gEow Ui ghelth

_14_



Koc (ml/g)

10000

100

10

10 100

Half life (day)

Fig 2.. GUS wvalues with half-life and Koc.

_15_

1000

ceesaas GUS: 18

-_— . GUS: 28




m Az 2 44

1. M=

D EFAE A5 2 AdAY

BN RE Fig 20 e vel o] F2 mdoziE koke fEd ojd
ggrol ZA vehbe SRR JFS wx

A7 A = FH s A 140 A AFEe] A SA4S e st

&2
=2
o
>,
:>14:"4
n
N
X
N
N
olr
ro
)

o
Y
=5
of\i
ftlo
=
o
O
HU
HT
)
O
8,
ok
o
>
U_u
o
)
2
M
_0|L
£
11t
>
_0|L
32
F
=]
R
o,
)
i

F71% 5o o|BAL AARATL ARAAE hEd Aol w40

AdE Tl agste] AHsAT. AFHAT Alms ZEdEREA o Bs}o]
2 ukste] dAgE AAsit.

Addw ERtd EYARE 2HAU A SEGay) ol Hd3 FAR &

A Edol A EFAN-S Munsell colord, pH(H.0)& 1:5%W, pH(NaF)+ 1:50
W 875 %S Walkley and Blacks,” %ol X388 %(CEC)E= 1 M CHsC
OONHH,™ EA(soil texture)e |3:¥ ™ FExge X-A 3 4E27](XRD,
Rigaku max/Il A)= gelstg o, satxAde X-A 8333 %4 (Shimadzu XR
F-210008 AF&-3ko] #4385 ch

ANFE A He] Ekol AdzAle 93 EdE, GPSE FAI 9] - X, EX

ol £dF ¥ Fu &4 W Asdg S Table 191 YE AT

_16_



Table 1. Soil series, location, land use and surrounding spring water or well

of sampling sites

Location Surrounding
Symbol Soil series Land use spring water and
Longitude Latitude well No.
1 Ora series 126.33.31 33.16.05 orchard Jijangsaem
2 Yongsu series 126.31.37 33.14.41 orchard Sokgolmul
3 Ora series 126.26.49 33.14.41 orchard Seonggwaetnaetmul
4 Ora series 126.33.13 33.14.18 farm products Nonjitmul
5 Donggul 126.24.28 33.15.42 orchard Saengsumul
series
6 Ora series 126.21.07 33.15.41 orchard Tongmul
7 Ora series 126.19.53 33.14.29 farm products Hagangmul
8 Inseong 126.17.56 33.13.40 - Bungeomot
series
9 Haweon 126.13.50 33.14.22 - Halmangmul
series
10 Donggui 126.24.01 33.26.31 orchard Yusuamcheon
series
11 Ido series 126.10.17 33.17.59 farm products D-181
12 Gangieong 196 10 97 33.19.14  farm products F-011
series
13 Donggui 126.15.44 33.24.15  farm products Mundumul
series
14 Sara series 126.22.04 33.28.12 orchard D-011
15 Donggui 126.24.22 33.28.56  fallow ground  Paengpungmul
series
16 Ora series 126.26.06 33.29.24 farm products Gumyeongmul
17 Jungeom 126.37.40 33.31.04 orchard F-375
series
18 Gujwa series 126.43.36 33.32.16 farm products F-156
19 Gujwa series 126.46.34 33.32.40 farm products D-019
20 Minag series 126.48.47 33.31.37 farm products D-012
21 Jeju series 126.51.38 33.26.33 farm products 89Susan
22 Donggui 126.48.14 33.23.25  farm products D-020
series
23 Gueom serie 126.43.13 33.17.10 orchard Jineungyo
24 Ora series 126.42.53 33.19.24 orchard F-389
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Fig. 3. Sampling sites of soils in Jeju Island.
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2 Ade] AgR soke dA ey 59 A wol AHLHI A &

e

7120 A AZA)Q diazinon, fenitrothion, chloroacetamides] #]Z#]<1 alachlor
triazineAd] A A9 atrazine 2 acylalanineZ] A3 A]Ql metalaxyl 5 5% %
Algefo =z dAstg o ol5e 542 Table 29 2T}

&k SupelcoAtoll A AL E F ks Tdske] AHE-EFl e, diazinon(O,0-di

o

—ethyl O-2-isopropyl-6-methylpyrimidin-4-yl phosphorothioate)= <% 99.5%,
fenitrothion(O,0-dimethyl O-4-nitro-m-tolyl phosphorothioate)< <%~ 98.7%,
alachlor[2-chloro-N-(2,6-diethylphenyl) -N-(methoxymethyl) acetamide], atrazin
e(2-chloro—4-ethylanino—-6-isopropylamine-s—triazine), metalaxyllmethyl-N-(2,6
—dimethylphenyl-N-(2-methoxy acetyl)-DL- alaninate]> 99.5%¢] %<& %
sho) Apgal T

1% 7 ok AAY

o
Y
_0|L
£
2
Ju
off
2
s
X
ofo

acetonel®] =9°] 1000 pg/mL
H =% stock solutions AZsFATE FHAIP AREHE &4 sk EF 05 ~
10 pg/mLe] WA @Az 57
stock solution®] YA HFE FHsto] T2

7171 918te] 1 M CaCly 10 mLZ 7}&te] 0.01 Mo] A &ttt
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Table 2. Properties of the pesticides used in this study

. Water Vapor Solil
L. Chemical Molecular - p ADI
Pesticide - Solubility pKa pressure half-life
Structure Weight (mg/L. 20°C) (mPa, 25°C) (day) (mg/kg/d)
L
Diazinon “3“’”\0/"\\0\0// . 304.35 60 - 11.97 9.1 0.0002
<.
Fenitrothion 277.23 19 - 0.676 2.7 0.005
Alachlor _ 269.77 240 - 2.9 14 0.01
HaC _ ‘ CH:
Atrazine oS 215.68 35 1.7 0.039 75 0.005
HC)\N)LN/ /\CI-
CH?C . /CH
Metalaxyl . _on 279.33 7,100 - 0.75 42 0.03

_20_




2. Al

B T A7) 5% FoF F248S ¥ 5 batch equilibrium techniqueol] 2] &l

s AT AFAFT EF 10 g A AT AFEY 20 mLS 40 mL
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o] Aol 5 mLE borosilicate glass vialell #3%3}31 hexaned} ethyl acetate®
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Table 3. Physical properties of the soil column (5 ¢cm x 20 cm) for leaching

experiment
) Particle .
Soil N Added Bulk density densit Pore volume Porosity
ot O amount(g) (g/cm®) %7 (PV, mL) (%)
(g/cm”)
3 376 09 2.06 221 56.3
16 413 1.0 2.07 203 51.6
24 313 0.7 2.01 256 65.2
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Table 4. Analytical conditions of pesticides(diazinon, metalaxyl, alachlor,
fenitrothion and atrazine) by GC/MS/MS

In;j. Oven Columm Q MRM MRM

Pesticides MW Column Temp. Temp. Flow ) 5 eV
Alachlor 269 188 131 160 15
100°C (1min)

Metalaxyl 279 206 132 162 10
— 10C/min

1.0
Diazinon 304 HP-5MS 270TC —270C 304 179 137 30
ml/min
(1min)
Fenitrothion 277 277 260 109 10
—3C/min
Atrazine 215 200 104 122 15

FRAs ARE L 99% ANHRF AF GEONE F
3l 7 234 (method detection limit, MDL)S 13} 2™ (Table 5), =3 A7}

ek 3gas S48k tH(Table 6).
&

A\
2
o,

off
k1

=
=
o,
=]

oko]l HAZ3A(MDL):E= diazinon, fenitrothion, alachlor, atrazine %
metalaxylel]l 3l 6.04~6.45 ng/g, 834~9.38 ng/g, 823~9.65 ng/g, 10.01~
11.31 ng/g, 897~ 9.34 ng/g °olAtt. 1811 2 3+&2 0.0625 pg/g, 0.625
pe/gol ™l diazinon< Z}7} 85.3~93.8%, 87.0~90.7%, fenitrothion< Z}z} 70.
4~T78%, 76.2~81.8%, alachlor= 7}7} 825~91.4%, 83.2~8359%, atrazine-
84.9~90.6%, 85.5~91.9%, metalaxyl Z}7} 86.6~97.1%, 89.6~97.0% <] H{=

T R B Tl weEl AolE BiAoy Huwy i dess Bt
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Table 5. Method detection limit(MDL) of pesticides by GC/MS/MS

Pesticides Soils MDL(ng/g)
Diazi 16 6.04
iazinon o4 6.45
: : 16 8.34
Fenitrothion 94 9.33
16 8.23
Alachlor 94 9.65
: 16 11.31
Atrazine 94 10.01
16 9.34
Metalaxyl 94 397

Table 6. Recoveries of pesticides by GC/MS/MS

o _ Recoveries(%)
Pesticides Soils Added conc. (ug/g)
(Mean = SD)

16 938+ 35

Dind 24 0.0625 85.3+ 3.3

tazinon 16 065 90.7+ 63

24 ‘ 87.0+ 2.4

16 778+ 51

Fenitrothi 24 0.0625 704+ 54

chitrothion 16 065 81.8+ 7.8

24 ‘ 76.2+ 6.3

16 91.4+5.4

Alch 24 0.0625 82.5+34

achior 16 065 885+7.8

24 ‘ 83.246.6

16 90.6+ 6.3

Atra 24 0.0625 849+ 5.8

razmne 16 065 919+ 33

24 ‘ 855+ 16

16 86.6+ 5.0

Metale] 24 0.0625 97.1+ 57

cralaxy 16 065 97.0+ 48

24 ‘ 89.6+ 6.9
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EGA R =933t JAdE Table 70 YeERH AT

1) EA pH(NaF) 2 pH(H20)

=

o

rlo

o e mel f71%el #%, #4& o we tgsA v
'"Munsell Color Chart'E o] &3l ESMS =Ast A3} A% EGASY E
N, s as 27, dF2A s YEdel

Mo EA) 670, 2 4N, FBA 3
on, YAHo §718 FFol £ EFASE S wos g BT

e =

WS E= o] &4 Ale]l drEo] Tk o] wiitel SAs|E+= NaF &
S Hrzbskd &4 Aldl Agsta e FAH71(OH)9F Feobeo] wghukgo] Aoy
=8 pHE Yeu A Frh o] wh$-L allophane testZ2A] o] &5 o] v FHA

Soil Taxonomy Andepts® w83 7|=(pHNaF)>9.4)% 2 o] <1t (Shin,
1983). & Aol A& A B4 pH(NaF)= 7.341~11.285 #9138 8.961)
of 9o pH(NaF)>94%E slit3lEe ER/7Ix AE3tH ESAE T I E
+ 1070(9.473~11.285, 3 10.262), H|$HAF3| &= 1471(7.341~8.813, ¥ ¢ 8.053)
2 EREATH

E¢ pHe 464~8309 ®9I= AMHAAF wet & Zol& How, o
E pHO Aol EY f71E 2 oA sk ojsto| AA AFS mAE
2 2 Aol AFEE o] Fd atrazinee A AMFA L wpEt FERF

A = Ao =w dudr)
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2) +71%&, CEC ¥ EA(soil texture)

Az 718 FHFE 09~131%(HT 50%)S HAow, pH(NaF)= #73

2 3teke 27t 09~131%(F 1 6.4%), 09~
10.7%(H 39%) =2 A3 E, v stAkS|E #AIgle]l 2 Aol HA i, sHA3E
o] FFFEE v E HE o 16W =2 FEE RIS & £ A =

B KA AWER F/1E 2%F o A G A% vwsd o e

2
N
H
Hr
o
2
X
o
L
rfo

2L L(CEC)E F2 §7]89 7|98ty Hux
Aot EgA RS CECE 12.7~31.7 meq/100 g(33# 20.8 meq/100 g)o2
AA A we 2 AolE EHAAN, A E F v sbs Ee] CECx 247t 14
8~31.5 meq/100 g(Hi 239 meq/100 g), 12.7~31.7 meq/100 g(H 189
meq/100 g) .2 33| E7F v Eaks ER gl oF 1.3u] okt

EA(soil texture)S A X HE(clay) 94~42.7%(FH 21.2%), A E(silt)
9.8~58.1%(H 22.6%), X & (sand) 19.7~76.4%(F 56.2%)= A XAl weh
& AolE BHlon, HrHow By FFo] FEY HEM Hle| oF 254 =2
Ao ® yetwon HEY HEIZFE Bledth. o9 el wE EAL 4
Y E(clay loam) 770, 2 E(light clay), AF& 2 Y E(sandy clay loam) 2 AlYE
(sandy loam)o] Z}Z} 47), mAFA G E (silty clay) 2 %$E(loam)7t Z+zE 274, Al

AAEZ INE &7 AT

(orthoclase), 3] 74 (anorthite), %74 (albite), anorthoclase 59 FAF= 3
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3l 9l o™ (Harper, 1994), 7|24 o2 FwHo] gfHO R o] Fojz] Qi FF9
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A Tl FFo 7|ostE AlO; ¥ FeO32 Z37) 8.6~284%(H 1 18.4%),
50~252%(H 3 11.2%), X3 %do]2S YERNE Na, K, Ca 2 Mge 4H3lE
(Naz0, K20, Ca0O, Mg0)9] & 287~61.90%(3 i 750%)S eI glom,

71eb TiO, 3HeFe 1.48~534%(H1 2.69%), P05 3 0.68~3.80%(H A
1.69%), 71E} SOs;, MnO, ZrO, ZnO, SrO, Cr:03 Co0.03 CuO, NiO % Br sz
e BAZNA 1% vute] g 2 33 & 5 Jddh
EgA g 3lehd zAo A Fo EAS AyRd Si0.o A
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Table 7. Physicochemical properties of the soils used in this study

Soil . Moisture Organic  (pc Soil Texture
No Soil color g content (1,00 MM (meq/100g) Clay  Silt  Sand
(%) (%) (%)
122 214 66.4
1 Black 10137 431 503 6.7 29.7
Loam
Very dark 16,5 24.7 58.8
9 grayish 8603 319 469 74 26.1
brown Clay loam
34 13 53
3 Verydarkk g707 304 515 75 21.9
gray Light clay
115 231 654
4 Black 10227 289 549 38 19.6
Loam
164 247 589
5 Verydarkk gg13 995 g7 46 16.1
gray Clay loam
419 239 34.2
6  Black 9557 490 529 43 30.3 .
Light clay
171 9.8 73.1
7 bDark 8435 257 8.30 4.2 13.8
rown Sandy clay loam
17.1 342 487
g Verydarkk goag 915 g7 3.0 17.6
gray Clay loam
124 581 295
9  Brown 7403 203 687 25 16.7 .
Silty loam
388 20.6 406
10 Vvervdark o0 o933 611 107 31.7
gray Light clay
134 134 73.2
11 Vewvdak oos7 430 656 36 16.1
gray Sandy loam
149 189 66.2
12 Brown 7339 107 492 09 12.7

Sandy loam
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To be continued

. Moisture Organic Soil Texture
Soil . p CEC
No Soil color pH(NaF) cor(ljtent (IL,O) m%tter (meq/100g) Cla St Sand
(%) (%) v
(%) (%) (%)
15.3 255 59.2
13 Brown 8.583 9.2 .22 4.0 13.3
Clay loam
16.3 31.1 52.6
Dark
14 8.314 21.3 5.00 3.1 16
brown Clay loam
94 14.2 76.4
Dark
15 7.341 7.3 5.72 2.7 15.7
brown Sandy loam
Very dark 17.1 258 57.1
16 grayish 7.501 8.1 6.82 1.2 16.1
brown Clay loam
249 12.2 62.9
17 Brown 8.007 9.2 5.47 14 25
Sandy clay loam
427 14.2 43.1
18 Vervdark g,73 g9 797 12 21.2
gray Light clay
Dark 15.2 26.7 58.1
19  yellowish 10.116 9.6 8.02 09 14.8
brown Clay loam
22.6 15.1 62.3
20 Black 10.978 71.3 4.93 4.1 18.2
Sandy clay loam
29.3 14.8 55.9
21 Black 11.285 477 5.15 11.7 25.4
Sandy clay
17.8 22.2 60
22 Black 10.949 472 6.33 10.3 26.2
Clay loam
154 9.8 74.8
o3 Verydak g9 418 um 75 23.6
gray Sandy clay loam
35.7 44.6 19.7
94 Very dark 45996 304 476 131 315

gray

Silty clay
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Chemical composition(%)

Soit No Si0z;  AlO3 FexO3 P:Os TiO; KO MgO CaO NaO SO3 MnO ZrO; ZnO  5SrO Cr:0O3 Co03 CuO  NiO Br
1 52.900 23.583 11.575 3.801 2424 1707 1423 1.089 0585 0512 0272 0.071 0.033 0.027 - - - - -
2 50.135 27918 12.748 2701 2834 1.069 1.067 0502 0408 0.251 0.219 0.065 0.035 - - - - - -
3 52.139 22.365 14.829 1915 4108 1214 1.780 0.894 0471 - 0.239  0.046 - - - - - - -
4 52501 22.112 13917 2301 3550 1343 1629 1147 0573 0562 0.234 0.049 0.057 - - - - - 0.026
5 55.301 16.717 15802 1264 4762 1174 1919 1967 0521 0156 0.232 0.055 0.034 - 0.057  0.040 - - -
6 71.063 14.166 6.373 1138 1800 1809 1.327 1299 0690 0.125 0.133 0.053 0.026 - - - - - -
7 58.956 16.330 11.526 1.008 2771 1485 2536 3931 0866 0.257 0.244 0.043 - 0.047 - - - - -
3 77151 10332 5023 0898 1618 0940 0883 2.684 0.356 - 0.063  0.026 - 0.026 - - - - -
9 57.955 20.686 10.774 2428 2661 1537 1696 1.080 0.548 0322 0.238 0.047 0.029 - - - - - -
10 65.852 14.334 8495 2341 2070 1927 1449 1691 1138 0364 0182 0.048 0.041 0.028 - - 0.041 - -
11 57814 18724 12927 1436 3526 1507 1592 1521 0.560 - 0.235 0.048 - - 0.077 - - 0.034
12 72.389 14.010 6457 0841 1894 1548 1.084 0.772 0669 0.1838 0.099 0.050 - - - - - - -
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To be continued

Soil Chemical composition(%)

No Si02 AlLOs FexO3 P05 TiO, KoO MgO CaO NaO SO3 MnO ZrO.
13 00.2U7 10.445  0.U0J U.0O 1.01U 1.747 1.015 0.409 U.0Jo - U.154 |VAVS))
T4 60910 18847 9622 1429 1692 2132 1038 1639 2203 0210 0.159 0.067
T5 66170 16372 0063 099% 2640 1541 1399 0806 - 016l 0.14T 0063
16 62.992 16.736 10470 1.118 3.014 1527 1.3600 1528 0.849 0.121 0.202 0.059
17 72105 13.182 6.218 1767 1613 1.729 1575 0920 0.646 - 0.165 0.051
18 65.777 16.859 77771 1207 1597 1741 1919 2228 0487 0175 0.175 0.041
19 20.011 8563 5624 1.006 1482 0519 3504 57.217 0658 0.748 0.110 -

20 33.673 28438 25247 2557 5340 0678 1.340 0.855 - 1.366 0.453 0.086
21 52577 21.756 16.112 1.049 3.127 1520 1412 0.746 0426 0942 0.195 0.064
22 54.098 21.440 13.384 1.360 3.022 1.737 2.008 1.656 0420 0589 0.198 0.057
23 53412 21.273 14157 2772 2941 1570 180 0.699 0387 0666 0.186 0.063
24 55.735 21.310 13.177 2461 2638 1621 1.892 0505 0.365 - 0.153 0.053
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To be continued

?\?(1)1 Mineralogy Soil No Mineralogy
Quartz, Iron(IIl) oxide, .
1 Orthoclase 13 Quartz, Albite
2 Quartz, Iron(Ill) oxide 14 Anorthoclase, Hematite, Quartz
Quartz, Hematite, Magnetic iron _
) 15 Quartz, Albite
oxide
4 Quartz, Anorthite 16 Quartz
5 Quartz, Hematite, Albite 17 Quartz, Albite
6 Quartz, Hematite, Muscovite 18 Quartz
7 Quartz, Albite 19 Aragonite, Calcite
8 Quartz, Albite 20 Quartz, Iron(Ill) oxide
9 Quartz, Albite 21 Quartz
10  Quartz, Albite, Pseudobrookite 22 Quartz, Albite, Mica
11 Quartz, Albite, Mica 23 Quartz, Albite, Muscovite
12 Quartz, Mica, Albite 24 Quartz, Mica, Albite
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Diazinon in soil [ng/mL]

Alachlor in soil [ng/mL]
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Fig. 5. The adsorption kinetics of diazinon, fenitrothion, alachlor, atrazine and
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Table 8. Freundlich parameters for the adsorption of diazinon, fenitrothion,

alachlor, atrazine and metalaxyl in soils

Soil Diazinon Fenitrothion Alachlor
No. Ky 1/ r Kr  1/n r Kr 1/n r’
1 23.6938 0.813  0.939 2249 0638 0.990 157762 0.708  0.992
2 14782 0.898 0.944 13.987 0589 0974 10.38  0.707  0.995
3 24101 0.789 0.939 26485 0.634 0.993 16579 0719  0.992
4 14132 0860 0.929 12915 0.607 0.961 10.441 0595 0.989
5 15.0%4 0917 0.939 16183 0.590 0.973 11.156  0.711 0.993
6 23112 0.803 0.990 21361 0.701 0.978 15155 0.683 0991
7 6.355  1.277 0949 9519 0702  0.959 3102  0.865 0.991
8 12441 1.001 0.979 12432 0.626  0.940 8569  0.634 0.991
9 8.893 1.106 0.988 12.050 0.660 0.943 799 0617 0.992
10 33434 0918 0.996 33.038 0626 0.995 17.287 0.697 0994
11 12036 0823 0.936 12599  0.609 0.970 9.684 0.639 0.996
12 7916 1152 0.996 12.058 0.658 0.942 6.267 0.925 0.994
13 8787 1.094 0948 11911 0654 0.940 6.714  0.922 0.988
14 128389 1.055 0.983 13118 0.624 0.943 9562 0.606 0.938
15 9546 1129 0.992 12133 0626 0.943 8251 0.622 0911
16 7036 1223 0.935 11517 0.665 0.942 4830 0.879 0.931
17 15979 0926 0944 17.358 0.641 0.985 12.649 0697 0974
18 17816 0906 0.955 19170 0.647 0.969 13.300  0.693 0977
19 5955 1300 0.943 7323 0747 0976 2.848  0.879 0.970
20 14642 0882 0.946 15614 0624 0973 10.302  0.729  0.987
21 36108 0905 0.998 48405 0.600 0.931 24.867 0.701  0.998
22 34434 0921 0.999 40507 0.594 0991 18310 0.697 0.989
23 35041 0906 0.998 42526 0592  0.939 19.147  0.730  0.985
24 36.847 0.885 0.999 52.309 0.600 0.934 21.015  0.662 0.992
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To be continued

Soil Atrazine Metalaxyl
No. K 1/n r Kr 1/n r’
1 13.050 0.515 0.992 5.544 0.930 0.990
2 10.484 0.498 0.974 3.733 0.895 0.992
3 14.602 0.478 0.976 7.517 0.663 0.996
4 10.557 0.518 0.976 3.517 0.907 0.993
5 10.967 0.506 0.983 4.126 0.899 0.996
6 12.455 0.490 0.980 5.239 0.794 0.994
7 2.003 0.548 0.991 1.740 0.847 0.987
3 9.586 0.549 0.979 3.008 0.839 0.998
9 5.055 0.792 0.997 2.381 0.838 0.984
10 15.569 0.492 0.966 7.331 0.685 0.985
11 10.266 0.541 0.980 3.212 0.856 0.991
12 4.202 0.727 0.991 2.225 0.833 0.989
13 3.294 0.594 0.991 2.030 0.849 0.980
14 9.686 0.536 0.981 3.110 0.868 0.992
15 7.248 0.631 0.984 2.925 0.914 0.993
16 2.683 0.733 0.998 1.946 0.831 0.984
17 11.567 0.506 0.981 4.684 0.865 0.996
18 11.990 0.499 0.985 5.018 0.897 0.998
19 1.828 0.526 0.989 1.680 0.641 0.938
20 10.848 0.511 0.983 3.874 0.910 0.990
21 19.812 0.510 0.980 8.528 0.914 0.996
22 15.803 0.523 0.991 7.855 0.796 0.998
23 16.786 0.491 0.994 8.416 0.912 0.997
24 20.927 0.552 0.967 10.272 1.070 0.995

_44_



Table 9. Correlation between Kg and physicochemical properties of soils for

each pesticide

Correlation (1°)

Pesticides  Organic CEC Soil Soil texture
MALer - eq/100 ) pH
(o CVEEELPE Clay(%)  Silt(%)  Sand(%)

Diazinon 0.876 0.825 0.42 0572  -0089  -0.303
Fenitrothion  0.875 0.715 0.40 0473  -0026  -0.314

Alachlor 0.817 0.803 0.45 0540  -0104  -0.310

Atrazine 0.800 0.798 0.45 0527  -0095  -0.299

Metalaxyl  0.860 0.805 0.40 0575  -0090  -0.337
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Fig. 11. Relationships between pore volume and cumulative leached amount
of pesticide(diazinon, fenitrothion, alachlor, atrazine and metalaxyl)

for each soil(3, 16 and 24) column.
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Table 10. Koc (mL/g) and GUS of the pestcides in soils

Soil Diazinon Fenitrothion Alachlor Atrazine Metalaxyl

No Koc GUS Koc GUS Koc GUS Koc GUS Koc GUS

1 610 117 579 053 406 160 336 276 143  3.00
2 344 140 326 064 242 1.8 244 3.02 87 3.34
3 554 120 609 052 381 163 336 276 173 286
4 641 114 586 053 474 152 479 247 160 292
5 564 120 607 053 418 158 411 260 155 294
6 927 099 86 046 608 139 499 244 210 272
7 261 152 391 0.61 127 217 82 3.91 71 3.48
8 715 110 714 049 492 150 551 236 173 286
9 613 116 831 0.47 551 144 349 273 164 290
10 539 122 532 055 279 178 231 3.00 127  3.08
11 56 119 603 053 464 153 492 245 164 294
12 1616 079 2310 027 1201 106 805 205 426  2.22
13 379 136 513 056 289 176 142 346 38 3.34
14 717 110 730 049 532 146 539 238 173 286
5 610 117 775 048 527 147 463 250 187 281
16 1011 095 1665 034 694 133 38 2656 280  2.52
17 1968 068 2138 029 1558 093 1425 159 o577 201
18 2660 057 2754 024 1911 082 1723 143 721 1.85
19 1141 090 1403 037 546 145 350 2773 322 @ 242
20 616 116 657 051 433 156 456 251 163 2.90
21 532 122 73 049 366 1656 292 288 126 3.09
22 56 119 678 050 306 173 266 296 131 3.05
23 86 105 978 044 440 155 38 265 193 278

24 48 126 688 050 277 179 275 293 135 303
HAa 261 057 326 024 242 0.82 82 1.43 71 1.85
Ho 2560 152 2754 064 1911 217 1723 391 721 3.48
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