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ABSTRACT

The effects of soil-chemical contact time (aging) on sorption and desorption of atrazine were studied in soil slurries
because aging is an important determinant affecting on the sorption and desorption characteristics of organic
contaminants in the environment. Sorption isotherm and desorption kinetic experiments were performed, and soil-
water distribution coefficients and desorption rate parameters were evaluated using linear and non-linear sorption
equations and a three-site desorption model, respectively. Aging time for sorption of atrazine in sterilized soil
slurries ranged from 2 days to 8 months. Atrazine sorption isotherms were nearly linear (r* > 0.97) and sorption
coefficients were strongly correiated to soil organic carbon content. Sorption distribution coefficients (Kj) increased
with increasing aging in all soils studied. Sorption non-linearity did not increase with increased aging except for the
Houghton muck soil. Desorption profiles were well described by the three-site desorption model. The equilibrium
site fraction (f;,) decreased and the non-desorbable site fraction (f,4) increased as a function of aging time in all
soils. In all soils studied, it was found that when normalized to soil organic matter content the concentration of
atrazine in desorbable sites was comparatively constant, whereas that in non-desorbable site increased as aging
increased.

Key words : Atrazine, Sorption, Desorption, Model, Kinetics, Soil, Aging

2 % B

ES §7181EY] FEAE 29 g2 B4 IS vXE F83% 84 Fo] shjolrt. £ Aol
atrazine®] B¢ 33 g3of| w|x= HEAS] QS dT7EAT 5 SRS FYs Bt 8 A
ol HHIAITE Tt b uigt =tk Ad 3451l three-site desorption ZHS o} F7|EA &
g2AET AFES FABIT atrazine T EX] HEAREE 2doXFEH /iE7tR] ASAHT) 28 FFol o
3l atrazine®] F5L FAL A9 Ao (2> 0.97), FAITE B frieid ek e o] A
AAAE 7R AH8E EE EYelA] HEAIZe] HolArE Freksrt. F2E4delMe] v49%84dL Houghton
muckEWFS ALt HFAIZ wet F7FsHA sttt @Ry BAeRRE HEAIZI] F7HEe] wet
equilibrium site-&-& 7HA23}al non-desorbable site -8 F713E ¢ - AT AR BRE EYOr 2
F7Eks o R ¥E31E 739 desorbable sites oA atrazine TE=w HEFEAIN] wel vlwE] A Aol H]
3] non-desorbable sited) X9} atrazine TEx= BEA|7F0] V15 Wt 27)181A0.

FH|0] : Atrazine, S2F, &2}, 29, g EQF

R
KN
=

*Corresponding author : parkjeol @chonnam.ac.kr
AA4Y 12004614 ALY 2004 11.6
e} 2 E2] :2005. 4. 30 744

26



Atrazine®] E%F

1. M =

F71LFES] EY FHol doiM EFHF71E(SOMzE
'—.491 JEAA, F2) vlXE jMEe] 54 9,
2 WAUZS] Al Fol 1960dUFE A=A %
TH(Hance, 1967; Lambert er al, 1965; Lambert,
1967). &= £=5 HABE7] 918k Two compartment
(Cornelissen et al., 1998; Karickhoff, 1980), radial
diffusion(Gschwend and Wu, 1985; Heyse et al, 1999),
surface diffusion(Miller and Pedit, 1992)3} gamma
distribution(Connaughton, 1993)3} 22 Fdl=S sds}al
AR&EgiT) ol AqtellA Bk i‘r@‘% Atolol] &

AZHaging)®] EFE =23t o), F&ol oA AHE

AlZre) FEkS AR o R Bk Fﬂt FAZE ATt
(Johnson et al., 2001; Xing and Pignatello, 1996).

Ego iy {7|e8ES Gl It A7 B
BAS wolgtom, 3] Riure A4S FE-EF
hysteresisO]U}(Chen et al., 2002; Jenks er al., 1998;
Leboeuf and Weber, 2000; Lesan and Bhandari, 2003;
Xie et al, 1997). T} soMe] A A7} g3kl
a7} hysterisiss o= F WFUE R Aol %k
Jenks et al, 1998; Ma er al, 1993; Xie er al.,
1997). EC2RE Fokre] g nAe HE AR
dgks B3 Ma er al.(1993)9]r Loehr and Webster
(1996)7= hysterisis T/go] HEAIZIO] F7 8ol w2t F7}
SR Ao & BslHth Carroll er al(1994)2) Pignatello
(1990)= &= A3} Beal SOM = Alold] Aol A
AV} s Blod, 11 wie] AES Ryg A=
ATHMcCall and Agin, 1985).

Hod 23 Bee A ¥e B9 5 we U,
S5 AR 93, J2)3 94 A% RHo TRy
4 o] BEaET Qui(Park er al., 2001; Park er
al., 2002; Park er al., 2003; Sharer et al., 2003).
A7|A GREA Fe W T G@F AP ARE F
Qbell BAER] B3-S ofu|ghtt. o] BF S I
2318t 2dlo| three-site desorption modelo]t}.
Aol M= atrazine(2-chloro-4-ethylamino-6-isopropyla-
mino-1,3,5-triazine)?] F& 7} &2 A% ZIHE three-
site desorption modets ©|-§ EASt HEAIRI] @
g AT FFAERE 247 o8 soMEES vt
A 420 EXS XA en, SOME atrazineol] T
3 autAQl FAAE deA Pth(Laird er al., 1994;
Sheng et al., 2001).

E‘

EH«

£% 3 92

mlAE AR 9% 27

2. M=

il

2.1 E¢F

Table 12 AME-E 4% EYES] EAL vepdd. Az
S & v 31, 2mm Al FHSE EYS AR
o]-&

2.2 XA
Houghton muck= B o] fle

3% EYoMe 111002 sl 52 §& 43S 59
=S,

oS
=9
g 1=
31t} Houghton mucki= atrazine®] &2HJo]
o

jas=s
= 0}93\1:}. 4.2 mL9] ?l’&ouﬂ 943“”"4 1.% Feeh=
97/0e] 45mL 32 vialS FWslA %1_7‘6] ol M.
atrazine stock® Z} vialoll Y3l AR 27T H
2(0-45mg LHE 4L ¢ JES 3T viale] HIF
e 1mL PlEke] HEF St EYe] e diET
viatg 3502 FHlgle HHoA olE FRF 9 ipmeE
B3 &, G AZARE S A RSt A
SR AZAe] AaE Foll, 3 81t 9 ipmeE &
3 3 208 B]F 12002 PAEY F HTNRE =
# sk el WiFsS AA AFTILSORE &7
3l atrazine®] EEE dAAFZnlE 1Y H(HPLOE =
et BE AL 4204 £ 1°001X SIS
252 dvolEHe MIFE ZY(S=KiCo¥ Fre-
undlich BE(S = KzC.y& AR83le] 498190t o714 S
= &zt l-:t:(ug kg“) 13, .= & gl o
AEeTug L), K& A8 B A, Ke(mg kg™ (mg
L™ Freundlich 24157, n& Freundlich §25-2

FHHEE BARRE ASolth

==

24 9Ue 2 AU P Aol w2k e
Z7] atrazine =7} 2mg L7o] HES F0gH 3|72
EY £5gE o839t duE R 958 H E
be TP somL fel YU Fuol Ao
“C.atrazine stock (in methanoly2 FU3I5c}. ©o] FH
= Teflon-lined Mininert® valves® Z¢ 29Ut} EF
U= DET FHE ge HoD NI oF
B HolA olF T 9 pmeE roga} B A
HEARFEL He) Bastqdrt. Azl F2 71 3
Bt 9 rpmOE ERRF F 1200 g% AR

l‘ r

o, A

l

=

i

[«
Iﬁ

o

Journal of KoSSGE Vol. 19, No. 1, pp. 26~34, 2005



28 B!

o AEAE AH At A FEE LSCE A3}
1, 2715E9e] Xolz E&H atrazined] FEE At
Sttt A A 7k g gol AAsIAL, 3
He FAZ SFAt. awazine?] §iv EY FE2HS
gao2a gt BEY A RPN AL
43 BT QA el s A M e} e =
22 FYg 7IRE B9t EXS ¥ TS AHs v
EQ0ct. 2143 foo] £=YE FEE o] GAdlA 9
pm= IBIHA, FeZ] @7t ATl Fr|Hom dA}

w42 913 A3 slsic

24. EEoY

=3}k tlojElE BABI I8 #2ol EE  three-site
desorption modets ©83ttt. o] =d o} & A v
2L 7HE sk AR, WL equilibrium, non-
equilibrium and non-desorption sites® Tg%°] Utk &
A, $2PE82 v¥)4d 52 (Freundlich equationy$-g2S
2 A & 9ok AA, non-equilibrium  sites®-5-E]
BAEE £5E o] sitest} AYEE Alele] FE Tl
W] &) @ chPark et al, 2001; Park er al, 2002; Park et
al., 2003). ¥ AolA gt ofig} thE A5lA non-
desorption sitese B2} AF7RE I Ao = Sty

. Ok

= e sites®E A B THPark er al., 2001; Park et
al., 2002; Park et al., 2003; Sharet et al., 2003).

F8X O F  equilibrium¥t non-desorption®l] S
< e Zo] vER F o

Sp=fog KpC' )

Sndzfnd. KF‘ dle (2)

HHAY non-equilibrium sites® FEQ] @& 12} &
£52 vERd 4 ok

ds,
= O g Kpr €'=5,0) ®

o714 C(mg Ly A F5oli, t (miny= B3 A7,

Table 1. Selected properties of sorbents used in this study

o

a(min )= Y2t EF £5 AlF, fi= equilib rium site

T8, fiee© non-equilibium site &, fut= non-
desorption site &, Seq, Snec®t Sna(mg kg RT equi-

librium, non-equilibrium, and non-desorption sites®ll 2t
7} FRHAIYE Bl Koot n e SLFRAYOE
H, fuc BF HE JHoZRE FIHon, £,
freg®t 0= EE A7 A7 HHY AR OERE
TSGR, Ml 8 fog, fro®t £ T2 10T,

2.5. 5ketEY

atrazine2 HPLCO| X reverse-phase column3} UV
detector (222 nm)y& AME-3F] A4S}, mobile phase 2
50% methanoF} 50% water (vv hE 10mL min'E &
Eo 2 FAANALE WA Fe-E AA| 372 S48t

3.4 =}

FAAL F71€9200) FFES 1.29%(Hartsells)ol A1
38.3%(Houghton muck)7+2]2] H$E 714 HTable 1).
Colwood®} Capac EY] HEx FEIAHOZ illited}
vermiculite”} 38|, HartsellsS kaolinite®} goethite
7} ARt AR BE EYOlA atrazine®] 35
28 A2l AFoUthFig. 1). FHAEL HolElE A
T BdS o83l MRS W, 2 S 09707}
0.998 Alo]tt. ©] Hlo|ElE Freundlich HPFE4l 02 F4
S, n 22 083004 1.059] WSS 7FHTHTable 2).
olE7r] FEAT iEl, frlEk Ve REsie
Zo Al (partition  coefficients (Koc=Ky/ i) T H
121 L kg”'9T 18% WHolE 7HTh A3 BE EYo
A BAIT (K e AEAIREe] S wet S8t
Aok HEATE o) Ky 3 Aleloll k] ATt kel
F-testoll 4] 95%2] confidence level2 1= THFig. 1).
AG717 Bl A9 €43 atrazined] E3ll= Wiz
T ARolA BEHA U

Fig. 2014 &-&&fo] 71 Zolghar 71gE skn &3
&g WE-SZ JERJAT. three-site desorption model

Sorbent % O.C* % Sand % ilt % Clay pH CEC® [cmol(+) kg™
Hartsells 1.29 59.1 3213 8.78 53 7.1
Capac 3.28 54.6 24.0 214 6.8 244
Colwood 7.80 64.2 20.7 15.1 6.0 43.0
Houghton Muck 383 ND¢ ND ND 5.1 155.6

0.C.: organic carbon content; "EC: cation exchange capacity; “ND: not determined
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Fig. 1. Sorption of atrazine into soils over aging periods ranging from 2 days to 8 months.
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Table 2. Linear and Freundlich sorption isotherm parameters describing atrazine sorption to four soils after different atrazine-sorbent

contact (aging) periods

Linear isotherm

Freundlich isotherm

Sorbent igrigi K, 2 Ky K¢ n P
P Lkg" - (Lkg')  (mgkg')mgL")" - -
2 days 149 0.998 116 1.44(0.32) 1.02(0.03)F 0.998
1 month 1.60 0.989 124 1.70(0.75) 0.93(0.06) 0991
Hartsells 2 months 1.98 0.979 153 2.39(1.08) 0.85(0.06) 0.989
4 months 2.50 0.982 194 2.61(1.59) 0.95(0.08) 0.983
8 months 438 0.979 339 4.67(2.91) 0.93(0.08) 0.981
2 days 342 0.995 104 3.19(1.13) 1.05(0.05) 0.995
1 month 3.53 0.972 107 2.82(0.92) 0.95(0.10) 0.973
Capac 2 months 363 0.996 110 3.89(1.02) 0.95(0.03) 0.997
4 months 5.15 0.998 157 4.99(0.96) 1.00(0.03) 0.998
8 months 6.35 0.980 193 6.42(4.10) 0.94(0.08) 0.981
2 days 119 0.986 153 12.4(5.92) 0.93(0.06) 0.988
1 month 122 0.990 157 12.9(3.55) 0.89(0.04) 0.995
Colwood 2 months 15.1 0.970 193 15.3(11.9) 0.98(0.11) 0.970
4 months 173 0.981 222 16.2(10.2) 1.00(0.09) 0.981
8 months 24.0 0.995 308 24.0(7.36) 1.00(0.04) 0.995
2 days 43.1 0.997 113 44.3(6.36) 0.94(0.02) 0.999
1 month 552 0.997 144 55.0(6.85) 0.92(0.02) 0.999
Muck 2 months 683 0.995 178 70.3(9.83) 0.91(0.02) 0.999
4 months 86.6 0.982 226 86.2(22.9) 0.83(0.04) 0.995
8 months 148 0.985 386 144(26.4) 0.85(0.03) 0.997

“Standard deviation of the evaluated value is in parenthesis, "NA: not available
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Fig. 2. Desorption of atrazine from soils after aging periods ranging from 2 days to 8 months. Desorption expressed as percent of the
expected desorption amount by complete sorption/desorption reversibility. Solid line presents the fitted line of the three-site desorption
model.

Table 3. Evaluated desorption parameters of atrazine in four soils using three-site desorption model after different aging periocls

Aging Desorbable sites Non-desorbable site Rate coefficient r
Sorbent .
period Jeq fneq Ja o (h—l)
2 days 0.3500.01)¢ 0.15 0.50(0.00) 0.153(0.024) 0.969
1 month 0.37(0.01) 0.15 0.48(0.01) 0.056(0.010) 0976
Hartsells 2 months 0.39(0.01) 0.16 0.44(0.01) 0.048(0.008) 0.895
4 months 0.27(0.03) 0.09 0.65(0.01) 0.532(0.296) 0.941
8 months 0.28(0.01) 0.11 0.61(0.00) 0.207(0.042) 0.968
2 days 0.60(0.01) 0.18 0.23(0.00) 0.174(0.020) 0.981
Capac 1 month 0.47(0.01) 0.15 0.38(0.01) 0.112(0.020) 0.965
4 months 0.24(0.07) 0.22 0.53(0.00) 1.283(0.310) 0.977
8 months 0.33(0.03) 0.10 0.57(0.00) 0.797(0.280) 0.985
2 days 0.74(0.02) 0.19 0.08(0.01) 0.177(0.042) 0919
1 month 0.61(0.02) 0.14 0.25(0.01) 0.194(0.051) 0.907
Colwood 2 months 0.60(0.03) 0.09 0.32(0.00) 0.499(0.177) 0.817
4 months 0.32(0.10) 0.29 0.38(0.00) 1.496(0.311) 0.959
8 months 0.32(0.36) 0.23 0.45(0.01) 1.442(1.456) 0.583
2 days 0.74(0.02) 0.20 0.07(0.01) 0.225(0.037) 0.955
1 month 0.51(0.02) 0.19 0.29(0.00) 0.328(0.044) 0.972
Muck 2 months 0.55(0.01) 0.11 0.33(0.00) 0.227(0.037) 0.960
4 months 0.41(0.05) 0.20 0.38(0.01) 0.675(0.184) 0.892
8 months 0.40(0.06) 0.14 0.47(0.01) 0.722(0.355) 0.832

o Desorption rate coefficient from non-equilibrium sites, ®Standard deviation of the evaluated value is in parenthesis
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