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Abstract This study investigated the reduction of residual pesticide in soil by using eight kinds of soil
amendments such as shell, quick lime, dolomite, silicic acid, leaf mold, oil cake, bed soil and husk. A total
of ten pesticides most frequently detected in agricultural soil were selected (azoxystrobin etc.) and soil
amendments were treated in soils at a 2% application rate and incubated for 7 days. Pesticides were analyzed
by HPLC-MS/MS with QUEChERS-based sample preparation procedure and pH was measured on 1, 3 and 7
days. This study showed that, soil amemdments were effective in reducing pesticides after 7days of
incubation. Over 90% of azoxystrobin, cadusafos, chlorpyrifos, fluquinconazole, imidacloprid, isoprothiolane
and procymidone were decomposed from soils amended with 2% quick lime, whereas the concentration of
boscalid, dimethomorph and triycyclazole were not decreased. The soil pH increased to 12.8-12.9 in soil
amended with quick lime, but other soil conditioners did not change the soil pH. Quick lime was particularly

effective in reducing residual pesticides.
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AE FFe EY T A= =22 5% 108
(azoxystrobin, boscalid, cadusafos, chlorpyrifos, dimethomorph,
fluquinconazole, imidacloprid, isoprothiolane, procymidone,
ticyclazole)S A% 31T},

Ao AR3 HFEF2 Dr. Ehrenstorfer GmbH (Ausberg,
Germany)elX Fastod ARE-8FAAL, 2H2+€] 59k acetonitrile
© 2 1,000 mg/Le] stock solutiong A|Z3F T2 o] & 84
3tod 10 mg/Le] &3 working solutiong A| &3} T}

Ao ARE-3F vl acetonitrile, glacial acetic acid
(100%)= MerckAH(Darmstadt, Germany)2] HPLC Grade
£ ARSI, formic acid (>98% purity)2} ammonium
acetate (99% purity):= Sigma Aldrich (St. Louis, USA)*|
A FYste] ARSI 33F S/ MilliporeAke] Milli-
Q system (Bedford, USA)S- AR&-stod A|Z3}3{th. QUEChERS
AAGE $I3t AloF 2 AF-2 Agilent (California, USA)|
Al FYEaL, 5 9 AAlY=  Agilent QUEChERS
Extract Kit AOAC 2007. 01 (6g MgSO,1.5¢g sodium

Table 1. Physicochemical properties of the tested soils

acetate (NaOAc))9} Agilent QUEChERS dispersive SPE
2mL fatty and wax (150 mg MgSO,, 50 mg primary

secondary amine (PSA), 50 mg C,sEC)S AME-3IAT).
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AldEeF 1059 EY 5 AREF 42 Gwon et al
(2014)°] QUEChERS ¥*ell we} a3tk B 15 ol
1% glacial acetic acid’} 38 acetonitrile 15 mLE 37}
St & 250 rppm (Combi-shaker NB-101MT, N-Biotek, Bucheon,
Korea)el A 30459 X85t 218 £ Agilent QUEChERS
Extract Kitg #7Fst § 287F ZsiAl €& T 3500 rpm
(Combi-514R, Hanil, Gimpo, Korea)ol A 5%7F 4%
ato] e 1mLE FHakdoh AHT NS 150 mg
MgSO,, 50 mg PSA, 50 mg C;:EC7} E013+& 2 mL =2
za2gd BT Yo 3027} vortex mixersS A5}
o TE o 12000 rpme] =2 SEZF FAEE s
dAEEE AlEe] A 500 uLs AFHT T 200 ul
0.1% formic acid $Hr acetonitrile, 50 pL WFETEZ
(triphenylphosphate, TPP) % 50 uL acetonitrileS 378}
o] €18 0.2 um PTFE ZHE oJ3}3}o] 2 mL vialoll $7!
2 HPLC-MS/MSZ #4313 tHTable 2, 3).

EMEH X
SA A FAAZ EF 15 g2 50 mL plastic tubeol] 3

Exchangeable cations

Particle distribution (%
Sr?grlrlie Texture icle distribution (%) pH ( dl;/Cm) (;)ﬂ]:/[) (Hljz%) (cmol/kg)
Sand  Silt Clay g g T K Mg
Soil 1 S 556 374 10.0 5.1 0.87 14 104 23 00 07
oam
Soil2  Loam 423 477 10.0 53 0.92 15 228 37 0. 09
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Table 2. HPLC-MS/MS conditions for analyzing the pesticides

Instrument Agilent 1200 HPLC with Agilent 6410 triple-quadrupole MS
Column YMC-Pack Pro C;z RS (100 x 3 mm I.d. 3 pm)
Mobile phase A : Water with 0.1% formic acid
p B : Acetonitrile with 0.1% formic acid
Gradient table Time (min) A (%) B (%)
0 95 5
2 30 70
10 30 70
15 10 90
20 5 95
23 95
25 95
Flow rate 0.3 mL/min lonspray voltage 4,000 V
Column temp. 40°C Nebulizer gas pressure 50 psi
Injection volume 10 uLL Gas flow 10 L/min
Ionization mode ESI Positive Gas temp. 350°C
Scan type MRM Run time 24 min

Table 3. Ionization conditions of pesticides for detection with HPLC-MS/MS

Precursor ion

Retention Time

Compound Name MW (m/z) Quantifier Qualifier (min) Ionization mode
Azoxystrobin 403.4 404.2 3722 261.1 8.1 Positive
Boscalid 3432 343.1 307.1 271.2 8.8 Positive
Cadusafos 270.4 271.2 159.1 131.0 13.5 Positive
Chlorpyrifos 350.6 350.0 198.0 97.0 17.8 Positive
Dimethomorph 387.9 388.1 301.2 165.2 7.5 Positive
Fluquinconazole 376.2 376.0 307.1 108.1 8.9 Positive
Imidacloprid 255.7 256.1 209.1 1752 53 Positive
Isoprothiolane 290.4 291.1 230.9 188.9 10.3 Positive
Procymidone 284.1 284.2 256.1 67.3 10.2 Positive
Tricyclazole 189.2 190.0 163.0 136.0 53 Positive

F3 T 10mgL & working solution 150 uLE H7kk
T 8% EWNEAIE ESFAY 2% FEo2 H7tst
Atk ol F EFTFAL 50% TEo® TS AUk 7Y
9 Wit 2% 27°C, BUFE 57% 271004 Bkt
74 ¥ EGAES AFIsto] QUEChERSEAH S o] &5t
A8

ENZA Ao whE EF pH Hskel 2750k
Kaac B ”ﬂﬂrﬁle gRelslr] flsl ESNEA A2 &
1, 3, 79 pHE S8tk pH 82 EY 15¢8 57
= 1.5(w/V) H &2 E§ste] 1183 dEgle pH
meter (Orion star Al111, Thermo, Massachusetts, USA)E
o] g-ste] S FATHRDA, 2000).
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% azoxystrobin 5 105 ] IFE&
92.6%, WE 72.8~109.2% F==0]AtH(Table 4).
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ANYE 73.0~
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Table 4. Recoveries of pesticides in soil

" Sandy loam Loam ) LOQ

Pesticide R
Recovery RSD Recovery RSD (mg/kg)

Azoxystrobin 92.6+14.8 16.0 109.7 £10.8 9.9 1.0000 0.005
Boscalid 76.2£7.1 9.3 83.6£6.9 83 0.9998 0.005
Cadusafos 81.7+£10.0 12.2 90274 83 0.9973 0.005
Chlorpyrifos 73.1+£113 154 81.8+11.1 13.6 0.9998 0.005
Dimethomorph 87.7£9.9 11.3 99.2£7.1 7.2 0.9995 0.005
Fluquinconazole 774£12.9 16.7 82.9+8.1 9.8 0.9998 0.005
Imidacloprid 759+2.7 3.6 793+1.6 2.0 0.9994 0.005
Isoprothiolane 84.0+8.5 10.2 943£6.9 7.3 1.0000 0.005
Procymidone 752£93 12.4 83.2+6.8 8.1 0.9973 0.010
Tricyclazole 73.0+£73 10.0 72.8+2.2 3.0 0.9997 0.005

EYNYH HMelof M2 RS dHEY

A& 1055 0.1 mgkg T2 AT EY EY
M A7) 2359 AFEEe AFFE 0.078~0.121 mgkg,
4E 0.089~0.139 mg/kg ol ATHFig. 1). EX7N A A
2lol] o3 rEef A A3 AelFelM 7P A
Al A= AT A 3] A & 790l azoxystrobin, cadusafos,
chlorpyrifos, fluquinconazole, imidacloprid, isoprothiolane,
procymidone®] #F#o] ARFESE FEANA ZHzt 0.002~
0.004, 0.001~0.003 mgkg TFO=E, 95% o Fadh=
AE YeEPAthp<0.05, Fig. 1). ol EX Aze A4
37} EdriEAe F3kgo R 443 (Ca(OH))E 73
ato] Egfo] G| st HUA FoFe] rhadal whe-& 8]
A Stk FAll S-S Al HAL 60°Ce] Dol AstE
2 5o Hajrl 219 Zlo® AUEATH(Chue et al,
1998; Kim et al, 2010). Boscalid, dimethomorph %
tricyclazole AJA13] Ag|toA APEAE UERNA
@sk=dl, 3 Feke & 25l TRl o
gk 5d0] o] Aat Ueh A 2 Ao ddtEnt
(Tomlin, 2012).

Chlorpyrifos= fraks A2A] 2HFEo] 0.025~0.029 my/
kg FEORE OF 70% % AREAE HERRIL(p<0.05),
dimethomorphi= F+HE 2] Al ZHF7F¢] 0.025~0.026 mg/
kg FELE F 0% A% BAEHE veEbiTh fih HE
2 THEE EY f7l=S S7THI7IE EAIEA, ol
o] A7t Bl EAste nES 243} oem Fof
o] Fa7t X1 ZoR dAekdrt. 22t chlorpyrifoseh
dimethomorpe f71%& WA S/l wet Aaxrt o
2A Yttt o2 dk 42 Marin-Benito et al. (2014)9]
AFAFAME vebstetl, ESS 1, 12719 Wi &
sErseAl, EEAZ7], WAIES 78] linuron,
diazinon, myclobutanil®] 737t ATolA 359 FFS 7]
B A E7e e o2 Bl ass vepkth dolst

f71=o] Eol H7teH ESF 58S tEA WS
=, Egsied o] Afolrt mdE &St dEkS FEE,
F71% S5l wet st Aol tEA verd A
° 2 IFETH(Eo et al., 2010). =3+ dimethomorph= -4
grol] BlaiA sisky, A E 9 LR RN A3E
o] H =A YeRTHp<0.05). sk, M3|vE 9 4k
HEe EY F Ca, Mg, Si, K3 22 Fol 2 s 571
A 71E NEAZA (Lee et al., 2005; Joo et al., 2011), ¥8}
A A3 E 9 A RIS J7R B A3 4
o] ol TVt EY T F2H dimethomorphot &
o] Ao]o] x| gtel| el HF-5oF HaATF vERt Ao
2 AlgEY g2 ENEA AgdA dimethomorph 7
T e A ST

3R ENFEAE o8¢t
tast ATelM AAEE Ak
T ARadE BYlov o
o]2]9] EYNEA AMe % a
Hub & A7) AIR7)7E TEEA AE T 9
ARaAE A=z I1g <

MeEA o Baast gRls
ok 271l|A F7HH] A

o o

EQYNBH M2[o IE EY 5 pHHS}

EWNEA Aol w2 EY F pHeF Fsf 47
o] AARAE 18] flate] EPNEA AE] F 0
3, 799 pHE ZYetirkFig. 2). AHE AE EYe] 2
7] pHE AMYE 5.1, YE 530134t}

EPNgA Aol w2 pHskE AA3] A2]FellA 7}
& FelskAl Yerstth. A413](Ca0) AEE sile ™ 0, 1,
3, 7dApIM ] B pH W3k ARFE 13.0, 12,9, 129,
12.70]3, K& 9.9, 12.9, 12.9, 12.8 o]tk 432 A
g EFN pH 57F F 77 127 FECE FAEI
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Fig. 1. Reduction effects of residual pesticides by soil amendments. Reduction rates were concentration of pesticides in soil after
7 day divided with initial concentration of pesticides. Error bars indicate standard deviation. Different letters above the same bar type
indicate significant difference (p<0.05). a) azoxystrobin, b) boscalid, ¢) cadusafos, d) chlorpyrifos, ¢) dimethomorph, f) fluquinconazole,
g) imidacloprid, h) isoprothiolane, i) procymidone, j) tricyclazole.



Use of the soil amendments for the reducing effect of residual pesticides and evaluation of pH value change 317

(A)
14
B | v

12 4

2 e control © Shell
¥ Quick lime A Dolomitic

10 4 m Silicic acid o Leaf mole

s @ Oil cake <> Bed soil

A Husk

Time (day)

B)
14
T T T e
P d
124
;f o control © Shell
..r'f ¥ Quick lime A Dolomitic
10 4 / m Silicic acid o Leaf mole
0¥
T # Oil cake < Bed soil
2 A Husk

Time (day)

Fig. 2. Change of pH by soil amendments application in sandy loam (A) and loam (B) soil.

L Bl AA3] NZAE Hrsl Bl oal 3t
ukgo] doju} A4 3|(CaOH)S A8k, 2430 o3
EY pH7t S7heich BEgk A3 ke Al&aH
doji}7] wj&ol(Chun, 1998), Ag] & pH7} =A veRd
Aoz Feter)

Hspd, M3 uE @ AR R A At H|s|A]
pH#el ¢F 1.5 A% Assified], Hishy] 2 M3jaE ]
S EY pHE T7H7le A2 YElsTth(Lee et al,
2004; Joo et al., 2011). Zsp 3} 4L EY F 9714
Fol 23S TV HIEEN, EGY] FEo] H7ty
H HR H7HE 97148 Fol(Ca, Nael EFEIHRE
WZEE o] Ca(OH), NaOH 5= A3l EY pHE A%
AlZl A0 JhET),

a9, FHE, A& 5 718 HEX = EY pH W3]
7} VFERA] 99kt Yang et al. (2008)2] SARollA] Bkl
#71% HE A7H f71e 2L 371 pHEs=
At EY pHE FAslol2 (OH) B @714 o]0
S7HE w] EopAledl, f71E HEE oldd EY 38
o G FA| Xalo] pH WP douA] @2 Z10= &
ezl

GALE A Edolx= pHO| ¥sht gl Eo 5
(2012)9] AollM FAx A EYolxe pH, EC, Fol&
e 5 EY s wsh A9 gle Ao ERIEIT

Axe EY =28 A v 42 577

G pHOl vIxle A9l 3t A=l A Y43
Aot wExdE F/RE AT

:
M
Ololll

al
.

TAID @A S PI01087602)

Literature cited

Chen, Y. L. and T. C. Wu (1978) Degradation of herbicide
butachlor by soil microes. J. Pesticide Sci., 3:411-417.
Chun, B. S. and K. S. Ko (1998) Improvement effect of marine
clay in yul-chon by quick Lime pile. Journal of Korean

Society of Civil Engineers, 18(2-4):521-529.

Eo, J. U, K. C. Park, S. W. Lee, Y. S. Bae and B. R. Yeon
(2010) Effects of organic materials on soil organisms in a
Korean ginseng field. The Korean J. Soil Sci. Fert., 43(2):
188-193.

Eo,J. U, K. C. Park, S. W. Lee and S. H. Lee (2012) Effects of
rice husk and rice husk charcoal on soil biota and growth of
korean ginseng (Panax ginseng). Korean Journal of
Horticultural Science & Technology 30:200.

Gwon, J. H., T. K. Kim, E. K. Seo, S. M. Hong, H. Y. Kwon, K.
S. Kyung, J. E. Kim and N. J. Cho (2014) Multiresidue
analysis of 124 pesticides in soils with QuEChERS
extraction and LC-MS/MS. The Korean J. Pesticide Sci.,
18(4):296-313.

Hwang, J. L., S. O. Jeon, S. H. Lee, S. E. Lee, J. H. Hur, K. R.
Kim and J. E. Kim (2014) Distribution patterns of
organophosphorous insecticide chlorpyrifos absorbed from



318

soil into cucumber. The Korean J. Pesticide Sci., 18(3):148-
155.

Jeon, S. O.,J. 1. Hwang, S. H. Lee and J. E. Kim (2014) Uptake
of boscalid and chlorfenapyr residues in soil into Korean
cabbage. The Korean J. Pesticide Sci., 18(4):314-320.

Joo, J. H. and S. B. Lee (2011) Assessment of silicate fertilizers
application affecting soil properties in paddy field. Korean
J. Soil Sci., 44(6):1016-1022.

Jung, Y. H., J. E. Kim, J. H. Kim, Y. D. Lee. C. H. Lim and J. H.
Hur (2004) The latest pesticide science. sigmapress. Korea.

Kim, T. K. (2008). Chemical remediation of soils contaminated
with endosulfan, organochlorine insecticide, Kyungpook
National University, Daegu, Republic of Korea.

Kim, Y. H. and B. S. Chu (2010) Improvement effects of soft
clay soils using quick lime piles. Journal of the Korean
Geoenvironmental Society, 11(5):45-51.

Lee, J. Y., C. H. Lee, B. H. Ha, S. C. Kim, D. K. Lee and P. J.
Kim (2005) Effect of oyster shell meal on improving soil
microbiological activity. The Korean J. Soil Sci. Fert.,
38(5):59-64.

Marin-Benito, J. M., C. D. Brown, E. Herrero-Hernandez, M.
Arienzo, M. J. Sanchez-Martin and M. S. Rodriguez-Cruz
(2013) Use of raw or incubated organic wastes as
amendments in reducing pesticide leaching through soil
columns. Science of the Total Environment, 463-464:589-
599.

Marin-Benito, J. M., E. Herrero-Hermandez, M. Soledad
Andrades, M. J. Sanchez-Martin and M. S. Rodriguez-Cruz
(2014) Effect of different organic amendments on the
dissipation of linuron, diazinon and myclobutanil in an
agricultural soil incubated for different time periods.

ot

. OXxX
R

Science of the Total Environment, 476-477:611-621.

Nicholls, P. H. (1988) Factors influencing entry of pesticides
into soil water. J. Pesticide Sci., 22:123-137.

Noh, H. O.,J. Y. Lee, S. H. Park, O. S. Jeong, S. H. Kim and K.
S. Kyung (2012) Monitoring of pesticide residues in rice
paddy soil and paddy water. The Korean J. Pesticide Sci.,
16(2):137-144.

Park, B. J,, C. S. Kim, K. H. Park, H. J. Park, G. J. Im, J. H.
Choi, J. H. Shim and G H. Ryu (2006) Distribution and
mobility of herbicide 14c-molinate in a rice-paddy-soil
lysimeter. The Korean J. Pesticide Sci., 10(3):172-182.

Park, B. J. and J. H. Lee (2011) Pesticide residue monitoring
and environmental exposure in paddy field soils and
greenhouse soils, The Korean J. Pesticide Sci., 15:134-139.

Park, B. J., B. M. Lee, C. S. Kim, K. H. Park, S. W. Park, H. Y.
Kwon, J. H. Kim, G. H. Choi and S. J. Lim (2013). Long-
term monitoring of pesticide residues in arable soils in
korea. The Korean J. Pesticide Sci., 17(4):283-292.

Rural Development Administration (2003) Physicochemical
properties of soil, In Analytical method for soil and plant;
Thm, J.N.; Sam Mi: Jeonju, Republic of Korea, 103-130.

Tomlin, C. D. S. (2009) The pesticide manual, 15th ed., British
Crop Protection Council, UK.

Yang, C. H., C. H. Yoo, B. S. Kim, W. K. Park, J. D. Kim and
K. Y. Jung (2008) Effect of application time and rate of
mixed expeller cake on soil environment and rice quality.
The Korean J. Soil Sci. Fert., 41(2):103-111.

Yu, X. Y., G G Ying and R. S. Kookana (2009) Reduced plant
uptake of pesticides with biochar additions to soil,
Chemosphere 76:665-671.

O O
= =] = 2 N = = 71
szt EANEN S 58X & M4rst ZHEH

0|EY - &Y - A - Ho|H - ZCH| - BHH - B2F&
TS FHs94T St wENTY AR, Y el A S 3 3-8k
2 o EY F AR ARES A 8T EWNRAIES, A3, A3 E, AHNE, FHE, &
i HE, GAE)E olgsl] EY T AFEet AUadE A Ague B 0.1 mgkg TR F
kS IS & EPNFAIE EFTAY] 2% To= AP et 79 w9t AR § dRwor AhadE elst
Aok AFF B4 QUEChERS A2 3} HPLC-MS/MSE o881, 71222 pHoll e EY 5 AF5oF

AAaAE gla] fEl o, 1, 3, 7¥9 pHE SH8A
dimethomorph ¥ tricyclazoleS #1€] g+ azoxystrobin 5 759 §<ko] 95% o’} A=E E94E Ueith 3t &

WA FYell e B pHE 435 7 EllA] pH 12.8

AH0I0f  pH, BN A, QUEChERS

. olell wel, 2% A SE FYs Bl E boscalid,

TEOE TP 22 37 YERlGL




