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Abstract As pesticide safety was extended to agricultural
environments and Positive List System was carried out, Pesticide
safety management in soils has become even more important. To
improve pesticide safety in soils needs the degradation technology
of the residues in soils and reduce plant uptake of pesticides. In
this study, biochars and quicklime as the degradation methods of
pesticides (azoxystrboin, procymidone and tricyclazole) were
used to identify the reduction effects. The experimental methods
were putting biochars and quicklimes (0, 0.5, 1.0, 2.0% per 15 cm
soil weight) in soils and analyzing the pesticide residues at 0, 10,
20, 35, 50 day. To identify the reduction effects of uptake from
soil to korean cabbages (roots, leave, stems) by biochar treatment,
the residues in samples were analyzed. As a results, azoxystrobin
(36-96%), procymidone (40-117%) and tricyclazole (26-83%)
were reduced in soils when treated with 2.0% quicklime (p
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<0.05). There were no reduction effect in soils when treated with
1.0% or less biochar. However, the amounts of residues translocated
to roots (0.11-1.62 mg/kg), leave (0.05-0.29 mg/kg), stems (0.06-
0.1 mg/kg) were reduced treated with 2.0% biochar treatments.
The biochar and quicklime can be applicable to agricultural field
to improve pesticide safety in soils.
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Table 1 Analytical condition of LC-MS/MS and MRM conditions

T} PRl Bl BRoE Syt £ B
A AHEE olgslel SO ARF AU} w0l oAE ol§
A AHEEILe] W) B 5o} B - ol AUEE P
e,

As 2y

FIRELY & A

AlE T Park 5(2008)2] F74X EUEHH A7} vid &
AHEEAAT YN AAEke BiHE BUEY 29 5 s
HEE azoxystrobin (5% 99.0%), procymidone (99.9%),
tricyclazole (99.5%) 3%S st 40 ARgg BEE2
Dr. Ehrenstorfer GmbH (Ausburg, Bayern, Germany)ol|A]
mjske] ARE3FLAL, Zhzbe] F 92 acetonitrile (ACN)SZ
1,000 mg/L2] stock solutionS A28k T ©]& 435l 10
mg/Le] &3 working solutionS #|Z3}5It}.

Aol A28 81 acetonitrile, glacial acetic acid (100%)
+ MerckAH(Darmstadt, Germany)2] HPLC GradeE A3}
L, formic acid (>98% purity)2} ammonium acetate (99% purity)
£ Sigma Aldrich (St. Louis, MO, USA)IA Fisle] ALg
stk 33 /4 MilliporeAke] Milli-Q system (Bedford,
Bedfordshire, UKyS AR5} #2319 TE QUEChERS 2]
£ $8 A]eF 2 AE2 Agilent technology (Santa Clara, CA,
USAYPIA +Y4313At.

EY T AR 2499
EYAE 10g78 1% acetic acid in ACN 15mLE &33t

QuEChERS $&7] (1600 MiniG SPEX sample Prep, Metuchen,

Instrument Agilent 1200 HPLC with Agilent 6410 triple-quadrupole MS
Column YMC-Pack Pro C18 RS 100 x 3 mm I.d. 3 um
Mobile phase A: Water with 0.1% Formic acid
p B: Acetonitrile with 0.1% Fomic acid
Time (min) A (%) B (%)
95 5
. 20 80
Gradient table
12 20 80
13 95 5
16 95 5
Flow rate 0.4 mL/min lonspray votage 4,000V
comlumn temp. 40 nebulizer gas pressure 20 psi
Injection volume 10 pL gas flow 10 V/min
Ionization mode ESI Positive gas temp. 350
Scan type MRM Run time 16 min
<MRM condition>
Compound Name MW Precursor ion (m/z) Quantifier Qualifier Retention time (min)  Ionization mode
Azoxystrobin 403.4 404.2 372.2 261.1 6.9 Positive
Procymidone 284.1 284.2 256.1 67.3 8.6 Positive
Tricyclazole 189.2 190.0 163.0 136.0 4.9 Positive
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Table 2 Physicochemical properties of the tested soil

T Particle distribution (%) EC H Exchangeable cations (cmol/kg)
exture pH OM (g/kg) P,0;s
Sand Silt Clay (dS/m) Ca K Mg
Sandy loam 73.0 17.6 9.4 5.8 1.05 10 266 1.0 0.71 25.6
OM: Organic Matter
NJ, USA)E o|&3t 1,300 pmolA 287F FE313Th EN 313, 4719 WS ol8sle] 4L AAsisi
Extraction kit (4g MgSO,, 1g NaCl, 1g NaCitrate, 0.5¢g
disodiumcitratesesquihydrate) 2 371819132 QUEChERS #&7]  ulo]e3} A4 uje dZo] Wl EY & 5 &5 - o3
£ o83l 1300mpmollA 3027+ EE01E ¥ 3,500rpm, 5% AZEI 74
(4°C) A2 YR (Combi-514R, Hanil, Gimpo, Korea)sl ~ EY W] vlo] ol A7158S F2AA Aol 4E8S 14
Atk A5 1mLE 338k 2mL EN-Fatty acid (150mg 715 37} vk o83 A% A7t B U wofo) FE
MgSO,, 25 mg primary secondary amine (PSA), 25mg Ciz) HA=ZE T - 0|3 A7ax=E Hrtsl7] Ysira dzdo] v
of 7k & 137+ é%ﬂ—r $ 3,500 rpm, 5% Z7olA @ o]&sle] AYPS WYsIqTh. T o] viFe FeEEe]
el Btk AEdS 02pm syringe filters T & FoF IR ApolE PSP fsix 9, 7] E B Al F
AZ 500 uL ¢+ ACN 500 pLE viald]l ¥& & LC-MS/MSZ Ti LRrolA] AT AR EeF 35 271557t Smy/
717184 SISATH(Table 1). g o] HEE TR XS T 10d Bt EY K &
047“1 HFE Ssieleh. 408 B¢t Al & ERS mRA
dze] wWiF T AFHEF B o7 AFHek= AZICEFEE T 509)0] A AQFske] A
o] wiF e 9, =71, l FEs ol BAS A= °HP6}°iE‘r dzho] MiF= AdE/de] Jdom Aol AR
AYspdek. A3k 271 10g, e 5g& olgstd 4o #H AIRe] T2 196.2-213.5 g0Irh. Eao] viFdl] &2 &
olg3tAth. AEE SOmL ST fHel B2 £ % acetic & & "ol ¥ %l, 7], B Al FEs Ul el &
acid in ACN 15 mLE &3ste] QuEChERS FZ71(1600  =gfe] ofe]e} 7] wafsto] w48 wj7kx] —20°C olatd]

M1n1G, SPEX sample Prep)E ©]83t 1,300 rpmoﬂf\i 2—.—7P

ZFZ319 0t EN Extraction kitS 37Fl132 QuEChERS F3
715 o83 1,300 rpmellA] 30%7F E£5°15F ¥ 3,500 rpm, 5
H@4°C) o= AR skl 45 §mLE Fst 15
mL EN-Fatty acid (900 mg MgSO4, 150 mg PSA, 150 mg
Cidl H7Ie 3 1371 fcoaf 3 3,500 pm, 553 276
GRS Y S-S 0.2 um syringe filters: A1
A1Z 500 uLet ACN 500 uLE viald] ¥2 & LC-MS/MSZ

717154 S} tH(Table 1).

Hlojezl & N3 A2g EF F T AANFE AHF 7
ANELE A5 A5 FgsgHstde] A2 E4A
APE o A7) 20173 578 B9 AFgsion
EY 542 Table 29 ok A|@717F 5 A8 Qe
3 21L& 712 288°C, AHFEE 66.1%1A Tt A EFF
azoxystrobin (21.7%, H/3<8}Al), procymidone (50.0%, -3}
A, tricyclazole (75.0%, S3ANE o] 83510, AFSEE EF
NEAR vlo] QAHFE = FAE 450°C 271X AxF =
I, AN3= HYHOo R Azt IjEE AFS st A
S35tk BEY 3 o AxE AEZ(15cm)S 71E0R 27
T Smgkg TF0] HEE FS B sl FaF A
gt & B #3232 st EY 428 & EY
NEA AYTE 22 1.6 mx2.5mz WrolE & AES B9
FAS 71F22 vl]z= 0, 0.5, 1.0, 2.0%2}F 413 0, 0.5,
1.0, 20%= A& 3tk EF A5 A= 5 A4EZF 0
@17, 10, 20, 35, 500 A2Te] SAF o gl 2kg 1
A} AQFH & B R 6% (W/w) olal € uwj7tx] &

stk A" Ass B4 7R 20 °C o)l A EJ&

o
3L
s Y

A B § 7)o WS o] gsle RS EASHAT
35E A3 € BFEAFA A

A Z 3+ working solutiong ©]-&3}4] 0.005 0.01, 0.05, 0.1,
0.25, 0.5 mg/L FEo8 F3g] NEZ o83 326l matrix
matched (¥FEWE TEJL, 77| EX 204 YEd
chromatography’d¢] peak HA-E 7|Eo= AFIE AN
o 99 =9 peak WA #E o]83l A9 X]HHO |
71899tk LC-MS/MSE ©]

O
3 el AERAlE 0.005-
0.01 mg/kg= A3}

S| g AFS FAY AR AFEeF =8 10
mg/kegS o83l ES Lﬂ'ﬂ 71 0.1, 10mg/kg FEoZ AU
319itHn =3). Gzko] HIEE 0.1, 0.5 mgkg FEOE H71EISA
Gn=5). EFEN Hrl & FAY A5 EF F 3020 W
A5 5 3718 o R 35ES AHESIITh
AEA
RE AL 3o ® FYuon d¥4s= R 5 2=
IR version 3. 6. 0)5 ol&sled A7kl FoHQ =}
£ ksl 18IA Tukey’s HSDEAS AAsle] EAHEA 3}
AL, p<0.05d w el Aol7} gl Aom Adsilnt
CER R
E¥ R 9ol Ee Hag A

EF 3 do] mjE

A 3% s I

9] 3|48 A= Table 3, 49} 2t} B
&2 77.6-116.9%, RSDE= 1.3-9.4%°]%
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Table 3 Recovery results in the leaf, stem and root of Korean cabbage

Korean cabbage

Compounds 0.1 mg/kg 0.5 mg/kg (tg/g)
Recovery (%) RSD Recovery (%) RSD
Leaf 80.043.5 44 75.3£2.6 35
Azoxystrobin Stem 97.245.1 5.2 91.2+4.8 53 0.005
Root 87.3+2.1 2.4 89.9+1.3 1.4
Leaf 85.0+£6.9 8.2 82.1+2.6 32
Procymidone Stem 99.2+3.9 39 92.6+4.6 5.0 0.010
Root 100.2+6.2 6.2 95.14£5.1 54
Leaf 89.6+1.3 1.4 89.7+1.0 1.1
Tricyclazole Stem 94.8+1.2 1.3 95.1£2.9 3.1 0.005
Root 92.0+£3.7 4.0 99.6+3.2 32
Table 4 Recovery results in soils
Soil
Compounds 0.1 mg/kg 1.0 mg/kg (t(g)/g)
Recovery (%) RSD Recovery (%) RSD
Azoxystrobin 116.9£11.0 9.4 103.9+£2.5 2.4 0.005
Procymidone 85.9+7.1 8.3 90.1+1.2 1.3 0.010
Tricyclazole 77.6x1.5 1.9 84.0+1.3 1.5 0.005
t}. dzo] wjFo 3FEe 9(75.3-89.6%), £71(91.2-99.2%), Ti B 7EIth

B17](87.3-100.2%) 25 70-120% HE WHolL, RSDE 20%
olatz A4 3|48 ZIE UERItK(Table 2, 3).

AN Ao BE EY T ¥ BAF AHET 73
T AHE F AFEL 3% (azoxystrobin, procymidone,
tricyclazole)®] Z715=E 6.02, 7.82, 6.12 mg/keoltt. ESF
% azoxystrobin?} procymidone 2§13 A z|Fo] FrtEdE
S AEC] Foe AoR UETHFig. 1, p<0.05).
AzoxystrobinZ A3 1% ol AT o, X 104 F
Z7IEE tH] 50% o1 AtEe AL g1 & Stk Y
312 2.0% AT we 504 F 271E= thH] oF 90% A%
Hom FA EFG3%H Hwd u AZadh Ao
(p <0.05). Lee 5[3]¢] A7X= AP =70 ES &
23] 2%E st 79 Fol azoxystrobinZ procymidone
FEol 95% ol A EY pHZE 12.97FA] S
o] 83 Qclolglal s £ AFe XA HdES
Alste] AgA Z7A AAIgE Lee 5318 A7HH F4S
pH 37F= $1& ZoJA|T azoxystrobin, procymidone 371
ol pH Z7P7F 7198 Aoz AdE. e o|fZe, 443
£ A A¢ EY T 7% Fshiksste] Ca(OHRE A4
gtk Eqfe] &3} o rhaialel] Rz sk waivt
WeRA] 3, W 5 dol BAEte] 34 T FelExlast
&5 do7]7] wEo|tH15,16]. AzoxystrobinZ} procymidone
C=04%o| F3hrge] AAHEZQ Ca(OH)e| 4Fs}71(-OH)
7} s EA whgete] a7t X" Z1o® wETh Jung
S718 A7l 9 C=0 °l54%S 7KL e A=

FRsb] gk Sz gl o3 whgo® Fa)7h dofid

i S L o

Procymidone> A343] 1.0% ol Azlatis = 10¢
90% ol’F AZEA7E AL AAA3F] 0.5% ol AHEstel=
A7 Y] AZEHT e Ao2 ERIHATHp <0.05).

Tricyclazole> A3 2.0% o Az8ls o tle A=+
ojm] AEIT 23-29%P ol =A1 VERATHp <0.05). Tricyclazole
& JhES el AT EAo] o)A (Pesticide Properties
DataBase), TR 5ol vlal FElgh A7asrt e A 949
THp >0.05). 12th A43] 2.0%4 AREI7F Yebked]
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Fig. 1 Reduction effects residual (A) azoxystrobin, (B) procymidone, (C)
tricyclazole by different amount of quicklime (0.5, 1.0, 2.0%) in soils
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Fig. 3 Reduction effects of uptake from soil to the part of korean
cabbages (root, leave and stem) by biochar treatments (0, 0.1, 1.0, 2.0%,
(A) azoxystrobin, (B) procymidone, (C) tricyclazole)
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