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Abstract The uptake and transportation patterns of the residual boscalid and chlorfenapyr were investigated
from the soils to Korean cabbages. The recovery rates of the pesticides spiked in the soils and Korean

cabbages were 87.5 to 105.2%.

Korean cabbages were cultivated in soils treated with two different

concentrations of the pesticides as low (3.0 mg/kg) and high (6.0 mg/kg) concentrations in greenhouse for 28
days. The initial level of boscalid was determined as 2.77 and 5.66 mg/kg for the low and high concentration
of boscalid-treated soils, respectively. After 28 days of treatment, the residual boscalid in soils decreased to
0.53 and 1.60 mg/kg for the low and high concentration of boscalid-treated soils, respectively, and thus it was
reduced to 71.7 to 81.9%. The initial level of chlorfenapyr was determined as 2.38 and 6.43 mg/kg for the
low and high concentration of chlorfenapyr-treated soils, respectively. After 28 days of treatment, the residual
chlorfenapyr in soils decreased to 1.36 and 2.91 mg/kg for the low and high concentration-treated soils,
respectively, and thus it was reduced to 42.9 to 54.8%. The residual pesticide analysis was done with 2 day
intervals from 21 days-cultivated Korean cabbages after seeding. Uptake rates of boscalid from the soil to
Korean cabbages were 2.4 and 2.2% for the low- and high-concentration of boscalid-treated soil, respectively.
However, the uptake rate of chlorfenapyr by the cabbages was 1.5 and 1.3% for the low and high
concentration-treated soil, respectively. The uptake rate of chlorfenapyr by the cabbages was lower than that
of boscalid. These results showed that the residual pesticides in soil could be absorbed by Korean cabbages

depending on their physicochemical properties.
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Table 1. Physico-chemical properties of tested pesticides
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BASF (Ludwigshafen, Germany)A}2] == 99.7%% -3}
of AME3IATH F FRS dA T FEE acetoneol| 34
o] working solution®.Z |2 & ARE-3I o F Foke]
E2)3}8H4 EA4& Table 13 2t} 22 E FFS boscalid
o] A4 FEAE TF 49.3% P (FTRes, T
2)5 ARSI chlorfenapyre] A FEAE = 10%
WA (FF-a s, AFo)E AR woke 1
FAo)] AMS-% acetone, acetonitrile, methylene chloride, 3
n-hexane Burdick & Jackson Inc.(Muskegon, MI, USA)
o4, Sodium chloride (EP5)%} sodium sulfate (GRH )=
Junsei Chemical Co. (Tokyo, Japan)ollA] 3} T}. Florisil
(F9127, 60-100 mesh) Sigma-Aldrich Chemical Co. (St.
Louis, MO, USAA| &S AME-31% T
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Pesticide Boscalid Chlorfenapyr
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Chemical name

1-[2-[4-(4-chlorophenoxy)-2-chlorophenyl]-4-
methyl-1,3-dioxolan-2-ylmethyl]-1/-1,2,4-trizole

4-Bromo-2-(4-chlorophenyl)- 1-ethoxymethyl-5-triflu-
oromethyl-1H-pyrrole-3-carbonitrile

In water 4.6 mg/L (20°C), In n-hexane < 10, metha-

In water 0.14 mg/L (pH 7, 25°C), In n-hexane 0.89,

Solubility . o methanol 7.09, toluene 75.4, acetone 114, acetonitrile
nol 40-50, acetone 160-200 (all in g/L, 20°C) 68.4, dichloromethane 141(all in g/100L, 25°C)
Stability Stable to hydrolysis pH 4, 5, 7 and 9; Stable to aque- In air DTs, 0.88 d. (10.6 h, calc.); In water DTs, 4.8-7.5

ous photolysis

d.; Stabel to hydrolysis (pH 4, 7 and 9)
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Table 2. Physicochemical properties of the tested soil
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Exchangeable cations
(cmol/kg)

Sample Cultivated Soil pH

ECY Particle distribution (%)

Crop texture (1:5)
K

(dS/m)
Ca Mg Sand Silt Clay

Soil Korean Cabbage Sandy Loam  6.3+0.1

1.4+0.6 16.4+0.2 4304 9.2+04 55.0:24 40.3+0.8

4.7+0.4

IEC, electrical conductivity

O

cores o|-&sto] ANFHFAL AHFH FA| 2ENA T
2mm A2 A3t AHS EF T dFhe 523183
B B wEl A4S E493191 2™ (Rural Development
Administration, 2000) =2 A= Table 29} 7t} Zo]
w3 AlRe] A9 9 F 2199H 21, 22, 24, 26 % 28
Aol FFsision i FAE SHste] #4dsks * 1R
FOF HA A BESA RS} §A —20°C WE Ao Bt

ofoh
oL

Ul i 2 B F AREFEAPEL NERH
Tk BAES BE L AFslel H§YTHMinistry of

Food and Drug Safety, 2013). SlZ©] vjF= A& 10 g&
3t acetone®Z homogenizerol A 3%¥7F 12,000 rppm
2 y&update] FE o EYY A4 A8 10gS F
3to] acetone® 2 FIE7]o)A 30i7F 250 rpml 2 K& F
Z3TE FE2=2 Celite 54590 FHAIA Aate] 1.0L
ATl £7]3 50 mL E3PA AT} 450 mL SHRTE
3t & dichloromethane 50 mLZ 23] Huf &390} 3
Z 92 anhydrous sodium sulfatedl] S2AAH B4l 40°C
TEANN AT F F5ES A FY hexanedl A
|3l|3tod A ARE-3IATE. Open glass column (16
mm i.d.x40 cm, PTFE F2hel|l 10 go] florisil} d% 22
anhydrous sodium sulfateE Z}2| 2 2] F#38 & column
50| hexane® 2 -8 3+ A| 5 MG H3}51L boscalid?]
74 50 mL9] hexane/acetone (90/10, viv)S-Z2 13} £3A|

N

Table 3. Instrumental conditions for the analysis of boscalid
and chlorfenapyr

GC-ECD

Shimadzu GC 2010

DB-5 capillary column,

[30m L. x 0.25 mm L.d, 0.25 pum film thickness
(J&W Scientific, USA) ]

Column 150 (2 min) 10/min 280 (10 min)
Injector 260

Interface 300

Gas flow rate N, 1 mL/min

1.0 uL split (50:1)

Instrument

Column

Temperature

Injection vol.

7 ) %, 50 mLe] hexane/acetone (80/20, v/v)SZ
22 EEAIA 1 E2HS EH38132m, chlorfenapyr®] 7
£ 50mLe| hexane® Z 13} £EA|A SHHA ¥, 50mL
9] hexane/acetone (95/5, vivV)O.2 23} £EA|A I £&9
S HHsith B3 &S AYEET H ME
acetoned] A|-&3l3F] 1.0 ¥ Table 33} 72 Z7ASZ
GC-ECDel 93t YeRd chromatogram’dS] peak area
& FAA vt ARFS A=A 35 Al
&2 boscalid ¥ chlorfenapyrE B4 2 SZo] w5 A&

ZH7F 0.1 3 0.5 mgkge] HES A2 v 4719 W
I § GC-ECDZ £4sle] 2444 5

ARFE ANE T 50582 FaA

o
=
AT

o

Oi

r U

Asoke] HaaS 918 boscalid 2 chlorfenapyr=
GC-ECDZ #7434 233831 2H boscalid®t chlor-
fenapyre] ZH#FAL FBAFRY) ol 47 09987 2
0.9982% ¥3gk A4S et A71¢] 7171 B4 =
73l A boscalid®} chlorfenapyre] retention time ZHzZ}
19.6 2 13.5 min%iT}.

Sizo] wlF 2 E%F 5 boscalid 2 chlorfenapyre] 34
&A% A= Table 4 2 Fig. 13+ 2t} Qo] vl =
boscalid®] 3582 92.0~101.6%= LEFS ™, chlorfenapyr
o] 75 87.5~104.4%= HERT, Wl B F F woF
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Table 4. Recoveries and limits of detection (LOD) for boscalid and chlorfenapyr

iy Fortification level Recovery (%) MDA”  LODY
Sample Pesticide
(mg/ kg) 1 2 3 Mean®+SD (Ilg) (I’Ilg/kg)
. 0.1 101.6 96.7 92.0 96.8+4.8
Boscalid
Korean 0.5 96.5 93.9 95.9 95.5+1.4
cabbage 0.1 99.9 87.7 87.5 91.747.1
Chlorfenapyr
0.5 103.1 104.4 102.7 103.4+0.9
0.05 0.01
. 0.1 96.7 101.1 97.7 98.5+2.3
Boscalid
Soil 0.5 103.7 104.6 105.2 104.5+0.8
01
0.1 97.9 95.4 97.1 91.7+1.5
Chlorfenapyr
0.5 93.9 90.9 91.3 92.0+1.6
“Mean of triplication; Y"MDA, Minimum detectable amount; °LOD, Limit of Detection
o
Standard 5 mg/kg Standard 5 mg/kg
= - - = = = =
; Control in korean cabbage Control in korean cabbage
Recovery in korean cabbage Recovery in korean cabbage
Control in soil Control in soil
W = = o T T
5 Recovery in soil Recovery in soil
] - = = ) - RRMISSS. ASSSRSR. -RASRSSSS. ]

A

B

Fig. 1. Chromatograms of boscalid (A) and chlorfenapyr (B) in Korean cabbage and soil using GC-ECD

boscalid®] ¢ T @ § 289 )0l Awr A7
A 2] 0.53 mg/kgSE 2717F%2 80.9%7F st
Fon, Ak A FolA 1.60 mgkgl 2 27| 7HFe]
T1.7%7F 7FastSith. ¥l chlorfenapyre] 73-% A5k
AgFola AR 1.36 mgkgl g Z717FH2] 42.9%

T A2 7oA 291 mgkeg 2 54.8%
I 7531% Higo g B9k 5 Aldsore] A&
Zha] u}7¥7]§_— g A3 EY F boscalid®] A7t
2] = AP lM y=3.1047¢ *OZ AAAGR?)
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5.8180e 772 FAA R (R?) Hel 0.9166° 2 YERITE F+
oo zhE ALt EY F boscalid®] W71 11.6~
18.640]|3t}. WHH ESF 5 chlorfenapyre] A|57ad]e
ATE ATl y=2.5035¢" = A G(R?) FHol
0.944701% 09, IFE XA ZHAiaS y=6.7708¢ ™
2 AAAGFR?) ol 0.99140 2 YR}, Chlorfenapyre]
E F wH7lE 15.1~3529 02 YERL boscalid®] E
= WH7|Et 25 =%

% T 7H73o] boscalid’} chlorfenapyr2 tF #Ha] 7HA
gk o]-f+= boscalid ¥ chlorfenapyre] Z719ke] Z+zt 7.2
10 mPa ¥ 1.2x107 mPal2 v]Fo] Ko} 3kl o3| 7+
2HE JTe IR & Z0 7 Ho|w(Garcia, 2014; Park
and Lee, 2011), boscalid®] =9l thet 83]%=7} 4.6 mg/LE
chlorfenapyre] ol tgt 88]= 0.14 mg/LETh 3 log
P 3t T3 7M7) 2.96 2 4.832.2 boscalide] F40] ATl
o7 o 7] w&o](Macbean, 2012) #H5 ol 23
boscalid®] ©]&/d°] chlorfenapyr 2t} =0} 1 whg] A E
= Ao 2 e

Qo] wiF= &2 717 <t Bt S el wot o

X

2 A= vlg)] 34 37t =27] ol (Lee et al., 2008;
Marin et al.,, 2003), A7) Z3tol| wg} Srike] Wsls
B7) QJeiA AP slzo] wiFe] FAE Akt gt A)
A FrE sk Ao (ug)s AEsiiinh Bl
Fote s AEAR F7E B ot BEY FollA
ol = Ha To] dojup(Lee, 2010), T5E 5 &
4 Wolxd AA L tiAb ol dojdth(Collins et al.,
2006; Fantke and Juraske, 2013; Lu et al.,, 2014). o]2{gt
82107 F4S AANFOZ MEsh= AL oJEH o] 9
7] Wie] B =woAe ES B Sizdo] wjFoxe] Ak
73] e AFF MIE ZABIL 10 cmx10 em@] B
HA 5 Fore] 7] AR e sldo] w5 & 5oF
o] At HEA F5E(%)ys AEsIoith o A%
Table 59} o] EFOZHE slzo| vjF2 F54E 5
G2 Ao Aol A Fkste] 28Y A - S| i
9] boscalid 55 AF= A2ToAlA 247 mgkgS =
T80 24%A oM, AFE A TA 4.71 mgkeS 5
T3] 22%2] F8S BT} vhHol chlorfenapyre]
TFEFE AFE ATt IeE HEFA 47 1.36 2

o

o ot

Table 5. Uptake rate of boscalid and chlorfenapyr treated with concentrations of 3.0 and 6.0 mg/kg from soil into Korean cabbage

Weight of K.C.” (g)

Amounts in K.C.” (mg/kg)

Amounts in Soil (mg/kg) Uptake rate® (%)

Day after Treated levels
Pesticides  application
(day) Low® High?
Low®  High? Low® High®  Low” High?
Conc.? Abs” Conc® Abs.

_9 _9 _9) _9 _9 _9 277 5.66 _9 _9

7 _9 _9 _9 _9 _9 _9 2.25 4.39 _9 _9

14 _9 _9 _9 _9 _9 _9 1.41 339 _9 _9

B lid 21 17.95 18.36 1.28 22.98 235 43.15 0.97 291 0.70 0.64

oscali

22 20.16 23.74 1.60 32.26 2.37 56.26 0.83 2.68 0.98 0.84

24 28.42 29.82 1.99 56.56 245 73.06 0.75 2.59 1.72 1.08

26 30.54 29089  2.10 64.13 4.55 136.00 0.65 240 1.94 2.02

28 32.04 31.97 247 79.14 4.71 150.58 0.53 1.60 2.40 2.23

_9 _9 _9 _9 _9 _9 2.38 6.43 _9 _9

7 _9 _9 _9 _9 _9 _9 2.18 536 _9 _9

14 _9 _9 _9 _9 _9 _9 2.05 4.55 _9 _9

21 18.31 18.87 0.63 11.54 1.77  33.40 1.74 3.55 0.41 0.44

Chlorfenapyr

22 21.89 23.54 0.73 15.98 2.03 47.79 1.63 3.38 0.56 0.62

24 27.23 32.00 0.90 2451 240 76.80 1.58 322 0.86 1.00

26 30.40 38.29 1.11 33.74 2.63 100.70 1.45 3.08 1.19 1.32

28 30.70 39.12 1.36 41.75 2.63 102.89 1.36 291 1.47 1.34

9K.C.; Korean cabbage

 Amounts of pesticides in Korean cabbage/initial amounts of pesticides in soil x 100
“Experimental plot treated with low concentration of 3.0 mg/kg
9Experimental plot treated with high concentration of 6.0 mg/kg
9Concentration of pesticides in Korean cabbage (mg/kg)
Y Absolute amount of pesticides in Korean cabbage (1g)

9No sample
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2.63 mgkgl = VER 1.5 E 1.3%%] 58S Bk &

Bol EF T 54 Frap] e EF A FF
Hof gl ok EYo] Nl 9 ke F5Y 7}

S0l E7] wWEel log P gho] R =l gk i =rt
=2 boscalid’} chlorfenapyrith o ®2o] 45 o=
Yebstth(Juraske et al., 2011; Hwang et al., 2014).

T 5] sldo] wiF & o] AF3)8712 boscalid
o] 73-%- mAA o] 1o chlorfenapyre] 7% 0.5 mg/kg
o2 HAAHE o) tHMinistry of Food and Drug Safety,
2012b). ©]# 8 7§ boscalides EY 5 2l Ao g
FA% B4 Bs 4 Jom, chlorfenapyre] A4 2 4
FAF] wEt EY F 3.0mgkg oo F£EoE AR
735 Qo FE 136 mgkg o1} 72 F JoHE A
BE e 871ES s dnt. s AR EYEH
BAHAME Aldqra] Al 129 2EYLHEZD ) w2t
7Ves, 78, A 5 FE5Y I R8s tisiA
ok SAlste] Aejstal glom ESF 5 wokd gk 71
A g #A2]= v|E3IH(Ministry of Environment, 2014). Rt
Hel & A7dde EY 7 s dgo] wiF 5 &
FEo] EOEE Qg S AT Ak Y=

F

ESF F A7 5] A8 A /12890 Bae 1}
ERha glom ¥ Aol AE 7% sol e 29l
2 2% 7ol 2Yslojo} I 02 Azt
#HAte =

o] ATE B3

21549 2013~20149% ZEA S
T T8%, ¥ T FoEE et drEHARE:
PJ009219)¢] 4] A o2 Fie Arte] dioln o]
& A =Y
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