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Translocation of Residual Procymidone from Soil to Lettuce

Kyu-Won Hwang, Eun Jeong Hwang, Min Ki Kim and Joon-Kwan Moon*

Department of Plant Life and Environmental Sciences, Hankyong National University, Anseong, Korea

(Received on July 5, 2017. Revised on September 11, 2017. Accepted on September 12, 2017)

Abstract This study was conducted to investigate the residual loss of procymidone in soil and the amount
of transfer to lettuce which is one of the pesticides with high detection frequency in the safety survey. The
field trial on lettuce was carried out in two different green houses located at Gwangju (Field 1) and Yongin
(Field 2). Soil and lettuce samples were collected at different days after soil treatment of procymidone as two
different concentrations, respectively. Recoveries from soil and lettuce were 87.7-118.1% and standard
deviations were ranged from 0.3 to 2.74%. The initial residue amounts on soil were 4.89 and 8.53 mg/kg and
decreased to 1.87 and 2.76 mg/kg at 43 DAT (day after treatment) in field 1 and 1.46 and 2.39 mg/kg and
decreased to 0.45 and 0.67 mg/kg at 36 DAT in field 2, respectively. The half-life of procymidone was about
38.5 days in field 1 for both treated concentration, and 20.4 and 23.4 days for the low and high concentration
of procymidone treated soils in field 2, respectively. Residue levels of procymidone in lettuce were 11.94-
35.20 and 8.81-70.40% of initial concentration in filed 1 and field 2 soil, respectively.

Key words

M B
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1,2-dicarbox amide}+= dicarboxamide”] FFA AtA|2A],
oy @ ABEIE BE oo WelzieE Yo} o
HolHe Aoz LA AUrk(Tomlin, 2015).

FHANE B2, 7%, 90, Erke, EE 59 AREY
o1y WAl B ), Hepo} 5] WEukE, AW Rl
SE50o] AME I JATHKCPA, 2016), 554 ok
H 2] 7P B NER AEEE ROE JeA 9
THKim et al., 2011a; Ahn et al., 2012). 2010358 2012
A7 ke saike iAol welEl 29 4,0034
3 4% 2048708) NB AREF BHAS, SAUS 812
N A FAA Fefo] AZEAIL a5 4070] FFH3E7|E
2 239 FATPEAE otk I R B9E 1087

= “
U o O

*Corresponding author
E-mail: jkmoon@hknu.ac.kr

246

Fungicide, Lettuce, Procymidone, Translocation

o
HA% 5

o] AlgollA Fi-sofo]l HAEHJL 275 1071¢]
AHE oSt BN F T8 AF F92 azoxystrobin 198
3], diethofencarb 1793], tebufenpyrad 11832 A A=A
9 47.5%5 A AT FFNA = endosulfan 193],
procymidone 173], dimethomorph 1332 A HE759]

41.5%% A8k TH(Park et al., 2015a).
3k, 20149 3URH 8P/ Rl epEd 319
AR 2Rl B ET 2Rl duiA 20304 HnljE=
73 FAHE 124700 g R Au A A 7P
TR

(L 2L o

=7 =4 AE"
procymidone =°]$13., procymidoneS FUE,
azoxystrobin &, A, dimethomorphe= 5,
A AZHATHPark et al., 2015b).

20094 1,77671, 20104 1,59271, 20113 1,48971, 2012
91,7337 ¥ 6,590719] A GAPIS FAHE FORR S
AL AR, AEE 5% o] F8AE FF2 carbendazim,
procymidone, endosulfan, chlorpyrifos, cypermethrin, EPN
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2 carbendazim, pencycuron edofenphos, pyridaben®] %127,

U]Eilc.olz 742§ HX—]tﬂ- ,ﬂr;ﬂ o Hko l-:.o]:}ﬂ‘:'_c_ endo-

O
sulfan®] 233]2 7} %3, procymidone 163], chlorpyrifos
83] 5, 2 9 40F RS0l 12739 BAY =R ¥
= ATHKim et al., 2013).

2011 Mg BHAY fre $E 291408 e
284% s IRAE AP, 431709014 FoFo] AEH
14.8%°] AE&S B, §F AW 28 sES
S0 (40.0%), FHE(35.5%), BIEU=(30%), AlE21(27. 7%)
oItk A& i‘%“éli—% 59F01AL AEWET} =
&k procymidone, ZH751-87152 233t FRS tolclofos-
methyl, endosulfan, dimethomorph, diniconazole, fludioxonil
5 215°|th(Han et al., 2012)

2010 A& AEAY frE ik 3,0814% WEn] &
oH_i’jgl-:Ok 33_-_-4 O AMNE A A | 2&9/] h:oko] 600
3| AZHJL 223] FAT} FAEE AEEHAY A=
7F 7P EE FE procymidoneo| 9, FATHIEE=
endosulfan®] 7174 =4ttt HAEWE the] F2FEo] =&
AJE-2 diazinon ©] A THKim et al., 2011b)

o, EY T AR5t 294 A A3, 20009 A
AR EF 1708 FollXe 5789 sl AZHIL 2
T B AEA endosulfan?}t A-A] procymodone®] 7
SHIE 7} 653, 50%S BRI, 20043 AR IR B
1508 Folrls 1989 w2kl AZHAUL, 24FAIQ] endo-
sulfani} A procymodone®] AERIE ZH} 21.3, 9.3%

= paskd o 9 B9 Eook WEG AAA T

procymidone ¥ HERTE E]-(Park al., 2013).
HAgE TAE ALketaL ety 913 B =8 g

UHE_:]_ HL—L‘I‘E] -‘—T‘IL]’H 1__ (e} 1_}% —
7H5la QA 9HKim et al,, 2014; MFDS 2012), &43] =
A A8 71§ 2 o A2 2 B

HAGHE o ArFo7

O
*P%Q FAGE G FAEl 5] Hof 91?(] g F
ofo] ASHAY AxE soo] s 2ol HF387IE
A5 24 A5 AR, o] oA e FAG F
o] M EE 88 F dhvte EYl AFE F =
AR FT ol Ho] $2=9 ARl TS e A
$-o]th(Hwang et al., 2014; Paterson and Mackay, 1994).
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AL HIES A 792 U, EY frl=olv
HEFE 5o FHHAY e
S| E b, dRe] FoF E
7% st} 3 Bk = 7 =

of este] ZajEAY, AuiEe 2=
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& 29 AR, 4= Friskel tirlge s W
Z57= f“}E}(Lee 2010)

5 Eokoﬂ HatatAY E%W AH&st A
8l SE 271,

0% ESE o8 4+ 9, T4 16@@5& 2]

olgido] F& ﬂaol R
QAEGNA 9] A& AE E o] &A] ko] grET| o
, Sl st A= F ol =9 B
4 T FHE FHse AT TAHEY S SEse
oz} g 4= glth(Hwang et al., 2014,

Lim et al., 2016).
wEhA], 2 A= AtAl procymidone?] 529

Forola A= Hlebr) il opvk HEE Bl
2T AN £ A 4% F AFFS BAREL, &
AL A 9% 71FL A sk

=
a1

%
Alef, Mg & 717

Procymidone X% (% 99.9%)> Dr. Ehrenstorfer
GmbHAHGermany)l| Al +48F%13L, acetone, acetonitrile,
dichloromethane, hexane < HPLCH-S I.T. BakerolX +-
519t} Sodium chloride, ¥4~ sodium sulfate= GRE<
Samchun Chemicalol*] T3t ARE-SIATH & 5 A
£ SPE cartridge (Florisil, 1g, Phenomenex)E ©]-&-3}¢]
A AT

AFH S 4F AlE= Mixer (NFM-8860, NYC, Korea)s
o] &-3le] WSl L, 7 EE71(EYELA, Japan)o} 24T
7] (Hurricane-Lite, Cheongmin Tech, Korea)= A& &
A FEA ARSI A XS FF procymidone 50% 3}

A(&=PE 2, 50% WPY= Als soPdella] Fdstsitt.

ZA &g Y 59 #z
TN FAE AFE AAEL) FFOR, A=
%%—Al 2 gl A SN A s, ot

% A BEPNFEA 60kg, A2F B FE(12-7-[9]+240.2)
10kgs A2, 2elg] AY9ES st ES #23} st
procymidone 50% SHA|(=P]E 2, 5ol 2)E oA
Aol mE Folds Il ANFEH 1 (3,
soil 1)2] A%, 72¢g (036 g ai/m’, Treatment 1), 144 ¢
(0.72 g a.i/m’, Treatment 2)& #3}2L &2 8]43le] 2.5m
x 4me] EF FHe) FEA AEAUL, AFET 2 (842,
soil 2)2] AL 27 12¢g (0.12 g ai/m’ Treatment 1),
24 ¢ (024 g ai/m’, Treatment 2)S F 3}l &= 3|45}
22 x2.4me] EF el 127 st oFA Az &
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Table 1. Characteristics of soils used
. o Exchangeable cations
Sample Texture Particle distribution (%) oH ( C]ES(;T)] ) ((;/l\lfgb)) ( rgé)lsg) (c%n ol/ke)
Sand Silt Clay Ca K Mg
Soil1  Sandy loam  76.1 18.9 5.0 5.1 6.80 13 1333 9.5 2.7 0.95
Soil 2 loam 42.0 45.5 12.5 5.8 10.39 19 1107 18.9 43 1.75
 Electro-Conductivity, ®Organic Matter
AFEE 20%x 20 cme] WEZE IESIGTE Ao AMEH E Table 2. HPLC operation condition for the analysis of
oko] AA L B A EoksleA M| whel BAEgo procymidone in soil and lettuce
™ Table 13} ZTHRDA, 2010). Instrument : Agilent 1100 series
Detector : Variable Wavelength Detector (VWD)
NERE Column : EVO C18 (4.6 x 250 mm, 5 pm particle size)
EoEE A2AHe 042 AMesld ¥ [0em 2 Mobile Phase: A (water), B (acetonitrile) = A/B = 45/55
OV7IA], HORFE 37 T2 AR o] T AL 0 Flow rate : 1.1 mL/min
7, 14,25, 35, 39, 43 QAo AATLo], THoe] A g, vevelengthi - 220mm
7, 14,22, 28 UAjol AASNUT. AH B FA g7 ectionvolume: 10pL
So] 2 mmAR AE T HAle] AESISITH A AlRe Retention time : 7.5 min
WAL ASHFE EF19 B AF F 35,37, 39, 41, 43
Axpoll AL, EAF20] 749 22, 25, 28, 32, 36U} 7132 20 mL Z3RFot 80 mL FFHTE AHE 718 &
At AFE srEEE 12704, 1kg o)A AFH & dichloromethane 70 mLE 23] ¥4} 3311t} Dichloro-
s2¢ 22 9o F3E FokS AlFstaL HelE AAT methane FZ42 20 g°] anhydrous sodium sulfate®] 532}
A FAE ST § Sfololo]AE et HAY AJA B8l 40°C 878l s, 71528 5 acetone/
& AR s st BEY 2 AE AlEE Y n-hexane (20/80, v/v) 2 mLoll A|-2-35}e] Aol A&
ZA7HA] -20°C W 22o] Bt 3t} n-hexane (5/95, v/v) 5 mL9} acetone/n-hexane (20/
80, v/v) SmLZ 22 &3} A7l SPE-florisil (1 g)ell 1
HPLC 7|7| M =2 S35 EAAEE A3}, 8§ mL dichloromethane/n-hexane
EYa A5 AR 5 procymidone®] #21S Variable (20/80, v/v)o. & A A 1 §EIS A4 itk 1
Wavelength Detector (VWD)7} “2HEl Agilent 1100 series 3 % ZALE acetonitrile 4 mLZ A-&3l3k] ZH2} 10.0 pL
HPLC (Agilent, USA)S AR89 4% A4LS Table 29} A HPLC-VWDel| F<iste] yehd  chromatogram’s2]
pazes peak areas XA FAF vl st RFS A=
Procymidone EEZ M EHY A% F Procymidone2| ZHFEA
Procymidone standard (99.9%) 100.10 mgS acetonitrile v E AFAIE 10 g2 F8ed 100 mLe] acetones
100 mLol| &3ate] 1,000 mg/Le] FF=&9S Al=s13). 7FlaL RE7)E o]&-38le] 200 rppmO 2 3087+ FE3 )
FZE2S Biichner funnel2 §1J338132 30 mL acetone®
2 AL 8715 Aol e kel oozt ettt of s
500 mL FHeiFo] &7]3 20 mL E3HA A7t 80 mL &
F5S A2 713F - dichloromethane 70 mLZ 23] )
=313tk Dichloromethane &S 20 g2 anhydrous
SEEAL 40°C FEAllA st

o] HFEdE acetonitrileZ A3l 0.1, 0.5, 1.0, 5.0,
10.0 mg/Lo] AHREFENE Axe $ 247} 10 uLE HPLC-
VWDel| F={iste] et AzntETfite] 3a S 7]
FFAFAE Al
AR
sodium sulfate®]] &3A] T
acetone/n-hexane (20/80, v/v) 2 mLell A&

=M
30mLE 7F8tal 1A1ZF A SIS
3 aliste] A Tgoll ARSI n-hexane (5/95, v/v) 5mL
9} acetone/n-hexane (20/80, v/v) 5 mLE 2|2 S35} A

T, AL
71 SPE-florisil (1 g)°ll A1-&31€ AN EE #5}5a, 8 mL
dichloromethane/n-hexane (20/80, v/v)2.2 &FA|AH 1 &

zo
EY £ Procymidone2| ZHFEM
EF 20g2 sl TR/

S £ 100mLe acetones H7lete] 7S o]&-sto
200 rpmO. 2 3027+ FZE8IAt. %= Biichner funnel
2 FRl9dFstal 30 mL acetone®®E AL 2 8715 Ao
W o] oA} eiditt oS 500 mL ool &
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98 A5 itk 3L & AR acetonitrile 2 mL
2 Agalste] 22+ 10.0 ulA HPLC-VWDe) F3ke] 1}
Ebt chromatogram’d2] peak areaS ¥7] A3} H]wa}
o AFFS =i

EY % &F 3 Procymidone®| 3|8 AlH

Procymidone ¥58 10.0 mg/LS A EYAF 20¢
o 247} 04 2 2.0 mL, FA2 43 10 g9 72} 02, 1.0mL
A7vete] Zzhe] ZFo] 0.2 2 1.0 mgkgel HA X2k
T 9lo] AREA WO 22 AA|§ T HPLC-VWDE
w45k

HHZ7| ME

AU ESF F procymidone ZHFHe] HF 2 7}
U5 W2 FFFS AAA C=C, - e™ (Ct: FFH, Cy:
271EE, k T4, ¢ AR 31X AdslaL k
HE o188l BEY T WH(40)E 0.693/k 2 O2 AHES)
k.
Ay g

A MU 25, &
& Ay 717k
11.6~27.7°CJaL, SHFHFEE 46.0~ 3
o] UHA7|LS 15.9-27.6°CAUL, LHAFEE 55.

TFoX= 3593) 17.4 gollA 4393} 73.4 g0 2 S7HIAAL,
= AYFIME 102 ol 450 go 2 Sk £
A2 AFE A TollM e 2283 3.6 g ol 368390 658 ¢
o2 F7lelAa, AsE AFM s 2.9 golA 413¢2
2 37} tH(Table 3).
EY U M4F ZF procymidone TF 24 H

Procymidone®] X AL 1.0 ngollA 100 ngZFA] 4
HAF7F 099992 2 A4S Bt

2~ ZZ&%(Limit of Detection, LOD)2 ¥4 I ZnlE
TN A Fr1e] 3u] ol UEille Foke
oS W5l baselineC 2HE TAE AT 4 e Ha
o] <ot} 74E3H|(Limit of Quantitation, LOQ)= 4
FEE HAMEEE, AEY 2 B4xE T g4
T ARkete A () el dal AEE FAEA

o Ao s AHE 5 e HE 9

0.05 mgkg ©13+Hs FHskaL k. 2 Ao AME-

3 B0 AEIAE 0.02 mgkgl 2A AREAY 7%
o 2%l L(RDA and KCPA, 2012), MRL ©|371A]
Z 7Fsskaitt.

¢

= orie
re
-
=2
>~

g T

LOQ (ppm), EF = [H2AZ(1.0 ng) x HPLC F9A
N E8AeF4mL) x 3|4ul5(1)] / [HPLC FUF
(10 uL) x A 2220 g)] M

5~ LOQ (ppm), ¥ = [H&HE(1.0ng) x HPLC F9YA

84.2% MLt A EENF2mL) x Aul(1)] / [HPLC =Y

A& ARAA AR B FAE 21 Ass A (10 uL) x A EZH(10 g)] )
Table 3. Weight changes of lettuce during cultivation (g)

Field 1 35 DAT 37 DAT 39 DAT 41 DAT 43 DAT
Treatment 1 174477 37.0+12.0 438499 448+29.8 7344439
Treatment 1 102428 26.0+7.8 2424115 437+ 147 45.0+23.1

Field 2 22 DAT 25 DAT 28 DAT 32 DAT 36 DAT
Treatment 1 3.6+25 6.7+2.5 16.1+7.3 415+172 65.8+24.3
Treatment 2 29418 56+23 29.8+12.0 29.6+19.2 413+173

Table 4. Recoveries and limits of quantitation of procymidone
Sample Fortification level Recovery (%) LOQ
(mg/kg) Re.l Re.2 Re3 Mean® + C.VY (mg/kg)

. 0.2 104.6 104.0 104.3 1043 +0.3
Soil 1 1.0 98.6 95.8 972 972+ 1.4 0.02

. 0.2 116.9 117.5 118.1 1175405
Soil 2 1.0 96.8 95.1 95.8 95.9+0.9 0.02

0.2 87.7 91.9 87.7 89.1+2.7
Lettuce 1.0 94.9 97.4 92.9 95.1+24 0.02

9 Average of triplicate
Coefficient of variation, standard deviation/mean x 100
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Fig. 1. HPLC chromatogram of soil 1 and lettuce sample (A; soil control, B; fortified soil at 1.0 mg/kg, C; soil sample of 43 day after
application, D; lettuce control, B; fortified lettuce at 1.0 mg/kg, C; lettuce sample of 43 day after application).

22 IZ2ulE 7oA procymidone®] ™F-

[e)
B AR 758 oI, T3 Ee WelEES fiith(Fig.
D). 315E ARAH 02 2 10mgkg T FEM EF 1
S Zbzb 1043+£03, 972+ 1.4%, EY 25 117.5+0.5,

i |
95.9+0.9%, AFE 89.1+£2.7, 95.1+2.4%°|tH(Table
4), o] A3} Fo] TEAIF 71EF WA Aiske
70~120%, WOIAIT 20% ©He] FFE WA tHRDA
and KCPA, 2012).

EY F UFY #He
APl E%% procymidone EF1 ATE A2 271
%} v 4.89mgkgelRoH 43U Fol= 1.87 mgke®
HA AEE AT 27 S 8.53 mg/keol3d

on 439 FolE 2.76 mgkgE ATt A 717+ F
procymidone 13} A4~ g2 o7 ZHFaFo] 7HAsIIT
(Fig. 2)(Ko et al, 2004; Lee et al., 2008; Park et al., 2005;
Park et al., 2011).

A A NS ATE AT C=4.0412¢00
(R*=0.8621), ZLFE AF]T= C=72773¢""% (R*= 0.7868)
oL, o] Aol wEhA AtEE XA 1 A B F W)
= 2% 36.59 oSt}

82 A% A2 7 f<71

ZFREEE 1.46 mgkgo| o
A

™ 362 2 Atk e AT
z7] R 239mg/kg01 Rom 36Y Foll= 0.67 mg/

A AR SN Awk AT = 1331370
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10 A
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8 4 o treatment 2
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0 . . : :
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Days after treatment (DAT)

Fig. 2. Dissipation curve of procymidon in soil 1 (A) and 2 (B).
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Fig. 3. Concentration of procymidone grown in treated soil 1 (A) and 2 (B).

(R*=0.9346), 5% AFTE C,=24851e"?" (R*=0.8310)
o], o] Ao wehr AtEE ¥ AHEY F ¥b]
= 247t 20.4, 23.9¢ ©|3iTh.

AF F URY #HE
I3 AAdF 5 procymidone?] AHFHS AFE 2E]
3592} $8A] 1.12 4 0.44 mgkgol o Ao u}
skl 4395 3 0.62 +0.03 mgkgolATh IF
A2 F 3593 73 A 5F HRE 1.72£035mg/ ke
o] o 43U% 3R] (.82 +0.24 mg/kgR 78l

2 A 5 AREFS Ave AT 2283 3
Al 0.56+0.19 mg/kgol o™ 364F A 0.13+ 0.03
mgke® 7 HAT LEE AYF 2293 £ AEF
2 1.03£0.11 mgkeolRom 364F A 047 £
0.02 mg/kg® 7t th(Fig. 3). 5% Ao 4% 7+
a3zt 36datel Sl E, o) AlE wE Holz
gt

NP2 1904 27] EY JRT o] AE0FEFe 3
T+ 20.96%°13L, 1A= M7 29] 359 35.20%, A
= AT 19] 41930 11.94% ©]3ATh

N

<
=
g}
=

3.0 4 B
25 * treatment 1
— y=2.4851e”™™ o treatment 2
) R*=0.831
S 20T
= [+]
[=4
L2 1.9 and
g i
=
8 1.0
| =4
051 y=13313e%%% -
R*=0.9346
0.0 v ' :
0 10 20 30
Days after treatment (DAT)
1.4 4 —e— Treatment1 B
—o— Treatment 2
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o

Fig. 4. Translocation of procymidone compared to soil initial
concentration.

ANEEA 20ME 7] EY ARE o] e
it 25.80%013L, HIX|= AT 2] 2293F 70.40%, F
AR E 3292k AT 19] 8.81% ©IATHFig. 4).

Al 717F T EdolM 52 #o]EE procymidone
T A 717ke] ARErE sl AR TREC]
o)

R
[e) R
= 2420 A7 ARG =T Aago] ¥E Zle
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2 ZRIF0 ol 5] AAF Sl wWE 54 gt
o3 Aoz ghter),

Procymidone°] A 2]® EgNA 7T, EF)0k <
AR, R STl TS ﬁ?d A3} w2,
5 mgkg AEIA] 3022k AH Dok w5 T AFRFES 110,
1.556 mg/kg® A 2|E% e 22, 21%° 1 3L, 10 mg/kg A
Tl E ZH2h 1.249, 4278 mgkgol HAEE ] 13, 42%
2 FH AT} FASE 7488 Btk (Park et al., 2004). &
4 A2 M€Y $4€ procymidoned =7} 0.12 mg/kg?!
EgA 304 ¥ wiFE ZHREFE 0.013-0.025 mgkg=
10-20% FF0IAL, 0.64 mgkg® 2 AFE B FoME
10-60 A}OI 8 A5l 0.036-0.039 mg/kg TEOE 5%
olslZ wijFol| A HEEUCE GF-29 Fold2 0.64 mg/
kg 4F EFlAM 208 o] FHE AEAlA 0.011-0.056
mg/kg TEOE FESUTHPark et al., 2004).

Procymidone®] 1.0 mgkg 522 AT EYF Al
o Ja 53 AFEe 22 0.060, 0.041 mg/kge] oM,
2.0 mgkg A2 FolME 242 2.167, 0.093, 5.0 mgkg A 2]

TollME 5.081, 0257 mgkeel 77t AEEUch(Park et
al., 2004).
Aol F4 2 Aol

ato] F57F dojutar “BEMW A “ji Holgle Aoz
gz JaL, o sheEA ] SA we S5 9 Kol
Fo] o Aoz BEo] Jri(Chu et al., 2006; Low et
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