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Abstract (RCF) values of procymidone at different concentration
ranged from 0.053 to 0.123, and translocation factor (TF)
BACKGROUND: Pesticides can persist in soil due to ranged from 0.176 to 0.768 for spinach. The value of TF was

multiannual uses. To decrease the concerns for potential higher than RCF, indicating that the capability of transloca-
carry-over of such residues from treated soil during preceding tion to shoot was relatively higher than that of root uptake
crop cultivation to non-target crops grown in rotation, an and accumulation.

uptake study of procymidone was conducted under the CONCLUSION: Procymidone applied on Korean cabbage
actual cultivation conditions in Korea. can be carried-over to spinach and detected at a level similar

METHODS AND RESULTS: Procymidone was sprayed to MRL (0.05T mg/kg). Therefore, this study suggests a
twice by foliar application with recommended and double follow-up study for establishment of plant back interval
dose according to the safe use guidelines for Korean cabbage (PBI) of succeeding crops reflecting the actual agricultural
up to 14 days before harvest. Arable land was kept fallow for conditions as this study.

4 days after harvesting Korean cabbage, and spinach was

cultivated as a succeeding crop. Initial residues in soil were Key words: Carry-Over, Preceding Crop, Procymidone,
5.670-14.175 mg/kg that were degraded to 3.098-4.555 mg/kg Succeeding Crop, Uptake

until harvest of Korean cabbage, and then persisted at

1.026-1.300 mg/kg by spinach harvest. Procymidone residues M B2
in edible part of succeeding crops from soil uptake were in
range of 0.020-0.048 mg/kg for recommended dose and wal7F = B iAol AAY vEs W tRIEE A}

0.055-0.116 mg/kg for double dose. Root concentration factor S¥e s woF = d EE A E(positive list
system, PLS) 9|8} 2ol gt tf& WRlo = woF Az &
2+5 A1 21(Plant Back Interval, PBI) A4 4 325 94
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HtA procymidone (N-(3,5-dichlorophenyl)-1,2-dimeth
yleyclopropane-1,2-dicarboximide)<>- dicarboxamideZ| X
% W A58 FFoIP AR Y A 5dE 4 MAPK
(Mitogen-Activated Protein Kinase)E #3f|gro. =4 Al
ol 9 Iy Ao | wjie] MAAACE
de] ARH I Slte, 7). felvetelds 27, 2o, i
ool ohal] 13] A A] F3bAle] A 50% ] AlEe
1,0008 348t} ARESlES SHEO] QOEE fFaEAC]
g33] e sEE AEE 1 9tkal & 4 9ltHKorea Crop
Protection Association, 2021]. W&} procymidone< W5
ARSEE Al B 2 AE T AE Lo §8)7) §lom, o
7 Qlel] QIAl = #gel diel] fafsithar wdated 2018
gH-olM= procymidone?l 284E F F7F 555 Al
St = s HE AT g 89941, 2019].

PLSAE A3 A/ 5 A7 % e sihe 5 sk ez
A} A3l procyrnidone% 2018 20771(1571), 201913 9871(20
), 20201 15871(8%1) HEMRLEIE O] 2 T I A
7} o8] Azkst 21 0% LERHT8]. Procymidone®] E% 5
el W)= 2.33-17.609(2FR), olgeol B, 13-60%
(FARE EY), 7-1614(=W A BEHE A AR F
Q5o 5 7 el &3] Wil 2 AAlES S8l
AE70 ol ThsAe 48] Wrke Aart Qlvh9-11].

Park 5 (2019)°] Hi1gh QIBOIA] {5 s1kEe] H2
A

3zt Rg-sok Al wmEn Yoy 5 53] Al

A BAZ g A7t 422(71.2%) 02 7V A ekl
1, Kim & (2013)9] A8 AFelME HAlFe] F2ggo] 3
W3 75% 140 7P A HERTE GATE AEetE o
2 Qlo] o] Fefo] A A9 el HAYe] w5
ohet, Aletel WA el et AlE 7] wiize] ¥
LAl soo] Bol L% 54e] Alth12, 13]. o]t o]
2 Apf71zte] g2 Al 785 procymidone?] -4t

ool whgh ¢-i7t st
1 ATollA= procymidonel] F-41E o84S ZARH ]
el Az idolulEE e o 22% procymidone
o B} T AFFEE 2AKLL, YT el $AER
)

Mz ¥ U

ok ol AlQt

A& &F procymidone M- 2,000 pg/mLE ZAE
AccuStandard® (New Haven, CT, USA)oI|A 7313131,
acetone, acetonitrile %! water=HPLC grade®] Honeywell
Burdick & Jackson Inc. (Muskegon, MI, USA)2| #l|¥-&
¢Jsto] ARE-sISItKTable 1). Procymidone?] 24 S 213l
Phenomenex® (Torrance, CA, USA)2] roQ™ QuEChERS
extraction packets, EN method (anhydrous magnesium
sulfate 4.0 g, sodium chloride 1.0 g, sodium citrate 1.0 g,
disodium citrate sesquihydrate 0.5 g) % roQ™ QuEChERS
dSPE Kit (150 mg MgSOy, 25 mg PSA)E T35 AL
3ttt

F= 4 AAE s AF 7192 Collomix GmbH
(Gaimersheim, Germany)®] t-§% A5 42|48 shaker
(VIBA 330), LABOGENE (t#, thhl=)2] Table-tip, High-
speed Centrifuges 15807} Sigma Laborzentrifugen GmbH
(Osterode am Harz, Germany)2] Sigma Laborzentriguen™
1-155 ARGSISITE 240 Frold Alde SIR o Al
< procymidone 50% <3 [FEHol1E, AvEAlE
Tt ARSIt

Table 1. Chemical structure and physico-chemical properties of procymidone

Pesticide

Procymidone

Chemical structure

Chemical name
Molecular weight 284.1
Solubility

Log P 3.14 (26 °C)

He O Cl
ﬂir\l{ :)
HC o Cl

N-(3,5-dichlorophenyl)-1,2-dimethylcyclopropane-1,2-dicarboximide

In water 4.5 mg/L (25 °C)
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A2l Slgolilel AR AU S S

A QZoluFE v F 2 m x 5m AR
ukg o2 ek AT F EeTE 1 mE Fo] 10 cm
x 10 ecm®] AAUEZ 20199 49 40| skEsto] 36U7F
sl Al §ekQl procymidone® % 5 T -

2 slzouF 9 AlgA]e] A8 TFset A
H PHARE7|H(KCPA, 2019)
of wet A9 Askoleh. AEghe 71E%H1,0008 34,
0.06 g ai./m?) 9 Bi=F (5004) 34, 0.12 g a.i./m?) F &
TO %2 Eo gAste] A F HAAEQ idoluF g
21920194 49 199) 2 14 (20194 49 26%) & 23]
A3

AAEQD QZoE Ast & 497 §F4S 7HH
B wAsE S8l 2y A9E ¢ H vY 2 9
of 21 AlEAE TEste] 2019 5€ 16U4-H 2019
69 239714 4197 A= sk

A% A% £ 0, 7(HER), 7(HEF, DAT 0), 14,
21, 30, 40, 50, 53, 56, 59, 62 % 65%°] A A 02 A3}
ik AH Al HHE 3 0-10 cm 20019 B 1 kg
oA} AFEt] 2 mm AT A FAAER AMEESITH
AE AR F ARE QLOMIFE AT o AT 14
o F(DAT 14)°] A Fehse] Aahal He]e} A<l
7RAR g LRSI A|ekte] A By 1o EoklalE
Bei B2 PEA ARSIon 2 29 AR ool
ofo|A~E H7iste] #A3} o FH 20T o)ake] WEael
A A7k Bl
TAEQ AFAE v 25U E 39 HA0® HF of
AE F 46, 49, 52, 55 9 5893} F 53] A% A}
A EHEe} AR RS 5 Salo|ofo)| AE Hy)sle]
A3l 3 5 A|ER o] g3tk

O

2 2

Procymidone Zt& HA{H

Zt A A& T procymidoned FF 4 A= AF
oJoREQA] 1Al A|2016-1483 9] FAHE Ho| FaEA
FAR(MGL, 2016)2 EthE Al5e] 54 stA HEst
o] gty EYAE 10 g2 AFS 5 5435 94
water 10 mLE #7leto] 1587 W]kt 2H& Al59)
A5 a3 S ket acetonitrile 10 mLE 3718t

o] 1327+ Al AX 2§ shakerd o183 14 XWst H, 4 ¢
MgSO,, 1 g NaCl, 1 g NaCitrate, 0.5 g disodium citrate
sesquihydrate® Wil 2WIHEFAE 10%) st A&
FE3th " $F 3,000 rpm O R 58 FoF AR g
5 459 77189152 1 mL #1351 25 mg PSA, 150 mg

magnesium sulfate s X338k /1 AF%(d-SPE) FH
of ¥ar 1%k A8k 71 % 10,000 rppmO.& 3% et
gt oy WEEQl FE(0.2 um, Nylon)Z ojzsiolom,
#HE AR FZY 1.0 uL¥ GC-MS/MSell F1J4l] s
gl el

ZB-5MSplus [30 m (L) x 0.25 mm(I.D.) x 2.6 um
(film thickness)] capillary column-g 2st GC-MS/MS
(Shimadzu GCMS-TQ8050, Japan)E ©]&-3lo] electron
ionization(El) o2 o]23lslo] HA5I30TE 9] 25+
280°C, ion source?] &%+ 250CE AA3}1 01, column
2E 0T E 387 FA% §20C /202 120C7H4] &
23 ¥ 8C /0% 300C7H] F&sto] 381 A8kl
Multiple reaction monitoring (MRM) J&idS 2t
ol 207 285.00 > 96.00 m/z, %/Jo]= 0% 283.00 >
255.00 m/zE AAsto] 771 E el

3leE A H REY Hz 2

Procymidone %789 1.0 mg/LE T E4 4 &
B 59 Algel 27 0.1 9 05 mL H7kete] o]
0.01 % 0.05 mg/kge] ¥ Ae)d & It 5 9 4
Al el we} 3WkEO R Sad AlEE FHESITE

1.0 mg/kg procymidone %7815 1 mL vialel 0.1

o 1=
mL #H# F FE3], 4719 YO e 2A A

2 720 1 mLE Agsfi3ivh. 4% 0.1 mg/kg H2x
q EFERENT FAE ARENCR Ml PR
& 9% AR HEAE skl

HE FEE 5ok 2715 5(G, mg/kg) gt AR+
E5(C, mg/kg)el WAE UER A5 G = G- e
oM FFH(RE EEILE HF Y T procymidone
O YN YA EFY A= first-order kineticol ek
T=In(2)/ kol th]late] Ar=agith
EY 7 %9 &= FHEE YERE AF F RCF
(root concentration factor):= E% 5 5F2 F%(Co) ol
gt 2 R S 5% 5 (Coo) BIEA oF€]
2(1)7} o] ARESISIT:
Groot (mg/kg)

RCE = Coir (mg/kg) M

50 Y2 F5E o] AYRR ol s J&
YelY:= Al9=] TF(translocation factor)= 2 4]
(')_11:94 %E(Goot)gl' Z]/\O]—l?‘ %‘ %’—Q}:g] %E(C;boot)g H]—;]:”—

2l(2)8} o] AEsITH14].

* o

Gitoor (mg/kg) o)

TF =
Coot (mg/kg)
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Procymidone2| ZtHEAH AHZ

GC-MS/MSE 418t procymidone 2] #A1E % minimum
detectable amount, MDA)=> 0.001 ng, #4112 A%
H(limit of quantification, LOQ)+= 0.001 mg/kg®l3h
th B gl AE 79 AR F procymidone?] % 24
< 98 LOQsS ¥ &3l== 0.001, 0.002, 0.005, 0.01,
0.02 9 0.05 mg/kg w5z ALY AFAE AAsth
1 A3} ABAG(R) 0.9990)d2] kset xS Bt
Zb Alzel disll LOQS] 10¥1(0.01 mg/kg) 2 50#(0.05
mg/kg) TFOE ITEATE TR A7} Table 29} 2
o] 84.0-120.0%, WHOlAIH(CV)i= 2.89.6%= 7/I¥ WA=
A 7159 8948 70-120% 2 CV 10%°]8+E w3t
Atk A Al chromatogram”’e] WallEd> HEe]=] o

k.

oF

Hm

oF = procymidone?| XtZak 3|

Aol Fol AlFAE AulE Ae] B¢ =usiety
S AR A3, B A A9 Rl 445%, vIAk
4.0%, A& 11.5%% 7735} glor #7]=°] 6.9% L%
¥ FEEHN, A7AEE 9 pH 47 dS/m % 622 e}
Wk 2=l o3 5 219 A, A oA A2 §
AFHe EYF AR F procymidone 7|5 A2 TrollA
2.666+0.144 mg/kg, M H2)TolA] 5729:0.363 mg/kg
Aol ol A AxE wof 5 sldoluFe] ¥&
7] okal Eke] "olx] AFE ZoR 7YU § HE oA
AL A 74 1.665£0.115 2 4.162+0.288 mg/kg .= 7t
AT HE oAl AR F ddel A BEF AR F
procymidone®| R 71EH AglTrelA 5.670+0.215

S~

mg/kg, W Aol 14.175+0.537 mg/kgolSltt &
25l QztolulF FEHDAT 14)4 32 3.098+0.332
2 4.555+0.531 mg/kgel3ith. Eokel A4S sto] &
2zl AlEAE 3Es 7 £ F procymidoned] 4
& 7l 2o AETrelA 2.41140.137 9 2.530+0.353
mg/kg O & YER} 22.2-445% 7ASIGlth B F tHrs
Ok ARAY R Q3 Bk Wigt 9 B £3 3Ma
W5 R AT F U Gl & F AUTH15]L
HE oA A F7H B T procymidone®] 8414
A WskE AR A3 7 sl sl 1Ak A5 A
O % Fhaehs Z o0& YEhgt) 7w AT 1HAas 4
& C=5.6592 + &% (R*=0.9655), W& X272 B3-S C=
10.8295 - %% (R=0.8869)% ZAHK)7F TEH9IL o]
ol w2} first-order kinetic 2ol t$)st E%F % procymidone
o] P )= 71 Al dial 2674, Wi ATl
& 21.0¢0]30tk ©]= Hwang 5(2017)2] @05 A5
E%F & procymidone? 23l WH171(20.4 9 23.99)¢}
AR 710 % UERsiTHe6].
FAER AlEAE Aulehs 5t EYF F procymidone
RS HF ofAl Aol vl 81.9-90.8%, A=Al 3t
% Z(DAT 23)°l| H|&| 48.6-57.4% -3 U AAwo] HE
Uof| 71 A TollM 1.02640.056 mg/kg, HlFF A
A 1.300+0.122 mg/kg Z7F3tSitHFig. 1).
S5 Au717E 539 EF F procymidone
il 5l AAEg oy, A os A= A1zt
3 2 A4 SErFwE W, S A7 et
7F dA8] = AlE Zo® UERTh ol soko] B
% 9 9kgahs ARte] S7KHaging)oll whet F2E
S A=A o8t AE AAAA AR &

Z0157] Yol Yehts A3tz Abrdt17]. webd 2

[
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Table 2. Recoveries for procymidone analysis in soil and each crop compartment

Fortification

Recovery (%)

Sample level 2 b) LOQ
(mg/kg) 1 2 3 Mean”+ SD”  (mg/kg)
Preceding Soil 0.01 120.0 120.0 110.0 116.745.8 0.001
crop 0.05 110.0 103.0 104.0 105.7+3.8
Shoot 0.01 91.1 100.0 84.0 91.748.0
0.05 99.8 111.2 105.6 105.545.7
Root 0.01 99.2 102.2 90.0 97.146.3
0.05 111.6 114.6 108.4 111.543.1
Succeeding Soil 0.01 118.0 108.0 98.5 108.249.8 0.001
crop 0.05 94.4 107.0 91.8 97.7+8.1
Shoot 0.01 117.0 98.5 118.1 111.2411.0
0.05 99.8 109.6 106.6 105.3£5.0
Root 0.01 104.0 94.0 88.0 95.348.1
0.05 95.2 92.0 109.6 98.949.4

¥ Mean of triplication; ® gD, Standard deviation; © LOQ, Limit of Quantification



Carry-over of Procymidone from Treated Soil to Succeeding Crop 207

--Cr-- Recommended dose
—@— Double dose

120
~ loo0
o
=
< o080 f
@
=
= 060 |
E
]
g 040 |
%]
020 t
0.00 : :
0 10 20

40 50 60 70

Days after treatment (day)

Fig. 1. Degradation of procymidone in soils treated with concentration
of recommended dose and double dose during preceding and
succeeding crop cultivation in rotation.

Aol KEE A[E7IE 9 EYF S procymidone?]
a Wl A HoR YEhAIRL R 71 Bl A%
M AR PR i Bl A&Hor 7o ok
= AREE A A old Vel Eal obd Ao dhd
k.
HEE & procymidonel| THEEf

QRaARg Izl whet 7o} 149 A7HA 23] A "EL_‘—'E% s
ofelio] e8] v ¥ Fresio] Al SidollF & FAR
_Q_

ARSI SldoluljF APt F AR 75 ﬂrﬂ Al
25.207+0.423 mg/kg, Wi AL A 136.12148.846 mg/kg o=
e O, okl = procymidone®] F%7F 500 2 1,000
mg/kgo]j_y xlt' = tﬂzlgb 7@ 7} 0.1~30% %= ;(H o}g]
e RIS W HEF oAl Ax 4 & [T+ 9l
TEds & T A8, 19]. A5k A¢ 7=l
A 4.43040.024 mg/kg, BlFolA 4.625+0.066 mg/kg =
735 A ofoljo] ko] HojAHA Aok el F-AE
At FAtE] o] ZFgE 2107 Al ety DAT 140 9A] ¢
gt Azkm SldopF A Bl At & AREE VIS

A 2]l 5.47240.576 2 1.059+0.039 mg/kg, I z%ﬂ
ToA 8.29240.313 4 1.147+0.027 mg/kg o= @i‘é}‘,’it}.
Sizou)So] that procymidone?] =] 73875 &

Al QAT dist 15 38710 0.05" mg/kgel A
% Hollont, o] 718 A Y AR EIIELE 2021
W7 dxA o w A8H7] wiie] PLS dE71R! 0.01
mg/kg ¥ B3-S W SidolulS F procymidone?]
TEE olF 2Aes F FEolqlth

—’FOI

II|0|I
02&

Procymidone°| SIS

QIS AR Eodell] A%ANG S Al
2] & procymidone?] -9 FH7%E- Fig. 29} £t} DAT
46%E] 58714 3% (A= 53] —*rzh? AEA AP AR T
procymidone?] 3t FFgE 71 A2 TelA 0.035+0.010

mg/kg, HIFF A2]TellA] 0.084+0.024 mg/kg®lTHFig.
2A). A=A A 5 procymidone®] Hit RS 7S
& A2 TolA] 0.110£0.034 mg/kg, W= HelellA] 0.146+
0.043 mg/kgATtHFig. 2B). A&E Al A] Efol e
procymidone> $2H8 AlEAIZ Fpold Hglon, 7F 5
A R BAA AT HehA O}OL‘? o= E
GO 2HE procymidone®] HElE FIl FrEE o
AFE2e ol Y FAkAgo] gl dojur] el
Bt A3 dEchi4].

A Fefubetell BA4® A5 F procymidoned] %
Fold71E AAE A A, GATFl g s &
751871 0.05" mg/kgs A&3  olrk & A7-Awe}

Hwalyg S o 25 ’\]JX] % procymidone®] 7
e AT Bf = ’5W oo} kgt pEoletar &
T o, wiE Ao A ek AR Uk
i, Al et 38 115 sl 871sol AHAE 7
%, PLSAI%e] whe} 0.01 mg/kge 2&atA Hu, + A
27 B MRLS Z3b8to] #48 #4s s Zlo% 3
kel

er].Z b

e

Procymidone?| 40|
o 4 5oF) 2% Fo0lele] thet AT Tt B
A4 29 9 woke] skl 54 58 wld 4w
24 LS FB oS Ak PEe) 1A= Yok, o,
AA Aol A% RCF(root concentration factor) %!
TF(translocation factor)#ko] 7 712421 AlZ AR
i ek F AFE S procymidone®] EFOIA AlEA|
B2 Fed el AR oldss AEd A
Y= Fig. 33 2tk Alwell ti$t procymidone ] RCF#E-
e ATl A9 0.053-0.123, wiF AT
0.063-0.120°. % F5&8 A}l Ft 0.088% rH=H T
$3h, TRak 7152 AglTtelA 0.176-0.449, v A 2]t
A1 0.424-0.768% W A2l Al B A AFEHSIL
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Fig. 2. Uptake concentrations of procymidone in shoot root of succeeding crop during spinach cultivation(A: shoot, B:

root).
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Fig. 3. Root concentration factor(RCF) and Translocation factor(TF) of
procymidone from soil to root and root to shoot.
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o] stk F7FFEH20]. SFAE 2 qlrell M "%51 RCF#t
< 0.1 mRto g Ads] whgron, TFgke] 74 15tk 24
RF RCF@EGH 7 Uepstth 5, B9 XHT procymidone

Al R e AR AEAdE S S A
Ao AR olgidol ekl & 4 Stk RCF#k}
wokel mElstetd SA9 el dig @2 AgtelA
RCFghE 5] log Kow st F<] IS Mol B I
o] 275 RCF7}F 2 %S Hols Zlo% Haska gt
[21, 22]. Procymidone®] log Kowi= 3.14% H|w 2] H]57]
wooll ¥t & 4 glod, HERe F4sol vl uet
oS k] 2E Foels weke] SRlEkeA ool A=
S5 9F= 571 wel vehd dste ke 53
AR B e] 7 ZHEeE Aol Fo] gy ejolng
7 7Fsst o] Ao} Bk T procymidone®] &7}
A | AoE AbmEch vy, procynudone«] /\] 2o o

rlo

32

woll thet Sel vk w2 Adele Erstal AlEA| A 7
T Eek A W et 257k 277C R AR AP E(10-2
0C)Bt} o} AlEA9 T5o] Fhasha] Faksrel oJsf B

/d &kl procymidone?]

= Az
olvt Atz Abr et

o%o] o gol

)

1o

Qg e procyrrudon e Aydek Eokol| 253

5, o) FAES AR FoF 1 FE] AR olF
[e]
N

O

=2 0
T A% Btk & ATelA sigolulS 8 & Al
&<t procymidone?] E%- A
71=% #2A] procymidones> Fig.
of] et nke} ko] okl 89.7%(1.026-1.361 mg/kg),
A] 2] ¥2]o] 7.8%(0.072-0.163 mg/kg), 7HIHQl A4
ol] 2.5%(0.020-0.048 mg/kg) H-Eah= 7 02 UpEkyte).
2 2] Al Bl 88.0%(1.300-2.252 mg/kg), A=A 5
oll 7.7%(0.106-0.207 mg/kg), A’d5-ol 4.3%(0.055-0.116
mg/kg)E AXE L9 TA glo] EY, e, Al vl
sk P2 BT

e
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Fig. 4. Concentrations of procymidone distributed in soil and each compartment of spinach during experimental period.
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