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Abstract ion-associated partition method were applied, then
quantitation was done by GC/ECD with DB-17, a moderate
BACKGROUND: This study focused on the development polarity column under the temperature-rising condition

of an analytical method about dichlorprop (DCPP; with nitrogen as a carrier gas and split-less mode. Standard
2-(2,4-dichlorophenoxy)propionic acid) which is a plant calibration curve presented linearity with the correlation
growth regulator, a synthetic auxin for agricultural coefficient (»°) > 0.9998, analysed from 0.1 to 2.0 mg/L
commodities. DCPP prevents falling of fruits during their concentration. Limit of quantitation in agricultural
growth periods. However, the overdose of DCPP caused the commodities represents 0.05 mg/kg, and average
unwanted maturing time and reduce the safe storage period. recoveries ranged from 78.8 to 102.2%. The repeatability of
If we take fruits with exceeding maximum residue limits, it measurements expressed as coefficient of variation (CV %)

could be harmful. Therefore, this study presented the was less than 9.5% in 0.05, 0.10, and 0.50 mg/kg.
analytical method of DCPP in agricultural commodities for CONCLUSION(S): Our newly improved analytical
the nation-wide pesticide residues monitoring program of method for DCPP residues in agricultural commodities was
the Ministry of Food and Drug Safety. applicable to the nation-wide pesticide residues monitoring
METHODS AND RESULTS: We adopted the analytical program with the acceptable level of sensitivity,
method for DCPP in agricultural commodities by gas repeatability and reproducibility.

chromatograph in cooperated with Electron Capture ) . )
. . . Key Words: Agricultural commodities, Analytical method,
Detector(ECD). Sample extraction and purification by Dichlorprop, GC-ECD, Plant growth regulator
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of pesticide residues in products of plant origin in the
European Union, 2008). ©]¢]e]l ¢-2]¢] FRI= d2 §
Aigido] FHketaL Aleb#el o oRE AR AT A
2 ARSI T Vsl AR Yt Ao qfEe]
ek BUERS Arskal ITHMHLW  pesticide
residues report, 1999). F-2uteh= 1968 H ZHi-soF
FUERS AABISI O, 19881 99 A5 0% 17 FoF]
gk 7887 ES e AR olF, AR/ s
432, Wt 68F, FAE 83T = Wl oE RHE8VIFo|
AAx]o] #AE]E T Qi Korea food code, 2013). T3+ 2]
FoeRaetdA = HEolgo] AW a7t Jadt
FoFe O R 1998 E =TRSO UE R *}Oda
Alketo] A7k wipd Fskar glow, I ARE A Sl
A A wkdslar dvkDo er al, 2013a).

AZAAE SAALY] s oFEAKIAA; indole
acetic acid) 7ol Alzolm, 22} AAIhE FA] o]xt]
(2,4-D; (24-dichlorophenoxy)acetic acid)7} sel&% %

72 e 5, ARAR o]gHd of2e AE W T2
=4 7t —71“ wof AgzgAlel Agst AVI7E =t
AF2AA ] FRES auxin, gibberellin, cytokinin %
ethylene 5°] O‘ Jom F7 AL AL HulEz ZAl )
A AL, S|, w7132 9 Al 58 54
o2 ARg-ETHPark et al, 2000).

olgfdt AFF4A| Z, dichlorprop(DCPP; 2-(2,4-dichloro-
phenoxy)propionic acid)¥ phenoxyalkanoic acid 7%
2 (West et al, 1997) <Al fafst oz Azl
fenoprop, 24-D ¥ daminozide®| tA] A= A}-§-¥]o]
< auxin Y AAFRFAZ A9 G} WA o] gHrt
(Agusti et al, 2003). 3%, DCPPE] ¥t} AR #H9
=715 F3M713, Ash Bl AREE A Akl 74
Al Y= ‘4“5]'141”% AzAG 54= Uehd7] sl 5
el It ARgete] ARel8TEe 29 A, Al
F3le 4 SthLee ef al, 2000).

w}aw &+ A MZXM]E AHE-S AL 9= DCPPo]
tistol slell frede sibes thdom b A A
ATE AAstaat 71E AFEd BAHE AWAdste] Algst
L EEHRl AR eR Aesk
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A AT AR AR sAbEY] MEYAS iR
NE 5% 5 7, A4, 15, uF 2 dnls st
911, FAES AA DCPP7} AFHA ko2 &
] 3leitt g AlEs AFETH AEok
"1011 AR AA AF 9 AR g eR
7 ] 30 ]'Oil A 3}8k T{(Korea food code pesticide
residue analysis method manual, 2012), &%(-507C)
of Byslr ARSI
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Dichlorprop 3#5##(DCPP; 2-(24-dichlorophenoxy)

propionic acid, 99.5%)~> Dir. Ehrenstofer(Augsburg,
Germany)Z%-E] 1ato] ARSIl on, Eejglsly B4

Table 1. Physicochemical properties and structure of dichlorprop

TUPAC name

CAS No. 120-36-5

Molecular weight 235.06 (CgHsCles)

Log Pow?" 1.11 (pH 5), <1.00 (pH 7 and 9)

Vapor pressure <1x102 mPa at 20C

pKa 3.0

Solubility 350 mg/L in water

(RS)-2-(24-Dichlorophenoxy)propionic acid O

Cl Cl

Dn-Octanol/water partition coefficient.
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< Table 1¢] YERSIT

AAg] Alekog= E]aiiﬂﬂ%/ Uﬂ%i
°] %%, Merck*{Darmstadt, Germany)= -t 2Hi-5<F
BAg =38 3l oAb QRO E(K,HPOy) 2 9
SPFEFS WakorHOsaka, Japan)®HH S AJoks,
14% boron trifluoran methaol £(BF;-Hghs 4-9)
Sigma-aldrichAKSt. Louis, MO, USA)=FH -¢iste] A
g3tk

o]-/q]E ) z‘sﬂ/\}
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J8te] & AdellA AdES aelth w5l g& &
E2 4% QXA o| 4 89 50 mLE 718k
& o83 pH 12 2453tk ©5 500 mL +<!
721, YEF2 2k 50 mLE 7}eto] 587 7
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UHWW x5k ¥ fEERdess FrES
15 goll S/ A A 55 Fekade] wgkom, o A4S
18] WHgste] okA] Wk tjE 2 2veksy} 8k & 40C o]
ot 8 AellA ek w5 ek w50l g o &
e ek 5 mLEe 7}o}0% Agset &, o] F 2 mLE
Al ete] FHsioith ©71¢l 14% BF-H&s &9 2 mLE
7Fste] 8)4et 5 80CE 4% heating block AellA] 15

Sample 20 g + 0.2 M H;SO; 15 mL + acetone 100 mL

Extraction (5 min) —

Evaporation at 40C

Vaccum filtration with buchner funnel

Reconstitution with methanol 5 mL

‘ Evaporation at 40C ‘

-4% KoHPO4 50 mL
-Dichloromethane 50 mL

| Liq.-Liq. partition x 2 |

Aqueous phase

%

pH 1 adjust conc. HCI

Organic phase

‘ -Dichloromethane 50 mL

Liq.-Liq. partition x 2

Organic phase

L

Aqueous phase

-Sample 2 mL
-14% BFz-methanol solution 2 mL

Methylation (80°C, 15 min) ‘

-5% NaCl 50 mL
-Hexane 50 mL

Liq-Lig. partition x 2 |

Aqueous phase Organic phase

Evaporation at 40C

Reconstitution with hexane 2 mL

GC/ECD

Fig. 1. Extraction procedure for dichlorprop residues in agricultural commodities.
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7 viEsAZe dgstel] os dojxl &2 Ak 9
5% AIPIEFS o]gal 250 mL EZw7| M $7]1,
El
FEAER 15 goll AR $ A% 55 Eekadel
on o] IS 13] HHEalo] obA Wk slAk=3} kel
C olste] & Aol 25t sFsklth HF4 o7
Zof 23] Aol AFEL Eik 2 mLE Alg3ste] AlE

DCPP2] 41> AAEIHAZE7|(ECD : eletron capture
detector)7} A2 7|AARvHET T (Agilent 7890 GC
system, Agilent, Palo Alto, CA, USA)E AHE-3t3ich &
Mg 2802 DB-17(30 m x 025 mm, 025 um, J&W
Scientific, Folsom, CA, USA)E AR} 1, &4 7[A2
T wE7F 99.99% oldel A 7kaE ARGl f55 1
mL/min©% SI3Ivh BEF, 915 2k 280C 2 As)
o] splitless mode 3ol 1 uLE FY3TE o8 &%= %
7] &5 80T ellA 233t fAlakaL 280C7H4] 2 10C 2
EL T F25l0] npx|uEto g 280 C oA 1087 52 A7
Z70& AHgElglon, AE7)9] &t 280 C & Agsioltt
(Table 2).

DCPPS A&l #4L AFFAHE7I(MSD : mass
spectrometry detector)7} F2H Z|A|AZwETHE/ 2
FREA7I(GC/MS : gas chromatograph/mass spectrometry,
6890 GC system/5973 MSD system, Agilent, Palo
Alto, CA, USA)E AH&3I3lth 418 Z¥e DB-17MS
(B0 m x 025 mm, 0.25 um, J&W Scientific, Folsom,
CA, USA)E AHEal3lal, #elxS A7) GC/ECD =71
W FYeh, TpaaEepE gzl AFEAAE7Y A4
SlE o] A 25 280CE 3I¥om, o]Aihr 2L
230C = AAsigich &3, o]=3t WS #7|o]3t W
(EI-mode : electron ionization mode)& A3}, ©]
23} oUA= 70 eVE 313 THTable 2).

=
o
AR 55 Oto g gEE DCPP B4 744

& #
T2 $1213|(CODEX) 7lol=elelel Eato] A4, 348,
A W 2 AQY ToR fad ATe Akt

(CAC/GL 40, 1993).

DCPP 0.1-2.0 mg/Le] kel thet z4zhe] 9=
olgato] HRAES Agsla, 7+ AP
(coefficient of correlation, r?)= T8Itk Ak A=
A Ang A8 Qe HA SHAE visked, 2
4 7)ge s BE Als o) F511(S/N : signal to noise
ratio) 6-10 W5 “-g3ta 9lom, wuld] 24d 7]E
A 715E 838kl ITHICH Guideline, 1994). WA
ol5 ZAR o] WlEZ A H7}3t DCPP AZrtE 1%
oA §/Ne| 10 oldo] Hi w5 #h olgdl vk T
At 28 He sAE AEslth

B

2y
e A o

Limit of quantitation (mg/kg) =
a: dichlorprop®] #H&%(mg/L)
b: HF 345I(L)

w: AAFHkg)

Wl A o] e A7 1(MRL: maximum
residue limit)o] A4 ¥ o] QA &2 A9, FAE, 1,2 %
109 LOQ &&= 38 Alga A= sHgskaL
(Korea food code pesticide residue analysis method
manual, 2012). WP FH ] GedE F7Is] flsted
i, AL, s, o 2 Aol sl 242 0.05, 0.1 2 05
mg/kg FEE N5ES AL 4PN JVYS F
3l WA ARPEIRORRE AL vH0] WA
Azl tigt DCPP &85 AR89l 5
A3 s B7reIsinh

Table 2. GC/ECD and GC/MS parameters for the analysis of dichlorprop

Parameter Condition
GC/ECD GC/MS
GC Agilent 7890 GC system Agilent 6890 GC system

Column DB-17 (30 m x 0.25 mm, 0.25 pm) DB-17MS (30 m x 0.25 mm, 0.25 pm)
Detector ECD (eletron capture detector) MSD (mass spectrometry detector)

Carrier gas N He

Flow rate 1.0 mL/min

Inlet program Split-less mode, 280C
Injection volume 1 uL

Detector program Temp. -280C

Oven temp.

Mode-electron ionization (EI mode)
Source temp. -230°C, transfer line temp. -280C

80C — 2 min — 10°C/min — 280C — 10 min




LEE et al

218
o ¥ nE
BMEH XX A 22
DCPP Js7] S8l 3t

carboxylic acid”]% Qleto] GCE A4 E4eh]= ot
(Korea food code pesticide residue analysis method
manual, 2012). E3t, z}9] g F4 o] Fu G
S5 Q7] el F429l HPLCH O #4o] otk
SHARE, DCPP A Hellis 94 At 5 7] EAsh7] o
ol IS SUAITHE GCE #40] 7hssbn, HE7]
% ECD AHgo] 7Fsslth. EPAIXE DCPP 24O
ECDE ARkl 9lem|(US. EPA method 515.1, 1989),
Ma et al(2009)= ECDZ 4t v} Qlth B3t ECD:
7192A19 A5 Fek Aol e o]8HaL 9lom, S
Uehle #4242 B4 44 370, 94 94270, BE 4
A Es 2o AR TN ol Eirdfolshs Aoz U
A Itk webM BEs-vehe §9lS ARgsto] o e i
g3lslo] GC/ECDE w48tk 4 ZdS S45% 5
719k 540 w2t 71 24 943 DB-175 s
o, T A2 sl £} g2 vl At
split-less ZE5 ARESIGIT o]2lel 7]E} 717] 270 Y
g el Fate] LA o d¥t o] sl V17
F 0% A% DCPP #7554 Fig. 2014 B vkel 3¢
o ofm g e WS WA Adsgkow, ¢ Hele

ol AES eI,

& A Yrlapyel =
B AlolA ok vISA f718HE AR S, A

[e) [IR=4 ;7 =
Wio] AEAo] wo} TR & 8 45 5 Qlvh uf
A FAES R SRS ek Q7] wio] =84
F714mjolHA US. FDA 9 AOACY 25 5o 54

2

| BAKOE AFHE MBS FF $1E AR

(AOAC-Pesticide and industrial chemical residues in

official method of analysis, 2000; U.S FDA-Pesticide
analytical manual, 1999). %3, DCPP7} pKa 3.081 °Fit
d 3gHE0]7] witell pH 1 olstz 28 4§ acid= ©]
< A¢tEo] fr18mE A 7HEETh webs opME &
W EE] 02 M A A7kl AAE A & 58
Ak

il AL pH el o st A7) off-off
AREERITE DCPPE o9 dlE)7ts sheta® o4
Aoxs 784, AHdelxle 842 SAS Uehdoh
2 55 B AR FEES 7L 4% JAkrao]
Y S22 2vere o] &4l whletd acide &7 78
o2 FufE I FA12k 2 v
of WAl fck mEhA whlE tEREdEss HyPoEs
TR A 55 9
dojzl FE AT tA] pH
ks A 7k %
PR ofet 54 EES AAT & itk

Acid ¥H|¢] DCPP+= carboxylic acid”]2] SAC% <1
3l A3 GC o] otk weby FEIE Azt 55 A
A1, WSz AHLast T BR;-HEkS ghof o3 wds)t
&to] methyl ester® AgHst & IS SUIAFILE o]
EA 3 e EPACIA 55 o] Q1= diazomethane¥} &
& A% trichloroethylationHt} 7hdsto] A4/0-&
UERIH(US. EPA method 515.1, 1989; Korea food
code, 2013), ¥4 A&+ 7 NE EFstaL Qlo] A= Sdef
A& FHolut

weba] @3 AEFdolA ] DCPP 2Ht 5o AW
5He] ool AgAj7ke] o€ls) 9 SPE A 3%
7] wiizell vl 71 24 wgo] Q. ARE s
& 3We] ol a2 G5E G, BE-HEE &
8 - mEst A A7) dAE] YR S
A a7 e wlZel SPE YA #g8 A=k
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Fig. 2. Chromatogram of dichlorprop standard (1 «g).
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Sold A A= DCPP 3#5=8-94°] 24143 A|§ 23}, DCPPe] tht /v
2 o] 54 270 thst vlEY A Eol4S A53) A7 099982 953 21X YERNSL M (Fig. 4),
7] S8l A S FHs A, Fig. 304 Hi uhel ol FAAFEASN LS oA A8 r20.95°] A3t}

2o] DCPPe] W32 AZije] ofma Wal24 i WE e RS See Ans SlsItCAC/GL 40,
Gar) AZEA gol, & BANS) & Ry} AEge  1993),
salaigl.

nnnnnnnnnn 10000

2000 000

000

nnnnnnnnnn 10000

2000 o000

000 eo00

s000 000 o000

000 eo00

2000

D-2 E-2

A e " 7 i‘ ‘l

Fig. 3. Chromatograms of fortified agricultural commodities (Brown rice A-1; control, A-2; 0.05 mg/kg, A-3; 0.50 mg/kg,
Potato B-1; control, B-2; 0.05 mg/kg, B-3; 0.50 mg/kg, Soybean C-1; control, C-2; 0.05 mg/kg, C-3; 0.50 mg/kg, Mandarin
D-1; control, D-2; 0.05 mg/kg, D-3; 0.50 mg/ke, Pepper E-1; control, E-2; 0.05 mg/kg, E-3; 0.50 mg/kg).
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Haph| ¥ 848

AR BADINE AT 5 e A4 WS
vlskerl, 2 2 7P 0E /N HIg 610 1A
AgaaL glom, sl A9E JEe 54 /B S8t

3 QITHICH Guideline, 1994). w2 o5 AR djo
ik AlEel H71et DCPPe) FZrke 13ol X §/N H]&o]

10 oPdo] H & s A=tk
wA) 4SS W] Slete] A7) B AR
ol DCPPE 717} 1, 2 9 10 x LOQ(0.05, 0.1 2 05

10

=45 A7ksta AlRE9 A
asign 14 aRrkE e
AlZks BlaLskal(Fig. 3), d=1el

mg/kg) =7t HEF
& AA Bed A9
ZHE A2 a9 vEE

10 17
F-1N

ol o

25000

20000

15000 1

Area

10000 1

5000

¥ =10810.0844 x - 141.0314
2

r?=0.9998
0 . . : .
0.0 0.3 1.0 15 2.0
mg/kg
Compound Standard curve range (mg/kg) Linearity r’
Dichlorprop 0.1-20 y=10810.0844x - 141.0314 0.9998

Fig. 4. Standard curve range, linearity and r? (coefficient of correlation) of dichlorprop.

Table 3. Recovery, CV(coefficient of variation), and LOQ(limit of quantitation) of dichlorprop in agricultural commodities

Sample Fortification level (mg/kg) Recovery? (%) CV (%) LOQ (mg/kg)
0.05 99.61+2.07 2.08
Brown rice 0.10 100.36+1.48 147 0.05
0.50 90.48+1.13 1.25
0.05 85.01+2.37 2.79
Potato 0.10 87.37+1.39 1.59 0.05
0.50 79.38+2.60 3.27
0.05 101.10+3.39 3.36
Soybean 0.10 78.80+2.84 3.61 0.05
0.50 91.33+6.70 7.33
0.05 94.32+8.92 9.46
Mandarin 0.10 89.54+3.56 3.97 0.05
0.50 93.27+2.38 2.55
0.05 102.20+2.71 2.65
Pepper 0.10 98.47+2.91 2.95 0.05
0.50 90.49+3.55 3.93

Dmean values of five replicate with standard deviations.



Establishment of Analytical Method for Dichlorprop Residues, a Plant Growth Regulator in Agricultural Commodities Using GC/ECD 221

80000

70000

60000

50000

40000

30000

20000

10000

o

e A.ml\‘_.

Total ion chromatogram

10000

8000

6000

4000

2000

/7 162.0

10000

8000

6000

4000

2000

9000

8000

7000

6000

5000

4000

3000

2000

1000

4.00

Cl

SQA

6.00

CH;,

Cl

59.1

HCOOH

752

8.00

10.00

BF; - MEOH

109.0

12.00

14.00

nvz 189.1

16.00 18.00 2000 2200 2400 2600 2800 30.00

CH;
OCHCOOCH;

1

2481

133.0

I o I

!.““ \|“‘ H|
60

100 110

120

EEEESELEES
130 140 150 160 170 180 180 200 210 220 230 240 250

Fig. 5. Total ion chromatogram and spectrum of dichorprop standard analyzed by GC/MS (0.5 «g).
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3 A% AdAdS Frleisich 1 A, ARele
A4 0.05 mg/kgolAaL, 3582 3 89.5-94.3%, 7
2} 79.4-87.4%, 115 90.5-102.2%, T 78.8-101.1%, v
90.5-100.4%%1.2™, ¥5AGH(CV %, coefficient of variation)
= g 2595%, #A 1.4-2.6%, 115 2.7-39%, T
3.4-7.3%, & 1.2-2.1%(Table 3)Z YERtt} o] =44
Al eA At g W sl 58k
A= YeRUtHCAC/GL 40, 1993). E3F 7)&Eof| Kol
¥ DCPPe AW s A9t fAkst ZAgo|tt
(Thorstensen et al,, 2000; Inoue et al, 2013; Raina and
Etter, 2010). wWetr] &4k & DCPP HiseF A o2
Al A3kske FRlsisith

SOIAE

GC/ECD% ©]€3 DCPP %4 Z{& A=A
A 24 g 444 g1y 25 GC/MSE ©]4-8
A 2718 A7) S8l DCPPol that gl o] &8 A3}
%Atk Total ion chromatogram(TIC) S Z5-E #Z o]&&
full scan EI mass spectrum< &3l 1 thi %2
To} ot ~2HEYPS Hol: o] &g AEste] A9
A 2218 273t

DCPP eIA3o] 4 o] 7Hwrt wojubaa H)
937} YeR A 92 162.0 | 189.1 o]o] Agst Aoz
UERATHFig. 5). mEkA DCPP2] A4 gl 9l Agel &
A ze] ERlEQly, ol A% AFEMrE FEst

DCPP #49 7ol 282 ofgo|u}.
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