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Abstract METHODS AND RESULTS: Three QUEChERS methods
were applied to establish the extraction method, and the EN
method was finally selected through the recovery test. In ad-
dition, various adsorbent agents were applied to establish
the clean-up method. As a result, it was found that the recov-
ery of the tested pesticide was reduced when using the
d-SPE method with PSA and GCB, but C;3 showed an ex-
cellent recovery. Therefore this method was established as
the final analysis method. For the analysis, LC-MS/MS was
used with consideration of the selectivity and sensitivity of
the target pesticide and was operated in MRM mode. The

BACKGROUND: Dichlobentiazox is a newly registered
pesticide in Korea as a triazole fungicide and requires estab-
lishment of an official analysis method for the safety
management. Therefore, the aim of this study was to de-
termine the residual analysis method of dichlobentiazox for
the five representative agricultural products.
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results of the recovery test using the established analysis
method and inter laboratory validation showed a valid range
of 70-120%, with standard deviation and coefficient of var-
iation of less than 3.0% and 11.6%, respectively.
CONCLUSION: Dichlobentiazox could be analyzed with a
modified QUEChERS method, and the method determined
would be widely available to ensure the safety of residual
pesticides in Korea.

Key words: Agricultural Product, Analytical Method,
Dichlobentiazox, LC-MS/MS, Pesticide Residue
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t]Z 2 HlE]o}:~(Dichlobentiazox)+= AFF-FEA oA
WHAEE thiazole] AtAl® AEe] Ae)dit AR5 243}
AA B A S FEFeEN WAl adE el =4
ol g3}4o]t1]. Dichlobentiazox:= n-octanol/water
A (Log Pow)7t 3.4% BISA] shgtEolm 4F 75 3
=2 3t8H4 542 Table 13} 2tk

Dichlobentiazox®] ¥ 282 U:(Food Safety
Commission of Japan, FSCJ)ollA] W1E(7), 7-d2] @3]
te} 7%3/d(hyperplasia and hypertrophy) % 4o]=|%
SEAF R/ #84 (hypertrophy / hyperplasia)©] 312+
W (carcinogenicity), 42]55/d(reproductive toxicity),
#7184 (teratogenicity) % %54 (genotoxicity)< HE}

Table 1. Physicochemical characteristics of dichlobentiazox

WA =tk B sk e tis) 23z vHdsAd /et
A Aol H# NOAEL (No Observed Adverse Effect
Level)S 5.03 mg/kg bw/day® 4743}313, NOAEL®]
FAATF 1005 2-8-sto] L3 -EFHAcceptable Daily
Intake, ADI)E 0.05 mg/kg bw/day®= A733tH2]

Dichlobentiazox®l ™t =& ke & 7887+
(Maximum Residue Limits, MRL)-> oA &njof of
&to] 0.01 mg/kgo = AAE] glow, Haletavks ARsE
o] Fo=z HAAske] Ast ¢ty FYA(Codex Alimen-
tarius Commission, Codex), rH(European Commission,
EC), "]=(The Electronic Code of Federal Regulations,
ECFR)4+= dichlobentiazox®l o3t Wx9] 7|3} 2
£ Aot AAEo] 9A gt w&E F ARES e
ZA75H=H] total radioactive residues (TRR) ko] 10%
o]dolHA] 0.01 mg/kg ool 7e W Ei= TRR %ol
10% mIRk]A|¥E 0.05 mg/kg olde] #H7a uf T2 i}
AHEE AR EOA = YR AERbdL] 3] AEQPdE )
Aol wZw Akl M1, M2, M3t g8 wigto|gl
o, M4gt Ml4= Hd574d0] ofetal =] Edwo] A9
A 0% Yeyit) olo wet o] Ag- A=l A
9l& dichlobentiazox E313taEZ g3slo] AT ogoz
P B E flste] AN whdo] Fastth

H FuUle] sl wpzd whHo] 7hdshe tiekst wjd
o5 Al AW /NS skt QUEChERSH(quick, easy,
cheap, effective, rugged and safe)o] A5 3ItH4-10].
QuEChERSH> oMHEHUEHS % §ul|Z AHgsb, +

Property Dichlobentiazox
Cl Cl
i
N \ Q
Structure s i
N~
o
IUPAC name 3-(3,4-dichloro-1,2-thiazol-5-ylmethoxy)-1,2-benzothiazole 1,1-dioxide
CAS no. 957144-77-3
Molecular formula C11HsClLN, 055,
Molecular weight (g/mol) 349.2
Exact mass (g/mol) 347.91
Melting point (C) 172.5-175
Log Pow 3.4

Vapor pressure
Solubility in water (mg/L) 0.36

acetone : 45
methanol : 1.6
ethyl acetate :
acetonitrile :

Solubility in organic solvent
(g/L, 20C)

7x10” Pa (25C)

23
24
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Table 2. The list of collected agricultural products and results of residual analysis

Type Agricultural product No. of analyzed samples Residue (mg/kg)
Citrus fruits Mandarin 9 <LOQY
Leafy vegetables Chinese cabbage 10 <LOQ
Grains Hulled rice 10 <LOQ
Beans Soybean 6 <LOQ
Chick pea 2 <LOQ
Kidney bean 3 <LOQ
Black soybean 1 <LOQ
Rhynchosia nulubilis 1 <LOQ
Root vegetables Radish 10 <LOQ
Onion 10 <LOQ
Fruit vegetables Green pepper 10 <LOQ
Tomato 10 <LOQ
Root and tuber crop Potato 10 <LOQ
Pome fruits Persimmon 7 <LOQ
Apple 10 <LOQ
Soft persimmon 5 <LOQ
Drupes Peach 9 <LOQ

Y Limit of quantification

FEAEIE Y AHEES AUkt AA T 2 3
HEAE AL salting out UE|E FEENY B F&
Telato] % G835 Fol WHolvth Eg pHell Wz
AEEs BEHOR FE] Aot oMEARS S of

m o
fol

EUEYY acetate S WOl FE3H= AOAC 2007.01
3t citrate 9 H7kete] FE8R= CEN 156621°] Sl
4P SPEX(dispersive-solid phase extraction, d-SPE)
oA AHEEE TSIl (MgSOL) & 5 F Al
HolBlE T At FEH SAEE ol A e
primary secondary amine (PSA)& F%9 5 (-) det=

© 7714 & AASH3]. E3F octadecyl (Cig) A4
W 2e 54 1 =45 AlAsk, graphitized carbon
black (GCB)< ~HIEERE ofvel 273, 7h2E wo|=
T AAE A 14].

b 2 Al AE T ARE 5 U dichlo-
bentiazox?] HI#EE Fl3l i aHE 5EH(AY, 1AL

=, 22, 13 o S Aste] dichlobentia-
2ox8] RFFE7IE A 9 ARBFAALE AF 2
W2 vhelsha skl w8 A 77 A9, 19, o
A, 9, A% A% 45 1) dEviEere AT 5
AHE 123715t o2 dichlobentiazox®l tgh A EE
glaqik

)

-

Alet & xi=
Dichlobentiazox(99.8%) - TH]otolsleta 452
Aol ARkl AMEBILa, oMEYESE HPLC 5+

S % Merck (Darmstadt, Germany)°lA ¢jste] ARE-a}
Ak EZFARS Sigma Aldrich (Buchs, Switzerland)ol|4]
TRleict Sl AHEE Al9Kkit (Part No. 186006813)+
Waters (Leinster, Ireland) Z5E Tslo] ARgslion, &
Aol AR A|2Kit (Part No. QM9AC)= CHROMAtific
(Cacilienweg, Germany)ollx] T+¢J3}Sitk. wluzQl HE
(PTFE, 0.2 um x 13 mm)i= Teknokroma (Barcelona,
Spain)elA] FJstglom A= AEadelA sk o
E FAE 535 @|(F, hulled rice), 7H2HA1H, potato),
OF(77, soybean), Z2(Z4F, mandarin), 154,
green pepper) 57 F50F SANES Tlsto] #Asd &
e &7)el Hob 20T olate]l Hystal A3l AHE-SIA
ok AT BUEE AR 2 237, 2R 97, A5IA
T 103, A 207, Hpel 9] Ikl 2073, A1 107, <
It 227, I 9710 R M 7 A9 1171 ke
A FEEL Qe s 8F S st v & U
TE §7]0 gol 20T olstel] Bykatar Aol ARg-aFlT
(Table 2).

HEHY o BESMUO ZH|

Dichlobentiazox %% 20.04 mgs 20 mLe] oHA]
EYEY : 5(90 : 10, v/v)el &3lste] 1,000 mg/L2
EFANS ZA8ISITE Matrix-matched calibrations ¢l
al A FAHe FE9 900 uLel 2.5 mg/L EFEY
100 uLE ¥°] 025 mg/L ZEF=§0& A% 5 0.0025,
0.005, 0.01, 0.025, 0.05, 0.125 mg/L2] =7} H =%
Ate] 90% ©]742] matrix”’} 4 7Fe matrix-matched

FHANL AN BEAN) FFEANS BFE 2

b ot
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o Bot 4Tl msto} el AHgIsic,

F& 2 HA|

AAE sl tAsst $ 5 g3 U TR 2F 1 kg
S E5tete] EFA 420 umE FHREES % $ 5 ¢, A
T, AT 9 Aaie o1 kge B F 5 9)S AU
o} 50 mL el de] W= 2 778 B9 =5 mL
A7t & 3087

it 19 $ Tkl 4 gt AER 1 g,
THIOIHEE - 1558 05 g TMHMMEER - 2573HE
1 g& 7kt 133 &5 $ 47, 4,000 gollA] 1073 944
Helate] AN 1 mLE FHsISIth Fr3Alnk1ul(MgSO,)
150 mg¥} octadecyl (Cis) 25 mgo] ©1! 2 mL 42|+
o 44N 1 mLE 7lstar 3027 eFrunb] 58 o] 45t
FH3] T3 5 0]5 47T, 4,000 golM 1087+ 94 2l
Atk Al Aol ME Q] FE|(PTFE, 0.2 um)® o2
o T AldgHow sl
LC-MS/MS 2MXZH

Dichlobentiazoxg 413}7] 98t LC-MS/MS (Shi-
madzu, Kyoto, Japan)E ARSItk 418 AHOR
Luna® Omega Polar Cig (2.1 mm LD. x 100 mm L.,

3.0 um)= Agstgion, olFdo® 0.1% EFA]
¥ oREYUERN 01% EFAT] €
Ae] 7127] &2 S A8l 4

5} W22 ESI (Electro-spray ionization)'H €] positive-ion
modes ARSI O™ LC-MS/MSS] #4572 Table 3
o 2.

Al R84 HAS

¥ dichlobentiazox 2] AW 2o oReqkdA] 2]
FooFERbE ] ‘AFE T A vk AL #@
st 7] =ElRI(MFDS, 2016) ¥} ‘CODEX 7o =2R1I(CAC/
GL 40-1993, 2003) el <AZE A& (selectivity), 2414
(linearity), A&$H7(limit of detection, LOD), %3]
(limit of quantification, LOQ), ¥¥J(accuracy), "H5"3
(repeatability), &]5&(recovery)el sl FaAS HSst
Atk AEAdS B89, FAY AR, EFEds A7k 3
TE AR ARrtE TS AZ vlaste] gRlaglnh A4
A Bl BFE9S 0.0025-0.25 mg/LY] wEUF HEE
A FAY FEAdoE 3AMste] 7t w5 Helel gt
peak?] WA O% % (matrix-matched calibration)<
g8t o, Ae el A A4 (coefficient of corelation,
g Foelth T3t A2rkE T Aellr] A5 (signal) U

Table 3. LC-MS/MS parameters for the analysis of dichlobentiazox

Condition

Content

Instrument

LC: Nexera X2 UPLC (Shimadzu, Kyoto, Japan)
MS/MS: LCMS-8060 (Shimadzu, Kyoto, Japan)

Chromatographic separation

Column Luna® Omega Polar Cig (2.1 mm LD. x 100 mm L., 3.0 um)
Flow rate 0.3 mL/min

Injection volume 5 uL

Column temp. 40T

Mobile phase

A: 0.1% Formic acid in acetonitrile
B: 0.1% Formic acid in water

Time(min) A%) B(%)

0.0 50 50
1.0 50 50

- Gradient 20 70 30
7.0 100 0
8.0 100 0
8.1 50 50
10.0 50 50

MS/MS condition

Interface temp. 150C

Heating block temp. 400C

Desolvation line temp. 250C

Heating gas flow 10.0 L/min

Nebulizer gas flow 3.0 L/min
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F&(noise)B|(S/N ratio)”} 242+ 33} 10 o]io] HE &
£ LODS} LOQE d3stsict Al Aed#} vk
i 5 5% thaled LOQ, LOQ 104, LOQ 504K
L7 HEE FAE ARl 5HHE AEst & AlsaiA T
FTUS o FAEte] Hf 48 EHAKstandard
deviation, SD)& Alksto] F7keole. Al ] A2 3
TA2AE o o ERb A 7 AR AT AF(Inter-laboratory
°

validation)S A8}l Ho)Al9(coefficient of variance,
CV)E Fsto] grlsilck

10 ot

k)

742} al
FE£ 2 M= &
Dichlobentiazox= Log Po2 %ol 3.4¢1 ¥]54d &3t
=5 pH 4-10°1A4 vlallg] A2 EAgh disok A
GAb oy Uiel] EAlsta, Al =97t e ® 3}
wol 7] wiitell ol& FEs] flaliM= A Wiz A
F7F golgt 84 F7I18ME ARSI = 2 A
el AL 7 AL AAT Qs M
SPEXlS 2]83dh= Zlo] £5 Zo7 wdyglon, o]F 4
43= QuEChERS Y& 7HES&} ). Anastassiades 53]
o] 7I3t original 17} acetate Bi= citrate H¥E o] &3}
o] FF3h= AOACH Y CEN 156621[11-13] H]w3}%1
o U sAhE 5E(Ax AR A = 5 mL 37F 5 308

Wx))S o] 8ato] QUEChERSHY Al 7HA1¢] 3583} matrix
effects H|wst Ay} AAH 07 giEanst 5 a &S B
% o™, matrix effect= Z-E7F 2}o]E Holx]| 9FQITHTable
4, 5). Wb H sAEEA R el CEN 1566272
o] &gt FAITHIRE A& ARE-staL Qlan, 2Jok7E At

I Qs AR Al FRAe fl8ke] CEN 15662
He 72 Pow gRjsisich

PSA, Cis, GCBE 74 235t 27
STk MgSO48t PSA, Cis, GC
£ 53%% g kil 7P B A 07 ARE-Sl= MgSO,
9} PSAE &3 UM E 3]580] 164% = Sob A5
A o2 Zlo R FRIFGITE MgSOs8t Ciss E51et 2719
A1 100.8% % 718 93t 3788 H3loH, MgSO,8t PSA,
Ciser S8 A5 33.7%= At kol MgSOs8} Ciser
23ket 278 HE JARHP R FRSIItHTable 6).

s}
it
b [

7171 2M = =g

Dichlobentiazox?] %% HW(Table 1) W= g3l
291 WA 2] 9} -O-, C=N# 2 BAehs xgketal
HPLC-UVDE ©]&8 40] 7hgsht, wlws A
12 R SRR 24 s dHs skl
AEEZ A2 A E(positive list system, PLS) T4l u}
0.01 mg/kg T2 LOQE &1 + 3= LC-MS/MSE

e e 2

Table 4. Comparisons of QUEChERS extraction for the determination of dichlobentiazox in samples

Mean recovery + SD* (%)

Sample

Original AOAC 2007.01 CEN 15662

Hulled rice 782 + 1.5 775 + 0.7 749 + 0.3
Potato 824 + 04 85.6 £ 1.1 824 £ 0.8
Soybean 89.1 £ 3.9 920 £ 12 86.1 £ 25
Mandarin 103.9 £ 0.7 105.9 £ 2.0 992 £ 03
Green pepper 84.8 + 2.0 86.0 £ 1.0 83.5 £ 28

*Mean values of 3 times repetitions with standard deviation.

Table 5. Comparisons of matrix effect between QUEChERS extractions for the determination of dichlobentiazox in

samples
Sample Matrix effect®
Original AOAC 2007.01 CEN 15662
Hulled rice -11.0 -19.5 9.6
Potato 1.1 2.2 -0.5
Soybean -48.8 -48.7 -56.6
Mandarin -48.4 -45.1 -45.2
Green pepper -73.4 -75.3 -74.4

*Matrix effect(%)={(Peak area of standard in matrix-peak area of standard in solvent)/peak area of standard in

solvent}x100.
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Table 6. The clean-up efficiency of dichlobentiazox according

to adsorbent composition

Sorbent

Mean recovery + SD%(%)

MgSO; 150 mg + PSA 25 mg

MgSO; 150 mg + Cig 25 mg

MgSO; 150 mg + GCB 2.5 mg

MgSO; 150 mg + PSA 25 mg + Cis 25 mg

MgSO; 150 mg + PSA 25 mg + GCB 2.5 mg

MgSO; 150 mg + Cig 25 mg + GCB 2.5 mg

MgSO; 150 mg + PSA 50 mg + Cis 50 mg + GCB 7.5 mg

16.4 + 0.8
100.8 £ 1.1
61.5 £ 2.1
33.8 + 1.7
16.5 + 0.6
59.3 + 0.5
53 +£03

*Mean values of 3 times repetitions with standard deviation.

Table 7. MRM (multiple reaction monitoring) conditions of dichlobentiazox for analysis in ESI positive mode

Retention Mole?cular Exact mass Precursor ion Product ion CE’
Compound time (min) weight (g/mol) (m/2) (m/2) (V)
(g/mol)
166° 22
Dichlobentiazox 34 349.2 34791 349
196 12

* Quantification ion, ° Collision energy.

7172 st Zk
A% A=A BT Bt bed Cs Y A Addst
AL, &8 WAL 01% EFAE T oPHEUERR 0.1%
EFA S TS olFNoR she 727] &8 WS
AEEgicH15]. ols7del AH-gt LFARS protonation en-
hancer@A4] dichlobentiazox #A}9] [M+H]" ©]2 A§/de]
golatAl zgailtt. i 9] o]2sPH o= ESI Y
positive-ion modeE ARSI, et w2 NS ulE
S & TIC (total ion chromatogram)$} mass spectrum=<
Fall #HA SAolg A7%stal SIM (selected-ion moni-
toring) 0% #4138}%lt}.  dichlobentiazox®] #5 A2
34791 g/mololH FFEEH(0.1 mg/L)S AT &
(10 uL/min)= A% AZE71l A3 FUT 23} [M+H]" 9
Bl ATE 349 m/z ghow FRIsISitt w419 AE s
HE RS S S8kl MS/MS 24 Al MRM
(multiple reaction monitoring) mode® ++4]3}31t}. Col-
lision energys Z43to] 22| precursor/product ion
pairs A7gsI8lal, 7HE =2 FHEE Kol product ions
dol(quantification ion)°%, Thyo® IA AEHE
product ione “g/d°](qualification ion) 2.E A3}3th
AN APE B4 o3 HA 9] collision energy+
Table 70 WERSITE ®3F LC-MS/MS &4 A 74| & 5
/el ot} i Y] ol 23t A% e Sl U
B = Qlor® 559 wAiks Aol tial] matrix-matched
calibration el 3ol HZsISich

AEY REY 4

REECIRER

o O

#E8, FAYAE, FFEENE H

>

159 AZvlE 1385 vl Wk A3} dichloben-

5 AR AR o Ael(m/2)7F 22 Bl
=4o] HEHA| Pol & AFHo] H& Felv Agds

& SASUTHFig. 1). i 589 A2 =
doz sAet EFE 0.0025-0.25 mg/L2] FEE matrix-
2 Agsle] 25 #1e A7 0.9980-
298 JeERNITHFig. 2). A74g LOD
o} LOQ=E AlAFet 23 0.003 mg/kg, 0.01 mg/kg® e}
stk ojejst Avk= PLS E§10% gt 2738 87]Fo] 4
ato] QA % AR =HFE 71991 0.01 mg/kg Tl
e = Qle Aolnh Al AT WA dix
SAHE 5] tigte] 0.01 mg/kg, 0.1 mg/kg, 0.5 mg/kg
o L= A e & 5WH HAS 5y Ay Ht &
2 79.8-100.7%°193, BTHARE 3.0% ©lstz ERlsict
(Table 8). ¥ ZA¥= CODEX 7}°|=2}¢)(codex alimentarius
commission, CAC/GL 40-1993, 2003)2] -#F5<F ¥4

d

7)E B AEorERE e A 5 AlEY v B
Tl W Tho]=eel(2016) o ARTHE AT S 9
At

AlSHA
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Fig. 1. Representative MRM (quantification ion) recovery chromatograms of dichlobentiazox (349>166) corresponding to;
(1) matrix-matched control, (2) standard solution at 0.025 mg/L, and (3) recovery test (fortification : 0.025 mg/kg) in
(A) hulled rice, (B) potato, (C) soybean, (D) mandarin, and (E) green pepper.
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¥ = 16,691.0353 x +20,354.0321
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Fig. 2. Matrix-matched calibration curves of dichlobentiazox in (A) hulled rice, (B) potato,

(C) soybean, (D) mandarin and (E) green pepper.

11.6%°15F= UEFtTable 8). weh CODEX 7jo| =g}
Q1(CAC/GL 40-1993, 2003)°llA AAs A&A7F A% 7]
T+ B A eleRERE M) Thel=eiel(2016) 114 AR
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Table 8. Validation results of analytical method for the determination of dichlobentiazox residues in samples
Sample Fortification Recovery + SD*(%) Ave! Ccve LOQ!
(mg/kg) Lab. A’ Lab. B (%) (%) (mg/kg)
0.01 100.7 + 0.7 82.1 + 4.7 91.4 11.6
Hulled rice 0.1 939 + 14 81.0 + 2.7 87.5 8.4
0.5 86.2 + 0.7 826 +22 84.4 29
0.01 89.9 £ 1.7 923 £ 1.5 91.1 2.2
Potato 0.1 798 £ 1.9 86.9 + 0.5 83.4 5.0
0.5 87.0 £ 1.8 87.8 £ 1.8 87.4 21
0.01 84.2 + 2.0 756 + 4.2 79.9 7.0
Soybean 0.1 86.7 £ 1.7 76.1 £ 0.4 81.4 7.3 0.01
0.5 804 + 1.6 759 + 1.4 78.2 3.7
0.01 98.9 = 1.0 98.1 + 3.3 98.5 23
Mandarin 0.1 947 + 1.1 99.5 + 3.7 97.1 3.7
0.5 91.1 £ 1.0 97.2 + 4.2 94.2 4.6
0.01 98.7 + 1.4 95.1 + 3.8 96.9 3.3
Green pepper 0.1 854 + 3.0 877 + 14 86.6 3.1
0.5 90.8 + 1.0 87.6 + 22 89.2 2.6

®Mean values of 5 or 3 times repetitions with standard deviation

" Ministry of Food and Drug Safety

“Gwangju Regional Food and Drug Administration
4 Recovery average of inter-laboratory

¢ Coefficient of variation of inter-laboratory

fLimit of quantification
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