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: Abstract |

-

In analyzing pesticide residue, LLE (liquid liquid extraction) is generally applied as one of the existing methods,
but needed quite a lot of organic solvents and analytical apparatuses for the sample pre-treatment. In addition
to its long analysis time and complex analytical processes, it is required to develop a more rapid and efficient
method at present. In order to establish an economic and simple pesticide residue analytical method, this study
carried out a comparative experiment on the existing analytical method with a new sample pre-treatment
method named QuEChERS (quick, easy, cheap, effective, rugged and safe), which extracts and refines pesticide
components by directly adding solid powder into the sample. Both the two analytical methods showed favorable
values of correlation coefficient (R2 > 0.99) of calibration curves. In terms of the detection limit (identification
limit), imidacloprid showed 0.02 mg/kg, while the rest of pesticides showed a level around 0.05 mg/kg. The
results of this experiment revealed that the recovery of LLE was 92.8-100.9% and the RSD was below 2.5%.
On the other hand, the recovery of QUEChERS was 92.2-101.6% and RSD was below 1.9%. As a result
of comparing the amount of pesticide residue by the time between the two analytical methods by using Paired
t-Test, there was no significant difference between the two analytical methods as the p-value ranged from
0.3148-0.9890. Considering the results of the two methods, the QUEChERS method had similar recovery,
compared to the analytical method using the existing LLE, and the analytical time was shortened by about
one fourth of that of the existing method. Moreover, since it excludes the use of harmful organic solvents
like dichloromethane during the process of extraction, thus leading to protecting experimenters health and
remarkably reducing the amount of disused solvents, it is judged as an echo-friendly and economic analytical
method.
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M2 A 71| 2 gEo] BAY THo] &t olof A4 Bt
Al G SANER BRE SAEL 3 W)7] 9 BeRrt
AT A7 ApEo] I AT AHoR g Hute At WA dolu FUEY] HAIA msjrt
2B A 3Fo| Thofst FSE| T A%l gt Balo] M & me QATHAIFOlokE I, 2004a; 2| 5, 2004; o]
obell ufeh QRS et AR B 9l Aol %, 2007). ol AY AlAARRA Aoz Lu|Em Ao
(o] %5, 1996). F=relo] ZAUE PAaq FIME A5 ﬁak g ARoke] HATEO] £ AMaRe A%
ok oheh g, o3, A, an AUE T3 AR ARsok] Bejrt Basiy, ol wet Al&sta
2 ALY FRE OSSR oG EF A FUHHY  HIPA AF B WRRS BT 5 Qe BANo] a7E
T, 2005). Lejut QAR BAe] Y A, (X, 2010)
Ay 5oko] Hakgo) 11, 2Eo) A% 7|7t0] Hol AE AZOGRPIYO e B AFEEAS )
o) A 7|7R ek ko] Bafo] AQEE ATt B Aol A F HORRAREE AR Tl wA|Fte] AESIAL ¢
ofo] 2578 7Fs A0l EHAEQFEAAA, 2004b). ET ok o] AIFH2 oF 300052 FokS FAlo| AT 5 9
SRS BEo R Qg oke] o ygof what Aulate] o #4] ¥io] BREt 24 F dichloromethaneT} 2
PRl BAL A7 4= 9o, B4 s A & U AMeA Y 71801 AMEES Hojglo] BAxke] ¢
F51§71%0] AR o] 9l b2 Aol AFookEekd A& FT 4 UTHIARC, 1987; Torres et al, 1996). &
Jo) A gA ol wat AYoFo) A ARF F Y U 2 o U BB 2EE st AR Y g8l B3E AA)

Table 1. Chemical structures and physicochemical properties of pesticides used
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. ) o S05M(CHz)z

Chemical Bl HN,({:O | . rllJ
structure % \/U: J—CM

I

Cl
Common Name Boscalid Cyazofamid
M.W. 3432 324.8

log Kow 2.96 32 (250)

Solubility in water

4.6 mg/L (20C)

0.121 (pH 5), 0.107 (pH 7), 0.109 (pH 9) (all
in mg/L, 20C)

ol (£ N - -
/2 Y N |
Chemical — /l—N \_/O = /H o Tn, CM
C= C=C
structure /s { [ b
i [@ il F)\; . :N{
CHO DCH, CHy DCH, i
Common Name Dimethomorph Fludioxonil
M.W. 387.9 248.2
log Kow 2.63 (E), 2.74 (Z) (20C) 4.12 (250

Solubility in water

81.1 (pH 4), 49.2 (pH 7), 41.8 (pH 9) (all in mg/L, 20C)

1.8 mg/L (20°C)

rimz e

Chemical N |
structure N R M H & |

m{}c Hy—N" - \j oM

o vt “CO0LCHy
Common Name Imidacloprid Pyraclostrobin
M.W. 255.7 387.8

log Koy 0.57 21C) 3.99 (20C)

Solubility in water

610 mg/L (20C)

1.9 mg/L (20C)
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Aol A3 Fedsto] dEeE S8 s dEs T3l

+ d-SPE (dispersive-solid phase extraction) B o|th(Z],

5
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products= A& F2 TAE 93} Restek Q150 (6 g anhydrous
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(50 mg Cis, 50 mg PSA, 150 mg MgSOs) & Restek Q351
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Table 2. HPLC operating conditions for determining the residues of imidacloprid in food

Instrument Agilent 1100 HPLC system
Column INNOPIA™ Cj5 (150 mm L. x 4.6 mm ID., 5 um)
Detector Multiple Wavelength Detector (MWD)

Wavelength (Amax) 275 nm

Mobile phase

Acetonitrile:Water (25:75, v/v)

Flow rate 1.0 mL/min

Injection volume 10 uL
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Table 3. UPLC operating conditions for determing the residues of boscalid, cyazofamid, dimethomorph, fludioxonil, and pyraclostrobin

in food
Instrument Waters ACQUITY UPLC, Waters, USA
Column ACQUITY UPLC BEH® Cis ’ '
100 mm L. x 2.1 mm L.D., 1.7 um particle sizes
Time (min.) %A %B
0 95 5
9.2 42 58
11 42 58
Gradient 11.5 32 68
condition 15 32 68
16 100
17 100
18 95 5
20 95 5

Wavelength (Amax)

Boscalid : 225 nm, Dimethomorph : 254 nm, Cyazofamid, Fludioxonil, Pyraclostrobin : 275 nm

A; Water:Acetonitrile (95:5, v/v)

Mobile phase B; Acetonitrile
Flow rate 0.4 mL/min
Injection volume 3 uL
LLEE 0|23 Itz EMH array detector (UPLC-PDA) % high performance liquid

N2 % 2eore] wae Sefolofolst gy nafet
A& 10 gof] 100 mL2] acetoneS €1l 250 rpmof| A 1A7F
Agslo] 2&3F & Celite 545 (particle size 0.02-0.1 mm,
Merck)E E1A1A 749 915191 2™, 50 mL2] acetone ©.
2 7] 0 24 Aol o) ofolat aielnt. olTjolg 50
mL9 EoFA 40 450 mLO] F5747F 5019k 1 L 2o
o £712 50 mL9) dichloromethaneg 7|3t & Resipro
shaker (SR-2W, Taitec, Japan)S ©]2-5}0] 270 rpmof| A 552
b Agsts Wi o g 23] Eulslgl o, dichloromethane
Hujoh S anhydrous Na,SO,& ©4=510] 35Col|A 7H%
2 skeleh 130 CofA] 5A1ZE o)A} EA43tet Florisil 5 g
glass column (1 em ILD. x 22 cm L.)o] A4 2435 =
ok 2 g9] anhydrous Na,SO4E Florisil AH9] @1l 50 mL
9] dichloromethane ©.& columng A|&3slo] oFgs} ALt
SEAE ZALE 10 mLY] dichloromethane 0 & 0] 71 %2 mL
£ column A}Lo] 715e] S&HE]al 5 mLY] dichloromethane:
acatone (96:4, v/v) L& A4ste] SeHd & 54
L) 60 mLZ 8551, 91450 60 mL9] dichloromethane:
acetone (50:50, v/v) E3-&ujg2 £&31o] 35CoA 2
= 54t} 5= ALY Al2E 2 mLY acetonitrileo]] A3

S} & yltra performance liquid chromatograph-photodiode

A

chromatograph-multiple wavelength detector (HPLC-MWD)
2 #As
QUEChERSE 0|&8%t TtRst EMHE

A& T Eorel 42 Sefoloto]2et 917 naRt A
2 5 g2 50 mL centrifuge tube®] A3t 3 1% acetic acid
7} 323+ acetonitrile -89 10 mLE o] 300 rpmof|4] 305
3 oIStk 017]0] 6 g anhydrous MgSO49} 1.5 g anhydrous
NaOACE 411 2 87 0.2 %o £50] % ¥ Y42
(3,000 rpm, 5 min.)5tof YN 8 mLE Felth. o] RS
400 mg Cys, 400 mg PSA (primary secondary amine), 1,200 mg
MgSO47} ©71 15 mL centrifuge tubeo] Qi1 2 27+ 7351
50 £ & YA422(3,000 rpm, 5 min.)3}o] FHH 4 mL
Hll 74t =3 5= AE-S 2 mLe acetonitrileZ A
3ot & 50 mg Cis, 50 mg PSA, 150 mg MgSO.7} B
micro-centrifuge twbeo] §A 2 &7+ JoH E50] & F A
£21(12,000 rpm, 5 min.)skc. A2 & FHY 1 mL
#3to] UPLC-PDA 2 HPLC-MWD® E43}1t}.
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QUEChERS A= X2[Es &

sto] BleE Alde A FAE AR 4t
oFo] BFENE 42 0.2 mg/Le 2.0 mg/L 0] HES

3k AR 5 ARE AR S LAl L8k Sled

=
et T4 1 AP o] 222 acetonitrile
o] =07 1,000 mg/L7} EA] ZA3F stock solutiong: acetonitrile
2 3]48}0] imidacloprid= 0.02, 0.05, 0.1, 0.2, 0.5, 1.0,
2.0 mg/L, YA FFE2 2% 0.05, 0.1, 0.2, 0.5, 1.0, 2.0
mg/L7} X% 3435 & imidacloprid= 10 uLA HPLCo|
ZFQ15}1aL boscalid, cyazofamid, dimethomorph, fludioxonil,
pyraclostrobin 3 uLA UPLCo]| 95t Yeht 220}
EaBe DN 7Z0E A4 BAS o
AZETHA (limit of detection, LOD) % A =F3HA|(limit of
quantitation, LOQ)+= HPLC Y UPLCAMA &4 7153t

3 GHE 3 MR 125

LOD (mg/L) = [7]7149] #2A & (ug)/FUF(ul)]
x [Al=gH(mL) A =23 (g)]
LOQ (mgL) = LOD(mg/L) x 3.3

SAH 2|
T 2N 2oA 9] B AY datas 43] HHEAT S A
ojm, I Avt= Bt #F WAR Uehfilch A
ZAstA 9l EAL R (version 2.14.0) ¥j7]A] g 1AL 0]
&30l tle32 t87(paired t-test) HABHRT. #+2]%

_1
. o
A2 pato] 005013kl 39 freol gl A0 WS

S 3 5 0135 =]
oo XEFNE sl L 2UAM 71712
Z =gko 5 o5 =5 A3 & ZFAS KR 20 2gko. = o e Ne)
HaHEF= olgsto] of Ao gste] A3kl M3k 3 AR A S VIR ARES AlEseler,
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Fig. 1. Standard calibration curves for the quantitation of the pesticide residues in samples: (A) boscalid, (B) cyazofamid, (C)
dimethomorph, (D) fludioxonil, (E) imidacloprid, and (F) pyraclostrobin.
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Table 4. Recoveries, limits of detection (LODs) and limits of quantitation (LOQs) of the test pesticides in Lactuca sativa, Pimpinella

brachycarpa, Aster scaber

Mean+SD” (%)

Fortificati LOD L
Pesticide le\(/)(:] (l;z;gg) Lactuca sativa Pimpinella brachycarpa Aster scaber (mZ/L) (m(g)/(E)

LLE QuEChERS LLE QuEChERS LLE QuEChERS
0.2 95.6+1.27  96.8+0.73  99.5£0.21  98.9+0.29  100.6+1.03  94.5+1.44

Boscalid 0.05 0.17
2.0 95.740.36  100.0+0.63  98.740.36  99.1+0.04 101.4+0.54  92.2+1.93
0.2 93.540.26  99.3+0.37  97.7£1.31  99.3+0.42 96.9+1.01  99.0+0.21

Cyazofamid 0.05 0.17
2.0 98.840.15  99.9+0.15  99.3+0.26 100.2+0.84 99.140.84  99.6+0.31
0.2 96.4+2.04  93.3+0.79  99.1£0.16  97.0£0.66  100.9+0.53 101.6+0.05

Dimethomorph 0.05 0.17
2.0 92.8+0.89  93.6+0.45  98.3+0.42  96.9+0.16 99.3+0.15 100.3+1.09
. . 0.2 101.0+£2.31  99.0+£0.53  96.7+1.43  97.6+0.55 94.8+0.12  99.5+0.69

Fludioxonil 0.05 0.17
2.0 99.4+1.43  98.9+1.04  99.1+0.29  99.3+0.19 99.1+0.22  99.1+0.56
. . 0.2 97.3+1.37  97.9+0.17  97.6+0.12  97.1+0.24 96.8+1.18  97.9+0.16

Imidacloprid 0.02 0.07
2.0 97.8+0.85  98.4+0.27  96.7+0.04  97.4+0.34 98.8+0.13  97.1+1.05
. 0.2 99.242.51  98.9+0.29  99.6+0.15  96.4+0.29 96.9+0.92  95.7+0.64

Pyraclostrobin 0.05 0.17
2.0 99.0+0.23  96.6+0.11  98.9+0.44  99.5+0.07 98.9+1.18  98.6+0.43

“Mean values of triplicate samples with standard deviation

AwAle AL BE FTSUTFie. 1)
AZSA, HYHA U 5148
SAMe) APAL A2 005 mgke o]5hE HAsH:
Aol vhgAlste, 482 FHTY Azel] AZTA %
S Wrhste] B4R 3 315

L9] 10-5087} Hl= 2 A|gsol
&2 70-120% o & stofof Fth(FEXSH, 2009).
7t NAEere] HETA = Table 40 AAgE vpe} Zro]
0.02-0.05 mg/kgo| 1L AZFstA = 0.07-0.17 mg/kgo] 3}
th 7] AR AR 34E2 92.84%-100.89%,
QUEChERSH 9] 3]4:8-2 92.23%-101.64%2 T HAH
5 Agdsialth. ARsore A% Figure 20 AARE

T —1H T o
pe} Zro] WhelE A o] 7H] glo] B4 & 4 itk

o -

5 2| g7t s ZHRE Hjw

et HE2 9Ieh AA12] 2491 LLE "2t QUEChERS
ol Fode HSEE tA Y (paired t-test) ©|-8-5k
A% A3k, A8 2 AFeES Table 59 2t} 95%29) Alg]
F2(0=0.05)0A] F EAH 7] AJ7te] mE FoF AR
29 u|wst A7}, p-values A 0.4953-0.8432, HUHE

0.4933-0.9056, FUE 0.3241-0.9890 505 T EAH7}L
o $of3t Aol7} WA ASkThFig. 3).

(a)
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00054 }k
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Mirutes
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Minutes

Fg. 2. Typical UPLC chromatograms of cyazofamid (1), fludioxonil
(2), and pyraclostrobin (3) in Lactuca sativa.

(a) Standard 2.0 mg/kg, (b) Recovery 2.0 mg/kg (LLE), and
(c) Recovery 2.0 mg/kg (QUEChERS).
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Table 5. Comparison of the average residues of pesticides in leafy vegetables between LLE and QUEChERS methods
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Mean+SD” (mg/kg)

Pesticide Vegetable Day p-value
LLE QuEChERS

0 16.0+0.34 16.1£0.73 0.8432

Lactuca 2 13.9+1.10 13.9+0.99 0.6667

sativa 5 4.7+0.83 4.7+0.81 0.7127

7 2.2+0.51 2.2+0.52 0.4953

0 27.7+6.70 27.8+6.57 0.5484

o 3 26.6+2.23 26.5+2.66 0.6332

Boscalid b}: ny"zzlrfa 7 19.843.58 19.743.73 0.9056

10 11.3+2.64 11.5+2.41 0.4933

14 8.1£2.67 8.242.34 0.7353

0 21.3+2.95 21.4+2.81 0.7484

3 15.4£3.10 15.3+1.71 0.9890

Aster scaber 7 13.9£2.34 13.5£2.09 0.5410

10 9.4+0.78 10.2+1.60 0.3241

14 2.9+0.33 2.9+0.39 0.6923

0 4.1+£0.36 4.1£0.34 0.5168

Lactuca 2 3.4+0.58 3.4+0.59 0.3457

sativa 5 1.0+0.11 1.0+0.09 0.6961

7 0.3+£0.01 0.3+0.02 0.4241

0 5.6+0.59 5.6£0.65 0.6961

Piinell 3 4.2+0.70 4.1+£0.48 0.5970
impinella

Cyazofamid bracZycarpa 7 3.3+0.50 3.3+0.59 0.8002

10 1.9+0.32 2.0+£0.37 0.5895

14 1.4+0.21 1.4+0.25 0.6298

0 9.1£1.73 9.1£1.82 0.8651

7.9+0.91 7.9+0.72 0.8214

Aster scaber 7 5.9+0.90 5.9+1.04 0.8013

10 2.1+£0.31 2.0£0.30 0.4241

14 0.7+0.14 0.7+0.15 0.3025

0 6.3+0.26 6.3+0.26 0.5732

Lactuca 2 4.0+0.34 4.0+0.36 0.7335

sativa 5 0.6+0.08 0.6+0.08 0.4053

7 0.1+0.05 0.1+0.05 0.5324

0 5.4+0.18 5.4+0.19 0.9507

— 3 4.9+0.16 4.9+0.17 0.8890
impinella

Dimethomorph bracsycarpa 7 3.8+0.31 3.7£0.31 0.8635

10 1.2+0.16 1.2+0.10 0.7243

14 1.1£0.12 1.1+0.10 0.8904

0 10.6+0.52 10.6+0.61 0.9633

3 6.2+0.85 6.1£0.66 0.9371

Aster scaber 7 2.0+0.10 2.0+0.10 0.4071

10 1.9+0.27 1.9+0.34 0.7738

14 0.4+0.08 0.4+0.07 0.3332

“Mean values of quadruplicate samples with standard deviation.
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Table 5. (continued)
Mean+SD (mg/kg)
Pesticide Vegetable Day p-value
LLE QuEChERS
0 4.2+0.05 4.24+0.14 0.6795
Lactuca 2 2.3+0.07 2.3+0.06 0.6606
sativa 5 0.7+0.04 0.7+0.06 0.7736
7 0.5+0.04 0.5+0.04 0.8291
0 3.541.22 3.5¢1.16 0.7430
3 2.8+0.65 2.9+0.50 0.3268
Pimpinella 7 1.8+0.43 1.9£0.47 0.3148
Fludioxonil brachycarpa
10 0.7+0.24 0.740.17 0.4513
14 0.3+0.12 0.3+0.12 0.6262
0 2.1+0.37 2.1£0.16 0.9465
3 1.1+0.31 1.1+£0.25 0.9418
Aster scaber 0.5+0.04 0.5+0.04 0.6399
10 0.4+0.01 0.4+0.01 0.9354
14 <0.05 <0.05 -
0 4.7£0.50 4.8+0.47 0.8002
Lactuca 2 1.2+0.11 1.3+0.13 0.3342
sativa 5 0.2+0.03 0.3+0.04 0.6974
7 0.1£0.01 0.1+0.02 0.8345
0 3.7+0.34 3.7+0.36 0.9502
R 3 1.7+0.11 1.7+0.12 0.8714
impinella
Imidacloprid braciycarpa 7 0.6+0.02 0.6£0.04 0.7116
10 0.3+0.01 0.3+0.01 0.4106
14 0.1+0.01 0.1+0.01 0.7645
0 5.9+0.13 6.0+£0.19 0.4538
3 4.0+0.62 4.0+0.62 0.7042
Aster scaber 7 2.4+0.29 2.4+0.32 0.7864
10 1.5+0.14 1.5+0.18 0.5492
14 0.9+0.16 0.94+0.16 0.4731
0 2.8+0.27 2.9+0.27 0.5974
Lactuca 2 2.0+0.17 2.0+0.17 0.6054
sativa 5 0.3+0.03 0.3+0.03 0.4417
7 <0.05 <0.05 -
0 3.8+0.21 3.8+0.23 0.6224
Pirinell 3 3.2+0.36 3.3+0.37 0.5622
impinella
Pyraclostrobin braciycarpa 7 2.6+0.92 2.6+0.92 0.5397
10 2.1+0.34 2.1£0.33 0.6906
14 1.5+0.22 1.5+0.25 0.6146
0 4.5+0.73 4.6+0.60 0.5972
3 2.2+0.77 2.2+0.73 0.4939
Aster scaber 7 1.0+£0.18 1.0+0.11 0.9641
10 0.9+0.10 0.9+0.11 0.4509
14 0.2+0.04 0.2+0.03 0.6213
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Fig. 3. Comparison of the extraction efficiencies of two methods
on boscalid dissipation in leafy vegetables: (A) Lactuca sativa,
(B) Pimpinella brachycarpa, and (C) Aster scaber.
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