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Determination of 31 pesticide residues in Rhizoma Alpiniae Officinarum by

QuEChERS-liquid chromatography-tandem mass spectrometry
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Abstract: Rhizoma Alpiniae Officinarum is an edible and medicinal plant resource, but there are few studies on its
pesticide residues. The aim of this paper is to establish a method for the determination of its 31 pesticide residues by opti-
mized QUEChERS pretreatment combined with ultra performance liquid chromatography-triple quadrupole tandem mass
spectrometry (UPLC-MS/MS). The target compounds were extracted with acetonitrile and detected by electrospray ion-
ization (ESI) source in a multiple reaction monitoring (MRM) positive ion mode detection, matrix matching external
standard method was used for quantitative analysis. The 31 pesticides showed good linear relationships within their re-

spective linear ranges, with correlation coefficients (R*) greater than 0. 99. The limits of detection and limits of quantifi-
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cation were 0.015~0. 08 mg/kg and 0. 05~0. 25 mg/kg, respectively. The average recoveries of 31 pesticides were
71.52%~116. 38% with relative standard deviations (RSDs) of 0. 07%~12.87%. A total of 5 pesticide residues were

detected in 24 batches of the samples, such as thiophanate-methyl, isocarbophos and ethiofencarb. The method is rapid,

simple and effective, and can be used for the determination of multiple pesticide residues in Rhizoma Alpiniae Officinarum.

Key words: Rhizoma Alpiniae Officinarum; QuEChERS; ultra performance liquid chromatography -triple quadru-

pole tandem mass spectrometry; pesticide residue
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U5 IS e Wy i O o A AT R I b AR B T )T Iz B9 0
FHM R 2o 4% A S PR S A v, R4
B 2375 Y 22 48 00 (0 38 AR R ES U5 45 I MR AR 7%
8 R 43 A R BORE R T A o R AR S R
QuUEChERS #1771k .

i 1 2, ) & QuEChERS 1 &b B 1) 3
MHEBUA R, 5 WM, NS B A RS RIE S
W M A ARV L, DL B R i o 0 e A v FE AR 2Bk
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Table 1 Retention time and mass spectrum parameters of 31 pesticides

— P o o WA

famar TR ETHR EBE/min Emj““/ f}f ﬁ(iif" M%V”E/ “Eﬁi’f" mtiv”ﬁ/
WP CHNOSPS ESI™ 3.87 184.1 20 49 20 143 10
G 4t A CH;,NO, ESI' 8.52 202 20 145 10 117 25
HIRBE C:H;NO,P EST' 5.8 238 25 112 10 193 10
SRR C;H,NO,PS,  ESI' 6.28 230.1 20 125 10 199 20
JmEsmk I C,H,,CINO, EST" 10.06 388.11 45 300.9 20 165 30
ekl C,H,CINO,  ESI' 10.35 388.1 45 300.9 20 165 30
KB B C, H;NO,PS  EST 9.38 291.1 20 121.1 30 231.1 15
FH Jre C,HNO,PS ESI' 3.09 142 30 93.9 15 124.9 15
K T C,H,;0,P ESI' 7.03 225.1 20 127.1 15 193.1 10
K 11 C,H,;0,P ESIT' 7.04 225.11 25 127.1 15 193.1 5
/84 C,H,NO,P EST' 5.43 224.1 25 127.1 15 98.1 10
AR R C;H,,NO,PS ESI* 4.24 214.1 25 125.1 20 183.1 10
XU W C1sH,O4P.S, ESI' 12.24 466.8 40 125 30 418.9 20
WA C,H,C;0,P EST' 6.28 257 35 109 15 79 30
igf yak 2 C{H:NO,PS,  ESI' 6.36 288 20 146 10 118 25
Uik C,H;:N,0,S,  ESI 11.17 400.1 15 238.1 14 90.9 4
T K C,H,N,0.8 ESI* 7.3 213.1 30 89.1 20 116.1 10
T KB C,H,N,0,8 ESIT' 4.56 223 30 86 15 148 10
WKW C.H,N,0,S EST" 4.32 207 20 89 15 132 5
W E B CyWHyWN,OS ESIT 12.05 411.2 15 252.1 13 190 23
T C,H.\N,0,8 ESI* 7.16 213 25 75 15 116 10
TR C,HuN,0,8 ESIt 4.49 223 25 106 10 166 5
PSR C,H:NO,S EST 8.72 226.1 20 107 15 164 10
W2k B C1sHyN,O;S ESI' 12.18 383.2 25 194.9 15 252 10
T I [ CH,N;08 ESI* 9.05 222 30 165 15 150 30
P C,Hi:NO.S ESIT" 10.01 226 25 169 10 121 20
DEA C;H,,N,0.8 EST" 4.91 163 15 88 10 106 10
B C.H,N,0, ESI" 4.69 237 15 72 10 90 10
e C,HN,0S ESI' 8.3 229 35 172 15 116 25
WE % C,HgN, 08 ESI' 8.04 221 30 101.9 15 93.9 15
WERER  C,H,N,0,S, ESI' 8.06 343 25 151 20 93 35
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The MRM chromatogram of 31 pesticides in
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Fig. 2 Effects of different purifiers on the recoveries of
31 pesticides
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Note: 1, acephate; 2, carbaryl; 3, dicrotophos; 4, di-
methoate; 5, dimethomorph [ ; 6, dimethomorph I ; 7,
isocarbophos; 8, methamidophos; 9, mevinphos [ ; 10,
mevinphos [ ; 11, monocrotophos; 12, omethoate; 13,
temephos; 14, trichlorfon; 15, vamidothion; 16, alany-
carb; 17, aldicarb; 18, aldicarb sulfone; 19, aldicarb sulf-
oxide; 20, benfuracarb; 21, butocarboxim; 22, butoxycar-
boxim; 23, ethiofencarb; 24, furathiocarb; 25, methabenz-
thiazuron; 26, mesurol; 27, methomyl; 28, oxamide; 29,

tebuthiuron; 30, thidiazuron; 31, thiophanate-methyl

T I 55 5 ) o e R R R B DG T AR S ARG
2.5 FiEFHIE

AR T 5% 2R FH 35 I DG T A s 12 R A7 22 28 40 0T, B
— i IR A AR U T AR, B s 1 B TV AT R
JEE R B T T 1\ A AN [ e B 7KSF B A v T AR IR T
TE 1.4 £ BERE 43 BT, A2 4% 4R 2 1Y 3 5 DT i
i o 28 DAMS R e S/N=3 i & & BR (LOD) , LI
5 M b S/N=10 B #f & =& B (LOQ) s £ — K N i%
SEIERE 6 UORTEAR H N RG B L 76 1. 4 437 2 T

BEAS H AR A 2 B e 1 B, TH 530 05 1 B % A X R o
75 (RSD) ;i ) #2523 KA HEAE 1155 H A 2 1
T AR RSD iy o H [RDHRS B2 .

TR AR 2 1 Mk Rl A G R B PR R
FROULE 2. 317k 245 4k 6 W %) b o il 42 v B2 S 1L Oy
0.05~2.5 mg/kg, 2 M AH & R E(RY) ¥ KT 0.990
6,31 Fh A 25L& A9 LOQs AT LODs 43l 4 0. 05~
0.25 mg/kg 1 0. 015~0. 08 mg/kg, H W K % &
H o] A5 % B 20 91 R 0.22%~4.75% F1 0. 34% ~
3.96%.

TEm R ZA HER P mAMKEZLOQ) . (5
LOQ) . (10 LOQ) = AN AS [l ¥ B 7K S (1R & s o
T 7 WS = o1 L DA I R = Y
XI5 AR 22 (RSDs) , 25 3R WL 3% 3. = A ANl vk iz 7K
SRR AR [l i R 4y ) Sl 72.67%~116.38%
71.52%~115.39% ., 77.49%~115.44% , RSDs 4y
B H0.43%~12.87% .0.01%~12.45% 0. 07 %~
9.72%.

2.6 FsmAsn

iz FH T 3 ST 1 5 9 6 OB AN TR b X ) 24 i R
R Z o a4 25 5% B HEAT TR, S5 R L3 4, BHPERE
it MRM 8,35 [ UL 3. FH 3% 4 AT 0, Js mE nsh ok 11
HOKBE T OFIK PR R o 40200, K i A
S A 0. 05 mg/kg. 0. 05 mg/kg.0.065 mg/kg; /K i
TR WA 38 12,500, K i i Y L 0. 16~0. 34
mg/kg; B B A% B R AE 13 HERE S ARSI, = 10
EAE o TRR AR B R 9 A i Y T PR
(2.5 mg/kg) , HAx 3HLAE S b B L B o 52 A o o
43 %14 0.36 mg/kg.1.15 mg/kg. 1. 78 mg/kg.
FE 2 B K T B B R A AR 2 RS R
sty T 7K T A 0 T B 2 P R TR 0 B R R T
4 s KT B EE A R 22 R A TR R ok
I B 9 4G Hh IR £ 35 R 0. 005 mg/kg, 1M 3K Br A
st HFRG Y ) s T P b D S KR SRR e T % BR
AT RE SR TR A A it A e R R A B A
T, % % PR AT R o R R AR R L SR T 2
A i v ARG PR R T R, — R PR R
P H PRG0S e . I EHE T e R 2%
246 P IR 5 T R S B, N Y R e R 2 R 2
5% P 1 BB s 9 B A 43 BT 5 | A

3 &

AW 5% 3 1 1 Ak QUEChERS ¥ /i i 4b B J7 v
It 454 UPLC-MS/MS H AR #3577 = KB 2% 31 Fh
A 25 5% BRI T 9, TN L T 24 i s R h
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Table 2 Linear equation, LOQs,LODs and matrix effects

, . LOQ/mge LOD/ HK#®ERSD/%  JEERL

e BT R S R ¢ veke” He HR B/%
ZEEW MR Y=12.269X+26.69 0.990 7 0.05~2.5 0.05 0.015 1.83  0.51 98.14
e 2t [R] Y=26.211X—141.76 0.9990 0.05~2.5 0.05 0.015 1.66  0.64 92.31
IERGL Y=163.5X—542.39 0.999 7 0.05~2.5 0.05 0.015 204  0.34 104.54
SRR Y=3.678 5X—34.693 0.9919 0.05~2.5 0.05 0.015 1.13 1.47 115.3
SR I Y=26.5X—62.382 0.998 8 0.05~2.5 0.05 0.015 2.34 26 78.77
MBIkl Y=11.348X—40.813 0.999 5 0.05~2.5 0.05 0.015 0.22  3.02 84.06
TR B Y=0.862 8X+34.561 0.995 6 0.05~2.5 0.05 0.015 238 2.8 113.23
I Jriz Y=19.358X—298.61 0.998 0 0.05~2.5 0.05 0.015 1.7 1.23 100.76
I 1 Y=29.104X—268.53 0.999 7 0.05~2.5 0.05 0.015 414  3.96 96.98
| Y=23.319X—54.84 0.999 6 0.05~2.5 0.05 0.015 443 317 95.62
/S 4 Y=25.908X—216.51 0.999 0.05~2.5 0.05 0.015 475 243 80.80
AR R Y=16.601X—39.252 0.999 4 0.05~2.5 0.05 0.015 2.33 265 107.14
XL Y=9.0229X+459.23 0.994 3 0.05~2.5 0.05 0.015 1.3 0.89 94.49
HE Y=15.693X+6.5375 0.999 1 0.05~2.5 0.05 0.015 0.89  3.55 107.63
Lo EZ Y=64.896X+153.9 0.996 4 0.05~2.5 0.05 0.015 2.87 3.42 97.84
T A I Y=1.6201X—53.363 0.995 1 0.25~2.5 0.25 0.08 0.47 3.5 103.82
s K Y=6.2265X+54.131 0.997 1 0.05~2.5 0.05 0.015 3.65 1.74 89.17
T R Y=13.351X—94.671 0.999 4 0.05~2.5 0.05 0.015 3.25 295 100.55
B Y=14.656X—164.02 0.999 0.05~2.5 0.05 0.015 1.43 1.21 107.52
WHi R H B Y=10.436X—65.898 0.999 4 0.05~2.5 0.05 0.015 1.17 2.88 97.44
T Y=28.613X+34.373 0.997 3 0.05~2.5 0.05 0.015 1.17  3.92 113.24
TR Y=7.093X—52.317 0.995 1 0.05~2.5 0.05 0.015 3.16 3.7 95.87
FNLOR Y=30.383X—251.61 0.996 9 0.05~2.5 0.05 0.015 211 2.3 104.51
LR Y=185.39X—1935.6 0.999 1 0.05~2.5 0.05 0.015 3.23 3.8 98.86
T I [ Y=50.252X+119.69 0.997 6 0.05~2.5 0.05 0.015 1.67 1.3 115.84
K AU Y=30.893X+16.099 0.994 8 0.05~2.5 0.05 0.015 275  3.71 108.16
PEAN Y=19.674X+470.72 0.990 6 0.05~2.5 0.05 0.015 0.54 259 111.71
L i Y=43.55X+81.534 0.998 4 0.05~2.5 0.05 0.015 1.4 0.97 110.34
THERE Y=72.173X—316.2 0.998 3 0.05~2.5 0.05 0.015 1.05 1.84 105.72
L F [ Y=1.4312X+59.724 0.992 8 0.25~2.5 0.25 0.08 2.66 1.37 106.83
HERE R  Y=2.988 8X+47.391 0.9921 0.05~2.5 0.05 0.015 1.81  3.66 101.27
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%

o R br & PR 1o IR
Mg RSD g RSD mi#E RSD

CEEH RS 97.00 515 99.68 6.35  99.54 2.12
TG 4 A 95.84 6.72 97.45 1.59 99.50 2.94
[ERGEL: 104.96 4.76 102.67 7.20 99.09 5.59
KRR 96.27 2.65 106.12 0.57 105.51 4.62
FBEngk I 97.33  3.11  91.36  3.79 105.57 2.42
EEEMG K 101.78  1.83  99.28 4.85 9514 3.47
KMEw#E 10042  6.47 101.04 0.28 98.91 5.74
FH iz 96.06 2.76 90.01 10.04 92.63 0.60
KW 1 87.24 5.73 88.84 2.63 87.88 0.73
I I 111.63  1.99 102.88 4.14 103.37 3.54
KR 109.51 5.48 115.39 8.67 111.96 4.31
FALRE 10612 0.79 109.77 8.7 100.63 0.07
U 106.54 0.68 112.13 0.96 109.8 1.71
FERE 106.87 2.99 93.83 10.37 101.96 4.25
LR EZ 116.38  0.76 111.16 4.19 115.44 3.24
T 44 72.67 12.87 71.52 1245 81.74 1.00
s K 85.06 6.59 80.04 1.32 99.69 2.13
BERE 113.35  0.43 87.83  0.51 101.92 1.78
BREFEB 8512 3.85 78.34 0.01 86.73 3.44
W E ., 85.66 3.01 86.19 248 90.80 3.65
TP 87.57 7.26 89.16 1.22 94.29 1.84
THEIBUE  108.93 11.01 77.16 5.71 82.58 9.72
AW 107.47 3.07 7857 811 9255 3.29
W2k 108.56 3.33 97.63 3.46 94.78 0.89
VBE 1K 2 83.18 4.76 110.46 3.37 77.49 0.84
K 7813 4.51 73.07 0.6  97.85 0.40
DEA 85.27 5.13 91.95 0.46 98.24 0.88
g 87.87 3.83 72.60 0.98 105.67 1.98
TBERE 94.74 3.29 76.96 2.12 113.81 2.19
5 S 87.70 4.29 79.85 4.82 100.01 3.39
WIERE X 89.03 9.56 81.73 1.62 106.08 2.69
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Table 4 Detection results of pesticide residues in 24 batch-

es of Alpinia officinarum

mg/kg
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1 0.05
4 0.34
6 0.05
7
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12 1.15
13 2.78
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21 2.68"
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23 0.15 9.45°
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A R R R B 5k AR TR LR (2. 5 mg/kg)

Note: blank indicates no detection, * indicates higher than the

upper linear limit (2. 5 mg/kg)
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