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ABSTRACT OBJECTIVE: To establish the selective multi-residue detection method for 10 organophosphorus
pesticides in 3 kinds of Chinese herbal medicines in Chaoshan. METHODS; QuEChERS method was used to treat the
commonly used Chinese herbal medicines such as Hedyotis diffusa, Perotis and stinky flower in Chaoshan. Gas
chromatography-tandem mass spectrometry was used as the analytical method, the selective multi-residue detection
method for 10 organophosphorus pesticides was established to analyze the overall residue level and distribution
characteristics of organophosphorus pesticides in different Chinese herbal medicines. The risk assessment of
organophosphorus pesticide residues was performed. RESULTS:; For 10 organophosphorus pesticides in the
concentration range from 0. 01 pg/ml to 1. 0 pwg/ml, there was good linear relationship between the mass concentration
of organophosphorus pesticide and the peak area. The correlation coefficient(r”) was from 0.999 3 to 0.999 7, the
detection limit was from 1. 0 pg/kg to 3. 0 pg/kg, the limit of quantification was from 3. 3 pg/kg to 10. 0 pg/kg. The
standard recovery rate was from 90. 3% to 98. 8%, and the relative standard deviation was from 1. 2% to 3. 4%. None
of the 10 organophosphorus pesticides were detected in the randomly sampled samples of Hedyotis diffusa, Perotis and
stinky flowers in Chaoshan, which would not pose an unacceptable long-term dietary intake risk to the general
population. CONCLUSIONS: This method has high accuracy and precision, and is suitable for the distribution
characteristics and risk assessment of 10 organophosphorus pesticide residues in 3 kinds of Chinese herbal medicines.
KEYWORDS Organophosphorus pesticides; Chinese herbal medicine; Gas chromatography-tandem mass

spectrometry ; Chaoshan; Risk assessment
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U PPl HAT 5 S, HR TrhRe gy AR B A pE e
JF A HURR R A A N T S A
L OPP A Bk B AR, A 5 25 vh OPP B 203
T T 8% BR 3 A R AE A3 AT ME B R R

H T, 2415 OPP 5k B A 7 v 32 204 S (35 12 ( gas
chromatogram, GC) """ Y& AH 8 3% & (liquid chromatography,
LC) " AOH A -5 % BK 95 (gas chromatography-mass
spectrometry, GC-MS ) """ & A € §i%-H3 B T 3% % ( liquid
chromatography-tandem mass spectrometry, LC-MS/MS) 70 J7
A OM A i-HR BR BT 3 7% (gas chromatography-tandem mass
spectrometry , GC-MS/MS) #2725 - Hirh GC-MS/MS HA 7 fil
JEE i AT RE PR e M G | e D B R T I R A
w, HZ2 SO Wi ( multiple reaction monitoring, MRM ) #5120 AR {Y
R T GC M LC 5y 2 A T4t R AR AY ) L, oA 2500 B
T GC-MS ZE B T A7 7E I W B8 7 (R R D e M o
ST, FAL AR AR T LC-MS/MS, A I, GC-MS/MS E BN
BIRBERE S TR 2415 OPP 5% B R I A 3R FE R |

QuEChERS 7% ( quick ., easy , cheap . effective , rugged , safe )
FHW B AFORE- 55 35 5 v 2% JSORH LA T, W52 B 4% 5 DA T s 381 Bk
A B Y B TR MERR EE R AR VA R AR
/b AT ORI A TSR AR A R PRA h
25+ OPP AR B &k, AR T QuECHERS ¥ 2k 5 il o X
B2 AR T B P ARFIRAE LI GC-MS/MS 473 Hr 6
FBe H 10 A LB 25 (FCRCR: | S 6 el SRR R
R R R IR DR B X B = e RO
SR ) A EREIE 2 AR B AGIN Uy s, LA A IR R 25 H AR A
[Fi) B ot A g M v RABURE B 25K IR A3 i AN [l rh B 2 v
OPP SMATR BIKF S FEIE ; 4545 (P A N RALFI [ 25 . —
#8) (2015 4ERT) 256 AR GB 2763-2016( £ it % 42 € K b
I B AR 2 e R B R ), XL OPP 5% B EA T XURSE: DFA;
R B4 il B (A AR A

1 #El
1.1 %5

GCMS-TQ8040 TS AH 8 3% ot 115/ i 5 I R AN ( H AR S e A
Al) s A 38 A K SH-Rxi-5Sil-5MS (30 m x 0.25 mm X
0.25 pm) FdE 3 B A A4S HE ; AX124ZH T B T K- [ M52 i
FEBR5 5 (i) AR Fl ] BUCHI R-200 4 iE 44 28 &AL (5
+ BUCHI 2] ) ; LPD2500 %I 2245 3l 1R A3 (b 5% Rk 55 401
BHEABRAT) s HTCI85 B {5 3 i 3 B 0L (AL 3 Rk 55 A B
HABRAT]) ; SK3300H #1155 45 5 20 A B E vh A (LR
FP AU ARRA R .
1.2 #HRE5RF

10 PG LB A 28 (BLREIE | L BEH el SEURR R AL H
SEXT TR A IETEE  DRIBR R X B | = e S R 4G TR )
PRUEST, W) B 1Z[E Dr. Ehrenstorfer 23 ) ; O LR TS IEC
Jot S PR, 242 1% 4l W ) 26 [ Fisher 24w 5 B B £ — -
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N-PSIERERE (PSA) I [ S5 Agilent A 7] ;C , B3 A7 281k
BRI (GCB) , W F i 2 g B3 A B A | A4
B TCOKBREREE , ¥R o 4l 0 1T M Ak 2R A BR A F
2 Fik
2.1 BRELH

(1)10 F OPP 45 #Efiff 25 W A BL 61« 43 53 ME A FR IR 10 Fh
OPP bR i %% 0.2 g (WM E 0.1 mg) , Fl &R & BR % i =2
100 ml A3 b I g 45, 2 0BT VR B2 2 000 pg/ml,
(2)10 Fh OPP YR A bR IR R AU TC ] < 43 91 v A B BGGE /2 10 Fif
OPP FRifEff A5 W, FH £ R £ T 7 B 22 25, TG 1 8 0T 22 ¥ B35 oy
100 pg/ml, 10 F OPP fL A WHHRF R ILE 1,

®1 107 OPP LAWMHERXER
Tab 1 Information of 10 kinds of OPP compounds

75 b4 CAS & A AFE - HA/C
1 [ 63 62737 C,H,C1,0,P 220.98 74
2 CRBERERE  30560-19-1 C4H oNO5PS 183.16 147
3 HIRR 1113-02-6 CsH ,NO,PS 213.19 135
4 R 60-51-5 C5H ,NO,PS, 29.12 17
5 i oLl 298-00-0 CgH,oNOsPS 263.21 143
6 A 122-14-5 CoH,,NOSPS 271.23 140
7 T g 121-75-5 CoH,606PS 330.36 156
8 ol 56-38-2 C,oH,,NOSPS 291.26 375
9 7 24017-47-8 C,,H 6N;04PS 313.01 260
10 Tk A4 82657-04-3 Ca3H,,CIF;0, 422.87 453

2.2 GC-MS/MS %1%

(D) SH ST A REAE g Rxi-5 Sil MS 2045 A0 B 3%k
(30 mx0. 25 mmx0. 25 wm) ; #EE R A 260 °C ;#EFE 7 N0
ROFFHERE 20 He, N 1.0 ml/min; FERER N 1 pl; 35
FEIRAFE] R S min, WIERTRE M 40 C 144 4 min; L) 25 °C/min
B33 FHELZE 125 °C, FELL 10 °C/min A9 THE Z 300 °C, ##
Fi 5 min, (2) i & T %% 7 B T U7 (electron impact ion
source , EI) ;32 TR 4 280 °C 5 B8 TR A 200 °C ;4 775
S5 MRM; 10 #f OPP fLAPFRIE B T L35 2,
2.3 HRETE

FERERR IR T 100 B, 2 ARG & . B
PR AR R 2GR 2. 0 g (KGRI E 0. [ mg) , BT 5 ml B0
b IATNER 20 ml 8 FEE ( D)% 600 W A% 25 kHz) ZEHL
5 min, 4 8 000 r/min #5.0> 5 min, YT 135 W ; 5% 5 F 0 AN
T 20 ml, B75 9 IR, B I 2 UK TG0 et 8 &
293 ml, >R PSA 54k, FITNERVE VXS0 3 K5 3T PSA
R b e s R R 2T, NI EAZE | ml, H 0.22 pm
AULRIENE S U8 UL GC-MS/MS M5E .
2.4 FRAEMHZERILEH

Ay IS HGE B 1) OPP YR FRUEVE W, FH DS T 75 756 B il 1l
B 33129 0.01.,0.05.0.1,0.5 K 1.0 wg/ml B R F1E
BPRE AR, 4542, 27 BT GC-MS/MS ZF#k47 002, LA
OPP [R5 B AR AR (x) , LA OPP WS T AR AR R ()
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£2 107 OPP L &% GC-MS/MS MRM # =X T4 il &4
Tab 2 Detection parameters of 10 kinds of OPP compounds in GC-MS/MS multi-reaction monitoring mode

5 (4 R FR W)/ min TEEE T/ (m/2) Bl g 2/ CF TEUBF/ (m/2) R R/ CE
1 i 9.85 185.0>93.0 14.0 185.0>109.0 14.0
2 LB 6.89 136.0>42.0 5.0 136.0>94.0 10.0
3 HIRR 10.89 155.9>110.0 5.0 109.9579.0 15.0
4 IR 10.55 86.9>46.0 15.0 142.95111.0 10.0
5 X i 12.38 262.95109.0 10.0 232.95109.0 10.0
6 AN 13.16 277.05109.0 20.0 271.0260.0 5.0
7 T B 13.53 173.0599.0 10.0 173.0>127.0 5.0
8 bapsilr: 13.86 109.0>81.0 10.0 291.05109.0 13.0
9 S 16.75 161.2>134.2 10.0 161.2>106. 1 20.0
10 A4 34.46 181.2>165.2 25.0 181.2>166.2 10.0
bR T AR 100 s,
2.5 hEHRRTEE s 2 ° 7

HAR P ERFABEN S (AP LAY 45 OPP JRE & o0
A2 TTA A2 00 RIS 3 B a8 b (R 2 o 8 19 e R % P PR %

(MRLs) 7158 OPP 7E A bl & & FARMRIEH E R E A H
Bt A4 (NEDID) FIUX& BT (RQ) » (1) NEDI(mg) = 3 ( STMRix
EixPixFi) , HHA Fi=0.091 5, A3 E— AR & 250 B
AR, M0 keg; STMRi b 83 5% 85 i 46 P {H, 22
mg/kg; Ei Fl Pi 4351 ] (304 B F R b R 25 TR, A B
FEPAHE X R, P 1, (2) RQ=NEDI/ (ADIxbw) , HH,
ADI & H AR iF A, S BRE KA AR I, 507 R mg/kg;
bw IR H0f ol ke, TR E AR E— KL 63 kg i1, RQ<1
B, 7R RS S T 3232 BB RN XU 8N s RQ> 1 B R AF
FEAS P43 (0 RV (A A, XUBG s A
3 &R
3.1 FUEEGRMRKL

TEIE B TR T % 10 F OPP 7E m/z 50 ~ 500 75 Bl 9 i3
TaHH A5 B 70 O3 &, B2 4 OPP (A~ B i ia) , %
B B = ELUSTT LR MR AR PN RE R T R T 78
i, AL R, e R F B AR BT S BN WX R IR B
YENE B FRE R 7 K5 /9 10 Fh OPP il 4 1F
L3 2, H MRM g E UL 1,
3.2 diEEGrfi

3 T FIHLMS (30 mx0. 25 mmx0. 25 wm) 7 [a] [F & 1 4
BIHY HP-5MS . DB-Wax ms F1 DB-1701 £5 B 404 (3% AE %) 10 Ff
OPP (3843 B OR AR TLEL 1, B 1 H AT 1, DB-Wax F1
DB-1701 B4 A REFEABE R B 23 10 Ff OPP 5842438, 1M
10 il OPP 7E HP-5MS (a8t b R /3 8 5¢ 4, (233 04 i 17 {45
i, HIETEAREIFR, L, AT e HP-5MS,
3.3 REUAFIMIEE

MR UAR A R, X e T IEC ke 2B 2B . & e
PRI | 20 B A AN ) A AL 390 % (1 4G e 7 B P AR N S A
Ly 10 F OPP $2EUR MW, 25 R Bon, X% 10 Fh
OPP (1% F- B $R BRI 3 B 8 EARMR IR R - S (95. 9% ) >TI TR
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it [8)/min
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A. HP-5MS;B. DB-Wax ms;CDB-1701
A. HP-5MS;B. DB-Wax ms;CDB-1701
B1 FREEEEX 10 7 OPP WA B FRBILE
(FSXREAMRIDE L)
Fig 1 Total ion chromatogram of 10 kinds of OPP by
using different kinds of chromatographic columns ( the

number codes are consistent with those in Tab 1)

(95.2%)>2. MR Z.TE (91.1%) > — A W bi (89.4%) > 1F C k¢
(83.7%)>HEE(79.8%) , A Z iEXT 10 F OPP A48 1L =]
WA d i (HZE GC-MS/MS J3 T, 2 $2 B v 2% Jot 06 & Jo
FH BT, T PR A IR A 5 e /D AR TR R ok R
PR,
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3.4 HUHEMERE

FIAERE T B SPARF R AL G h B 2 vh 5 B2 A
s F G EMANRES B A YRR A% & 5 g
3 X T PSA FE NH2 4 CARB A5 4 %' HLAE 4 41 4554k

HXF 10 Fft OPP Ak ISR OS2 R, 5 SR WL 3, K 3
AT, PSA T A R BR (AL M 6 5 P ARORLR AL S h B2 rh
ERTHEY T, 10 Fl OPP (19 -4k ISR Sk 97. 2%, 04+
fEAE £ PSA

x3 AEEHEXS 10 Fh OPP F 145 L BRI (F SR ZFRAE 1)

Tab 3 Effects of different purification columns on average purification recovery rate of 10 kinds of OPP

( the number codes are consistent with those in Tab 1)

B/ C 1 ; : ; FRARR - - . —— P
PSA 98.1 99.1 97.1 94.7 97.1 94.3 97.8 98.7 97.2 98.2 97.2
NH, # 87.1 88. 4 88.5 9.1 89.5 89.5 9.3 87.9 89.1 87.3 89.2
Cyg 88.3 88.7 89.5 9.5 89.1 89.2 91.4 9.9 9.6 9.7 90.5
CARB #£ 71.5 78.4 80.7 9.1 79.7 87.8 89.7 87.1 80.1 87.6 84.1
S HRE A 84.4 79.1 89.2 94.3 80.8 89.7 9.8 91.2 84.1 91.3 87.7

3.5 ERMEA RN

53 BT A b RSP AR RN R AR R L BE BT GC-MS/MS
PUE 10 i OPPs ZEBUHCR A |, >R FFRMEIN AL, 76 (3
SRR N B AR A 5 R AR IS TS B P AR AR AL SRR
[ 5L BT 7 43 504 A 0.01 mg/kg 10 Fff OPPs 53 % i &
(Me=A/Bx100% , H:Hr A A& H AR SE BREE dh 1 OPPs
S N (E, Bk €65 4l PN R ) P OPPs B i W {8 ) o 3
ISEE R 22 GC-MS/MS & , 78 (A g s N R 7 AR & H
FR ) S B R e R AR R AR U A R R L B 10 FR
OPPs LA N Me {EE 92. 4% ~ 100. 3% ( W35 4) , B (9 46 I
T SEARARIE =R R BT 10 F OPPs B9/ FE b A
BT RN

&4 10 T OPP £ 3 A EGHHE R
Tab 4 Matrix effect of 10 kinds of OPP in 3 kinds of

Chinese herbal medicine
Me/ %

Ak

P IR FH Rt
bagi 9.8 97.6 98.9 93.2
LR e 94.3 97.2 98.5 96.7
HUEX B 95.1 97.4 9.3 98.1
AR 98.1 9.5 99.4 9.3
= 98.5 98. 1 95.7 96. 4
i 95.7 97.3 9.5 97.3
KR 94.3 95.7 9.4 93.1
DRI 95.4 96.4 9.1 9.5
SRR 9.1 100.3 9.2 98.7
kA4 100. 1 98.4 97.6 96.8

3.6 ZKEXRKHRIMESR

10 7 OPP LB ¥ EEAE 0.01~1.0 wg/ml 35 N, OPP &
HYRE S HEmM M E R FREXR, MERE(7) N
0.999 3~0.999 7, LMEMELL (S/N) =3 i1, 10 F OPP K4
W (LOD) } 1.0~3.0 pg/ke; LIEMELL (S/N) = 10 3157,
10 #f OPP {5 BR (LOQ) 24 3.3~10. 0 pg/kg, WK 5,
3.7 RBEEMERE

FEARE BRI SE R G B SR AR AL AERE & 435
JA 0.01.0.5 & 1.0 mg/kg 3 FAS[EK [ 10 F OPP #Rifi

PEBERBTZS I S8 2021 R4 21 55 3 1)

&5 10 T OPP HYLMESEE 40 HH FRFNE 2R
Tab 5 Linear range, limit of detection and limit of
quantification for 10 kinds of OPP

SRy ) Lop/  Log/
“H )(%E}p:rﬂﬂi e 4 ( u;kg) ( ug/ng)
KGR 0.01~1.0  y=58163.6 x+468.5  0.994 2.5 8.3
i 0.01~1.0  y=T2467.9x+156.8  0.996 3.0 10.0
SRR 0.01~1.0  y=50861.4x+686.1  0.994 2.0 6.7
AR 0.01~1.0  y=86183.2x+65.8  0.995 1.5 5.0
= 0.01~1.0  y=68653.7x+18.1  0.997 3.0 10.0
e 0.01~1.0  y=58688.4x+676.5  0.9994 2.0 6.7
s 0.01~1.0  y=35214.8x+487.6  0.996 2.5 8.3
B h 0.01~1.0  y=47247.92+154.7  0.995 3.0 10.0
AR 0.01~1.0  y=45180.3+486.1  0.993 1.0 3.3
A AR 0.01~1.0  y=36618.5x+454.7  0.994 1.5 5.0

TR ARG ST A GC-MS/MS LI %E 10 F OPP AYNFx
ISR RO G B 25 SR L% 6, NFE 6 ] i, 7E 0. 01 ~
1.0 mg/kg JIAR He BE 78 Bl 9, 10 Fi OPP 149 il A [l e 3% 2y
90. 3% ~98. 8% , X BRUEMN2E (RSD) 1 1. 2% ~3. 4%,
3.8 SEERiEmMT OPP KB KEFAPEH XK T

KA S8 T # 57. f GC-MS/MS ¥ %o i3 il b [X. |5 ML 2%
FERY F AL T B SRR AE (4% 10 £3) P 10 Bl OPP 5k B 7K
SR BURAE HEAT 43 BT R T R 25 S PEAL . S5 R KW, b
T e 24505 S DO A5 36, %ot | £ T P g W PP R X 4 10
il OPP 2y 0k [ G T4 25 1 I AR 245, EASTRFE B 3 2R
B IR R 2G4 A8 4 GC-MS/MS 32 X i) il Hb [X. Bl
BLRAE (1 (AL B P AR SLAE R 10 Fh OPP % B8 0 22
FIAEIE 5 5 SEAR A ELAE 1, 10 B OPP B R4 | nl g J2 H
FAE L3R 3 Fofrer 55 24 (R ok B vp 5 R FH X 10 B OPP, MK
A 2 00 0 388 A AN 7T 42 52 1 300 0 2 4 AL KU, £
TR,
4 itig

AL R A QuEChERS 3 4 B i il i X4 F vh 528 11 4
T SEARFILR AL, LI GC-MS/MS 43 46 I T L, #5710
it OPP [ EREME Z 3R BRI 5 75 | 43 HT AR IRl vh B 2 v OPP 4
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&6 10 7 OPP By MAREIL R NFEE E (n=6)

Tab 6 Recovery and precision of 10 kinds of OPP (rn=6)

e Tkt FI i FH [YA
(mg/kg) [4%E/% RSD/% W%/ % RSD/% M%/% RSD/%
bapik 0.01 94.8 2.5 92.1 1.7 9.3 2.4
0.50 97.4 2.1 94.7 1.5 95.4 2.1
1.00 98.5 1.4 9.5 2.4 9.5 1.9
LT e 0.01 97.5 2.7 98.5 1.7 94.7 1.5
0.50 95.3 1.4 97.4 2.2 9.5 1.4
1.00 9.7 1.8 9.5 1.9 9.5 3.1
TR 0.01 9.4 1.7 9.5 2.5 9.3 2.8
0.50 94.5 1.8 9.5 1.4 9.5 2.0
1.00 9.5 1.4 94.8 21 9.7 25
AR 0.01 94.8 1.5 95.4 1.4 9.5 3.4
0.50 9.5 1.7 95.5 2.2 9.5 1.4
1.00 97.7 2.4 95.7 1.8 94.7 2.4
=g 0.01 95.1 2.5 97.4 3.1 9.5 1.7
0.50 95.4 21 94.9 1.9 9.7 L5
1.00 9.9 1.9 95.7 1.8 9.9 1.3
i 0.01 97.8 1.4 97.4 2.5 95.7 1.9
0.50 98.4 1.5 95.2 2.1 %1 L7
1.00 97.7 1.5 94.4 1.2 9.4 15
KR 0.01 98.4 1.9 94.5 1.1 94.7 1.4
0.50 9.1 1.5 98.1 1.4 9%8.4 18
1.00 95.4 1.4 91.9 1.9 948 1.4
KA 0.01 95.9 1.9 94.7 1.8 95.9 1.4
0.50 98.8 2.8 98.1 1.4 9.7 19
1.00 97.2 2.4 95.8 1.5 9.1 18
AR 0.01 94.1 2.1 94.1 1.8 2.7 L5
0.50 97.4 1.4 91.7 1.6 9%8.0 1.2
1.00 9.5 1.8 9.5 2.4 9.5 1.9
WA e 0.01 91.8 1.5 95.4 2.9 9%8.4 1.4
0.50 9.5 1.8 94.2 1.4 95.8 1.7
1.00 97.8 2.6 94.1 1.7 9.9 L5

KR BRIKE AMAEERE 9T X OPP 5% B8 9EAT KU AL, 2558
7R, 10 Fh OPP FREHEETE 0.01~1. 0 wg/ml JELHE N, OPP i
BWESHEHRZHERGLEXR HERUG) N
0.999 3~0.999 7K HHFR M 1.0~3.0 pg/kg, TR N 3.3~
10. 0 pg/kg; IR ECR H 90. 3% ~ 98. 8% , HH Xt i 2%
1. 2% ~3. 4% ; W1l b DX BE AL R AL B9 1 AE 00 5 B PR R LAk
o1, 10 Fi OPP YR AR B, AN 2 %o 38 3 A JF 2 AN PT 232 11
KAE B AR

S 30k
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