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Matrix effects analysis and determination method selection of
organophosphrous pesticides in vegetables and fruits
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ABSTRACT: Objective To analyze the matrix effect of organophosphorus pesticides in common vegetables and
fruits, and explore a more efficient detection method of organophosphorus pesticide residues. Methods The
samples of tested vegetables and fruits (30 kinds including 11 different types) were extracted by acetonitrile and
purified by QuEChERS methods, then the solvent calibration curves and matrix matched calibration curves were

prepared. The matrix effects of 19 organophosphrous pesticides were analyzed by gas chromatography tandem mass
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spectrometry  (GC-MS/MS)
(UPLC-MS/MS). Results
calibration curves showed an excellent linearity in the range of 10-200 pg/L (GC-MS/MS) and 4-100 pg/L

and ultra performance liquid chromatography tandem mass spectrometry

The solvent calibration curves of 19 organophosphrous pesticides and 30 matrix matched

(UPLC-MS/MS), and the determination coefficients (r?) were more than 0.99. Most tested pesticides showed strong
matrix effects, isocarbophos exhibited the strongest matrix enhancement effects and zucchini could effectively
compensate the matrix effects when GC-MS/MS method was used. Most tested pesticides performed weak matrix
effects, the compensation of matrix effects didn’t get a better result by zucchini when UPLC-MS/MS method was
used. Conclusion When using GC-MS/MS to detect test organophosphorus pesticides, a standard solution of matrix
matching can be prepared from zucchini for quantitative analysis. When using UPLC-MS/MS to detect test
organophosphorus pesticides, except for acephate, dimethoate, dichlorvos, imidophos, other pesticides can be
quantitatively analyzed using solvent standard solutions.

KEY WORDS: vegetables and fruits; organophosphrous pesticides; matrix effects; gas chromatography tandem

mass spectrometry; ultra performance liquid chromatography tandem mass spectrometry
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ANl); Agilent 7890A/7000A A AH 2% o 1 1k FAX (36
Agilent 23 7); NU-C200R-E 7 25 3 ¥ v 25 .0 Bl (25 [
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FR—4 50 mL &, ANEERZZE, MR
1 mg/L MIBRAFRET NI, F-25 °CTRTE, (RN
11H.

GC-MS/MS ARt TAE: TR IGE & MR A b fE g%
W, AR ZBR 2R . 30 Fhas (2R A T (P e 2.2.2 #
SR ATANE T e 14 mL 28 (O Z S R, AR
J&i, H 7 mL R 2T 1 F Bk A 10, 20, 40, 80,
140, 200 pg/L 1 R 5BRME TR

UPLC-MS/MS #rift TAEWR: WIBUE & MR A bR fg
W, A RIFI CIEK (43, VIV . 30 Fhas [T R
(Fie B 2.2.2 FEAATANBER 7 11528 3 5 2 SR BOR K
B3 BRI 4, 8. 10, 40, 80, 100 pg/L MR
B bR T AR
222 Hepara

HERARIR 25 g 28 FLARBOAE L T 150 mL 5246, A
50 mL ZfiF, R @B B w0, ks i3 O
BT 100 mL HERRT, A 5~7 g b8, RORGE
HE 30 min, B )2 HEEUK 6 mL F 15 mL 5.0 H (TG
T — i P e 24 i S A iodv e b k), Hodb B R IR IR
SOKRAMHEA 15 mg GCB bk, o 3R
(450 r/min) 2 min, &.(>(5000 r/min) 5 min, WHELIERY
25 UL A A F o
223 MBEIMHELMH

(H)GC-MS/MS T AE41F

3R Agilent DB-5MS E 4141 (30 mx0.25 mm,
0.25 pm); FEREITREL: 250 °C; 3 27(99.999%); it

e 1 pl; A 1.2 mL/min; FHEFUT: WG
95 °C, f#4¥ 1.5 min, 20 °C/min F% 190 °C, 5 °C/min F+
2230 °C, 25 °C/min F} % 280 °C, {45 10 min, &zt
]} 26.25 min.

MG E TR, BFIREE: 280 °C; MHAFEE:
150 °C; fEHZIRIE: 280 °C; KL 2.25 mL/min; filf
FESME 1.5 mL/min; 22 )b A (multiple reaction
monitoring, MRM), & K2R ESHILE 1,

(2)UPLC-MS/MS T AE4AF

%A BEH Cig (2.1 mm % 50 mm, 1.7 pm); Ji:
0.3 mL/min; #1:ifi: 30 °C; HizhAH A: /K, #ishtl B: 2JF;
KA BEVE AT 0~1.5 min, 90%A; 1.5~5.0 min, 90%~50%A;
5.0~7.0 min, 50%~30%A; 7.0~8.0 min, 30%~10%A;
8.0~10.0 min, 10%A; 10.1~12.0, 90%A; iz47Hf[E]: 12 min,

HLEZE B U, B FIRIRIE: 150 °C; KIFHIIRIE:
500 °C; B HIE: 3 kV; #EFLHE: 150 L/h; Bl
SPiE: 800 L/h; FERIMFIE]: 0.163 s; MRM, &F A2y ks
B 1,
2.2.4 HEIRHE

I A VTR HE R AR (M o1y en) B BT T 1T 28 030
(Mpartix) 31 8 JE BT %L W (matrix effect, ME) . ME(%) =
(Muartix/Msovent —1)%100. 24 ME < 0 B, FEB k5L 540 il ik
Bi, 2 ME >0, RIONIEFIRN ", #5-20% < ME <
20%, h AT 2B B 55 FE BTN #7-50% < ME < —20% 5§,
20% < ME < 50%, FRIHHEERLTT; #5 ME < —50%5
ME > 50%, 23U A 5 i 3 g 1)

R1 19 MENBRANRIESH
Table 1 MS parameters for 19 organophosphrous pesticides

GC-MS/MS UPLC-MS/MS
P sl

B FXF(miz) Tl B BFXF(miz) HEFLHLE /v REERE/V
1 i i (methamidophos) 141/95°, 141/79 5,15 142/93.9°, 142/124.9 28,28 13,13
2 1% e Wi (acetochlor) 136/42", 136.0/94 10,5 184.1/143", 184.1/125.1 8,8 8,18
3 AR H (omethoate) 155.9/110", 109.9/79 15,5 214.1/183.17, 214.1/125.1 26, 26 11,22
4 SR (dimethoate) 86.9/46", 125/78.8 15,10 230.1/199", 230.1/125 30, 30 10, 20
5 FHi (dichlorvos) 109.0/79.0", 184.9/93 5,10 221/109°, 221/79 30, 30 22, 34
6 FH LW 7 M (phorate sulfoxide) — 199.0/142.9°, 96.9/64.9 8,6 277/143", 277/96.9 30, 30 32,20
7 FH 0 (phorate sulfone) 153/97", 124.9/96.9 10,5 293/96.9", 293/115 30, 30 30, 24
8 K Mt % (isocarbophos) 135.9/108", 135.9/69 15,30 291.1/231.17,291.1/121.1 12,12 13,30
9 7 % (phosmet) 160/77.17, 160/133.1 20, 10 318/160°, 318/77 28,28 22, 46
10 35 B (parathion-methyl) 262.9/109", 232.9/100 10,10  263.9/124.9%,263.9/231.8 30, 30 20, 16
11 LA B (malathion) 126.9/99", 172.9/99 5,15 331/99°, 331/127 20, 20 24,12
12 =R (triazophos) ﬂ%ﬁg}f&iﬁ 5,10 314.1/161.9°, 314.1/118.9 31,31 18,35
13 Z%UE A% B (fenitrothion) 277/260", 277/109 5,20 278/124.9", 278/109 20, 20 20, 20
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GC-MS/MS UPLC-MS/MS
75 EY
BTt (miz) i g BTt (miz) HEFLHE /v REERE/V
14 Xt B i (parathion) 290.9/109", 138.9/109 5,10 291.9/236°, 291.9/110 30, 30 14,33
15 T W (diazinon) 137.1/84", 137.1/54 10,20 305.1/96.9", 305.1/169 31,31 22,35
16 HJESMI#E (isofenphos-methyl)  199/121%, 241.1/199.1 10, 10 332/231%, 332/273 8,8 15,5
17 IR BB (phosmet) 182/1117, 182/102.1 15,15 367.9/181.97,367.9/110.9 22,22 14,42
18 TN 5L (profenofos) 208.0/62.8",338.8/268.7 30,15  372.9/302.6",372.9/127.9 36, 36 20, 40
19 £ IE W (chlorpyrifos) 196.9/169", 198.9/171 15,15 349.9/97", 349.9/198 36, 36 32,20
o ERE T
oI 5 PSSR Y C e BRI i ST Y (T 2
3 RSO B A R, B R A I o 2 B8 13

3.1 ZMRAERERYN

PR 2.2.1 BT IREC I R AbRE T, R 2.2.3 11
WL AT, DA R R AR B, R
VTR BN AR AR, e hIbRIERRZE . FIFH GC-MS/MS 4711
TAEMZE, ARG MTERE R 10~200 png/L yEEIH
BB FIFI 30 R AL, e C R R4, FIH UPLC-MS/MS
SIHTR TAE MR, FEAERAR 25 1 o i vk R 4~100 pg/L 3
FE R T 700 R 30 R b, 2R G 2R LA, T A vl 2
LA 5 R R T 0,99
3.2 GC-MS/MS 7341 19 HEHNBRAE 30 FiRR
R Ry E B I

AWFE A GC-MS/MS X} 19 FitikA HLmdk 257
30F(11 28, LT 5 I 44 R L3 2) % L R vh i B o sl
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PR E BRI R
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Fig.1

Matrix effects of 19 organophosphrous pesticides in 30 vegetables and fruits (GC-MS/MS)
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Table 2 Serial number and name of matrices
hg= HR i e ha=2 95t
1 PNEEI(EEE S 11 RS 21 WAERL)
2 Wi (A3 12 BLE(F2) 22 HHEHL)
3 EEUEES) 13 ¥ (E) 23 FAC =)
4 TSGR 14 EERH W (CH ) 24 B
5 B T (k3RS 15 ERRSR(HT ) 25 B MRS
6 T CHARZS) 16 TR 26 Fi(EHEZ)
7 T O RE) 17 TS 27 FEE(E TS
8 PGGIE ) 18 125 () 28 SEER(ERES)
9 HRORZE) 19 LEFEH) 29 FLOKIY)
10 FIRORZE) 20 R A 30 MHECOKR)
N w R
80 * - ] o ZTH Rk
. A HURE
60 + . . ‘ v RR
¢ ¢ x ¢ . * B
40 + N o eeo e ¥ < HPEBETR
. e,* I ¢ v o ik
° < ® x ¢ e t aY 4 !
< 20 F < '..l LN :, _gzo; c:g‘ & KT
S | sseetBen BeStospe ity peftist  « wnawm
2ol gft Eai* gEsiiifigeciizeilezis o muuam
4 6823 vfﬁ’v§l~! ,!q cnfNATIgA o ThRIHE
EEMER LS4 S 12 LR VIS AR D
L 2" e A t I ¢ ¥ L3
20 + L BT *x K ™ 4 =< "
. WO " . < NIRRT
. L ¢ KT
—40 + . * . -
| - IS
—60 1 1 1 N 1 . 1 1 & © ﬁ(%&ﬁ@i
0 5 10 15 20 25 -« TS
Bl a2 o I

A 2

19 FIAT HLBEA 2516 30 Fhigh A v (¥ 5L BT (UPLC-MS/MS)

Fig.2 Matrix effects of 19 organophosphrous pesticides in 30 vegetables and fruits (UPLC-MS/MS)
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WK 3(AFTR, FIF GC-MS/MS Z3tret, KEHukzy
T LA A o P SR Pl B RN, R S R ol R
BEACMNT DL VA b v 1, At Ao 24 1 o %
B4 0T DG BC AR v i 2R ilF AT e B, BRAIR T SEBR AT AR
A TPE

E 3B)FR, A UPLC-MS/MS 4Afht, KZEH
A AR 2R B TR 5T v 4 R IR Dy T 22 W 1 55 R T AN
BRT ST el . AR . BUECEL . WRRGLEE, LA 2t
FIH UPLC-MS/MS 73-#ritf, QuEChERS ¥4k LK A B Bl ]
V5 ST S ) A T A2 B L, AT AR RV S bR A T

3.5 RREFRMIEE

Ry B 1 A3 W R B R A, AR 5 R AR R S I
SYBT T HABIE R LN . S5 RINE 4. B’ S PR, L
PUHIT R e IL T, GC-MS/MS H. UPLC-MS/MS B 45 %
A IE T (R 2 LR . PR XK BB . Lk
el . SRR . RO . FHOR SRR . P X B SL B
N (GC-MS/MS), B RIFMRIEMER . BAR, FE#A %2,
T R el . L M (UPLC-MS/MS) A5 #5407 i 8¢ 1 A
FH, AHEGEUE | SRAL . BB (UPLC-MS/MS)FEFR 4 ki
FE ST AT IR A A H A 2 e (Y JE TR
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Fig.3 Numbers of matrices with strong, medium and weak matrix effects for 19 organophosphrous pesticides in 30 vegetables and fruits
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Fig.4 Matrix effects of 19 organophosphrous pesticides in different vegetables and fruits using zucchin as typical matrix (GC-MS/MS)
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Fig.5 Matrix effects of 19 organophosphrous pesticides in different vegetables and fruits using zucchin as typical matrix

(UPLC-MS/MS)

Fz3 LUARIMBEEHEAASEAEMERNE, F. BERYNE (%) (GC-MS/MS)

Table 3 Percentage of strong, medium, weak matrix effects in other matrices using solvent or zucchini (%) (GC-MS/MS)

Cli LY 5
75 EY
sl DY el P sl DY
1 HH Yl 10 0 40 10 50 90
2 Tk F e g 33 0 50 37 17 63
3 SFURR 50 3 33 50 17 47
4 SRR 37 0 57 10 7 90
5 [A e 0 0 17 7 83 93
6 FH B T BN 0 0 27 0 73 100
7 H PR 0 0 40 7 60 93
8 IR I 100 0 0 30 0 70
9 W B 10 3 37 50 53 47
10 FH X B 50 0 43 23 7 77
11 R 0 0 3 3 97 97
12 L0 3 0 60 3 37 97
13 AR 37 0 50 23 13 77
14 X 43 0 43 27 13 73
15 TR 0 0 20 3 80 97
16 FH L S Mg 83 0 17 7 0 93
17 RA T B 7 0 40 17 53 83
18 R 0 0 27 0 73 100
19 EIEW 0 0 0 0 100 100
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+ MRM (135.9 > 108.0) 1019.
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I | |
11.2 114 11.6
fi} B8] /min
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20
S 15 |-
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0 J
I | I
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Fl6 AR REmBE & P AL S IR TE VY #  SE BT P i (3% 1 (GC-MS/MS)
Fig.6 Chromatographs of isocabophos and isofenphos-methyl in zucchini (GC-MS/MS)

AR ] GC-MS/MS 1 UPLC-MS/MS 4347 1 19
FaHLBEAZG7E 30 gk SEEL T b i B 00, 255 R,
4| ] UPLC-MS/MS #4745 B, 283 QuEChERS ¥k,
LHLETRR RS, BROBEH Rewl . ROREE . WARERBESL, H
by 245 357 R )RR 3 590 I o oA A R R AT E R A R
GC-MS/MS #EATA AT, AT LUF) R PaaH = 1V S AR B,
et o) 35 0 DG O AR HE VAR, EAT R SR AT, AE CRUEAS U AR
AISEPERETER T, AT RREE Mk ias & .

SEHE
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