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Determination of 29 kinds of pesticides in Lentinus edodes by QuEChERS-gas
chromatography-tandem mass spectrometry
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ABSTRACT: Objective To establish an analytical method for simultaneous determination of multi-residual
pesticides in Lentinus edodes by gas chromatography-tandem mass spectrometry (GC-MS/MS) coupled with
QuEChERS. Methods After pretreatment, the Lentinus edodes samples were purified by a mixture of sorbents
(primary secondary amine and Cig). After DB-5MS capillary column separation, the module of multiple reaction
monitoring was applied for determination. Internal standard method was used for quantitative analysis. Results The
29 kinds of pesticides had good linear relationships in their linear ranges with correlation coefficients R>>0.99. The
recoveries of 29 kinds of pesticides were 90.7%~122.3% spiked at 3 levels and the relative standard deviations were
below 14.9%. Conclusion The QuUEChERS-GC-MS/MS method is sensitive and accurate, which can be used as
routine analysis method in multi-residual pesticides monitoring of Lentinus edodes.
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B A 245 5% B8 40 B v Ak B AR A s R AR
HX (accelerated solvent extraction, ASE). [& AH %% B (solid
phase extraction, SPE) . # i ¥ i {4 1% (gel permeation
chromatography, GPC)%§, {H &3k Lt 7 ¥k AR AF 4 45 #EHT 2%
JIEIE, FEAE A AL AR 5L A PREA T . QuEChERS
J7 AN I AR SR Tz M) I AR BR T AL B R,
FOORH ., R SR, MRS, TR REE N3
AW, SR, FEEERE 2R, SAKENSH. B #
R, MWD, SRS G0 SR o3 s A € o b T B
671 22 5y A A BEE T3, DRI 7 2 e Pt o . 9t
T Rl 7 B 5 ) AR T A T ke 3kt A AR PH A T P A5 ()
8131 e\ 3 & A NY/T 1380-2007" 415t /&% il QUEChERS
HOOAb B o7 W4 A RO 35 - B O I (gas
chromatography—mass spectrometry, GC-MS) [A]H il %2 5
F.OKEH 51 PR ZERE, HR R R T A
(selective ion monitoring, SIM)IEFEZS 5 r= A B BHPE T,
IR, B A 2 5k B R AR ok A A 2 B R AT T
YESRH T B 0™ A% K

Hur, X &Faix —FZWE AL, KA
QuEChERS J ¥& %45 & R M {6 1% - 58 B¢ i 3% 2 (gas
chromatography—tandem mass spectrometry, GC-MS/MS)#%;
W7 A G WF 9T A i iR . ARBFR DI . A
QuEChERS J7ikAENHTA T B, SR 2 B niy s i 488 =
(multiple reaction monitoring, MRM), #: 7 @745 H 29 F
AT . HEF T IR, A BT A U TR 4
HEA T IR B

2 MH5EREE

2.1 #MEbRFI SR

{6 A AR S (R ST ), 29 Bl Z9hR v i K bR P
fi? = 7K lif (triphenyl phosphate, TPP), ¥ & 5 1000
mg/LAME IS AR B VI BT (R L)), Cig N-TR3EZL
% (primary secondary amine, PSAYH A . TOKFFREE . 1R
G rat, LilgiigkAanl);, O Wl HiR(Gigal, 2
[ Tedia 22 ]); SCU6 FH /K% FEIEHER 4K R 500 % .

TSQ Quantum XLS “THH (35— Fa PUARAT H B Jit 1X
(Z5[E Thermo A 7)); DB-5M EYIEH: (3 [E Agilent A ]);
Hettich ROTINA380 #5.00HL(1% [E Hettich zentrifugen /A F]);
TTL-DC II 7K ¥ 2 MR A (b 3 ] 28 6 B 4 & R A5 BR A A1),

QL-901 TATER % dr (I T AR DR AL 2 32 A BR A 7)o
22 RWHE
221 HmtyETA

FREL 10 g ¥R EEFRZEFET T 50 mL B0, A 20
mL 1% R ZIEE RO 3 WD ES#ETR, 2800 r/min i HEH
B2 min, A 5 g IRGZEBUEE(TOK CBREN: TR AR EE
=1:4, m:m), FHRBEG EFRMRS); S5 4000 r/min B0 3
min; WEFIRI 4 mL SR ETEMA 1 g sifbik
(PSA:C g:MgSO,=1:1:3, nm:m) B, IRHE 30 s, 4000
r/min B0 3 min 5, W2 mL 2IFFEIE ), 55 CRIBHE
WEET, A 1 mL & 100 ug/L TPP(RFRY) I NER: IE O 4E
(1:1, V-V s 5, i 0.22 um PTFE 38R, #5047,

25 [ 6 7 4 B A A B LA AR SR AR B, A HRS RAS Y
13U FH 25 DC AR VA
222 EaEEH

%4 DB-5MS B4 (30 mx0.25 mm, 0.25 pm);
IERIR T WIIRIRE 60 °C, {£4F 1 min, 30 ‘C/min
% 180 °C, S5 5 C/min F+Z 250 °C, F 10 ‘C/min F+
£ 290 CLR-EFF 7 min; HA RS, 4>99.999%; #H<it
1.2 mL/min; PERECIRE: 260 'C; MEEER: 1 uL; HEEE
TR T
223 At

fRATERIREE: 290 C; BFIH: BI W, & FREE:
260 C; BEFEES: WA, 4iE>99.999%; WFILER: 5 min;
Bl R A MRM B RGP e+ 2 X &1t
BN, HELHE ., ARSI 1 R,

3 HZRED

3.1 FRIEFRHATL

Bl 1 mg/L £ RETREGIRHEAM, 1675 RH Full Scan
PRI AT 4, 38 i X F R P A B 5 R,
PIHEIASS BARE A IR R st a), IR PR ny & | 45k dr
EEEF 5 SR)G A B R Xt 4 BARME S 9k 17 B 2k H Ak,
ISR T FEF . BEERE IS 4.

32 REURTARIERE

L AOAC 2007.01 i ikl ol SLm, AR e ff 7 2 3%
JT AR X 7 AT IR AR . IO T, AOAC 2007.01 4%
15 g FESRINA 15 mL FRAL 25 SEA T HEHR, 17 e 5 i B i 25
KERMXTEAR, F T ERIFRRBGOR, ARFF %S 10 g FEah
JIA 20 mL BRICZJEHATIREL HAh, 7ESRBGI R FINA
3 WBERS TR, REAS NI BE L R, FRAS R Y R
o G, FAEREA TP S KA . S R
G, TR ERE A SR OR, BR TR AOAC
2007.01 HK W PSA Fb, IBBEINT Cg LA BR— LRI RS
ettt THeW . 5 IR B EEF AR & P AR S AR, 4
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HERACR S N AT 5 BT 29 Ry
TV AR HEIS I, HERRREN 1 pl, LA H AR5 T
FR(Y) 5 INFRY) TPP(100 pg/L)FE HARLXHE I 4 B Fk v B3 (X,
pe/L)Z: bRl 2, L 3 505 M L (S/N) i 2 A3 g o i B
(limit of detection, LOD), LA 10 fi5{5Me LL (S/N)#f E AL #5 E
2 FR (limit of quantification, LOQ)(F& 2), 45 REH, tHX R
R IIRT 0.99, #5FhAe 2 5 B e B (e LR MU VN AT
BRI R (3R 2).

3.4 [EIKE, BEE
BSHPERE S eI 29 FhR 255 BB 4 4y, W4 3

Bl R e BE B I bR BE dh 45 5 Oy (CHiep, W3R S
p.p-DDE. 0,p'-DDT. p,p'-DDD. p,p’-DDT ¥k & K
25, 50, 100 pg/kg, BN . FAT N . ST .
BTSRRI R VS v
BESR 50, 100, 200 pg/kg, HA MBI E R 100, 200,
400 pg/kg)o. ¥ bR TR IEATERI, e fk, FEOR FHILETIC
BeAMbR s i, B R ARG % 45 R R, 29
e 25 5% B8 20 43 () BLBCR I TE 90.7%~122.3% 22 (8], #H
FHFRAER 22 TE I 0.62%~14.9%, 5 i 4% 25 Z 5% B8 /i
MEER (£ 3). B 1 o ZE S AR FE 100 pg/kg(A).
B 25 VAR G (B) LA T 5 266 VS 00 [l IS AR 100 pg/kg(C)IY
JEVES T € (total ion chromatogram, TIC). M & H F {1
PIEH, Fahas AR LA 40 T3, 43 e
FE Y LG W I T 0T

R1 29 MRAKRBANNBRIERMG

Table 1 MS parameters for the determination of 29 kinds of pesticides

&2 B4 B 7] (min) BB T (m/z) T BT (mlz) R RE(V)
L 181 145+ 15
a-7N757~5(a-BHC) 7.96
219 183 15
o 181 145+ 15
B-757575(B-BHC) 8.39
219 183 15
o 181 145* 15
y-757575(y-BHC) 8.59
219 183 15
o 181 145 15
J0-757575(0-BHC) 9.13
219 183 15
o 237 141 22
F i HE 2R (quintozene) 85
237 143* 20
285 212% 15
I W H| (vinclozolin) 9.87
287 214 15
N 263 109 15
FH 35 A7 W (parathion-methyl) 9.94
263 127* 10
277 109 18
MR B (fenitrothion) 10.55
277 260* 10
W . 314 258* 15
#7 4LU (chlorpyrifos) 10.97
314 286 12
. 291 137* 10
X B (parathion) 11.17
291 263 10
N 136 69%* 25
7K i B % (isocarbophos) 11.28
136 108 12
- 199 65 25
A 3L S (isofenphos-methyl) 11.72
1989 121* 11
5 252 162 12
T H % SR R (pendimethalin) 11.86
252 191* 12
255 212 18
J& # | (procymidone) 12.42

283 96* 15




3596 B2 4 TR R I 2R ERE
&gk
LSS EA S {4 B B5F 7] (min) BEB T (m/z) FEF(m/z) REFERE(V)
. 246 176* 25
p.p'-i# 7t (p,p'- DDE) 13.87
318 248 20
o 235 165% 15
o.p'-THE (o,p'- DDT) 15.17
235 165 20
o 235 165% 20
p.p'-TH % (p.p'- DDD) 15.25
235 165 20
235 165% 20
p.p'-i T 5 (p,p'- DDT) 16.39
237 165 20
137 75 25
57 (chlorfenapyr) 14.37
137 102* 15
v . 181 141 22
BX 2K 245 B (bifenthrin) 18.11
181 166* 15
—_— ) 181 152 23
FH 5 24 (fenpropathrin) 18.41
265 210% 15
- . 181 152 23
SR i (cyhalothrin) 19.88
208 181* 10
183 128 25
S 50 (permethrin) 21.08,21.28
183 153* 12
163 91 12
A E B G (cyfluthrin) 21.89,22.03,22.1,22.16
163 127% 10
JEy— ) 163 91%* 14
A FH B4 15 (cypermethrin) 22.32,22.46,22.52,22.6
163 127 8
199 107* 22
TR G EE (flucythrinate) 22.56,22.82
199 157 10
JEN— ) 250 200% 20
T F A S (fluvalinate) 23.69,23.80
252 200 20
N 167 125% 10
FHIXZEER (fenvalerate) 23.49,23.78
225 119 15
181 152% 20
TR 555 (deltamethrin) 24.31,24.62
253 93 18
AR AR (M) _— 326 233 1
TPP(internal standard) . 326 325
T2 29FRANKMSERE. LMEEEAFIE. HXEH. RHERMEER
Table 2 Linear ranges, linear regression equations, correlation coefficients, LODs and LOQs of 29 kinds of pesticides
(&g s 2L M7 ] (ng/mL) o o il £ MERK R KlRueke) &R (ugke)
a-757575(a-BHC) 2~200 ¥=1.053¢2X-8.038¢" 0.999 0.039 0.130
B-7N7575(B-BHC) 2~200 Y=7.326¢>X-6.051¢” 0.9993 0.057 0.189
y-757575(7-BHC) 2~200 Y=8.442¢7X-9.052¢> 0.9988 0.049 0.163
6-757575(6-BHC) 2~200 Y=7.475¢>X-5.429¢> 0.9997 0.089 0.296
T A AHHEIR (quintozene) 2~200 Y=3.348¢°X-2.199¢ 0.9988 0.015 0.049
KA H) (vinclozolin) 2~200 ¥=3.202¢>X-8.999¢ 0.9996 0.010 0.034
FP 3L X 6% W (parathion-methyl) 2~200 Y=4.666e>X-2.228¢> 0.9994 0.005 0.017
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gk 2
st/ AN A (ng/mL) PRl 2k MERB R BB ugke)  ERR(uegke)
B 5 (fenitrothion) 2~200 ¥=3.605¢7X-6.952¢" 0.9979 0.007 0.022
HEFEM (chlorpyrifos) 2~200 ¥=9.945¢>X-2.297¢” 0.9994 0.009 0.029
X B (parathion) 2~200 ¥=2.658¢X-1.576¢> 0.9933 0.179 0.598
JK i (isocarbophos) 2~200 Y=4.193¢>X-1.405¢" 0.9976 0.121 0.404
FH 38 540084 (isofenphos-methyl) 1~100 ¥=2.859¢7X-1.022¢” 0.9992 0.013 0.045
ZH R R (pendimethalin) 2~200 Y=3.204¢>X-7.254¢> 0.9961 0.027 0.090
Ji& % H (procymidone) 2~200 Y=3.705¢>X-2.37¢" 0.9993 0.002 0.006
p.p'-Ti 7 (p,p'-DDE) 1~100 Y=6.479¢2X-2.151¢? 0.9993 0.004 0.014
o0,p"- 1% % (0,p’-DDT) 1~100 ¥=3.952¢7X-5.071¢" 0.9995 0.016 0.054
p.p'-T % (p,p'-DDD) 1~100 Y=3.979¢X-1.85¢™ 0.9986 0.013 0.045
p.p'-i i i (p,p’-DDT) 1~100 Y=4.886eX-5.166¢™ 0.9959 0.013 0.045
Hu 451 (chlorfenapyr) 4~400 Y=7.16¢"X-2.774¢" 0.9985 0.058 0.192
14 35 15 (bifenthrin) 1~100 Y=4.402¢X-5.848¢” 0.9993 0.029 0.097
& J@H(fenpropathrln) 2~200 Y=1.974¢7X-4.183¢> 0.9967 0.073 0.243
S5 45 15 (cyhalothrin) 2~200 Y=4.613¢X-2.033¢” 0.9990 0.074 0.248
443415 (permethrin) 2~200 ¥=7.322¢7X-3.718¢” 0.9992 0.456 1.520
S5 T4 (cy fluthrin) 4~400 ¥=3.956¢7X-1.669¢ 0.9965 0.482 0.164
SR A B (cypermethrin) 4~400 Y=6.435¢7X-4.617¢" 0.9980 0.812 2.710
S 491 (flucythrinate) 2~200 Y=1.371¢2X-2.894¢" 0.9963 0.082 0.274
SR F 461 (fluvalinate) 4~400 Y=4.534¢7X-1.327¢? 0.9972 0.734 2.446
FUKH TG (fenvalerate) 4~400 Y=1.204e7X-4.252¢7 0.9977 0.092 0.310
TR 35 (deltamethrin) 4~400 ¥=3.939¢7X-1.035¢ 0.9941 0.468 1.560

F3 3INRMAFET 29 MRAMEILE, HEE@0=5)
Table 3 Recoveries and RSDs of 29 kinds of pesticides spiked at three levels (n=5)

B (%) RSD(%)
(aEE BN — —
R E (ng/kg)  PHRE(ng/kg)  FERE(ngke)  IREKE) THIRE(%) FHE (%)

a-7NN7N(a-BHC) 122.3 101.8 116.3 4.81 4.11 2.70
B-757N7N(B-BHC) 108.4 105.4 1112 3.34 425 1.53
P-7N7575(7-BHC) 109.8 102.5 111.3 4.62 3.98 2.40
5-737575(6-BHC) 101.2 102.0 107.9 3.27 3.61 2.59
T A AH A (quintozene) 111.9 95.3 108.5 5.17 3.92 3.01
N A] (vinclozolin) 110.6 101.7 109.3 4.07 3.22 2.11
35 B (parathion-methyl) 117.7 104.1 104.5 3.91 4.54 3.29
Z% BB % (fenitrothion) 104.8 107.3 109.1 3.09 3.45 127
T2 HL I (chlorpyrifos) 105.6 99.5 104.6 421 4.54 2.36
i W (parathion) 104.6 106.0 118.7 3.95 5.05 6.36
JK M B 5 (isocarbophos) 108.9 108.0 105.1 0.83 5.49 7.63
F 5415 (isofenphos-methyl) 105.4 105.0 106.8 1.73 4.38 1.63
TSR R (pendimethalin) 99.7 98.4 107.3 2.87 2.57 2.60
Ji# 75 M (procymidone) 106.9 108.6 106.4 2.63 4.87 1.99
p.p'- T (p,p’-DDE) 95.8 933 101.0 1.83 3.68 1.76
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[ET (%) RSD(%)
EW 2R - - — : ; .
R (ng/kg)  HHE (ngkg)  FIEE(ngkg) MRIEKE(%)  IREE(%) FRIE (%)
o,p"- i (0,p’-DDT) 97.3 98.8 102.6 1.39 3.34 2.09
p.p'- iR i (p,p'-DDD) 91.6 913 102.9 1.49 3.75 14.90
p.p'- TR (p,p'-DDT) 94.6 96.1 99.0 1.49 3.06 1.71
15 (chlorfenapyr) 106.4 107.3 111.0 6.86 3.64 3.69
T3 #E 36 (bifenthrin) 95.4 95.6 96.2 1.16 3.99 1.46
FH 5 34 T (fenpropathrin) 98.0 99.0 105.2 1.77 4.49 4.28
SR 31 (cyhalothrin) 97.8 95.5 90.7 0.62 5.71 3.02
S %41k (permethrin) 95.3 98.8 100.6 2.32 4.01 1.87
R SE A3 TS (cy fluthrin) 103.0 104.3 105.4 3.30 4.62 3.32
A F 56T (cypermethrin) 102.9 102.9 103.8 5.06 3.96 1.79
FEUFUL G TS (flucythrinate) 104.5 107.5 106.5 1.57 4.61 2.30
J 1 F 26 TR (fluvalinate) 107.1 107.1 100.9 2.97 3.41 3.07
R % 34 16 (fenvalerate) 103.7 103.8 104.7 3.83 3.84 3.43
147 34 1% (deltamethrin) 105.8 103.4 100.8 4.09 6.18 2.54
100 < (A) 13.94
90
80 15.24
o 18.18
O
g 11.79 16.47
E 60
| 50 -1 8.01 11.47 19.95
2 17.08
£ 40 8.64 8.96
£ 30 9.19 11.93 18.48
20 12.49
10 5.55 I |
: 19.
0 1 5360597 | 1976}
0 4 6 8 10 12 14 16 18 20
Time (min)
17.1
1007 (B) 7.1
90
80
g 70
g
S 60
2
s 50
o
=
E 40
>
&30
20
10 22.04
0 5.52 7.778.52 1045 11.67 1183 1514 16.88| 18.04 18.87 21.11 " 22.77
0 2 4 6 8 10 12 14 16 18 20 22 24
Time (min)

T (ABRFE 100 pe/kg; (BYERGZE AL ZE 11, (COFF ARSI 100 pg/ke
1 BRI
Fig. 1 Total ion chromatograms
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o
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Fig. 1 Total ion chromatograms
. Heilongjiang Lentinus edodes by simultaneous distillation and solvent
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