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Determination of 8 kinds of organophosphorus pesticide residues in butter
by QuEChERS-gas chromatography-mass spectrometry based on
primary secondary amine and C,g-bonded zirconium rubber
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(Institute of Agricultural Product Quality Standard and Testing Research, Tibet Academy of Agricultural and Animal
Husbandry Sciences, Lhasa 850032, China)

ABSTRACT: Objective To establish a method for the determination of 8 organophosphorus pesticide residues in butter by
QuEChERS-gas chromatography-mass spectrometry based on PSA (primary secondary amine) and Z-sep'(C,s-bonded
zirconium rubber) as clean-up materials. Methods After the pesticide residues were extracted by acetonitrile, PSA and Z-sept+
were used as QUEChERS clean-up agents to remove the interfering substances in the extract, and the purified samples were
detected by GC-MS. Results In the linear range of 10~500 pg/kg, the peak area of the target quantitative ion had good linear
relationship with the corresponding concentration r>0.99, LODs (limit of detection) were 1.08-7.16 pg/kg, LOQs (limit of
quantitation) were 3.59-23.8 ng/kg, the recoveries were 73.6—11.31% at the concentration of 25, 100 and 500 pg/kg, and the
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RSDs were 5.1-17.2%. The intra-day precision and inter-day precision met the experimental requirements. Conclusion This

method is rapid, accurate, sensitive and suitable for the determination of organophosphorus pesticide residues in butter.
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QuEChERS(quick, easy, cheap, effective, rugged, safety) i
B2 2003 AESEEOMFRIF A —FP L | R Fe . AR
A SRR A AR 5R B TR A, 1207k B4R K
ZR TWFEEA R IZ 26, 7E QUEChERS Jyikth,
HIEEAT R+ B SEE S REIR(Cg) « N-TNIE S e S R
(primary secondary amine, PSA) Fl {7 5% fk Bk 24 (graphitized
carbon black, GCB)!", {HIXLERRIXT & S IR ZL L A
M LRCR AR AP AR5 E(C g-bonded zirconium
rubber, Z-sept)iFL i RHEITAEAR A SERHANGEAT R, AEGS
AT RO, A FE TR 5 oo A A2 A4S U1
AHFEIF & T—FLL PSA Fil Z-sep+h QUEChERS ki
BUHTTIE, PSA REREA S BRFE S P RIA IR . SR e T
F DA TREE, Z-septABIEA L IR LI HRIBOR T YIRS FIis
ARYE TS, P LA IRES & O (- g X
R T BReh 8 Al A b IR A DB 2Y, SRR T
FAXS B Y — A S R S RS BRI . A7
TERERE XTI 8 FvA MUBEAZHEA THER PTSE AR, X T4
PUBEA 255 G B DR BRI B ot 22 4 FA E SR IS S

2 MREREE

2.1 #RI5EH

m IR W TR i\ —BR A T .

TR, WEERTEERE . RIEEEE . DRETEE . XEREE .
IKBRRR . =B AR R RBEARE AR (1000 mg/L, KA
TREREE B B R B IR FF0); PSA40 pm, £ Agilent
T, Z-sep+(3E H Sigma-Aldrich 23 H]); JToKBEREE . &k
WrHral, EZERERFIAE BRAF); CH5(EiEa, 3
[ Fisher A H]); B4I85(=99.999%, Hips i Seiestit &

il

B, HaiK: A10 Milli-Q 25 B Tk & A 2l %
22 UESEE

7890AQ-5977D SAHEIE BT IE(L . HP-5MS E4
EEARER (30 mx0.25 mm, 0.25um, FE Agilent A H);
H1650 75 3 25 ML R L3 AR & A BR A F]), ALO
Milli-Q % & F7k &4 4% (35 E Millipore 2 F).

23 ELWHE
231 &Lt

A HP-5 MS G iE A (A% : 30 mx250 pm, 0.25 pum);
A AR, B 1.2 mL/min; #ERETEEE: 270 °C;
PEFREE: 1.0 pLo FHERRT: IR 80 °C, 4% 1 min, LU
15 °C/min Y FTHRE 185 °C, {£4F 5 min, 4kZELA
15 °C/min [FHRFHE ZE 270 °C, FAFF 5 min,

232 Skt

B BN, BRI 230 °C; Rk ALk ing:
280 °C; VUATIREE: 150 °C; #fAfHE: 1 pL; HERER:
70 eV; Z i W EFIAER 5 min.

233 ERELH

FRUERARRE SR 43I 1000 me/L f Rl H
XPGiRE . RIEGERE . TR TR KRR, R
IRAFHAMEARRAS 1.0 mL, BT 10 mL 80+, Nz ihie
7, NASAARZG HERIIIAS A 100 mg/L BIBREARRIE AT

FRUETR G A R A IR 100 mg/L 54
ZIPRER 1.0 mL, B 10 mL 8T, HCEER, &
A2 EFRYI Y 10 mg/L.

PRVl H CIEM BRI T R TAEMKIR S
TR, A2 BV i BEAR I 0.02, 0.05, 0.1, 0.2,
0.5mg/L, #H.

234 sS4

BRI 1 g, BF 25 mL Ay s 88RO, A 1 mL
Ko 1 g EALBARN 1 g TOKBREREE, PN 10 mL, FHR
F24 50 °C, FEBRmmA LSS, BIZIHR 1 min, L1 10000 r/min
B R 0 3 min, i LR IERBBES A 1 ¢ L
IKBREREER) 20 mL BPELELOE D, R 1 min, #EFFIOK
WIREETIES, BUEIEWR 1 mL B4 50 mg PSA #120 mg
Z-sepHHBIR A9 5 mL R B, 7% 3 min 5, 7F
5000 r/min 454 F &0 3 min, B 1 pL F3SRZ 0.22 pm A
HLUERES 8 s, BRI, AL

3 HRESR

3 EMEEBETHHRE
PLZ GRS, Bodil 8 Fue2y BArPkEE N 1.0 mg/L 1)
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Table 1 Mass spectrum parameters of 8 kinds of 400001
organophosphorus pesticide
B REME ERET ST el T 20000 S S
FE 6D /min mz)  1miz)  2(miz) U . . . . . .
12 14 16 18 20 22 24
1 T 11.81 179.1 137.1 304.0 i ] /min
2 HEXTER 13.77 263.0 109.0 246.0 3 REN
3 IR 15.28 277.0 125.0 260.1 Fig.3 Sample chromatogram
4 TR 16.03 173.1 158.0 143.1
5 SRl 16.68 291.0 2350  186.0 32 BUMRHERSMIEE
6 TR R B 17.12 136.0 230.0 289.0 Zh e A\ R ALFE L AT AR TE NY/T 1380-2007
7 22,67 161.0 1721 207.0 CHRIAK G 51 Rl 2h 22 5% BRI 8 ORR (- gk W17,
8RR 24.65 182.0 367.0 154.1 PSA HIFHE BN 50 mg AP | mL ZAEHRBUR, KA
160000 - . CAEESE 50 mg o PSA [fli & SIS Z-sep+
140000 8 W BRI o, AR CAE 28R 20 mg A Z-sep+AHIMH . L
120000 - 50 mg [X) PSA #1120 mg () Z-sep+AH S 1, 1E ikttt
é‘ 1000001 ‘ AL BRI A TRIRE &, 2RISR
% 80000 33 &MEE. &MXR. RERMEER
g 600001 y ¥ 233 BEHIRRINE AR, AUGIERE, LI
40000- 5 |5 24 e Ak R T AR S &, 2l TR
20000 2 X 2 GEIRINFE 2 BN, 7ELIEIER 10~500 pg/kg N, EARY
o—) . . . . , JUE B UETAR Y SRR EE X 2 RIFIIAPECR,

12 14 16 1]8 20 22 24
I5f[E]/min
TE: 1 THREE; 2. HUREXPERBE; 3. ARMEGEEE 4. DILALRE
5, XTEREE; 6. AKMBIBE; 7. = mewE; 8. ARBIHE.
K1 FRifE g
Fig.l Standard chromatogram
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Wl TR 2. WLXTRREE; 3. RIEGEEE; 4. DRIGIEE,
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B2 BES bR R

Fig.2 Sample chromatogram with standard addition

LR ELr 4 0.9972~0.9992, ¥KTF 0.99, %7k Hirgk
26 B (limit of detection, LODs) 4 1.08~7.16 pg/kg, &
HBR(limit of quantitation, LOQs)} 3.59~23.86 ug/kg, PIT
AR GB 23200.91-2016 &L aE RS IR &
fn 9 R HLBEAR 2558 BE R 00 I R SRR R Ik YR
TSP 9 R MUBEA 25 1 2 1R 10~50 pg/kg,
# GB 23200.93-2016¢ £ i %4 E G bRk £ 5 P A HLBEA 2
B BRI SRR - BT T ) b, DUAS Z RS IR
B 10 FAEPLBERZG R E RBR R 20~100 pg/kg, A8 TAEFTER
BRI 8 B AILEEAR 2 1 T BRI T B ThRfE, 18P
T RE S ERI A FLB A 24 85 B ARSI R

34 EWMEFBEE

Tia] A A A% 25 5% BA 19 25 I BRIRE S N 25, 100

500 pg/kg Ht 3 MIRBEK-HY 8 FA HLBHE SR HEIR I,
AWEFE 2.3.4 HEAL R )5 AT AL B, SEATINE 6 IR, e 2
R 3. mE 3N, K. H &3 NIRRT, 1%
7k g HARAR 25 1 I A F 73.6%~113.1%, FH X bR
{# = (relative standard deviation, RSD)4ZbTF 5.1%~17.2%, Vi
WA T AR BTy 1 HA R M B RS 25 1, RE RS TG 2
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LI E H PR R A H RS 2 R PPN % 7 i
HHWE, FE[F—RNARIB BT 3 W, RfeH N
R, 2k 3 d LA EDNRIRS H RS % R . IR A )
INER U BE A2 [l SR AT AR ARME R 2250 . Uik 4 FF

&2 HEMIRLMEIE &NeE

/N, HPRTH [ AE AR R 25 43 3/ DT 13.7%F01 11.9%
Wiy i 1 T
3.6 EFRMEmOHT

MHrgEi N\ — AR TR T 10 (BRMEES, H
ATy XA 8 R AL A 2 R TR, A B AR
MLBEAR 2 .

v HEXERY KRUERAMEEZR

Table 2 The equations of standard curve, linear range, correlation coefficient, LOD and LOQ of the targets

e HAr¥) Sy LA/ (ng/kg) MHXEREr  LOD/(ugkg) LOQ/(ug/kg)
1 R Y=17.6081X-407.8869 10~500 0.9987 1.09 3.63
2 LS B Y=5.2821X-81.9063 25~500 0.9985 7.16 23.86
3 AR Y=6.2452X-120.8762 20~500 0.9972 3.52 11.73
4 TR TR0 Y=9.3661X-204.2489 20~500 0.9982 4.87 16.23
5 X B Y=5.1925X—67.2432 20~500 0.9991 5.82 19.39
6 K R Y=8.6338X-178.7901 10~500 0.9983 2.69 8.96
7 R Y=7.9236X-103.3687 10~500 0.9992 2.98 9.93
8 PRAT Y=10.1978X-196.4203 10~500 0.9985 1.08 3.59

#* 3 FUESEE AR R 2 (n=6)
Table 3 Recovery and relative standard deviation of 8 OPPs (n=6)

[El it = LRSD/%
e Hir9

25/(ug/ke) 100/(ng/kg) 500/(ug/kg)
1 T 105.1+14.9 96.1+6.9 86.149.3
2 R B e 88.1+16.7 113.1+13.2 92.148.7
3 A 99.2417.2 94.3+10.7 85.2+12.2
4 RN 105.1£7.0 103.249.2 106.1=11.0
5 X i 91.1+15.9 97.1+15.6 105.1+9.4
6 7K g B 87.2+16.1 83.9+14.8 82.2+17.1
7 = 89.2+12.4 92.9+12.1 87.2+10.4
8 PRAT 73.6+16.8 86.3+5.1 93.3+12.8

#4 FEANBEENREBEZEE@N=3)
Table 4 The Intra-day precision and Inter-day precision of this method (n=3)

H A5 % B2 (RSD/%) H [A]K5 % B2 (RSD/%)
5 Hir9
25/(ug/kg) 100/(ng/kg)  500/(ug/ke) 25/(ug/kg) 100/(ng/kg) 500/(ug/kg)
1 7 5.4 4.5 5.9 6.3 9.8 5.8
2 FH X B 13.7 7.2 6.7 8.9 7.0 9.8
3 AR 6.2 6.8 4.9 9.7 6.2 52
4 R 10.8 4.3 7.2 10.3 4.1 6.3
5 Xof i 9.1 7.1 5.1 10.4 5.6 4.9
6 IR I 8 6.7 4.4 8.6 6.9 4.6 6.8
7 1303 11.8 7.7 9.8 9.3 6.7 10.1
8 RATBE 10.2 6.9 6.2 11.9 7.6 7.8
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