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Simultaneous determination of 24 kinds of pesticide residues

in coffee peel by solid phase extraction-gas

chromatography-mass spectrometry
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Abstract: Objective: A solid phase extraction-gas chromatography/
mass spectrometry ( GC-MS) method was developed for the
simultaneous determination of 24 pesticide residues in coffee peel.
Methods: The sample was wetted with water, extracted with
acetonitrile, the extract solution is concentrated and then purified
with ProElut TPC solid phase extraction column, eluted with
acetonitrile and toluene=3 * 1, after concentration, the sample
was determinated by GC-MS and the peak area was measured by
internal standard method. Results: The 24 pesticides were
separated well within 28 minutes. The residue of pesticide was in
the range of 0.016~0.400 mg/kg, the linearity of the method
was good, the correlation coefficient r was between 0.997 9 ~
0.999 9, the quantitative limit was between 0.01~0.03 mg/kg,
when the concentration of pesticide is 0.03 mg/kg and 0.30 mg/kg.
the recovery rate is between 65.2% ~ 108.5% and 81.4% ~
105.7% s The relative standard deviation of intra day precision is
between 3. 7% ~ 6.8% and 2.5% ~ 5.9%, and the relative
standard deviation of daytime precision is between 4.2% ~7.2%
and 2.8%~6.4%, compared with acetonitrile : toluene=3 : 1,
as eluting solvent and ProElut TPC as purification column, the
elution and purification efficiency were the highest, and the
recovery was 95%. Conclusion: The performance parameters of
the method meet the requirements of national standards, and the
determination results are accurate and reliable. It can be applied

to the qualitative and quantitative analysis of multi-component

pesticide residues in dried coffee peel.
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ProElut Florisil [& 48 Z£ B /4T : 500 mg/6 mL, il &
B R A 5

Mega BE Carb/NH, [& #H £ U /ML : 500 mg/6 mL,
[ Agilent Technologies 23 &) ;

ProElut TPC EAHFE BT .3 g/12 mL. il LRHE A
B
1.1.2 FTUHER

SIS — BB AL . 7890A-5975C Y, it A E1 H
FHE B FIL, £ E Agilent Technologies 24 Al 5

R A A 3% A ZB-1701 B, 30 m X 0.25 mm X
0.25 pm, 7 MNAES TTRE AL A BRA ] 5

LT3 RS- . MS205DM B, B+ Mettler Toledo 23] 5

AR AS3120 A9, b 5 46 5 T A B R R A IR

N
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R M 47 5 E . MTN-2800W 2, 5 it L% 98 18 4 4%
AR
e 7% K A . RE-3000 B4, |3 3 2 2k AL AN #8 T
B0 AL: TDL-40B #, g% SR 22 28T,
1.2 Ak
1.2.1 TR A i AR V1 T 1

(1) IR A b A 45 98« LA DR O 7 591, AR YR T B 24 Fif
AR WEY 45 1.00 mL F 25.00 mL kg0 & i
5L PE5T T BB B R A 4,00 pe/mL 16K 45

(2) PRI - VB B US43 Wk 2 100 png/mlL 1Y
FAE L ERER K 1.00 mL, IREIE & £ 2.00 mL, it
TR YR BE 9 50,00 pg/mlL (K AR I .

(3) B A b5 TAEW: 43 5 4% B 0,00, 0. 20, 0. 50,
1.00,2.50,5.00 mL & & AR fEMH 4 W T 10.00 mL 15 %
SO T, S R A O A TR BT VR B 4 1
0.00,0.08,0.20,0.40,1.00,2.00 pg/mL AYHRHE THEWR %
B 1.00 mL F 1.5 mL #FFEI A L ITA 20 pl POAR L (8
WARIRE N 1.00 pg/mlL,

1.2.2 RAFEM WA EROME T SR R 400 g, 4% P4 4 ik
KR TE 4 0.22 mm FLARTHM .

1.2.3 IRFERYERE FREL 5.00 g ke T 50 mL ¥R ES 0
L 3.0 mL KIEIE A 20 pL AR A 30 mL Z A%
B ZET A 30 min,4 000 r/min B0 10 min, B
VW IMA 20 mL . BE FRBE, AIFE OB T
150 mL 3.0 .45 CRBIMEZR LZE+ A 2.0 mL
VAR5 i R AL

1.2.4 RFEREAL 3% ProElut TPC [ AH A B/ E 22 5
TRIAZERCEE 5.0 mL S P HE Vg ¢t Vg =
3+ DT BE/INRE 15 bk Uk v F 2k W% B R 2 v AR e
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TR BB AR, T8 10 mL &, 10 mL ¥
JE IR i, 45 R R N 2 ~ 3 mL/min, W5 VR B R T
10 mL W @EEF 45 CARB AR IET 0 1.0 mL N
R, 25 .0t 0.22 pm JE I8 U8 3k, B A @ 3% — R i
I S 5
1.2.5 itk

(D 3% & AfF: FHIR BT 80 C AR %F 1 min, LI
20 °C/min F & 200 °C,f&4F 7 min, Lk 20 °C/min FHi 2
265 C /4 10 min; 2K (He) Hii 3 1.0 mL/min, JE 7
70.3 kPa, #JEFE O IR B 260 C, A& 1.0 pl, R4
HEFE

(2) BTiE&1F . i THEHE 70 VBT ZR IR 280 °C
B FURIRE 200 °C ;£ B T (SIMD Mo I A 2 45 4 i )
5~28 min,
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Tz 25 FURE S L HE G i A BSR4 SR
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A mmE R ER . 2. A 4R B R e, R
Tl e s RPN A ML R R 2 A G W R R, 0
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AL A 2 5% 87 o 0 WU ) . AR TR IR 7E 42 I AR b A

2 e A i R 3R A o i B AL ok, ™ R N S 2R 1Y
«%WUEWQ N 1 32 BT ), R AR R U L AR T
A JE AL ELREDS L, W B O R E R R BUAT
2.2 BERRAFF0E M ZFEBUMEREE

SAAT M LEMEFILE e — P (Vias ¢ Vi =
9: DB ZHE—HRV, oy 2 Vayr =3 DX 3 FiA

[5] SR} [ AH A% B /A (ProElut Florisil [& #H % B/ £ |
Mega BE Carb/NH, [&#H % B /N L ProElut TPC [& A1 2%

BE EREN—SMEGIE/ REERMUEMBEFRES 24 MRAKE

BN AR BRI BRI AR WL 1,
th2 1 Al %0, W B T ProElut Florisil [ 48 £ B/
TR A 2 5R BR VR AR S S — W 2R > T > 1 O e —
PR s W B F Mega BE Carb/NH, [ A1 2E BN A Y 4 245
B VR B0 A0SR g 2 W — H R > TN R > 1F b — N R s %
¥+ ProElut TPC [ AH A& B/ Hh i) 4k 24 5% B2 ‘(stﬂﬁfxﬁz%
KRG A>T > 1F & e — T R Ul ok B 2
o — PR TR A0 T T A1 A 0 O 925 390 It 24 b o 24 Uk I R ME
BWRTF WP ARER. AiREREKR. YHED
Yot — PN A 32 B8 3 590 B W B 7E ProElut Florisil [# #H %
IUME RN Mega BE Carb/NH, A2 BUNME T SR |
F PR B e e B0 . P IR 1 AT, BORCE L P HERE R GC-
MS H (14 i o7 3B 5 A, 32 B2 45 4% 24 1) 45 09 B 10 I 75 7910 1Y)
PR G, T AR T (9 A 25 22 S A WL 2SN e R 28 5 4
P TR AR 45 AR B AE R B, X A R R R A R IE 2
ot AT T R TR T EF o e P K ) e 24 4k 4 40 e M B R B 24
R S 2T — F 2 e T s G 14 AR 2 4k A R
VLt 3
EFECHE I (Vg @ Ve =9 ¢ 1) BRI E 7 1A
RT3 Bl A ZE BN 15 AL R R ProElut TPC [ A
HEL/NKE > ProElut Florisil [& 41 % B/ % > Mega BE
Carb/NH. [# A % BUNME ; 72T R YR WA R R T, 3 Fp A
AHZE BN (935 3SR 4 ProElut TPC [ AH £ BN >
ProElut Florisil FlH# B /N > Mega BE Carb/NH, [ 4
BN TR H AR (Ve 2 Ve =3 2 DIEBLE R
RFRT .3 F AT ZE BUNEE B 2R AR 9 ProElut TPC [
FHFE B/ AE > Mega BE Carb/NH, > [ # %% B /) K
ProElut Florisil [ 4 A BN . 3 Fh [ AH 28 BON AE A9 3
B A BOCRAEAE 22 5, B B A 2 /AR (9 3158 6 R
A 5%, Florisil [ A% BUNKE LG AL BL 36 2 B ki +
(MgO = SiO;) 2 &, J2& —Fih =i L5 1 8 A9 W B 7] 5 32 2%
B3 B 4 25 B A AL A W B 83 s Mega BECarb/NH, [& 4H
ZEHUME LA B AR (CARB) M4 3k (NH,) b £, F 5|

x 1 RHGWEYRERE EHEFEINEF
PE R T T B R R S

Table 1  Elution efficiency values of pesticide reference

materials in different solid phase extraction

columns and eluting solvents %

I AH 22 /AR —NE WE B
ProElut Florisil 33 63 88
Mega BECarb/NH; 31 53 89
ProElut TPC 75 86 95

49



50

L2 5% SAFETY & INSPECTION

BEoss #2023 F 1 B | RSN

€39 EN g3
X25 x3 x4
€20 g T3
#H 515 # 52 5,
. : .
= 1.0 31 = 1
= 05 = =
< JA ] 1 - < <
6 8 10 12 14 16 18 2022 24 26 6 8 10 12 14 16 18 2022 24 26 6 8 10 12 14 16 18 2022 24 26
] ] |
Time/min Time/min Time/min
(a) ProElut Florisil [EAHZEBUINE, (b) ProElut Florisil [ AEABUNE, AR (¢) ProElut Florisil [EAHZEBUME,
EC bE— ZIE—H2E
— —~ 4 —
E g g6
X 3 x 3 x J
T, B Y P( T4
# 5 # 52 #E3
< < <
0 J l j AN L
2 2 21 ‘
< 0.2 [T L L < ‘ l . < 1 JJ\-LL l ]
6 8 10 12 14 16 18 2022 24 26 6 8 10 12 14 16 18 2022 24 26 6 8 10 12 14 16 18 20 22 24 26
A1 it A
Time/min Time/min Time/min
(d) Mega BECarb/NH, JEARAEBUME,  (e) Mega BECarb/NH, [E AL HUME, P (f) Mega BECarb/NH, [ AL HUME
ECHE—TTH ZIE—HR
45 — 8 ~6
g g7 S .
x 3.5 x 6 x 4
M T s =TS =,
# 5 g 3 4 £ 3
T1s z 3 2
g 52 g
= = 21
=05 =1 =
6 8 10 12 14 16 18 2022 24 26 6 8 10 12 14 16 18 2022 24 26 6 8 10 12 14 16 18 2022 24 26
st ] iy} Fisf ]
Time/min Time/min Time/min

(g) ProElau TPCHEFHZERUNME, IECHE—ANE]  (h) ProElau TPCEFHALRUME, T

(i) ProElau TPCRIMABUME, ZHE—H 7K

B 1 24 A REBEAFEER .00 pg/mL)ERE BAER AR EREN PLES FTAREER

Figure 1

The SIM chromatogram of 24 kinds of pesticide residue standard solution (1.00 pg/mL)

in different solid phase extraction column and different eluent

Tk B T 2 e AR M 0 B Ak B R B8 19V s ProElut TPC [
A BN R DL B Y PAS. A 8 4L ik (CARB) AR 15 4%
g5 NH, AL W B AR B A L NH, 5558 1 5
FaHAe s, T T LB AR B &R A L
B B R MWW . 24 F R 587 ProElut TPC [ A %
HUNE | 0 B3 R R, 22 GC-MS #3, H R i & £,
HR K ProElut Florisil [& A0 ZE B/ A, W B e K09 R
Mega BE Carb/NH, [ AH#E BN,

G ERELEH R Vet Ve =3+ DIERE
Ji 4% 7, ProElut TPC [ A & BUNMEVE S e fb AT
2.3 SWEHHRL

VLV AH 4B €0 135 06 43 1 B =15 R SR U £ Ak SOHE £ 3
AT A RARR G R R 2 B TR E (TIO) ,
LR RN A I AN S T f e/ SR Pl 1 W B i i
Gn /=) W Y8 89 T 1 i (SIMD B = T i 20 7 45 14
24 PRI B IR GEEE T SR T LEE
Wk 2,
2.4 WEMELRHEMBXME

B & 2 A, 24 Fp 2578 28 min NS BB U 5 8,

KA R W 0.016~0.400 mg/kg BF &M R R
I A R BN 0.997 9~0.999 9,/ & GB/T 27417 —

2017 AR VESE AR 40T 5 BE Al A IR Tl 45 79 ) JE Tt 4
2.5 AEMEER. ERRMBEE

HH 2% 3 AT A, 24 RhR 25 5% B Y 7 vk 1 BR Oy 0.01~
0.03 mg/kg;0.03 mg/kg MFRAKFT . W FE K 65.2% ~
108.5% » A I A %5 Ji AH X 4% #E f 22 (RSD) 2l 3.7 % ~
6.8%, H 8] #F %% JE A0 XF bR ME e 25 8 4. 2% ~ 7.2%;
0.30 mg/kg JARAKFF, M 2Ky 81.4% ~105.7%, A
PR 25 8 AV A v D 22 04 2.5 %6~ 5.9 %6 . H B RS %5 13 A %
PR 250 2.8%~6.4% . £ & GB/T 27417—2017¢ & 4%
T AT 7 B B A AN B0 E 38 B ) B oK
2.6 SERREERD

38 P ST 0 7 v 6 AR LT L T I I T L R
4 A ME 7 DR 12y B E TSR B RE AT A 2 B B A
T, 55 0 F W] 2 B RS FE AR ML % 1 43 B Ol 0,041,
0.037 mg/kg; 1 {3 FE A H M R, & 8 0.058 mg/kg,
ST — 25 B0 7 vk 00 VA R A 2 E g N g nee
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Table 2 Retention times, quantitative and qualitative ions etc. correlation parameters of

10 organophosphorous pesticides

25 2 B {REAWE ] /min - ERE T FETER T YR LIPS 7
B LA AR 16.266 351(100)  353(100)  355(43)
(358 6.389 109¢100)  185(34)  220(7) Y=5.252C—0.225 0.999 6
T iz 7.105 94(100)  95(108)  141(50) Y=0.427C—0.025 0.997 9
S L 8.900 121¢100)  168(36)  130(25) Y=6.040C—0.163 0.999 4
KL 9.394 158(100)  200(42)  242(20)  168(16) Y=1.655C—0.092 0.999 0
CHEE 37 10.076 260(100)  121(160)  231(56) 153(3)  Y=4.236C—0.207 0.999 6
TR 11.125 304(100)  179(192) 137(172) Y=2.013C—0.134 0.999 1
S 12.962 1611000 257(55)  285(40)  313(15)  Y=1.351C—0.124 0.998 2
AR 13.101 127¢100)  109(45)  95(27) Y=1.044C—0.021 0.999 7
T K 745 5T bt 13.787 286(100)  288(70)  197(5) Y=1.204C—0.098 0.999 2
5 5E 15.357 314(100)  258(57)  286(42) Y=2.013C—0.195 0.999 3
Y X A 15.482 263(100)  233(65) 246(10)  200(6) Y=0.907C—0.018 0.999 9
A5 4 W 15.837 278(100)  169(16)  153(9) Y=1.235C—0.058 0.998 9
L 4 15.898 173(100)  158(36)  143(15) Y=3.254C—0.438 0.999 3
A WAL 16.085 277(100)  260(52)  247(60) Y=0.847C—0.032 0.999 0
Xt B 16.501 291(100)  186(23)  235(35)  263(11) Y=2.113C—0.279 0.998 8
ZHRR 16.553 252(100)  220(20)  162(12) Y=1.125C—0.102 0.997 9
WS 3 1 16.841 146(100)  298(28)  157(66) Y=0.974C—0.085 0.999 8
K B 16.881 136(100)  230(26)  289(22) Y=4.005C—0.397 0.998 6
= 17.602,17.862  112(100)  168(81)  130(15) Y=1.287C—0.102 0.998 8
A 17.701 145(100)  157(5) 302(8) Y=1.004C—0.132 0.999 4
TR AU 19.232 247(100)  328(47)  408(42) Y=0.142C—0.021 0.999 9
R 19.739,19.858  259(100)  173(97)  261(65) Y=0.936C—0.103 0.999 2
=M 20.005 161(100)  172(47)  257(38) Y=0.741C—0.054 0.999 2
J3E 1 21.227 250(100)  163(55)  252(38) Y=1.232C—0.114 0.998 4
.3 e 180 A o 0 AR (3 — SR T I AL 43 #r o 11E , 25
_6f i 4ﬁgmﬁmwm32wmﬁﬁﬁém%ﬁ@ £
227 6 1%41&‘?7 A 2 I B B R A ) i AT B L B R AR o R AR
Bial 45 2| [[,2° B 341 R 1 0 25 OO SR o 25 5% B 2 R R
ERS R B
B ([ l s
6 LJs 1012 1. 14 16 18 20 22 24 26 3 &iwe
R ST Tl T 4T O T A o 24 B4k 25 5%
LR 2 MRS s TSR 4 RekeE 5 makes 6 —wg ARSI SN @R/ BN T k. 07 ik tERES
W7 EMEEE S AKEE 0. WIETEIEME 1o, WEAEME 11 W RIGUERIWE R E K bR EBE R, W 4 R VER L ] R BE S
XTI 12, EELBE 13, DAUELBE 14 RIEELBE 15 IRWE 3 Tl R £ 2 40 A 25 5 B Y G M RLE AT
igi?;@%ﬁff;é%giégiggi&mmi'i?@ ST WA Ve = Ve =3 2 D IR A
W 25, 1R ProElut TPC [E AH 7 BN VR S A I 0 40 136 B 28034

@ 2 24 ﬁﬁb&h)ﬁ*}'/ﬁp&/&(oél pg/ml)lﬁ %’T’/Jlbé?’%@
Figure 2 The SIM chromatogram of 24 kinds of

pesticides standard

B BORN 9500, IR ZG Bk B A UL R 12 b R
di R, 3 HEUCRE R R 2 5% B LKA GB 2763—2021¢ £
wh I GEAR I B R 2 B B B PR D) E L R
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%3 0.03,0.30 mg/kg MIRKET 24 HARAGRBHEER MK EFMBZEE

Table 3 Limits of detection, recoveries and precisions of 24 kinds of pesticides at 0.03 mg/kg and
0.30 mg/kg spiked levels (n=6)
R A 003 mg/kg _ . ‘(?.30 mg/kg _ ERR/
B H R RSD/ % H DR % )% RSD/ % [ H AHE% % RSD/ % H DR % # RSD/ % (mg » kg™")
(58 77.5 4.4 5.3 84.7 2.6 3.0 0.01
P Joie ol 65.8 6.4 6.8 82.3 4.5 4.8 0.03
LS 83.6 3.7 4.2 90.7 3.4 3.7 0.01
KL 85.9 4.6 4.9 88.2 4.1 4.6 0.01
PR ol 70.8 5.7 5.8 81.4 4.9 5.3 0.02
TR 108.5 6.2 6.5 103.4 3.5 3.9 0.01
AW 87.5 4.9 5.3 88.7 5.1 5.4 0.02
KB 90.7 4.4 4.5 91.5 2.5 2.8 0.01
AL IR 76.5 4.6 4.8 83.1 4.8 5.0 0.02
B AL IR 81.0 5.5 5.9 82.3 3.7 4.1 0.02
X BRRE  76.3 5.1 5.4 82.0 4.9 5.2 0.03
A5 T 80.9 4.6 4.9 88.5 3.2 3.6 0.01
Ih 1L B 72.8 5.0 5.3 84.1 4.7 4.9 0.02
A WE 78.5 3.9 4.2 86.7 2.8 2.9 0.03
o] i 88.5 4.3 4.5 90.4 3.6 3.8 0.03
ZHR R 90.6 4.8 5.1 94.3 4.9 5.5 0.01
WS T 87.4 5.6 5.9 86.2 4.3 4.8 0.01
7K I B 72.1 6.0 6.3 83.9 5.9 6.4 0.02
Ny 108.5 3.8 4.2 105.7 3.3 3.6 0.01
A 77.5 4.9 5.5 89.0 5.1 5.5 0.02
TR 68.7 5.4 5.9 82.0 5.0 5.4 0.03
PN A 76.8 4.0 4.6 85.7 3.8 4.1 0.01
Y7 65.2 6.8 7.2 84.6 5.2 5.6 0.03
iy 80.5 5.2 5.5 95.7 4.6 5.1 0.01

R TR AR, 32 W O T 2R B R AR e e R . T
By by T O UCOR S A AR B i A PR 7 AR A ) 0 72 o)
P _EIRA 1F 58 3 5 SR IR X 2 B A% o 3 7 Do e
SR B A 24 5 BR A W g BE L DA R I ok B L& LR A
T M VA 2 1 A 2R B2 AR 2 5% B R DL

& ik
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