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%, e LU TR PR BRI 7 SAER  AEUR
FEWOHEE ) RE R O R R B ARG R R
A 7 SPME-LC ANy e i RELEE . 4R, 4 H
PR AT h i 2 M2 5 KT, B — AR BUR R AT

Wik H 41 . 2024-05-20

NXEHS  1000-2421(2025)04-0310-08

ANRENH L T A Y B a RN R oK o BRI, 7 A AR
R SPME # HCH B, 390 B AR i A< U fpp 2, 52
R 22 R B o ) ] s A DU

FHE (Musa nana Lour. ) 2t 5t 7= & 5 K1) i B
KSR Z 1 IRSE 2R SR Y T pTE A
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2G5 B AT RN o T AR S A KR R R
FLBT G e K 3 26 W o, &) 06 O Jon M 2 A, 4 DL
SPME i ARTE LR 25 5% B G v 64 B FH IS o

AWIFTE LI ZE A Ay S8 A 2 2 b ) i Y
RS BRI , R ROk AL IBOBE S, ) 8 s A
VRO 013 - BB K 53 (ultra-performance liquid chroma-
tography-tandem mass spectrometry, UPLC-MS/
MS ) 57— A 45 7 Tl 3% T 700 I 4 T 2% R0 B B P
HAGIN 7 vk | B TE AR 24 1 BRE ) B A B A 45 BT
2 A f AT T Ry B

1 #MEEFE

1.1 U GRF S+

Xevo TQD ) = 5 DU AT AH (135 5T 136 FHAY
B Waters 28 ] NY -4XS I8 BETR 21X, 5t B AL
FABRAF s UMV-1 245 i iR 214, b 5t o8 sk
AR A R A Milli-Q # 4 /K #L , 38 [ Millipore
NG

FBE | N6 R BTt o, DN R Ry (i 2, HE R
R ATk, Y B ARG IR (R ED AT BR 2 | B H
B H 5 AUBE (polydimethylsiloxane , PDMS ) A [
AR F 25 3 BRE T A 5 SR M I (polyacryloni-
trile, PAN) 4 [ bV Bl T AR AR B A AT FR 23 7
Waters Oasis HLLB f67 CRi A% 8 30 pm) 14 T K 4
Bl R A RS F) 5 C18 ik CRLAR A 30 pm) I T
v 2 ST 0 BB R A A PR A A 5 R Tk F A
(99.4%) . Mt mk Fk & MR (98.0%0) | R M B Mk i
(98.5%%) WK (96.620) AMEEME (98.3%0) | g < s
(98.6%0) Z W R (97.5%) Mt AUk (98.1%%) g HL gk
(97.7%6) BEHU Pk (99.4 %0 ) Fe 1 e Jie (97.8%0) 5 4 43
Bram i, W T A6 st iz A& B bR fE D B b . A
B b ) T3 1 T A DK SR | B8 R 24 1 T i
H T e A DX R [ 4 K2 b7
1.2 tRAEARECH

T 1 A 8 VR YA P BRSPS b s ik T

i JBUPA TR T fie IR S Y i A s AR A i ek ok g

Huw e bk K WE AR HE A 10 mg T 10 mL A R
3 A EC G 1 mg/mL ) H BEEAR o i A 5 T PR
B ZHE A5 mg T 50 mL 2 &, Bt #l st 0.1
mg/mL (Y2 B 72 W REbRERE A . Y B 2 B
o Y At 2 W A5 ARV, B A A o T X A T
—18 CI-AF

1.3 HBEEEHEMBERS &

FA/INTT 5025 6 R R 28 S 3B TG TR AR L 4R 5 7 T I
P 05 K% 8 i K PR AR UGB 5 10 min Bk 2 3 T W o 2%
J, FE7E 80 (CT 44 30 min, B HI 5 B EHMEFE

PDMS/C18 # Bk il # . #EHFREL 6 g PDMS
FRNMEEOE T MARELR 0.6 g, HFE ) E
FA10 ming HUEIREW 0.2 ¢ T2 mL B0,
JA 2 mL RIS PR S) R R G 00 . F Ab 2 Y
28 B 4 ARG & 300 5 A2 il 7 E C18 W 5] v
RIRE D, Pk Z A PUR R LA 120 CHEAS ik
2 min AERIRIZ . B LIRS TR 2 WOF A AEFE I
KRZRE —)Z PDMS G . & 4F i 2 BCLTE
80 “CFJ# 30 min.

PAN/HLB Z& Bk il #8 o #EBf F) B PAN #3 R
1 g ZERBURA, iAW F & 10 mL DMF, 90 °C 800
r/min i £ 1 h i PAN 58 20 8 i3 S etk . B
7 g BRI T 5 —FEBOm T MAREF 5 0.7 g T
1 Waters Oasis HLB k7 , 500 r/min 3 $t 28 i k7
Oy ARES) . ARk A% AR R AR 2 R PAN/HLB
IRA P AL s — Ll AR A
Wb, # IR R 10 s, B2 R R A 120 “CHEF
2min ELFER . EE DAL TR 2REMTIEE,
il 5 4 (R 25 Bk 7E 80 CF48: 30 min,

THEJE M ZEWCE F/N ) R R 2 xR W
TWRZERKEN 2 om, 2L R 100 pm, 401l 1 T
TR o BRAE AT H EE AR (8:2, V/ V)R i A Bk
L hBRZe4 0T, i SRR U ZE T FH 3 mL FF P e v
YEAEBCL 1 min,

PDMS/C18

Bl HEHEERMERL
Fig.1 The picture of swab SPME fibers

1.4 SPME#{E

A ARG R M KA T R
513 . MERRARES g A5 T 50 mL HIE B0 48
oA 50 pL 1B A bR IEIS WOT 7o P (5 R 2 TR
TSP Bk & 548 0.1 pg/g) , M E LE N
AR 20 mL B4k IF#TE 30 s. #F A il PDMS/
CI8 M PAN/HLB # Bk AH A B0, 25 °C . 1 800
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r/min ¥ HE S T A5 min (& 2) , BUEFE Bk,
Al 3 s DABR R M40, L Kimwipe Jo /R4t
2T T8 K405 A 500 pl U A, 1000 r/min i
TR 3 min, ffE IR B IERE

-

B2 XNENSRIERBZERER
Fig.2 Dual-fiber and vortex assisted extraction mode
1.5 UPLC-MS/MS &1

Dotk . Waters ACQUITY UPLC BEH C18
(1.7 pmX 2.1 mm X100 mm) ; Ji s AH A H I 5 3t 8h
A B:5 mmol/L ZFRE-0.1% H B2 /K VA& ; T 1% 0.25
mL/min; FEiR 35 °Cy ghkE R .5 pl.

)V . 0~1 min,90%B;1~2 min, 90 %~
5%B; 2~4.4 min, 5%B; 4.4~4.5 min, 5%~90%B;
4.5~5.0 min,90%B.,

3L T Wi B T IER T 2R
o7 W A s B Al A R 3 000 Vs B IR IR
150 °C; B 71 IR 500 °C, i 1000 L/hs #EFLS
U 150 L/he & b &M g S8R 1.

2 HRE5SH

21 FEWLS5FERUEAKLLE

3%F T R PDMS/C18 . PAN/HLB # Bt 3k
5 2 M AR Hk R B A2 U8R | DS BRUL BT A
IO T FRAE R 100 %0, M K bk g e i e e bR g
e B 22 T8 RARPERSE , PAN/HLB A HUk B A€ UKL
LT PDMS/C18; Bifi 45 4% 2 4 F B K P i 3 0
PDMS/C18 #< B3k 1Y A< B 38 0 o [ bk e Tk 227 i
A, BUHE Sk 1 A8 BURCR A A T AR PDMS/C18 5%
PAN/HLB Bk .
22 HRHREHAL

T LS AL TR B, i AR 4l K A R mT LUk
SIRTIEERS AT 4 W RS ok 2
WERE o AR 4 BT % it ek | I e A A T A
() T3, e 05 7K TR T A LA Ay el A 1 B 5 LR
TG AR W IO i e S8 i K M SR A BT ), Fie S K
B Ak =14 (m/m) W B W] LAARAG e A5 B 5 ¢
FRESPKINbRIE RS A 20 g4tk

R IMHREANRESH

Table 1 Mass spectrum conditions of 11 pesticides

HEFLHUE/ Rl R/
VaRiR] X/ (m/2) . I
. V Cone eV Collision
Analyte Ton pairs
voltage voltage
SRk T ER . 51;406.
ZJS_M 1 B m 406.1>>251;406.1> 95 35:24
Difenoconazole 337
I e ik T Tl 56. ;256.
[t Jé%lﬂ@a_ 256.1>>163;256.1> 95 36:18
Pyraclostrobin 194
AR T T . ; .
éf’\ W TR T 2 388.2>>234.1;388.2> - 20:20
Fluxapyroxad 342.1%*
1 T 5 Q.
Ik 6 i 376.1>>265.9;376.1> . 2015
Prochloraz 307.9%
3—:<H—l],\
H[E!?F; % 337.1>>70;337.1>>125% 36 45:43
Fenbuconazole
il .3>>158.9; 3>
e Jé 297.3 135% 9;297.3 - 20,12
Imazalil 255%
E 192>>132.1;192
%[Ili . I 3 2= 33 28;18
Carbendazim 160.1*
1€ < 292.1>131.7;292.1>
EE% 317 30 20512
Thiamethoxam 211.2%
M 256.1>175.1;256.1>
ik P61 175, 15256 34 20;15
Imidacloprid 209.1*
5
BB 2237002231259+ 27 34,20
Acetamiprid
% .
. Eﬁ# . 250>>83.2;250=>125% 34 28;24
Clothianidin
4 Note : *: 2 it # T Quantitative ion.
120 T PDMS/C18 -6
PZA PAN/HLB
N W A HCELFL R, Dual-fiber mode
_100F R M T &
: Y BHE
g N N NAR-NIIN N {4
2 80 N R R N[N N
i T N N N .
g N A \ ™
2% oo N N A \ \ g
2 N N N N I P
= ¢ o 't ﬁ N
Ee N N N N \
=z 4ot A N N
N N Il N
= TR A R ) \
: N AN ’ N |7
20N NVIN % N |1
N N 7 NIN AN 1°
SN N =N /
oA N [N 7 AN
‘3\ L‘%,}&. Q-‘& ‘_\\,\\'S\&&‘ qf\“‘ &\‘b\&& Qﬁ'&\ .S‘l‘\‘\ Qw“\(
Y TS ST TS S
S NP L NN
N e R
;37-%\237 LS S )@%@/‘9 N @w@%‘z’ k@:"
&»@ &7 7 ‘;’@& &‘&
S

S HTY) Analyte
B3 AREZERLENRSLLR
Fig.3 Comparison of the extracted amounts
by different SPME fibers

2.3 FEHREEZE

TR Sl 7K B8 J5 A AR A 2 AR T e 4%
P4 BT A 2 53 F ) FEBOR )2 AL . sl 5
FE 7R, 11 23 A 40 76 3~20 min, 2% B T FH BE A5 B
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3507 R # B Non-dilution IS ] 49 8 T T 388 A, R 34 3 e P 5 e o TG e |
_ 3000 & 120 b e e K U sk IR 20 min J A G B A
o E oso TR RS AL s oA 7RI 05 K AL K
BT ool ; ALk N T A AT, R 5 min fF AR HU
1l ” . MRS, 11 R 24 3 YT A7 I T AU o
3 E i 7% (relative standard deviations, RSDs) 7E 3.0%~
2 1 12,7, IR RLAF . A0 IR SL U 38 A K K I
0 FRF 6 0T LA 2800 AR B - LB 490 8 4 Ak 322
ol e i VY L

\\‘Qi\ﬁ\\@\ 2.4 FRUEEEHAL
S e AR B ST AR B o 3
V¥ & SR o I A ARV AR BB AT 2 34 5

53 BT Analyte
VLR Hs BE I £ 2 U Sy 1005
dilution was considered to be 100%.
B4 HMEBEREH NMRAENENZI

Fig.4 The effect of dilution ratios on the

The extraction amount without

extraction efficiency of 11 pesticides

—x— & 1% Thiamethoxam

6
L5x 107 —o— NIt R Imidacloprid
g —a—IE I Clothianidin /%
s 1.2x10°F
5 3
< §/
= 9.0x10°f
A o X /
£ §/
>
E@ 6.0x 10°r X/
223
& : "
3.0x10°F 5 —%
&
0 5 10 15 20 25 30

I [B]/min Time
——Z i R Carbendazim

3.0 x 10° F ¥ Wi 4 Fenbuconazole
—o— I UK Acetamiprid /{

2.5x10°F
2.0x10°F

1.5x10°F

IR/ (mV- s) Peak area

1.0x 10°F

5 10 15 20 25 30
I ]/min Time

5o P62 11 A 24 78 H It v ) i W sf ) it 2k, 45
BB/, 7E 1000 r/min i BERHBI T , ## W 3 min B AT
TR B e o A AR SR R A ) A 8 A K R 17T 23 B AR
4343 BT 0 ) e T 3K AT B R PR R A A
Sk SCHEMBE R AR 2 | A Stk WA 91 v A I T 3R Y I
53 W 5 7] ) A 2 PN S 2 s e B T R

4.0 X 10T —s— kT BRI Difenoconazole
—o— Jil ME TR IE i Fluxapyroxad
% 32 %10+ —a— K fE ] Prochloraz /
~
=
L5
= 24x107F
B S
£ 1ex10f }——§
>
g_f 8.0 x 10°} i/!/i/‘
—r
0 5 10 15 20 25 30
I []/min Time
9.0 x 10°r —o— A M Imazalil
—o— ML ik P T Pyraclostrobin
< 6
L 7.5%x10°F
E /
~
g %
£ 6.0x10°t
D 2
E 4s5x10%
>
=4
QEE 3.0x 10°F
0 1 1 1 1 1

5 10 15 20 25 30
I} [f]/min Time

B5 ZFEEEFEIX 11 MR AZENS RN
Fig.5 The effect of extraction time on the extracted amounts of 11 pesticides

25 FERRKEENHER

TEAR RIS 54T (B R G FER ALK
PR B8 0.1 g/ ) X TRIHE VR 1 6 1A Bk 1
ZILRE ) AT 58 A FE M AT A3 IR . 150
SEILRWT, 6 AR 11 H A5 53 H7 4 1) A% B0 1

BUY RSDs 72 7.8 %0~13.6 %4, 1t B 1 il (0 A 255 i A6 B
KRB R
26 FHirLMEE. KHRMEER

% ¢ SPME-UPLC-MS/MS J5 i i ¥ g , 76
A AR BT RN 5~1 000 pg/kg B9 FBRA 2 35 EA
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—o— {5 Tmazalil
—a-18E [z Clothianidin

——liLk e Imidacloprid
. —x—15¢ L IZ Thiamethoxam
g 30x107F == I X1 Fenbuconazole
=
x
-]
5
A 6
— 2.5x10°F \§
A S
£
< 6
= 1.0 x 10°F
g M
5.0x10°[
— —— %
0 2 g 6 8 10
15} [i5]/min Time

—o— g K Acetamiprid
——Z i 2 Carbendazim
—>— WK e Prochloraz

1.2x10"r LA O
* —o— LM 1 I9EJHE Fluxapyroxad
g —o— IIHL A ik 7 i Pyraclostrobin
= 1.0x10}F —4— 4k PRI Difenoconazole
=
<
-9
“ 8.0x10°f F—3
= \i
=
=
g 4.0x10°T
I_/i\i 3
20x10°F F—"——p—-——10
0 3 4 6 8 10
I [E]/min Time

B 6 f 0% A i) X R IR USRS 0m

Fig.6 The effect of desorption time on the desorption efficiency

3414 SPME 824 "X R i AT b J9R 43 By, #R41E Jo
Iy %) 0 T R RV B A B 2 o i R . AR
AN BRI E 25 81) | 4G H BR (limit of determination,
LOD) il %€ & BR (limit of quantification, LOQ) & T
I B A i 22 R bR E it Ze bR A i . 25 R K
PR, A 5 o TP A AR R PR BRI S R i e 5 B, H
B BA B3 )N 69.10,407.89 ng/kg, 3 B IX 2 Fh 4y it
ARV B 3 1 o

21, LOD=3.3 0/S,S WrifE L& K0 R
5 YR W 25 A o o7 (s o O 2 (i Tk HH 3 e K Ik

B EA TS S ABR ) s LOQ=10 6/S, S Jy b ifi £ 4}
R KB IR+ (maximum residue limits, MRLs)
Z7% GB 2763—2021( & i & 2 E b & ik
2y KBk R ) T & R A TE R A 1 MRLs {H .

HI 3R 2 AT, & W) B AR St R B B R A
KR R E RBOR T 0.996 0, 4 J7 ¥ 1Y
LODs F1L.OQs 7351 0.23~2.43 ,0.68~7.36 pg/kg,
TR THAEP IR MRLs, 25508, Z 1k
FRASE M BRATG , SRABURE w8, TT DA JE 75 A R Ak 2 5%
F T BT R

R2 NMRANEZEEE RERY K HRFESR

Table 2 Linear ranges, coefficients of determination, LODs and LOQs for 11 pesticides

KR/} RMEIEE/ (pg/kg) VA i PR / (pg/kg) ERPR/ (pg/kg) e RFR B/ (mg/kg)

Analyte Linear range R? LOD LOQ MRLs
HHk H FR e Difenoconazole 50~1 000 0.999 5 0.62 1.89 1.00
MW Bk 1 75 Pyraclostrobin 10~500 0.999 5 1.46 4.44 1.00
M Fluxapyroxad 10~500 0.996 0 2.20 6.68 0.50
WK AE % Prochloraz 50~1 000 0.999 6 2.18 6.60 5.00
Ji#§ 7K Fenbuconazole 10~500 0.999 8 0.43 1.30 2.00
TS Tmazalil 10~500 0.999 9 2.30 6.98 0.05
% 7 Carbendazim 5~100 0.998 0 0.98 2.98 2.00
18 i1t Thiamethoxam 10~500 0.999 9 0.51 1.55 0.02
it 5t ok Imidacloprid 10~500 0.999 9 1.54 4.66 0.05
I Bk Acetamiprid 10~500 0.999 5 0.23 0.68 3.00
15 11 Jfi Clothianidin 10~500 0.999 5 2.43 7.36 0.02

27 FEEKESHEEE

11 A A 25 78 B A b 11 [l 5 56 295 5 0L 3% 3.
FEFP AR 25155 3 IR A, B INAR KA 700
5. FrA s [l = #7E 86.2%6~109.8% , RSDs
0.6 %0~11.2% , £54 i B 25 3040 B 7 5 30 ik 4s =
JEOU ) LR i B 12y 1% o ORS8RI T
TR 2R AR 1T

2.8 AR T ES LIS

QUEChERSs J2 H Hif 7 45 v 4 24 5% B2 R8I0 3 22 1)
FERTTAL IR AR B AR RIREBE N FH T E bR 7k GB
23200.121—2021C & fitn % 4 |6 K bR o FE 9 U5 1 8
rfv 331 A 245 AR I 8% B e DU A VA 0 -
FERE e ) . angk 4 iR AR SY #5711 SPME-
UPLC-MS/MS J5 ¥ & BRI i i KA HLE
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x3 1 MRAGEFTERHEBERBIRERE
Table 3 Recoveries and RSDs of 11 pesticides

in banana samples

x4 AFESHMENFENITEL
Table 4 Comparison of this study with other

determination methods

T/ AFX A T D
4 =/0
kil (pg/kg) Spiked B/ % 2%/ % RSD
Analyte . Recovery
concentration (n=5)
50 87.4 3.5
. I
%SME‘HH 8 500 103.0 5.9
Difenoconazole
1000 99.3 5.6
e 10 86.4 7.7
L T T4 i
Pyraclostrobin 100 3.6 L2
500 100.1 9.3
P 10 99.2 8.3
JU R B A
100 96.6 7.6
Fluxapyroxad
500 100.1 9.9
N 50 91.3 3.3
Ik A fi ) ) )
Prochloraz 0o 7. 3
500 102.7 10.8
Y 10 86.2 4.0
R e
100 105.1 11.2
Fenbuconazole
500 99.9 4.3
10 88.1 8.3
Eill gt
. 100 102.6 5.3
Imazalil
500 99.9 2.8
. 5 109.8 4.2
ZHR r .
Carbendazim 20 941 1.8
100 101.3 2.5
10 96.9 0.6
WE I ) .
Thiamethoxam 100 101.6 4.3
500 100.0 9.4
10 107.3 0.9
e bk
Imidacloprid 100 101.2 10.3
500 100.0 4.7
N 10 92.9 8.6
IE e bk
Acetamiprid 100 107.0 9.6
500 99.8 4.9
N 10 98.1 1.3
WE it iz ) . .
Clothianidin o 06.9 7
500 99.8 4.3

feft FH /0 LR A B ] R
29 BEEHRMNELER

AT 375 08 3K 243 B #6405 L 4 F SPMEE-UPLC-
MS/MS J5 X B i Hr 11 Ffr e 25 5% B8 7K S 10047 46 1
G3HT. SRR R AL 1 rboRe: R 2R PR DR i |
Z T R WEHUGE it ek R E bk, 4 46.33
209.83.14.95.5.52.5.32.1.54 pg/kg; £ §h 2 i #
Tk P A A SR TR T fre | K B e e 2 TR R B )

. Gipiszi!
R H N
NN - o i ] / WE
Rk FRkER /g i /mL T‘ 7?_ 2 .
. . . min W/ Bk
Analysis Sample  Organic
Pretreat- (pg/kg) Reference
method amount  solvent
ment L.OQ
amount .
time
QuEChERS-
LC-Q-TOF/ 10 20 30 <20 [22]
MS
QuEChERS-
10 10 60 -- [23]
LC-MS/MS
FE bR T %
QuEChERS-
10 10 15 10 Standard
LC-MS/MS
method
SPME-
_ KNI
UPLC-MS/ 5 3.5 <10 <7.36 )
VS This study

124 68.08.,120.71.,468.73 .41.05 pg/kg, HIMIK T3
FLE 1) LR 25 B A A MRLs
3 9t it

&4 5 X SPME #& B AR RN, T B 24 A
LTS SRR 1 SEAT SRR, R R B R
W, 7 1k Y R &, RE S L 2 A 25 5% B A T G
M FE R 242 {3 SPME 5 W0k (0 3% 15 FH e 4 2 4
Bk 2R R, 2 e 20 5 s 0 e e e A 20
TR HERE R ANE 75 B & R AR U B D
TRUE DT 5 00 RAEE S . ABRSE LIAR SRR N S 448
il 25 SPME Gk , AR T 2L A U &,
[ R S5 3 1 A e A S 1, RIS T 2R Ik A O
JE1TT/30) o SEBUE 2R S rh Z 80 H AR 0T () [ B
& AR JEHE SN SPME H R & e () i . AEBCL i 44
Firp, C18 A HLB ks # FAAE B A M B 551, C18 X3k
WP AT R AE OO, HLB BE vl A8 Bk b v
Ji, AT DAAE O M s PDMS A PAN % A
Ki 57 , PDMS X R 1 9 o 26 USR8 47, 1fif PAN
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Rapid detection of 11 common pesticide residues in bananas with
double-swab solid-phase microextraction combined with UPLC-MS/MS

ZHENG Meijie',ZHENG Tengfei', LIU Chunhua®, WANG Mingyue®, LI Xiujuan'

1.College of Food Science and Technology, Huazhong Agricultural University, Wuhan 430070, China;
2.Analysis and Test Center, Chinese Academy of Tropical Agricultural Sciences, Hatkou 570000, China

Abstract A rapid and accurate method for detecting 11 common pesticide residues in bananas was es-
tablished with solid-phase microextraction combined with ultra-high performance liquid chromatography tan-
dem mass spectrometry (SPME-UPLC-MS/MS) to simplify the steps of detecting multi-pesticide resi-
dues in bananas, shorten the time of detection, and reduce the cost of detection. Swabs were used as sup-
port carriers to prepare the double extraction heads with broad-spectrum and large-capacity. The pesticides
were extracted from diluted banana homogenate samples with the double extraction heads. Trace amounts
of methanol were used to desorb pesticides from the heads, followed by detection with SPME-UPLC-MS/
MS and quantification with method of matrix-matched external standard. The results showed that the limit
of detection of 11 pesticides in bananas was 0.23-2.43 pg/kg, with the limit of quantification of 0.68-7.36
ng/kg. The rate of recovery at different spiked levels was 86.2%-109.8% , with a relative standard devia-
tion of 0.6%-11.2% , which complies with the relevant regulations of detecting pesticide residues. It is indi-
cated that the established method is simple, rapid, sensitive, accurate, and cost-low, and can meet the re-
quirements for rapid detection of multi-pesticide residues in bananas.

Keywords solid-phase microextraction (SPME) ; ultra-performance liquid chromatography-tandem
mass spectrometry (UPLC-MS/MS) ; pesticide residues ; rapid detection; bananas
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