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Residues of Four Antibacterial and Antifungal Agents in
Disposable Bamboo and Wood Chopsticks
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ABSTRACT: The work aims to establish a method for simultaneously and rapidly determining four antibacterial and
antifungal agents in disposable bamboo and wood chopsticks by gas chromatography-mass spectrometry. The samples
were extracted by ultrasonic methanol after crushing or smashing, and dissolved by n-hexane after rotating evaporation.
The test solution was separated by DB-5MS quartz capillary column, detected by mass spectrometer, and quantified by
external standard method. The Result showed that the established quantitative methods of the four target substances had a
good linear relationship (R*>>0.99) in the range of 0.2-10 mg/L. Under the three concentrations, the recovery rates were
90.0%-103%, the relative standard deviations were 0.94%-12.6%. The limits of quantification were 0.1 mg/kg
for biphenyl and o-phenylphenol, 0.2 mg/kg for apromazole and 0.3 mg/kg for thiamendazole. In conclusion, the method
is simple, efficient, sensitive, and accurate, and can be used for rapid screening and determination of antibacterial
preservatives in disposable bamboo and wood chopsticks used for food.
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MARBAR R VIEE, FTTEMEAbEE, H
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FEIEW (OPP) | #MEME (IMZ) | B (DP) 25K A
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SEPE, DS —Fh R R, HER T AT — R PEAT
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1.1 #H5IRH

WA SEAT AR E S . MERR R (4R 99.9%, Lifg
GG ERE KRR S ARAF ) 5 BR (4iEN
99.9%, i ZiEHIFRER AR RS A RAR ) 5
M (4PE R 99.9%, iR AER AR IS A
BRANT] ) 5 ABZEIEIER (4EFE N 99.4%, b 2cit B
MFREF AR MRS A RRA T ), LA br i S 0 R0 2 B
H2.0%. AEbRifERy: B (g, BeAR); Ed
b (gkal, BREAH]); AN (ailal, By ).
1.2 MUHBE51E&

FEAUSR G U 7890B-5977B LHE(E (Agilent )
AR TS TS GC-MS ). {14 DB-5MS( 30 mx
0.25 mm, 0.25 um). A% HP-INNOWAX (30 mx
0.32mm, 0.5 pm ), EEZHHERAF; ME204 53
Wr R (A5 4 0.1 mg ), METTLER TOLEDO #:[41;
ALLIANCEE2695 & &0 AH (i (£RAME IS ),
% [H Waters /A 7 ; KQ-500DE $iz # /= J i vk a8, B
L AR A R A A

1.3 FHik
1.3.1 tRERRAEH

4 FHPIEE BRI FNR A ARERE R (1 000 mg/L) 1)
fie il A3 AHERFRE 0.1 g (RSB 0.000 1 g ) BXFE
RATEAR Y | WERA R | DEEME 4 PR B bR T
Betrrh, i H RS R 5 % A4 28 100 mL 25500, 7
AR BEEAZE 100 mL. W0k 4 F HARY 53 5] 5l
Bl bR AE A, FERCH] 4 Ff HAR BOIR S PR R T

4 TR BT B B 7R A A e 18] TAER W (50 mg/L)
FIBC T« B 4 FhA00 B B 18 700 TR 6 s v 25 Y0 FH Y o
R e B2l 50 mg/L BAR v P E) TAR AW

4 TN TR 57 JE SRR A b v TAE VR . K 4 R e
I J5 TR A5 s v v () A 5 V0 R TR i s R R R
JER 0.2, 0.5, 1.0, 2.0, 5.0, 10 mg/L R FbRE
TAERW, BT 4 COKAH G ORAE, BEIRA kY
VR (8 35 - 3 I A _E ML
1.3.2 HRHE5HRALE

AT I S — R PEATBE . RBEIE 20 bk, Wty
FEMARZ, FIR T TIRORAE , TR IPREAE 5 R 5l A i
Jait 60 HIE kb, A,

WERIFREE 2.0 ¢ CHEHIE 0.1 mg) FESH T HZED;
FEAEIEH R, A 30 mL FREE, 7848 R OE v e 4R
B30 min, P/ H R AR, R 2 A HE IR
BIFTR, BEREZE TR 1| mL IEC ke, ik
W2t 0.22 um JEFEL I8 S H GC-MS il , [RIEH s
SR
1.3.3 SHEBIERREELEYE

SAEIESAE: Agilent DB-5MS (30 mx0.25 mm,
0.25 pm) AEEIEEIEH . BIF RS ¥nt:
& 60 °C, 1545 1 min, LA 15 °C/min J}% 220 °C, f#4F
1 min; FLPL 10 °C/min T}Z 310 °C, f4£4%F 1 min, #FREL
TR : 310 °C, FFFERX . ANpibee, dFFER: 1.0 L.
#H/S: HaliZE < (He ), 4 =99.999%., ik : 1.0 mL/min,

Fi A ik R 310 °C; B URIRE
230 °C; PUZAFIREE 150 °C; #F4ER 6 min; HLF
i (BI) BFH; HPRER 70 eV HBHEE THI
i (SIM ); B4yl ( Bifar bk mvz) 2 30~400 u,
R | SRARFEIRTY . WERH R . IIEEME 4 Fh B AR A AR
R, EEEF. eRETEERINE 1R,

1.4 HiE4bE

{1 56 BB 20 ) GC-MS TTAERSF AR SE IR
R F] LC TARS A BEA T AR SRR AL BEA 73 AT

2 #HRE5WR

2.1 GC-MS &1&mit
#%¢7 DB-5MS (30 mx0.25 mm, 0.25 pm) &
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x®1 BE, SEEXR,. BEER. IERHY asol 1541
REBEE., EEBET. TEEBTERR 00|
Tab.1 Retention time, qualitative ion, quantitative
ion and other information of DP, OPP, TBZ, IMZ 350
o 300
Fb) B AT eRET =
5 CAS T 250 |
1 BoR 92-524 8.794 152, 153, 154 152 150 F
Vg 100 |
2 "Ef'g\ 90-43-7 9.951 141, 169, 170 170 sol 760
H o L0t 1020 B0 | 18212070 2490 410, 3410
3 BERN 148-79-8  14.617 174, 201, 202 201 20 60 100 140 180 220 260 300 340
it ] /min
NEFM 44 ~ .
4 HEME 35554-44-0 15317 173, 215, 217 215 Y T——
N4 (A3 FE  HP-INNOWAX( 30 mx0.32 mm, 0.5 um ) 1800 - 1540
EEAIEF: . HP-INNOWAX (a3 kT J&— i b Pk 1600 |
OIEA:, FEn iR 260 °C, ASHHF 5T A IBE B 22 4100 2 ek 1400 -
(o s A s, A T HARYI4YBS , T DB-SMS B4 | 1200F
Ry 2 SO TR 5 B P G R | TR IR L 48 5 vl
RERE L REVEJAT, ATAAURBS TARCR, RIVTAIL B g
PIA B OB G AE . S (1 R, DB-SMS & | |
YA B A > B RO AT, SRR FEOR Wy | B | WET 200 |
; e ‘Elﬁmk}l:lj S J v - ik 1 1 1 1 I I I I
iﬁﬁp%w‘@ﬁ *fﬁﬁ‘%ﬁ% @%4$¢HE\WEM§ 0142 144 146 148 150 152 154 156 158 160 162
YESEER . WK . SRORFTRW . WERA R | P 4 Fp i 6] /miin
Hiry BBl 1 s b BEERISIME
3000 £ — B 2 R R bR AE SR SIM. &
2800 B Fig.2 Standard mass spectrum and SIM diagram of biphenyl
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Fig.1 Total ion flow diagram of DP, OPP, TBZ, a PRI BRI
IMZ mixed standard solution 170.0
B 900 -
FEHTE, BRI E R R 1o 154, SEFR 800 |-
I 4 BUES 1 154 252 ma e i e i, e 700 -
T 152 PEATAE k. WET ORISR SE AR 4 M et 2 00
EOREUE T 201, 170 AT B s PEGE A B IR R Y B ol
BT 41 1ES2BRAG IR 5 52 A i T4E, 7 LA i s0f
PR FEEENETF 215 e mE . A3 E R 200 -
GIRE R 60 °C, 4 B HErY) R, 381 R 103- o .
SRR (RS SRR & T i I ) 43 15 5, 135 140 145 150 155 160 165 170 17
DTHIRING . BOR | SPORFR Y . WETR R | A EE M 1] /min
AR . ~ AR e
4 R BT AILE 17 min P RTARAFHLAMES , Jod R B b WRAIRBIISIMIE
% HEEUERL, BOR | AR WAL, 15 3 SR AR IO RRIRITIA SIM 9

Fig.3 Standard mass spectrometry and

W 4 T H bR B9 ARE BT B AN 8] 2~5 BT SIM diagram of o-phenylphenol
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Fig.5 Standard mass spectrometry and SIM spectra of imidazole
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M AR o> B REARGY, s P RS, HBGE AT 1
KR IhE, AR T BB R

2.2 HmBUEAXHERRIUSF IEE
—URAEATHE  ARBREAE ity ] 3 o Al A 1 i
T3, SCERBORHE S - AREEARAY LR , A S Bk



a0 £S5

KRy, S FET WA ARBE R 4 B B R R B AT TS <117 -

FESBERE SR, R 2l IE AR 9 A R
RERA A7 ) F A B 1 0] ARG ST o £ 2 b
R E Y R R BO A . R
PRI AR E AR, LR OBE.
1E CUBESE o 38 AT A i 04 A7 B 8 e el e 791 sk B
JE 700 AR 22 25 RN AT ARSI, AT A
BT YR RN T A 1 M A 2 A I T Ak
N o 3 S T P N T Y R e 220 3 L
GB 4806.12—2022 [fts% B XI 4 Tl 3 57 J85 71 % e
AT, BRI 300 o BRI 5 T TR 5 20 e
R AR BOE 2 B I s B S 77, AR E T,
A S mL I EEE R . 0 Hr BSCR SE Ao, I
SR RIS UE . SCERTTRE, S5 i 5 FR SR 4R
T, B 2R R PR
2.3 FHEFWIE
231 ZKMEHEMKHR

iz RS 6 #3710 i B A S 2, W R T vk B
FUIRR | AP ORFLIREY | WEE R . IR 4 FHARY
PRUER AT GC-MS W22, TERAEG@ISERIFT, U
4 A G 7 8 790 190 Joi kv R R A A 0 T AR R A A
br, 2HZrERIARE, 4% GB/T 27417—2017 (&
FIERE AL2E o ARG IR R/ ) AR, et

15 M LU vk R AT AG HH BR A PEAR o 1) 25 L RE A AR IR IR
() Ve FEE AR AR TR, RN BE/KSF 64T 10 IRSE
By, ASCIREME (IN) =3 BER R, it
WAPEAL, B BAR YRR BB, FHARE 3 5
R BRI e B . 4 Fh B AR A HH 2 R 509>0.99,
TE 0.2~10 mg/L (¥R E TR Ir, HARFER % 2
FiR
232 FAEMERENBRE

PRI — R PP ARHE AR &, o 5 Im 3 ANk &
IRV B S A AR IS S 56, 42 R BRI TR
FRTTAL TR, FHLPATINE 6 R, BER . ARAEEIERL
WE B R A M 4 BRI ER B JE 3R IR TR A 90.0%~
103%, AHXIARUENRZE N 0.94%~12.6%, FWiZ Tk
FLAT BT (A R B, T AL S 6 B ARG ) S 56 T 4
HIE SR (AR T 90%~110% ) B0 (a1 i 0K 35
RN 3 iR,

2.4 SEBREE e

AR AR S0 ST A I35 R — MR B L R
BERY 20 HEUCRE R P 4 R BT E R IE , R
ZERN, 20 HEUARSL 1 AR HEWE TR 2L (S
L5480 0.50 mg/kg ), HABHERIGARAL H 4 Bhim By
JEEH .

2 BE. BFEXH. EER. HERAMNEARBRANEZERFRE. RERMNESR
Tab.2 Linear equation, detection limit and quantification limit of DP, OPP, TBZ and IMZ

Hirpam  RVEE/(mg L) AAEE ] /min Lt HRFEL KB/ (mgke™) R/ (mgkg ")
R 0.2~10 8.894 y=45 369%-80.619 0.999 7 0.04 0.1
ARy 0.2~10 10.054 y =89 081X + 465.45 0.999 2 0.04 0.1
WE TR R 0.2~10 14.803 y =25 844x—6.238 1 0.993 5 0.1 0.3
mazn 0.2~10 15.457 y =16 603X+ 159.4 0.999 8 0.07 0.2
% 3 HEMMEREK E S E E
Tab.3 Recovery rate and precision of method
. =
A4 B g ke ) . “ﬂ‘immmikg ) : T meke ) FEUCE  RSDI%
0.1 0.09 011 012 009 010  0.11 0.103 103 11.7
B 2 1.86 1.84 1.88 1.78 1.96 1.90 1.87 93.5 3.23
10 970 972 990 992 976 98l 9.80 98.0 0.94
0.1 0.10 011 011 011 009  0.09 0.102 102 9.6
AR IR 2 1.82 1.85 1.86 1.87 1.95 1.91 1.88 94.0 2.46
10 9.55 957  9.67  9.67 980  9.82 9.68 96.8 1.16
0.3 027 031 032 028 032 033 0.305 102 7.9
WE T 7 2 1.85  1.81 175 176 185 1.80 1.80 90.0 2.37
10 922  9.60 950  9.43 927 921 9.37 93.7 1.73
0.2 0.17 0.18 0.8 023 022 021 0.198 99 12.6
g e 2 183 180 1.8 175 179  1.83 1.81 90.5 1.87
10 950  9.43 953 950  9.68  9.4l1 9.51 95.1 1.01
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Xof BEPEAE S HEA T I BSOS 56, A I 0 WE ) R 1Y
TR N 1.0 mg/kg, % 8RSZY0 S5 IEATRE S AT AL
L, EALFATINGE 6 K, KIIE S5 1.41.1.42.1.38,
142, 1.40. 1.37 mg/kg, HH-FBMEA 1.40 mg/kg, [l
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S i A K
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