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AMEXRFR, r=0.996; ikt R, 0.05 mg/kg, EwMREN 0.15 mg/kg; “F-HNbREIES 73.8%~96.3%,
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Determination of 14 kinds of organic antimicrobials in high temperature
resistant paper products for food contact by QuEChERS combined
with high performance liquid chromatography

WU Shang-Sen, QI Yan", LI Jin-Qing, HUANG Cui-Li, RAN Ji-Wei

(Guangdong Testing Institute of Product Quality Supervision, Shunde 528300, China)

ABSTRACT: Objective To establish a method for the determination of 14 kinds of organic antimicrobials in high
temperature resistant paper products for food contact by QuEChERS combined with high performance liquid
chromatography (HPLC). Methods The samples were extracted ultrasonically with acetonitrile-water solution (1:1,
V:V), purified by QuEChERS, separated by C;3 (250 mmx4.6 mm, 5 um) column combined with acetonitrile,
methanol and 0.1% acetic acid solution as mobile phases for gradient elution, detected by diode array detector (DAD)
at 191-400 nm, and quantified by external standard method. Results The calibration curves of the 14 kinds of
organic antimicrobials showed good linear relationships in the range of 0.05-20.00 mg/L with the correlation
coefficients great than or equal to 0.996. The limits of detection (LODs) and the limits of quantification (LOQs) of
the 14 kinds of organic antimicrobials were 0.05 mg/kg and 0.15 mg/kg, respectively. The average recoveries were in
the range of 73.8%-96.3% with relative standard deviations (RSDs) in the range of 2.8%—5.5%. Conclusion The

method is simple, fast, accurate and reliable, and suitable for the detection of the 14 kinds of organic antimicrobials in
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high temperature resistant paper products for food contact.

KEY WORDS: QuEChERS; high performance liquid chromatography; food contact paper; high temperature

resistant paper products; organic antimicrobials
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YO A A AEP b i MR, AEIER 4 B A
SR AER, AR IEWUEWIE FREE, IR SIS B,
A W S AR R iy b AR B, A TS S5 A AR,
AL 5y e A g S W) HLfel P i, [ ml AR R VF
ZIREAERRATER, IR AR RS A . PUR AR R
PRSI TR ) LA 20 T A R R KT, i AT B
PERE, DAHSER A ORIBT, HTRAGE T Tl 4t
TR, EBEE R 95 iR R, ARZ B i P2 A
o, JE AR R (R AR R ) T A
WA B R Z O AL, Rk, BB IRE &
s 2B AR IO A R A0 ot B R A A B
FITE—E I SRAF T (A m R A& ) Re i 2 i i,
KB SZ B BT TS G i B T RE 2 A A A I TE 14
faEM . BUAER— R 43  ICHGTRR . AHLBTRERIL S R
SRPUIRFRIP, Forh, AT AR R 2 | W2, pa RS,
ANVAZE | BRI | Srsemhmbk i S Rk, H:
HUROLH FER: RE IS, S B R
R BE S AN I, RN IERLAE, MR
SR AR )5 I FR e, DA T 1l 240 T o o 114 50, A2 %)
AR L B B 5585 AV D), Sk i S B 3R — 28
TERERCRIER, TGS 42T, Sk
PR EAT B, 25 DR f R U0, R,
HEG ST IEBRGIHAE AT, K E GB 9685—2016 ( frihi
A GARE B EABEAE R b FHAS IR Ao ) toxy &
s P Ak S AR BRI K47 70 A (0 P e Ry R S o
SETRRERELRIY, G4, =& SE RIS gL
BHA VAL N AT I0%, T BOKAEY Sk, it
NRFIISEA F, KMl T A 2 2O ik B, 5 DR Lm
W, EEFRAAE R ER R L) T SR
WRSHTRR TR, (HE TR FE ) 2-FAREAT K
WA AR Kk B MR B A 2 P

H TR 00 5 ARSI 5k 5 A v RO 8,335 72
(high performance liquid chromatography, HPLC)., “AH G 1%-
5 15 5T 3% 5 (gas chromatography-mass  spectrometry, GC
-MS) . OB A A - FR B B 75 (high performance liquid
chromatography-tandem mass spectrometry, HPLC-MS/MS)5%,
HPLC-MS Fll GC-MS RIFE R, {ERMAE R, MELIE K,
HPLC WAHAR, e s . HET R GZ 58 1 & i e
FHATH it A R (UG A AR, 224 1A i A8 AH

XIAE, AIRefEEEAL . e . v I AR )
MZ Ak, et R, Huy, S0 dh B i A &
TERACH S TP R, R IR 22 R TR R [R] B A D A A o
DARIE, I, AT Sl T v TR AT A rh 22 A
UG RIS ACIN A e o A58 R A QUEChERS EHE AR,
ZE G OB TR, X i PR e AR S 14 Fb
B LB R TP, LS Bl b b A ST R
PR VT A o R R AT, SRR R AR TR 1 ) A
PRALHEAR SRR,

1 #MR57H%

1.1 w5

ZNE(a 154, 3£ [E Thermo Fisher Scientific /A #]);
FE(fikal, 25 TEDIA A, KZBR(EI%H, e
BRI A R F]); DO T REB iR S e (o4, b1 BT s
T AR A R F]); TR RREE (5 2k, vabeFt
ERAR A BR A T]; 0.22 pm A HLREMECTHHE S0 345
HIRAF]); N-INFHZ i (primary secondary amine, PSA)
H5(50~75 pm, 100 A). C,5 B3 (40~60 pm, 120 A)(J™ M K& 5
MAEEHEA PR A

14 FpAr W BT 2- FO3E 4o 5 0BE MR ok -3-
(methylisothiazolinone, MIT, CAS: 2682-20-4), 5-5-2-H %k-4-
S 182 W Bk -3- ] (5-chloro-2-methyl-4-isothiazolin-3-one, CMIT,
CAS: 26172-55-4) . 1,2- 7% I 5 1 Mk ofk -3- ilil (1,2-benziso
thiazolin-3-one, BIT, CAS: 2634-33-5), 2-3-J-4- Fementk-3-
Jifdl(2-octyl-2h-isothiazol-3-one, OIT, CAS: 26530-20-1), 4,5-—
F -2- 1E 3 & -4- 5 wE i mk -3- [l (4,5-dichloro-2-octyl
-isothiazolone, DCOI, CAS: 64359-81-5) . Bl 2 ik Ik (CAS:
54965-21-8), FAZEIAMEIN(CAS: 75184-71-3). B kmsy i
(CAS: 54029-12-8). FARAME-2-Z LN (CAS: 80983-34-2),
LW R(CAS: 10605-21-7), BER R (CAS: 148-79-8), HHiT*
(CAS: 3878-19-1), =& FPL(CAS: 101-20-2), =% E(CAS:
3380-34-5)(4li =97%, %[ Dr. Ehrenstorfer 22 ).

1.2 UE5EE

Waters €2695 =i 50 AR 83353 (BT Waters 2998 £l #%,
2E[E Waters 2\ H]); 3-18K SIGMA HE B4 LHLEEHR
SIGMA A ]); MV-3000 Z47 iR #s () Aok ia
BRZAFD); EYELA Jiéfe 28 R AL (H A A st BAE 2 w)); Milli-Q
EB T K EAELREEE Millipore 24 7]); DT-502A HL T K-
(AT 4 ERE RS AR A PR wl ), JP-C300 88 7 I BEHL
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L 7R, % QUEChERS 4545 1w RN (5 I 5 £ i 422 i i g S 46K 7 b 14 Bl BLITC T 77 7231

O N5 3 A P o IR A B DD o
1.3 LWHEE
13,1 ARofeis il &

WEFAFRIL 14 FARMES: 10 meCRE B2 0.01 mg)sr 3
T 10 mL Faiid, RGeS, RAGRA
HWeFESA 1000 mg/L HBRIE S £, -20 °CIRAE . A A%
Bl mL AR, B FR— 10 mL AR+, Ha
EFRBESS, FAR GHRUER (100 me/L). % I HUGE &
REWER, H - KIERA:, VYRR RIS
FRuE TAREIR, SR SFRIE TARERD 14 R HLHTREH
B4 LR A 2E 0.05~20.00 mg/L 22 [A]
132 Hsara®

HUE Bl PR 2 AT S BT 229 5 mmxS mm K
N, IREIEFREE 2 gOREHIE 0.01 g) B THEIZ AN A 20 mL
CNE-KER(L:1, VoY), A JFEFEHEI 30 min, I8, 1k
W E S0 mL BOE P 4UH S 20 mL ZH5-/KEH
(1:1, V:VYESEAEE 1R, HAHRE 30 min, HhiE, GIFIEW
F 50 mL &0, IIA S ¢ JoKBEREE, 1600 r/min HEHEHR
I 5 min, 8000 r/min &0 5 min, IR 2 E R Z 50 ToK I
AN I8 XG0, 48 CCKIRIEREZE Kk dn BT, A/
T, A 2 mL ZJE7 A%, #5 2 min, #5E 1 min, B
1.5 mL B TRIEEELED, TA 50 mg PSA ¥37K . 50 mg
Cig B AR 150 mg TEKBREREE, WHEIRA 30 s, 9000 r/min 5
L2 min, HEREBGEH 1 mL B TRNE SO, FIMA
1 mL —ZK, IRAA], i 0.22 um BB, HIASAMR, M
TR R TR AE .
133 RAEELHt

314} . Welch Ultimate AQ-Cyg A1 (250 mm x 4.6 mm,
5 um); FEIR: 25 °C; FiEiAH: ARG, BHCARE., C
A 0.1%ZBKAER(V:V, & 0.4753 g PUT R AL,
FREEVRORR Y I3 1, UEREIRR: S0 uL; A AR
PRSI R, B TE Rl 191~400 nm,

®1 BERBRERF

Table 1 Gradient elution programs

A B8] /min i #/(mL/min) A% B/% Cl%
0.01 1.00 5.0 5.0 90.0
6.00 1.00 5.0 5.0 90.0

15.00 1.00 5.0 10.0 55.0
25.00 1.00 5.0 10.0 55.0
28.00 1.00 38.0 15.0 47.0
32.00 1.00 38.0 15.0 47.0
35.00 1.00 80.0 8.0 12.0
43.00 1.00 80.0 8.0 12.0
43.10 1.00 100.0 0.0 0.0
48.00 1.00 100.0 0.0 0.0
50.00 1.00 5.0 5.0 90.0

2 HER5HH

2.1 KMPRAKCRIERE

STl BB AR AT B e Rz, TR v Y R
10 mg/L () 14 Fa LB TR, 2054 191~400 nm
Y N HETT RSN IR, R1E 14 FE MBI AR
W K o A T A LA RAEE, AR EREZ K
HEATAIN, MR- I AR AE R S, SR N = . T
Yo/ TR, Hoh MIT, 28R 2Rk mE-2-
REEN . CMIT, BUZREREAR , Bk el . Fpekme |
OIT. =& . DCOI. =& FHIE 280 nm [T 3475 Hisi
W, BRI 280 nm fE AN, WERR . T,
BIT # 310 nm MHEYA SRR, FIEERE 310 nm /EN
R o SR B RS A #57E 191~400 nm 15
FEIEAT W, SR IBCRE 8 Rl B 4 A7 28 T4 B, LA AR AR
W W' T 2l B 4 AT
22 ReEEESMK

AR WET 0. FEERIA VAN 0.1%4
TR AL BAE RSN AH, S A tHAL &) 14 A
MLBLRETI A B8R . 25 3R I, 14 R HLPTRR N RE o8
EIRFNRL I, (EIER LG ARG E SN INE,
TER, HONE-0.1%LBAKER R shHIR, A% 3Lk
SEREERE, VPRI, iSRS, &
T B I A D S B R A MU AR FIAE 0.1% 2R
IR IS X0 Y T I R R e, AR 0
S35, VR A LLAGTRD DY T A R AU B A B, GE
o — RANH LS AT Ak, RN T “1.3.37 BTk
RO &M |1 14 A PIHEIZE 280 nm 4k
SORERTSA %Y & I3

0.20 |
0.15 | OF
L oo © ~ AN
@ IR P % Ao
o0} 7 = o ¥
= r wv
: 2 |
0.05f ME R
[ 32} g.%
0.00 - )

A AT - ROX
5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00
{288 i [ /min

7F: MIT: 5.708 min; 57 5%: 11.256 min; B3 kme-2- 4 JER:

12.622 min; CMIT: 14.784 min; MERH R : 17.522 min; F T
20.966 min; BIT: 27.578 min; FZRAMEEH: 31.218 min; P
WA 32.083 min; P2 iAME: 33.698 min; OIT: 38.248 min; — %

K HE: 39.244 min; =F 4:: 39.815 min; DCOI: 40.391 min.

BT 14 B0 HLBL B R BRI 5 R (5 mg/L)
Fig.l HPLC chromatogram of 14 kinds of organic antibacterial
agents standard solution (5 mg/L)
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23 HmBICERMIL

14 MAENIEAIZET N B, SERHOE
s EEHRI, B G aiuekhinh K m e g,
S HpRIEES, @l R R B, A, g
G, M E VR E BT, MRk
[a]&, kA QuEChERS J7i$eIFnigfk, #£&H M-k
TRAEEL, [ $RHOR I TOKERIREE, — 7 TR AT fl . JE A
KPR, Si—J5 R BV b AW 2 CIEHT, miis
ZRIAR R, BB ERZAER . ZIE IR I —
B RTCKGRBR AR, LBRER B 0K AT, G es, 25 & e
R R, PRI SR . B PSA BiR. Cis
ARFTAKBREEE— 2151k, PSA KiK. Cig BiAHITEK
T R B 1) FH 0 X AR B (A e AR B A B M s ), 2 P et
Zif, W BRI A Y, SEEE AR, 7 R g
A MR, RO ANTEAR . 2R RS & B,
2 PSA M. Cg MIAMICKBBREE A =54 50,
50, 150 mg i}, [IBCREREE, 14 R MU DR k3
70%LA Lo AN (RIS A S0 [ A0 B4 5 i L 2.

2 TREIRHFMAEHEWERN=3)

Table 2 Recoveries of different adsorbent addition (n=3)

Fr ks = ] /%

1 25 mg PSA+25 mg C5+75 mg MgSO, 61.8~87.2

2 50 mg PSA+50 mg C,s+150 mg MgSO, 73.9~91.8

3 100 mg PSA+100 mg C;5+300 mg MgSO,  45.2~66.9
AR 14 FAHLTTE RIS 5 T O, ESiRaik

W, 2GR Ao B AR o 5 T AR O A VR S i, 7
“1.3.37F, 14 FATHLBLR R o> B BCR AR, 85 (i
SERTES, WWEMEHE R RSB, Sl
BLL 80%. 70%. 60% . 50%Z. M /KT 0 I 1) 4
TR, S5, 80%~70% £ M5 /K VA AR I BSR4 3

020 F

015 F

im
1= 010

T N T

S @itk R TR 60% LIS 5 B AURAT
BOREGE, (AR ARM A 1L G Yk BIEL S8, 50%L
& KA, A e se g 2), Ptk
P 50% G KB IRVEET .

24 ZMERE. RHRFMEER

PL 14 B LT IR A R v B W T B A A Ak b
(Y), XoF IO 4 JoT s R B A A R (X, mg/L)FEZRME T e, 14 Rl
MUIBLEHILE 0.05~20.00 mg/L HKEFTLRINE BIFLIE XA,
HHIEREL r=0.996, 14 FEHLBTET LM BRI 3. R

FAA S BARAL A 0 £ b 42 Mk R 5 v T A0 ] AR AN 25 5

ACRBFFERTE, BSINARUES,, F5%<1.3. 2740 Bk b, 846
PR PR, DAEIE EL(S/N) AR T 3 BT HBR (limit of
detection, LOD), {5M H(S/NYAMET 10 IfH8EE R (limit
of quantitation, LOQ), i FR & 0.05 mgkg, & EMRH
0.15 mg/kg. FHILAT UL, Jr ik i AHSCHRIEZER, PTAHT &
sty 2 o PRV 2 T A R 14 oA BILT B 790 A
2.5 fNAREISERTNE ZE

R A B BARE A 00 B b B fol FH T 5 L 4 o 4C
WRZEBACHIF TG, 0 AHEFT 3 AS/KF ks mDSCRAS
WL AR 0.15. 0.30, 1.5 mg/kg, FAHE
KOESPATINE 6 Wk, WA F- 2y m] e 256 B AR Xof A o4 i 25
(relative standard deviations, RSDs) /L3 4., Z5R EIR, F
BICR Sy 73.8%~96.3%, FIXIFRUEM 22K 2.8%~5.5%,
B HAT B 1 ISR AR 95

KRS BMES WA DR X4, 14 i HLBT
BRIFR R 0.30 mg/kg, HALALBIRE ST AL HE 7 il
PRREI, BRI AE IR (25 SO & FiE 1.2.3d, &
ABF ) S E LR UERE 3 UK, FRAT 3 IR IE AN 3 N
8] 5522 6] RSD, Z55R UL 5. 3% 5 ol %, H BIARX AR vE
REN 6.1%~11.5%, 14 P HLHTRE IR RUR A T BT,
TR H R R R

III 1y

- _MJ;JU\JUL_JL;_JJ 1} I

0.00 5.00 10.00  15.00  20.00

25.00  30.00 35(X) 40.00 45.00 50.00

A B s} 18] /min

T AV N A R S TE) R E AR S T 1 A
E 2 50%ZMERIERAEERI 14 FhAa ML bR AE 7 R 3% (5 mg/L)

Fig.2 HPLC chromatogram of 14 kinds of organic antibacterial agents standard solution with 50% acetonitrile aqueous solution as
solvent (5 mg/L)
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2.6 SEPREESRINE PO R P
T3 E W SE4EHs . 2898404 15 R, RAA K2 #F3 14 FHENRMEFNEESE

Table 3 Regression equations of 14 kinds of organic
antibacterial agents

BEATAGIN . S5 R, AR RIZE AR ARG 14 Fa AL

HUHIH. A PR
3 & i MIT Y=1.52x10°X+2.16x10*
ZWR Y=9.53x10*X-5.11x10°
A S 38 2o 0 35 53 AT 2% A FURE il A B2 A A5 1 e -2 S LI Y=1.28x10°X-3.02x10°
737 7 QUEChERS %54 HPLC il 5E £ A 422 i 7 it 75 i 4% CMIT Y=6.02x10"X-4.82x10°"
k14 R LB R 7 k. 14 R HLL R LE PRI R ¥=2.95x10°X-2.55x10"
0.05~20.00 mg/L ¥ J 1 Bl Py 2t B AT L6 HE 6 Fos A o R Y=5.79:10%-2.55x10°
B 0.05 mg/ke, 5ERBLEY 0.15 me/kg: HIAREIL o Yo8.2010°%6. 14107
Ay 73.8%~96.3%, HIXHRUER 20 2.8%~5.5%, HA B?;;ﬁﬁ? M
BT DSCRFORE B E o A A SRR B PRl s V=7 05%10°X_1 31x10°
VT AT S SRR AN, BEAS TG AL R 1 e TR v 9 A0 OIT Y=8.33x10°X4+7. 7010’
s 14 B HLPT A R R B AT R R, R, B S Y=4.92x10°X+1.24x10°
B A ik R W, R AR AR, PR, AT =4k Y=8.10x10*X+4.39x10*
R 6 ol 2 S TR R 9 A R A ML T R A G DCOI Y=6.88x10"X-6.33x10°

R4 14 HEHIEFTE EUL R R B R ERE (n=6)

Table 4 Recoveries and RSDs of 14 kinds of organic antibacterial agents (N=6)

N . 4HR FEIEUR
fea bRk /(me/ke) TR % RSD/% TR % RSD/%
MIT 0.15,0.30, 1.5 76.4, 84.2, 86.2 4.1,33,3.8 87.3,93.3,96.3 4.1,35,3.7
LR 0.15,0.30, 1.5 86.2, 87.4, 89.6 4.4,46,3.7 86.6, 87.4,91.3 42,37,4.9
B 2R 3k e -2 - FE T 0.15,0.30, 1.5 83.7,79.7,83.5 4.5,3.6,3.7 84.5,85.3, 83.8 3.4,3.7,43
CMIT 0.15,0.30, 1.5 85.7, 86.3,92.4 2.9,3.53.8 84.7,87.3,91.5 3.4,32,3.8
18 PR R 0.15,0.30, 1.5 78.8,79.5, 82.6 5.1,4.3,3.6 77.4,79.8, 83.1 45,43,3.7
E2 S8 0.15,0.30, 1.5 83.1,79.3, 84.4 4.5,3.9,3.7 79.8, 82.6, 86.5 44,46,54
BIT 0.15,0.30, 1.5 73.8,91.3, 88.5 2.8,3.1,3.5 88.5,90.1,92.4 3.8,4.0,32
o] 24 A I A 0.15,0.30, 1.5 79.7,81.5, 83.8 3.4,42,39 81.3, 83.5, 86.1 4.4,43,3.6
o] 24 35 AR, 0.15,0.30, 1.5 82.6, 80.8, 83.8 45,39,43 81.3,83.2, 86.5 3.1,3.3,3.7
5 ik et 0.15,0.30, 1.5 79.5, 81.8, 85.8 4.4,49,55 83.4, 85.6, 84.5 3.9,3.7, 4.1
OIT 0.15,0.30, 1.5 85.8,90.1,91.3 4.1,49,3.7 85.3,87.1,91.3 3.5,4.8,3.6
—E R 0.15,0.30, 1.5 84.8, 86.2, 85.1 3.6,4.2,3.9 84.2,85.7,87.4 43,38,4.6
—a 0.15,0.30, 1.5 79.3,83.2,85.5 5.1,4.3,5.0 79.7,83.5,85.5 45,53,4.8
DCOI 0.15,0.30, 1.5 85.5,84.2,91.3 4.6,3.8,4.5 84.8, 87.9, 85.3 49,48,5.5
£5 HKMP 14 HBENRFATOEKERRBNIRERE
Table 5 Recoveries and RSDs of 14 kinds of organic antibacterial agents in paper cup
sy’ 1 d/(mg/kg) 2 d /(mg/kg) 3 d /(mg/kg) RSD/%
MIT 0.260 0.241 0.218 8.8
LR 0.268 0.251 0.214 11.3
o] 245 55 e - 2 - 2 A 0.243 0.226 0.212 6.8
CMIT 0.260 0.249 0.220 8.5
VB T R 0.238 0.224 0.205 7.4
iy 0.236 0.210 0.197 9.3
BIT 0.276 0.251 0.232 8.7
] 24 35 I ST AR 0.251 0.237 0.222 6.1
o] 3K I, 0.245 0.233 0.206 8.8
T 2Rk e 0.255 0.240 0.217 8.1
OIT 0.274 0.259 0.229 9.0
X 0.266 0.242 0.217 10.1
=&k 0.252 0.238 0.209 9.4
DCOI 0.247 0.220 0.196 11.5
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