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T ORAIIEA KRG T

KEBIFE: TRBREAK; BHNARYE; AMEE-PHR_FTWEFRE; AFHTE

FESYZES: TS206 XEAFRIRES: A XEHS: 1001-3563(2020)21-0038-07

DOI: 10.19554/j.cnki.1001-3563.2020.21.006

Determination of 9 Solvent Residues in Food Baking Paper
Packaging by HS-GC-MS/MS Method

ZHOU Chun-hong, TANG Ying, ZHANG Zhi-long, DENG Zhan-rui, HUANG Jia

(Gansu Province Product Quality Supervision and Inspection Research Institute, Lanzhou 730050, China)

ABSTRACT: The work aims to set up a method that can determine 9 kinds of organic solvent residues in food baking
paper packaging (butyl ketone, benzene, toluene, terephthalic acid, isophthalic acid, phthalic acid, ethyl acetate, butyl
acetate ester, n-butyl alcohol). The headspace sample injector, chromatography and mass spectrometry of automatic
headspace (HS)-gas chromatography (GC)-series triple level 4 pole mass spectrometry (MS/MS) were optimized for de-
termination. The optimized conditions were as follows: the sample equilibrium temperature was 120 °C, the headspace
equilibrium time was 30 min, the compounds were separated by Thermo TG-WAXMS chromatographic column, and the
injection flow ratio was 25 : 1. The quantification was carried out by external standard method and the determination was
conducted by GC-MS/MS of MRM mode. 9 kinds of organic solvents could be completely separated, with good linear
correlation coefficients of above 0.99, method detection limit between 0.003 ~ 0.010 mg/mz, recovery rate between 93.8% ~
101.5% and RSD between 1.3% ~ 3.5%. The method is easier and faster compared with gas chromatography, with good
separation effect, accurate result and lower detection limit and can be used to actually determine 9 kinds of organic sol-
vent residues in paper packaging products.
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FEEGH: 7K (99.7% ). HZE (99.7% ). X _—FH
7(99.9% ). 8 —H 4 (199.8% ). 28— H 2 (199.5% ).
WA (99.7% ). ZBRZBE (99.8% ). THEH (99.6% ).

LPRTTE (99.8% ), PRUEVSIIN sigma; —HIJEH
PR kol BHEBERA W],

FEEALAE: TSQ9000 “AHMIE (GC) -l —HH
PR AT i MS/MS X A EE EI & ), Thermo scientific;
TG-WAXMS #E (30 m ( Length ) x0.25 mm(I.D)x1 um
(Film) ), Thermo scientific; Triplus 300 H 31028 £
#%, Thermo scientific; ¥ K¥ (KHEN 0.1 mg ),
HEF A

1.2 ##

FEARE: BERRIRACERMERY 10 #LREES (R
EHFMEMR, /AN AMES A =R R
=), B 10 emx10 em 1AL RE S (R BCED R
HERZ AL ), PR 1 emx1 em /N, BT
20 mL Wiz i .

1.3 FHik
1.3.1 REBRK

B ITPRER I . WO . HOR L X R [A)
TR AR TH . ZMRTER. LFRLER. IE
T 9 PR 4 1 mL, BT 100 mL BT,
FH W L I R E 25 28 100 mL, FEHC 1 mL F 3
I E A E 10 mL, & A 1 mg/mL G &K, %5
4 °CIRAF

TRAR M BCH] . B . HOR . X THR D M H
ARCABHIK . TH. 4R TR, LFROHR . 1IE T
P Vi £ YR — PP 56 PR e A BB 1 1000 pg/mL TR A
TAEW, sr5IBURR: TAER 10, 20, 40, 60, 100, 200,
400, 1000 pL F 20 mL Ay TZS A, 5% 0.05, 0.1,
02, 0.3, 0.5, 1, 2, 5 mg/L AYIRFRIAW ., LAIRFRIA
WO B AR AL bR, X N A TR AR R A A, 2 il Br o
Mgk, hegn P S b P 4R s T BEXT A HLIE A B
AW R R 2%, FEASPRE R, AR i A
BLIE 7 5% B B0 B Sl M7 FE AR AL R 5, T i 221078
1.3.2 ML EH

H 20 T00 25 JEFE 20 45 1 - A Ot 3001 i () Ay
20 min; TS HAPATIREE S 120 °C; AL 5 ST s (i) S
10 min; FEMERINEE N 120 °C; LHLiRE N
140 °C; #Ef A IR BFE 2R 1 ming FEFEREE]SS 1 min;
PEREIRFRN 1 mL; GC JEFRIFE] A 40 min® ',

%5 TG-WAXMS %M (30 m(Length)x
0.25 mm(1.D)x1 pm(Film) ); £ &N 2 mL/min; 45
WIEEE, W 25 ¢ 1 SEEEOREE R 130 °C; T
TRFREFE WA TR E M 60 °C, f44%F 2 min, LA 15 °C/min
T E T2 180 °C, HfA%F 8 min, FLA 20 °C/min
FR 3 B THIR 2 250 °C, #4%F 5 mint'' P,

Jig . BFUR (EL ) IR 230 °C;
FHETE N 70 eV; MS VUHAFREE K 150 °C; 4407
A MRMGE N 35~400 mvz); $A3TRIFR 0.4 s; 1%
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FRIRE A 200 o101 Sk HIZE L XF T ]
THZE AT TE . 2B TR, ZFROHE. 1E
TR B T R EERT TR W3R 1,
1.3.3 HEAR
SIUS ZE R A g A ARSI L K GB
5009.262—2016 £ i % 4 [ ZE bR 5 i 77 5% 58
BISE Y. GB/T 10004—2008 4255 FH 8 kL &2 4 5
RTHRES . FTHES) oy FsEE &M E T
UL BRI (1),
P
" Sx1000 M
A, WRHERREE (mg/m?); P sk
SRR R (pg); SHIRFERAR (m?),

2 HRE5H

21 Bz #ERIZERL

Mz FLEREREL
FE S T2 AR TR BE , B A i TP A BILVAS 57 i
HCRRE RS, SRR A, TS 2 B 55 b B 24 s nT
eI R BIRE S, SEIRR S IETE A B R . iR
G, S SEEES P AR AT 4, R
R T & A . LR PERE A IR E 43500 60,
80, 100, 120, 140, 160, 180 °C, ¥ 51Uk
TR, 2590 1. MR L BT, bl 25 T2 P-4 Ui i
F TR, 9 R BILIES R B 25 1 g T AR AR o 18 i
MR R F 100 °CHY, B & R TRy, W T ARG K 2%
18, 2B, IREET 140 °Cln, %R 4L R
U, DA I S B AA A B A R AT A 6 T 2 P iy i
N 120 °C,
2.1.2 Tz &R E AL

T2 S A ek ] J2 2R FH 101 28 7 =GR RE IR , AR5 045 AL
TRFAE S A 22 (8] 23 e 14 31 - 75 2 A B[], Xk

2.1.1

SRE B RS A R K 3B )
FESh S R EmIPE AR S, K R AR AR 55 5 ST R
K, SRR, SCHEEAE 10 FOAS R
i HOI A 85 B 1 A LV TR AR, AR B B e 1l
L, 58] 9 P AL SIS W AEAR TR T, AR i
IR, U], SCe g R LR 2, 455K,
Wi o Y- S ] %) S, A O A ATV 79 R o T P e T
FABAIN, YT 20 min B AR A AL
IR TP 22, B R [R5 TR A 2 ()
Sl P ) () 25 5 AN ] ZE K Z 30 min, LA R
AN [R) 5 SR it 05 1T A 3k 38 e S Ak s ]
2.2 g, FRiEKGMmL

BigAEE
FIRFIE 9 FAPLER, ISR Tk
B4 T TR A B AR . SEER 4 SR
Thermo TG-WAXMS (30 mx0.25 mmx1 um ); ZHE
#& DB-FFAP (30 mx0.32 mmx0.25 um ); ZHE(E
DB-5MS ( 60 mx0.25 mmx0.25 um ) %5 3 il A7 2
SRR, LEREE R K, Thermo TG-WAXMS
EEFE T LA 9 Fa MR G, BIE5E
S, THIREIM S . ZHER DB-FFAP A 5+ 414>
fhEWResE 2, R 8 H IR A H
B4, 74 DB-5SMS (Aigt:, Jr@sxt 5 K
(B —H2RET, R A ES . %P Thermo
TG-WAXMS 354 7 2 B es 4t 9 Bha AL 7l
222 fik#HFEOLTL

i1 F Thermo scientific TSQ9000 < AH 4,1 - £ Bk
U DU B AR T i R AR, R
FUHAL SR A A AR, I DAAE A I
ST, PRI 9 FAHLE RIS Y . 52
ooy e E FERE DA 10 1, 1521, 20 ¢ 1,
25:1,30:1, 35:1, 40 : 1, LBk sek
FoRIGI, 5503 20 G55, 20 Hoxhp s g

2.2.1

®1 IMEIBFRILE MRM RESH

Tab.1 MRM mass parameter of 9 Kinds of organic solvents

H LR EEE T (Wz)  fiEfEGEeV  EME Tz REEE/min filt 18 §E/eV ¥ B4 B H] /ms
T 72/51 15 72/43 4.805 12 30
LR LB 70/59 18 61/43 5.216 12 30
#* 78/52 15 77/51 6.030 12 30
R 91/65 12 92/65 8.659 27 30
LB T B 73/49 17 72/56 9.358 12 20
IE TR 56/37 18 55/41 9.943 11 20
X — B 2K 106/76 24 106/91 10.476 12 20
[A] — 2% 106/77 30 106/91 10.712 18 20
LB HR 106/63 45 106/91 11.372 12 20
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Fig.1 Peak areas of quantitative ion in 9 kinds of organic
solvents at different equilibration temperature

Fig.2 Peak areas of quantitative ion in 9 kinds of organic
solvents for different equilibration time

x2 OMANBFUEYSRILSFIEENFXR
Tab.2 Relationship between split ratio and peak width at half height of 9 kinds of organic solvents

A3
k&Y
10 : 1 15:1 20:1 25:1 30:1 35:1 40 : 1
TR 0.185 0.176 0.117 0.115 0.114 0.115 0.116
R T 0.218 0.192 0.183 0.132 0.084 0.085 0.084
PN 0.235 0.181 0.126 0.094 0.093 0.092 0.093
H R 0.176 0.151 0.103 0.081 0.082 0.081 0.080
LR TR 0.196 0.134 0.094 0.093 0.093 0.094 0.092
IET B 0.169 0.136 0.105 0.078 0.079 0.078 0.077
X = F 2R 0.204 0.153 0.112 0.114 0.113 0.112 0.111
&) — 2 0.217 0.160 0.109 0.110 0.112 0.099 0.098
AF 0.227 0.143 0.119 0.117 0.118 0.119 0.119
R APLERE SR bk, ok B _ %
WER ., THI . ZRRZME, FERIIAE] 250 1 B, 100 ZRL0S s
G Y SE AR b T -5, Tk A A P < 80f
AL xR A, ZR T Y =
&, TEEE N 20 1 B, ETEAR L T2 g 60f Lﬁ?%
H A BB AL A Y SOR IR, ELAR G L5 i (8 2,0 TE| % 2 g
W, e arii el 25 ¢ 1,
Petemizs . Ak Bgsc i E, 9 M pLE R L 207 ET
A9 MRM (B IEE ) T AT ILE 3. N W S L*w
4 5 6 7 8 9 10 11 12
2.3 FHEWIE SRS A] /min

ZMXR. BEEMGHR
SEH R AR (35 - A K PO A i MRM
P, SMREREINE 9 RhAHLER, LA 9 A
AL W B e TR ARURIGS 7 A 5 1 e JBE Ak
PEBIRAHT, 9 R HLE TS PITE 0~50 mg/m® ¥k
JEVE R N AT, B MRM 4 5 1252 AR B
THES 1 AET, 6HEE, MRS E T Y

2.3.1

Bl 3 9 R AL FIZE MRM BT 88 T
Fig.3 Total ion chromatogram of 9 kinds of organic
solvents in MRM mode

BB, T YCE U R T, BT AR
T PEBHEBRAR 2, 1205 I RO e TR 6
T L AN TR AN 7 ik, At PR B i BR 23301l B2
3G 10 fEEMR L (SN, 2o AR | KR BRI 3.
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WA BRAR T R 7 A R G B RS KO, 7EJr R th bR . 3 fr i th bR . 10 £5 051

HFR 0.1 mg/m®, ZRRYHKHBR 0.01 mg/m? ), o B EAT R S8, ARSI AT E 6 1K,
232 EWRERRBEE (] i 2R T s 5 AR DL 32 4, ZEIRRIA %OTRE

WHIRARE 3 MR (3, 10, 40 mg/m?) sy PRIDBCRAE 93.8% ~ 101.5%Z[A], X b iff i 22
F3 9OMBENKBRL DT T ERE TR

Tab.3 Linear equation and detection limit of 9 kinds of organic solvents

A= &Y LA MXRE (R)  FEAHR/ (mgm™) FE PR/ (mg-m )
1 ES F(X)=76.8x+3.1 0.9998 0.003 0.010
2 CIS F(X)=14.9x+8.5 0.9985 0.005 0.017
3 — (X)) F(X)=29.6x+10.2 0.9979 0.003 0.010
4 H (M) F(X)=29.3x+5.9 0.9987 0.005 0.017
5 &S (4B) F(X)=34.7x+6.2 0.9978 0.005 0.017
6 2.1 2T F(x)=43.6x+7.3 0.9991 0.004 0.013
7 TR F(X)=28.4x+4.2 0.9999 0.005 0.017
8 R T T F(X)=60.5x+8.9 0.9998 0.010 0.030
9 IE TR F(X)=54.9x+1.0 0.9967 0.005 0.017

R4 KBEMDKRELBLER (1=6)

Tab.4 Experimental results of accuracy and recovery (n=6)

e wEw bR/ (mgm™) S0 R/ (mgrm ™) 54 /% Prifefi2e  PIBCRSEI(E/%

3.00 2.90 96.7 £3.5

1 N 10.0 9.87 98.7 +1.7 97.8
40.0 39.20 98.0 2.5
3.00 2.83 94.3 +1.9

2 2% 10.0 9.91 99.1 2.3 98.3
40.0 40.6 101.5 £3.5
3.00 2.92 97.3 +1.6

3 X B 10.0 9.83 98.3 2.8 97.6
40.0 38.90 97.2 +3.0
3.00 2.90 96.7 £2.7

4 [ — K 10.0 9.76 97.6 £2.6 96.9
40.0 38.60 96.5 2.1
3.00 2.91 97.0 +1.6

5 S 10.0 9.50 95.0 2.4 97.0
40.0 39.6 99.0 +1.3
3.00 2.86 95.3 +1.9

6 TR T 10.0 9.84 98.4 2.8 97.3
40.0 39.24 98.1 2.0
3.00 2.89 96.3 2.6

7 TR 10.0 9.56 95.6 +1.8 97.0
40.0 39.61 99.0 2.3
3.00 2.95 98.3 +3.1

8 R T I 10.0 9.38 93.8 £1.6 96.3
40.0 38.7 96.8 +1.7
3.00 2.93 97.7 £2.8

? 1E TP 10.0 9.43 94.3 +1.9 95.8

40.0 38.2 95.5 +3.2
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(RSD) M 1.3%~3.5%, WEMZ R, K
R, BRI A K,
2.3.3 HERHH

N FZSER e, A3 E 10 HEVE Skt Ry
ARALBE =) O PRI AR B, KINgs R R 5. £
5 45 R R 10 RE LR At e i, 9 BhE
LB AR B YA, SR R YRR wE 1 LR
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x5

BIRA PLIR B BB AR AT 5 A 5 [ SR i 2R (%
5% B2 Bt S B < 5.0 mg/m?), HERRR AU MA, &
AU 1 RS R E R bR (AR
W, FRERL Y 0.01 mg/m?), H T LA IR
ZH/NT L AMEST Rl TR SN AR
7R T RERE AR AT AR B e W, HLX 285
at o HORSCAE TR, AT RE 22 40T 2 00 N A f B
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% In
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Tab.5 Detection result of organic solvents in 10 batches of baking paper packaging

5 10 VR 20 BT FH 4CA0 20 7 77 5% B3 A/ (mg-m )

7 fea 1 2 3 4 5 6 7 8 9 10
1 S 0.12 0.03 <0.003  0.01 0.07  <0.003 <0.003 <0.003 <0.003 0.01
2 2 0.08 0.05 0.16 0.02 0.11 0.0l  <0.005 0.09 <0.005 0.03
30 N ZHR 0.05 <0.003 <0.003 <0.003 0.0l <0.003  0.01 <0.003  <0.003 <0.003
4 FIHIK <0.005 0.02 <0.005  0.01 <0.005 <0.005 0.01 0.01 <0.005 <0.005
5 SBTHHE <0005 <0005  0.03 <0005 001 0.01 <0.005 <0.005 <0.005 <0.005
6 LM< 0.18 0.06 0.18 0.01 0.13 0.04 0.08 <0.004  <0.004  0.08

7 THH <0.005 <0.005 0.02 <0.005 0.03  <0.005 0.01 <0.005  <0.005 <0.005
8 CZMRTHE <0.004 0.01 <0.004 <0.004  0.01 <0.004 <0.004 0.01 <0.004 <0.004
9 IETHE 0.06 <0.005  0.04 <0.005 <0.005 <0.005 0.0l <0.005  <0.005 <0.005

3 H%iE

SR A A T A P MR R | ST E] L @
JE RS, T AT D[R] s A £ R FH 4G e 7
O PR (TR, K. H2R, XfRHER . [H
KRR, SRR LMROER. ZRRTIE. IET
B ) AR (33 - P I = R DU SRR T o R SR
Jrik, Oy RR T AL B fE, HARI >, 9 Fb
F LT INFR EISCE R 93.8% ~ 101.5% , AH X5 4
% (RSD) N 1.3%~3.5%, WRE, W%E R,
AT 2R IR EESK o 50 R 7 i A LI R0 3% B
SRR AL, TR B RO, TR
9 g R Ak BA AR R BR AR T bR AORE (B 5 A A S BR
(HHFR B BB 0.1 mg/m?, KA H R
0.01 mg/m®). %77 38 Bk ] S22 i LA
FRACALEE = i 15 70 5% B8 A , ] Ry A o A 26
RS A U B AL T AR o AR R R 25 2R, SRR Y
K R, A P A A S 15 2R A 3 28 B
B LR P U™ S OR R YR R
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