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ABSTRACT: The paper aims to establish a method for simultaneous determination of 12 non-phenyl ester plasticizers in
cigarette packaging materials by GC-MS-SIM to determine the content of non-phenyl ester plasticizers in cigarette pack-
aging materials. The target substance in the cigarette packaging material was extracted by shaking with dichloromethane
solution as the solvent, and analyzed by GC-MS-SIM, and then quantified with benzyl benzoate as the internal standard.
The results showed that the method had good linearity in the range of 0.001~0.200 mg/g, the determination coefficient
R2>0.999, the detection limit range was 1.2~7.2 ug/g, the recovery rate of 12 non-phenyl ester plasticizers was between
90.63% and 102.99% (RSD=0.71% to 5.37%, n=5). This method was used to determine the 12 kinds of cigarette packag-
ing materials collected, five kinds of non-phenyl ester plasticizers were detected, and their content ranges were DEA
(0~0.0200 mg/g), TBP (0.1699~0.1783 mg/g), TPP (0~0.021 mg/g), ATBC (0.0062~9.0358 mg/g), TBC (0~0.0198 mg/g).

The method is easy to operate, has high sensitivity, can meet the requirements of fast and accurate analysis, and is suitable

: 2019-01-12
s AP E I LA RIAENE AR A (ZW2015035)

K (1981—), 4, ALz, TH PRI VAR TENE TRT, TRHRF 6 ABELF M.
s B (1970—), B, TATPHEILARTIENS TRIF, T2HTHTOAEBERERE, B SSRERE,



- 60 - £, %% T FE

2019 4E 5 H

for detection and analysis of non-phthalate plasticizer content in packaging materials for cigarettes.

KEY WORDS: plasticizer; non-phenyl ester; cigarette packaging material; GC/MS-SIM
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Tab.1 Information on 12 kinds of non-phenyl ester

R4 Fr CAS 5 gl

O R 4Tk (DEA) 141-28-6  =98%
iR = THs (TBP) 126-73-8  =98%
FEEEIR = Z Wk ( TEC) 77-93-0  =98%

S M=% T (DIBA) 141-04-8  =98%
MR TTHs (DBA) 105-99-7  =98%
FrEER = Tl (TBC) 77-94-1  =98%
OB ERR =Tl ( ATBC) 77-90-7  =98%
O RMQ-TEIEEE (BXA)  141-18-4 =98%
C M _5Mf (DEHA) 103-23-1  =98%
WEmR =K fR (TPP) 115-86-6  =98%
WL = ¢k (TOP) 78-42-2 =98%
ZORHIR — HEEE ( DEDB) 120-55-8  =98%

ZA(1.0 mL/min ); 83 A 5 0 1, #EREESN 1.0 pL;
FHEARTFZTE 100 °CHREE 2 min, 285 L 20 °C/min
By ERTEE] 200 °C, 4£FF 5 min, FHLL 5 °C/min BYH
FILE 280 °C, {#4F 10 min,
1.2.1.2  Jigsm

SO PR TR (B, HEERN
70 eV, BFURIREE R 230 °C, WHFFIREE R 150 °C,
R LRI E N 280 °C ;5 Wil Jy =00 8 - W I A =X
(SIM), 12 F=ESI AR — F R i 244 998 550 F0 P b A £
BB, E a MOE R T LK 2.
1.2.2

1.2.2.1 50 e A TRV R 1 T o1

HERAFREL 0.015 ¢ AR AR R R g # T 500 mL
Hah, HE8W e R 22 EL, B E155
0.0300 mg/mL A NFRIE K -
1.2.2.2  BRUE AR A L il

WERRFRI 12 FhELR 2K — IR R ISR S 45 0.025 ¢
BT 25 mL AR, HNRIERERZZE, 55
JatH 2% Hinb &Y R EY N 1 mg/mL WIRG
PRUERG & W 0 B BUR A bR ERE 4% 0.01, 0.03,
0.05, 0.1, 0.3, 0.5, 0.7, 1, 2mL T 10 mL A&
W, A NAR A RE B B2 B RE 5], 493 vk
1, 3,5, 10, 30, 50, 70, 100, 200 ug/mL ) 1—9
BhriE TR
1.2.3

ARG, Bt Bt . I — & 1w AL RE S
(A& —A i), BEBUAE S (5 mmx
5 mm ), R E 0.25 g B A 50 mL HZE =M+,
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Tab.2 Retention time, quantitative and qualifier ions of
12 kinds of non-phenyl ester plasticizers and
internal standard

(553 1 ]/ S 44 Fir B b (m/z)
min (XA ) ERET O ENET
[ VN
.63 111 128, 157
? ( DEA)
12.08 Wik = TR (TBP) 99 155, 211
PIERR = T8
12.22 P = i 157 115, 203
(TEC)
oS T
12.44 B3t THi 129 111, 185
( DIBA)
B R T g
13. 12 111, 185
3.38 (DBA) 9
13.83 ARHERREE (1S) 105 91, 212
FrEERR =T lis
19.32 185 129, 259
(TBC)
LA ETR = T ls
20.33 185 129, 259
( ATBC)
o -TH
20.71 57 85, 155
HZ2)fg (BXA)
— A — BEL b
22.39 NI 129 57, 112
( DEHA )
22.92 WilR — <% (TPP) 326 77, 170
23.47 WifR =M ( TOP ) 99 57, 113
— s v i
24.00 AR AR R 105 77, 149
( DEDB)

WERRIIA 15 mL S L KB, $R% 2B 20 min
(150 r/min), HGE R AEBOR T EOE S, B0 10 min
(4000 r/min), HUSEEIGWL 0.45 pm FAHLUEE, #H17
GC-MS 411 o

HEZRYR | Gfdedl, Rm%edt. | YQ/T-2013
ROFLE AT EIB, B E I AYAE S BT R (5 mmxS mm ),
WERIFREL 2 g B A 50 mL ELZE =, iR A 30
mL S ABOR , JR7% %< HL 20 min (150 r/min),
BOE A BOR T #5004 , B0 10 min (4000 r/min),
BUE WL 0.45 pm HHLE, #17 GC-MS 4347,

2

2.1

211

TEPRFF AR IO 2 AU ] AR AR — 2y
FMET, 3B 4 FORRISRPER R (IEC ke . RS
Bg . Mkt SHNBE) AEHUR — e aire i, IsE

RN 3, EHERN, AT B N A A E
RO e fdE, TBC A1 ATBC I 5 {553 31 4 0.563,3.667
mg/g, PRIIAS A e FH & o
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Tab.3 Extraction efficiency by different extraction solvents

Po=N A~ EL

(mg-g™) (mg-g™)
B 0.559 3.634
A 0.562 3.587
L 0.563 3.667
LR T 0.536 3.535

2.1.2

FEARFERE AR . AR ] | AR OB A — 5L
MIAAET, PR PR KRR 45 2 R Uy ikt
frivie, MSELS R 4, 45 R F0], 0T KRE S
R FE USSR B4, TBC Fl ATBC 1493 52 {8 43 31
9 0.621, 4.484 mg/g, NI VESE BB IRIE 5/ 0 A HL
I

4
Tab.4 Extraction efficiency by different extraction
methods
PR =N PR =N
(mg-g™) (mg-g™)
L] 0.607 4.328
FEIR 0.621 4.484
2.1.3

TELRFFFEBUA R . BT 20 A BOR AT — 20w
SMETT, VIR AR R 5, AU [R50 3 E R
10, 20, 30, 40, 50 min, % %A [E) 28 BUHE] %28 B
BB, MEgs R ULE 1, 4558 K0, M 20 min
FF U A {88 FFA2, DR A< B 8] E %2 4 20 min,
2.1.4

PEARFFAEOA R L AT 20, AR B — S0 4%
TR, 25 AN [rl AR AR BT 2 2 A FIAE 28 498 A5 Bk
RAYFZ

XA, Rl 10, 15, 20, 25,
30 mL S e AR R —FF iy, M 25 2R LI 2, 45
R, 15 mL A9 S F e BN aT AR JE AT 2E — H iR
P A 348 98 R A B 5 42

X FHESLACRE S, 409 20, 25, 30, 35, 40 mL
A AR IR — A A, 0 E 2 R LI 3. SRR,
30 mL 1% 4 B e R AT AR TE R JE 21 2R — R iR 2 3
PN AT 4
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Fig.1 Extraction efficiency by different extraction time
4.6 0.65
mi R 0.64 |
o B 0.63 |
& 42} g e,
o W 062l
H . . . . =
=40 " o
0.61 +
A
3.8 ! | | | ! 0.60 1 1 1 1 1
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ZEBUB A /mL HBBAAFYmL
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B 2 IR FR A BB 22 20 40 A% BIURR 1 5% 1)
Fig.2 Extraction efficiency by different volume extracts in pickup paper
e PRI YuE R MR E RRLE 5, i
Do e aTBC 5 AL, 5 3 A0S R KR TP 2 9 e
~0l7p e FE R EIRT 0999, & AEBA PR KRS 4 13 71
% 0.16 R ARG T B T B R 20k 1.2~7.2 pg/g Fl 4.3~24.1
£ 015+ ng/g.
g 0.14
B 013} 2.3
I — R R L 0l 40 2 P R R 2K 9 0 B
o Al — BRI 3 0, ABIIALE b 5 3 ez
s I IKTEHY 12 FARAR S T BRI R B R R
20 = *&%ﬁﬁi 40 4 BEJSH R 1.2.1 RS 0EATIE , E 3 AN Inds oK
TR A% AR A AR T R B A 0 R A
Bl 3 AT A AR A BN HE S 4 A% BB 1 52 SEPATIE 5 W WS PRI 6, A 12 Ff
Fig.3 Extraction efficiency by different volume AR 4R 28 — H % TR 25 4 00 55 A9 B IR TE 90.63%~
extracts in frame paper 102.99% [i1] ( RSD ( IR FREM 22 )=0.71% ~ 5.37%,
22 n CPATSERREL ) =5 ),

IR R AR E TR WOR IR 1.2.1 B SRS
PEAT TN E , LAAS AR AR — I RR IR I AR5 N BR )
WA T L F) L R 2% =l QB8 28— F R TR R JBE 15 A B )
BERY LA 25000 x S AN y A, R Sr 2kl 9 75 A 5 L
PRAE AR R AR T F AR HERE 10 3, SRR RS
PL 3 A5 bR 2ze R R, LA 10 A5 bR i 22 e 1R

2.4

X WSc 4 2 4 T e R R R AR R A R e R
1.2.3 BEATHTACIE, #2208 1.2.1 gEAT0HrRe I, 4558 0
7. KEE T S FPARARR I RRER S MF . &
M2 Fg . WML = THE. BERR —KER . SR —
THE . AR =T B



Fa0E HoM IR A . GC-MS 1 I 5 M T4 3 A e v A A8 4 i 2K 08 9 5] $ 63

5
Tab.5 Marking line equation, decision coefficient, detection limit and limit of quantification
5 2R brRee WRER BBBR/(ugeh  EEB/A(ugeh)
1 & "H . Z Mk (DEA) y=2.4578%+0.0338 0.9999 3.1 10.3
2 iR = THs (TBP) y=1.0555x+0.0122 1 3.3 11.0
3 FrEERR = 215 ( TEC) y=1.3298x+0.0108 1 1.2 43
4 C MR TE; (DIBA) y=1.5661x+0.0003 1 1.4 4.7
5 O M _"THs (DBA) y=1.6926%+0.0034 1 1.8 6.0
6 FrEEER =T Hig (TBC) y=1.1059%+0.0397 0.9997 3.7 12.3
7 AR =Tl (ATBC) y=1.6156x+0.006 1 2.4 8.0
8 O W Q2-THEHEL)EE (BXA) y=1.9779x+0.0079 0.9998 5.6 18.7
9 C. M _%0lE (DEHA) y=1.3168x-0.0216 0.9998 2.1 7.2
10 MR — s (TPP) y=2.2961x+0.0071 0.9999 1.3 43
11 BEFR = F PR (TOP) y=0.8537x+0.0096 0.9998 6.3 21.0
12 TRHR — HEENE ( DEDB) y=0.7602x+0.0314 0.9998 7.2 24.1
6
Tab.6 Precision and recovery
L& Y24 e & /(mg-g™)  FrE/(mgg™") WEE/(mgg") EIWE/% RSD/%
0.96 0.86 90.63 2.59
€ "M "ZHE (DEA) 0 4.69 4.83 102.99 1.42
23.73 23.47 98.90 5.37
0.70 0.64 91.43 1.43
Wi =THs (TBP) 0 3.45 3.51 101.74 1.40
17.46 17.52 100.34 5.04
0.72 0.69 95.83 1.06
¥R = 2Bk (TEC) 0 3.53 3.59 101.70 1.53
17.86 17.77 99.50 5.17
0.75 0.72 96.00 1.03
C 5T (DIBA) 0 3.67 3.76 102.45 1.44
18.57 18.75 100.97 5.21
0.73 0.67 91.78 0.71
C M _—THs (DBA) 0 3.58 3.60 100.56 1.44
18.10 18.17 100.39 5.26
0.88 0.83 94.32 0.84
FrigEmR = THs (TBC) 0 430 4.21 97.91 1.83
21.75 21.92 100.78 5.19
0.73 0.72 98.63 0.99
LB EER =T HE ( ATBC) 0 3.56 3.61 101.40 1.85
18.02 18.17 100.83 5.09
0.84 0.73 97.62 1.39
O RRA(2- T HE ) (BXA) 0 4.11 3.97 96.59 1.96
20.79 20.94 100.72 5.32
0.75 0.71 94.67 1.09
C Rl (DEHA) 0 3.69 3.75 101.63 1.87
18.65 18.87 101.18 5.10
0.78 0.74 94.87 0.90
Wi = Kfs (TPP) 0 3.84 3.85 100.26 1.94
19.44 19.25 99.02 5.09
0.83 0.76 91.57 0.74
IR ==¢ WK ( TOP) 0 4.09 3.97 97.07 2.13
20.71 20.62 99.57 5.36
0.78 0.67 94.87 3.51
ZRHR — HEElE (DEDB) 0 3.83 3.41 90.34 2.69

19.37 18.62 96.13 5.29
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Tab.7 Determination of non-phenyl ester plasticizers content of cigarette packaging materials

FEL 4 B a:@fz:ﬂaﬁs/ @i@ﬁzzﬁa/
(mg-g™") (mg-g™)

Wk = JE Mg/
(mg-g™h

COBHFFEER = T lE/  Fre&EmR = T Hg/
(mg-g™h (mg-g™h

a1 — —
B2 — —
HHHAL-1 — 0.1699
BAHAL-2 — 0.1783
AT 4E-1 - -
WA 42 — —
HEZRZK-1 — —
HEZLAR -2 0.0200 —
EAREIR-1 — —
EAAREIR-2 0.0175 —
SR - -
S BEAR-2 0.0171 —

— 7.5898 —
— 9.0358 —

— 0.0062 —
0.0106 —
— 0.5114 0.0198

SCHEEST T —F GC/MS-SIM 5 A [ I 2 40
FLEER R 12 FhARAR A — F R TR 248 ¥ 5] 5 e A4S
WA . FrAG I Ay 12 FhaEAR2E — B IR g s 1 v
FITE 0.001~0.200 mg/g JLIFE N AIPE REIYIRE] T
0.999 LI L, s BRAE =R a5 1.2~7.2
ng/g fl 4.3~24.1 pglg. fE& . H . I8 3 MNIRIE R INAR
ACETR, 12 FhARARIR R R 24 98 500 19 [T i e 7
90.63%~102.99%22 i) ( RSD=0.71%~5.37%, n=5),
POTIEAE THAE, AR R R B, v R P v
A3 MBS, 3 FH TR AL R AR 4 2R R R
B YR R RN A T

T WS 1) B JT e R FE R 2 A AR
ARG, MRS T 5 RSB AE IR R
R, HOZMR_CE . BER =T Hs . B8R =Kk, &
WA REIR — T W MoFr iR — T g, H & s Fl o 5k
0~0.0200, 0.1699~0.1783, 0~0.0231, 0.0062~9.0358,
0~0.0198 mg/g.
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