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Abstract: A method for determination of six small-molecule compounds in food packaging material polyethylene terephthalate (PET)
was developed in this study, using gas chromatography coupled with mass spectrometry. Methylene chloride ultrasonic-assisted extraction and
dissolution methods in a mixed solvent of phenol/1,1,2,2-tetrachloroethane were compared and optimized. The extract was separated using a
HP-5MS column, the analytes were detected by mass spectrometer, and retention time and peak area were used for qualitative and quantitative
analyses, respectively. The results showed that the optimum conditions for methylene chloride ultrasonic extraction were as follows: solid to
liquid ratio (m:V) 1:15, extraction time 30 min, and extraction cycle one time. A good linearity was found for six small-molecule compounds in
the range of 0.05~2 mg/L, with the coefficients of determination greater than 0.9980. The limit of detection and the limit of quantitation were
0.1~25 ug/L and 1~25 pg/L, respectively. The recovery rates of spike concentrations of 200, 500, and 1000 pg/L were between 71.99% and
109.99%, relative standard deviations (RSDs) were between 0.01~8.20%); the intra-day and inter-day precisions were less than 4.74% and 5.86%,
respectively. This method was used for the determination of six small-molecule compounds in 25 different types of commercial PET materials
used for food packaging. Toluene, butylated hydroxy toluene (BHT), or di-(2-ethylhexyl) phthalate (DEHP) were detected in five samples, and
the highest contents of toluene, BHT, and DEHP found, were 308.11 mg/kg, 500.31 mg/kg and 482.57 mg/kg, respectively. The advantages of
this method include simple pre-treatment procedure, good separation, and high sensitivity, and this method can be used for routine determination
of six small-molecule compounds found in PET materials.
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Table 1 Information about 25 types of commercially available PET bottles, used for food packaging

BEMES %5 AL A 8 LR %5 ZARImL A 88
1 330 2015-01-23 13 350 2014-12-09
2 350 2014-07-20 14 900 2014-04-17
3 550 2014-06-14 15 900 2014-09-29
#hK B3 JiERCZOS TN 4
4 550 2014-08-21 16 900 2014-11-06
5 550 2014-09-24 17 1918 2014-10-08
6 570 2014-10-19 18 5000 2014-11-02
7 318 2014-10-20 19 450 2014-09-12
8 500 2014-09-27 20 500 2014-08-18
9 500 2014-10-07 HeaE 21 500 2014-08-30
BRMEAR RO

10 500 2014-11-05 22 500 2014-11-16
1 600 2014-09-16 23 600 2014-06-29
12 600 2014-10-12 - 24 330 2014-09-21

25 420 2014-09-20

Agilent 7890A-5975C A AH G- T Y, &H
ZHEA PR/ F (Santa Clara, CA, USA); AL204 Hi
TN R -FER 2 (i) AIRAR] (-
#117); 1000 pL. 100 uL fEFEHHE 45 Brand 2 ]
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Table 2 Information about the selected small-molecule standards

P X4 AR FILAR CAS 5 4 2T YRS b
TR Toluene 108-88-3 >99.0% C/Hg Accustandard New Haven, CT, USA
£ chlorobenzene 108-90-7 100% CsHsClI Accustandard New Haven, CT, USA
" EEE LY .
KY B Benzaldehyde 100-52-7 >99.7% CgHsCHO . FEILTH
] SAS T PT
2,6- A T A-4- Butylated hydroxytoluene
128-37-0 >99.5% CisH0 Accustandard New Haven, CT, USA
T A ORE (BHT)
Dibutyl phthalate HEANE
AR = P B =T BY 84-74-2 >99.5% CiH2,0 ] ¥ B ki
) (DBP) T RATRA] /
ARRZFER— Di-2-ethylhexylphthalat B E AN ‘
yneyip 117-81-7  299.0%  CogHaOs S o E b

(2-T4) T (DEHP)

RN R3]

12 7%
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0.45 um FHLIEME,  FALAEN.

1222 Wbt R A

HERFREX 0.5 g A CRERAE] 0.1 mg) -1 5 1
W, M 75 mL ZE AR, mEINEEEE, B
TFEFE S VE RS TP A HL 30 min, AEEUKZ 0.45 pm A
PLIERES 38,  EHLARI.

123 REAM 7%

AR REE A Agilent 19091S-433HP-5MS 5%
Phenyl Methyl Silox (30.0 m>250 pmx0.25 pm) i
¥ FHEAEFE, #RAT6E 40 °C, {545 2 min, LA 20 ‘C/min
[P S 130 °C, LA 30 C/min FIERTHE 2
300 C, f&%¢ 2 min; HEFET SNSRI
20:1, BEFEESN L uL; BEFEEE N 280 C; HAN
AR (AiE=99.99%) , FLEN 1.1 ml/min; #5FILER
N 4.0 min.
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150 'C; B AR FETHE T BN 5 BT
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IR, R TR TR, EEY
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Fig.1 SIM chromatogram of mixed small-molecule standards
with concentrations of 2000 pg/L

E: LR, 28K, 3R FE. 4.BHT. 5.DBP. 6.DEHP.
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HrEF IR AT RESE R, JeieE T 20 Clmin FFHEE %,
Fe R AT S, BRI 30 °Clmin AR %S
DEHP W sifrmy, RZEKIHAE 300 CH{REF 2 min
B 7 AT I 5 b, B ZfiE an 1.2.3 Bk AR,
Fr Rk Ron 6 MR BT By, Higsy
RAF, 6 R AbRTERE S T 1 LB 1.

2.2 HALFE FE AR

221 FRIRTy kAR
TGS 7 I A B SR IO AR I/ D S L bR
VR AR e 2w AR BB VA it R RS 45
W3 3. S5R4 SPSS 17.0 Fixf T A3/ AriH, —
S be kA R R BOE AR R . &UR. R
BHT & EEAE 95%HIE(E/KF T, SR T
I— SR hok AR IGE, B S ok A A e
AR EROR S VR OB AR BN AN, Mok —
ST e e B FR G T S Rt i A
W IERNA R I AT AL BTV 7R NI T 3
RAF AR BRI, A SR I S 2 el S I
LN PET BELEA MR HARYITURES, {EAEH] R
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Vs, RBENSCENR S RS As
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Table 3 The results of the measurements of PET positive
samples treated with two different methods (n = 3)

Wk ZATRAS EXIILCE WV RS

o NI TRk
42/(mglkg)/RSD/% A& /(mg/kg)/RSD/%

LiES 87.30 (4.97) 50.80 (3.53)

E G 1501.99 (3.58) 882.00 (1.91)

]S 2922.43 (2.66)
BHT 2302.29 (2.21)

DBP 2374.96 (1.50) 2437.06 (3.73)
DEHP 4178.50 (3.25) 442455 (3.10)

222 =2 FIALF BB IRICE AL
TEHAD KA RIAESL R, XFH T AN RIZEH (8]
XTOFL AR ECER A, 435 10 mL — S0 e
TG A 4 BHAE 0.5 g 20 min. 30 min. 40 min,
45 EoR, BHT. DBP. DEHPHHEEE [ X B A]
MRE TG Ry, R, SURFIZR RS0 & A 2 %
ko XFEL20 minF130 minflAEELE R, HZE. SORFI
7K RS REHUR 23 7)) R & T 3.8%- 4.0%7413.1%, TBHT.

300

873.16 (1.93)
2033.67 (3.20)

DBP. DEHPAERMN 73525 1712.0%. 11.8%FH
18.6%; XitLt40 minf130 minfIZEELSE 1, I, &K
2K AR 230 N R 7 15.1%.  14.2%7#113.9%,
BHT. DBPHFIDEHPAHLAR S AN T 3.3%. 4.8%
F13.0%. HEMIX—ILGER HF2R . GUARFIIR IS A
BARERAR, M BRI S RN RN AN it e
B R K T I, AR S BUX =R A BGOSR
IR . L5625 R FE ALK 930 min.

TEHAB AR RIS DL R, X b T [ R R4
FUF 6 PSP ZE R BIEE I, 3 BIRPRRR L (mav)
91:10, 1:15. 1:20 MG A4 BhZEEN 30 min. 45
FRW, 6 M LAY AE AL i A BGRUAF HE
M4, (2 SPSS17.0 (WECXT T fwds /4, 1:10 A
1:15 BL R EL I 2 B AE 95% 1) B AF K T
P=0.003<0.05, #=Hu&h 52 Ftlk i, T 1:15 F1 1:20
RHE LI ZERRAE 95%(1) B A5 /K F I~ P=0.154>0.05,
R R AR WIS R, F SR
TR, BRARAA, ASCHRARCENR LLIE S 1:15.

FEFAD AR RSO0 R, X EE TR [ AR RS
X} 6 MW AR 2R, 437 F 7.5 mL (1) =&
PR sEiER s 4l B AR EY 0.5 g #4530 min 17, 30 min 2 X,
30 min 3 K. ZERKH, FRHRGEEEI— IR A
B, AR AR B R A E R BB R 2 A B
Hm, AEIRERE,  HENDY IR SO, RS
RFATALEESE R I FE P R R P BOX — IR . 255
7 R E A BN 1 IRBEIH]

B AT AL B O ERE LG 1:15, FHUKS
30 min, AHIRHECH 1K,

23 LMFE. RERFRZER

R MR e s, LAREE (50, 100, 200,
500, 1000. 2000 pg/L) AEALFR, PASALAPINIE
BB I B AN AR S AR E 2L . AR VGHERE 6 Fib
WADIRA R, HR4E SIN=3 Fi1 SIN=10 1535
BHFAAS RS R (LOD) FIE &R (LOQ) ;
4 1.2.2.2 TREACER S ERE, 1931 S 50T R H
R (LOD) FIEEIR (LOQ) . 6 M LZWiI{R it
. &Y. HERH (R . KR, EEmm
EEETINE 4.

24 FEWRESHEE

MR PET 2 AFEM 05 g CRER% 0.1 mg)
T =AM, ASIARHE R AR, BRI
200. 500+ 1000 pg/L, £ 1.2.2 J5ikAabH 54T GC-MS
WE. 6 F/NFTFAEDIHIF- I R TE 71.99%~
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109.99%: [, HAXTAREMZELE 0.01%~8.20%2 [A], MELERINE 5.
R4 6 THIRAREERTE], A2, FIERK. LMCE. RERURESER (n=6)
Table 4 Retention time, linear equations, R?, linear range, LOD and LOQ of six small-molecule compounds (n = 6)

AR5 B 14 /min KA Al d AER/(ugL) % FFR/(ug/L) o
fet 3 s 102 - — — . REBT
(RSD/>10%) (50 pg/L~2000 pg/L) #IR HE Fk BE T

L 4695 (3) y=238.07x+5339.28  0.9998 5 7 15 20 91, 65

X 5587 (2) y = 276.11x - 315.60 0.9999 7 7 20 20 77, 112
¥ P A 6.729 (3) y=136.68x-1957.95  0.9999 7 10 20 25 77, 105

BHT 10.070 (2) y=31570x+ 181563  0.9999 0.1 1 05 3 2051, 2202

DBP 11.726 (2) y=42560x+792826  0.9999 1 1 4 4 149, 223
DEHP 13671 (2) y=198.25x - 3041.79  0.9981 1 7 4 20 149, 167

=5 6 NS FLEYRIMAREISERFEFRERE (n=6)
Table 5 Recovery rates and RSDs of six small-molecule compounds (n = 6)

s 200/(ug/L) 500/(ug/L) 1000/(ug/L)

EKE%  RSD/% B RSD/% ECE%  RSDI%
TR 77.47 2.72 93.06 5.78 102.84 5.82
A% 82.60 3.48 94.12 5.98 100,51 6.16
R Pk 71.99 8.20 78.98 0.01 79.75 6.03
BHT 90.06 0.71 100,54 5.78 109.99 513
DBP 78.77 5.60 94.44 7.79 108.54 457
DEHP 86.24 7.93 103.73 3.42 96.02 1.30

ARG 5 2 141<5.76%, 3 HA H PR H ARS8 55 B 4
2.6 5L IR G B AR

25 HWHEEME EFEE
BRI FZ > 200, 500 1000 pg/L VR A FrEER,

FEMIRERFRHERE 3 R, FELLRE 3d, HIF— Kt N BT SL I R TR 25 A 3k
FECE B H RS S5, 3 d IERESS S b H Tk 5 PET AT A, Azt 2 7, 19 SHER G
B, GRNE 6. 4R ERHWEEEL<4.74%, H FE LB 2.

6 HRRFEEMBENRERE (n=3)
Table 6 Intra-day and inter-day precisions (n = 3)

- 200/(ug/L) 500/(ug/L) 1000/(ug/L)
H A RSD/%  H 4] RSD/% H A RSD/% B 4 RSD/% E A RSD/% A 19 RSD/%
i 4 2.13 2.22 0.28 1.91 1.95 418
E 8 0.66 4.01 0.47 1.96 1.99 4.84
KPR 1.47 1.68 0.09 1.84 1.12 2.60
BHT 1.49 1.83 1.82 2.91 0.56 1.95
DBP 1.58 0.26 0.45 418 3.49 5.42
DEHP 412 2.34 1.56 5.76 4.74 455

R7 6N FUHEYENTE PET RRERATHEE

Table 7 Concentrations of six small-molecule compounds in commercial PET bottles used for food packaging

4% /(mglkg)/RSD/%

kA e
LES AR RFE BHT DBP DEHP
1 ND ND ND 139.07%(2.44)  ND ND
thiK K QE R PET 2 ND ND ND ND ND ND
3 ND ND ND ND ND ND
TR
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HEER

4 ND ND ND ND ND ND
5 ND ND ND ND ND ND

6 ND ND ND  77.93* (722) ND 243.30* (4.02)
7 308.11 (1217) ND  ND ND ND ND
8 ND ND ND ND ND ND
BRMARAT LR PET ’ ND ND ND ND ND ND
10 ND ND ND ND ND ND
11 ND ND ND ND ND ND
12 ND ND ND ND ND ND

13 ND ND ND  19427*(4.41) ND 74.22 %(8.64)
14 ND ND ND ND ND ND
IR AR R LA 15 ND ND ND ND ND ND
PET 16 ND ND ND ND ND ND
17 ND ND ND ND ND ND
18 ND ND ND ND ND ND

19 ND ND ND  500.31%253)  ND 482.57%(9.64)
Y 20 ND ND - ND ND ND ND
# 6 PET 21 ND ND  ND ND ND ND
22 ND ND ND ND ND ND
23 ND ND ~ ND ND ND ND
24 ND ND ND ND ND ND

BN PET

25 ND ND  ND ND ND ND

it NDAFA BT ATk, Ak

14000 | 4
12000 -
10000 |-

i 800 -

# 600 -

400 |
200 |

L 6
0 . gl ak n b | ;‘J\

4 5 6 7 8 9 10 11 12 13
i i)
B2 19 SRSMEEE TR ELE
Fig.2 SIM chromatogram of sample No.19

JE: 4.BHT 6.DEHP.

Frzh 26, 25 Fhli s PET bk th&lR
ZXHEER DBP, HH 6 FiFf i 2R, BHT B
DEHP.

BHT 2 5I7E 1 5. 6 5. 13 5. 19 SHEFIH A
i, AESBRIER I R R R E B B RN IR & 0.1% (&
Ee#) o DEHP 2 I4E 6 5. 13 5. 19 SFEMIRHE
HH R P S5 AR R BRI PRI AN B £ 0.13%

7 SREMAH 2R, ZRE S ONSE R ES R
%, o BT HIELE GB9685-2008 A HLE NAEIR I
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