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Determination of Phthalates in PVC Food Packaging Materials by ATR-FTIR Method

LIANG Xu, ZHANG Juan, WU Mao-cong
(Huangdao Entry-exit Inspection and Quarantine Bureau, Qingdao 266500, China)

ABSTRACT: The work aims to establish an effective phthalate plasticizer usage specification and regulatory system, and
the method used to detect the content of phthalate plasticizer in polyvinyl chloride (PVC) food packaging materials by at-
tenuated total reflectance (ATR)-infrared spectroscopy (FTIR). Taking PVC food packaging material as the research ob-
ject, phthalate plasticizers were determined directly by ATR-FTIR method. PVC with phthalate mass fraction in the range
0f 0.5% to 35% had two infrared characteristic peaks at 1610 to 1570 cm™' and 750 to 720 cm™'; the correlation coefficient
was 0.9994, and the linear relationship was good; the relative standard deviations of precision measured in such method
were all less than 5.0%; and the absolute relative deviations of accuracy were all within 10%. The method is simple, rapid
and environmentally friendly, and can meet the requirements for rapid detection of phthalate plasticizers in PVC food
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packaging materials.
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97%, XA “HR —fE (DOTP ), 4iJE=97%, Lif
GERL AR A FRA A RALIAEMNE K-value 72-71,
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Tab.1 Information sheet of six kinds of standard phthalates

1 TR ’%Wﬁlﬁ% CAS %
g'mo
AR e — a b
?BZKTITB@;TT% CiHy0s 27835  84-74-2
AR — FH i e
?BQ%T%;%T CioHyOs 31240  85-68-7
SRR R — (2-
2 3t g DEHp)  CxHsOs 39056 117817
A2k — g —
IE;-@E (pnop)  CoHuO:i 39056 117-84-0
A — A B
_"gjgj(i?i;;* CysHipO,  418.61  28553-12-0
H
AR — s — B
?gg;(i%;;* CyHugO,  446.68  26761-40-0
1.2 REERIIE
IR A oy - SR T Ay, X ATR B4
mREE -, R BIRR, JEERN, RETEEREN
SHEER T AT, FO PR 4em™, FH

T A 2000 ~ 500 cm ™!,
1.3 HEMIHRIINEIE

FREUVR S 21585 10 mg, 15 78 DU SV R v 77 v
ZEMPITHIER S, HERA LT EW, HE
12 h, FEFER SRS THAE T, 60 CF T 4n,
S BN FLAR N, A I, 1R ALLING AR, dE

e sMEIEAHE, AR 4em™, FAHTEE N
2000~500 cm ',
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W ol A 0 1 mg & T4l iy S kg,
GG ST TR 6 FhARHE — F RS S 14 91
FIA 2 FpAESROR W R BRI ¥ K ( DOTP HI
TOTM ). [ DOTP #1 TOTM FE/INmi#: )12 FESD
R R BRI A R, R TS 6 Fh
A 2% L F R R S A R E 1610 ~ 1500 cm ' Al
800 ~ 700 cm™ " [X 35 P 35 ELAT 2 (LA £ SO 1
TR, S5 6 il 2R — FH R P S 1 998 791 190 s e s ol %
B, AT IRIEIZI E 2 ER M, SCrR S i DOTP
I TOTM X 2 FPEAEARR — I RRER S IGBA R . IR %
A1, IEARWINIGE R, HERRAHH R, H
S¥RACRIARIE 51 A, FE 12 h, DU S
Kla, BHE TR T (60 °C, 6h), REFTHD
G PAF TR Y PVC bR ERE S, TR

F R AR RN 6 FhAEm SR — IR BRI
SAFNAN 2 FhAE AR ARIR — F RIS I Y 15 PR [H
Fi s R IbRHERE A, Hirh 6 B A RLAR R — RIS
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35%, i 2 FlA i AR AR — F BRIE 2 1 Y 59 1 i 40
SRR 0, 5%, 10%, 15%, 20%, 23%, 26%, 29%,
32%, 32.5%, 33%, 33.5%, 34%, 34.5%, 35%.
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Fig.1 Reference infrared spectra of PVC containing phthalate
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KM PLS F &R — VR TR 44 B R L1 A1 i L7
THEBIRL, H& 2a ATLIE 1, FlE SRR R MRS
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Fig.2 FTIR spectra of phthalate plasticizers with different
mass fractions at 1610~1570 cm ™' and 750~720 cm’*
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Fig.3 Working curve prepared by standard PVC samples
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Tab.2 Precision experiments
JiH %L J5 ik 3 B R H/ % X [l
B fE% 1 2 3 4 5 6 7 s 9 o fie ke, RSDI%
3 2.86 2.79 2.91 2.79 2.95 2.89 2.91 2.95 2.84 2.87 2.88 95.9 4.3
5 4.64 4381 4.82 4.73 4.64 4.77 4.61 4.55 4.61 4.76 4.69 93.9 3.6
9 8.87  8.81 9.01 8.67 8.92 8.56 8.87 8.64 8.69 8.78 8.78 97.6 4.2
15 14.12 1423 1482 1472 1387 14.78 14.77 1453 1491 14.69 1452 96.8 4.1
20 18.04 19.12 19.25 19.65 19.77 19.01 19.56 19.32 19.51 19.45 19.27 96.3 3.8
30 28.79 27.95 28.47 2824 28.69 27.94 2891 29.13 29.46 28.78 28.64 955 3.4
x3 HEBMEHERHNEE
Tab.3 Configuration of accuracy samples
et SR MR Jfi i /mg
BOMU% BHALHM DOTP TOTM  DINCH — DEHP DBP BBP DINP DIDP DNOP
1 0.1 0.5 138.38 138.38 0 0.13 0.13 0.13 0.13 0.13 0.13
2 1.0 0.5 134.81 134.81 0 1.29 1.29 1.31 1.29 1.29 1.31
3 1.75 0.5 131.84 131.84 0 2.27 2.27 2.29 2.27 2.25 2.29
4 5.0 0.5 118.95 118.95 0 6.47 6.47 6.54 6.47 6.44 6.54
5 5.0 0.5 118.95 118.95 0 38.85 0 0 0 0 0
6 18.0 0.5 67.41 67.41 0 23.31 23.31 23.55 23.31 23.20 23.55
7 32.0 0.5 11.9 11.9 0 41.44 41.44 41.87 41.44 41.24 41.87
8 1.5 0.5 0 0 0 1.28 1.28 1.30 1.28 1.28 1.3
9 18.0 0.5 0 0 0 18.48 18.48 18.66 18.48 18.38 18.66
10 30.0 0.5 0 0 0 36.08 36.08 36.44 36.08 35.89 36.44
11 1.5 0.5 0 0 0.1 1.54 1.54 1.55 1.54 1.53 1.55
12 15.0 0.5 0 0 0.1 17.83 17.83 18.01 17.83 17.74 18.01

x4 WIEHFRMIKLER

Tab.4 Test results of verified samples

Hie 75 18/ % W 7E /%
1 0.1 0.19 +90.00
2 1.0 1.08 +8.00
3 1.75 1.81 +3.43
4 5.0 4.68 —6.40
5 5.0 4.65 —=7.00
6 18.0 18.67 +3.72
7 32.0 29.27 —8.53
8 1.5 1.62 +8.00
9 18.0 19.51 +8.39
10 30.0 31.36 +4.53
11 1.5 1.64 +9.33
12 15.0 16.10 +7.33

SR 9.33%F1 7.33%, Ui IHARARIE I iR iR 2 4
S B o 2 IR 45 SR S A K
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FEEDEEL 30 Iy RA LM E MR, KA
ATR  BFH X5 A 201 52 B 38 G 204 i b =% 1 P 4 R 47
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Wl S T AROR R IR it . S5 R, 30 il
A 21 0 R L0 B AL MR Hh 4B 2R — R i
21957, Hodh DBP #1 DEHP B HMEE . 209
K 2.6%F 1.7%, XRUIREAIGE MR B P&
HE AR HRERI N, K EAfELeRE, X
H TR R R B AR OR R ER Y PVC il ik
AT A E .

3 H£iE

ELANG T AT UAT AR W R AG I A AS - ik >
R AL AR B, 3 a] SRRl A b 2 1500 4 il
M, HAEZERRE R E L ORI GiE k
(FTIR) JyFEaf, Xf S LM dlh L3 b ) &R oK
TR PR HG VER HEAT N E , HRSL T ORI
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