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WE: Be) THARRMRAR SRS & P ARK — W LB X4 (Phthalate Esters, PAEs) #9482 %
SANEIL, AR T AR AR fa P ARK W BRES & Ao ILE AR A RIE, ik RA GC/MS xa‘y’l’:él
RE T8 781 B R B MR A e Hefik AN 2t PAEs 4%, M PAEs B 5oL, S185H . MRS HSF
JEAT R Sk kAt A6 PAEs &AL BT T 947, F4 ﬂﬂﬁﬂﬂé?‘&%uq %R AR PR 781 :}w
m%féﬂzﬁ#r#%#, PAEs #9 %4k 4 th 4 12.8% (i fRh 0.3 mg/kg ), 4k 6 A7+ PAEs, P, 48K =
#— (2-2 % ) ©E (DEHP) % h £ % %, 4 10.5%, LRAAE_FER —ETE (DBP) fedf k=
?@;;%Tﬁa (DIBP), #5514 2.9%F 1.7%. AFK =W B =B (DEP), 4K =R =7 £f
(DINP ) Fu4R 3K = W82 —3R T8 (DCHP) # i £ KT 0.5%, M /A RA, 86.7%09 4 t & 4% )
F 10 mg/kg, REM R A G P, BIH &6 PAEs ot £ % &, 4 50.0%, At i ik 54,
WA Tt He th F A 14.5%, 4L 3 L PVC %4+ DEHP A= 1 $LAf ] + DINP 4 th 43 X T 100 mg/kg.
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ABSTRACT: The work aims to analyze the content and distribution characteristics of PAEs in food contact materials and
products, so as to provide scientific basis for safety compliance management of phthalates in food contact materials and
products. The content of PAEs in 781 batches of food contact materials from different provinces and cities was deter-
mined by GC/MS. The safety compliance of PAEs in food contact materials was analyzed from the aspects of PAEs detec-

tion, value distribution and material distribution and relevant control suggestions were given. In 781 batches of tested
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samples, the detection rate of PAEs content was 12.8% (detection limit: 0.3 mg/kg) and 6 kinds of PAEs were detected.
Bis(2—ethylhexyl) phthalate (DEHP) had the highest detection rate of 10.5%, followed by Dibutyl phthalate (DBP) and
Diisobutyl phthalate (DIBP), with detection rate of 2.9% and 1.7% respectively. In addition, the detection rate of Diethyl
phthalate (DEP), Diisononyl ortho—phthalate (DINP) and Dicyclohexyl phthalate (DCHP) was less than 0.5%. In terms of

detection amount, 86.7% of detection data was less than 10 mg/kg. The detection rate of PAEs content in rubber products

was the highest, reaching 50.0% and there were as many as 5 kinds of substances detected. The detection rate of PAEs in

plastic products was 14.5%. Only the detection data of DEHP in three batches of PVC plastics and DINP in one batch of

rubber products was more than 100 mg/kg. The overall detection rate of PAEs in food contact materials and products is

high, but the proportion of PAEs with high detection value is relatively low. The detection rate and detection value of

PAEs in rubber and PVC plastic products are relatively high, so close attention to should be paid to the migration risk of

PAEs.

KEY WORDS: food contact materials and products; phthalate esters; detection rate
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77 i BB AR XURS PPAG 25 5 ) o G 48 4B R
PR G SSB AL T 2y T DN & s s, X8 b 3 il i5
ger, JEEE R B Lk A IR AR S
AR R . B N T L R A R Y A
77, DUCE SR R A S A AR L AR AN
TAR R, DA PATHCE M 2B R iniE,
H I, BUMEST TR B n5E T 6 2 fla Rl 28 o8
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1.1 HmxRE

A AR A BT P AR A, AT
FREE TR AT WL, INA ., L85 12104 36
AT 781 LU & S il h BEE AR SCREE A 4l
SERCH R IG B S PR T o BT L, BRSO RE S B
T PVC. PE., PP, = LML TTRE(  PAEs
FERAL TN ) B b A bRl s PR R 2R L BRI
6T PVC EEHR A MURHEDE . REERE . AR
ZEH WL B 7 i o

1.2 &
1.2.1 NES5RF

FENES . Agilent 7890B—5977B M (13 i i
I CREERBHE A RAF] ); XS-104 FLFRF- (HEE
H—FER Z AL A FR 22 A ); SK3310HP M 75 K i (L
TRk S P AR A PR ] ),

FZG 18 FAB K H R R R A b T TR
(1 000 mg/L, IECHEH N, #2E Dr. Ehrenstorfer
o), BRI E 1,
122 SREBR&%

a4 . HP-5MS (30 mx0.25 mm, 0.25 pm ) £
PR B PEREIEE . 250 °C; FHEREFY
WIEARIR 60 °C, 1%4F 1 min, LA 20 °C/min FHiEF]
220 °C, 4% 1 min, FFLL 5°C/min TFHiE 5] 280°C, 14
¥ 4 min, #<: He (99.999% ), ¥ii# 1.0 mL/min;
ST NS R 1 L.

FiG A BEEEE AR (SIM) Em, B
BFREAER (TIC) &M B .
m/z=40~500, fEHIZRIRE . 280 °C; B FIE: EI, &
TR 250 °C; HUERERL: 70 eV,
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1.2.3 PAEs HilllzE

Z M GB 31604.30—2016 B AbFH 5 ¥ %0 20 5 2%
fil A R A AR IRER I THRE ., B 5 g MLAURE
i, PR ORI ) BYRR 28 B4 i B4R <0.2 om,
(R E BAANTE B2 <0.3 em, 1RS). MERIFRIZ 2 ¢
(H5HE 2 0.1 mg ), IMA 40 mL 1E %%, B H2H 30 min
JEiduk, FREE 40 mL FOkEREERE 1R, &7
TV EHEENM . JEIT 45 °COKIBEss 28 K Wk 4eir T,
IMAIEC R IEHERE 2 mL,, IKZ 0.45 um AL
AR ISR LENS , R0 GCMS E, AMrEE R,
Hrp, DINP FrfEh e MEER 0.3~1.0 mg/L, ZPEAM
KFZHL0.995~0.999, JrikE Ry 0.3 mg/kg, HAh PAEs
PN ZRZR PSR 0.05~1.0 mg/L, ZRMEAHE R %L
0.995~0.999, JrikE wBRYIHN 0.05 mg/kg.

1.2.4 REEHMERHIA

X FARA T EREE I, ST REAR S K
A3 AT IS [R) B K, Sk R 3 5 SR A o v R — B
Pk, SEEG S W TR HE . BRUEVE TR (R A
SRS A LR S A N HXT | B IR S O s A
BEAe e AN . AR R S, BERE 20
B SR B v T AR 5 Y 1)y X Ak 2D 3L 0 B X &5
SO , BRSO 43 o 45 i B R AT 45 SR SR
mrE, HEFE2 k3,

MEAT 3 FELEE LU, ARG h IR FE=1.15,
kA E=1.65, 3 2 BIEATA, ARLKZE h KIGE
k KZIRAE 20 /NF h I SHEAT K G SHE, T s,
ARSI MIREE T 5 B AN 2 552865 M Al v B A
IRl R A =

*1 18% PAEsSHIER
Tab.1 Information of 18 kinds of PAEs

A= /e EE] CAS %5 EHEET (m/z) ERET (m/z)
1 BoR — H R — R DMP 131-11-3 163,77,194,133 163
2 AR H R T DEP 84-66-2 149,177,105,222 149
3 15 S ol ] DAP 131-17-9 41,132,149,189 149
4 AR " HIR —FTHs DIBP 84-69-5 149,223,104,167 149
5 AR —HMR —IETHg DBP 84-74-2 149,223,205,104 149
6 A2E " HIR T (4-H k-2 k) Mg BMPP 146-50-9 149,167,85,251 149
7 R HIR— (2-FEIH) 4R DMEP 117-82-8 59,149,104,176 149
8 AR (2-L5H¥H) L DEEP 605-54-9 72,149,104,193 149
9 LB R — TR DPP 131-18-0 149,237,219,104 149
10 ABOR H R OV P DHXP 84-75-3 149,251,104,233 149
11 AR IR T R BBP 85-68-7 149,91,206,104 149
12 BRAEHER . (2-THIE) Zfg DEEP 605-54-9 72,149,104,233 149
13 LB —HR "Rl DCHP 84-61-7 149,167,249,104 149
14 AR THR— (2-2.%) O DEHP 117-81-7 149,167,279,113 149
15 AR IR — R R DPhP 84-62-8 225,77,104,153 225
16 LR 2R R U IE S IR DNOP 117-84-0 149,279,104,261 149
17 SRR W R — T DNP 84-76-4 149,293,167,275 149
18 AR HR 5 TP DINP  28553-12-0 127,149,167,293 149
*2 ELWEELITHE
Tab.2 Inter-laboratory comparison data
AR ORRLER (n=2) / (mgkg ") AERE  ATRE
KLl o #a #a W~ h A 5 1E k & 0 {H
17SE = PAE AT %
DEHP 5.02 4.89 4.68 4.76 4.90 4.84 0.51 0.63
DBP 0.34 0.32 0.30 0.28 0.34 0.36 0.98 1.00
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x3 LREBHBUBERT
Tab.3 Retest data of retained sample

K4 (n=6) / (mgkg ")

Kzt 4 I 032 et ] FRIME tARE
1 2 3 4 5 6
2020.02 0.89 0.85 0.98 0.94 0.92 0.96
DEHP 2.84 2.61
2020.05 0.96 0.91 1.12 1.01 1.09 1.06
2020.02 2.06 1.88 1.98 1.91 2.08 2.14
DIBP 2.87 0.98
2020.05 1.92 1.96 1.82 2.00 1.94 1.92
B FAS Foos (5,5)=5.05, 1% 3 A4, MEEFE  HAesboRE S th ik SR L 2.,
TS F AT < Foos (5,5), HTLATHIIA 2 Yoliz
BRRE, TREHER, & t BRIGREE, 5 60
£t (0.055) =2.01, 2 F¥y 3 AR TS t 4G5 %
fH <t (0.05,5), F£M 2 WML, RUEE R i, TR 50 |
EHER.
1.3 IFMIRET A 2 Or
LGB 96852016 (LG MAhif fradk =
S e 5 ) S R 30 8 R e U0 e 2 g 4 £
— RS T G R R R R 4
B (SML) s kst (QM) s E T i ”2°-M5
FR (SML(T)) MFrifi. . 12.8
T LRV 1A S 1 K0 43, KR £ B b 10 | s 69
7 i S A BB P R 40 AR 31
BI/NF2F 1/3 B ELARE S, AR ; KT 1/3

BRAE/N T2 T 2/3 FREEEAY, A9 HRUR: il 455 K
T 2/3 FRECE/NTRREEAEAY, A MR

2 HR5HE

2.1 AE#FREmEMA RS &5 PAEs
o HIER

TE 781 L& AR B S 18 1T PAEs A7 K5 1Y
fy3Eit 100 41, KR A 12.8%, ANFEAHFE S
FORHEE i b PAEs 46 2 LI 1,

&l 1 AT, B2 05 o PAEs K6 H R b =, o 50.0%,
SRS Y RAE R, (5 14.5%, P B 2R PVC)
R KN 36.4%, R (PE) N 20.4%, fUK
T PVC MR Rl . W2 . AL A0 AL
A B 6.9, 6.5%F1 3.1%, PAEs ki %
AR

2.2 A[E PAEs ¥1R#&E &M Bt mp iR
H 155
ANTEIAA TR A HE Al R A, G B PAES J¢

K1 AFER R PAEs £ Hh R
Fig.1 Detection rate of PAEs in different materials
TE: B = A R A U B < 100%

H I 2 mT g, WFSE Ay 18 A PAEs H, 781
HUEE S R 9 PAEs 2% DEHP, DBP. DIBP,
DINP. DEP Fl DCHP % 6 fh#y i, SATEMRE ,
DEHP # % 5 &5, 0 10.5%, H¥h DBP, 4 2.9%,
H W Fl PAEs 7£ 45 2804 ot v i K 238 5 A 1 15—
B, B R RE S ) PAEs MR R IR, £
1% DEHP. DBP. DIBP, DINP, DEP % 5 ff, H 5
Pl I (A SR B e B A T, b DEHP &,
H 35%. FEIBRHA BORE i kR ) PAEs W5 £ R
DEHP. DBP. DIBP fil DCHP, HHIRA M (i
FR PVC) il i (R4 H % d 55, H DEHP 1 DIBP 9k
HORY S TR IR MR 2~ 3 5. EAaEM
Bh AT IR AR VR 2 1 K ) PAEs )5 UA R
¥ /) DEHP, DBP 2 i, A H R A4
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Fig.2 Type and detection rate of PAEs in different food contact materials
TE R D A =J ) B A6 AR L U AZR B B < 100%

2.3 tHE PAEs IR EESFIFR

A PAEs kit 19 100 LU FE i H , 6 ik H 1Y PAEs
EE A WA 3,

120

0.3 ~1 mgkg
u>1~10 mg/kg
=10 ~ 100 mg/kg
=>100 mg/kg

BEMi/A

1 2 2
DINP DEP DCHP

DEHP DBP

DIBP
W H B PAESY) R

Bl 3 kil PAEs ¥ (%) 5 B 43 A
Fig.3 Data distribution of detected PAEs

& 3 AfAHl, DEHP K B9 #E S 3L 98 it
Hrr 90 it DEHP & & /M T 10 mg/kg, ik 91.8%.
30 it DBP frihimykean ., 26 fitds & /N T
10 mg/kg, itk 86.7%-

2.4 PAEs YRR & MK E R

241 KEZEMEIREIT PAEs WEEEX
EFRE, &R E R H & GB 9685

B, HAAMRERNE I EN TR, KRN

A, AHE &R AR I RS SRR AT B0 T A B

FE ), WAl R SRR AL . X SCHR ST TSR 18 R

PAEs, #ifl GB 9685 MAHKAEEZH, #=E HHAY
GB 9685—2016 5 DEHP, DAP, DINP, DBP F14B 4
TRIR-——C8-C10 SZHEREIERR (C9 HAE ) & 5 Figk
FAUH A, AHCER LR 4,

2.4.2 PAEs ¥R IER

MR 2.1—2.3 TR IILE S HZE 4 FT5)AY PAEs
FETLR, P E Sk PAEs A LR R 1
BAE
2.4.2.1  BRUEHA U B

XY AU R, AR PR 6 b
PAEs, - DEHP. DBP. DINP3 F' PAEs B 4%4%,
DIBP. DEP Fll DCHP3 ¥l £4ZAL, HA, FF
DEHP, GB 9685—2016 % H: i F yu Fl Jhy 28 %}

(PVC). WE, BIEMEEH, (HERLKE (PE).,
B (PP), BIELHM (PS) EWLRA KL
WAKH, F, &5 ob R A7 7E IR 2 A v
Rl PAEs FITEOL, AN EEAEA A ING AN
BT, HEARREA BB B2 8.6%.

2.4.2.2 ﬁﬁﬁ% FiAs i

AR B, GB 9685—2016 Hixix 2 Fh) i
e K ARV FH R 5% (R 50 000 mg/kg ), FHIET]
DA HH 5000 B S AV e R PR T o A HE R K
KT 10 mg/kg HIRES:, FERCEAULHK PVC ¥
BE, BIREEH R, UL DEHP R, i KK H B T
10 000 mg/kg, RIffi HEZ 1%, B35 A GB
9685—2016 Hi Kl B AT S%IE K,

PAEs 1E A 34885 28 U8 nsn o F A, L8 o fec o
HWAE 1% ~ 40% A5 WA A9 7 7= i S B A 72
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TR R TGk B B PR, i W LA S 1 9 5
NI A T REMERR /N . A B PAESs AR K —3843 1T
e AR B I s e TR B3R, — 5 15 R
O RN T s SR A AR T s A OGS —
5 T A] RE A AT RE A HE A TR A g1, I
fys A T DEHP AR BE , 5w il 1
AR, HpE R SR R S0% UL b, 7E & DEHP
Hildh, REALEEARIRE YA L, DEHP 1R
o0 % (e YR i PN L D 0y - =) e ek 2 2 A (]
PEA SRR B . DEHP 763038 i Ak 2i vk
B, MEMIRER . BT, AR EEN N2 EREE
¥ DEHP 31 A Je e il 5 41" DBP 1 DIBP 4 i
B, IAEIIERL B AE ok s A Ay T e e RE
EATEI T2, DBP #l DIBP 7E36 M HRAUK T
DEHP, 7E7455 . I A7E . TEIEE b R RE X

B, TG DN 20 o 1H S5 ] 4l ok
X PAEs i JH g A0 P A BR ), Aol e AR -
& PAEs My U B B U IR B WS A FE A,
AT RES] A PAEs, 1A PAEs By K S H
2423 ITBEASHIER

A GB 31604.1—2016 { &M EEEERE &
i T A A Rk B ] i B i ) ) P 6.2 ZREELE
Ml PAEs it 2B itH 1535 PAEs &, &
TR A RN « PAEs TR 1 =58 B8 i fi x
i S/v.

KR & 10 mg/kg 115 PAEs i &, & ik

fil A4 RN S/V KB 6 dm>/kg(L)!'Y, 52
Y X 2 BN . R R S 0 B T AR E R R AT

5E , B T AR R SR T 3ME 3 g/dm? BEATHGE
PAEs #5525 W3R 5.

#x 4 FE GB 9685—2016 Xf4BEER LB FI MM E
Tab.4 Provisions of GB 9685-2016 on phthalate plasticizers in China

o o (EIRENEE RPN SML/QM/ SML (T) /e
JF5 W44 R Cas 5 0 /% (mgke ') (mgkg ) HoAhZR
. 60 ( 1 SML(T
L OWESERS (el W (V)L R, s g
JECS ) ( DEHP ) B, BaH: s ' e
Z it
A SR (PVC), ZhE .
AT A — 2 — b N
2 ?BZS*(@D%;%W@B 131-17-9 4% /b s ND(ESOI\I/[;’ /EL) A
fid| o meEe REHT
9 (Ll SML(T)4 gﬁmiﬂﬂﬁ
- . PEE A,
B T VR e iy
30 —(DIN;)# 08553120 WKL (PVC): 43 H); 60 (L ;20?/;
SML(T)415 32 e
N ST IS
Y Z AT ) oL
9 (L SML(T)4l e
57 S 1 7 — 29 Yz
4 Cy CioHELEHENE( Cy  68515-48-0 ¥k (PVC): 43 it ); 60 (LA
W) SML(T)41% 32
YR Z At )
AROR R —1E T Mg kL (PVC), B,
5 (DBP) 84-74-2 . 0.3
%5 PAEs SEITEBUNIRENTH
Tab.5 Migration distribution calculated by PAEs content
Y24 FKE/(mgkg ™) HEARNTEE (mgkg ") SML/ (mg'kg™")
DEHP 10 0.18 1.5
DBP 10 0.18 0.3
DINP 10 0.18 9
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M2 5 alsn, MR EH 10 mg/kg i, @F
R IFE AT R A PAEs iR AN 0.06, 7F 2/3 fRa
HLAN, HE 3 g, B E/ANT 10 mgkg DAL
s, SAK R RN 86.7%, It 5k B 1%L
P 0T AT #% & 1Y PAEs 1B 5 FUR B B AR5 MIK . 1Y
K R RS = 1 PVC SR RIS A R S il i, AR AE
— 7 B A RS

3 4&iE

P AT 2 A0 2R R TR A DU SCHE ] T, A IR
FIRA L I RS, B Ak R b PAES B4
Fh SRR B K - BRI B . A R R AR A
DEHP. DBP. DIBP. DINP #il DCHP 4 6 #h,
B K558 5 R TR RO PVC BRL L AR Rl
R, Ul RS R YT, A AR M e AT o
sEEE], R BRI R . X AR
FAEF T PAEs, NG Jeali 24 B 5| A K PAEs,
IF H A Ml 6 SR AT 45 ) R ETAS B AR AT B A e 4 B
USRIt MAG R B2 PAEs ok #8 T [ il
PAEs H&H & EEAKE, e HEGAITEX T E
IR JEE, B2 amad 2 dea Bimmy, it ax
AL I8 & WA WA ERAN T H T 4538 .
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