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ABSTRACT: Food safety is related to the national economy and the people’s livelihood. Food safety and quality
have been significantly improved in recent years, but it is easy to ignore the actual food safety hazards that food
contact materials, especially the harmful substances in the mass use of plastic food packaging materials, migrate to
food and cause potential harm to consumers. This paper reviewed 4 types of additives in plastic food packaging
materials, including plasticizer, ultraviolet absorber, antioxidant, fluorescent whitening agent, the risk and safety
problems of 4 types of restricted substances migrating to food and food simulants, research status of restricted
substance detection, food simulants and migration tests, etc. The laws, regulations and migration limits of restricted
substances in food contact materials between China and developed countries are compared, and puts forward the
importance of preparing restricted substances quality control products for the detection accuracy and risk assessment

of restricted substances. This paper had clear reference significance and data support for strengthening the use and
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supervision of restricted substances in plastic food contact materials in China, the development of methodological

verification technology for test results, the use range and amount of additives in plastic food contact materials and the

formulation of migration limit value of restricted substances, and the food safety risk assessment based on restricted

substances.
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WA ERBEAEAREUME FEER LK
(polyethylene, PE). N4 (polypropylene, PP), RH L4
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sl 2 i i P 3 50 A T AR B R DR R B o
(.3% 1, RASFF MIsigtit). il = mMERERE, e
il — B TR, AT SR T R 0 A2 IR T
2023 4F [ 4F RASFF 4R T ¥ & 12 Fivi e filb i %
SeVEm A, SRR 4 R as 47.3%CWE 1), Horbum i
R 6 FIAHRHLEE R I B RE R B AS I, YR
SRR W RERE YT AT, DG S R e bR A
TS R E A AR T R IR AT Y R o
RHL B RSN I 22 (R Ak 2 B R, A 42 i L of
B PUAARR . AN A K 5 4 57 A L
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1 RASFF LRI & SEMRHNER
Table 1 RASFF annunciated on food contact materials
over the years

A g TR
2018 138 99 71.7

i H /%

2019 172 127 73.8
2020 122 94 71.0
2021 271 144 53.1

2022 209 144 68.9

-}

-
s

I

Bl 1 2023 4F 1 4F RASFF 3@ 4 (1 £ S Bz bbb M0 2 iy
RHE 5L
Fig.1 In the first half of 2023, the RASFF notified the status of
materials in food contact materials
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P ATEFEE R R, A B s A WHETT, R
o b R M
2.1 BXE EEC(E/e-mark)tH %A R 5 IR

WA — R KT & AR, T
AL 2F A L BEAY . FEAURIBR il (concerning the registration,

evaluation, authorisation and restriction of chemicals,
REACH)EH#L, 4135 . P2 FIfU 2% (classification, labeling

CLP) ¥ # , (EC)Nol1935/2004 FlI
(EU)No10/2011, (EU)2020/1245(AMD) 5 T~ £ i 12 fi £1
FUh S AR A MK AE, XL PR AR T A
fiuke A4 AR 0 S PR L BRI A R . Wy ik A, o
(EU)No010/2011 FI(EU)2020/1245(AMD)XJ B4} F14% o $88}
MORHELS B SR AT T RLE, BUE T AR
fili A1 £l (food contact materials, FCM)H fe /7 FH i BT A Us
o300 A Y B K4 g 18 B8 PR it (specific migration limit,
SML) LA KGR 52 3o A L0

2023 4 F2RAERRE & A (EU)No10/2011 45 16 WABIT
B, EABITT 5 FARIE CHIRREER T RS IR, fIE

and packaging,

AF % W iR — T fi5(dibutyl phthalate, DBP), 4F#E —HI R %
JL T HE (benzyl butyl phthalate, BBP), 487K —H iz —(2-2 3k
& 3 [ bis(2-ethylhexyl) phthalate, DEHP]. 4% — F iR {f1
H1 C8-C10 3741117 — M5 (diisononyl phthalate, DINP) (C9 7
B 60%) . 4B H i Co-Cll A BE
(1,2-benzenedicarboxylic acid, di-C9-11-branched alkyl
esters, C10-rich, DIDP) (C10 ¥ il 90%), H:H BBP K
LR BRAEL 1 JEOR Y/ T 0.3 mg/kg FEARE]/NT 0.12 mg/kg;
BBP HITBEM/NT 30 mg/kg BEAKE/NT 6 mg/kg, fiI™
THPRGIPEEIR . B, (5 R 38 58 50 0 7 i T R ) R =T
Al R 19 22 42 XU
2.2 E[E FDA EMEMARIVIR

CE RIS P D A A ) S ph 35 [ i AN 2h
)5 (Food and Drug Administration, FDA)fil & 407 1,
XL S AT T A% RS o3& EIRER R A2 £ hh 4
il 7= B TS TR B O A o o MR 2 Al TR R
(FD&C L5)FIES 21 Zik i, BURMERIRE . 3 Bk
TRAF Rl B4 LSS0 (4 0 T3t (UL PR A 2 it 42 f 90 S5 ) A 1)
FEET WA IR BEA T UGS (BB AL 21 CFR), HA Y4 &1
P SR i AR RS FDA PFRTI, £ bl ke
YIS ATFEER .

[ FDA € F 2022 4£ 5 AHUEH T 25 FLMERAUH
F & AT R R SRR IR ER 2SR MBI, BT IR AU AT
9 Fh4RIE — H BRER[DINP, DIBP, DIDP. 47K _HiZ 2
fi (diethyl phthalate, DEP) . 4B 7§ — H i — ¥f C. Mg
(dicyclohexyl phthalate, DCHP) 487K " H g —.(a-Z 3L 3)
fii[bis(2-ethylhexyl) phthalate, DOP], DBP, Z3E4B7 —H
R . — iR (ethylphalyl ethylglycolate, EPEG)]FH T 5%
Al Ak Bl &, FEERAT Y B AL AR DCEZAL D 8 AR
U HTRTE A Ay 38 SRR R A S AR AR L KO
R B R 5 RN BRI S B
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GB 4806 R aibnifl; & A TA ™ ¥ 19 22 GB 31603
Cfr B b R R At it A 738 AR R ) DA KRB 1
GB 31604 RV T ZEARUECHETA 60 )%, X LEpRifE
FITE ST AIANBHETT, 5 R F 30 X6 S b B g a8 s
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SR GB 4806.7—2023 i & AR bR UE £ 3 fih
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B4 & (quantitative maximum, QM) M4 EiFH R & & &
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H B SR R 2 IR I BR R L3R 2, WTLIE
D S A 6 R 7 2 B A ot T PR L ) B g A
ST i 4 B R MM R BRI R R AR B T A
R EMEETE, MRESER EE @ ke
A LB B AT . 3R B Y S B AR R 45
B A AL AR E R AR AL R R R, B AT

A SR bR AR [ SR AT 77 50, ATV ARIEAT 165 191,

IX LE R X T A B0 22 R T R A
o B PRER R Z AR, MSRARERE,
T [ B R PRRE AR A R A ST L Z IRY B
FRABRIE | G A | A DB A TS5 R S e ik s v
R RAFAE—E W 22,

3 BREXMHTEEZRYR. SHEEEH

GB 9685—2016 H1LLIETHE FMTERXFIR T 1294 Fif
SO BN, e EL s R, 4ok
BB . B, W KAR L 4UmAtR . mERR
JEAE 7 ZbE R SRV BV IR B TSR e
Mk, AR BRI R AMRIBGR B kg ) 4

SR H WA <
3.1 HEEEF

FEIFR e — R IfE— @ R b5 A MR IR B0k
FERATHLY), S TSR IG I DRHEN bt S0 BE s i e),
R L, J& HETE A m R . 5 UL S 4B
W RlEJ5(phthalates, PAEs), i lLIBLFITHFER D 85%,
GB 9865—2016 FLVFLE R b2 il FH SR L L2 il ity o 6k
AOARA HIRRIRZE . O R M %8 RIS Y514 DBP
DEHP., DINP, DAP. C 8 — 7[5 [bis(2-ethylhexyl)
adipate, DOA]. %% R —>Ffif(dioctyl sebacate, DOS). 3,4-
T ILIETETR (3,4-diaminobenzenesulfonic acid, DBS), & .
2 — S T-fi5(diisononyl adipate, DINA)(JL5% 3).

F2 BE. A XEEZHNAREMME D ERZRYBFIIBREIE
Table 2 Comparison of migration limits for common restricted substances in food plastic contact materials in China, the European
Union, and the United States

o ] R R W B L A 3 [ =L
LR o TR A TR o TR A TR i I Rt TR
/(mg/kg) /(mg/kg) /(mg/kg)

1 DIBP PVC: 10% -

PE.PP.PS.AS.ABS. AS. ABS. PA. PET,
2 DBP PA. PET. PC. PVC, 0.3 PC. PVC. PVDC: 0.3

PVDC: 10% 0.05%

3 BBP - 0.1% 30 LR ER 1% 0.5

PE.PP.PS.AS.ABS,
4 DEHP PA .PET.PC.PVC: ##% 1.5 0.10% 1.5

PE.PP.PS.AS.ABS, R 43% 2 f
5 DINP PA . PET.PC.PVCD, 9.0 0.10% 9.0 P 0.5

PVC. UP: 554

PE.PP.PS.AS.ABS,

6 DAP PA. PET, PC, PVCD, 0.01 ND
PVC, UP: ¥ E

PE.PP.PS.AS.ABS,

7 BHA PA. PET. PC. PVC, 30 EE 30
PVDC: 0.1%

PE.PP: 0.5%; PS.AS,
g BHT ABS. US: 1%; PA . s 3

PET.PC.PVC.PVDC:

0.13%

SRR AKREMIHE . BIE LK (polystyrene, PS); 2K 2 K- Kl 3 ) (acrylonitrile-styrene copolymer, AS); HNHE-T -0
¥ K} (acrylonitrile butadiene styrene plastic, ABS); FR Wt (nylon, PA); R —.5 Z /% (polyvinylidene chloride, PVDC); A1 il 5 fig
(unplasticized, UP); 4F7K —F FR — %MK (di-N-pentyl phthalate, DAP), % 3 [f].
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Table 3 Licensed varieties and requirements for PAEs additives in food contact materials and articles in China
SR o ) LET R .
i s P R 1 FUELA i Fofbsk
/(mg/kg)
DBP PVC: 5% 0.3 (SML) P IR R g AR
DINP PVC: 439 - 4 s
C 4% sy IR
DEHP PVE S N i LT RET 20%
DAP PVC: Hert i 2538 B DL 001 A L B
DOS PVC B H T 2%
DOA PP, PE. PS. AS. ABS. PA, PET., PC, PVC:35%
DBS PS. ABS. PC. PVDC ##/f ) F ik i A

PVC: (DfbdERgmitE , dEmRE e e, HHEAR
Wit 24%, PVC B At 0.127 mm; (2)7EX a8
R AT el 5 g 05 RS 30% L T Y ARTE RS 2
IR, {8 R R T 24%, PVC SR A S 0.127 mm;
Q)FEMbAERE Wi PE ARPE 2 & e, AR 35%,
PVC JEREEAEMSE 0.051 mm; (4)76 8 a5 R 4410
T MG 40% L0 AYAEEREZE & S e,
EAMIL 35%, PVC JEER{F#E L 0.051 mm

DINA

HH ST R, B AR S AR IR ARG
A, T AR N 9 I H R &, UM R PR A,
WA e T IMAT RS, BREENAMYE ., ELEFA
SLEAES . AR R RIS TR S E AR, B
ZHAHOEEN N T i SRRk i 9 55 A A D
PR AR AT R R aE s, fecR WL 3G S8 5 Fp 2 DEHP,
HXHFNE ., RS, KB, RERSE. WREF .
W RE A FHAER, HTREEUE, FIEXT N5 R
Grn e TR, BT AR T RRERSEIN R, BRI
WG AP IO A & RIS RIS, Hp — (-4
Fo F) 2 FRAE[bis(2-ethylhexyl) adipate, DEHA%H H,
R T IRAMRE SRR, SSEEERET
B b, SIS R pE | FL IR A R AR i XU,
TG SAT B, FEBAT B SR A [ S A v AR
IR, (Bl TN, 284" K08 DOA il
FH, X A 1

] N Ah 2 B S SR bR S SRR AT T
i A B HE #4747 T HF98 . ANDA-FLORES %5124
Xt 2RV AT EE O PR RIS T T R, e Al b T AR
FRIR I ik, 76 S PP hafl— g H 1 €B 8 — I RTE 4 DEHP,
Hep 3 RS BN T 0.1%, 2 R E45108 24.8%F
17.7%, HE 3t 1 R B0 fef R BR o J 300 g 2 25 v
£ i AR S RS AR — T R I T A% S HL ) £ S L o
HIERBAT N IEAT 0T, 163 FTi R PVC fREEI Y
Wil 2] DEHP Wit . ZHF 3R A & BB M

B DEHP BK: R AR . [ WANG ZE200%¢ b 32402
AR R U BRTR 1 A TR 30 0 FU AR T & A L T AT
Fodit, S5 RFRIIE A ALREPDRE R A SRR U IRk
Y454 DEHP. BBP Hl DBP, K47k — FRERER 5
e R RIS A O W OIE S P E A IE S T
R IR R S i . AR OC, Wb ATIBEgE T T E
F B A — R R AR G T AR R W R R R B, IR
BT X b AW Y R TR LA, S5 R R IR R
A R | IR EE DL R A, 2SR AL
B R R, B TR A T e R I R e, B
B I 76 H AR I P2k G (6 SR 2 R B
N EY, R HERER a S, FEd s
BHE SR EIREY .
32 mEMNF

BT A SR A R DL A ds i B 22—, B
1B RHE SO AR AR 24k, B SR b
o BUAEALRIZE AR BN, (R A S R iR i 24
RGP R GEE U

1 Bt A0 R 2 — i FH A BT SRR, T L
WAEREME, GB 9685—2016 4825 13U A HBIELER
A A AR e o LA BT AR R AT BT -4 B H ik
(butylated hydroxyanisole, BHA) . 2,6- (T F& X} B iy
(2,6-di-tert-butyl-4-methylphenol, BHT) . #i & 1L 1010
([B-(3,5- AU T He-4-FR SR B N IR 1 22 1 DU R . Bk
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#1076 [B-(3,5- BT Be-4- R BRI R +/\BERg )55,
FKE GB 9685—2016 FIERBRAR ™ 18 HE T —Lehi b5 1)
SML, B[R ity 32 fil A A K2 il it v i 8 380 5 22 4 Ml 9 £ 3
SR AU Hh SR R S A IR i fe K AT . X T
BHA il BHT /) SML #¥LE 8 30 mg/kg Ml 3 mg/kg.

PR I8 W S 7 & A Be I & dh ik, i
THAGEE AN, ATReS SO AR . FIER KSR
9o, ) B Xk O B U R A P sh S R
BHT. BHA ] g AT BU# 1)

LIU %50 7 Fhspkkfl s g 257 A Shh i 3] 1
23 AT RRRBHTEALT, IEA A S ROBOR 35 - BT (high
performance liquid chromatography-mass spectrometry,
HPLC-MS) A5l 1 470 48 A0 7 AN [] I B2 FHIN [R] R [6] £ i 45
PR &, W SR PR FE T BRI 2K &
A AL R, R BT 168 AV FE RN H BT AR B e,
HUIEHT AL 1010, HT54L5 107; PP #1 PE HrAGi 2] 4
FHLEAAL R, PVC BRI BB A L] 168, 7E PE FRAG
BB AT AR IR o ABTAESEC S T A gk
(gas chromatography, GOl #EMIR KL 5 Fhbréafk
R RS WA 0 U7 vk, JRAE PVC SRHREIE A ) Hh
BHA ., BHT, DLTP(Hift AR A+ —%¢EE) . DMTP(Hi1L
ZNBRA DUBERR)4 R AL
3.3 MR

SRR T LA SO Sl 290~400 nm (1 58
SR, RSB RE R B AN, d R R
FEflbRH Iz A R —RIOERE R o SRIMRIIGR A2
25Ky KRR IGZS, TR, JRIF =mpBY ) RIE =m
eI HHTE ] fe Tz 1 — R AN LR AP 28, GB
9685—2016 H X HFBA L K il s r 5% S IR ACHR) ) FR
IHZ R L R E T B R LR 4. FIMKBUR UV-9
(2-hydroxy-4-methoxybenzophenone, UV-9), 284Nk I Y5
UV-531 (2-hydroxy-4-n-octoxy-benzophenone, UV-531)J&{#
Ffe 2 BA R SRR, & T2 MRS
Blo BFFRFRW], SAMRISGR A Fr AR HLTS B4 1y
Pk, FHASR . BuFE . A ETE.

SR HMARMBSOR 5 i UL ARSI 1 ks Ay e SOBUR 8,150,
FLU R SR - T A 3 TR A T T e AR
I E AR R OEERE R UV-9 Rl UV-531 $57E
TR AT 7k, S5 A R 58 NI IGRI7E Tl 1 B A
PPQEC BT R 2, HUORPREZEFKPERLY),
TERRVE R S T S kb, IERAT N SIS BT
FAALRIZERL, ¥ SR TEY A OC, BT LATE H 3 AR I b
3RO FH SRR b LR IR R 4 . HU S5 PYR G
B 2N F VK - LT 55 H, 5 - BRI S A I T SR 2
LR 9 — 2K H il 2S (benzophenone-type ultraviolet, BP)%%
SMRMGR], FEAIRZ B T MR T SE Y 8 A [+]

E SRR AR Y 6 Fh BP RISRAMRIRIIGH . 455 B RTE PE
PG s BP1 B350 35.00 ng/g, BP3 i 535.40 nglg;
1€ PET WAt BP1 &5 16.72 ng/g, BP3 B
41.06 ng/g, BP8 [ & &4 150.76 ng/g.

&4 GB9685—2016 F EIMLIRUFIHIREFERERIUKR
BEIBE
Table 4 Limit requirements and specific migration amounts of
ultraviolet absorbers in GB 9685—2016

s 22 T Tl L
1 (G R R, TSR
/(mg/kg)
UV-0 i e T
UVv-9 PE. ABS. PET: 0.3 6
UV-329 PP: 0.3; PC: 0.5
PA. PC. PET: i 5gds
UV-327 e
1 = {f
UV.s31 PE.PP.AS.ABS.PET: 0.5; 6
PC: 3.8
UV-234 ABS: 1.2; PET: 0.5; PC: 3 1.5
PP, PE. PS, AS, ABS.
UV-3030 PA. PET. PC. PVC, PEI, 0.05
PPE. PBT: 0.5
UV-360 PET: 0.7; PC: 2
UV-328 PE. PP: 0.5 -
UV-326 PP. PE: 0.5 30
UV-1577 PET. PC: 0.5 0.05

W -RRTEHLE o B Mk E I HE (polyetherimide, PEID); 2 2K fiik
(polypheylene ether, PPE); %X} % — H i T . fi§ (polybutylene
terephthalate, PBT),

34 RKAEEF

DEYEHE 15 (fluorescent whitening agents, FWAs)J& T
— RSkl HefbZEgER T LIS R 6 2 ZREIE K
RS Rk | 28 TR G . TR CJREROR T |
ARITERME R A G R AR A BOGH AT oA
B BRI SE R, BEA SR SRR R B i £,
FWAs )z W TR A3 b, GB 9585—2016
SIMT AR TEMOEME MR AR, FES
FWA393, FWA184, FWA236 &, H A5 (15t (51
IR TR ARG . MR A,

FWA Xt ABFZhP ¥ B AAEE, BREBETRWE
FWAs £ il 13 0 W T8 786 8 0 2 Jbk, 68 22 5 R ol e vk e 48
FWAs 2355 0 i B 2e 8 (T 45 &, X AL Il v Fn S e
R R — B R E N BE, BRGSO F RS
FWA HA AL e KU ) st 2 i B A 94 A
Pl ot SUFNER 3, ™5 5 T 5 R A AR A

H T2 18 1500 A9 32 BRI O 32k £ 3 0 AR X
FHABE R ZERYI T, XS R T DO
HFIWFFE4/ . ALBERTO 2557 ] HPLC-2E GAGI 26
FARFITIRMIRAR R 6 B FWA JHTE BT, % Rk
FRYZFE R 0.053~0.251 pg/kg, RN 0.107~0.504 pg/kg. &
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Table 5 Food simulants contaced to multiple food categories
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Table 6 Common methods for the analysis of chemical migrants
in food plastic packaging materials

LY/ SHT
N GC-FID; GC-MS; SPME-GC-MS;
AL RAEAL & ) GC-0-MS; GC-Q-Orbitrap-MS
HPLC-UV; HPLC-fluorescence;
A L A UPLC-Q-TOF-MSE;
AP 2 ) UPLC-QqQ-MS; LTQ-Orbitrap;
DART-MS; micro Raman
TCHLAIKE T FFF-ICP-MS; SP-ICP-MS

T ARSI TR #§ (gas chromatography-flame lonization
detector, GC-FID); “< #H & i% - Jii 3% (gas chromatography-mass
spectrometry, GC-MS); & A 3 2% B - 5 AH 4 3% - 5T 3% (solid-phase
microextraction-gas chromatography-mass spectrometry, SPME-GC-MS);
SR - T-JT 3% (gas chromatography- olfactory-mass spectrometry,
GC-O-MS); S AH & 3 - # i 3 %0 38 BF 5 43 BF T % R 4t (gas
chromatography-Orbitrap-mass spectrometry, GC-Orbitrap-MS); F30K
A 3% - 8 1 # I %% (high performance liquid chromatography-
ultraviolet detector, HPLC-UV); = %A {8 13% - 2¢ S K6 1 2% (high
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A 1 255 TR A € - R I DU AR AT R AT IS [ S5 3% 3% (ultra-performance
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PANGURT B SRR A 45 B TR Ui (single particle inductively coupled
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