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B OE: iR IR B0 (non-intentionally added substance, NIAS)E Jy 2 & b 484 1Y 4
20 H #8552 3156 . % NIAS 096G 248 4 e F0 5 50 o S % Sl e flobA e k4722 4 PP Ak A A8 R T2
Mo B, FUIHT R 0 NIAS B3R, 2000 e UM (1% (gas chromatography, GC)E{
SO AH {63 (high performance liquid chromatography, HPLC)#EA 743 B Fl € 1, F FH Fiii%(mass spectrometry, MS)
T P R E A3 H 0[] (retention time, RT), i BhBRISEHEEXT NIAS #E47EM. SENEZR AL, KEAE
NIAS Z3 BRI STk ke A 5B, AR Ao B S 2 Ml el NIAS 9 5 50 128 R0 ) Jo 2 e sk ik oy i . T — 4
U AL 2 S5 0 A SRR Y, REFR T WbT Rl b NIAS %@ AA BN, e sh bkl b 1AS F0
NIAS YT A0 BB I, S 3t m i b RE NIAS Al H AR K-

ER: AN AADRL A AN Rk G e

Analytical methods of non-intentional added substance in food
contact material
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ABSTRACT: The non-intentionally added substance (NIAS) in food contact material is receiving growing concern
as an important food safety factor. The identification and determination of NIAS is the prerequisite for the safety
assessment and supervision of food contact materials. Currently, the mainstream analysis strategy is using gas
chromatography (GC) and high-performance liquid chromatography (HPLC) to separate and quantify the volatile,
semi-volatile, and non-volatile NIAS respectively, further identify NIAS by comparing the mass spectrometry (MS)
spectral fingerprints and chromatographic retention time with MS libraries. Comparing with European countries,
China is relatively late to start its NIAS analysis research, still lack of the experience of identification, and do not
have a sufficient database. In order to improve our NIAS identification and determination capability, we should
strengthen our basic research on chemical structure analysis, cultivate the talent team in NIAS identification, and
establish the database of migration compounds in food contact materials.
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B E A R R B Tk i A A 4,
G FLEERA I T.. RER. TEiEZE. 5
AR AR E A . P [ E R AR MR & S filobt
BHE SO IEEFHSET, SMCSEm ey
il B AT RERE RS B A T AR, AR R
TN, 3 B, . e AR T
BB R 8. THMRAS, Kol e Eokn
PEAE AT ER L RS AT L IR A, RARUEA . T
BRI K B 2R B AN T G R . L
SRR, SRR N AT s G ) R AR
I ATRE S AL AT RS, B AR S B ST, i
TR 0 68 5 28 4250,

AR, TR b 2 il bR T o ) BT AT B
AR EE L Z B EN ., FRE HANEAEE Ll GB
4806 11 GB 31604 S 3= 0 S Mok At Sl FASI 75 7
R R, HHCGHE T Mo aEwn S Ein . &
KAEFE B AN ARSI i, o B B b e i 22 4 X
B EA T A BRI (AR SERR T AR R B, £ b e
B AR S A4, BT AR SRR R i 2 2ok v A A ) 45
WAL, SEFEEREIUT . DU =1 2 H I8 ARG )
o H )R A . RO R, X e TR IR A 2,
PRI, i LUE Bt 25 1 S Ml 9 22 4 1T AL 1
JRURS: B AT S T R HR AR, X s R I A
ik A4 1 104 4 5T B R XA Al R R I (non-intentionally
added substance, NIAS),

MR AR NIAS HE& LI, BRKER EC 10/2011
HXT NIAS B3 SR £ BB iAo i e T, slds i 7
R G SN R R s . RO R BT
NIAS BYFPEFRIRIE Z, HAr I e 2 Fh 22 5%+ I
FIFEAE, NIAS A4 2= SERY . R A mfk . 55
Y. B AR . RERRIAE; Ak, NIAS i)
DIAR S H R A3 (0 00 2 T A2 28R, 43R B 43 B R 8 i 40 vl
T ) NIAS F1AGS: A B G NIAS; fie UL Ao 2 AR I
FERVEM 225, MR YERGY . RS R
ARG .

BlaE o WA Tk, TR NIAS & 5% 4 X
PEAG ORISR SRy T Aol NIAS (10 5 1 A oA Y e
R, AN [ ST B 2 AN ) B SR TF TS, TR R IR T
S R G TG R AR AR LU SR,
HF NIAS o BoREE 2R, WRamiding, B
PR EiRvEA —E RIS E NIAS BIFRE R LR, A
S SR B A Al R R NIAS A 5 Bk B 58 E e,
T8 NIAS o I (1) — B AR B SR, 3505 /AT NTAS il 42
RIFL BTGB B, B E 8 & Al R

il

NIAS T FIZ5 4 S A SR AR A1 2
2 AFEERMMERIN A

M T NIAS #1538 EaS A eE My, —
kUL, JoHLNIAS Wi, s AJETHR T Y%,
Z2H0R] R B0 JE - WO 43 6 )6 3 (atomic - absorption
spectroscopy, AAS) . Hi & HE & 2 B 1 i % (inductively
coupled plasma-mass spectrometry, ICP-MS)% )7 b4 %
FE, EMHAME SRR, ASCHESTHEa LG IEE
9 NIAS A 75 7%

SRR R FESIH) NIAS, HHT A 247 SR st AR
AHIE . 5 DL T NIAS 4387 095 A8 AOM €% SR B RS
(gas chromatography-mass spectrometry, GC-MS)HI&HH{,
i BB K T 3% (high performance liquid chromatography-mass
spectrometry, HPLC-MS), J:H GC H () KA 2 AL sl 25
(flame ionization detector, FID), % HPLC H [ v oall|EN
T HAEREF Kl (photo-diode array, PAD)YKll# . 2 Al
AT ER, MEEMS)ESUATFEZAFEH.

2.1 HEmBTALIE
2.1.1 FEMAEHERmY

FERANE NIAS — BRI T % EAE GC-FID/MS J5 ik
53T o LI HRAG R IRE 5 B T % P A ERE /N D, 3
TE P HIR( #5 K E 2 43 AR il SR vh 43 1ok, 76U
FNFFINAE G AH Z R 38 3P, =22 )5 SR IO <A i A S A
ETEATHT, DI SE XA o (0 AT 2 R PR T A U 2

B, Ebr FOAEBRERATE I GC-MS /i
A R P R NIAS YRR RIE . 0 T 43Tl
& T2 5T R 2K — H iR 2 2 (polyethylene terephthalate,
PET)¥ M FF A5 & PE NIAS (5201, Kassouf 21257 H THl
7 & AR A3 A BUS S BB B AR (head  space-solid phase micro
extraction/GC-MS, HS-SPME/GC-MS)/M#fr T PET J5URH
KL B AU BOFE R E NIAS, ZAFFE @RI 1~
3 g BEGL, BAREN 20 mL RBEEERE SR, A E
70~80 °CHMNFHAE MY NIAS YK, FIFH A2
WA AR MR 46 5, A GC-MS Kxill, #fFsx4h LM,
HS-SPME $5 AR W] LA 47 A SR BURE 5 Hh 4 & P NIAS P,
RZAE PET JSURHBUR AR PG T 2 — ¢ L 2RI —H
KA ZRERYITE NIAS W5, UESE T PET MTEW )i
T i i) 8O & PE NIAS B @080 . Song % IPLR A
HS-SPME/GC-MS $ A, A6z [ i 1% 7142 57 14 5 4 2 0
(polystyrene, EPS)FRE R K PEYI BTN S B i, F9E
PRI S TR 0.1 g, [FIFEET 20 mL BEEEFE S H i
Tr¥E R B AR IO (e 4, R oe 45 SRR, S/ iAR
e AR T DABRIESE & NIAS Y AR BOK B, 5%
5 EPS Aty LG I 1 99 Flvn] 45 A& NIAS, UESE 1 [mliiig
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EPS HISB —HZE, KW, 4P, a-L KN 2-0K
IR . IR 2- KB - . T—IRIR . KRS
i, 2-20k-1-C . 28, DKW . SRR 2, 4- RS- 1-
T, T KRR EERTREESE 17 Fh NIAS W& s
B EPS . T0ias HERERCRBR T AT F T 3R AT 45 K
NIAS R4, e Ak b 732 B H . Oliveira
247 ] HS-SPME/GC-MS AR T 4% M4 B S & 4
MR NIAS B8 fk, L3 29 Ak &4, il 5
RATRIBA TR S AL, #RE T 1, 3- TR, 2, 6-
TRUT BN, 40RBR . 4-8BUT ZEORERAE 4 B NIAS 5 iR
HE A A 7 ) o Ik SRR 5T 38 AT AR B, R T2 0
GC-MS H AR RS LASE LG BURL K &G bRk K 1 NIAS 9
SR, ARk AT SEBXH T — Rl NIAS #R A
AT ES TR o

BT bk B A TS i Ab BE O 204N, AR Bh &
T5i%5 J ¥ (purge and trap, P&T)WL 4 T NIAS #4347 o
25 TV R I Sl SRR & v 4 % i
ok, PR A AR R S N R ok, Bl S 2t
P AR TEA GC BT HT . SRR s AR A
b, P&T J7ikEA & SRR = 45 . Feng 5PER A
P&T 55 [ MR U AR 25 A B RTAL R o, X RE RS o
B HAME AP T IR, 22 GC-MS A3 E, 454t
BT 140 Ak AW, Hrbwisbike . Rk, .
e, THIRRERE, TIRIEFIR . N-TT I . R
WEMESE Z R T, B T P&T ik A B H S 3R B
R, Ibarra % USSR A W HHl MR B A& T 48 A BK
GC-MS(P&T-GC-MS)F A4 #r T3k Y NIAS 414y, 4t
R A sEese . biks | Ile . B BE. S ERLEY .
NG . 1. PR I RRER IS 38 FbAH . MBS
ZERTTLUE W, BR T RS YR th ok, —sef
BEREALE Y, AR — B iR fE 2, tn L i
P&T-GC-MS Jiik# i o IEW] P&T miAbHL s SAHRT F#EZS
T2 B AR E SR b A1 s SRR .
2,12 FAER Ao RFEL IR FiR

RN NIAS Al — R A PRI ZEE. GC-MS
Dy, HFHUR A A HLR R LB bR b ) 2 4
NIAS fb & 9, i i mir kb # vk 45 o fb )5, A
GC-FID-MS 4. 5245 K M NIAS Kl 268, A4 % 1
NIAS 75 2R A BT ZE I, AN [ 04 02 2 3O3R FH 1Y
AR, FLRG TS 2235 ] HPLC-MS Jrik s

5 VAL SR BT S IRE R 2, TREC &
A HLRFIAI GC-MS )5 % S 3 b b4 e v 2 45 %
PEALA P A BB ST 40E . AR TV T 4040
ST, Préadbin] 168 MM =4. L5k FIEC
BE R BRI, HRIBORE SR P #E E M NIAS 414, &
GC-MS e, 153 2 Fhlkfd P25 NIAS (k&4 . o,

S — R IR BN A] =8.506 min, ZAFRAESHHIERN 2,
4- AT IR, SRR R FE B E] =14.442 min,
FLIEARE R m/z 191.1, m/z 206.2, m/z 237.1, #HEMH A A
B3 168 Wik —A> 2, 4-Z0RUT AR A b &9, &tk
F(2, 4-Z-RUT BRI =R TR

B TR IE C e VE AR BGRI AN, & FH B9A HLIR A
AHEE, M. B, ECke. Sk, B gls
WFFE T A TRV IR X A v o 2 5 SR PR sk 3, 2551
F W, N [E 2 B X £ 3 5 £& (polycyclic  aromatic
hydrocarbons, PAHs) R ISICR A E 22 5, 1IE Ok FR OV
FS P EE R s B, B DB AR, T 216 A A i B
B, AR b P TRl o505 5K, F B AR ) A AL Ay 42 B
BORAFAE I B A 25 5 o TSR 5, BB R I RCRAT
1 i 22 57, Tbarra 25U DR 254 A SR 1, X9k eh
AT TSI AR AT A I 47 0, BEgR R, 2%
PERGE AR R T 100 FESEHLLE Y, IEILE
SRR SR Y R R R, ZEHAAEE I FE N
PEPURE , EBEAE MIRIUAR, 7T LR NIAS RYHI
BOR, 135 21 NIAS PIBg (A 20 - Ak, ©
ZoA MOR 2 MR FT R T 2 Fhak 2 B 2L A HLIE IR
B NIAS, @i —E& W - ke, LME-1Ec ke, 152 %
PR - IE O - FR AR T k) o 2200 A
2RI A A B A 5 B, AS R 300 % 0 5 1 B BRI AT
FE2E 5, ARIAER 2 FEFNRA, fEARETS 2 e
HRBCR, A 0 I O e TRV TRV 4 K 22 B0k 24 A 4 Bk
RS TR RINER . 2 IE Ok

BRI e R AN, — Sl B B Oy 2% tho 3 386 s 0 i
PRBGCRE S B SR . Shen ZERPWMHr T, MR IR
P A H SO S} i A 2 R R R 2 S AL R R ECR
BN, 455 SR 32 W 7 Al B 4R B A5 1 A 19 D9 e 412 BB 791
GINDR =T = o e S € e o e A [ R
F, XA [ 4 AN B — R A SR s AR BUsR . it
FRBUCR T, — S5t 20 A 2% I3 2 45 1 I A 114 A6 ) i
BT P R, BOAR R B B R A T R R S SR
GC-MS = LC-MS # i .
22 H@EOoBEREMEAR
221 #BE A BELMAER Z R

TR R R M NIAS, H R AR R GC
btk &5 8, KA FID Bgs sk S 9e &, FIA
MS XTI A P BT e, X o B =it e

K GC-MS X SRk b i 4 i1 7 #0 i
TR, BHC AR TERZMMRHAGE . 2005 4,
Skjevrak 228 TR £ 4 42 R R P&T-GC-MS ik
XHRIGIEYCEII . Beskae . R (polyamide, PA)E H A1
BEM R TR R AL S YT I, BE TR L RS
FL TR UG VR B R AR RSN 32 iAok
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TR FEREE GC-MS R A BT I e ok b = | e,
FKH GC-MS JF R sl AR h NIAS 9 Bk 0 A0 557 19
BB Z, %E MNP RS AR+

Bifi 5 CL T R B %, 4 MR SRR % B AR i g
WiRk S o FHIL FARG R —S M s, 246
TR B R ) 2 SRR A DL R I Oy 4 L,
S5 | MR T4 B 5 W T 1 Hh ) e e R TR AR T LA A 1
FIRKIE R B3R 2 ARAE T B T Ak S B, BE i A
TR TR I AR 0T . IR AE B — S A RS A Tk 58
ST A S GBI YDA 2 RO k255,
TR T A% Gt — A M AT T A 5050 1 S e e i ) ) A
Biedermann 5% Fil HPLC-GC-MS 437 T #6107 6.2
AR e T RSY), S5 R EB HPLC-GC ¥ Bl
PR Z TR RA S, PR SCR A4S 2454
3% & B K fT B A B 3% (two-dimensional  gas
chromatography/time-of-flight mass spectrometry, GCxGC-
TOF-MS)X} HPLC (53187 ibA7 434, oAl i 48 2ok
250 AR 0.1 mg/kg MIFTERE Y BT, EA T AR 400 FAAE
AL BL, T REAEAEZFh NIAS Pt . BT, —4EK
AT TR O 2o e e AUt . BRIGHE . MRS . AR g 55
TR B R A G ot B TR, JFRBIIE T R
TP IRICR Y

JEUIE (4 % J AN iC Rt X NTAS (A I 43 #r iy >k 1 fig 4
YERL, ARXS T8 @ B, 4 FR G AT LSRR SR A
JR R m/z 0, AT NIAS YRR 4 . Fai, A
T AL A LA I (1 1 43 B RS 2R 1 E R AT ) 5
& (time of flight-mass spectrometry, TOF-MS). PO FT €17
B} 18] Ji 1% (quadrupole electrostatic field orbital well high
resolution-mass spectrometry, QTOF-MS) . PUMFT-&H 3751
8 BF 75 43 PE % (quadrupole-orbitrap- mass spectrometry,
Q-Orbitrap-MS)%5 , 2015 4F, Martinez-Bueno %521 FH
GC-QTOF-MS JMZE T U T 38 B3 P 94 K b4k i) 3R P 0
(polypropylene, PP)¥EX}L, 152 m/z 149.0237, m/z 176.0464
Hm/z 177.0543 [ 70 BEAG B S 1], 5 82 m/z 149 J 4R
R ZHBRERRHENE, FIEIZ NIAS YBhER iR =
LT . HHEF QTOF . Q-Orbitrap-MS A7 B = 1) J5i i 43 ¢
#2017 4, Martinez-Bueno £ BAfi Ff] Q-Orbitrap-M$S
YE BT i o 25300 8 T F 2R 2LA& (polylactic acid, PLA)., H
LN KSR FH R (methy] methacrylate, MMA) R4 AL 4 K L
F(Zinc oxide nanoparticles, ZnO NPs)1fill il it 52 i /P i
NIAS #J5t, —ILUE T 7 F NIAS 55, Horb 3 ki
it GC 73 BRI R A G Y (Z N B N RIRES . 10-
RN o-HE B Y ESBRER), 4 Floh LC 43 B AT R AL &
PIN, N-— 2+ ZFIZ . N-[(92)-9-+ /\Ji-1-3£] L WEAE
L-FEH e Hh . IR AR HiliEg), UEBH Q-Orbitrap-MS 7EAS
[FI4% & e 71 NIAS 95 i der ) b B AR 4 g 1o R v

222 FEXMIEHERMY

BT ATER M NIAS BUFEYE, — B0 HPLC-MS J7ik
HEATAGIN . EAK LC AMERR I GRRAE GC R FE,
FEEEHMEN RS . PAD AU &5 . SOGARMIRR, (H XSG I 1
R SHAME T NIAS 347 Bk BAR LC-MS Tafiill
NIAS G FE P AEAEYE 2 18, (HEATY Ik, Rk
SR LITE GC-MS _EAGINAL, ZHERFER R NIAS 1)
T HEER A LC-MS HAKIEM M. Gallart-Ayalal®/ %45
W TR LC-MS HARI S A 5 YW I e,
BT T LC-MS HORTEXN Y A HiKHbmk, masrh 6]
KR, EFAGYRBE ZHBREREA G Y5 ERR
SAE R, BEEBRMARE, —SHmER5IA LC-MS &
FNE 2 A RO G P SRR UK 051 e o v 80 AR
3% (ultra high performance liquid chromatography, UHPLC)
FEL B, sk = 3 DU R FF 58 B BT 3 (triple quadrupole
tandem mass spectrometry, QQQ-MS)¥: & & 43 FE i itk (high
resolution mass spectrometry, HRMS) , Vera %33 i
UPLC-MS/TOF £AMSE T 26 F R PGB b AR5
RMENIAS Pyt, IL45E th 74 Rk &4, 16 Fifb -G Wk T
PR NIAS ¥ 57, (ARG . HE950) L i 0S5
TGy, 57 FIBTREASE J NIAS, Horb—3f ki T &
rn R EHAN IR B R R = 1), 4D irganox 1010 F111076 fYF%
fi =, A TR US IR FIETAR RS AR 25T, W N, N-
W(2-FE LI L M, A B —LE W TR ITIE A I, e
BEAh 2 M 55
23 EAERMILEYINESE

AT S RE H b S T R T B P th T4
KRZE NIAS L&V BA FDIALRARUES, H iR LLsh
S M J i (gas chromatography-far infrared detector/mass
spectrometry, GC-FID/MS) HI G £1 4 55 R W AH 8 15 T 3%
(high performance liquid chromatography-far infrared
detector/mass spectrometry, HPLC-FID/MS )il 77 2 H BB

B B, TR T i ) A 5 ) 2 i i 2 SR P )
PR 7E GC g ibrdEah s b, fEE 57 RER
T AR TR A S BTG Gruner Ui THFSEIR R, XHE
AR AT R Y 55 R R VTR Y 1 B B T A0, 4
LR T 352 5L 15 F it (butyl hydroxyanisole, BHAE
ARUESL, ATX R 28 H AR AT AT SR E . IR
BHA HA ZH0E Sl b R NIAS $ )5 1) 2544 A7 12
B R R ARG 1, HAR 76 & S Bz Al b et
ok th, G I 3 A PR T, B RAE . BHA
VR 8 AR o B BHA 4b, — 2250502 R F HAb Y
b Wy 5T E AT NIAS 2 5E & B 58, A0 6 — 9k oK
(difluorobipheny)®? | 4, 4- — W A = K @4, 4-
1,4, 7- =5+ = %-8, 13- (1,
4, 7-trioxacyclotridecane-8, 13-dione). 2, 4, 7, 9-PUH JE-5-

dibromobiphenyl)?' |
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R4, 7- "2, 4, 7, 9-tetramethyl-5-decyne-4, 7-diol)
S0 A 3 ) o A A RE P IR AT 1 T 2 S0 1Y
HFEGIE . X T @G5 1 SEUF5E, o T 6%
RGN g1 X AN ] 2 S5 e o oy (LA ], B 2 )5 ) A [ 49
J5 308 S A I N, A e e T A (B R ) A — E AR, B
LA H B B 38 H bR it o] 1 90 5T R8O €315 2 o o
o3HT.

AR NE NIAS [195E 1t K RETE X ) 5 45 14 % 58 1) LAl
L RS NIAS — B b o i ke 47 58 52 017 o
Brenz ZU¥IEE ] T 45 W 2 = H R (trimellitic acid). 1, 2-
N %1, 2-propanediol)TEPNAY 25 Fi 2 LRI Z IUR TR
hSE AR, SR RO (3% - A [ 40 - A K B A DU
# (liquid chromatography-diode-array  detector- mass
spectrometry, LC-DAD-MS)% SR Hg S & i 2 b4l i 28
B & PRk & BT 20T, SRS B T i bR v
ih, DAD A g5 AT A% R 0 A Rar I o £ S R Al ek e 3R
Wi Ak & W w0 e, b 07 A R A [l i A AT Gk )
92%~105%, H&WiMR IR ATIAF] 96%~106%, ZJus [Hl
WSy 87%-114%, BRAEIREYTAN, 20 fr 45
HIAE 5 RELAE 0.1%~32%Z [0 o X T — L8 H R ifE ) BT
NIAS ¥, n] LR FH B i ks < 1 3 Llorca 2504
R 42 UAE °F R (perfluoro-n-[1, 2, 3, 4-13C4]octanoicacid,
MPFOA) . 4> JR ¥ %¢ T#f BR (perfluoro-[1, 2, 3, 4-"C4]
octanesulfonic acid, MPFOS). 49 %5 (surrogate perfluoro
-n-[1, 2-"C,] decanoic acid, MPFDA) % 3 fft C 3 ARiCHI 4
BALSWVE R NER, X ELLBC 5k 4 SR 40 LA e B
(144 382 2 (peifluorooctanic acid, PFOA) ., 4> 95 b ik i
(perfluorooctane sulfonate, PFOS) . 4> # -7- H 2k 5% i
(perfluoro-7-methyl octanoicacid, ipPFNA) ., 4 ji T fig
(perfluorononic acid, PENA) . 4 i 242 (perfluorodenoic acid,
PFDA). 428 bififi iz (perfluorodecanesulfonic acid, PFDS)
6 ML G Y T E ST, BREEA LIS B b il
PFDS AR L 50%), HAKIAE bR 4 [l 5<45 7
80%~110%31 [l N -
24 FEAERMMLENELE

AAXT TR H] FID Rl 5 E 1t, NIAS (0BS5S0
MEFETE R . H ET 2 B 5 3558 i B (55 B S AR v o
BB E X, 454 GC =2 LC MR atal, 52k
NIAS BT iY HE X %€ o il F A BT i A NIST il
Wiley, [FIRFHRIHLA LA A SRR R, BN BT Xt
SiR BT it Ml A R TR S W R T

I A 53 ) T AORH €33 1 B A I i) 5T 3% 513
X R AR & NIAS 9 kA7 i T o 48 o
Félix 2P FTHUZS [ AH (2 B 5 056 FH (head . space-solid

phase micro extraction- gas chromatography- mass
spectrometry, HS-SPME-GC-MS) £ & 4 #1 T R &

(polyurethane, PUYA, &7 A1 AL K P Y NIAS, LA Hy
63 PR TR L TR, Horh 2 FhE P4 NIAS, #F
A M X} ChemSpider 1 SciFinder 545 %8,
IAK 2 Fi NIAS 435054 1, 6- Mt &L —ke-7, 12- 0
1, 4, 7- =53+ = he-8, 13-, HIE 2 R T e R IR T
BA YRR PU KA RIS ER T 3 iy
BTGt i 2 R B R TR R REE miz
58 1 72, WAL FI R EAAC G, T3 Ah— R BTG R
fiE WA m/z 111,55 ,129 F1 83,3 1 ChemSpider 3§, SciFinder
F % E Y AR RS, FB R TEE 2 b s iR
R EMRMLBSH. FEHOMREALSER
NIST/EPA/NIH Jfii% sl Wiley Registry %(#& % . Ibarra
ZEDOE IS £ B R P Y TAS F NTAS 95 % He i £
S TR R B, 4 Xealibur FORARFI A EREUR
TR L0 TS5 5 B AL NIST/EPA/NIH 11 Mass
spectral (2.0 Ji)F1 Wiley Registry™(5f 8 W) 0 ZE 7547
A3 0, ARYEAL AP R e B (R Y B AR, R
SEMT 17 Fibaw), A 3 Mk S PIiAsE Sl NIAS ¥,
55 1AM 2, 4- U T KR (2, 4-ditert-butylphenol), S#AHEI
i 2 BT AT Trgafos 168 Fil Irganox 1010 FYRER = 41;
902 PR 2, 6- T 31, 4-ZEMH(2, 6-di-tert-butyl- 1,
4-benzoquinone), “AHLE LT Irganox 1010 AYEIF=4); H5—
FIRAUT H-1-2%18(4, 5)-2% ZJf- I (tert-butyl-1-oxaspiro (4,
5)deca-6-9-diene-2, 8-dione), & $i % 4L ] Irganox 1010,
Irgafos168 Fll Irganox PS 802 HIFES# =4,

sk = @tk LC-MS FRigEdaE, XARAMAH
KA NIAS %58 MR iR ELE D, Z280%H LC-MS X & i
el A AL Ak A 1 4 BT A BIE 9 3 R S ST A RN AR T
o ABATIA SR WS Gl TR S AR R A Witk A T
YEM . Aznar PR UPLC-Q-TOF-MS 434 T %
UG A B R R M NIAS #95, S5SMEREARE, W
AH €T B e TR 2 LU X A5 AR BOA W AR S TR (A B, 3
o) 22 S A SR B A UG, P L D Y BT RRAE ST
HX} ChemSpider Al SCIfinder WAL &M KR IE, BT
WEY AN, Az e P asRiIE, b FHb kb
(0SSR P, RN S MEBE G R, T 2 b
R 5, MORHERHE B E Z 5Bl

Bk T SR F S RS BT 7 28 NIAS 9 e 1 4b,
Nerin 25 P8 23 i b 45 1 7 0T AR FH A% 6 35 4R (nuclear
magnetic resonance, NMR)[J5 kBT b & 110 7 T 4514,
ZEBIBLIE T NMR AT X BR AR} H K 259 vh 4 16 35 W kA T
iR %8, HEFCY IS R A NMR X6 Sh 42 filobt 4
1 NIAS Y4544 % 1R 1E - NMR 740 A1 4 8 B
T B RS S BCRE R Bl S, T NIAS B R & ht
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Table1 Food simulants in EU regulation

ALY

BRERE £t 2 S i A HCAt £ 2031
KV L STEORS i S LA
KMk BRYE . SR A L

ARPERT A B PR F SRS 20 (L B & i <20%)
TR

B A, ZEI/K B 45 5 5T 7K Bl 10% 8%, B B, 3% L2

Y D2, HEPI0 . 95% LB
B A, ZEIR/K SR W5 5 BT K 51 10% 21
B4 D2, MW . 95% B,
B D1, 50%2. L,
Y D1, 50%2. 1%,
B B, 3%
KT C, 20% 2B
KT C, 20% 2B
Y B, 3% LR .
B E, % 2, 6- K FEAME, 60~80 H i, 200 nm,




55 24 1)

Wb, SF R AR EABDRE R AR I ARSI 5 vk

8201

*2 TEERMENEN R RIENY

Table 2 Food simulants in China national standard

JevTiES3i JESTYEEY)
APEE S 10 ZEEEiK . 4% R, SRS £ Ml
RS 20%LME . S0%LEE, SEPRME B 95% LW, TR X RS imig

IR £ T 22 S i A HAt £ 2031
ARG . SR UORE AR AL KL
FEMPE el . BRVE RS . SR ORE . A FL A FLE b
AERRYE LT AL . EIERTYORN( LB ik <20%)

EBRPEE . BRYER N . SERF RN 2R i <20%)

BRI AP
VAR & A 20% 2 . 50% 2B, SEPRHIE R 95% 2 B,
IR 7//RTIS
50%WF . LR AL 95% LB
A% . S0%LEE ., SEBRUEEEEY 95% L BE
20%Z. P

4%, 1R
20%Z. 155

ST TR U S5 3 AN U £ A 2 b R AT A S 30 T
AT T W, BRI SIRSEE AL, FRE RFRIER
TEAE—E 2200, BUEERS SE00 7 1H, N S E SN e
FR, MBS, TR, #HATiE R
3o WEEBRIIRRE, EFRHE TR LI A K ik
P& EMARRE RN, A T IPAGTRE & e e
VIERSARAE, Tz ORI ARHERLE (1 3% L |
10%. 20%. 50%H B, IR FIRHE S B s S 5=
SEREXT 1847 D TTE HURIZE M & M4 AT RLFT AT 1 4 B A T
SrET, RNES R FEM 13 MRS TR T ERER R
(butylated hydroxytoluene, BHT i iE#4 R 548 H BR1E, 54~
FEdh A9 R F R (benzophenone, BP)F T 4% B &8 1 R
8, e b fbr BB AR R T

4 B B2

1SRRI NIAS 5B 2478, &1k
FHE AR B A, PR S Tk A R R —
BT B0 Sl B T 28 0 T i e A G,
LB A BT K- AN BT 7, NIAS BB B bl 2 2RI
B BURGS ALK RS 9% 5 BTN, e e B B i e fik
MR RWHHEL, NIAS (%4 X E A2 ER. B,
GC-MS. LC-MSUOE5I 2 GC-HRMS . LC-HRMS $ AR [
N, OB NIAS WA Frdeft T A& T, F8
NIST/EPA/NIH , Wiley Registry 254 B % ¥ 22, Al %
SR RS R T R TR Y NIAS JEAT 45 0 % M i 4y
Bro Xt B BT 58 SCERCR IR HEF T 40T, 7T AR H 250 NIAS
BIRFZEK [ RN S2 302, SECEAR L, FRETE NIAS 2
G 0 451 358 A A A R, S A A IR ) 28 G R T B — A
Fo N2 R B K I35 75 SRR 3, koAb 2225
SYFTRSEREAFSY, HEgR b filbr R NIAS %56 A A H
BA, FFREErShEEfmbR T NIAS #J5 0 XS B, #a £
A R NIAS (5 BB I, 298 i E A

A ARAT LR NIAS %05 MG AT IR R, PRIBE b %
o Bp B 2 4

SECHk

[1] GB 4806.1-2016 £fh 4 A ERARME £ ShaefbbA bt K il i FH 2 a2
KIS
GB 4806.1-2016 National food safety standard-General safety
requirements for food contact materials and products [S].

(2] PR, BREEE, IR, 5. SR e I L A
A5[9). FPEE A2, 2017, 29(2): 238-243.

Zhong HN, Chen JQ, Feng JL, er al. Safety assessment of
non-intentionally added substance migrated from food contact material [J].
Chin J Food Hyg, 2017, 29(2): 238-243.

B] A, A, XUERL PR RO T | R S AT
BT[] i TolkRHE, 2013, 40(9): 258-262.

Dong ZH, Lu LX, Liu ZG. Migration of lead and cadmium from ceramic
food packaging materials into foods [J]. Sci Technol Food Ind, 2013, 40(9):
258-262.

[4] WiiE, B, <59R, 45, BT RASFF @43 E & i 48
BB e A2[0]. B A TRERRINAAAR, 2017, 8(12): 4865-4869.

Da Y, Duan M, Li Q, et al. Analysis on the safety of metallic food contact
materials and products in china based on RASFF [J]. J Food Saf Qual,
2017, 8(12): 4865-4869.

[S] Nowacka M, Rybak K, Wiktor A, et al. The quality and safety of food
contact materials-paper and cardboard coated with paraffin emulsion [J].
Food Control, 2018, 93: 183-190.

[6] R FRIE A MR Al bR BT R R A ] P TR,
2017, 29(4): 385-392.

Zhu L. Establishment of new standard system of food contact materials in
China [J]. Chin J Food Hyg, 2017, 29(4): 385-392.

[7] PEMEEE, XJeP. RIS R G R R D] SRR
i AR, 2018, 30(6): 551-557.

Sui HX, Liu ZP. Establishment of safety assessment system for food
contact materials in China [J]. Chin J Food Hyg, 2018, 30(6): 551-557.

[8] Regulation 10/ 2011 of 4 January 2011 on plastics materials and articles
intended to come into contact with food [EB/OL]. [2019-9-30].
https://ec.europa.eu/food/sites/food/files/safety/docs/cs_fem plastic-guida



8202

LR

G A A

F10 &

[10]

(1]

[12]

[13]

[1e]

[17]

(18]

[19]

[20]

[21]

nce 201110 _reg_en.pdf.

FI5, XIBE, LHER, 5. B HEb R R AR A RS KU A
S T EEL 2019, 33(4): 89-95

Wang F, Liu S, Shen KIJ, et al. Risk assessment and supervision of non-
intentionally added substance in food contact materials and articles [J].
Chin Plastics, 2019, 33(4): 89-95.

Felix JS, Isella F, Bosetti O. ef al. Analytical tools for identification of
non-intentionally added substances (NIAS) coming from polyurethane
adhesives in multilayer packaging materials and their migration into food
stimulants [J]. Anal Bioanal Chem, 2012, 403(10): 2869-2882.

Peters RJB, Groeneveld I, Sanchez PL, et al. Review of analytical
approaches for the identification of non-intentionally added substances in
paper and board food contact materials [J]. Trend Food Sci Technol, 2019,
(85): 44-54.

Kassouf A, Maalouly J, Chebib H, et al. Chemometric tools to highlight
non-intentionally added substances (NIAS) in polyethylene terephthalate
(PET) [J]. Talanta, 2013, 115: 928-937.

Song XC, Wrona M, Nerin C, et al. Volatile non-intentionally added
substances (NIAS) identified in recycled expanded polystyrene containers
and their migration into food simulants [J]. Food Packag Shelf, 2019, 20:
1-11.

Oliveira CP, Rodriguez-Lafuente A, Fatima FSN, et al. Multiple
headspace-solid-phase microextraction as a powerful tool for the
quantitative determination of volatile radiolysis products in a multilayer
food packaging material sterilized with y-radiation [J]. J Chromatogr A,
2012, 1244: 61-68.

Di F, Yang H, Qi D, et al. Extraction, confirmation, and screening of
non-target compounds in silicone rubber teats by purge-and-trap and
SPME combined with GC-MS [J]. Polym Test, 2016, 56: 91-98.

Ibarra VG, Quirés ARB, Losada PP, er al. Non-target analysis of
intentionally and non-intentionally added substances from plastic
packaging materials and their migration into food simulants [J]. Food
Packag Shelf, 2019, 21: 325.

W, W, BT, 55 PUETN 168 AYRRAR K HRER ™ P 2
[7]. I SR, 2016, 32(6): 304-309.

Yang YP, Hu CY, Zhong HN, et al. Degradation of Irgafos 168 and
determination of its degradation products [J]. Mod Food Sci Technol, 2016,
32(6): 304-309.

BAESE, e, AR, S5 RO -SRI T E A
4 FRZIOTRR[T]. @i, 2017, 35(7): 748-754.

Zhao JY, Li XM, Lu XH, et al. Determination of four polycyclic aromatic
hydrocarbons in  olive oil by high performance liquid
chromatography-fluorescent detection [J]. Chin J Chromatogr, 2017, 35(7):
748-754.

Gallart-Ayala H, Nuifiez O, Lucci P. Recent advances in LC-MS analysis of
food-packaging contaminants [J]. Trac-Trend Anal Chem, 2013, 42:
99-124.

H. AZYER R BT PR RHRBUA R BTN I]. HRAOLRHL, 2006,
(9): 28-29.

Zhang Y. Evaluation different extraction solvent in analysis of pesticide
residues [J]. Gansu Agric Sci Technol, 2006, (9): 28-29.

Shen HY. Simultaneous screening and determination eight phthalates in

plastic products for food use by sonication-assisted extraction/GC-MS

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

methods [J]. Talanta, 2005, 66(3): 734-739.

Skjevrak I, Brede C, Steffensen IL, et al. Non-targeted multi-component
analytical surveillance of plastic food contact materials: identification of
substances not included in EU positive lists and their risk assessment [J].
Food Addit Contam, 2005, 22(10): 1012—-1022.

Biedermann M, Grob K. Assurance of safety of recycled paperboard for
food packaging through comprehensive analysis of potential migrants is
unrealistic [J]. J Chromatogr A, 2013, 1293: 107-119.

Biedermann M, Grob K. Advantages of comprehensive two-dimensional
gas chromatography for comprehensive analysis of potential migrants
from food contact materials [J]. Anal Chim Acta, 2019, 1057: 11-17.
Martinez-Bueno MJ, Cimmino S, Silvestre C, et al. Characterization of
non-intentionally added substances (NIAS) and zinc oxide nanoparticle
release from evaluation of new antimicrobial food contact materials by
both LC-QTOF-MS, GC-QTOF-MS and ICP-MS [J]. Anal Method, 2016,
39(8): 7209-7216.

Martinez-Bueno MJ, Hernando MD, Uclés S, et al. Identification of
non-intentionally added substances in food packaging nano films by gas
and liquid chromatography coupled to orbitrap mass spectrometry [J].
Talanta, 2017, 172: 68-77.

Gallart-Ayala H, Nuilez O, Lucci P. Recent advances in LC-MS analysis of
food-packaging contaminants [J]. Trend Anal Chem, 2013, 42(1): 99-124.
Vera P, Canellas E, Nerin C. Identification of non-volatile migrant
compounds and NIAS in polypropylene films used as food packaging
characterized by UPLC-MSQTOF [J]. Talanta, 2018, 188(10): 750-762.
Gruner A, Chan SY, Stormer A, et al. Semi-quantitative determination of
potential migrants in food packaging materials-Part 2: Semi-volatile
compounds [C]. Prague: Poster at ILSI 4th international symposium on
food packaging-scientific developments supporting safety and quality,
2008.

Koster S, Bani E, Marie H, ef al. Guidance on best practices on the risk
assessment of non-intentionally added substances (NIAS) in food contact
materials and articles [M]. Belgium: International Life Sciences Institute,
2015.

Murat P, Ferret PJ, Coslédan S, et al. Assessment of targeted
non-intentionally added substances in cosmetics in contact with plastic
packaging, analytical and toxicological aspects [J]. Food Chem Toxicol,
2019, 128: 106-118.

Canellas E, Vera P, Nerin C, et al. UPLC-ESI-Q-TOF-MSE and GC-MS
identification and quantification of non-intentionally added substances
coming from biodegradable food packaging [J]. Anal Bioanal Chem, 2015,
407(22): 6781-6790.

Brenz F, Linke S, Simat T, et a/. Qualitative and quantitative analysis of
monomers in polyesters for food contact materials [J]. Food Addit Contam,
2017, 34(2): 307-319.

Llorca M, Farré M, Picod Y, et al. Infant exposure of perfluorinated
compounds: levels in breast milk and commercial baby food [J]. Environ
Int, 2010, 36(6): 584-592.

Félix JS, Isella F, Bosetti O, ef al. Analytical tools for identification of
non-intentionally added substances (NIAS) coming from polyurethane
adhesives in multilayer packaging materials and their migration into food
stimulants [J]. Anal Bioanal Chem, 2012, 403(10): 2869-2882.

Ibarra VG, Quirés ARB, Losada PP, et al. Identification of intentionally



55 24 1)

Wb, SF R AR EABDRE R AR I ARSI 5 vk

8203

[37]

[38]

[39]

[40]

[41]

[42]

[43]

[44]

and non-intentionally added substances in plastic packaging materials and
their migration into food products [J]. Anal Bioanal Chem, 2018, 410:
3789-3803.

Aznar M, Rodriguez-Lafuente A, Alfaro P, et al. UPLC-Q-TOF-MS
analysis of non-volatile migrants from new active packaging materials [J].
Anal Bioanal Chem, 2012, 404: 1945-1957.

Nerin C, Alfaro P, Aznar M, et al. The challenge of identifying
non-intentionally added substances from food packaging materials [J].
Anal Chim Acta, 2013, 775: 14-24.

Kassouf A, Ruellan A, Bouveresse DIJR,
(ATR-MIR)

et al. Attenuated total

reflectance-mid  infrared spectroscopy coupled with
independent components analysis (ICA): A fast method to determine
plasticizers in polylactide (PLA) [J]. Talanta, 2016, 147: 569-580.

GB 31604.1-2015 T it 2 R EGBRME i bIRL B e % 52 4
[s).

GB 31604.1-2015 National food safety standard-General principles of
migration experimentfor food contact materials and products [S].

BS EN 14338: 2003 Paper and board intended to come into contact with
foodstuffs- conditions for determination of migration from paper and
board using modified polyphenylene oxide (MPPO) as a simulant [S].
Houwe KVD, Van LJ, Lynen F, ef al. The use of Tenax® as a simulant for
the migration of contaminants in dry foodstuffs: A review [J]. Packag
Technol Sci, 2018, 31: 781-790.

Onghena M, Hoeck EV, Negreira N, ef a/. Evaluation of the migration of
chemicals from baby bottles under standardized and duration testing
conditions [J]. Food Addit Contam, 2016, 33, (4): 893-904.

SEIEIE, TSOT, BRRAN. T RIER S A b He Aot RL T B S0 77 12 1
SIHTHCAR(T). fBE LA, 2012, 33(3): 35-38

Kou HJ, Shang GQ, Shao CJ. Analysis and comparison of migration test

method of food contact material in our country and European Union [J].

[45]

[46]

Packag Eng, 2012, 33 (3): 35-38.

Ez, Bk, MO, S5 B RSOBORT O/ A PUE B 2 B
JO TR [T R0 5 B B it Rl PO SR RIS 9 TR
W), i, 2017, 35(5): 509-519

Wang CY, Li CF, Lin JF, ef al. Simultaneous determination of the specific
migration amounts of light stabilizer and antioxidants in plastic materials
in contact with foodstuffs by ultra-high-performance liquid
chromatography/orbitrap high resolutionmass spectrometry [J]. Chin J
Chromatogr, 2017, 35(5): 509-519.

BRI, wbk, XUFIH. GC-MS Al LC-MS HA AT St 4+
A BA I R E 0], SRR, 2019, (3): 51-55.

Wei XX, Gao X, Liu WL. Determination of non-intentionally added
substances in food contact polymer materials by GC-MS and LC-MS [J].

Anal Instrum, 2019, (3): 51-55.

(GriE% 4 FH%H)

fEZ T

oM B FEARFEARE
RESZR£.

E-mail: Shuai.wei@rd.nestle.com

i E L, ARA, TEHRAE
ARRRESRE.

E-mail: lei.bao@rd.nestle.com



