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Determination of migration of 3 kinds of nitrile compounds in
polyacrylonitrile food contact materials by headspace-gas chromatography
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(Shanghai Institute of Quality Inspection and Technical Research, Shanghai 201114, China)

ABSTRACT: Objective To establish a method for the determination of a total of 3 kinds of nitrile compounds
containing acrylonitrile, acetonitrile and propane nitrile in polyacrylonitrile food contact materials by headspace-gas
chromatography. Methods The conventional rapid analysis of the migration of 3 kinds of nitrile compounds was
achieved by optimizing the volume of the simulant, the salt and its amount in the water-based simulant and the split
ratio, carrier gas flow rate, temperature program, equilibrium temperature and time, which could be analyzed
regularly and fastly. The migration rules of 3 kinds of nitrile compounds in nitrile-butadiene rubber, polyacrylonitrile-
styrene and polyacrylonitrile-butadiene-styrene under different simulators, different time and different temperature
conditions were studied. Results The linear correlation coefficients of 3 kinds of nitrile compounds in the
concentration range of 0.005-0.100 mg/L were greater than 0.9960, the limits of quantity were 1.57-3.77 pg/kg, the

recoveries of low, medium and high concentrations were 84.3%-108.9%, and the relative standard deviations were
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1.7%-9.7%. Conclusion

Nitrile rubber easily migrates out of acrylonitrile in water simulants, while

polyacrylonitrile-butadiene-styrene and polyacrylonitrile-styrene products easily migrate out of acrylonitrile in 50%

ethanol mimics. The longer the time and the higher the temperature, the easier it is for the nitrile compounds to

migrate to food simulators.

KEY WORDS: headspace gas chromatography; polyacrylonitrile food contact materials; nitrile compounds;

migration
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PG HE R A WVE N —Fh & AR, 38 T SR
B (nitrile butadiene rubber, NBR) . N % 5 - ¥ 2 %
(acrylonitrile-styrene, AS) . Wi i - 1T — M- 2
(acrylonitrile-butadiene-styrene, ABS)&, K £ F il H
FA i, SR G WIS NG SR AL, R REA R N
TR SENER A A sk B, IS0 W 32 4 RS IR I 334
o QRS 1K ;IS - o R a7 1 LG 21 S |12 A ES P 3
FrifE GB 9685-20161%f NBR, AS. ABS %5 iy N s i 4
FEITHRER AR, GB 5749-2006C %1k F 7k i ZJE R
HAEFR R 5.0 mg/L, KA Sk R RN SR SR L
(EU)No.10/2011 #UE BUE | B8 FAE JE 25 PE ) BT AR U
BRUR 15 T AR b il b R B S8 R 1R R
(environmental protection agency, EPA)H 74 & ¥ i 5k 22
IRIS HHILE 215 W A 0 KU S 50 0.06 mg/m?, iX 3
FIGE AL AT RE 2T A B S, R AT 0 Ny
1 A RL SR A P A R D0

A1 STk = 00 £ B b ek v DR 0 B R
TR, ik FEa M aRE TN LR R4,
FE ZAniE GB 31604.17-2016M HLGE T £ Sb 4 b4 e il &t rpr
PRI S BRI AL S A I8 ik o X B SRR R AR o il 22
P G T B 1 7 A H B A o LSS Fp 2 e — AR
A SCHRIF AN B 254 NBR, AS. ABS iX 3 Fifi
BEYITER M., %IEF NBR, AS. ABS Ki4H
FHefK . BRI A OB S A, AR RK
A% TR . 10%~50% B . 5 e RO v S5 AN [) (1 45540
PR B B b R 12 SR T A R, et Ak AR
RN E S5, FRAEARFRBLSL/FT NBR. AS,
ABS X 3 AL A YT RSN D0 o A 7 A AR 1T A,
RAPUE R, AT RAPREE B, DU R b kL ST
AN i Al b o B Ak AR

2 MHE5EREE

2.1 UE5EH
211 M B
Agilent 7890A SR (i {SURN 10 2S M FE 2R (35 B 25 1E

RHEAFD; BT RE(Z 0.1 mg, L4546 H £ 7)),
LS THRAR (R 2 L0 e A A IR D)
2.1.2 &K Al

CNEHLFE > 99.0%, &% Dr. Enrenstorfer GmbH 2
"), V9 I AN NS AR W BT (2 > 99.0%, 2% [
AccuStandard, Inc 24H]), iR TF 99.0%, L k¥gHiE
Foo FHNN-TH L e B 7%, A9 BRI VR B 1R
1000 mg/L, 43I _EARERHE AR L] 0.25. 0.5, 1. 2. 3,
4. 5mg/L RIBRUERI

NON-ZHIE R . B . I . S-Ebe Fvk 2 R
(faigal, EERMAF), . SAIMERE (O
afi, [ 254 b4 AT B A H)
22 SHEGERH

{63325 DB-WAX (30 mx0.25 pmx0.32 mm)E 4454
A Ny AR 1.0 mL/min; $EFE T 5L 200 °C, #E
FEf 1 mL, 4EL 5:1; AEWR: 40 °C, A4F 6 min, DL
10 °C/min F+2% 200 °C, {#%F 3 min, ZBEIE
250 °C; AU A 3 mL/min; 25 60 mL/min, TH%S
e FESREATET ) 30 min; TSR EE 80 °C; f& kiR
BE 100 °C; FE Sy AT E] 1 min, #FAEEHE 1 min.
23 LWHE

M Hh £ 5 B2 fil bR T 6 R 4% 1, H B GB
5009.156-2016"F1 GB 31604.1-2015 )35k T F5 5206
PRI, A EGE A S5 T AR B ALY 5.0 mL,
WERARIBOL i, F 1A, i AGE RS, A 100
pL B NN-—H S Z BhA F IS MR, s &, REe1HS
J&, FAMEESCHATINE 2 1K,

3 HREHR

3.1 R TRRIERE

BEBOUK LAY, BUhkIAHRREE R 3 FRIERILE,
AARIFEEC L, 3. 5. 7. 10 mL /KT 20 mL TRZsHE T, #eHR
2.2 f1 2.3 SRR, SR ER, 1~5 mL 3 FiliERIES
Yy e A RO AR I IR, T 5~10 mL 06 1A R 14 i
AL TR, 2 ERI R AR R T2 i<
VR R S ), HBCRI AR 5.0 mL AR A 2
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SEBISR, WA IR SE K AR AR AR EE S 5.0 mL.
32 EfFMAEREEF

AR ORIk B AL R i R U, RPN 0.5 ¢
(G FACBURIBRBR ) A T . ARG mEAE L, 3
FhEb Y RESR S G SAL G A R, ORISR S A R
RAEY TR, AR R A, O ST, AN TR AR
RS U, SRR IERAE WS T IR,
25 B SR LU R A AN ST e B R, AR SE IS BE B AL
e ABIERE 0.1, 0.3, 0.5, 1. 2 g &fbol, 451 ER, 7
KBRS, BE AL TR N, 3 FES LA Py i a R
B, ALY 1 g I, IERE Y IETHRA R, X
B THE SR, MG W EK R
R RE, MG 28 b A Wi B e SO e B b s, i Ak
1 g B, B TEIRR SR, SBUERE Y T
SAHP UL, 265 BEIARE T 8, AT
50% BB H N 0.5 g SAkAN, HAt /K EAHIIN 1.0
ERIALE
3.3 BIEHNRE

xSRI AN LA G 2R AR e B RR A, 43 Tl
$T HP-530 mx0.25 pmx0.32 mm). HP-INNOWAX(30
mx0.25 pumx0.32 mm), DB-624(60 mx0.32 mmx1.8 pm)PA
& DB-WAX(30 mx0.25 umx0.32 mm)Z5E404E+:, M 3 Fh
ERAEY &4 R R, #H HP-5 1 DB-624 i+, 3
il 2 4k & W N AIG, OR BE T R O TR i BR K
HP-INNOWAX a3t 24 £ BB o e B s, 4% 04
TIABIERIE . DB-WAX @iEH:, BALATIA B
VB8 R AT B B3R o AR S B0k 3 DB-WAX M A4, 3
PG 240 & P bR IS W S R LA 1,

10[

SR E/PA

A [A]/min

TE: L TG 2. OB 3. TR
1 ARHEV AN €35 B (DB-WAX (L 3E)
Fig.1 Chromatogram of the standard solution on DB-WAX column

34 BIEEHFHNMRK
3.4.1 iRk

MR RBM IR 101 I, VR LR 5
NG S i T 2 H S, Yauthh 20:1 B, LB
WG ZRACE P 0 I TR FEBOD, TR RIS AN
B, DO AR R, I 2SIk e AR 25
WA/, L BN, AR 51 e TR A
PRAF R . IO SIS RPE A L R 511
342 EAREZ

MRS VRN 0.5 mL/min I, 3 F sS40 & vk i
7E 0.005 mg/L B, (o ji0d A ad 0%, i BRASAS 23 AL
MES AT 10.0 mL/min BF, JELE Y @
e, MEEMARE, XREF RS, BRAE
Yoy Fid s, @ik RS s Ir; Bl
1.0 mL/min, 584 2 3 FiIE b & 9 il g 4y s 5 1
TR, AR LR 1.0 mL/min.
343 FriBAEF LT

ARSI VL K 3 FIEZALA P 25 IEATE 80 °C
(NIEREEELLE, SPILGRIRIE 40~80 °C, FEATRET =, 3 F
ERAL A TR fSTE, 80 °CIN Z BRI ST (o
TS RS, BORPUNWIIRTRE R, JERY RIS
AR ILRERK, TS shbipl, Haigs s ks, i
ASZIGHHAIRE ERAIR 40 °C, ARG LITHREA 10 °C/min
F+25 200 °C, F 30 G S 22 e X FLAAE S s
3.5 T &M FERE Mt E 7Rk

HE4% Raoult 5E A, -1y i B A v] 5 A8 0L 4 Fh 2540
X, HERRF LK H TR, B, 255k 8F iR
¥ 40, 50, 60. 70, 80. 90 °C, “F-Hmfal 5. 10, 20.
30, 40, 60 min AT IFE AL o 110t il J3 8 vy 1 e
AR, 3 i IE 28 A5 1 v e T RN Ik 22, D) g L
o FLISF R AR, 2 F s AR B Rk K, (RSP i 8 2T 90 °C,
WA I 40 min AR K 28 SO 2 B S 18 £ 2
SIS E R, MBS & Bisb &9
e e TR R BT R AR AR 2 I 5 1 A O B R ] R
80 °C. 30 min,
3.6 ZMIEE., RHRREZEE

TESEYE S5 A B AR IR T, 7] 20 mL 004 H 431 n
A 5mL 7 A, SRIE4R1NA 100 pL 2.1.2 ARSI
PRUETRIR, B 2.2 71 2.3 SER RN, % 0.005 mg/L 1R
BRI HERE 7, 3 FIIE 2SI R A 2tk A MG R AR
T7 I BIRG H BR 3 A5 45 1 EE (S/N)TRITSE T BR[10 %545 14t te
(SINY]. AN 1 s 25 L3R 1o

3 PG AL B WA S R B KT 0.9960, Jrik
ERRRH 1.57~3.77 ng/kg, HXFRERZE 3.0%~9.8%,
JEAR AT 2 IR R
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3.7 FHEREREREEE 0.08 mg/kg 3 Fi AR [k BEAKP- AR A BRI G, 4108 2.2
PEICET S AR 2 TR S 18] 20 mL TZs i ep 43 2.3 S I E N, SPATIE 6 Yk, TR bR DR L
BMA S mL B, DA 3 FIIESA A 0.01. 0.04 f BARARIERZZ(OLE 2)
R OFENENESE. MR AXARBMQHIR

Table 1 The linear equation, ranges, correlation coefficients and limits of detection and quantity of this method

oy B b R LR *Ea‘é;%‘:iﬁz T PR FikE R AT A 1 AR 2
/(mg/L) r /(ng/kg) /(ng/kg) 1%
7K Y=103.0X-0.155 0.005~0.100 0.9990 0.744 2.48 8.5
4% TR Y=79.7X-0.0217 0.005~0.100 0.9990 1.101 3.67 9.7
10%Z. Y=43.0X+0.0316 0.005~0.100 0.9980 0.882 2.94 9.1
NG 20%Z. % Y=46.4X-0.00254 0.005~0.100 0.9980 0.969 3.23 7.6
50% 2. Y=27.5X+0.0202 0.005~0.100 0.9970 0.771 2.57 9.3
b Y=87.8X-0.0301 0.005~0.100 0.9980 1.101 3.67 3.0
LGN Y=102.0X-0.105 0.005~0.100 0.9980 0.471 1.57 8.7
7K Y=42.1X+0.131 0.005~0.100 0.9980 0.774 2.58 8.7
4% TR Y=35.5X+0.100 0.005~0.100 0.9980 1.131 3.77 9.3
10%Z. Y=21.8X+0.0983 0.005~0.100 0.9970 0.888 2.96 9.8
i 20%Z. T Y=22.1X+0.108 0.005~0.100 0.9970 0.978 3.26 9.8
50%Z, Y=20.0X+0.128 0.005~0.100 0.9960 0.774 2.58 9.0
b Y=216.6X+0.927 0.005~0.100 0.9960 1.104 3.68 5.0
LV GRT Y=216.1X+0.652 0.005~0.100 0.9980 0.477 1.59 9.4
7K Y=45.2X+0.0114 0.005~0.100 0.9990 0.747 2.49 9.6
4% TR Y=34.8X+0.0816 0.005~0.100 0.9990 1.107 3.69 7.4
10%Z. Y=16.4X+0.0660 0.005~0.100 0.9970 0.891 2.97 5.3
P 20%Z. % Y=17.8X+0.0299 0.005~0.100 0.9990 0.978 3.26 8.2
50% 2. Y=13.6X+0.0435 0.005~0.100 0.9960 0.765 2.55 9.3
b Y=55.0X+0.0863 0.005~0.100 0.9990 1.092 3.64 8.4
LGN Y=63.4X-0.0230 0.005~0.100 0.9990 0.474 1.58 7.7

}2 3 MEEEMAR B R RIRERE (=0)

Table 2 Spiked recoveries and relative standard deviations (RSDs) of 3 kinds of nitrile compounds (n=6)

1t K 4% (VMR 10% (VN) LBE 20% (VN) ZBE 50% (V) LBE it SEEhE
LR Elf%  RSD  EI® RSD  ER  RSD  EMeE  RSD  EIER RSD MR RSD EIEE  RSD
/] Amg/kg) 1% 1% 1% /% 1% % /% % 1% 1% /% % % 1%
0.01 862 80 843 63 106.4 8.7 107.3 60 959 94 905 56 1042 46
ﬁf 0.04 953 47 988 79 108.9 95 101.3 71 984 55 878 70 974 29
0.08 905 83 94 67 979 97 95.0 67 907 83 910 71 942 08
0.01 898 80 887 83 99.0 79 94.4 53 1061 9.1 899 97 80 97
NG 0.04 919 64 945 85 99.8 73 100.3 81 1049 32 893 54 897 3l
0.08 930 67 928 90 93.5 9.9 94.8 60 1064 49 9204 92 8.1 17
0.01 916 65 907 86 93.0 8.5 100.6 94 967 96 897 53 964 93
il 0.04 975 52 1016 69 106.1 97 106.3 88 960 9.1 901 66 945 44

0.08 923 8.6 95.2 7.6 96.4 6.0 96.6 9.1 954 7.7 92.0 93 948 1.7
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3 PG AL AW e 7 FOR R S PG
T3 AR B KR [ R A X RR AE R 22 a0 R #E 0.01
mg/kg W BN, % K 84.3%~107.3%, RSD i K
5.6%~9.7%; F£ 0.04 mgkg W E T B B i K K
87.8%~108.9%, RSD fH#y 2.9%~9.7%; 7E 0.08 mg/kg ¥
TR ENCE 89.1%~106.4%, RSD HH 1.7%~9.7%; # EA
() e J 3 Bl PN A R K
3.8 NBR. AS #1 ABS FERGEHE R mIEMMEE
TERBEMEHTEBER

4 GB 5009.156-2016 F1 GB 31604.1-2015 255 E 1k
PEARFBAY . AR ] RS [ 45 T, RS 3 ARG
R A YT A
3.8.1 AR R LN T 3 A RS THFR

NBR. AS Fll ABS FHYER fh e flbikl, %5 B2 RN IR
{77 AT R TR K L R . OB B IR R, gy
FERUK . 4% 418 . LFEBEHI(10% 4 BE~50% L 15) . 7

e R S LI, $5 8 2.2 70 2.3 5237 kI,

3 FIERAL A YIRS UL 2,
—— 1# (NBR) - i#i/i5 = 2# (ABS) - NI

—i—3# (AS) - Ml =—==3#(AS)- 55)id

0.35-
1#

03 /

0.25¢

W /(mg/kg)
=3
[\®]

K 4% B8 10% LBE 20% .15 50% £ BE BHETH Saeks

K2 FEAFE S RT 3 FiE A& IE 58 i 19520 (n=2)
Fig.2 Effects of different food simulants on the migration of 3
kinds of nitrile compounds

ABS 1 AS YEIHE B2 b o) v A7 i AEAS TR £
WY —E T, 50% BT MR, XER AT
FACEWER G ET LRI, 1 ABS F1 AS = 5N
975 I AE 2 BE AT i R A RS AR, L EA ISR
NBR 7E/K A T N R I A% R, T 26 MO T A 5
SEhETPRK L, R NBR A7 T A8k, Tk e
If. BT NBR. AS Fl ABS SR NG & Sk k57K
TR fuhdse ol )3z, DRI S A S SR I S Ak
WARHEA [FSLAEL s ()RR B T, S5k ARl Ee ki) 3 b
G R A .

3.8.2 EARIAET A T 69 3 AP R4S

Ay HI3EPE NBR. AS Fil ABS BHE £ 2 b LR 01
AT 0.5, 1. 2. 8. 24, 72, 120 #1240 h, % & T
TR R — U, A, AU 24 h, AS #
ABS FA AT RE K A A, BEIATIE] 240 h, $0R 2.2 fi12.3
SIS TR, 3 FPE RS WIE IR L ILIE 3.

2.5~ =#=NBR - N/#fi§ == ABS - N/ElE —&— AS - WfilE
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2
B 4+
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& 1
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Fig.3 Migration of 3 kinds of nitrile compounds under different
contact time

NBR £ S E A EHE 0.5~24 h NN IS T B E T
i, 8 h BT IRBPA, X T NBREHE —UCHE™ 5,
SR A BRI IE S T PO R B A 2,
HICPE S 8] P A i SR B 1T AS 55 ABS AL,
AR H NG, R 120 h DU, BT HEE% BN
M, ATREH T AS P2 MAIXH T ABS N MG 5% B B
Wil AL (R B4, 3 PP ZRL A T R 2 BEE K,
Je SRR, IR fa R TP A
383 REAEBURE T 6 3 A RS ESHER

BT NBR. AS Fll ABS ¥t /K FERBAIY), MR KER
O3 RN I B R Al e A TR R A O, ORI
39k 5~100 °C, 2 H& 2.2 F1 2.3 SZEG RN, 3 A
A VTR BLILIE 4.

RNIIG & SR 3 RIS 281k & W bt TR
FETFRE, RIS RERS R R, X2t R IR
RIERT-C e SWHIE, A FiafLReRk R, T i
[ 8/, T ABS 775 70 °CRA_E AT H R 75T, NBR Fl
AS R S CCHRHME TR H NI, T E NS TR = 2R
i, AS 7 A F] 0.205 mg/kg, FEEAFMEITH.

4 % B

ABI SRS T TS -URH GTEA I R R P 046 i 0 i 4
fihy™ b b 3 R RACS IROREIN 575, SR DB-WAX (i
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035 Chen M, Shu Y, Mao C, et al. Migration of acrylonitrile in AS and ABS
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Fig.4 Migration of 3 kinds of nitrile compounds under different
contact temperatures

FE(30 mx0.25 umx0.32 mm), LAk AL KAL) H i
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