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1 OE. T E SRR g 2- B E-1, 3- 75 EE(MPO) AR R (NPG) 1B R =AM 0 — il (GC -
MS)REIN 7k, BRI IR G, TR SRR AT L . EQEARUG, GC-MSilll
o BEREM, T EAERALF TSR R, HXREGP) KT 0.995; MPOFINPG 1E 4% LT |
10% Z 1% . 50% 250 S22 5 v (4G A BR 229247 0. 01 mg/L; ZRPETEIHI240. 02 ~ 0. 10 me/L; 7E 95% Z g,
MPO HIKGHIFR 47 0. 30 mg/L, ZRIEFEHI 0. 50 ~ 1. 6 mg/L, NPG KGR 40. 03 mg/L, ZRMETERIH0.05~0. 16
mg/Lo ZTFIEAEMG. o 8 3N RBP4 i 2 4 85. 0% ~ 112%,  AH AR i R 22 (RSD) 24 0. 60% ~
9.5%. ZJ7RIRINZE SRER . REUE S, ARSI SE I & SRl REE S MPO B NPG 1B S0 I E
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Determination of Migration of 2-Methyl-1,3-Propanediol and 2,2-
Methyl-1,3-Propanediol in Food Contact Materials by

Gas Chromatography — Mass Spectrometry
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Abstract: A gas chromatography — mass spectrometry (GC — MS) was developed for the determination of
migration of 2-methyl-1, 3-propanediol (MPO) and 2, 2-methyl-1, 3-propanediol (NPG ) in food contact
materials. After the migration test of food contact materials, the obtained soaking solution was firstly de-
rivatized with phenylboric acid solution, then extracted with n-hexane, and finally determined by
GC—MS. Results showed that there were good linear relationship of this method in the optimized condi-
tions, with correlation coefficients (#*) larger than 0. 995. The detection limits for MPO and NPG in 4%
acetic acid, 10% ethanol, 50% ethanol and isooctane were all 0.01 mg/L. within linear ranges of
0.02 - 0. 10 mg/L. The detection limit of MPO in 95% ethanol was 0. 30 mg/L within a linear range of
0.50—-1. 6 mg/l.. The detection limit for NPG in 95% ethanol was 0. 03 mg/L. within a linear range of
0.05-0. 16 mg/L. The relative standard deviations (RSD) of this method were in the range of 0. 60% —
9. 5%, and the average recoveries were 85. 0% — 112%. With the high accuracy and sensitivity, the meth-
od could be used to determine the migration of 2-methyl-1, 3-propanediol and 2, 2-methyl-1, 3-propanedi-
ol in food contact coatings and plastic products, so as to meet the limited requirements of Chinese regula-
tions.
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R B (NPG) Fll 2-H -1, 3-P5 R (MPO) A B FN 12 W H TR Bkt LR & R AL A
Yo NPGAEM SRS, 2N H TR AR REM I, H AR, i MPO FE 1
FHEARX A, WA EWZE ST 2018 45 & S A 7= SaBt dn A0 25 35 7 BLE MPO & shdfil
BBl 2 15 2 E I IR B0 5 me/kg, GB 9685 — 2016 H1E NPG I H T Shsefih FH SRR . 150kt
T 2R B R 4 iE A IR 24 0. 05 mg/kgo ARG, [P AN A 2Bk B 40U 5 T &% NPG Al
MPO IERS bR, [ P AN SCRRARGE . AN 2T B @S I% P A B BB #% ARG I 7 i
DA WS 2 bk NPG AT MPO BOIE RS XU .

AR, WA IuRELE YR A SR E i, HA R — R TF 1 me/kg™
% AT A AL B3 AR B G 3EF T GC — MS ™7 HPLC ™ E R, KR —/N T 1 mg/kg, fiitEfk
PN SRR BT BEKIE 2 N, O- X ( =B RERL) = O MRIE 5 . A
SCEPEE SRR 4% TR . 10% LBE . 50% £ DL B Ak 25 R AR 57 95% L BEAN S 2E e A M F s X 4
#EL T MPOFINPG IER EINATAA/GC — MSIE T, FEN: %0716 N T & Sz fibdr Bl iz midh b &9
ARSI, 7 i SR AR R TR AR PR SR, S bR MPO FINPG 1 RS B e 4t T
BT RER BRI R

1 XWEly

1.1 Us5iKF

7890B — 5977B S AH (A — i B AL (Agilent 23] ), ME204 Hi - KF (Fis - HEEF8) — FERICES 2>
A, SN (CBE AT,

2- HBE -1, 3- P9 bR S (4l B 99.5%, AccuStandard) ,  #7 % Z FEbR S (4l EE 99%,
AccuStandard) , HWEE(f4i%245, ThermoFisher), L. LB%. WHEI(rHrat, JoMAL2AEF ), KA
R (A3 drati, B2 mpkasdl) .

SEES T 30 K SRR S R T AR LRGP AR, C A e SRk, VROKEE 2K, J\E R E,
MERZHE 6 3K, B4 BURHE 143K
1.2 fREBRERNHEE

DL SRR, HC BRI EE 2 100 me/L ) MPO Al NPG 1R S hRIER I .

4% 2 . 10% 2% . 50% 205 . 5324586 MPO il NPG 43 5l F B b ot B 1 554 0. 02, 0. 04,
0.06., 0.08. 0. 10 mg/L i) RHR A FrifE TR

FH 95% LK MPO il i B BE 4 124 0. 50, 0.80, 1.0, 1.2, 1.6 mg/L., NPG )2 E
470.05, 0.08, 0.10, 0.12, 0. 16 mg/L ) RIS bR TV
1.3 HTHENIKFE KA EDF

RIEE AT 23k IR T AR50 . FRE 10 g ZFEIIR , RN 40 mL P FRFI 2 mL
K, PR
1.4 FFmBribiE

FZ2HE GB 31604. 171 GB 5009. 156 M EEK, XFEMFHITIERAL:, BRIV .

1.4.1 4% Z8. 10% ZEEF50% ZEERIBHMBTAE B2 5 mLAMERE 10 mL A2 RXE
MINO. 5 mLIRTHER WL, #&2)ETRCE T 70 CHERE , fTAEAB I 20 min, 2 HGIIA 1.5 mLIECHE,
WHERD | min, §8, TP 2RI EER, RF,

1.4.2 95% ZEEMBEEZHRABIALE 2 5 mLFEFIEKE 10 mL B ZEIREd, 0. 5 mL 250
TRV, PRo)GTHCE T 70 CCHERS, ATAEARRINY 20 mine ¥ HFEZ) 1 mL _EAL.

1.5 UF/&KH

DB = SMS {4,345 ( 30 m X 0. 25 mm X 0. 25 |.Lm) s BEHEAS, FOEL 0 ml/ming AN TRPERE; 3R
LR 250 °C; FRFFHE: IEATE 60 CA#£3% 1 min, LL15 C/min FFE 260 °C, {5458 min; A - i
FELIRE 280 °C; B FIBIR)E 230 °C; ABMIZRIRE 150 °C; MPOBE B E T m/z 176, EVTEE T m/z 1055
NPG 15 &% F m/z 190, EPEET-m/z56. 105, 147,
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2 SRS

2.1 HHEEAEFENMRL

XF MPO FINPG B E , 12622 BT GC A HT . S5 B/, MPO I NPG BOFRIE ShiZ T
B g, FEA TSI 2 me/L BOACES R HHBR 5 [HLL 4% IR A 10% L FEE R IRIAE 5T,
TEIERGIN ) TR EEACT 20 me/L Y H bR

B GC = MSHEFT0AT ., HH 95% £ B A S i iR I IO BRI AR W B EE R, 4% TR . 10%
ZEER 50% Z R RE A0 bR i TAR A — S B e A BUG R, SRJG T CC - MS/MiT. 45 RE R, H
95% £ TN FN 532 S Fi BE Ja O b v AR W, TR B B E W ZAR T 0. 1 mg/L I NPG; H1 4% 1%
10% ZTEH 50% C IR BB AR ARV, JCIR A I B BT SRk BEAR T 5 mg/L (1) MPO FINPG., ] WL _F 3k
PIFR 7 TR ASREAR I 85 2 8 b ek e MPO I NPG IERS &) H AR TR K

IR TR RE, AR 2 TR BE R, SRR B bR TGS
HEFF GC - MSHHT. HF R AW SHEMNA—O0H ZH], SAM7THE MR AR = G 23
N oy W I L7717 S SN NI OB G L B ~ 912 7578~ S B T W 3 1/ ) S 2 I 0 B = S [ e X O
HARPEE S A KPR e 8, KR, vl 5 B 4 RF ekle) —RR2h i — Rk ST ik
ERINE A, BVINERIAEE

ARG 22 3-G-1, 2-T§ % (3-MPCD) 5 & Sl 2
BTG I B2 0™ % 4% 218 . 10% ZE . S0%Z .
B . 95% LA BB L ARV ) MPO FI NPG 317 @\.39“ * ““\)vﬂH+ QB{ } +2H,0
BIHAL S MERALIG . HEAT GC - MSAMT. 25 7%, % ol ’
FINE 5 R ST A e RN (SR E bRt
70 C&AF T KR 20 min) o] 1 MPO I NPG B E , 1T @\B/ou + 110\></011—> QB{:><+ 210
A AV R R I 1 BT . MPO il NPG 19 47 A 4k 72 M A on o
GC — MS H A A A i b A i 0 T, HORBE ) 4350 1 MPO(A) . NPG(B) S2REERAIR I A7 A= AL S 7
459.3 min f19. 4 min (N 2) . 7EBEYE . WOkSKAEYy  Fig 1| Derivatization reactions of MPO(A) and NPG(B)

LR AL 2545 AR 7 95% Z SR S e T AS B, 15 with phenylboric acid

B K R AR TR B LR IO PR 8, W By MPO —-

Tk o R, 7S SEI6 fr 28 3% PR 8 R IR AV R 17 A 4k ~—NPG

A )

2.2 X[ EWEL B

2.2.1 FTEUFYERENHBE hTRLWEnE 1

WO FATEC LS, e PR35 0 DB — SMS 6 i L

X BRI TS B, R SCAN R BT HIAFEE o

TRE MR LSRR, ST T AR AR 1 s 7 8,9 0 N DB
PR T, B s @ik, B MPOFINPCAHTA 2 0.1 mg/l MPORINPG FREEERATAAL =1y
A= 0 B RV AE R 1B T R e e T oy GC - MSH

B, BT /S Ve R IE B T, &% mlz Fig 2 GC—MS spectrum of products derived from
105. 176 ﬁqu MPO E’J#??E%’T? , mlz 190, 105, 147, MPO and NPG standard solutions at a

56 1k NPG [EAE 5 - concentration of 0. 1 mg/L

2.2.2 ZMEE. RHREEETR H44%LE.

10% 0% . 50% 0% . 95% £ Bl 754t B 2K Fe MPO FI NPG bRIERE #5005, 7Ethib
B GC — MS Z&4 FbA140 0T, LLGETE AR (y) X3 MPO B NPG HY iU (v, mg/L) 22 HIbRiE TVERR 2R 52
e R (L 1), 4% LBE. 10% L% . 50% LEERI S E 3L moh , MPO FINPG AE0. 02 ~ 0. 10 mg/L 3
BN R R IFEMER R, HRREGP)KTF0.995; 95% LFEHEFH, MPOFEOQ. 50 ~ 1. 6 mg/L Ju B Y 5
RIFLMR R, NPGLEO. 05~ 0. 16 mg/LiBEN BB IFEERZR, PEKTF0.995,
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THES Bk B R (LOD) fllE & FHR(LOQ), FEFEFFSChRIGiE, 25 RMFE 1R, 4% L. 10%

TEAE Hb i TR IR (4% 218 . 10% % . 50% 205 . 95% LA S48 ) v i A [|] o &
WER) MPO FINPG, LIAAL 7 3 3b AR AL FRAIN € , LA 3 50 10 550 b (S/N) X5 W ) AR 7K ~F- 43 1)

%, 50% ZFERI L TR, MPO FINPG () LOD A1 LOQ 43247 0. 01, 0. 02 mg/L; 95% ZFEREFiH,

MPO [ LOD I LOQ 435147 0. 30, 0. 50 mg/L., NPG [ LODFILOQ 435240. 03, 0. 05 mg/L.

#1 MPOMINPGHZth7fe . ZRikiuiE . A PR K e & IR
Table 1 Linear equations, linear ranges, limits of detection and limits of quantitation for MPO and NPG
Analyte Substrate Linear range/(mg-1.™") Regression equation 7 LOD/(mg-L.™")  LOQ/(mg-L™")
MPO 4% HAc 0.02~0.10 y=4.03x10% +58.0 0.999 0 0.01 0.02
10% EtOH 0.02~0.10 y=1.55x10x — 892 0.9985 0.01 0.02
50% EtOH 0.02~0.10 y=1.29x10°x - 317 0.996 5 0.01 0.02
95% EtOH 0.50~1.6 y=1.01 x 10*x — 441 0.996 5 0.30 0.50
Isooctane 0.02~0.10 y=6.43 x 10" — 205 0.998 8 0.01 0.02
NPG 4% HAc 0.02~0.10 y=8.33x10°x-33.0 0.999 4 0.01 0.02
10% EtOH 0.02~0.10 y=3.37x10°x — 404 0.997 2 0.01 0.02
50% EtOH 0.02~0.10 y=2.86x%10°x - 936 0.998 3 0.01 0.02
95% EtOH 0.05~0.16 y=8.84x10"% -2 830 0.996 5 0.03 0. 05
Isooctane 0.02~0.10 y=2.85x10% + 333 0.996 0 0.01 0.02

2.2.3 EWERSHEMIRERE EEAS B2 R0 OHERE ) Fgel b sy e %), 4T
(4% M. 10% ZBE. 50% LI . 95% LEER Skt ) iE R8I, E BRI P mmE. . &
3R IEACEI MPO FINPG,  LLBAST I J7 i BEA TR ALFRANI E , A IIbR/K- 2617 6 AT E , 45
HOLE 2, MPOHINPG (1)°F 3 U 85. 0% ~ 112%, FHNFRIEM 22 (RSD) 4 0. 60% ~ 9. 5%, 1] i j&
SEBRAE S E AR ARSI R

F2 REZHEEAIEEHEES, T MPO FINPG (4 [l i 28 B A X brifi i 22 (n = 6)
Table 2 Recoveries and RSDs of MPO and NPG in coating and plastic samples (n = 6)
Material Analyte Spiked/(mg-L~") Substrate Average recovery (%) RSD (%)
Coating MPO and NPG 0.02 4% HAc, 10% EtOH, 50% EtOH, isooctane 88.2~112 0.70~9.5
0. 06 89.0~ 105 0.60~4.2
0.10 88.6~ 106 1.1~4.0
MPO 0.50 95% EtOH 95.6 8.9
1.0 98.6 3.1
1.6 99.8 4.2
NPG 0. 05 95.0 8.8
0.10 89.8 5.0
0.16 88.5 3.6
Plastic MPO and NPG 0.02 4% HAc, 10% EtOH, 50% EtOH, isooctane 88.3~ 105 3.4~6.7
0. 06 90.2~ 102 1.1~5.6
0.10 91.0~ 105 2.0~5.2
MPO 0.50 95% EtOH 88.0 1.4
1.0 92.1 2.2
1.6 94. 4 1.6
NPG 0.05 85.0 0. 80
0.10 88.6 1.2
0.16 96. 2 1.0

2.3 EEREFRBINE

PGS 715 T 30 R SEBRAE S MPO R NPG BRI, 46 HE 20k 33. 3%, Horb 2 (ol mhnnfl AL 5
K NPG, £ SIS b 50% 2, T &4 0. 024 ~ 0. 028 me/kg (K 3A) 5 8 FIHBEHE 5 H MPO,
BRI R 10% 28, TR H40.014 ~0. 071 me/kg(E3B) . I, NPG EZAEGZHISHR L,
i MPO EZAERRHR SR o DL SR, 598 MPO 5 NPG i B HI 45 o5 A Il e, (HAT3 (7 7E
IS, AREEE A s, WHE TR E AR RE L.

3 & it
AT GT ST, T RIS R & S b B J2 ) e MPO Rl NPG B 200 GC — MS A 5 . 3l ik %) i
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WFRTTE . OSSR, TE TSR AT . W UT IR T IR IE A s T SRR s R
GUREW], ZOTIEGURMER . RBUE S EIERRUETESF, WH TR S AR ) i MPO Fl
NPGIERBBEIE . AT7 BN 2 RN R , SAinai & Sz ik et B2 il it o MPO #NPG £
LA NIRRT AR SRR BOR SR

81 a
NPG
6
3
e
| | |
2 1 ' I |
JTA
0 L T T T T T T T T T T
7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5
t/min
4 -
B
3 -
ERN MPO
l
| -ww
0 -
7.0 7.5 8.0 8.5 9.0 9.5 10.0 10.5 11.0 11.5

t/min
3 FEnHEREARE S T NPG (A) B3RS FE AR Akt MPO (B) B (2,1 4]
Fig. 3 Chromatograms of NPG detected in a coffee can sample(A) and MPO detected in a coffee capsule sample(B)
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