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Determination of N-Methyl Pyrrolidone in Dry Food Wrappings by Gas
Chromatography-Mass Spectrometry Based on Internal Standard
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Abstract: A gas chromatography-mass spectrometry method (GC-MS) based on internal standard was developed for
rapid determination of N-methyl pyrrolidone (NMP) in dry food wrappings. The NMP was extracted from the sample by
ultrasonic extraction. The final product was determined by GC-MS based on internal standard. Extraction efficiency of
different solvents on target object was discussed; suitable solvent dosage was determined; extraction modes and condi-
tions for different samples were compared; suitable internal standard object was selected; the characteristic ions and its
abundance were determined; the influence of column flow, injection volume, and split ratio on separation of target ob-
ject was analyzed and suitable chromatography conditions were obtained. The result showed that under the optimal con-
ditions, the calibration range of NMP was 0. 02745 ~2. 196 mg/L with a correlation coefficient of 0. 9999 ; the average
recoveries were in the range of 98.36% ~ 108.29% ; with relative standard deviations of 3.71% ~6.05% , the detec-
tion limit and quantitation limit of NMP were 0. 058 mg/kg and 0. 194 mg/kg respectively. The method was simple,
rapid, sensitive, accurate, and suitable for rapid determination of NMP in dry food wrappings.
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FU, BT N-PEM ISR EESNW R R
BRI REERBER, =B T BES = (AIHA)
HFRINNTCES B EREFEMEBES M, N-B
ISR =B E S YRIEHIAZ(TSCA ) HTIF
MERBIL, 2011 F6 B, MNEZREERSE
(ECHA) RTINS, [ETVE N-BBEMIRIRESIA SVHC
B8, HNEERAPREN 1000 mg/ke, [EEATRE
B HERRANENEREINE L EEER T,

KT N-BEMIEIREOITARIRE FZ2ED
TEEMRESR KR SRR EANEERBS 0, X
ANTEFENNSERTERESIE R,
EN—TD B RVBENET, EEN TH BB ERA
S N-EPE M IRIEERBORDNE THE R £ TR BY
e, EFNEREEMKRELEHNEE,FE
BUVENEERBRHETRE, N, EEELIEN
ROVEN -, 811 5 UBE ZBUVAINNE T, S48
B/ SAER S H3mAST, AtvEE2NELR
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i, EATTHERBEELDP N-BENISIRE6YR
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1.1 {UB5EHF

SLUGY 88 . 6890N/5975 SAHEIE-FUE /Y, EE
Agilent N8, {285 7683 Bnhifirss I BA L2 TIE
5 ; HP-INNOWax EAEB L (30 mx0. 25 mmx
0.25 pm); KQ-500DE BFE & AERs, BLUMBAIY
s BENT; k7, BEBHBE /AT ; TDZ4A-WS
BIOWL, MBS BN S HRBREAT; B 5KYE,
METTLER TOLEDO AT, X&E/9 0. 1 mg;50 mL F/\)
= , Corning ngl,PP 7%}330

S 11 | P =2 7 N N e A= =) SN ==
(EE4D, BE Merck NT) FIE AR R (DAL,
FARIFIFIAT) , N-BEM SRE (rkE, B E =
98% ) , [E T THRIR(BEKXRT 99% ) ,RAB S 4L
ERTF 9%) ,E(HWEKRKTF 9% ), RERX O B5 (4D
BARTF 98.0% ), DL EFRE REIEATRIIE Dr Eb-
renstorfer 7\ T2t
1.2 DWIEE
1.2.1 bR TAES WA BC &

MBS FREX 0.2 ¢(FBIBZE 0.1 mg) IE+1T

| 7

i, B BSMATESZE 100 mL, RERE I 2000
pe/mL, ARTREAR DEIRBEN 0. 1 mL ARMES R, B
CBEEBZE 100 mL,ASRE N 2 wg/ml,

—NIREE SR EIRIREN 0. 1 g(FBIRZE 0. 1
mg) N-BBEMSIRERE, HOBEBESZE 100 mL,
IEWREN 1000 ng/mL, _MNIRFMEER  ERHE
B 1 mL —ArEE SR, BOBEESZE 100 mL, 7
SWREN 10 pg/mL, IVERVER . DB ETHRE
T MFRIERE & 25,50, 100,200, 500, 1000, 2000
pL AIARE RS | mL, BOEESZE 10 mL 152
W, ZRIWNEBSRAREREDSBIN 0.025,0.05,
0.1,0.2,0.5,1.0,2.0 pg/mL, AFRASRE N 0.2
pg/mLo
1.2.2 ks

ETBFREN 0.5 s(RBRZE 0.1 mg) THEREE
45, FHREI S GBIAN-N AT S mm x 5 mm BYRE
FLRET 50 mL BINED, EiBRA 1 mL RIRE
R, B0 9 mL BB, BT8R RARESHBE
ZREY 30 min, REFEINFLARLE 4000 r/min BYFEIR
TBIN 5 min, REEBRY 0.45 pm BYERE, %
51T GC-MS DT,

1.2.3 ks

FEOREN 250 C,#HEEN 1 uL, DRI
NADTREE, @AY DB-5MS(30 mx0. 25 mmx
0.25 um), FHEER . DBREN 80 C,UFER
20 C/min £ 150 C,BUARREX S5 €/min £
200 C, ERLKREN 280 C ,BBSNNEL,BE
BEEN 70 eV, BSIREEN 230 C,IURMAEREN
150 C

EE0N . XALEME T HHED, UISIESR
SHITES DM, N-BEMBIRINERE SN 99,
44,71,39(Hh 99 NEEBR ) , [E+THIEBIRHIIE
B35/ 57,71,85,240( HP 57 NEERS) , WEBT
BSOENEYE 50 ms,

EMIE ISR E B AR B T2
IEEAEEIREBIYEIAN £0. 2 min) HIN, F BN FOL
BRBESHNRE T SinER—2, B SNED
MBERNRFS , BN EE>50% 0T, 01F +10% RE; 18
WEE 20% ~50% 87, 71T+ 15% RE; BYWEE
10% ~20% BY , 701 +20% IR E ; BN £ E <10% 0y,
TFBE=50% IRE, WD EMIEILEER DY,



% T PACKAGING ENGINEERING Vol. 34 No.21 2013-11

2 HBR5IE

2.1 #trooAltERETELL
2.1.1  ZEBUGAF R e

ERAZESHINERMER B0/ KFGP
N-BBEM SIrEIR Y EERE , F RS
BRI EREBEERE, B, E5EEAEVE
B = KB ENLSFIB AR BN, TE S [ECiR.
eIz BR ZRBIR FREs . S RBEE (NI R
EZDIER  RIMEREDH79 0.06,0.10,2.40,3. 40,
3.90,4.30 0 6. 60) NZEEUSH], LEF B DTN
R LRERDIIDE, B THGHTNE 2 R, BE
PEFENRIERHNBRIER, MIERIE 1,
MNE 1 GUED, BEEBAIRMSZFTIB R, BnY)
BRINGSRBZSIE A, SRR S BES
Y, BBV RESGREEAK, S2ESIPETNG
MRS MRS R, IZ R LTNRE S BEBIENEZEUS
il

F1  ZFEBUATIX ARG P BRYRIE N0
Tab.1 Extraction efficiency of N-methyl pyrrolidone

by use of different solvents

i’ ZEHLE HERLZER/ (mg - kg™)
1 EE ke 2.62
2 e b 3.13
3 LiF S 3.51
4 ZE M 4.76
5 N 5.10
6 L 8.10
7 FH i 8.18

2.1.2 $RHOF %A
FINLAKERPERIIERE—T82R XK, B
TES . AL, UI—FHERBADINR, DB EER
“HBHEIREY A« IBIRE 2 MRS W BirieY
IREER , HPBBE s IIFIR N 300 W, k55 K
18 160 +/min, GIRENN B D BNEE N 15,20,30,
40,45 min, fAOISRIT 2, MET2 JUBL,EE
IRENBY BBV, X HBA IRNEY, BirY)80iRENLS
RIFHL A, BREAUE/D, HIREEYEY 30 min
0y, IRENBRBLS KB I ENY, BR 5 1RV BN
15 min DI9MN, HRIZEBREBEAK, GERIEGR
FHRIEE N Z RS AHBA RIS T, IR E

N 30 min,
*2 REAXKEEH G T BRYRINEEN I
Tab. 2 Extraction efficiency of N-methyl pyrrolidone

under different extraction method

HIREAR/ (mg - kg™)

G5 B[]/ min

IR fik 5 P
1 15 0.85 0.87
2 20 0.90 0.94
3 30 1.01 0.96
4 40 0.97 0.93
5 45 0.96 0.91

2.1.3  FERGHR A5 E

ERNDEBURREIZRME T, ARG DI
SHTREERIG, fDNSRIER3, M&3 T
BB, EEEEUARRENBI0, bR 5 ZHEUARRN 4 mL 2
IN GRS N-BEMBIREE) RIS REBAZ A
XN EHGREEMBRE, NESRVENINERE
T 5% , ARG IREVAIR RBHIFRE8E 5T
M, INBREEEZEEUSFUAIRFEEN 10 mL,

x3 FEFENERDERYRERBENIE(n=3)
Tab. 3 Extraction efficiency of N-methyl pyrrolidone

under different amount of solvents(n=3)

s AR PeHR, FER o Bl 22
/mL /(mg - kg™) /%
1 4 0.99 6.05
2 9 1.05 4.96
3 14 1.07 4.13
4 19 1.06 4.87
5 24 1.09 4.32
2.2 MIMFHERIT
2.2.1 WIRRYES

BT TMEAKFREREN, A2 EEAE
i £ THERT TR R O 8N0ES
BRARPEENSEARTTNSRAZ0, SRIE
1, BINE 1 # T OMIURI, SEEARDE
BRESBEREDTEDE, RENBIKRVEFTT
K2 = B SN RPBRESEMDE K, APE+T
YeBVETnER )\ HEEE R S8BT 0.95 ~1.05 ZH),
SHEREPIEIBPIR, R RIEENIRERRE, B4
EDHREINBZYIRED , AP ET CIRovERER 5
N1LMUBEERDITHB™  RRRBERS,
BARCBERS, BN+ TIRRE, BIL,EFAR
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Fig. 1 TIC chromatogram of N-methyl pyrrolidone

and internal standard

2.2.2 FREEFRBERE

ET T e RR 2, BENESR
SR LEMYESERESFRRBR, THEA GC/MS
BY, W5 SIM BN HEGBHT O, Bfn N-BE
IHISNTETEY CAS SN 872-504 , HFUZEMNE 2, M
m/z NNGLUER, DI ESHN2EEERS, BN
99, FEEMBHENRER SN 44,71,39; RIrY)LE
+LIRE) CAS 4 629-78-7, HFUERNE 3, D5
BIN240,BREFEXNN EERBSN 57, XEHE
ERHERE SN 71,85,
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Fig.2 Mass chromatogram of N-methyl pyrrolidone

2.2.3 @SRRI E

ERSEHRBIEZFMUATHBR T, BdERET
e, WE—tmEREE T, By, MEFXE
PSR TEGBNEFBIANT, REERE 8T 1. 8
mL/min, NEARECHRED S 0.8,1.0,1.2,1.5,
1.8 mL/min) FRIRIEREIEENE 4, @I
EHT O, IR0 ST,

| 9
100 57
80 71
=
weop 8
-’DT{
z
20 P s
0L3037) solle l|.79,||.92n|‘ L s e 1197 a0 s )
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Fig. 3 Mass chromatogram of heptadecane
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Fig. 4 TIC chromatogram of N-methyl pyrrolidone and

heptadecane under different column flow

D) ISEERBRERE, WBIMINiBER

SR, BRABNT 5% ; BT 200/ K, 8N

IEREKRT 10% ; NBEEENFWNTFME 2
B, BETREREN 5.98%

2) AACHERBEREERE, NAREER 5
MIETNZIOB), TRAE/ T 5% ; WINEE
SRV, ANITEREN 22.94% ,fEERE
BOZAME K , (N s E 2R EZFAIZN0,

3) IEREMA, AR BIrY)4E D8R E 8
[Bi=A1, eNIPTERIERE , BRfE S S WA,

Ay, EFeEEER . F5E8 RUNREES
FEER, LIWEELREN 1.2 mL/min,

2.2.4 w5 LAY EOE

ERGEREIEFEATHBER T, EdEH
HESOARLCEFEES DML DB 20 pL K0
10:1,10 pL A0 10 = 1,10 wL £020 : 1,10 pL. A030 : 1,
10 pL A0 40 : 1), NWE—FmETWRE TN, P E
SIS BRI EEER, B EBILE
5. BUNEHTONIURI  HIFEB 2 pL TN
1 puL BY, R ErBIEDE. iBER S TR
K, MEHESEARE DR, AR BIRY)
BT AARK, [ER JEER ST TN KHE ; B
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Fig.5 TIC chromatogram of N-methyl pyrrolidone and heptadecane

under different injection volume and split ratio

2.3 BN
2.3.1 SRR A ERAE R

1298 EIRT5RECH) N-BBEM ISR EI AR 5 TIER
JEBR ,RIEHTT GC-MS D17, LBERYIRE SAR
WREZ LN EEAR, BB BB EIR =S AR
[BEIRC LENMLIR, HITLMEQ 04T, BDI35
EREEXSH BRBERIE 4, M&R4 TUED,
BrNRSEREL 0. 027 45 ~2.196 mg/L SBEZ
A, TEERZBIER AT R? KF-0.999, BRIORE
MESARAEGD, EEHF 10 R, DIISEREES
TTNERZ , TDOAEER 3 SinERERE K
B, ENEERE 10 BEINERERS KRS,

x4 FEHLMEER GHREER
Tab.4 Linear equation, correlation coefficients,

detection limit and quantitation limit

RS Kb, bR
B (Eil A | JEHL ¥
/(mg-L7) (mg kg™ ) (mg-ke™)

y=0.9528x-0.023  0.02745~2.196 0.999  0.058 0.194

2.3.2 WAL

PI—sKFERADINR, 2BH T 5T BRER
EXWABERBERBE XL, HREBESL M /NEaEE
BEB—FHTEITNE 6 R(E—HRINS) ; BE
BRESSUNEEERER—FE NUE, 3R—X
ME—R,FNE 6 X, DBNTE 6 RIATNELSRDY
MEWINERE, WESRIE 5, =5 B8R, 1Z23E505
EBRNEEMIENTRERE<4% ,HEEE MR
BWTNVERE<T% ,FRIFDEEEREBEEEBE,

x5 FERBEE
Tab. 5 precision of the method

- HNEE M H a2 M
/(mg - kg™) /(mg - kg™)

1 1.32 1.36

2 1.24 1.25

3 1.26 1.18

4 1.19 1.30

5 1.22 1.16

6 1.21 1.22

FHXT AR HE R 2/ % 3.71 6.05

2.3.3  [ICRIAE:

DRIUARFERKN 3 T TUHERERANNR,
TR S 3 TARERE KBV IITRANE, KRG EZ
iR IR TR BIANE S BHTAME, BiH 1T GC/MS 7
M ATEENIRORR , SRI& 6, M6 OEL,
R KN AR EY, BRI OW X7 103. 20% ~
108.20% 2 &) ; 7 PXK N N0HREY, BN DR KT
99.39% ~106.53% I8 ; f=2/K S N0REY, Efr)e90)
KR 98.36% ~108.29% <8, RIRMS, 1 Z0EE
BREHOINE,

x6 FEMEKE

Tab. 6 Recoveries of the method

I T RWEERE  WICR
i g

/(mg - kg™) /(mg - kg™") /%

0.878 0.950 108.20

1 3.294 3.274 99.39

21.96 21.60 98.36

0.878 0.908 103.42

2 3.294 3.509 106.53

21.96 22.42 102.09

0.878 0.945 107.63

3 3.294 3.330 101.09

21.96 23.78 108.29

2.4 SERREGEEVRIE

XKAZDANTZ LB EYRTAZEIE 85 T+
MEREEA(TEUSREEXA EREAA. R
AES)HTNE, it 11 MHEEIIESE N-BE
Ot 03¥5eER , =E7E 0. 58 ~737.76 mg/kg SEEIA,

3 4B

XABE KRBT, 811 5 SAEeiE-FugEA
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