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87.3%~109%, A8*AFMEIMME (RSD) A 1.1%~9.5% (n=6). FIoK, ZHHERES, I, TiHLRF ST RAAFIHE
AR B R . R e R 15 SR AR L BATAEN, 4R BT, 3-MCPD iE# &tk £ 54 KPR &, 1,3-DCP 5 3-MCPD it
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Determination of Migration of Chloropropanols from Food Contact Paper

Products by GC-MS
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Abstract: A method for simultaneous determination of 1,3-dichloro-2-propanol (1,3-DCP), 2,3-dichloro-1-propanol (2,3-DCP),
2-chloro-1,3-propanol (2-MCPD) and 3-chloro-1,2-propanol (3-MCPD) from food contact paper products was established by using gas
chromatography-mass spectrometry (GC-MS). 4% acetic acid, 10% ethanol, 50% ethanol and olive oil were selected as food simulants
according to GB standard. The method was optimized in this study, the limit of detection (LOD) and limit of quantitation (LOQ) for each
chloropropanols were 2 pg/kg and 10 pg/kg, respectively. The spiked recoveries were 87.3%~109%, and the relative standard deviations were
1.1% ~ 9.5% (n=6). The method is demonstrated to be suitable for determination of migration of chloropropanols from food contact paper with
well accuracy and reproducibility. The method was applied to detection of 15 food contact papers, the highest value for both detection frequency
and migration was observed for 3-MCPD. The detection frequency of 1,3-DCP and 3-MCPD were 33.3% and 53.3%, respectively ,and the
migration level was 2.27~12.04 pg/kg and 2.51~183.32 ng/kg, respectively, while both migration of 2,3-DCP and 2-MCPD were not detected. It
was also found that the migration of chloropropanols in the aqueous simulants was higher than that in olive oil. In view of the high detection
frequency of 1,3-DCP and 3-MCPD, more attention should be paid to the risk caused by the migration of chloropropane in food contact paper.
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AR H T A — AN B AR S
KRB — KRG, O 1,3-5-2-kE
(1,3-DCP), 2,3-—%&-1-AlE (2,3-DCP), 3-%-1,2-
4 E% (3-MCPD), 2-%-1,3-§ % (2-MCPD), &
EAGS R AR G, EESRIE T ARk 2 A
DR BN A S A R AR SSIE R KR W £
i 22 A% R R SRV R IE S 3-MCPD X AN 55 P A=
BRESTATREPS AL KA R, 1,3-DCP iEs A
HIEEEE, BEF S/ R R AR, AL
BHFFEIESE 1,3-DCP 5 2,3-DCP 15 R4 15 12:

#F 3-MCPD 5 1,3-DCP ({71 5 XU, 7
HE i 5RO e X £ b Bk AR5 ARARA R R I
FRPAEH T BRI BRAE R . AR I HOKZE )
Bl yA KB ), 1,3-DCP &8 A 1 (K
RN 2 ug/L), 3-MCPD &EAE 12 ng/L', K
RH) & B RO ACH] P E NI R, TERTHG I
RS MEIER BB . &R R RS
Sy RS LY S e o L v p RS G CTES
AR B IR, VN B iR A I A B
EREENFEN. FERABRNTIRKT, febE
RACHB PP B oA el o ST e P 2 4 XS o

H HE S oA R ) SR B RS A 7 P
PSS - TR A (GC-ECD) P K
H RSB T B IIES (GC-FID) Pl -
R FHAL (GC-MS) MO AR o e v HA TR
(0.05~0.1 mg/kg), LRI FUHREE H7ELRH] K
FEWIH 1,3-DCP 5 3-MCPD (&8, [AAEIRE
R R D . Ao UHRIE T4k 3-MCPD
TE 4% 08 10% 885 e v A A 77 i
(R HAD =R ENEE, BFEEErR A PR ER 1
1,3-DCP 7EHABBLY (50% ZEE S5HHEmD F it
FE AR WARIE . 1 H 32 et i IR A )
B, BUEMESE, AREESER MO IR )
IR K. T EIRWANER, N7 AR
TR K, AT T RIS 4R 1 i o DO A A
NEETEAS R R IE RS BRI 795, DR TR
BT RN R ZER, gl i B K ArE e T
PIRE ) 22 BRI E SR R AR R 53R S %

1 RS
L1 SR G R

RS 2.3- & -1-AE (97%). 2-F-1,3-15
fE (98%), B RBEAA; 23- & -1- 7 B -ds
(2,3-DCP-ds, 95%)- 2-54-1,3-75 —[iE-ds (2-MCPD-ds,

96%), ZieZEM T AT 1,3- A -2- N
(98%). 3-5-1,2-T§ ¥ (99.35%). 1,3- &-2-THE
-ds (13-DCP-ds, 98.2% ). 3-& -12- — ¥ -ds
(3-MCPD-ds, 98%). N--L& ] Et3Emkme: (HFBI,
97%), LG AF.

WA OB (Eakal), EEIEER /R AR &
ROl MR B, S S S TR
BN CiralD, TG s AR AR M
(5g20mL), Copure®AF], SIGHAKA—ZHK.

P A FORIIN 15 HEE S e fd FH AR H] i 4
T E R, BAEERAC At 4N 4N
YREAAUIE S 2 fibik, BRREARHE. 4UBi. 403 14t
Ko

12 (L& 5#%

SR ERE FEELR A (9000 GC/5975C), Agilent
/~i]; Turbo Vap LV &R 4E1X, 3E[F Caliper A s
ME204 H K, Hi AR FE RS A | Milli-Q
#B4li/K 248, 3£E MILLIPORE A#]; QL-866 & iEdk
Vit HMRUURBGER A A BT, —IBERA
Al

1.3 ¥R ]

£ A BLIBCHIARYE GB 5009.156!'7,

20%FAENATR: FREX 20 g &AL4N, I 80 mL
IKFHAE AN 78 VA -

SEEALEVE (784 g/L): FREX 392 g SALAN T
500 mL 7K1, SEATEAE.

AR A FRERE & (1000 mg/L): HERGFREL
1,3-DCP. 2,3-DCP. 2-MCPD. 3-MCPD #nEYIfH &%
100 mg, H IR LBgi#, 2 100 mL AR,
HERZZIE, #5,

HNEERAPRER AR (10 mg/L): HU1 mL &
FEEREFRIERE ST 10 mL 5, H 2R OBEE
7w, 5.

AABRAPRE /B (1 mg/L): B 1 mL &H
BEVR A AR E T R T 10 mL 251, F 2R 4B 7%
5.

TR G IR FRAEGRE M (1000 mg/L): AERRFREL
1,3-DCP-Ds. 2,3-DCP-Ds. 2-MCPD-Ds. 3-MCPD-Ds
PRAEYIBT % 100 mg, F LBR LTV #, $5# 2% 100 mL
wEft, HOROBEEREZE, BE.

FARHR A AP E AR (10 mg/L): HY 0.1
mL PARRERE & T 10 mL &, 2RO
7w, 5.
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SR R FINRIE TAET: 4% LR, 10% 8, 50%
CPERAIA): B 5.00 mL ASAUAIHERAIIA 50 uL A
BEbRUE TAFIA (1.0 mg/L) K 10 25, 50, 100 pL
SUNEEAMEP AR (10 mg/L), 5EIE P EEAR E 23 5
“510.0+ 20.0+ 50.0- 100, 200 pg/L [KIkRiE T A fh2E;
RSV : B 20.0 g AORaTMAERR I 204 40, 100+
200, 400 pL SAEEFRE TAEAER (10 mg/L), 153
SUNBEIRE 2 3004 10.0 20.0. 50.0. 100, 200 pg/kg
(IbRAE TAE MR . bR TARERHLIR 1.5 1T Ab 3

14 FHRE

IERARIGHRYE GB 31604. 1" 34T, ke & T
AT £ Sh 2SR N IR SR X R A AR
o ARUELIG RS T#5 SHINAMRIE R 4% LR,
10% 2%, 50% C B S I AR, AR
BAUIA 4% LR, 10% CBEFIRIAE I o

L5 F AT

1.5.1 XAFRIR

10% 215 : #ERIFSEL 5.00 mL FBUINN 1 g ZALEN
55 50 pL VRE WA E TR, IRIERG 2 e
fifg, £ EAE 4% 08 HETRFZEL 5.00 mL N 50
uL VA PASRE TARSIE , NN — & A A AL
WOEEVE pH=T7, TN 1.4 g &ACENIRIER % 2 e 4
AR, 15 EAE: 50%CEE: RS 5.00 mL I 0.4
g FMANE 50 uL IRE WARRE AR, IWiERs
BRIV, 60 CNEMREL 2 mL, £F AL Wl
M FRE 20.0 g BHUA T B0+, I 200 pL JBA
PIARARE TAFRIE T, IR BEE RIS I 7 mL 20% % 08N
B, WREE 1 min, #7710 min, 7000 r/min 550
4 min, B EEERS EAE.
152 &KAFEAL

B R A BIRE R £/ ME T4 10 min,
F 2.8 CERVERL, PR 4 g ORI G E
10 min, 385 RGP BUR E WK AR 25T (29 0.5 mL)
JaAN 2 mL IECE, PRE I 40 uL HFBI, iRjigiR
A, 70 CHTAE 30 min, fTAJEIIA 2 mL 20% % 44K
WRIERE S EiE, I IERE KRR T55
GRllN

1.6 & 5 FiE 4

faikE: HP-5MS (30 mx0.25 mmx0.25 um); J
IEFER: 50 C#4F 1 min, 2 “C/min JF& 90 CIHF
1 min, 30 ‘C/min F+% 300 C{i#F 5 min; HEFEE: 2
uls BERRREC: ArUERE, RO 250 C.
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BT BTES (BD JH; HERER: 70eV;
R DR 280 C; BT URIRAE: 230 C; POtk
FHEEE: 150 C; ¥EFIAER: 5 min; MR FILE 1.

1 SARETEYRERARITEYFHES T

Table 1 Mass spectrum parameters for chloropropanol

derivatives and the internal standard derivatives

%% b REET  ABBET

1 1,3-DCP-Ds 474 4* 79 81, 278, 280
2 1,3-DCP #744 75 77, 275, 277
3 2,3-DCP-Ds#74 4+ 79 81, 116, 257
4 2,3-DCP #7449 75 77, 111, 253
5 3-MCPD-Ds#74 44* 257 278, 294, 296
6 3-MCPD #7144 253 275, 289, 291
7 2-MCPD-Ds#74 4* 257 79, 294, 296
8 2-MCPD #7244 253 75, 289, 291

E: PR TRAMLE.
17 HaEi

BN AR AR EL S, ARYE GB
5000.156!" %t S N BT AL EHEAT AT, 198 R
gl RN R, BiR AT
_ (C-C,)xV,xV, xi

V, xS, v,

Kd: Y 40550 F A REE R RS 09 24 2 (ugke);
C: wAof T wh K AT SRia F SR B ARE (pg/l K
ngkg); Co: AR/ TAF # & RIF ) 7 ik = AR T ARBFY
KA (pg/ll 2 pghkg); Vi maAaR (L & kg); Vo MIKA
AR (LR kg); Vi R (LRkg); Vi R SEIR
BRI (L R kg ); Sp: T4 LI XA 092 08|
R (dm?); Sy RHEFZIREMER (dm?). oA eRXA 24
EFVRAR R g, W A5IR A 6 dm? 493X @AY 1 kg 49R Shidk
fk i ATIEAS e BT AL

2 H#R5W

Y

2.1 wAEE MM

A T AR 22 A il SR R R AR A
#E GB 5009.191-20161145 —iE#E4T. ot 10% 208
AR PR AU AT IO PR L, S5 i
BEATRTACEE, Ao R AEE 3 2 ng/ke.

4% 2 FRIEI N 2 H bR e HEAT B AL R4S 2 H Ar i
A (B 1b), A BRAREIA R 2 ng/kg. FEAL
HFEF, RS BAEIRgEEm, RN N ATAE
1iAFF HFBI AfaE, FEETAMEME. FILAR A
TR TR 4% LIRS A AL pn
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FG IR 10% CBARALEE . X303 8, hAlkh
SRS RIATAEYm RAE S T 10 £ (B D, K
FRIAE 2 pg/kgo

2b IR T 50% LB ELHEAZ R 10% S
BB EERT (RS ], B AR5 N FRIBA g, R
INFTEE R, 50% £ TR AUN) 2 2 br dE 34T AT Ab 3
B, 5 S50 (1 e AT I N TR K (1 T8 /K B e
AR AE, REVENR & —E K5 AT
7 HFBI A 7K 3 EE A BBURR, 387K AT BB 2R 203 30T AR
WA 5E 40 IR e B WA AR A7 AR I 7 A s o ] g
2 SR AR B K P iR R T A AR
& B . 50%L8ES LR LB AT . Pei
B, 50% B K CEECA K B FR DN R AT 1)
FHAE A 4 TR SR ebt, 33E N e i - TR 50%
LRI 5 Bk 2 LTl S Kk N BB BT DA
ARICRABRARARN T N5 O, %R 10%4
BRI T A T . [ 2a R T 25 2% 5 FEHEAT
R AR ], AR5 BRI R B AT AR i

.
a 4
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P
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i
2
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0 _\I/;/\\I\ |
10 12 14
A A / min

B 1 4% ZERAEIRFE (a) S5KFHM (b) SEINERE
REANFRTE IR 3 E
Fig.1 The chromatograms of chloropropanols derivatives and
their internal standard derivatives in 4% acetic acid before and
after neutralization

i2: B 1~8 454 1,3-DCP-Ds. 1,3-DCP. 2,3-DCP-Ds.
2,3-DCP. 3-MCPD-Ds. 3-MCPD. 2-MCPD-Ds. 2-MCPD, T
Fl,

a 15000 |-
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e 558 P
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0‘ i 1 1
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W iR T
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B S AEE R EL AARET A 0 B3t e
Fig.2 The chromatograms of chloropropanols derivatives and

their internal standard derivatives in 50% ethanol removing
ethanol and without removing ethanol

22 FEHWAMEE, RERSEER
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& 3 SRERENIMTEMEESFEITE
Fig.3 The chromatograms of chloropropanols derivatives and
the internal standard derivatives
Zxd IR s, DRI AR A R
FRRTA SRR R, AR BT RIS R3] TR
GFR)OT RS, RN N AR AT A e £ 5 1 i
Kl 3. PURHERABELEMESC R AT, KRB R IHAT
0.996, LI R SMRAEAIR 2. 73] Lh 3 {5k
EECS/N=3 ) IR PR AR VRV AT 10 £ /51 L (S/N=10)
IR AR O e IR 5 e IR, UM
AR PR 5 E & PR30 2 ng/kg 5 10 pg/kg. H
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AT U SRR 3-MCPD LB BRI VA A PR R AR R, AR E .
B 5 ng/kg, ASCHITESEANR L, i HLA] BARI 2
%2 MMEAB M2 AR R

Table 2 The standard curves and correlation coefficients (R2) of chloropropanols

bth 4% LER 10% B2 50% LBF AL

13.DCP LMFAZ y=0.8860x-0.009653  y=0.9668x-0.1115  y=0.8968x+0.002639  y=1.653x+0.05623
R? 0.9988 0.9987 0.9993 0.09996

23DCP KMTA2 y=1.018x+0.05613  y=0.9248x-0.01249  y=0.9316x-0.01104 y=3.047x-0.08186
R? 0.9997 0.9966 0.9991 0.09962

> MCPD LMFA y=0.9378x-0.004233  y=2.207x-0.08703 y=2.106x-0.02178 y=8.973x-0.04046
R? 0.9995 0.9984 0.9984 0.9998

3.MCPD KMTA2 y=1.232x-0.1250 y=1.194x-0.08192  y=1.0201x+0.007786  y=4.862x+0.1104
R? 0.9963 0.9981 0.9987 0.9998

3 FARIIAREIER SER AR ERE

Table 3 The recoveries and RSD of chloropropanols at different concentrations (n=6)

el AR (ugkg)  4%CE 10% ZB% 50% L% WAL
10 90.8~107 91.8~103 90.7~104 87.3~109
AT % 50 95.2~108 92.3~102 92.3~106 88.5~106
100 93.2~103 95.6~104 91.9~106 89.0~103
1,3-DCP
10 45 4.1 59 7.1
RSD/% 50 6.7 49 3.8 8.7
100 3.6 2.0 4.1 5.6
10 91.8~109 91.8~109 91.8~109 91.8~109
AnFFEDE % 50 89.7~102 92.3~102 92.3~102 92.3~102
100 95.6~101 95.6~101 95.6~101 91.6~101
2,3-DCP
10 3.8 44 6.9 9.5
RSD/% 50 48 1.8 5.8 33
100 2.0 23 2.1 5.9
10 91.8~109 91.8~109 96.4~107 87.5~109
AnFFEHE % 50 97.3~102 92.3~104 95.6~103 89.1~102
100 95.6~101 95.6~105 90.6~105 88.3~101
2-MCPD
10 44 33 6.6 7.1
RSD/% 50 5.8 1.5 48 8.7
100 33 2.7 4.1 2.6
10 90.7~105 95.4~106 88.7~109 95.8~109
AR El % 50 88.6~105 97.9~103 95.3~106 98.9~102
100 91.3~105 98.6~102 94.3~105 99.1~101
3-MCPD
10 24 59 6.9 55
RSD/% 50 75 3.7 26 7.9
100 33 1.1 1.8 12

v W% 87.3%~109%, 715 RSD M 1.1%~9.5%. 4

23 FEEHESMER (026) TR, RS, R SR
TEAN B S BE AR S B 23 3R 10, R,

50+ 100 pg/kg =AM S BER & bR AEE TR, 24 T

% 1.5 MRTAER R e, S50 K 3. SR BE R InARE] ' h
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Fig.4 Mass spectra of chloropropanols derivatives and their
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R P a CE O\ F
IS
¥ H AN
s 1k
o °

2528

FE

1001 1967

internal standard derivatives in 10% ethanol
VED e RTATE 545 E . a: 1,3-DCP-Ds fT4
#; b: 1,3-DCP #744%; ¢ 2.3-DCP-Ds £744%; d: 2,3-DCP
£T44; e: 3-MCPD-Ds £744; f: 3-MCPD £744; g:
2-MCPD-Ds #744); h: 2-MCPD #744%.

KIS rh ) H R S AR ATAE I B a4
FRe WS IET, T LU BT 4 Ay ep BT A S

). A SURBATE &A miz 169 T
TR AT R IR A [C3F T 54 1,3-DCP fiT4E
I B FRER miz 75, 275 2y BN [CHCI S
[C(CHCI)CH,-O0C-C3F;]'; 2,3-DCP 1AM+ miz 75,
111 235 R [CsHLC 5[CsHACL]: 3-MCPD A74:4)
om/z 253, 275 43 5% N [C(CH,),-O0C-CsF, 5
[C(CHCI)CH,-O0C-C3F;]'; 2-MCPD 744 miz
253, 75 43 5%} R [C(CH,),-O0C-C3F;] H[C3H4Cl -
K[ATEATAEYIWIRA B R 4 haE. WARIRE
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Fr 818 B AR N AR AT AL P . T
B FRE A ] DLESE AT AR AL BT
25 HEEIMRE RS oM

KHIAT N 15 fek e Bl 45H) W h &N

WEFIER SR BEATARIN,  FHYERE SR SE R IIR 4 PR
XFEE 9 SLUBHVERE bt (R K SR -5 RO il L5

18, HOHTREAA s#t &G 3-MCPD, #fl
9 3.04 ng/kg, WIL/NTHERTE 4% PR 10% LEEH
(RIEREEUE (127.86 pg/kg 5 147.49 pgkg). Hith
FEAPERE S, OB ARG o AT L,

IR AU LG I IR PR BT ™57 o X5 A A2
WS G, ARYEAB LAY R, S RELER I
BORHK IS R 5 KBTS .

R4 PEMER P EREERTE RN
Table 4 Chloropropanols migration of positive samples

L ] 4% LB (ng/kg) 10% 2B /(ng/kg) 50% LB /(ug/kg) WA /(ug/kg)
R Pt
1,3-DCP  3-MCPD 1,3-DCP  3-MCPD 1,3-DCP 3-MCPD 1,3-DCP  3-MCPD

1#R I 4K, 12.04 14.88 8.17 16.54 / / <* <2*
DHUREE <* 183.32 <* 117.12 / / <Q* <Q*
3HRAR <% 20.41 <% 15.70 / / <2* <Q*
AHUEAR 3.03 <% <% <% / / <% <%
SHIRAR 4.98 2.51 3.38 2.83 / / <* <2*
GHURAR <* <* <* <* <Q* 4.33 <* <*
THIEAR 2.27 <* <* <* 8.22 43.71 <* <*
SHUk & <2* 127.86 <% 147.49 / / <Q* 3.04
ORI & 11.35 9.46 12.42 10.82 / / <Q* <Q*

i EGTRBIR, SR TR TR AR AR AR R L35 50% LBE, MRS,

15 RS, 1,3-DCP iR N 33.3%, if
FE N 2.27~12.04 pg/kg, 3-MCPD # HZH 53.3%,
T RN 2.51~183.32 ug/kg, 2,3-DCP 5 2-MCPD it
BES AR . POFE AT T, 3-MCPD
R 5K KPR, 1,3-DCP k2. %F 3-MCPD
55 1,3-DCP (J#5t, P IR, S22 2 1)
Kk
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