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Migration levels and risk assessment of 3-chloro-1,2-propanediol in
food-contact paper products sold in Shanghai

QIU Dan-Ping, YANG Jing-Jin, XU Bi-Yao, SONG Xia, ZHANG Nan, CAI Hua', LUO Bao—Zhang*

[Shanghai Municipal Center for Disease Control and Prevention (Shanghai Academy of Preventive Medicine), Division of
Health Risk Factors Monitoring and Control/NHC Specialty Laboratory of Food Safety Risk Assessment and Standard
Development, Shanghai 201107, China)

ABSTRACT: Objective To investigate the migration levels of 3-chloro-1,2-propanediol (3-MCPD) in food-contact
paper products sold in Shanghai and assess their potential health risks to the population. Methods A total of 119
samples including paper cups, paper plates, paper dishes and paper bowls were collected. According to the 2019
manual China national food contamination and harmful factors risk monitoring (volume II), 4 kinds of food
simulants (10% ethanol, 4% acetic acid, olive oil and isooctane) were selected for migration tests. The extreme
assumption method for food contact materials specified by the European Union and the consumption factor
evaluation method adopted by the U.S. Food and Drug Administration (FDA) were respectively applied, and a
comprehensive evaluation was further conducted in combination with the partition coefficients of different migrants.
Results Statistically significant differences were observed in the detection rate, exceeding standard rate and
migration amount of 3-MCPD in food-contact paper products among different food simulants (y*=113.24, y*=119.58,
2*=115.21, P<0.001). The detection rates in aqueous (10% ethanol) and acidic (4% acetic acid) simulants reached
71.43% and 73.95%, respectively, with exceeding standard rates of 68.91% and 70.59%, and average migration
amounts of 57.79 pg/kg and 42.30 pg/kg. The detection rates and migration amounts in oily simulants (olive oil and
isooctane) were relatively lower. No statistically significant differences were found in the detection rate, exceeding
standard rate or migration amount of 3-MCPD among paper products for different purposes (P>0.05), except for the
detection rate in isooctane simulant (y*=6.03, P=0.049). There was no statistically significant difference in 3-MCPD
migration of paper products among different sales channels (farmers’ markets, shopping malls and online stores)
(P>0.05). Dietary exposure assessment showed that the general-exposure population (mean and median) exposure
levels from 3-MCPD migration in 10% ethanol and 4% acetic acid simulants, as well as the high-exposure population
(Pys) exposure levels from 10% ethanol, 4% acetic acid and isooctane simulants, exceeded 10% of the tolerable
daily intake (TDI). The comprehensive dietary exposure calculated using the FDA partition coefficient also
exceeded 10% of the TDI, which was likely to pose potential health risks. Conclusion Before the implementation
of GB 4806.8—2022 National food safety standard-Food contact paper and board materials and their products, the
residue of 3-MCPD in commercially available food-contact paper products is relatively serious, presenting certain
health risks to the population. As an emerging high-concern contaminant in the field of food-contact paper products,
the risks of such residues cannot be ignored. It is urgent to further strengthen relevant risk assessments and implement
control measures for wet strength agents that may be the source. This study provides support for clarifying the
migration characteristics and risks of 3-MCPD in food-contact paper, as well as for industrial pollution control and
health protection.

KEY WORDS: food-contact paper products; 3-chloro-1,2-propanediol; migration test; risk assessment
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AN B — KRR T, ST 3 AR
FHTE R, FHEEE T AT AR &N
B FE AW EAE 3 -12- 7" DB
(3-chloro-1,2-propanediol, 3-MCPD) . 2- 4 -1,3- N _ %
(2-chloro-1,3-propanediol, 2-MCPD) . 1,3- — & -2- N i
(1,3-dichloro-2-propanol, 1,3-DCP) fll 2,3- — & -1- N B
(2,3-dichloro-1-propanol, 2,3-DCP), 5 V- 21l 57 & BH & N %
Z VBRI R ER T 2 A T b, Bilanfidim . s
atr SR JLIC T Wk S (BT AR R A M P 4
i PRI T RN, GAEIMMEIEAT . e R
JE B4R . ASDERR LA B e A AR S A AR
BV F AT Iz A5 R B0 8 R 3R O e B AR ST B
(polyaminopolyamide epichlorohydrin, PAE), &/ E2 H Al
FZNE T, i HLA SR S TR e AE AR A 7 BT Bl B R RN
JEER, o nT f e A SO M, i 46 R 4R
il R SR B TS e (R 5| R E BRat &) i2 561,

EPSLEH, 3-MCPD ik & S 80U 1915
BRI R 0 K A, 00 U ke L SR AL [RD JST 4N fRE F EL
Pt Betggg 07190 [ PR g RE W 5 LM (International Agency for
Research on Cancer, IARC)¥ 3-MCPD 424 2B 25“A[ fE Y
NEBUEY PO 2016 47, BRA EARARAL GV A
ZUT B £ b 8 R Bk & & % % 5t 22 (Joint FAO/WHO
Expert Committee on Food Additives, JECFA)ZESS 83 Ik &1l
¥ 3-MCPD 1% H =& fix K it 5% 45 A it (provisional
maximum tolerable daily intake, PMTDI)TE 4 4 pg/(kg bw )21,
2018 MM & 54 42 R (European Food Safety Authority,
EFSA) =& 3-MCPD [ 4 H 1if 52 $ A & (tolerable daily
intake, TDI)H 2.0 pg/(kg bw « )22, A5 RIIKIERY)
i SR ARG S T T B i, TOIAMERS PR A LA
fi P A% B A B T T LA B b R RS 5
50 il LS b B £ T Al Ak R i (R 20 43 ) 5 2 B A )
BT, BRI E AT RS P R E R
TR, H X T ARG S il AL i 3-MCPD (93T #%
EEEPRVT M, I B s R XU P4, AiFSE
P56 2 [ N I ISRk o DRI AR T 5 5 4o 4G DU A ) it v
3-MCPD 7EAR[FBAUY PR 4, $45% 3-MCPD HJIER K
-, [FEEASHE SR T R M AR A, R R LA b
b 3-MCPD 47 B ST A 1 £ XU P A o s
A [ B SR FH T R A A i A1 A 0 R S o 24 o M
J7)(U.S. Food and Drug Administration, FDA)Y 2t K T 1FAl
2, S5GANRBI Y 43 L 2R BOT R 25 -G KB PTA

1 MHR5RE

1.1 #H@mXEE
2019—2023 4E7E BT 16 N X T3 (RIE L 4&
A, WIRE)RAELCHE | 408 . 40RE . 4044 4 FhaTHI &,

I 119 M. T RERCRESR AR S i, A, Xk
1.2 S

ECkE(tial), ZRIBR(Ei%a) . LRT K
ME (AR =98%) . Z(ikal, et m A
MR H), CEE(ial). o . FALEh . JOKBRRREI (ST
ali) ([ 24 45 AL 28004 B WD), 3-MCPD s ifi b [0 =
98%, M4k (i) WA IR H] .

BSA2202S H, T R-[KEE 0.01 g, FeL R8s
ALsO)ABRAF] ], Agilent7890/7000D AR {7 11— 5 15 5%
%, HP-5 MS {fi%4:[30 mx0.25 mm, 0.25 pm, ZHHAEFHL
(P ENABRZ HD)]; THZ-300C 57 %% . DHG-9140A P
AT #4486 . LHR-150 IR G T4 (il — R = A TR A
Fl); DC-24 FMAX (& i 238 52 50 = B I3 A3 BRZA #]);
UPHW-IV-90T #8 4K HL(PU B 2B B R FD) o
1.3 WG ESHERE

W €2019 4FFEFK &S5 YA F N 2 RS W T
VEFMHR ) ) P (e ol 48 A A Hh SN AT
R e (RRIEBRVERR Y ) FLE AT B S0 00 ) 1 S S i 2%
P TR S, MEREM Y 3-MCPD #: H B (limit of
detection, LOD) A 10 pg/kgo £5 i A & Sh AR 4LL ) 1) 4% i 3l
UL L kg/L 1T, BB AMAIE 1.

®1 EBIWEYG

Table 1 Migration testing conditions

T % finh S faw/s A0 i LR
fr 2 R LR /°C fit ] /h
KM 10%Z. 5 40.00 2.00
[iddyEdin 4% R 40.00 2.00
. A 60.00 2.00
e —

SEEdt 40.00 0.50

AR 2547 HP-5 MS f45%41(30 mx0.25 mm, 0.25 pm)
HYTHEFERE: 60 °CI44%F 1 min, 5 °C/min F}2 120 °C, 30 °C/min
FEE 240 °CL-HF 2 min; HEFE DRSBTS R
280 °C; R KA =99.999% 14, Wi 1 mL/min; i
FESE 1 pL, ASREEE; By, SRR 70 eV,
BEBEE TR, ¥ FLER 5 min.

AR5 S MR GB 4806.8—2022( &t E R RME &
i A Al FH AR ATAOB L B Al i ) XS 3-MCPD A G B
AT BRR RS B S il 4G HI S K LU 3-MCPD
B EEARIE N 12 pg/L.

14 BEREETHGE

AW 5E 2 25 WK A 422 fil B4 REAH OC i BE(EU No
10201 DI SRR BRI FDA B9 ATk F8m: b4y
Ji b AT AR A A AR EL ) TH R IR AT R
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FH1TE

ERFBIAGET, Mm% —4~ 60 kg (K= A
BREFEA kg 54GH] Al &Y, FDA S 9% F T IEAh ik
FDA {55 N RIFE 3 kg B (45 [EMAFNR ), 40
(T REWEE)THEBRE TR 0.2, BMBER—1 60 kg &
TN RBEA 0.6 kg 5401 M &

LGV 2% FDA M REY, MR &R a
SR G S PR A EL B, Xt AR B A TR
#®, GHIBRMETRENAX TR,

C stof kX (Crovee s )T mere X (Caop i) i < (Csoopzm) S
X(C senimst42) (1)

SH: R AIE BB £ 0.55; fren A 0.04; fw A 0.01;
S 0.4; C i MARHIHER K 3-MCPD /K, HH58 C se
i g OSSR S S e A SR it e B S B R ST 2
HAEL. Poso

[ £ 2 A AR QPR

EDI= CxXF

2

FH: EDI AL il 4CH S 3 A 3-MCPD g
AR 7 (exposure dietary), pg/(kg bw = d); C MUl 5k
LR 3-MCPD (7K F-, ng/kg; F o5 AR a2 ful i £ i i,
kg/d; BW N{KTE (body weight), kgo
1.5 REHFEHER

2:7% ZHONG %558, S & dh e b bt 45 H
R B R AR M2 W TR B SRR EE 1R 10%, 6T IR,
AWHFEE L 3-MCPD /45 EDI 5 EFSA 42 TDI
[2.0 pg/(kg bw * d)]IY 10%HEATXT L, P45 T 3-MCPD 7%
AR . # EDI/TDI WA KT 10%, WX 2% ] e
e MG, 2, FIZEANT 10%, WALFAET K
TE XU
1.6 HIELIE

K SAS OA 9.4 BAFHATHEIT /31T . 15 YW E 1t

R IIEC PO, Pos. S KAAIFATHIR, KA HH
(SLOD)LL 172L0D 3 o AR & i A B 3-MCPD #i i 2R |
MARRECR A CMH RS, ARSI . A
¥ . AR R YA 3-MCPD i R iR, R A
Kruskal-Wallis IE 250656 . K36 7K R @=0.05,

2 HRED

2.1 B@mEfAKS &S 3-MCPD iTBE 24N
=0

AL AEHI A 3-MCPD 7EA Rl & AL 4D v
HIIE RS RGN 5 5 026 2. 3 2 AT, 3-MCPD 7£ 45 254548
Ph A R TR R BEAG Y, FLARS R R AR R A e 3 25 5
(*=113.24, *=119.58, P<0.001). Fh, /KH:(10%ZED)F
TR (4% Z BB 3-MCPD AUK: 5w, 49 h
71.43% Fl 73.95%, #8br R A F & KE, KKA
68.91%170.59%; i il H 3-MCPD (6 H R TR AR 555
I, WO A SRR AR R 3.33%, SEaEke A i
BN 16.85%, HBIREHK 10.11%,
2.2 3-MCPD ZEAEIR MEIIF T B EKFE S

3-MCPD FEAN [] £ St ST 4DL ) v 11 S A S ik K F- DL
%3, T TBRERIEEIEIESME, KA Kruskal-Wallis
S H I 45 5 R, 3-MCPD 7EA 8] £ i B L4 vh iy 3
BEABEES(G=11521, P<0.001), FHh, 10%ZEh
3-MCPD (Wit &Eae, FYEN 57.79 ngkg, HOIECH
35.00 pg/kg, Posik 231.00 pg/kg, wKAE N 390.00 pg/kg;
4% LRI HRIRZ, FHN 4230 pgkg, HAECH
35.00 pg/kg, FRAE N 380.00 pg/kg; WA TR
L, WS RE N 6.97 ngke, FEhEFHTR
4 8.48 pg/kg, PIFMHPERIY B rh A5 5.00 pg/ke.
A AT L, 3-MCPD FE /K AR Hp 43 A JXUBGL 2t v 7
PEELI) .

®2 AREMALRSREF 3-MCPD fEHERNER
Table 2 Detection of migration levels of 3-MCPD in food-contact paper products

V54 BB FE AL A K /% Pa P R HERRE% Ve P
10%Z. 1% 119 85 71.43 82 68.91
A% TR 119 88 73.95 84 70.59
3-MCPD — 11324  <0.001 119.58  <0.001
A T 30 1 3.33 3.33
SR 89 15 16.85 9 10.11
#*3 BAEMAKSIRF 3-MCPD HIiTBEKF
Table 3 Migration levels of 3-MCPD in food-contact paper products
(=] S g =
Y wﬁ‘”” B B SEXME/ ) P kR s %/ Pys/ e KAE/
(ERY] (ug/kg) (ug/kg) (ng/kg) (ug/kg)
10%Z i 119 57.79 74.20 35.00 231.00 390.00
4%, 1R 119 4230 4770 35.00 120.00 380.00
3-MCPD — 115.21 <0.001
A T 30 6.97 10.77 5.00 5.00 64.00
ST 89 8.48 18.78 5.00 17.00 180.00
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23 FARIAERREMALKS &+ 3-MCPD T2
vaK i)

AN TR FH £ e fk P AR i (AR . AR5, 404, 4K
i) 3-MCPD =R RN SE R WLAE 4. 76 10% 2B, 4%
&l i % 3-MCPD K H B F 66.67%~77.27%2 18], AR
AT 64.71%~72.73%Z 101, AN[R) gl & 18] 45 s 56 0
AR ZE R TG 2 L (P>0.05), TR )5,
48 #% fie = (7233 pg/kg), ARHEIR Z (66.71 pg/kg), 4LHR
(29.60 ng/kg) MALHE(36.94 pe/kg)Bik, AR dh H] T
Bt 22 R LG5 L (P>0.05).

£ 4% L p, £ 250 S i 3-MCPD £ i %k
66.67%~81.82%, FBIRERN 64.71%~77.27%, AIal ik il
b AL HE R A AR R (P>0.05) 2 S LA 2 X, B
S S48 DL AGHE B 25 (48.77 nglkg), ARFLIKZ(46.24 pg/kg),
AEAR(31.81 pg/kg)FATHI(33.06 pg/kg)Bdlk, &2 T
B2 {8 L (P>0.05),

MR, VAR 1 IR 3-MCPD(R %
14.29%), Ho4x FH g il 5 AR A, 7 [ 4 i & ) A6 H
R ERRE KT EZFTOGRHE LY P>0.05). 75
SRR, AR R R (29.63%), AEFLIR Z (16.22%),

YRR MIK(4.00%), AS[R)FH 3 il 5 TR0 4G 1 %6 22 S e T4 0
S (4=6.03, P=0.049); TR FIIELIAUR5(11.24 pglke),
AWK Z(7.63 ng/ke), AEHRANGS.32 ng/ke), HAR RS
BIER 2R TG TEE L (P>0.05).

24 FEHEXRTHRMEFEMALS ST 3-MCPD iT
BESHh

AR EARTRAT S . . WIS &bl
4Ll b 3-MCPD iE B kil 45 SR W3R 5. 1E 10% LB
h, R E RSN 3-MCPD R B (74.47%), 4K
A B AR (66.67%) . 1E 4% R, RismA RN Bk
R (78.72%), W I A% (70.59%), TE MM A 10149 v,
IR A 1 BT B R R 10.00%). FESFERE,
T 37 5 T RS RS0 1R (24.32%), IR IR Z(17.14%),
RATGHAK . 4 BB ARG & IR 5
PR AT RS 1 25 S G2 8 L (35 P>0.05),
2.5 3-MCPD fE& & ZEITME X EREIR

R PR B T, ) 4 RS TR G & AL (10% 2
B 4% T8 . WO . SEaE ki) 3-MCPD i B P39 1H
PR BT — R EE ARECEI(E) . — B EE TR

®4 TRIAEEREMRARSTISRT 3-MCPD THEMENER

Table 4 Detection results of 3-MCPD migration in food-contact paper products for different purposes

' DR I 31 I T [T LT i e FEIE, ., PREY Py HORME/

e IR, . x ; P bRUEZE

B OB % bid 1% (ng/kg) (ng/kg)  (ngkg)  (ug/kg)
a4 12 8  66.67 8  66.67 29.60 1895 37.55 5140  51.40
A% 34 23 67.65 22 64.71 66.71 87.45 28.00 280.00 390.00

10% 1.18 0.757 0.60 0.896 2.63 0.453

2 &KL 44 34 7727 32 7273 72.33 87.44 3850 260.00 388.00
KB 29 20 6897 20 68.97 36.94 3295 2830  99.00 130.00
A 119 85 71.43 82  68.91 57.79 7420 35.00 231.00 390.00
a4 12 8  66.67 8  66.67 31.81 21.06 39.00 57.50  57.50
qUHE 34 23 67.65 22 64.71 48.77 69.49 26.00 130.00 380.00

4% 2.46 0.483 1.63 0.654 2.67 0.446

7.0 A 44 36 81.82 34 7727 46.24 4073 39.00  96.00 220.00
4Kwi 29 21 7241 20  68.97 33.06 31.04 29.00 96.00 130.00
A3 119 88 73.95 84  70.59 4230 4770  35.00 120.00 380.00
g 12 0 0.00 0  0.00 5.00 0.00  5.00 5.00 5.00
K 9 0  0.00 0 0.00 5.00 0.00  5.00 5.00 5.00

" 3.29 0.350 3.29 0.350 3.29  0.350

LGRS 1 1429 1 1429 13.43 2230  5.00 64.00  64.00
qmi 2 0  0.00 0 0.00 5.00 0.00  5.00 5.00 5.00
it 30 1 3.33 1 3.33 6.97 10.77  5.00 5.00  64.00
KA 25 1 4.00 1 4.00 5.32 1.60  5.00 5.00 13.00

.. a4 37 6 1622 6.03 0049 4 1081 1.68 0431 11.24 554 0.063 28.82  5.00 23.00  180.00

B
qmi 27 8  29.63 4 1481 7.63 446  5.00 17.00  20.00
i 89 15 16.85 9  10.11 8.48 18.78  5.00 17.00  180.00

TE: AR BE T8
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Table 5 Detection results of 3-MCPD migration in food-contact paper products at different stages
e OB R B Rk VEI o g PO P A
[EELY)| BB /% B /% (ng/kg) N(ug/kg) /(he/kg) /(ng/kg)
KN 21 14 66.67 14 66.67 43.85 4379  31.50 116.00 160.00
l0% T 47 35 7447 046 0795 32 68.09 0.13 0.937 6938 027 0.872 89.36 33.80 260.00 388.00
LW RE 51 36 70.59 36 70.59 52.85 68.16 40.00  140.00 390.00
A 119 85 71.43 82  68.91 57.79 7420 35.00 231.00 390.00
KETY 21 15 7143 15 71.43 41.01 3371  46.80  94.00  103.00
49 WY 47 37 7872 092 0.632 33 7021 0.01 0.995 38.04 021 0.900 34.85 31.00 120.00 130.00
CEwE st 360 70.59 36 70.59 46.75 6131 37.00 120.00 380.00
A1 119 88 73.95 84 70.59 42.30 4770  35.00  120.00 380.00
L7y 4 0  0.00 0 0.00 5.00 0.00  5.00 5.00 5.00
W% 10 1 1000 2.00 0368 1 10.00 2.00 0.368 1090 2.00 0.368 18.66  5.00 64.00  64.00
A v
16 0 0.00 0 0.00 5.00 0.00  5.00 5.00 5.00
A1 30 1 333 1 333 6.97 10.77  5.00 5.00  64.00
LKZEW 17 0 0.00 0 0.00 5.00 0.00  5.00 5.00 5.00
N WY 37 9 2432 487 0088 5 1351 242 0298 11.68 479 0.091 2873  5.00 23.00  180.00
ST
Mg 35 6 17.14 4 1143 6.80 426  5.00 17.00  20.00
A 89 15 16.85 9 10.11 8.48 18.78  5.00 17.00  180.00

PEEOMIRE R RN, 53X 2 B AN 10%2, 1 4% 7, e
0T A SR FE YT 10%I0% TDI, R AT REAA e e fid
KBS MiE ] 4 FhE SR IIIE 3-MCPD [ Pos (BRI
R AR RS R, ZAREN 10% 4B, 4%4
. SRR TR R BRI 10%8 TDL, JLHZ
10% 2. BT 7% 52 s, 3-MCPD AR ] REH BLvE e (e e XL
W o ELAACED S M FH AR S P 3-MCPD Y Bl £r S A 0L

4 KU DA 225 SR I3 6.

KNSRI FDA T8 R FIEh %, S56 AR
RS SR 40 e R B AT LR G 1AL I, 2 Rk
TR — PR R N CE- 2  — B 5 8 A HEC P 7 550 i e 22
AFERY 3-MCPD JE R R I 10%/9 TDI, A e 1
TRTERRR XS o FLA T fh e fl FHACH] & 3-MCPD 9454
DRV PRA 25 58 W26 7.

*6 AREMALKEISP 3-MCPD BB HE REMIRI X IER
Table 6 Risk assessment of single food simulants of 3-MCPD in food-contact paper products
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Table 7 Comprehensive risk assessment of 3-MCPD in food contact paper products
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