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ABSTRACT: With the increasing utilization of plastic products, their improper disposal exacerbates the problem of
plastic pollution. In recent years, there has been a growing focus on researching microplastics (microplastics, MPs,
<5 mm) and nanoplastics (nanoplastics, NPs, <1 pm) as emerging pollutants. The ingestion of micro/nanoplastics
(M/NPs) through diet poses a serious threat to human health. Numerous studies have shown that food packaging
materials contribute significantly more to the abundance of microplastics than the actual food content itself. However,
there is currently no standardized method for detecting plastic particles in packaging materials, and further research is
needed to clarify the health risks associated with their ingestion along with food. This paper provided an overview of

M/NPs contamination in various food packaging materials, included the concentration, size, shape and other
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dissolved components. Additionally, it discussed how factors like temperature, stirring time, solvent properties, and

material composition affect M/NPs contamination in packaging materials. Furthermore, this review explored the

biosafety and human exposure risk posed by dissolved M/NPs from packaging materials while also addressing

potential risks involved. These findings serve as a reference for safety assessment regarding food packaging and

establishing usage standards for plastic products.
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ANSE, BRI R AR AR R 3.9 42t T SR
BN 244850 5 | AR 30/ 44 2K #8 (micro/nanoplastics, M/NPs)
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Fig.l Pathways of microplastic contamination in food packaging materials and exposure risk
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W W2 1, P AR NERHR, AhEITHRBORMZ, SR
M H F— U M RML 3 A SR &, i MUNPs (B
RACHE R R B 2T T 7 Rl
SN EAL AR MPs S, ERER 1-41 Tk HEBY MPs
WURL e BE 5 A S, FE—BUM R [R A BT Ah 2 45 4% MPs B

1.1

HEBFFEH, PP PE Fl PET 545 0 BIRRHL 9. 5 A 3 ik
H, T PS FATESHIMAE, RIEHLES, & MPs £ R mik
29 Fiki/ K2 HFE 100°CHOK L 60 min FIRATSE H,
PP i WG R HY) MPs e J 55 T PE #URMu 2T PS 7] ik
&) XAl T PP MR A MPs B3 HOG v T A AU
e PS BT E R, TR AR 7RI 0 BB E PS M AR

T H AL AL I (25T 32 30 A o S SR 2 st )
MEZ B MBS IR EE TR, L PS e PP A2 #RA
H MPs 5B 1] 100°CHUKIRE 60 min fREE T B =
TR, PRIt PP &I £ H PS Al ik & R MPs 42,

Fz1 LMERLRRERME M/NPs BRUIER
Table 1 Relevance of MPs release from several common food packaging materials
%%
GRS AbFR L& P eS| PIXENIN MPs ¥ & 43 7 S/c it
B R AR ATR, BAEAAEF PP PS. <500 um Y MPs (5 55%, X
. 1~41 J5ki/ K
PR THAFIK 30 min Ji5 ik PE. PET #/Mkif% 43 uym e/ (24]
100°CHIKIZHL 60 min, JET 4
ke V- 18T P 5 1Y) S A5 9 HL R R 41 PE 2~4 ym (1.07+0.507)J7 4~ ik /mL
LA G IERE Lk
SRR PP 4~6 pm (1.44£0.147) 5 Ak /mL [25]
EH & PR, BEFE 60 min PP (2.24+0.719) J7 ki /mL
2~4 pm
GIYF S PS (1.57+0.599) Ji 4~ ki /mL
PP 2 LU PPIFBs [ 21 d i35 PP 10~200 um 1.62 J7 A~ Joikr /mL [26]
BTG 500 mL 7K H & i PP >1 um 2.4~6.6 JT A~k /mL [27]
WA R Y , . PP, PE, )
e in, ‘E1¥ g 9~764. . . R
100 mL kL ACHF POKHCE 15 min, 5 HEE W PET. PA 25.9~764.8 um (102.3£21.1) J5 A~ ki /mL [28]
BIARTE 6.5~20 pm: (8.10£0.30)77
& HITRLT A 2 M R
0.45 pm Y il AR 21 4 2 ol 8 . .
S s FEE R 6.5~20 pm, KAEE 20~50 pm: (2.60£0.20) 7
. i 2k £ 4T Y ST
¥k PET ik %%%Fu\z‘o pm LR E 2T IR OR I PET 20-50 um F1= 50 un 3% Bk mL [29]
POk
FifE =50 pm:
(1.200.10) J7 4~ ik /mL
1E 95°C R HILA 250 mL 2585 7K
00 07 0 ] 4% 3 % . . W 412.32 i/ H
% RIS s min, FIRIGERE, R0 FIE . PE 100250 um & i ‘*% [30]
P e 18 1% 147.28 Ri/H
T3 h i
;}1\4/[?]'\’1%(300 mL) AT /é 30~80 >1.012 %ﬁ*ﬁ/mL
K LDPE jF%%‘ﬁE ?f nm [31]
—URHEFT 2 PA 4% ZI8, DECR200m  gpR iy 7 £
i IR SR LN 7 Ak 2 PE =3 um (0.148+0.253) k1 /mL [32]
PP #F PP 5 min J5: 723~1489 kiR, B
PET #f Filh F# LK FEE 5 min A PET 10250 180.8~372.3 J3 /i /mL
30 min J5 U H 30 min J5: 1211~1717 S0k, B
PE #¢ PE 302.8~429.3 J7 A~k /mL
) o [33]
PP #f 120 r/min $£3% 5 min, $ibaggy PP ) (1612+216)FURL/ R
: HE A LR J 5230 min, >50 pm Kb
PET #F PET Wb, <50 um T (1161+£393) KL/
PE #f 120 r/min %% 5 min, LA PE (14824085547 /4%
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Brobszash, BILYI . SRR R Kt )2 il
PR BRG] & BELDSE FA SRR 5 PP, L e
MPs % H B A 1.62 7 A0k /mL% PP SR A4 Y #fi
PR R B THR T N, 24 PP BEAW IE8 i FARE
T HRERERY, FERAE R AR AL EE, MM PP £FZE Wi
It ATK AR DR T 300 28 SR it 07 32 3k 1 e (7] 2
B A, o E SR AR A BE e UE MPs %,
PEEE AR ALRE T M/NPs (75 v B . H R A —
SHRIPR UL AEAE K i MPs I3 H o #F 95°C4li /K H i 20 min,
PE #~. PP A1 PS ARBEAL ) MPs -4 FE 2351 2718,
2720 Fl 2629 PORI/LP, oAb, A SR G — U
LA (100 mL)EHE 85~90°CHIK 15 min, BEHLIY MPs F14H
K ¥} (nanoplastics, NPs, < 1 pm)¥k & 4351 4(102.3£21.1)
AR /mL A(102421.1) E AP0k /mLIY, e e F4RkiE
HIEK K MPs ¢ BE (B T+ JLAS B0 B 50T A B 67 A
B R K RIRERE N T MPs BOBREE KU, HE4RiE
PET ¥ RIKIRAYYAE H MPs ¥R BETL IR R 113~253 Jiki/L, H
SIUARE v B AR A 18 Bt R R A0

AT R A5 % BB 4 IR 5 43R B AE Bk i HLRR S A
ek, HABRHU M/NPs NS 200, B SRS A d i B i
KLY 116124~ MPs BB F 31 424 NPs Jok: 51| $k fhis]
STRIBE 5 6 R S C0 B MUNPs A5 AR R 22 5, 7830 il
L] 4900 A FE AR Hh MPs (15128 3 J3 43 1) A 412.32 1 147.28
B/ HBY TR B ZEALAE 10 mL 95°C 4l h B il
(1.13£0.07) mg"*; AR RBEM SR AL H 29 100 J5 A~ FHL
PR 20K 388} (polylactic acid nanoplastics, PLA-NPLs)™; PP

SRR ITCYIEAE 500 mL KR AIREAL 0.12~0.33 42 MPs 1
176~306 1 NPs, #124F 2.4~6.6 J7 AP0k /mL>"

25 b, W LA R R MPs BRI S A
K. R BRENEMEE K, Hh— M KR
ORI b, W RE S ILM B PET, S5 MR E A K
HOR KSR R A 225 20, B & . SRS
—KMEIRAR . PP B SR TSGR MPs VS
W, SHBREEUKMEY), HAATERESERIEA X,
1.2 &t M/NPs BYf1E

U5 A AR M/NPs RiAR K/NEB B . Ab 2Ry 5
SRR S B R 25 R LA LR A f g Hh R ik
) MPs Kifd K/NILZE 1o XFFohsgsss, HiE 1 MPs it
BPRIAZ/NT 500 pm () MPs 5 55%, HHRIAR /MK N
43 umP4, PP, PE. PET. PA Z:ifil B i) BRI 4CAT BT BRI 1)
MPs R 25.9~764.8 pm, HECH 53.65 umt®,
PP %)L H Y MPs BiAZTE 10~200 pm, £ 5 ICY5 6
FR H UL A F 0.043~86.100 pm 9 M/NPs?”, fik %5
J 58 2 K (low-density polyethylene, LDPE)f B (1) — iR P&
i PA AR FIHVRARIS H NPs fE 22, EACTE 30~80 nm 2 |,
B BOERE>200 nmlY

25001 e AL bR A SRR BURL K 22 BTE K
FlENGE IS S 7 573 i Ry W N S i B - (EN = =11 7 N 3
Bl Hss 7 MPs E£EEMGETE, KRN E )RR, NPs /Y
R, ANIAHRED NPs (5 8T GEEE T MPs,
A NPs Ao {a 5 XU 0 A G .

1.3 A M/NPs B9 Ik

LA, AR YRR TR R A 3 R 0 1 15
T Bk S BRIEAUASKL B . SRtk . RotREE,
ASFRIRE B2 EEIRAR . SRS aR b SR B SRR AR
FEEF4  AHUNEE FFERIE L) ORI — R PET
1 PP ki 5L B, 1 LDPE Hl PS Bk 2 A HUITEARET,
PS MR AR PE [R5 P OB A MPs 2 52 A HLIITE DS,
PP £ & IG5 A3 ok o 7K A B £ D A R 2 42T
ifi PP R (1 MPs 2505 Hk e,

ARIFIEAR B SR O] et TR | RIFE T 25 22 57 sk
R8s A SE AR 800, AR TR 80k, AN R AR
i FE Sy, ] AR 2 5 G A 5 i — R A0 A Pk
R, 23 RIIENE Y MPs 4758 (o filt FiE B i
1.4 HbaHE S

T4 AN At S A0 00 S 1 S U I R A 2 A
FBERRIDY, FERTRE S fERE MPs — [l Y, 3 Hgs
)L SR FILEORL AT LUJE 3 S RO R T X 3 A o 2 A 3 it
S ZFLIEAS LR, AT IR ek R A sl B 2 iR MIPs
ARTREVEN T SA DAY R AR, — B 5 #0k
firk, 4 JE VR ISR T RE M SRL R B R, AR RIZE A
SRR, AR A B e 25 ) fERM e | B
G . SDRLARARIRT 2 Ak 6 i SRR RS B8 T i (As) . 8%
(Cr) FL 45 (Pb) (5 FE B L), 5T & Wk B2 Y5 [ 43 31 0~2.2,
0.17~1.50 10.05~0.70 ng/L; 1fij 85~90°CHK Ab B Ay — IR
PELACHRf Cr A1 P e B/ 1205 SR FH e SRR A5 S5 0 P4 T %
P PR B i A ALY . AR (A, &
HOMI R (70+30), (19.5£0.6), (3+1). (0.08+0.02) mg/kgH "),
BREEAJRAN, FEE M2 A RS s B EL ARSI B B s
=& (triclosan, TCS), WXt 4 Rl AP & M ARk
A7 155 %% W AH 833 (high  performance liquid chromatography,
HPLC)AM 7 & 8L, L5 ik 3K (4.240.2) mg/dm*!, 91
R E 4 A A AL IR T M/NPs 9 E A 5
72 AU

2 BEMR M/NPs AR IME %R

AR X 22 b SR i £ 9 1 R X E R B, AN TR
AL AT M/NPs (O3 U IR L RiA TR . o34
TERE 25, QARILEL . WAV AERR AL 11
SF RS
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2.1 EEXTF M/NPs B H AR

B — B R PP AR, RGBSR A [ AR B AT LA ok
I AR i 5 R WTELRE A T 231 i MPs AR, A
PP 2 LSRR T AR AR B TR, MPs BERGE A
25°CH} 0.6 J7/NB0RI/L 34N %] 95°CHH 5500 J7/~iki/L),
PP.PE.PS.PET — PRI EHRTEIREE A 10°C 3G /M ZE 40°C
i} MPs (BB Ui it SR EEXT T MPs BRI R
YRR AT RE 2 B 76 = il T SRR R 2 D AR R sk g | &
BEWTY, B R SRR M2 R R . AR R B
TAL BRI A2 B 5 14 i MPs (BRI, 7EXT PET YRHEE i 1F
T 4 REEIER T, JLERBEN NPs Mk 2 #ikeAIL,
M 5000 JT AR /mL REZE 60 J1 AUk /mL, T REE B R
PET (45 FR1E B AR AR e, EAE s b 3 5
FOKFERS> MM MPs RITEZ )5, PIERE H NPs ki, &
K NPs Bt AR, M, PP KR i 09 BRI IR TE 4 DI
PR H AR — (4000 J7~5000 J7 Bk /mL), 2 IH R TN
AR U SR — B BT

T3 F i 5T 3 I TR At 2 S8 MPs TR TR 3 A,
TRER YR SR HR Y MPs 7E-18°C . 4°CHI 25°C T BB
SR (307430.39) , (159+18.98)F1(91+17.74)0ki/L, ik
T MPs ¥ 5 B S 8, (R AN & vk B R BE 2 BR i
W, SFECBRETERS N, (5 RHE, MPs BERAYT AT
REMEAR KU, I H RS SR USO8 s, ¥0RHiH MPs Al
NPs Rt s 25 1, Tt PR K Rl AR VR 25 2 R v A
M5 RIS MR B, W REY AT, SEHE
fip R R R MY/NPs BB DRI S A2 5l red 2 sk 9
BLAREAR, 330 M/NPs FEEERE I, 9060 R do i/

2.2 FFMET M/NPs i RIS

SRR HLA — S BTl (7R fh— S AR E )
B2 S AL, MRty vy S SR Al
A BE 2 A0SR R B R o B A A SR R Y, B R R T A
b, BALFEHL, W PE W2 AN e R IR OR] I L 4l
KBRS B BRI T, A T D R Ml i R P i R RS VL
PE MPs Bt 223 51 4y 4591 il 4444 ki/L, J&2E 4k if
)5 5%, ORHIRIBRIEERIEFT CO, RUFEAE T RE2 ik S 3
Tl MPs (35 14,

PRV e T DA T e, MPs 35 HHIER o BB n
WLEE SRAKIH, B R— A PET, S5BIE B8 S K ol Lk
s, KW IAECTE PET BURHH T 23 A Wi 1 9k 5
o BEAR, pH MAFEWE IS . RS, ME
pH HWIFER, BHKESJR Cr. Ni, Cu, Zn, Cd. Pb FI
Mn B¥RE 3, HoAp ek B e, T RE R R
LRI I A

I MPs BB, I s Ga R M o Bl 2
el A 2%

2.3 BEMEST M/NPs ;5 H 8IS0

RIRIZEFISN 25 g8 R MPs =F JF 125 5 5 K8 [ A RHE
LA, BRTEELR N LY R R R .
SR | TESTRR . hAs iRl TRAESERI) i TR
Sk HIVE T LR 225, NIRRT AR AN T
W7EZeid 60 min HEPEHUC S, PE ¥RMU2E | PP SRR
PP 37 HH 61 PS 7 B ik £ %) JBURE A S A 430 24 (1.0740.507)
FTAS . (1.44£0.147) A (2.24+0.719)J7 4 F1(1.57+£0.599)
FiA~/mL, o PE ¥UBMu S B 9 MPs B & (LT PP
PS b RHR 82 X T T PE EL PP A1 PS HAA H
FifasEtE, Horp PP A PS F24 A — A H AR 1 H A AL
Tk bt PE H R 3 25 5 32 B AR AR Wy e 0, B, PET J2&
—Fh A SR R AY), FFE 1 min FIRZA0FER PET
AOEAER EHERS AT 25, 1 H 258 10 min HUAKNY
IR PR B AT BRI L B IR A 42 47, B PET X HLAR
SN IR R Uk, TR AR TR AL PP R 2R
ZENZ WK MU 1 B8R A

LR NS M/NPs ¥ H 19 5% 1) 32 22 B 1 90 R 2
MIZERE, YRMLRE 5 M R %, R IEOEH, WY MPs
R /L TR B S 2R EDRLRE B R . AT A E R i
P B SR, BEAR LA MPs, IEAPEA IR
K B AR FE % SRR T L3 3 B4 ph b A FRAR A 408 .
HURHT B 2 ) 57 40 256 52 (W s AR, B i A ke HAT o
R RIIE R T R R R R A R A T
AR RE, BRI ZE RN B MPs #7E
2.4 HUHSNNXT M/NPs & B IS0

HUBRST 1T 52 mm i H MPs IOVREE | RiAR K/ VLR 4
4y, WHEZENSN Il S E MPs 7 RN RIARAE /I
MPs AT fER IR T Bt 35 7EARBE RS EL MPs, A 1
BUIE SO MPs e, i ek . IR %
Py By BB 7 4 B A SRR L RS L B, AE
120 t/min T, PP#f . PE #F1 PET AR R 4 BRI (8] A9 3540, iz
<50 um RGN, LA B R, AR5 B 1R
RIARI) M/NPs ¥t o 5BI, FErBE NS EIJFIAITERE 100
IR 0 = 8 B 8 2 Js (high density polyethylene, HDPE)jff 7% &
B MPs 82 T AR EE, B 3 AR A
AR B RS E AR S, R R MR
T AU 13 A MPs ¥ A7 AR

M MPs FAFAERFLCFBFART, ML T S/ M 1
BRI SN BRI E AR, X R R SRS R
MPs B FEEHLE . HF58 %% PP AR . PET #~H1 PE AR 540
PRI BT MPs ¥ F AR 8435 (1 5, e K ot Pt
] M SRR AR, YRl ARE AL 2L Rl MPs JURL i
B /N BHORE, S8 MPs BN, MPs 7 4R 1 R ep
JI 22 BN R 0 B DI ) BE S SRR A 1 RB it 34 MPs
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MM AR BT, RN R btk s ok A A /BT,

Zr b, HUAN TR/ . VR R B AR R R A 55 2% 5=
ANV B b 52 0 MPs (935 HH ARR e o T AR 0 — vk 1k 38
BB B B BRI, D F I A ()R B A0 S A
B Fui/> MPs, #5152 NPs iEEA .

3 BSEMELEY M/NPs EI R M

FARALBERORI T AEAE M/NPs UKL FO9 B4, T B
BEAK A AN R HLI2E . HEiE A Z R4
T R A Y R R E) M/NPs B AETE, WL A
0~134.3 Fiki/e". ZhPRH R MPs 2145/ U iHE B
W25 A T T BE RE S R G R Gk, DT R T g I B
B A AR, I (8 YR IR S 1o I VIR AT L
JAL. B RS AE AR D, SR ARAE R . ERNE .
FEBT . BRERA . fCIISRELAE, B TR AR e
A A A EE R R, M/NPs ] LA
FEANNMBAR T, DT He 20 5 S ER A 22 ] 1 78 R g 462,
FU 0] 3 o 20 A R AR R, 51 AR S R o gk
AR, SECAMMLTE F7 R B, D S R 41 A K S e
M/NPs it 1] 5 5 36 PE 48 (reactive oxygen species, ROS)A: i,
SRR A, MM, B2 4 DNA S ki 55
DR RSN (B RS A 5T b 2208 P A vl T ARk SR
VENRERY, X A B 5 R R SRR B AT 5T 55
L, B SRR TRV 14 2 T T B0 R 2 — A n] e 2
SR ERLARAS

PSR, /NLE VR RAW 264.7 255 T PET
£ 52 RIS T30 MPs I NPs (4 pg/mL) 40 h, HiARGA
PR I, A RER, A IE AR (Caco-2 A1)
BT PP YLYHIZ H TS MPs %7(0.62~1.56 fiki/mL)
2% 12 h )5, F3K Caco-2 AUAESAALNEA G FIRAE, XA
Jfif2 )% 55 ROS/NLRP3/Caspase-1/IL-18 i #4138 4 512,
PP & MY U BE Y M/NPs (14.4+0.8 mg/L)X BEh
AT 2 dF 14 d R EEW, Hags D aEe, S8
EEFIAFAE R ROS FIPN [ (malonaldehyde, MDA)7K¥-F+
o Wi ZFE I R N, M/NPs X BT b ol 0 I Y 45
PR AR L S0, REE 14 d JE4 M K (glutathione,
GSH)/KFEFH, o E AL S (catalase, CAT)FIFE A Ly
{k W (superoxide dismutase, SOD)IGM:TF+ i, HiE LMK
TP BT AR R R IR, SCPRiA SR
WS T AN R S B AN, e B R IURL Y Je K TE# 1 I
o 751 B AT RE A

4 ZERIE

LRSS AREAE M/NPs [V H, (H i T4 . 4b
FRAMAEARIR], Hg ORI B TE 1.012~429.3x107 oki/L A

& RIARFE 30 nm~500 pm R, TR FE AAHNIE .. &
TRECRER . LN TT . WPREAS By R 5 fik 5 VAR 104 R Bl
LR FAR AT BE S5 M/NPs HB I Jhife A2, 1
S A RN S R e FH T I . 25 . REDRIE
PRL, FEECPEER . AR ES IR 0 4 A A AL
FUEAFE A2 o B A2 2%, e H A P e A M PR AS 1)
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