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Solrt

o M| Z2tAE (Microplastics, MPs)2 Z8AE H|7]&0] 404 =5
2354 g 9lof| o5l o= A BAEE= AF 5 mm °l5te] AXE 9
njgtet. o] FolAXE 2717k 1 um o5kl SuAl YA= o %
u]q|Z2tAE (Ultrafine Plastics) 2.2 &8]7|% olX|qt, FAF O 2= Ll
Z2tAE(Nanoplastics, NPs)°|2k= €017F o g2] AREE 3l Tt ofgh
UieEekAE 9]l 37] 7]2(100 nm ©5} vs. 1 pm ©|oh)2 SHA|} 7| 2
T Zpo|7} Utk e EepAE 2 S0 2 AHe 4= gl& W Aot &7
T 4ol E11, A U M T 7HsA0] & YA E LA Tt

2 HIAoA = o]t i"xﬂ;ﬂ &o] AHE TS Hrgste], ZuAlE=

g 4l YieEetAEol &olE AEstint. wEtA mlAlEEtAE
5’4— Ui ZtAES SHA4 ﬂ]*ﬂ‘”fi%ll}i‘é] (Micro and Nanoplastics,
MNPs)" 2.2 575to] A&t

2T ATE2 AE A 171 AU BA, g B 5w d=E

3 QAT vA YA SR =EE 4 e HofFal 3len, A
Az o, 2 A, ), EiE H S o A 220 ol dAXF &
S Aot o= UW] UiEetaEo] gt &4 i L9=dS 9ol
A W F2E-S4E 5 e AR, ol ihE 9T vk, HY
Al g, y2uA g AEA ol 5 HAA A dgel Hie #2E =o

At

Iy @AY A F2 AIE B S 20 HEY e,
AE ez o A =S8V 248 54 A= 119, AT
JUIpTA B4 ofds] FZoltt. TS A YAl EStAE o] S5, &
BREE 5 HE LA9=ET I AT A5 UEE Ve EEEE H
JeAE At FERAL QLo ofof tigh A4 HE= Aotk

kA A Z7d s Aol tiet Bheha 279 AFAgE #olal, A

12 2025 HEohesE LA

S st 7|2 AR E SH] e Bofds A E A3LE A9

F&o| A B3h-grlels 2ol Wasitt, o] B BuAE sgHATH

B2 B4, BAGE 5 B Bof AR/FSY] gL B4, A

YAl ESAE 9 QA flsidol #et sHe] £3s TTZ o= %@'
X

A5ttt 59], 8 AA4 £d
(Meta-analysis)= AE7lol= ZZF EAE4(Umbrella Rev1ew) )
= SAHOE ZA 2 Y, FF ek A W FHA o
o] /S AAISHaLA} gt

% [e) 71— i U ! e =
<HE NE A+ a5 "ol olv] #3dE AAY 28 F 2 HEREA
= S HIIR e EA AA7A A H HoHE FA 9] ARt $Ea A

HAOI2 “microplastic”, “microsize”, “nanoplastic”, “nano-size”,

“plastic”, “human exposure”, “toxicokinetic”, “toxic effects”,
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alA] - deSaaee) oot d3

ETtAEL AR kAol A fEfe DAl (monomer)7t S (polymerization)

S 5ol PAE T 1B EEZ, @4 A AAYOR <F 45F ol

=3 SR %Z}XH AAAE S chget Hof

A AREET Qloh ] T IEARE EFoER(PE), o2

e g Zeg o] E(PET), 1Y% EoE€A(HDPE), =34 (PVO),
ZnzdA(PP), ZYAEAPS), Z-a=HPU) 5] AUt

%} E51A &=, PETS PVC7F 1 H

S, &2 ZAER(EPS) o] 3t ¢ 3

ZotAg2 A7)0 uhet dRtA o= g3} o] EREH.

- A EAE (Macroplastics): ) 25 mm

- Z27HEEAE (Mesoplastics): 5-25 mm

o] M| E2AE (Microplastics, MPs): 1 #gm=5 mm

- Yi=Z2AE(Nanoplastics, NPs): {1 gm

ISO % 8 7|H=2 WAIEHAE S 1A AH 2] 124 AR = A ols)
ng A-&A-g 59 Er= A gethe A2 86 ¢ F8
7F At

ER]E ETAEHE 7HE Al WS A0 wEbA = tha 3 o] FFEE

- 7t E2tAE (thermoplastics): 7HE Al HoF 483 7hs

- Q4o EetAE (thermosets): 7Hl g 22 QI8 A4dF &71

1) w Al E2t2 8 (Microplastics, MPs)
Al SEtAE L AH O R 7] 5 mm olste] 1A EeAE YA A

16 2025 AEskeR 1A

o=, 7] W&t v + FP R R
- 12} vl N1 &EtAE (Primary MPs)
oo g AxH Ay ETtAE YA+
(°f: sFFE-AIZAE Tlo]AEH| 2, AR HE, StAE T1-9-T)
- 2ZF v Nl &gt AE(Secondary MPs)
g EHAE AlFo] A, uh Akl 3t 59 B AEYA
o} mpH o w A E YA

|

2) Y= Z g2 € (Nanoplastics, NPs)

Y ESHAHE AR08 1 nm ~ 1 pm °J5H9] 7|5 7= 1A &
SAE JRE, vl EtAE o] 27HARI £ -3FetA FoE AA T &2
7|2 A J49H. §9] v 1EAKPE, PET 5)= 233~
HZAAE Q9] #24 Zpo|&2 lsf BlaHd FHo| HA &Eafi=]iL, o]
ol A HAYsh= A 88 Aol e AAY dAF 289 FEo] "t

F| AFolA = ol=et REEAA IEAE EH o= QMg “FAIA

[ e = (quiescent nanoplastics) =
on, o]= i ZatAt o] g4 A7t JEet

2. 34 71 2 &7 AA

HJA b SekaE o] 27] ol AT A ume a4 Bk HEH
2 99 FAH Fo] RTEIY, ob] ST Tl o]Foi 1] ke
IS0 % AR A A ElHE e A 1 um olstE 74
e 4%
8} Q17 Hopol Al A% F3H4o] L 100 nm o]3F Yol 52
EHAE 100 nm 0|31 theZetaE oz ol

r

==

ox

=
. Q]
=

i
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53] d&} 27] B9 Aol 54 WA, =E2H7E AF 71E A0 AF
| gL F3A o2 S, 100 nm olstolAlE Eol-+] G (BBE) 5
I} 7F5A4do] 27151 1 um $Z| A= A4 ZZ-L(phagocytosis) 4]
o 54 A28 Bt w2k T A L AToINE AL o2 ol

Y

Off

= B o
H 712 vhglo] 814 IA= dol 9l
Micro- and nanoplastics are of similar size to many - BIOIOQ,ICBI quects R
biological organisms, and become harder and more === Non-biological F}amcLes
expensive to analyse as they get smaller. = Tools for analysis
Nanoplastics Microplastics
10 nm 100 nm 1pm 10 pm 100 pm 1mm 10 mm
) il el R el el el
Particles may cross .
blood-brain barrier —— Fish eggs and larvae
Méy cross into cells Unicellular marine algas
: : ———— = =
; Human Alveoli Copepod (type
Hebostoefakss : macrophage of zooplankton)

: Sand and sediment
-

PM;s* : PMio >1mm
<1um Naked eye
Py-GCMS* H >100 um
($200,000-300,000) : Optical microscope ($700-3,000)
>10-20 pm

FTIRIT (>$25,000)

>I|.|m
Micro-Raman spectrcscopy (>$50,000)
(Black or dark-coloured particles can't be identified)

| T T I\I\II‘ 1 T \IHH' T T \\IIH' 1 II\IH\‘ 1 1 IIII\I‘ T III\III‘
10 nm 100 nm Tum 10 pm 100 pym 1mm 10 mm
Size
*Particulate matter less than 2.5 micrometres (PM, ) or less than 10 um (PM, ) in diameter, often from soot, vehicle exhaust or dust;

*FTIR, Fourier-transform infrared spectroscopy; *Py-GCMS, pyrolysis-gas chromatography-mass spectrometry.

& AE 9] & (Nature. 2021 May;593. doi: 10.1038/d41586-021-01143-3)
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BT, ABAFEE 205087 AL F Hll el ol Ao Ao 1
By PAF S7tel vlsf w7lE #E] AAle WS- vlgstel A AA &5
28 H7E9 AZEES oF 9%l EXet A7goltt. o]z <lsl wid oF
1,900?%2,300?& E9o] ZgtAaEo] 7 34, Y 5 Thst 48 AEA
E fYEe Ador 249 @or FUE STAEH2 A4, vHE,
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) AF =3 3) 2= 4 2AH 87

Az} Ala ol e EgAEo] QAR 9QEE 9 Arg I 71 eRoA L i~ JH/LY vlAl-YeEetAE o] HiulHn, 53
Thokst AlEFo| A ASET Q) SO AEFAR, 2R, o, F= ] A5 A YedAt 24 71HE 281t AFtolA= Bt 240,000
2) Za@) Pi, BY, 82 9AZ o7 A9 P& So] gud = A/LEE nm 271 29)7F AEHAoY, 71E FEA pm ol 7]
doltt. ot BH1E sk 4 71 A F4E A7)0 w2t a3~ &)l A= 0.057/Lofl £t
ul Wi 7}A] Zol7t Y 4= Qlom e Azl sjA A] HlEA] BAWal A% 57 F7H o s, E2taE 87 9 AES T =E0] Hl¢ A4t 7o B2
2 w5 of st} A=t 498 2; a2 ok - o Hf 2o 1169 7§ vlA|

Stagit 319 7Y YEHAEe B 4 deH, Jfoks PP A

(1) itz

& 1 25 A 1L Hd 5.5x10717F A&, o1 B/ AF1F 71
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Hair
3.5 MP/individual/day
(96)

Microplastics in the human body

Inhalatien

Microplastics can become
airborne from the wear and tear of
plastic items and synthetic
textiles, leading to irhalation

(92)

Saliva
0.33 MP/individual/day
(%6)

Sputum
1.86-9.78 MP/mL
(97)

Blood
1.6 pg/mL.
(100)

Breast milk
20.2 MP/g

(102) J|

Liver /\
3.2MP/g
(101)

Kidney
0-0.3MP/g
(101)

Colon
28.1115.4 MP/g
(107)

Placenta
0.28 - 18 MP/g
(09,102, 104)

N

bottled water, among other food
and beverage products. (88, 93)

Dietary Intake
Microplastics are found in seafood,
salt, beer, honey, and both tap and

Lung
069 +0.8 MP/g
(106)

Bronchoalveclar Lavage fluid
0.0918 £ 0.0245 MP/ml
(105)

Spleen
0.9 MP/g
(101)

Dermal absorption

Microplastics are present in (%)
various consumer products, b
including cosmetics and personal

care items, leading 1o potential

ingestion or skin contact. (92) (CT—_)

Meconium
54.1 MP/g
(102)

Saphenous Q—J
vein tissue
4.99+17.18MP/g

(103)

Faeces
1-41.8MP
3.33-13.99 pa/g
(48, 108, 109)

QA Woll A mAlEetAEo] HEd
(Journal of Bio-X Research, 386(6720), 2024. Available at: 10.1126/science.

adl2746)
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Potential Human Health Effects of Microplastics
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Penetrate the Blood-Brain Barrier
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ji 14
glglpngnary Injury Oxidalivg Stress
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Asthma Procoagulant Activity
Cardiometabolic Implications
Endocrine System
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Inflammation
Leaky gut

Immune system
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Female Reproductive System =,
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growth
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Male Reproductive System
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Disrupt the Blood-Testis Barrier
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A EAE eEo] AA 7 7|1 A A-o w2 = FAE I F
(Microplastics 2025, https://doi.org/10.3390/microplastics4020023)
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E3lom, o]:= DNA &4, Al ZAFE, HAL 5 AlZ &9l &4 ¥ & - NF-¢B 9 MAPK A& &4J35}
o= 27] 54 A== AAEH - 1L-6, TNF-¢, IL-18 5 B34 ACIEZIQ] S7}

E3] #H Al Aol BA P AHsI= v&?} Q9lojt}, FHst | EFZEg o} 7]5 A5t 9 o e A] thAF Ao
£ 9 oju|7] /A ZAEA(PS-NH)2 HAAE] £4] 752 A - 7} A (autophagy) W&t
stal AF W2 AesthA E/d3lete] WA Q] S wEHAl]= B - H|ZAFE (apoptosis) ¥ ¥ AHnecrosis)?] =
H, FH5E © PS-COOH= A2 W2 54& Hol= A2 By o]t BFg-2 M E 7|5 A5, A5 St tiAt st & TRt FE|2 Al
=}tk o= E9 7]57| Aot AlE 549 A8 oy =4 B= =/J 0 & oJojXith.

® MUAAKD: 2837 £

(1) AOP 7]¥t 7|A 3% AE =L 22-27] 5004

oA Y ZtAg 9 B2 EUAFZ(AOP, Adverse Outcome CHO R =e
Pathvy) A% S AA 2 4P 2 Sl AOPE B 29 2 AT AL A S R g S 3 R =Y 5

) Ao gRE Ax2A GAE AX H5H A4 fAETHadverse RS R 2 HRdgel A
outcomes, AO)9] °]2 %ﬂJH—VL} 4o Fx3lsto] A AISHC} - A :

© 271 FAAAAAFZAMIE) £3] Gl AE A1 -obu] At tA} ok 0] 8-S Wko] T TRE,
A Gl E2tAE e 242 a3 &2 24 59 7] vh3oA ol A4l AT} A TR AL S sT}
Zuksit,
@ = 2 37HAdverse Outcomes)

PAA Lt oA gof| mhE A|xdl L2354 IS
- g GAAZ(ROS) AT A BFol A A1 Q] e 37t
CgaZ o &4 9 88 =Z(lysosomal leakage) oA 7Fs/3& AAIRHT.
u

O

of2fet AOP 7|4t A AMiE2 vt 2 FAA A7 walldHz ol
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A Bo] BAE A/ A GE BE L AR | 3 e Esd e
oSS AE YA FPS FUZYL ool B4 A W3 AERS S 2871 29
F— 2F 7V W A 7 A
A 5
@ WUAAKE): AE 57 A4 A
AE oA T3t 22 4 B4 vhgo] i A o2 Sl -
CAIAEY A Z7F U A4S oA A(Nrf2 B2 5) 5 A QA= taroZ oF AHA QI AsHHo| AUk X B2 Q
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(2) @710l 78k 24l 711 A+

F A= dAete] HEAES oA S o7twolE nE
S A2 ggaty 9t 2%, 71 7%, WX S ohoFst A7) Q7o =0
A deEeaE k& 5 Ay 7S e}, A9E wsh §F By o]
4, AAAE EYT B 5 97] Bolal 7% Yo7t st 53
7 97heolE AN Eel AL YR} HATE ABPA) BA| E
A ZHEA0] A7HE 08 F7hsHe @Ato] BaEglon of BA0|A FRe
e} HNF4AZ} A2 =43 Bio] utA 2 A A= . ol= vAl- Yi=Eets
go| 3}shE3 9] WA (carrier) 2 AH-g5lo] E3=AS sk 4 Q18-S
A& o & 3103t ZQ 5k LAo|t}

AZ 58 Q7heol= ATolA ekt olefdt dgkel 7
A theZetaso] Q] A7l AAHQ YslE 2
otH, 53] A7) =g, Al 1 ST 7HsE
SHAAA Aol oS dEd.

o
2
o
i)
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i

2) ¥3= A (Mixture/Carrier Effect)?] 84
U]/\ﬂ'uriéa]ri‘g. = O]Z} A 9] EE] 91r°m 5“ o= ql ?l =8 of

71\:101]*1 v&?ﬂ tHJJ EH’B*OM. A= Jo—xéc’ﬂ/ﬂ /\}%ﬂ—t— 7}¢Xﬂ(§_‘§ﬂﬂ°
E), 9AAl, FEAE otdet, & FolA IR Bl F3E= 55,
A7 17129=2(POPs), Y F=eole4(PAHs), HEH A=
H(EDCs) 5ol A Aol U2 = 7] wizolH

Hﬁ%@%ﬂ *ﬂE“‘ Fde S7HAIZIAY, 84 Aedg, HaH

A-HGAH 715 Z5lo] EA4S A7Hadditive) = A5 (synergistic)
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Exposure nasopasticles, fbes

Misltiegan
MeLcen/ w0 pistics ———— Elocoroes fatm P
T R i ,
: ] Cel umxupq ke / internalisation, 'II
H Acute celldarinfury/ =====s""" yyeed cell signaling and fnctions /
i Frustrated phagocysoss f
H (eyramacity) o { Lungfibrosis
/
l . | LiverBbrosis
~ Inflammation €= + = Ouidativeswess ©= + S5  Cytotoxicity ) Tissue {  Livertosicity
Ny # injury |\
I g e e t - ‘\ Gut toxdiciry
\: Microbiome

Dase and Duration of Exposure |\ disruption

Physico-chemical properties

\
L

[2] vAEet2E 9 fal gl e Mini-AOP
(Journal of Bio-X Research, 386(6720), 2024. Available at: 10.1126/science.adl2746)
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Aol O A B HE A=t

T8l Y A Xy} 8848 BHsty 29] AR E EFhelo] &S AL
%47t Pham 5(2023)2] AFA=EE E-85to] AN H7IE Al=stAt.
Pham S-o] A3t 2o BAtZ oAl u|A|ZetAE o] B AR} 7]
7} 100 pm WoJo|E=, AKX L&l tha IE o] HAA|ET 3=
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et al. (2018) e 11, 50 PP
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(2013)
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van
_ . + 0.
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(2021)
max.) 85.2
{60 (general
Park, E. et al. tox.), X
OECD 2020) PE (15 (repro. 16.8 n 20Y | AT+
Develop.)
Merski et al. > 2,500 (2.5 %) rat (SD) . AT
OECD | o1g)  [PE/PET) %5000 (5%) 10m 10f | 02 | @o)
HBEH)
Y: al. . =
(22(1)11%)63 t PS 8 5n mice 45 AT
0.71 20 mice 4% A+
]()zgrllg)et al PS 3.3 5u mice 45 A+
0.33 20 mice 43 A+

4, IA ff=E 24

Ses]ofof ),

o} 5t Fote

ol Al B 7] E BheFR A iYL
AHL A 89t 3, S|P, E

A - e ZeAaE o] Q1A

67



T A Aefrze

e
i
2, oY,
i)
It
oX,
>,
juiel}
it
- -
iyt
_1\1
I
o
i
ol
k1
ro
%
=2
)
ok

2 b= 44 AER nAESAE R EAR(ZEST 9 AR
55 SAAANE ARE 5Foto] QA =EFHPEC, Predicted Exposure
Concentration)¥ FYFq S5 (PNEC, Predicted No Effect
Concentration)E AFESITH. ol & HIRC&E s H(Risk
Characterization Ratio, RCR = PEC/PNEC)E Al4tetR o, A& Axt
+ 3 300 AATSHAH-

Ay}, v|wF Algdo] &EE EX = (Pivokonsky et al., 2018;
Pham et al., 2023)2} OECD A@A | faote 5EATARE o&
5to] 4h=e RCR &t 2 W7HA 2L2AHPE, PP, PET, P)lIA 1 v]
To g YTt ol FAIM LR F-E&EH= el g7t 7]l wet A
Z=Z(Level of Concern) R|gF o2 HrlEgjon & oA 9 mahd A
£ 18T 4| Aol FE&FE ol =EEHe Y vAlETGAE] A

A AoldZ Fdetths et SA= ERIEA 23t

ot 2 Ak @A o]& 7Hset AlRME ol —535] A 271, FH,
shetz/do] g FA4 Zpol—of ZATE ofH]&] F7F AR 4 &|ofof gt

>

e

o S A7) =218, AW SHE 22 dAFEA, ADME) 9, 1
AT 47 1 pm olste] Uewke) Yxjo] gt S4A2 2712 gug
4%, Bof JU3t Qg7 & g5t}
s}5k FEAEE FAFF LT o5
AAE | (mg/kg bw/day) B (ug-/'Icg bw/day) |  (ug/kg bw/day) A=
{15 3,150 0.117
PE (Park 2020) (ECHA) 476 (Pham 2023) 0.02458
0.0012
476 (Pivokonsky 2018) 0.00025
25 600 0.112
PP (Kim, 7. 2021) | (BCHA) 41.6 (Pham 2023)
0.0024
416 (Pivokonsky 2018) 0.00269
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PET (Kim,1157.52025) (El((:)gl(f)\) 1.67 (Phir?%%%) 0.00479

167 (Pivokgfs(lfr 2018) | 000240

" (Yang82019) (Elglgl?&) 76 (pha?f%m) 0.00263
(Yar?g721019) (Elc(:)IS{(z)\) 0.68 Pham 2023) 0.029

5. 71& g+ Add 2 ALA

7 xd A7
B 2AATE Fol S8 7P s AL, S Este] 28 ks

U NETAE g AR} W At olEhe Aol 1‘411‘1—"‘&9] =
==

AdrolAe dEd AL 2717F sl =4o] ZasEe 27 ¥

ACF 5750 pm)Et @A 7, s B7e FFH ZAZ L85 ©f
HAYY. A FF =E2F B4 dFolAe Y 542 929 0t
i, A7 AA=E AAdste Arole S4AR0NA Felt et
A WS FEthe WA 271 HHjeh Ak 24718 9 w9 Aol
Aoty Al S7 SEAANA BitEe Ame A B ks
< 7Hgsta] Aldo] SREHER 23Tk 149 o9 ¥t =2 d®

5H= AR S & s}ojof & Ao},
E3F Cox 5(2019)0] AAG QA & 2HX= =} 27]9] Zpolo|
q

et et T S2 A bE ThsAdo] QlenE, FYgh 35
oA AsiAdo] Fasirt. 2 FAFATOA s B el Agoeichar
oH L3 RE a5 ERFon, B4 Y E] tigt A W o]Ao]
EAeh= A5 A Zuccarello et al., 2018)= % EEstH HS5 4
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W) SESAAE

AA7IA HiE v EGAE SESHAIES 2 EFER(PE), &
gojdad g o] E(PET), E|Z=H3(PP), EHAHA(PS) 5 F
8 TEA] g Eo] Jlon, thEE o3/ (28Y) = oW 29 &

71N o) HEY ot FF Ao = 1) Z715d A B (chronic toxicity
test)oll 22t A= 7} ghE Eojof 511, 2) of g} e Rl et ARk &
Hrlojof 511, 3) YA+ FHi(shape)E(@ AF3) 71 AR RE FHE
ojof 5111, 4) AldEd e FHTYE ofste] JedE 7IsH] fls &4
Ax AE7| oA A A FE EFA B (Reference MP)E 083t A&
Fegsfiof gttt

u}) A7t
2AATE FAYHI L A0S A2 FHO

(ADME S4)°] uet 371202 9Jsi= 430] et 7hs4o] et o]
of wret QA U F4 7Rs A L AR WEAS TEd 444 BUHY

AA 7o) Basit. 53], Bl P

S ALEREAE, B AE Bl meE o Ees
b 2alsiolof ek, T AAIAS) B TAEAE A 23S
reglont, A7H, AR o, 52 0@Edol Jlelshe Slshe =

1ot 344 971t 9 e st

1o
oX,
ot
iy
e
1%
>
U

>{1:\

ok
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6. 48

£ 2AETE G SHE BoHE TAS niPo vl Betag
A SRS FUHOE HED A3k, @ GANAE LA 1F Sz
A ulAEeAE o] QA Aol S SIshE Zesich BakE AL
S|4 gopehs A A Ao =astolct

JE g D SRR BRY, Y4 271 Be ko, ABEae)
|EES} ot =R AR $E 52 uAEetay A Ao
7te) AL Ashetel, BAY 7t Al I BRUHS 9 9
4 2010 Sl tehd FF AL ol ATFL B,

gt =4 stofl IA| fsi g7 S AAF R S ]t
=, TAIESHAE L A el dieh 282 ofF S E AT B
olZeH, d DAY A AR A3 7hsde wiAT = it
1213t Fota] S8t si4sty] AsiAe A8/ 7E =24 Fetel=
. A B, A7 AR VIR SRR S4, AU SHA8Y &
, AA| Ho| B YE Y Ao] 242 g7} "o,

o 2 A 7]Hbo] AAA o2 F5E o H|24 nAlESAE Y A
Aol gt Aol AFE H2 2F HsE AEo| Hsad
, Ol2 EUiZ 3t 5714 H USAA B3 Bk FHskal avprow
tE Aol
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