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Figure 1 Human exposure pathways of micro/nanoplastics
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Figure 2 Penetration of micro/nanoplastics biological barriers and their translocation and accumulation in organs

F, BT M/NPsBENS 1 1 ZFp R B A K,
FBENREZ Y G RE, EIRNAFRHASAGREDE
L BIREAN . 1S VESRE . MBI RS (E3).
3.1 HigpiEeetk

PEA N8 BM/NPs T 5 iz 21 A8 1L 32 2 fh g EL g
W, %M EA A e R0 wudg A%
200 pg/mL 100 nmFl5 pmI A 2 HM/NPsAENE 7
S NGE 1 R A (Caco-2) = A= iR OS, AR PREZRHr
PRIEF TIRE, M B a8 G, IR LA i
6 7. A, 25T 2 PPN 100 nm M/NPs R 2 a] fd
TERAARAR, SRS R AT 5 M/NPsHYHflid &
BE I & A R AE RN Forteds A0 5 20 iy
AGS#FE T RAZMM/NPs(100 nm, 10 ug/mL)H, %
PLAGS JiE [H FIL-6 S IL-83E K Feik /K- 2 F . Li
22 NYIL600 pe/d BB HIE, BEISHE, RAERL
A M/NPs ] 3 i G TLRA(E 55 /N R 8 4 4E .

e Bisf 1] 22 5% T M/NPs 2 5200 /N B 1 4 L0 1E
A PREER. DRCIGE, 2R TR IR IR L /M/NPs
(70 nmA15 pum, 2 mg/(kg d))Je, ATWELRN/N U s
ZW, AR MM TR, M. B FhEREANE, RIE
BHZ R BT AL, 7 M/NPsi EAUE 250
Ji7 18 i R LI RE, WK b R 20 ) S v A, 4R
J T A, DA HITMY/NPs R 18 P 25 2 2 AR 7T
ARG RS IEE K |, LuoZE A% #PS-

MPs(5 um, 100511000 pg/L)%e 55 i 2 AL T /N4
[ fi v % % 34 12 8 14 (ZO- 1 M Claudin- 1) A B 8 4
FEH (Mucl~ Muc2+ Muc3. Klf4. Meprin-pHlretnlb)
MFRIE, TEME B AU R R B D RESZ . (7]
IF, A B M/NPsib 23 2508 i 18 R A 1 250 5 210
B, TR P RE A K R AR R A, (g 2R Y
BT IE. FE ST, Ml BRI AL
AL T EXTEFRY BRI S, LR
FERGE T 61 Tl 2 i & 20 lan, S BFSEIE
S JELRE BRI 1R RUBEAT 71 45 1 1 2B ) T LA i Tre g 4
43U A A PR FTL- 101747,

B — RIS, Wit FE AT LA MY/
NPsHyEIfEPERT, Mmsgm gt G, Wb fe
()25 1 2208 2 38 5 SR KA R BREZE M/NPs ) R TP
B R, R REAR 25 AR T M/NPs BT i BRALAFAE,
T 5 M M/NPs 5 20 £k S T A 3 A B 2 i )
1A, Bakir% A HEL T RSN E IR, KBLRE L
I FN R 0 SRR R % it iz Hh 0 el R 3L = S S bt
IE. REERMAE IR Q- MEHEY
JiT. X SCEIE A LTS R S IR i B . R,
A LEHRRAWTFEM/NPSTE 5 i P A f2, dr
M/NPs JCHEREE 5 18 R R YOG &

3.2 JiiwEtk:
22 T8 WA R 43 M/NPs 0] #% B I AF B 15 B,

721



M % b & 2024528 #69% o6

MUK © 50O

o o
RERT o

Fe—

\
~

e

MmEREEMNE

B 3 BUar R e R E I L]

Figure 3 Potential toxic mechanisms of micro/nanoplastics
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Penetration of micro/nanoplastics into biological barriers in
organisms and associated health effects
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Plastics are widely applied in industry, agriculture, medicine and daily life products due to their excellent physicochemical
properties. However, the vast production and disposal of plastics have resulted in large amounts of plastics debris entering
into terrestrial, atmospheric, freshwater, and marine environments. These plastic debris can be gradually fragmented into
microplastics (1 pm—5 mm) or nanoplastics (1 nm—1 pm) through physical abrasion, photodegradation, chemical
degradation, and biodegradation. The environmental pollution of micro/nanoplastics has become a major environmental
issue of global concern because of the widespread detection of micro/nanoplastics in various environmental media and
organisms. The small-sized micro/nanoplastics are often hard to be degraded and easy to migrate. When present in food,
water, air, and daily necessities, micro/nanoplastics can enter the human body through the digestive tract, respiratory tract,
and skin contact. This is supported by the fact that micro/nanoplastics have been detected in human feces, blood and
placenta. The accumulation of micro/nanoplastics may induce toxic effects on tissues and organs, and further endanger
human health. Although many literatures have reported the adverse effects of micro/nanoplastics on living organisms, the
internal processes and modes of toxic action, particularly the penetration of micro/nanoplastics into important biological
barriers, the accumulation, transfer and distribution of micro/nanoplastics inside the receptors, have not been
systematically reviewed and analyzed.

This study focuses on the research topic of toxic effects and health risks of micro/nanoplastics. The related studies of
micro/nanoplastics in human body, model animals and typical human cells are systematically teased out. The main
exposure routes of micro/nanoplastics and their potential penetration into gastrointestinal barrier, lung barrier and skin
barrier are critically reviewed. The capacity of micro/nanoplastics penetrating into the biological barriers is mainly
determined by their physicochemical properties, especially particle size and surface charge. The behavioral process and
controlling factors of the transfer and accumulation of micro/nano plastics in various organs including liver, brain, testis,
fetal through blood circulation are analyzed. Micro/nanoplastics can be adsorbed on the surface of erythrocyte or be
internalized by erythrocyte by means of van der Waals forces, electrostatic attraction, hydrogen bonding and hydrophobic
effect, thereby reducing the possibility of micro/nanoplastics being removed by the liver and spleen during blood
circulation, extending their residence time in the blood and increasing the risk of their transfer to other secondary organs.
The toxic effects of micro/nanoplastics on different tissues and organs and the underlying mechanisms at the molecular
level are further identified. Oxidative damage and metabolic disturbance are found to be the common mechanisms
responsible for the toxicity of different types of micro/nanoplastics. Given that micro/nanoplastics can persist in the
environment for a long time, the damage can possibly transfer from parents to offspring. Through revisiting the relevant
studies, we highlight that the transgenerational and multigenerational toxicity cannot be ignored. The possible release of
various additives from micro/nanoplastics is suspected to be an important source of risk. Therefore, the joint interactions
and effects of micro/nanoplastics and plastic additives are also evaluated. The bottlenecks and technical challenges in the
research area of the health risk assessment of micro/nanoplastics are discussed. We propose that future research efforts
should be devoted to the development of precise approaches for qualifying and quantifying micro/nanoplastics, the
exploration of carrier effects of micro/nanoplastics, and the initiation of epidemiological investigation of micro/
nanoplastics pollution. This is expected to lay a foundation for further guiding research on the human health effects of
micro/nanoplastics.

micro/nanoplastics, human barrier, health effects, toxicity mechanism
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