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Abstract: The effect of m}l‘roplasllc% on the f-cologlcal f'n\m)nmf-nt and }mma’n hea.ml has become a toplcal mu,e and reiearqjl on Il;]e YlSl(% and harmful effects of M_?s on ‘human
heahh n pamcular has. ﬂtlracted'mde%pread attention. Due to !‘flq Chlirapt(;rﬁitll

small size, low df-gladablht.z,g a,rrd easy | mlgratwn V[P__',i" conllnuously migrate from the ﬁmlﬁonmem
to tfle hulqdn body* ang. I[h‘o:nr Jgaln exposure pathways -jm- or_gl_ gbg‘y{r;:j

alation, and dermal contact, with, 1he main exposulé media being food drmkmg"walerrd-ﬂﬁt per%gn ;
care proddcts etc. I"H-Ps hawb been detected in orgars, ﬂu1ds and excreta of dlgc'_g'hve respiratory, cardiov. @scu reproducm @systems, etc. The abundancg ange of MPs in the
humanl boqiy i50-1 206. 94 pa b_rtlcles per gram. After enlermg the htlman dys '1‘/[[’5 can cause cytotoxicity | mltoe ohdrlaﬂ toxicily, }DNA damage, cell membrane damage, f other
eﬂecfﬂ s on human cells and or; 'O:'gans leading to serious cﬁ)nseguences SI'JJ:}] as lpcal mﬂammanon ecological 1mba,1.ance metabohc disorders, etc. , in various systems. Ofwing to their
sma}]‘,ﬁpeclflé Surface area they can also adsorb pollutants such.as heavy metals 019fn1c - pollutants, anllblotlcs pathogens and harmfulnicroorganisms, causing combined toxicity

el
and mlmunotoxwltv ﬁ the end We hlghhghted general deflc.lenmes 111‘?!1511115:(11@@(5 provided directions for future research on the influence of MPs on human health.
Key, W()l'ds,n o Lroplastlcs(MPs) contaminants; exposure pathways human accumulation; toxic effects
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Fig. 1 Exposure pathways and sources of micro/nano-plastics
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Table 1  Accumulation of micro/nano-plastics in the human body
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Fig. 2 Potential risks of ingestion and inhalation of micro/nano-plastics to human health

3.1 WHESK
M/NPs B e W iH L R4 . MWK KGEE o O

Al B AAE R, M/NPs & b 2 i, Ho— 3
S pEHE AR AN, 55 —F A M AE R L ER L M/NPs



2 1 AL 1945 - Gl R A9 AR T B B 7 A AL A BT 5 0 1179

Al RE S| & I A TE AR T 375 P 4 5 RN AR R
VA 4 . Zhang 7 HE T PS-MPsT (R BUR 37 N
[ I e 4 2 A4 L % 388 55 (ETC) LU T ki ik
Ak, AT S SR I A0 R T . Luo N IF ST & L
FEA PS-MPs RBE % il 2 /) R *%%E,Eﬁi%f%ﬁ%
W K BE 4 L SRE N | ORG WK 43 1 R /D R4 g G i
PEBETIN . Fournier 257 ifF 5% 3 W], M/NPs 5 i 22 JLJi7 i
DA AP 22 B, Dok /0 A 25 TR R R L S NA H R
B I LB BE AR AR B 327 2] M/NPs i RS | 32 B2 Ffp
FEBIFE M . Tong S W 5% 2 B, WA T TSR HT 18 (H. pylori)
TE R 205 WO R (PE-MPs ) 36 11 1 A= 9 Ji5E 3 o bk
T H. pylori 7E /N B (4 5 g BE DT ) R
P AR GE . AN, Bl 5 PS-MPs He J& T2 1 L RE 75 B2
PR A, N 2 45 B I 9 A0 ( Caco-2 2001 i ) 79 200 JifG 5 5
Wk B REIR AN AE TS SR B R RS N R
W E PE-MPs Ji H B0 BH S 10 38 9 E | Ho 5 R0 AH %
P25 55 7 A B 11 RN S PR T A L Bl 2 T L

HWWﬁA%Wﬁkmﬁﬁ%*@m%%%
%ﬁ%ﬁ%ﬂ%ﬁﬁ%i%%%&MM%%ﬁﬁﬁ
I 7= A 2 b A 1, B9 AP N L AT I RS 0 | i
2124l i AR LA Eﬁ%@ﬂW“Mmm
Lgﬁ%A*E%H%@mmmzmm$§§ﬁ
DNA Al mtDNé?ﬁ{ﬁ Lh K i GAS}S’H}C {7 =
B BT S SR BE T £ 22 1 Mmpgté%ﬁ%
ﬁﬁ%%%ﬁﬁﬁﬁiﬁiﬂiﬁﬂﬂkwmﬁ%
W%%ﬁl%ﬁ%%ﬁﬂ%ﬁﬂ%wﬁWPWWs
maw&zwugm@w«@ﬁMM$mwﬂké’
Ktmmm%ﬁMH Yy 2 I8 (9 A HAE . Wang
SR GY S B, AT R S 3 PS-MPs X JFF 40 L 1Y
e SR ETE o | R D NS B e R e N | R S A R TR I =R A
R3S | RS B9 40 B 98 TS 300 . Banerjee LS5 & B,
BN TR T 25 B o N 9 2 S (Hep G2 41 L) N AL
AH R 4L Ak 2 fiE 4k PS-M/NPs, % 1k PS-M/NPs X
HepG2 40 i 85 1 36 K . L 4h, PS-MPs 5 XL A(BPA)
B 7 8 B TP As D ACE L s =2 1 L O BT R
5 Z f g I A R AE OG0y B A S BUIR Wi
AR P,
3.2 RS

Jiti 2 P W R 8 A B B AR, H AT OC T M/NPs Xt
W 1 28 495 5% M) (%) i 5 = 228 2 5 1 i 40 L O R i . MY/
NPs BE 1% 175 5 Jili 20 it 1% 1 S0 (RO'S ) 38 T 0 2 47 A s
FLAVE T A 0070 200 L R 25 A DT B R S e
F G50 1Y R KUK . Zhang 25 BIF 5T & TR, B 6
TR £ TR 40 K ¥ B (PET-NPs ) 175 5 Jili i A2
Jit e 248 ( A549 20 ) & A= 8k 7 I3 R 2 A R o7
K& . Goodman ZEV 9% & R, PS-MPs RE i & A549

0 0 IV 75 A A 200 R 2 A 1 o A 4 B 4 fh 2
S, PS-MPs i i 52 m A IE W OB S A b R an i
(BEAS-2B 41l 1 ) [ 3 432 2 11, 5 500 77 1 3 RE B
H T NG P BEZE v R B XU Y. e Ak, M/NPs #
R 5 W EL P Ak 3 A S 1 2 L A L 20
nm A1 100 nm f¢ PS-NPs, A549 4 Jifd %} 40 nm fY PS-NPs
(9 PR A0 33 B T 26 T MUNPs 1T 47 76 1A Al ke
A X A8 e 87 4% 3 B Zha 25V RS % B, MPs 5
NPs 19 7 75 % /I B I R 35 ok 21 0 14 0 2 3, (L
NPs b MPs X Jifi &8 s A= 91 IX. 22 (4 52 Wl 56 K. BB 4h , 3R
15 v MUNPs 19 3 i 55 5 % i 1) 5 0 25 T 3 #8905 KL
W . 0, 2 LG5 BN R SR 9 T KK i D4 fih 25
2 BE () M/NPs , FH T 46 A8 M < 048 46 MU o 75 T
5 A
3.3 HWMAYS

RERE F MG KA VTS Y 0
iﬁ%%%%mMmmmﬁgmﬁﬁﬁgmm&
i T 5 G 18 0 T T | 2
EL Eﬁﬁ%%‘&%%ﬂﬂ@ﬁaﬁﬁiaﬂ%
umma;wmkkmkarﬁwwm Ok ik
et L LR e i
ﬁ&ﬂnwﬁﬁﬁﬂwiﬁ/@$@zMﬁ$ﬁ&ﬁ
g h%ﬁﬁ%%%iiﬂ‘u&ﬁ%ﬁ&ﬂﬁg
() R i ff[%]ﬁfﬁlﬁpk < 10 panfty MPs fE I
A%ﬂ%mﬂﬁ%ﬁ$ﬂ¢$§ HEA S U, PS-
M%ﬁﬁmmeﬁL%%%@ﬁ%nﬁﬁ&ww
S o S O MAPK N2 3 6 M TR A L
BTB [0 58 5P g A1, B P i 98 1 300 40 4 — F R 4
RAT 23 5 00 VB0 43008 , i i 0% 185 0 PS-MPs 5 4 1
U SEALBOE i S AL R

M/NPs i % 10 Wi M 2 5 74 0 4 45 00 S35 1 . %
300 45 R L AR 0 % T S . o S
o, 455 09 5L A6 0 L B 9 U L S A B 2T 4
0 0 U8 T R EORL 40 I B 0 B A, T2 A
L R R B L BB TS %a%wm
GILIMERE 5 & & . PS-NPs il 15 5% Wi L A A1 IG I
ﬁ%ﬁ%¢ﬁ%%§&%ﬁﬁ%i?%mf&ws
e 7E /N B A7 72 AR b7 A5 o B 42 L I B8 76 718 I e
B SECF M T AT A | 240 41 2 1
T 28 % 7 S %, AT 388 1 FG b 28 2% 5 s B
) i B T XU 00 A 10 S T R R
IR VAR 52 25 L, 5 0T A 24 i 36 LA 4
PHTR AR LR S . S 36 T S g B 5 01
M/NPs (1 JRSF | 87451 | B R D8RI 26 1156 40 S [ 41
I B 65 S DTG 5560 MU/NPs £ 455 TR 52 . i 1
B TR B T M/NPs (05652 1 56 R 100 o, — e



1180 E7S 5

B 455

SRS I 00 BB A N s T, e O T AT R A0 2R
5 SRS IR X AR G E T, S G AR

AH L PR 22 () A7 78 1 T 7E AH DG 7
3.4 RERG

M/NPSXU‘%%E/%%E‘Jﬁ‘fﬁi%@%%ﬁi
P o A H A Wy R AR R R e . b B
UL R 9 EL 448 i 2 MU/NPs #8510 E X 4 ﬁun
32 T T 1) N/MPs BB % 15 422 45 /)N B 1058 240 i Wi i i
FLZANS PS-NPs #E A N2 THP-1 FH W40 i) , BEE 3
ROS Y4, 5 8O 0405 5 2R 1A J5 oL 437 T B, DT B
TR B A= A7 g . e, H AN ) 25 4 kL A% 21 B 1Y PS-
NPs 15 A 0 88 ™ A= 5 =5 1) 40 i 2 1, £8 28 8048 THP-1
5 20 i TE 451, Cobanoglu 25 % Bl PE-MPs X} A
A0 J I bk B 20 M A R DR L B O (MIND |
¥ A (NPB) R 28 (NBUD) JE B 19 49 5% . itk 4k, M/
NPs A fig 3 2 1 0 A 988 AH DG 1) 25 R AR 1 5 il
PEJE T . PE-MPs 2 88 34 01 /Iy BRI 3 P b P 6 240 g
B Mg Bk 1A (IgA) KF ﬁEAIWHEHEV\]E’JM
E% 200 ST R 4 y_

5 Y ) M/NPs 1 R 4k %%Tﬁ)ﬁﬁs%uﬁi
AR AR B R E T LXT%F%N{@%%E}Z
T%E@M&M%%”ﬁnﬁukgﬁﬂ@

HAIAN) e 9 3 g PS-MPs | ﬁﬁﬁ%

AN 4 v 8 i T 1AV X ASD4 il IR
meﬁmmﬁ&ﬂmﬁﬁﬁﬁ%éﬁgwmﬂﬂ%
firfy 1§ etk e @51 2 4 e B B
ﬁiﬁ%%%%ﬁ&%ikﬁﬂﬁﬁ%iﬁmﬁ
%M&Wﬁﬁﬁmmm % 7E 4% B SR R B 1)
A A ZH M FE ST A A A B B
A Z 25
3.5 LMERS

A WFFE £ 7 M/NPs 1] BB 2% 3 SO 75 2 A A
B, JE 32 M/NPs H 5 1) B 2E RE 2 e . o
I W 7 M AL 36 M/NPs 51 & % I . I A4 Fn BE I
Barshtein 2 "B 97 26 B] , PS-NPs 5] & 17 1L 57 30k 19
JOST RN = B2 52 M E NI 1 R 2 e O B 1 5 ) [
£, DABH IR 1M & A . Woa S5 SR 5 4 W, 8 58 ok
AT RE SR A% T2 B Y A% O, W0 46 I AR 23 Hp 2 W 5| I v
AR, DL R I R B AR R L Oslakovie 55 ST &
B, e 56 ehcPE NPs 5 5E i AH G R 7 VIARTIX 5 25 6 et
U/ I T 0 R . Ak, MU/NPs RE 85 7 R LA 5
£ . 100 nm (1) NPs B8 75 At bk 9 e 20 B (%) 20 5
AR ES AWE s f A AR ), X T RE S 5 &
i M [ R R AN M IR B, AT B2 i I A R K fig
SIS Ah  M/NPs B BE 23 5 200 3 55 FL0 IR

BEZ 5 . Chen 25" W 5T & PR, 78 /K 35 55 B #% PS-M/

NPs J& , ¥ 7 /)Nl JUR B 4 1020 85 1 R B 2 75 A0 O
[H 2% 35 37 52 W . Pin 55 5T & B, PS-NPs 76 31 5
farp i AR PR AL i I 4 IR AE TR TP AR B0 Fe it
18 . Roshanzadeh Z51"2BF 98 %2 30, e 4L ¥R R £h PS-NPs
S0 A KB LAT I (NRV M) W45 1 FE AR, 52 i
5 = e (D I AR . W, H 4 AR Y Ca® KT R A
T T B0 1 A 5 B0 NRV Ms Y 45 7 FAR 5 1 300 00 oy T
4L A % R R 20 AR Y T B S B NRVMs U 45 )
ik —25 R .

4 RE

AF 5% H 58 W IS TR 5% MUNPs (1) 0 55 43 A7 IR
L5 R AS IR BRI B R VT4 M/NPs ¥ A Atk
F 10 5 00 ELBF 5 W0 000 22 , (L 1L A7 47 48 VF 22 6014
J:El:

(1) M/NPs AV 5 55 0k 00 19 BT 52, K 22 ek

A ﬁ%ﬁﬁhfﬂ'ﬂﬁj\ﬁ %?%%%ﬁﬁﬁgﬁiﬁﬁ
BRI RS r%%xﬁ%mﬁ%E%%
WL DL A P R ﬂﬁi@ﬁﬁéﬂ
l%i%&%@@&ﬁﬁ%ﬁﬁ%ﬂé A
U S S | el ’»"f

<mu&mﬁm#m§@@»kwﬁﬁ§%w£
#%#Mﬁ%%mﬁﬁ.ﬁﬁﬁﬁﬁ@Mi%%ﬁ
%kﬁ&%yw&kﬁ*%%%mhmﬁ p

(wmhéﬂmmFFMmm%*%ﬂa%ﬁ%
| . {17 52 0 2 s PR 7 55— 1) PS OB P o 52
C OB T I8 MUNPs 15 92 IR FR B G A 26 b (s
Rtk A WAUR . RIS RURL R E4).
R MUNPs FF g 21 , 5 A 3R B8 15 e ) S 2 14
P W95 D5 22 A7 AR A T A R & T B
Hb S T

(4) 75 P54 P T M/NPs 25 7 JE 2 SR 0 A
Al B 4 70 T B2 060 L 4 S 995 2 K B80S 6 1 U R . SR T
SR A B R 450 Hp R R VR IR EL MUNPs (1 A= 9 LR R
I i B 22 it 25 4 0 4 5 T 18 11, 5% 6 25 MUNPs 4
PR DRI T e 3 R A i LI (1) MUNPs 2
8 %ok AT 1 VA Ak o e T B 9 i

5 it

Z5 T EE A SRR P Y M/NPs fix B BRI,
Y KRS SR e E B IR T, W A . M/
NPs 7E A A rf i B SR 85 o 3, (5 3= BEBAIG , BR 4 E
17 i 96 Jih Jeg 4L 2L A, £ (702, 68+504. 26) neg ™ M/NPs
REALNE R E RS MG 24 B & R5, biid
BRI M/NPs 58K T0 15 F A 40 M, {F 25 353 5K 4 B st
BN M/NPs RE 8% HE A 20 JfL N I 76 200 i o rp AR



2 1 A0 14

TR R N AR 5 4R K 75 PE WL AT 2

1181

M/NPs B PEZ 2 H RSP R REIES . REWE
R BRER IR AT | R R R) RN B 5 vk A 2R e A M/
NPs 75 14 P % fifg v 23 B il A 2 20ORHAS 37l JF B M/
NPs G844 PR 45 b H A A 575 49 iﬁi%%ﬂﬁﬁi%%
AR, DL PR BB A% A 200 B )25 18 % A SR AR I L 2
Jf éﬁ*ﬁfdﬁ%'@*ﬂ%%ﬁ%,i&ﬁﬁ%ﬁ%%z
BTSN BB A2 5 AR AL L N W EE L DL SR
FEOR R, G 0T 2% 58 G AR DB 1Y s ALK, 2 2%
o | A o 98 RV i ) & A . BRTT, MUNPs b IR 14 75 %
B BIF 5 1 4 T 26 B B, 0 AR TS G 9 1Y) 7
PE RV AT BT 22 5, 20 MR RS BN BB A AU EC S Y
AR P EBARDBL , FLAZ 50 25 5 F T PPAl M/NPs X ft
JRE RS FEAEAN 22 A
B &K :
1] XM, 250K, 200, 45 . 0o Gk b B 2 ey 19 25 4
CRempLHI BT s L) ]. BREEREY , 2023, 44(11): 6267-
6278.
Liu W, Li Y X, Rong S S, et al. Research progress on toxicity of

microplastics in soil to terrestrial plants and their degradation

mechanism [ J]. Environmental Science, 2023, 44(‘11) , 6267~
6278. Ve

[2] skie &, XL, Biksd, 5. H(ﬁﬂﬂ’,]ﬁ/ﬁi’rﬂﬁ'],&ﬁﬂ 53
ﬁiﬁﬁﬁﬁ?iﬁﬁm WaRE, 2023 |44§8> 47nzs~4741

Zhang L L.tu Y |H Ruan R S, et 'al | Reiedrdh Rpg‘res
.?'

—
Iy d}slrlbutlon ahdrdpterlstns and

J formd{lqn ,u me
F £
f icro )last ]}1 fhe environment [H n q.\“l
icroy u¢§ s
-~ -

| 2023, 4468) 47&8 -4741. ! oz ¥ g
.I )

| Wang ,y' Tiu XI.H LiY, et al Ml(’mpladn(.\s alls comg 1ﬁanla inf

7 lhp soil | envurl

) I"F Ei {ronment
|
l.I

ent: a mini-review J!JJ jS(,‘lenceI of ,t}le Total
019, 691; 845-857. | ,.-'- - /

i‘PO“utlon Bulletin, 2011, 62(12): 2588-2597.

[5] JLhomg K, Hamidian A H, Tubi¢ A, et al. Understanding plastic
degradation and microplastic formation in the environment: a review
[J]. Environmental Pollution, 2021, 274, doi: 10.1016/j.
envpol. 2021. 116554.

[ 6] Caldwell J, Taladriz-Blanco P, Lehner R, et al.
submicron-, and nanoplastic hunt: a review of detection methods
for plastic particles[ﬂ. Chemosphere, 2022, 293, doi: 10. 1016/
j. chemosphere. 2022. 133514.

[7] Eﬁl’(ﬁ? RESE, TR, &5 RIERUIRHS G B R SOV AT R

JELI]. Al R '%E( 2018, 37(6) : 1045-1058.

Ren X W, Tang J C, Yu C, et al. Advances in research on the

The micro- ,

ecological effects of microplastic pollution on soil ecosystems [J].
Journal of Agro-Environment Science, 2018, 37(6) : 1045-1058.

[ 8] Abbasi S, Alirezazadeh M, Razeghi N, et al. Microplastics
captured by snowfall: a study in Northern Tran[J].
Total Environment, 2022, 822, doi: 10. 1016/j. scitotenv. 2022.
153451.

[9] Jiang C B, Yin L' S, Li Z W, et al. Microplastic pollution in the
rivers of the Tibet Plateau [J].
249: 91-98.

[10] Crosta A, De Felice B, Antonioli D, et al.

Science of the

Environmental Pollution, 2019,

Microplastic
contamination of supraglacial debris differs among glaciers with

different  anthropic  pressures [J].  Science of the Total

-—'-.J‘ o
Cole ,,,,Lmdbque"P Halsband C, ety ral Mlé'#opla%
cqh'gmmants ud the marine environment: a review [J15 Marine

[13]

[15]

[17]

[18]

[19]

[23]

[24]

[26]

Environment, 2022, 851, doi:
158301.

Kanhai L. D K, Géardfeldt K, Lyashevska O, et al. Microplastics in
sub-surface waters of the Arctic Central Basin [J].
Pollution Bulletin, 2018, 130: 8-18.
Zhao ] M, Ran W, Teng J, et al.
sediments from the Bohai Sea and the Yellow Sea, China [J].
Science of the Total Environment, 2018, 640-641: 637-645.
Beaumont N J, Aanesen M, Austen M C, et al. Global ecological,

10. 1016/j. scitotenv. 2022.

Marine

Microplastic pollution in

social and economic impacts of marine plastic[ J]. Marine Pollution
Bulletin, 2019, 142: 189-195.

Do A TN, HaY, Kwon J H. Leaching of microplastic-associated
additives in review [J].

10. 1016/j. envpol.

aquatic environments: a critical
Environmental Pollution, 2022, 305, doi:
2022. 119258.

Gulizia A M, Patel K, Philippa B, et al. Understanding plasticiser
leaching from polystyrene microplastics [J]. Science of the Total
Environment, 2023, 857, doi: 10.1016/.
159099.

Revel M, Chatel A, Mouneyrac C. Micro(nano) plastics: a threat
to human health?[J]. Current Opinion in Environmental Science &
Health, 2018, 1: 17-23. - -

YulY, L1 RL, thdng Z, et al. l)lstrlbullonﬂ che

scitotenv. 2022,

l?ripﬁs and
human prosure to mlcroplasllcs in mang'rovqé within  the
(}'l.lcmgd()i'lg"ﬁT)ll Kong-Macao Greater Bay A‘l'(-‘d ]-— Marine
Pollutlofl Bﬁ]letm 2022\ 175, doi: 10. lOlGlj olbul 2022
113395 Lo | . 4 f P

Nor N HM, ¥001 M, Dlepens NJ, etal. 1fetm‘ﬁ"ac'( umu{;llon of
mlcﬂoglastlc 12_ whlld*en and gdulta Jl. Env1r0nmenlaﬁ’d§b1$pce &
Tec hrﬁlwgy 2021 S5 8)45084-5096. ey
Cox K b Covernt-on G A, Davies H L, et al. fluman consumfjﬂ%ﬁ
of mfcm@auq I ,Ed|v1r0nmemal Science & T’eﬁhnology 2019
53(12)k 706857074, | | 4
oL e B, B i BN S R
faE ] ﬁ.ﬁ%i’r%fpg#?ﬁ 142, 2019, 10(9) : 2689-2696.
Zhang S C, Pang M X, Zhao H Y, e al. Situation and harm of
micro-nano plastic pollution in seafood [J]. Journal of Food Safety
and Quality, 2019, 10(9) : 2689-2696.

Piyawardhana N, Weerathunga V, Chen H S, et al. Occurrence of
microplastics in commercial marine dried fish in Asian countries
[J]. Journal of Hazardous Materials, 2022, 423, doi: 10. 1016/j.
jhazmat. 2021. 127093.

Diaz-Basantes M F, Nacimba-Aguirre D, Conesa J A, et al.
Presence of microplastics in commercial canned tuna [J]. Food
Chemistry, 2022, 385, doi: 10. 1016/j. foodchem. 2022. 132721.
Kilig E, Yiicel N. Microplastic occurrence in the gastrointestinal
tract and gill of bioindicator fish species in the northeastern
Mediterranean [ J]. Marine Pollution Bulletin, 2022, 177, doi:
10. 1016/j. marpolbul. 2022. 113556.

Debbarma N, Gurjar U R, Ramteke K K, et al. Abundance and
characteristics of microplastics in gastrointestinal tracts and gills of
croaker fish (Johnius dussumieri) from off Mumbai coastal waters of
India[J]. Marine Pollution Bulletin, 2022, 176, doi: 10. 1016/j.
marpolbul. 2022. 113473.

Cho Y, Shim W J, Jang M, et al. Abundance and characteristics
of microplastics in market bivalves from South Korea [J].
Environmental Pollution, 2019, 245 1107-1116.
Muhib M I, Uddin M K, Rahman M M, et al.

microplastics in tap and bottled water, and food packaging: a

Occurrence of

narrative review on current knowledge [J1. Science of the Total

Environment, 2023, 865, doi: 10.1016/j. scitotenv. 2022.



1182 woom B 45 4
161274. to indoor airborne microplastics using a Breathing Thermal Manikin

[27] Kosuth M, Mason S A, Wattenberg E V. Anthropogenic [J]. Scientific Reports, 2019, 9(1), doi: 10. 1038/s41598-019-
contamination of tap water, beer, and sea salt [J]. PLoS One, 45054-w.

2018, 13(4), doi: 10. 1371/journal. pone. 0194970. [45]  Yurtsever M. Tiny, shiny, and colorful microplastics: are regular

[28] Brei V A. How is a bottled water market created? [J]. WIREs glitters a significant source of microplastics? [J]. Marine Pollution
Water, 2018, 5(1), doi: 10. 1002/wat2. 1220. Bulletin, 2019, 146: 678-682.

[29] Kankanige D, Babel S. Smaller-sized micro-plastics (MPs) [46] Saweres-Argiielles C, Ramirez-Novillo I, Vergara-Barberan M, et
contamination in single-use PET-bottled water in Thailand [J]. al. Skin absorption of inorganic nanoparticles and their toxicity: a
Science of the Total Environment, 2020, 717, doi: 10. 1016/j. review [J]. European  Journal of  Pharmaceutics and
scitotenv. 2020. 137232. Biopharmaceutics, 2023, 182: 128-140.

[30] Yang D Q, Shi H H, Li L, et al. Microplastic pollution in table [47] Vogt A, Combadiere B, Hadam S, et al. 40nm, but not 750 or 1,
salts from ChinalJ]. Environmental Science & Technology, 2015, 500nm, nanoparticles enter epidermal CDla+ cells after
49(22): 13622-13627. transcutaneous application on human skin [J]. Journal of

[31] Kuttykattili A, Raju S, Vanka K S, et al. Consuming Investigative Dermatology , 2006, 126(6): 1316-1322.
microplastics?  Investigation of commercial salts as a source of [48] Prow T W, Grice ] E, Lin L L, et al Nanoparticles and
microplastics (MPs) in diet [J]. Environmental Science and microparticles for skin drug delivery[ﬂ. Advanced Drug Delivery
Pollution Research, 2023, 30(1): 930-942. Reviews, 2011, 63(6): 470-491.

[32] Iniiguez M E, Conesa J A, Fullana A. Microplastics in Spanish [49] Tbrahim Y S, Anuar S T, Azmi A A, et al. Detection of
table salt[J]. Scientific Reports, 2017, 7 (1), doi: 10. 1038/ microplastics in human colectomy specimens [J]. JGH Open,
s41598-017-09128-x. 2021, 5(1): 116-121.

[33] Lee H, Kunz A, Shim W J, et al. Microplastic contamination of [50] Cetin M, Miloglu F D, Baygutalp N K, et al. Higher number of
table salts from Taiwan, including a global review [J]. Scientific microplastics in tumoral colon tissues from pdtlents._mf'th ('ﬂpre( tal
Reports, 2019, 9(1), doi: 10. 1038/s41598-019-46417-z. adenocarclnoma[ H Environmental Chemlstrv L%@‘ }’.6_2‘.3 21

[34] Conti G O, Ferrante M, Banni M, et al. Micro- and rl]_a,no-plaslics (2): 639 646. d a : '_- .
in edible fruit and vegetables. The first diet risks aSSCiS,l’Tl-’Bﬂ-t for the [51] Horvatlts' T "l'?;mmmgd M, Liu B B, et al. Mic rdplds etec'ted
general populalion[ﬂ Environmental Research, 2020,7187, doi: in (1rrhmlq"l'hver tlséue i\,ll eBioMedicine, 2022’,,- ddi- |I1f0'
10. 1016/j. envres. 2020. 109677. l.-", £ 1016/_] el)ﬁ)m 20_22 I104147 ‘,-’ F

[35] Dong Y M, Gao M-L, Qiu W W, eral. ﬂ]pt}tke of mlcrgplasucrby [52] Schwabl P, !$bppel S, Kpmgshofer P, et al D&écnor’l__ off:/arlous
_carrols in pleﬂen(’e ;J& As (1) : (ombmed l?xm eﬂealsH—] mlcﬂo;ﬁas-uosfl_m human sf‘(l)ql-"gﬂ Annals of Imemaﬂ Meﬁ{lcme,

qf Hazarddus’ Maldrldls, 2021, 411, dm_,'u} ﬁ 2019"’111(7’) 433 457. 4 & =l
..ﬁ:‘ 1021 125055 - -',"'..-:':'I '._.-r"" [53] Amato'-Lourengo I. F, Caryalho-Oliveira R, Jumor (J R et...df
[36Ji Liu Q Ry ChenE Chen Y L, et al. Ml‘r()[]l,dsl]( ,(’(I)ntdmmglj.fg;m Pres‘f-n(e of ailrhorne- hm(mplasn(s in humar -ﬁmg tissuerfJ 1.
J' éggs ﬁetectlon, occurrence and status t.ﬂ -',-Food ly:hhmlstry, Journal-i of Hdzardous Matena]s, 2021, 416, doi: l_s)l'-,.‘f016/j.

[ 202, 397, dgiEnl0. 1016/3 foodchem. 2023, 1,45377y' / A hamt. 2028 126124, |
[Sjrl OPPLJ H, Chen G Ilj‘_—"..PPng H Q, et al. M‘lrmpj_ﬁtu EXposifie ! [54] Jenner L C, Rotchell J MJ Bennett R T, et al. Detection of
l.I md(l'u_t::_es M{Jsc]é growlh but reduces mea\l‘;quahty and_wié/: microplastics in human lung tissue using WFTIR spectroscopy [J].
L pj!,ybmloglcal fﬂmclmn in chickens [J]. Science of the Total Science of the Total Environment, 2022, 831, doi: 10. 1016/.

Jf:li:nwronment, 2023, 882, doi: 10.1016/j. scitotenv. 2023. scitotenv. 2022. 154907.

163305. [55] Huang S M, Huang X X, Bi R, et al. Detection and analysis of

[38] DuFN, Cai HW, Zhang Q, et al. Microplastics in take-out food microplastics in human sputum [J]. Environmental Science &
containers [ J]. Journal of Hazardous Materials, 2020, 399, doi: Technology, 2022, 56(4): 2476-2486.

10. 1016/j. jhazmat. 2020. 122969. [56] Jiang Y, Han J C, Na J, et al. Exposure to microplastics in the

[39] ZhouG Y, WuQ D, Tang P, et al. How many microplastics do we upper respiratory tract of indoor and outdoor workers [J].
ingest when using disposable drink cups?[J]. Journal of Hazardous Chemosphere, 2022, 307, doi: 10. 1016/j. chemosphere. 2022.
Materials, 2023, 441, doi: 10. 1016/j. jhazmat. 2022. 129982. 136067.

[40] LiDZ, ShiY H, Yang L. M, et al. Microplastic release from the [57] Leslie HA, Van Velzen M J M, Brandsma S H, et al. Discovery
degradation of polypropylene feeding bottles during infant formula and quantification of plastic particle pollution in human blood [J].
preparation[ﬂ. Nature Food, 2020, 1(11): 746-754. Environment International, 2022, 163, doi: 10. 1016/]. envint.

[41] Two Y L, Gibson C T, Chuah C, et al. Raman imaging for the 2022.107199.
identification of Teflon microplastics and nanoplastics released from [58] Wu D, Feng Y D, Wang R, et al. Pigment microparticles and
non-stick cookware[J]. Science of the Total Environment, 2022, microplastics found in human thrombi based on Raman spectral
851, doi: 10. 1016/]. scitotenv. 2022. 158293. evidence[ J]. Journal of Advanced Research, 2022, doi: 10. 1016/

[42] Yang X, Man Y B, Wong M H, et al. Environmental health J- jare. 2022. 09. 004.
impacts of microplastics exposure on structural organization levels [59] Rotchell J M, Jenner L C, Chapman E, er al. Detection of
in the human body[J]. Science of the Total Environment, 2022, microplastics in human saphenous vein tissue using wWFTIR : a pilot
825, doi: 10. 1016/j. scitotenv. 2022. 154025. sludy[.]]. PLoS One, 2023, 18(2), doi: 10. 1371/journal. pone.

[43]  Sridharan S, Kumar M, Singh L, et al. Microplastics as an 0280594.
emerging source of particulate air pollution: a critical review [J]. [60] Ragusa A, Svelato A, Santacroce C, et al. Plasticenta: first
Journal of Hazardous Materials, 2021, 418, doi: 10.1016/]. evidence of microplastics in human placenta [J]. Environment
jhazmat. 2021. 126245. International, 2021, 146, doi: 10. 1016/j. envint. 2020. 106274.

[44]  Vianello A, Jensen R L, Liu L, et al. Simulating human exposure [61] Zhu L, ZhuJ Y, Zuo R, et al. Identification of microplastics in



2 1

(ORI

TR R N AR 5 4R K 75 PE WL AT 2

1183

[63]

[64]

[65]

[68]

70?

[75]

[76]

human placenta using laser direct infrared spectroscopy [J].
Science of the Total Environment, 2023, 856, doi: 10. 1016/j.
scitotenv. 2022. 159060.

Liu S J, Guo J L, Liu X Y,

microplastics in placentas, meconium, infant feces, breastmilk

et al. Detection of various

and infant formula: a pilot prospective study [J]. Science of the
Total Environment, 2023, 854, doi: 10. 1016/j. scitotenv. 2022.
158699.
Ragusa A, Notarstefano V, Svelato A, et al. Raman
microspectroscopy detection and characterisation of microplastics in
human breastmilk [ J]. Polymers, 2022, 14( 13), doi: 10.3390/
polym14132700.

Fournier S B, D’Errico ] N, Adler D S, et al. Nanopolystyrene
translocation and fetal deposition after acute lung exposure during
late-stage pregnancy[J]. Particle and Fibre Toxicology, 2020, 17
(1), doi: 10. 1186/s12989-020-00385-9.

Medley E A, Spratlen M J, Yan B Z, et al. A systematic review of
the placental translocation of micro- and nanoplastics[ﬂ. Current
Environmental Health Reports, 2023, doi: 10. 1007/s40572-023-
00391-x.

Dusza H M, van Boxel J, van Duursen M B M, et al. Experimental
human placental models for studying uptake, transport and toxicity
of micro- and nanoplastics[]] Science of the Total Environment,
2023, 860, doi: 10. 1016/j. scitotenv. 2022. 160403. .

Pitt J] A, Trevisan R, Massarsky A, et al. Mdternd}’?ebifer of
nanoplastics to offspring in zebrafish (Danio rerio) : a‘case study
with nanopolystyrene[ J]. Science of the Tﬂ‘tal Envlronmenl, 2018,

643: 324-334, pkm 10. 1016/j. scitotenv} 2@18 06. 186“ —~

J_'_Lu YY, LI‘, H Y,.il Ren H Y, et al. 5§1Te deperxh?,nt-'jflfe

Hblyilyrene ngﬁ'lpp]d'§tlcs on autophagy respogse Wyﬁ ilical
Jeln enda&féhﬂ gtﬂls . Journal of Hﬂza;iéiﬁ Jpﬂ'&ls, 2.;22
421 do,hlo 1%:6@ Jhdzmdt 2021. 1213776. /i ,,

R M, Narayana V| K B" i-'gross ,y/." et al.
Efnv:mnmenlal,-‘,,-cexposule enhances | lh'g -InLeLJnalmﬁﬁon of

l’iamspwger A

(59) dq:-f’w ﬁ1267sc1adv abd1211.
L,? Y'Y, Cao M‘.-Y Tian M P, et al. Internalization and rytumxu ity

l”l‘yLl'Oplﬁbtl( partic 165.7)7!13 cells[J]. SI(‘I(‘H(/E Advar;(_,es, '2-0:;:'},

I.pf polystyrene microplastics in human umbilical vein endothelial

cells[ J]. Journal of Applied Toxicology, 2023, 43(2): 262-271.
Varela J A, Bexiga M G, Aherg C, et al.
dependent interactions between fluorescently labeled polystyrene
nanoparticles  and cells  [J].
Nanobiotechnology, 2012, 10, doi: 10. 1186/1477-3155-10-39.

Zhang Y T, Wang S L, Olga V, et al. The potential effects of
pollution on  human cells [J].

10. 1016/j. chemosphere. 2021.

Quantifying size-

mammalian Journal  of

microplastic tract
Chemosphere, 2022, 291, doi:
132714.

Chen Q Q, Gao J N, Yu H R, et al.
microplastics in the etiology of lung ground glass nodules [J].
Environmental Sciences Europe, 2022, 34 (1) , doi: 10. 1186/
$12302-022-00605-3.

Ouyang Z Z, Mao R F, Hu E D, et al. The indoor exposure of
microplastics in different environments L1l
2022, 108: 193-199, doi: 10. 1016/j. gr. 2021. 10. 023.

T, MULEE, M5, 55 . R OB R H AR B
FEHERLI]. RFAET, 2023, 52(4): 1276-1282.

Ai XY, Tian HY, Yue P, et al. Research progress on detection

digestive

An emerging role of

Gondwana Research,

technology of microplastics in the atmospheric environment [J].
Applied Chemical Industry, 2023, 52(4): 1276-1282.

TR, A, o, & KA ROERNE Y KO B
HARMBEGCHE L], 5, 2022, 41(4): 1114-1123.

[78]

[79]

[80]

[81]

[82]

[83]

[84]

[86]

[87]

[88]

[89]

[90]

LiZY, Yang S S, Xu L, et al. Progress on microplastics pollution
and its analysis methods in the atmosphere [J]. Environmental
Chemistry, 2022, 41(4): 1114-1123.

Tsou T 'Y, Lee S H, Kuo T H, et al. Distribution and toxicity of
submicron plastic particles in mice [ J].

2023, 97, doi:

Environmental Toxicology
and Pharmacology, 10. 1016/j. 2022.
104038.

Luo T, Wang D, Zhao Y,

exacerbate experimental colitis in mice tightly associated with the

etap.
et al.

Polystyrene microplastics

Science of the Total
2022.

occurrence of hepatic inflammation [7].

Environment, 2022, 844, doi: 10.1016/j. scitotenv.
156884.

Fournier E, Ratel J, Denis S, et al. Exposure to polyethylene
microplastics alters immature gut microbiome in an infant in vitro
gut model [J]. Journal of Hazardous Materials, 2023, 443, doi:
10. 1016/j. jhazmat. 2022. 130383.

Tong X H, Li B Q, Li
cooperate with Helicobacter pylori to promote gastric injury and
inflammation in mice [ J]. Chemosphere, 2022, 288, doi: 10.
1016/j. chemosphere. 2021. 132579.

Yu X Q, Lang M F, Huang D F, et al. Pholo-transformation of
microplastics and its toxicity to Caco-2 cells [JJ St 1e-n(;, of the
Total Envlronment |2022 806, doi: 10/ 1016/J_;:$‘§iqieuy 2021.

150954. ,¢- i-" =

Li B Q, D;'pfg;'Y F, Che"ng X, et al. Polyethy],éne iergplastics
affect ﬁhe l,"dlstnbutlonl\ of gut ml(roblota-" anﬁ:ﬂarrimaltlon
developﬂmehl 1n'p1(ile J] Chemosphere, 2020 244 _A:};"
1016(] Chemgﬂphere 2019 125492, _17.-' f 2

Sherl Rg Yan&_lﬁ R, J‘Chengﬁt et al. Accumulation of pply'#yrene
mumﬁlq&.tlgs mdu(es} liver” fibrosis by activating (GAS/&.[-’Q%n
pathwa‘y[ Tl Envnronmental Pollution, 2022, %00 doi: 10 /
i en&palﬁozz 1189@61I "YW
Goodm‘dn K E. Hua T, Sﬁmg Q X A. Effects of p‘g&étyrene
mlcro}])lasllcs on human kidney and liver cell morphology, cellular

ACS Omega, 2022, 7(38) :

J, et al. Polyethylene microplastics

proliferation, and metabolism [J].
34136-34153.

Cheng W, Li X L, Zhou Y, et al. Polystyrene microplastics induce
hepatotoxicity and disrupt lipid metabolism in the liver organoids
[J]. Science of the Total Environment, 2022, 806, doi: 10. 1016/
J. scitotenv. 2021. 150328.

Zhao Y, Bao Z W, Wan Z Q, et al.

disturbs

Polystyrene microplastic

hepatic  glycolipid  metabolism at  the

exposure

physiological, biochemical, and transcriptomic levels in adult
zebrafish[J]. Science of the Total Environment, 2020, 710, doi:
10. 1016/j. scitotenv. 2019. 136279.

Wang L X, Wang Y X, Xu M,

cytotoxicity of chemically transformed polystyrene microplastics by

et al. Enhanced hepatic
simulated gastric fluid [J]. Journal of Hazardous Materials, 2021,
410, doi: 10. 1016/j. jhazmat. 2020. 124536.

Banerjee A, Billey L O, McGarvey A M, et al.

polystyrene micro/nanoplastics on liver cells based on particle size,

Effects of

surface functionalization, concentration and exposure period [J].
Science of the Total Environment, 2022, 836, doi: 10. 1016/].
scitotenv. 2022. 155621.

Cheng W, Zhou Y, Xie Y C, et al. Combined effect of polystyrene
microplastics and bisphenol A on the human embryonic stem cells-
derived liver organoids:
[J]. Science of the Total Environment, 2023, 854, doi:
J. scitotenv. 2022. 158585.

Zhang H J, Zhang S Y, Duan Z H, et al. Pulmonary toxicology

the hepatotoxicity and lipid accumulation

10. 1016/

assessment of polyethylene terephthalate nanoplastic particles in



1184

T

7

Es 45 4

[91]

[92]

[94]

[95]

| &
ﬁ_mdle reprodpt‘llve 4()x1(11y in mice [ﬂ .]ournal. of—l-'yZ'

[101]

[102]

[103]

[104]

[105]

vitro[ J]. Environment International, 2022, 162, doi:
envint. 2022. 107177.

Goodman K E, Hare J T, Khamis Z I, et al. Exposure of human
lung cells to polystyrene microplastics significantly retards cell

Chemical

10. 1016/j.

proliferation and triggers morphological changes [J].
Research in Toxicology, 2021, 34(4): 1069-1081.
Dong C D, Chen C W, Chen Y C, et al. Polystyrene microplastic

particles: in vitro pulmonary toxicity assessment [J]. Journal of
Hazardous Materials, 2020, 385, doi: 10. 1016/j. jhazmat. 2019.
121575.

Zha H, Xia J F, Li S J, et al. Airborne polystyrene microplastics
and nanoplastics induce nasal and lung microbial dysbiosis in mice
[11. Chemosphere, 2023, 310, doi: 10.1016/j. chemosphere.
2022. 136764.

Prata J C. Airborne microplastics: consequences to human health?
[J]. Environmental Pollution, 2018, 234: 115-126.

D’ Angelo S, Meccariello R.
fertility [7].
Public Health, 2021, 18(5), doi: 10. 3390/ijerph18052392.
Deng Y F, Chen H X, Huang Y C,

Microplastics: a threat for male

International Journal of Environmental Research and
et al. Polystyrene
microplastics affect the reproductive performance of male mice and
lipid homeostasis in their ollépring[ﬂ. Environmental Science &
Technology Letters, 2022, 9(9): 752-757.

LiSD, Wang Q M, Yu H, et al. Polystyrene microplastics induce
blood - testis barrier disruption regulated by the }\ffK-Nrﬂ
signaling pathway in rats[J]. Environmental Science and Pollution
Research, 2021, 28(35): 47921- 47931, £

Jin HB, MaT, Sha X X, et al. Polyslypené mlcmplasucs md.uee.d
-

Matenals -QOZ']| 4&)1 doi: 10. 1016/j. ]hazyht.‘k?f‘z

ihao 'P,.X S'nein"L J, Ye X, e gql P 'ﬁﬂ'& poslﬂ_glal
pusure.'to pbl styrene mic r(lpldstl(s lr}duues lFS'ﬁG develo,

ects male fertility in ln,l'i':e-',-[] JO\lrnal of

H’a@'ardohs MaFﬂals, 2023, 445, doi: il 10. leIfB/J ﬁllaun'a‘l 2022 J

1?0 44. | - -'_'__a

y Y,l','l",’ Yab Z H Shen R Q, et al. ﬁhhance(r‘repro

lq}lcmes indueed by phthalates contaminated mlcroplastlca in male

wental

alsorder and

= _.-J'~ '
7

Ju"l'mice (Mus musculus) [J]. Journal of Hazardous Materials, 2021,

406, doi: 10. 1016/j. jhazmat. 2020. 124644.
Liu Z Q, Zhuan Q, Zhang L. Y, et al. Polystyrene microplastics
induced female reproductive toxicity in mice [J]. Journal of
Hazardous Materials, 2022, 42, doi: 10. 1016/j. jhazmat. 2021.
127629.

Huang J, Zou L P, Bao M,

nanoparticles for mouse ovary and cultured human granulosa cells

et al. Toxicity of polystyrene
[J]. Ecotoxicology and Environmental Safety, 2023, 249, doi:
10. 1016/j. ecoenv. 2022. 114371.

HouJ Y, Lei ZM, Cui L L, et al. Polystyrene microplastics lead
to pyroptosis and apoptosis of ovarian granulosa cells via NLRP3/
Caspase-1 signaling pathway in rats [J].
Environmental Safety, 2021, 212, doi: 10. 1016/j. ecoenv. 2021.
112012.

Chen G Q, Xiong S Y, Jing Q, et al

polystyrene nanoparticles retarded fetal growth and triggered

Ecotoxicology and

Maternal exposure to

metabolic disorders of placenta and fetus in mice [J]. Science of

the Total Environment, 2023, 854, doi: 10. 1016/]. scitotenv.

2022. 158666.

Jeong B, Baek J Y, Koo J, et al. Maternal exposure to polystyrene

[106]

[107]

[108]

[109]

[110]

[111]

[112]

[113]

[114]

[115]

[116]

[117]

[118]

[119]

[120]

nanoplastics causes brain abnormalities in progeny [J]. Journal of
Hazardous Materials, 2022, 426, doi: 10. 1016/j. jhazmat. 2021.
127815.

Gruber M M, Hirschmugl B, Berger N, et al. Plasma proteins
facilitates placental transfer of polystyrene particles[J]. Journal of
Nanobiotechnology, 2020, 18 (1) , doi: 10. 1186/s12951-020-
00676-5.

LiJ, Zeng X W, Liang X L, et al. Gestational exposure lo plastic
additives and associations with placental function-related genes
[J]. Environmental Science & Technology Letters, 2023, 10(1):
86-92.
Deng J Y, Ibrahim M S,
from food containers can suppress lysosomal activity in mouse
macrophages [J]. Journal of Hazardous Materials, 2022, 435,
doi: 10. 1016/j. jhazmat. 2022. 128980.
Mukherjee A, et al.
THP-1 macrophages to polystyrene microplastics exposure [J].
Toxicology, 2023, 483, doi: 10. 1016/j. tox. 2022. 153385.
Cobanoglu H, Belivermis M, Sikdokur E, et al.
cytotoxic effects of polyethylene microplastics on human peripheral
blood lymphocyles[ﬂ. Chemosphere, 2021, 272, doi: 10. 1016/
j. chemosphere. 2021. 129805. - 24

Park E J, Han IS, |Park EJ, etal Repeated or Iée }Ipxwlty of
polyethqune mlcroplastlcs and  the possﬁ;‘].éI 1m"phca-t-1@ns on

Tan L 'Y, et al. Microplastics released

Koner S, Florance I, Cellular response of

Genotoxic and

reproduc, !wdl"dnd development of the next Jgene [J].
Toxwo]d‘gy -;:retterq, 2020‘ 324: 75-85. fﬂ Ili.
Wang C Wu W Pang ZF, etal Polysly microp, Stics
sltrmﬂl( antly @hf:ate mﬂpenzd A virus infec llon,.oﬁ h(:g(epl#?[gﬂ
Jouma,l.of H_g_zgrdou’g Mdi'??is, 2023, 446, doi: 10, 164
Jham‘i'%n 5025 KL ﬁ' y
Kdmpf C s Todt D., Pfdender S, et al. Perslsten( e o mrondwﬁ
on 1ﬁan]¥2;1te ﬁurfaceﬁs@}nd their inactivation with biocidal agents
[J] Journal of Hospital Infec\lon 2020, 104(3): 246-2

Lul, IYU Z f;‘ﬂ' Ngiam L, et al Microplastics as p()tentldl carriers
of viruses could prolong virt§ survival and infectivity [J]. Water
Research, 2022, 225, doi: 10. 1016/j. watres. 2022. 119115.

Liu Y, Liu W Z, Yang X M, et al. Microplastics are a hotspot for
antibiotic resistance genes: progress and perspective [ J].

2021, 773, doi: 10. 1016/j. scitotenv.

Science
of the Total Environment,
2021. 145643.

Barshtein G, Arbell D, Yedgar S. Hemolytic effect of polymeric
nanoparticles: role of albumin [J]. IEEE Transactions on
NanoBioscience, 2011, 10(4): 259-261.

Oslakovic C, Cedervall T,
nanoparticles affecting blood coagulation [7].
Nanotechnology, Biology and Medicine, 2012, 8(6): 981-986.

Lee H S, Amarakoon D, Wei C i, et al.

Linse S, et al. Polystyrene

Nanomedicine :

Adverse effect of
polystyrene microplastics (PS-MPs) on tube formation and viability
of human umbilical vein endothelial cells[J]. Food and Chemical
Toxicology, 2021, 154, doi: 10. 1016/]. fct. 2021. 112356.

Chen J C, Chen M Y, Fang C, et al.

impact embryogenesis and modulate the immune response of the

Microplastics negatively

marine medaka Oryzias melastigma[ﬂ. Marine Pollution Bulletin,
2020, 158, doi: 10. 1016/j. marpolbul. 2020. 111349.

Roshanzadeh A, Oyunbaatar N E, Ganjbakhsh S E, et al.
Exposure to nanoplastics impairs collective contractility of neonatal
cardiomyocytes under electrical synchronization [J]. Biomaterials,

2021, 278, doi: 10. 1016/j. biomaterials. 2021. 121175.



HUANJING KEXUE Vol. 45 No.2

Environmental Science (monthly) Feb. 15, 2024

CONTENTS

Impacts of Anthropogenic Emission Reduction on Urban Atmospheric Oxidizing Capacity During the COVID-19 Lockdown +eeseeeeeseeseees ZHU Jian-lan, QIN Mo-mei, ZHU Yan-hong, et al.
Transport and Potential Sources Regions of Double High Pollution in Nanjing by Different Synoptic Situations «+«+sesseereesessersnimnsnsimnenns QIN Yang, HU Jian-lin, KONG Hai-jiang
Differences of Three Methods in Determining Ozone Sensitivity in Nanjing ««+eeeeeesseessrsssssssnssmisinii CHEN Gan-yu, LI Xun, LI Lin, et al.

Characteristics of Ozone Concentration in Shanghai and Tts Associated Atmospheric Circulation Background During Summer Half-years from 2006 to 2021
............................................................................................................................................................ ZHENC Qing-[engv LIANC Ping! DUJ\N Yu_sen‘ el (ll.

Distribution Characteristics of Near Surface Ozone Volume Fraction in Shanxi Province Based on Atmospheric Composition Observation Network

..................................................................................................................................................................... LI Ying' ‘X'ANG Shu_min' PEI Kun_ning‘ el (ll‘
Photochemical Mechanism and Control Strategy Optimization for Summertime Ozone Pollution in Yining City «eeeeeeererssreesrrsmnisninininnn. WANG Wen-ting, GU Chao, LI Li-ming, et al.
Characteristics, Sources, and Ozone-sensitive Species of VOCs in Four Seasons in Yuncheng:««+e«seereesresrssirsnsnini, YIN Shi-jie, LIU Xin-gang, LIU Ya-fei, et al.
Pollution Characteristics, Source Analysis, and Activity Analysis of Atmospheric VOCs During Winter and Summer Pollution in Zhengzhou+++*LAT Meng-jie, ZHANG Dong, YU Shi-jie, et al.
Pollution Characteristics, Sources, and Secondary Generation of Organic Acids in PM, s in Zhengzhousseeesseeeserssismsni L1 Zi-han, DONG Zhe, SHANG Lu-qi, et al.
Nonlinear Variations in PM,  Concentration in the Three Major Urban Agglomerations in China +«+xsxssessesssesssssssnsssssssssn: WU Shu-qi, GU Yang-yang, ZHANG Tian-yue, et al.
Medium and Long-term Carbon Emission Projections and Emission Reduction Potential Analysis of the Lingang Special Area Based on the LEAP Model

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""" WU Qiong, MA Hao, REN Hong-bo, et al.
Dynamic Analysis on Carbon Metabolism of the Northern Region of China Under the Background of Carbon Emission Trading Policy ++++ ZHENG Hong-mei, SHEN Fang, XU Guang-yao, et al.
Carbon Reduction Analysis of Life Cycle Prediction Assessment of Hydrogen Fuel Cell Vehicles: Considering Regional Features and Vehicle Type Differences

........................................................................................................................................................................ MA Jing, CAI Xu, ZHANG Chun-mei, et al.
Nitrate Pollution Characteristics and Its Quantitative Source Identification of Major River Systems in China s«++eeseeseeereereereens WEI Ying-huai, HU Min-peng, CHEN Ding-jiang
Effects of Land Use Structure and Spatial Pattern at Different Temporal and Spatial Scales on Water Quality in Suzhou Creek ««esoeeeseeesseeereee TAN Juan, XIONG Li-jun, WANG Qing, et al.
Spatial-temporal Variation in Water Quality of Rain-source Rivers in Shenzhen from 2015 to 2021 and Iis Response to Rainfall «++eereeeeeee WEI Bi-ying, CHENG Jian-mei, SU Xiao-yu, et al.
Chemical Characteristics of Shallow Groundwater in the Yellow River Diversion Area of Henan Province and Identification of Main Control Pollution Sources

........................................................................................................................................................................... W'ANG Shuﬂi, REN Yu' GUO Hong‘ el (ll‘
Chemical Characteristics and Genetic Analysis of Karst Groundwater in the Beijing Xishan Area««soeeeeeereereessmmiiime, GUO Gao-xuan, DAI Yin-dong, XU Liang, et al.
Hydrochemical Characteristics and Its Origin of Surface Water and Groundwater in Dianbu River Basin ZHENG Tao, QIN Xian-yan, WU Jian-xiong
Hydrochemical Characteristics and Genesis Mechanism of Groundwater in the Dry Period in the Zhangjiakou Area®«+++++++ JIN Ai-fang, YIN Xiu-lan, LI Chang-qing, et al.
Distribution of Typical Resistant Bacteria and Resistance Genes in Source Water of the Middle and Lower Reaches of the Yellow River «+++ MIN Wei, GAO Ming-chang, SUN Shao-fang, et al.
Contamination Characteristics, Detection Methods, and Control Methods of Antibiotic Resistance in Pharmaceutical Wastewater +++seeseeeeereesernnns PENG An-ping, GAO Hu, ZHANG Xin-ho
Effect of Water Components on Aggregation and Sedimentation of Polystyrene Nano-plastics ++«seseeseeressssssesisnisnen: TANG Duan-yang, ZHENG Wen-li, CHEN Guan-tong-yi, et al.
Lead Removal from Water by Calcium-containing Biochar with Saturated Phosphate ++««++«esseeessersssssrmsmsinnsie LIU Tian, LU Si-lu, DU Xing-guo, et al.
Preparation of Chitosan-modified Biochar and Its Adsorption Mechanism for Cd™ in Aqueous Solution +JIANG Ling, AN Jing-yue, YUE Xiao-qiong, et al.
Efficacy and Mechanism of Tetracycline Adsorption by Boron-doped Mesoporous Carhon 70U Zhen, XU Lu, QIAO Wei, et al.
Adsorption Properties of Magnetic Phosphorous Camellia Oleifera Shells Biochar to Sulfamethoxazole in Water ««+eereeeeereesresresrsnsnieiinens HAN Shuai-peng, TANG Li-wen, LIU Qin, et al.
High Resolution Emission Inventory of Greenhouse Gas and Its Characteristics in Guangdong, Chinaress«eresessesssmenmn, LU Qing, TANG Ming-shuang, LIAO Tong, et al.
Ecosystem CO, Exchange and Its Environmental Regulation of a Restored Wetland in the Liaohe River Estuary = «oveeeereseeeresssenennesisnenes LIU Si-qi, CHEN Hong, XING Qing-hui, et al.
Effects of Biochar Application Two Years Later on N,0 and CH, Emissions from Rice-Vegetable Rotation in a Tropical Region of China «+++xexexee: HU Yu-jie, TANG Rui-jie, HU Tian-yi, et al.
Research and Application Progress of Biochar in Amelioration of Saline-Alkali Soils««+eeseerrerersrrsrmmimimnii WEI Ying, JIAO Le, ZHANG Peng, et al.
Effect of No-tillage on Soil Aggregates in Farmland: A Meta Analysis XU Yi-ping, RAO Yue-yue, MENG Yan, et al.
Spatio-temporal Evolution and Multi-scenario Simulation of Carbon Storage in Karst Regions of Central Guizhou Province : Taking Puding County as An Example ++++++++ LI Yue, LUO Hong-fen

Effects of Different Modifiers on Aggregates and Organic Carbon in Acidic Purple Soil LI Yue, XU Man, XIE Yong-hong, et al.
Effect of Ca Modified Biochar on the Chemical Speciation of Soil Phosphorus and Its Stabilization Mechanism ZHANG Chao, ZHAT Fu-jie, SHAN Bao-qing
Plant Diversity Changes and Its Driving Factors of Abandoned Land at Different Restoration Stages in the Middle of the Qinling Mountains ~ +**YAN Cheng-long, XUE Yue, WANG Yi-fei, et al.

Contamination Characteristics and Ecological Risk of Antibiotics in Contaminated Sites of Typical Pharmaceutical Factories in China

...................................................................................................................................................... YANG Jiong-bin, HUANG Zheng, ZHAO Jian-liang, et al.
Pollution Characteristics and Risk Assessment of Polycyclic Aromatic Hydrocarbons in Soils of Guangzhou +«sseesesseesssnessissisniiiinn 70U Zi-hang, CHEN Lian, ZHANG Pei-zhen, et al.
Quantifying the Contribution of Soil Heavy Metals to Ecological and Health Risk Sources +esoeeeessesreesmsnsiim. PAN Yong-xing, CHEN Meng, WANG Xiao-tong
Potential Ecological Risk Characteristics and Source Apportionment of Heavy Metals in Farmland Soils around Typical Factories in Hunan Province Based on Monte -Carlo Simulation

..................................................................................................................................................................... LUO Hao-jie, PAN Jun, CHEN Xiao-xia, ef al.
Health Risk Assessment for an Arsenic-contaminated Site Based on Monte Carlo Simulation and Parameters Optimization YUAN Bei, LIU Hu-peng, DU Ping, et al.
Pollution Source Apportionment of Heavy Metals in Cultivated Soil Around a Red Mud Yard Based on APCS-MLR and PMF Models** SHEN Zhi-jie, LI Jie-qin, LI Cai-xia, et al.
Characteristics and Mechanism of Cd Release and Transport in Soil Contaminated with PE-Cd «eereereeerereesimmnien WANG Di, XU Shao-hui, SHAO Ming-yan, et al.
Characterization of Reductive Dechlorination of Chlorinated Ethylenes by Anaerobic Consortium LI Wei, LIU Gui-ping, LIU Jun, et al.
Analysis of Heavy Metal Pollution Evaluation and Correlation of Farmland Soil and Vegetables in Zhaotong City *** ZHANG Hao, DONG Chun-yu, YANG Hai-chan, et al.
Safe Utilization Effect of Passivator on Mild to Moderate Cadmium Contaminated Farmland ««eseeresevesesrssnenimminn, WANG Xiao-jing, ZHANG Dong-ming, CAO Yang, et al.
Simultaneous Immobilization of Cadmium and Arsenic in Paddy Soils with Novel Fe-Mn Combined Graphene Oxide YUAN Jing, WU Ji-zi, LIAN Bin, et al.
Effects of the Application of Irrigation Water Containing Zn at the Key Growth Period on the Uptake and Transport of Cd in Rice * *ZHOU Xia, HU Yu-dan, ZHOU Hang, et al.
Effects of Exogenous Zinc on Growth and Root Architecture Classification of Maize Seedlings Under Cadmium Stress — «+reeeeeeresreseenenen ZHANG Hui-hong, WEI Chang, LIU Hai-tao, et al.
Mitigative Effect of Rare Earth Element Cerium on the Growth of Zinc-stressed Wheat (Triticum aestivum L. ) Seedlings ++++++++++++-+ ZHANG Jing-jing, XU Zheng-yang, JIAO Qiu-juan, et al.

*GUO Jia-jia, WANG Chang-rong, LIU Zhong-qi, et al.

Effects of Combined Stress of High Density Polyethylene Microplastics and Chlorimuron-ethyl on Soybean Growth and Rhizosphere Bacterial Community

Two-stage Inhibition Effects of Burkholderia sp. Y4 Application on Cadmium Uptake and Transport in Wheat ***

HU Xiao-yue, HUA Zi-wei, YAO Lun-guang, et al.
Human Accumulation and Toxic Effects of Microplastics: A Critical Review* BAO Ya-bo, WANG Cheng-chen, PENG Wu-guang, et al.
Overview of the Application of Machine Learning for Identification and Environmental Risk Assessment of Microplastics «eoeeeeeressssesssiissneneens BAI Run-hao, FAN Rui-qi, LIU Qi, et al.
Research Process on the Combined Pollution of Microplastics and Typical Pollutants in Agricultural Soils HOU Yu-qing, LI Bing, WANG Jin-hua, et al.
Research Progress in Electrochemical Detection and Removal of Micro/Nano Plastics in Water ++++* ZHENG Wei-kang, LIU Zhen-zhong, XIANG Xiao-fang

Factors Influencing Willingness of Farmers to Pay for Agricultural Non-point Source Pollution Control Based on Distributed Cognitive Theory ««+«+++++ GUO Chen-hao, LI Lin-fei, XIA Xian-li



	1
	20240253
	11

