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Abstract: Microplastics are novel pollutants that are widespread in the oceans, soil, and
atmosphere, affecting the process of pollutant transport and transformation through physical,
chemical or biological interactions. The heavy metal pollution caused by mining activities in the
soil and water environment around antimony mining regions is increasing year by year. However,
the effect of microplastics on the biogeochemical transformation of heavy metal contaminants in
the mining regions has been rarely reported. [Objective] To understand the effects of microplastic
type, size and concentration on microbially mediated antimony release from stibnite. [Methods]
We took Pseudomonas sp. J-1 with strong antimony tolerance and promoting antimony release and
widely used polypropylene, polyvinyl chloride, and polystyrene as the objects of the study. The
changes in pH, redox potential (ORP), microbial biomass, and antimony concentration were
analyzed. Furthermore, microplastic adsorption of antimony under different pH values was studied,
and confocal laser scanning microscopy (CLSM) and scanning electron microscope-energy
dispersive X-ray spectroscopy (SEM-EDS) were employed to reveal the mechanism by which
microplastics affected the biogeochemical cycle of antimony. [Results] Polypropylene with a
particle size of 13 um and a high concentration had the strongest inhibitory effect on stibnite
dissolution with the participation of Pseudomonas sp. J-1. Microplastics inhibited the growth of
the bacterial colony, which led to weakened promoting effect on the release of antimony, and the
growth of Pseudomonas sp. J-1 was even completely inhibited by the high concentration of
microplastics. Microplastics were able to adsorb antimony, while the adsorption capacity was
independent of solution pH. [Conclusion] The type, particle size, and concentration of
microplastics are the key factors affecting the stibnite dissolution mediated by Pseudomonas sp. J-
1 and they indirectly affect stibnite dissolution mainly by influencing microbial growth.

Keywords: microplastics; Pseudomonas sp. J-1; stibnite; antimony adsorption

R TR ILIERIGE AW, H3E. KW EZRED, T4k, 2Ry X
DU AR AR P B BE 5 de i OL @™ 5, BEREIF, DIMORGE MR S3 A G A
ARG E RAEE R A RIS s KR, R B TR LAY
RIERALT, HREEBROA S Rk d Sbot X ANRARIEE, H— LA Y7 T LA 7E 6 ik 2

>4 actamicro@im.ac.cn, 7 010-64807516



HEIE % | UEY2ER, 2025, 65(6)

2707

W R R AL, ERERRE A H S ST YR
A AR RE RS IR R, kR
SREESE7/B:1 B2 G = 28T 2 - AU RSN K 155 sk~ 20
WIRIEAT T SO A AN A AL

WOBBHE N —Fh B BS 3, T2 HET
ZMAEBRG R, X AR AR S 052
—HAZ R AR RS — ok, HA
/NT 5 mm Y ERER G OR: R E SRR
(microplastics, MPs)!"', 5% N 53 5 ] 76 1 30
B BT RO RN, 2R O 4k TR
KPR R A g R R K
ROk R AN TR RR B R R Y T O
BHEABE T AOMERR 1, AR R h 0y 2
BB B AP AU A AR EL 2 R E], DI B4
Biis Yeia HE A M b o200,

R, B X LI RO RE S %
BEYRR . BERR L BORCIR . BRI AR,
T L 1) 43 A = LA R 25 P i
B, ZRAE RN X RE DRk
M 2 468.2-4 458.6 A~ /m?, TR IX £ 2 41
H OB RL B 318.4-875.8 ~/m®, X AIHEE
A X 1 N0 sh R ) 22 5 i e s w0
DX S i A T A 458 v () O BEORE L SR D I RN 2R & 0
HE, HAAZE/NTF 0.01 mm AYGRLEER Y H S Ik
45%, EEIRARKEFHERE,

R, R 5 OB Z R FE A B
YEH, Y. WOBEES S8 Y Z R e
LR R S A%, A OCHH 98 By JF J X 6 1 e if 3
FRLIRL PR RS DA AT B 2 . Tk
FAEAE 23 DR - 8 P A A W AR v 1 TRl )
FF AR Ak W IR B AL 0, TR AR A3 2T
KL, W ] (Actinobacteria) . B
I"1(Proteobacteria) M1 BE T | ] (Firmicutes) <5 3 5
BRI AFE AR X = B Al T A AR R R
H: Wi 44 15 70 (International Code of Nomenclature
of Prokaryotes, ICNP) 43 IlK: ik 3 AT TR T
H B IE N Actinomycetota, Pseudomonadota Fl
Bacillota®™, A1, R R PR AR

AN, DT A i 988 2 ) A VR TP i AR
BggRS0 ) SR A IR ) EE R i FRURT R B3
s, JFEMUEWEH T IERE Z MY
BB 1 Sby Cd. Cu. As 5547 # 42 I8 19 3K
A, DTS2 W A W 6 3 4 8 S T I R . T
BRI AR S B34

AR GETIIB R A TR A T T R T
FEAFZ M, AT 3% B PRI TR (Pseudomonas
sp.) J-1 WHFEXIS . Pseudomonas sp. J-1 535 Hib)
FAVRKITEN 1L, HRBIEMAZ ik 200 pmol/L
S BRI R AR S AL, TR
FE BT 2 08 FAHGE A9 R P94 (polypropylene,
PP). 5 LM (polyvinyl chloride, PVC)HIER 4 2,
J#i (polystyrene, PS). il WIS Y pH. %A fk
WAL A& USRS &, 456850t
IR W S B S R IE T B,
ANTEFIZE | AS[RDRE AR LA RS [ e B8 %) Al 28 Ak ok
R RE L A5

1 AR5

1.1 Rt

SIS T FH BORE BT R SR A H IR T
W X, WA 2N Tt /N s (8 H 3 56
PRUEATIRES , L O A R /N T 400 H BT
Y RORAE R S5 AW o ASBiF 5% vl B9 AN T]
KLA2 ) PP PS 1 PVC UKL [ ) M T o
SR FR A H]
1.2 HMEMNERSES

A T filt A A R T (Pseudomonas sp.)
J-1 5y 4tk HR AV /KIT8 111. Pseudomonas
sp. J-1 Figpras B2 5N chemically defined media
(CDM) 5775k (g/L): BRPREE 20.0, S 1LEk 10.0,
BRAREN 9.9, BERR A HF 0.1, —I/K&fLE5 0.7,
FLE& £h 50.0, LK B W ER 1.3, Bk R A 4N
79.8, P4t F: 5 09 Pseudomonas sp. J-1 &R 2|
100 mL CDM }i =, A 1.0 g fFBS 5 iy %
B, FEFEA P LA 30 °C . 150 t/min 1Y 45 1F 5

http://journals.im.ac.cn/actamicrocn



2708

QIU Jingxuan et al. | Acta Microbiologica Sinica, 2025, 65(6)

3% . Pseudomonas sp. J-1 Fa @118 3 W, LA
10 000 r/min 5.0> 5 min 5 § CDM K57 FE 8
B RETE 4 °CUkART, LIRS TR EES gl .
1.3 HZERIEME. NEURIKEXTIE
IR eI EREA

02 g, Ktk 13 um ) PP, PVC FlI
PS 3 FhMUBEL, A3 HIINA%EA 100 mL CDM 1%
FRHERY 250 mL T, FHEARPAA 0.1 g
HIMEEEHF 2 mL [ Pseudomonas sp. J-1, VIHF
KA EIHIBRFPZERT Pseudomonas sp. J-1 4" FHY
WEBE R SEm . B 0.2 g, KA Jioh 13,
150, 600 pm [ PP, 4351 A $ 4 100 mL
CDM K 5E19 250 mL 4B, F 1) 450
A 0.1 g BIREERH™FI 2 mL 1Y Pseudomonas sp.
J-1, DA R O R R AR X Pseudomonas sp.
J-1 A AR B A5 . B 0.2 g F115.0 g
FLAE YN 13 um B9 PP 433 i A 264 100 mL
CDM X Fe 519 250 mL SETEf Y, 1 45
A 0.1 g BIREERH™FT 2 mL B9 Pseudomonas sp.
J-1, VAWFFEAS R AR BE X Pseudomonas sp.
J-1 A BB R B 5

¥ LAMEEIE T 30 °C. 150 r/min AYfEIERE
RSB CRON, B 2-3 d BURE 1 IR W iRk
FE & ) pH. 48 AL 38 J5 HE {3 (oxidation reduction
potential, ORP). A% LA S Sk B2 A8 1k . o)
S B — AR O Ry 25 I REZE, -
RIS 3 AT
1.4 N[E] pH X RZERHIK M 556 BO 7200

i FH 909 7 7R 6 84X T 1) Sb(IIm) ¥ B2 Ky
10 mg/L AW, B LR3I 3 4y, K5
N 1 mol/L Y NaOH 5 0K H: pH 4341
P50 7.2, 8.6 M1 9.4, WUARIR pH 6 B2 A VA
100 mL 43 %10 A 250 mL 4EIE R H, FEA
02 g. ®iteHl 13 um B PP, Hi%k—HAINIE
B ZS IR, R4S 3 P AT RS
FEHUE T 30 °C . 150 t/min A9 1H L FE R H ke
JEAAS

>4 actamicro@im.ac.cn, 7 010-64807516

1.5 BREEREEREES S MEBR T
BRIER 7

A [ AH G SRS R IR, alk HEDR R (5 5%
P450 Jit i fith ks PR 5 0 T 0] i B 1 i 52 7605 fit
T BEAROCBS38 sk NCBI M3k (https://www.ncbi.
nlm.nih.gov/){8 45 T 5 k5L H 41 56 2 10 B i
JE AT, 435 R AR B TR & (Pseudomonas sp.)
AO-1 (CP079947). i & (B 50 il 1 (Pseudomonas
aeruginosa) PA96 (CP007224). 4 2% i 5. it &
(Pseudomonas aeruginosa) PaSz (AP031604)., 4
ok i P il B (Pseudomonas aeruginosa) RD1-3
(CP047697) Fil i 2k fix M MY & (Pseudomonas
aeruginosa) UCBPP-PA14 (CP000438)., T #k [1i&
SERANEIEN A )T, ALY alk B AT40
(3R P450 Mgy, ARAEH /N (8 575
) 22 | B PR 45 A ]
1.6 BBRSHHINE

15 & A 7K BT A% (Loveland 23 &)l i
W) pH, M E# S ORP (DR ST AR A
B2 w0 Wi v 1) A3 S A7 ol el i
BE(MOTIC 22 7)), i i A 3k e D
TR A R . AR AR 100 55, AR
JOR AT IR i A i P Y Sb(V)iAR B R Sb(IID),
Biti J5i ) FH i 26 % ' 1% 7 (atomic fluorescence
spectrometry, AFS) (b 5 EANES A PR 7]l
BT B BRR DY
1.7 HeHBERMIESIF

TR LRSS, AL TR AR A AR L
10 000 r/min .0 5 min, YK R Y [F 1A
e o A3 BdE 50 mg/L 1) /N 22 IR 2B E R
(wheat germ agglutinin, WGA) ¥ 7% Fl 4',6- — ik
F -2- 2K FE 05| g (47, 6-diamidino-2-phenylindole,
DAPD#F M ARIC IS Z B Al DNA. i FHHOEIE
% 45 12 i 5% (confocal laser scanning microscope,
CLSM) (JE FEAGHLA FRZA F)AE 405 nm 304 E H
WLZE DAPT YL 455, 7E 633 nm UG T W&
WGA JL a2



e & | EY2ER, 2025, 65(6)

2709

1.8 e F RIS

W S92 50 235 RIS AR it D R - 8 R
[ %€ (1 1.5% 22 B W E AN 2.5% I BEIR &
B [ 2 TEM A L, BT ERKIKIR I
TUREE 5K 25% . 50% . 75% . 95% . 100%
) BRI K ol T I B a5 T 484 (Quorum 2%
)% 58 UG K Ak B A AR S R AT TR BEJS
FI 3 K 55 45 4 HE - 2 78U 5% (scanning electron
microscope-energy dispersive X-ray spectroscopy,
SEM-EDS) (TESCAN /A ®), 7E i i £ K
15 KV B S P8 T XA 0 9 B R ik R A7 WL
Ao o

—a— CK —e— PP

>
—_ — —_ —_
(=] [\ B (o)}
T T T

Total Sb (mg/L)

ij“\
WNFI
S \ ¥
E 60} ]
a4 \" :
g 30 TN F—
4 ! ]
of L\}//
_30 L
0 2 4 6 8 10 12 14 16 18
t/d

2 HEXR5®

21 AEMEHMEBRXT Pseudomonas
sp. J-1 T SHEGH T FERAVE N
SEIRFRW, 3 PRI AR RS R
(A AR . Hodr, PP A In A B BREAK T
WRCR BB S, T PVC 44 PS B9 i A K
BRI AN R (B 1A), AR SEg iR F
() pH {H¥ 235 A EFE . 25 X
0. PVC 41 PS 411y pH & a2 7E 9.25-9.30
ZIE, 1 PP 41f) pH ALF Lk 3 41, &k
SETE 8.71-8.78 Z [0 (K 1B). £ 4LiA WAk

PVC PS
B
95}
90}
:: 8.5 B
o
8.0
754
ob
0 2 4 6 8 10 12 14 16 18
1d
250} CHCK
4 pp
200+ BR PVC §§§
=N R

e
2

%S
Cx
$0%6%0%%%

—

93

o
T

R
X
X

KK
KRR
XX

—

(o]

(=]
T

%
SRS

XK
XX

%
XHHR

QX

o
55

902020 %00 6%0%0% % %% %4 %%

W

(=]
[ ket

=

Microbial biomass (x107 cell/mL) ©

|

DO D3 D6
t/d

3

Bl ARMEMEBHMANGE, REFRPHZEFRSHELER. A: BBWKE; B: pH; C: ORP;

D: A,
Figure 1

The changes in various indicator parameters in the reaction system after the addition of different types

of microplastics. A: Total antimony concentration; B: pH; C: ORP; D: Microbial biomass.
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Figure 2 The changes in various indicator parameters in the reaction system after the addition of different sizes

of microplastics. A: Total antimony concentration; B: pH; C: ORP; D: Microbial biomass.
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The changes in various indicator parameters in the reaction system after the addition of different

concentrations of microplastics. A: Total antimony concentration; B: pH; C: ORP; D: Microbial biomass.
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Figure 5

CLSM images of the resuspended 72 h incubated Pseudomonas sp. J-1. A: Extracellular

polysaccharide; B: DNA; C: Optical image; D: Extracellular polysaccharide and DNA overlay images.
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Figure 6

SEM observation of the sample after the experiment. A, C: Morphology of microplastics and

Pseudomonas sp. J-1 observed under SEM; B, D: EDS results of corresponding sites.
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