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The influencing mechanism of polystyrene nanoplastics on aerobic granular sludge. QI Bo-wen, ZHANG Bing, PANG Fu-jing, CHEN
Zhen-wei, SHI Wen-xin (Key Laboratory of Three Gorges Reservoir Region’s Eco-Environment, Ministry of Education, College of
Environment and Ecology, Chongging University, Chongging 400045, China). China Environmental Science, 2025,45(6): 3010~3019
Abstract: This study aimed to investigate the influencing mechanism of polystyrene nanoplastics (PS-NPs) in aerobic granular
sludge (AGS) systems. The addition of 20mg/L PS-NPs had a negligible impact on the removal of organic matter and phosphorus in
the AGS systems. However, it exerted a pronounced inhibitory effect on nitrogen removal, with ammonia nitrogen removal and total
nitrogen removal exhibiting a reduction of 21.98% and 41.31% compared to the control group, respectively. Additionally, PS-NPs
inhibited the secretion of extracellular polymeric substance (EPS) and altered the EPS structure, making it looser by affecting the
secondary structure of proteins. Further studies demonstrated that PS-NPs caused intense oxidative stress within microorganisms by
inducing excessive reactive oxygen species (ROS) production, which resulted in lactic dehydrogenase (LDH) levels rising to
151.27% and compromised cell membrane integrity. The long-term presence of PS-NPs led to changes in microbial community
structure, inhibiting the growth of denitrifying bacteria, such as the classes Gammaproteobacteria and Alphaproteobacteria. In
contrast, the proliferation of the classes Flavobacteria and Chitinophagia was promoted by PS-NPs. Moreover, KEGG database
analysis indicated that PS-NPs not only significantly inhibited the pathways related to quorum sensing and metabolic activity,
particularly the metabolic pathways of aromatic amino acids, but also reduced the relative abundance of genes encoding denitrifying
functional enzymes. This ultimately posed a negative impact on the denitrification performance and the long-term stability of AGS
systems.

Key words: aerobic granular sludge; nanoplastics; polystyrene; microbial community; metabolic pathway
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Table I Composition of the simulated municipal wastewater

Eigiy W (mg/L)
COoD 600
NH,-N 60
PO, P 10
MgSO,-7TH,0 25
FeS0,4-7H,0 30
CaCl, 30
ZnS0,4-7H,0 0.05
Na;Mo;0,4-2H,0 0.06
CoCly'6H,0 0.06
CuS045H,0 0.03
MnCly-4H,0 0.1
HBO; 0.05
AICl; 0.05
NiCl, 0.04

1.2 WdeE H5ieir X

KPR AF ) SBR W 4% HEA TR 56, 70
BIbRIE A RICH 4D R2(SEH 4L, #0 20mg/L
PS-NPs). 1% J I 85 H 2 = [ 70em, 42 10em, £ 4%
PRRUA S.SLAARRIACH LU A 50%. J b iR F (R Bz
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R E A HIAE 7.0~7.5mg/L RN 2.5em/s 384
IR A HAFRLE 80d, fHh: S W tH /K H TN (19 sl 1
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H BCA il & (Solarbio, H FE At 50) AR~ R v
SEPL A KR EPS #EAT PN S5 HT A%
10mL EPS AU T5 5, 5 AR & 46,2
J&5 % Thermo Scientific Nicolet 670 {8 HLIH-41 4Rk
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BT PN b Mo B B S0 A o i A T 0
28 B2 IE R P W, TR IR B T A S A Y
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