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Abstract:

Microplasties dissolved organic matter (MPDOM) exists widely in surface water, which can
affect the solar inactivation behavior and environmental late of pathogenic
microorganisms. However, the research data in this [ield is very scarce. In this project,
common microplastics and pathogenic microorganism indicators are selected as research
objects. MPDOM can be obtained by ultraviolet aging treatment of microplastics. The
structural characteristics of different types of MPDOM will be investigated by diverse
characterization methods such as spectroscopy, chromatography and mass spectrometry
technologies. The steady—state concentration, production rate and quantum vield of
photoproduced reactive intermediates (102, +*OH and 3DOM#%) were measured. The
structure-activity relationship between the structural characteristics and the
photosensitive effect will be established. Based on the production level of photoproduced
reactive intermediates, photoshielding coefficient, endogenous and exogenous
photo—inactivation rate constants, the influence of MPDOM on the effect and mechanism of
endogenous photo—inactivation can be resolved. With the coexistence of MPDOM and
dissolved natural organic matter (DOM), the influence of MPDOM on the effect and
mechanism of exogenous photo—inactivation mediated by DOM can be revealed through the
measurement ol exogenous pholo—inactivation rate constants, inhibition coelflicient,
carbonyl content, electron donating and accepting capacity. The implementation of the
project will provide basic data and scientific support for the evaluation and control of
microplastics and water—borne pathogens pollutants.
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Keywords: Electron transfer pathways have been verified as overriding regimes when peroxydisulfate (PDS) was activated
Fenton-like reaction by porous carbon. The incorporation of graphitic structure into carbon matrix was favorable to the rapid electron

Graphitic porous carbon
Graphitization degree
Electron transfer pathway

transfer, but excessive graphitization would deteriorate the specific surface area (SSA), weakening the catalytic
performance. The reasonable trade-off between SSA and graphitization degree was necessary and challenging for
the preparation of efficient carbon based PS-activators. Herein, a series of graphitic porous carbon with
diserepant SSA and graphitic structure were fabricated. The incorporation of graphitization tracks into ultra-thin
edges on porous carbon film was verified by multifarious structural characterization. After trade-off, the opti-
mum catalyst exhibited superior catalytic performance with degradation rate constant (k) exceeding that of
ungraphitized precursor by up to 16.0 times. Mechanistic investigations substantiated that the sufficient SSA of
catalyst provided favorable conditions for its affinity towards PDS and sulfadiazine (SDZ), resulting in the
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groups could barely be removed in GPC2-1000/PDS system, while the
removal efficiency of SDZ, bisphenol A (BPA) and phenol with
electron-rich groups was obviously improved. This phenomenon showed
that GPC2-1000/PDS system was inclined to selectively oxidize
electron-rich contaminants. The feasibility of GPC/PDS systems was
evaluated in multiple water matrices including tap water, river water
(Jialu River, Zhengzhou, China), lake water (Longzi Lake, Zhengzhou,
China) and secondary sewage effluent (Matougang Wastewater Treat-
ment Plant, Zhengzhou, China). The hardly weakened removal ratio (>
94.0%) suggested the wide water matrice universality in
GPC2-1000/PDS system.

The good reusability of catalysts for SDZ decontamination could be
verified by the fact that the SDZ degradation efficiencies could be readily
recovered after three consecutive runs (i.e. from 45.2% to 90.8% in
GPC2-1000/PDS and from 14.9% to 87.4% in the GPC3-900/PDS sys-
tem) by treating the used catalysts via secondary annealing (Figs. 526
and 6b). A continuous flow reactor was utilized to evaluate the stability
of catalysts (Fig. 6¢). In comparison with the inferior removal effect of
control column without catalyst packing, the SDZ degradation efficiency
of catalyst-filled columns was maintained nearly 100% throughout the
continuous operation of SDZ solution for 18 h (Fig. 6d), reflecting the
distinguished purification ability and strong durability of GPC2-1000
and GPC3-900.

4. Conclusions

In summary, a variety of structural characterization parameters (e.g.,
graphitization degree (g), average interlayer spacing (doo2) and the
amount of spz-C atoms) directly and quantitatively uncovered that the
catalytic graphitization strategy facilitated the crystallite growth, con-
verting disordered amorphous carbon into ordered graphitic structure.

Journal of Hazardous Materials 471 (2024) 134422
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performance, but excessive graphitization would deteriorate it instead.
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times. This work provided basis to construct efficient catalysts for SDZ
removal.
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HIGHLIGHTS GRAPHICAL ABSTRACT

» The elimination mechanism difference
between antibiotic and ARB was

revealed. £ o ]
« The graphitic structure promotes elec- °
-

tron transfer from SDZ to PS.

« Generated free radicals by iron-
activated PS  were crucial for
disinfection.

+ The horizontal transfer risk of ARGs can
be obviously reduced.

»:-;n‘-'.:-. :u‘."-"’:?‘\./

rs SDZ G':':::::m 23:::; 50, 0y «OH ‘“vlu--’ﬂ DNA mlh
ARTICLEINFO ABSTRACT
Keywords: In this study, the activation of peroxydisulfate (PS) by KsFeOs-activation biochar (KFeB) and acid-picking
Iron-based biochar KyFeOg-activation biochar (AKFeB) was investigated to reveal the mechanism differences between iron site

Graphitic structure
Sulfadiazine degradation
Antibiotic resistant bacteria
Conjugative transfer

and graphitic structure in sulfadiazine (SDZ) degradation and ARB inactivation, respectively. KFeB/PS and
AKFeB/PS systems had similar degradation property towards SDZ, but only KFeB/PS system showed excellent
bactericidal property. The mechanism study demonstrated that dissolved SDZ was degraded through clectron
transfer pathway mediated by graphitic structure, while suspended ARB was inactivated through free radicals
generated by iron-activated PS, accompanied by excellent removal on antibiotic resistance genes (ARGs). The
significant decrease in conjugative transfer frequency indicated the reduced horizontal gene transfer risk of ARGs
after treatment with KFeB/PS system. Transcriptome data suggested that membrane protein channel disruption
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atpl) also exhibited a downregulation, suggesting the inhibition of ATP
synthesis. This phenomenon was mainly because the energy needed by
ATP synthesis from phosphoric acid (Pi) and adenosine diphosphate
(ADP), were supplied reductively due to the blocked movement of
protons through enzyme channels and restricted reaction between Oy
and protons. In Fig. S30, the relationship between conjugative transfer
frequency and ATP content level during disinfection was established
showing that ATP level was positively correlated with the conjugative
transfer frequency. Thus, KFeB/PS system can effectively inhibit the
conjugative transfer by decreasing ATP supply during inactivation
process.

3.5. Practical application of continuous flow reactor

To evaluate potential practicability of KFeB and AKFeB, continuous
flow reactors consisting of AKFeB/PS and KFeB/PS were used to degrade
SDZ and inactivate ARB, respectively (Fig. 9a, b, Text S12). During
continuous reaction for 30 h, KFeB/PS and AKFeB/PS showed excellent
degradation ability for SDZ with the degradation efficiency of 92 % and
100 %, respectively (Fig. 9¢), reflecting the high catalytic activity and
robust durability of KFeB and AKFeB. Moreover, KFeB exhibited stability
and persistence in inactivating ARB during continuous reaction of 11 h
(Fig. 9d). The plate counting pictures also demonstrated that KFeB had
the excellent inactivation performance (Fig. 9¢). To sum up, the devel-
oped catalysts had broad practical application prospects in large-scale
antibiotic degradation and ARB inactivation.

4. Conclusions

In this study, KyFeOs-activation biochar (KFeB) and acid-picking
KoFeOg-activation biochar (AKFeB) were synthesized to analyze the
mechanism differences between iron site and graphitic structure in SDZ
degradation and ARB inactivation. Both KFeB/PS and AKFeB/PS sys-
tems showed excellent SDZ degradation effect, while only KFeB/PS
system had a remarkable ARB inactivation ability. Mechanism explo-
ration demonstrated that SDZ was degraded through graphitic structure
mediated electron transport pathway, and ARB was inactivated via free
radicals generated by iron-activated PS. This was attributed to the fact
that soluble SDZ can be adsorbed on catalyst to promote SDZ degrada-
tion, and suspended ARB cannot be adsorbed but can be inactivated by
collision with radicals on the catalyst. The structure-effect relationships
explained that AKFeB with the lowest R and highest open-circuit
potentiometric exhibited the most significant SDZ degradation perfor-
mance by activating PS. Moreover, due to the continuous attack of the
generated ROS towards ARB, KFeB/PS system can reduce the ARGs
horizontal transfer risk by destructing cell membrane and inhibiting ATP
synthesis. KFeB/PS and AKFeB/PS system had satisfactory pollutant
removal effect in continuous flow experiments, exhibiting great appli-
cation potentials in the field of wastewater purification. The proposed
mechanism difference of SDZ degradation and ARB inactivation medi-
ated by graphitic structures and Fe species will provide a clear direction
for accurately designing biochar-based catalysts with excellent PS acti-
vating capacity for application in classified and collaborative control of
dissolved organic and suspended pathogenic bacteria pollutants.

Environmental implication

This research revealed the mechanism differences between iron site
and graphitic structure of catalysts in SDZ degradation and ARB inac-
tivation. The dissolved SDZ was degraded through electron transfer
pathway mediated by graphitic structure, while suspended ARB inacti-
vation through free radical pathway generated by iron-activated PS.
Reactive oxygen species derived from PS activation not only led to ARB
inactivation but also degraded ARGs, ultimately inhibiting the hori-
zontal transfer of ARGs. Since the considerable pollution control pres-
sures have been triggered by antibiotics and ARB, this work is helpful to
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their classified and collaborative abatement by carbon-based catalysts
driven persulfate advanced oxidation processes.
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Antimicrobial resistance (AMR) is a critical global health threat, further intensified by the widespread dissem-
ination of plasmid ded antibiotic r genes (ARGs), which poses a significant challenge to the “One
Health” concept. Ifate-based advanced oxid: processes (PS-AOPs) have emerged as effective disinfec-
tion methods, capable of degrading antibiotics, inactivating bacteria, and eliminating ARGs, whereas their ef-
ficacy towards blocking ARGs horizontal transfer remains elusive. This work constructed a series of Fe-modified
soybean straw biochar (FeSSB) as persulfate (PS) activators through Fe- regulation.
Among the tested systems, FeSSB800/PS achieved complete inactivation of antibiotic resistant bacteria (ARB)
with a 7.04-log reduction within 60 min, outperforming others. FeSSB800, featuring the highest exposed-Fe(II)
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Electron Transfer Expressway from Peroxydisulfate to O, Mediated
by Diatomic Sites Accelerating 'O, Production for Disinfection

Waushuai Qi," Xiaodan T. ang,V Yan Huang,* Shuanglong Ma,* Jingzhen Wang, Boqgiang Gao, Jiale Pang,
Jinge Du, Pengfei Wang, Sihui Zhan, Bing-Jie Ni, and Shengjun Xu*
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ABSTRACT: Current studies on high-density single-atom catalysts (SACs)
with the coexistence of single atomic and diatomic sites have ignored the
underlying contribution of diatomic sites for persulfate-based disinfection
technology. Herein, high-density atomic Ni anchored on N-doped carbon
(Ni;,—NC) containing abundant Ni diatomic (Ni,—Ng) sites, was fabricated,
exhibiting superior peroxydisulfate (PDS) activation to generate singlet oxygen
('0,) for disinfection compared with other M;—NC, due to the fact that Ni;—
NC possessed the highest negative crystal orbital Hamilton population value. A
dynamic promotion effect toward disinfection, relying on the level of external
O, was discovered. This promation effect was achieved through the cooperation of PDS and O, which was mediated by Ni,—N
sites bridging electron transfer from PDS to O,, thereby suppressing the energy barriers of rate-determining steps. Disinfection with
decreased horizontal gene transfer was achieved by disrupting coenzyme Q, inhibiting adenosine triphosphate synthesis, and
degrading extracellular polymeric substances via 'O,. A continuous flow system based on a Ni,—NC@sponge fixed reaction bed
displayed persistent disinfection for 336 h under aeration. This work presents a transboundary integrated PDS disinfection strategy
combining physical aeration and chemical oxidation through tailoring diatomic sites in SACs.

KEYWORDS: diatomic sites, peroxydisulfate, antibiotic resistant bacteria, disinfection

B INTRODUCTION deciphered by multidimensional characteristics, need to be
filled.

Single-atom catalysts (SACs), with maximum metal atom
utilization and definite geometric configuration, manifest
superior catalytic performance and provide the possibility to
reveal 'O, generation mechanisms at the atomic level.'®'” To
enhance the catalytic efficiency of SACs, tailoring the d-band
centers of metals is a common strategy, in which the metal site
with a d-band center closer to the Fermi level (E;) can

The continuous overuse and misuse of antibiotics have led to
the proliferation of antibiotic-resistant bacteria (ARB) and
antibiotic resistance genes (ARGs).'™" Traditional water
disinfection techniques have exposed apparent deficiencies,
such as the generation of carcinogenic disinfection byproducts
during chlorination and ozonation,” as well as the persistence
of microbial resistance under ultraviolet irradiation.” Hetero-

geneous persulfate-based advanced oxidation processes (PS- improve bonding performance and electron transfer ability
AOPs) employing biochar, nano zerovalent iron, sulfide nano between the metal site and PS."* Therefore, optimizing the d-
zerovalent iron, Fe;O0,@MoS$, and iron-loaded biochar not band centers of metal sites is key for PS activation by
only exhibit low PS activation efficiency and atomic utilization anchoring different metal atoms' %" or by manipulating the
but also primarily achieve disinfection via free radical electron structures of coordination environments.”' Further-
mechanisms, leading to inferior disinfection efficacy.””"” more, increasing the density of atomically dispersed metals can
Relatively to free radicals (such as $O,*7), singlet oxygen provide more active sites, which can also enhance the catalytic
('0,) exhibits stronger resistance to environmental interfer- activity of SACs for PS activation.”*”? Many studies have
ence due to its prolonged lifespan, broad pH tolerance, and focused on increasing atom density but have overlooked the
robust selgctivity_lz Furthermore, the unoccupied #* orbital in fact that, as the density increases, atomically dispersed metal
'0, endows it with strong electrophilic capability, enabling it

to efficiently attack bacteria by reacting with 'O,-sensitive Received: February 12, 2025 FUBOnEATRL
cellular cumpunents.” More importantly, there is a lack of Revised:  July 16, 2025 'mmmwu
corresponding antioxidant enzymes in cells to defend against Accepted: July 17, 2025

10, attack.”" Therefore, 'O, can be expected to function as an Published: July 23, 2025

excellent antibacterial agent.'* However, knowledge gaps about
'0, generation and the relevant disinfection processes,

® 2025 American Chemical Society hitps://doi.arg/10.1021/acs.est.5¢01975
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