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a b s t r a c t

This study employed the ferrate(VI)/sulfur(IV) (Fe(VI)/S(IV)) system to degrade aromatic organoarsenic

compounds, with a focus on elucidating the role of in situ-formed Fe(III) flocs. The introduction of

S(IV) significantly enhanced oxidative degradation efficiency compared to Fe(VI) alone, achieving 94.8 %

p-arsanilic acid (p-ASA) degradation within 3min. The evolution of active species under varying S(IV)

dosages was systematically investigated via radical quenching experiments and probe compound anal-

ysis. SO4
•−, •OH and Fe(IV)/Fe(V) were identified as the dominant reactive species in the Fe(VI)/S(IV)

system, with Fe(IV)/Fe(V) serving as the primary driver of p-ASA degradation. Characterization revealed

that Fe(III) flocs contributed to arsenic (As) adsorption. While S(IV) addition altered the morphology and

structure of Fe(III) flocs, these changes exerted negligible effects on As adsorption capacity. A plausible

degradation pathway for p-ASA was proposed, supported by density functional theory (DFT) calculations

and degradation product analysis. The system demonstrated robust resistance to common interfering ions,

while the low toxicity of degradation byproducts highlighted its potential as a sustainable technology for

AOCs elimination. This work elucidated structural modifications in Fe(III) flocs induced by S(IV) and un-

derscored the pivotal role of Fe(IV)/Fe(V), positioning the Fe(VI)/S(IV) system as a promising strategy for

AOCs degradation.

© 2026 Published by Elsevier B.V. on behalf of Chinese Chemical Society and Institute of Materia

Medica, Chinese Academy of Medical Sciences.

Aromatic organoarsenic compounds (AOCs), including p-

arsanilic acid (p-ASA) and 3-nitro-4-hydroxyphenylarsonic acid

(ROX), are commonly employed in livestock feed additives to pro-

mote poultry growth and disease control [1]. Despite the 2013 ban

on AOCs in animal feed by the United States, their use remains

prevalent in developing countries [2]. Environmental surveys have

detected substantial concentrations of p-ASA residues near agricul-

tural regions in China [3]. Research indicates that organic arsenic

in environmental matrices can undergo transformation into highly

toxic inorganic species, such as arsenate (As(V)) and arsenite

(As(III)) [4]. Addressing AOCs contamination is imperative, as these

compounds pose significant ecological and public health hazards

due to their persistence and toxic transformation products.

Adsorption techniques, recognized for their cost-effectiveness

and operational simplicity, have been widely investigated for AOCs
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removal [5]. Materials such as metal-organic frameworks (MOFs)

[6], aluminum oxides [7], iron oxides [8], manganese oxides [9],

and nanomaterials [10] have demonstrated notable efficacy in this

regard. However, adsorptive removal of AOCs is susceptible to

fluctuating environmental conditions, while functional substituent

groups on AOCs strongly modulate adsorption efficiency [11]. In

contrast, chemical oxidation processes degrade AOCs into smaller

organic fragments and inorganic arsenic, enabling true pollutant

mineralization. Widely utilized oxidation methods, such as Fen-

ton [12], Fenton-like [13], and ozone-based systems [14], efficiently

mediate the conversion of p-ASA to inorganic arsenic species.

Nonetheless, these methods achieve incomplete AOCs degradation,

with suboptimal removal efficiencies for total and inorganic ar-

senic, underscoring the demand for more robust and efficient re-

mediation strategies.

Ferrate(VI) (Fe(VI)) has gained prominence as a multifunctional

oxidant-coagulant, synergizing potent oxidative capacity with co-

agulation properties to degrade diverse contaminants while mit-

igating secondary pollution via Fe(III) flocs generation during its

https://doi.org/10.1016/j.cclet.2025.111538
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reduction [15,16]. However, its practical adoption is hindered by

intrinsic limitations, such as sluggish reaction kinetics and rapid

autodecomposition under acidic conditions, which restrict its scal-

ability [17]. Recent studies reveal that integrating Fe(VI) with sul-

fite(IV) (S(IV)) markedly enhances system efficacy through syn-

ergistic redox interplay. This synergy facilitates the formation of

reactive intermediates (Fe(IV)/Fe(V)) and radical species (SO4
•−

and •OH), significantly augmenting oxidative potential compared

to Fe(VI) alone system [18,19]. The Fe(VI)/S(IV) system enhances

degradation kinetics for recalcitrant organics and broadens the op-

erational pH range, effectively circumventing the pH-dependent ac-

tivity constraints of conventional Fe(VI) treatment schemes. These

advancements establish the Fe(VI)/S(IV) system as a robust candi-

date for integrated oxidation-coagulation processes in water reme-

diation. Bradley et al. demonstrated that S(IV) activation modifies

Fe(III) flocs derived from the Fe(VI)/S(IV) system, inducing distinct

structural properties (e.g., magnetic behavior, morphology, and par-

ticle size) compared to flocs generated via Fe(VI) autodecomposi-

tion [20]. These structural attributes directly impact the adsorptive

performance of flocs. Consequently, structural variations in Fe(III)

flocs may critically influence arsenic removal efficiency, underscor-

ing the need for comprehensive assessment of the Fe(VI)/S(IV) sys-

tem’s efficacy in AOCs removal.

This study investigates the efficacy of the Fe(VI)/S(IV) system for

AOCs elimination, with a specific focus on elucidating the influence

of floc morphology on arsenic (As) removal efficiency. The primary

objectives of this study were to: (1) Assess the degradation effi-

ciency of the Fe(VI)/S(IV) system toward AOCs, (2) identify reactive

species through quenching experiments and probe compound anal-

ysis, (3) characterize Fe(III) flocs structural modifications and eval-

uate their impact on As adsorption, and (4) elucidate the degrada-

tion mechanism of p-ASA. This work provides novel insights into

AOCs removal via the Fe(VI)/S(IV) system, offering critical implica-

tions for optimizing arsenic-contaminated water treatment strate-

gies.

Fe(VI) was synthesized via a solution-phase wet chemical syn-

thesis method [21]. A complete list of chemicals used in this study

is provided in Text S1 (Supporting information). Detailed descrip-

tions of the analytical methods can be found in Text S2 (Support-

ing information). The residual Fe(VI) was analyzed using the ABTS

method, as detailed in Text S3 (Supporting information). Organic

constituents were quantified using high-performance liquid chro-

matography (HPLC). The specific conditions for HPLC analysis of

each chemical are outlined in Table S1 (Supporting information).

The degradation intermediates of p-ASA were studied using high-

performance liquid chromatography coupled with tandem mass

spectrometry (HPLC-MS/MS), as outlined in Text S4 (Supporting in-

formation). The flocs produced from the decomposition of Fe(VI)

were gathered in both the presence and absence of S(IV) (Text S5

in Supporting information).

The degradation experiments were conducted as follows: A 200

μmol/L p-ASA stock solution was prepared by dissolving p-ASA

in ultrapure water. A 500 μmol/L Na2SO3 solution was prepared

in deionized water, and 20mmol/L borate buffer was added to

adjust the solution volume to 100mL. Fe(VI) was prepared in a

2mmol/L borate buffer solution, and its concentration was quan-

tified via UV–vis spectrophotometry, as described previously [22].

Reactions were initiated by adding Fe(VI) under continuous stirring

at 300 rpm. At predetermined time intervals, 2.0mL aliquots were

collected, filtered through a 0.22μm membrane filter, quenched

with 20μL of 1mol/L hydroxylamine hydrochloride (NH2OH·HCl),
and subjected to analysis. All experiments were conducted in trip-

licate to ensure reproducibility.

The removal efficiency of p-ASA was systematically com-

pared across three systems: Fe(VI) alone, Fe(VI)/thiosulfate, and

Fe(VI)/sulfite (Fig. S1 in Supporting information). Both sulfite

(S(IV)) and thiosulfate significantly enhanced Fe(VI)-mediated p-

ASA degradation at pH 8.0. The Fe(VI) alone system achieved

40.21% p-ASA removal, while the Fe(VI)/thiosulfate system in-

creased this efficiency to 71.2%. In contrast, the Fe(VI)/sulfite sys-

tem demonstrated near-complete p-ASA elimination. Sulfite exhib-

ited superior efficacy in activating Fe(VI) for p-ASA oxidation. Con-

sequently, sulfite was selected as the model S(IV) agent to as-

sess the Fe(VI)/S(IV) system’s efficacy in AOCs degradation. The

Fe(VI)/S(IV) system was further benchmarked against established

Fe(II)-activated systems (Fe(II)/S(IV), Fe(II)/PMS, and Fe(II)/PDS) un-

der neutral conditions (Fig. S2 in Supporting information). No-

tably, the Fe(VI)/S(IV) system outperformed all Fe(II)-based sys-

tems, achieving superior p-ASA removal efficiency under neutral

pH. As shown in Fig. 1a, S(IV) alone exhibited negligible capac-

ity for p-ASA elimination. The enhanced efficacy of S(IV) likely

arises from synergistic generation of reactive intermediates and

secondary contributions from Fe(III) flocs.

The influence of S(IV) dosage on p-ASA degradation was sys-

tematically examined by maintaining Fe(VI) at 50 μmol/L while

varying S(IV) concentrations from 20 μmol/L to 200 μmol/L. As

shown in Fig. 1b, the addition of S(IV) (20–100 μmol/L) markedly

improved p-ASA degradation efficiency, achieving removal rates

of 52.7 %, 53.6 %, 53.2 %, and 51.3% at respective S(IV) concentra-

tions. This enhancement is attributed to the increased genera-

tion of reactive intermediates at higher S(IV) dosages, which fa-

cilitated p-ASA degradation. The consistent p-ASA degradation ef-

ficiency observed at 20–100 μmol/L S(IV) suggests an equilib-

rium between S(IV)-driven Fe(VI) activation and reactive oxygen

species (ROS) generation. When the S(IV) concentration was fur-

ther increased to 200 μmol/L, the elimination rate of p-ASA de-

creased. This reduced enhancement likely stems from competi-

tive scavenging of reactive species by excess S(IV), which diverted

oxidizing capacity from p-ASA degradation [23]. In parallel, tem-

poral monitoring of Fe(VI) consumption revealed critical insights

into system dynamics (Fig. 1c). Fe(VI) consumption increased from

6.84 μmol/L in the Fe(VI)-only system to 42.44 μmol/L in the pres-

ence of 200 μmol/L S(IV). Rapid Fe(VI) decomposition promotes the

formation of high-valent iron intermediates (Fe(IV)/Fe(V)), which

are potent oxidants. Furthermore, S(IV) activates Fe(VI) to gener-

ate radical species (SO4
•−, •OH) [24], which likely synergize with

Fe(IV)/Fe(V) to drive p-ASA degradation.

To comprehensively evaluate the synergistic enhancement of

S(IV) on Fe(VI) oxidation, the Fe(VI)/S(IV) system’s efficacy in de-

grading diverse AOCs (structures detailed in Table S2 in Sup-

porting information) was investigated. As shown in Fig. 1d, S(IV)

significantly accelerated Fe(VI)-mediated pollutant degradation,

achieving near-complete AOCs elimination within 3min. The ad-

dition of S(IV) improved the degradation efficiencies of p-ASA,

2-aminophenylarsonic acid (2-APAA), 4-hydroxyphenylarsonic acid

(4-HPAA), ROX, and phenylarsonic acid (PAA) by 37.06%, 17.45%,

20.1%, 8.17%, and 5.23%, respectively, relative to Fe(VI) alone.

The differential degradation efficiencies likely stem from Fe(VI)’s

selective oxidation behavior and the distinct adsorption affini-

ties of Fe(III) flocs toward AOCs, modulated by electron-donating

substituents (e.g., -NH2, -OH), steric hindrance, and molecular

weight. These findings underscore the Fe(VI)/S(IV) system’s broad-

spectrum efficacy in AOCs degradation.

High-valent iron species are known to oxidize phenyl sulfoxide

(PMSO) via oxygen atom transfer, yielding methyl phenyl sulfone

(PMSO2). Conversely, reactive radicals induce PMSO transformation

into polymeric or hydroxylated derivatives [25]. Therefore, PMSO

was employed as a probe to differentiate the contributions of high-

valent iron species and radical-mediated pathways. Fig. S3a (Sup-

porting information) demonstrates that PMSO2 yields approached

100% in the Fe(VI) alone system, confirming the dominant role of

high-valent iron species in PMSO oxidation. Increasing the S(IV)
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Fig. 1. (a) Comparative performance of various systems in p-ASA removal. (b) Effect of S(IV) dosage on p-ASA degradation efficiency. (c) Fe(VI) decomposition under

varying S(IV) dosages. (d) Comparative removal efficiencies of diverse AOCs in the Fe(VI)/S(IV) system. Experimental conditions: [AOC]0 =5 μmol/L, [Fe(VI)]0 =50μmol/L,

[S(IV)]0 =50μmol/L, pH 8.0.

dosage from 20 μmol/L to 200 μmol/L progressively enhanced

PMSO degradation rates, indicative of increased reactive species

generation in the Fe(VI)/S(IV) system. Notably, PMSO2 yields in the

Fe(VI)/S(IV) system progressively decreased from 79.5% to 61.2%

with rising S(IV) dosages (Figs. S3b-f in Supporting information).

The sub-100% PMSO2 yields signify the concurrent generation of

radical species (e.g., SO4
•−, •OH) upon S(IV) addition, which com-

pete with high-valent iron species for PMSO oxidation [26].

Chemical quenching experiments were conducted to elucidate

the contributions of Fe(IV)/Fe(V), SO4
•−, and •OH to p-ASA degra-

dation in the Fe(VI)/S(IV) system. tert-Butyl alcohol (TBA), bro-

mide (Br−), and ethanol (EtOH) were employed as selective scav-

engers for •OH, SO4
•−/•OH, and Fe(IV)/Fe(V), respectively. The

second-order rate constant for ·OH scavenging by TBA ranges from

3.8×108 L mol-1 s-1 to 7.6×108 L mol-1 s-1 [27]. Previous stud-

ies report second-order rate constants of 109–1010 L mol-1 s-1 for

reactions of organic pollutants with SO4
•− and •OH [28]. Under

these conditions, 10mmol/L TBA is expected to completely in-

hibit p-ASA oxidation via •OH scavenging. Fig. 2a demonstrates

that TBA exerted only a modest inhibitory effect on p-ASA degra-

dation in the Fe(VI)/S(IV) system, confirming that •OH is not the

dominant reactive species. Using coumarin (COU) as a •OH probe

[29], the concentration of 7-hydroxycoumarin (7-HOC) increased

from 0.1 μmol/L to 0.5 μmol/L with rising S(IV) dosages, signal-

ing progressive ·OH accumulation in the Fe(VI)/S(IV) system (Fig.

S4 in Supporting information). Although •OH was generated dur-

ing the reaction, it played a negligible role in p-ASA elimination,

likely due to its low relative concentration or slower reaction ki-

netics with p-ASA compared to other species [27,28]. Br− exhibits

rapid reactivity with SO4
•− and •OH, contrasting with its inert-

ness toward high-valent iron species [30]. The more significant in-

hibitory action of Br− compared to TBA indicates that the contri-

bution of •OH is much less than that of SO4
•− (Fig. 2b). Studies

have established that Fe(IV)/Fe(V) selectively oxidize electron-rich

organic moieties but exhibit limited reactivity toward electron-

deficient pollutants like benzoic acid (BA) [27]. BA degradation ef-

ficiency in the Fe(VI)/S(IV) system was evaluated across varying

S(IV) concentrations (Fig. S5 in Supporting information). Elevated

S(IV) dosages enhanced BA degradation, correlating with increased

SO4
•−/•OH generation. However, quenching and probe experiments

Fig. 2. Effects of TBA (a), Br− (b), and EtOH (c) on p-ASA removal. (d) EPR spec-

tra of different systems. Experimental conditions: [Fe(VI)]0 =50 μmol/L, [p-ASA]0 =5

μmol/L, [TBA]0 =10mmol/L, [Br−]0 =1mmol/L, [EtOH]0 =200mmol/L, pH 8.0.

revealed that SO4
•−/•OH contributions to p-ASA removal remained

largely unaffected by S(IV) concentration (Fig. 2b). The stronger in-

hibitory effect of EtOH compared to Br- is attributed to its com-

petitive quenching of Fe(IV)/Fe(V) (Fig. 2c) [31]. This aligns with

PMSO experimental results, further corroborating the pivotal role

of Fe(IV)/Fe(V) in driving p-ASA degradation.

Electron paramagnetic resonance (EPR) experiments were per-

formed to elucidate the generation mechanisms of reactive species

in the Fe(VI)/S(IV) system. Previous studies have demonstrated that

5,5-dimethyl-1-pyrroline N-oxide (DMPO) is selectively oxidized

to 5,5-dimethyl-2-pyrrolidinone-N-oxide (DMPOX) by Fe(IV)/Fe(V)

[32]. As shown in Fig. 2d, the Fe(VI) alone system exhibited char-

acteristic DMPOX signals with a distinctive 1:2:1:2:1:2:1 intensity

ratio. The detection of DMPOX conclusively confirms Fe(IV)/Fe(V)

formation in this system. In the Fe(VI)/S(IV) system with initial

S(IV) concentrations of 50 μmol/L and 200 μmol/L, pronounced

DMPO-•OH adduct signals were detected. Simultaneously, six

3
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Fig. 3. FT-IR spectra of Fe(III) flocs in the presence and absence of p-ASA.

satellite signals adjacent to the four primary peaks were identi-

fied and assigned to DMPO-SO4
•− adducts. Similar spectral signa-

tures have been reported in previous Fe(VI)-based oxidation stud-

ies [33]. Collectively, quenching experiments, PMSO conversion as-

says, and EPR analysis demonstrated that the Fe(VI)/S(IV) system

generates Fe(IV)/Fe(V), SO4
•−, and •OH. Increasing S(IV) dosage en-

hanced •OH and SO4
•− generation, though •OH played a negligible

role in p-ASA elimination, with Fe(IV)/Fe(V) and SO4
•− emerging as

the dominant oxidative species. SO4
•− contributions remained con-

sistent across S(IV) concentrations, likely due to inherently limited

reaction kinetics between ROS and AOCs. Consequently, oxidation

processes were predominantly mediated by Fe(IV)/Fe(V), even at

elevated S(IV) dosages.

Fe(III) flocs, formed during Fe(VI) decomposition, play a piv-

otal role in pollutant removal via dual mechanisms [34]. Primarily,

Fe(III) flocs mediate Fe(VI) reduction to generate reactive interme-

diates, enhancing pollutant degradation [35]. Secondarily, they ad-

sorb organic pollutants and metal ions, synergistically augmenting

water purification. Bzdyra et al. [20] reported that exogenous acti-

vators alter Fe(III) flocs morphology and surface chemistry, thereby

modulating their pollutant removal efficacy. Scanning electron mi-

croscopy (SEM) revealed Fe(III) flocs with an irregular morphol-

ogy in the absence of p-ASA (Fig. S6a in Supporting information).

In the presence of p-ASA, Fe(III) flocs developed pronounced sur-

face protrusions (Fig. S6b in Supporting information), likely due

to arsenic adsorption. Energy-dispersive X-ray spectroscopy (EDS)

confirmed Fe(III) flocs composition as 45.03% Fe and 41.31% O in

the absence of p-ASA (Table S3 in Supporting information). Follow-

ing p-ASA exposure, As was detected on floc surfaces. Notably, As

and C accounted for 7.46% and 20.71% of floc composition, respec-

tively, post-p-ASA adsorption (Figs. S6c and d in Supporting infor-

mation). Fourier-transform infrared (FT-IR) spectra of Fe(III) flocs

provided further insights into arsenic interactions (Fig. 3). In the

presence and absence of p-ASA, the obtained Fe(III) flocs presented

similar signals at 3250 cm−1 and 1620 cm−1, coming from the

-OH in water molecules [36]. The O-Fe-O asymmetric stretching vi-

bration shifted from 1330 cm−1 to 1293 cm−1 upon p-ASA adsorp-

tion, indicating structural Fe(III) floc modification [37]. This shift

likely reflects As(V) adsorption-induced lattice distortion in Fe(III)

flocs. A distinct Fe-O-As vibrational peak at 820 cm−1 further con-

firmed arsenic binding to Fe(III) flocs [38]. Collectively, these find-

ings demonstrate that Fe(III) flocs actively adsorb arsenic species,

contributing to their immobilization.

Subsequent analysis focused on S(IV)-induced modifications to

Fe(III) flocs structure and surface properties. Fig. S7 (Supporting

information) demonstrates that S(IV) dosage modulates the zeta

potential of Fe(III) flocs, imparting a negative surface charge. Re-

gardless of p-ASA presence, S(IV) addition induced a negative zeta

potential in Fe(III) flocs. This enhanced surface electronegativity

likely facilitated electrostatic interactions with positively charged

arsenic species. X-ray photoelectron spectroscopy (XPS) elucidated

the surface valence states and chemical composition of Fe(III) flocs.

The O 1s spectrum exhibited three distinct peaks at 531.1 eV (Fe-

OH), 532.5 eV (H2O), and 529.5 eV (Fe-O-Fe) [39]. In the Fe(VI)

alone system, Fe(III) flocs comprised 56.64% Fe-OH, 29.37% Fe-

O-Fe, and 13.99% H2O (Fig. 4a). With p-ASA, Fe-OH increased to

61.2%, while H2O and Fe-O-Fe decreased to 11.25% and 27.55%,

respectively (Fig. 4b). In the Fe(VI)/S(IV) system, Fe-OH decreased

markedly, whereas Fe-O-Fe increased significantly after the reac-

tion (Figs. 4c and d). This shift is attributed to S(IV)-mediated

Fe(VI) activation, which promotes Fe-O-Fe bond formation. The dis-

tinctive peak at 711.3 eV in the Fe 2p3/2 spectrum corresponded

to Fe(II), whereas the peak at 713.1 eV indicated Fe(III) [40]. Fe(II)

generation originated from two pathways: (1) S(IV)-driven Fe(VI)

reduction to Fe(IV)/Fe(V), followed by reductive/disproportionation

reactions yielding Fe(II); (2) S(IV)-ferric (oxyhydr)oxide interfacial

electron transfer under near-neutral pH, fostering Fe(II) regenera-

tion. Fe(III) content in the Fe(VI)/S(IV) system increased by 7.7%

relative to Fe(VI) alone (Figs. 4e and f). This highlights S(IV)’s dual

function: Enhancing Fe(VI) activation to Fe(IV)/Fe(V) and sustain-

ing Fe(III)/Fe(II) redox cycles, synergistically amplifying oxidative

capacity. The As 3d XPS peak at 45.5 eV confirmed As(V) forma-

tion [41]. As(V) concentrations in the Fe(VI)/S(IV) system surpassed

those in Fe(VI) alone (Figs. S8a and b in Supporting information),

underscoring S(IV)’s role in enhancing oxidative capacity.

The data suggest that Fe(III) flocs generated via the Fe(VI)/S(IV)

system undergo significant structural modifications compared to

those from Fe(VI) autodecomposition. However, the impact of these

structural differences on arsenic removal efficiency remains am-

biguous. To resolve this, we evaluated the effect of S(IV) on

Fe(III) flocs adsorption performance. Fig. S9 (Supporting informa-

tion) reveals that varying borate concentrations minimally influ-

ence Fe(III) flocs adsorption. Fig. 5a confirms Fe(III) flocs-mediated

p-ASA adsorption, yet total arsenic removal in both Fe(VI) alone

and Fe(VI)/S(IV) systems exceeded p-ASA adsorption (Fig. 5b). This

discrepancy arises because Fe(III) flocs also adsorb inorganic ar-

senic and intermediates generated during p-ASA oxidation. XPS

analysis of the As 3d spectra confirmed that adsorbed arsenic pri-

marily existed as inorganic As(V). Consequently, the higher total As

removal indicates that Fe(III) flocs preferentially immobilize As(V)

compared to undegraded p-ASA. The comparable total arsenic re-

moval between systems indicates that arsenic adsorption is lim-

ited by the finite density of Fe-OH surface sites on Fe(III) flocs, de-

spite S(IV)-induced structural modifications. At higher S(IV) doses,

accelerated Fe(VI) decomposition increased reactive species gen-

eration, enhancing As(V) production. However, excess S(IV) intro-

duced competitive ligands that reduced As(V) adsorption via lig-

and exchange at Fe-OH sites. The counteracting effects of increased

As(V) production and competitive ligand adsorption negate each

other, leading to consistent total arsenic removal rates irrespective

of S(IV) concentration.

High-performance liquid chromatography coupled with tandem

mass spectrometry (HPLC-MS/MS) was utilized to investigate the

degradation and transformation mechanisms of p-ASA. Detailed

characterization of the identified intermediates is provided in Ta-

ble S4 (Supporting information) and Fig. S10 (Supporting informa-

tion). Fig. 6a illustrates the electron cloud distribution in p-ASA,

with pronounced density localized around the amino and arse-

nate functional groups. Fukui function analysis revealed elevated

f-values at the C6, As11, O12, and N17 sites, indicating height-

ened susceptibility to electrophilic attack (Figs. 6b and c). Based on

the Fukui indices and identified oxidation intermediates, the pro-

posed decomposition pathways of p-ASA are schematically summa-

rized in Fig. 6d. The degradation of p-ASA predominantly proceeds

via two distinct mechanistic pathways. In the primary pathway,

Fe(IV)/Fe(V) reactive species mediate cleavage of the As-C bond

in p-ASA, yielding p-aminophenol (p-AP) and As(III) [42]. As(III)

is ultimately oxidized to As(V), manifesting as inorganic arsenic

4
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Fig. 4. (a-d) XPS spectra of Fe(III) flocs O 1s before and after the different systems’ reactions. (e, f) XPS spectra of Fe(III) flocs Fe 2p after the different systems’ reactions.

Fig. 5. (a) Effect of adsorption on p-ASA removal. (b) Effect of S(IV) concen-

tration on total As removal. Experimental conditions: [Fe(VI)]0 =50μmol/L, [p-

ASA]0 =5μmol/L, pH 8.0.

species, while p-AP is rapidly oxidized by the active species to pro-

duce TP-138, followed by p-phenol and ultimately p-benzoquinone

[43]. In the secondary pathway, oxidation of the amino group in

p-ASA generates a nitro substituent, which undergoes further re-

actions with reactive oxygen species to produce TP-262. Concur-

rently, As-C bond cleavage releases As(III) and generates TP-154.

A minor pathway involves Fe(IV)/Fe(V)-mediated electron transfer

from p-ASA, generating radicals that dimerize to form TP-400 [44].

Arsenic-containing intermediates were either adsorbed or mineral-

ized to CO2 and H2O via ROS, whereas inorganic arsenic species

were sequestered by Fe(III) flocs. To evaluate the environmental

impact of by-products, acute toxicity, mutagenicity, and develop-

mental toxicity of intermediates were assessed using the Toxic-

ity Estimation Software Tool (T.E.S.T.) (Fig. S11 in Supporting in-

formation). By-products were categorized by toxicity levels, with

p-ASA displaying pronounced acute toxicity. Although residual tox-

icity persists in by-products post-Fe(VI)/S(IV) treatment, a marked

reduction in overall toxicity was observed. While mutagenicity and

developmental toxicity were elevated in a minor subset of by-

products relative to p-ASA, these constituted only a trace fraction

of the total. Collectively, the Fe(VI)/S(IV) system significantly atten-

uates the toxicity of most p-ASA-derived by-products, underscoring

its potential as an environmentally friendly strategy for organic ar-

senic removal. pH critically regulates the speciation and reactivity

of the Fe(VI)/S(IV) system, underscoring the need to systematically

evaluate its impact on pollutant removal efficiency. As illustrated in

Fig. S12a (Supporting information), p-ASA removal efficiency by the

Fe(VI)/S(IV) system increased progressively as pH decreased from

9.0 to 7.0, achieving optimal performance at neutral pH. However,

further acidification to pH 6.5 resulted in a marked efficiency de-

cline, owing to accelerated Fe(VI) self-decomposition under acidic

conditions, which prematurely depleted oxidants and reduced their

availability for pollutant degradation [45]. Conversely, under alka-

Fig. 6. Highest occupied molecular orbital (HOMO) of p-ASA (a). Fukui index of p-ASA (b, c). Degradation pathways of p-ASA (d).
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line conditions, Fe(VI)/S(IV) reaction kinetics slowed significantly, Data curation. Jialong Yin: Methodology, Validation. Can Feng:

inhibiting the generation of reactive species such as Fe(IV)/Fe(V). Formal analysis, Data curation. Heng Zhang: Funding acquisition, 

This pH-dependent behavior highlights a trade-off between Fe(VI) Writing – review & editing, Supervision. Peng Zhou: Supervision, 

stability and activation efficiency, with neutral pH optimizing ox- Software. Zhaokun Xiong: Methodology, Software. Bo Lai: Funding 

idant longevity and reactive species generation, thereby maximiz- acquisition, Resources, Supervision.

ing p-ASA removal. As pH increased from 6.5 to 9.0, the removal

efficiencies of both p-ASA and total arsenic declined (Fig. S12b in Supplementary materials

Supporting information), confirming that effective p-ASA oxidation

is a prerequisite for total arsenic removal. Supplementary material associated with this article can be 

 To evaluate the practical applicability of the system, the effects found, in the online version, at doi:10.1016/j.cclet.2025.111538.

of common anions and humic acid (HA) on p-ASA removal were
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