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Introduction

Advanced Oxidation Processes (AOPs) have been proposed as promising tertiary wastewater treatments for micropollutant removal. Among AOPs, the photo-Fenton process has been confirmed to increase the Fenton reaction rate through the introduction of UV or visible light.

In the Fenton or photo-Fenton process, iron oxide has been widely used because of its excellent catalytic performance, thereby overcoming the drawback of the traditional Fenton process. In the traditional Fenton reaction, the most suitable pH value would be < 3 in order to maintain the system stability and promote the production of •OH radicals production. Furthermore, the conventional homogeneous photo-Fenton reactions have very low oxidation performance because of the low rate of Fe 2+ regeneration. 1 In recent studies, a large number of iron oxide species have been considered, such as Fe 3 O 4 , 2 α-Fe 2 O 3 , 3 α-FeOOH, 4 β-FeOO 5 and γ-Fe 2 O 3 6 . Among them, ferrihydrite has attracted significant research interest. [7][8][9] Ferrihydrite is widely distributed in the biosphere, and it is also a precursor of other crystalline iron oxides in the environment.

Additionally, ferrihydrite has a large specific surface area and high surface activity. 7 While the exact chemical composition of ferrihydrite is not currently confirmed, it is proposed to be Fe 5 HO 8 •4H 2 O. 8 In order to improve the system, many studies have focused on introducing different iron oxides including ferrihydrite into the photo-Fenton system to facilitate the conversion rate between Fe 3+ and Fe 2+ . These include BiVO 4 /Ferrihydrite, 9 Ag/AgCl/Ferrihydrite, 10 and Ag/AgBr/Ferrihydrite 11 . It has been proven that ferrihydrite can catalyze H 2 O 2 to produce •OH radicals to act on pollutants. Organic chelating agents (CAs), such as ethylene diaminetetraacetic acid (EDTA), nitrilotriacetic acid (NTA), 1,10-Phenanthroline hydrate, ammonium citrate, sodium potassium tartrate, and dithizone are usually used to remove metal impurities in water. [12][13][14][15] Recent studies have shown that CAs can be used in the photo-Fenton process to promote the degradation efficiency, especially at a neutral pH. [START_REF] De Luca | Study of Fe(III)-NTA chelates stability for applicability in photo-Fenton at neutral pH[END_REF] Among them, aminocarboxylic acids such as EDTA, DTPA were first used, however, they were found to be biotoxic and nonbiodegradable. [START_REF] Huang | Enhanced heterogeneous photo-Fenton process modified by magnetite and EDDS: BPA degradation[END_REF] Therefore, there is a research opportunity to find chelating agents that can be biodegradable and nontoxic.

Ethylenediamine-N,N′-disuccinic acid (EDDS) is one of CAs, which is environmentally friendly and non-toxic to the environment and biological systems. Furthermore, EDDS is considered a substitute for harmful chelates. In previous studies, EDDS was used to complex Fe(III) to form a stable combination. [START_REF] Li | Photochemical efficiency of Fe(III)-EDDS complex:<ce:glyph name="rad">OH radical production and 17 β -estradiol degradation[END_REF] The complex system of Fe(III)-EDDS was applied in the photo-Fenton process to improved oxidation performance in a broad pH range.

Bisphenol A (BPA) is a typical environmental endocrine disruptor, which disrupts the mechanism of endogenous hormones in human and animal bodies, thus affecting the normal growth and reproduction of organisms. [19][START_REF]Triennial Reproduction Symposium: Environmental programming of reproduction during fetal life: Effects of intrauterine position and the endocrine disrupting chemical bisphenol A 1[J][END_REF][START_REF] Wang | Effects of bisphenol A, an environmental endocrine disruptor, on the endogenous hormones of plants[END_REF] BPA is used in plastics, medical devices, automobile production and so on, it is thus widely used in industries and detectable in natural environment. At present, the degradation methods of BPA mainly include biological treatment, physical treatment and chemical treatment. Among the chemical treatment methods, AOPs have proven to be particularly efficient for BPA degradation.

For these reasons, the degradation performance of BPA in the EDDS-ferrihydrite photo-Fenton system is studied in this research. The morphology and structure of ferrihydrite were characterized using different methods and used to analyze the system mechanism. The effects of different parameters on BPA degradation such as initial concentration of EDDS, ferrihydrite amount and the initial concentration of H 2 O 2 were studied. In order to further understand the degradation mechanism, the contribution of free radicals such as •OH and •O 2 -radicals were investigated, and the effect of iron dissolution on the oxidation process was assessed. The difference in the mechanism between in the aerobic and anaerobic conditions was determined based on the effect of different radicals.

Experimental

Chemicals

Sodium hydroxide, hydrochloric acid, potassium hydroxide, ferric nitrate nonahydrate, hydrogen peroxide (30wt%) were obtained from the Chengdu Kelong Chemical Reagent Factory. BPA was from the Shanghai Ziyi Reagent Factory. Isopropanol and chloroform were from the Guangxi kezan biological co. LTD. S,S ′ -ethylenediamine-N,N′-disuccinic acid trisodium salt (EDDS) was obtained from Sigma. Milli-Q water was used for all experiments.

Synthesis and characterization of ferrihydrite

Ferrihydrite was synthesized as follows [START_REF] Schwertmann | Iron Oxides in Laboratory[END_REF] : 40.0 g Fe(NO 3 ) 3 •9H 2 O was dissolved in 500 mL of Milli-Q water, and 310mL KOH (1mol L -1 ) was added at the rate of 100mL min -1 . The pH value was adjusted using 1mol L -1 KOH to approximately 7.5. The system was then stirred violently for 1 hour. The obtained colloids were centrifuged for 12 minutes (4000 RPM) and the supernatant was discarded. The solid was washed with Milli-Q water and then centrifuged for 12 minutes. The procedure was repeated 5 times, and finally the solid was dried at approximately 40℃.

The morphology of ferrihydrite was observed by transmission electron microscopy (TEM) using a JEM-2100F TEM (JEOL, Japan). Before the test, the ferrihydrite was put into a small beaker with ethanol. The sample was then suspended and dispersed by ultrasonic oscillation. After that, a drop of suspension was dropped onto the carbon-support copper-film network, and the test was conducted once after the ethanol had evaporated.

The crystal structure of ferrihydrite was analyzed by X-ray powder diffraction (XRD), and the XRD model is DX-2700A (HAOYUAN, China). The measurement conditions are as follows: XRD was performed at 40KV voltage and 100mA current with 2θ/θ coupling continuous scanning with a step width of 0.02, and a scanning speed of 10° min -1 .

The specific surface area of ferrihydrite was analyzed by Brunauer Emmett Teller (BET) analysis using a SSA-3600 (BEODO, Beijing). Before analysis, an appropriate amount of ferrihydrite was placed in a special glass tube and then analyzed in the SSA-3600 automatic specific surface and pore analyzer.

Photo-Fenton experiments

The experiments were carried out in a home-made photoreactive apparatus consisting of a cylindrical container made of acrylic materials. The experimental lamp was a HPI-T Plus 250W metal halide lamp with a continuous emission spectrum from 290-800nm, which was used to simulate solar illumination. The temperature and stability of the lamp was controlled using circulating water. An aeration unit was introduced at the bottom of the reaction container to give a fully mixed solution and to provide oxygen.

Before reaction, BPA and EDDS were added to the reaction solution and the pH was adjusted. The prepared reaction solution and ferrihydrite were added to the photoreactive apparatus, and then a certain amount of H 2 O 2 was added to the reactor. Timing started after turning on the light and aeration. Samples were taken for centrifugation at intervals, and the supernatant was filtered with a 0.45pm filter membrane and placed in the liquid chromatograph for detection.

To investigate the role of free radicals and the mechanism of degradation in the experiment, a radical scavenger was used to capture the free radicals produced 2-propanol and chloroform were used as •OH and •O 2 -scavengers, respectively. [START_REF] Hwang | Fenton-like degradation of MTBE: Effects of iron counter anion and radical scavengers[END_REF] CF is

highly reactive with •O 2 -(k •O2
-,CF =3.0×10 10 mol -1 Ls -1 ) and poorly reactive with •OH (k •OH,CF =5.0×10 6 mol -1 Ls -1 ). [START_REF] Buxton | Critical Review of rate constants for reactions of hydrated electrons, hydrogen atoms and hydroxyl radicals (⋅OH/⋅O-in Aqueous Solution[J][END_REF] 

Analytical methods

The concentration of BPA was determined by UHPLC-CLASS (WATERS, USA) ultra-high-performance liquid chromatography. The experiments were performed by UV detection at 275nm with a under the column temperature of 40℃. The retention time of BPA was 3 minutes. The flow rate Please do not adjust margins Please do not adjust margins was 0.2mL min -1 and the mobile phase was a mixture of methanol and water (65:35).

The degradation rate of BPA was calculated using the following formula:

(1-C t /C 0 )×100%, (1) 
where C t refers to the concentration of BPA at some point during degradation, and C 0 refers to the initial concentration of BPA.

The content of ferrous iron (Fe 2+ ) and total iron was determined by the o-phenantholine method. [START_REF] Tamura | Spectrophotometric determination of iron(II) with 1,10phenanthroline in the presence of large amounts of iron(III)[END_REF] The principle of determination is that Fe 2+ forms a stable orange-red complex with o-phenanthroline in solution at a pH between 3 and 9. The total iron required was determined by adding 1mL hydroxylamine hydrochloride to reduce the ferric ion (Fe 3+ ) to Fe 2+ .

Results and discussion

Characterization of ferrihydrite

The morphologies of ferrihydrite were investigated by TEM (Fig. 1). The agglomeration phenomenon of the ferrihydrite particles failed to reveal the shapes and morphology of single particles and individual crystals. Ferrihydrite is an amorphous granular polymer and is extremely fine grained, thus it is difficult to distinguish the morphology of individual particles. 26- 28 The XRD patterns of ferrihydrite were examined (Fig. 2). As shown in Fig. 2, there are two weak, broad peaks at 2θ = 34.65°, 61.24°. These results are consistent with the diffraction peak of 2-line ferrihydrite (2-lfh) which is regarded as the typical species of ferrihydrite, [START_REF] Gautier | Transformation of natural As • associated ferrihydrite downstream of a remediated mining site [ J ][END_REF][START_REF] Jia | et al. Infrared spectroscopic and X-ray diffraction characterization of the nature of adsorbed arsenate on ferrihydrite [[END_REF] indicating that the main component of the sample is 2-lfh. Compared with other ferrihydrite species,such as 6-lfh and 3-lfh, 2-lfh has weak crystallinity and a specific surface area, which increases the number of reactive sites and the catalytic activity toward H 2 O 2 . [START_REF] Rout | 2-Line ferrihydrite: synthesis, characterization and its adsorption behaviour for removal of Pb(II), Cd(II), Cu(II) and Zn(II) from aqueous solutions[END_REF] As determined by BET, the specific surface area of the synthesized ferrihydrite in this study was 297.5m 2 g -1 , which is larger than those obtained in previous studies. [START_REF] Giovanni | Sb(V) adsorption and desorption onto ferrihydrite: influence of pH and competing organic and inorganic anions[END_REF][START_REF] Liao | Effect of reduced humic acid on the transport of ferrihydrite nanoparticles under anoxic conditions[END_REF] The high specific surface area means more reactive sites available hydrogen peroxide catalysis. Therefore, this characteristic is beneficial for increasing the reaction rate of the photo-Fenton process. 3a, the effect of EDDS concentration on BPA degradation in the modified photo-Fenton system was discussed. The degradation rate of BPA increased from 81.6% to 85.1% when the concentration of EDDS increased from 0.5 to 1.0 mmol L -1 . However, the degradation rate of BPA decreased at higher concentrations of EDDS (1.5 to 2.5 mmol L -1 ) which could be caused by two possible reasons. On the one hand, the ligandmetal charge transfer reduced Fe(III) to Fe(II). Therefore, with the increase of the initial EDDS concentration to 1.0mmol L -1 , the circulation between Fe(III)-Fe(II) is promoted (see Eqs. (2)-( 5)). [START_REF] Liang | pH dependence of persulfate activation by EDTA/Fe(III) for degradation of trichloroethylene[J][END_REF][START_REF] Abida | Impact of iron-complex (Fe(III)-NTA) on photoinduced degradation of 4chlorophenol in aqueous solution[END_REF] On the other hand, with the increase of EDDS concentration, the Fe(Ⅲ)-EDDS complex could promote the photochemical reaction rapidly and produce reactive radicals such as •OH and •O 2 -in the presence of UV radiation. [START_REF] Li | Photochemical efficiency of Fe(III)-EDDS complex:<ce:glyph name="rad">OH radical production and 17 β -estradiol degradation[END_REF][START_REF] Wu Yanlin | Toward a better understanding of Fe(III)-EDDS photochemistry: theoretical stability calculation and experimental investigation of 4-tertbutylphenol degradation[END_REF][START_REF] Huang Wenyu | Effect of ethylenediamine-N,N'disuccinic acid on Fenton and photo-Fenton processes using goethite as an iron source: optimization of parameters for bisphenol A degradation[END_REF] Fe However, if the EDDS concentration is too high, it inhibits the degradation of BPA. This may be due to the competitive reaction between EDDS and BPA on •OH (k EDDS,•OH =2.0×10 8 M -1 S -1 ), according to reaction (6). [START_REF] Vandevivere | Biodegradation of metal-[S,S]-EDDS complexes[END_REF] Effects of the ferrihydrite loading. Fig. 3b shows the impact of different ferrihydrite loadings on BPA degradation. The degradation rate of BPA increased when ferrihydrite dosage increased up to 0.6g L -1 , and then decreased with further dosage increase. With a low ferrihydrite dose, the active sites on the surface of ferrihydrite are saturated quickly, and thus the interaction between ferrihydrite and other reactants is limited, reducing the BPA degradation. With the increase of ferrihydrite dosage, the increase of surface active sites increased the generation of •OH, which enhanced the degradation efficiency of BPA. [START_REF] Wu | Photo-Fenton degradation of a dye under visible light irradiation[J][END_REF] Moreover, the increase of ferrihydrite dose improved the utilization of irradiation and increased dissolved iron content. [START_REF] Neyens | A review of classic Fenton ' s peroxidation as an advanced oxidation technique[END_REF][START_REF] Huang | Heterogeneous sono-Fenton catalytic degradation of bisphenol A by Fe3O4 magnetic nanoparticles under neutral condition[END_REF] However, the decrease in the degradation rate of BPA at the highest ferrihydrite doses may be due to the rapid degradation of EDDS when the Fe(Ⅲ)-EDDS complex was formed. [START_REF] Li | Photochemical efficiency of Fe(III)-EDDS complex:<ce:glyph name="rad">OH radical production and 17 β -estradiol degradation[END_REF] Therefore, the Fe(Ⅲ)-EDDS complex would not be This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins Please do not adjust margins formed in solution, resulting in low BPA degradation rates. Another possibility is that •OH radicals could be scavenged by the ferrihydrite surface. Iron oxide surfaces can react with •OH radicals (k=8×10 11 (g•mL -1 ) -1 s -1 ) according to previous research. [START_REF] Christopher | Mechanistic studies of surface catalyzed H2O2 decomposition and contaminant degradation in the presence of sand[END_REF] Effects of H 2 O 2 Concentration. Fig. 3c reveals the effect of different H 2 O 2 concentrations on BPA degradation. The increased of H 2 O 2 concentration firstly led to a slight increase in BPA degradation, while additional H 2 O 2 reduced the rate. This result could be due to the scavenging effect of H 2 O 2 on •OH radicals. In the low H 2 O 2 concentration range, the increase of H 2 O 2 concentration augmented the production of •OH radicals, thereby improving the degradation efficiency of BPA.

•OH radicals were produced in two different pathways. Pathway one is the photolysis of H 2 O 2 to produce •OH radicals, and pathway two is the Fenton process (see Eqs. ( 7), ( 5)). [START_REF] Schrank | Applicability of Fenton and H2O2/UV reactions in the treatment of tannery wastewaters[END_REF] H 2 O 2 +hv→2•OH (7)

•OH+H 2 O 2 →HO 2 •+H 2 O ( 8) HO 2 •+•OH→H 2 O+O 2 (9)
However, excessive H 2 O 2 will react with •OH radicals to form •O 2 -radicals with weaker oxidation ability, which cannot further oxidize BPA and its degradation intermediates (see Eqs.

(8)-( 9). [START_REF] Du | Mesoporous sulfur-modified iron oxide as an effective Fenton-like catalyst for degradation of bisphenol A[END_REF] In fact, Li et al. [START_REF] Li | Effect of pH and H2O2 dosage on catechol oxidation in nano-Fe3O4 catalyzing UV-Fenton and identification of reactive oxygen species[END_REF] also got a similar conclusion that •OH radicals could be scavenged by excessive H 2 O 2 in the nano-Fe 3 O 4 /UV-Fenton system. As a result, the degradation rate of BPA gradually increased below the optimal concentration and decreased above this concentration. [BPA] 0 =20 µmol L -1 , pH=7).

Mechanism analysis of BPA degradation

BPA degradation in different systems. In order to understand the role each factor plays, including irradiation and EDDS, BPA degradation was carried out in different systems with the same conditions, and these results are shown in Fig. 4. Obviously, these results suggest that irradiation contributes significantly to the BPA oxidation process. All the systems with irradiation yielded more efficient BPA degradation than those without irradiation. This enhancement could be attributed to the reduction of Fe(Ⅲ) to Fe(Ⅱ) induced by irradiation, which increases the circulation between Fe(III) and Fe(II), [START_REF] Avetta | Activation of Persulfate by Irradiated Magnetite: Implications for the Degradation of Phenol under Heterogeneous Photo-Fenton-Like Conditions[END_REF] and then improves the generation of •OH. In addition, the photoactivity of ferrihydrite could enhance the interaction between its surface-active sites and H 2 O 2 and also increase the production of •OH under irradiation. Secondly, it is possible that complexation between EDDS and ferrihydrite occurred and hence the photoactivity was promoted. [START_REF] Li | Photochemical efficiency of Fe(III)-EDDS complex:<ce:glyph name="rad">OH radical production and 17 β -estradiol degradation[END_REF][START_REF] Li | Photodegradation of E2 in the presence of natural Montmorillonite and the iron complexing agent ethylenediamine-N,N'-disuccinic acid[END_REF] Moreover, the BPA degradation efficiency with aeration was higher than without aeration. This is likely due to the presence of singlet oxygen ( 1 O 2 ) molecules which also contribute to BPA degradation. According to literature, [START_REF] Cornell | The iron oxides: structure, properties,reactions, occurrences and uses[END_REF] iron oxides can generate electron-hole pairs in the presence of irradiation and oxygen, and generate 1 O 2 indirectly due to the strong oxidation of the holes. Based on the reaction rate constant between BPA and 1 O 2 (k BPA, 1O2 =(2.15±0.017)×10 8 M -1 s -1 ), [START_REF] Yaobin | In situ H(+)-mediated formation of singlet oxygen from NaBiO3 for oxidative degradation of bisphenol A without light irradiation: Efficiency, kinetics, and mechanism[END_REF] BPA can be directly oxidized by 1 O 2 to H 2 O and CO 2 .
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EDDS]=1.0 mmol L -1 , [ferrihydrite]=0.6 g L -1 , [H 2 O 2 ]=0.5 mmol L -1 , [BPA] 0 =20 µmol L -1 , pH=7)
Contribution of different reactive species. To better understanding the role of different reactive species in the ferrihydrite-EDDS/photo-Fenton system, radicals scavenging experiments were carried out and the degradation of BPA was investigated. Firstly, 2-propanol was used as a •OH radicals scavenger to determine the effects of •OH radicals. [START_REF] Doorslaer | TiO 2 mediated heterogeneous photocatalytic degradation of moxifloxacin: Operational variables and scavenger study[END_REF][START_REF] Palominos | Evidence for hole participation during the photocatalytic oxidation of the antibiotic flumequine[J][END_REF][START_REF] Zhang | Investigation of the roles of active oxygen species in photodegradation of azo dye A07 in TiO2 photocatalysis illuminated by microwave electrodeless lamp[J[END_REF] Different concentrations of 2-propanol were added to the solution. As showed in Fig. 5a, it is clear that the degradation efficiency of BPA decreased gradually with the increase of 2propanol concentration. When the 2-propanol concentration increased from 0mmol L -1 to 10.0mmol L -1 in the system, the BPA degradation percentage decreased from 85.1% to 40.0%. This indicates that •OH radicals play an important role in the oxidation processes. However, BPA degradation still occurred when 10.0mmol L -1 of 2-propanol was used, a concentration where •OH radicals should be completely captured by 2propanol theoretically (k 2-propanol,HO• =2×10 9 M -1 S -1 , k BPA,HO• =6.9×10 9 M -1 S -1 ), [START_REF] Zhao | Role of pH on photolytic and photocatalytic degradation of antibiotic oxytetracycline in aqueous solution under visible/solar light: Kinetics and mechanism studies[END_REF][START_REF] Peller | Bisphenol A reactions with hydroxyl radicals: diverse pathways determined between deionized water and tertiary treated wastewater solutions[END_REF] indicating that other reactive species are responsible for direct BPA degradation directly in the system. 2-propanol with the same concentration of 10.0mmol L -1 was used to remove •OH radicals under the condition of magnetic stirring instead of aeration in order to distinguish the role of •OH radicals and singlet oxygen ( 1 O 2 ). The results showed that the degradation percentage of BPA decreased to 17.9%, and the inhibition effect was enhanced, suggesting that the role of 1 O 2 in BPA degradation in this novel system could not be ignored. These results also demonstrated that 1 O 2 can promote the degradation of BPA in Fe(III)-EDDS when applied in the reaction of homogeneous Fenton process. [START_REF] Chen | Photocatalytic Oxidation of Organic Pollutants Catalyzed by an Iron Complex at Biocompatible pH Values: Using O\r, 2\r, as Main Oxidant in a Fenton-like Reaction[J][END_REF] Torres [START_REF] Torres | Bisphenol A Mineralization by Integrated Ultrasound-UV-Iron (II) Treatment[END_REF] examined the photodegradation mechanism of BPA and found that oxygen promoted the formation of BPA cationic free radicals (BPA •+ ), which accelerated the degradation of BPA(see Eqs. (10)-( 12)). In addition, the presence of oxygen could enhance the formation of •OH radicals via a series of further reactions, as shown in Eqs. ( 13)-(15). [START_REF] Abida | Impact of iron-complex (Fe(III)-NTA) on photoinduced degradation of 4chlorophenol in aqueous solution[END_REF][START_REF] Wu Yanlin | Toward a better understanding of Fe(III)-EDDS photochemistry: theoretical stability calculation and experimental investigation of 4-tertbutylphenol degradation[END_REF] •OH+BPA→BPA-OH• (10) 17)-( 19)). [START_REF] Cornell | The iron oxides: structure, properties,reactions, occurrences and uses[END_REF] Since O 2 is usually the primary reducible compound in the system, the yield of •O 2 radicals is significantly higher in the primary steps of the photo-Fenton reaction, which further promotes a high 1 O 2 production. [START_REF] Nosaka | Generation and Detection of Reactive Oxygen Species in Photocatalysis[END_REF] In addition, a small amount of •O 2 -radicals are generated in the system from H 2 O 2 (see Eq. ( 20)), [START_REF] Nosaka | Generation and Detection of Reactive Oxygen Species in Photocatalysis[END_REF] but with lower yields compared to reactions ( 18)-(19). Therefore, under aerobic conditions, high-yield 1 O 2 plays a primary role in the degradation of BPA, while the role of 16)

BPA-OH•+O 2 →BPA-OH• + +•O 2 - ( 11 
) BPA-OH• + →CO 2 +H 2 O (12) EDDS•+O 2 →product+•O 2 - ( 13 
) •O 2 -+HO 2 •+H 2 O→H 2 O 2 +O 2 +OH - (14) 
Fe(Ⅲ)-EDDS+hv→Fe(Ⅲ)-EDDS+e -+h + (17) e -+O 2 →•O 2 - ( 18 
) •O 2 - +h + → 1 O 2 (19) H 2 O 2 +h + →•O 2 - ( 20 
)
This journal is © The Royal Society of Chemistry 20xx

Please do not adjust margins Please do not adjust margins Effects of iron dissolution. To further study the mechanism of this novel system, the iron dissolution in different systems was determined. The results of iron dissolution shown in Fig. 6 are consistent with the experimental results of BPA degradation in different systems. In the presence of irradiation and EDDS, the iron dissolution and BPA degradation in the system were accelerated, indicating the role of iron dissolution in promoting the system efficiency. Some researchers have investigated the causes of increased iron dissolution in the presence of organic acids. [START_REF] Sposito | Chemistry of the solid-water interface[END_REF][START_REF] Stumm | Reactivity at the mineral-water interface: dissolution and inhibition[END_REF][START_REF] Miller | Dissolution of synthetic crystalline and noncrystalline iron oxides by organic acids[END_REF] They found that the surface complexes formed by organic acids and iron oxides could weaken the metal-oxygen bonds, thus increasing the amount of iron dissolution. Furthermore, the iron dissolution in the system enhanced the homogeneous Fenton reaction, through redox reaction of H 2 O 2 with dissolved iron that further promotes the degradation of BPA. Comparison with the national standard (GB3838-2002) [START_REF] Yu | Urbanization Impairs Surface Water Quality: Eutrophication and Metal Stress In The Grand Canal Of China[END_REF] shows that the iron dissolution concentration produced in this system is far lower than the standard limit (0.3mg L -1 ), therefore secondary pollution to the environment is not a concern. 

-1 , [ferrihydrite]=0.6 g L -1 , [H 2 O 2 ]=0.5 mmol L -1 , [BPA] 0 =20 µmol L -1 , pH=7).
Proposed reaction mechanisms involved in the ferrihydrite-EDDS/ photo-Fenton system. Based on the above results, a proposed mechanism of BPA degradation in this novel photo-Fenton system was determined, as shown in Fig. 6. Fig. 6 shows that BPA degradation can be attributed to several reactive species, including •OH radicals, singlet oxygen and •O 2 -radicals. The first step of the reaction involves the formation of a complex between EDDS and ferrihydrite through charge transfer between the ligand and the metal. [START_REF] Otman | Degradation of 4-chlorophenol in aqueous solution photoinduced by Fe(iii)-citrate complex[END_REF] Then, electrons (e -) in the valence band (VB) of this Fe(Ⅲ)-EDDS complex under irradiation are excited into jump to the conduction band (CB), leaving holes (h + ) in the valence band and forming e --h + pairs (see Eq. ( 17)). [START_REF] Nosaka | Generation and Detection of Reactive Oxygen Species in Photocatalysis[END_REF][START_REF] Ju | Potential of one-dimensional blue phosphorene nanotubes as a water splitting photocatalyst[END_REF] Differences are observed in the mechanism of BPA degradation under aerobic and anaerobic conditions. On the one hand, in the aerobic condition, the presence of oxygen and holes at the ferrihydrite surface promotes the formation of 

Conclusions

In this paper, the effect of the ferrihydrite-EDDS/photo-Fenton system on BPA degradation was investigated. We concluded that the introduction of irradiation and EDDS to the heterogeneous photo-Fenton system can effectively enhance the degradation of BPA at neutral pH. Approximately 85.1% degradation of BPA was obtained after 360min under optimal experimental conditions ( [EDDS]=1.0 mmol L -1 , [ferrihydrite]=0.6 g L -1 , [H 2 O 2 ]=0.5 mmol L -1 , [BPA] 0 =20 µmol L -1 , pH=7 ). In addition, the contribution of different reactive species, including •OH radicals, •O 2 -radicals and 1 O 2 were observed using radical scavengers. The generation of reactive species was responsible for BPA degradation under different conditions, with •OH and 1 O 2 appearing to have a primary effect in the aerobic condition while •O 2 -radicals demonstrated a non-negligible effect under anaerobic conditions. The results of the iron dissolution experiments showed that the iron dissolution was accelerated in the presence of irradiation and EDDS which promoted the system efficiency. The main aim of this paper is to improve the photo-Fenton system so that it can be better applied to sewage treatment. The EDDS is environmentally friendly, ferrihydrite is common and iron dissolves little. This journal is © The Royal Society of Chemistry 20xx
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Fig. 1

 1 Fig. 1 TEM image of ferrihydrite

Fig. 3

 3 Fig. 3 Effects of BPA degradation in the modified photo-Fenton systems at a EDDS concentration (conditions: [ferrihydrite]=0.6 g L -1 , [H 2 O 2 ]=0.5 mmol L -1 , [BPA] 0 =20 µmol L -1 , pH=7), b ferrihydrite loading (conditions: [EDDS]=1.0 mmol L -1 , [H 2 O 2 ]=0.5 mmol L -1 , [BPA] 0 =20 µmol L -1 , pH=7 ), and c H 2 O 2 concentration ([EDDS]=1.0 mmol L -1 , [ferrihydrite]=0.6 g L -1 ,

Fig. 4

 4 Fig. 4 BPA degradation in different systems (conditions: [EDDS]=1.0 mmol L -1 , [ferrihydrite]=0.6 g L -1 , [H 2 O 2 ]=0.5 mmol

  Fe(Ⅱ)+H 2 O 2 →Fe(Ⅲ)+•OH+OH - (15) Furthermore, chloroform was applied to scavenge •O 2 radicals to understand the impact of •O 2 -radicals on BPA degradation. 57 Different concentrations of chloroform were added to the solution as shown in Fig. 5b. When the chloroform concentration in the system, with air bubbling, was increased from 0 to 1.0mmol L -1 , the degradation rate of BPA increased from 85.1 to 86.2% after 6h, suggesting that the role of •O 2 radicals is negligible in BPA degradation in aerobic conditions. In contrast, the presence of 1.0 mmol L -1 chloroform under anaerobic conditions clearly inhibited BPA degradation, reducing it from 85.1% to 62.8%, indicating the non-negligible role of •O 2 -radicals on BPA degradation under anaerobic conditions. In the Fenton mechanism, •O 2 -radicals are a strong reductants and promote the reduction of Fe(Ⅲ) to Fe(Ⅱ), which contributes to the generation of •OH radicals (see Eqs. (16), (5)).[START_REF] Hwang | Fenton-like degradation of MTBE: Effects of iron counter anion and radical scavengers[END_REF] Therefore, the use of chloroform as the •O 2 -scavenger may hinder the reaction between Fe(Ⅲ) and •O 2 -radicals (Eqs. (16)), which causes a reduction in Fe(Ⅱ) and •OH radicals production. Accordingly, there is a difference in the mechanism of BPA degradation under aerobic and anaerobic conditions, 1 O 2 plays an important role in the former condition while •O 2 radicals is non-negligible in the latter condition. In the aerobic condition, part of •O 2 -radicals are generated by the reduction reaction of oxygen and electron. 58 Subsequently, •O 2 -radicals are immediately deactivated and converted to 1 O 2 due to the oxidation of holes (see Eqs. (

Fig. 5

 5 Fig. 5 BPA degradation in the modified photo-Fenton system in the presence of different scavenger a 2-propanol and b chloroform concentrations (conditions: [EDDS]=1.0 mmol L -1 , [ferrihydrite]=0.6 g L -1 , [H 2 O 2 ]=0.5 mmol L -1 , [BPA] 0 =20 µmol L -

Fig. 6 a

 6 Fig. 6 a total iron dissolution rate dissolution and b ferrous dissolution rate in different systems (conditions: [EDDS]=1.0 mmol L -1 , [ferrihydrite]=0.6 g L -1 , [H 2 O 2 ]=0.5 mmol L -1 ,

  Therefore, •O 2 -radicals are non-negligible under anaerobic conditions. In addition, the reaction between trace iron dissolution and H 2 O 2 also promoted the Fe(Ⅱ) formation. With the presence of •OH radicals, 1 O 2 and •O 2 -radicals, BPA could be degraded effectively in this novel photo-Fenton system.

Fig. 7

 7 Fig. 7 Photodegradation mechanism of BPA in the ferrihydrite-EDDS/photo-Fenton system

  On the other hand, the formation of 1 O 2 was absent under anaerobic conditions, meaning enough holes are available to oxidize H 2 O 2 to •O 2 -radicals. The presence of •O 2 -radicals accelerated the reduction of Fe(Ⅲ) to Fe(Ⅱ), which contributed to the generation of •OH radicals.

			1 O 2 which can directly
	oxidize BPA (see Eqs. (18)-(19)). Simultaneously, a very low
	yield of •O 2	-radicals are produced due to the consumption of
	holes (see Eq. (20)). Furthermore, the foremost arrangement of
	the whole process was the reaction of Fe(Ⅱ) with H 2 O 2 to
	produce many •OH (see Eq. (5)). As such, •OH radicals and 1 O 2
	play important roles in aerobic conditions, while the role of
	•O 2	-radicals is negligible.
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