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Abstract
Phosphorus (P) is a non-renewable macro-nutrient that will soon require recycling soon. One of the available sources for P recycling is cowshed wastewater. This P-rich water requires pretreatment to prevent environmental threats and allow discharge to sewage treatment plants. This We astudy aimed to optimize the chemical-physical processes of loading P in cowshed wastewater onto iron desalinization treatment residue (Fe-DTR) toand examined their interaction. Specifically, we examined the effect of the dosage of adsorbent dosage, particle size distribution, pH, and temperature on the capacity and kinetics of P adsorption. The greatesthighest degree of adsorption was at pH 3 at room temperature (11,410±1 mg P kg-1 Fe-DTR) after 3 hours, which was significantly higher more (P<0.05) than adsorption at at a temperature of 40 0C but at neutral pH (10,834±371 mg P kg-1 Fe-DTR). We assumepresumed that lowering the the lowerpH  pH increased the adsorption sites by removingremoved competing ligands from Fe-DTR sites, resulting in increased adsorption sites. The higher temperature presumably caused may lead to endothermic behavior,  that precipitatinges calcium/iron phosphate phases. A probabilistic model known as the Design of Experiment (DOE) gave a range of possible solutions for P adsorption at in a combinations of pH and temperaturee conditions, indicating and suggested that low pH coupled with high temperature may improve P adsorption. The pseudo-second orderpseudo-second-order model best described the rate of P adsorption. The activation energy of P adsorption at pH 3 was greaterhigher than at pH 7 (8,082 and 3,970 J mol-1, respectively), resulting in stronger bonds at pH 3. We concluded that tThe optimal conditions for loading P loading onto the Fe-DTR at environment temperature is are pH 3, particle size distribution 45-90 m, a solid/liquid ratio of 5 g L-1, and l a loading time of 3 hr of 3 .hours. Nevertheless, other kinetic models implyied on two-stage adsorption, including a rapid <90 min initial adsorption. Our  This study demonstrates the concept of the circular economy through  contributes to the efficient use of two different waste streams,  in makingmaking a new resource., demonstrating the circular economy concept.	Comment by Editor/Reviewer: To the extent possible, I suggest first person (rather than third person) for the  Abstrct, Results, and Discussion. The argument is that this helps to clarify for readers work done by your lab as opposed to others.  	Comment by Editor/Reviewer: I suggest that “process” is inclusive of multiple steps. 	Comment by Editor/Reviewer: to understand?	Comment by Editor/Reviewer: I suggest stating a precise temperature. Room temp seems amiguous. 	Comment by Editor/Reviewer: pH 7? I suggest being precise. 	Comment by Glenn Hicks: I suggest Presumepostulated? hypothesized	Comment by Editor/Reviewer: “Presumed” is a guess based on data. “Assumed” is a guess based on no data. Alternatively, since you examined this with a model, is this postulated or hypothesized? 	Comment by Editor/Reviewer: We hypothesized that higher temperature caused?	Comment by Editor/Reviewer: Did the pseudo-second-order model indicate that low pH and high temp improved P absorption?  If so, perhaps the sentence should perhaps read,
“The pseudo-second-order model best described the rate of P absorption, indicating that low pH coupled with high temperature may improve adsoption”. 	Comment by Editor/Reviewer: I suggest stating clearly your conclusions. 	Comment by Editor/Reviewer: 1. Are your referring to three of your four models suggesting two-phase adsorption or is it referring to the work of other researchers? It seems to refer to this study. For example, “Three of four models we tested indicated two-stage adsorption, including a rapid <90 ,in initial adsorption.” 
2. If it refers to others, it seems to undermine the impact of your study and seems appropriate for the Discussion section where alternative explanations can be presented and discussed. For example, is your model more robust or useful and why?	Comment by Editor/Reviewer: In this sentence, I suggest that stating the concept first improves the impact by focusing on the broad idea rather than the results. I hope this makes sense!	Comment by Editor/Reviewer: I suggest stating what the new resource is and its significance. It is not obvious as a reader. For example, “, making a new resource for the production of P fertilizers”.
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1. Introduction
Phosphorus (P) is a crucial but non-renewable macro-nutrient in agriculture, but P resources are non-renewable, and a common prediction suggests significant reduction in P reserves is predicted by the end of this century (Cordell et al., 2009; Cordell and White, 2011). Many attempts were made to find a way to slow the process of P reduction includeusing recycling techniques through P-absorbing materials, such as zeolites, layered double hydroxide (LDH), oxides and oxyhydroxides, porous nanosilicatesnano silicates, and, even polymer ligand exchangers (Bacelo et al., 2020; Wendling et al., 2013; Zohar and Forano, 2021). Agricultural effluents such as dairy wastewater are rich in organic compounds and nutrients, including  e.g., organic and inorganic P. Thus, wastewater , thus requires pretreatment before  being discharged to municipal treatment facilities (Barnea et al., 2012; Cordell et al., 2009; Steen, 1998; Wendling et al., 2013). Increasing P concentrations in water bodies will inevitably cause severe environmental pollution, such as eutrophication (Ayele and Atlabachew, 2021; De-Bashan and Bashan, 2004; Haygarth et al., 2013; Litaor et al., 2016).	Comment by Editor/Reviewer: essential?
Waste materials intended for landfills, such as aluminum or iron water- treatment residues (AlFe-WTR or FeAl- WTR), can efficiently adsorb P from wastewater (Song et al., 2011; Zohar et al., 2017). The Al-WTR Al-WTR use might be problematic to reuse, especially within acidic soils is problematic because of the potential of potential Al toxicity. T, thus, the preferred wastewater is Fe-WTR is preferred (Flaten, 2001; Hutt and Zealand, 1989). There is ample of iron refuse, which is  generated abundantly by desalinization plants (Fe-DTR). Mixing these residues with dairy wastewater may increase the adsorbed P adsorbed onto iron oxides, and other oxides embedded within the Fe-DTR (Banet et al., 2020). Organic P is also adsorbed during the interaction of Fe-DTR with agro-wastewaters (Banet et al., 2020; Guppy et al., 2005; Makris et al., 2004; Massey et al., 2018; Yang et al., 2006; Zohar et al., 2020). 	Comment by Editor/Reviewer: “abundantly” rather than “amply” OK? 	Comment by Editor/Reviewer: Fe-WTR? 
Phosphorus adsorption onto Fe-DTR may be affected by the texture and porosity of the residue (Dayton and Basta, 2005; Razali et al., 2007; Zohar and Forano, 2021) and , the concentration of iron and calcium in the sludge (Makris et al., 2005).,  and various Other ooperational parameters affecting P adsorption include the  (e.g., dosage of adsorbent and ) chemical-physical parameters, such assuch a s, particle size, pH, temperature, and initial P concentration. Previous loading iron A significant issue with iron/aluminum sludge loading experiments is the required long operational time and energy requirement (Smaransky, 2021; Zohar et al., 2017). Thus, ourThe objectives for  of this study were to: (1) oOptimize ization ofloading  time and chemical-physical parameters the loading process that will allowing maximum P adsorption;  in minimum time while controlling chemical-physical parameters; (2) Determination of themodel the kineticss model that characterizes theof optimal  loading rates for Pphosphorus adsorption on the Fe-DTR and determination of indicators such as activation energy and half-life; and (3) explore the ffeasibility of of producing a commercially competitive n alternative P fertilizer produced by mixing dairy wastewater with Fe-DTR that will compete with commercial fertilizer.	Comment by Editor/Reviewer: I separated into two sentences for clairy. Did I maintain your intent?  	Comment by Editor/Reviewer: I suggest referencing this sentence unless covered by Makris et al, 2005. 	Comment by Editor/Reviewer: Please read the objectives carefully to ensure that I have not changed your intent in the interest of clarity.	Comment by Editor/Reviewer: Phosphorus was defined as P	Comment by Editor/Reviewer: 1. I suggest this phrase is a bit confusing. Is determination of half-life acheived via modeling? If not, perhaps this phrase should be a separate objective.  If indicators are derived from modeling, this point could be clarified. For example, “Modeling kinetics for optimal loading rates for P adsorption on Fe-DTR, including indicators such as activation energy and half-life.”

2. Materials and Methods	Comment by Editor/Reviewer: Your Methods is written as passive. I have seen Methods as passive and active. So you may wish to consult with the journal to confirm what is acceptable. 
2.1. Wastewater
Dairy wastewater was collected from a cowshed located in Kibbutz Kfar Blum, Nnorthern Israel. The dairy wastewater was then pumped into a coaguflocculation system, which used nanocomposites (Rytwo, 2012) to reduce the suspended solids by more than 95%; then, the wastewater was  and filtered using a 0.45 m cellulose acetate (CA) spinneret filter. The clarified wastewater was analyzed for soluble reactive P (SRP) by the ascorbic acid molybdenum blue method (Murphy, J. Riley, 1962; Rodriguez et al., 1994).. The Ttotal dissolved phosphorus (TDP) and other elements after acid digestion (Carter and Gregorich, 2007) were measured by an  ICP-OES instrument (Inductively Coupled Plasma Optical Emission Spectroscopy (ICP-OES) instrument (; Agilent Dual View ICP-OES 5110, USA) along with standards (Sigma-Aldrich TraceCERT® multielement standard) solutions. In addition, pH, and electrical conductivity (EC) were measured by standard methods.	Comment by Editor/Reviewer: I believe Northern is upper case as it refers to a region or district of Israel. 	Comment by Editor/Reviewer: Citation here? Or perhaps “using standard pH and conductiveity meters”? 
2.2. Iron sludge - Fe-dDesalinization treatment residual (Fe-DTR)
Fe-DTR was collected from a seawater desalinization facility in Ashdod, Ssouthern Israel, in August 2021 and winter 2022. SThe sludge was formed by addingfollowing the addition of an iron coagulant (FeCl3) to seawater for clarification as part of the water pretreatment. The sludge was washed with tap water in the desalinization plant to lower the salinity before landfilling and then and airdried. In the laboratory, the material was further dried in an oven at a temperature of 60 0C. The dry material was grounded to a particle size <2000 m. Organic matter (OM) content was evaluated based on the loss on ignition (LOI) method (550 0C, 4 hours) (Walter E. Dean, 1974).	Comment by Editor/Reviewer: I suggest indicating month or dates of collection for readers/reviewers.	Comment by Editor/Reviewer: <2mm? 	Comment by Editor/Reviewer: by?  “Based on” indicates modifications. If so, I suggest noting significant alterations for readers/reviewers. 
A chemical analysis of elements in the Fe-DTR was conducted in the summer and winter seasons to characterize the expected changes in P adsorption and the composition of P binding to (e.g., iron oxides, calcium, and the organic matter), as well as  the general chemical characteristics of the Fe-refuse. The chemical analysis was done at ICL - Israeli Chemicals Ltd (using sStandard methods).	Comment by Editor/Reviewer: Again, I sugget indicating months or dates for reders/reviewers. 	Comment by Editor/Reviewer: Did I maintain your intent? It seemed unclear what e.g. referred to. 	Comment by Editor/Reviewer: I suggest stating examples of general chemcial characteristics for readers/reviewers.	Comment by Editor/Reviewer: analyses? 	Comment by Editor/Reviewer: Location?  Also, I suggest one citation for standard methods, if possible.
2.3. Kinetics eExperiments
To better understand the rate of the adsorption reactionsF, ourseveral kinetic models were employed to understand the rate of the adsorption reactions;, namely, the pseudo-first-orderpseudo-first order model, the pseudo-second-orderpseudo-second order model, the Elovich mass transfer model, and the intra-particle diffusion model (Li et al., 2016; Mezenner and Bensmaili, 2009; Song et al., 2011).
2.3.1. Pseudo-first- order model
A pseudo-first- order model assumes that the reactant is  largesufficient enough thatso its concentration remains unchanged during the reaction (Benjamin, 2015):

Where qt (mg g-1) is the experimental uptake capacity of P at time t, qm (mg g-1) is the maximum adsorption capacity, and k1 (min-1) is the rate constant of the pseudo-first orderpseudo-first-order model.
2.3.2. Pseudo-second- order model
A Pseudo-second orderpseudo-second-order model refers to the a situation whereof at least two factors that affect the adsorption kinetics (Benjamin, 2015). However, the adsorption kinetics are also affected by the adsorbent dosagedosage of adsorbent, particle size distribution, and the nature of the solution (Benjamin, 2015; Ho, 2006; Ho and McKay, 1999).	Comment by Editor/Reviewer: concentration?  I suggest that a dosage refers to an amount  of therapeutic over time such as for a medication. 
[bookmark: _Hlk128916791]The advantage of using this model is that it is not necessary to know the equilibrium capacity ofin the solution is unnecessary, becausesince it is can be calculated from the model. In addition, the model distinguishes between chemical adsorption and physical adsorption (Benjamin, 2015; Ho and McKay, 1999). In recent years, pseudo-second- order has been widely applied toin P adsorption from aqueous solutions (Li et al., 2019; Maher et al., 2015; Song et al., 2011). The pseudo-second- order model is described by the following equation:

Where k2 (g (mg*min) -1) is the rate constant of the pseudo-second- order model, and t. The initial adsorption rate is k2q2m (mg (g*min) -1).
2.3.3. Elovich mass transfer model
The Elovich mass transfer model describes second- order kinetics, while assuming the adsorbent is energetically heterogeneous. The equation does not suggest any definite mechanism for adsorbate-adsorbent adsorption reactions. The applicability of the simple Elovich equation is generally excellent in adequately describing the kinetics of P and mineral adsorption in soils (Chien and Clayton, 1980):	Comment by Editor/Reviewer: Should this be “adsorbate-adsorbant reactions”?  I understand the sentence, but is “adsorption” necessary. A non-expert readers may have ponder the meaning.	Comment by Editor/Reviewer: This seems confusing.  It is excellent or adequate, no? Perhaps it is clearer to state that “Elovich equation is excellent for describing the kinetics”? 

Where α is the initial adsorption rate constant (mg (g*min) -1) and the parameter β (g mg-1) is related to the extent of surface coverage and activation energy for chemisorption.
2.3.4. Intra-particle diffusion model
The iIntra-particle diffusion model describes three stages, where one or any combination of which can be the rate control mechanism (Cheung et al., 2007; Wu et al., 2009):
1. Mass transfer across the outer boundary layer of the liquid surrounding the outer part of the particle.
2. Adsorption in -situ on the surface (internal or external) and the time required usually depend on the system variationsvariations of the system, including the concentration of the solute concentrations, pH, temperature, and particle size distribution. It is generallyusually assumed that stage 2this step is extremely fast.	Comment by Editor/Reviewer: Check with your journal if latin is italicized.	Comment by Editor/Reviewer: OK? 	Comment by Editor/Reviewer: rapid?
3. Diffusion of the molecules to the internal adsorption site is considered the stage in the final equilibrium, where the solute (e.g., P) moves slowly from larger pores to micropores resulting inand causes a slow rate of adsorption.
The iIntra-particle diffusion model is described by the following equation:

Where kp (mg (g*min0.5) -1) is the rate constant of the intra-particle diffusion model, and C is obtained from the intercept.
2.3.5. Batch adsorption experiments
2.3.5.1. Optimization experiments 
The experiments were performed in an end-over-end shaker at a speed of 200 rpm. ForIn each experiment, a series of test tubes of 3three repetitions were removed from the shaker at the appropriate times described. The as detailed below and  solution was separated from the solids by centrifugatione ( (12,000 rpm at 4 0C for 20 min) then and filtered using a 0.45 m CA spinneret filter. The SRP in the samples was determined by the ascorbic acid molybdenum blue method (Murphy, J. Riley, 1962; Rodriguez et al., 1994). 	Comment by Editor/Reviewer: I suggest a sentence describing what this assay is. It is based on UV-vis absorbance? In a later comment, I address this again. 
Two series of kinetic adsorption experiments were performed: 1) withA s Synthetic P solution using KH2PO4 at a concentration of 50 mg L-1 with a background of 0.01M KCl. The P concentration was chosen according to the average concentration in the dairy wastewater;. 2) The use of with high-P dairy wastewater ~50 mg L-1 after clarification, as described in this Sectiond above. The PP adsorption rate was characterized using kinetic isotherms forin each parameterof the parameters.	Comment by Editor/Reviewer: types?  two differnt? 
2.3.5.1.1. Effect of sludge dose	Comment by Editor/Reviewer: The manuscript is well ordered and formated, so five levels of subtitles is probably fine for the submission. But in the event you have not done so, I suggest checking with the publisher to be sure this is acceptable. 
Four different solid/liquid ratios of Fe-DTR were tested using 3, 5, 7, and 9 g rams of Fe-DTR per liter. These values were chosen based on previous work withon iron sludge (Smaransky, 2021). Background conditions in the experiment were particle size (<2000 m), room temperature temperature of (25 0C), and pH of the dairy wastewater pH after clarification of (~ 7.1). The samples were shaken for 72 hour.s.	Comment by Editor/Reviewer: g? I suggest using standard abreviations for grams (g), hour (hr) etc to be consistent throughout unless instructed otherwise by the publisher. 	Comment by Editor/Reviewer: DTR L-1?
2.3.5.2. Kinetic experiments to determine optimal loading conditions 
2.3.5.2.1. Effect of particle size
Four particle size ranges of Fe-DTR were tested (<45m, 45-90 m, 90-425 m, and 425-1000 m). The particle size ranges werewas chosen based on previous work (Elkhatib et al., 2015; Muisa et al., 2020). Background conditions in the experiment consisted of a solid/liquid ratio of 5 g L-1, room a temperature of (25 0C), and pH of the dairy wastewater pH after clarification of (~ 7.1). AllThe samples were shaken for 24 hours, during which experimental samples were removed atevery 30, 60, 120, 180, 240, 300, 360, and 1440 miin. Separating the solution and measuring the P concentration was done as  as described in above (Ssection 2.3.5.1).
2.3.5.2.2. Effect of pH value
To check the effect of pH on the P sorption, four pH values were tested from highly acidic to neutral pH (3, 4.5, 5.5, 7). In this experiment, the Fe-TDR was placed in a 1 L chemical beaker, and the suspension was mixed at 150 rpm using by a vertical electric mixer at a speed of 150 rpm for 24 hours. A while maintaining the constant pH was maintained using an automated titrator and diluted acid of 0.5 M HCl for corrections. Background conditions in the experiment were solid/liquid ratio of 5 g L-1, a particle size of 45-90 m, and room temperature (25 0C). During the experiment, the suspension was sampled at every 15, 30, 45, 60, 90, 120, 150, 180, 240, and 1440 min, withusing a 10 ml syringe. The liquid was filtered through a 0.45 m spinneret filter, and P concentration was measured as described in  above (Ssection 2.3.5.1). The volume was not completed after taking the sub-sample, assuming that the injector collected solids and liquids in the same ratio as the initial ratio.	Comment by Editor/Reviewer: Question: For consistency P adsorption?  Sorption is more generic for compounds interacting. Adsorption is a surface interaction which which seems to be your focus.  Also, adding a new term may add confusion, if not needed. 	Comment by Editor/Reviewer: DTR?	Comment by Editor/Reviewer: Brand name, company location?	Comment by Editor/Reviewer: I suggest that it is clear for readers/reviewers that HCl is an acid. 	Comment by Editor/Reviewer: I suggest stating a precise temperature of 25C rather than room temperature, if htis is your definition of room temperature. Room temperature seems ambiguous for those wishig to replicate the experiment. 	Comment by Editor/Reviewer: Section or described above are ambiguous. I suggest it is better to just state the section. 	Comment by Editor/Reviewer: This sentence seems confusing. Should it read, “There was remaining volume after samples were taken, provided the injector collected solids and liquids at the intial ratio of 5 g L-1.”? Also, it may be useful for readers/reviewers  to specify what injector is being referred to. 
2.3.5.2.3. Effect of temperature
The temperature effect of temperature on P sorption was ascertained at using four different temperatures of 10, 20, 30, and 40 0C. Background conditions in the experiment were solid/liquid ratio of 5 g L-1, a particle size of 45-90 m, and pH of the dairy wastewater pH after clarification of (~ 7.1). The samples were shaken for 72 hours, during which samples were collected attaken out every 1, 3, 6, 24, 48, and 72 hours. Separating the solution and measuring the P concentration isas described in above (Ssection 2.3.5.1).	Comment by Editor/Reviewer: adsorption?	Comment by Editor/Reviewer: investigated? determined? 	Comment by Editor/Reviewer: It seems odd that pH to the tens point is approximate. Perhaps 7.1 is the actual pH? 
2.3.5.2.4. EThe effect of the initial phosphorus concentration on adsorption over time
The effect of initial P concentration on Fe-DTR sorption maxima over time was tested at six6 different synthetic P concentrations (0, 5, 15, 30, 70, and 100 mg L-1) in 0.01M KCl background solution. The experiment was conducted at a solid/liquid ratio of 5 g L-1, particle size of 45-90 m, and  room temperature of (25 0C). The samples were shaken for 72 hours with samples, during which samples were removed from the test tubes every at 1, 3, 6, 24, 48, and 72 hhours. Separating the solution and measuring the P concentration ias described above in S(section 2.3.5.1). 	Comment by Editor/Reviewer: adsorption?	Comment by Editor/Reviewer: To be clear, is this adsorption of P or is it an optical density measurement (absorbance) maxium for the assay to determnine P concentration? I recall this is a UV-vis assay. Section 2.3.5.1 (line 150) does not indicate what type of assay it is other than the citations. 
2.3.5.3. CThe combined effect of pH and temperature on P phosphorus sorption	Comment by Editor/Reviewer: adsorption?
The combined effect of pH and temperature under aerobic conditions on P adsorption onto Fe-DTR was examined. The experiment was divided into two sub-experiments: 1) aan adsorption experiment at a temperature of 40 0C that took place in a heated bath while measuring the pH; value. 2) an aAdsorption experiment at temperatures of 10 0C (ice water bath) and 30 0C (heated water bath) atwhile maintaining a constant pH 3 using an automatic titrator and diluted acid of 0.5 M HCl for pH corrections. The two sub-experiments incorporated a were carried out at solid/liquid ratio of 5 gr Fe-DTR L-1per liter of clarified dairy wastewater after clarification (63.5 mg L-1), and a particle size of 45-90 m. The experiment was carried out in anused an open chemical 1 L beaker with a volume of 1 liter. An electric stirrer was inserted into the chemical beaker vertically  to mix the sample at 150 rpm for 180 min. At the end of the experiment, solution samples were taken from from the solution in the two sub-experiments withusing a 10 ml syringe and filtered using a 0.45 m spinneret filter. P concentrations were measured in the samples as described in above (Ssection 2.3.5.1).	Comment by Editor/Reviewer: investigation? 	Comment by Editor/Reviewer: I suggest that it is common knowledge that a beaker is meant for chemcial reactions. We might indicate the material of a beaker if this is important to the experiment. For example, a teflon beaker for certain corrosives, or a Pyrex or other material for high temperatures. 	Comment by Editor/Reviewer: manufacturer? 
2.3.6. Statistical and kinetic analysis
Statistical and kinetic analyseis of the data utilizedsing Excel software (Microsoft Office - Excel), and Jamovi software (Version 2.3.18). Jamovi was , Rdownloadedetrieved from https://www.jamovi.org. The following analyses were performed as the following:
1. The P adsorption kinetics ofon the Fe-DTR wereas characterized using four empirical models. The most appropriate kinetic model  to describinge the adsorption process was determined through the linearization method, which determined the greatest (the highest R2 values,) and by calculating the rate constants, half-life, and the other parameters in the four kinetic models (Mezenner and Bensmaili, 2009).	Comment by Editor/Reviewer: (see, Section 2.3)?
2. Linear regression was also used to examine the fit of the pseudo-second- order kinetic model after linearization (t qt-1 (mg (g*min)-1)), finding the optimal parameters of particle size, pH, and temperature.	Comment by Editor/Reviewer: OK? There as an open right ).
3. Statistically significant differences between the adsorption data of each parameter andbetween two adsorption times (3 and 24 hr) , 3 hours and 24 hours, were tested analyzed using ANOVA analysis, and the Tukey test established their significance. In addition, the significant ce of the difference in the adsorption data was tested at a temperature of 40 °C during the 3 hrours experiment.	Comment by Editor/Reviewer: OK?
2.3.7. The Design of OEExperiment systematic method
Design of Experiment (DOE), a systematic method embedded in the JMP software version 16.2.0, was used to oOptimizeation of the process linking temperature and pH for maximum P adsorption on the Fe-DTR was done with the Design of Experiment (DOE) a systematic method embedded in the JMP software version 16.2.0. The model presents an optimal middle range of parameters using statistical experiments as a series of tests. In these tests,  during which controlled changes are made to the factors affecting the process so that the difference in the respective response factor can be expected and identified (Montgomery, 2017). Statistically planning the experiments  makes it possible to locate identifies the most influenciinfluentialng factor valuess, incorporates them to predictpredict the reaction value of the reactant given a set of values of the influencing factors, and definesfind an “"optimal”" set of influencing factor values. Thus, statistical  planning results in a of the influencing factors to obtain the desired value for the control variable.  An To examine the reliability of the model results, an experiment  was carried out combining ing parameters (pH and temperature)  (Section 3.5.3) examined the reliability of the model results. described in section (3.5.3).	Comment by Editor/Reviewer: Did I preserve your intent? 	Comment by Editor/Reviewer: This is a complicated paragraph which I tried to simplify for readers. Please review carefully to ensure that I have not altered your intent. 	Comment by Editor/Reviewer: Does “middle of range parameters” have a numerical statistical meaning? For example, does it represent a mean or median value? Otherwise, it may be confusing to some readers. 	Comment by Editor/Reviewer: DOE?  It does not seem clear what statistical planning is. It seems like you are describing the parameters of the DOE.  	Comment by Editor/Reviewer: Why is this is quotes? Does optimal refer to a weighted set of values? 	Comment by Editor/Reviewer: DOE?
3. Results and Discussion
3.1. Wastewater
The concentration of selected elements in the wastewater after clarification and acid digestion is summarized in Table 1. The total dissolved P (TDP) concentration was 63.5 mg L-1, and the SRP was 55.8 mg L-1. The pH ofvalue in the wastewater was 7.1, whereasile the EC value was 3.42 mS cm-1. OurThese results are similar to those of Litaor et al. (2019) and Smaransky (2021), whothat collected wastewater in the at spring time.  WThe weather  has a significantlygreat aeffects on the concentration of elements in wastewater,  and especially P., Onbecause during hot days, the cows are rinsed to cooled by rinsing, causing, which causes dilution of P and other elements in the wastewater.	Comment by Editor/Reviewer: I suggest being more precise. Are months available (parenthetically) for comparison to the months of your collection? 
Table 1. Mean and standard deviation of main elements in the wastewater that characterize winter conditions in 2022 after clarification and acid digestion.
[image: ]a SRP, Soluble Reactive phosphorus.
b TDP, Total dissolved phosphorus.

3.2. Iron sludge - Fe-DTR
OurThe chemical characterization of the Fe-DTR sampled in the summer and winter seasons showed  that the total P concentrations ofwas 0.41% and 1.3%, respectively (Table 2). The iron concentrations in the summer and winter sludge wereas 10.2% andcompared to 5.86%, respectively in the winter, whereasile the calcium concentrations in summer and winter sludge wereas 1.49% and 4.42%, respectively. Iron and calcium compounds are the main binding reservoirs for P in Fe-DTR (Zohar et al., 2020). OurThe sludge containeds additionalother macro and microelementsmicro elements necessary for the plant growth, such as potassium and nitrogen, but in relatively low concentrations. But overall, the concentrations of mMost of the elements in our the two sludges wereare within the range of concentrationrangess found in the the world’sworld's soils (Fig. 1), suggesting that there will be no environmental risk in adding the sludge to the soil as a fertilizer. The concentrations of organic matter (OM) in the Fe-DTR collected in the summer season werewas 17.46%, compared to 11.46% in the winter. A ; previous study found somewhat higher OM content (24%) for Fe-DTR duringfrom the summer season (Smaransky, 2021).	Comment by Editor/Reviewer: Again, I suggest providing (months) for comparison. 	Comment by Editor/Reviewer: I edited this sentence to be consistent with the previous sentence (line 256). 	Comment by Editor/Reviewer: Perhaps a minor point, but relative to what? Perhaps relative to synthetic fertilizers which contain x% of iron and x% of potassium?  	Comment by Editor/Reviewer: United States?  Your data are from US soils. 
Table 2. Chemical characterization of the Fe-DTR taken in summer 2021 and winter 2022.
[image: ]
a ND, Not determined
[image: ]
Figure 1. Chemical characterization of the Fe-DTR taken in summer 2021 and winter 2022 in relation to the average of the elements in United States soils (Shacklette and Boerngen, 1984).
3.3. Effect of sludge dose on Pphosphorus sorption 
The ratio between the Fe-DTR and the wastewater, significantly affecteds the adsorption onto Fe-DTR and removal of SRP (Fig. 2). In athe synthetic solution, SRP removal increased from 39% at 3 g L-1 to 80% at a ratio of 9 g L-1 (F=1485, P<0.05). In the wastewater samples, the removal increased from 84% at a ratio of 3 g L-1 to 95% at 9 g L-1 (F=112, P<0.05). At a ratio of 3 g L-1, the concentration of specific adsorbed P wais greaterhigher (17,860±373 mg P kg-1) than at a ratio of 9 g L-1 (6,752±39 mg P kg-1) due to a higher density of adsorption sites offered by 3 grams of solid compared to 9 grams. At a ratio of 5 g L-1 and without adjustments of pH orand/or temperature adjustments, the SRP removal efficiency from the wastewater was 90%, and the loading capacity was 8,737 mg P kg-1. Although we found that the amount of P loading at a ratio of 5 g L-1 was lower than the 3 g L-1 ratio, the removal efficiency wais greaterhigher. Therefore, in further adsorption experiments in the current study, the adsorbent dosage was set at 5 g L-1, we established the adsorbent dosage as 5 g L-1 in further adsorption experiments. SimilarA similar trend, however, with lower P capacity, was reported for calcined ferric sludge by (Song et al., (2011).;  specifically, They found thatat at a ratio of 0.1 g per literL-1, about 13,000 mg P kg-1 was adsorbed, whereasand 90% of P was removed, compared to 3,000 mg P kg-1 and 98% P removal at a ratio of 0.4 g L-1. 	Comment by Editor/Reviewer: presumably due? Is there data to show a higher density of binding sites? 
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Figure 2. Phosphorus sorption onto the Fe-DTR using different sludge doses. Sorbed P (A) and Percentage of P removal (B).
3.4. Effect of particle size on phosphorus sorption 
Particle size distribution (PSD) commonly affects the rate, speed, and capacity of P adsorption toon the Fe-DTR (Elkhatib et al., 2015). In the a synthetic solution (Fig. 3A), ourthe best adsorption after 24 hhours was obtained with a particle size <0.45 m (8,284±270 mg P kg-1). Interestingly, , yet P adsorption to in the finer particles with smaller particle size fractions size ranges werewas not significantly different from coarser from larger ssizes. After 3 hours, the adsorption, we found that adsorption to of the 45-90 m fraction was differentdiffered from the two adjacent smaller size fractions, but the difference was not statistically significantlysignificant (P=0.05). In a t he experiment with the wastewater experiment (Fig. 3B), we obtained the most effective adsorption obtained after 24 hours was also with a PSD <0.45 m, but a greater  P amount of P was sorbed compared to the inorganic P solution (9,948±185 mg P kg-1). After 3 hrours, P adsorption for was similar in all PSDs (Fig. 3B)  and was notwas not statistically significantly different.	Comment by Editor/Reviewer: similar? 	Comment by Editor/Reviewer: 1. size range? “Fraction” introduces a new term that may be confusing. “Size range” is referred to in Methods (line 170). Or is the PSD? 
2. Also fine and course particles may be misnomers. I suggest smaller and larger which describe size. 	Comment by Editor/Reviewer: adjacent? Adjacent indicates physical proximity, wheras you are referring to size classes. I suggest that “two smaller size classes” is clearer.  	Comment by Editor/Reviewer: I suggest parenthetically stating those size ranges to remind readers. 
OurThe removal efficiencies of the SRP forin particle size fractions ranges of <45 and 45-90 m were 60% and 55%, respectively, compared to 56.5 % forin the coarser larger particle sizes. The higher specific load in the fine small particle fractions demonstrated the adsorptive advantage ofin adsorption with  a high specific surface area (Li et al., 2016; Yang et al., 2006). Similarly, (Elkhatib et al., 2015) examined the effect of particle size on P adsorption and found  that in a particle size smaller than 0.1 m, a higher adsorption capacity (50,000 mg P kg-1) was achieved with a particle size smaller than 0.1 m, which was up to 30 times the maximum adsorption (1,666 mg P kg-1) of a larger particle size (~2,000 m). However, the operation of the system with a PSD smaller than 45 mmicrons is problematicdifficult because due to floating of such small particles float in wastewater. Therefore, in ourfurther experimentsexperiments, we chose  in the current study athe more practical PSD of 45-90m was selected. 	Comment by Editor/Reviewer: I suggest indicating those larger particle size ranges for readers/reviewers. 	Comment by Editor/Reviewer: As a friendly reviewer, I suggest indicting those size ranges to avoid reviewers referring to the Methods repeatedly. 
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Figure 3. Sorption isotherms using different particle sizes with Synthetic solutionsynthetic solutionss (A) and & wastewater (B).	Comment by Editor/Reviewer: PSDs?
3.5. Effect of pH value on Pphosphorus sorption
The effect of theOur results of pH on the amount of P adsorbed on the Fe-DTR isare depicted in Fig. 4. In athe synthetic solution (Fig. 4A), P adsorption data varied significantly between the four pHs tested (P<0.05). We obtained the bthe best adsorption was obtained after 24 hours at pH 3 (9,621±13 mg P kg-1), and the P adsorption data varied significantly between the four pHs tested (P<0.05). The P adsorption from wastewater atin pH 3 and 4.5 werewas significantly greathigher (F=2161, P<0.05) than at higher pHs (Fig. 4B). At pH 3, most adsorption occurred in the first houour and a half from the beginning of the experiment (10,897±6 mg P kg-1). After 3 hrhours, adsorption reached 11,410±1 mg P kg-1 ; and after 24 hours, the concentration of adsorbed P slightly increased slightly to 12,437±2 mg P kg-1. At pH 7, P the adsorption increased gradually over time and reached its peaked at the end of the experiment (9,336±14 mg P kg-1). After 3 hr of wastewater contact time, nearly 90% P removal was achieved at pH 3, whereasile only 66%, 52%, and 50% were achieved at pH 4.5, 5.5, and 7, respectively.
[bookmark: _Hlk133705562]OurThe enhancement of P adsorption onto Fe-DTR under low pH conditions observed in this study is consistent with previous reports of  aluminum and iron oxide-based materials (Lee et al., 2015). However, Zeng et al., (2004) reported lower maximum P adsorption toon iron oxide tailings under similar acidic conditions (pH 3.2) (8,600 mg P kg-1), yet more higher than 4,600 mg P kg-1 at 9.5 pH, at that study. Usually,  the the release of hydroxyl ions results expressed in  an increased of pH allowings for more efficient P adsorption on the Fe-DTR. In more acidic solutions, the contact time required for complete P adsorption iwas reduced by more than half. However, P adsorption at extremely low pH, (< 3), iswill not be advisable due to iron oxidesoxide dissolution (Li et al., 2016).	Comment by Editor/Reviewer: Is there any further discussion about what may have led to contradictory results by Zeng et al? 
[bookmark: _Hlk133706983]Certain anions, such as carbonate, phosphate, nitrate, and arsenate, are adsorbed onto adsorbents such as Fe-DTR through ligand exchange (Yang. et al., 2006). In current study,We found that the the pH tended to increase during adsorption, especially in the first hours, indicating that hydroxides and carbonates were  released tointo solution, allowing for P adsorption through ligand exchange (Muisa et al., 2020; Song et al., 2011). The carbonate anions are strong competitors of P aton the adsorption sites, and they can bindd mainly with iron and calcium (Muisa et al., 2020). A decrease in pH expresses an increases thein the concentration of protons in the solution. Theis declinedecrease releases causes carbonates (along with hydroxides) to be released, which bind and binds to protons that to regulatee the pH. This regulation  pH, which implies that P adsorption resultsmakes in carbonate desorptionb (Muisa et al., 2020). 	Comment by Editor/Reviewer: substrates? 	Comment by Editor/Reviewer: Is there data presented? If not perhaps you may wish to note that data is not shown, if permissable by the publisher. 	Comment by Editor/Reviewer: I suggest stating a time for clarity. First three hours?
	Comment by Editor/Reviewer: were possibly released? 	Comment by Editor/Reviewer: I shortened these sentences for clarity. Did I preserve your intent? 
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Figure 4. Sorption isotherms atusing different pHs with a sSynthetic solutions (A) and& wastewater (B).	Comment by Editor/Reviewer: OK? 
3.6. Effect of temperature on Pphosphorus sorption
 We next examined theThe effect of temperature on the amount of synthetic and wastewater P adsorbed onto Fe-DTR (is presented in Fig. 5). In a the synthetic solution, the best adsorption was obtained after 72 hrours at  a temperature of 40 0C (7,308±101 mg P kg-1), while at, whereas a temperature of 10 0C, the amount of adsorbed P was decreased at 10 0C lower (5,150±106 mg P kg-1). After 3 hrours, the adsorption concentrations at  temperature 10 and 40 0C were 3,694±189 and 4,712±207 mg P kg-1, respectively. When we examined In the experiment with wastewater, after 3 hours at temperatures of 10, 20, and 30 0C theC, the adsorption concentrations were similar (about 9170 mg P kg-1). In contrast, adsorption at , while at temperature of4 40 0C adsorption was significantly greathigher (10,384±370 mg P kg-1, F=8, P<0.05). At this temperature, with most of the adsorption occurredoccurring within the first 6 hours (11,000±180 mg P kg-1). Awhile after 24 hours and 72 hr,ours adsorbed P concentration reached 11,579±190 mg P kg-1 and 12,671±12 mg P kg-1 , respectively (Fig. 5B). 	Comment by Editor/Reviewer: For consistency, I placed Fig in parentheses.	Comment by Editor/Reviewer: maximum?
At high temperatures, the the random thermal movement of the P ions intensifies, and the probability of contact between these ions and the adsorption sites increaseincreasess (Omari et al., 2019). In fact, The the adsorption capacity of all forms of phosphates increases withas the temperature increases (Muisa et al., 2020)(Gao et al., 2013)(Maher et al., 2015). Zeng et al., (2004) reported that the adsorption rate and capacity of P on iron oxides were higher at a temperature of at 35 0C (6,600 mg P kg-1) compared to 5 0C (5,500 mg P kg-1). Other studies emphasized that increasing temperature enhancesincreases the initial rate of adsorption (Lee et al., 2015; Liu et al., 2018). However, after a prolonged contact time, the adsorption rate becomesis constant, reachingand an equilibrium is observed (Lee et al., 2015; Liu et al., 2018), in which agreementes with our the results obtained in this study. Our The results furtherof this study indicate the endothermic nature of the P adsorption by the Fe-DTR (Zeng et al., 2004). Gao et al., (2013) suggested that increasing the temperature reduces thesolution viscosity of the solution,  which acceleratinges the molecular diffusion of molecules across the adsorbent contact layer of the adsorbent and . This process increasinges the adsorption capacity. (Devi and Saroha, 2017) also reported that increased temperature causes a swelling of effect in the internal structure of the adsorbent. The swelling , which facilitates the entry of molecule entrys into the adsorbent nozzles, s and improvingves the adsorptiveon capacity. This mechanism raises concerns about the difficulty in releasingreleasing  the adsorbed P from internal sites after high-temperature loading  at high temperature and the ““shrinkage”ing” of the structure to the structure’sits original size., Hhowever, our recent desorption experiments (not published yet) indicated otherwise (unpublished data).	Comment by Editor/Reviewer: With increasing temperature?  Thermal movement of P is a trend that is proportional to temperature as stated in the following sentence.  	Comment by Editor/Reviewer: OK? 	Comment by Editor/Reviewer: Devi and Saroha (2017)?
In the temperature effect experiment series, we found thatthe superiority of the wastewater solution was a superior as a P source compared toover an inorganic P solution, with the  effect being was even more pronounced thancompared to the particle size and pH effect experiments series. This observation might be themay result fromof the temperature effect on other constituents in the clarified dairy wastewater and their impacteffect, in turn, on P sorption. 	Comment by Editor/Reviewer: that may indirectly affect P adsorption? 
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Figure 5. Sorption isotherms usingusing different temperatures with sSynthetic solutions (A) and & wastewater (B).
3.7. EThe effect of the initial Pphosphorus concentration on adsorption over time
We tested tThe effect of the initial P concentration on the amount of P adsorptionbed toon the Fe-DTR was tested usingin a synthetic solution with different P concentrations at room temperature,  and without controlling the pH (Fig. 6). Remarkably, for allIn all added P concentrationsvalues, most  remarkable adsorption occurredtook place in the first hour. At low added P concentrations (5 to 30 mg L-1 initial P concentration), equilibrium was apparent appeared to be reached within a few hours. For example,Among which, at an initial P concentration of 30 mg L-1, we detected increased increased adsorptionn  was recorded up foruntil ca. 24 hhours, reaching 3,897±23 mg P kg-1. , and Llater P removal from solution was minimal. At high added P concentrations greater than 30 mgL-1, adsorption continued over time. throughout, e.g., Atat a P concentration of 100 mg L-1, adsorbed P after 24 hours was 6,082±355 mg P kg-1 at 24 hr, increasinging to 7,768±192 mg P kg-1 atfter 72 hours. This data indicated, displaying a continuous sorption trend. At a concentration of 0 mg L-1 of added P, the raw Fe-DTR released a negligible concentration of P (0.02 mg L-1), indicating low labile P concentrations in the raw sludge.	Comment by Editor/Reviewer: As previously noted, I suggest a precise temperature for readers/reviewers. 	Comment by Editor/Reviewer: OK?  “remarkable absorbtion” does not refer to an amount. But a large amount of absorption in the first hour can be remarkable. Perhaps a minor distinction, but I want your paper to be as clear and successul as possible!	Comment by Editor/Reviewer: Looking at your graph, 5hr? Terms like few, some, several, about, etc are ambiguous. I suggest avoiding them when possible in favor of actual numbers. This will avoid the need to refer to figures/previous sections. I hope this helps! 	Comment by Editor/Reviewer: I suggest from the graph that this is a 24 hr time point, which does not appear to be approximate. 
We found that ith the increasinge in the initial P concentration in the the solution caused, an increase in loaded Pthe concentration of the loaded P increased, although its removal percentage gradually decreased. Similarly, (Song et al., 2011) reporteded that the removal capacity at equilibrium increasesd with increasing initial concentration. While active adsorption sites probablylikely become saturated at greaterhigher initial P concentrations (Hamdi et al., 2014), continuous P removal of P from solution at greaterhigh initial P concentrations might expressmay result in precipitation is at play as well as , in addition to adsorption (Massey et al., 2018; Zohar et al., 2018).	Comment by Editor/Reviewer: Perhaps I missed it, but is there data presented in the manuscript that demonstrates decreased removal or is there a citation?  	Comment by Editor/Reviewer: I suggest that terms like “at play” are jargon. 
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Figure 6. The influence of initial phosphorus P concentrations in solution on sorption capacity over time.	Comment by Editor/Reviewer: OK?
3.8. CThe combined effect of pH and temperature on  phosphorusP sorption
We nextThe experiment examinedtested the relationship of between pH and temperature to on P adsorption over time (180 min) (Table 3). By increasing theAt pH 3, with the temperature increas temperaturee from 10 to 30 0C at pH 3, morea greater amount of P was adsorbed on the Fe-DTR (11,297 and 11,585 mg P kg-1, respectively). The DOE model gave predictedion for P adsorption forin all pH and temperature combinations of the conditions tested (Fig. 7). In the validation experiment, we compared the model results at pH 3 andd temperature of 30 0C to ourthe experimental results (~11,450 mg P kg-1). We and found similar values were obtained, indicating a reasonable prediction of the DOE for P adsorption.  	Comment by Editor/Reviewer: I suggest providing experimental and DOE results so readers can judge for themselves if they are similar. As a friendly reviewer, I suggest that some readers/reviewers may be annoyed by being asked to accept presented conclusions without precise numbers. 
OurThe DOE optimization model (Fig. 7) predicted indicates that more adsorption from wastewater potentially occurss at higher temperatures and lower pH, until maximum  theoretical P adsorption (almost 15,700 mg P kg-1)  is obtained atfter 3 hours of mixing at pH 3,  and temperature 40 0C, and 3 hr of mixing, which is almost 15,700 mg P kg-1 (Fig. 7). The combination of these extreme conditions wasis not applicable inin the laboratory or in the field for safety reasons reasons, primarilymostly due to increased evaporation of the hydrogenated acid from the hot solution. Generally, under acidic conditions, the calcium carbonate deposits and associated precipitated P, are unstable , calcium carbonate deposits and associated precipitated P are unstable under acidic conditions and tend to dissolve. As explained above, the primary adsorption at pH 3 will be onto iron oxides. This absorption, which willl be accelerated without competition fromwith hydroxides and carbonates. In contrastOn the other hand, the temperature, contributes to efficient adsorption through physical mechanisms such as lowereding liquid the viscosity of the liquid, ithe interactions between the particles, and the swelling of the porous structure of the sludge (Muisa et al., 2020).	Comment by Editor/Reviewer: not possible? 	Comment by Editor/Reviewer: increase?
Table 3. Phosphorus adsorption from Fe-DTR under the combined effects of temperature and pH value in lab experiments.
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Figure 7. OThe optimization model and the relationship between pH and temperature until obtaining maximum P adsorption onto Fe-DTR during 3 hourrs of mixing.	Comment by Editor/Reviewer: at? I believe you are looking at max P adsoption by 3 hr, if I understand correctly. 
3.9. Kinetic models
We tested theThe suitability of the kinetic models  was tested using linearization of the measured values. The pseudo-second orderpseudo-second-order model best predicted the experimental results, exhibiting a coefficient of determinant near 1 (Table S1). Analysis of the rate constants of the pseudo-second orderpseudo-second-order model, ofin both synthetic and wastewater solutions, indicated that at pH 3 a higher rate value at pH 3 was gained compared to particle size and temperature parameters (e.g., in wastewater: k2 0.004 vs. 0.001 g (mg*min) -1, respectively) (Table 4). BecauseSince the pH was  found to be the most influential parameter on the amount and rate of adsorption, the kinetic models are demonstrated for conditions of pH 3 in wastewater solutions (Fig. 8).	Comment by Editor/Reviewer: I suggest that this may not be clear. Do the values compare at two conditions of wastewater or wastewater vs synthetic solutions? 
The pseudo-first orderpseudo-first-order, Elovich, and intraparticle diffusion models did not showed no linearity,,  but instead suggestinged a two-step adsorption behavior (Fig. 8A, C, and D). The intraparticle diffusion model model best demonstrated bi-phasiced adsorption, best with: the first phase lastinged up to approximately 1one hour (R2 0.975). T while the second phase continued from 1.5 hour until the end of the experiment (R2 0.924) (Fig. 8D). The rate constant of the intraparticle diffusion model was greatest the highest at a when the particle size ofe was 45-90 m and,  the pH was neutral pH, atnd the temperature was about 25 °C  (kp 0.157 mg (g*min0.5) -1).; Diffusivity  was when the pH was 3 diffusivity was slightly lower at pH 3 and 25 °C (kp 0.148 mg (g*min0.5) -1); however,, while it was significantly decreased at pH 3 and 25 °Cmuch lower at temperature of 40 °C (kp 0.053 mg (g*min0.5) -1)  (Table 4). These Our findings imply that at ambient conditions, there was first adsorption with the surfaceadsorption first occurs at the surface at ambient conditions, probably with a great competition between the P, to hydroxides, and carbonates competing for binding sites. The binding , which may  have increased Pthe diffusion and process for P adsorption aton internal sites in the Fe-DTR.	Comment by Editor/Reviewer: Fig. 8B is not discussed yet has a R2 of 0.999. 	Comment by Editor/Reviewer: approximately?  	Comment by Editor/Reviewer: PSD?	Comment by Editor/Reviewer: pH 7?	Comment by Editor/Reviewer: If I understnad correctly, the reaction is maintained at 25C, so I suggest it is not about 25C. It is 25C, no? 	Comment by Editor/Reviewer: For readers, was the difference significant or similar? As a friendly reviewer, they seem similar.  	Comment by Editor/Reviewer: Did I preserve your intent? 	Comment by Editor/Reviewer: indicate? 

Table 4. PThe parameters of kinetic models of the Fe-DTR with particle sizes 45-90 m and, pH 3 at & Temperature 40 0C.	Comment by Editor/Reviewer: PSD? 
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a Experimental conditions,S Sludge doses 5 g L-1, PSD 45-90 m, pH 7, and& rRoom temperature.	Comment by Editor/Reviewer: I suggest that it is clear that these are experimental conditions. 	Comment by Editor/Reviewer: I suggest stating the temperature in degrees C. 
b Experimental conditions, Sludge doses 5 g L-1, PSD 45-90 m, pH 3, and& rRoom temperature.
c Experimental conditions, Sludge doses 5 g L-1, PSD 45-90 m, pH 7 at & Temperature 40 0C.
[image: תמונה שמכילה טבלה

התיאור נוצר באופן אוטומטי]
Figure 8. SThe sorption kinetic models of P phosphorus atin pH 3 using cowshed wastewater (sludge dose 5 g L-1, PSD 45-90 m, pH 3,  & rRoom temperature). The common models that were used were pseudo-first- order model (A), pseudo-second- order model (B), Elovich mass transfer model (C), and intra-particle diffusionn model (D). In all models, time is measured in min.	Comment by Editor/Reviewer: 25 C? 
We The obtained kinetic constants obtained kinetic constants for of all models at varying pH values, temperatures, and PSD in wastewater solution (are presented in Table S3). The maximum P sorption (qm) in the pseudo-second orderpseudo-second-order model increased with decreasing as the pHH decreased, from 9.7 mg g-1 at pH 7 to 12.6 mg g-1 at pH 3 and as the temperature increased, from 11.2 mg g-1 att a temperature of 10 0C to 12.7 mg g-1 at 40 0C. On the other handIn contrast, we found there was no significant variation atwith the increased in PSD and with athe qm of was ~10 mg g-1. The rate constant at thea pseudo-second orderpseudo-second-order model decreased with the increasinge in pH from 0.0042 g (mg*min) -1 at pH 3 3, compared to 0.0016 g (mg*min) -1 at pH 7. Maintaining a constant  In constant PSD, our the highest rate was obtained within PDS <45 m and was (0.0014 g (mg*min) -1); however, other PSDs were similar ,( but was not different in the other PSDs and was 0.0012 g (mg*min) -1 ) (Table S3). At temperatures of 10 0C, and 40 0C, the rate constants were 0.0015 and 0.0013 g (mg*min) -1, respectively, which were slightly greaterhigher than the rate constants at the constants calculated for 20 0C and 30 0C (0.001 and 0.0009 g (mg*min) -1, respectively). However, somewhat Ssimilar results were reported by (Edet and Ifelebuegu, 2020), who studied P adsorption on brick waste which consists mainly of SiO2, Fe2O3, Al2O3, and CaO. Their ; the rate constant in the pseudo-second orderpseudo-second-order model was higher at a temperature of 25 0C compared to 35 0C (0.06 and 0.03 g (mg*min) -1, respectively). The authorsy explained the decrease in rate constant with increased temperature by the fact that P tended to migrate and disperse in the solution with theas temperature increased. increase in temperature. This interpretationThis indicates suggests that at at temperatures up to 30 0C apparently the energy supplied to the molecules is not enoughinsufficient to disperse P in the solution. In addition Another reason, the decreased in P concentrations with increasing temperature may indicates a low energy requirement for the P adsorption ontoo the Fe-DTR (Edet and Ifelebuegu, 2020).	Comment by Editor/Reviewer: I suggest that “on the other hand” is jargon. 	Comment by Editor/Reviewer: I suggest that “somewhat similar” is redundant with similar. 	Comment by Editor/Reviewer: greater diffusion of P with increasing temperature? 
We found that the The Elovich model, which usually describes adsorption toon a heterogeneous surface (Chien and Clayton, 1980; Donald L. Sparks, 1989; Mezenner and Bensmaili, 2009), resulted in presented a high fit, as well (R2 0.947-0.989), excluding some cases of moderate fit, for example,  (e.g., R2 0.83 at pH 3 in wastewater solution) (Table S1). The initial adsorption rate α and coefficient β of the applied energy in the Elovich model changed as a function of all three pH, temperature, and PSD (Table S3). As the solution pH increased from 3 to 7, the value of β decreased from 37 to 1.9 g mg-1. Increasing the temperature of the solution from 10 to 30 0C caused the value of β to decrease from 153 to 112 g mg-1, but to sharply increase at a temperature of 40at 40 0C (331.3 g mg-1). As the temperature increased from 10 to 30 0C, the α value increased, and the β value decreased. However, the significant increase in the β value at a temperature atof 40 0C, supportss the claim thatof a swelling effect atwith high temperaturetemperatures, in addition, adding to the reduceddecrease in the solution viscosity of the liquid, , thus exposexposesing internal sites  that were unavailable at  temperatures 10 to 30 0C (Donald L. Sparks, 1989; Mezenner and Bensmaili, 2009; Sparks, 2003).	Comment by Editor/Reviewer: I suggest stating which cases or how many for less ambiguous. 	Comment by Editor/Reviewer: proposal? theory? 
3.9.1. Half-life time
The rate constant inn the pseudo-second orderpseudo-second-order model was more affected by the pH more thancompared to the temperature, and at low pH, the reaction raterate of reaction was was greaterhigher (Table S3). The half-life in thea pseudo-second orderpseudo-second-order model describingdescribes the time it takes forrequired a for half of the P in solution to adsorb onto Fe-DTR by the following equation (Benjamin, 2015):

Where t0.5 (min) is the half-life, k2 (g (mg*min) -1) is the rate constant of the pseudo-second orderpseudo-second-order model , which describinges the adsorption kinetics well, and A0 (mg L-1) is the initial P concentration in the solution.
According to equation 5, when appliedying to athe wastewater solution, the half-life was ca. 3-timesthree times greathigher at 40 0C (12.52 min) compared to pH 3 (3.79 min). This result agrees well with ourthe adsorption experiments, where we found the effect of low pH on the amount of P adsorptionbed toon Fe-DTR was greater than forthat of the temperature in relation to time. Furthermore, as Table S3 present, the rate constant of the pseudo-second orderpseudo-second-order model decreased with the increasinge in pH, yielding a half-life of P adsorption increasing from 3.79 min at pH 3 to 9.86 min at pH 7 (Table S3). The extremely fast adsorption raterate of adsorption at pH 3 compared to pH 7 at room temperature and even at a temperature of 40 0C emphasizes the importance of iron oxide availability on of the adsorbing surface availability of iron oxides. 	Comment by Editor/Reviewer: I suggest being consistent throughout with the use of ~ or ca. when indicating approximation. As noted, I suggest avoiding approximating numerical values when possible. 
3.9.2. Initial P concentration 
A change in the initial concentration of P in the solution resulted in changes in the adsorption behavior.  Again, usingHere, again , the pseudo-second orderpseudo-second-order kinetic model, we found  was the best fit, with an high R2 close to 1 atin all the different concentrations (Table S4). The rate constant in this model decreases withas the increasing concentration increases, which indicatinges additionalmore time tountil reaching an equilibrium point (Hamdi et al., 2014; Mezenner and Bensmaili, 2009).
We found that tThe Elovich mass transfer model presented the best fit after the pseudo-second- order model. The initial adsorption rate α and coefficient β of the applied energy in the Elovich model changed as a function of the initial P concentration. For example, by increasing the initial P concentration from 5 to 100 mg L-1, the β value increased dramatically from 5.93*10-58 to 1.192 g mg-1. In contrastOn the other hand, we observed that an increase in the initial P concentration resulted inshowed a decrease in the α value from 36.765 to 1.195 mg (g*min) -1. These isresults implyies that the initial amount of P adsorbed on Fe-DTR wasis more significant at high P concentrations compared to low concentrations, meaning indicating that Fe-DTR has an enhanced  high capacityies to adsorb higher greater amounts of P from wastewater containing high P concentrations (Karaca et al., 2004) (Mezenner and Bensmaili, 2009). For the intraparticle diffusion model, weThe observed an increase in the values of the rate constant in the intraparticle diffusion model with increasing initial P concentration. The result can be can be explained by the increasing effect of the driving force that resulted in the reduction of the diffusion of the P in the boundary layer on the surface and the improvement of the distribution in the internal sites. Thus, P  molecules might  diffuse into the pores prior before to their surface adsorption (Cheung et al., 2007; Mezenner and Bensmaili, 2009).	Comment by Editor/Reviewer: Did I retain your intent?	Comment by Editor/Reviewer: OK?
At high P concentrations, At high P concentrations, P partitioning between solids and solutions is governed by abiotic mechanisms, sorption, and mineral precipitationabiotic mechanisms, sorption, and mineral precipitation govern the partitioning of P between solids and solutions. P sorption ability is contingent on experimental conditions and the the system's pH (Zohar et al., 2018). The intimate association of surface areas apparently dominated bywith seemingly adsorbed P withand precipitated-like P gives rise to complex processes that were surface complexation initiates precipitation. This mechanism was demonstrated befois known forre for P adsorption onto CaCO3 that,  results informing complexes like Ca3(HCO3)3PO4 (Avnimelech, 1980), which initiateing precipitation at concentrations as low aseven at low P concentrations (≤1.6 g L−1) and short reaction times as short as times (≤3 h) (Sø et al., 2011).	Comment by Editor/Reviewer: Did I maintain your intent? 	Comment by Editor/Reviewer: 1. I suggest “precipitated-like” is a confusing term. particulate? insoluble, semi-soluble?
2. If the citation for this state is Zohar et al, 2018, I suggest placing it at the end of this sentence for readers/reviewers.  
Table 5. PThe parameters of the kinetic models forof the Fe-DTR at variouswith varying initial Pphosphorus concentrations. (Sludge doses 5 g L-1, particle size 45-90 m, pH 7, and & rRoom temperature).	Comment by מיכאל איגי ליטאור: Ditto – change from portrait to landscape.  	Comment by Hasan E. Ganem: לעשות את העמוד לרוחב  - יושלם בסוף הבדיקה	Comment by Editor/Reviewer: PSD?	Comment by Editor/Reviewer: 25 C?
[image: תמונה שמכילה שולחן
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 The results of ourThe kinetic modelings indicate that result suggest the ability tothat controlling the parameters of the adsorption parameters  experiments contributes to not only to increaseding the amount of adsorption  but also to accelerating it and, therefore, to increase its efficiency, i.e., and efficiency byto achievinge maximum adsorption in the minimum time. 
3.9.3. Activation energy 
In most experimental conditions cases, an increase in temperature will increase the reaction rate under different experimental conditions. The reaction rate constant can enable the calculation of  the activation energy using the Arrhenius equation (Benjamin, 2015):

Where k2 (g (mg*min) -1) is the rate constant of the pseudo-second- order model,. A (min-1) is the Arrhenius constant, . Ea (J mol-1) is the , the activation energy, which measures the minimum energy level required to break the bonds ofin the reactants (an endothermic process) until products are obtained, and T (K) is the temperature of the solution. Raising the reaction's temperature will increase the kinetic energyy of more molecules, allowing more reactants to cross the energy barrier to and become products. The R is the gas constant (8.314 J K-1 mol-1) (Sparks, 2003).
The value of the activation energy allows the determination of the nature of the adsorption (chemical or physical). A physical adsorption process is characterized by a low activation energy (5-40 kJ mol-1); however, when the energy value increases, the nature of adsorption becomes chemical in nature (Omari et al., 2019). The positive and low value of the activation energy we obtained at neutral pH in wastewater solution (see Sectionexperiment 2.3.5.2.3), att temperatures 10-40 0C) wais 3.970 kJ mol-1, which, s suggestings a physical adsorption on the surface of Fe-DTR in the solution. At pH 3 in the wastewater (see Section(experiment 2.3.5.3), at temperatures 10-30 0C), the value of the positive activation energy was similar but a bit higher, 8.082 kJ mol-1. Our result , which confirms the dominance of a somewhat stronger adsorption nature (Edet and Ifelebuegu, 2020; Omari et al., 2019), meaning the presence of an energy barrier in in the endothermic adsorption process (Hameed et al., 2007; Mezenner and Bensmaili, 2009). Mezenner and Bensmaili (2009) studied P adsorption on iron hydroxide waste at temperatures between 20-45 0C and reported a higher values of 32.740 kJ mol-1, indicating a strong chemical binding capacity between the P and Fe. Additionally, (Edet and Ifelebuegu, 2020), studied the adsorption of P on brick waste at temperatures of 20-35 0C, andd reported an extremely low activation energyvalues of (0.012 J mol-1), indicating a fragile P physical binding and, with a high release potential. We Based on the activation energy results, we concluded from our activation energy results that the relationship between the P and the Fe-DTR inin a a neutral pH solution wais weaker than at pH 3, which indicates a more efficient P release from sludge loaded atin a neutral pH (~pH 7) and high temperature compared to pH 3 and room temperature. The organic compounds in the wastewater probably influence this weak indirect physical connection (Edet and Ifelebuegu, 2020)  and the potential of P to precipitatetion with calcium carbonate (Ippolito et al., 2003).	Comment by Editor/Reviewer: pH7? 	Comment by Editor/Reviewer: I suggest this is equivication which is confusing. I suggest stating for readers if the values are higher or they are similar. 	Comment by Editor/Reviewer: I suggest that readers may be confused what you are arguing here. As written it seems to be saying that the values are similar, but a bit different. Thus, this confirms there is a difference.	Comment by Editor/Reviewer: Nice conclusion statement for readers!	Comment by Editor/Reviewer: 40 C? Please, notice that on this page many temperatures are cited that could be considered high temperture. Thus, I suggest stating the actual temperature or temperature range being discussed. 	Comment by Editor/Reviewer: 25 C?
3.10. Sorption of P from wastewater compared to a synthetic solution
Many factors can affect the adsorption of P on Fe-DTR, including the chemical compositions of dairy wastewater. Ligand competition with organic compounds in the wastewater may affect inorganic P adsorption as well as  ability but can also affect the desorption capacity (data not published yetunpublished data). These organic compounds cause weak indirect P binding indirectly, in that the by  organic compounds forming a bridge between the Fe-DTR and the P (Dong, 2004). The Fe-DTR can adsorb more P more rapidly  at higher speed in wastewater compared to a synthetic solution, both in both the amount of Pphosphorus adsorbed and in the values of the kinetic rate constants forin most parameters (Tables S2 and S3). In addition, and according to the literature these compounds also contain organic phosphorusP, indicating its  the adsorption and removal of organic P as well (Guppy et al., 2005; Kleber et al., 2007; Lang and Kaupenjohann, 2003; Zohar et al., 2020, 2017; Zohar and Forano, 2021). We hypothesize that organic compound-Fe-DTRthese bridges (organic compounds) increased the surface area of an adsorbent. T; these mechanisms are yet to be explored. 	Comment by Editor/Reviewer: Again, I suggest confirming with the editors if citing unpublished data is acceptable. 	Comment by Editor/Reviewer: OK?	Comment by Editor/Reviewer: I suggest there is no need to state “in the literature” as you are presenting citations. 
At neutral to alkaline pH, P phosphorus precipitates with calcium/calcium carbonate (Avnimelech, 1980). As  shownn in the background results (Table 1), our collected the collected wastewater, containeds dissolved calcium not present in while the synthetic P solution does not have it. Therefore, , therefore there is a potential for deposition of P-Ca and P-CaCO3 P-Ca and P-CaCO3 deposition is possible as a complex, which implies that P can be removed from wastewater more efficiently through two mechanisms,  a more efficient removal of phosphorus in wastewater probably through two mechanisms adsorbed species and precipitates (Massey et al., 2018).	Comment by Editor/Reviewer: If I understand correctly, you are suggesting two avenues to increase efficiency. One involves P Fe-DTR bridges. The other invovles P-Ca complexes. If this is correct, perhaps you could begin this paragraph by indicating a second way to improve efficiency. For example, “Another avenue to potentially improve efficiency is to investigate P-Ca interactions in wastewater.”
Insert suggestion	Comment by Editor/Reviewer: For a general reader, I wonder if a paragraph explaining the significance of the results overall might be helpful. For example, under your best conditions for adsorbing P, how  significant is this for the manufacture of P fertilizers? Or  how much P might be removed from what would be wastewater that would be introduced to the environment.
4. Conclusions
· Considering ourthe improvement of P binding efficiency, Fe-DTR can be applied as a substrate for treating agricultural wastewater containing high P concentrations.
· OurThe optimization presented in this study combines parameters that improve P adsorption and  make it efficiencyt by reaching Fe-DTR-P saturation in the minimum possible time while controlling five5 parameters;  including solid/liquid ratio, particle size, pH, temperature, and contact time. 
· Of the two parameters significantly affecting Pthe adsorption (, pH, and temperature), we achieved, higher increased adsorption  was achieved by controlling pH to as low as 3 (11,410±1 mg P kg-1).	Comment by Editor/Reviewer: It does not seem necesary to cite a specific number here. 
· A probabilistic model (DOE) gave a range of possible solutions for P adsorption in combination withof pH and temperature conditions and suggested that low pH coupled with high temperatures may improve P adsorption.
· The pseudo-second orderpseudo-second-order model best described the rate of P adsorption for in all the measured parameters. Nevertheless, other kinetic models like Elovich and iIntra-particle diffusion implied two-stage adsorption, including a rapid initial adsorption. 
· We found that theThe activation energy of P sorption at pH 3 was greaterhigher than at 40 0C, resulting in stronger bonds at pH 3 and implying on potentially increasedhigher P solubility from Fe-DTR prepared at high temperaturestemperature (e.g., 30 0C).	Comment by Editor/Reviewer: I suggest that implying and potentially are redundant. 	Comment by Editor/Reviewer: OK?
· OurThe optimal conditions for efficient P loading phosphorus onto the Fe-DTR at room temperature are a solid-liquid ratio of 5 g L-1, a PSD of 45-90 m, pH 3, and a loading time of 3 hrours. 
· The greatest highest adsorbed P concentration of adsorbed P we achieved in this study was equivalent to 4.1% P2O5. 	Comment by Editor/Reviewer: I suggest telling readers how significant this is. 
· Our The results  of the current study offer an innovative method to reduce the amount of sludge sent to landfills, thereby reducing environmental damage while concurrently produceproducing an alternative P fertilizer.	Comment by Editor/Reviewer: innovative and exciting? innovative and valuable?  I suggest emphasizing the importance and excitment of the results!  Readers/reviewers may view the work as more impactful. It really is important work to improve the environment! 
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Am k1 Am ko a B ko C

(mg g™ (min)  (mgg”) (g (mg'min)")  (mg (g*min)”) (gmg")  (mg (g'min°%)")
L PSD 45-90 “ma 6.523 3.19 7.849 0.002 1.051 1.942 0.103 3.949
% pH 3P 8.741 0.713 9.728 0.005 1.425 68.14 0.081 6.978
">" Temperature 40 Occ 6.636 6.884 7.402 0.001 1.256 1.461 0.055 4.005
g PSD 45-90 “ma 8.749 4.442 10.35 0.001 0.673 3.051 0.157 4.464
31;3 pH 3P 11.81 1.116 12.59 0.004 0.698 37.05 0.148 8.167
§ Temperature 40 0ce 12.03 1.751 12.72 0.001 1.281 331.3 0.053 9.414
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Gm Ky Am ka a B ko c
(mgg")  (min™) (mgg’)  (g(mg'min)’)  (mg (g'min)’) (gmg") (mg (g'min”%)")

_5 5 0.958 8.654 0.974 0.054 36.765 5.93E-58 0.002 0.867

g — 15 2.546 10.023 2.695 0.006 5.189 0.0006 0.013 1.901

g E 30 3.917 7.087 4.182 0.003 3.097 0.133 0.022 2.845

é = 70 5.537 10.643 6.061 0.001 1.500 0.823 0.046 3.220

% 100  6.502 6.477 7.813 0.001 1.195 1.192 0.061 3.797





