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Abstract

:

Of all the substances that can be present in water intended for human consumption, arsenic (As) is one of the most toxic. Many treatment technologies can be used for removing As from water, for instance, adsorption onto iron media, where commercially available adsorbents are removed and replaced with new media when they are exhausted. Since this is an expensive operation, in this work, a novel and portable plant for regenerating iron media has been developed and tested in four real case studies in Central Italy. The obtained results highlight the good efficiency of the system, which was able, from 2019 to 2023, to regenerate the iron media and to restore its capability to adsorb the As from water almost entirely. Indeed, when the legal threshold value of 10 μg/L is exceeded, the regeneration process is performed and, after that, the As concentration in the water effluent is at the minimum level in all the investigated case studies.
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1. Introduction


According to Directive 2020/2184 of the European Parliament and the Council on the quality of water intended for human consumption, “Water intended for human consumption” is treated or untreated water intended for drinking, for preparing food, drink, or other domestic uses, and water used for the manufacture, treatment, and storage of substances intended for human consumption [1]. Water intended for human consumption, particularly drinking water, must be healthy and clean, and must not contain microorganisms, parasites, or other substances in quantities or concentrations representing a potential danger to human health.



Arsenic (As) is a chemical element with the atomic number 33. It is a semimetal that occurs in three different allotropic forms: yellow, black, and gray. It is found in rocks, water, and animal and vegetable organisms and its content in the rocks of the Earth’s crust has been estimated at 1.5 g per ton of rock. As is a common contaminant in water. The most dangerous problem in this context is that in many areas of the world, drinking water is contaminated with As. Due to its high toxicity, especially with regard to arsenite, drinking water regulations allow only very low concentrations of arsenic. Of all the substances that can be present in water, As is one of the most toxic, potentially resulting in skin cancer or other cancers [2]. Indeed, arsenic is easily found in nature, from the atmosphere to soils and rocks, but also in natural waters and organisms [3], being the twentieth most abundant element in all-natural metalloids [4]. Since millions of people are nowadays being exposed to excessive As through the consumption of contaminated drinking water [5], it is mandatory to remove this substance from the water intended for human consumption, respecting the maximum level for As in drinking water fixed at 10 μg/L by many Agencies such as the World Health Organization (WHO) or the US Environmental Protection Agency [6].



In Italy, the data on the presence of As in water comprise a rapidly evolving set of information; following new abstractions, this element can be found in significant concentrations even in aquifers whose hydrogeological conditions would exclude its presence. However, it is evident that this element constitutes a strong criticality in the water use system, especially for water intended for human consumption.



Arsenic is a water contaminant widespread in many areas of the Earth, not only in Italy, of course. Some of the territories where arsenic is found in water in high concentrations are western India, Alaska, Mexico, Chile, and Argentina.



In general terms, it can be stated that in Italy, the supply of qualitatively suitable water is pursued with rigorous and consolidated practices of management of the water system, is controlled through a tested surveillance system, and is regulated on a legislative level, with regard to frequency, typology, and methods of control. Without prejudice to certain circumstances, generally limited in terms of time and territory, for which non-compliance may occur due to the presence of non-standard chemical or microbiological parameters following which limitations on the use of water may also be ordered with adequate information actions on the populations concerned, the water distributed is fit for human consumption and can be consumed in safe conditions from a health point of view, so there is no need for its treatment downstream of the “point of delivery”.



In any case, the As presence in water poses the problem of its removal before the water’s distribution to the population, so many treatment technologies can be used for removing As from water, including the following [7]:




	(1)

	
Oxidation (oxidation and filtration; photochemical oxidation; photocatalytic oxidation; biological oxidation; in situ oxidation);




	(2)

	
Membrane technologies (microfiltration; ultrafiltration; nanofiltration; reverse osmosis);




	(3)

	
Coagulation/flocculation;




	(4)

	
Ion exchange;




	(5)

	
Adsorption onto solid media (AM) (activated alumina; iron-based sorbents; zero-valent iron; indigenous filters; miscellaneous sorbents; metal–organic frameworks).









A review of such technologies has been made by a number of authors [8,9,10,11,12]. In many cases, these technologies have been proven as expensive or complex, with the exception of AM, which has been accepted as a suitable removal technology, particularly for developing regions, because of its simple operation, potential for regeneration, and little toxic sludge generation [13].



In AM technology, As and other anions are adsorbed onto a packed bed of media. The employed removal mechanism is usually an exchange of anions for surface hydroxides of the media [14]. When the As concentration of the effluent from an adsorption system reaches the regulatory limit of 10 μg/L, the media are usually removed and replaced with new media.



In the literature, a lot of research can be found dealing with the adsorbent materials employed in AM technology, i.e., with metal oxide/hydroxides, including iron, aluminum, zirconium, and titanium, constituting the majority of the commercially available adsorbents [8,11,15]. In particular, many iron media products have been introduced in the drinking water treatment market in recent years since iron-based adsorbents generally have been found to have higher arsenic adsorptive capacity and efficiency [16,17]. As aforementioned, when the adsorptive iron media no longer has the ability to reduce the As in water effluent to values lower than the maximum contaminant level of 10 μg/L, it is removed and replaced with the media, and the exhausted media can be disposed of in a sanitary landfill [18], but this is an expensive operation. The price of the adsorptive iron media on the market remains quite high and there does not seem to be any sign at the moment of a sensible decrease. In addition, the presence of competitive and/or inhibiting species in the treated waters, perhaps underestimated during the design phase, has led to a reduction in the estimated durations of activity of these products before their exhaustion, thus aggravating the cost of water purification. Indeed, the substitution of the adsorptive iron media accounts on average for 80% of all the operation and maintenance costs of the system, including media replacement, chemicals, electricity, and labor [16].



In order to diminish the operation and maintenance costs, one option to exhaust iron media substitution is its regeneration and reuse. The regeneration process is based on the mechanism of adsorption of As on ferric hydroxides, a chemical exchange that by its nature is reversible. The reactivation process brings the adsorbent material back to its initial state by extracting and bringing back into solution the species that are bound to it during the “work” phase of the masses, leading to the achievement of the desired result: the restoration of the absorption capacity of the As [17].



In the literature, few studies have been conducted on the regeneration and reuse of adsorptive iron media [19,20], while some authors have even suggested that it is not possible to regenerate such media because the process will cause particle degradation [21], although it is true that regeneration offers a potential option to reduce the cost of the system. Starting from these premises, the aim of the present manuscript is the introduction of a novel technological plant that can be used for removing As from water intended for human consumption, employing adsorptive iron media and pursuing its regeneration and reuse. The novelty of this work consists particularly of the presentation of a technological system characterized by its portability. Indeed, it is worth noting that the majority of existing systems for regenerating iron media are non-portable.



The present manuscript is organized as follows. In Section 2, the iron media formation and its use in removing As from water are briefly presented. In Section 3, the proposed portable technological plant is introduced. In Section 4, the selected case studies that have been analyzed are presented. Section 5 describes the performed analysis, while the results are described and discussed in Section 6. Finally, the conclusions are summarized in Section 7.




2. Iron Media Formation and Its Use for Removing As from Water


The process of formation of iron oxide/hydroxide, like the type used in the proposed technological plant, mainly consists of the following three macro-phases: a chemical reaction, a dehydration phase, and a grinding/granulating phase.



In the first macro-phase, i.e., the chemical reaction, iron oxide/hydroxide can be obtained by combining a positive trivalent iron ion with a hydroxide ion. For instance, the following formula shows the chemical reaction between ferric chloride (FeCl3) and sodium hydroxide (NaOH):


  3 N a   O H   + F e   C l   3   → 3 N a C l + F e   ( O H )   3    



(1)







Based on the reaction of the two selected reagents (sometimes, instead of ferric chloride, ferric sulfate can be used), the necessary time passes for the ferric hydroxide to flocculate, and then it is pressed in a filter press.



The sludge resulting from the first phase contains a significant percentage of water; therefore, a dehydration process is required, i.e., the second macro-phase. Such a process occurs in two ways. (1) Sludge freezing allows further separation from the sludge related to the portion of water that is not mechanically separated; the product obtained has a percentage of residual water of about 50% and is translucent and granular in appearance. (2) Sludge drying by a thermal process such as a rotary drum or belt dryers can reduce the water content to less than 20% in the media.



The third macro-phase, i.e., the grinding/granulating phase, consists of the grinding of the dehydrated sludge (e.g., ferric hydroxide), in order to obtain the required granulometry.



The obtained iron media can be used for removing As from water based on the mechanism of adsorption of arsenic on ferric hydroxides, a chemical exchange that by its nature is reversible. Various studies have found that a classic three-step regeneration process of (1) backwashing the iron media, (2) caustic regeneration, and (3) acid neutralization conditioning has been shown to be effective in removing As and other contaminants absorbed by the iron media [22,23]. Hence, the study of the reactivation process and the subsequent development of the design of the novel technological plant presented here were based on experiences conducted by the international scientific community, in particular by the US Environmental Protection Agency, both as laboratory tests and small pilot plants on real-scale interventions.




3. The Proposed Portable Plant and the Regeneration Process


Based on the aforementioned, the novel technological plant presented here has been designed to be portable and work on site and is constituted by the following elements.



	
Two centrifugal pumps for the reagents’ (acid and base) recirculation, characterized by a flow rate of 16 m3/h and a pressure head of 20 m;



	
A static mixer, made of plastic material, with a maximum flow rate of 30 m3/h;



	
A piston pump for ferric hydroxide dosing, in 30% solution, in plastic material, with a flow rate of 1500 L/h;



	
A piston pump for 50% sulfuric acid solution dosing, in plastic material, with a flow rate range of 100–300 L/h;



	
Polyvinyl chloride (PVC), with a flow rate range of 0–30 m3/h, diameter (D) 50 mm; various valves (1′’ PVC ball and check valves);



	
Pipes in plastic material;



	
Electromagnetic flowmeter, with a range of 0–30 m3/h, D 40 mm.






Additionally, the following on-site accessories are required for the completion of the regeneration:




	
A polyethylene tank, the volume of which must be defined based on that of the specific filter, for depositing the eluates;



	
Chemical reagent tanks.








The novel technological plant is shown in Figure 1, Figure 2 and Figure 3.



The filter filled with iron media is used as a reactor for the reactivation process while the remaining part of the equipment necessary for the process (hereafter called the skid) is brought directly on site, as well as a tank of adequate capacity where the process eluates will flow. Hoses and hydraulic fittings complete the system equipment. Once the inspection has been carried out and the data for the process are collected, a specific procedure is created in order to plan all the operations that will be carried out during the intervention itself.



From a descriptive point of view, the regeneration process presents a preliminary phase in which the filter containing the oxides to be reactivated is isolated, partially or totally, based on the characteristics of the plant, from the rest of the system. At the same time, the skid and the eluate collection tank are positioned. Once the various equipment has been hydraulically connected via flexible pipes, the system is ready to be started.



The first phase of the regeneration process consists of an alkaline washing of the iron media masses with an aqueous solution of sodium hydroxide that is recirculated through the filter. The aim of alkaline solution recirculation is to increase the contact time with the media and bring a favorable environment to the ion exchange process.



At the end of the alkaline phase of the process, the eluates produced are progressively segregated in the collection tank and replaced with water. This operation continues until a conspicuous lowering of the saline concentration of the water leaving the filter is obtained.



During this phase of “displacement” of the alkaline solution, the eluates are neutralized before reaching the collection tank. At this point, almost all of the species absorbed in the mass were transferred to the alkaline solution and segregated in the storage tank. It is therefore possible to proceed to the second phase of the process in order to restore the alkalinity of the system. The water still present in the filter is recirculated, proceeding at the same time with the controlled injection of sulfuric acid, which acts as a neutralizer. The neutralization operation will continue until a neutral pH is obtained. The process ends with the restoration of the original hydraulic connections and with the backwashing of the filter in order to ensure uniform hydraulic conductivity through the filtering masses.



From an operational point of view, the operational phases regarding the regeneration process are as follows:




	
Before starting the regeneration process, a backwashing of the filter media is performed;



	
The loading manhole (located at the top of the filter) is opened, and water is allowed to flow about 10–15 cm above the filter media bed;



	
The outlet of the pilot system is connected to the previously opened loading manhole, and the return of the system is connected to the lower part of the filter;



	
The pumps of the pilot system are activated, and water is circulated in a closed loop;



	
The dosing pumps for soda are activated, and soda is circulated inside the filter;



	
After the soda has been completely introduced, it continues to circulate for about an hour;



	
Subsequently, the eluate is discharged into an existing tank;



	
The upper loading manhole is closed, and a backwash with clean water is performed. It is then reopened when the water level is 10–15 cm above the filter media bed. The dosing pump for acid is activated, and the mass is neutralized;



	
The last step is to close the upper loading manhole and wash the filter before putting it back into operation.








It should be noted that the procedure is well-suited for regenerating a conventional pressure filter with nozzles (perforated plate with nozzles) for use in series or parallel. The filter must have vents and drains for emptying, as well as a loading/unloading manhole for the filter media.



On the other hand, during the installation of a new filter, the stages of filling the filter media are as follows:




	
Placement of a layer of quartz sand support (particle size 2.00–3.15 mm) to cover the nozzles;



	
G-OX (filter media bed height between 0.8 and 1.6 m);



	
Partial filling with water to protect the nozzles during the sand-filling process;



	
Introduction of quartz sand (DIN EN 12904 grade) as a support layer according to the supplier’s instructions; leveling and rinsing the layer;



	
Introduction of ferric hydroxide through the upper loading manhole;



	
Free space, approximately 50% of the G-OX bed, for expansion during backwashing.









4. The Selected Case Studies


The novel technological plant is a potential solution to address the issue of As contamination in water sources and was tested in four different case studies to examine its performance in real-world applications. The four case studies were located in the Viterbo province, in Central Italy, situated 80 km north of Rome.



Italy is generally characterized by high As concentrations in water. High As concentrations have been historically observed (since 1999) in the Central Italian Alps [24], where water is collected from both cold springs and thermal springs. Also, Central Italy has been known to have high levels of As in its water sources. Zuzolo et al. [25], in their comprehensive study aimed at evaluating the occurrence, distribution, and potential health impacts of As on a national scale in Italy, found that significant As concentrations in tap water and soil (up to 27.20 μg/L and 62.20 mg/kg, respectively) are mainly governed by geological features, and that in the central parts of Italy, where alkaline volcanic materials and consequently high levels of As occur, there can be health issues for residents. Baiocchi et al. [26] and Cinti et al. [27] analyzed many water samples from springs and wells in the Sabatini and Vicano-Cimino Volcanic Districts (Central Italy), determining high As concentrations and highlighting risks to the population due to the fact that water mostly sourced from shallow and cold aquifers hosted within volcanic rocks represents the main public drinking water supply. The aforementioned studies highlight that high carcinogenic and non-carcinogenic risk is associated with water ingestion for those living in Northern Italy and Central and Southern Italy (including the capital Rome), also pointed out by [28]. This is true, although it is well known in the literature that As can be found in different oxidation states (As(III) and As(V), i.e., arsenites and arsenates) which have different effects on different organisms, from moderate (skin diseases) to severe (cancer) [29].



The European Union (EU) allows a maximum concentration of 10 μg/L for As in drinking water. However, in the Viterbo area, the concentration levels far exceed the limit, with the highest value recorded at 75 μg/L.



Being a volcanic area, the Viterbo province has a natural composition that includes arsenic. As a result, the water in the region is considered undrinkable by law and must be purified before it can be consumed. The installation of As removal plants is common in the region, and in 2014, 50 million euros were invested in dedicated purifiers to help mitigate the situation. Despite this, many municipalities have reported difficulties in managing the purifiers due to their high operational costs.



The novel technological plant presents a promising solution to improve the situation in the Viterbo province while keeping operational costs low. The plant has been designed to remove As from water sources efficiently, and its effectiveness has been demonstrated in the four case studies mentioned earlier. By implementing the new plant, the region can improve the quality of its water sources and ensure that the concentration of As in drinking water remains within the limits set by the EU.



The four case studies were selected with the primary goal of thoroughly testing the system under different circumstances in order to ensure its effectiveness and durability. Such a decision was driven by the need to ensure that the system is robust enough to handle various environmental factors and external influences that may affect its functionality. Testing the same portable plant multiple times provided valuable insight into how the system performs in the real world and allowed us to identify any potential issues or weaknesses that needed to be addressed. Through the testing process, the system’s design and functionality have been optimized, ensuring that it met the required performance standards. The testing of the plant also served as a validation of the system’s reliability, which is critical for ensuring the success of any large-scale technological project.



The novel portable technological plant has been employed in different dearsenification plants in the Viterbo province of Central Italy, named WT01, WT02, WT03, and WT04 (Figure 4).



The WT01 dearsenification plant has two filters in series, each one containing 1800 L of ferric hydroxides. The nominal plant flow rate is 12 L/s and the input As concentration is 34 μg/L.



The WT02 dearsenification plant has two filters in series, each one containing 1000 L of ferric hydroxides. The input water is particularly critical in terms of concentration not only for As (58 μg/L) but also vanadium (12 μg/L) and silica (64 μg/L). The nominal plant flow rate is 4.5 L/s.



The WT03 dearsenification plant has two filters in series, each one containing 3200 L of ferric hydroxides. The nominal plant flow rate is 17 L/s.



Finally, the WT04 dearsenification plant has one filter (named F1) of 4700 L of ferric hydroxides and two filters (named F2-F3) each with 5700 L of ferric hydroxides, connected in parallel. The nominal plant flow rate is 26 L/s.




5. The Performed Analysis


For the four investigated case studies, the As concentrations were periodically monitored in the water effluent, before and after the iron media regeneration, employing national and international guidelines [30,31,32]. Each analysis was performed two times and then the results were averaged. Other than As, pH and hydraulic conductivity were measured (continuously), but for the sake of brevity, only As and pH results are presented in detail in the following section. It is noteworthy that pH could have an effect on the regeneration process and its efficiency, and this could be a subject of future research, as specified in the conclusion section.




6. Results and Discussion


Figure 5, Figure 6, Figure 7, Figure 8 and Figure 9 show the As time series monitored in the water effluent in the four investigated case studies.



Iron media regenerations were performed for WT01 in October 2019, September 2020, March 2022, and March 2023.



Iron media regenerations were performed for WT02 in March 2019, January 2020, March 2021, July 2021, March 2022, June 2022, and November 2022.



For WT03, iron media regenerations were performed in September 2019, February 2020, July 2020, October 2020, February 2021, July 2021, November 2021, March 2022, June 2022, and October 2022.



Iron media regenerations were performed for WT04 (F1) in October 2019, February 2020, July 2020, December 2020, March 2021, December 2021, June 2022, and September 2022.



For WT04 (F2-F3), iron media regenerations were performed in August 2019, March 2020, July 2020, December 2020, March 2021, July 2021, and December 2021.



Regarding WT01, the iron media kept the As level below the legal threshold of 10 μg/L until the passage of about 67,000 bed volumes (BV), equal to about 240,000 m3 of treated water. Then, it was decided to regenerate only one filter. The regeneration was performed not at the exact moment when the threshold was reached but sometime later, when the system had reached 74,000 BV (approximately 267,000 m3).



The new As legal threshold value of 10 μg/L achievement occurred at around 104,000 BV. It is interesting to note how the duration of the regeneration (104,000 − 74,000 = 30,000 BV) is aligned with the expected value, i.e., just under half of the previous duration, equal to 67,000/2 = 33,500 BV. In view of this second exceeding of the legal limit, it was decided to proceed with a new regeneration of the iron media.



In particular, the decision was again to reactivate only one filter, the one at the top of the series. Given the excellent response that brought the plant over 28,000 BV, the second filter was reactivated the following year. The response in terms of duration was also higher than expected, with approximately 31,000 BV.



The excellent results meant that the regeneration of the iron media can be carried out on both filters also not at the same moment, but one after the other. At present, the iron media continue to absorb arsenic and produce water with pollutant levels well below the legal limits.



Figure 5 shows the As concentration from 2019 to today, and it can be seen that periodically, the value of As increases (close to or above the limit for water intended for human consumption of 10 μg/L) and then decreases.



This happens in correspondence with the regenerations carried out at this plant in October 2019, September 2020, March 2022, and March 2023. It is noteworthy that after the iron media regeneration, the As concentration in the effluent is close to 0 μg/L, testifying to the effectiveness of the process.



Regarding WT02, it was decided to proceed with the regeneration of the iron media, as their duration did not allow for the treatment of more than 50,000 m3 before the performance decreased.



Since the first reactivation, carried out in March 2019, the iron media have been regenerated other five times (January 2020, March 2021, July 2021, November 2022, and July 2022) and, presumably, this operation will also be carried out in the future. Figure 6 shows the As concentration from 2019 to today: also for this case study, it can be seen how periodically, the value of As increases (close to or above the limit for water intended for human consumption of 10 μg/L) and then decreases. This happens in correspondence with the regenerations carried out at this plant. Unlike the previous case study, the As concentration in the effluent after the iron media regeneration is not close to 0 μg/L, having values close to 1 or 2 μg/L. This circumstance could be due to the input water that is particularly critical in terms of concentration not only for As but also for other elements. In any case, the water effluent As concentration is much lower than the legal threshold equal to 10 μg/L.



Regarding WT03 and WT04, as can be seen from Figure 7, Figure 8 and Figure 9, the trend is rather variable, but there are evident drops in the value of As near the regenerations, which took place in September 2019, February 2020, July 2020, October 2020, February 2021, July 2021, November 2021, March 2022, and October 2022 for WT03, while for WT04, the regenerations were performed at different moments based on the filter to reactivate (F1 or F2-F3).



Regarding the pH analysis, a general trend was observed in all four investigated case studies. The monitored pH was high (values greater than 12) during the desorption of As and other adsorbed elements, low (values not greater than 3–4) during the reacidification process, and neutral (values approximately equal to 7) during the last phases of the regeneration process.



In any case, the investigated case studies testify to the effectiveness of the proposed system related to the regeneration of the iron media, with the following fundamental advantages:




	
Environmental sustainability: Iron media are no longer considered as waste to be disposed of in landfills (according to the European Waste Catalogue, 19 September 2001, “Solid waste produced by primary filtration and screening processes”) but indeed can be reused effectively according to the principles of a circular economy.



	
Cost saving: Considering as an example a standard filter with a diameter of 2 m and a filter bed height of 1.1 m, the volume to be considered for the unique purchase of the filling material is approximately 3–4 m3, which corresponds to an expense of EUR 15,000–20,000 for the replacement of the masses. Moreover, other costs that should be taken into account are related to the landfill disposal of the exhausted iron media, which can be approximately quantified as EUR 2500, and the disposal of eluates, which can be approximately quantified as EUR 3500 (in the same example of the aforementioned standard filter). Of course, we also have to consider the cost of the reagents used in the regeneration process. Their exact quantity depends on the initial characteristics of the filter media, but in the same example of the aforementioned standard filter, we can roughly estimate an approximate cost of EUR 1000–2000.



	
Using the regenerated material significantly reduces the production of the “new” media, with considerable savings in raw materials and convenience in terms of energy and economics.



	
Low environmental impact, due to the reuse of materials and savings on disposal costs.



	
Less dependence on producers (that at the moment are no more than 2–3 in Europe).








Moreover, the advantages deriving from regeneration with a mobile plant, directly on site, like in the here-investigated case studies, are as follows:




	
Brief shutdown of the plant.



	
Washing of the iron media on site, avoiding the emptying/filling of the iron media.



	
Low environmental impact.








It is noteworthy that oxidation is known as a suitable method for the removal of As, but it is also true that oxidation alone can only transform As(III) to As(V), which is less toxic, and that the sorption processes of arsenite and arsenates on iron oxides are quite different and complex, as shown by [33]. In our opinion, this circumstance does not diminish the effectiveness and relevance of the presented technological plant and the related technical and economic implications.




7. Conclusions


Adsorptive media technology is a commonly employed approach for removing arsenic (As) from water, especially for drinking purposes. However, this method usually requires iron-based media, which are disposed of after one use. Since the replacement of iron media accounts for approximately 80% of the total operational cost, it would be more cost-effective to regenerate and reuse the media. In light of this issue, a novel and portable technological plant has been designed and tested in four real case studies to regenerate iron media, proving its feasibility. The following conclusions can be drawn:




	(1)

	
The obtained results highlight the good efficiency of the system, which is able to regenerate the iron media and restore its capability to adsorb As from water almost entirely. When the legal threshold value of 10 μg/L is exceeded, the regeneration process is performed, and after that, the As concentration in the water effluent is at the minimum level in all the investigated case studies.




	(2)

	
Multiple regenerations occurring from 2019 to 2023 seem to validate the system’s reliability, which is critical for ensuring the success of any large-scale technological project.




	(3)

	
The main advantages of the proposed portable technological plant that emerged from the results are the renewal of the filter bed with the restoration of its original adsorption capacity; no solid waste to dispose of, thereby eliminating disposal costs; low environmental impact; a reduction in the production of “new” media, saving raw materials and improving energy efficiency; minimized system downtime; and limited equipment movement.









Further research is needed to test various types of iron media to investigate the possibility of extending the time between regenerations. The system’s good efficiency indicates that it has the potential to be used on a larger scale, which would help minimize the amount of iron media being thrown away, making the technology more sustainable and cost-effective. As aforementioned, the pH of the water to be treated could have an effect on the regeneration process and its efficiency, so this could also be a subject of future research.



The innovative approach described here has the potential to significantly reduce the operational cost of As removal from water. This is particularly important in developing countries where the cost of As removal is often prohibitive, leading to the consumption of As-contaminated water, which can have serious health implications. By using this technology, we can provide clean and safe drinking water to the affected population, improving their overall health and well-being.



In conclusion, the development of this novel and portable system for regenerating iron media is a promising step forward in As removal technology. Its potential for large-scale implementation could make it an attractive solution for developing countries where As contamination is a significant problem. Future research will continue to explore and optimize this technology, making it more effective, sustainable, and accessible.
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Figure 1. Technological plant aerial view (dimensions 1.7 m × 1 m). (1) Recirculation pumps. (2) Static mixer. (3) Sodium hydroxide dosing pumps. (4) Sulfuric acid dosing pump. (5) Manual regulation valve. (6) Electromagnetic flowmeter. 
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Figure 2. Technological plant isometric view. 
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Figure 3. Technological plant details. Numbers refer to Figure 1 ([1,2,3,4,6]). 
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Figure 4. Map of the 4 technological plants in the province of Viterbo, Central Italy. 
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Figure 5. WT01 technological plant water effluent’s As time series. 
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Figure 6. WT02 technological plant water effluent’s As time series. 
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Figure 7. WT03 technological plant water effluent’s As time series. 
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Figure 8. WT04 (F1) technological plant water effluent’s As time series. 
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Figure 9. WT04 (F2-F3) technological plant water effluent As time series. 
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