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During the Covid emergency, a plant to produce sodium chlorite, a powerful disinfectant also known as stabilized oxygen, was authorized and built in record time. The plant is subject to the requirements of Directive 2012/18/EU on the control of major-accident hazards involving dangerous substances (Seveso III), as an upper-tier facility, as well as Directive 2010/75/EU on industrial emissions for integrated pollution prevention and control (IED). The purpose of this article is to examine the safety and environmental issues of a sodium chlorite chemical plant that emerged during the pre-construction technical investigation, the technical and procedural solutions adopted, and the critical issues that emerged during the post-construction inspections, highlighting the improvement options that emerged. The article describes the production process and the completed plant, focusing on the safety measures installed, including those required by the Competent Authorities during the preliminary safety report review during the feasibility clearance phase and the subsequent safety report review. It also delves into Natech's risk assessments.
Introduction
[bookmark: fnref1_2]This article describes a plant authorized and constructed during the Covid‑19 emergency period to produce sodium chlorite, a powerful disinfectant used in water treatment and for surface disinfection. The paper examines in depth the issues related to the prevention of major accident hazards and environmental aspects, in connection with the specific features of the production process and of the site where the plant is located, highlighting the further investigations requested by the respective Competent Authorities for the granting of authorizations. The article then focuses on the outcomes of post‑operation inspections, emphasizing the necessary interrelations between environmental and safety aspects. 
Administrative Procedures for Major Accident Prevention Regulations 
[bookmark: bm_3_administrative_procedures_fo_1e011b][bookmark: fnref1_4][bookmark: fnref1_5]The Operator of an existing establishment already subject to the obligations of Directive 2012/18/EU on the control of major‑accident hazards involving dangerous substances (Seveso III) submitted, in February 2018, the Preliminary Safety Report to obtain the feasibility clearance (NOF) for the construction of a new plant to produce sodium chlorite. Following the issuance of the NOF by the relevant Competent Authority in November 2018, the company started construction of the plant and, in October 2019, submitted the final Safety Report. The plant was rapidly completed during the Covid emergency, as sodium chlorite is a powerful disinfectant. The approval of the final Safety Report was issued in April 2020, and the site inspection to verify compliance with the conditions imposed took place in May 2020. 

3. Administrative Procedures for Environmental Regulations
[bookmark: fnref1_7][bookmark: fnref1_8][bookmark: fnref1_9][bookmark: fnref1_10]The complex  where the new sodium chlorite production plant was built already held an Integrated Environmental Authorization (A.I.A.) for the existing activities. The new chlorite plant falls within category 4.2 d “Manufacture of inorganic chemical products, such as ammonium chloride, potassium chlorate, potassium carbonate, sodium carbonate, perborate, silver nitrate” of Directive 2010/75/EU of 24 November 2010 on industrial emissions (integrated pollution prevention and control), and therefore the operation of the plant was subject to the granting of a substantial modification of the A.I.A. Prior to such modification, the project was subjected to a screening procedure to determine whether an Environmental Impact Assessment (EIA) was required, as provided for by national legislation transposing Directive 2011/92/EU of 13 December 2011 on the assessment of the effects of certain public and private projects on the environment. Within this procedure, requirements were issued for the protection of soil and groundwater, as well as requirements concerning the assessment of noise impact, considering the installation of a cogeneration plant consisting of internal combustion engines characterized by significant noise emissions. At the end of the technical review, in June 2019, the decision updating the Integrated Environmental Authorization was issued. 
[bookmark: bm_4_sodium_chlorite_production_process]4. Sodium Chlorite Production Process
The production process comprises the following main phases:
· Sodium chlorate production via brine electrolysis;
· Chlorine dioxide production via reaction of sodium chlorate with hydrochloric acid;
· Concurrent conversion of chlorine dioxide to chlorite and absorption into sodium hydroxide solution to form sodium chlorite.
The first phase involves sodium chlorate production through sodium chloride electrolysis in a specialized electrochemical cell, with the reaction catalyzed by sodium dichromate:

From the electrolysis cell, the sodium chlorate solution is fed to a reactor ensuring the residence time necessary for reaction completion. The reactor produces a hydrogen-rich gas phase, which is pretreated to remove chlorine traces. This gas is partially utilized for hydrochloric acid synthesis and partially vented to the atmosphere.
The liquid phase, comprising sodium chlorate solution, is fed to the chlorine dioxide production reactor, obtained via reaction with hydrochloric acid:

The reactor comprises several chambers, with lower reactant concentration chambers heated via steam heat exchangers to maintain reaction velocity, as this is an endothermic reaction. The gas phase produced in the reactor, consisting of chlorine and chlorine dioxide, is sent to a water absorption column that selectively absorbs gaseous chlorine dioxide. The resulting chlorine-enriched gas phase is conveyed to the hydrochloric acid synthesis section, obtained via reaction with hydrogen produced in the initial electrolysis phase.
From the absorption column, a chlorine dioxide aqueous solution is produced and sent to an air stripping column, through which chlorine dioxide is returned to the gas phase. The third and final stage involves feeding the chlorine dioxide-containing gas phase into absorption columns, where it reacts with sodium hydroxide solution and hydrogen peroxide to produce sodium chlorite in solution:

As specified, the facility's energy requirements are provided by a dedicated methane cogeneration unit capable of producing electrical energy and thermal energy in the form of steam and hot water.
[bookmark: bm_5_process_safety_design_features]5. Process Safety Design Measures
From the process described above, it is evident that the facility utilizes and produces dangerous substances such as chlorine and chlorine dioxide, toxic and oxidizing gases, and aqueous solutions classified as dangerous to the aquatic environment, specifically sodium chlorite solutions and electrolytic solution.
The characteristics of the process and substances necessitated the incorporation of numerous safety measures during the design phase. These include nitrogen inerting during electrolysis startup and shutdown phases, the presence of overpressure limitation and evacuation devices such as hydraulic guards and rupture discs, cooling systems to control reaction temperature, and redundant chlorine dioxide concentration monitoring systems, as this substance is unstable at concentrations exceeding 10% in volume or 10 g/L in aqueous solution.
The safety systems present determine the sending of gases, in the event of overpressure, towards emergency abatement columns.
Due to the corrosive nature of process solutions, facilities are predominantly constructed from titanium, with storage tanks made from fiberglass reinforced plastic.
Sensors for detecting chlorine and/or chlorine dioxide atmospheric presence are installed at facility locations, equipped with alarm functionality.
[bookmark: bm_5_1_environmental_design_features]6. Environmental Design Measures
To prevent potential environmental impacts, the facility is constructed within a containment sump capable of collecting process spillage and rainwater runoff.
Dangerous liquid substance storage is achieved through above-ground tanks located within a containment basin designed to hold volume equal to 1/3 of total capacity and in any case exceeding the largest tank volume.
Pumps are equipped with dual mechanical seals, with flushing via demineralized water, ensuring that internal seal leakage results in flush water ingress toward the process. The external seal is flushed with demineralized water directed to the water treatment system. Process wastewater, including pump seal flush water, ion exchange resin regeneration water, cooling tower blowdown, and rainwater runoff are conveyed to a chemical-physical treatment system prior to discharge into surface waters.
Gas phases, before atmospheric emission through designated discharge points, are treated via two-stage scrubber towers with sodium hydroxide.
Double containment is provided for pipeline sections external to the facility area. Liquid loading points for transport vehicles are paved, curbed, and equipped with sealed sumps for containment of potential spills.
[bookmark: bm_6_locational_context_and_risk_6be444]7. Site Context
[bookmark: fnref1_41]The context in which the plant is located exhibits several environmental sensitivities, including location in a municipality in seismic zone 1 (high risk), proximity to protected natural areas, the presence on the same site of other major accident hazard plants operated by the same Operator, and other establishments do not subject to Directive 2012/18/EU. The plant lies on a contaminated site currently equipped with an operational safety system (MISO), consisting of a hydraulic barrier and a pump and treat groundwater remediation system. 
[bookmark: risk_analysis]8. Risk analysis
[bookmark: fnref1_43]In the Preliminary Safety Report, the Operator presented the results of the operability analysis and the related fault trees, from which it can be inferred that, considering the safety barriers in place, all the top events identified by HAZOP have frequencies of occurrence far below the credibility threshold (10⁻⁶ events/year). 
[bookmark: fnref1_44]The only events with higher frequency are random pipe failures, using failure rates derived from the literature. 
[bookmark: fnref1_45]Failure diameters were determined as a function of pipe diameter (50% of nominal diameter for DN < 50 cm, 20% of nominal diameter for DN > 50 cm), while for release durations the risk analyst chose to use the times set out in national regulations for LPG storage facilities: 
· [bookmark: fnref1_46]20÷40 seconds in the presence of automatically actuated motor‑operated valves. 
· [bookmark: fnref1_47]1÷3 minutes in the presence of motor‑operated valves actuated by push buttons based on alarm signals. 
· [bookmark: fnref1_48]3÷5 minutes if valves are remotely controlled from a single point. 
· [bookmark: fnref1_49]10÷30 minutes when valves are manually operated. 
[bookmark: fnref1_50]Damage thresholds used to determine the extent of damage zones were also taken from national regulations setting minimum safety requirements for land‑use planning in areas affected by major accident hazard establishments, except for damage areas for releases of toxic substances, for which, in addition to the LC50 (30 min) and IDLH (30 min) thresholds, the company chose to include the LOC (level of concern) threshold for reversible effects, taken as 10% of the IDLH. 
[bookmark: fnref1_51]From the analysis carried out by the Operator, the “credible” accidental events (with frequency of occurrence greater than 10⁻⁶ events/year) are pipe failures, resulting in releases of gaseous mixtures of chlorine and chlorine dioxide, releases of aqueous solutions containing sodium hypochlorite, sodium chlorate, sodium chlorite, or releases and fires of hydrogen or methane resulting in jet fires. 
[bookmark: fnref1_52]The event which, according to the analysis, proves to be the worst in terms of consequences is the loss of gaseous mixtures of chlorine and chlorine dioxide, even though the quantities of these substances stored are below the Seveso III thresholds. 
[bookmark: fnref1_53]The Operator calculated, using dedicated software, the damage areas for this event by applying LC50 and IDLH values recalculated by the Probit function with exposure times of 5 minutes, assessing that the actual exposure time would be even shorter. 
[bookmark: fnref1_54]Indeed, the choice of shorter exposure times is driven by the fact that the release duration is considered very short, equal to 30÷40 seconds for closure of the isolation valves, while the subsequent emptying of the isolated section occurs in about two minutes. 
[bookmark: fnref1_55][bookmark: fnref1_56]Other credible releases involving liquid phases may cause spills of fluids that are hazardous to the aquatic environment and oxidizing. The consequences of such releases are nevertheless limited because the plant and piping are located on paved and curbed areas and the respective releases are routed to dedicated treatment plants. In its analysis, the company also evaluated the time required for any pollutant released onto the soil to reach the groundwater, considering the hydraulic barrier already installed on the aquifer. 
[bookmark: fnref1_57]Lastly, the Safety Report assessed the environmental effects of deposition from gaseous releases, considering that the plant is in an area surrounded by natural parks and protected areas. 
[bookmark: bm_7_safety_report_inspection_out_c15003][bookmark: outcomes_of_the_safety_report_review]9. Outcomes of the safety report review
[bookmark: fnref1_59]The Competent Authority responsible for assessing the Safety Report requested several further investigations from the Operator, considering the hazardous nature of the substances and process and the environmental sensitivity of the site, with particular attention to Natech risks (such as hydrological and hydraulic risk). 
[bookmark: fnref1_60]At the end of the review, the aspects on which the Competent Authority focused were: 
· [bookmark: fnref1_61]Routing rupture discs on equipment, whose bursting may result in releases of toxic substances/mixtures, to suitable abatement systems; 
· [bookmark: fnref1_62]Designing and constructing all structures of the new plant, including support structures for racks, tanks, equipment and fire‑fighting systems, in accordance with current national seismic standards for use category IV;
· [bookmark: fnref1_63]Installing seismic detectors for early warning, with location and alarm thresholds defined in agreement with national research bodies, where alarms result in production shutdown and venting of equipment to abatement systems;
· [bookmark: fnref1_64]Adopting a risk‑based inspection (RBI) plan in line with recognized international standards; 
· [bookmark: fnref1_65]Coordinating the internal Emergency Plans of all companies located at the site, including the requirement to carry out joint drills; 
· [bookmark: fnref1_66]Adopting technical solutions to prevent domino effects due to jet fires following gaseous releases of hydrogen or natural gas; 
· [bookmark: fnref1_67]Using critical safety‑instrumented systems compliant with standards such as IEC EN 61511. 
[bookmark: fnref1_68]At the end of the Safety Report review, the Competent Authority provided the following instruction with respect to damage areas: 
· [bookmark: fnref1_69]Define the effects of releases caused by full‑bore rupture of pipes with release of the entire equipment hold‑up, assessing the maximum damage areas corresponding to LC50 (30 min) and IDLH (30 min), to be conservatively taken as reference damage areas for external emergency planning, given the high seismicity of the area (Natech risk). 
[bookmark: outcomes_of_the_integrated_enviro_d6fb7f]10. Outcomes of the Integrated Environmental Authorization review
[bookmark: fnref1_71]From an environmental standpoint, the main issues associated with the construction of the chlorite plant were: 
· [bookmark: fnref1_72]Doubling of the installation’s already high-water consumption; 
· [bookmark: fnref1_73]A slight increase in wastewater volumes;
· [bookmark: fnref1_74]Number four new emission points containing chlorine and/or chlorine dioxide and/or hydrochloric acid. 
[bookmark: fnref1_75][bookmark: fnref1_76][bookmark: fnref1_77]The main requirements of the Authorization were aimed at continuous monitoring of the Redox potential and pH of the discharge to promptly detect any malfunction before release to surface waters. It was also required to install abatement systems for all vents containing chlorine or chlorine dioxide, including those from solution storage tanks. It was necessary to define appropriate emission limit values for chlorine dioxide, since this pollutant is not explicitly listed in the national reference legislation; therefore, the emission limit value was derived from that of regulated pollutants characterized by the same TLV (Threshold Limit Value). Given the difficulty of distinguishing chlorine emissions from hydrochloric acid emissions, it was required to establish a monitoring protocol agreed with the control authority. 
[bookmark: fnref1_78]Regarding increased water consumption, particular attention was paid to identifying technical solutions to optimize water use by means of closed‑loop and internal recirculation systems. 
[bookmark: fnref1_79]Incidentally, it should be noted that after the construction of the plant, in light of EU and national policies promoting low impact fuels, the Operator has been directing its industrial choices towards recovery of the hydrogen produced, using it as an alternative fuel to natural gas in its cogeneration plants and evaluating the feasibility of compressing it in cylinder bundles for sale as a transport fuel. 
[bookmark: post_operation_inspections]11. Post‑operation inspections
[bookmark: fnref1_81]After construction of the plant, several inspection activities were carried out focusing on both major accident prevention and environmental aspects. 
[bookmark: fnref1_82]Specifically, some issues emerged concerning both environmental aspects and process safety, whose resolution required a shared approach, as described below. 
[bookmark: bm_11_1_outcomes_of_integrated_en_f22cab]11.1 Outcomes of integrated environment‑safety inspections
[bookmark: fnref1_84]During inspections carried out after plant construction, the use of water spray cooling systems was detected, both on a sodium hypochlorite storage tank and on the chlorine dioxide production reactor. 
[bookmark: fnref1_85]The need for further investigation arose from two general considerations: first, that water spray cooling is a rather inefficient cooling method when needed to ensure process control; second, that it involves high water consumption in a context where water saving is increasingly an environmental priority due to water scarcity, also because of climate change. 
[bookmark: fnref1_86]It was first necessary to investigate whether water saving requirements for environmental purposes conflicted with the maintenance of the necessary safety conditions and whether these conditions were ensured by the chosen system. 
[bookmark: fnref1_87]The company carried out the requested investigations, drawing on studies conducted with support from the plant supplier and representatives from academia. 
[bookmark: fnref1_88]As a result of the in depth analyses, the Operator stated that external cooling of the chlorine dioxide reactor is not required for industrial safety reasons but for reasons related to production efficiency. However, implementation of a different cooling system, such as a cooling jacket or a heat exchanger, was ruled out by the company, considering the overall safety conditions of the plant and the supplier’s warranty clauses. Taking note of the analyses carried out, the Competent Authority required semi‑annual thickness measurements of the equipment. 
[bookmark: fnref1_89]The company was then asked to explore measures to achieve water savings, which were implemented by using internal recycle water streams as cooling fluids. 
[bookmark: fnref1_90]Regarding cooling of the hypochlorite storage tank shell, the company stated that such cooling was not applied for safety reasons but, in summer, to prevent loss of product chlorine content. 
[bookmark: fnref1_91]In this case, once the absence of conflicts with the maintenance of safety conditions was verified, it was possible to focus on environmental considerations related to water saving and the risk of uncontrolled chlorine emissions, which led the company to replace the tank with one properly insulated and coated with reflective paint, so as not to be affected by solar radiation and thus avoid the corresponding water consumption. 
[bookmark: bm_11_2_outcomes_of_internal_emer_d71c51]11.2 Outcomes of internal Emergency Plan drills
[bookmark: fnref1_93]As part of inspections aimed at preventing major accidents, an internal Emergency Plan drill was organized in the presence of representatives of the Competent Authority, during which certain improvement actions for emergency management emerged and were promptly implemented by the Operator: 
· [bookmark: fnref1_94]Providing personnel with PPE (gas masks) with built‑in communication systems, so that they can work and communicate without removing the self‑contained breathing apparatus mask.
· [bookmark: fnref1_95]Using personal devices for measuring chlorine concentrations, also for the purpose of assessing the end of the emergency status. 
[bookmark: bm_11_3_sampling_of_chlorine_emissions]11.3 Sampling of chlorine emissions
[bookmark: fnref1_97]Molecular chlorine emissions are particularly relevant in sodium chlorite production plants, especially in the hydrochloric acid synthesis section, which, as already noted, occurs by reaction between chlorine and hydrogen. 
[bookmark: fnref1_98]The synthesis stack is located on the hydrochloric acid synthesis reactor. The gaseous HCl formed is absorbed in counter‑current with water in a dedicated scrubber until the required concentration is reached. The stack thus receives any losses or carryover from the scrubber and possibly unreacted chlorine. The latter is considered a remote possibility, since HCl synthesis is carried out with a strong excess of hydrogen. To ensure complete reaction and absence of chlorine in the final product, a hydrogen excess of 8%–10% is maintained inside the reactor; this excess, inerted with nitrogen, is vented to the atmosphere through the stack. 
[bookmark: fnref1_99]Both national legislation and the BAT conclusions (BATc) on abatement systems in the chemical industry -Commission Implementing Decision (EU) 2022/2427 of 6 December 2022 - set separate emission limit values (ELVs) for the two emitted species (HCl and Cl2), and, above all, significantly tighter ELVs for molecular chlorine in view of its toxicity. The official method for HCl determination, laid down in a national standard, involved absorption in a basic solution and subsequent determination of chlorides. This sampling procedure allowed determination of chlorides expressed as hydrochloric acid but did not allow speciation of molecular chlorine gas (Cl2), which can be partially converted to chloride during sampling. 
[bookmark: fnref1_100]To monitor the molecular chlorine content as explicitly required by the authorization issued, the company proposed the use of an internal method employing DPD (Diethyl‑p‑phenylenediamine), commonly used for determining free chlorine in swimming pools. In practice, with the method set out in the national standard, the total contribution of chlorides in solution was determined as HCl; subsequently, on a separate aliquot, gaseous chlorine content was determined using DPD. 
[bookmark: fnref1_101]With the A.I.A. update, the Control Authority required the company to adopt the official EPA METHOD 26, since it allows separate determination of molecular chlorine and hydrogen halides by means of a first bubbling step in sulfuric acid for hydrogen halides. Measurements of HCl and Cl2 are carried out in series in a single sampling session: first the HCl contribution is determined by bubbling in sulfuric acid, then, by bubbling in caustic soda and subsequent addition of thiosulfate, the contribution of molecular chlorine is determined:
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Figure 1: EPA METHOD 26

[bookmark: bm_8_conclusions][bookmark: fnref1_103]The results obtained with both sampling and analysis methods show no correlation between chlorine and hydrochloric acid emission concentrations. EPA METHOD 26 has higher sensitivity than the previous methods, allowing detection of lower gaseous chlorine concentrations than those detectable with the internal DPD‑based method. This made it possible to observe that the concentration of gaseous (unreacted) chlorine in some (about 50%) sampling sessions was significantly higher than the hydrochloric acid concentration, leading the Control Authority to request the Operator to further analyse the sizing of the scrubbing column. 
12. Conclusions
[bookmark: fnref1_105]The article focuses on a sodium chlorite production plant that was completed and commissioned during the Covid emergency within an existing industrial site already subject to legislation on the prevention of major accident hazards and integrated environmental authorization. 
[bookmark: fnref1_106]The technical reviews carried out as part of authorization procedures examined the main environmental and safety issues, identifying technical and management measures to prevent and mitigate impacts under both normal operating and emergency conditions. 
[bookmark: fnref1_107]Post construction inspections highlighted further improvement aspects, demonstrating that comprehensive management of environmental and safety issues requires an integrated and shared approach to identify solutions that can reconcile both aspects. 
[bookmark: fnref1_108]While systematic implementation of an effective integrated safety and environmental management system is essential for complex plants handling large quantities of substances that are hazardous to the environment and human health, it is equally necessary that inspections by the Competent Authorities also adopt an integrated approach to provide the essential support towards continuous improvement of environmental and safety performance at establishments. 
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