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Clean Water, Ordinary Lives: A Household-Scale Strategy for Arsenic Mitigation


Access to water holds a society together by sustaining food systems, public health, and economic stability; however, in Bangladesh, the very infrastructure created to protect millions from waterborne disease unintentionally produced a new, devastating problem that reshaped everyday life. In the 1970s, high child mortality from dysentery, cholera, and other diseases transmitted through contaminated surface water prompted Bangladesh to install millions of tube wells to supply groundwater (Paddison). Although this transition substantially reduced exposure to waterborne pathogens, many shallow tube wells accessed groundwater containing naturally occurring arsenic, untested at the time. As a result, millions of families continue to live with the consequences of contaminated water sources for drinking and food preparation. This paper proposes a household system that uses a hypochlorite dose to convert hard-to-remove As(III) into As(V), which an iron cartridge can then capture. The goal is to bring drinking and cooking water below the World Health Organization (WHO) guideline of 10 µg/L. The system combines local water testing with cartridge collection by local workers and would begin with a pilot in Phulsara Union, Jashore. 


Arsenic, Food Security, and Household Life


Rice is central to Bangladesh’s culture, livelihoods, and economy. For many families, daily activities revolve around rice farming and meal preparation, both of which depend heavily on access to water. Grown across more than 11 million harvested hectares annually, rice production supports nearly 48% of rural employment and 70% of daily caloric intake (International Rice Research Institute). Roughly 72% of the country’s irrigated land depended on groundwater during the 2024–2025 irrigation season, with water drawn from tube wells used not only for drinking but also to irrigate rice paddies, wash produce, and prepare staple meals (Tribune Desk; Heikens). Repeated irrigation with arsenic-contaminated groundwater can increase arsenic accumulation in rice grain, while contaminated water used in food preparation creates another source of household exposure (Sandhi et al.). In a field study of 18 families in an arsenic-affected Bangladeshi village, cooked rice accounted for an average of 56% of total daily arsenic intake, compared with 13% from drinking water; six households appeared to cook with contaminated water despite drinking from safer sources (Ohno et al.).


These challenges are deeply felt at the household level. In many families, women are primarily responsible for collecting water, preparing meals, and managing daily household tasks, placing them at the center of both exposure and mitigation efforts (Sultana 495-96). Securing safer water often requires travelling longer distances to deep tube wells, community treatment points, or the limited number of arsenic-safe wells, increasing the physical and time burden placed on women and girls. The extra travel time directly competes with farming duties, education, childcare, and household income generation. Even when families are aware of contamination risks, the daily labor to reach safer wells forces many towards nearby unsafe sources. Any successful mitigation strategy must therefore fit existing household practices without adding further time or labor to the families it is designed to protect. 

Although arsenic contamination was formally identified in Bangladesh in 1993, exposure continues more than three decades later; health experts have called it the “worst mass poisoning” of a population in history (Paddison). Despite nationwide well screening, education, and safer-water programs, tens of thousands still die annually from arsenic-related causes (Paddison). Between 2021 and 2023, data estimated that 20 million people were drinking water that exceeded the national safety limit of 50 𝜇g/L (Khan et al.). Under the stricter World Health Organization’s standards of 10 𝜇g/L, the at-risk population is approximately 45 million (Flanagan et al.). Chronic exposure can cause keratosis and other skin lesions and increases the risk of skin, liver, lung, and bladder cancer, as well as heart disease and diabetes (WHO). These illnesses reduce life expectancy, limit the ability of adults to work, increase long-term healthcare costs, and strain families and community health systems. Arsenic-related mortality could cost approximately US$13 billion in lost productivity over twenty years (Flanagan et al.). Because arsenic-related diseases can emerge after 20-30 years of exposure, the full health burden may not be immediately apparent (Sohel et al.). 


Why Existing Mitigation Efforts Fall Short


International experience demonstrates that arsenic can be controlled when infrastructure is reliable. Taiwan and parts of China, including Inner Mongolia, expanded piped-water systems, while Chile used low-cost coagulation to remove arsenic (Milton et al.). However, these approaches depend on large, expensively built and professionally run water systems poorly suited to Bangladesh's dispersed rural supply. Bangladesh instead began a lower-cost strategy centered on identification and awareness: nationwide screening marked approximately 1.4 million contaminated wells red and 3.5 million wells below the national standard green, while UNICEF education increased arsenic awareness from less than 10% to over 80% (Keskin et al.). Yet as many families continue using unsafe wells because safer sources are farther away, education alone cannot reliably change that outcome. Rainwater harvesting and shallow dug wells can be managed locally, but seasonal supply and microbial contamination limit their consistency (M. Hossain et al.; Howard et al.). The affordable three-kalshi filter brings treatment into the household, but where As(III) – a form of arsenic that binds poorly to iron – dominates, the filter has no mechanism to convert it into an adsorbable form (M. F. Hossain). Together, these approaches show that households need accessible treatment and dependable performance.


The SONO filter and Arsenic-Iron Removal Plants (AIRPs) demonstrate that technically sound treatment can still fail when repair and maintenance responsibilities are unclear. The SONO filter has achieved high arsenic removal under favorable conditions, but its cost, slow flow, spent-media disposal, and reliance on users to obtain repairs frequently result in permanent abandonment rather than restoration (Sandhi et al.). AIRPs likewise use a chemically sound removal process, yet 66.3% of government-installed systems were nonfunctional because of weak operational oversight, inadequate maintenance, and limited community ownership (B. Hossain and Ahmed). 


Beyond iron-based adsorption systems, electrocoagulation, which uses electric current to aggregate contaminants, has proven effective in rapid arsenic removal and has shown potential in controlled settings. Because groundwater chemistry varies widely across Bangladesh, electrocoagulation would require the current strength and treatment time to be adjusted for different wells, making it difficult to establish a simple household operating procedure. In addition, electrocoagulation converts arsenic into a waste sludge that must be separated and properly disposed of, creating an additional waste-management burden for communities already struggling to maintain treatment systems (Amrose et al.; Rajaniemi et al.). Therefore, Bangladesh needs treatment that adjusts to local water, requires little household maintenance, and includes a clear waste plan. 


A Calibrated Household Treatment System 


To operate the system, a household fills the marked container, adds the supplied hypochlorite dose, waits the prescribed contact time, and opens the outlet so the water flows through the attached cartridge. The chemistry behind this sequence addresses a central challenge: at the near-neutral pH of much Bangladeshi groundwater, arsenic is often present as As(III), which is approximately 60 times more toxic than As(V) and remains largely uncharged (Hao et al.). This lack of charge weakens its attraction to iron oxide surfaces, making it harder for conventional iron filters to remove. As(V), by contrast, carries a negative charge at this pH and binds more readily to iron oxides. Rather than relying on iron oxide’s affinity for one form of arsenic, the system first converts As(III) into the far more adsorbable As(V), then captures it on iron-based media. This treatment sequence builds on a 2001 field study of seven households. Ferric material and hypochlorite followed by bucket filtration reduced well-water arsenic concentrations of 87–313 µg/L to treated-water averages of 1.9–21.8 µg/L (Meng et al.).


The system is designed to fit within families’ daily routines, with each participating household receiving a covered treatment container marked to hold a standard volume. This format is familiar because Bangladeshi households already use containers to carry and store water (Ercumen et al.). The container also serves as the oxidation chamber, where a calibrated dose of sodium hypochlorite, supplied to each household as part of the program, is added to convert As(III) to As(V). The dose and contact time would be established for each source well through dosing tests during the pilot’s validation phase because groundwater composition varies among wells; households would not estimate the dose themselves.


After oxidation, water flows through a cartridge with fixed inlet and outlet fittings and a tamper-resistant housing that prevents households from accessing or handling the iron media directly. Inside, As(V) adsorbs onto the media's iron-oxide surfaces, producing treated water. Treated water is compared to untreated water, with success requiring arsenic below 10 µg/L and no treatment-related decline in overall water quality. 


Implementation: Local Production, Maintenance, and Waste Collection


Local cartridge production is realistic because Bangladesh has historically manufactured and deployed approximately 30,000 SONO filters using locally produced components and composite iron media (Hussam and Munir; Sandhi et al.). Building on this capacity, selected workshops would produce sealed cartridges containing standardized mild-steel iron media, with each batch screened for lead, chromium, and arsenic-removal performance. 


Once a cartridge reaches its capacity, households neither open it nor dispose of the media themselves. A paid community water steward collects each sealed cartridge according to a monitored replacement schedule and delivers it to a village-level collection point. Used cartridges are consolidated there and periodically leach-tested by the same local laboratory or partnering university validating the dosing protocol, then disposed of following Bangladesh's Hazardous Waste and Ship-breaking Waste Management Rules (2011).

BRAC's Shasthya Shebika and Shasthya Kormi community-health-worker networks show evidence that local workers can support household programs at scale. Having operated across rural Bangladesh for decades, an evaluation of BRAC's maternal and child-health program found significant improvements in how families seek healthcare (Rahman et al.). The pilot would hire and pay its own water stewards, but as the program grows, partnering with an already-established network like BRAC's would avoid building a separate outreach system from scratch. Unlike piped systems or AIRPs, which depend on continuous government funding and specialized operators, this system's collection and monitoring roles are designed to integrate with networks that already exist and are already sustained – such as BRAC's – rather than create another program for communities to manage. 


Through established local networks where available, water stewards would focus on correct household operation, following the cartridge-replacement schedule, and reporting damaged units, using pictorial instructions, marked treatment containers, and premeasured dosing guidance. This program builds on proven education outcomes while tracking whether families continue using the system correctly.


Pilot, Cost, and National Scaling


Field validation would begin with a six-month engineering phase involving 50 households in Phulsara Union, Jashore. Closely monitored units and source-water testing would establish well-specific hypochlorite doses and contact times, confirm cartridge capacity and replacement intervals, and collect household feedback on taste, flow, and ease of use. Systems meeting the safety thresholds would advance to a 12-month pilot involving 500 households. Phulsara is a practical starting point because it contains approximately 6,500 households, and a study of 481 household water sources measured a mean arsenic concentration of 107 µg/L (Reddy et al.). The pilot would aim to reduce arsenic in treated water from this baseline to below the WHO guideline of 10 µg/L – a target within the removal range of iron-oxide adsorption once As(III) is fully converted to As(V) (Gu et al.). Before expansion beyond the 500-household pilot, at least 90% of treated-water samples would need to meet this target, 80% of participating families would need to still be using the system correctly after one year, and 90% of the units would need to remain functional. Other tested contaminants would also need to remain within drinking-water limits. Treated water from every system would be tested at installation and after twelve months, while a rotating random sample would be tested monthly to identify early cartridge breakthrough or dosing problems. 


The first-year cost target is $25–40 per household: $15–22 for treatment hardware and dosing supplies and $10–18 for testing, training, cartridge collection, and program support. Annual replacement and monitoring costs would target $6–10. At the same projected cost, the system includes local testing, household training, and scheduled cartridge collection – directly addressing the maintenance gaps behind SONO’s high abandonment. Direct first-year deployment across 500 households would therefore cost approximately $12,500–20,000.  A practical financing structure combines university or public-health research grants for laboratory validation with implementation funding from the Department of Public Health Engineering and NGOs for household units, training, and water-steward wages.
Once safety, adoption, and cost requirements are met, the program would expand to as many as 25,000 households across Jashore, Bagerhat, and Satkhira by year three, testing whether the system remains reliable across inland and coastal wells. Longer-term adoption targets would be 250,000 households by year five and one million by year eight. 


At the year-ten target of 3.5 million households, an 80% sustained-use rate would provide treatment to approximately 11.2 million people, based on Bangladesh’s average four-person household size (Bangladesh Bureau of Statistics). This population represents 56% of the estimated 20 million people exposed above 50 µg/L (Khan et al.). Applying that proportion to the national burden estimate of 174,174 disability-adjusted life years (DALYs), a standard measure of healthy years lost to disease, produces an estimated baseline burden of approximately 97,500 DALYs annually (Lokuge et al.). A 2025 Bangladesh cohort study associated movement from high to low arsenic exposure with 49% lower cancer mortality and 54% lower chronic-disease mortality (Wu et al.). To account for continued dietary exposure and uncertainty in translating mortality reductions into DALYs, the model applies a 25–50% reduction – roughly half to all of the observed effect – and projects approximately 24,400–48,800 averted DALYs annually at full scale. This national benchmark assumes that participating households face an average arsenic-related burden similar to the broader population exposed above 50 µg/L.


A 20-year economic model scales the $13 billion national productivity-loss estimate to the projected 11.2 million users, who represent 24.9% of the 45 million people included in that estimate (Flanagan et al.). Applying the same 25–50% range produces an estimated $810 million–$1.62 billion in preserved productivity, against $487–805 million in projected 20-year costs — a range that, even excluding potential medical savings, moves from approximately breaking even under the most conservative assumptions to more than $1 billion in net benefit under the upper estimate.


Conclusion


Bangladesh’s arsenic crisis shows that removing a contaminant is only part of protecting families who depend on groundwater. The proposed system pairs controlled oxidation and iron-based adsorption with local testing, sealed-cartridge collection, and community education. By fitting treatment into familiar routines and assigning maintenance responsibility to local water stewards, I propose a testable path toward safer drinking and cooking water without placing another burden on families. 
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