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Arsenic in Groundwater: Poisoning and Risk Assessment

For many communities around the world, groundwater is the primary source of drinking water. While it provides a

convenient and often affordable supply, it can also carry hidden dangers. One of the most insidious threats is the

presence of arsenic—a naturally occurring element that, when ingested in excess, can lead to chronic poisoning

and a range of serious health problems. This article delves into the science behind arsenic in groundwater,

explores how it causes poisoning, and explains how risk assessment helps protect public health.

What Is Arsenic and How Does It Enter Groundwater?

Arsenic (chemical symbol As) is a metalloid that occurs naturally in the Earth’s crust. It can be released into the

environment through volcanic activity, weathering of arsenic-bearing minerals, and human activities such as

mining, smelting, and the use of arsenic-based pesticides.

Geological Sources

In many regions, arsenic is stored in sedimentary rocks, particularly in layered deposits of shale and sandstone.

When these rocks are weathered, arsenic is mobilized into groundwater, often in the form of arsenite (As³ z) or

arsenate (As u z). The solubility of arsenic increases under certain geochemical conditions:

•  Redox Conditions: Under reducing (low-oxygen) environments, arsenite dominates and is more mobile.

•  pH Levels: Neutral to slightly alkaline pH promotes arsenic release.

•  Competing Ions: Presence of iron, manganese, and organic matter can influence arsenic mobility.

Anthropogenic Sources

Human activities can exacerbate arsenic contamination:

1.  Mining and Metallurgy: Extraction of metals often releases arsenic into nearby water bodies.

2.  Agricultural Practices: Use of arsenic-based pesticides and herbicides can leach into groundwater.

3.  Industrial Discharges: Facilities that process arsenic-containing materials may release arsenic into the 

environment.

4.  Waste Management: Improper disposal of arsenic-laden waste can seep into aquifers.

Arsenic Poisoning: Health Impacts and Symptoms

Arsenic poisoning can be acute or chronic, depending on exposure duration and concentration. Chronic exposure

to low levels of arsenic in drinking water is a global public health issue, especially in South Asia, parts of Africa, and

the United States.

Acute Arsenic Poisoning

Acute exposure usually results from a sudden intake of high arsenic concentrations, such as from contaminated

well water or industrial accidents. Symptoms can appear within hours and include:

•  Vomiting and abdominal pain

•  Diarrhea (sometimes bloody)



•  Severe dehydration

•  Hypotension and shock

•  Respiratory distress in severe cases

Without prompt medical treatment, acute arsenic poisoning can be fatal.

Chronic Arsenic Poisoning

Chronic exposure to arsenic at lower levels over months or years leads to a gradual accumulation in body tissues.

Long-term health effects include:

•  Skin Lesions: Hyperkeratosis, pigmentation changes, and skin cancers.

•  Cardiovascular Disease: Elevated risk of hypertension, atherosclerosis, and heart failure.

•  Neurological Disorders: Peripheral neuropathy, memory impairment, and cognitive decline.

•  Respiratory Problems: Chronic bronchitis and reduced lung function.

•  Gastrointestinal Issues: Chronic ulcers and gastrointestinal cancers.

•  Kidney Damage: Reduced renal function and proteinuria.

In many endemic regions, arsenic-induced skin lesions are the most visible sign, prompting community-level

screening and intervention.

Assessing the Risk of Arsenic in Groundwater

Risk assessment is a systematic process that evaluates potential health hazards from arsenic exposure. It helps

policymakers, health professionals, and communities make informed decisions about water safety.

Key Components of Risk Assessment

1.  Hazard Identification: Determining the toxic properties of arsenic and its potential health outcomes.

2.  Exposure Assessment: Estimating the amount of arsenic people ingest through drinking water, irrigation, and 

food.

3.  Dose-Response Assessment: Relating arsenic doses to the probability and severity of adverse effects.

4.  Risk Characterization: Combining the above components to estimate overall risk and identify vulnerable 

populations.

Exposure Pathways

Arsenic can enter the human body through several routes:

•  Ingestion: Drinking contaminated water and consuming food grown with arsenic-laden irrigation water.

•  Inhalation: Breathing aerosols from arsenic-contaminated water sources or industrial emissions.

•  Dermal Contact: Skin contact with contaminated water during bathing or washing.

Factors Influencing Risk

Risk is not uniform across all populations. Several factors affect susceptibility:

•  Age: Children absorb more arsenic per body weight.

•  Nutrition: Deficiencies in selenium, zinc, and vitamin B6 can increase toxicity.

•  Genetics: Variations in genes involved in arsenic metabolism affect individual sensitivity.

•  Concurrent Exposures: Exposure to other heavy metals (e.g., lead, cadmium) can amplify health risks.

Measuring Arsenic Levels in Groundwater

Accurate measurement is essential for effective risk assessment. Standard methods include:



Sampling Protocols

Samples should be collected following strict protocols to avoid contamination:

•  Use clean, pre-rinsed containers.

•  Preserve samples with acid (e.g., nitric acid) to stabilize arsenic species.

•  Store at 4 /°C and analyze within recommended time frames.

Analytical Techniques

•  Inductively Coupled Plasma Mass Spectrometry (ICP-MS): Highly sensitive, capable of detecting arsenic at 

parts-per-trillion levels.

•  High-Performance Liquid Chromatography (HPLC) Coupled with ICP-MS: Separates arsenic species 

(arsenite vs. arsenate) before detection.

•  Atomic Absorption Spectroscopy (AAS): Common in resource-limited settings; less sensitive but still useful.

•  Field Test Kits: Quick, low-cost screening; results should be confirmed by laboratory analysis.

Regulatory Standards and Guidelines

International and national bodies have set maximum contaminant levels (MCLs) for arsenic to protect public health. 

The most widely referenced standard is the World Health Organization (WHO) guideline of 10 /µg/Lfor arsenic in

drinking water.

United States

The Environmental Protection Agency (EPA) established an MCL of 10 /µg/L in 2001, aligning with WHO 

guidelines. States can adopt stricter standards; for example, California’s Prop 65imposes additional limits for

certain arsenic species.

India

India’s Indian Standard (IS) 1870-2016sets a maximum permissible concentration of 50 µg/L for arsenic in

drinking water. However, many rural communities exceed this limit due to shallow tube wells.

Other Regions

•  Bangladesh: 50 /µg/L

•  China: 10 /µg/L

•  Australia: 10 /µg/L

•  Brazil: 10 /µg/L

Mitigation Strategies to Reduce Arsenic Exposure

Addressing arsenic contamination requires a multi-pronged approach that combines engineering solutions, policy

interventions, and community engagement.

Water Treatment Technologies

•  Adsorption (e.g., Activated Alumina, Iron Oxide): Effective for removing both arsenite and arsenate.

•  Coagulation-Flocculation: Uses alum or iron salts to precipitate arsenic.

•  Ion Exchange: Replaces arsenic ions with harmless ions.

•  Reverse Osmosis: Removes a broad range of contaminants, including arsenic.

•  Biological Treatments: Certain bacteria can methylate arsenic, reducing toxicity.

Alternative Water Sources

When arsenic levels are unacceptably high, communities can switch to safer sources:



•  Shallow well replacement with deep tube wells.

•  Surface water treatment and distribution.

•  Rainwater harvesting.

•  Use of bottled or packaged water (subject to regulatory oversight).

Policy and Regulation

Effective governance is critical:

•  Regular monitoring and enforcement of MCLs.

•  Public disclosure of water quality data.

•  Subsidies or financial incentives for installing treatment systems.

•  Regulation of industrial discharges and waste management.

Community Education and Participation

Empowering residents with knowledge reduces risk:

•  Workshops on safe water handling.

•  Distribution of test kits and training on their use.

•  Community-driven monitoring groups.

•  School curricula that include environmental health topics.

Case Studies: Lessons from Around the World

Bangladesh: A National Crisis

In the 1990s, widespread arsenic contamination in tube wells prompted a massive public health response. Key

actions included:

•  Large-scale testing of wells.

•  Installation of arsenic removal units.

•  Promotion of deep wells and alternative water sources.

•  International collaboration and funding.

As a result, the number of people exposed to arsenic above the WHO guideline dropped dramatically, though

challenges remain in remote areas.

India: Groundwater Monitoring Network

India’s National Groundwater Monitoring Programme (NGMP)collects data on arsenic levels across thousands

of wells. The program uses:

•  Standardized sampling protocols.

•  Centralized data management.

•  Public access to water quality information.

NGMP has led to targeted interventions, such as the installation of community arsenic filters in high-risk districts.

United States: California’s Groundwater Protection

California’s Groundwater Management Act (GWMA) requires monitoring of arsenic in public water systems. The 

state also funds Arsenic Mitigation Grantsfor rural water utilities, enabling the adoption of advanced treatment

technologies.

Emerging Research and Future Directions



Scientific understanding of arsenic toxicity and mitigation continues to evolve. Promising areas of research include:

•  Genomic Studies: Identifying genetic markers that predict susceptibility to arsenic-related diseases.

•  Nanotechnology: Developing nano-adsorbents with higher arsenic removal efficiencies.

•  Bioremediation: Harnessing bacteria that convert arsenic into less toxic forms.

•  Policy Modeling: Using computational tools to predict the impact of regulatory changes on exposure levels.

•  Public Health Surveillance: Integrating electronic health records to track arsenic-related morbidity and 

mortality.

Practical Tips for Individuals and Communities
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