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[bookmark: _74v33qounszb]Part 2 of “Un-well” Water: What could be the potential pollutant sources and what is the health concern? 
There are approximately 43 million people in the United States that rely on private well water as their primary source of drinking and many other water usage. In the United States, the Environmental Protection Agency (EPA) does not regulate or monitor or actively treat well waters, nor do they provide recommended criteria or standards for individual wells.  However, the EPA provides information on testing private wells and guidance on technologies for treating contaminants. In part one of this article, it was mentioned that the concern for quality of well water initiates from the pollutants that could originate from natural and man-made sources. In order to prevent contamination of water wells or develop treatment plan, we need to have more knowledge of these pollutants and their sources. 
Natural Pollution Sources:
Natural minerals such as arsenic, radon, fluoride exist in soil and bedrocks. The underlying rocks and soils are the pathway of water through which groundwater flows. These natural minerals are dissolved or washed and find their way into groundwater and consequently into well water. They are threatening to the quality of well waters.
Arsenic is an element that exists in ores that contain copper, iron, and lead and is often found in groundwater because of the natural weathering of rock and soil. The study by U.S. Geological Survey and Centers for Disease Control and Prevention estimates about 2.1 million people in 25 states in the U.S.A. have been exposed to higher arsenic concentration allowable, above MCL (maximum contaminant level, 10 microgram/liter) in their water from their private wells. 
Radon is a naturally occurring radioactive gas that is formed from the radioactive decay of uranium to radium. Natural breakdown of uranium can occur in soil and rock and radon as its by-product can dissolve into the water supply and find its way into private well waters. Pennsylvania Department of Health and Environmental Protection have examined water from 1,041 wells and showed 14% of these wells have radon at or above MCL (4,000 picocuries per liter). In greater Augusta of central Maine, out of 789 examined wells, 226 (29%) showed radon above MCL that make 324,000 people at risk of exposure to radon above MCL in their well water.
Fluoride is a naturally occurring mineral, and it is found in rock phosphate, cryolite, apatite, mica, hornblende, and calcium fluoride rock. Fluoride finds its way to underground water by weathering and decomposition of fluoride-containing rocks. EPA regulates fluoride concentration in municipal drinking water (MCL is 4mg/l), even the Department of Health and Human Service’s (DHH) recommended optimal fluoridation level of 0.7 milligrams per liter. This difference in fluoride concentration limit is because EPA is to limit the maximum exposure to fluoride and the DHH is set to promote public health benefits of fluoride for preventing tooth decay while minimizing the chance of dental fluorosis and other adverse health effects.  It means people who use well water are susceptible to either receive too little or too much fluoride for their drinking water; which both have adverse health effects.  
Man-Made Pollution Sources:
The other source of pollution to well waters are due to human activities which is considered as  Man-made pollution sources. These pollutants could come from local industries, agricultural runoff, livestock waste, septic tanks, landfills, underground storage tanks, household waste, and well water structures and designs.
Local Industries: As many new products are developed, there are many new chemicals introduced that we do not have enough information on their adverse health effect or their transformation in the environment and their final fate. Even though the effluent of industrial wastewater is regulated by EPA, it is important to note that the standards are based on the performance of treatment and control technologies and not based on risk or their impact upon receiving waters. 
Therefore, the wastewater discharge of industries, mining operation, underground coal gasification, petroleum refineries, electronic manufacturer, cement plants, etc. to surface water would threaten the quality of groundwater and as a result the quality of well water in their vicinity.
Agricultural Run-off: As the population in the world increases so does the demand for agricultural products. The United States has become the largest producer of food products in the world with a positive trade balance. Fertilizers and pesticides, these modern chemicals, have assisted with meeting this demand. However, their usage has not been without adverse effects on the quality of the groundwater. Fertilizers and pesticides will move from the location of applied areas to other locations by rainwater and irrigation. Pesticides dissolve in water and don't bind to soil very well, especially in sandy soils. With a lot of rain, these chemicals could wash off to the stream and/or move to groundwater and eventually end up in well water; 95% of the people living in the agricultural areas where these pesticides are most often used rely on well water for their drinking water. 
Livestock Waste (manure): While human waste is treated in municipal sewer systems and subject to strict regulation, animal waste is stored in lagoons or pits and is applied untreated as fertilizer to farm fields. It is important to note that the direct discharge of manure into waterways requires a federal permit (NPDES: National Pollutant Discharge Elimination System), however, facilities that plan to manage waste in lagoons and dispose of it by spreading or spraying it on cropland do not need a permit. In addition, pollutant-filled water that runs off during rain or due to over-application falls into the category of agricultural stormwater, which is regulated as a non-point source and does not require a permit. Leakage, spills, runoff, or flooding of these sites can occur and these contaminants could find their way into surface water and depending on the type of soil may percolate to groundwater.

Septic Tank: Septic systems are underground wastewater treatment structures which mainly used in rural areas without centralized sewer systems. More than one in five households in the United States depend on septic systems to treat their wastewater. This system consists of a septic tank and a drainfield or soil absorption field. If the soil is not suitable for absorbing the water released into the drainfield or any failure of the system, leakage or clogging due to improper use or lack of maintenance, the surface water and groundwater can become contaminated. Even though the state and local governments require a permit for the installation of a septic tank, there is not any regulation requiring subsequent inspections of septic tank and its operation.
Landfills: The landfill is a common method of disposing of small to medium size municipal wastes. Water from the decomposition of this waste can potentially percolate to underground water. Even with engineered landfill design the risk of malfunction of the system still exists which allows the harmful contaminants to find their way into the subsurface water and eventually into well water. 
Underground Storage Tanks: Petroleum and fuels are stored in tanks and buried underground. Even though the tanks are steel, they are vulnerable to corrosion. The life of underground storage is estimated between 5 to 27 years before corrosion occurs. From the corroded tanks or accidental spills, these pollutants find their way to the groundwater. Many of these chemicals in petroleums have been banned due to human health concerns. However, because of a lack of data on setting MCL, these compounds are not regulated and monitored.
Household Waste: The quality of well water depends on its surrounding. Storage of various chemicals, pesticides, fertilizer, spills of fuel, improper dumping of oils, paints, paint thinner, or chemicals in the drain could end up in the septic tank and any malfunction of the system can expose the pollutant to the soil and groundwater system.
Well Structure: The quality of well water depends on the structure and mechanics of the different parts of the well. Rusting pipe, rusting well casing, and compromised well cap are the sources of undesirable pollutants to well water. 
Health concerns of contaminated well water:
Drinking polluted water can expose people to various harmful pollutants and pathogens. The common contaminants that have been found in well water are as following:
Microorganisms including bacteria, viruses, and parasites in water are from leaking septic tanks and exposure to human sewage or animal waste through runoff sources. They cause gastrointestinal illnesses and infections.
Nitrate-Nitrite: They exist in animal waste and fertilizer, chemical fertilizer, and human sewage. They can contaminate well water through movement into groundwater. These pollutants lower the blood’s ability for carrying oxygen. High levels of nitrate-nitrite can even cause death for infants below 6 months old. This is known as methemoglobinemia or "blue baby syndrome".
Heavy Metals such as lead, copper, cadmium, arsenic, chromium, selenium can come from different sources.  One can be the rusting of casing and piping of well water.  Due to corrosion, the well water can be contaminated with these heavy metals.  Another source can be local activities such as mining operations, petroleum refineries, electronics manufacturers, municipal waste disposal, pesticides, cement plants, and natural mineral deposits. Heavy metals can contaminate private wells through groundwater movement and surface water seepage and run-off. People who drink well water contaminated by these heavy metals (at or above MCL) are at risk of acute and chronic toxicity and liver, kidney damage, anemia, and cancer.
Organic Chemicals: They can be found in agriculture, paint, pharmaceuticals, disinfectant, solvent, and other products.  These chemicals can find their way to the well water through spills, waste disposal, and surface runoff. People that drink waters that are contaminated by these chemicals can damage their liver, kidneys, circulatory and nervous systems.
Radionuclides: Uranium and radium are radioactive elements. These radionuclides are naturally present in bedrocks and soils, however, mining activities will increase the exposure. Through groundwater movement or flooding, the well water comes in contact with these radionuclides. Drinking water with radionuclides can cause toxic kidney effects and increase the risk of cancer. 
The most concerning health issues resulting from contaminated well water are chronic illnesses that could take years to surface. 
Where do we go from here?
Federal government does not regulate or monitor private well waters. Any regulations is left to the state. As a result, one can draw the following statement:
· There are inconsistant regulation on the various well-water-policy-catagories across the states. This potentially lead to adverse health effects due to lack of regulation and oversight.
· One may find potentially inadequet or over engineered regulations on the well-water-policy-catagories across the states. This could lead to adverse health effects or misuse of economic resources. 
There is a need for finding global best practice and bench marking studies on well-water-policy-catagories across the states in the USA.
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