


ǙǡŝƨƆŎϐƆǡϐįϐƨįǭǵǙįƝƝȔϐƳŎŎǵǙǙƆƨŸϐŝƝŝƦŝƨǭϐǭƀįǭϐŎįƨϐŌŝϐ
ŷƳǵƨŕϐƆƨϐǙƳŎƙǡΠϐǡƳƆƝǡΠϐįƨŕϐƦƆƨŝǙįƝǡΟϐrƨϐǡƳƆƝΠϐįǙǡŝƨƆŎϐƆǡϐ
ŷƳǵƨŕϐƨįǭǵǙįƝƝȔϐįǭϐŎƳƨŎŝƨǭǙįǭƆƳƨǡϐǙįƨŸƆƨŸϐŷǙƳƦϐ͎Ο͏ϐǭƳϐ
͎͒ϐƦŸέƙŸϐΰ ŸŝƨŎȔϐŷƳǙϐùƳȓƆŎϐìǵŌǡǭįƨŎŝǡϐįƨŕϐDƆǡŝįǡŝϐ
äŝŸƆǡǭǙȔϐδ ùìDäεΠϐ͎͐͏͓αΟϐrƨϐįϐƨįǭǵǙįƝϐǡŝǭǭƆƨŸΠϐįǙǡŝƨƆŎϐ
ǭȔǖƆŎįƝƝȔϐŝȓƆǡǭǡϐƆƨϐǭȎƳϐŷƳǙƦǡΠϐƳǙϐȍįƝŝƨŎŝǡΠϐŕŝǖŝƨŕƆƨŸϐ
ƳƨϐǭƀŝϐįȍįƆƝįŌƆƝƆǭȔϐƳŷϐƳȓȔŸŝƨϐƆƨϐŸǙƳǵƨŕȎįǭŝǙΟϐ

ǙǡŝƨƆŎϐǵǡǵįƝƝȔϐƳŎŎǵǙǡϐįǡϐįǙǡŝƨįǭŝϐƆƨϐǡƀįƝƝƳȎϐįǘǵƆŷŝǙǡϐ
ȎƆǭƀϐƀƆŸƀϐƳȓȔŸŝƨϐƝŝȍŝƝǡΟϐrƨϐŎƳƨǭǙįǡǭΠϐįǙǡŝƨƆŎϐŝȓƆǡǭǡϐįǡϐ
įǙǡŝƨƆǭŝϐƆƨϐŕŝŝǖŝǙΠϐįƨįŝǙƳŌƆŎϐŸǙƳǵƨŕȎįǭŝǙΟ

=ƳƦƦƳƨϐǡƳǵǙŎŝǡϐƳŷϐįǙǡŝƨƆŎϐƆƨϐŸǙƳǵƨŕȎįǭŝǙϐƆƨŎƝǵŕŝϐ
ƨįǭǵǙįƝϐŸŝƳƝƳŸƆŎϐŕŝǖƳǡƆǭǡΠϐįŸǙƆŎǵƝǭǵǙįƝϐįŎǭƆȍƆǭƆŝǡΠϐ
ƆƨŕǵǡǭǙƆįƝϐǖǙƳŎŝǡǡŝǡΠϐįƨŕϐƝįƨŕɊƝƝǡϐįƨŕϐȎįǡǭŝϐǡƆǭŝǡΟϐ
ǙǡŝƨƆŎϐŎįƨϐƝŝįŎƀϐƆƨǭƳϐŸǙƳǵƨŕȎįǭŝǙϐŷǙƳƦΡ

• ±ƆƨŝǙįƝϐŕŝǖƳǡƆǭǡΠϐǡǵŎƀϐįǡϐȍƳƝŎįƨƆŎϐįǡƀϐƳǙϐ
ǡŝŕƆƦŝƨǭįǙȔϐǙƳŎƙǡϐǭƀįǭϐŎƳƨǭįƆƨϐįǙǡŝƨƆŎζŌŝįǙƆƨŸϐ
ƦƆƨŝǙįƝǡϐ

• äǵƨƳŷŷϐŷǙƳƦϐǖŝǡǭƆŎƆŕŝǡϐįƨŕϐŷŝǙǭƆƝƆȟŝǙǡϐǭƀįǭϐŎƳƨǭįƆƨϐ
arsenic 

• rƨŕǵǡǭǙƆįƝϐǖǙƳŎŝǡǡŝǡΠϐǡǵŎƀϐįǡϐƦƆƨƆƨŸϐįƨŕϐǡƦŝƝǭƆƨŸϐ
ƳŷϐįǙǡŝƨƆŎζŎƳƨǭįƆƨƆƨŸϐƳǙŝǡΠϐįǡϐȎŝƝƝϐįǡϐǭƀŝϐǵǡŝϐƳŷϐϐ
įǙǡŝƨƆŎζŌįǡŝŕϐŎƀŝƦƆŎįƝǡϐƆƨϐȍįǙƆƳǵǡϐƆƨŕǵǡǭǙƆŝǡϐ

• §įƨŕɊƝƝǡϐįƨŕϐƀįȟįǙŕƳǵǡϐȎįǡǭŝϐǡƆǭŝǡϐƆŷϐǖǙƳǖŝǙϐ
ŎƳƨǭįƆƨƦŝƨǭϐƦŝįǡǵǙŝǡϐįǙŝϐƨƳǭϐƆƨϐǖƝįŎŝΟϐrƨϐǭƀŝϐǖįǡǭΠϐ
įǙǡŝƨƆŎϐȎįǡϐǵǡŝŕϐįǡϐįϐǖŝǡǭƆŎƆŕŝϐįƨŕϐǖǙŝǡŝǙȍįǭƆȍŝΠϐ
įƨŕϐįǡϐįϐǙŝǡǵƝǭΠϐǡƳƦŝϐŸǙƳǵƨŕȎįǭŝǙϐǡƳǵǙŎŝǡϐŎƳǵƝŕϐ
ƀįȍŝϐŌŝŝƨϐŎƳƨǭįƦƆƨįǭŝŕϐȎƆǭƀϐįǙǡŝƨƆŎϐŷǙƳƦϐƆǭǡϐ
įǖǖƝƆŎįǭƆƳƨΟ

Health Impacts 
ǙǡŝƨƆŎϐƆǡϐįϐǭƳȓƆŎϐǡǵŌǡǭįƨŎŝϐǭƀįǭϐƆǡϐŎƳƦƦƳƨƝȔϐŷƳǵƨŕϐ

ƆƨϐȎŝƝƝϐȎįǭŝǙϐƆƨϐƦįƨȔϐǖįǙǭǡϐƳŷϐǭƀŝϐȎƳǙƝŕΟϐ=ƀǙƳƨƆŎϐ
ŝȓǖƳǡǵǙŝϐǭƳϐįǙǡŝƨƆŎϐƆƨϐŕǙƆƨƙƆƨŸϐȎįǭŝǙϐŎįƨϐƝŝįŕϐǭƳϐ
ǡŝǙƆƳǵǡϐƀŝįƝǭƀϐǖǙƳŌƝŝƦǡΠϐƆƨŎƝǵŕƆƨŸΡ

• Cancer: §ƳƨŸζǭŝǙƦϐŝȓǖƳǡǵǙŝϐǭƳϐįǙǡŝƨƆŎϐƀįǡϐ
ŌŝŝƨϐƝƆƨƙŝŕϐǭƳϐįƨϐƆƨŎǙŝįǡŝŕϐǙƆǡƙϐƳŷϐȍįǙƆƳǵǡϐǭȔǖŝǡϐ
ƳŷϐŎįƨŎŝǙΠϐǡǵŎƀϐįǡϐǡƙƆƨΠϐƝǵƨŸΠϐŌƝįŕŕŝǙΠϐƝƆȍŝǙΠϐįƨŕϐ
ƙƆŕƨŝȔΟ

• Cardiovascular disease: ǙǡŝƨƆŎϐƀįǡϐŌŝŝƨϐǡƀƳȎƨϐ
ǭƳϐƆƨŎǙŝįǡŝϐǭƀŝϐǙƆǡƙϐƳŷϐŎįǙŕƆƳȍįǡŎǵƝįǙϐŕƆǡŝįǡŝΠϐ
ƆƨŎƝǵŕƆƨŸϐƀŝįǙǭϐŕƆǡŝįǡŝϐįƨŕϐǡǭǙƳƙŝΟ

• Neurological effects: ǙǡŝƨƆŎϐŝȓǖƳǡǵǙŝϐƀįǡϐŌŝŝƨϐ
ƝƆƨƙŝŕϐǭƳϐŎƳŸƨƆǭƆȍŝϐŕŝŎƝƆƨŝΠϐƦŝƦƳǙȔϐƝƳǡǡΠϐįƨŕϐ
ƳǭƀŝǙϐƨŝǵǙƳƝƳŸƆŎįƝϐǖǙƳŌƝŝƦǡΟϐùƀŝǙŝϐƆǡϐŝȍƆŕŝƨŎŝϐ
ǭƀįǭϐǡǵŸŸŝǡǭǡϐǭƀįǭϐƝƳƨŸζǭŝǙƦϐŝȓǖƳǡǵǙŝϐǭƳϐƝƳȎϐ
ƝŝȍŝƝǡϐΰϹ͎Ο͎͎͓ϐƦŸέ§αϐƳŷϐįǙǡŝƨƆŎϐŷǙƳƦϐŕǙƆƨƙƆƨŸϐ
ȎįǭŝǙϐƦƆŸƀǭϐǙŝǡǵƝǭϐƆƨϐƝƳȎŝǙϐrãϐǡŎƳǙŝǡϐƆƨϐŎƀƆƝŕǙŝƨΟ

• Skin lesions: =ƀǙƳƨƆŎϐįǙǡŝƨƆŎϐŝȓǖƳǡǵǙŝϐŎįƨϐƝŝįŕϐ



https://www.health.state.mn.us/communities/environment/water/wells/waterquality/arsenic.html#top
https://www.health.state.mn.us/communities/environment/water/wells/waterquality/arsenic.html#top
https://wellowner.org/resources/water-quality/contaminants/arsenic/
https://wellowner.org/resources/water-quality/contaminants/arsenic/
https://www.knowyourh2o.com/indoor-6/arsenic
https://www.maine.gov/dhhs/mecdc/environmental-health/eohp/wells/documents/arsenicresultstipsheet.pdf
https://www.maine.gov/dhhs/mecdc/environmental-health/eohp/wells/documents/arsenicresultstipsheet.pdf
https://www.maine.gov/dhhs/mecdc/environmental-health/eohp/wells/documents/arsenicresultstipsheet.pdf
https://www.mass.gov/info-details/arsenic-in-private-well-water-faqs#:~:text=Arsenic%20removal%20methods%20or%20systems,principle%20as%20a%20water%20softener
https://www.mass.gov/info-details/arsenic-in-private-well-water-faqs#:~:text=Arsenic%20removal%20methods%20or%20systems,principle%20as%20a%20water%20softener
https://www.mass.gov/info-details/arsenic-in-private-well-water-faqs#:~:text=Arsenic%20removal%20methods%20or%20systems,principle%20as%20a%20water%20softener


³ƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐįǙŝϐƨƆǭǙƳŸŝƨζŎƳƨǭįƆƨƆƨŸϐ
ŎƳƦǖƳǵƨŕǡϐǭƀįǭϐįǙŝϐŎƳƦƦƳƨƝȔϐŷƳǵƨŕϐƆƨϐŸǙƳǵƨŕȎįǭŝǙΟϐ
=ƳƦƦƳƨϐǡƳǵǙŎŝǡϐƳŷϐƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐƆƨϐ
ŸǙƳǵƨŕȎįǭŝǙϐƆƨŎƝǵŕŝϐįŸǙƆŎǵƝǭǵǙįƝϐįŎǭƆȍƆǭƆŝǡΠϐǡŝǖǭƆŎϐ
ǡȔǡǭŝƦǡΠϐįƨƆƦįƝϐįƨŕϐƀǵƦįƨϐŷŝŎįƝϐȎįǡǭŝΠϐįƨŕϐ
ƆƨŕǵǡǭǙƆįƝϐǖǙƳŎŝǡǡŝǡϐΰĘįǙŕϐŝǭϐįƝΟΠϐ͎͐͏͖αΟϐ

³ƆǭǙįǭŝǡϐƳŎŎǵǙϐƨįǭǵǙįƝƝȔϐƆƨϐŸǙƳǵƨŕȎįǭŝǙΠϐŌǵǭϐ
ŎƳƨŎŝƨǭǙįǭƆƳƨǡϐƳȍŝǙϐ͑ϐƦŸέ§ϐŸŝƨŝǙįƝƝȔϐƆƨŕƆŎįǭŝϐ
ŎƳƨǭįƦƆƨįǭƆƳƨϐΰ±įŕƆǡƳƨϐЏϐ;ǙǵƨŝǭǭΠϐ͏͖͓͗αΟϐ ϐƦƳǙŝϐ
ǙŝŎŝƨǭϐǡǭǵŕȔϐŷƳǵƨŕϐǭƀįǭϐŎƳƨŎŝƨǭǙįǭƆƳƨǡϐƳȍŝǙϐ͏ϐƦŸέ§ϐ
įǙŝϐįϐǙŝǡǵƝǭϐƳŷϐįƨǭƀǙƳǖƳŸŝƨƆŎϐǖƳƝƝǵǭƆƳƨϐΰDǵŌǙƳȍǡƙȔϐŝǭϐ
įƝΟΠϐ͎͐͏͎αΟϐ±ƆŎǙƳƳǙŸįƨƆǡƦǡϐǭƀįǭϐƆƨƀįŌƆǭϐǭƀŝϐǡƳƆƝΠϐȎįǭŝǙΠϐ
įƨŕϐǡŝȎįŸŝϐŎįǵǡŝϐǭƀŝϐŎƀįƨŸŝϐŷǙƳƦϐƨƆǭǙįǭŝϐǭƳϐƨƆǭǙƆǭŝΟ

³ƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐŎįƨϐƝŝįŎƀϐƆƨǭƳϐŸǙƳǵƨŕȎįǭŝǙϐŷǙƳƦΡ

• ŸǙƆŎǵƝǭǵǙįƝϐɊŝƝŕǡϐȎƀŝǙŝϐŷŝǙǭƆƝƆȟŝǙϐįƨŕϐƦįƨǵǙŝϐįǙŝϐ
ǵǡŝŕ

• ìŝǖǭƆŎϐǡȔǡǭŝƦǡϐǭƀǙƳǵŸƀϐƝŝįŎƀƆƨŸϐƳǙϐǙǵƨƳŷŷΟϐ

• ƨƆƦįƝϐȎįǡǭŝΠϐǡǵŎƀϐįǡϐƦįƨǵǙŝϐŷǙƳƦϐŷŝŝŕƝƳǭǡϐƳǙϐ
ƝƆȍŝǡǭƳŎƙϐƳǖŝǙįǭƆƳƨǡ

• mǵƦįƨϐȎįǡǭŝϐŷǙƳƦϐǡŝȎįŸŝϐǡȔǡǭŝƦǡϐ

• rƨŕǵǡǭǙƆįƝϐǖǙƳŎŝǡǡŝǡΠϐǡǵŎƀϐįǡϐǭƀŝϐǖǙƳŕǵŎǭƆƳƨϐƳŷϐ
ƨƆǭǙƆŎϐįŎƆŕϐƳǙϐǭƀŝϐƦįƨǵŷįŎǭǵǙŝϐƳŷϐŝȓǖƝƳǡƆȍŝǡΟϐ

rǭϐƆǡϐƆƦǖƳǙǭįƨǭϐǭƳϐǙŝŸǵƝįǙƝȔϐǭŝǡǭϐȎŝƝƝϐȎįǭŝǙϐŷƳǙϐƨƆǭǙįǭŝǡϐ
įƨŕϐƨƆǭǙƆǭŝǡϐįƨŕϐǭƳϐǭįƙŝϐǡǭŝǖǡϐǭƳϐǭǙŝįǭϐȔƳǵǙϐȎįǭŝǙϐƆŷϐ
ŝƝŝȍįǭŝŕϐƝŝȍŝƝǡϐįǙŝϐŷƳǵƨŕΟϐ

Health Impacts 
ŎŎƳǙŕƆƨŸϐǭƳϐĘįǙŕϐŝǭϐįƝΟϐΰ͎͐͏͖αΠϐŝȓǖƳǡǵǙŝϐǭƳϐƀƆŸƀϐ

ƝŝȍŝƝǡϐƳŷϐƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐƆƨϐŕǙƆƨƙƆƨŸϐȎįǭŝǙϐŎįƨϐ
ƀįȍŝϐǡŝǙƆƳǵǡϐǖǵŌƝƆŎϐƀŝįƝǭƀϐƆƦǖįŎǭǡΠϐƆƨŎƝǵŕƆƨŸΡ

• Infant methemoglobinemia (blue baby 
syndrome): ³ƆǭǙįǭŝǡϐŎįƨϐŎƳƨȍŝǙǭϐǭƳϐƨƆǭǙƆǭŝǡϐƆƨϐ
ǭƀŝϐŌƳŕȔΠϐȎƀƆŎƀϐŎįƨϐƆƨǭŝǙŷŝǙŝϐȎƆǭƀϐǭƀŝϐŌƝƳƳŕσǡϐ
įŌƆƝƆǭȔϐǭƳϐŎįǙǙȔϐƳȓȔŸŝƨΠϐŎįǵǡƆƨŸϐǭƀƆǡϐǡȔƨŕǙƳƦŝΟϐ
rƨŷįƨǭǡϐȔƳǵƨŸŝǙϐǭƀįƨϐ͔ϐƦƳƨǭƀǡϐįǙŝϐįǭϐƦƳǡǭϐǙƆǡƙϐ
ƳŷϐŕŝȍŝƝƳǖƆƨŸϐǡŝǙƆƳǵǡϐƀŝįƝǭƀϐǖǙƳŌƝŝƦǡΟϐ§įŎƙϐƳŷϐ
ƳȓȔŸŝƨϐŎįƨϐŎįǵǡŝϐǭƀŝϐƆƨŷįƨǭϐǭƳϐǭǵǙƨϐįϐŌƝǵƆǡƀϐŎƳƝƳǙΟϐ
rŷϐǵƨǭǙŝįǭŝŕΠϐƆƨŷįƨǭǡϐŎįƨϐŕƆŝϐŷǙƳƦϐǭƀƆǡϐŎƳƨŕƆǭƆƳƨΟ

• Cancer: §ƳƨŸζǭŝǙƦϐŝȓǖƳǡǵǙŝϐǭƳϐƨƆǭǙįǭŝǡϐįƨŕϐ
ƨƆǭǙƆǭŝǡϐƀįǡϐŌŝŝƨϐƝƆƨƙŝŕϐǭƳϐįƨϐƆƨŎǙŝįǡŝŕϐǙƆǡƙϐ
ƳŷϐŎŝǙǭįƆƨϐǭȔǖŝǡϐƳŷϐŎįƨŎŝǙΠϐǡǵŎƀϐįǡϐŸįǡǭǙƆŎϐįƨŕϐ
ŌƝįŕŕŝǙϐŎįƨŎŝǙΟ

• Reproductive problems: MȓǖƳǡǵǙŝϐǭƳϐƨƆǭǙįǭŝǡϐ
įƨŕϐƨƆǭǙƆǭŝǡϐƀįǡϐŌŝŝƨϐįǡǡƳŎƆįǭŝŕϐȎƆǭƀϐŕŝŎǙŝįǡŝŕϐ
ŷŝǙǭƆƝƆǭȔϐįƨŕϐŌƆǙǭƀϐŕŝŷŝŎǭǡΟ

• Endocrine disruption: ³ƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐŎįƨϐ
ƆƨǭŝǙŷŝǙŝϐȎƆǭƀϐǭƀŝϐŷǵƨŎǭƆƳƨϐƳŷϐƀƳǙƦƳƨŝǡΠϐƝŝįŕƆƨŸϐǭƳϐ
ȍįǙƆƳǵǡϐƀŝįƝǭƀϐǖǙƳŌƝŝƦǡΟ

• Allergic reactions: ìƳƦŝϐǖŝƳǖƝŝϐŎįƨϐŌŝϐǡŝƨǡƆǭƆȍŝϐ
ǭƳϐƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐįƨŕϐŝȓǖŝǙƆŝƨŎŝϐįƝƝŝǙŸƆŎϐ
ǙŝįŎǭƆƳƨǡϐȎƀŝƨϐǭƀŝȔϐįǙŝϐŝȓǖƳǡŝŕϐǭƳϐǭƀŝǡŝϐ
ŎƳƦǖƳǵƨŕǡΟ

ŎǵǭŝϐŝȓǖƳǡǵǙŝϐǭƳϐƨƆǭǙįǭŝǡϐǭƀǙƳǵŸƀϐŎƳƨǡǵƦƆƨŸϐ
ŝƝŝȍįǭŝŕϐƝŝȍŝƝǡϐƳŷϐƨƆǭǙƆǭŝϐƆƨϐŕǙƆƨƙƆƨŸϐȎįǭŝǙϐŎįƨϐ
ŎƳƦǖǙƳƦƆǡŝϐǭƀŝϐǖǙƳŎŝǡǡϐƳŷϐŎŝƝƝǵƝįǙϐǙŝǡǖƆǙįǭƆƳƨΠϐ
ƆƦǖįŎǭƆƨŸϐƳȍŝǙįƝƝϐȎŝƝƝζŌŝƆƨŸΟ

rŷϐȔƳǵϐįǙŝϐŎƳƨŎŝǙƨŝŕϐįŌƳǵǭϐƨƆǭǙįǭŝǡϐƳǙϐƨƆǭǙƆǭŝǡϐƆƨϐ
ȔƳǵǙϐŕǙƆƨƙƆƨŸϐȎįǭŝǙΠϐǡǖŝįƙϐȎƆǭƀϐįϐǘǵįƝƆɊŝŕϐȎįǭŝǙϐ
ǭǙŝįǭƦŝƨǭϐǖǙƳŷŝǡǡƆƳƨįƝϐƳǙϐǖǵŌƝƆŎϐƀŝįƝǭƀϐǡǖŝŎƆįƝƆǡǭΟϐ

rŷϐȔƳǵϐƀįȍŝϐŎƳƨŎŝǙƨǡϐįŌƳǵǭϐƀŝįƝǭƀϐǖǙƳŌƝŝƦǡϐǭƀįǭϐ
ŎƳǵƝŕϐŌŝϐǙŝƝįǭŝŕϐǭƳϐƨƆǭǙįǭŝǡϐƳǙϐƨƆǭǙƆǭŝǡϐƆƨϐȔƳǵǙϐȎŝƝƝϐ
ȎįǭŝǙΠϐŕƆǡŎǵǡǡϐǭƀŝƦϐȎƆǭƀϐȔƳǵǙϐŕƳŎǭƳǙΟϐ

Nitrates & Nitrites 
in Groundwater



Treating Nitrates and Nitrites in 
Groundwater
ùƀŝǙŝϐįǙŝϐǡŝȍŝǙįƝϐƦŝǭƀƳŕǡϐǭƀįǭϐŎįƨϐŌŝϐǵǡŝŕϐǭƳϐǭǙŝįǭϐ
ƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐƆƨϐŸǙƳǵƨŕȎįǭŝǙΡ

• Ion exchange: äŝƦƳȍŝǡϐƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐ
ŷǙƳƦϐǭƀŝϐȎįǭŝǙϐŌȔϐŝȓŎƀįƨŸƆƨŸϐǭƀŝƦϐȎƆǭƀϐƆƳƨǡϐƳŷϐ
įƨƳǭƀŝǙϐǡǵŌǡǭįƨŎŝΠϐǭȔǖƆŎįƝƝȔϐǡƳŕƆǵƦΠϐǭƀǙƳǵŸƀϐįƨϐ
ƆƳƨϐŝȓŎƀįƨŸŝϐǙŝǡƆƨΟ

• Reverse osmosis:ϐùƀƆǡϐƆǡϐįϐǖƀȔǡƆŎįƝϐɊƝǭǙįǭƆƳƨϐ
ǖǙƳŎŝǡǡϐǭƀįǭϐǙŝƦƳȍŝǡϐƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐŌȔϐ
ŷƳǙŎƆƨŸϐǭƀŝϐȎįǭŝǙϐǭƀǙƳǵŸƀϐįϐǡŝƦƆǖŝǙƦŝįŌƝŝϐ
ƦŝƦŌǙįƨŝΟ

• Electrodialysis:ϐĀǡŝǡϐįƨϐŝƝŝŎǭǙƆŎϐɊŝƝŕϐǭƳϐǡŝǖįǙįǭŝϐ
ƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐŷǙƳƦϐǭƀŝϐȎįǭŝǙϐįƨŕϐƆǡϐǭȔǖƆŎįƝƝȔϐ
ǵǡŝŕϐƆƨϐŎƳƨƖǵƨŎǭƆƳƨϐȎƆǭƀϐǙŝȍŝǙǡŝϐƳǡƦƳǡƆǡΟ

• Chemical precipitation:ϐrƨϐǭƀƆǡϐǖǙƳŎŝǡǡΠϐŎƀŝƦƆŎįƝǡϐ
įǙŝϐįŕŕŝŕϐǭƳϐǭƀŝϐȎįǭŝǙϐǭƳϐŎįǵǡŝϐǭƀŝϐƨƆǭǙįǭŝǡϐįƨŕϐ
ƨƆǭǙƆǭŝǡϐǭƳϐǖǙŝŎƆǖƆǭįǭŝϐƳǵǭϐįƨŕϐŌŝϐǙŝƦƳȍŝŕΟ

• Denitrification: ùƀƆǡϐǖǙƳŎŝǡǡϐǵǡŝǡϐŌįŎǭŝǙƆįϐ
ǭƳϐŎƳƨȍŝǙǭϐƨƆǭǙįǭŝǡϐįƨŕϐƨƆǭǙƆǭŝǡϐƆƨǭƳϐƨƆǭǙƳŸŝƨϐ
ŸįǡΠϐȎƀƆŎƀϐƆǡϐƀįǙƦƝŝǡǡϐįƨŕϐǙŝƝŝįǡŝŕϐƆƨǭƳϐǭƀŝϐ
įǭƦƳǡǖƀŝǙŝΟϐùƀƆǡϐǖǙƳŎŝǡǡϐŎįƨϐŌŝϐįŎƀƆŝȍŝŕϐ
ǭƀǙƳǵŸƀϐȍįǙƆƳǵǡϐƦŝǭƀƳŕǡϐǡǵŎƀϐįǡϐŌƆƳǙŝįŎǭƳǙǡΠϐ
ŎƳƨǡǭǙǵŎǭŝŕϐȎŝǭƝįƨŕǡΠϐƳǙϐŕŝŝǖζŌŝŕϐɊƝǭŝǙǡΟ

rǭϐƆǡϐƆƦǖƳǙǭįƨǭϐǭƳϐƨƳǭŝϐǭƀįǭϐǭƀŝϐƦƳǡǭϐŝŷŷŝŎǭƆȍŝϐƦŝǭƀƳŕϐ
ƳŷϐǭǙŝįǭƦŝƨǭϐȎƆƝƝϐŕŝǖŝƨŕϐƳƨϐǭƀŝϐǡǖŝŎƆɊŎϐŸǙƳǵƨŕȎįǭŝǙϐ
ŎƳƨŕƆǭƆƳƨǡΠϐƆƨŎƝǵŕƆƨŸϐǭƀŝϐŎƳƨŎŝƨǭǙįǭƆƳƨϐƳŷϐƨƆǭǙįǭŝǡϐįƨŕϐ
ƨƆǭǙƆǭŝǡΠϐǭƀŝϐǖǙŝǡŝƨŎŝϐƳŷϐƳǭƀŝǙϐŎƳƨǭįƦƆƨįƨǭǡΠϐįƨŕϐǭƀŝϐ
ŕŝǡƆǙŝŕϐƳǵǭŎƳƦŝΟϐrǭϐƆǡϐŌŝǡǭϐǭƳϐŎƳƨǡǵƝǭϐȎƆǭƀϐįϐȎįǭŝǙϐ

https://wwwn.cdc.gov/TSP/ToxFAQs/ToxFAQsDetails.aspx?faqid=1186&toxid=258 
https://wwwn.cdc.gov/TSP/ToxFAQs/ToxFAQsDetails.aspx?faqid=1186&toxid=258 
https://www.health.state.mn.us/communities/environment/water/contaminants/nitrate.html
https://www.health.state.mn.us/communities/environment/water/contaminants/nitrate.html
https://extension.psu.edu/nitrates-in-drinking-water


§ŝįŕϐƆǡϐįϐƨįǭǵǙįƝƝȔϐƳŎŎǵǙǙƆƨŸϐŝƝŝƦŝƨǭϐǭƀįǭϐŎįƨϐŌŝϐ
ŷƳǵƨŕϐƆƨϐƨįǭǵǙįƝϐŕŝǖƳǡƆǭǡϐƆƨϐǡƳƦŝϐįǙŝįǡϐįƨŕϐŎįƨϐ
ƝŝįŎƀϐƆƨǭƳϐǭƀŝϐŸǙƳǵƨŕȎįǭŝǙΟϐ§ŝįŕϐŎįƨϐįƝǡƳϐŎƳƦŌƆƨŝϐ
ȎƆǭƀϐŸǙƳǵƨŕȎįǭŝǙϐŷǙƳƦϐǖǙƆȍįǭŝϐȎŝƝƝǡϐŕǵŝϐǭƳϐƝŝįŕϐ
ǖƆǖŝǡΠϐƝŝįŕζŌįǡŝŕϐǖįƆƨǭΠϐƝŝįŕϐǡƳƝŕŝǙƆƨŸΠϐįƨŕϐƆƨŕǵǡǭǙƆįƝϐ
ŎƳƨǭįƦƆƨįǭƆƳƨϐΰ±įǭǭįϐЏϐfƖȔƝƆΠϐ͎͐͏͔αΟϐ

§ŝįŕϐȎįǡϐƳƨŎŝϐįϐŎƳƦƦƳƨϐƦįǭŝǙƆįƝϐǵǡŝŕϐƆƨϐǖƆǖŝǡϐŷƳǙϐ
ŎįǙǙȔƆƨŸϐȎįǭŝǙΟϐ§ŝįŕϐŎįƨϐŎƳƨǭįƦƆƨįǭŝϐŸǙƳǵƨŕȎįǭŝǙΡϐ

• rƨϐƳƝŕŝǙϐƀƳƦŝǡϐȎƆǭƀϐǖƝǵƦŌƆƨŸϐǡȔǡǭŝƦǡϐǭƀįǭϐǡǭƆƝƝϐ
ƀįȍŝϐƝŝįŕϐǖƆǖŝǡϐ

• ùƀǙƳǵŸƀϐǙǵƨƳŷŷϐȎįǭŝǙϐŷǙƳƦϐŎƀƆǖǖƆƨŸϐƳǙϐǖŝŝƝƆƨŸϐ
ǖįƆƨǭϐƆƨϐƀƳƦŝǡϐŌǵƆƝǭϐŌŝŷƳǙŝϐ͏͕͖͗ΠϐŌŝŷƳǙŝϐƝŝįŕϐȎįǡϐ
ŌįƨƨŝŕϐƆƨϐǖįƆƨǭ

• eǙƳƦϐƝŝįŕϐǡƳƝŕŝǙŝŕϐŎƳǙǙƳŕŝŕϐƖƳƆƨϐǖƆǖŝǡϐƆƨϐ
ǖƝǵƦŌƆƨŸϐǡȔǡǭŝƦǡ

• eǙƳƦϐƝŝįƙǡϐƳǙϐǡǖƆƝƝǡϐŷǙƳƦϐƆƨŕǵǡǭǙƆŝǡϐǭƀįǭϐǵǡŝϐƝŝįŕϐ
ƆƨϐǭƀŝƆǙϐǖǙƳŎŝǡǡŝǡ

§ŝįŕϐŎįƨϐįƝǡƳϐŌŝϐǭƳȓƆŎϐǭƳϐȎƆƝŕƝƆŷŝϐįƨŕϐŎįƨϐįŎŎǵƦǵƝįǭŝϐ
ƆƨϐǭƀŝϐŷƳƳŕϐŎƀįƆƨΠϐƝŝįŕƆƨŸϐǭƳϐǭƳȓƆŎϐŎƳƨŎŝƨǭǙįǭƆƳƨǡϐƆƨϐ
įƨƆƦįƝǡϐįǭϐǭƀŝϐǭƳǖϐƳŷϐǭƀŝϐŷƳƳŕϐŎƀįƆƨΟ

Health Impacts 
§ŝįŕϐƆǡϐįϐǭƳȓƆŎϐƦŝǭįƝΟϐ§ŝįŕϐƆƨϐŸǙƳǵƨŕȎįǭŝǙϐŎįƨϐ
ŎƳƨǭįƦƆƨįǭŝϐŕǙƆƨƙƆƨŸϐȎįǭŝǙΠϐȎƀƆŎƀϐŎįƨϐƝŝįŕϐǭƳϐ
ǖǙƳŷƳǵƨŕϐƨŝŸįǭƆȍŝϐƀŝįƝǭƀϐƳǵǭŎƳƦŝǡϐΰ§ŝȍįƝƝƳƆǡϐŝǭϐįƝΟΠϐ
͎͐͏͖αΟϐ

rƨŸŝǡǭƆƨŸϐŝȍŝƨϐǡƦįƝƝϐįƦƳǵƨǭǡϐƳŷϐƝŝįŕϐƳȍŝǙϐįϐƝƳƨŸϐ
ǖŝǙƆƳŕϐƳŷϐǭƆƦŝϐŎįƨϐǙŝǡǵƝǭϐƆƨϐƝŝįŕϐǭƳȓƆŎƆǭȔΟϐ=ƀǙƳƨƆŎϐ
ŝȓǖƳǡǵǙŝϐǭƳϐƝŝįŕϐŎįƨϐǙŝǡǵƝǭϐƆƨϐŕŝȍŝƝƳǖƦŝƨǭįƝϐįƨŕϐ
ŌŝƀįȍƆƳǙįƝϐǖǙƳŌƝŝƦǡΠϐįƨŕϐƀƆŸƀϐƝŝȍŝƝǡϐŎįƨϐŎįǵǡŝϐ
ŕįƦįŸŝϐǭƳϐǭƀŝϐŌǙįƆƨΠϐƙƆŕƨŝȔǡΠϐįƨŕϐǙŝǖǙƳŕǵŎǭƆȍŝϐ
ǡȔǡǭŝƦΡϐ

• Neurological effects:ϐ§ŝįŕϐŎįƨϐŕįƦįŸŝϐǭƀŝϐŌǙįƆƨϐ
įƨŕϐƨŝǙȍƳǵǡϐǡȔǡǭŝƦΠϐŝǡǖŝŎƆįƝƝȔϐƆƨϐȔƳǵƨŸϐŎƀƆƝŕǙŝƨϐ
įƨŕϐǖǙŝŸƨįƨǭϐƆƨŕƆȍƆŕǵįƝǡΟϐ=ƀǙƳƨƆŎϐŝȓǖƳǡǵǙŝϐǭƳϐ
ƝŝįŕϐŎįƨϐǙŝǡǵƝǭϐƆƨϐŕŝȍŝƝƳǖƦŝƨǭįƝϐįƨŕϐŌŝƀįȍƆƳǙįƝϐ
ǖǙƳŌƝŝƦǡΠϐįǡϐȎŝƝƝϐįǡϐǙŝŕǵŎŝŕϐrãϐįƨŕϐƝŝįǙƨƆƨŸϐ
ŕƆŷɊŎǵƝǭƆŝǡΟ

• Cardiovascular diseasŝΡϐ§ƳƨŸζǭŝǙƦϐŝȓǖƳǡǵǙŝϐ
ǭƳϐƝŝįŕϐƀįǡϐŌŝŝƨϐƝƆƨƙŝŕϐǭƳϐįƨϐƆƨŎǙŝįǡŝŕϐǙƆǡƙϐƳŷϐ
ŎįǙŕƆƳȍįǡŎǵƝįǙϐŕƆǡŝįǡŝΠϐƆƨŎƝǵŕƆƨŸϐƀƆŸƀϐŌƝƳƳŕϐ
ǖǙŝǡǡǵǙŝϐįƨŕϐƀŝįǙǭϐįǭǭįŎƙǡΟ

• Kidney damage:ϐ§ŝįŕϐŎįƨϐįŎŎǵƦǵƝįǭŝϐƆƨϐǭƀŝϐ
ƙƆŕƨŝȔǡϐįƨŕϐŎįǵǡŝϐŕįƦįŸŝϐƳȍŝǙϐǭƆƦŝΠϐƝŝįŕƆƨŸϐ
ǭƳϐǙŝŕǵŎŝŕϐŷǵƨŎǭƆƳƨϐįƨŕΠϐƆƨϐǡŝȍŝǙŝϐŎįǡŝǡΠϐƙƆŕƨŝȔϐ
ŷįƆƝǵǙŝΟ

• Reproductive effects: §ŝįŕϐŎįƨϐƀįǙƦϐǭƀŝϐ
ǙŝǖǙƳŕǵŎǭƆȍŝϐǡȔǡǭŝƦΠϐǙŝŕǵŎƆƨŸϐŷŝǙǭƆƝƆǭȔϐįƨŕϐ
ƆƨŎǙŝįǡƆƨŸϐǭƀŝϐǙƆǡƙϐƳŷϐƦƆǡŎįǙǙƆįŸŝϐįƨŕϐǡǭƆƝƝŌƆǙǭƀΟ

• Anemia: §ŝįŕϐŎįƨϐƆƨǭŝǙŷŝǙŝϐȎƆǭƀϐǭƀŝϐŌƳŕȔσǡϐįŌƆƝƆǭȔϐ
ǭƳϐǖǙƳŕǵŎŝϐǙŝŕϐŌƝƳƳŕϐŎŝƝƝǡΠϐƝŝįŕƆƨŸϐǭƳϐįƨŝƦƆįΟ

rǭϐƆǡϐƆƦǖƳǙǭįƨǭϐǭƳϐŌŝϐįȎįǙŝϐƳŷϐǭƀŝϐǖƳǭŝƨǭƆįƝϐŷƳǙϐƝŝįŕϐ
ŎƳƨǭįƦƆƨįǭƆƳƨϐƆƨϐŸǙƳǵƨŕȎįǭŝǙϐįƨŕϐǭƳϐƀįȍŝϐȔƳǵǙϐȎįǭŝǙϐ
ǭŝǡǭŝŕϐƆŷϐȔƳǵϐƀįȍŝϐŎƳƨŎŝǙƨǡΟϐrŷϐƝŝįŕϐƆǡϐŷƳǵƨŕΠϐįϐȎįǭŝǙϐ
ǭǙŝįǭƦŝƨǭϐǡǖŝŎƆįƝƆǡǭϐŎįƨϐįŕȍƆǡŝϐȔƳǵϐƳƨϐǭƀŝϐŌŝǡǭϐŎƳǵǙǡŝϐ
ƳŷϐįŎǭƆƳƨϐǭƳϐǙŝƦƳȍŝϐƆǭϐįƨŕϐŝƨǡǵǙŝϐǭƀŝϐǡįŷŝǭȔϐƳŷϐȔƳǵǙϐ
ŕǙƆƨƙƆƨŸϐȎįǭŝǙΟ

Lead in 
Groundwater



https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-drinking-water
https://www.epa.gov/ground-water-and-drinking-water/basic-information-about-lead-drinking-water
https://www.cdc.gov/healthywater/drinking/private/wells/disease/lead.html
https://www.cdc.gov/healthywater/drinking/private/wells/disease/lead.html
https://www.vdh.virginia.gov/environmental-health/onsite-sewage-water-services-updated/organizations/lead-in-private-well-water/
https://www.vdh.virginia.gov/environmental-health/onsite-sewage-water-services-updated/organizations/lead-in-private-well-water/




Treating Coliform Bacteria in 
Groundwater
=ƳƝƆŷƳǙƦϐŌįŎǭŝǙƆįϐƆƨϐŸǙƳǵƨŕȎįǭŝǙϐŎįƨϐŌŝϐǭǙŝįǭŝŕϐ
ǭƀǙƳǵŸƀΡ

• Disinfection: ùƀŝϐƦƳǡǭϐŎƳƦƦƳƨϐƦŝǭƀƳŕϐǵǡŝŕϐǭƳϐ
ǭǙŝįǭϐŸǙƳǵƨŕȎįǭŝǙϐŎƳƨǭįƦƆƨįǭŝŕϐȎƆǭƀϐŎƳƝƆŷƳǙƦϐ
ŌįŎǭŝǙƆįΟϐùƀƆǡϐƦŝǭƀƳŕϐŎįƨϐŌŝϐŕƳƨŝϐǵǡƆƨŸϐ
ŎƀŝƦƆŎįƝǡϐǡǵŎƀϐįǡϐŎƀƝƳǙƆƨŝΠϐŎƀƝƳǙįƦƆƨŝǡΠϐƳǙϐƳȟƳƨŝΟϐ
ùƀŝϐȎįǭŝǙϐƆǡϐǭǙŝįǭŝŕϐȎƆǭƀϐįϐǡǖŝŎƆɊŎϐŕƳǡŝϐƳŷϐǭƀŝϐ
ŎƀŝƦƆŎįƝϐįƨŕϐǭƀŝƨϐƝŝŷǭϐǭƳϐǡǭįƨŕϐŷƳǙϐįϐŎŝǙǭįƆƨϐ
įƦƳǵƨǭϐƳŷϐǭƆƦŝϐǭƳϐįƝƝƳȎϐŷƳǙϐįŕŝǘǵįǭŝϐŕƆǡƆƨŷŝŎǭƆƳƨΟ

• Ultrafiltration:ϐ ϐƦŝǭƀƳŕϐǭƀįǭϐǵǡŝǡϐįϐƦŝƦŌǙįƨŝϐ
ǭƳϐɊƝǭŝǙϐƳǵǭϐŌįŎǭŝǙƆįϐįƨŕϐƳǭƀŝǙϐƆƦǖǵǙƆǭƆŝǡϐŷǙƳƦϐ
ǭƀŝϐȎįǭŝǙΟϐùƀƆǡϐƦŝǭƀƳŕϐƆǡϐŝŷŷŝŎǭƆȍŝϐŷƳǙϐǙŝŕǵŎƆƨŸϐ
ŎƳƝƆŷƳǙƦϐŌįŎǭŝǙƆįϐƝŝȍŝƝǡϐƆƨϐŸǙƳǵƨŕȎįǭŝǙϐįƨŕϐ

https://www.cdc.gov/healthywater/drinking/private/wells/testing.html
https://www.epa.gov/privatewells/protect-your-homes-water#welltestanchor
https://www.epa.gov/privatewells/protect-your-homes-water#welltestanchor
https://www.waterboards.ca.gov/gama/docs/coc_bacteria_indicators.pdf
https://www.waterboards.ca.gov/gama/docs/coc_bacteria_indicators.pdf


äįŕƳƨϐƆǡϐįϐƨįǭǵǙįƝƝȔϐƳŎŎǵǙǙƆƨŸΠϐǙįŕƆƳįŎǭƆȍŝϐŸįǡϐǭƀįǭϐ
ŎįƨϐŌŝϐŷƳǵƨŕϐƆƨϐǭƀŝϐǡƳƆƝϐįƨŕϐǙƳŎƙϐŌŝƨŝįǭƀϐƀƳƦŝǡΠϐ
ŌǵƆƝŕƆƨŸǡΠϐįƨŕϐǖǙƆȍįǭŝϐȎŝƝƝǡΟϐ



Treating Radon in Groundwater
ĀΟìΟϐMá ϐǙŝŎƳƦƦŝƨŕǡϐǭŝǡǭƆƨŸϐǙįŕƆƳƨǵŎƝƆŕŝǡϐƆƨϐǖǙƆȍįǭŝϐ
ȎŝƝƝǡϐŝȍŝǙȔϐ͑ϐȔŝįǙǡΟϐrŷϐƀƆŸƀϐƝŝȍŝƝǡϐƳŷϐǙįŕƳƨϐįǙŝϐŷƳǵƨŕϐ
ƆƨϐįϐǖǙƆȍįǭŝϐȎŝƝƝΠϐǭƀŝǙŝϐįǙŝϐǡŝȍŝǙįƝϐƦŝǭƀƳŕǡϐǭƀįǭϐŎįƨϐ
ŌŝϐǵǡŝŕϐǭƳϐǭǙŝįǭϐǭƀŝϐȎįǭŝǙϐįľįƨϐ ľ

https://archive.epa.gov/water/archive/web/html/basicinformation-2.html
https://archive.epa.gov/water/archive/web/html/basicinformation-2.html
https://www.epa.gov/radtown/natural-radionuclides-private-wells#:~:text=Radium%20breaks%20down%20further%20to,that%20exceed%20the%20EPA's%20standards.
https://sosradon.org/files/sosradon/resources/Massachusetts radon in water.pdf
https://sosradon.org/files/sosradon/resources/Massachusetts radon in water.pdf
https://www.epa.gov/radon/health-risk-radon#who 
https://www.epa.gov/radon/health-risk-radon#who 

