


�ƛƣğŪňĐ΁ňƣ΁ñ΁ŪñƯƷƛñşşǖ΁ŵĐĐƷƛƛňŪĺ΁ğşğŨğŪƯ΁ƯłñƯ΁ĐñŪ΁Ďğ΁
ĹŵƷŪė΁ňŪ΁ƛŵĐśƣ͓΁ƣŵňşƣ͓΁ñŪė΁ŨňŪğƛñşƣ͒΁UŪ΁ƣŵňş͓΁ñƛƣğŪňĐ΁ňƣ΁
ĹŵƷŪė΁ŪñƯƷƛñşşǖ΁ñƯ΁ĐŵŪĐğŪƯƛñƯňŵŪƣ΁ƛñŪĺňŪĺ΁ĹƛŵŨ΁̐͒̑΁Ưŵ΁
̔̐΁Ũĺ͟śĺ΁͢�ĺğŪĐǖ΁Ĺŵƛ΁»ŵǕňĐ΁®ƷĎƣƯñŪĐğƣ΁ñŪė΁'ňƣğñƣğ΁
¦ğĺňƣƯƛǖ΁ͦ�»®'¦͓ͧ΁̒̐̑ͣ͒̕΁UŪ΁ñ΁ŪñƯƷƛñş΁ƣğƯƯňŪĺ͓΁ñƛƣğŪňĐ΁
ƯǖƘňĐñşşǖ΁ğǕňƣƯƣ΁ňŪ΁Ưǐŵ΁ĹŵƛŨƣ͓΁ŵƛ΁ǏñşğŪĐğƣ͓΁ėğƘğŪėňŪĺ΁
ŵŪ΁Ưłğ΁ñǏñňşñĎňşňƯǖ΁ŵĹ΁ŵǕǖĺğŪ΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ͒΁

�ƛƣğŪňĐ΁ƷƣƷñşşǖ΁ŵĐĐƷƛƣ΁ñƣ΁ñƛƣğŪñƯğ΁ňŪ΁ƣłñşşŵǐ΁ñƚƷňĹğƛƣ΁
ǐňƯł΁łňĺł΁ŵǕǖĺğŪ΁şğǏğşƣ͒΁UŪ΁ĐŵŪƯƛñƣƯ͓΁ñƛƣğŪňĐ΁ğǕňƣƯƣ΁ñƣ΁
ñƛƣğŪňƯğ΁ňŪ΁ėğğƘğƛ͓΁ñŪñğƛŵĎňĐ΁ĺƛŵƷŪėǐñƯğƛ͒

 ŵŨŨŵŪ΁ƣŵƷƛĐğƣ΁ŵĹ΁ñƛƣğŪňĐ΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ΁ňŪĐşƷėğ΁
ŪñƯƷƛñş΁ĺğŵşŵĺňĐ΁ėğƘŵƣňƯƣ͓΁ñĺƛňĐƷşƯƷƛñş΁ñĐƯňǏňƯňğƣ͓΁
ňŪėƷƣƯƛňñş΁ƘƛŵĐğƣƣğƣ͓΁ñŪė΁şñŪėȌşşƣ΁ñŪė΁ǐñƣƯğ΁ƣňƯğƣ͒΁
�ƛƣğŪňĐ΁ĐñŪ΁şğñĐł΁ňŪƯŵ΁ĺƛŵƷŪėǐñƯğƛ΁ĹƛŵŨ͔

•	 sňŪğƛñş΁ėğƘŵƣňƯƣ͓΁ƣƷĐł΁ñƣ΁ǏŵşĐñŪňĐ΁ñƣł΁ŵƛ΁
ƣğėňŨğŪƯñƛǖ΁ƛŵĐśƣ΁ƯłñƯ΁ĐŵŪƯñňŪ΁ñƛƣğŪňĐͨĎğñƛňŪĺ΁
ŨňŪğƛñşƣ΁

•	 ¦ƷŪŵĹĹ΁ĹƛŵŨ΁ƘğƣƯňĐňėğƣ΁ñŪė΁ĹğƛƯňşňǡğƛƣ΁ƯłñƯ΁ĐŵŪƯñňŪ΁
arsenic 

•	 UŪėƷƣƯƛňñş΁ƘƛŵĐğƣƣğƣ͓΁ƣƷĐł΁ñƣ΁ŨňŪňŪĺ΁ñŪė΁ƣŨğşƯňŪĺ΁
ŵĹ΁ñƛƣğŪňĐͨĐŵŪƯñňŪňŪĺ΁ŵƛğƣ͓΁ñƣ΁ǐğşş΁ñƣ΁Ưłğ΁Ʒƣğ΁ŵĹ΁΁
ñƛƣğŪňĐͨĎñƣğė΁ĐłğŨňĐñşƣ΁ňŪ΁ǏñƛňŵƷƣ΁ňŪėƷƣƯƛňğƣ΁

•	 iñŪėȌşşƣ΁ñŪė΁łñǡñƛėŵƷƣ΁ǐñƣƯğ΁ƣňƯğƣ΁ňĹ΁ƘƛŵƘğƛ΁
ĐŵŪƯñňŪŨğŪƯ΁ŨğñƣƷƛğƣ΁ñƛğ΁ŪŵƯ΁ňŪ΁ƘşñĐğ͒΁UŪ΁Ưłğ΁ƘñƣƯ͓΁
ñƛƣğŪňĐ΁ǐñƣ΁Ʒƣğė΁ñƣ΁ñ΁ƘğƣƯňĐňėğ΁ñŪė΁ƘƛğƣğƛǏñƯňǏğ͓΁
ñŪė΁ñƣ΁ñ΁ƛğƣƷşƯ͓΁ƣŵŨğ΁ĺƛŵƷŪėǐñƯğƛ΁ƣŵƷƛĐğƣ΁ĐŵƷşė΁
łñǏğ΁ĎğğŪ΁ĐŵŪƯñŨňŪñƯğė΁ǐňƯł΁ñƛƣğŪňĐ΁ĹƛŵŨ΁ňƯƣ΁
ñƘƘşňĐñƯňŵŪ͒

Health Impacts 
�ƛƣğŪňĐ΁ňƣ΁ñ΁ƯŵǕňĐ΁ƣƷĎƣƯñŪĐğ΁ƯłñƯ΁ňƣ΁ĐŵŨŨŵŪşǖ΁ĹŵƷŪė΁
ňŪ΁ǐğşş΁ǐñƯğƛ΁ňŪ΁ŨñŪǖ΁ƘñƛƯƣ΁ŵĹ΁Ưłğ΁ǐŵƛşė͒΁ łƛŵŪňĐ΁
ğǕƘŵƣƷƛğ΁Ưŵ΁ñƛƣğŪňĐ΁ňŪ΁ėƛňŪśňŪĺ΁ǐñƯğƛ΁ĐñŪ΁şğñė΁Ưŵ΁
ƣğƛňŵƷƣ΁łğñşƯł΁ƘƛŵĎşğŨƣ͓΁ňŪĐşƷėňŪĺ͔

•	 Cancer: iŵŪĺͨƯğƛŨ΁ğǕƘŵƣƷƛğ΁Ưŵ΁ñƛƣğŪňĐ΁łñƣ΁
ĎğğŪ΁şňŪśğė΁Ưŵ΁ñŪ΁ňŪĐƛğñƣğė΁ƛňƣś΁ŵĹ΁ǏñƛňŵƷƣ΁ƯǖƘğƣ΁
ŵĹ΁ĐñŪĐğƛ͓΁ƣƷĐł΁ñƣ΁ƣśňŪ͓΁şƷŪĺ͓΁Ďşñėėğƛ͓΁şňǏğƛ͓΁ñŪė΁
śňėŪğǖ͒

•	 Cardiovascular disease: �ƛƣğŪňĐ΁łñƣ΁ĎğğŪ΁ƣłŵǐŪ΁
Ưŵ΁ňŪĐƛğñƣğ΁Ưłğ΁ƛňƣś΁ŵĹ΁ĐñƛėňŵǏñƣĐƷşñƛ΁ėňƣğñƣğ͓΁
ňŪĐşƷėňŪĺ΁łğñƛƯ΁ėňƣğñƣğ΁ñŪė΁ƣƯƛŵśğ͒

•	 Neurological effects: �ƛƣğŪňĐ΁ğǕƘŵƣƷƛğ΁łñƣ΁ĎğğŪ΁
şňŪśğė΁Ưŵ΁ĐŵĺŪňƯňǏğ΁ėğĐşňŪğ͓΁ŨğŨŵƛǖ΁şŵƣƣ͓΁ñŪė΁
ŵƯłğƛ΁ŪğƷƛŵşŵĺňĐñş΁ƘƛŵĎşğŨƣ͒΁»łğƛğ΁ňƣ΁ğǏňėğŪĐğ΁
ƯłñƯ΁ƣƷĺĺğƣƯƣ΁ƯłñƯ΁şŵŪĺͨƯğƛŨ΁ğǕƘŵƣƷƛğ΁Ưŵ΁şŵǐ΁
şğǏğşƣ΁͢Ϊ̐͒̐̐̕΁Ũĺ͟iͣ΁ŵĹ΁ñƛƣğŪňĐ΁ĹƛŵŨ΁ėƛňŪśňŪĺ΁
ǐñƯğƛ΁ŨňĺłƯ΁ƛğƣƷşƯ΁ňŪ΁şŵǐğƛ΁U¥΁ƣĐŵƛğƣ΁ňŪ΁ĐłňşėƛğŪ͒

•	 Skin lesions:  łƛŵŪňĐ΁ñƛƣğŪňĐ΁ğǕƘŵƣƷƛğ΁ĐñŪ΁şğñė΁



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



uňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ñƛğ΁ŪňƯƛŵĺğŪͨĐŵŪƯñňŪňŪĺ΁
ĐŵŨƘŵƷŪėƣ΁ƯłñƯ΁ñƛğ΁ĐŵŨŨŵŪşǖ΁ĹŵƷŪė΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ͒΁
 ŵŨŨŵŪ΁ƣŵƷƛĐğƣ΁ŵĹ΁ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ňŪ΁
ĺƛŵƷŪėǐñƯğƛ΁ňŪĐşƷėğ΁ñĺƛňĐƷşƯƷƛñş΁ñĐƯňǏňƯňğƣ͓΁ƣğƘƯňĐ΁
ƣǖƣƯğŨƣ͓΁ñŪňŨñş΁ñŪė΁łƷŨñŪ΁ĹğĐñş΁ǐñƣƯğ͓΁ñŪė΁
ňŪėƷƣƯƛňñş΁ƘƛŵĐğƣƣğƣ΁͢Úñƛė΁ğƯ΁ñş͓͒΁̘̒̐̑ͣ͒΁

uňƯƛñƯğƣ΁ŵĐĐƷƛ΁ŪñƯƷƛñşşǖ΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ͓΁ĎƷƯ΁
ĐŵŪĐğŪƯƛñƯňŵŪƣ΁ŵǏğƛ΁̓΁Ũĺ͟i΁ĺğŪğƛñşşǖ΁ňŪėňĐñƯğ΁
ĐŵŪƯñŨňŪñƯňŵŪ΁͢sñėňƣŵŪ΁π΁�ƛƷŪğƯƯ͓΁̙̘̑ͣ͒̕΁�΁Ũŵƛğ΁
ƛğĐğŪƯ΁ƣƯƷėǖ΁ĹŵƷŪė΁ƯłñƯ΁ĐŵŪĐğŪƯƛñƯňŵŪƣ΁ŵǏğƛ΁̑΁Ũĺ͟i΁
ñƛğ΁ñ΁ƛğƣƷşƯ΁ŵĹ΁ñŪƯłƛŵƘŵĺğŪňĐ΁ƘŵşşƷƯňŵŪ΁͢'ƷĎƛŵǏƣśǖ΁ğƯ΁
ñş͓͒΁̒̐̑̐ͣ͒΁sňĐƛŵŵƛĺñŪňƣŨƣ΁ƯłñƯ΁ňŪłñĎňƯ΁Ưłğ΁ƣŵňş͓΁ǐñƯğƛ͓΁
ñŪė΁ƣğǐñĺğ΁ĐñƷƣğ΁Ưłğ΁ĐłñŪĺğ΁ĹƛŵŨ΁ŪňƯƛñƯğ΁Ưŵ΁ŪňƯƛňƯğ͒

uňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ĐñŪ΁şğñĐł΁ňŪƯŵ΁ĺƛŵƷŪėǐñƯğƛ΁ĹƛŵŨ͔

•	 �ĺƛňĐƷşƯƷƛñş΁Ȍğşėƣ΁ǐłğƛğ΁ĹğƛƯňşňǡğƛ΁ñŪė΁ŨñŪƷƛğ΁ñƛğ΁
Ʒƣğė

•	 ®ğƘƯňĐ΁ƣǖƣƯğŨƣ΁ƯłƛŵƷĺł΁şğñĐłňŪĺ΁ŵƛ΁ƛƷŪŵĹĹ͒΁

•	 �ŪňŨñş΁ǐñƣƯğ͓΁ƣƷĐł΁ñƣ΁ŨñŪƷƛğ΁ĹƛŵŨ΁ĹğğėşŵƯƣ΁ŵƛ΁
şňǏğƣƯŵĐś΁ŵƘğƛñƯňŵŪƣ

•	 PƷŨñŪ΁ǐñƣƯğ΁ĹƛŵŨ΁ƣğǐñĺğ΁ƣǖƣƯğŨƣ΁

•	 UŪėƷƣƯƛňñş΁ƘƛŵĐğƣƣğƣ͓΁ƣƷĐł΁ñƣ΁Ưłğ΁ƘƛŵėƷĐƯňŵŪ΁ŵĹ΁
ŪňƯƛňĐ΁ñĐňė΁ŵƛ΁Ưłğ΁ŨñŪƷĹñĐƯƷƛğ΁ŵĹ΁ğǕƘşŵƣňǏğƣ͒΁

UƯ΁ňƣ΁ňŨƘŵƛƯñŪƯ΁Ưŵ΁ƛğĺƷşñƛşǖ΁ƯğƣƯ΁ǐğşş΁ǐñƯğƛ΁Ĺŵƛ΁ŪňƯƛñƯğƣ΁
ñŪė΁ŪňƯƛňƯğƣ΁ñŪė΁Ưŵ΁Ưñśğ΁ƣƯğƘƣ΁Ưŵ΁ƯƛğñƯ΁ǖŵƷƛ΁ǐñƯğƛ΁ňĹ΁
ğşğǏñƯğė΁şğǏğşƣ΁ñƛğ΁ĹŵƷŪė͒΁

Health Impacts 
�ĐĐŵƛėňŪĺ΁Ưŵ΁Úñƛė΁ğƯ΁ñş͒΁̘͓̒̐̑ͣ͢΁ğǕƘŵƣƷƛğ΁Ưŵ΁łňĺł΁
şğǏğşƣ΁ŵĹ΁ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ňŪ΁ėƛňŪśňŪĺ΁ǐñƯğƛ΁ĐñŪ΁
łñǏğ΁ƣğƛňŵƷƣ΁ƘƷĎşňĐ΁łğñşƯł΁ňŨƘñĐƯƣ͓΁ňŪĐşƷėňŪĺ͔

•	 Infant methemoglobinemia (blue baby 
syndrome): uňƯƛñƯğƣ΁ĐñŪ΁ĐŵŪǏğƛƯ΁Ưŵ΁ŪňƯƛňƯğƣ΁ňŪ΁
Ưłğ΁Ďŵėǖ͓΁ǐłňĐł΁ĐñŪ΁ňŪƯğƛĹğƛğ΁ǐňƯł΁Ưłğ΁Ďşŵŵė͵ƣ΁
ñĎňşňƯǖ΁Ưŵ΁Đñƛƛǖ΁ŵǕǖĺğŪ͓΁ĐñƷƣňŪĺ΁Ưłňƣ΁ƣǖŪėƛŵŨğ͒΁
UŪĹñŪƯƣ΁ǖŵƷŪĺğƛ΁ƯłñŪ΁̖΁ŨŵŪƯłƣ΁ñƛğ΁ñƯ΁ŨŵƣƯ΁ƛňƣś΁
ŵĹ΁ėğǏğşŵƘňŪĺ΁ƣğƛňŵƷƣ΁łğñşƯł΁ƘƛŵĎşğŨƣ͒΁iñĐś΁ŵĹ΁
ŵǕǖĺğŪ΁ĐñŪ΁ĐñƷƣğ΁Ưłğ΁ňŪĹñŪƯ΁Ưŵ΁ƯƷƛŪ΁ñ΁ĎşƷňƣł΁Đŵşŵƛ͒΁
UĹ΁ƷŪƯƛğñƯğė͓΁ňŪĹñŪƯƣ΁ĐñŪ΁ėňğ΁ĹƛŵŨ΁Ưłňƣ΁ĐŵŪėňƯňŵŪ͒

•	 Cancer: iŵŪĺͨƯğƛŨ΁ğǕƘŵƣƷƛğ΁Ưŵ΁ŪňƯƛñƯğƣ΁ñŪė΁
ŪňƯƛňƯğƣ΁łñƣ΁ĎğğŪ΁şňŪśğė΁Ưŵ΁ñŪ΁ňŪĐƛğñƣğė΁ƛňƣś΁
ŵĹ΁ĐğƛƯñňŪ΁ƯǖƘğƣ΁ŵĹ΁ĐñŪĐğƛ͓΁ƣƷĐł΁ñƣ΁ĺñƣƯƛňĐ΁ñŪė΁
Ďşñėėğƛ΁ĐñŪĐğƛ͒

•	 Reproductive problems: 0ǕƘŵƣƷƛğ΁Ưŵ΁ŪňƯƛñƯğƣ΁
ñŪė΁ŪňƯƛňƯğƣ΁łñƣ΁ĎğğŪ΁ñƣƣŵĐňñƯğė΁ǐňƯł΁ėğĐƛğñƣğė΁
ĹğƛƯňşňƯǖ΁ñŪė΁ĎňƛƯł΁ėğĹğĐƯƣ͒

•	 Endocrine disruption: uňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ĐñŪ΁
ňŪƯğƛĹğƛğ΁ǐňƯł΁Ưłğ΁ĹƷŪĐƯňŵŪ΁ŵĹ΁łŵƛŨŵŪğƣ͓΁şğñėňŪĺ΁Ưŵ΁
ǏñƛňŵƷƣ΁łğñşƯł΁ƘƛŵĎşğŨƣ͒

•	 Allergic reactions: ®ŵŨğ΁ƘğŵƘşğ΁ĐñŪ΁Ďğ΁ƣğŪƣňƯňǏğ΁
Ưŵ΁ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ñŪė΁ğǕƘğƛňğŪĐğ΁ñşşğƛĺňĐ΁
ƛğñĐƯňŵŪƣ΁ǐłğŪ΁Ưłğǖ΁ñƛğ΁ğǕƘŵƣğė΁Ưŵ΁Ưłğƣğ΁
ĐŵŨƘŵƷŪėƣ͒

�ĐƷƯğ΁ğǕƘŵƣƷƛğ΁Ưŵ΁ŪňƯƛñƯğƣ΁ƯłƛŵƷĺł΁ĐŵŪƣƷŨňŪĺ΁
ğşğǏñƯğė΁şğǏğşƣ΁ŵĹ΁ŪňƯƛňƯğ΁ňŪ΁ėƛňŪśňŪĺ΁ǐñƯğƛ΁ĐñŪ΁
ĐŵŨƘƛŵŨňƣğ΁Ưłğ΁ƘƛŵĐğƣƣ΁ŵĹ΁ĐğşşƷşñƛ΁ƛğƣƘňƛñƯňŵŪ͓΁
ňŨƘñĐƯňŪĺ΁ŵǏğƛñşş΁ǐğşşͨĎğňŪĺ͒

UĹ΁ǖŵƷ΁ñƛğ΁ĐŵŪĐğƛŪğė΁ñĎŵƷƯ΁ŪňƯƛñƯğƣ΁ŵƛ΁ŪňƯƛňƯğƣ΁ňŪ΁
ǖŵƷƛ΁ėƛňŪśňŪĺ΁ǐñƯğƛ͓΁ƣƘğñś΁ǐňƯł΁ñ΁ƚƷñşňȌğė΁ǐñƯğƛ΁
ƯƛğñƯŨğŪƯ΁ƘƛŵĹğƣƣňŵŪñş΁ŵƛ΁ƘƷĎşňĐ΁łğñşƯł΁ƣƘğĐňñşňƣƯ͒΁

UĹ΁ǖŵƷ΁łñǏğ΁ĐŵŪĐğƛŪƣ΁ñĎŵƷƯ΁łğñşƯł΁ƘƛŵĎşğŨƣ΁ƯłñƯ΁
ĐŵƷşė΁Ďğ΁ƛğşñƯğė΁Ưŵ΁ŪňƯƛñƯğƣ΁ŵƛ΁ŪňƯƛňƯğƣ΁ňŪ΁ǖŵƷƛ΁ǐğşş΁
ǐñƯğƛ͓΁ėňƣĐƷƣƣ΁ƯłğŨ΁ǐňƯł΁ǖŵƷƛ΁ėŵĐƯŵƛ͒΁

Nitrates & Nitrites 
in Groundwater



Treating Nitrates and Nitrites in 
Groundwater
»łğƛğ΁ñƛğ΁ƣğǏğƛñş΁ŨğƯłŵėƣ΁ƯłñƯ΁ĐñŪ΁Ďğ΁Ʒƣğė΁Ưŵ΁ƯƛğñƯ΁
ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ͔

•	 Ion exchange: ¦ğŨŵǏğƣ΁ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁
ĹƛŵŨ΁Ưłğ΁ǐñƯğƛ΁Ďǖ΁ğǕĐłñŪĺňŪĺ΁ƯłğŨ΁ǐňƯł΁ňŵŪƣ΁ŵĹ΁
ñŪŵƯłğƛ΁ƣƷĎƣƯñŪĐğ͓΁ƯǖƘňĐñşşǖ΁ƣŵėňƷŨ͓΁ƯłƛŵƷĺł΁ñŪ΁
ňŵŪ΁ğǕĐłñŪĺğ΁ƛğƣňŪ͒

•	 Reverse osmosis:΁»łňƣ΁ňƣ΁ñ΁ƘłǖƣňĐñş΁ȌşƯƛñƯňŵŪ΁
ƘƛŵĐğƣƣ΁ƯłñƯ΁ƛğŨŵǏğƣ΁ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁Ďǖ΁
ĹŵƛĐňŪĺ΁Ưłğ΁ǐñƯğƛ΁ƯłƛŵƷĺł΁ñ΁ƣğŨňƘğƛŨğñĎşğ΁
ŨğŨĎƛñŪğ͒

•	 Electrodialysis:΁Âƣğƣ΁ñŪ΁ğşğĐƯƛňĐ΁Ȍğşė΁Ưŵ΁ƣğƘñƛñƯğ΁
ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ĹƛŵŨ΁Ưłğ΁ǐñƯğƛ΁ñŪė΁ňƣ΁ƯǖƘňĐñşşǖ΁
Ʒƣğė΁ňŪ΁ĐŵŪŘƷŪĐƯňŵŪ΁ǐňƯł΁ƛğǏğƛƣğ΁ŵƣŨŵƣňƣ͒

•	 Chemical precipitation:΁UŪ΁Ưłňƣ΁ƘƛŵĐğƣƣ͓΁ĐłğŨňĐñşƣ΁
ñƛğ΁ñėėğė΁Ưŵ΁Ưłğ΁ǐñƯğƛ΁Ưŵ΁ĐñƷƣğ΁Ưłğ΁ŪňƯƛñƯğƣ΁ñŪė΁
ŪňƯƛňƯğƣ΁Ưŵ΁ƘƛğĐňƘňƯñƯğ΁ŵƷƯ΁ñŪė΁Ďğ΁ƛğŨŵǏğė͒

•	 Denitrification: »łňƣ΁ƘƛŵĐğƣƣ΁Ʒƣğƣ΁ĎñĐƯğƛňñ΁
Ưŵ΁ĐŵŪǏğƛƯ΁ŪňƯƛñƯğƣ΁ñŪė΁ŪňƯƛňƯğƣ΁ňŪƯŵ΁ŪňƯƛŵĺğŪ΁
ĺñƣ͓΁ǐłňĐł΁ňƣ΁łñƛŨşğƣƣ΁ñŪė΁ƛğşğñƣğė΁ňŪƯŵ΁Ưłğ΁
ñƯŨŵƣƘłğƛğ͒΁»łňƣ΁ƘƛŵĐğƣƣ΁ĐñŪ΁Ďğ΁ñĐłňğǏğė΁
ƯłƛŵƷĺł΁ǏñƛňŵƷƣ΁ŨğƯłŵėƣ΁ƣƷĐł΁ñƣ΁ĎňŵƛğñĐƯŵƛƣ͓΁
ĐŵŪƣƯƛƷĐƯğė΁ǐğƯşñŪėƣ͓΁ŵƛ΁ėğğƘͨĎğė΁ȌşƯğƛƣ͒

UƯ΁ňƣ΁ňŨƘŵƛƯñŪƯ΁Ưŵ΁ŪŵƯğ΁ƯłñƯ΁Ưłğ΁ŨŵƣƯ΁ğĹĹğĐƯňǏğ΁ŨğƯłŵė΁
ŵĹ΁ƯƛğñƯŨğŪƯ΁ǐňşş΁ėğƘğŪė΁ŵŪ΁Ưłğ΁ƣƘğĐňȌĐ΁ĺƛŵƷŪėǐñƯğƛ΁
ĐŵŪėňƯňŵŪƣ͓΁ňŪĐşƷėňŪĺ΁Ưłğ΁ĐŵŪĐğŪƯƛñƯňŵŪ΁ŵĹ΁ŪňƯƛñƯğƣ΁ñŪė΁
ŪňƯƛňƯğƣ͓΁Ưłğ΁ƘƛğƣğŪĐğ΁ŵĹ΁ŵƯłğƛ΁ĐŵŪƯñŨňŪñŪƯƣ͓΁ñŪė΁Ưłğ΁
ėğƣňƛğė΁ŵƷƯĐŵŨğ͒΁UƯ΁ňƣ΁ĎğƣƯ΁Ưŵ΁ĐŵŪƣƷşƯ΁ǐňƯł΁ñ΁ǐñƯğƛ΁

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


iğñė΁ňƣ΁ñ΁ŪñƯƷƛñşşǖ΁ŵĐĐƷƛƛňŪĺ΁ğşğŨğŪƯ΁ƯłñƯ΁ĐñŪ΁Ďğ΁
ĹŵƷŪė΁ňŪ΁ŪñƯƷƛñş΁ėğƘŵƣňƯƣ΁ňŪ΁ƣŵŨğ΁ñƛğñƣ΁ñŪė΁ĐñŪ΁
şğñĐł΁ňŪƯŵ΁Ưłğ΁ĺƛŵƷŪėǐñƯğƛ͒΁iğñė΁ĐñŪ΁ñşƣŵ΁ĐŵŨĎňŪğ΁
ǐňƯł΁ĺƛŵƷŪėǐñƯğƛ΁ĹƛŵŨ΁ƘƛňǏñƯğ΁ǐğşşƣ΁ėƷğ΁Ưŵ΁şğñė΁
ƘňƘğƣ͓΁şğñėͨĎñƣğė΁ƘñňŪƯ͓΁şğñė΁ƣŵşėğƛňŪĺ͓΁ñŪė΁ňŪėƷƣƯƛňñş΁
ĐŵŪƯñŨňŪñƯňŵŪ΁͢sñƯƯñ΁π΁IŘǖşň͓΁̖̒̐̑ͣ͒΁

iğñė΁ǐñƣ΁ŵŪĐğ΁ñ΁ĐŵŨŨŵŪ΁ŨñƯğƛňñş΁Ʒƣğė΁ňŪ΁ƘňƘğƣ΁Ĺŵƛ΁
ĐñƛƛǖňŪĺ΁ǐñƯğƛ͒΁iğñė΁ĐñŪ΁ĐŵŪƯñŨňŪñƯğ΁ĺƛŵƷŪėǐñƯğƛ͔΁

•	 UŪ΁ŵşėğƛ΁łŵŨğƣ΁ǐňƯł΁ƘşƷŨĎňŪĺ΁ƣǖƣƯğŨƣ΁ƯłñƯ΁ƣƯňşş΁
łñǏğ΁şğñė΁ƘňƘğƣ΁

•	 »łƛŵƷĺł΁ƛƷŪŵĹĹ΁ǐñƯğƛ΁ĹƛŵŨ΁ĐłňƘƘňŪĺ΁ŵƛ΁ƘğğşňŪĺ΁
ƘñňŪƯ΁ňŪ΁łŵŨğƣ΁ĎƷňşƯ΁ĎğĹŵƛğ΁̙̗̘͓̑΁ĎğĹŵƛğ΁şğñė΁ǐñƣ΁
ĎñŪŪğė΁ňŪ΁ƘñňŪƯ

•	 HƛŵŨ΁şğñė΁ƣŵşėğƛğė΁Đŵƛƛŵėğė΁ŘŵňŪ΁ƘňƘğƣ΁ňŪ΁
ƘşƷŨĎňŪĺ΁ƣǖƣƯğŨƣ

•	 HƛŵŨ΁şğñśƣ΁ŵƛ΁ƣƘňşşƣ΁ĹƛŵŨ΁ňŪėƷƣƯƛňğƣ΁ƯłñƯ΁Ʒƣğ΁şğñė΁
ňŪ΁Ưłğňƛ΁ƘƛŵĐğƣƣğƣ

iğñė΁ĐñŪ΁ñşƣŵ΁Ďğ΁ƯŵǕňĐ΁Ưŵ΁ǐňşėşňĹğ΁ñŪė΁ĐñŪ΁ñĐĐƷŨƷşñƯğ΁
ňŪ΁Ưłğ΁Ĺŵŵė΁ĐłñňŪ͓΁şğñėňŪĺ΁Ưŵ΁ƯŵǕňĐ΁ĐŵŪĐğŪƯƛñƯňŵŪƣ΁ňŪ΁
ñŪňŨñşƣ΁ñƯ΁Ưłğ΁ƯŵƘ΁ŵĹ΁Ưłğ΁Ĺŵŵė΁ĐłñňŪ͒

Health Impacts 
iğñė΁ňƣ΁ñ΁ƯŵǕňĐ΁ŨğƯñş͒΁iğñė΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ΁ĐñŪ΁
ĐŵŪƯñŨňŪñƯğ΁ėƛňŪśňŪĺ΁ǐñƯğƛ͓΁ǐłňĐł΁ĐñŪ΁şğñė΁Ưŵ΁
ƘƛŵĹŵƷŪė΁ŪğĺñƯňǏğ΁łğñşƯł΁ŵƷƯĐŵŨğƣ΁͢iğǏñşşŵňƣ΁ğƯ΁ñş͓͒΁
̘̒̐̑ͣ͒΁

UŪĺğƣƯňŪĺ΁ğǏğŪ΁ƣŨñşş΁ñŨŵƷŪƯƣ΁ŵĹ΁şğñė΁ŵǏğƛ΁ñ΁şŵŪĺ΁
Ƙğƛňŵė΁ŵĹ΁ƯňŨğ΁ĐñŪ΁ƛğƣƷşƯ΁ňŪ΁şğñė΁ƯŵǕňĐňƯǖ͒΁ łƛŵŪňĐ΁
ğǕƘŵƣƷƛğ΁Ưŵ΁şğñė΁ĐñŪ΁ƛğƣƷşƯ΁ňŪ΁ėğǏğşŵƘŨğŪƯñş΁ñŪė΁
ĎğłñǏňŵƛñş΁ƘƛŵĎşğŨƣ͓΁ñŪė΁łňĺł΁şğǏğşƣ΁ĐñŪ΁ĐñƷƣğ΁
ėñŨñĺğ΁Ưŵ΁Ưłğ΁ĎƛñňŪ͓΁śňėŪğǖƣ͓΁ñŪė΁ƛğƘƛŵėƷĐƯňǏğ΁
ƣǖƣƯğŨ͔΁

•	 Neurological effects:΁iğñė΁ĐñŪ΁ėñŨñĺğ΁Ưłğ΁ĎƛñňŪ΁
ñŪė΁ŪğƛǏŵƷƣ΁ƣǖƣƯğŨ͓΁ğƣƘğĐňñşşǖ΁ňŪ΁ǖŵƷŪĺ΁ĐłňşėƛğŪ΁
ñŪė΁ƘƛğĺŪñŪƯ΁ňŪėňǏňėƷñşƣ͒΁ łƛŵŪňĐ΁ğǕƘŵƣƷƛğ΁Ưŵ΁
şğñė΁ĐñŪ΁ƛğƣƷşƯ΁ňŪ΁ėğǏğşŵƘŨğŪƯñş΁ñŪė΁ĎğłñǏňŵƛñş΁
ƘƛŵĎşğŨƣ͓΁ñƣ΁ǐğşş΁ñƣ΁ƛğėƷĐğė΁U¥΁ñŪė΁şğñƛŪňŪĺ΁
ėňĹȌĐƷşƯňğƣ͒

•	 Cardiovascular diseasğ͔΁iŵŪĺͨƯğƛŨ΁ğǕƘŵƣƷƛğ΁
Ưŵ΁şğñė΁łñƣ΁ĎğğŪ΁şňŪśğė΁Ưŵ΁ñŪ΁ňŪĐƛğñƣğė΁ƛňƣś΁ŵĹ΁
ĐñƛėňŵǏñƣĐƷşñƛ΁ėňƣğñƣğ͓΁ňŪĐşƷėňŪĺ΁łňĺł΁Ďşŵŵė΁
ƘƛğƣƣƷƛğ΁ñŪė΁łğñƛƯ΁ñƯƯñĐśƣ͒

•	 Kidney damage:΁iğñė΁ĐñŪ΁ñĐĐƷŨƷşñƯğ΁ňŪ΁Ưłğ΁
śňėŪğǖƣ΁ñŪė΁ĐñƷƣğ΁ėñŨñĺğ΁ŵǏğƛ΁ƯňŨğ͓΁şğñėňŪĺ΁
Ưŵ΁ƛğėƷĐğė΁ĹƷŪĐƯňŵŪ΁ñŪė͓΁ňŪ΁ƣğǏğƛğ΁Đñƣğƣ͓΁śňėŪğǖ΁
ĹñňşƷƛğ͒

•	 Reproductive effects: iğñė΁ĐñŪ΁łñƛŨ΁Ưłğ΁
ƛğƘƛŵėƷĐƯňǏğ΁ƣǖƣƯğŨ͓΁ƛğėƷĐňŪĺ΁ĹğƛƯňşňƯǖ΁ñŪė΁
ňŪĐƛğñƣňŪĺ΁Ưłğ΁ƛňƣś΁ŵĹ΁ŨňƣĐñƛƛňñĺğ΁ñŪė΁ƣƯňşşĎňƛƯł͒

•	 Anemia: iğñė΁ĐñŪ΁ňŪƯğƛĹğƛğ΁ǐňƯł΁Ưłğ΁Ďŵėǖ͵ƣ΁ñĎňşňƯǖ΁
Ưŵ΁ƘƛŵėƷĐğ΁ƛğė΁Ďşŵŵė΁Đğşşƣ͓΁şğñėňŪĺ΁Ưŵ΁ñŪğŨňñ͒

UƯ΁ňƣ΁ňŨƘŵƛƯñŪƯ΁Ưŵ΁Ďğ΁ñǐñƛğ΁ŵĹ΁Ưłğ΁ƘŵƯğŪƯňñş΁Ĺŵƛ΁şğñė΁
ĐŵŪƯñŨňŪñƯňŵŪ΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ΁ñŪė΁Ưŵ΁łñǏğ΁ǖŵƷƛ΁ǐñƯğƛ΁
ƯğƣƯğė΁ňĹ΁ǖŵƷ΁łñǏğ΁ĐŵŪĐğƛŪƣ͒΁UĹ΁şğñė΁ňƣ΁ĹŵƷŪė͓΁ñ΁ǐñƯğƛ΁
ƯƛğñƯŨğŪƯ΁ƣƘğĐňñşňƣƯ΁ĐñŪ΁ñėǏňƣğ΁ǖŵƷ΁ŵŪ΁Ưłğ΁ĎğƣƯ΁ĐŵƷƛƣğ΁
ŵĹ΁ñĐƯňŵŪ΁Ưŵ΁ƛğŨŵǏğ΁ňƯ΁ñŪė΁ğŪƣƷƛğ΁Ưłğ΁ƣñĹğƯǖ΁ŵĹ΁ǖŵƷƛ΁
ėƛňŪśňŪĺ΁ǐñƯğƛ͒

Lead in 
Groundwater



Treating Lead in Groundwater
»łğƛğ΁ñƛğ΁ƣğǏğƛñş΁ŨğƯłŵėƣ΁ƯłñƯ΁ĐñŪ΁Ďğ΁Ʒƣğė΁Ưŵ΁ƯƛğñƯ΁

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
 ŵşňĹŵƛŨ΁ĎñĐƯğƛňñ΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ΁ĐñŪ΁Ďğ΁ƯƛğñƯğė΁
ƯłƛŵƷĺł͔

•	 Disinfection: »łğ΁ŨŵƣƯ΁ĐŵŨŨŵŪ΁ŨğƯłŵė΁Ʒƣğė΁Ưŵ΁
ƯƛğñƯ΁ĺƛŵƷŪėǐñƯğƛ΁ĐŵŪƯñŨňŪñƯğė΁ǐňƯł΁ĐŵşňĹŵƛŨ΁
ĎñĐƯğƛňñ͒΁»łňƣ΁ŨğƯłŵė΁ĐñŪ΁Ďğ΁ėŵŪğ΁ƷƣňŪĺ΁
ĐłğŨňĐñşƣ΁ƣƷĐł΁ñƣ΁ĐłşŵƛňŪğ͓΁ĐłşŵƛñŨňŪğƣ͓΁ŵƛ΁ŵǡŵŪğ͒΁
»łğ΁ǐñƯğƛ΁ňƣ΁ƯƛğñƯğė΁ǐňƯł΁ñ΁ƣƘğĐňȌĐ΁ėŵƣğ΁ŵĹ΁Ưłğ΁
ĐłğŨňĐñş΁ñŪė΁ƯłğŪ΁şğĹƯ΁Ưŵ΁ƣƯñŪė΁Ĺŵƛ΁ñ΁ĐğƛƯñňŪ΁
ñŨŵƷŪƯ΁ŵĹ΁ƯňŨğ΁Ưŵ΁ñşşŵǐ΁Ĺŵƛ΁ñėğƚƷñƯğ΁ėňƣňŪĹğĐƯňŵŪ͒

•	 Ultrafiltration:΁�΁ŨğƯłŵė΁ƯłñƯ΁Ʒƣğƣ΁ñ΁ŨğŨĎƛñŪğ΁
Ưŵ΁ȌşƯğƛ΁ŵƷƯ΁ĎñĐƯğƛňñ΁ñŪė΁ŵƯłğƛ΁ňŨƘƷƛňƯňğƣ΁ĹƛŵŨ΁
Ưłğ΁ǐñƯğƛ͒΁»łňƣ΁ŨğƯłŵė΁ňƣ΁ğĹĹğĐƯňǏğ΁Ĺŵƛ΁ƛğėƷĐňŪĺ΁
ĐŵşňĹŵƛŨ΁ĎñĐƯğƛňñ΁şğǏğşƣ΁ňŪ΁ĺƛŵƷŪėǐñƯğƛ΁ñŪė΁

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


¦ñėŵŪ΁ňƣ΁ñ΁ŪñƯƷƛñşşǖ΁ŵĐĐƷƛƛňŪĺ͓΁ƛñėňŵñĐƯňǏğ΁ĺñƣ΁ƯłñƯ΁
ĐñŪ΁Ďğ΁ĹŵƷŪė΁ňŪ΁Ưłğ΁ƣŵňş΁ñŪė΁ƛŵĐś΁ĎğŪğñƯł΁łŵŨğƣ͓΁
ĎƷňşėňŪĺƣ͓΁ñŪė΁ƘƛňǏñƯğ΁ǐğşşƣ͒΁

»łğ΁Â͒®͒΁0ŪǏňƛŵŪŨğŪƯñş΁£ƛŵƯğĐƯňŵŪ΁�ĺğŪĐǖ΁͢Â͒®͒΁0£�ͣ΁
ğƣƯňŨñƯğƣ΁ƯłñƯ΁ñĎŵƷƯ΁̑΁ňŪ΁̑̕΁łŵŨğƣ΁ňŪ΁Ưłğ΁ĐŵƷŪƯƛǖ΁



Treating Radon in Groundwater
Â͒®͒΁0£�΁ƛğĐŵŨŨğŪėƣ΁ƯğƣƯňŪĺ΁ƛñėňŵŪƷĐşňėğƣ΁ňŪ΁ƘƛňǏñƯğ΁
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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 

