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The vulnerability of groundwater supplies is further 
exemplified by drinking water outbreak data where 
the majority of documented outbreaks were traced 

to a groundwater source.

Of the 751 drinking water waterborne outbreaks 
that occurred in the United States from 1971-2000, 

62 percent were linked to groundwater systems

https://esrac.arizona.edu/sites/default/files/2004_12_on_tap.pdf
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“Microorganisms are released onto the 
soil, infiltrate, and then cross the 

unsaturated zone of the aquifer, before 
eventually reaching the saturated zone 
and contaminating the groundwater.”

“During each of these phases, 
microorganisms are subject to the 

influence of various factors, including 
land-use activities, environmental 

conditions, the hydraulic properties of 
the soil, and other geological and 

hydrogeological settings.”

https://doi.org/10.3390/microorganisms12050913


Microbial Pathogens of Public Health Concern 

• Bacteria
– Pathogenic E. coli
– Salmonella
– Listeria

• Viruses
– Hepatitis A
– Noroviruses

• Parasites
– Cyclospora
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https://about-salmonella.com/
https://www.medindia.net/patientinfo/e-coli-infection.htm

https://www.cyclosporablog.com/2020/11/what-is-cyclospora-cayetanensis/

https://www.nfid.org/infectious-diseases/norovirus/



Sources of Microbial Pathogens 
in the Environment

• Fecal pathogens (Salmonella, E. coli, Noroviruses, Cyclospora)
– “Zoonotic” pathogens: those capable of                             

infecting animals as well as humans
• Livestock and animal manures
• Wildlife

– Seepage from on-site septic systems
– Poorly/untreated human sewage

• Naturally occurring
– i.e. Listeria



The geometric mean value for inactivation 
rates for coliphage, poliovirus, echovirus, 
coliform bacteria, enterococci, and Salmonella 
spp. were similar at approximately 0.07-0.1 
log10/day, while geometric mean inactivation 
rates for hepatitis A virus, coxsackievirus, and 
phage PRD-1 were somewhat less at 0.02-
0.04 log10/day.

https://doi.org/10.1021/es047995w

Average US groundwater temp = 5oC to 22oC
https://www3.epa.gov/ceampubl/learn2model/part-two/onsite/ex/jne_henrys_map.html



Assessing Risks from Groundwater

When assessing microbial 
risks with groundwater, it is 
important to consider 
potential issues arising from:

1. Adjacent Land Use 
(Environmental Sources),

2. Hydrogeologic Pathways,

3. Pathways associated 
with well construction, 
and

4. Other Special Cases.



https://epa.illinois.gov/topics/water-quality/groundwater/wellhead-protection.html

Adjacent Land Use: Lateral Zone of Influence



https://www.protectingwater.ca/planning-process/vulnerable-areas/wellhead-protection-areas/

Adjacent Land Use : Lateral Zone of Influence



https://www.hopkinsmn.com/995/Wellhead-Protection

Adjacent Land Use : Lateral Zone of Influence



https://books.gw-project.org/domestic-wells-introduction-and-overview/chapter/vulnerability-to-contamination/

Adjacent Land Use: Onsite Septic Systems

Leachates from onsite septic systems can lead
to contamination through subsurface flow



1.

2.

3.

Bacterial contamination in well:
TC= 10-50 CFU; FC= 2-18 CFU

Die Test: motel > restaurant



Adjacent Land Use: Point / Non-Point Sources



Hydrogeological Pathways: Impacts of Soil Type on Water and 
Pathogen Movement

https://www.scientistcindy.com/soils-and-groundwater.html

Low Porosity
(slow/little water

movement)

High Porosity
(fast/greater water

movement)

Clay

SiltSand



Hydrogeological Pathways: Impacts of Soil Compaction on Water 
and Pathogen Movement

https://soil.evs.buffalo.edu/index.php/Porosity

Compacted soils limit 
water flow 

limited water flow limits 
pathogen movement



Hydrogeological Pathways: Impacts of Soil Saturation on Water 
and Pathogen Movement

https://www.scientistcindy.com/soils-and-groundwater.html

A soils ability to retain water is strongly related to particle size (i.e. soil type)

Clays retain more water than sand or silt >> 
water passes quickly and easily through sand



Hydrogeological Pathways: Highly Vulnerable Aquifers

Hydrogeologic Pathways:
1. Fractured Rock
2. Carbonate Rock

Deeper wells – lower risk 
but much longer to 

recharge times

https://ourwatershed.ca/drinking-water/vulnerable-areas/



https://mbmggwic.mtech.edu/sqlserver/v11/help/welldesign.asp

Considerations with Well Construction

https://gregknowswater.com/protect-your-wellhead/



Considerations with Well Construction

• Well siting (and degree of 
protection)

• Well casing
– Casing height
– Casing depth
– Intact?

• Sanitary well cap/seal

• Backflow prevention

https://gregknowswater.com/protect-your-wellhead/



Considerations with Well Construction

https://gregknowswater.com/protect-your-wellhead/

• Well siting (and degree of 
protection)

• Well casing
– Casing height
– Casing depth
– Intact?

• Sanitary well cap/seal

• Backflow prevention



Backflow Prevention: Critical System Component

https://www.knowyourh2o.com/indoor-4/the-care-and-feeding-of-your-well https://extensionpubs.unl.edu/publication/g2050/na/html/view



Assessing Risks from Well Construction

• Does the ground slope away from well?

• Is there grout/concrete that seals the well 
casing?

• Does the well cap have an adequate seal?

• Is the well vented? Does the vent allow for 
contamination?

• Backflow prevention??  Does it work?



Assessing Risks from Groundwater: Special Cases

https://nre.tas.gov.au/water/groundwater/aquifers/fractured-rock-aquifer



Assessing Risks from Groundwater: Special Cases

Springs occur where groundwater comes to the surface

Huge potential for aquifer contamination if not properly protected



Groundwater Monitoring

• Water can be tested to assess the 
sanitary quality
– There should be no detectable generic 

E. coli per 100 mL (0 or less than the 
detection limit of assay)

• If there is an issue, repairs and 
mitigation steps should be taken 
then water should be tested more 
frequently to ensure that it is of 
adequate sanitary quality for use



Groundwater Mitigation

• If well is contaminated, mitigation 
steps should be implemented:

– Shock Chlorination
1. add bleach to 200 ppm
2. Allow for  24 – 48 hours of contact time,
3. Chlorinated water should be flushed 

through the entire water system

– Continuous point-of-use (POU) disinfection 
(Sanidate 12.0, UV irradiation, etc.)

– Point-of-use (POU) filtration (cartridge 
filters, reverse osmosis)



Conclusions
• There are numerous sources of microbial contaminants in the 

environment
– Once in groundwater, microbial contaminants can persist for long 

periods of time

• Groundwater contamination can be associated with:
1. Adjacent land use,
2. Hydrogeologic pathways,
3. Issues with well construction, and
4. Other special cases.

• Water testing can help verify the sanitary quality of groundwater 
used on farms.

• When groundwater is contaminated, mitigation strategies can be 
implemented to ensure the sanitary quality of the water.



Your Turn: Assessing Risks from Groundwater
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