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 Water-Rock interactions control the water quality 
in an aquifer: 
◦ Along recharge and discharge pathways; 
◦ Within aquifer 

 Controlling factors: 
◦ Geology; 
◦ Geochemistry; 
◦ Aquifer sensitivity and land use.  





 Ohio Geology   
◦ Geologic setting 
◦ Major aquifer types 

 Primary controls - natural 
◦ Geology (dissolution of aquifer material) 
 Regional examples 
◦ Geochemistry  (oxidation-reduction) 
 Local influence 

 Local controls – natural and human 
◦ Well setting and well construction  
◦ Land use inputs 





 Carbonate aquifers in western half; 
◦ Silurian, and Lower Devonian  

 Sandstone aquifers in eastern half; 
◦ Mississippian and Pennsylvanian 

 Buried valley aquifers carved into bedrock and 
backfilled with local bedrock and other glacial 
debris. 
◦ Quaternary 

 





• Approximately 200 active wells; 
• Continuous data for some wells since 1970; 
• Analyze raw (untreated) water for 30 inorganic and 61 

organic parameters; 
 85 % of wells are public water system wells; 
◦ Balance are industrial, commercial, or residential wells 

 Well aquifer types: Sand & Gravel 65%; Sandstone  
15%; Carbonate 20%; 

 Primary focus of data collection is to characterize source 
water for GW based public water systems. 
 



Box Plot  
Explanation 





 Major Elements 
◦ Total Dissolved Solids 
◦ Calcium and Magnesium 
◦ Sulfate 

 

 Minor Elements 
◦ Fluoride 
◦ Strontium 





















 Carbonate aquifer - consistently higher 
concentrations than sandstone. 

 Sandstone exhibits the lowest concentrations. 
 

 Why is the water quality in S&G aquifer 
intermediate between the carbonate 
and sandstone aquifers? 









 Major constituents controlled by lithology of 
major aquifer;  
◦ Carbonate is more soluble than sandstone:  
◦ GW quality in S&G aquifers is intermediate between 

carbonate and sandstone aquifers; 
 Trace elements frequently controlled by 

secondary mineralization or other variation in 
composition of geologic strata.   









 Geochemistry influences the solubility of the earth 
materials present.  
 

 If a natural contaminant is present in geologic 
strata, it may become a concern when it is soluble. 
 

 Oxidation-Reduction (Redox) is an important control 
for dissolution of some natural contaminants. 

  



 Controlled by transfer of electrons between electron 
donors and acceptors 

 Process is referred to as terminal electron-acceptor 
processes (TEAPs) 
◦ Organic carbon is the electron donor (Oxidized);  
◦ Electron acceptors are inorganic constituents (Reduced); 
◦ Reactions mediated by energy for microbial reduction; 
◦ As GW is reduced, constituents are consumed in order: 

 

   O2 > NO3 > Mn(IV) > Fe(III) > SO4
2- > CO2

   
 



 Microbial metabolism and competition is orderly 
and the primary control for oxidation-reduction in 
GW; 
 

 Redox conditions can be deduced by the 
reactants and products present in GW. 
 
 



Redox Indicator Pairs 







Redox Control  
with Depth 











 Arsenic geochemistry is similar to iron; 
 Arsenic is adsorbed on to and within iron oxides 

and hydrodroxides; 
 As iron oxides are reduced iron and arsenic are 

released into solution; 
 Thus presence of arsenic in GW is controlled by 

two factors:  
 

◦ presence of Arsenic in the area; (geology) and 
◦ redox conditions (geochemistry)  











Redox Control  
with Depth 



 Geologic 
◦ Regional to local 

 Geochemical 
◦ Regional to local   

 Local  
◦ Well setting 
◦ Land use 
◦ Well construction 

 

 Each site is a mystery to sort out with geologic, 
 geochemical and local elements to consider 
 





Buried Valleys 
 Sand and gravel aquifers are sensitive to 

dissolved components, but natural filtration may 
remove particulates like pathogens.   

 

Thin drift over bedrock aquifers 
 Karst and fractured bedrock are sensitive 

hydrogeologic settings when unconsolidated 
cover is thin or absent. 
 















 Natural Factors 
◦ Major lithology of aquifer 
◦ Geochemical control 
◦ Geologic setting – sensitive aquifer? 
◦ Recharge pathways 
 

 Anthropogenic Factors  
◦ Well construction 
◦ Land use 
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Additional Information 
• Web address: 
  http://www.epa.ohio.gov/ddagw/gwqcp.aspx 
 

• Chris Kenah:    614/644-2903  
   christopher.kenah@epa.state.oh.us 
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