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IntroductIon
The quality of groundwater is determined by the type 

and concentration of its chemical and biological constitu-
ents. These constituents, depending on their nature and 
concentrations, can produce water that is unsafe to drink 
or that has an objectionable taste or odor. Because natu-
rally occurring substances are dissolved in or suspended 
as fine-grained solids in groundwater, in many cases, some 
water treatment is necessary before groundwater quality 
becomes acceptable for drinking purposes or industrial 
uses. This chapter discusses these naturally occurring sub-
stances, their common sources, and the general quality of 
the groundwater observed within the different aquifers in 
Illinois.

As municipal and industrial water supplies grew in 
importance during the early twentieth century, scientists 
began to study the chemical composition of groundwater 
and its relationship to the geological framework and asso-
ciations with the host sediment or bedrock aquifers. The 
chemical interactions between aquifers and groundwater 
were identified during the first half of the century and rig-
orously examined during the latter half (Back and Freeze 
1983). Water quality of municipal and private water supplies 
in Illinois has been routinely analyzed by the Illinois State 
Water Survey since its founding in 1895 as a means of trac-
ing waterborne diseases (Illinois State Water Survey 2003). 
Today, studies of the chemical composition of groundwater 
are routinely performed on both public and private water 
supplies. The composition of groundwater is used to de-
termine its potability and serves as a tool to determine the 
sources of naturally occurring and human-related contami-
nants.

Groundwater is derived from precipitation, such as 
rainfall or snow melt. Precipitation contains very low con-
centrations of dissolved minerals (approaching that of 
distilled water). The major ions—or electrically charged 
particles—present in rainwater and snowmelt are calcium, 
magnesium, sodium, silica (as Si(OH)4 ), sulfate, chloride, 
and nitrogen compounds (nitrate, ammonium, and organic 
nitrogen). The total concentration of all constituents typi-
cally is less than 5 to 10 mg/L (parts per million) (Table 
19-1). The natural sources of these ions include airborne 
dust (calcium, magnesium, and silica) and aerosols from 
seawater (sodium and chloride), which are highest near the 

coastal areas (Drever 1997). The majority of the remain-
ing ions are typically from airborne particulate matter and 
gases from industrial emissions, automobile exhaust, and 
the evaporation of volatile chemicals (e.g., anhydrous am-
monia fertilizers). These latter constituents are discussed in 
Chapter 28, Karst Terrane.

Once rainfall and snowmelt seep into the ground, the 
water begins its journey to the water table through the 
connected pores and crevices in soil, unconsolidated sedi-
ment, and rocks. The water table is the elevation at which 
the geological sediments and rocks become saturated with 
water. Permeable sediments and bedrock below the water 
table constitute aquifers. Aquifers supply private citizens 
and municipalities with potable water and are also used 
as a source of water for irrigation and industrial purposes 
throughout much of the state. 

Water is a solvent and, as such, is capable of dissolv-
ing and interacting with organic and inorganic compo-
nents of soils, the minerals that make up unconsolidated 
deposits (e.g., sand and gravel), and with various types of 
bedrock. Dissolution of minerals within the soil, sediment, 
and bedrock is a slow process that can take days, years, or 
eons, depending on the solubility of the materials. These 
materials contribute to the amount of total dissolved solids 
(TDS) that are present in all groundwater. Major dissolved 
constituents of groundwater include the cations (positively 
charged ions) sodium, potassium, calcium, magnesium, and 
silica and the anions (negatively charged ions) bicarbonate, 
sulfate, chloride, and nitrate (Table 19-1). When trace-level 
ions, such as ammonium, iron, manganese, and arsenic, are 
present in relatively high concentrations, they create water-
quality problems. These constituents come from the disso-
lution of rocks such as limestone and dolomite, the weath-
ering of less-soluble rocks such as granite, the degradation 
of organic debris in the soil zone (e.g., trees and leaves), and 
man-made contaminants (discussed in Chapter 29, Pollu-
tion of Natural Waters). 

In general, the chemistry of groundwater is controlled 
by the type of geological materials through which the water 
flows and the amount of time the water is in contact with 
these materials. For example, precipitation percolating into 
a limestone aquifer would dissolve the limestone (made of 
calcium carbonate), and the water (now groundwater) would 
contain predominantly calcium and bicarbonate ions. The 
dominant cations and anions are used to describe the gen-


