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I.  INTRODUCTION 
 
 

Background 

Because the BACOG area is almost entirely reliant on the shallow aquifer system for all its water needs, 

the government members of BACOG have every interest in protecting the sustainability of this resource, 

both in terms of water levels and water quality.  A deteriorating groundwater supply or declining 

groundwater quality could threaten public health and safety as well as economic conditions.  

In practical terms, there is not an alternate water supply for the BACOG area. Even if another source of 

water supply were to become available, there is very little piped infrastructure to distribute such a 

supply.  The cost and disruption to build distribution systems throughout 80 square miles would be 

prohibitive.   

In 2001, the Barrington Area Council of Governments (BACOG) started a Water Resources Initiative to 

study the shallow aquifer system in order to: 1) identify the location and quantity of groundwater, 2) 

determine the natural groundwater quality, and 3) assess the sustainability of this resource.  By 2009, a 

great deal of work on aquifer mapping, modeling and water levels had been completed, and in 2014 a 

monitoring program for water levels was initiated.  In the water quality arena, work began in 2010 to 

test private well water quality. Using results from BACOG resident tests and the state’s records, work 

began in 2016 to establish the natural groundwater quality in the aquifers underlying the BACOG area.  

 

BACOG Area Water Supply 

There are more than 7,800 wells in the shallow aquifer system in the entire BACOG area.  Only a few of 

these wells are community or municipal wells, though they serve nearly 40% of the BACOG-area 

population.  The Villages of Barrington and Tower Lakes utilize municipal well systems to supply their 

residents and businesses.  Small parts of South Barrington, Deer Park and Lake Barrington are also 

served by municipal wells or an alternate water supply to an industrial area, retail developments, and a 

handful of other facilities.   Privately-owned community wells and distribution systems are used in 

several large subdivisions such as Lake Barrington Shores, Wynstone, and others.  A majority of the 

BACOG geographic area utilizes 7,000+ individual private wells on private properties, serving over 60% 

of the BACOG population.       

Regardless of type of well (private domestic, community, municipal) and how the water is supplied 

(public or private system), 98% of the wells serving the BACOG area are in the shallow aquifer system.  

This means the region is drawing water from the same interconnected source, and everyone in the 

BACOG area can benefit by understanding and fully protecting this groundwater resource.  
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Implications of an Impaired Water Supply 

A substantial drop in water levels could pose a significant financial impact as municipal, community 

and/or private well owners would need to drill deeper or relocate wells. A significant increase in 

contaminants in the natural groundwater could negatively impact drinking water cleanliness and safety. 

Concentrations of naturally occurring elements in groundwater (e.g., fluoride, arsenic) when found in 

drinking water, could negatively impact human health.  Declining water levels and supply, or 

deteriorating natural water quality, could be a threat to sustainability of the resource and public health 

and safety.   

Additionally, there are thousands of acres of natural areas locally, many of which are dependent on 

groundwater to feed them.  A significant drop in water levels could mean significant changes to those 

natural areas if groundwater discharge were no longer adequate to sustain rivers, streams and ponds 

and natural areas such as fens, woodlands and wetlands.  Increasing contamination from chemicals on 

the ground surface (e.g., road salt, herbicide) could move from groundwater into surface water and 

harm aquatic life.  The natural areas that define the BACOG area and quality of life were to decline, 

property values could be negatively affected. 

 

BACOG Monitoring and Testing Programs 

Past state studies suggested a long-term downward trend in water levels in the coming decades, 

including parts of the BACOG area.  To better assess conditions in the BACOG area, the Executive Board 

approved a “Comprehensive Groundwater Monitoring Program” in November 2013.  The baseline 

report of water levels was issued in January 2015.  With five years of additional data, a five-year analysis 

of water level changes was published in June 2020.  The 2020 report showed groundwater levels 

increased approximately five (5) feet across the BACOG area in the five-year period up to 2020.  (Reports 

are available at www.bacog.org).  Although coming from the first, and very short, monitoring period, 

this finding is neutral or positive for the present.   

Under the monitoring program, the establishment of baseline water levels followed by regular water 

level measurements over decades, with periodic analysis, is the basis for identifying any long-term 

changes in the shallow aquifer system.  Building this data is essential to addressing and mitigating any 

future negative trends in water levels.     

Testing programs for water quality started in 2010 and expanded through 2020.  Residents may be 

familiar with the BACOG Level 1 Private Well Water Testing Program.  In partnership with Lake County 

Health Department, BACOG offers its Level 1 low-cost, easy-access testing for bacterial and nitrate 

contamination.  If bacterial contamination is found (bacteria is consistently found in approximately 10-

15% of households that test with BACOG), chlorinating the well is recommended.  Bacteria generally do 

not come from the aquifer; rather, they are a human or surface-introduced contaminant. 
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The BACOG Level 2 Private Well Water Testing Program facilitates testing with the Illinois State Water 

Survey (ISWS) laboratory as an easy, affordable way residents can learn about the natural water quality 

of groundwater in their well.  Level 2 testing detects the levels of over 30 water components, some of 

which are potentially dangerous to human health, and some of which are only aesthetic concerns. Each 

laboratory report provides recommendations for correcting contamination, guidance on well water 

system maintenance, and post-correction testing.  

In addition to assisting residents learn more about their water, identifying any contamination, and 

helping to maintain clean and safe private well water, the Level 2 testing also returns water chemistry 

data to BACOG that is used to characterize and map the natural water quality in the region’s shallow 

aquifer system.  The data from BACOG’s Level 2 program provides the basis for the maps in this report, 

which is available to BACOG governments and the public.  

The BACOG Natural Water Quality Well Network Program was initiated in 2019.  Wells on public and 

private property throughout the BACOG area are being identified for repeat annual testing at the same 

locations, which include churches, schools, parks, cemeteries, village halls and other facilities with their 

own wells.  Measurements over the long-term (i.e., decades) will generate data about natural water 

quality in the shallow aquifer system and to illustrate any changes.  BACOG plans a transition to using 

this data for a new baseline and future monitoring.  Future reports will inform BACOG governments and 

the public. 

In summary, the area is almost entirely dependent on water from the shallow aquifer system to sustain 

natural areas and to supply municipal, community and private wells.  BACOG is building a regional 

database about shallow aquifer system water supply and water quality through its testing and 

monitoring programs.  This factual basis will be used to address any trends where action may be 

necessary on the part of local governments and/or residents.     

 

Purpose of the Water Quality Assessment 

The goal of BACOG’s 2001 Water Resources Initiative was to determine if the area’s groundwater from 

the shallow aquifer system was sustainable; this report addresses the water quality component of 

sustainability.  The Water Quality Assessment presents a first look, in effect a snapshot, of ten (10) 

components of natural water quality throughout the BACOG area for the period 2008-2018.   

This report focuses on characterizing natural water quality in the shallow aquifer system by using 

residents’ testing results from multiple locations that were collected from BACOG’s Level 2 testing 

program over the same time period.  The data was supplemented by Illinois State Water Survey (ISWS) 

water testing records.  

In Section II, the report sets the context for measuring quality by describing applicable federal and state 

laws and standards for water quality.  Please note that the information presented will describe 

standards set by law that are used to evaluate municipal or community water supplies, which BACOG 

uses to evaluate water quality measurements taken from private wells. 
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Section III describes the data and methodology used for the assessment. 

The maps and legends in Section IV demonstrate points where water quality components are below the 

standards for each component, which indicates good water quality at those locations. The mapping also 

shows locations where components exceed standards, indicating substandard water quality at those 

locations.  Maps are separated into categories for “possible effects on human health” and “aesthetic 

effects only”.    

Section V summarizes the findings and presents overall observations. 

Because the shallow aquifer system is an interconnected resource, where groundwater flows in 

different directions throughout the region’s shallow aquifer system, the characterization of natural 

water quality may be generalized to other areas of BACOG – but the reader is cautioned in drawing such 

conclusions.  While generalizations may be appropriate, the origin and movement of contaminants 

requires a deeper knowledge of glacial geology and hydrogeology for evaluating the applicability of 

characterizations to nearby areas.    
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II.  DRINKING WATER LAWS AND REGULATIONS 

 

Understanding and providing “safe drinking water” requires a partnership among federal, state and local 

governments and, in the BACOG area, the participation of residents/well owners.  Federal and state laws 

provide for regulation and enforcement of drinking water quality.  Local governments and other 

community water suppliers must comply with the law and report to the appropriate government 

agencies as well as to their citizens.   

Private well owners are solely responsible for the quality of their own water, but local entities such as 

county health departments and BACOG may utilize standards set by the laws to assist well owners with 

evaluating their water quality and ensuring safe and clean water to their own homes.   

This section provides a brief overview of the regulations for public water supplies (municipal, 

community) as well as information about private water systems.   

 

Safe Drinking Water Standards 

In 1974, Congress passed the Safe Drinking Water Act (SDWA) to protect the quality of drinking water in 

the United States.  This law focuses on all water designed for drinking use, whether from above ground 

or underground sources.  The Act authorizes the U.S. Environmental Protection Agency (EPA) to 

establish minimum standards for tap water and requires all public water systems to comply with the 

primary, health-related standards.  The U.S. EPA also sets standards for water components that have 

aesthetic effects.   

These laws and standards do not apply to private wells, but as previously noted they may be utilized 

to evaluate private well water quality.   

The EPA standards are described below.  They are designed to protect the public from adverse effects 

caused by naturally occurring or human-made contaminants.   

▪ Maximum Contaminant Levels (MCL):  Enforceable primary drinking water standards.  MCLs are 

the highest level of a contaminant that is allowed in public drinking water, that when exceeded 

may cause cancer or adverse non-carcinogenic health effects in humans.  USEPA sets numerical 

MCLs for more than 90 individual contaminants.  MCLs are set as close as feasible to health-

based benchmark levels considering available treatment technologies and taking cost of 

treatment into consideration (for public water supplies).  Municipalities and community water 

suppliers must test routinely, enforce MCLs, and report to the public.   

 

▪ Secondary Maximum Contaminant Levels (SMCL):  Non-enforceable aesthetic or cosmetic 

standards that when exceeded may cause effects to taste, color, odor, or skin or tooth 
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discoloration, but are not considered a risk to human health.  Exceeding SMCLs in drinking water 

may also damage water equipment or reduce effectiveness of treatment systems.   

 

▪ Maximum Contaminant Level Goals (MCLG):  A non-enforceable health goal. The MCLG is the 

maximum level of a contaminant in drinking water at which no known or anticipated adverse 

effect on the health of persons would occur over a lifetime, allowing an adequate margin of 

safety. Water quality would ideally attain these goals, but again, the MCLGs are not enforceable.   

 

State of Illinois Regulations – Public Municipal and Community Supplies 

While national health-based standards are established by U.S. EPA, it is Illinois EPA’s responsibility to 

implement a drinking water program. The Safe Drinking Water Act gives state governments primary 

authority for day-to-day implementation.  

Under the SDWA, states may set and enforce drinking water standards (SMCLs) as long as they are at or 

above the national EPA standards, that is, more stringent. The State of Illinois established its own 

requirements for public water systems, which in general mirror the federal regulations.  State 

government also encourages attainment of secondary aesthetic-related standards (SMCLs).  

Municipal and community water suppliers in the BACOG area, as elsewhere in Illinois, are required to 

follow the state law and enforce water quality standards.  Although municipal and community-supplied 

water quality is not the focus of this BACOG report, the standards established by the State of Illinois for 

public systems serve as the reference for private well water quality.   

 

Private Water Systems 

There are many property owners in both incorporated and unincorporated areas that utilize private 

wells on individual properties to supply drinking water.  The EPA does not regulate or enforce standards 

for private wells, nor does the local county or municipality.  For private water systems, the property 

owner is the sole party responsible for water quality testing and providing clean and safe drinking water 

to the home or property.  

The EPA and state agencies in Illinois do stress the importance of testing private wells and offer 

guidance on treating and removing contaminants from private well water.  In addition to recommending 

annual testing for bacteria and nitrate contamination, the Illinois State Water Survey (ISWS) 

recommends that private well owners test their water for approximately 30 water components to better 

understand their well water quality and ensure safe drinking water.   

While EPA does not regulate or recommend standards for private well systems, there are other 

governmental entities that monitor and control issues related to safe drinking water in private wells.  

The Illinois Department of Public Health (IDPH) requires licensing of private well and pump installation 
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contractors.  IDPH also regulates construction, modification and sealing of private water wells with 

inspections and through agreements with local or county health departments.  The goal of these IDPH 

programs is to prevent contamination from the ground surface or hazardous sources from entering the 

well.  

BACOG also supports private well owners through several programs.  BACOG offers both types of water 

testing recommended by the State of Illinois and utilizes the laboratories at ISWS and Lake County 

Health Department.  Additionally, this BACOG Water Quality Assessment report provides a general 

characterization of groundwater quality throughout the area.  These BACOG programs are designed to 

help residents better understand what is in their home’s – and the region’s -- groundwater and to keep 

residents safe by helping them maintain good water quality in their own wells.    
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III.  PROJECT METHODOLOGY 

 

Data Sources 

The samples for the assessment were collected from the BACOG area and two miles of buffer area 

around it.  

Data for the project is comprised primarily of BACOG residents’ Level 2 water test results conducted 

under BACOG’s well water testing program at the Illinois State Water Survey (ISWS) public laboratory.  

Of the 326 well water test results used, 83% were from Level 2 testers and 17% were State records from 

independently tested area wells.   

The study timeframe was established for the period 2008 through 2018, following the guidance of ISWS. 

Although ISWS historic records go back to the early 1900s, restricting data to the recent 10-year 

timeframe gives a more accurate and current picture of water quality in the area.  The limitations of 

older data include: 1) lack of availability of measurements from the past for certain parameters, 2) the 

reliability and accuracy of older measurements, 3) changes and improvements in testing technology that 

over time can generate dissimilar results.    

The majority, but not all 326 water samples, were tested for all ten (10) studied contaminants, and thus 

the number of records considered varies per contaminant. 

Water samples originated from 246 wells.  The reason this number differs from the 326 test results is 

that some samples came from the same wells over the study time period.    

The map below illustrates the location and distribution of well water samples/test results that were 

used in the study.   



 

9 | P a g e  
 

 

 



 

10 | P a g e  
 

Methodology 

The data (results of tested water samples in tabular form) was extracted for the study period of 2008-

2018, standardized, processed and reformatted to be loaded into the GIS geodatabase. The locations 

were determined from the property addresses, and a set of points representing the water sample well 

locations within BACOG and the surrounding two-mile buffer area was developed and mapped.   

A map was developed for each of the ten (10) water quality parameters (groundwater components) 

showing the locations of data available for that parameter but keeping property owner information 

anonymous.  Derived points and their attributes, i.e., the contaminant level values, served as input for 

spatial and quantitative analysis.    

Records in the database were grouped by parameters (e.g., all data for iron, all data for sodium).  A 

legend was developed indicating the MCL or SMCL value for each parameter, according to existing EPA 

and IDPH standards.  The measured well water values were then broken into more detailed legend 

classifications (for example: 10-20 mg/L, 20-50 mg/L) up to and/or exceeding the actual MCL or SMCL 

value.  The legends used in this report provide greater detail (more breakouts) than simply indicating 

whether the water parameter is under or over the MCL or SMCL.   

BACOG’s Level 2 private well water testing program typically measures more than 30 water parameters, 

but this study limited the project scope to ten (10) parameters for evaluation. The parameters were 

chosen due to their significant impact on groundwater quality, potential health hazards they pose, and 

the regional geology in relation to naturally occurring mineral deposits in the BACOG area of 

northeastern Illinois.  

The ten (10) mapped water quality parameters are: 

1. Arsenic, total (µg/L as As) 

2. Fluoride, dissolved (mg/L as F-) 

3. Nitrate-nitrogen, dissolved (mg/L as N) 

4. Chloride, dissolved (mg/L as Cl-) 

5. Hardness (Hardness = 50 x (Ca + Mg)) 

6. Iron, total (mg/L as Fe) 

7. Manganese, total (mg/L as Mn) 

8. Sodium, total (mg/L as Na) 

9. Sulfate, dissolved (mg/L as SO4w44E45
2-) 

10. TDS (Total Dissolved Solids) – (Residue, total filterable @180C (mg/L)) 

 
 

Acknowledgment 

The parameters, methods and breakouts were developed in consultation with Walton Kelly, Head of the 

Groundwater Science Section, Illinois State Water Survey (ISWS).  BACOG greatly appreciates the 

assistance and guidance provided by Kelly and the ISWS.  
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IV.  RESULTS AND ANALYSIS 

 

This section introduces and describes each mapped parameter and includes known information about:   

▪ How the water quality parameter occurs/arises and enters groundwater 
▪ Potential effects of its presence in drinking water on human health or aesthetic conditions 
▪ Current standards for each parameter’s Maximum Contaminant Level (MCL) or Secondary 

Maximum Contaminant Level (SMCL), if a standard exists  
▪ Potential methods to remove the parameter from drinking water 
▪ Breakout of values into legend classifications for the parameter  
▪ Maps of parameter levels and distribution throughout the study area 

The ten (10) mapped parameters are separated into two categories: 

➢ Health-related Water Quality Parameters – with Maximum Contaminant Levels (MCLs) 
1. Arsenic 

2. Fluoride 

3. Nitrate 

These water quality parameters have the potential to cause harm to human health when 

present at levels exceeding their established MCLs. 

 
➢ Aesthetic-related Water Quality Parameters – with Secondary Maximum Contaminant Levels 

(SMCLs) 
4. Chloride 
5. Hardness 
6. Iron 
7. Manganese 
8. Sodium 
9. Sulfate 
10. Total Dissolved Solids 

These water quality parameters may cause aesthetic, cosmetic and technical (equipment) 

effects if they exceed their established SMCLs but they are not considered a risk to human 

health at the SMCL.   

It is important, however, to note that USEPA has also established a Lifetime Health Advisory 

level for manganese.   Additionally, USEPA recommends not exceeding certain sodium levels in 

drinking water for certain populations for health reasons.   
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Health-related Water Quality Parameters 

 

1. Arsenic (As) 

Arsenic is a metal that occurs naturally in the earth’s crust.  As water flows through underground rock 

and mineral formations, it dissolves arsenic.  Arsenic is found in some of the glacial materials underlying 

the BACOG area and therefore arsenic can be found in spots throughout the area.  

The US EPA Maximum Contaminant Level (MCL) for arsenic is established at 0.010 mg/L (10 µg/L).  

Arsenic is a known carcinogen.  Drinking water containing a level of arsenic at or above the MCL over a 

period of years could cause blood vessel damage, heart problems, skin problems and nervous system 

damage. It increases the risk of skin cancer and tumors of the bladder, kidney, liver, and lung.  

Water softeners and activated carbon filters do not remove arsenic.  Boiling the water is not 

recommended because this will produce a higher concentration of arsenic.  Reverse-osmosis systems 

and arsenic adsorption filtration are the most effective treatments to reduce arsenic levels. 

In the BACOG study, 292 samples had a measurable arsenic level. They were distributed among three 

classes:  

▪ < 1 µg/L 

▪ 1 µg/L – 10 µg/L 

▪ > 10 µg/L  

The unit of measurement for this parameter is shown above as micrograms per liter.  A microgram is 

one-millionth of a gram. 

The majority of samples, around 84%, measured below 1 µg/L, 15% measured between 1 µg/L and 10 

µg/L (in this group all values were below 5 µg/L), and less than 1% (two samples) exceeded the MCL 

level of 10 µg/L (in this group the values were 13.6 µg/L and 14.2 µg/L).  

Samples are distributed evenly throughout the study area and higher arsenic values were found in the 

western part of the area.  



 

13 | P a g e  
 

 

 



 

14 | P a g e  
 

2. Fluoride (F-) 

Fluoride is a naturally occurring element found in all fresh water as a result of the dissolution of 

geological materials in soils, sediments and bedrock.   

The US EPA set the Maximum Contaminant Level (MCL) for fluoride at 4.0 mg/L.  Chronic excessive 

ingestion of fluoride may lead to increased likelihood of bone fractures in adults and possible effects on 

bone leading to pain and tenderness. In children it increases the chance of developing pits in tooth 

enamel.   

In public water supplies, fluoride is commonly added to water (up to 1 mg/L) to promote dental health 

by reducing cavities, but water suppliers are not required to fluoridate their water.  EPA requires public 

water suppliers to notify customers, however, if the average water levels exceed the Secondary 

Maximum Contaminant Level (SMCL) standard of 2 mg/L because drinking water above this level may 

lead to tooth discoloration. Children under nine years who ingest fluoride greater than the SMCL may 

develop mottling or discoloration of permanent teeth. 

Distillation and reverse osmosis are effective in removing fluoride to below 4.0 mg/L.  Fluoride cannot 

be removed using typical charcoal water filtration or by boiling. 

This study used 309 samples to analyze fluoride levels.  Sample data were divided into four classes:  

▪ < 0.5 mg/L 

▪ 0.5 mg/L – 2 mg/L 

▪ 2 mg/L – 4 mg/L  

▪ > 4 mg/L 

The unit of measurement for this parameter is shown above as milligrams per liter.  One milligram is 

one thousandth of a gram. 

More than half of samples, or 53%, were below 0.5 mg/L, 46% were between 0.5 mg/L and 2 mg/L, and 

one sample was above 4 mg/L.  There were no sample values in the class of 2 to 4 mg/L.   
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3. Nitrate (NO3
-)  

Nitrate (NO3
-) is a compound of nitrogen and oxygen found naturally in water.  There are many possible 

sources of nitrate: natural deposits, landfill leachate, septic tanks and systems, sewage, industrial waste 

water, fertilizer, animal feedlots, and untended manure piles. 

Ten milligrams per liter (10 mg/L) expressed as nitrogen (N) has been adopted by EPA as the MCL for 

nitrate.  

Higher levels of nitrate ingested in drinking water will decrease the ability of blood to carry oxygen.  High 

nitrate levels are potentially dangerous or fatal to infants and may cause methemoglobinemia, a 

condition known as “blue baby syndrome”.  The effect of long-term ingestion of nitrate by adults is not 

known.  

Heating or boiling water will not remove nitrate but rather will increase the concentration of nitrate in 

the water.  Nitrate can be effectively removed from water by reverse osmosis, distillation, or ion 

exchange.   

Four classes of nitrate sampling were used:  

▪ < 1 mg/L  
▪ 1 mg/L - 3 mg/L 
▪ 3-10 mg/L 
▪ > 10 mg/L 

 
Out of 269 samples, the vast majority (267) were in less than 1 mg/L range, with 2 samples between 1-3 

mg/L. These two samples came from the same location in the west part of the study area and were 

taken in two consecutive years, and the higher of the two readings was 2.48 mg/L.  There were no 

samples with values over 3 mg/L.   
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Aesthetic-related Water Quality Parameters  

 

4. Chloride (Cl-)  

Salts are a natural component in soils.  Salt breaks into sodium and chloride ions when dissolved.  When 

any naturally existing salts in underground soils encounter water, they will dissolve and contribute 

chloride to the groundwater.   

The Illinois State Water Survey estimates 12-15 mg/L as the background level of chloride in the shallow 

sand and gravel glacial aquifers in Northeastern Illinois.  These are the aquifers that underlie the BACOG 

area.  Levels greater than > 15 mg/L are suspected of having some human-derived contamination.   

Salt is widely used in road and pavement deicing, and salt-laden stormwater is the major source of 

increasing levels of chloride in groundwater.  Additional salt and chloride may enter the environment 

from sources such as water softener brine discharge and industrial and domestic wastes.   

The Secondary Maximum Contaminant Level (SMCL) for chloride is 250 mg/L, above which there are 

aesthetic concerns.  As a secondary standard, it is not enforceable.  The EPA identified that above the 

250 mg/L standard chloride may cause a salty taste in drinking water.  Elevated levels of chloride also 

increase the potential for corrosive damage to plumbing and water fixtures, resulting in lead and copper 

leaching into the water, which could be harmful to health.  Further, there are potential negative effects 

in streams and wetlands that are supplied by groundwater that is high in chloride.  In these areas, high 

chloride levels can affect organisms and plants, change reproduction, increase mortality, and alter the 

ecosystem overall.   

The most effective treatments to remove chloride from drinking water are reverse-osmosis, distillation, 

and deionization. 

298 samples were used in the study of chloride and grouped into four classifications:  

▪ < 15 mg/L 

▪ 15 mg/L – 100 mg/L  

▪ 100 mg/L - 250 mg/L  

▪ > 250 mg/L 

Slightly more than half of samples (54%) were in the 15 mg/L – 100 mg/L range, and 39% were below 

the 15 mg/L level.  Only 6% were between 100 mg/L – 250 mg/L (only 3 samples were above 200 mg/L 

level in this group), and less than 1% (2 samples) exceeded the SMCL level of 250 mg/L.  

The following map indicates that the lowest values of chloride were found in the east part of the area.    
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5. Hardness 

Dissolved from practically all solids and rocks, but especially from limestone, dolomite and gypsum, the 

elements calcium and magnesium are found in groundwater.  Calcium and magnesium are the two most 

common minerals that make water “hard”. 

There is no Maximum Contaminant Level (MCL) standard for hardness, calcium or magnesium.  Hard 

water is not a health hazard according to the United States Geological Survey (USGS), and in cases 

where levels of dissolved calcium and magnesium are very high they could be merely a source of these 

minerals in the diet.  Hard water is a nuisance – it increases soap consumption and causes staining, and 

it causes scale buildup in pipes and in laundry, water heaters, and kitchen and bath fixtures and 

appliances.  It also results in higher energy costs to run affected equipment.  

Hardness levels can be reduced by removing these minerals with an ion-exchange water softener, which 

is common in U.S. households, or using whole-house water treatment such as nanofiltration (synthetic 

membranes), chemical softening, or iron removal systems.   

While there is no MCL or SMCL for hardness, the Illinois Department of Public Health (IDPH) provides 

characterizations of hardness.   

Following IDPH-adopted measures of hardness, five classes were established in the study:  

▪ 0 – 100 mg/L   Soft  
▪ 100 mg/L – 200 mg/L  Moderate 
▪ 200 mg/L – 300 mg/L  Hard 
▪ 300 mg/L – 500 mg/L  Very hard 
▪ 500 mg/L – 1000 mg/L  Extremely hard 

 
There were 298 samples with measurable hardness levels.  The majority of samples (63%) were very 

hard, and 19% were extremely hard.  Only 6% were in the hard class, and 12% were determined soft. (It 

is possible that many of these soft samples represent water that has passed through a softener. Well 

water samples were collected by homeowners who may not have known how to locate unsoftened 

water in their home water systems.)  There were no samples recorded in the moderate class.  

While samples are evenly distributed throughout the area, the hardest water appears to be found in the 

west. 
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6. Iron (Fe) 

Iron is one of the most abundant metallic resources, and it makes up at least five percent (5%) of the 

earth’s crust.  It is dissolved by rainwater and by water infiltrating the soil and underlying geologic 

formations.  As an essential nutrient, iron helps transport oxygen in the blood.  It is not considered 

hazardous to health but may be a nuisance. 

The US EPA Secondary Maximum Contaminant Level (SMCL) for iron is established at 0.3 mg/L - for 

aesthetic, cosmetic and technical effects.  Exceeding the SMCL for iron in drinking water may cause an 

unpleasant metallic taste.  Iron also creates reddish stains on laundry and fixtures, and it leaves 

sediment in pipes and water appliances.  High levels of iron may give a disagreeable taste and 

unappealing look to food.   

High levels of iron can be remedied with physical filtration, an iron filter, or a water softener. 

In this study, iron measurements were classified into four categories:  

▪ < 0.3 mg/L 
▪ 0.3 mg/L – 1 mg/L 
▪ 1 mg/L – 3 mg/L 
▪ > 3 mg/L  

 
308 samples were used and indicated high concentrations of iron throughout the area.  Only 20% of 

samples were below the SMCL level of 0.3 mg/L, 31% were between 0.3 and 1 mg/L, 40% were in the 1 – 

3 mg/L range, and 9% were above 3 mg/L – which is 10 times the SMCL.  

Again, the highest values were found in the western part of the study area.   
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7. Manganese (Mn) 

Manganese is a common element found in minerals, rocks and soil, and thus it is naturally present in 

groundwater and sometimes found to a lesser degree in surface waters.  This element is an essential 

nutrient for human health but is harmful when consumed in excess.  

The Secondary Maximum Contaminant Level (SMCL) for manganese is 0.05 mg/L.  As a secondary 

standard, it is not enforceable.  The SMCL is used primarily to address aesthetic issues and is based on 

taste and staining considerations.  Manganese may deposit in water distribution system pipelines, 

pressure tanks, water heaters and softeners, and may cause dark brown or black stains and give a bitter 

metallic taste.  

While there is currently only a secondary standard for manganese, chronic exposure to high doses may 

be harmful to human health.  It has been suggested that at high levels manganese can target the 

nervous system, resulting in neurological effects.  Those who may be more sensitive to manganese are 

the very young, the elderly, and those with liver disease.  

The USEPA in 2004 established a Lifetime Health Advisory level of 0.3 mg/L to protect against these 

potential effects.  A Lifetime Health Advisory determines a concentration that is not expected to cause 

adverse health effects over a lifetime of consistent daily exposure at that level.  The public is cautioned, 

therefore, to avoid consistently drinking water with manganese levels greater than 0.3 mg/L. 

Treatment options for high manganese levels in water include water softening, point-of-use reverse 

osmosis, and oxidation filtration.   

In this study samples were grouped following EPA recommendations into below or above the SMCL: 

▪ < 0.05 mg/L 

▪ 0.05 – 0.3 mg/L 

▪ > 0.3 mg/L 

In the BACOG area, 305 test samples were considered.  Approximately 90.5% of samples (276) were 

below the SMCL of 0.05 mg/L, and ~9.2% (28 samples) were above. One sample (less than 1%) was 

above the Health Advisory Level of 0.3 mg/L.  

Samples with a higher concentration were found in the western part of the study area. 



 

25 | P a g e  
 

 

 



 

26 | P a g e  
 

8. Sodium (Na) 

Sodium is ubiquitous in groundwater due to its high solubility and the abundance of naturally occurring 

sodium-containing mineral deposits in the earth.  Other sources of sodium include runoff from road salt 

used for deicing, water treatment chemicals, domestic water softeners and sewage effluents.   

The US EPA does not set an MCL or SMCL standard for sodium.  Although sodium is essential to human 

life, high sodium intake is linked to hypertension and coronary heart disease.  Most sodium comes from 

food and diet, but water softening will increase sodium levels in the resultant drinking water.  

The EPA recommends that sodium in drinking water should not exceed 20 mg/L for individuals on a low 

sodium diet and should not exceed 30 to 60 mg/L for aesthetic reasons including adverse effects on 

taste. 

Similar to chloride, sodium can be removed from water by reverse osmosis, distillation and deionization.  

Water softening does not remove sodium, and in fact water softening treatment will increase sodium 

concentration.  

Values found for sodium in natural groundwater were distributed among four ranges:  

▪ < 20 mg/L 
▪ 20 mg/L – 50 mg/L 
▪ 50 mg/L - 250 mg/L 
▪ > 250 mg/L 

 
In the study 316 test samples were considered:  33% were below 20 mg/L, 41% were in the 20 mg/L – 50 

mg/L range, less than 22% were in the 50 mg/L – 250 mg/L range, 4% were above 250 mg/L. 

While naturally soft water does exist in parts of Illinois, that has not been observed by the ISWS in the 

northeastern Illinois BACOG region.  It is likely that a good portion of the soft water samples represent 

softened water.  Especially if high sodium levels correlate with low values for hardness, manganese and 

iron (the minerals removed by water softening), it is even more likely that the samples represent 

softened water.    

No particular spatial distribution pattern is observable. 
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9. Sulfate (SO4
2-)  

The oxidation of sulfide minerals such as pyrite is the most likely source of sulfate in shallow aquifer 

groundwater in the BACOG area.   Although not known to be present in the BACOG area, the mining and 

industrial burning of coal may also contribute sulfate, as acid drainage from mines or particulates wash 

into streams and rivers, which may eventually reach shallow groundwater.   

The US EPA set an SMCL of 250 mg/L for sulfate, due to aesthetic effects on taste and odor.  Low levels 

of sulfate are not hazardous to human health, but higher concentrations can cause a laxative effect and 

dehydration, and infants are more sensitive to sulfate than adults.  High levels of sulfate may result in a 

bitter or metallic taste in drinking water.  

Reverse osmosis, distillation and ion exchange specifically for sulfate are effective treatments for 

removing it from water.  Water softeners, carbon filters, and sediment filters do not remove sulfate.   

The Illinois Department of Public Health (IDPH) established the following levels for sulfate, which were 

used to help classify samples in this study:  

▪ < 250 mg/L    Acceptable 
▪ 250 mg/L – 500 mg/L   Can be tolerated 
▪ 500 mg/L – 1000 mg/L   Undesirable 
▪ > 1000 mg/L    Unsatisfactory 

 
In order to give a better picture of sulfate concentrations in the BACOG area, this study used a slightly 
different breakdown that better considers the lower levels of sulfate found locally: 
 

▪ < 50 mg/L   
▪ 50 mg/L – 250 mg/L   
▪ 250 mg/L – 500 mg/L   
▪ > 500 mg/L   

 
In the BACOG study, 314 samples had test results for sulfate.  Of these samples, the majority 59% were 

in the 50-250 mg/L range, 36% were in the less than 50 mg/L range, 5% were in the 250-500 mg/L range, 

and only 1 sample was above 500.  No samples were greater than 1000 mg/L. 

The samples with higher values were concentrated in the eastern part of the study area. 
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10. Total Dissolved Solids (TDS) 

Dissolved solids are any minerals, metals, salts, cations and anions dissolved in water.  These elements 

and chemical impurities find their way into groundwater from sources such as dissolution of naturally 

occurring minerals, industrial wastewater, sewage, and agricultural and urban runoff.  The concentration 

of dissolved solids reflects the amount of ions in the water, so TDS level is a measure of the general 

water quality and an indication of possible elevated levels of common water contaminants.    

The US EPA SMCL is 500 mg/L for TDS.  An elevated TDS level is not considered a health hazard but high 

levels can make water corrosive and give it a salty taste. The SMCL is used as a guideline to address 

aesthetic concerns.   

Concentrations of total dissolved solids can be reduced by water filtration through reverse osmosis, 

nanofiltration and ultrafiltration.  

This study classified test results following IDPH-established levels of TDS:  

▪ < 500 mg/L    Satisfactory 
▪ 500 mg/L - 1,000 mg/L      Less than desirable 
▪ 1,000 mg/L - 1,500 mg/L   Undesirable 
▪ 1,500 mg/L       Unsatisfactory 

 
There were 269 test samples with measurable TDS levels, almost evenly (51%/48%) distributed between 

the < 500 mg/L range, and the 500 mg/L – 1000 mg/L range.  One sample was recorded with an 

unsatisfactory level of 1,671 mg/L.  No samples tested were found within the 1,000 mg/L - 1,500 mg/L 

range. 
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V.  OBSERVATIONS AND CONCLUSIONS 

This report addresses the water quality component of sustainability in the area’s groundwater from the 

shallow aquifer system.  Ten components of natural water quality as observed in tests in the decade 

2008-2018 are presented.  Taken together, the maps and accompanying information indicate that the 

area’s groundwater currently is more than good enough to drink and is in fact a safe and good quality 

water source.   

The studied parameters that have the potential to affect human health are arsenic, fluoride, and nitrate.  

The studied parameters that can present aesthetic or other impacts are chloride, hardness, iron, 

manganese, sodium, sulfate, and TDS.  

The maps and data indicate that the majority of tested parameter levels are below, and often well 

below, the USEPA Maximum Contaminant Level (MCLs) for protecting human health with minimal 

exceptions.  Tested levels for aesthetic considerations are below, or well below, the Secondary 

Maximum Contaminant Levels (SMCLs) with certain exceptions.  The project conclusions discuss to what 

extent tested parameters exceed MCLs or SMCLs or other standards.    

 

Human Health Concerns 

The three contaminants studied that have the potential to affect human health are arsenic, fluoride, and 

nitrate.  In Illinois, the two major contaminants with MCLs and the potential to negatively affect human 

health are arsenic and nitrate.   As illustrated in the data, these two parameters do not appear to be a 

problem in the BACOG area.  

Arsenic.  Of the 292 tested groundwater samples with detectable levels, only 2 samples tested above 

the MCL of 10 mg/L.  The vast majority measured very low, under 1 mg/L, and some number of samples 

had unmeasurable levels.  Unlike iron and hardness that are found at elevated levels throughout the 

northeastern Illinois area, arsenic has been found at only a few locations in the BACOG area.  Arsenic 

concentrations can vary substantially in Illinois’ aquifers, making it difficult to predict where elevated 

values may be found.  However, based on our data, we conclude that arsenic is not a problem. 

Due to arsenic being found at any location at all, property owners with private wells may want to test 

for arsenic, a known carcinogen.    

Fluoride.  Of the 309 samples, only 1 water sample tested above the Maximum Contaminant Level of 4 

mg/L.  All other samples (99%) tested below the Secondary Maximum Contaminant Level (SMCL) of 2 

mg/L.  These results show that fluoride is not a matter of concern in BACOG area groundwater.     

Nitrate.  The vast majority of the 269 test results indicated extremely low levels of nitrate, under 1 

mg/L.  No samples tested over, or even approached, the MCL of 10 mg/L.  These results demonstrate 

that nitrate does not appear to be an issue of concern in BACOG area groundwater.  
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Aesthetic Concerns 

Regarding the water quality parameters that are of primarily aesthetic concern, there are elevated levels 

of iron and hardness.  These are nuisance issues that are widespread in the shallow aquifers of the 

BACOG area and also common in the shallow aquifers of Illinois and the Midwest in general.   

Chloride.  Of the 298 tested samples, only 2 samples tested above the SMCL.  Levels are very low at 

present but, when compared to historical test results (not included in this assessment), they are 

increasing.  While measured chloride levels over the ten-year period do not represent a problem, levels 

have increased significantly over the decades since development in northeastern Illinois, primarily due 

to widespread use of salt in snow removal and de-icing and to a lesser extent the salty wastewater 

effluent from water softening.  Levels in the BACOG area therefore should be monitored in the future.   

Hardness.  The vast majority of samples indicated an elevated level of hardness as characterized by the 

Illinois Department of Public Health.   88% of samples were hard to extremely hard, and 12% of samples 

tested soft.  It is highly likely that the soft samples had passed through a water softener, and therefore 

did not represent natural groundwater quality.  See *Note 

Study results indicate that water in BACOG area is generally very hard and water softening is widely 

utilized to remove hardness.  High concentrations of iron and other metals, along with other minerals 

not examined in this study such as calcium and magnesium, contribute to this condition. This is not a 

local pattern limited to BACOG area but rather represents general characteristics of this region of 

Illinois, southern Wisconsin and northern Indiana due to glacial soil deposits. 

Iron.  The significantly elevated levels of iron throughout the BACOG area are also a nuisance condition.  

Iron is widely present due to the glacial geology.  Only 20% of tested samples were below the SMCL. The 

remaining samples exceeded the SMCL, and 9% of those exceeded it by 10 times.  It is highly likely that 

the 20% below the SMCL (or a large portion of these samples) represent water that had been softened.  

See *Note 

Manganese.  A large majority of samples (90%) were below the SMCL of 0.05 mg/L.  The study found 

over 9% of samples were above the SMCL, and one sample within the 9% was above the USEPA Lifetime 

Health Advisory level of 0.3 mg/L.  As previously noted, chronic exposure to high doses may be harmful 

to human health and cause neurological effects, and thus the Lifetime Health Advisory was issued.   

Water with an elevated level of manganese is often softened because of staining.  It appears that at 

least some of the samples with test results lower than the SMCL were softened water, not natural 

groundwater.  See *Note 

Sodium.  There is no MCL or SMCL for sodium.  The study set four classifications based on USEPA 

recommendations for sodium for aesthetic concerns such as salty taste (30-60 mg/L) and for individuals 

on a low sodium diet (less than 20 mg/L).  The assessment found 33% of samples below the 20 mg/L 

level, and 41% in the range of 30-50 mg/L.  Approximately 26% of samples exceeded these thresholds.   
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Because high sodium levels are rarely, if ever, found in the shallow aquifer groundwater of the BACOG 

area, the soft water samples most likely represent groundwater that has been treated by a water 

softener, as the softening process adds sodium to the treated water.  While food and diet contribute the 

bulk of sodium to humans, individuals on a low sodium diet may want to consider drinking only 

unsoftened water.  

In another BACOG study in 2020, sodium levels in the region’s natural (unsoftened) groundwater ranged 

from 10-40 mg/L, with an average of about 20 mg/L.  In tested BACOG-area softened water samples, 

sodium levels ranged from 168-304 mg/L, with an average of 260 mg/L.  These results are consistent 

with the findings of this study.  BACOG-area untreated groundwater, therefore, falls within or near the 

EPA advisory recommendation for sodium.  Softening the area’s very hard groundwater produces 

drinking water with sodium levels that exceed the EPA advisory recommendations.  

Sulfate.  In the study, the vast majority of samples (95%) were below, or well below, the SMCL, which is 

characterized as “acceptable” by the IDPH.  Above the SMCL of 250 mg/L there is a nuisance effect on 

taste and odor.  About 5% of samples were characterized as “undesirable” and one sample was deemed 

“unsatisfactory” at greater than 500 mg/L.  Sulfate does not appear to be a problem issue in the BACOG 

area.   

Total Dissolved Solids.  TDS is an important measure of water quality.  Using IDPH classifications, about 

half the tested groundwater samples fell into the “Satisfactory” range (below the EPA SMCL of 500 

mg/L), and about half the samples were in the “Less than Desirable” range (500-1000 mg/L).  The TDS 

levels in BACOG-area aquifers are similar to those found in other glacial aquifers in the Midwest, but 

continued use of salts in road and pavement de-icing will contribute to increased TDS levels in the 

future.  BACOG should continue testing and monitoring the groundwater from the shallow aquifer 

system for TDS in the future.    

* Note on Sodium, Hardness, Iron and Manganese Levels in relation to Water Softening 

In further assessment of water samples for sodium, hardness, iron and manganese, graphing 

indicates that unusually high sodium level samples are also unusually very low in hardness, iron and 

manganese, which are the parameters removed or reduced by water softening.  We conclude 

therefore that most samples found to be high in sodium are most likely softened samples, and the 

natural (untreated) groundwater at those locations would be similar to levels elsewhere in the 

BACOG area.    

Similarly, low levels of hardness, manganese and iron when graphed against sodium at those 

locations show that water samples appear most likely to be softened; therefore, hardness, 

manganese and iron levels in natural untreated groundwater at these locations would most likely 

be similar to the levels found elsewhere in the BACOG area.   
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Summary 

Overall, groundwater in the BACOG area is good quality, with low levels of most contaminants but also 

with a few areas of concern.   

The major contaminants with MCLs in Illinois that relate to potential negative effects on human health – 

arsenic, fluoride, and nitrate -- do not appear to be an issue in the BACOG area.  There were only 1-2 

samples for each of the three contaminants having an elevated level, the elevated samples totaled less 

than 1% of all tested samples for that parameter, and all were in different locations;  this does not 

represent a concern for the region’s groundwater.  

Finding any health-related contaminants at levels over the USEPA Maximum Contaminant Level (MCL), 

however, does underscore the value and need for homeowner testing of their private wells to 

determine exactly what is in the water at their well location.  The reader is reminded that community 

water suppliers (municipal and private) are required by law to regularly test for contaminants to protect 

the public health and safety, but private well owners are responsible for the cleanliness of their wells. 

Clearly, there are nuisance issues with high levels of iron and hardness, which are very common in the 

shallow aquifers in Illinois and the Midwest.  These are contaminants that can be removed effectively by 

water softening and other water conditioning treatments.   

There is a concern with the generally elevated chloride and TDS levels, which indicate the vulnerability 

of the shallow aquifers to surface activities including land uses, and especially but not necessarily only 

road salt runoff.   

There is significant value to continuing the monitoring of the BACOG area’s water quality, through 

compilation of test results and the tracking of changes over time, to assure governments and residents 

that their drinking water is safe and clean.  Monitoring can also enhance understanding of land use 

activities that could impact water quality, and therefore better inform local government decision-

making.  Monitoring will provide the actual data to alert the area to changes in groundwater quality, 

from which measures and actions can be developed to mitigate negative changes, halt negative trends, 

and more carefully protect the groundwater resource.  
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