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Today’s 

presentation

• Where well water 

comes from

• Understanding your 

well construction 

• Common well water 

problems

• Where and why these 

problems occur

• Ways to improve water 

quality







Groundwater Movement

http://www.purdue.edu/dp/envirosoft/groundwater/src/geo4a.htm


Aquifers: Our groundwater storage units

Water and contaminants can 

move quickly through cracks and 

fractures.  

Aquifers are geologic formations that store and transmit 

groundwater.  

The aquifer properties determine how quickly 

groundwater flows, how much water an aquifer can hold 

and how easily groundwater can become contaminated.  

Some aquifers may also contain naturally occurring 

elements that make water unsafe.    

Wisconsin’s geology is like a layered 

cake. Underneath all of Wisconsin lies 

the Crystalline bedrock which does 

not hold much water.  Think of this 

layer like the foundation of your 

house.  All groundwater sits on top of 

this foundation. Groundwater is stored 

in the various sandstone, dolomite 

and sand/gravel aquifers above the 

crystalline bedrock layer. The layers 

are arranged in the order which they 

formed, oldest on the bottom and 

youngest on top. 

Diagram courtesy of WGNHS
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Learn more about Wisconsin’s geologic past by clicking the aquifer names

Water moving through tiny spaces in 

between sand particles or sandstone 

moves slower and  allows for filtration 

of some contaminants.  

Who to contact 

if I need 

additional

assistance

How does your 

water quality 

compare? Look for 

data in your area

Interpret my 

water test 

results

How to 

improve my 

water quality

Learn about 

well 

construction

What is Groundwater? Watersheds of Wisconsin
Aquifers: Our groundwater 

storage units

Factors that affect 

groundwater quality
Better Homes and 

Groundwater

Groundwater 

Basics: Where 

does my water 

come from?

http://www.purdue.edu/dp/envirosoft/groundwater/src/geo4a.htm
http://gissrv2.uwsp.edu/cnr/gwc/pw_web/
http://dnr.wi.gov/education/educatorresources/bhgw.pdf








water basics

➢“Universal Solvent” 

➢Naturally has “stuff” 
dissolved in it. 
⚫ Impurities depend on rocks, 

minerals, land-use, plumbing, 
packaging, and other materials 
that water comes in contact 
with.

➢Can also treat water to 
take “stuff” out
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• Bacteria

• Sodium

• Nitrate

• Copper 

• Lead

• Triazine

• Zinc

• Sulfate

• Arsenic

• Saturation Index 

• Alkalinity

• Conductivity 

• Potassium

Interpreting Drinking Water 

Test Results

Tests important to 

health:

Red = human-influenced, Blue = naturally found

• Hardness

• Iron

• Manganese

• Chloride

Tests for aesthetic 

(taste,color,odor) 

problems:

Other important 

indicator tests:



Health Concern Categories

Acute Effects

• Usually seen within a short time after 

exposure to a particular contaminant or 

substance.  
(ex. Bacteria or viral contamination which may cause 

intestinal disease)  

Chronic Effects

• Result from exposure to a substance over 

a long period of time. 

• Increase risk of developing health 

complications later in life.  
(ex. Arsenic or pesticides can increase the risk of developing 

certain cancers)



Chronic related health 

concerns are 

generally about risk 

management

Drinking water quality is only one part of an individual’s total risk.   
1http://www.epa.gov/radon/healthrisks.html

Being struck by lightning 0.16 in 1,000 chance.

0.010 mg/L of arsenic in drinking 

water.

3 out of 1,000 people likely to 

develop cancer.

2 pCi of indoor radon level.
4 out of 1,000 people likely to 

develop lung cancer.1

2 pCi of indoor radon combined 

with smoking.

32 out of 1,000 people could 

develop lung cancer.1



Private vs. Public Water Supplies

Public Water Supplies

• Regularly tested and 

regulated by drinking water 

standards.

Private Wells

• Not required to be 

regularly tested.

• Not required to take 

corrective action

• Owners must take special 

precautions to ensure safe 

drinking water.

http://www.wisconsinwatch.org/2013/05/22/20-years-after-fatal-outbreak-milwaukee-leads-on-water-testing/

http://www.wisconsinwatch.org/2013/05/22/20-years-after-fatal-outbreak-milwaukee-leads-on-water-testing/


Why do people test their water?

▪ Installed a new well

▪ Change in taste or odor

▪ Buying or selling their 

home

▪ Plumbing issues

▪ Want to know if it’s safe 

to drink.



Coliform bacteria
▪ Generally do not cause illness, but 

indicate a pathway for potentially harmful 
microorganisms to enter your water 
supply. 
▪ Harmful bacteria and viruses can cause 

gastrointestinal disease, cholera, hepatitis

▪ Well Code:  “Properly constructed well 
should be able to provide bacteria free 
water continuously without the need for 
treatment”

▪ Recommend using an alternative source 
of water until a test indicates your well is 
absent of coliform bacteria

▪ Sources:
⚫ Live in soils and on vegetation

⚫ Human and animal waste

⚫ Sampling error

Greater 

than or 

equal 

to 1

Present = Unsafe

Absent = SafeZero

bacteria



If coliform bacteria was 

detected, we also checked 

for e.coli bacteria test

• Confirmation that bacteria 
originated from a human or 
animal fecal source.  

• E. coli are often present 
with harmful bacteria, 
viruses and parasites that 
can cause serious 
gastrointestinal illnesses.

• Any detectable level of 
E.coli means your water is 
unsafe to drink.



Photo: Sandy Heimke, WI DNR

Well 

Construction

Photos courtesy of: Matt Zoschke



Do Deeper Wells Mean Better Water Quality?



What should I do if coliform

bacteria was present?

1. Use alternative source of water for drinking

2. Retest 

3.   Try to identify any sanitary defects
⚫ Loose or non-existent well cap

⚫ Well construction faults

⚫ A nearby unused well or pit

⚫ Inadequate filtration by soil

4.   Disinfect the well

5.   Retest to ensure well is bacteria free.  

➢ For reoccurring bacteria problems the best 
solution may be a new well or if new well is 
unlikely to remedy the problem because of 
geology, may seek approval for treatment.



Rock and Soil Impacts 

on Water Quality



Tests for Aesthetic Problems

• Natural (rocks and soils)

• Primarily calcium and 
magnesium

• Problems:  scaling, scum, 
use more detergent, 
decrease water heater 
efficiency

Less 

than 150

Greater 

than 

200

150-200

“SOFT 

WATER”

“HARD 

WATER”

IDEAL

Hardness





Hardness of Wisconsin’s groundwater

Source: WI Well Water Viewer



Water Softening
Water softeners remove calcium 
and magnesium which cause 
scaling and exchange it for 
sodium (or potassium).

• Negative:  Increases sodium 
content of water.  

• Suggestions:

• Bypass your drinking water faucet.

• Do not soften water for outdoor 
faucets.  

• If you are concerned about sodium 
levels – use potassium chloride 
softener salt.



pH of Wisconsin’s groundwater

• Measure of acidity 

• Levels less than 7.0 are:
– More likely to cause 

corrosion

– More likely to result in 
elevated levels of 
lead/copper if found in 
plumbing system

• Treatment: Acid-neutralizer 

70 14Acidic Basic

Typical groundwater pH Source: WI Well Water Viewer



Overall Water Quality Tests

• Alkalinity – ability to neutralize acid

• Conductivity - Measure of total ions, usually about twice the 

hardness

• Saturation Index – measures whether water corrodes or forms 

scale 





Nitrate-Nitrogen

Health Effects:

• Methemoglobinemia (blue 
baby disease)

• Possible links to birth defects 
and miscarriages (humans and 
livestock)

• Indicator of other contaminants

Sources:

• Agricultural fertilizer

• Lawn fertilizer

• Septic systems

• Animal wastes



Nitrate Nitrogen

➢ Greater than 10 mg/L   
Exceeds State and Federal Limits 

for Drinking Water

➢ Between 2 and 10 mg/L  
Some Human Impact

➢ Less than 2.0 mg/L 
“Transitional” 

➢ Less than 0.2 mg/L      
“Natural”

0

10

2

“NATURAL”

UNSAFE - for infants and 

pregnant women; 

everyone should avoid 

long term consumption.

Test Important to Health









Alternative Field Crops Manual, 1989.  University of Minnesota and University of Wisconsin -Madison
Nutrient application guidelines for field, vegetable and fruit crops in Wisconsin. A2809. 2012. University of Wisconsin-Madison

Miscanthus and switchgrass recommendations: Anderson et al., 2013; McIsaac et al., 2010; Vogel et al., 2002; Arundale et al, 2014

Nitrogen fertilizer recommendations for 
common crops

* Legumes have symbiotic relationship with N fixing bacteria

http://learningstore.uwex.edu/assets/pdfs/A2809.pdf


Effect of cropping systems on nitrate leaching loss 
in the Midwest

Cropping 

systems
N Inputs

Nitrate-N 

Leaching

Water 

Drainage
Data Source

kg N ha-1 yr-1 kg N ha-1 yr-1 mm yr-1

Annual

Corn-Corn 138 55 193 Randall et al., 1997 (1)

180 37 399 Masarik et al., 2014 (2)

151-221 17-32 63-187 Thomas et al., 2014 (3) 

202 63 590 Weed and Kanwar, 1996 (4) 

202 43 280 Randall and Iragavarapu, 1995

(5)

Corn-Soybean 136-0 51 226 Randall et al., 1997 (1)

168-0 34-46 ND McIsaac et al., 2010 (6) 

168-0 34 470 Weed and Kanwar, 1996 (4) 

171-0 10-35 ND Cambardella et al., 2015 (7)

Mixed C-S-O/A-A 171-0-57-0 8-18 ND Cambardella et al., 2015 (7)

Perennial

Alfalfa 0 2 104 Randall et al., 1997 (1)

CRP 0 1 160 Randall et al., 1997 (1)

Switchgrass 0 <1-4 ND McIsaac et al., 2010 (6)

112 2-11 52-156 Thomas et al., 2014 (3)

Miscanthus 0 2-7 ND McIsaac et al., 2010 (6)

112 <1-1 52-147 Thomas et al., 2014 (3)

Prairie 0 <1 122 Masarik, et al., 2014 (2)

Pasture 0 1-10 ND Cambardella et al., 2015 (7)
*16 -37X greater nitrate loss below continual corn cropping systems compared to perennial systems

https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=43853
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=51119
https://dl.sciencesocieties.org/publications/jeq/abstracts/25/4/JEQ0250040709?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/24/2/JEQ0240020360?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
https://www.researchgate.net/publication/47659304_and_Switchgrass_Production_in_Central_Illinois_Impacts_on_Hydrology_and_Inorganic_Nitrogen_Leaching
https://dl.sciencesocieties.org/publications/jeq/abstracts/25/4/JEQ0250040709?access=0&view=pdf
http://www.ccsenet.org/journal/index.php/sar/article/view/50106
http://www.ccsenet.org/journal/index.php/sar/article/view/50106
https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
https://dl.sciencesocieties.org/publications/jeq/abstracts/26/5/JEQ0260051240?access=0&view=pdf
https://www.researchgate.net/publication/47659304_and_Switchgrass_Production_in_Central_Illinois_Impacts_on_Hydrology_and_Inorganic_Nitrogen_Leaching
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=51119
https://www.researchgate.net/publication/47659304_and_Switchgrass_Production_in_Central_Illinois_Impacts_on_Hydrology_and_Inorganic_Nitrogen_Leaching
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=51119
http://www.scirp.org/journal/PaperInformation.aspx?PaperID=43853
http://www.ccsenet.org/journal/index.php/sar/article/view/50106
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Masarik, UW-Extension

Nitrate Leaching Potential



365

Graph of root depth: http://www.bae.ncsu.edu/programs/extension/evans/ag452-1.html

Picture of corn roots: http://www.soilandhealth.org/01aglibrary/010137veg.roots/010137ch2.html

http://www.bae.ncsu.edu/programs/extension/evans/ag452-1.html
http://www.soilandhealth.org/01aglibrary/010137veg.roots/010137ch2.html


Long-term nitrogen reduction strategies for agricultural areas
Practice Details % Nitrate-N

Reduction 
(StDev)

Reduction 
potential

Uncertainty

Timing

Fall to Spring Pre-plant 6 (25) Low High

Spring pre-plant/sidedress 40-60 split compared to 
fall applied

5 (28) Low High

Sidedress – Soil test based compared to pre-plant 7 (37) Low High

Nitrification Inhibitor
Nitrapyrin – Fall – Compared to applied w/out 
nitrapyrin

9 (19) Low Medium

Cover Crops
Rye 31 (29) Medium Medium

Oat 28 (2) Medium Medium

Perennial
Biofuel Crops (ex. switchgrass, miscanthus) 72 (23) High Medium

Conservation Reserve Program 85 (9) High Low

Extended Rotations
At least 2 years of alfalfa or other perennial crops in a 
4 or 5 year rotation

42 (12) Med-High Low

Iowa Nutrient Reduction Strategy, 2014
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http://www.nutrientstrategy.iastate.edu/sites/default/files/documents/NRSfull-141001.pdf


What can I do to reduce my 

nitrate levels?

Long-term Solution:

• Reduce nitrogen inputs

Short term: 

• Change well depth or relocate well

• Carry or buy water

• Water treatment devices
• Reverse osmosis

• Distillation

• Anion exchange



• Greater than 250 mg/l

• No direct effects on health

• Salty taste

• Exceeds recommended level

• Greater than 10 mg/l may 

indicate human impact

• Less than 10 mg/l considered 

“natural” in much of WI

• Sources: Fertilizers, Septic 

Systems and Road Salt
Less than 

10 mg/l

250 mg/l

Tests for Aesthetic Problems

Chloride





Pesticides in Wisconsin’s groundwater

Pesticides include: insecticides, herbicides, fungicides 
and other substances used to control pests

• Health standards usually only account for parent 
compound

• Little research into health effects from the 
combination of chemicals and/or metabolites

Dept. of Agriculture, Trade, and Consumer Protection 
Study (2017)*

• 41.7% of wells sampled contained detectable levels 
of at least one pesticide – very seldom found at 
levels above health standards 

• Most frequently detected pesticides in Wisconsin:

• Alachlor and its chemical breakdown products

• Metolachlor and its chemical breakdown products

• Atrazine and its chemical breakdown products

• Metribuzin

• Cyanazine and its chemical breakdown products.  
• * WI public health groundwater standard for breakdown component Alachlor ESA. ** 

WI public health groundwater standard is for the total chlorinated atrazine residue*Agricultural chemicals in Wisconsin’s groundwater-2017 DATCP



understanding water treatment

o Advantages:

+ Reduce level of contaminants and other 
impurities

+ Improve taste, color and odor

o Disadvantages:

− Require routine maintenance.

− Can require large amounts of energy.

− Testing is often the only way to know it is 
functioning properly for most health related
contaminants.

o Cautions:
o Treatment methods often selective for certain 

contaminants

o Multiple treatment units may be necessary

o Treatment may also remove beneficial elements 
from water in the process.  



Operating your 

private water 

utility:

⚫ Periodically inspect 

and maintain the area 

around your well

⚫ Test your water 

regularly to evaluate 

common water quality 

concerns

⚫ If necessary, take 

corrective actions*

*Know when to call a licensed well driller or pump installer 



Recommendations for testing private wells

1. Bacteria
Every well should be tested once a year, and when you notice a change in 

taste, color, or smell.

2. Nitrate
Every well should be tested once a year, and before the well will be used by a 

woman who is or may become pregnant.

3.  Arsenic
Every well should be tested once. If arsenic was present in previous tests, you 

should test once a year.

You may consider additional testing to look for: 
• Naturally occurring contaminants in the rock and soil that may enter your well. 
• Human caused contaminants from land-use, your plumbing materials, or other 
sources of pollution near your well. 

https://dnr.wi.gov/files/PDF/pubs/DG/DG0003.pdf
https://dnr.wi.gov/files/PDF/pubs/DG/DG0001.pdf
https://dnr.wi.gov/topic/Groundwater/arsenic/


Procedure for testing wells
▪ Locate a certified laboratory 

that performs the tests you are 

interested in:
▪ WI DNR maintains a list of labs that 

test private wells
https://dnr.wi.gov/topic/Wells/privateWellTest.html

▪ Water and Environmental Analysis 

Laboratory (UWSP/Extension)

▪ Contact the laboratory to 

obtain sample bottles and 

instructions for the tests you 

are interested in
▪ Many will mail sample kits directly to you

▪ Some will allow you to return samples via 

mail or other delivery services

https://dnr.wi.gov/topic/Wells/privateWellTest.html


Contact Info:
Kevin Masarik
Center for Watershed Science and Education
800 Reserve St.
Stevens Point, WI 54481
715-346-4276
kmasarik@uwsp.edu
www.uwsp.edu/cnr/watersheds

Thanks to you and the following for 

helping sponsor this program:

• Pierce County

• Pierce County Land and Water

Conservation Department

• Pierce County Health Department

mailto:kmasarik@uwsp.edu
http://www.uwsp.edu/cnr/watersheds

