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Abstract
The groundwater throughout Wisconsin is discussed in terms of water quality focusing on:
radioactivity, salinity and nitrate concentrations. In the state there are more than 800,000
wells tapping fo ur aquifers and the groundwater is used for various purposes. Databases
were created from publicly available data from the Internet.
Some groundwater wells are tritiated and the concentration ranges between 2 to 531 T.U.
The high concentration of tritium in some wells signifies direct recharge from precipitation.
Groundwater salinity is found to range between 10 mg/l to 10,000 mg/l. The salinity of the
groundwater is classified into two types, fresh and brackish. The brackish water is
estimated to be 3.2% of the sampled wells, and 57 % of the wells are in wells tapping the
dolomite aquifer.
Many wells have been found to have high concentrations of nitrate. Almost 84 % of the
groundwater shows levels above natural abundance and about 30 % of the wells exceed
the EPA standards.
About 51 groundwater wells demonstrated measurable amounts of the radioactive radium,
with the activity ranging from 0.2 to 12.3 pci/l. Almost 48 % of the wells containing 226Ra
are exceeding the MCL recommended by the EPA, which is 5 pci/l.

Key words: Groundwater, aquifer, contamination, recharge, residence time, environmental
isotopes, tritium, radium, nitrate, re-irrigation
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Introduction
This paper discusses the groundwater status and quality in the state of Wisconsin. Three
undergraduate students carried out the work as part of an introductory GIS course using
ArcGIS. Geological, hydrogeological, chemical, and environmental isotope data was
downloaded mainly from DNR and USGS web pages. The over 11,000 downloaded well
data were organized, managed, and then integrated into a GIS environment for further
analysis and interpretation (Fig.1).

Fig. 1 Groundwater Well Distribution in Wisconsin
Groundwater is of great importance for the state. About three quarters of the population,
and especially those who are living in rural areas, rely on groundwater as a source for
drinking water. More than 815,000,000 gallon/day of groundwater is pumped and used for
various purposes. The recharge source of groundwater is the precipitation and surface
runoff. The amount of precipitation is estimated to be 31 inches per year and only less than
10 inches infiltrate down to the aquifer systems.
The water resources in Wisconsin are ample; nevertheless the abuse of groundwater
through over pumping and lack of management poses a great threat to the quality and
quantity of these resources. Agricultural applications and use of fertilizers contribute to
increasing the source of nitrate all over the state. The naturally occurring radioactive
radium and radon in certain locations is also a health concern, as the concentration of
these parameters in some wells is exceeding the maximum concentration level for
drinking. The contamination aspect is of great concern to the state as it reduces the
amount of water that could be used for various resources such as drinking, irrigation and
industry.
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This research used a very large database of over 11,000 records, nevertheless, limitations
were still found. One reason for this may be because not all of the parameters used in our
research were analyzed for in every well. Also, there are nearly 800,000 private wells that
are found within the state, but information on these wells was not publicly available. The
information about the public wells that was downloaded contained a large amount of data
regarding TDS, but information regarding tritium, nitrate, radium and radon was much
more limited.
The research dealt with three major aspects of the public groundwater wells: (1) The
mechanism and recharge event based o n the radioactive tritium. (2) Groundwater salinity
and its classification based on the EPA standard and water rock interaction (3) Source of
contamination based on nitrate and radioactive radium and radon.
Methodology:
The research has been achieved by using digital and non-digital data, where the majority
of the database has been obtained from the Internet. A public domain, free chemical and
radioactive isotope data were obtained from various governmental web pages, mainly
United States Geological Survey (USGS) and Wisconsin Departmental Natural Resources
(WDNR).
To construct the database, multiple queries were performed to obtain data regarding
various parameters. These data were downloaded in various formats including both text
and spreadsheets. The data was then integrated into an Access database in order to be
organized into a structurally consistent format that was easy to use, manage, and interpret
in a GIS environment. A database containing five parameters tritium, TDS, nitrate, radium,
and radon was organized and converted into shapefile GIS format. These parameters
could then be displayed on a map of the state of Wisconsin, along with any other layers of
data that helped to interpret the chemical findings.
Other digital data included aquifer types, landscape, land use, rivers, streams, and lakes.
Adding such information to the maps was useful in determining sources of pollutants,
different rocks in the area of wells, and areas where contamination could have a greater
affect on the human population. The work has been performed in ArcGIS environment
where various statistical methods were employed, such as classifications. This
environment also allowed the data to be analyzed based on the type of aquifer it was
found in, type of land in the area, proximity to other formations and spatial distribution.
Understanding the distribution of various chemicals in groundwater will help understand
the recharge events, mechanism of recharge, water rock interaction, contamination
aspects and the suitability of the water for various purposes.
Climate in Wisconsin
Wisconsin can be considered a continental climate. Winters are generally very cold and
can potentially reach temperatures of forty below zero Fahrenheit. Temperatures of thirty
below zero are reached in some part of the state almost every winter. Snowfall can vary
greatly from north to south. Usually about thirty inches of snow falls in the south, but over
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one hundred inches can occur in the north due to lake effect from Lake Superior. An
average temperature below the freezing level may persist until early may in the south or
June in the north. Average precipitation for the state ranges from 28 to 34 inches a year.
Summertime in Wisconsin can get very hot, but it is usually rather short. Temperatures
exceeding one hundred degree can be observed, but generally only for a few days out of
the season. These temperatures most often will occur in July or August. The first freeze
of the approaching winter will usually have occurred by October.
Figure two demonstrates the precipitation levels in two cities, Superior and Foxboro, both
of which are in Douglas County Wisconsin. An average for both cities is seen between
twenty-eight and twenty-nine inches. However, simply looking at the average doesn’t
represent the precipitation history well. In Superior, since 1989 yearly precipitation has
been recorded ranging from forty to fifteen inches. Foxboro has exhibited an even wider
range from near fifty inches as low as about seven inches. Both cities seem to show
fluctuations that are similar to one another. This is not surprising since they are in close
proximity to one another. It is interesting to see that Foxboro, which is farther south and
away from Lake Superior, has a much wider range even though these fluctuations are
similar.

Fig. 2 Yearly precipitation in two Douglas County cities

Groundwater Aquifers in Wisconsin
In the state of Wisconsin there are four major aquifers: the sand and gravel, the dolomite,
the sandstone and dolomite, and the crystalline bedrock (Fig. 3). A brief description of
each aquifer will be discussed in term of age and characteristics of the water bearing
formation.
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Fig. 3 Major Aquifers in Wisconsin

1. Surficial Aquifer
The sand and gravel aquifer is the most widespread, extensively used and covers most of
the state, approximately 70%, except for the southwest driftless area. Stratified sand and
gravel deposited from glacial melt water (glacial drift) or in river floodplains are the
framework of this aquifer. The aquifer materials were deposited within the Pleistocene
Epoch (ice age). This epoch begins around 1.8 million years ago and ended 10,000 years
ago. The sand and gravel outwash plain is considered shallow and one of the best aquifers
in the state . Because the aquifer is shallow, it is vulnerable to contamination. The yield of
wells is variable and depends upon the water bearing formation thickness and the
hydraulic parameters of the aquifer.
2. Eastern Dolomite Aquifer
This aquifer consists of carbonate dolomite materials with some shale and covers only the
east part of Wisconsin. The rock formation was deposited in the Lower Paleozoic era in the
Silurian period. The Silurian period begins 435 million years ago and spans 23 million
years. The dolomite (CaMg(CO3 )2) is a common sedimentary rock-forming mineral that can
be found in massive beds all over the world and is quite common in sedimentary rock
sequences. The aquifer is mainly unconfined and the subsurface flow is dominated by the
rock fractures. The Maquoketa shale layer beneath the aquifer is considered impermeable
and acts as a barrier between the dolomite aquifer and the sandstone and dolomite
aquifer.
3. Sandstone and Dolomite Aquifer
This aquifer consists of sequences of sandstone a nd dolomite with some shale. It is found
in central and southern Wisconsin. The subsurface flow moves through porous sandstone
and between the rock fractures in the dolomite. The aquifer is an excellent source for
groundwater. In eastern Wisconsin the aquifer is confined, as it lies below the Silurian
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dolomite aquifer, as well as the Maquoketa shale, and at other places it lays below the
surficial aquifer. The rock formation was deposited in the Lower Paleozoic era in the
Ordovician and Cambrian periods. The Ordovician period begins 492 million years ago and
spans 57 million years. The Cambrian period begins 570 million years ago and spans 78
million years. The yield of the wells penetrating this aquifer is considered high.
4. Crystalline Bedrock Aquifer
The oldest aquifer is composed of a variety of weathered rocks that were formed in the
Precambrian Era. This era had begun 5 billion years ago and lasted till 570 million years
ago. The aquifer consists of weathered igneous granite and metamorphic quartzite. It
underlies all of Wisconsin and it is exposed in the north central part of the state where the
surficial aquifer is absent. Groundwater flow in this aquifer originates from fractures that
exist in the rock and the yield of the wells is very low.
Results and Discussion
The research discusses five important parameters that can describe the status and quality
of groundwater and its use for various purposes based on the EPA standards and waterrock interaction. The TDS, nitrate, tritium, radium, and radon are the five parameters and
the range of their values can be seen in table one. The table demonstrates the number of
samples, the range and the maximum and minimum of each parameter. The table shows
that the TDS parameter is most commonly found than the other parameters. Very few data
was found for the radioactive isotopes and they were scattered in specific locations.
Table 1 Statistical data of the parameters subject to study
Parameters

TDS

NO3 Tritium Radium Radon

Unit

mg/l

mg/l

T.U.

pci/l

pci/l

Minimum

8.96

1

1

1

9

Maximum

9344

180

531

8

7300

9335.04 179

530

7

7291

145

114

304

Range
No. of Wells

4447

315

Radioactive Environmental Isotope of Tritium in Precipitation
Tritium is a radioactive environmental isotope, which occurred naturally at low levels of
only 5 to 10 tritium units until 1952. In 1952, as well as other years to follow, testing of
nuclear weaponry increased the levels of tritium in our atmosphere. After 1963, around
10,000 TU was common in many regions in the northern hemisphere. In 1963, the tritium
levels peaked and were measured in precipitation to be 4700 T.U. in Madison, Wisconsin
and 9620 T.U. in Denver. Figure 4 shows the average yearly tritium levels for these two
stations.
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Fig. 5 Tritium levels in precipitation in Madison (Wisconsin) and Denver (Colorado)
There are several stations near Lake Superior that have historical data regarding tritium
levels in precipitation. Stations with this data include Bismarck, North Dakota, Lincoln,
Nebraska, St. Louis Missouri, Chicago, Illinois and Madison, Wisconsin. These stations
have data from the year 1963 when tritium in the atmosphere was at its highest. Figure five
represents the average levels of tritium units in precipitation throughout 1963.
Figure 5 demonstrate the correlation between Ottawa, Canada and Madison USA. Ottawa
has the longest tritium record in the world which is between 1952 and 1985. Madison has a
record between 1963 and 1981. The correlation (R2) between the two records was
calculated to be 0.97. The linear equation obtained from the regression allowed for
recalculating the missing data before 1963 and after 1981 in Madison rainfall station. The
general trend shows that in both stations the tritium level is decreasing.

Fig. 6 Tritium levels correlation in precipitation of Ottawa and Madison
Tritium is not considered a health risk of any known conditions at this time. The main
reason that tritium levels are important is because they provide a tool for dating the
recharge of an aquifer. Tritium is persistent in ground water because few chemical
processes will alter it and it is highly soluble in water. Due to its low reactivity, once tritium
enters an aquifer, it will be present until it decays on its own. This allows hydrogeologists
to calculate how long recharge of an aquifer takes if a tritium level was known in the past.
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Fig. 4 Tritium levels in precipitation of 1963 at several stations
For Example:
The highest level of tritium in precipitation near Madison in 1963 was 4700 tritium units. A
well nearby in Columbia County currently shows a level of 37 TU. Using this information
along with the half-life of tritium, 12.43 years, we can calculate the residence time of the
aquifer in this area.
A = Ao e− λt
Since tritium comes from the atmosphere, its presence tells us that the aquifer is subject to
recharge from precipitation. This is also important in regards to many contaminants. If an
aquifer is subject to recharge from precipitation, then it will also be likely to gain any
pollutants that are o n the surface during a precipitation event.
Our study finds an area of aquifer vulnerability in western Wisconsin, encompassing Polk,
St. Croix, and Pierce counties. While none of the tritium readings in this area are
exceedingly high (less than 100 TU), this area has extensive agriculture and the surface
contaminants should be monitored. Another area of aquifer vulnerability is in northern
Wisconsin, particularly in southern Douglas and northern Iron counties. The area in
northern Iron County is of particular concern. The wells are tapping into a small granitebased aquifer and, exceedingly high tritium readings (100-249 TU) can be found. Finally,
there is an area of aquifer vulnerability in eastern Wisconsin, encompassing the majority of
this region o f the state. Most of these readings are not exceedingly high (below 100 TU),
and all are over large sedimentary type aquifer systems, or surficial aquifers. Therefore,
any surface contaminants should be somewhat dispersed and diluted. Nevertheless, the
surface contaminants in this region should be monitored. This is both a heavily populated
and agricultural area, and the amount of surface contaminants may be significant. The
range of tritium units found in various counties can be seen in table 2.
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Fig. 7 Tritium Distribution in Wisconsin
Table 2 Tritium distributions in certain counties
County
Sheboygan
Bayfield
Douglas
Waushara
Marquette
Winnebago
Ashland
Outagamie
Portage
Shawano
Washington
Brown
Calumet
Fond Du Lac
Pierce
St Croix
Waupaca
Polk
Iron
Langlade

No. of Wells
17
14
12
12
7
7
6
6
6
6
6
5
5
5
5
5
5
4
2
2
9

Tritium
Min.
Max.
1
92
6
531
65
205
1
77
30
62
3
62
1
170
1
4
44
62
1
150
1
67
1
2
1
120
11
62
2
99
39
83
51
61
12
94
200
230
42
48

Groundwater salinity
The database utilized in our research contained data regarding electrical conductivity (EC).
The EC was converted into TDS by multiplying it using a constant of 0.64. The TDS is the
sum of the major cations and anions and it represents the salinity of the groundwater. The
TDS was then classified into three classes based on the EPA standard for drinking and
water-rock interaction. Water in the first class has a TDS of less than 500 mg/l, next is
TDS levels between 500 to 1000 mg/l and lastly is anything with a TDS greater than 1000
mg/l. The first class is considered freshwater usable for domestic drinking purposes. The
second type of water can be used for non-restricted irrigation; it is fresh water, but it is not
drinkable. The third class is considered brackish and can be used to a certain value for
restricted irrigation.
Plotting the TDS values on a map, along with the aquifers of Wisconsin, shows wells that
tend to have high salinity values and which aquifers they are in the vicinity of. The map
demonstrates that the high salinity in groundwater is associated with the surficial and the
dolomite aquifers (Fig. 7) The highest values are found in groundwater of the dolomite
aquifer of eastern Wisconsin.

Fig. 8 TDS Distribution in Eastern Wisconsin
There are many mechanisms that could increase the salinity of groundwater in this area.
The demand for groundwater in this part of Wisconsin is high and there are many wells
operating for various purposes including irrigation. This style of operation controlled by
over-pumping always produces a large cone of depression that has a potential to change
the course of the subsurface flow. The proximity of the water table from the ground surface
permits infiltration of any solute into the subsurface. The database shows that the majority
of the wells have a water table that is less than thirty feet below the ground and their
fluctuation ranges between 8 to 19 feet (Table 3). Around 79 % of the wells that contained
data have a relatively shallow water table, which is less than 50 feet.
Many sites with high salinity are urban, where potential contaminants can end up in the
aquifer such as road salts. For example, salt used for deicing the roads during winter will
accumulate on the shoulders of roads as well as in the snow plowed from the roads.
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When the weather warms up in the spring, the snow will melt, dissolve the salts and
infiltrate into the ground. Since, this is often occurring over a cone of depression, the salt
contaminated water will radiate towards the center of the operating wells, contaminating
the aquifer and raising the salinity.
Table 3 Groundwater levels (feet) in Wisconsin in 2003 - 2004
Category (Depth) No. of Wells
<10
37
10 - 29
52
30 - 49
20
50 - 100
17
> 100
12
Totals
138

No. of Samples
3023
2848
925
1937
146
8879

Range of Static Water Level Range of Fluctuation
8.92
8.42
19.19
18.90
15.76
11.80
41.58
30.68
237.00
32.50

The TDS is plotted against the chloride concentration and the result shows that both
parameters are correlated highly (Fig. 8). The R2 is calculated to be 0.73 with 133
samples. This high correlation indicates that part of the salinity is attributed to high salts
like halite (NaCl). This type of salt is commonly used in this area for deicing the roads in
wintertime. Nevertheless, close observation to the graph shows that some samples
deviated from the regression line. These samples are very clearly shown to the right and
left of the best-fit line. This means that other parameters are also responsible for the high
salinity such as Ca2+, Mg2+, Na +, HCO3-, SO4-, and NO3-.

Fig. 9 TDS Versus Chloride Concentration in Groundwater
The Ca2+, Mg2+, Na +, HCO3-, and SO4- are likely present in groundwater due to water-rock
interaction in the carbonate based water-bearing formations such as the dolomite aquifer
in eastern Wisconsin. The subsurface flow is always subject to a geochemical evolution
that will allow these parameters to dissolve or precipitate based on the Eh-pH condition of
the subsurface environment.
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Table 2 shows the range of brackish water in twenty counties in Wisconsin. Waukesha
County demonstrates the highest number of wells with brackish water. The highest salinity
is recorded in Sheboygan and Buffalo counties. Waukesha and Sheboygan counties are
located in the east, while Buffalo County is in the west part of the state. Nevertheless the
majority of brackish water wells in Wisconsin are along the border of the dolomite and
sandstone aquifer, or within the dolomite aquifer itself, in the eastern part of the state.

County
Waukesha
Brown
Door
Ashland
Calumet
Kenosha
Marinette
Menominee
Washington
Fond Du Lac
Iron
Manitowoc
Racine
Sheboygan
Buffalo
Dodge
Lafayette
Milwaukee
Walworth
Wood

No.
of
Wells
69
33
7
4
4
3
3
3
3
2
2
2
2
2
1
1
1
1
1
1

TDS (mg/l)
Min. Max.
1005 2368
1062 1984
1088 1517
1088 3264
1203 3456
1011 1082
1075 1408
1024 1267
1152 2688
1888 1926
1216 1312
1152 1267
1024 1024
5632 9344
5120 5120
1357 1357
1498 1498
1018 1018
1210 1210
2413 2413

Table 4 Range of brackish water in some counties in Wisconsin
The sandstone aquifer is unconfined in the west and then shifts to a confined condition in
the east. This is because in the east it is located underneath the dolomite aquifer as well
as the impermeable Maquoketa shale. The groundwater salinity in the unconfined aquifer
demonstrates a wide range of values below 1,000 mg/l, as fresh as 20 mg/l up to 990 mg/l.
The wells located in the east and in close proximity to the dolomite aquifer demonstrate
brackish type of water. The salinity ranged in value from 1062.4 mg/l all the way up to
3456 mg/l. However, there is one well in Buffalo County penetrating the unconfined aquifer
that recorded a TDS of 5120 mg/l. This well is in the west, on the opposite side of the state
from the dolomite aquifer. The wide range of salinity values found in the phreatic
sandstone aquifer would primarily come from a source of contamination and this would be
most likely from re-irrigation and from dissolution of other carbonate layers such as the
dolomite that exists within the sandstone. The sandstone aquifer, which consists mainly of
silica (SiO2), is more resistant to dissolution than the carbonate. A localized contamination
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is most likely in this case since the TDS within the same area is so heterogeneous.
Furthermore, the geochemical evolution from precipitation and dissolution within the
subsurface flow will not produce such a wide range of TDS, but will increase the salinity
along the flow.
Non-urban areas that are exhibiting high TDS are mainly agricultural lands. In these
areas, re-irrigation may be the source of ions. Re-irrigation occurs in summer time, when
farmers irrigate their fields. Some of this water will infiltrate into the soil and be used by
the plants, but some of it will evaporate due to the heat and accumulate salts on the
ground. The most common salts that will precipitate are the ones with high solubility
products such as halite (NaCl) and sylvite (KCl). Irrigating the land next time will dissolve
part of this salt and carry it as a solute down gradient to the aquifer, thus increasing the
salinity. The continuation of this process will build up the salinity in the aquifer below the
irrigated land.
Nitrate (NO3-) is also a source of contamination that could increase the TDS in the
groundwater. In Waukesha County, five of the brackish wells exhibit nitrate concentrations
above natural abundance. The mechanism of nitrate contamination will be discussed later
on.
Nitrate concentration in groundwater
Nitrate contamination was limited in our database in comparison to previously published
information; however, many wells were present that were contaminated. Nitrate sources to
groundwater are mainly leaching of nitrogen from the soils. Nitrogen reaches the soil from
both organic and inorganic sources. Most nitrogen can be attributed to organic sources
like sewage and manure leachate. Other important contributing source to the soil is
atmospheric deposition by nitrogen fixing bacteria, such as those found in legumes, or by
lightning. Inorganic sources are mostly due to overuse of chemical fertilizers containing
high concentration of nitrogen. Approximately 80% of nitrate in groundwater originated
from agricultural sources, which are most likely either due to fertilizers or manure leachate.
Chemical fertilizers have been heavily used for the last 40 to 50 years, and a recent survey
of 1,500 farmers showed that on average forty pounds per acre excess fertilizer was used.
About 10% of nitrogen that enters the soil can leach into the groundwater system as
nitrate. Certain health risks are associated with the ingestion of nitrate -contaminated
water. These include blue-baby syndrome, which can alter the structure of a baby’s
hemoglobin and deprive it of oxygen. Also, nitrate contaminated water is a risk factor for
conditions in adults such as lymphoma, gastric cancer, hypertension, thyroid disorder and
birth defects. Nitrates can have detrimental affects on livestock depending on the nitrate
levels within their diet.
The nitrate data was classified into three categories. The first category is levels of nitrates
that are within the natural abundance. This study has considered nitrate concentration less
than 10 mg/l as inside the range of natural abundance. Next, the second category is water
over natural abundance, but still under EPA standards for safe drinking water of 45 mg/l.
Since they are above the natural levels of nitrate, we can assume that there is an outside
source of contamination. The third category is water that is unsafe for drinking because it
is highly contaminated and exceeds EPA standards.
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Figure 9 shows the three areas where the groundwaters nitrate levels has been
researched. These areas are Waukesha, Forest and Portage counties. In Waukesha, the
recorded nitrate concentration was found within the lowest range as well as levels above
natural abundance. Nitrate concentration of groundwater in Forest County exhibits mainly
low levels like those seen in Waukesha, with the exception of a few wells exceeding EPA
standards. Nevertheless the groundwater wells with nitrate presents are scattered all over
the county, unlike Waukesha were the groundwater wells with some nitrate level are
clustered in close proximity to each other.

Fig. 10 Wells with Nitrate Present in Wisconsin Groundwater
Waukesha County is mainly an urban area as seen in a Land Use/Land Cover (LULC)
map (fig. 10). Many sources of nitrate could contribute to the groundwater in urban areas
including chemical fertilizers used on lawns or gardens, industrial waste and septic tank or
sewage seepage. Most wells exhibiting contaminations were in urban areas very near to
agricultural lands, so it is possible that this source of contamination affects the quality of
groundwater in nearby urban wells.

Fig. 11 LULC map with nitrate concentrations in southeastern Wisconsin
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Nitrate levels in groundwater in Forest County are mostly associated with agricultural
practice, yet the majority of the wells recorded have nitrate levels below 45 mg/l (Fig. 11).
These agricultural areas are small, widespread and usually separated by large areas of
forest. Nitrate presence in forested areas is within levels of natural abundance, with the
exception of several wells that exceed levels of natural abundance. Only one well in a
forest is exceeding EPA standards for drinking purposes. This may be due to a localized
source of pollution. All other wells above natural abundance levels are associated with
small areas of urban or agricultural lands.

Fig. 12 LULC map with nitrate concentrations in Forest County
Groundwater in Portage County exhibits high concentration of nitrate. The area has a large
number of wells with nitrate concentration exceeding the EPA limit for drinking purposes.
The majority of these wells are penetrating the shallow surficial aquifer. The water table in
this area has been determined to be very shallow. In the water table database, 19 wells in
Portage County showed a water le vel of less than thirty-two feet from the surface. Seven
of these wells are below seven feet from ground level. These wells also demonstrated high
tritium levels, which indicate that the residence time of the groundwater in the aquifer is
short and it is subject to direct recharge from precipitation. These circumstances make the
aquifer vulnerable for contamination from the overlying ground. A LULC map of Portage
County was used to find out what the land is being used for in these areas of
contamination (Fig. 12). Nitrates in the highly contaminated central Wisconsin area are
highly related to agricultural settings. The nitrate can either be from manure seepage or
overuse of chemical fertilizers. The environmental isotopes of nitrogen (15N/14N) could
help in determining if nitrogen sources are organic or inorganic, but this was not done in
the database utilized for the research.
In general there is no great health concern using the groundwater of Waukesha and Forest
counties for domestic purposes. Groundwater in both counties with nitrate above the
natural abundance should be monitored regularly so that concentrations do not exceed
EPA levels in the future. Nevertheless, the wells that exhibit nitrate levels above EPA
standards for drinking in Portage a nd Forest Counties should not be used.
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Fig. 13 LULC map with nitrate concentrations in central Wisconsin

Radioactive radium and radon in groundwater
Radium is a radioactive element and occurs naturally in very low concentrations (about
one part per trillion) in rock formations throughout the earth’s crust. It is water soluble, and
thus is an issue for groundwater contamination. EPA has set a level of 5 pci/l as the
maximum concentration level for drinking purposes. Ingestion of water with high
concentrations of radium is considered carcinogenic when consumed over an extended
period of time. In Wisconsin, the highest levels of Radium can be found in the eastern
portion of the state (Fig. 13). These readings are found in the Cambrian Ordovician
sandstone aquifer in areas where the Maquoketa shale is present overlying the aquifer.
The shale subsurface deposition in the eastern part of the state makes the aquifer
confined. Eighty-six of the one hundred and fourteen wells with radium concentrations are
within ten miles of areas where the Maquoketa shale is lying in close proximity to the
sandstone aquifer. One hundred and three of the wells are within twenty miles. This
finding does not necessarily mean that the shale layer is the only source of radium for the
groundwater in this area. If the shale were the only source, radium contamination would
not occur in areas other than the east. Since there are several wells contaminated outside
of this area, it is possible that the radium also originates from the some other mineral
deposits as well.
Radon is a naturally occurring radioactive gas, which is colorless, odorless and tasteless.
It is created from the decay of uranium and radium. High concentration of radon is always
associated with the complex igneous rock granite, shale, phosphates in soils and
pitchblende, which is a uranium oxide mineral (UO2). Most radon formed in soils will move
into the air due to the high partial pressure. Water infiltrating down gradient through the soil
can dissolve the radon and contaminate the groundwater. However, most radon in the
water will decay before it has the chance to reach the surface due to its short half life,
which is 3.82 days.
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Fig. 14 Radium in the Groundwater Wells of Eastern Wisconsin
Radon in drinking water is not extremely dangerous, but can cause cancer if consumed at
high concetrations for many years. The most dangerous aspect of radon in water is when
the gas aerates out of the water and is inhaled, especially in mines. The EPA has set a
standard of 4,000 pci/l for safe drinking water. Wisconsin has shown levels of Radon in the
groundwater across much of the state. Wells exceeding EPA standards for radon can be
found in Dunn, Wood and Chippewa Counties in west central Wisconsin (Fig. 14). Most of
the wells can be found near the Eau Claire area, which is in Chippewa County. Since
radon will decay so readily, these high levels are very likely to be from a recent event of
contamination.

Fig. 15 Radium in the Groundwater Wells of Eastern Wisconsin
Radium and radon can be treated if they present in groundwater. Radium can be removed
from the water at the treatment plant, but it is expensive and waste material is created.
Also, diluting the concentration by adding water from other sources is commonly
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preformed. Treatment of Radon is typically done using aeration techniques at the
treatment plant, which are relatively inexpensive.
Conclusions
A high tritium level was detected in groundwater aquifers of certain areas indicating direct
recharge from precipitation. The high tritium levels correlated strongly with groundwater
contaminated with nitrate, indicating that tritium in groundwater is a sign of vulnerability for
contamination if the aquifer is not protected.
The groundwater demonstrates a wide range of salinity between 10 to 10,000 mg/l and it
was classified based on EPA standards and water-rock interaction into three classes: less
than 500 mg/l, between 500 and 1,000 and higher than 1,000. The groundwater salinity is
attributed to various sources such as road salts, re-irrigation, geochemical evolution, and
other sources of contamination.
Nitrate concentration in different groundwater wells exceeded the natural abundance and
the EPA standard for drinking water. Nitrate concentration was attributed to organic and
inorganic sources mainly related to agricultural activities.
Radium in Wisconsin groundwater is found in the Ordovician sandstone aquifer and is
largely due to the presence of the Maquoketa shale formation in the eastern portion of the
state. Other minerals may also contribute radium to the groundwater in this area.
Radon is found throughout the entire state. Most wells that exhibit radon are within EPA
standards. Since treatment for this contaminant is cost efficient, it is not the greatest
concern to the quality of the groundwater in the state.

Recommendation
The governmental agencies should involve academics, researchers and others in sharing
the database for teaching and research purposes. However, the database must be
improved so that more consistency of parameters of the wells is available. Also, to make
more meaningful interpretation data should be in more detail and associated with type of
aquifers.
Urban areas have demonstrated higher salinity values than other parts of the state.
Alternative methods to maintain safe road conditions that do not pollute the groundwater
need to be looked into.
The nitrate contamination of Portage and Waukesha counties are in relatively small areas,
and well data for these areas should include the nitrogen isotopes of nitrate present. This
will give a better understanding of the pollution source, and how to remediate the problem.
The environmental isotope of tritium should be sampled from precipitation in a monthly
basis at various locations in order to characterize the input function in term of recharge,
residence time and a potential indicator for contamination in the shallow aquifer. This can
also be said about areas where the water table is very close to the surface.
18

More detail study is required to understand the presence, origin and behavior of the radium
in the subsurface flow. This is especially true for radium contamination in areas where no
shale is present.
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