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GROUND-WATER-QUALITY ATLAS
OF WISCONSIN

Phil A. Kammerer, Jr.
U.S. Geological Survey

Abstract

This report summarizes data on ground-water
quality stored in the U.S. Geological Survey’s computer
system (WATSTORE). The summary includes water-
quality data for 2,443 single-aquifer wells, which tap one
of the State’s three major aquifers (sand and gravel,
Silurian dolomite, and sandstone). Data for dissolved
solids, hardness, alkalinity, calcium, magnesium, sodium,
potassium, iron, manganese, sulfate, ailorlde, fluoride,
and nitrate are summarized by aquifer and by county,
and locations of wells for which data are available

are shown for each aquifer. Calcium, magnesium,
and bicarbonate (the principal component of al%(ahmty
are the major dissolved constituents in Wisconsin’s
ground water. High iron concentrations and hardness
cause ground-water quality problems in much of the
State. Statewide summaries of trace constituent (sel-
ected trace metals; arsenic, boron, and organic carbon)
concentrations show that these constituents impair
water quality in only a few isolated wells.




1.0 INTRODUCTION

This Report Summarizes Ground Water
Quality Data for Wisconsin

Considerable chemical-quality data for ground water in Wisconsin have
been collected for a variety of purposes and uses by State, Federal,
and local government agencies. A comprehensive summary of
these data provides a source of general information on
ground-water quality.

This report, prepared in cooperation with the
Wisconsin Geological and Natural History Survey,
summarizes data on ground-water quality stored in the
U.S. Geological Survey’s (USGS) computer system
(WATSTORE). These data include USGS analyses and
analyses compiled from other sources during the course
of investigations pertaining to the ground-water res-
ources of river basins, counties, and other special study
areas in Wisconsin.

The selected bibliography on the facing page lists
published reports that describe or summarize various
aspects of ground-water quality in Wisconsin, but
none provide a comprehensive statewide summary of

ground-water quality. References contalning only very
general or sparse information were generally not in-
cluded if the same information also was found in other
more comprehensive reports.

Most of the reports are limited as to areal coverage
(such as counties or river basins), the number of chem-
ical constituents considered, or sources of data (public
water supplies, for example). An earlier statewide
tabulation of ground-water-quality analyses (Holt and
Skinner, 1973) included analyses of water from 1,890
wells, but did not summarize the data by aquifer or by
area.




STATEWIDE DATA REPORTS:

Water resources data for Wisconsin,
1977, 1978, U.S. Geological Survey
Data Report Wi-77-1, 639 p., 13 figs.

Water resources data for Wisconsin,
1976, 1977, U.S. Geological Survey
Data Report Wi-76-1, 607 p., 8 figs.

Water resources data for Wisconsin,
1975, 1976, U.S. Geological Survey
Data Report WI-75-1, 564 p., 8 figs.

¢ Ground-water quality in Wisconsin
through 1972, by C. L. R. Holt, Jr.,
and E. L. Skinner, 1973, Wisconsin
Geological and Natural History Sur-
vey Information Circular 22, 148 p.,
6 figs., 2 tables.

Chemical analyses of selected public
drinking water supplies, by R.
Baumeister, 1972, Wisconsin Depart-
ment of Natural Resources Technical
Bulletin 563, 16 p.

State of Wisconsin-Public water supply
data, by the Wisconsin Department
of Natural Resources, Division of En-
vironmental Protection, 1970, 101 p.

Public water supplies of Wisconsin,
compiled by the Bureau of Sanitary
Engineering with collaboration of the
State Laboratory of Hygiene and the
Wisconsin  State Board of Health,
1935, 31 p.

Chemical analyses, by R. D. Salisbury,
1883, in Geology of Wisconsin--
survey of 1873-1879, v. |, pt. I,
chapter 1, p. 303-308.

AREAL STUDIES:
River Basins:

Hydrology and water quality in the
Nederlo Creek basin, Wisconsin,
before construction of two water-
retention structures, by P. A.
Kammerer, Jr.,, and M. G. Sherrill,
1979, U.S. Geological Survey Water-
Resources Investigations 79-95, 40 p.

A comprehensive plan for the Menom-
onee River watershed, vol. 1, Inven-
tory, findings, and forecasts, 1976,
Southeastern  Wisconsin  Regional
Planning Commission Planning Re-
port No. 26, 481 p.

e Water resources of Wisconsin--upper
Wisconsin River basin, by E. L. Oakes
and R. D. Cotter, 1975, U.S. Geo-
logical Survey Hydrologic Investiga-
tions Atlas HA-536, 3 sheets.

*Water resources of Wisconsin--{.ake Sup-
erior basin, by H. L. Young and
E. L. Skinner, 1974, U.S. Geological
Survey Hydrologic Investigations At-
las HA-524, 3 sheets.

*Water resources of Wisconsin--lower
Wisconsin River basin, by §. M.
Hindall and R. G. Borman, 1974,
U.S. Geological Survey Hydrologic
Investigations Atlas HA-479, 3
sheets.

e Water resources of Wisconsin--Trem-
pealeau-Black River basin by H.
l.. Young and R. G. Borman, 1973,
U.S. Geological Survey Hydrologic
Investigations ~Atlas, HA-474, 4
sheets.

° Water resources of Wisconsin--Menomin-
ee-Oconto-Peshtigo River basin, by E.
L. Oakes and L. J. Hamilton, 1973,
U.S. Geological Survey Hydrologic
Investigations Atlas HA-470, 4
sheets.

® Water resources of Wisconsin--Pecaton-
ica-Sugar River basin, by 8. M.
Hindati and E. L. Skinner, 1873,
U.S. Geological Survey Hydrologic
Investigations Atlas HA-453, 3
sheets.

e Water resources of Wisconsin--St. Croix
River basin, by H. L. Young and S.
M. Hindall, 1973, U.S. Geological
Survey Hydrologic Investigations At-
las HA-451, 4 sheets.

*\Water resources of Wisconsin--Lake
Michigan basin, by E. L. Skinner and
R. G. Borman, 1973, U.S. Geological
Survey Hydrologic Investigations At-
las HA-432, 4 sheets.

* The Pine-Popple River basin--hydrology
of a wild river area, northeastern
Wisconsin, by Edward Oakes, S. J.
Field, and L. P. Seeger, 1973, U.S.
Geological Survey Water-Supply Pa-
per 2006, 57 p., 16 figs., 2 pls., 7
tables.

e Water resources of Wisconsin--Chippewa
River basin, by H. L. Young and S.
M. Hindall, 1972, U.S. Geological
Survey Hydrologic Investigations At-
las HA-386, 4 sheets.

o Water resources of Wisconsin--central
Wisconsin River basin, by R. W.
Devaul and J. H. Green, 1971, U.S.
Geological Survey Hydrologic Inves-
tigations Atlas, HA-367, 4 sheets.

A comprehensive plan for the Milwaukee
River watershed, vol. 1, Inventory
findings and forecasts, 1970, South-
eastern Wisconsin Regional Planning
Commission Planning Report No. 13,
514 p.

A comprehensive plan for the Fox River
watershed, vol. 1, Inventory findings
and forecasts, 1969, Southeastern
Wisconsin Regional Planning Com-
mission Planning Report No. 12,
496 p.

e Water resources of Wisconsin—-Rock-
Fox River basin, by R. D. Cotter,
R. D. Hutchinson, E. L. Skinner, and
D. A. Wentz, 1969, U.S. Geological
Survey Hydrologic Investigations At-
las HA-360, 4 sheets.

e Water resources of Wisconsin-Fox-Wolf
River basin, by P. G. Olcott, 1968,
U.S. Geological Survey Hydrologic
Investigations Atlas HA-321, 4
sheets.

Counties:

s Ground-water resources and geology of
Columbia County, Wisconsin, by C.
A. Harr, L. C. Trotta, and R. G.
Borman, 1978, Wisconsin Geological
and Natural History Survey Informa-
tion Circular 37, 30 p., 16 figs., 2
tables.

Geology and ground water in Door
County, Wisconsin, with emphasis on
contamination potential in the Siluri-
an dolomite, by M. G. Sherrili, 1978,
U.S. Geological Survey Water-Supply
Paper 2047, 38 p., 1 pl., 13 figs.

* Ground-water resources and geology of
Walworth County, Wisconsin, by R.
G. Borman, 1977, Wisconsin Geolog-
ical and Natural History Survey
Information Circular 34, 44 p., 24
figs., 2 tables.

¢ Ground-water resources and geology of
Jefferson County, Wisconsin, by R.
G. Borman and L. C. Trotta, 1976,
Wisconsin  Geological and Natural
History Survey information Circular
33, 31 p., 16 figs., 2 tables.

¢ Ground-water resources and geology of
St. Croix County, Wisconsin, by R.
G. Borman, 1976, Wisconsin Geolog-
ical and Natural History Survey
Information Circular 32, 30 p., 1 pl.,
15 figs., 2 tables.

* Ground-water resources of Waukesha
County, Wisconsin, by J. B.
Gonthier, 1975, Wisconsin Geological
and Natural History Survey Informa-
tion Circular 29, 47 p., 20 figs., 1 pl.,
1 table,

¢ Ground-water resources of Racine and
Kenosha Counties, Wisconsin, by R.
D. Hutchinson, 1970, U.S. Geological
Survey Water-Supply Paper 1878, 63
p., 20 figs., 4 pis., 11 tables.

¢ Geology and water resources of Winne-
bago County, Wisconsin, by P. G.
Olcott, 1966, U.S. Geological Survey
Water-Supply Paper 1814, 61 p., 15
figs., 4 pls.

e Geoclogy and ground-water resources
of Waushara County, Wisconsin, by
W. K. Surnmers, 1965, U.S. Geologi-
cal Survey Water-Supply Paper 1809-
B, 32 p., 11 figs., 3 pls.

* Geology and water resources of Portage
County, Wisconsin, by C. L. R. Holt,
Jr., 1965, U.S. Geological Survey
Water-Supply Paper 1796, 77 p., 20
figs., 2 pls.

Geology and ground-water resources
of Dane County, Wisconsin, by D. R.
Cline, 1965, U.S. Geological Survey
Water-Supply Paper 1779-U, 64 p.,
21 figs., 8 pls.

» Ground-water resources of Waupaca
County, Wisconsin, by C. F.
Berkstresser, Jr., 1964, U.S. Geologi-
cal Survey Water-Supply Paper 1669-
U, 38 p., 7 figs., 4 pis.

o Geclogy and ground-water resources
of Rock County, Wisconsin, by E. F.
LeRoux, 1963, U.S. Geological Sur-
vey Water-Supply Paper 1619-X, 50
p., 16 figs, 5 pls.

* Geology and ground-water resources
of Fond du Lac County, Wisconsin,
by T. G. Newport, 1963, U.S. Geo-
logical Survey Water-Supply Paper
1604, 52 p., 21 figs., 5 pls.

Geology and ground-water resources
of Outagamie County, Wisconsin, by
E. F. LeRoux, 1957, U.S. Geological
Survey Water-Supply Paper 1421, 57
p., 4 figs., 7 pls.

Other Areas (Special Studies):

A ground-water quality atlas of the
United States, by W. A, Pettyjohn,
J. R. J. Studlick, R. C. Bain, and J.
H. Lehr, 1979, Prepared under the
auspices of the Research Section of
the National Water Well Association
for National Demonstration Water
Project, 272 p.

e [rrigation and water quality of the
central sand plains, central Wisconsin,
by S. M. Hindall, 1978, Wisconsin
Geological and Natural History Sur-
vey Information Circular 36, 50 p.,
20 figs, 1 pl., 3 tables.

Contamination of potable water supplies
in rural areas, by J. J. Delfino, 1977,
in Drinking water quality enhance-
ment through source protection, R.
B. Pojasek, ed., Ann Arbor Science
Publishers, Ann Arbor, Mich.,, p.
275-295.

¢The availability of ground water for
irrigation in the Rice Lake-Eau Claire
area, Wisconsin, by E. A. Bell and S.
M. Hindali, 1975, Wisconsin Geologi-
cal and Natural History Survey
Information Circular 31, 65 p., 33
figs., 4 tables.

¢ Dissolved-solids concentrations of water
in the Niagara aquifer, Wisconsin,
compiled by R. W. Devaul, 1975,
Wisconsin  Geological and Natural
History Survey map, scale
1:1,000,000.

» Dissolved-solids concentrations of water
in the sandstone aquifer, Wisconsin,
compiled by R. W. Devaul, 1975,
Wisconsin  Geological and Natural
History Survey map, scale
1:1,000,000.

o Dissolved-solids concentrations of water
in the sand-and-gravel agquifer, Wis-
consin, compiled by R. W. Devaul,
1975, Wisconsin Geolaogical and Nat-
ural History Survey map, scale
1:1,000,000.

Water availability in central Wisconsin--
an area of near-surface crystalline
rocks, by E. A. Bell and M. G.
Sherrill, 1974, U.S. Geological Sur-
vey Water-Supply Paper 2022, 32 p.,
9 figs., 6 pls.

Nitrate and nitrite variation in ground
water, by K. T. Crabtree, 1972,
Wisconsin Department of Natural
Resources Technical Bulletin 58,
22 p.

Nitrates in Wisconsin ground water,
by R. A. Schukuecht, G. W. Lawton,
and P. A. Steinke, 1972, Environ-
mental Letters, v. 9, no. 1, p. 91-98,

An atias of Wisconsin, by C. W. Collins,
1972, American Printing and Publish-
ing, Inc., Madison, Wis., 2nd ed.,
p. 37. :

o Water for cranberry culture in the
Cranmoor area of central Wisconsin,
by L. J. Hamilton, 1971, U.S. Geo-
logical Survey Water-Supply Paper
1998-1, 20 p., 2 figs., 4 tables, 2 pls.

The geological and hydrological charac-
teristics of the Whitewater area,
Wisconsin, -by Frank Byrne, 1970,
University of Wisconsin Water Re-
sources Center Technical Report
OWRR A-013-Wis., 86 p.

Geochemical prospecting by spring sam-
pling in the southwest Wisconsin zinc
mining area, by J. De Geoffroy,
1969, Wisconsin Geological and Nat-
ural History Survey Information
Circular 10, 28 p.

Preliminary map of the conterminous
United States showing depth to and
quality of shallowest ground water
containing more than 1,000 parts per
million dissolved solids, by J. H. Feth
and others, 1965, U.S. Geological
Survey Hydrologic Investigations At-
tas HA-199, 31 p., 2 sheets.

® Water resources of the Green Bay area,
Wisconsin, by D. B. Knowles, F. C.
Dreher, and G. W. Whetstone, 1964,
U.S. Geological ‘Survey Water-Supply
Paper 1499-G, 66 p., 23 figs., 1 pl.

¢ Ground-water conditions in the Green
Bay area, Wisconsin, 1950-60, by D.
B. Knowiles, 1964, U.S. Geological
Survey Water-Supply Paper 1669-J,
37 p., 9 figs., 6 pls.

® A preliminary study of the distribution
of saline water in the bedrock aqui-
fers of eastern Wisconsin, by R. W.
Ryling, 1961, Wisconsin Geological
and Natural History Survey informa-
tion Circular 5, 23 p., 6 figs.

« [ndicates reports available from
Wisconsin Geological and Natural
History Survey, Map and Publica-
tion Sales, 1815 University Avenue,
Madison, Wisconsin 53706

Natural fluoride content of communal
water supplies in the United States,
U.S. Public Health Service, 1959,
U.S. Public Health Service Pub. 655,
111 p.

Preliminary survey of the saline-water
resources of the United States, by R.
A. Krieger, J. L. Hatchett, and J. L.
Poole, 1957, U.S. Geological Survey
Water-Supply Paper 1374, 172 p., 3
figs., 7 tables, 2 pis.

Strontium content of Wisconsin munici-
pal waters, by M. S. Nichols and D.
R. McNall, 1957, Journal of the
American Water Works Association,
v. 49, no. 11, p. 1493-1498.

The occurrence and chemical quality
of ground water in Wisconsin, by F.
T. Thwaites, 1956, in Proceedings
12th Water Works Operations Short
Course, UMW. Engineering Experi-
ment Station Report No. 8, p. 49-61.

* Ground-water conditions in artesian
aquifers in Brown County, Wisconsin,
by W. J. Drescher, 1953, U.S. Geo-
logical Survey Water-Supply Paper
1190, 49 p., 13 figs., 7 pls.

Ground-water conditions in the Mil-
waukee-Waukesha area, Wisconsin, by
F. C. Foley, W. C. Walton, and W. J.
Drescher, 1953, U.S. Geological
Survey Water-Supply Paper 1229, 96
p., 27 figs., 8 pls.

Water resources of the Milwaukee area,
Wisconsin, by W. J. Drescher, F. C.
Dreher, and P. N. Brown, 1853, U.S.
Geological Survey Circular 247, 42
p., 25 figs.

Fluoride content of some Wisconsin
municipal waters, by D. J. Dewitt
and M. S. Nichols, 1937, Journal of
the American Water Works Associa-
tion, v. 29, no. 7, p. 980-984.

e The underground and surface water
supplies of Wisconsin, by S. Weidman
and A. R. Schuitz, 1915, Wisconsin
Geological and Natural History Sur-
vey Bulletin 35, 639 p.
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2.0 APPROACH
2.1 Designation of aquifer systems

Wisconsin has Three Major and
Several Minor Aquifers

Water-quality data are summarized separately for the sand-and-gravel,
Silurian dolomite, and sandstone aquifers. The summary is limited

to wells that are open only to one of these aquifers.

Water-quality

data are available for approximately 2,800 wells--2,443 of them
draw water from a single major aquifer.

Definition of the three aquifers is based on geology
and the amount of hydrogeologic data available for most
wells in each aquifer. The geologic section on the facing
page shows the stratigraphic relationship of these aqui-
fers to each other and to other geologic units.

The sand-and-gravel aquifer consists of unconsoli-
dated deposits of sand and gravel within the glacial drift
that covers approximately 70 percent of the State. Itis
present in every county in Wisconsin, although its
occurrence in 12 counties in the “Driftless Area” of
southwestern Wisconsin is limited. The sand-and-gravel
aquifer is not a continuous rock unit, as are the bedrock
aquifers, but occurs as broad surficial outwash deposits,
narrow valley fills within till, basal sand and gravel
directly overlying bedrock, isolated lenses of sand and
gravel within less permeable glacial deposits, and other
water-lain deposits. In the “Driftless Area’, the sand-
and-gravel aquifer occurs only as valley alluvium within
the flood plains of larger rivers.

The Silurian dolomite aquifer undetlies all or part of
15 counties along the eastern boundary of the State.
The aquifer is mostly dolomite of Silurian age, but a
small area of dolomite and shale of Devonian age,
extending from Milwaukee to Sheboygan along Lake
Michigan, is also included.

The sandstone aquifer is comprised of Cambrian and
Ordovician sandstones and dolomites undifferentiated in
this report. The oldest and most extensive unit in the

sandstone aquifer consists of Cambrian sandstones,
which occur under 60 percent of the State (all or part of
59 counties). A dolomite unit, the Prairie du Chien
Group, overlies the Cambrian sandstones in the south,
east, and west parts of the State. Overlying the Prairie
du Chien Group is the St. Peter Sandstone.

The Galena-Platteville dolomite unit overlies the St.
Peter Sandstone in southern and eastern Wisconsin.
Where it is the uppermost bedrock formation (not
overlain by the Maquoketa Shale), it may be considered
a separate aquifer, but, for the purpose of this report, it
is included in the sandstone aquifer.

Minor aquifers not considered in this report include
the Precambrian aquifers and the Maquoketa Shale.
Most of the wells in Precambrian aquifers are in Precam-
brian sandstone and lava flows in the northwest part of
the State, although there are also some wells in the
igneous and metamorphic rocks of the basement com-
plex in north-central and south-central Wisconsin. These
aquifers were not considered because of the limited
amount of water-quality data available (96 wells) and
the wide areal variation in water quality seen in these
data. The wide areal differences in water quality indi-
cates that it is controlled by local hydrogeologic condi-
tions and that areal summaries of concentration values
are poor indicators of local conditions. The Maquoketa
Shale is a useable aquifer in some areas, but it was not
included here due to lack of data for wells drawing water
exclusively from it.
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GENERALIZED GEOLOGIC SECTION
OF WISCONSIN AQUIFERS

2.0 APPROACH
2.1 Designation of aquifer systems




2.0 APPROACH--Continued
2.2 Treatment of water-quality data

Water Quality Data were
Summarized, by Constituent, for each
of the State’s Major Aquifers

Water-quality data were divided into two general groups: common
properties and inorganic constituents, and trace constituents.
Computer techniques were used in the preparation of the
summaries because of the large amount of data.

The flow chart on the facing page shows the proce-
dure used to summarize the data. Common properties
and inorganic constituents were summarized by county
for each of the aquifers; summaries include the number
of wells for which data are available and maximum,
minimum, and mean concentrations values of these
constituents for each county and aquifer. Less compre-
hensive summaries were prepared for trace constituents
because of the limited amount of data available. Trace
constituent data for the three aquifers were combined,
and each constituent was summarized on a statewide
basis.

Pesticides in ground water were not considered in
this report because the available data are limited to two
small areas of the State. The data from these areas, the
sand plain of central Wisconsin and the Rice Lake-Eau
Claire area, were summarized in two recently published
reports (Hindall, 1978, and Bell and Hindall, 1975).

For each constituent, only a single concentration
for each well was considered in the summaries; for wells
where multiple analyses were available, the mean value
was used.

Locations of wells where data are available for each
constituent are shown on the maps along with the data
summaries. Where wells are less than about 100 yards
apart, their locations are represented by a single symbol
on the maps.

Discussions of individual constituents in the follow-
ing sections of this report include applicable national
primary drinking water standards (Environmental
Protection Agency, 1975); primary drinking water
standards established by the State of Wisconsin (Wiscon-
sin Department of Natural Resources, 1978) are the
same as the national standards except where otherwise
noted.




COMMON INORGANIC CONSTITUENTS:

TABULATION OF SITES (WELLS) FOR
WHICH WATER-QUALITY DATA ARE
AVAILABLE

SORT SITES BY AQUIFER-ELIMINATE
WELLS IN MINOR OR MULTIPLE
AQUIFERS

RETRIEVE WATER-QUALITY DATA FOR
WELLS IN EACH AQUIFER FROM
WATSTORE

TRACE CONSTITUENTS:

DISSOLVED SOLIDS ARSENIC
HARDNESS BORON
ALKALINITY SUMMARIZE DATA FOR EACH WELL CADMIUM
CALCIUM , (CALCULATE MEAN CONCENTRATION |  CHROMIUM

MAGNESIUM VALUE FOR EACH CONSTITUENT IF MORE | CHROMIUM (HEXAVALENT)
SODIUM THAN ONE ANALYSIS IS AVAILABLE) S0 EoBALT
POTASSIUM  COPPER
SULPATE LEAD
 SULFATE MERCURY
- FLUORIDE NICKEL
~ IRON SELENIUM
MANGANESE SILVER
NITRATE ZING

ORGANIC CARBON

PREPARE COMPUTER-GENERATED MAPS
FOR EACH CONSTITUENT SHOWING
LOCATIONS OF WELLS FOR WHICH DATA
ARE AVAILABLE IN EACH AQUIFER

PREPARE COMPUTER-GENERATED MAPS 4
FOR EACH CONSTITUENT SHOWING S
LOCATIONS OF WELLS FOR WHICH DATA i
ARE AVAILABLE

SUMMARIZE CONCENTRATION VALUES
FOR EACH CONSTITUENT BY COUNTY
AND BY AQUIFER (COMPUTE MINIMUM,
- | MAXIMUM, AND MEAN VALUES AND THE
v NUMBER OF SITES FOR WHICH DATA
ARE AVAILABLE)

SUMMARIZE CONCENTRATION VALUES
FOR EACH CONSTITUENT

PREPARATION OF DATA SUMMARIES

2.0 APPROACH--Continued

2.2 Treatment of water-quality data




3.0 GROUND-WATER-QUALITY DATA
3.1 Properties of ground water

3.1.1 Generalized dissolved-solids distribution by aquifer

Maps Showing Ranges of Dissolved Solids
Concentrations Provide a General
Overview of Ground Water Quality

Dissolved-solids concentration is a measure of the total amount of material
dissolved in the water. Major constituents of dissolved solids in Wisconsin’s
ground water are calcium, magnesium, and bicarbonate. Dissolved-solids
concentrations indicate differences in the concentrations of major
dissolved constituents.

The maps on the facing page show the areal distri-
bution of dissolved-solids concentrations in the State’s
three major aquifers. The maps are from those compiled
by Devaul (19752, 1975b, and 1975¢).

In the sand-and-gravel aquifer the highest dissolved—
solids concentrations are generally found east and south
of a line from Marinette to Columbia to Crawford
Counties, and the lowest values occur in the north where
Precambrian rocks underlie the aquifer.

Highest dissolved-solids concentrations in the
Silurian dolomite aquifer (referred to as the ‘“Niagara

aquifer” in the work by Devaul, 1975b ) are found in
eastern Manitowoc County, southern Sheboygan and
northern Ozaukee Counties, and in Milwaukee County.
Scattered high values also occur along the west edge of
the aquifer.

Highest dissolved-solids concentrations in the
sandstone aquifer occur in the eastern part of the system
(all or parts of Door, Kewaunee, Brown, Calumet,
Manitowoc, Sheboygan, Ozaukee, Milwaukee, Racine,
and Kenosha Counties); small areas with high concentra--
tions are also found in southeast Marinette and south-
west Lafayette Counties.




EXPLANATION

Dissolved-solids concentration,
in milligrams per liter
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GENERALIZED DISSOLVED-SOLIDS DISTRIBUTION
BY AQUIFER

3.0 GROUND-WATER-QUALITY DATA
3.1 Properties of ground water
3.1.1 Generalized dissolved-solids distribution
by aquifer



3.0 GROUND-WATER-QUALITY DATA--Continued
3.1 Properties of ground water
3.1.2 Dissolved solids

Dissolved Solids Concentrations
Differ Locally and Regionally

Dissolved-solids concentrations in Wisconsin’s ground water generally
do not impair drinking-water quality. High dissolved-solids concen-
trations may, however, indicate high concentrations of other
constituents that could pose water-quality problems.

Current drinking-water regulations (Environmental The mean dissolved-solids concentration of water
Protection Agengy, 1975) do not specify a maximum from approximately 10 percent of the wells considered
concentration for dissolved solids in drinking water, in this summary is 500 mg/L or greater; the Silurian
but some earlier standards have recommended that water dolomite aquifer had the highest percentage of wells
with a  dissolved-solids concentration exceeding (25 percent) yielding water whose dissolved-solids
500 mg/L (milligrams per liter) not be used for drinking concentrations were 500 mg/L or greater, followed by
if an alternate supply with a lower concentration was the sandstone aquifer (10 percent) and the sand-and-
available. This limit was based mainly on taste consider- gravel aquifer (3 percent). In areas where concentrations
ations. are objectionably high in a particular aquifer, alternate

water supplies are generally available.

SUMMARY BY AQUIFER OF DISSOLVED SOLIDS CONCENTRATIONS
IN WISCONSIN'S GROUND WATER
(All concentration values in milligrams per liter)

AQUIFER
Sand and - Silurian  Sandstone
gravel dolomite

Maximum concentration 1567 2340 3320

Minimum concentration 28 130 18

Mean concentration 237 459 338

Number of wells 758 348 1137

10% 388 750 497

Percent of wells where indicated 25% 320 502 370
concentration value was equaled 50% 219 377 307
or exceeded 75% 134 310 242

0% 91 264 150
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EXPLANATION
Dissolved solids concentration,
in milligrams per liter

Minimum-Maximum concentration

Mean concentration
Number of wells

Location of sampled well

Color indicates area where aquifer is present
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3.0 GROUND-WATER-QUALITY DATA-Continued
3.1 Properties of ground water
3.1.2 Dissolved solids



3.0 GROUND-WATER-QUALITY DATA--Continued
3.1 Properties of ground water--Continued
3.1.3 Hardness

Ground Water is Hard in Much of
Wisconsin

Hardness of water is caused by calcium and magnesium, two of the
major dissolved constituents found in Wisconsin’s ground water.
Hardness is objectionably high for domestic use in large areas
of the State’s most heavily used aquifers.

The relative hardness of water supplies may be the Silurian aquifer and is also common in the sandstone
compared by the following classification scheme (Durfor aquifer. Solution of the dolomite is a likely source of
and Becker, 1964, p. 27). the hardness in the water from these aquifers.

Hardness range Hardness description The main water-quality problem caused by excessive
(mg/L as calcium carbonate) hardness of water is formation of insoluble residues
when the water comes in contact with soap or is heated.

0-60 Soft For ordinary domestic purposes, hardness less than

61-120 Moderately hard about 100 mg/L as calcium carbonate is generally not

121-180 Hard objectionable. Current national drinking-water regula-

More than 180 Very hard tions (Environmental Protection Agency, 1975) do not

specify a maximum allowable hardness.
Under this classification, water from 81 percent of the

wells considered here is either “hard” or “very hard”. In Wisconsin, areal differences in hardness generally
The percentage of wells in the sand-and-gravel, Silurian, parallel those of dissolved solids; highest hardness is
and sandstone aquifers with either “hard” or “very found in the southern part of the sandstone aquifer
hard” water is 63, 97, and 88 percent, respectively. and in the Silurian dolomite aquifer. Lowest hardness is
generally found in the sand-and-gravel aquifer, especially

Dolomite, a mineral composed of calcium and in the north.

magnesium carbonates, is the principal component of

SUMMARY BY AQUIFER Oi: HARDNESS OF
WISCONSIN’S GROUND WATER
(All hardness values in milligrams per liter as CaCO 3 )

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite

Maximum hardness 1180 1700 1700

Minimum hardness 4 30 2

Mean hardness 190 356 281

Number of wells 841 363 1197

10% 350 502 3956

Percent of wells where indicated 25% 287 390 334
hardness value was equaled or 50% 168 333 290
exceeded 75% 86 280 211

20% 50 213 110

12




EXPLANATION
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3.0 GROUND-WATER-QUALITY DATA-Continued
3.1 Properties of ground water--Continued
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3.0 GROUND-WATER-QUALITY DATA--Continued

3.1 Properties of ground water--Continued
3.1.4 Alkalinity

Alkalinity is a Measure of
Acid-Neutralizing Constituents
in Water

Alkalinity is due primarily to bicarbonate, which is one of the three major
dissolved constituents (along with calcium and magnesium) in Wisconsin’s
ground water. Alkalinity presents no problem with respect to
drinking-water quality in Wisconsin,

Current national drinking-water regulations (Envi-
ronmental Protection Agency, 1975) do not specify
allowable alkalinity concentrations, but low alkalinity
waters may present water-treatment problems. Waters
with alkalinities below 25 mg/L as calcium carbonate
may become corrosive when chlorinated due to their low
buffering capacity (National Academy of Sciences,
National Academy of Engineering, 1973, p. 54). The
alkalinity of ground water in Wisconsin generally ex-
ceeds this value; of the 1,942 wells for which alkalinity

data are available, only 59 (3 percent) had alkalinities
less than 25 mg/L.

Alkalinities are generally lowest in the sand-and-
gravel aquifer in the northern part of the State, where
the aquifer lies directly on Precambrian rocks, which are
primarily silicates. Higher alkalinities are found in the
Silurian and sandstone aquifers, where carbonate miner-
als are abundant and contribute to alkalinity.

SUMMARY BY AQUIFER OF THE ALKALINITY OF
WISCONSIN’S GROUND WATER
(All alkalinity values in milligrams per liter as CaCO 3 )

Maximum atkalinity
Minimum alkalinity
Mean alkalinity
Number of wells

Percent of wells where indicated
alkalinity value was equaled or
exceeded

AQUIFER
Sand and . Silurian  Sandstone
gravel dolomite
420 469 433
2 86 7
169 262 238
628 303 1011
10% 308 336 324
25% 262 303 299
50% 160 267 260
75% 80 222 190
90% 32 170 119
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EXPLANATION

Alkalinity as CaCO3,
in milligrams per liter

Minimum-Maximum alkalinity

Mean alkalinity
Number of wells

Location of sampled well

Color indicates area where aquifer is present
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3.0 GROUND-WATER-QUALITY DATA--Continued

3.2 Common inorganic constituents
3.2.1 Calcium

Calcium is a Major Constituent in
Wisconsin’s Ground Water

Calcium is widely distributed in the rocks and soils of the State, and it is
generally the predominant cation in the ground water, Calcium
concentrations are generally not a problem with respect to
water quality, except as they contribute to hardness.

Because calcium is one of the three major constit-
uents of dissolved solids (along with magnesium and
bicarbonate), areal variation in its concentration tends to
follow the same general pattern as that of dissolved
solids. Calcium concentrations are generally highest in
the east, south, and west parts of the State. Considering
entire aquifers, calcium concentrations are highest in the
Silurian aquifer and lowest in the sand-and-gravel aqui-
fer.

Likely sources of high calcium concentrations in
water from the Silurian and sandstone aquifers are the
dolomite (calcium magnesium carbonate) present in
both aquifers and calcium-carbonate cementation in the
sandstone aquifer.

SUMMARY BY AQUIFER OF CALCIUM CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

Maximum concentration
Minimum concentration
Mean concentration
Number of wells

Percent of wells where indicated
concentration value was equaled
or exceeded

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite
240 - 530 620
1.2 1.0 1.3
43 82 63
694 317 1066
10% 76 127 88
25% 61 88 72
50% 40 74 61
75% 23 58 46
90% 13 42 27
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Calcium concentration,
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3.0 GROUND-WATER-QUALITY DATA--Continued

3.2 Common inorganic constituents--Continued

3.2.2 Magnesium

Magnesium is a Major Constituent
in Wisconsin’s Ground Water

Magnesium, like calcium, is widely distributed in the rocks and soils of the
State, as well as in the ground water. Although concentrations are
generally less than those of calcium, magnesium is a major contributor
to dissolved solids. Magnesium concentrations generally present no
water-quality problems except as they contribute to hardness.

Areal variation in magnesium concentrations tend to
parallel those of dissolved solids. Highest magnesium
concentrations occur in the east, south, and west parts
of the State; in areas where more than one aquifer is
present, concentration differences between aquifers

but highest concentrations are generally found in the
Silurian dolomite aquifer.

The dolomite (calcium magnesium carbonate) that
is the principal component of the Silurian aquifer and is

widely distributed in the sandstone aquifer is the most
likely source of the higher magnesium concentrations in
water from these systems.

generally seem to be small. The range of magnesium
concentration is greater in the sand-and-gravel and
sandstone aquifers than in the Silurian dolomite aquifer,

SUMMARY BY AQUIFER OF MAGNESIUM CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite
Maximum concentration 101 86 187
Minimum concentration 0.2 25 0.0
Mean concentration 20 38 29
Number of wells 692 317 1064
10% 39 52 43
Percent of wells where indicated 25% 32 44 36
concentration value was equaled 50% 17 38 30
or exceeded 75% 8.0 32 20
90% 4.3 26 10
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EXPLANATION
Magnesium concentration,
in milligrams per liter

Minimum-Maximum concentration

Mean concentration
Number of wells

Location of sampled well

Color indicates area where aquifer is present
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3.0 GROUND-WATER-QUALITY DATA--Continued
3.2 Common inorganic constituents--Continued

3.2.3 Sodium

Sodium is a Minor Constituent in
Wisconsin’s Ground Water

Sodium concentrations in the State’s ground water are generally low, although
high concentrations are found in some areas. Sodium concentrations
seldom present quality problems in Wisconsin’s ground water.

Current drinking-water regulations (Environmental
Protection Agency, 1975) do not specify a maximum
sodium concentration, but some individuals must restrict
sodium intake for health reasons. Drinking water with
sodium concentration less than 20 mg/L is recommen-
ded for individuals on severely restricted diets (National
Academy of Sciences, National Academy of Engineering,
1973, p. 88). Water from 186 of the 1,779 wells for
which sodium data are available has a sodium concentra-
tion exceeding 20 mg/L; almost half of these wells draw
water from the Silurian dolomite aquifer.

Sodium is not particularly abundant in sedimentary

rocks of the types that constitute the State’s principal
bedrock aquifers (Hem, 1970, p. 145), which may
explain the relatively low sodium concentrations in the
ground water. Because of its high solubility in water,
sodium tends to remain in solution after it enters the
ground water. Sodium concentrations in ground water
may, however, be increased or decreased through inter-
action with clay.

Sodium concentrations are generally highest along
the east edge of the State, although isolated high values
are also found in other areas.

SUMMARY BY AQUIFER OF SODIUM CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

Maximum concentration
Minimum concentration
Mean concentration
Number of wells

Percent of wells where indicated
concentration value was equaled
or exceeded

10%
25%
50%
75%
90%

20

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite
107 240 800
0.0 0.5 0.5
6.6 18 11
603 295 881
13 43 17
55 22 7.6
3.3 10 3.6
2.3 4.7 2.3
1.6 3.1 1.7




EXPLANATION

Sodium concentration,
in milligrams per liter

Minimum-Maximum concentration
Mean concentration
Number of wells
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3.0 GROUND-WATER-QUALITY DATA-Continued
3.2 Common inorganic constituents--Continued
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3.0 GROUND-WATER-QUALITY DATA--Continued
3.2 Common inorganic constituents--Continued
3.2.4 Potassium

Potassium Concentrations in Wisconsin’s
Ground Water are Low

Potassium concentrations in the ground water are generally less than those of
sodium. Potassium concentrations generally vary over a fairly narrow
range in most waters and rarely cause water-quality problems.

No limit on potassium concentrations is specified in
current drinking-water regulations (Environmental Pro-
tection Agency, 1975).

Potassium is several times more abundant than
sodium in sandstone, shale, carbonate rock, and sedi-
ments of the types that constitute the State’s principal
aquifer systems (Hem, 1970, p. 150). This and the fact
that potassium is generally less abundant than sodium in
ground water suggests that their concentrations are
controlled by different mechanisms despite their chemi-
cal similarities. Two factors contributing to the concen-

tration difference between the two elements are the
greater resistance of potassium-containing silicate
minerals to weathering and the greater tendency of
potassium to be removed from solution by sorption
reactions (Hem, 1970, p. 151).

Potassium concentrations in ground water are
consistently low throughout the State. Potassium
concentrations exceeding 10 mg/L are found in water
from only 12 of the 1,114 wells for which data are
available.

SUMMARY BY AQUIFER OF POTASSIUM CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

Maximum concentration
Minimum concentration
Mean concentration
Number of wells

10%

Percent of wells where indicated 25%
concentration value was equaled 50%
or exceeded 75%

90%

22

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite
42 27 24
0.0 0.0 0.0
1.4 2.0 1.9
439 187 488
2.1 3.4 4.0
1.5 2.1 2.1
1.0 1.5 1.1
0.7 1.2 0.8
0.5 0.9 0.5




EXPLANATION
Potassium concentration,
in milligrams per liter
Minimum-Maximum concentration

Mean concentration
Number of wells

Location of sampled well

Color indicates area where aquifer is present

2|0 4|0 6]0 8|0 1(.)0 12[0 MILES

(ll
I I T T | I | | I
0O 20 40 60 80 100 120 140 160 180 KILOMETERS

SAND-AND-GRAVEL
AQUIFER

"
LLTT T

ARG
w
wasiam
Lhoh i sawven e
ToF omtina
= ranesr
rou
wawngy | v
LiMeoin
Tavion LANGLADE S
 cags T
Bunn a7
uuuuuu ox RATY
rew 2
wnce v e | BRAWAND
)
wauraca
g 1 waoo
s RTACAEN s ucram
dacauoN
[ty i wwwra.
WAUERARA el
CLTTET
an
A vome ou Lo
veaNan

SILURIAN DOLOMITE
AQUIFER

SANDSTONE AQUIFER

SUMMARY OF
POTASSIUM CONCENTRATIONS

3.0 GROUND-WATER-QUALITY DATA--Continued
3.2 Common inorganic constituents--Continued
3.2.4 Potassium



3.0 GROUND-WATER-QUALITY DATA--Continued
3.2 Common inorganic constituents-—-Continued

3.2.5 Iron

The Range of Iron Concentrations
Found in Wisconsin’s Ground Water

is Large

Even small concentrations of iron can make water unsuitable for many
uses. lron concentrations in water from many wells sampled are high
enough to cause water-quality problems.

Iron is abundant and widely distributed in rocks and
soils. Its low concentration in water reflects the low
solubility of most compounds of ferric iron (Fe+++),
which is the most stable oxidation state of iron in
oxygenated water. Ferrous iron (Fe++), which is more
soluble, occurs and is stable in some ground-water
environments, but it is rapidly oxidized to ferric iron
when the water is exposed to the atmosphere.

Chemical and biological processes affecting the
chemistry of iron in ground water are complex and
rapid; this complicates collection and interpretation of
analytical data as well as description of the occurrence
and movement of iron in ground water.

Chemical transformations of iron that affect its
solubility may occur during and after collection of a
water sample. As a result, it is often difficult to relate
an iron concentration value received from a laboratory
to the original concentration in the ground water; this is
especially true for older historical data, where sample
collection and treatment methods are not documented.

Data summarized here include concentration values
for dissolved iron, total iron, and “‘iron in solution when

analyzed”. This last type of concentration value is for
analyses where no attempt was made to determine the
amount of iron removed from solution between sample
collection and analysis. For the data summarized here,
it is not always possible to determine which of these
three classifications most accurately describes the
concentration value for a particular analysis.

Current drinking-water regulations (Environmental
Protection Agency, 1975) do not specify a maximum
permissible iron concentration, but earlier water-quality
criteria recommended that soluble iron in public water-
supply sources not exceed 300 ug/L (micrograms per
liter) (National Academy of Sciences, National Academy
of Engineering, 1973, p. 69). This recommended limit is
based on esthetic (taste, staining) rather than health
considerations. Iron can also be objectionable in water
for many industrial processes and may accumulate as
solid deposits on well screens and in distribution and
plumbing systems.

Mean iron concentrations were 300 ,ng/L or greater
in water from 44 percent of the 2,349 wells where data
were available.

SUMMARY BY AQUIFER OF IRON CONCENTRATIONS
IN WISCONSIN'S GROUND WATER
(All concentration values in micrograms per liter)

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite

Maximum concentration 21,000 11,000 61,000

Minimum concentration 0 0 0

Mean concentration 1109 662 834

Number of wells 816 360 1173

10% 3100 1650 1850

Percent of wells where indicated 25% 910 710 752
concentration value was equaled 50% 1356 290 228
or exceeded 75% 30 60 43

90% 10 10 15
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EXPLANATION
Iron concentration,
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3.0 GROUND-WATER-QUALITY DATA-Continued

3.2 Common inorganic constituents--Continued

3.2.6 Manganese

A Wide Range of Manganese
Concentrations is Found in
Wisconsin’s Ground Water

Even small concentrations of manganese in water may be objectionable.
Manganese concentrations in water from many wells in Wisconsin are
high enough to cause water-quality problems.

Manganese is widely distributed in rocks and soils,
but its solubility in ground water is limited by a variety
of complex chemical and biological processes. Although
these processes are similar in principle to those governing
the behavior of iron, there are important differences
between the chemistries of iron and manganese in water.

Chemical transformations that affect the solubility
of manganese may occur during the time between
collection and analysis of water samples; this may lead
to uncertainty as to the relationship between analytical
results and actual manganese concentrations in the water
at the time of sample collection. This is especially true
for older historical data, where sample collection and
analytical procedures are poorly documented.

Data summarized here are a combination of concen-
tration values for dissolved manganese, total manganese,

and “manganese in solution when analyzed”; this last -

type of concentration value applies to analyses where no
attempt was made to account for manganese removed
from solution between sample collection and analysis.
For some of the data summarized here, it is not always
possible to determine which of these three classifications

most accurately describe the concentration value.

Water-quality problems attributable to manganese
are similar to those caused by iron. Excessive manganese
concentrations may cause objectionable tastes, staining
of plumbing fixtures and laundry, and clogging of well
screens, plumbing, and distribution systems. No maxi-
mum permissible manganese concentration is specified in
current drinking-water regulations, but earlier water-
quality criteria recommended that soluble manganese
concentration not exceed 50 pg/L in public water-supply
sources (National ‘Academy of Sciences, National Acad-
emy of Engineering, 1973, p. 71). Manganese may also
be objectionable in water for many industial processes.

Mean manganese concentrations were 50 pg/L or
greater for 28 percent of the 2,241 wells for which data
were available. High manganese concentrations occurred
most commonly in the sand-and-gravel aquifer system,
where 41 percent of the mean concentrations were
50 ug/L or greater. In the sandstone and Silurian aquifer
systems, 20 to 22 percent of the wells yielded water that
had mean manganese concentrations of 50 ug/L or
greater.

SUMMARY BY AQUIFER OF MANGANESE CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in micrograms per liter)

Maximum concentration
Minimum concentration
Mean concentration
Number of wells

Percent of wells where indicated
concentration value was equaled
or exceeded

10%
25%
50%
75%
90%

26

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite
5170 3300 5900
0 0 0
127 45 54
799 335 1107
260 70 110
920 40 42
33 30 23
10 12 10
0 0 0




EXPLANATION

Manganese concentration,
in micrograms per liter
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3.0 GROUND-WATER-QUALITY DATA--Continued

3.2 Common inorganic constituents--Continued

3.2.7 Sulfate

Sulfate Concentrations are Generélly
Low, but Higher Concentrations Occur
in some Areas

Mineral sources of sulfate (primarily metallic sulfides and gypsum) are distributed
widely in Wisconsin’s aquifers. Although concentrations have a wide range,
sulfate causes few water-quality problems in Wisconsin.

Current national drinking-water regulations (Envi-
ronmental Protection Agency, 1975) do not specify
concentration limits for sulfate, but high sulfate concen-
trations in drinking water can cause problems. High
sulfate concentrations may have a laxative effect on
individuals unaccustomed to the water—the threshold
concentration for this effect depends on the sensitivity
of the individual and the concentrations of sodium and
magnesium in the water. High sulfate concentrations
can also cause taste problems. On the basis of laxative
and taste effects, it has been recommended that sulfate
concentrations not exceed 250 mg/L in public drinking-
water supplies where an alternate source is available
(National Academy of Science, National Academy of
Engineering, 1973, p. 89).

Sulfur in ground water generally occurs in its fully

oxidized state as sulfate or in its fully reduced form as
the HS™ ion or hydrogen sulfide gas. Transformations
between these forms take place as a result of chemical
and biological processes, but the predominant form
found in Wisconsin’s ground water is sulfate.

Sulfate concentrations exceed 250 mg/L most
frequently in water from wells in the Silurian aquifer;
the water from 9 percent of the wells for which data are
available had mean sulfate concentrations greater than
250 mg/L.  Mean sulfate concentrations exceeded
250 mg/L in water from 4 percent of the wells in the
sandstone aquifer and less than 1 percent of the wells in
the sand-and-gravel aquifer. Highest sulfate concentra-
-tions occur in the sandstone aquifer in the southeast
part of the State, where the Silurian aquifer overlies the
sandstone and the Maquoketa Shale is present.

SUMMARY BY AQUIFER OF SULFATE CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

Maximum concentration
Minimum concentration
Mean concentration
Number of wells

Percent of wells where indicated
concentration value was equaled
or exceeded

10%

25%

50%
75%
90%

28

AQUIFER
Sand and  Silurian Sandstone
gravel dolomite
1100 1400 1650
0.0 0.4 0.0
19 101 47
823 359 1179
40 231 a1
21 106 35
11 48 17
6.0 22 10
3.0 8.0 5.0




EXPLANATION
Sulfate concentration,
in milligrams per liter

Minimum-Maximum concentration
Mean concentration
Number of wells

Location of sampled well

Color indicates area where aquifer is present
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3.0 GROUND-WATER-QUALITY DATA-Continued
3.2 Common inorganic constituents--Continued

3.2.8 Chloride

Chloride Concentrations in
Wisconsin’s Ground Water are
Generally Low

The low chloride concentrations in the ground water are due primarily to
the relatively low chloride concentrations in common rock types. High
chloride concentrations are not a water-quality problem in Wisconsin
except in isolated instances.

Current drinking-water regulations (Environmental
Protection Agency, 1975) do not specify a concentra-
tion limit for chloride, but a report by the National
Academy of Sciences, National Academy of Engineering
(1973) recommends that chloride in public water-supply
sources not exceed 250 mg/L if water with a lower
concentration is available. The recommended 250 mg/L
limit is based solely on taste considerations.

Chloride is present in common rock types in lower
concentrations than most other common constituents of
natural water (Hem, 1970, p. 173), but its behavior
in solution may lead to greater concentrations in the
ground water. Chloride ions generally do not adsorb on
mineral surfaces, form precipitates with low solubility,
or participate in oxidation-reduction reactions and
biochemical cycles. Because of this, once chloride enters

solution, its concentration and movement in the ground -

water are controlled largely by physical rather than
chemical or biological processes. Some rocks may

contain chloride in residual or connate water; analyses of
the composition of the rocks may not indicate the
importance of this potential source of chloride (Hem,
1970, p. 171).

High chloride concentrations occur most frequently
in areas where dissolved-solids concentrations are high-
est, but isolated instances of high chloride concentra-
tions are found in most parts of the State. Chloride
concentrations exceeding 100 mg/L were found in water
from only 35 of the 2,342 wells for which chloride data
were available; concentrations exceeding 250 mg/L were
found in only 7 of these wells.

Human and animal wastes and salt used for snow
and ice removal on highways are potential sources of
chloride, so high chloride concentrations in an area
may be considered an indication of ground-water con-
tamination.

SUMMARY BY AQUIFER OF CHLORIDE CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

Maximum concentration
Minimum concentration
Mean concentration
Number of wells

Percent of wells where indicated
concentration value was equaled
or exceeded

10%
25%
50%
75%
20%

30

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite
325 510 1140
0.0 0.7 0.0
8.6 17 13
819 359 1164
18 32 22
8.0 12 10
3.5 5.0 4.2
1.7 2.6 2.0
1.0 1.4 1.0




EXPLANATION
Chloride concentration,
in milligrams per liter
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Mean concentration
Number of wells

Location of sampled well
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3.0 GROUND-WATER-QUALITY DATA-Continued
3.2 Common inorganic constituents--Continued

3.2.9 Fluoride

Fluoride Concentrations are Low
in Wisconsin’s Ground Water

Fluoride in drinking water in small concentrations has potential beneficial
effects (reduced incidence of tooth decay), but higher concentrations
can cause discoloration of tooth enamel. Concentrations in Wisconsin’s
ground water are generally less than those recommended for
drinking water to realize maximum beneficial effects.

Fluoride-containing minerals are widely distributed
in igneous and sedimentary rocks. Fluoride concentra-
tions in natural waters with dissolved-solids concentra-
tions less than 1,000 mg/L are generally less than
1.0 mg/L (Hem, 1970, p. 178).

Maximum permissible fluoride concentrations speci-
fied in current drinking-water regulations (Environmen-
tal Protection Agency, 1975, p. 5) are based on annual
average maximum daily air temperature in the area
served by the water supply. The regulation is based on
the conclusion that the amount of water, and conse-
quently the amount of fluoride, consumed by children
(who are most susceptible to the effects of fluoride) is
influenced primarily by maximum daily air temperature.
The maximum permissible fluoride concentrations for
the range of annual average maximum daily air tempera-
tures in Wisconsin are listed below.

Temperature, OF  Fluoride concentration, mg/L

Summaries for 71 climatological data stations
throughout Wisconsin (Wisconsin Department of Agri-
culture, 1961) show that annual average maximum daily
air temperatures are between 53.8° and 58.3°F at 52
sites, 53.7°F or less at 13 sites, and between 58.4° and
63.8°F at only 6 sites. Fluoride concentration exceeded
2.0 mg/L (the lowest maximum permissible concen-
tration applicable in the State) in only 11 of the 1,984
wells for which data are available; 10 of these wells are
in Brown County.

The State drinking-water standard for fluoride is
2.2 mg/L (Department of Natural Resources, 1978); this
value is equaled or exceeded in 10 of the 1,984 wells for

which data are available.

Because natural fluoride concentrations in Wiscon-
sin’s ground water are low, supplemental fluoridation is
used in many public water supplies. Recommended
optimum concentrations for supplemental fluoridation
of drinking-water supplies in Wisconsin, based on annual

53.7 and below 2.4 average maximum daily air temperature, range from
1.0 to 1.2mg/L (Environmental Protection Agency,
53.8-58.3 2.2 1975, p. 67).
58.4 -63.8 2.0

SUMMARY BY AQUIFER OF FLUORIDE CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

AQUIFER
Sand and  Silurian  Sandstone
- gravel dolomite
Maximum concentratioh 2.6 1.8 2.8
Minimum concentration 0.0 0.0 0.0
Mean concentration 0.2 0.5 0.2
Number of wells 666 315 1003
10% 0.4 1.0 0.5
Percent of wells where indicated 25% 0.2 0.7 0.2
concentration value was equaled 50% 0.2 0.4 0.2
or exceeded 75% 0.1 0.2 0.1
90% 0.1 0.1 0.1
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Fluoride concentration,
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Minimum-Maximum concentration
Mean concentration
Number of wells

Location of sampled well
Color indicates area where aquifer is present

6[0 80 100 1?0 MILES
!
[

0
|
I

0

0.1:0.2

T

SAND-AND-GRAVEL
AQUIFER

1
| | | |
20 40 60 80 100 120 140160 180 KILOMETERS

i
9
$ 0.1-0.3
0.2
0.
] 2
0.00.2
1
0.1-0.1
0.1
1
0:
0.1:001 E
0.
0.0-0.1
0102 -
0.2
L4
0.20.2 0
0. 0.1
1 1

SANDSTONE AQUIFER

L1-0.1 0.1-0.1 1

0.1 0.1

v R
, ,:élls.z
> »
’s ' a‘

=0
"...1:
N
E‘
»
=

.
L

3

7 SILURIAN DOLOMITE

AQUIFER SUMMARY OF

FLUORIDE CONCENTRATIONS

3.0 GROUND-WATER-QUALITY DATA-Continued

3.2 Common inorganic constituents--Continued
3.2.9 Fluoride




3.0 GROUND-WATER-QUALITY DATA--Continued

3.2 Common inorganic constituents--Continued

3.2.10 Nitrate

Nitrate Concentrations May Differ
Locally

Sources of nitrate in ground water include other forms of nitrogen (nitrogen gas, nitrite,
ammonia, and organic nitrogen) that may be converted to nitrate through biological or
chemical transformations and contamination resulting from agricultural practices and
from surface waste-disposal sites and septic systems. Interest in nitrate in water

supplies focuses on its role as a cause of methemoglobinemia in infants and
health problems in livestock.

Current drinking-water regulations (Environmental
Protection Agency, 1975) set a maximum contaminant
level for nitrate of 10 mg/L as nitrogen. The main
consideration in establishing this limit was the relation
between nitrate in drinking water and the incidence of
methemoglobinemia (cyanosis), a temporary but poten-
tially serious blood disorder in infants. No definite
causal relationship between nitrate nitrogen concentra-
tions exceeding 10 mg/L and the incidence of methe-
moglobinemia has been demonstrated, but surveys have
reported no occurrences of the disorder when nitrate
nitrogen concentration in the drinking-water supply
was less than 10 mg/L. Many infants have drunk water
with nitrate nitrogen concentration exceeding 10 mg/L
and suffered no ill effects. Susceptibility varies and is
influenced by several physiological features of early
infancy.

Nitrogen-containing materials from waste-disposal
sites, septic systems, livestock wastes, and agricultural
fertilizers have been implicated in many cases of high
nitrate-nitrogen concentrations in ground water, and
may be a major source of nitrate contamination, espe-

cially in shallow wells (Delfino, 1977, p. 28).

Wells yielding water with nitrate-nitrogen concen-
tration exceeding 10 mg/L are scattered throughout the
State, but the incidence of high nitrate-nitrogen concen-
trations may be higher in areas subject to local ground-
water contamination by nitrogen- containing materials.
Mean nitrate-nitrogen concentrations were 10 mg/L or
greater in 56 (2.9 percent) of the 1,903 wells.

SUMMARY BY AQUIFER OF NITRATE-NITROGEN CONCENTRATIONS
IN WISCONSIN’S GROUND WATER
(All concentration values in milligrams per liter)

Maximum concentration
Minimum concentration
Mean concentration
Number of welis

Percent of wells where indicated
congentration value was equaled
or exceeded

10%
25%
50%
75%
90%

34

AQUIFER
Sand and  Silurian  Sandstone
gravel dolomite
41 21 34
0.0 0.0 0.0
2.2 1.0 1.8
693 296 914
6.0 3.0 5.5
3.0 0.6 2.2
0.6 0.2 0.5
0.1 0.0 0.1
0.0 0.0 0.0




EXPLANATION

Nitrate as nitrogen,
in milligrams per liter
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3.0 GROUND-WATER-QUALITY DATA--Continued

3.3 Trace constituents

Trace Constituents may be of
Considerable Importance in Spite
of their Small Concentrations

" Trace constituents summarized here include metals (cadmium, chromium, cobalt,
copper, lead, mercury, nickel, selenium, silver, and zinc), nonmetals (arsenic and
boron}, and organic carbon. The presence in water of even small concentrations

of some of these constituents may limit the usefulness of the water for cer-
tain purposes, whereas other constituents may serve as indicators of water
quality {organic carbon) or subsurface mineralogy (trace metals).

Current drinking-water regulations (Environmental
Protection Agency, 1975) specify maximum contami-
nant levels for seven of the elements summarized here.
Maximum permissible concentrations of arsenic, cadmi-
um, chromium, lead, mercury, and selenium are based
on toxicity from acute or chronic exposures. Hexa-
valent chromium is the chromium species toxic to
human beings, but the maximum contaminant level is
based on total chromium concentration because the
analytical method for total chromium is relatively
simple. Chromium in aerobic or chlorinated water is
normally in the hexavalent state; thus, total chromium
concentrations (which include hexavalent chromium)
provide a reasonable, although conservative, estimate of
hexavalent chromium concentrations. The maximum
contaminant level for silver is based on cosmetic consid-
erations. Ingestion of silver salts may cause permanent
skin discoloration. Maximum contaminant levels were
exceeded in water from only five wells—three for lead
and one each for arsenic and chromium concentrations.

Maximum permissible concentrations for copper
and zinc are not specified in current drinking-water
regulations, but earlier criteria (National Academy of
Sciences, National Academy of Engineering, 1973)
recommended limits for these constituents based on
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taste considerations. The copper concentration in water
from one well exceeded this recommended limit.

Caution should be exercised in drawing conclusions
from analytical data for trace metals in water drawn
from wells. Well casings, distribution systems, and
plumbing are likely sources of trace metal contamina-
tion, especially for copper, zinc, and, to some extent,
cadmium and lead.

Excessive boron in water used for irrigation may
cause crop damage. The highest boron concentration
found in water from the wells included in this summary
was less than the recommended upper limit for boron in
irrigation water.

Organic carbon concentration is a gross measure of
the quantity of organic material in water. Measurements
of organic carbon concentration have been used in
various water-pollution investigations as indicators of the
degree and extent of contamination by organic sub-
stances. The effectiveness of this technique is increased
if background data for “‘natural” or uncontaminated
water are available; the data summarized here indicate
the general magnitude of “natural” organic ‘carbon
concentrations in Wisconsin’s ground water.




4.0 NEEDS FOR DATA ON GROUND-WATER QUALITY

Future Investigations of Ground Water
Quality may be Directed toward
Describing the Relation between
Water Quality, Water Movement,

and the Hydrogeologic
Environment

It is not possible to know the concentration of a particular constituent at
every point in an aquifer. Because of this, a thorough ground-water quality
investigation must provide water-quality data as well as the supporting
hydrogeologic information needed to use these data for estimating
water quality throughout the aquifer.

The usefulness of available data on ground-water relations between water quality and hydrogeology
quality can be increased by relating these data to availa- become apparent.
ble hydrogeologic data, including aquifer characteristics
and the local and regional flow systems tapped by each With proper planning, most ground-water investiga-
well where water-quality data are available. As this is tions can provide data useful for describing the relation
done, specific needs for additional water-quality and of ground-water quality to the hydrogeologic environ-
" hydrogeologic data necessary to define local and regional ment.
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