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NATIONAL WATER-QUALITY ASSESSMENT PROGRAM

EXPLANATION

[ Beganin 1991
[] Beganin 1994
[] Began in 1997
[ Not scheduled yet

K nowledge of the quality of the Nation’s streams and aquifersisimportant because
of the implications to human and aquatic health and because of the significant costs
associated with decisions involving land and water management, conservation, and
regulation. In 1991, the U.S. Congress appropriated funds for the U.S. Geological
Survey (USGS) to begin the National Water-Quality Assessment (NAWQA) Program
to help meet the continuing need for sound, scientific information on the areal extent
of the water-quality problems, how these problems are changing with time, and an
understanding of the effects of human actions and natural factors on water-quality
conditions.

The NAWQA Program is assessing the water-quality conditions of more than 50 of
the Nation's largest river basins and aquifers, known as Study Units. Collectively,
these Study Units cover about one-half of the United States and include sources of
drinking water used by about 70 percent of the U.S. population. Comprehensive
assessments of about one-third of the Study Units are ongoing at a given time. Each
Study Unit is scheduled to be revisited every decade to evaluate changes in water-
quality conditions. NAWQA assessments rely heavily on existing information col-
lected by the USGS and many other agencies as well as the use of nationally consis-
tent study designs and methods of sampling and analysis. Such consistency simulta-
neously provides information about the status and trends in water-quality conditions
in a particular stream or aquifer and, more importantly, provides the basis to make
comparisons among watersheds and improve our understanding of the factors that
affect water-quality conditions regionally and nationally.

This report is intended to summarize major findings that emerged between 1992
and 1995 from the water-quality assessment of the Western Lake Michigan Drainages
Study Unit and to relate these findings to water-quality issues of regional and national
concern. The information is primarily intended for those who are involved in water-
resource management. Indeed, this report addresses many of the concerns raised by
regulators, water-utility managers, industry representatives, and other scientists, engi-
neers, public officials, and members of stakeholder groups who provided advice and
input to the USGS during this NAWQA Study-Unit investigation. Yet, the informa-
tion contained here may also interest those who simply wish to know more about the
quality of water in the rivers and aquifersin the area where they live.

Lolret pfeins

Robert M. Hirsch, Chief Hydrol ogist

“NAWQA has been
enormously helpful in
synthesizing data and
developing a better
understanding of akey
ecoregion of the Great
Lakes. Contributions
from this study will be
useful for yearsto come
asthisregion ismanaged
as an integrated natura
resource.”
William C. Sonzogni,
University of
Wisconsin—-Madison,
Sate Laboratory of
Hygiene

“The NAWQA program
IS generating water
quality and ecological
information that will be
useful to the Oneida
Environmental, Health
and Safety Department
in managing tribal water
resources. Asthe Tribe
engages in efforts to
improve conditions of its
watershed, NAWQA
data and reports should
serve as areference
against which future
changesin water quality
can be compared.”
Patrick J. Pelky,
Oneida Tribe of
Indians of Wisconsin,
Environmental,
Health and Safety
Department
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SUMMARY OF MAJOR ISSUES AND FINDINGS
in the Western Lake Michigan Drainages

LEVELS OF SOME NATURALLY OCCURRING CHEMICALS HAVE THE POTENTIAL
TO AFFECT HUMAN HEALTH AND AQUATIC LIFE. (p. 8)

Concentrations of naturally occurring constituents are variable in surface water and ground water of the study area. At
some sites the concentrations exceed those considered harmful to human health and aquatic life.

»  Dissolved solids concentrations above the United States Environmental
Protection Agency’s (USEPA) secondary maximum contaminant
levels (SMCL) for drinking water were detected in 26 percent of samples
from the confined part of the drinking-water aquifer.

»  Arsenic concentrations in fine sediments in streams exceeded the Ontario
Ministry of Environment and Energy lowest effect level (LEL), for
aquatic biota, at 48 percent of sites sampled and the severe effect level
(SEL) at one site.

« Radon, acarcinogen, was detected in all 29 drinking-water aquifer wells
sampled in the study area. Radon activitiesin 66 percent of the wells
exceeded the previously proposed USEPA standard of 300 picocuries per
liter (pCi/L).

e Concentrations of dissolved iron exceeded the previously proposed
USEPA maximum contaminant level (MCL) for drinking water of
300 micrograms per liter (ug/L) in 38 percent of drinking-water
aquifer wells sampled.

FERTILIZERS AND LIVESTOCK WASTES INCREASE NUTRIENT CONCENTRATIONS IN STREAMS AND
GROUND WATER. (p. 10)

Phosphorus and nitrate concentrations in surface water and ground water are highest in agricultural land-use areas.
Nutrient concentrations in surface waters were highest during periods of precipitation runoff.

* Ninety-six percent of anthropogenic phosphorus input to the study area
isfrom fertilizer and livestock wastes.

*  Median phosphorus concentrations in surface water at four
agricultural study sites exceeded the recommended USEPA limit to
discourage excessive biotic growth in flowing water of

0.1 milligrams per liter (mg/L).

e Analysisof historical dataindicated that phosphorus concentrationsin
surface water downstream from urban areas decreased significantly
during the 1970s due to the reduction of phosphorus in detergents and
improvements in sewage-treatment facilities.

» Nitrate concentrations in surface water from 92 percent of samples from
agricultural Indicator Siteswere high enough to contributeto algal blooms
(greater than 0.3 mg/L) observed at several sites.

* Nitrate concentrations exceeded the USEPA MCL (10 mg/L) during three
storms at the East River agricultural Indicator Site, in 9 percent of the
samples from the drinking water aquifer, and 22 percent of the surficial
aluvial aguifer samples.

* Nitrate concentrations, in the shallow alluvial aquifer where the surficial
deposits were most permeable, exceeded the USEPA MCL in 37 percent
of the samples.

2 WATER QUALITY IN THE WESTERN LAKE MICHIGAN DRAINAGES, WISCONSIN AND MICHIGAN, 1992-95



SUMMARY OF MAJOR ISSUES AND FINDINGS
in the Western Lake Michigan Drainages

VARIOUS FACTORS CONTROL PESTICIDE OCCURRENCE IN STREAMS AND GROUND WATER. (p. 12)

Fifteen pesticides were detected in ground water and 33 in surface water. Drinking water standards for atrazine were
exceeded in 6 percent of surface-water samples and standards for simazine and alachlor were exceeded in 1 percent
of the samples.

»  Pesticides commonly applied to farm fields were typically detected in
surface water in intensively farmed areas at concentrations 100 times
higher than in less intensively farmed areas.

« Atrazinewas detected in all 143 surface water samples collected,
including some at very low concentrations (0.005 mg/L) from forested
areas. Detection in forested areasis probably due to the presence of
pesticidesin precipitation in the area.

»  Highest concentrations of pesticides in surface water occur during runoff
in agricultural areas soon after pesticide applications to the farm fields.

«  Pesticides were detected in 97 percent of samples from surficial aquifers
in intensively farmed areas underlain by relatively permeable surficial
deposits. Concentrations of atrazine plus deethylatrazine exceeded the
State of Wisconsin's preventive action limit of 0.3 pg/L in 22 percent
of surficial aquifer wells.

» Pesticides were detected in 25 percent of drinking water aquifer wells
sampled. Eighty-six percent of these detections were in samples from
wellsin the part of the aquifer not covered by the relatively
impermeable Sinnipee unit.

URBAN AREAS ARE A SOURCE OF TRACE ELEMENTS AND ORGANIC COMPOUNDS. (p. 14)

Concentrations of cadmium, copper, mercury, nickel, lead, and zinc and of many toxic synthetic organic compounds
were highest in fine sediments in streams that drained urban areas compared to other land uses.

»  Concentrations of PCBs in streambed sediments and fish tissue are 10
times higher in large-river sites draining urban areas than in smaller
urban, agricultural, or forested land-use areas.

e Concentrations of DDT remain high in streambed sedimentsin urban
areas and large-river sites more than 20 years after being banned.

»  Eight trace elementsin fine streambed sediment exceeded established
LEL for bulk sediment. The chromium LEL was exceeded in all
42 samples collected. The LEL is the concentration that 95 percent of
benthic biota can tolerate.

»  Eighty percent of semivolatile organic compounds (SVOCs) analyzed for
were detected in at least one sample. Two classes of SVOCs (PAHs and
phthal ates) were detected more frequently and in higher concentrations at
urban-affected sites.

ENVIRONMENTAL SETTING AND LAND USE INFLUENCE AQUATIC LIFE. (p. 16)

Water quality, as indicated by aquatic life, was most influenced by land
use and type of surficial deposit.

e Agquatic life was most degraded in urban areas and |east degraded in
forested areas.

« Indexes of biatic integrity indicated degraded water quality at sites with
clay surficia deposits.

e Water quality in streamsin primarily agricultural areas was|east degraded
in the basins with the highest percentage of forested land use.

« Ingenerd, there was good agreement between biological indicator scores
calculated for habitat, algae, benthic invertebrates, and fish.

U.S. Geological Survey Circular 1156 3



ENVIRONMENTAL SETTING AND HYDROLOGIC CONDITIONS
in the Western Lake Michigan Drainages

The Western Lake Michi-
gan Drainages Study Unit drains
a20,000-square-mile areain
eastern Wisconsin and the Upper
Peninsula of Michigan. The
study areais comprised of the
Fox-Wolf, Milwaukee, Menomi-
nee, Oconto, and Peshtigo River
Basinsin Wisconsin and the
Ford and Escanaba River Basins
in Michigan.

The overall population in the
study areais about 2,435,000
(U.S. Department of Commerce,
1991). Mgjor cities include Mil-
waukee, Green Bay, Racine, and
Appleton. The Green Bay area,
along the lower Fox River, has
one of the highest densities of
paper millsin the world. Lake
Winnebago, a 137,000-acre lake
in the Fox River Basin, isamajor
surface-water feature.

d aaul,wo\,\a\‘\

The primary water-quality
issues in the study areainclude
contamination and nutrient
enrichment of surface water and
ground water by agricultural
chemicals, contamination of bed
sediments of riversand harbors by
toxic substances, contamination
and nutrient enrichment of rivers
and lakes from industrial and
municipal waste discharges, and Source: Seaber
acidification and mercury con- and others, 1086.

EXPLANATION

—— Basin boundary

——— County boundary

tamination of lakes and wet- —— Stream
lands in the forested part of
the study area - -
Milwaukee
Racine
0 25 50 MILES

I
I
0 25 50 KILOMETERS
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ENVIRONMENTAL SETTING AND HYDROLOGIC CONDITIONS
in the Western Lake Michigan Drainages
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EXPLANATION
Surficial deposit
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The topography of the study area was shaped by
glaciation. Surficial deposits range in thickness
from zero to several hundred feet.
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Land use ranges from forests in the north to
agriculture and urbanized land in the southern and
eastern parts of the study area.
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EXPLANATION
Bedrock type
Igneous and
Metamorphic
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== Shale
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The bedrock underlying the study area is
composed of igneous, metamorphic and
sedimentary (sandstone, carbonate, and shale)
rock. Bedrock dips southeast toward Lake
Michigan. The oldest rock subcrops in the
northwest and the youngest in the southeast.
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About 50 percent of the area is forested, with streams
and lakes offering excellent fishing, canoeing, and other
recreational opportunities. Agriculture is a major activity
in the study area, with 37 percent of the area devoted to
cropland and pasture land.
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ENVIRONMENTAL SETTING AND HYDROLOGIC CONDITIONS

in the Western Lake Michigan Drainages

Water quality in the Western Lake Michigan Drainages
is affected by natural and anthropogenic factors. In order to
study the important water-quality issues, the basin was
divided into 28 relatively homogeneous units (RHUs) with
unique combinations of land use, surficial-deposit texture,
and bedrock by overlaying digital thematic maps (p. 5) of
these land features (Robertson and Saad, 1995).

Not al of the 28 RHUs could be sampled; therefore,
specific RHUs were sel ected for sampling on the basis of the
major water-quality issuesin the RHU. Eleven stream sites,
called Fixed Stes, were chosen to describe the variability in
streamflow and concentrations of nutrients, major ions, sus-
pended sediment, and biological communities. Eight of the
11 Fixed Sites were Indicator Stes, sites selected to repre-
sent the quality of water draining from a specific RHU. Four
Indicator Sites were on streams representing agricultural
RHUSs, two were on streams representing forested RHUS,
and one each was on a stream representing an urban RHU
and a mixed agriculture and forest RHU. The remaining
three sites were Integrator Stes, sites located near the
mouths of major rivers, where water quality is affected by
various combinations of land use, surficial deposits, and bed-
rock geology. Each of these 11 sites was sampled at least
monthly for 2.5 years.

Additionally, short-term synoptic studies were done to
better define the variability in water quality throughout the
study area. Figures on p. 24 and the table on p. 25 provide
details of those studies.

One of the synoptic studies was conducted to determine
if monitoring results from the Indicator Fixed Sites were rep-
resentative of specific RHUs and the basin as awhole. The
Indicator Fixed Site data were compared to results from a
study of 83 sites throughout the basin. Results of that study,
conducted during base-flow conditions, indicate that the
Indicator Fixed Sites provide afair representation of specific
RHUs and the entire basin.

EXPLANATION
B Mixed area

v Indicator Fixed Site
Vv Integrator Fixed Site
F19 RHU
Abbreviations

Ag Agriculture

F Forest

AF Agriculture/
Forest

U Urban

44°——

Milwaukee R.
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Water quality in the Western Lake Michigan Drainages is
affected by natural and anthropogenic factors.
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the specific RHUs they were selected to

represent (Robertson, 1998).

Fixed Sites in the Western Lake Michigan Drainages.
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ENVIRONMENTAL SETTING AND HYDROLOGIC CONDITIONS

in the Western Lake Michigan Drainages

Ground water studies were also designed to look at the
effects of land use, surficial deposit texture, and bedrock
geology on water-quality variability. Ground water from the
Cambrian-Ordovician aquifer, the most-used drinking-water
aquifer in the study area, and from shallow aquifers associ-
ated with agricultural land use and two different surficial
deposits were sampled to indicate this variability.

Understanding hydrologic and climatic conditionsis
important for interpreting water-quality data. During wet-
weather periods, runoff can carry materialsinto the stream
from the land, and concentrations of nutrients, pesticides,
and sediment can increase above those at normal streamflow.
Periods of excessive precipitation can cause ground-water
levelsto rise, contributing alarger ground-water component
to streamflow and causing changes in streamwater
chemistry. During dry periods, point-source discharges to

iy
N
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1 Monthly precipitation during study
|~ Long-term average precipitation, 1961-90 110
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IN INCHES, AT STEVENS POINT, WIS.

Precipitation varies seasonally with 60 percent occurring
between May and September (Peters, 1997). The 1993 growing
season was much wetter than normal and was the wettest period
during the 3-year investigation.

Extensive flooding occurred in the study area in the spring of
1993. These photos of the North Branch of the Milwaukee River
were taken from near the same location (note location of bridge
abutment) during normal flows in 1995 and during the spring
1993 floodflows.

Milwaukee River at Milwaukee, Wis.
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Annual discharge measured at the Milwaukee River in 1993
was the fourth largest recorded since the start of
measurement (historical streamflow data covers the period
of record from 1914-96).

streams may degrade stream-water quality. The seasonal tim-
ing of precipitation can also affect stream-water quality. For
example, precipitation causing runoff early in the growing
season, before crops come up and after pesticides and fertil-
izers have been applied, can produce significant potential for
water contamination.

The average precipitation in the Wisconsin part of the
study area during all of 1993 was about 39 inches, or 122
percent of the 30-year statewide average. Annual runoff in
1993 ranged from 240 to 280 percent of normal in the south-
ern part of the study area. Precipitation in the study area
measured about 31 inches during 1994 and about 29 inches
during 1995. Annual runoff was near normal during both
years.

Water use in the Western Lake Michigan Drainages
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Public suppliers provide about 371 million gallons of water
per day (Mgal/d), of which 69 Mgal/d is from ground-water
sources. Rural domestic users obtain about 21 Mgal/d, of
which 13 Mgal/d is from ground-water sources. Lakes
Michigan and Winnebago provide most of the surface-water
supply (Horn, written communication, 1997).
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MAJOR ISSUES AND FINDINGS
Levels of Some Naturally Occurring Chemicals Have the Potential to Affect Human

Health and Aquatic Life

Many naturally occurring chemicals
are present in streams and ground
water. It isimportant for water and
land managers to understand the natu-
ral water chemistry in order to assess
the effects of human activities on water
quality.

The chemical composition of natural
water is primarily derived from the
dissolution of minerals in surficial
deposits and bedrock.

Dissolved constituentsin rivers and
ground water include the major cations
(calcium, magnesium, sodium, potas-
sium), major anions (bicarbonate,
chloride, and sulfate), nutrients, trace
elements (including iron and manga-
nese), and radionuclides (uranium,
radium, and radon).

The most common ions in most
waters in the study area are calcium,
magnesium, and bicarbonate. These
ions provide many of the dissolved
solidsin study-areawaters. Median

Runoff areas may
contribute significant suspended
solids to stream water, resulting in
streams with a muddy appearance.

in agricultural

dissolved-solids concentrations in sur-
face waters range from about 50 milli-
gramsper liter (mg/L) in forested parts
of the study areato about 500 mg/L in
agricultural basins. Median concentra-
tions of dissolved solidsin ground
water range from about 250 mg/L in
shallow alluvial aquifersto more than
2,500 mg/L in the drinking-water aqui-
fer whereit is confined by the Sinnipee
confining layer (Richards and others,
in press; Saad, 1996 and 1997).

Concentrations of dissolved solids
exceeded the USEPA secondary maxi-
mum contaminant level (SMCL) of 500
mg/L in 22 percent of surficial aquifer
wellsand 17 percent of deep drinking
water wells sampled (Saad, 1996 and
1997).

Concentrations of arsenic and sele-
nium in streambed sediment are vari-
ablein the study area. Median arsenic
concentrations are highest in the for-
ested land use area and are correlated
with the igneous/metamorphic bed-
rock. Arsenic concentrations exceeded
the concentrations that 95 percent of
the benthic biota can tolerate, the Low-
est Effect Level (LEL), at 48 percent of
sites sampled.

(100)(175) (58) (19) (10)
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Dissolved solids concentrations are
variable in the study area. Highest
concentrations are found in the confined
part of the drinking water aquifer, which
may increase treatment costs. SMCL is
secondary maximum contaminant level.
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Forested land use was related to high concentrations of arsenic and selenium in
streambed sediment (Scudder and others, 1997). The igneous/metamorphic bedrock
and sand and gravel surficial deposits that are found in most of the forested areas may
be a source for these elements in the study area. Ontario Ministry of Environment and
Energy values (Persaud and others, 1993) are shown for the Lowest Effect Level (LEL)
and Severe Effect Level (SEL). Sediment effect criteria from Ingersoll and others (1996)
for Effects Range Low (ERL) and Effects Range Median (ERM) are for arsenic only.
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MAJOR ISSUES AND FINDINGS
Levels of Some Naturally Occurring Chemicals Have the Potential to Affect Human

Health and Aquatic Life

Concentrations of iron in ground
water varied from near zero to 23,000
micrograms per liter (ug/L). Concen-
trations of dissolved iron exceeded the
USEPA SMCL of 0.3 mg/L in 38 per-
cent of samples collected from drink-
ing-water wells and 10 percent of
shallow aluvial wells (Saad, 1996 and
1997). The source of theironin the
drinking water aquifer is probably the
minerals in the Cambrian/Ordovician
aquifer geologic material. The source
of iron in the shallow alluvial aquifers
may be the mineralsin the alluvial
materials derived from the igneous and
metamorphic bedrock or possibly from
supplemental iron that isin some fer-
tilizers.
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Dissolved iron concentrations are
variable in the study area. SMCL is
secondary maximum contaminant level.

Radon, which can cause lung can-
cer, isaradioactive, odorless, and
chemically inert gas that occurs natu-
raly in the air, soil, and ground water.
Radon is adecay product of radium,
which inturnisadecay product of ura-
nium. Rocks break down mechanically
and chemically to form sediments that-
contain various amounts of uranium,
depending on the source rocks.

Radon in ground
water affects radon
concentrationsin
indoor air in homes
because it escapes to
theindoor air as people
use water. Open water-
distribution systems
allow ground water to
aerate and radon to
escape. In small,

EXPLANATION

[ Aquifer regionally unconfined
[ Aquifer regionally confined
3 Aquifer not present 45
BN water

Radon, in

picocuries per liter

Q 130 - 299

O 300 — 599 88
O 600 - 899
@ 900 — 1400

closed water-distribu-
tion systemswith short
transit times, radon
cannot escape from the
system; therefore it
escapesinto theindoor
air. Research suggests
that ingestion of water
with high radon con-
centrations also may
pose risks, although
theserisksarebelieved
to be much lower than
those from inhalation
of radon.

Until late 1996, the Radon,
USEPA had proposed
an MCL of 300
picocuries per
liter (pCi/L) for radon in drinking
water. However, this proposed maxi-
mum contaminant level (MCL) was
withdrawn by USEPA for further eval-
uation; thus, no proposed MCL cur-
rently exists. Radon concentrations
measured during this study were larger
than the previously proposed MCL in
66 percent of the drinking-water aqui-
fer wells (Saad, 1996).

deep wells.

a known carcinogen,
proposed USEPA standard of 300 picocuries per liter in many

25 50 MILES

0 25 50 KILOMETERS

exceeds the previously

Radon concentrations greater than
300 pCi/L weredetected in avariety of
geohydrol ogic environments through-
out most of the study area, with the
exception of the southwest (Saad,
1996). Elevated radon concentrations
do not appear to be related to a particu-
lar geologic formation or land use.

PERCENTAGES OF CANCER DEATHS

Diet
Tobacco
Occupation 4
Radon 2-3
Pollution

Medical X-Rays || 0.5

ATTRIBUTED TO VARIOUS FACTORS
T T T T T

35
30

1 1 1 1 1

The three cancer risks greater than radon are all factors that can be controlled
through life-style changes. This figure accounts for all exposures to radon,
not only radon in water (not all factors are shown). Source: American Institute

for Cancer Research (1992).
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MAJOR ISSUES AND FINDINGS
Fertilizers and Livestock Wastes Increase Nutrients in Streams and Ground Water

Applications of phosphorus and
nitrogen to croplands, urban lawns,
and golf courses, in the form of com-
mercial fertilizers and(or) animal
manure, are common in the study area.
In drinking water, concentrations of
nitrate in excess of 10 mg/L can cause
methemogl obinemia or “ blue-baby
syndrome” which can be fatal to
infants.

Nutrients are essential for aquatic plants;
however, in high concentrations they can
cause eutrophication, leading to
nuisance algal blooms. Algal blooms can
be detrimental to fish and other aquatic
organisms.

Sources of
Phosphorus Inputs

O Commercial
fertilizers (54%)

] Manure (41.7%)
(] Atmosphere (2.2%)
[ Point sources (1.2%)

More than 96 percent of the total
anthropogenic phosphorus input to the
study area is in the form of commercial
fertilizers and livestock manures. Point
sources such as sewage-treatment plants
contribute only about 1.2 percent of the
total input (Robertson, 1996a).

Animal manure is spread on farm fields,
typically in the fall or winter months, as a
fertilizer. Improper or excess application
can result in runoff to streams or
infiltration to ground water. The advent of
“precision farming” methods will allow
application of fertilizers to specific parts of
fields based on need, and may lead to
reduced inputs.

Phosphorusis naturally
occurring and present in many
clay soilsin the study area.
Man supplements this natu-
rally occurring phosphorus
with total annual inputsto the
study areaof 34 thousand tons
(6.8 pounds per acre).

Phosphorus concentrations
at the 11 Fixed Sites were pri-
marily related to land use and
secondarily related to clayey
surficial depositsin the basin.
Median phosphorus concen-
trations exceeded the USEPA
suggested maximum total
phosphorus concentration for
flowing water of 0.1 mg/L
(U.S. Environmental Protec-
tion Agency, 1986) in 57 per-
cent of samples collected at
the four agricultural sites
(Richards and others, 1998).

Nitrate was detected in all
412 stream-water samples
collected during the study.
Concentrations in 66 percent
of al stream samples and 92
percent of samples from agri-
cultural sites were high
enough to contribute to algal
blooms (0.3 mg/L).

Median nitrate concentra-
tions at the four agricultural
sites and the mixed agricul-
ture and forested sites were
dightly higher than at the
urban site and considerably
higher than at the forested
sites. Nitrate concentrations at
theagricultural East River site
exceeded the USEPA MCL
(10 mg/L) during three storms
in 1994 and 1995. Median
nitrate concentrationsin river
water from Lincoln Creek, the
urban site, were similar to the
national average concentra-
tion (Smith and others, 1993)
in urban areas and are proba-
bly elevated relative to for-
ested land use areas due to the
use of fertilizers on lawnsand
gardens.
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Phosphorus concentrations in stream water at
agricultural sites were considerably higher than at

urban and forested sites during base flow conditions.
(RHU labels correspond to the RHU figure on p. 6.)
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Median nitrate concentrations, during base-flow
conditions, at two of the agricultural sites and the
mixed agriculture and forested sites were twice the
national average concentration for agricultural
areas (Smith and others, 1993). (RHU labels
correspond to the RHU figure on p. 6.)
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Nutrient concentrations vary sea-
sonally in streams throughout the
study area. The highest concentrations
occur during stormwater runoff. At
two agricultural streams in the study
area, more phosphorus was carried
during stormsin June 1993 than during
the next 24 months combined. Highest
phosphorus concentrations during
periods when storm runoff is absent
(base flow) generally occur during the
growing season (March to August),
and the lowest concentrations occur
during the winter (January and Febru-
ary). Highest nitrate concentrations
during base-flow periods generally
occur during the winter months. This
may be due to the seasonal changein
contributions from ground-water dis-
charge to streams or to the seasonal
cycle of algae growth in streams.

Nitrate was detected in all 76
ground-water samples collected. Con-
centrations of nitrate exceeded the
USEPA MCL of 10 mg/L in 9 percent
of samples from the drinking-water
aquifer and in 22 percent of samples
from the surficial aluvial aguifers.

In general, ground water
had higher concentrations of
nitrate in areas of agricul-
ture or mixed agriculture
and forested land usethanin
urbanized and forested
water sheds. Ground water
from the surficial aluvial
aquifer generally had higher
concentrations of nitrate
than that from wellsin the
Cambrian-Ordovician
drinking-water aquifer
(Saad, 1996 and 1997).
Concentrations of nitrate in
the drinking water aquifer
were highest in areas where
the Sinnipee confining unit
isnot present. Ground water
in areas where the surficial
deposits were sand and
gravel had higher nitrate
concentrations than in areas
where the surficial deposits
were sand and clay glacial
till (Saad, 1996).

Duck Creek at Seminary Road near Oneida, Wis.
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The highest nutrient concentrations occurred during periods

of precipitation runoff.

MAJOR ISSUES AND FINDINGS
Fertilizers and Livestock Wastes Increase Nutrients in Streams and Ground Water
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More than 20,000 samples from more
than 500 stream sites and nearly 1,000
samples from about 800 wells in the
study area were analyzed by various
agencies for nutrients between 1970 and
1991 (Robertson and Saad, 1996; Saad
1994). Retrospective analysis of these
data indicated that agricultural land use
was the primary factor affecting the dis-
tribution of nutrient concentrations.
Phosphorus concentrations decreased
significantly in surface water down-
stream from urban areas during the
1970s because of the reduction of phos-
phorus in detergents and improvements
in sewage-treatment facilities.

U.S. Geological Survey Circular 1156

Water samples from 22 percent of shallow alluvial wells
sampled in agricultural land-use areas exceeded the
USEPA maximum contaminant level for nitrate as
nitrogen of 10 mg/L. Nitrate concentrations were higher
in land use area 2 where surficial deposits were more
permeable (Saad, 1997). Typically, these shallow wells
are not drinking-water sources.

11



MAJOR ISSUES AND FINDINGS
Various Factors Control Pesticide Occurrence in Streams and Ground Water

Fifteen pesticides were detected in
ground water and 33 in surface water
(Sullivan and Richards, 1996; Saad,
1996 and 1997). Most of the pesticides
detected in surface water and ground
water are herbicides used on corn, soy
beans, small grains, and hay. However,
there are a number of herbicides and
insecticides, more commonly used on
lawns and for specialty crops, that
have been detected as well. The use of
specific pesticides fluctuates over time
as new pesticides are developed or as
more information is ascertained
regarding health effects and persis-
tence.

Approximately 1,100 tons
active ingredient are
agricultural land in the
each year.

of pesticide
applied to
study area

Drinking-water standards (U.S.
Environmental Protection Agency,
1996) were exceeded in only 11 of 143
surface-water samples. However, there
are established standards for only
about 20 percent of the 88 pesticides
that were analyzed for as part of this
study. There isno clear evidence that

currently used pesticides

are adversely effecting 3,000 2ucK Creek near Oneida, Wis. 0 o
aquatic or human health; %2 ook ' neimlels B
butatfthesametlme, R e 1 50—:'
potential effectsof long- 29, go0f o s Fo
term human and environ- S0 | A -7
mental exposure to both % El,soog 0n © o0k o1 % <
individual pesticidesand Wi fo o|B % R ® °§005009
to complex mixtures of £ 01000 Fa of|* Approximate period of  * QK
pesticides and their degra- 3 500k herbicide application ° 8'835 s
dation products are o - — 77z
unknown (Goodbred and T 0 e - L AN 10.001
others, 1997; Girvin, ar Apr May une July Aug Sept

1996). The continuing Pesticide concentrations are highest

presence of theoncewidely gyring storms that occur soon aftgr the EXPLANATION
used insecticide DDT and  herbicide application period. Pesticide - igggmgow

its degradation products
such as DDE, despite the

concentrations exceeded USEPA MCLs
on several occasions during these
runoff periods.

» Metolachlor
@ Cyanazine

ban on DDT use that was

imposed in the early 1970s, demon-
strates the persistence of certain toxic
chemicalsin the environment. There-
fore, continued study of the types and
amounts of pesticides in streams and
ground water, coupled with the latest
information on effects of pesticides on
aquatic or human hedlth, isin order.

Concentrations of pesticides were
100 times higher in intensively farmed
(row crop) areas of the study area than
in nonagricultural areasor in less
intensively farmed areas where graz-
ing, hay production, and less herbi-
cide-intensive crops are raised.

Pesticide concentration in streams
show a seasonal pattern (Sullivan and
Richards, 1996). The highest pesticide

concentrations typically occur during
the first several periods of runoff fol-
lowing the application of pesticides.

Numerous pesticides have been
detected in precipitation in the study
area (Majewski and Capel, 1995).
Atrazine concentrations in precipita
tionin the study area are typically
about 0.2 pg/L (Goolsby and others,
1994). The presence of atrazinein
stream water from the two forested
Indicator Sites at concentrations less
than 0.005 ug/Lis probably due to
atmospheric deposition.

1
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Miscellaneous uses

Atrazine, the herbicide most commonly used on corn in the study area (Gianessi and Puffer, 1991) was detected in all
of the stream samples and in more than half of the ground-water samples (Sullivan and Richards, 1996; Saad, 1996
and 1997). The herbicides simazine, metolachlor, cyanazine, prometon, and alachlor were detected in more than one-

half of the stream samples.
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MAJOR ISSUES AND FINDINGS

Various Factors Control Pesticide Occurrence in Streams and Ground Water

Pesticides applied at the land

soil and subsoil to ground water
with infiltrating rainfall. Pesti-
cides were detected most

frequently and in highest concen- deep ground water are gener-
trations in ground water samples aly from areas where the
from shallow wellsin intensively aquifer is not covered by the

cultivated agricultural areas

surficial deposits (Saad, 1997). 1996).

Between 1983 and 1995, a total of 32,064 pesticide
analyses were done on samples from 4,155 wells in the
study area (Matzen and Saad, 1996). In 29 percent of the
sampled wells, at least one pesticide was detected.
Atrazine and its degradation products exceeded the
Wisconsin preventive action limit (PAL) of 0.3 microgram
per liter in about 10 percent of all wells sampled.
Thousands of potential pesticide degradation products
exist and these compounds are rarely included in
laboratory analyses for pesticides. Therefore, it is likely
that pesticide and degradation product occurrences in
both surface and ground water have been, and currently
are, underestimated in the study area and across the
Nation.

EXPLANATION

Location of wells
where pesticides
were:

o detected
o not detected

0

25 50 MILES

0 25 50 KILOMETERS

Pesticides were also
surface can be carried through the detected in deeper ground-
water aquifersthat are used as
drinking-water supplies.
Pesticides detected in the

relatively impermeable Sin-
underlain by relatively permeable nipee confining unit (Saad,

EXPLANATION

Atrazine plus

deethylatrazine,

in micrograms

ST per liter

o < Detection limit

==~ o > Detection limit
and < 0.30

O 0.30-3.0

O >3.0

Surficial deposit/.
bedrock description
) O Sand and clay
Milwaukee surficial deposits

- O Sand and gravel
I surficial deposits

Atrazine concentrations in shallow ground water were
highest in areas with the most permeable surficial
deposits. The shallow ground water targeted by these
agricultural land use studies is seldom used for a
drinking-water source.

EXPLANATION I
Aquifer regionally unconfined
Aquifer regionally confined &
Aquifer not present ~ 46°—< —
Lake

Pesticide or metabolite
not detected

Pesticide or metabolite
detected

e s QOELC

aquifer

25 50 MILES
Tt
l 0 25 50 KILOMETERS

Pesticides were detected in seven drinking-water
aquifer wells. Most of the detections were in wells in
agricultural areas where the aquifer is not covered
by the Sinnipee confining unit (Saad, 1996).
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MAJOR ISSUES AND FINDINGS
Urban Areas are a Source of Trace Elements and Organic Compounds

Industrial activitiesin urban areas of
the study area have introduced con-
taminants into surface water and
stream-bed sediments. Parts of the
Menominee, Fox, Sheboygan, and
Milwaukee Rivers have been desig-
nated “ areas of concern” (AOCs) by
the International Joint Commission,
which represents U.S. and Canadian
environmental and resource interests
in the Great L akes Region (Interna-
tional Joint Commission, 1989). Water,
sediment, and biotain these four
AOCs have been found to contain a
wide array of inorganic and synthetic
organic compounds (Wisconsin
Department of Natural Resources,
1978 and 1993; Sullivan and Delfino,
1982). The severity of contamination
in the AOCs has restricted the use of
water for human and animal consump-
tion and has limited the recreational

USesS.

The industrialized lower Fox River Valley
supports one of the largest
concentrations of paper mills in the world.

1. Contaminants
are washed
into stream
with sediment.

3. Predator species of fish
and fish-eating wildlife
consume prey that
have taken up

contam inamS/V

aquatic invertebrates
bioaccumulate contaminants.

- N L-‘ :

eding fish and

Figure source: Bruce Lindsey, USGS

Contaminants attached to sediments can be transported from the land

surface to surface water systems
chain and lead to bioaccumulation

Concentrations of chemicalsin the
aquatic environment are of concern
whenever and wherever organisms,
including humans, may be at risk. One
way to assess thisrisk isto measure
the amount of contaminants biologi-
cally available to organisms, known as
bioavailability. Measuring concentra-
tions of contaminants in streambed
sediments and in biotic tissues can pro-
vide information on the bioavailability
of contaminants in sediments to partic-
ular organisms.

Polychlorinated biphenyls (PCBs),
aset of 209 related chlorinated organic
compounds, had various industrial
uses in the study area such asin
hydraulic fluids, cutting oils, sealants,
and pesticides. Despite a manufactur-
ing ban in the mid-1970s, PCBs con-
tinue to be of concern because of their
persistent toxicity to organisms.
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The relation between algae measured as chlorophyll-a and PCBs

indicates that algal growth,

sedimentation, and sediment

resuspension may be important processes controlling the fate of
PCBs in rivers (Fitzgerald and Steuer, 1996).

. The contaminants can enter the food
in larger species.

PCBs are alisted contaminant in all of
the designated AOCs.

Data collected during the bed-sedi-
ment and tissue studies in the study
areaindicate that PCB concentrations
in the Lower Fox River and in the Mil-
waukee River may be linked to algal
productivity. Highest particulate PCB
concentrations were measured during
the algae-rich summer months. Incor-
poration of PCBsinto algae (Swack-
hamer and Skoglund, 1993) providesa
pathway for these compounds to move
from contaminated river sediments
into other organisms, including fish
and humans.
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Concentrations of PCBs are 10 times higher
in streambed sediments and biotic tissues at
urban Integrator sites (Scudder and others,
1997) than in smaller urban, agricultural or
forested land use areas. RHU labels
correspond to the RHU figure on p. 6, “I"
represents large-river (Integrator) sites.
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MAJOR ISSUES AND FINDINGS

Urban Areas are a Source of Trace Elements and Organic Compounds

Acute exposure (short term, high
concentration) to certain trace ele-
ments can kill organisms, whereas
chronic exposure (long term, low con-
centration) can result in mortality or
nonlethal effects, such as stunted
growth, reduced reproductive success,
or deformities.

Concentrations of cadmium, copper,
mercury, nickel, lead, and zinc were
significantly higher in fine river sedi-
ments from large-river and urban sites
than in other areas (Scudder and oth-
ers, 1997). Trace elements and syn-
thetic organic compound
concentrationsin sediment and fish tis-
sue exceeded aquatic-life criteria at
some sites.
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MAJOR LAND USE

Median concentrations of lead and mercury in
streambed sediment exceeded the “lowest
effect level” at urban and large river sites (see
table at right). Lead is a known urban
contaminant whose historical source is
probably gasoline (Callender and Van Metre,
1997).

Semivolatile organic compounds
(SVOCs) were analyzed for in stream-
bed sediments. Eighty percent of the
SVOCs analyzed for in the study area
were detected in at |east one sample.
Two classes of SVOCs (polycyclic
aromatic hydrocarbons, PAHs, and
phthal ates) were detected more fre-
quently and in higher concentrations at
urban-affected sites (Scudder and oth-
ers, 1997).

Trace-element concentrations in streambed sediment.

Trace Number of OMEE SEC OMEE SEC
element samples LEL ERL SEL ERM
Arsenic 40 18 12 1 1
Cadmium 41 25 19 0 2
Chromium 42 42 38 3 1
Copper 42 30 9 3 0
Mercury 42 8 -- 2 --
Nickel 42 25 16 0 0
Lead 42 12 10 1 5
Zinc 42 17 17 1

Trace-element concentrations in fine (less than 63 micrometers) streambed
sediment exceeded guidelines for bulk sediment in many samples. Comparisons

of trace-element concentrations in fine sediment to bulk sediment guidelines may
overestimate potential effects on biota. A number of observations from the
Western Lake Michigan Drainages equaled or exceeded published guidelines for
trace-element concentrations in sediment.

[Ontario Ministry of Environment and Energy values (Persaud and others, 1993) are for
the Lowest Effect Level (OMEE LEL) and Severe Effect Level (OMEE SEL). The
sediment effect criteria (SEC) are from Ingersoll and others (1996) for Effects Range

Low (SEC

ERL) and Effects Range Median (SEC ERM); --, no guidelines.]
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Concentrations of many toxic synthetic organic compounds
were elevated in streambed sediments and tissues from
urban and large-river sites relative to other land uses. (RHU
labels refer to RHU figure on p. 6; “I” represents large-river
(Integrator) sites.
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MAJOR ISSUES AND FINDINGS
Environmental Setting and Land Use Influence Aquatic Life

Stream ecol ogy can be affected by a
wide variety of human and natural fac-
tors. Sampling stream habitat and
communities of fish, benthic inverte-
brates, and algae provides a unique
assessment of the overall health of
streams. Relating these findingsto
information about the natural and
human features found in the sampled
basins can provide important informa-
tion for management of land and water
resources.

Nearly 500 biological studies con-
ducted in the study area between 1891
and 1996 were identified that relate to
water-quality conditions. Most of these
studies focused on populations and
community structure of agquatic biota
in streams thought to be degraded asa
result of human activity (Scudder and
others, 1996).

The number of each type of fish species
present in streams provides an indication
of stream-water quality. Twenty-one of the
28 streams sampled were classified as
coldwater trout streams (Sullivan, 1997;
Sullivan and Peterson, 1997).

Indexes of biotic integrity were cal-
culated for each of the four ecological
componentsfor 28 streamsin the study
area. These biotic indexes were devel-
oped to provide an indication of water
quality based on the ecological compo-
nent sampled. Results of the calcul ated
indexes for the Indicator and bench-
mark sites were compared to land use,
surficial deposit, and bedrock informa-
tion in each basin to determine the
influence of these environmental fac-
tors on aquatic lifein the basin.

46°—

West Branch
Red River

Hibbards Creek

Casco Creek
Little Scarboro Creek
Krok Creek

Willow Creek
Mecan River
44° —
Chaffee
Creek

Tisch Mills Creek

"a""é‘iggﬁ f Mullet River
Neenah Nichols Creek
Creek
EXPLANATION

Surface-water sampling site

© Indicator Fixed Site
W Benchmark Stream Site

Milwaukee River

B=L7—  RHU (see p.#6)
cl) 2|5 5|O MILES Agl
| T | Ag3
0 25 50 KILOMETERS AF20
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Twenty benchmark streams in a predominantly agricultural part of the study area
were selected for detailed ecological studies (Rheaume, Stewart, and Lenz, 1996).
These studies were also done at the eight Indicator Fixed Sites (Sullivan and others,
1995). The ecological studies conducted at the 28 sites were designed to study the
effects of environmental setting on aquatic life. The studies conducted at the 20
benchmark stream sites were also designed to define aquatic life conditions in less-
degraded watersheds located in primarily agricultural areas.
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MAJOR ISSUES AND FINDINGS
Environmental Setting and Land Use Influence Aquatic Life

In general, there was good
agreement between individ-
ual ecological component
scores. At only one of the 20
benchmark streamsdid results
vary by more than one quality
category. At four of the eight
Indicator Fixed Sites scores
varied by two quality catego-
ries.

Overall water quality at the
benchmark streams, as indi-
cated by the four ecological
component scores, varied lit-
tle within each of the four
RHUs sampled. Biotic
indexes indicated that water
quality at the benchmark
streamsin RHU 26 were of
slightly higher quality than
benchmark streamsin RHU 3.
Benchmark streamsin RHU
26 had nearly twice as much
forested land in their basins
than did RHU 3 streams.

Water quality, as indicated
by biotic indexes, varied con-
Siderably between Indicator
Fixed Sites. The urban site
had the worst water quality
and the forested sites the best
water quality. At the agricul-
tural Indicator Fixed Sites,
water quality varied consider-
ably. Scores were nearly as
low asthe urban site where
percent agriculturein the
basin was highest; and scores
were as high as the forested
sites where agricultura land
use percentage was lowest.

Lowest overall scoreswere
from basins with clay surficial
deposits. There was no
apparent correlation between
biotic indexes and bedrock
type or drainage basin area.

Ecological Component

Area Invert- Total

River name (miz) RHU Land use (percent) Habitat Algae ebrates Fish score
» - Peshekee River 49 16 F(98) e & 0 &
2| Popple River 139 22 F(90) & & 0 © =»
| Pensaukee River 36 2 Ag(86) O O e O 11
Z| Duck Creek 95 1 Ag(89) e e O O 10
g Tomorrow River 44 20 Ag (58)/F (39) O O () O 13
S| EastRiver 47 23 Ag(92) e ® o® o6 7
£| N.Br.MiwaukeeR. 51 3 Ag(88) e ® @ 0
L Lincoln Creek 10 9 U(100) e 6 6 O s
— Tisch Mills Creek 16 1 Ag(BLMW (11) e ®& 0 & 3
Krok Creek 78 1 Ag(6L)W (36) ®& & & © u
Little Scarboro Creek 1 1 Ag(94) e ® o & 3
Casco Creek 15 1 Ag(89)F (7) ®& & & O u
Hibbards Creek 16 1 Ag(73)F (14) e &s & &
E.Br. Miwaukee R. 53 3 Ag (56)/F (32) ® @ & 6 u
% Nichols Creek 5 3 Ag (8L)F (19) O & o o
S| Mullet River 46 3 Ag(72)F (15) ® & & ®
2| watercresscreek 12 3 Ag(66)F (31) e ®& & O
S| whitcomb Creek 8 20 F(63)/Ag(30) o & & & u
S| W. Br. Red River 37 20 F(52)/Ag (38) e o o & u
&| silver Creek 6 20 F@U5AgEsW(L9) @ @ @ @ 16
Smith Creek 2 20 F(60)W (35) ®& & o ®& u
Camp Creek 5 20 FGHWR8)Ag(18) @™ @ & @ 13
Lawrence Creek 8 26 Ag(49)/F (46) ® e o o -
Neenah Creek 25 26 Ag (58)F (39) ® ®& e ® =3
Chaffee Creek 9 26 Ag (44)/F(26)/W (17) O . . O 14
Mecan River 29 26 Ag (59)/F (40) e & & & ©»
Willow Creek 16 26 F (52)/Ag (41) O . . O 13
L Pine River 21 26 Ag(58)/F (42) e ®& o o

Biological indexes for habitat (Great Lakes Environmental Assessment, GLEAS; Michigan
Department of Natural Resources, 1991), algae (Index of Biological Integrity, IBI; Bahls, 1993),
benthic invertebrates (Hilsenhoff Biotic Indexes, HBI and FBI; Hilsenhoff, 1987), and fish (Index
of Biological Integrity, IBI; Lyons, 1992 and Lyons and others, 1996) indicate the water quality of
streams in the study area. Total score determined by assigning point values for each quality

score as shown in parentheses. Abbreviations: Ag, agriculture; F, forest; W, wetland;
Scores: Excellent @ (4); Good Q (3); Fair e (2); Poor @ (2); Very Poor O 0)

Caddisfly larvae are generally found where habitat and water
quality conditions are good. Additional discussion of habitat
conditions and invertebrate communities in the study area can be
found in Fitzpatrick and Giddings, 1997; Fitzpatrick, Peterson and
Stewart, 1996; and Rheaume, Lenz, and Scudder, 1996.
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MAJOR ISSUES AND FINDINGS
Are Biological and Water-Quality Data Collected by Different Methods Comparable?

Control of water pollution became a
major environmental priority during
the last three decades, and in response,
water-quality monitoring hasexpanded
rapidly. Today, Federal, State and local
water-resource management agencies
make a considerable investment in the
collection of water-quality informa-
tion. A wide variety of procedures are
used to collect this information, often
depending upon the objectives of the
collection effort. A lack of information
regarding the quality and comparabil-
ity of the data collected can result in
duplicated sampling efforts or the
underutilization of available water-
quality information.

To address these concerns, studies
were done to determine the compara-
bility of water-chemistry and aquatic-
invertebrate data collected by different
methods in Wisconsin (Lenz and
Miller, 1996; Wisconsin Department
of Natural Resources and U.S. Geolog-
ical Survey, 1994).

These studieswere coordinated with
the Wisconsin Department of Natural
Resources (WDNR), U.S. Forest Ser-
vice (USFS), and avolunteer group,
Water Action Volunteers (WAV), in
conjunction with the Wisconsin Water
Resources Coordination Project, a
pilot program implementing the rec-
ommendations of the Intergovernmen-
tal Task Force on Monitoring Water
Quality (ITFM).

During 1993 and
1994, a study was
done to compare

) Silver Creek
water-chemistry Wolf
results obtained River
using methods of M
the USGS and the Sﬁ,%?

WDNR (Wisconsin 44°

Department of Nat-  |Neenah

ural Resources and Creek

U.S. Geological

Survey, 1994). Sampling sites

Water-chemistry

samples were col-
lected four times,
twice during base
flow conditionsand | °© 2

WV Biological site

0 25

A Water-chemistry site
43—

50 MILES

50 KILOMETERS

— Manitowoc River

North Branch
Milwaukee River
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Study area
enlarged
above

MICHIGAN

twice during storm
runoff conditions, at
three streams of var- study area.
ious size that were

chosen to represent stream variability
in the study area. Duplicate samples
were collected at each location using
each collection, processing, and pres-
ervation method for analyses at both
the USGS National Water-Quality
Laboratory and the Wisconsin State
Laboratory of Hygiene.

Total phosphorus, dissolved chlo-
ride, and suspended solids (sediment)
were the water-chemistry parameters
studied. Total phosphorus was chosen
as an indicator constituent for nutrient
concentrations, and dissolved chloride

Results of USGS/WDNR water-chemistry methods comparison

Suspended
Method tested Total phosphorus Dissolved chloride sediment (SS)/
total suspended
solids (TSS)
Differencesbetween | No difference No difference Concentrations of
field-sampling both SSand TSS
methods were significantly
higher in EWI
samples
Within field- No difference No difference SS concentrations
sampling method morevariablethan
variability TSS
Differencesbetween | No difference No difference No difference
field-processing
methods
Differencesbetween | USGS concentrations | USGS concentrations | Not applicable
laboratories significantly lower significantly lower

Aquatic-biology method comparisons were done at six sites
and water-chemistry method comparisons at three sites in the

was chosen as an indicator for dis-
solved major ion concentrations.

Dissolved chloride in samples col-
lected using the two agencies’ methods
were similar during both high- and
low-flow conditions. Resultsindicated
that concentrations of total suspended
solids and suspended sediment con-
centrations were significantly higher
for samples collected by the equal-
width increment (EWI) sample method
than using the grab sample method
during high-flow conditions. Surpris-
ingly, total phosphorus concentrations
also were similar for each collection
method and flow condition. It had been
anticipated that total phosphorus
would more closely mimic the sus-
pended solids (sediment) results dur-
ing high-flow conditions. There were
significant differences between labora-
toriesfor analyses of concentrations of
total phosphorus and dissolved chlo-
ride.

In general, laboratory analytical dif-
ferences were more important than
sample-collection-method differences.
Samples collected for phosphorus and
chloride by the two methods were
comparable when analyzed by the
same laboratory.
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MAJOR ISSUES AND FINDINGS
Are Biological and Water-Quality Data Collected by Different Methods Comparable?

Aquatic-macroinvertebrate 10 - In another study, USGS and
sampling methods used by the ] =5 WDNR data bases describing
USGS, WDNR, and the USFS at 9 23 benthic macroinvertebrate com-
riffle areas of streams were com- B I I R R R S A munities in streams in the study
pared at six streams of various 8 S area were paired with water-
sizesinthestudy area Avolunteer & 3 | | | ] R I chemistry datato determine
group, WAV, performed anin-field 2 ; 7 25 » Whether the data bases predicted
invertebrate water-quality rating at i 10 ] X |Ee é water-quality conditions simi-
one of the streams. a 6 1 sd = & laly. Onthebasis of the limited

. . 4 - = . .
Resultsof the study indicated = 4| | | ___ % [ [~ > paireddataavailable, the two
. T . (SR = .

that differencesin field-collection £ 5] 2 & S 5 databaseswere shown to predict
methods resulted in assessments of % 11 - I ,,,535,,,,,,,",,3’, 3 water-quality similarly using
different habitats and the collec- i, 3 ? §§ 28 ¢ HBI (Lenz, 1997). However,
tion of different total numbersand @ 3 [ 9 @ | | [7® & resuttsalsoindicated that benthic
proportions of individual species, Z 31 & . = invertebrate data collected at dif-
indicating that field-collection q ] = ferent seasons should not be
methods need to be considered T 51 1O USGS-NAWQA upstream rifle | |__I— combined when using the data
when comparing macroinverte- ] USGS-NAWQA downstream riffle o for water-quality assessments.
brate data among agenc|es (Lenz 1 ] <> WDNR .riffle replicates | |o
and Miller, 1996). However, the E \l;lvi\'\:/svvr;ftf:eer sfjlr.ar:lipleinvertebrate ratin :
sampling methods resulted in simi- 0 I ey — _
lar water-quality ratings using the (W a(\?v e W™
Hilsenhoff Biotic Index (HBI) @ oV (@ W& (o o o
common benthic invertebrate envi- & W

ronmental -tol erance measure.

Hilsenhoff Biotic Index (HBI) of environmental tolerance
results from the three agencies and a volunteer group
predicted water quality similarly.
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\ AW Federal and State agencies work together to provide
AW W more comparable aquatic biology results.

Different invertebrate sampling techniques resulted in
different numbers of species collected.

The Intergovernmental Task Force On Monitoring Water Quality (ITFM) was a national program designed to
coordinate monitoring programs; define efficient roles for Federal, State, and local agencies; evaluate diverse
descriptions of aquatic conditions and trends; and develop a national water-information network (Intergovern-
mental Task Force on Monitoring Water Quality, 1994). The National Water-Quality Assessment Monitoring
Council was established in May 1997 as the permanent successor to the ITFM.
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WATER-QUALITY CONDITIONS IN A NATIONAL CONTEXT
Comparison of Stream Quality in the Western Lake Michigan Drainages
with Nationwide NAWQA Findings

Seven major water-quality characteristics were evaluated for stream sitesin each
NAWQA Study Unit. Summary scoresfor each characteristic were computed for all
sites that had adequate data. Scores for each site in the Western Lake Michigan
Drainages were compared with scoresfor all sites sampled in the 20 NAWQA Study
Units during 1992-95. Results are summarized by percentiles; higher percentile
valuesgenerally indicate poorer quality compared with other NAWQA sites. Water-
quality conditions at each site also are compared to established criteria for
protection of aquatic life. Applicable criteria are limited to nutrients and pesticides
inwater and semivolatile organic compounds, organochl orine pesticides, and PCBs
in sediment. (Methods used to compute rankings and evaluate aquatic-life criteria
are described by Gilliom and others, in press.)

NUTRIENTS in water

Nutrient concentrationsinthe
study areawere principally
related to land use of the
drainage basin. Relative to
other Study Units nationally,
low, moderate, and high
nutrient levels were found in
forested, urban, and
agricultural basins,
respectively. Oneagricultural
site exceeded drinking-water
standards during periods of
stormwater runoff. Fertilizer
and manure application to
croplandsis the major
anthropogenic source of
nutrients; however, point
sources and atmospheric
deposition also contribute to

ORGANOCHLORINE PESTICIDES and PCBs nutrient loading.
in bed sediment and biological tissue

EXPLANATION

Ranking relative to national conditions—
Darker colored circles generally indicate
poorer quality. Bold outline of circle
indicates one or more aquatic-life criteria
were exceeded.

Greater than the 75th percentile
(among the highest 25 percent nationally)

O Between the median and the 75th percentile
Q Between the 25th percentile and the median

Q Less than the 25th percentile
(among the lowest 25 percent nationally)

PESTICIDES in water

Atrazine was detected at all
nine fixed siteswhere
samples were analyzed for
pesticides. However,
concentrations were
generaly low, especialy at
sites draining basins with a
low percentage of
agricultural land use. At the
three sites where sufficient
data exist for comparison,
pesticide concentrations
wereat or below themedian
national NAWQA
concentration.

Concentrations of PCBs and
organochlorine compoundsinthree
streams that drain urban areas were
among the highest of all NAWQA
Study Unit sites nationally. The
three urban sites also exceeded
aquatic-life criteria; PCB
concentrations in fish have been
high enough to prompt bans on fish
consumption for the protection of
human health. A metabolite of the
persistent compound DDT
(p,p’'-DDE) is adso commonly
detected at urban sites.
Concentrations at agricultural sites
were moderately high, whereas
those in forested basins were low
compared to other national
NAWQA sites.

Milwaukee
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WATER-QUALITY CONDITIONS IN A NATIONAL CONTEXT
Comparison of Stream Quality in the Western Lake Michigan Drainages

with Nationwide NAWQA Findings

TRACE ELEMENTS in bed sediment

Some of the highest trace-
element concentrations at
NAWQA sites nationally were
from the lower Fox and
Milwaukee Rivers, major rivers
in urban settings. Concentrations
of arsenic, selenium, and mercury
in forested basins in the study
areawere near the median of all
NAWQA sites nationwide. Sites
dominated by agricultural land
use typically had low levels of
trace elements compared to other
NAWQA sites nationwide.

Q SEMIVOLATILE ORGANIC COMPOUNDS
in bed sediment

Riversin urban settings had some
of the highest concentrations of
SVOCsof all NAWQA sites
nationwide. Three urban sites, the
lower Fox and Milwaukee Rivers
and Lincoln Creek, had
concentrations of SVOCs that
exceeded aquatic-life criteria.
Forested and agricultural sites
had low to moderate
concentrations of SVOCs
compared to sites nationwide.

Q FISH COMMUNITY DEGRADATION

Assessment of fish community
degradation was based on several
factors, including presence of
non-native and pollutant-tolerant
species, and percentage of
diseased fish. Most sites within
the study area have relatively
high quality fish communities
comparedtothe NAWQA sitesin
the rest of the Nation. However,
Lincoln Creek, an urban site, had
highly degraded fish community
quality compared to other
NAWQA sites.

Y

Milwau kee

O STREAM HABITAT DEGRADATION

Degradation of stream
habitat was based on
several factors such as
bank erosion, stream
modification, and the
stability and density of
bank vegetation. The
degree of stream-habitat
degradation within the
Study Unit depended on
stream size and land use.
Sites on streams draining
agricultural or urbanized
landscapeswere degraded
compared to NAWQA
sites nationwide.

CONCLUSIONS

In the Western Lake Michigan Drainages, com-
pared to other NAWQA Study Units:

* Nutrient and pesticide concentrations are
elevated in agricultural basins.

« Sites draining urban areas have elevated
concentrations of trace elements, SVOCs,
and PCBs.

» Northern forested basins have relatively
good surface-water quality; however, trace
element concentrations are slightly
elevated and fish community quality is
moderate.
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WATER-QUALITY CONDITIONS IN A NATIONAL CONTEXT
Comparison of Ground-Water Quality in the Western Lake Michigan Drainages
with Nationwide NAWQA Findings

RADON

Radon levels for the Cambrian-
Ordovician aquifer ranked relatively
high among the national NAWQA
sites. A natural product of the decay of
uranium, radon is aradioactive gasthat
was detected in al samples collected
fromthe Cambrian-Ordovician aquifer.
Two-thirds of the samples exceeded a
previously proposed maximum
contaminant level of 300 picocuries per
liter, although few samplesin the
southwestern part of the aquifer had
high concentrations. The lack of data
restricts the ability to speculate about
the presence of radon in the shallow
aquifers.

NITRATE

Nitrate concentrations in the shallow-
aquifer area underlain by sand and
gravel are some of the highest among
the NAWOQA sites nationwide,
probably because highly permeable
surficial deposits allow agriculturally
derived nutrients to infiltrate to the
ground water. The Cambrian-
Ordovician drinking-water aquifer and
the shallow aquifer overlain by glacial
till both had low concentrations of
nitrates compared to other national
NAWQA data. All three areas had a
few samplesin which nitrate
concentrations exceeded the drinking-
water standard, a common occurrence
in the Midwest farm belt.

Five major water-quality characteristicswereevaluated for ground-water studiesin each
NAWQA Study Unit. Ground-water resources were divided into two categories:

(1) drinking-water aquifers and (2) shallow ground water underlying agricultural or
urban areas. Summary scoreswere computed for each characteristic for all aquifersand
shallow ground-water areas that had adequate data. Scoresfor each aquifer and shallow
ground-water areain the Western Lake Michigan Drainages were compared with scores
for all aquifersand shallow ground-water areas sampled in the 20 NAWQA Study Units
during 1992-95. Results are summarized by percentiles; higher percentile values
generally indicate poorer quality compared with other NAWQA ground-water studies.
Water-quality conditions for each drinking-water aquifer also are compared to
established drinking-water standards and criteria for protection of human health.
(Methods used to compute rankings and eval uate standards and criteriaare described by
Gilliom and others, in press.)

EXPLANATION

Aquifer unit (drinking water)

Cambrian-Ordovician aquifer, west
of Maquoketa Shale

Land-use studies (shallow ground water)

[ ] Corn and alfalfa in glacial till

[ ] Cornand alfalfa in sand and gravel

Ranking relative to national conditions—
Darker colored circles generally indicate
poorer quality. Bold outline of circle
indicates one or more drinking-water
standards or criteria were exceeded.

O Greater than the 75th percentile
(among the highest 25 percent nationally)

O Between the median and the 75th percentile
Q Between the 25th percentile and the median

Q Less than the 25th percentile
(among the lowest 25 percent nationally)
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WATER QUALITY CONDITIONS IN A NATIONAL CONTEXT

Comparison of Ground-Water Quality in the Western Lake Michigan Drainages

with Nationwide NAWQA Findings

DISSOLVED SOLIDS

Concentrations of dissolved
solids were relatively high
compared to those in other
Study Units. A few samples
from each aquifer had
concentrations of dissolved
solids that exceeded the
secondary maximum
contaminant level. However,
the shallow aquifers are
seldom used as a drinking-
water source. The area
overlain by glacial till had
among the highest
concentrations of dissolved
solids compared to other
NAWQA sites nationaly.

VOLATILE ORGANIC COMPOUNDS

There was only one VOC
(Trihal omethanes) detected
in the Study Unit, and VOC
concentrations at the two
wells where detected were
low. None of the samples
tested above drinking-water
standards. Industrial by-
products and some pesticides
are potential sources of
VOCsin ground water.

PESTICIDES

Pesticide detections in the
Cambrian-Ordovician aquifer
were similar to the median
value from NAWQA sites;
however, pesticide
concentrations were high in
both land-use study areas
compared to aquifersin other
Study Units. None of the
ground-water samples
exceeded drinking- water
standards for pesticides;
however, maximum
contaminant levels (MCLSs)
have been established for only
asmall percentage of the
pesticides detected.

CONCLUSIONS

In the Western Lake Michigan Drainages, com-
pared to other NAWQA Study Units:

e Nitrate and pesticide concentrations in
shallow wells in agricultural areas were
elevated; in areas with permeable surficial
deposits, they were among the highest in
the Nation.

e Drinking-water standards were exceeded
in a few samples in each of the three
ground-water study areas for nitrates and
dissolved solids.

* Radon was elevated above the previously
proposed maximum contaminant level in
the drinking-water aquifer where it was
sampled for.

e Land use is the primary influence on
ground-water quality, whereas surficial
deposits overlying an aquifer have a
secondary influence. The confining unit
overlying parts of the Cambrian-Ordovician
aquifer provides some protection of the
drinking water from the effects of human
activities.
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STUDY DESIGN AND DATA COLLECTION
in the Western Lake Michigan Drainages

STREAM CHEMISTRY

Fixed Sites were established to examine differences in stream-water quality dueto the
environmental setting (land use, surficial deposits, and bedrock type) of the study area.
Intensive Fixed Sites were sampled more frequently to determine seasonal variability in
water quality and to test for 88 pesticides. Synoptic studies focused on sampling high
and low flows to characterize concentration and spatial distribution of nutrients,
pesticides, sediment, and other water-quality characteristics. Streambed sediments,
aguatic insects, and fish tissue were analyzed for trace elements and organic compounds.

EXPLANATION

Stream-chemistry

sites

@ Fixed Sites

o Intensive Fixed
Sites

v Synoptic sites

A Streambed,
sediment sites
Aguatic biota
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Ecoregions evaluate the spatial distribution of

Northern Lakes

and Forests aquatic biological community

North Central
Hordweed structure.

Forests
Southeastern
Wisconsin
Till Plains

Central Corn
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GROUND-WATER CHEMISTRY

To evaluate the effects of agricultural
land use and surficial deposits on shal-
low ground-water quality, one aquifer
overlain by sand and clay and the other
by sand and gravel were studied. A
drinking-water aquifer survey assessed
the water-quality in the most heavily
used aquifer in the Study Unit. A study
in an agricultural areawas designed to
determine changes in nutrient and pesti-
cide concentrations along shallow
ground-water flow paths.

XPLANATION
Y Ground-water

chemistry sites

< Flow-path location
Drinking-water
aquifer survey
Land-use survey

O (sand and clay,
shallow ground water)
Land-use survey

@ (sand and gravel,
shallow ground water)

Bedrock aquifers and

confining units
Silurian—-Devonian
aquifer
Sinnipee
confining unit
Cambrian—
Ordovician aquifer
Crystalline rocks
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SPECIAL STUDIES = Water
Speciar ey O Additional studies provided important information on the water resources of the study
St undwatey  Ar€2 Theinteraction between ground water and surface water was investigated using

O suace-water \yater-chemistry data. A comparison of water-quality sample collection, preservation,
A ITFM water- shipping, and laboratory techniques of the USGS and the Wisconsin Department of
o e Natural Resources (WDNR) were studied to determine comparability of water-chemistry
site results. Differences in macroinvertebrate-collection techniques of three agencies were

investigated to evaluate comparability of results.

v
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STUDY DESIGN AND DATA COLLECTION
in the Western Lake Michigan Drainages

SUMMARY OF DATA COLLECTION IN THE WESTERN LAKE MICHIGAN DRAINAGES STUDY UNIT, 1992-95

Study What data were collected and why Types of sites sampled N“m.ber of | Sampling frequency
component sites and period
Stream Chemistry
Fixed Sites Streamflow was measured continuously and samples were | Streams draining basins ranging in size 11 Monthly plus storms;
--general water | collected monthly for major ions, nutrients, organic car- from 10 to 6,332 square miles and repre- April 1993-July 1995
chemistry bon, suspended sediment, and physical propertiesto senting forested, agricultural, urban, and
describe concentration, seasonal variability, and loads. mixed land uses.
Intensive Fixed |In addition to the above constituents, samples were ana- A subset of Fixed Sites draining agricul- 3 Monthly during growing
Sites lyzed for 88 dissolved pesticides to describe concentra- tural and urban land-use areas. Season;
-- pesticides tion and seasonal variations. 20 per year, 1993-94
Synoptic sites | Streamflow, nutrients, pesticides, suspended sediments, and | Streams draining basins ranging in size 145 total Spring and summer 1994,
-- water physical properties were determined for high- and(or) from 2 to 6,332 square miles and repre- | 42 high flow summer 1994
chemistry low-flow conditions to describe concentrations and senting forested, agricultural, urban, and | 59 low flow July 1995
spatial distributions. mixed land uses. 95 low flow
Contaminants | Streambed sediments were analyzed for trace elementsand | Depositional zones at all Fixed Sites and 31 6-9 Fixed Sitesin 1992(6),
-- streambed hydrophobic pesticides and other organic compounds to numerous synoptic sites. 1994(8), 1995(9);
sediments determine occurrence and spatial distribution. 7-12 synoptic sitesin
1992(12), 1995(7)
Contaminants | Trace elementsin fish livers and organic compoundsin All Fixed Sites and some synoptic sites. 25 4-8 Fixed Sitesin 1992(4),
-- aguatic biota |  whole insects and whole fish were sampled and analyzed 1994(8), 1995(7);
to determine occurrence and spatial distribution. 6-7 synoptic sitesin
1992(7), 1995(6)
Stream Ecology
Intensive Fish, benthic invertebrates, algae, and aquatic and riparian | Stream reaches collocated with Fixed Sites. 11 8 Indicator Sites annually,
assessments habitats were sampled and described to assess aquatic Sites represent the variety of land uses, 1993-95; three reaches
biological community structurein different land uses and bedrock geology, and surficial texture sampled at 3 sites;
associated habitats. within the basin. 3 Integrator Sites, 1995
Synoptic studies |Fish, benthic invertebrates, algae, and aquatic and riparian | Benchmark stream reaches chosen to repre- 34 20 Benchmark sites, once
habitats were described to assess spatia distribution of sent relatively pristine conditionsin in spring/summer 1993
aquatic biological community structure of relatively pris-|  agricultural areas. Comparison sites and 1995; 12 RHU Com-
tine streams in an agricultural setting. determine variability within RHUs. parison sites, 1993
Ground-Water Chemistry
Land-use effects | Major ions, nutrients, pesticides, volatile organic com- Newly installed monitoring wells com- 26 wells, 2 | Oncein September 1993
-- sand and clay pounds (VOCs), tritium, dissolved organic carbon pleted at water table located using a springs and summer 1994
-- shallow (DOC), chlorofluorocarbons (CFCs) and isotopes of oxy-|  statistically random selection process.
ground water |  gen, hydrogen, and uranium were sampled and analyzed Predominantly agricultural land use
for to determine effects of agriculture on the quality of (80%): corn and alfalfa are the main
recently recharged ground water in the alluvia aquifer. crops.
Land-use effects | Major ions, nutrients, pesticides, VOCs, tritium, DOC, Sites with monitoring wells completed at 30 Once in September 1994
-- sand and CFCs, and isotopes of oxygen, hydrogen, and uranium water table chosen using a statistically
gravel were sampled and analyzed for to determine effects of random selection process. Predomi-
-- shallow agriculture on the quality of recently recharged ground nantly agricultural land use (48%): corn
ground water |  water in the alluvial aquifer. and alfalfa are the main crops.
Drinking-water |Major ions, nutrients, pesticides, VOCs, radon, tritium, and | Existing domestic, institutional, or public 29 Once in June and August
survey DOC were sampled and analyzed for to assess the condi- |  supply wells completed in bedrock 1995
-- sandstone tion of ground-water quality in the most used aquifer in (<900 ft.) chosen using a statistically
the study area (40% of ground-water use). random selection process.
Flow path Major ions, nutrients, pesticides, tritium, DOC, CFCsand | Clusters of wells, lysimeters, and minipie- 10 wells, 1-3 times each in June
isotopes of oxygen, hydrogen, and nitrogen and gascom-|  zometers along an approximate line of a | 8 lysimeters, 1994, May 1995, and
position were sampled and analyzed to determine ground-water flow path (2,500 ft) inan | 8 minipiezom- August 1995
changes in nutrients and pesticides along a flow path. agricultural areain Sheboygan County. | eters, stream
Special Studies
Ground-water/ [Major ions, nutrients, pesticides, and oxygen and hydrogen | Tributaries to North Branch Milwaukee 10 tributaries, Oncein August 1993
surface-water isotopes were analyzed to study ground-water/surface- River and shallow ground- water sam- 12 minipie-
interactions water interaction in the vicinity of the flowpath study ples from three cross sections from the zometers
area. North Branch Milwaukee River.
ITFM Total phosphorus, dissolved chloride, and suspended sedi- | Rivers under low-flow and high-flow con- 3 August 1993-July 1994; 4
--water quality ment were determined to compare water-quality collec- ditions. timeseach (2 low flow and
tion, preservation, shipping, and laboratory techniques 2 high flow)
used by the USGS and WDNR.
ITFM Benthi c-invertebrate community structure in riffles was Streams ranging in drainage area from 15 6 Oncein May 1995
--Benthic assessed to determine if various sampling methods pre- to 696 square miles, from cold to warm
invertebrates dict water quaity similarly. water, draining different land uses.
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SUMMARY OF COMPOUND DETECTIONS AND CONCENTRATIONS

The following tables summarize data collected for NAWQA studies from 1992-1995 by showing results for the Western Lake
Michigan Drainages Study Unit compared to the NAWQA national range for each compound detected. The data were collected at &
wide variety of places and times. In order to represent the wide concentration ranges observed among Study Units, logkegthmic s
are used to emphasize the general magnitude of concentrations (such as 10, 100, or 1,000), rather than the precisecoumber. The
plete dataset used to construct these tables is available upon request.

Concentrations of herbicides, insecticides, volatile organic compounds, and nutrients detected in ground and surface waters of the
Western Lake Michigan Drainages Study Unit. [mg/L, milligrams per liter; ug/L, micrograms per liter; pCi/L, picocuries per liter; %,
percent; <, less than; - -, not measured; trade nhames may vary]

EXPLANATION Freshwater-chronic criterion for the protection of aquaticiife

_ Drinking-water standard or guidelide
Range of surface-water detections in all 20 Study Units
* | — Range of ground-water detections in all 20 Study Units

Detection in the Western Lake Michigan Drainages Study Unit

Herbicide Rate Concentration, iqug/L Herbicide Rate Concentration, iqug/L
(Trade or common of (Trade or common of
name) detec- q001 0.91 0‘.1 1‘ 19 109 1,009 name) detec- 9.001 091 0‘.1 1‘ 19 1oq 1‘001‘)
tion ® tion ®

Acetochlor 27% ST X® Metribuzin (Lexone,| 9% |

0% Sencor) 0% |
Alachlor (Lasso) 46%| o cummmesamssase TS Pebulate (Tillam) <1% .

1% - | 0%
2,6-Diethylani|ine. 0% Pendimethalin 52A> .
(Alachlor metabolite) <1%| ¢ (Prowl, Stomp) 0%
Atrazine (AAtrex, 99% P III———— Prometon (Gesa- 46% |
Gesaprim) 34%| o sommmmnsnmnce « ¢ gram, prometone) 4% *s  ow |
Desethylatrazirfe 92%| o ——— Propachlor (Ramrod, <1%| J oo |
(Atrazine metabolite) 77| = sensasemmens sus + o propachlore) 0% |
Benfluralin (Balan, | <1% . Simazine (Aquazine|, 82% |+
Benefin, Bonalan) 0% Princep, GEsatop) | 4%| cowes |
Bentazon (Basagran, 4% . PR | Tebuthiuron (Spike, | 5% - | |
bentazone) 0% | Perflan) 1% R |
Butylate (Sutan, 1% . | Terbacif (Sinbar) 1% . |
Genate Plus, butilat¢) 0% | 0% |
Cyanazine (Bladex,| 76% pr— Triallate (Far-Go) 0%
Fortrol) 1% S [ <1%| o
2,4-D (2,4-PA) 4% DRSO | | Triclopyr (Garlon, 1% -

0% | Grazon, Crossbow) | 0%
DCPA (Dacthal, chlg- <1% Trifluralin (Treflan, | <1%

) : L R ad o . - |
rthal-dimethyl) <1%|¢ Trinin, Elancolan) 0% |
Dacthal, mono-acid| 1% -
(Dacthal metabolite) 0%
Dicamba (Banvel 1% Insecticide Rate Concentration, imug/L
Mediben, MDBA) 0% ; | : (Trade or common  of
’ name) detec- 0001 001 01 1 10 100 1000
i 0
D!uron (Karmex, 3% N — | tion®
Direx, DCMU) 0% | . 7%
Ty Carbaryf (Sevin, i PG |
EPTC (Eptam) 0%‘: cummmmnse o Savit) 0% |
Carbofurafi 6% — |
0,

Metolachlor (Dual, 650/" SONNIIBERIDID S SHBOBISNN> 40 o (Furadan, Curaterr) 1% o o |
Pennant) 3%| oo o ® |
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SUMMARY OF COMPOUND DETECTIONS AND CONCENTRATIONS

Insecticide

Rate Concentration, iqug/L

Nutrient

Rate Concentration, in mg/L

(Trade or common of (Trade or common of
name) detec- o001 o001 01 1 10 100 1000  name) detec- 001 o1 1 0 100 1000 10,000 100,000
tlon b T T T T T T T tlon b T T T T T T T T
Chlorpyrifos (Durs- | 1% oo | Dissolved ammonia| 92%] ¢ eeummmmess
ban, Lorsban) 0% | 86%)| ¢ SormmEmmse
p,p-DDE (p,p-DDT | <1%| | Dissolved ammonia| 95%
metabolite) <INee | plus organic nitrogen 45% Sonmmm
Diazinon 1L E—. | | as nitrogen e,
0,

0% | Dissolved phospho-| 80%| 4 eeummmeene

Dieldrin (Panoram O- 1% ol | rus as phosphorus | 48%| ¢eemse
0,

31, Octalox) 0% | Dissolved nitrite plug 86% anms—— ¢
Fonofos (Dyfonate) | 5%| | qeume | nitrate 56% @0 snemmmBiten

0% |
gammaHCH 1% o) [

0% |
Malathion (maldison, 2% > | Other Rate Concentration, in pCi/L
malathon, Cythion) | 0% of
Methy| parathion <1% . | (?eteg:- 1‘ l? 109 1,00‘0 10,090 100,009
(Penncap-M) 0% | tion
Phorate (Thimet, 2% . o Radon 222 100;0
Rampart) 0% eDOane
Propargite (Comite, | <1% .
Omite, BPPS) 0%

Volatile organic

Rate Concentration, iqug/L

compound of
(Trade or common detec- 0.01 0.1 1 10 100 1,000
T T
name) tion® ‘ ‘ ‘
total Trihalomethangs -
2% > *
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SUMMARY OF COMPOUND DETECTIONS AND CONCENTRATIONS

Herbicides, insecticides, volatile organic compounds, and nutrients not detected in ground and surface waters of the Western Lake

Michigan Drainages Study Unit.

Herbicides Propham (Tuberite)

Thiobencarb (Bolero, Sat-

24,57 urn, Benthiocarb, Abolish)

2,4,5-TP (Silvex, Fenoprop)
2,4-DB (Butyrac, Butox-

Insecticides
one, Embutox Plus, Embu-
tone) 3-Hydroxycarbofuran (Car-
Acifluorfen (Blazer, Tackle bofuran metabolite)
28) Aldicarb sulfone (Standak,
Bromacil (Hyvar X, Urox aldoxycarb, aldicarb metab-
B, Bromax) olite)
Bromoxynil (Buctril, Bro-  Aldicarb sulfoxide (Aldi-
minal) carb metabolite)
Chloramben (Amiben, Aldicarb (Temik, Ambush,
Amilon-WP, Vegiben) Pounce)

trel, Reclaim, Transline) Gusathion M)
Dichlorprop (2,4-DP, Seri-  pjgyifoton (Disyston, Di-
tox 50, Kildip, Lentemul) Syston, Frumin AL,
Dinoseb (Dinosebe)

bit) phos)

Fenuron (Fenulon, Feni-  alphaHCH (alphaBHC,
dim) alphalindane alpha
Fluometuron (Flo-Met, hexachlorocyclohexane,
Cotoran, Cottonex, Metu-  alphabenzene hexachlo-
ron) ride)

Linuron (Lorox, Linex, Sar- Methiocarb (Slug-Geta,
clex, Linurex, Afalon) Grandslam, Mesurol)
MCPA (Rhomene, Rhonox, Methomyl (Lanox, Lan-
Chiptox) nate, Acinate)

MCPB (Thistrol) Oxamyl (Vydate L, Pratt)
Molinate (Ordram) Parathion (Roethyl-P, Alk-
Napropamide (Devrinol) ron, Panthion, Phoskil)

Neburon (Neburea, Neb-  cis-Permethrin (Ambush,

Norflurazon (Evital, Pre-  t0X, Ambushfog, Kafil, Per-
diCt, So|icam’ Zorial) thrine, PiCket, P|Cket G,

Oryzalin (Surflan, Dirimal) Dragnet, Talcord, Outflank,

Picloram (Grazon, Tordon) Peregin, Stomoxin, Sto-

Pronamide (Kerb, Propyza- moxin P, Qamlin, Corsair,
mid) Tornade)

Propanil (Stam, Stampede, Propoxur (Baygon, Blat-
Wham, Surcopur, Prop-Job)tanex, Unden, Proprotox)

Terbufos (Contraven,
Counter, Pilarfox)

Volatile organic
compounds

1,1,1,2-Tetrachloroethane
(1,1,1,2-TeCA)

1,1,1-Trichloroethane
(Methylchloroform)

1,1,2,2-Tetrachloroethane

1,1,2-Trichloro-1,2,2-trif-
luoroethane (Freon 113,

1,1,2-Trichloroethane
. . (Vinyl trichloride)
Clopyralid (Stinger, Lon-  Azinphos-methyl (Guthion, 1,1-Dichloroethane (Eth-

ylidene dichloride)

1,1-Dichloroethene

: i (Vinylidene chloride)
Solvirex, Ethylthiodemeton)

1,1-Dichloropropene
Ethalfluralin (Sonalan, Cur- Ethoprop (Mocap, Ethopro-

1,2,3-Trichlorobenzene

1,2,3-Trichloropropane
(Allyl trichloride)

1,2,4-Trichlorobenzene

1,2,4-Trimethylbenzene
(Pseudocumene)

1,2-Dibromo-3-chloropro-
pane (DBCP, Nemagon)

1,2-Dibromoethane (EDB,
Ethylene dibromide)

1,2-Dichlorobenzene{
Dichlorobenzene, 1,2-

1,2-Dichloroethane (Ethyl-
uryl, Noruben) Astro, Pounce, Pramex, Pergne dichloride)

1,2-Dichloropropane (Pro-
pylene dichloride)

Stockade, Eksmin, Coopex, 1.3,5-Trimethylbenzene

1,3-Dichlorobenzenent
Dichlorobenzene)
1,3-Dichloropropane (Tri-
methylene dichloride)

1,4-Dichlorobenzenef
Dichlorobenzene, 1,4-
DCB)

1-Chloro-2-methylben-
zene ¢-Chlorotoluene)

1-Chloro-4-methylben-
zene p-Chlorotoluene)

2,2-Dichloropropane
Benzene

Bromobenzene (Phenyl
bromide)

Bromochloromethane
(Methylene chlorobro-
mide)

Bromomethane (Methyl
bromide)

Chlorobenzene
(Monochlorobenzene)

Chloroethane (Ethyl chlo-
ride)

Chloroethene (Vinyl chlo-
ride)

Chloromethane (Methyl
chloride)

Dibromomethane (Methyl-
ene dibromide)

Dichlorodifluoromethane
(CFC 12, Freon 12)

Dichloromethane (Methyl-
ene chloride)

Dimethylbenzenes
(Xylenes (total))

Ethenylbenzene (Styrene)

Ethylbenzene (Phenyle-
thane)

Hexachlorobutadiene

Isopropylbenzene
(Cumene)

Methy! tert-butyl ethef
(MTBE)

Methylbenzene (Toluene)
Naphthalene

Tetrachloroethene (Per-
chloroethene)
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Tetrachloromethane (Car-
bon tetrachloride)

Trichloroethene (TCE)

Trichlorofluoromethane
(CFC 11, Freon 11)

cis-1,2-Dichloroethene
((2)-1,2-Dichloroethene)
cis-1,3-Dichloropropene
((2)-1,3-Dichloropropene)
n-Butylbenzene (1-Phe-
nylbutane)

n-Propylbenzene (Isoc-
umene)

p-Isopropyltolueneft-
Cymene)

secButylbenzene
tert-Butylbenzene

trans-1,2-Dichloroethene
((E)-1,2-Dichlorothene)

trans-1,3-Dichloropropene
((E)-1,3-Dichloropropene)

Nutrients

No non-detects



SUMMARY OF COMPOUND DETECTIONS AND CONCENTRATIONS

Concentrations of semivolatile organic compounds, organochlorine compounds, and trace elements detected in fish tissue and bed
sediment of the Western Lake Michigan Drainages Study Unit. [ug/g, micrograms per gram; pg/kg, micrograms per kilogram; %, percent;
<, less than; - -, not measured; trade names may vary]

EXPLANATION

Guideline for the protection of aquatic Iffe

Range of detections in fish tissue in all 20 Study Units

Range of detections in bed sediment in all 20 Study Units

Semivolatile organicRate of Concentration, inug/kg

Detection in bed sediment in the Western Lake Michigan Drainages Study Unit
Detection in fish tissue in the Western Lake Michigan Drainages Study Unit

Semivolatile organicRate of Concentration, iug/kg

compound detec- compound detec-
tionb 9.1 ‘1 1P 190 10?0 IOOOP 100009 tionb P.l lp 190 1090 10009 100009

1,2,4-Trichloroben- - 9H-Fluorene -
zene 4% . 42% ”w oo we oo
1,2-Dichlorobenzeng  -- Acenaphthene -

17% s | 38% 0 e o
1,2-Dimethylnaphtha- - Acenaphthylene -
lene 33% VO o 42% ”we o000 | o
1,4-Dichlorobenzeng  -- Acridine -

21% wow | 21% OO g
1,6-Dimethylnaphtha- - Anthracene -
lene 42% s 54% * 0000 00 oo
1-Methyl-9H-fluoreng - Anthraquinone -

25% * ®oo o 29% e omee
1-Methylphenan- - Benz[a ]Janthracene -
threne 38% “we o0 o 50% * % o 0o
1-Methylpyrene - Benzo[a Jpyrene -

38% o @ @ o 50% W00 00 o oo
2,2-Biquinoline - Benzo[b ]fluoran- -

4% - thene 54% wNew o oo
2,3,6-Trimethylnapht - Benzo[ghi ]perylene -
thalene 38% S0 @ o 46% ® ¢ ® c0000 o
2,6-Dimethylnaphtha- - Benzo[k Jfluoran- -
lene 62% womn oo thene 50% * v000 00 oo
2,6-Dinitrotoluene - Butylbenzylphthalat¢ -

4% - 38% * 66 000
2-Ethylnaphthalene - C8-Alkylphenol -

29% ®o00e o 13% L X R 4
2-Methylanthracene - Chrysene -

29% * o6 » * 50% X o o0 oo
4,5-Methyle- - Di- n -butylphthalate -
nephenanthrene 29% o oo o 75% PODTose
4-Chloro-3-methyl- - Di- n -octylphthalate -
phenol 4% . 13% PO
9H-Carbazole - Dibenz[a,h] -

33% * o seeee anthracene 29% * o o o0
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SUMMARY OF COMPOUND DETECTIONS AND CONCENTRATIONS

Semivolatile organicRate of Concentration, iqug/kg

Organochlorine

Rate Concentration, iqug/kg

compound detec- compound of
ion P detec-
tion pL 1 100100010000 100000 (Trade name) . p 00l 01 1 0 10 1000 10000 100,000
tion T T T T T T T T
Dibenzothiophene - total-Chlordane 11% PO
38% * 0 000 ©» 8% o o
Diethylphthalate - p,p-DDE 61% on o
42% cun o | 33% >0 00
Dimethylphthalate - total-DDT 61% 0 20000
17% woo 33% oo 0o o
Fluoranthene - Dieldrin (Panoram O- 6% P
58% *000e @ ® ¢ oo 31, Octalox) 8% .o [
Indeno[1,2,3¢cd] - Heptachlor epoxide | 6% PS
pyrene 42% 000 c0 0000 0%
Isoquinoline - Hexachlorobenzene| 6% PS
17% * o o -
Naphthalene - PCB, total 28% o ® oo
42% > o0 @We o 25% oo
N-Nitrosodi- -
phenylamine 4% .
Phenanthrene - Trace element Rate Concentration, ing/g
58% soere o deo oo of
__ detec- 0.1 0.1 1 10 100 1,000 10,000
Phenanthridine - tion ‘ ‘ ‘ ‘ ‘ ‘
21% > 00 0 -
Arsenic 33% -
Phenol - 1009 ameme o
92% S 0D -
Cadmium 33% oo
Pyrene - 97% Sounane & o
58% O BO & b oo -
— Chromium 83% PO
Quinoline - 1009 e o
21% o o
: Copper 1009 o oo
bis(2-Ethyl- - 97% e
75% SONO N » -
hexyl)phthalate L Lead %
p-Cresol - 1009 Adaaae g
79% L X 22X 22
Mercury 50% X
889% BB S ®» o
Nickel 17% .
1009 oma
Selenium 1009 » o
1009 X
Zinc 1009 POy
1009 DN N
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SUMMARY OF COMPOUND DETECTIONS AND CONCENTRATIONS

Semivolatile organic compounds, organochlorine compounds, and trace elements not detected in fish tissue and bed sediment of the
Western Lake Michigan Drainages Study Unit.

Semivolatile organic
compounds

1,3-Dichlorobenzenent
Dichlorobenzene)

2,4-Dinitrotoluene
2-Chloronaphthalene
2-Chlorophenol
3,5-Dimethylphenol

4-Bromophenyl-phe-
nylether

4-Chlorophenyl-phe-
nylether

Azobenzene

Benzo E] cinnoline
Isophorone
N-Nitrosodi-n-propylamine
Nitrobenzene

Pentachloronitrobenzene

bis (2-Chloroethoxy)meth- Toxaphene (Camphechlor,

ane

Organochlorine
compounds
Aldrin (HHDN, Octalene)

Chloroneb (chloronebe,
Demosan, Soil Fungicide
1823)

DCPA (Dacthal, chlorthal-
dimethyl)

Endosulfan | élpha
Endosulfan, Thiodan,
Cyclodan, Beosit, Malix,
Thimul, Thifor)

Endrin (Endrine)

Heptachlor (Heptachlore,
Velsicol 104)

Isodrin (Isodrine, Com-
pound 711)

Mirex (Dechlorane)

Pentachloroanisole (PCA,

alphaHCH (alphaBHC,
alphalindane,alpha
hexachlorocyclohexane,
alphabenzene hexachlo-
ride)

betaHCH (betaBHC,
betahexachlorocyclohex-
ane,alphabenzene
hexachloride)

cis-Permethrin (Ambush,
Astro, Pounce, Pramex,
Pertox, Ambushfog, Kafil,
Perthrine, Picket, Picket G,
Dragnet, Talcord, Outflank,
Stockade, Eksmin,
Coopex, Peregin, Sto-
moxin, Stomoxin P, Qam-
lin, Corsair, Tornade)

deltaHCH (deltaBHC,
delta-hexachlorocyclohex-
ane,deltabenzene
hexachloride)

pentachlorophenol metabo-9ammaHCH (Lindane,

lite)

Hercules 3956)

gammaBHC, Gammex-
ane, Gexane, Soprocide,

2 Selected water-quality standards and guidelines (Gilliom and others, in press).

b Rates of detection are based on the number of analyses and detections in the Study Unit, not on national data. Raiadaf hieteicides and
insecticides were computed by only counting detections equal to or greater thag/l0i@lorder to facilitate equal comparisons among com-
pounds, which had widely varying detection limits. For herbicides and insecticides, a detection rate of “<1%" meanstdwioal dee less

than 0.01ug/L, or the detection rate rounds to less than 1 percent. For other compound groups, all detections were counted and minimum detecti

gammabenzene hexachlo- Trace elements

ride,gammahexachlorocy-
clohexanegamma
benzene)

o,p’-Methoxychlor

p,p-Methoxychlor (Mar-
late, methoxychlore)

trans-Permethrin (Ambush,
Astro, Pounce, Pramex,
Pertox, Ambushfog, Kafil,
Perthrine, Picket, Picket G,
Dragnet, Talcord, Outflank,
Stockade, Eksmin,
Coopex, Peregin, Sto-
moxin, Stomoxin P, Qam-
lin, Corsair, Tornade)

No non-detects

limits for most compounds were similar to the lower end of the national ranges shown. Method detection limits for all campmsedsgbles
are summarized in (Gilliom and others, in press).

¢ Detections of these compounds are reliable, but concentrations are determined with greater uncertainty than for the other compounds add are repc

as estimated values (Zaugg and others, 1995).

dThe guideline for methytert-butyl ether is between 20 and d@L; if the tentative cancer classification C is accepted, the lifetime health advisory

will be 20ug/L (Gilliom and others, in press).
€ Selected sediment-quality guidelines (Gilliom and others, in press).
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GLOSSARY

Thetermsin thisglossary were com-
piled from numer ous sour ces. Some
definitions have been modified and
may not bethe only valid ones for
theseterms.

Alluvial aquifer - A water-bearing
deposit of unconsolidated mate-
rial (sand and gravel) left behind
by ariver or other flowing water.

Anthropogenic - Occurring because
of, or influenced by, human activ-

ity.

Aquatic-lifecriteria - Water-quality
guidelines for protection of
aquatic life. Often refersto U.S.
Environmental Protection
Agency water-quality criteriafor
protection of aguatic organisms.
See also Water-quality guidelines
and Water-quality criteria.

Aquifer - A water-bearing layer of
soil, sand, gravel, or rock that will
yield usable quantities of water to
awell.

Atmospheric deposition - The trans-
fer of substances from the air to
the surface of the Earth, either in
wet form (rain, fog, snow, dew,
frost, hail) or in dry form (gases,
aerosols, particles).

Base flow - Sustained, low flow ina
stream; ground-water dischargeis
the source of base flow in most
places.

Basin - See Drainage basin.

Bedrock - General term for consoli-
dated (solid) rock that underlies
soils or other unconsolidated
material.

Bed sediment - The materia that
temporarily is stationary in the
bottom of a stream or other water-
course.

Bed sediment and tissue studies -
Assessment of concentrationsand
distributions of trace elements
and hydrophobic organic contam-
inants in streambed sediment and
tissues of aquatic organismsto
identify potential sources and to
assess spatia distribution.

Benchmark streams - Sites selected
to represent standards of refer-
ence for comparison to other
streamsin similar physical set-
tings.

Benthic - Refersto plants or animals
that live on the bottom of 1akes,
streams, or oceans.

Cattle may destroy habitat and increase nutrient concentrations in streams.

Benthic invertebrates - Insects, mol-
lusks, crustaceans, worms, and
other organisms without a back-
bonethat livein, on, or near the
bottom of |akes, streams, or
oceans.

Bioaccumulation - The biological
sequestering of a substance at a
higher concentration than that at
whichit occursin the surrounding
environment or medium. Also,
the process whereby a substance
enters organisms through the
gills, epithelial tissues, dietary, or
other sources.

Bioavailability - The capacity of a
chemical constituent to be taken
up by living organisms either
through physical contact or by
ingestion.

Biota - Living organisms.

Blue-baby syndrome - A condition
that can be caused by ingestion of
high amounts of nitrate resulting
in the blood losing its ability to
effectively carry oxygen. It is
most common in young infants
and certain elderly people.

Carbonate rocks - Rocks (such as
l[imestone or dolostone) that are
composed primarily of minerals
(such as calcite and dolomite)
containing the carbonate ion
(COz?).

Climate - The sum total of the meteo-
rological elements that character-
ize the average and extreme
conditions of the atmosphere over
along period of time at any one
place or region of the Earth’s sur-
face.

Community - In ecology, the species
that interact in acommon area.
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Concentration - The amount or mass
of asubstance present in agiven
volume or mass of sample. Usu-
ally expressed as micrograms per
liter (water sample) or micro-
grams per kilogram (sediment or
tissue sample).

Confined aquifer (artesian aquifer) -
An aquifer that is completely
filled with water under pressure
and that is overlain by material
that restricts the movement of
water.

Confining layer - A layer of sediment
or lithologic unit of low perme-
ability that bounds an aquifer.

Constituent - A chemical or biologi-
cal substance in water, sediment,
or biota that can be measured by
an analytical method.

Contamination - Degradation of
water quality compared to origi-
nal or natural conditions due to
human activity.

Criterion - A standard rule or test on
which ajudgment or decision can
be based.

Cubic foot per second (ft3/s or cfs) -
Rate of water discharge represent-
ing avolume of 1 cubic foot pass-
ing agiven point during 1 second,
equivalent to approximately 7.48
gallons per second or 448.8 gal-
lons per minute or 0.02832 cubic
meter per second.

Degradation products - Compounds
resulting from transformation of
an organic substance through
chemical, photochemical, and/or
biochemical reactions.

DDT - Dichloro-diphenyl-trichloroet-
hane. An organochlorine insecti-
cide no longer registered for use
in the United States.

Discharge - Rate of fluid flow passing
agiven point at a given moment
in time, expressed as volume per
unit of time.

Dissolved constituent - Operationally
defined as a constituent that
passes through a 0.45-micrometer
filter.

Dissolved solids - Amount of miner-
als, such assalt, that are dissolved
in water; amount of dissolved sol-
idsisan indicator of salinity or
hardness.

Drainage basin - The portion of the
surface of the Earth that contrib-
utes water to a stream through
overland runoff, including tribu-
taries and impoundments.

Drinking-water standard or guide-
line - A threshold concentration
inapublic drinking-water supply,
designed to protect human health.
As defined here, standards are
U.S. Environmental Protection
Agency regulations that specify
the maximum contamination lev-
elsfor public water systems
required to protect the public wel-
fare; guidelines have no regula-
tory status and areissued in an
advisory capacity.

Ecological studies - Studies of biolog-
ical communities and habitat
characteristics to evaluate the
effects of physical and chemical
characteristics of water and
hydrologic conditions on aquatic
biota and to determine how bio-
logical and habitat characteristics
differ among environmental set-
tingsin NAWQA Study Units.

Effects Range L ow (ERL) - Concen-
tration below which effects are
rarely observed or predicted
among sensitive life stages and
(or) species of biotafor Sediment
Effect Concentrations used to
evaluate sediment concentrations
of trace elements and synthetic
organic compounds.

Effects Range Median (ERM) - Con-
centration abovewhich effectsare
frequently or always observed
among most species of biota for
Sediment Effect Concentrations
used to evaluate sediment con-
centrations of trace elements and
synthetic organic compounds.

Environmental setting - Land area
characterized by a unique combi-
nation of natural and human-
related factors, such as row-crop
cultivation or glacial-till soils.

Equal-width increment (EW1) sam-
ple- A composite sample acrossa
section of stream with equal spac-
ing between verticals and equal
transit rates within each vertical
that yields a representative sam-
ple of stream conditions.

Eutrophication - The process by
which water becomes enriched
with plant nutrients, most com-
monly phosphorus and nitrogen.

Fertilizer - Any of alarge number of
natural or synthetic materials,
including manure and nitrogen,
phosphorus, and potassium com-
pounds, spread on or worked into
soil to increase its fertility.

Fish community - See Community.
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Fixed Sites- Siteson streams at which
streamflow is measured and sam-
plesare collected for temperature,
salinity, suspended sediment,
major ions and metals, nutrients,
and organic carbon to assess the
broad-scale spatial and temporal
character and transport of inor-
ganic constituents of streamwater
in relation to hydrologic condi-
tions and environmental settings.
See also Intensive Fixed Sites.

Flow path - An underground route for
ground-water movement, extend-
ing from arecharge (intake) zone
to adischarge (output) zone such
as ashallow stream.

Flow path study - Network of clus-
tered wells located along a flow-
path extending from arecharge
zone to a discharge zone, prefera-
bly a shallow stream. The studies
examine the relations of land-use
practices, ground-water flow, and
contaminant occurrence and
transport. These studies are
located in the area of one of the
land-use studies.

Glacial till - An unsorted deposit of a
wide range of grain sizes directly
related to aglacier.

Grab sample - A sample collected
from oneto three pointsin a
stream using a Van Dorn sampler.

Ground water - In genera, any water
that exists beneath the land sur-
face, but more commonly applied
towater in fully saturated soils
and geologic formations.

Habitat - The part of the physical
environment where plants and
animalslive.

Herbicide - A chemical or other agent
applied for the purpose of killing
undesirable plants. See also Pesti-
cide.

Indexes of biological integrity were calculated for fish, algae,
invertebrates and habitat at 28 sites in the study area.

Indicator Sites- Stream sampling
siteslocated at outlets of drainage
basins with relatively homoge-
neous land use and physio-
graphic conditions; most
Indicator-Site basins have drain-
age areas ranging from 20 to 200
square miles.

Integrator or Mixed-Use Site -
Stream sampling sitelocated at an
outlet of a drainage basin that
contains multiple environmental
settings. Most Integrator Sites are
on major streams with relatively
large drainage areas.

Intensive Fixed Sites - Fixed Sites
with increased sampling fre-
quency during selected seasonal
periods and analysis of dissolved
pesticides for 1 year. Most
NAWQA Study Units have oneto
two Integrator Intensive Fixed
Sites and one to four Indicator
Intensive Fixed Sites.

Land-use Study - A network of shal-
low wellsin an areahaving arela-
tively uniform land use. These
studies are to be as a subset of the
Study-Unit Survey and have the
goal of relating the quality of
shallow ground water to land use.
See also Study-Unit Survey.

L owest Effect Level (LEL) - Concen-
tration that 95% of the benthic
biota can tolerate as part of the
Ontario Ministry of Environment
and Energy’s established guide-
lines for evaluating sediment con-
centration of trace elements and
synthetic organic compounds as
based on freshwater biota.

Major ions - Constituents commonly
present in concentrations exceed-
ing 1.0 milligram per liter. Dis-
solved cations generally are
cal cium, magnesium, sodium, and
potassium; the major anions are
sulfate, chloride, fluoride, nitrate,
and those contributing to alkalin-
ity, most generally assumed to be
bicarbonate and carbonate.

Maximum contaminant level (M CL)
- Maximum permissible level of a
contaminant in water that is deliv-
ered to any user of a public water
system. MCLs are enforceable
standards established by the U.S.
Environmental Protection
Agency.

Median - The middle or central value
in adistribution of dataranked in
order of magnitude. The median
is also known as the 50th percen-
tile.

38 WATER QUALITY IN THE WESTERN LAKE MICHIGAN DRAINAGES, WISCONSIN AND MICHIGAN, 1992-95



M etabolite - A substance produced in
or by biological processes.

Micrograms per liter (ug/L) - A unit
expressing the concentration of
congtituentsin solution as weight
(micrograms) of solute per unit
volume (liter) of water; equiva-
lent to one part per billion in most
stream water and ground water.
One thousand micrograms per
liter equals 1 mg/L.

Milligrams per liter (mg/L) - A unit
expressing the concentration of
chemical constituentsin solution
asweight (milligrams) of solute
per unit volume (liter) of water;
equivalent to one part per million
in most streamwater and ground
water. One thousand micrograms
per liter equals 1 mg/L.

Monitoring - Repeated observation or
sampling at a site, on a scheduled
or event basis, for a particular
purpose.

Monitoring well - A well designed for
measuring water levels and test-
ing ground-water quality.

Nitrate- Anion consisting of nitrogen
and oxygen (NO3). Nitrateisa
plant nutrient and is very mobile
in soils.

Nutrient - Element or compound
essential for animal and plant
growth. Common nutrientsin fer-
tilizer include nitrogen, phospho-
rus, and potassium.

Organochlorine compound - Syn-
thetic organic compounds con-
taining chlorine. As generally
used, term refers to compounds
containing mostly or exclusively
carbon, hydrogen, and chlorine.
Examplesinclude organochlorine
insecticides, polychlorinated
biphenyls, and some solvents
containing chlorine.

Permeable - The ahility to allow flu-
ids or gases to move through
material such as ground water
moving through a porous aquifer.

Pesticide - A chemical applied to
crops, rights of way, lawns, or
residences to control weeds,
insects, fungi, nematodes, rodents
or other “pests.”

Phosphorus - A nutrient essential for
growth that can play akey rolein
stimulating aquatic growth in
lakes and streams.

Picocurie (pCi) - Onetrillionth (1019
of the amount of radioactivity
represented by a curie (Ci). A
curie is the amount of radioactiv-
ity that yields 3.7 x 101° radioac-
tive disintegrations per second
(dps). A picocurieyields 2.22 dis-
integrations per minute (dpm) or
0.037 dps.

Point source - A source at adiscrete
location such as a discharge pipe,
drainage ditch, tunnel, well, con-
centrated livestock operation, or
floating craft.

Pollutant - Any substance that, when
present in ahydrologic system at
sufficient concentration, degrades
water quality in waysthat are or
could become harmful to human
and(or) ecological health or that
impair the use of water for recre-
ation, agriculture, industry, com-
merce, or domestic purposes.

Polychlorinated biphenyl (PCB) - A
mixture of chlorinated derivatives
of biphenyl, marketed under the
trade name Aroclor with a num-
ber designating the chlorine con-
tent (such as Aroclor 1260). PCBs
were used in transformers and
capacitors for insulating pur-
poses and in gas pipeline systems
asalubricant. Further sale for
new use was banned by law in
1979.

GLOSSARY

Precipitation - Any or all forms of
water particlesthat fall from the
atmosphere, such asrain, snow,
hail, and sleet.

Radon - A naturally occurring, color-
less, odorless, radioactive gas
formed by the disintegration of
the element radium; damaging to
human lungs when inhal ed.

Recharge - Water that infiltrates the
ground and reaches the saturated
zone.

Retrospective analysis - Review and
analysis of existing datain order
to address NAWQA objectives, to
the extent possible, and to aid in
the design of NAWQA studies.

Riffle - A shalow part of the stream
where water flows swiftly over
completely or partially sub-
merged obstructions to produce
surface agitation.

Runoff - Excess rainwater or snow-
melt that is transported to streams
by overland flow, tile drains, or
ground water.

Secondary Maximum Contaminant
Level (SMCL) - The maximum
contamination level in public
water systems that, in the judge-
ment of the U.S. Environmental
Protection Agency (USEPA), are
required to protect the public wel-
fare. SMCLs are secondary (non-
enforceable) drinking water
regulations established by the
USEPA for contaminants that
may adversely affect the odor or
appearance of such water.

Sediment - Particles, derived from
rocks or biological materials, that
have been transported by a fluid
or other natural process, sus-
pended or settled in water.
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Semivolatile organic compound

(SVOC) - Operationally defined
as agroup of synthetic organic
compounds that are solvent-
extractable and can be determined
by gas chromatography/mass
spectrometry. SV OCs include
phenals, phthalates, and polycy-
clic aromatic hydrocarbons
(PAHS).

Severe Effect Level (SEL) - Concen-

tration at which pronounced
effects can be expected for the
benthic community as part of the
Ontario Ministry of Environment
and Energy’s established guide-
lines for evaluating sediment con-
centration of trace elements and
synthetic organic compounds as
based on freshwater biota.

Streamflow - A type of channel flow,

applied to that part of surface run-
off in astream whether or not itis
affected by diversion or regula-
tion.

Study Unit - A major hydrologic sys-

tem of the United Statesin which
NAWQA studies are focused.
Study Units are geographically
defined by a combination of
ground- and surface-water fea-
tures and generally encompass
more than 4,000 sguare miles of
land area.

Surface water - An open body of
water, such as alake, river, or
stream.

Surficial deposits - Material, usually
unconsolidated, overlying bed-
rock. Surficial depositsin the
Study Unit are primarily glacial
and alluvia related.

Suspended (as used in tables of chem-
ical analyses) - The amount (con-
centration) of undissolved
material in awater-sediment mix-
ture. It is associated with the
material retained on a0.45-
micrometer filter.

Tissue study - The assessment of con-
centrations and distributions of
trace elementsand certain organic
contaminants in tissues of aquatic
organisms.

Trace element - An element found in
only minor amounts (concentra-
tions less than 1.0 milligram per
liter) in water or sediment;
includes arsenic, cadmium, chro-
mium, copper, lead, mercury,
nickel, and zinc.

Urban Site - A site that has greater
than 50 percent urbanized and
less than 25 percent agricultural
area.

Logging can increase sediment concentrations and reduce habitat in streams.

Water-quality criteria - Specific lev-

els of water quality which, if
reached, are expected to render a
body of water unsuitable for its
designated use. Commonly refers
to water-quality criteria estab-
lished by the U.S. Environmental
Protection Agency. Water-quality
criteria are based on specific lev-
els of pollutants that would make
the water harmful if used for
drinking, swimming, farming,
fish production, or industrial pro-
CESSES.

Water-quality guidelines - Specific

levels of water quality which, if
reached, may adversely affect
human health or agquatic life.
These are nonenforceable guide-
linesissued by a governmental
agency or other institution.

Water-quality standards - State-

adopted and U.S. Environmental
Protection Agency-approved
ambient standards for water bod-
ies. Standards include the use of
the water body and the water-
quality criteriathat must be met
to protect the designated use or
uses.

Water shed - See Drainage basin.

Water table - The point below the

land surface where ground water
isfirst encountered and below
which the earth is saturated.
Depth to the water table varies
widely across the country.

Wetlands - Ecosystems whose soil is

saturated for long periods season-
ally or continuously including
marshes, swamps, and ephemeral
ponds.
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