Ground-Water Quality in Northeastern
St. Joseph County, Indiana

By JOSEPH M. FENELON, E. RANDALL BAYLESS,
and LEE R. WATSON

Prepared in cooperation with the
INDIANA DEPARTMENT OF NATURAL RESOURCES,

Division of Water

U.S. GEOLOGICAL SURVEY
Water-Resources Investigations Report 95-4092

Indianapolis, Indiana
1995



U.S. DEPARTMENT OF THE INTERIOR
BRUCE BABBITT, Secretary

U.S. GEOLOGICAL SURVEY
Gordon P. Eaton, Director

For additional information, write to:
District Chief

U.S. Geological Survey

Water Resources Division

5957 Lakeside Boulevard
Indianapolis, IN 46278-1996

Copies of this report can be purchased from:
U.S. Geological Survey

Earth Science Information Center

Open-File Reports Section

Box 25286, MS 517

Denver Federal Center

Denver, CO 80225



CONTENTS

2 s v 1o OO 1
INOAUCHON . ... e ittt i i i ittt it iatenasnnnnsasanonnosesosassosansnansn 1
Purpose and SCOPE . .. ..ottt i i ettt e e et aea e 2
Previous INVestigations. . ... ..ot ttitt i i it i ettt ae e, 2
ACKNOWIEAEMENLS. . . ... ittt it ittt it it et et i e e e, 2
Description of the Study ATea . . ...ttt i it ittt ettt 3
L8 £ 10 Vo)1 U 3
Description Of AQUIETS. . . .ottt it iiteiee e tiiiee st etnenneseanenaneeeananesennosanes 3
General HYArOlogy . . . ..o oottt ittt et ittt asta et 8
Methods . . .ottt e e ettt e 10
Monitoring-Well COnStruCtion . .. .....otuuunn ittt ieereaeennensoseoonsneassnosonns 10
Water-Quality SAmpPLNg . . . ..ot i i i i e e e a et etae e 12
Sample ColECHON . . .. v vttt ittt ettt it et e 12
Portable Gas Chromatography . ........... ittt iiiieianeeneeennennaenn 19
Enzyme-Linked Immunosorbent AsSSay. .. ........uuiriuierrnnneennennoeeesasnesonaanns 22
DAt ANalY SIS . ..ot e e et et ettt eeet e e et aaaeas 22
QUAlIEY ASSUTANCE . . .o v vt teeeae et s e et etnesneeeesnsseessesosenesneossseesnssesnasasnnsns 23
Field RePlCaLeS. . . . ..ottt ittt ittt et ttteeeeeeseaneeeessnnaassenaasanannnns 23
BIaANKS . .ttt i e et e 26
] £ 27
Additional Quality-ASSUFANCE SIEPS. . . .. .o ettt ettt et reanrasenanennnannenosaacseanans 27
Ground-Water QUAality . .. ..ottt ittt it ittt ettt et it et e 28
General Water-Quality Properties. . . . ... ... ittt it i it ittt ittt e 28
InorganiC CONSHIUCHLS . .. .o v ittt i ttttee e re e tteteeeetnneeeesnsnaaeeenunnseneonnneonnss 32
MajorTonsand Silica. . ... ... ittt i it i i ittt ee e e 32
NUI IS, .. .ottt ettt et ettt e e e ttasssnssasnnnsnsnnnsssnnanssaensonesnnnsns 35
Trace Elements and Cyanide . . ...ttt ittt iiiiee e rernnerennnanas 37
Organic CONSHIUENES . ... cvvtutit i iitin ettt ttieeeterannneeesnonnnsassnsesoasaonasnnnnns 38
Industrial Organic Compounds . ..........ovttirtiiitteiiiiiieeerunnaneseenneeoannans 38
o o1 L AP 40
Summary and ConCIuSIONS . ........oiiiiiiii ittt ennaaaa et 42
References Cited . ..ottt ittt i it ettt ittt eteeaeaeeenanansannnasennnas 43
Supplemental Data . ..... ...ttt it e et et et 45
FIGURES

1. Map showing study area and monitoring-well Sites. ... ..........cvvriiinrriiieeernnnnnnnnn. 4
2. Map showing distribution of aquifer systems in northeastern St. Joseph County, Indiana............ 5
3. Generalized hydrogeologic sections through northeastern St. Joseph County, Indiana .............. 6

4. Map showing thickness of confining unit separating the shallow aquifer from the deep aquifer
in the St. Joseph aquifer system, northeastern St. Joseph County, Indiana . ....................... 7

Contents il



CONTENTS

FIGURES—CONTINUED

5.

Map showing general configuration and altitude of the potentiometr.c surface in the

unconsolidated deposits, northeastern St. Joseph County, Indiana ..............................

Trilinear diagram showing distribution of major ions in the shallow aquifer and the deep aquifer,

northeastern St. Joseph County, Indiana . ............ ..o iiin ittt iiee it

Graph showing relation of sodium and chloride concentrations to land use and depth, northeastern

St. Joseph County, Indiana. .. ........ ittt ittt ittt it ittt tet e

Box plots showing relations of concentrations of nitrate plus nitrite and ammonia to well depth,

northeastern St. Joseph County, Indiana . ......... ... . i i i

Box plots showing relations of concentrations of selected trace elements to well depth, northeastern

St.Joseph County, Indiana. ... ... ..ot e e

TABLES

10.

11.

Characteristics of monitoring wells in northeastern St. Joseph County, Indiana. ..................
Collection, preparation, and preservation requirements for ground-water samples submitted for
JADOTALOTY ANALYSIS. . o v o vttt et it e it e
List of inorganic constituents and properties determined in ground water in northeastern

St. Joseph County, Indiana, and corresponding parameter codes, reporting limits, and

U.S. Environmental Protection Agency Drinking Water Regulations and Health Advisories . .......
Base/neutral- and acid-extractable semivolatile organic compounds, polychlorinated biphenyls,

and polychlorinated naphthalenes determined in ground water in northeastern St. Joseph

County, Indiana, and corresponding parameter codes, reporting limits, and U.S. Environmental
Protection Agency Drinking Water Regulations and Health Advisories . .......................
Pesticides determined in ground water in northeastern St. Joseph County, Indiana, and

corresponding parameter codes, reporting limits, and U.S. Environmental Protection Agency
Drinking Water Regulations and Health Advisories......... ..ottt
Volatile organic compounds determined in ground water in northeastern St. Joseph County,

Indiana, and corresponding parameter codes, reporting limits, and U.S. Environmental Protection
Agency Drinking Water Regulations and Health Advisories ...............ooiiiiiiiiin...
Quality-assurance data for general water-quality properties and inorganic constituents

determined in ground water, northeastern St. Joseph County,Indiana . .........................
Statistical summary of general water-quality properties and concentrations of inorganic constituents
in water from 30 wells in northeastern St. Joseph County, Indiana, sampled in May 1992 ..........
Summary of results from Wilcoxon-Mann-Whitney rank sum test to determine differences in
selected constituents between the shallow aquifer and the deep aquifer, northeastern St. Joseph
County, Indiana . .......o it i i i e i i ittt e e
Pesticide concentrations in water from 30 wells in northeastern St. Joseph County, Indiana,

sampled in May 1992, . . . ... i e e i e e
Data for general water-quality properties and inorganic constituents in water from 30 wells in
northeastern St. Joseph County, Indiana, May 1992 .. ... ... ... it iiiiiiinnnn

v Ground-Water Quality in Northeastern St. Joseph County, Indiana

33

34

36

39

11



CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS

Multiply By To obtain
inch (in.) 254 millimeter
foot (ft) 0.3048 meter
foot per day (ft/d) 0.3048 meter per day
mile (mi) 1.609 kilometer
square mile (mi2) 2.590 square kilometer
gallon (gal) 3.785 liter
gallon per minute (gal/min) 3.785 liter per minute
million gallons per day (Mgal/d) 0.04381 cubic meter per second
Sodium concentration, in milligrams 0.04350 Sodium concentration in
per liter (mg/L) milliequivalents per liter (meg/L)
Chloride concentration, in milligrams 0.02821 Chloride concentration, in
per liter (mg/L.) milliequivalents per liter

Temperature in degrees Celsius (°C) can be converted to degrees Fahrenheit(°F) as follows:
F=18x°C+32

Sea level: In this report, “sea level” refers to the National Geodetic Vertical Datum of 1929 (NGVD of 1929)—a
geodetic datum derived from a general adjustment of the first-order level nets of the United States and Canada,
formerly called Sea Level Datum of 1929.

Abbreviated water-quality units used in this report: Chemical concentrations and water temperature are given
in metric units. Chemical concentration is given in milligrams per liter (mg/L.), micrograms per liter (ug/L.), or
milliequivalents per liter (meq/L). Milligrams per liter is a unit expressing the concentration of chemical constituents
in solution as weight (milligrams) of solute per unit volume (liter) of water. One thousand micrograms per liter

is equivalent to one milligram per liter. For concentrations less than 7,000 mg/L, the numerical value is the same as
for concentrations in parts per million. Concentration in milliequivalents per liter is computed by multiplying the
concentration in milligrams per liter by the reciprocal of the atomic weight of the element of interest. Factors to
convert chloride and sodium concentrations from concentrations in milligrams per liter to concentrations in
milliequivalents per liter are included in the table of conversion factors included with this part of the report.

Specific conductance of water is expressed in microsiemens per centimeter at 25 degrees Celsius (LS/cm). This unit
is equivalent to micromhos per centimeter at 25 degrees Celsius (umho/cm), formerly used by the U.S. Geological
Survey.

Volumes of sample are given in liters (L).
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Other abbreviations used in this report:

Abbreviation

CaCO4
ev

pH

DNRA
ELISA
GC/MS
MBAS

TDS-calc

TDS-res

HA-1

MCL
PMCL
SMCL
QA
QA/QC

IDNR
NWQL

USEPA
USGS

CONVERSION FACTORS, VERTICAL DATUM, AND ABBREVIATIONS—Continued

Description

Calcium carbonate

Electron volt

Negative log base-10 of the hydrogen-ion activity
Dissimilatory nitrate reduction to ammonium
Enzyme-linked immunosorbent assay

Gas chromatography/mass spectroscopy
Methylene-blue-active substances

Portable gas chromatograph

Total dissolved solids, calculated by summing the mass of
all dissolved constituents except bicarbonate, which is
multiplied by 0.4917 and then added

Total dissolved solids, the measured mass of residue upon
evaporation of a water sample

Health Advisory for a carcinogen corresponding to a
cancer-risk probability of 1 in 10,000

Health Advisory for a compound corresponding to an
adult lifetime exposure concentration

Maximum Contaminant Level

Proposed Maximum Contaminant Level
Secondary Maximum Contaminant Level
Quality assurance

Quality assurance/quality control

Indiana Department of Natural Resources

U.S. Geological Survey, National Water Quality
Laboratory, Arvada, Colo.

U.S. Environmental Protection Agency
U.S. Geological Survey

vi Ground-Water Quality in Northeastern St. Joseph County, Indiana



Ground-Water Quality in Northeastern
St. Joseph County, Indiana

By Joseph M. Feneion, E. Randall Bayless, and Lee R. Watson

Abstract

This report describes the ground-water
quality of a 220-square-mile area in northeast-
ern St. Joseph County, Indiana. Ground-water
samples were collected from 30 monitoring
wells at 20 sites during May 1992; the wells
were screened in either a shallow or a deep
sand and gravel aquifer. Samples were
analyzed for general water-quality properties,
nutrients, major ions, trace elements, industrial
organic compounds, and pesticides.

In general, the ground water is a slightly
basic, very hard calcium bicarbonate water
with a median dissolved-solids concentration
of 310 milligrams per liter. The only constitu-
ent to exceed a U.S. Environmental Protection
Agency Maximum Contaminant Level in
the water samples was nitrate (which was
exceeded in water samples from two wells).

Concentrations of methylene-blue-
active substances (detergent additives),
chloride, and nitrate plus nitrite in the shallow
aquifer were significantly higher (at the
0.05 probability level) than in the deep aquifer.
The higher concentrations of these constituents
in the shallow aquifer may be attributable
to human activities. Concentrations of silica,
ammonia, arsenic, antimony, barium, iron, and
manganese in the deep aquifer were signifi-
cantly higher than in the shallow aquifer; with
the exception of ammonia, most or all of these

constituents are probably from natural sources.

No industrial organic compounds
were detected in the water samples. Four
pesticides—alachlor, carbofuran, metolachlor,
and triazines—were detected in water samples;
the highest pesticide concentration in a water
sample was 1.0 microgram per liter of
alachlor.

INTRODUCTION

Ground water is the primary source of
drinking water in northeastern St. Joseph County,
Ind. Use of this resource was forecast to double
between 1980 and 2000 (Clendenon and Beaty,
1987). Most of the water in this area is obtained
from unconsolidated sand and gravel deposits of
the St. Joseph aquifer system, the only sole-source
aquifer designated by the U.S. Environmental
Protection Agency (USEPA) in Indianal. The
amount of ground water in the aquifer is vast. In
general, the water quality is adequate for domestic
use, but volatile organic compounds and nitrate
have been detected at some sites (Clendenon and
Beaty, 1987). As the ground-water use increases,
the possibility of ground-water contamination and

1A sole-source aquifer is designated by the USEPA
under Section 1424 (e) of the Safe Drinking Water Act
of 1974. The aquifer must be the primary source of
water to most (more than 50 percent) of the nearby
residents. Federally funded projects overlying a
Federally designated sole-source aquifer are evaluated
for their potential to contaminate the aquifer; any potential
adverse effects on the aquifer must be corrected before
the project can be Federally funded (Indiana Department
of Environmental Management, 1989, p. 290-94).

Abstract 1



resource depletion increases. Changing rates and
locations of significant ground-water withdrawals
could alter the flow paths of ground and surface
water and may draw water of undesirable quality
from contaminated areas or the underlying shale
bedrock into contact with residential and munici-
pal wells or may cause shallow wells to go dry.
Concem for the effect of increased ground-water
production and the susceptibility of the aquifer to
contamination prompted a comprehensive ground-
water assessment by the U.S. Geological Survey
(USGS), in cooperation with the Indiana
Department of Natural Resources (IDNR).

Purpose and Scope

This report describes the general ground-
water quality of a 220-mi? area in northeastern
St. Joseph County, Ind. Ground-water samples
were collected from 30 monitoring wells at 20 sites
during May 1992; the wells are screened in either a
shallow or a deep sand and gravel aquifer. All
but one of the wells are in the St. Joseph aquifer
system in the northern and most populated part
of the study area and in the most productive parts
of the aquifers. The monitoring wells were sited
to characterize the general ground-water quality,
particularly in areas that may be future sites for
public-supply well fields or areas where rapid
residential expansions will result in increased
construction of private wells. Documented
industrially contaminated sites (Michiana Area
Council of Governments, 1989) were not sampled.
Water samples were analyzed for general water-
quality properties, nutrients, major ions, trace
elements, industrial organic compounds, and
pesticides. Industrial organic compounds consist
of base/neutral- and acid-extractable semivolatile
organic compounds, volatile organic compounds,
polychlorinated biphenyls (PCB’s), and polychlo-
rinated naphthalenes (PCN’s). Analyte concentra-
tions in water are compared by screen depth of
the sampled well and land-use type to evaluate the
potential effects of these factors on water quality.
Analyte concentrations also are compared to
USEPA Drinking Water Regulations and Health
Advisories as a basis for describing the quality of
the water.

Previous Investigations

The hydrogeology of the unconsolidated
aquifers of northeastern St. Joseph County has
been described in several reports by State and
Federal agencies (Fowler, 1994; Clendenon and
Beaty, 1987; Reussow and Rohne, 1975; Hunn
and Rosenshein, 1969; Pettijohn, 1968; and Klaer
and Stallman, 1948). These reports describe and
name aquifers; included are estimates of recharge
and discharge rates, transmissivities, and storage
coefficients and the development potential of the
aquifers. In investigations by Peters and Renn
(1988), Peters (1987), and Marie (1975), hydraulic
properties of the unconsolidated aquifers were
examined by use of various analytical and numeri-
cal models.

Results from approximately 500 chemical
water-quality analyses of the ground water in
St. Joseph County are included in Rosenshein
and Hunn (1962) and Klaer and Stallman (1948);
almost half of the analyses are from ground water
in the study area. The analyses are primarily for
temperature, alkalinity, sulfate, chloride, hardness,
and iron. More than 400 ground-water analyses
for major ions (calcium, magnesium, sodium,
potassium, chloride, and sulfate) and alkalinity,
nitrate, fluoride, pH, iron, and manganese for the
St. Joseph River Basin are provided in Clendenon
and Beaty (1987); 62 of the analyses are from
ground water in the study area.

Brief discussions of the ground-water quality
in the study area are included in Reussow and
Rohne (1975), Hunn and Rosenshein (1969),
Pettijohn (1968), and Klaer and Stallman (1948).
A more comprehensive discussion of water quality
in the study area is given in Clendenon and Beaty
(1987).
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All wells were developed by use of either
a gasoline-driven downhole pump or a suction
pump. Wells were pumped at a rate that would
not dewater the screened interval. Water from the
wells was generally free of visible sediment and
cloudiness after pumping 20 to 60 minutes. Yields
of all wells were adequate for sampling.

Water-Quality Sampling

The water-quality samples were collected
in order to characterize the general quality
of ground water in the study area. Detection of
industrial compounds or anomalously large
concentrations of constituents that might result
from human activities were not expected in this
study because monitoring-well sites were selected
to avoid known or suspected sites of ground-
water contamination (see Michiana Area Council
of Governments, 1989). Differences in concentra-
tions related to depth and land use were expected
in the study area because differences in ground-
water quality related to aquifer depth and land
use were found in a similar hydrogeologic and
land-use setting in adjacent Elkhart County, Ind.
(Imbrigiotta and Martin, 1981).

Sample Collection

Water samples were collected from 30 wells
during May 18-May 27, 1992. Seven quality-
assurance (QA) samples also were collected.

The QA sample-collection methods are discussed
in the section, “Quality Assurance.”

Before samples were collected from each
well, the depth to water was measured with a steel
tape. At least three casing volumes were removed
by use of a rotor-stator submersible pump attached
to polytetrafluoroethylene hoses. The bottom of
the pump was set at the top of the well screen.
The pumping rate was approximately 1 gal/min.

After a minimum of three casing volumes
was removed, the discharge tube was connected
to a stainless-steel flow-through cell. Water char-
acteristics measured in the field—pH, specific
conductance, temperature, and dissolved-oxygen

concentration—were monitored with a multiprobe
water-quality meter; values were recorded when
they stabilized. The multiprobe meter was
calibrated for pH, specific conductance, and
dissolved-oxygen concentration at each site before
measurements were made. Additional standards of
specific conductance and pH were used to check
the calibration.

After the field measurements of water-quality
characteristics were completed, the flow-through
cell was disconnected and samples were collected
according to the order and the filtration, preserva-
tion, and container information listed in table 2.
Field alkalinity was measured by incremental
titration with sulfuric acid of an unfiltered 0.1-L
sample. Samples for all inorganic analytes except
nutrients (table 3) were passed under pressure
through a 142-millimeter diameter, 0.45-microme-
ter pore size, cellulose-acetate filter. Samples were
acidified or preserved when appropriate, chilled,
and sent to the USGS National Water Quality
Laboratory (NWQL) in Denver, Colo., where
the samples were analyzed for most of the
water-quality properties and constituents listed in
tables 3-5. The only constituents in tables 3—5
that were not analyzed by the NWQL are field-
measured properties and those pesticides in table 5
that are discussed in the following section,
“Enzyme-Linked Immunosorbent Assay.” Most
of the organic compounds are U.S. Environmental
Protection Agency (USEPA) priority pollutants.
Analytical methods used by the NWQL are
described in Wershaw and others (1987) and
Fishman and Friedman (1989).

After water was collected and processed
at each well, the submersible pump and hoses
were flushed with approximately 5 gal of deion-
ized water from a stainless-steel, free-standing
reservoir. Filters were discarded after each use, and
filter assemblies were rinsed with deionized water.

12 Ground-Water Quality in Northeastern St. Joseph County, indiana



Table 2. Collection, preparation, and preservation requirements for ground-water samples submitted for

laboratory analysis
[mL, milliliter; C, Celsius; PTFE, Polytetrafluoroethylene]

Analytes (in order of sample collection)

Sample container, preparation, and preservation

Nitrite plus nitrate, as nitrogen,; nitrite, as nitrogen; ammonia,
as nitrogen; ammonia plus organic nitrogen, as nitrogen;
phosphorus; and orthophosphate, as phosphorus

Methylene-blue-active substances

Solids, residue at 105-110°C

Base/neutral plus acid extractable semivolatile organic
compounds

Organochlorine compounds and organophosphorus insecticides
with gross polychlorinated biphenyls (PCB’s) and gross
polychlorinated naphthalenes (PCN’s)

Volatile organic compounds

Enzyme-linked immunosorbent assay analyses of triazine
compounds, metolachlor, alachlor, carbofuran, and 2,4-D

Antimony, selenium, chloride, sulfate, and fluoride

Potassium, aluminum, arsenic, barium, beryllium, cadmium,
calcium, cobalt, chromium, copper, iron, lead, lithium,
magnesium, nickel, manganese, molybdenum, silica, sodium,
silver, strontium, vanadium, and zinc

Dissolved organic carbon

Mercury

Cyanide

One 250-mL brown polyethylene bottle, field rinsed, preserved
with 1 mL mercuric chloride (HgCl,), and maintained at
4°C

One 250-mL white polyethylene bottle, field rinsed, and
maintained at 4°C

One 500-mL white polyethylene bottle, field rinsed

One 1,000-mL clear, baked glass bottle, maintained at 4°C

One 1,000-mL clear, baked glass bottle, maintained at 4°C

Three 40-mL amber glass vials with PTFE septum caps, air
bubbles excluded, filled completely, kept out of light

One 40-mL amber glass vial with PTFE septum cap,
maintained at 4°C

One 250-mL white polyethylene bottle, field rinsed and filtered

Two 250-mL white, acid-rinsed polyethylene bottles, filtered
and preserved with nitric acid (HNO;) to pH<2.0

One 125-mL clear glass bottle, pressure filtered through a
0.45-micrometer silver filter with nitrogen gas, maintained
at 4°C

One 500-mL clear, acid-rinsed glass bottle, filtered and
preserved with one 10-mL ampule of nitric acid/potassium
dichromate (HNO3/K5Cry05)

One 250-mL white, polyethylene acid-rinsed bottle, filtered
and preserved with sodium hydroxide (NaOH) to pH>12.0

Water-Quaiity Sampling 13



Table 3. Inorganic constituents and properties determined in ground water in northeastern St. Joseph County, Indiana,
and corresponding parameter codes, reporting limits, and U.S. Environmental Protection Agency Drinking Water
Regulations and Health Advisories

[USGS, U.S. Geological Survey; USEPA, U.S. Environmental Protection Agency; --, no regulation; n.a., not applicable; °C, temperature in

degree Celsius; AL, Action Level;, HA-1, Health Advisory for a noncarcinogenic chemical; MCL, Maximum Contaminant Level; SMCL, Secondary
Maximum Contaminant Level; PMCL, Proposed Maximum Contaminant Level; mg/L, milligram per liter; pg/L., microgram per liter]

WATSTORE By;e of
(USGS) EPA Number
and Drinking ofsamples
STORET USEPA Water exceeding
(USEPA) Drinking Water Regulation  Regulation
parameter Reporting Regulation or or Healtq or
Constituent or property code limit Health Advisory' Advisory Advisory!
General water-quality properties
and constituents:
Specific conductance 00095 na. - - -
pH 00400 na 6.5-8.5 units SMCL 0
Temperature 00010 n.a. - - -
Oxygen, dissolved 00300 1 mg/L -- - -
Alkalinity, total 00419 1 mg/L - -- -
Solids, dissolved, 00500 1 mg/L 500 mg/L SMCL 3
residue at 105°C
Hardness 00900 na. - - -
Carbon, organic, dissolved 00681 1 mg/L -- - -
Methylene-blue-active 38260 .01 mg/L S5 mg/L SMCL 0
substances, total
Major ions and silica, dissolved:
Calcium 00915 .02 mg/L - - -
Magnesium 00925 .01 mg/L -- - --
Sodium 00930 2 mgL - -- --
Potassium 00935 .01 mg/L - -- --
Chloride 00940 1 mg/L 250 mg/L SMCL 0
Sulfate 00945 1 mg/L 250 mg/L SMCL 0
Fluoride 00950 1 mg/l 4 mg/L MCL 0
2 mg/L SMCL 0
Silica 00955 .01 mg/L - -- -
Nutrients, total:
Ammonia, as N 00610 .002 mg/L 30 mg/L ZHA1 0
Ammonia plus organic nitrogen, 00625 2 mg/L - - -
a N
Nitrite, as N 00615 .001 mg/L 1 mg/L MCL 0
Nitrate plus nitrite, as N 00630 .005 mg/L 10 mg/L MCL 2
Phosphorus 00665 .001 mg/L - -- -
Orthophosphate, as P 70507 .01 mg/L - - -
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Table 3. Inorganic constituents and properties determined in ground water in northeastern St. Joseph County, Indiana,
and corresponding parameter codes, reporting limits, and U.S. Environmental Protection Agency Drinking Water
Regulations and Health Advisories—Continued

WATSTORE Type of
(USGS) SEPA Number
and Drinking ofsamples
STORET USEPA Water exceeding
(USEPA) Drinking Water Regulation  Regulation
parameter Reporting Regulation or or Healtl] or
Constituent or property code limit Health Advisory!  Advisory Advisory'
Trace elements and cyanide, dissolved:
Aluminum 01106 10 pg/L 50-200 pg/L SMCL 0
Antimony 01095 1 pglt 3 pg/L HA-1 1
Arsenic 01000 1 pg/lL 50 pg/L MCL 0
Barium 01005 2 uglL 2,000 pg/L MCL 0
Beryllium 01010 5 pglL 1 pglL PMCL 0
Cadmium 01025 1 puglL 5 pg/L MCL 0
Chromium 01030 5 pglL 100 pg/L MCL 0
Cobalt 01035 3 pgl - -- --
Copper 01040 10 pgL 1,300 pg/L 2AL 0
1,000 pg/L SMCL 0
Cyanide 00723 10 pg/lL 200 pg/L HA-1 0
Iron 01046 3 pugl 300 pg/L SMCL 11
Lead 01049 10 pg/lL 15 pg/L AL 0
Lithium 01130 4 g/l - -- -
Manganese 01056 1 pg/lL 50 pg/L SMCL 15
Mercury 71890 .1 pg/L 2 pg/L MCL 0
Molybdenum 01060 10 pg/L 35 ug/L 2HA-] 0
Nickel 01065 10 pglL 100 pg/L HA-1 0
Selenium 01145 1 pnglL 50 pg/L MCL 0
Silver 01075 1 pglL 100 pg/L 2HA- 0
100 pg/L SMCL 0
Strontium 01080 5 pg/L 17,000 pg/L 2HA1 0
Vanadium 01085 6 upg/L 20 pg/L HA-1 0
Zinc 01090 3 pugl 2,100 ug/L SMCL 0
5,000 pg/L 0

Drinking Water Regulations and Health Advisories from U.S. Environmental Protection Agency (1992).

2Draft status.
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Table 4. Base/neutral- and acid-extractable semivolatile organic compounds, polychlorinated biphenyls,

and polychlorinated naphthalenes determined in ground water in northeastern St. Joseph County, Indiana,

and corresponding parameter codes, reporting limits, and U.S. Environmental Protection Agency Drinking Water
Regulations and Health Advisories

[USGS, U.S. Geological Survey; USEPA, U.S. Environmental Protection Agency; --, no regulation; pg/L, microgram per liter; HA-c, Health
Advisory for a carcinogenic chemical; HA-1, Health Advisory for a noncarcinogenic chemical; MCL, Maximum Contaminant Level;
PMCL, Proposed Maximum Contaminant Level; names in brackets indicate alternative nomenclature]

WATSTORE (USGS) Drinﬂi?mEgPVlﬁ\later Type of USEPA
and Reporting Regulation or Drinking Water
STORET (USEPA) Imit Health Advisory! Regulation or
Compound parameter code (ng/L) (ng/L) Health Advisory'
Acenaphthene 34205 5 - -
Acenapthylene 34200 5 - -
Anthracene 34220 5 -- -
Benzidine 39120 20 - -
Benzo(a)pyrene 34247 10 2 PMCL
Benzo(b)fluoranthene 34230 10 2 PMCL
Benzo(k)fluoranthene 34242 10 2 PMCL
1,2-Benzanthracene 34526 10 1 PMCL
[Benz(a)anthracene]
1,12-Benzoperylene 34521 10 - --
[Benzo(g,h,i)perylene]
Bis (2-chloroethoxy) methane 34278 5 - -
Bis {2-chloroethyl) ether 34273 5 - -
Bis (2-chloroisopropyl) ether 34283 5 300 HA-1
Bis(2-ethylhexyl) phthalate 39100 5 4 PMCL
[Diethylhexyl phthalate]
4-Bromophenylphenyl ether 34636 5 - -
di-n-Butyl benzyl phthalate 34292 5 100 PMCL
n-Butyl phthalate 39110 5 - -
4-Chloro-3-methylphenol 34452 30 - -
2-Chloronaphthalene 34581 5 -- -
2-Chlorophenol 34586 5 40 2HA-1
4-Chlorophenylphenyl ether 34641 5 - -
Chrysene 34320 10 - -
1,2-5,6-Dibenzanthracene 34556 10 3 PMCL
[Dibenz(a,h)anthracene]
1,2-Dichlorobenzene 34536 5 600 MCL
1,3-Dichlorobenzene 34566 5 600 MCL
1,4-Dichlorobenzene 34571 5 75 MCL
3,3’ -Dichlorobenzidine 34631 20 -- -
2,4-Dichlorophenol 34601 5 20 2HA-1
Diethy] phthalate 34336 5 5,000 2HA-1
Dimethyl phthalate 34341 5 - --
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Table 4. Base/neutral- and acid-extractable semivolatile organic compounds, polychlorinated biphenyls,

and polychlorinated naphthalenes determined in ground water in northeastern St. Joseph County, Indiana,

and corresponding parameter codes, reporting limits, and U.S. Environmental Protection Agency Drinking Water
Regulations and Health Advisories—Continued

WATSTORE (USGS) . Drinlliﬁ\EgPV?later Type of USEPA
and Reporting Regulation or Drinking Water
STORET (USEPA) limit Health Advisory' Regulation or
Compound parameter code (ng/L) (ng/L) Health Advisory'
2,4-Dimethylphenol 34606 5 - -
Di-n-octyl phthalate 34596 10 -- --
Dinitrocresol 34657 30 - --
[4,6-Dinitro-ortho-cresol]
2,4-Dinitrophenol 34616 20 - --
2,4-Dinitrotoluene 34611 5 5,000 HA-c
2,6-Dinitrotoluene 34626 5 5,000 HA-c
1,2-Diphenylhydrazine 82626 5 - --
Fluoranthene 34376 5 - --
Fluorene 34381 5 - -
Hexachlorobenzene 39700 5 2 HA-c
Hexachlorobutadiene 39702 5 1 HA-1
Hexachlorocyclopentadiene 34386 5 50 PMCL
Hexachloroethane 34396 5 1 HA-1
Indeno(1,2,3-cd) pyrene 34403 10 . PMCL
Isophorone 34408 5 100 2HA-1
Napthalene 34696 5 20 HA-1
Nitrobenzene 34447 5 - --
o-Nitrophenol [2-Nitrophenol] 34591 5 - -
p-Nitrophenol [4-Nitrophenol] 34646 30 60 2HA-1
n-Nitrosodimethylamine 34438 5 - -
n-Nitrosodiphenylamine 34433 5 - --
n-Nitrosodi-n-propylamine 34428 5 - -
Pentachlorophenol 39032 30 1 MCL
Phenanthrene 34461 5 -- -
Phenol 34694 5 - -
PCB’s [Polychlorinated biphenyls] 39517 MCL
PCN’s [Polychlorinated naphthalenes] 82360 . - --
Pyrene 34469 5 - --
1,2,4-Trichlorobenzene 34551 5 70 HA-1
2,4,6-Trichlorophenol 34621 20 300 ZHAc

"Drinking Water Regulations and Health Advisories from U.S. Environmental Protection Agency (1992).

2Draft status.
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Table 5. Pesticides determined in ground water in northeastern St. Joseph County, Indiana, and corresponding
parameter codes, reporting limits, and U.S. Environmental Protection Agency Drinking Water Regulations and
Health Advisories

[USGS, U.S. Geological Survey; USEPA, U.S. Environmental Protection Agency; pg/L, microgram per liter; --, no regulation; HA-c, Health
Advisory for a carcinogenic chemical; HA-1, Health Advisory for a noncarcinogenic chemical; MCL, Maximum Contaminant Level; names
in brackets indicate alternative nomenclature]

USEPA
WATSTORE (USGS) Drinking Water Type of USEPA
and Regulation or Health Drinking Water
STORET (USEPA) Reporting limit Advisory' Regulation or
Compound parameter code (ng/L) (ug/l) Health Advisory'
Alachlor 82695 0.1 2 MCL
Aldrin 39331 01 2 2HA<
Carbofuran 82692 d 40 MCL
Carbophenothion [Trithion] 82342 .01 - -
Chlordan(e) 39352 1 2 MCL
24-D 82697 1 70 MCL
DDD 39361 .01 -- -
DDE 39366 .01 -- -
DDT 39371 .01 - -
Diazinon 39572 .01 .6 HA-1
Dieldrin 39381 .01 2 2HA-c
Endosulfan 82354 .01 -- --
Endrin 39391 .01 2 HA-1
Ethion 82346 .01 -- -
Heptachlor 39411 .01 4 MCL
Heptachlor epoxide 39421 .01 2 MCL
Lindane 39341 .01 2 MCL
Malathion 39532 .01 200 2HA-1
Methoxychlor 82350 .01 40 MCL
Methyl parathion 39602 .01 2 HA-1
Methyl trithion 82344 .01 -- -
Metolachior 82694 1 100 HA-1
Mirex 39756 .01 -- -
Parathion 39542 .01 -- --
Perthane 82348 1 - -
Toxaphene 39401 1.0 3 MCL
Triazine compounds: 34756
Atrazine 1 3 MCL
Ametryn 1 60 HA-1
Propazine 1 10 HA-1
Prometryn .1 -- --
Simazine 34 4 HA-1
Terbutryn 1 -- --
Terbutylazine 31 -- -
De-ethylated atrazine N -- -
Cyanazine 1.0 1 HA-1
6-Hydroxy atrazine 1.1 -- -

1Drinking Water Regulations and Health Advisories from U.S. Environmental Protection Agency (1992).
2Draft status.
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A portable gas chromatograph (PGC)
was used in the field to screen for the presence
of volatile organic compounds in water samples

from the 30 monitoring wells. Five ground-water

samples were collected for analysis by gas
chromatography/mass spectroscopy (GC/MS)
at the NWQL to quantify possible detections
measured with the PGC. This aspect of the
sampling activities is described further in the
section, “Portable Gas Chromatography.”

Concentrations of the triazine compounds
(one family of agricultural chemicals) and four
specific compounds—alachlor, metolachlor,
2,4-D, and carbofuran—were analyzed in the
USGS office in Indianapolis, Ind., by use of
enzyme-linked immunosorbent assay methods.
This method is described further in the section,
“Enzyme-Linked Immunosorbent Assay.”

Portable Gas Chromatography

A portable gas chromatograph (PGC)
equipped with a photoionization detector having
a lamp energy of 10.6 electron volts (V) was

used in the field to screen water samples from the
30 wells and several QA samples for the presence

of volatile organic compounds. The PGC was
used for field screening of volatile organic com-

pounds because it is less expensive than GC/MS,

especially when nondetectable concentrations
of volatile organic compounds are expected.

PGC analyses for volatile organic com-
pounds were done by trained staff from the
NWQL. The PGC was calibrated before each
field setup; no more than four samples were
analyzed between calibrations. The calibration
standard contained the compounds trans-
1,2-dichloroethylene, cis-1,2-dichloroethylene,
benzene, trichloroethylene, toluene, tetrachloro-
ethylene, and m-xylene. Equipment and syringe
blanks were analyzed after calibration to ensure

proper baseline readings. Samples for volatile
organic compounds analysis were collected and
preserved according to the methods listed in table 2
for volatile organic compounds. Immediately
before analysis, 20 mL of water were removed
from the chilled 40-mL vial, and the remaining
liquid was shaken vigorously to induce volatile
organic compounds to partition into the headspace
gas. A sample of the headspace gas was removed
with a syringe and injected into the PGC.

Five ground-water samples (from wells
5-33, 5-70, 5-133, 23-55, and 27A-148) had
suspect peaks of unknown volatile organic
compounds, as indicated by the PGC field chro-
matographs, and were forwarded to the NWQL
for GC/MS analysis of the volatile organic com-
pounds listed in table 6. A GC/MS analysis was
done to identify and quantify these suspected
detections of volatile organic compounds.

The PGC is a semiquantitative instrument
and is best used as a screening tool. The PGC
is able to detect volatile organic compounds
with ionization potentials less than 10.6 eV; a few
compounds such as carbon tetrachloride, chloro-
form, methylene chloride, and the chloroethanes
can be detected even though their ionization poten-
tials are greater than 10.6 eV (Brock, 1990, p. 2).
Volatile organic compounds with ionization
potentials greater than 10.6 eV may be detected
if they occur in high concentrations (greater than
1 mg/L) (Duane Wydoski, U.S. Geological Survey,
oral commun., 1993). Many volatile organic
compounds that are commonly used in industrial
applications can be detected with the PGC. These
include benzene, toluene, xylene, dichloroethyl-
enes, trichloroethylene, tetrachloroethylene, vinyl
chloride, chlorobenzene, and ethylbenzene (Brock,
1990, table 1). In general, the PGC will detect
only aromatic hydrocarbons and alkenes (Brock,
1990, p. 3).
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Table 6. Volatile organic compounds determined in ground water in northeastern St. Joseph County, Indiana, and
corresponding parameter codes, reporting limits, and U.S. Environmental Protection Agency Drinking Water
Regulations and Health Advisories

[Table applies only to those water samples analyzed with gas chromatography/mass spectroscopy. USGS, U.S. Geological Survey;

USEPA, U.S. Environmental Protection Agency; ug/L, microgram per liter; --, no regulation; HA-c, Health Advisory for a carcinogenic chemical;
HA-1, Health Advisory for a noncarcinogenic chemical; MCL, Maximum Contaminant Level; names in brackets indicate alternative nomenclature]

WATSTORE USEPA Type of USEPA

(USGS) and Drinking Water Drinking Water

STORET Regulation or Regulation or

(USEPA) Reportinglimit  Health Advisory! Health
Compound parameter code (ng/l) (kg/L) Advisory!

Acrolein 34210 20 - --
Acrylonitrile 34215 20 7 2HA
Benzene 34030 2 5 MCL
Bromobenzene 81555 2 - -
Bromochloromethane 77297 2 90 HA-1
Bromoform 32104 2 400 2HA-c
Bromodichloromethane 32101 2 60 2HAc
n-Butylbenzene 77342 2 -- --
sec-Butylbenzene 77350 2 - -
tert-Butylbenzene 77353 2 -- --
Carbon tetrachloride 32102 2 5 MCL
Chlorobenzene 34301 2 -- -
Chlorodibromomethane 32105 2 60 HA-1
Chloroethane 34311 2 -- -
2-Chloroethlyvinylether 34576 1 -- --
Chloroform 32106 2 600 2HA<
2-Chlorotoluene 77275 2 100 HA-]
4-Chlorotoluene 77277 2 100 HA-1
Dibromochloropropane [DBCP] 82625 1 2 MCL
1,2-Dibromoethane [EDB] 77651 2 .05 MCL
Dibromomethane 30217 2 -- --
1,2-Dichlorobenzene? 34536 2 600 MCL
1,3-Dichlorobenzene? 34566 2 600 MCL
1,4-Dichlorobenzene? 34571 2 75 MCL
Dichlorodifluoromethane 34668 2 1,000 HA-1
1,1-Dichloroethane 34496 2 - --
1,2-Dichloroethane 32103 2 5 MCL
cis-1,2-Dichloroethylene 77093 2 70 MCL
trans-1,2-Dichloroethylene 34546 2 100 MCL
1,1-Dichloroethylene 34501 2 7 MCL
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Table 6. Volatile organic compounds determined in ground water in northeastern St. Joseph County, Indiana, and
corresponding parameter codes, reporting limits, and U.S. Environmenta! Protection Agency Drinking Water
Regulations and Health Advisories—Continued

WATSTORE USEPA Tyre of USEPA
(uss%? Ea|r_|d %rlnkir% Water %r nklr%Water
egulation or egulation or
(USEPA) Reporting limit  Heaith Advisory' Health
Compound parameter code (ng/L) (ug/L) Advisory!
1,2-Dichloropropane 34541 2 5 MCL
1,3-Dichloropropane 77173 2 - -
2,2-Dichloropropane 77170 2 - -
1,1-Dichloropropene 77168 2 -- --
cis-1,3-Dichloropropene 34704 2 - -
trans-1,3-Dichloropropene 34699 2 - --
Ethylbenzene 34371 2 700 MCL
Hexachlorobutadiene® 39702 2 1 HA-1
Isopropyl benzene 77223 2 - --
p-Isopropy! toluene [p-Cymene] 77356 2 - --
Methyl bromide [Bromomethane] 34413 2 10 HA-1
Methy! chloride [Chloromethane] 34418 2 3 HA-1
Methyl tert-butyl ether [MTBE] 78032 1 40 2HA-
Methylene chloride [Dichloromethane] 34423 2 500 HA-c
Napthalene? 34696 2 20 HA-1
n-Propylbenzene 77224 2 - --
Styrene 77128 2 100 MCL
1,1,1,2-Tetrachloroethane 77562 2 100 HA-c
1,1,2,2-Tetrachloroethane 34516 2 - -
Tetrachloroethylene 34476 2 5 MCL
Toluene 34010 2 1,000 MCL
1,2,3-Trichlorobenzene 77613 2 - -
1,2,4-Trichlorobenzene> 34551 2 70 HA-1
1,1,1-Trichloroethane 34506 2 200 MCL
1,1,2-Trichloroethane 34511 2 3 HA-1
Trichloroethylene 39180 2 5 MCL
Trichlorofluoromethane 34488 2 2,000 HA-1
1,2,3-Trichloropropane 77443 2 40 HA-1
Trichlorotrifluoroethane [Freon 113] 77652 5 - -
1,2,4-Trimethylbenzene [Pseudocumene] 77222 2 - -
1,3,5-Trimethylbenzene [Mesitylene] 77226 2 - -
Vinyl chloride 39175 2 2 MCL
Xylenes { Dimethylbenzenes] 81551 2 10,000 MCL

!Drinking Water Regulations and Health Advisories from U.S. Environmental Protection Agency (1992).

2Draft status.

3These compounds were also analyzed as methylene-chloride extractable compounds.
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Enzyme-Linked Immunosorbent Assay

Concentrations of one family of agricultural
chemicals (the triazines) and four specific
compounds (alachlor, metolachlor, 2,4-D, and
carbofuran) were measured in the USGS office
in Indianapolis, Ind., by use of enzyme-linked
immunosorbent assay (ELISA) methods. ELISA
methods are inexpensive and quick but are only
semiquantitative. Goolsby and others (1991) have
shown that results from ELISA compare well to
results from GC/MS for measuring pesticide
concentrations in water.

Descriptions of the methods used in sample
collection and preservation are listed in table 2.
Samples were chilled at 4°C until 3 hours before
analysis, at which time they were allowed to
warm to room temperature. The analytical method
entails the reaction of an enzyme-linked antibody
that is coated on a magnetic particle with a specific
pesticide that might be present in a 200—uL sample
of water. Coated particles were reacted with a color
reagent, and the absorbance of each sample was
measured with a digital spectrophotometer.

To calculate a pesticide concentration, one
compares the measured light absorbance of a water
sample to a regression equation relating measured
light absorbances of water samples to standards
of known pesticide concentrations. A regression
equation was developed for each pesticide before
analysis of the water samples. Standards used for
triazines, alachlor, carbofuran, and metolachlor
were 0.00 pg/L, 0.01 pg/L, 1 ug/L, and 5 pug/L.
Standards for 2,4-D were 0.00 pug/L, 1 pg/L,

10 wg/L, and 50 pg/L. Triplicate samples were
prepared for each standard. A coefficient of varia-
tion was calculated from the absorbance values
of each set of triplicate standards. An absorbance
value that caused the coefficient of variation to
exceed 10 percent was removed from the data set
before a regression equation was fit to the data;
no more than 1 of the 12 values was ever removed
from the data set. Following calibration, a control
solution was analyzed as an internal check of
spectrophotometer calibration.

Data Analysis

Results of the water-quality measurements are
discussed by comparing them (1) by depth (shallow
aquifer compared to deep aquifer), (2) by agricul-
tural, urban, and mixed land-use types, and (3) to
USEPA Drinking Water Regulations and Health
Advisories. Depth (shallow or deep) and land-
use types for each well are listed in table 1.
USEPA Drinking Water Regulations and Health
Advisories are listed for many of the sampled
constituents in tables 3—6. Results of the water-
quality measurements from this study also are
compared to selected inorganic analyses from
an IDNR study of the St. Joseph River Basin
(Clendenon and Beaty, 1987, Appendix 14). The
analyses are from as many as 44 wells in the study
area that are screened in the St. Joseph aquifer
system (fig. 2) at depths of 70 to 329 ft below
land surface. The 44 deep-screened wells consist
of municipal and industrial wells and several
domestic wells.

Concentrations of constituents in the
16 shallow and 14 deep wells were statistically
compared by use of the Wilcoxon-Mann-Whitmey
rank-sum test (Helsel and Hirsch, 1992, p. 118—
124). Sampled wells used for the test that are less
than 60 ft below land surface are screened in
the shallow aquifer; those deeper than 60 ft are
screened in the deep aquifer. The rank-sum test
was used to determine whether water-quality
differences between samples from the shallow
aquifer and samples from the deep aquifer were
statistically significant. Differences in concentra-
tions between water samples from the shallow and
deep wells are discussed only if they are significant
(0.01<p<0.05) or highly significant (p<0.01); p is
the probability that an observed difference is due to
chance rather than depth. The lower the p-value, the
more likely an observed difference is due to depth
rather than chance. For example, a p-value of 0.01
has a 1-percent probability (0.01 times 100 equals
1 percent) of being due to chance rather than depth,
whereas a p-value of 0.20 has a 20-percent proba-
bility (0.20 times 100 equals 20 percent) of being
due to chance rather than depth.
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The sampled wells were grouped by primary
land use—agricultural, urban, or a mixed area of
agricultural and urban. Land-use identification
accounted for the area immediately surrounding
and about 1 mi upgradient from a well site. South
Bend, Mishawaka, and adjacent suburbs are the
primary urban areas (fig. 1). Large parts of the
study area consist of agricultural areas with pockets
of low-density housing that are classified as mixed
land-use areas in this report. Differences in concen-
trations between water samples from the three
land-use types are qualitatively compared and
discussed in this text only if a relation between
water type and land use was noticed or expected.

The USEPA (1992) has established primary
drinking-water regulations, termed Maximum
Contaminant Levels (MCL’s), which limit the
concentration of certain constituents in public water
systems. A MCL is finalized after consideration
of acceptable risks of adverse human health effects,
technological capabilities, and economic costs of
achieving the health-protection goals.

The USEPA (1992) also issues Health
Advisories for certain constituents in drinking
water. A Health Advisory is a non-enforceable
concentration associated with risks of toxicity or
cancer due to different lengths of exposure to a
chemical. Although USEPA typically starts with
a Health Advisory to determine a Proposed MCL
(PMCL), the Health Advisory is not adjusted by
economic or technological factors, as is the final
MCL. Many chemicals for which there is no MCL
do have a Health Advisory in draft or final form.
A Health Advisory for noncarcinogenic chemicals
(HA-]) is set to protect human health for a lifetime
of exposure. A Health Advisory for carcinogens
(HA-¢) is calculated for a 1 in 10,000 probability
of lifetime cancer risk.

In this discussion, if a MCL does not exist,
a HA-1 or HA-c is used for comparison to a constit-
uent concentration. For noncarcinogens, the HA-1
used is the adult lifetime exposure concentration.
For carcinogens, the HA-c corresponding to a
cancer-risk probability of 1 in 10,000 was used
instead of the HA-1. A PMCL is compared to an
analyte concentration only if no final HA-1, HA-c,
or MCL has been established for that analyte.

The USEPA (1992) also has established
secondary drinking-water regulations, termed
Secondary Maximum Contaminant Levels
(SMCL’s), which are recommended guidelines
for drinking water. SMCL’s apply to aesthetic
qualities of water such as taste, potential for pipe
corrosion, or staining of laundry. SMCL’s are
used, in addition to the regulations and advisories
discussed above, for comparison to an analyte
concentration.

QUALITY ASSURANCE

Quality-assurance samples—field replicates,
field blanks, equipment blanks, and field spikes—
were intended to identify potential systematic
problems with the reported results. Systematic
problems are attributed to inappropriate or poorly
applied techniques including (1) decontamination
of sampling equipment, (2) collection, preservation
and transportation of samples and sampling equip-
ment, and (3) analytical determinations of the
chemical concentrations or magnitudes of physical
properties.

Field Replicates

Field replicates are multiple samples
collected in close succession at the same well
site. The chemistry of the water from replicate
samples is assumed to be nearly identical; there-
fore, comparison of replicate analyses is used to
show variations in concentrations of analytes that
may be attributed to sampling and laboratory
methods. Three replicate samples were collected
sequentially from well 34-33 and analyzed for all
inorganic and organic constituents measured in
this study. A standard deviation was calculated
from the analyses of each inorganic constituent
and general water-quality property (table 7).
Except for dissolved solids, the constituents listed
in table 7 had relatively low standard deviations;
the greatest variability was found in constituents
with concentrations that approach the reporting
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limit2. No organic chemicals were detected in
any of the replicate samples; therefore, standard
deviations for the concentrations of organic
chemicals were not calculated.

Blanks

A field blank and two equipment blanks were
collected during the sampling period and analyzed
for the same analytes as all other water samples.
The purpose of the field blank was to identify
contamination of the sample from (1) impure
deionized water, (2) contaminated sample contain-
ers, or (3) poor handling of samples in the field
and(or) the laboratory. Equipment blanks were
collected to ensure that post-collection cleaning
procedures removed all detectable concentrations
of compounds from the submersible pump, pump-
to-surface tubing, and filter mechanism. The
equipment blanks were deionized water collected
from the end of the sampling tube connected to the
submersible pump after the pump and tubing were
rinsed with deionized water and a new filter was
installed. The equipment blanks were collected at
sites 16 and 34. The field blank consisted of a
sample of the deionized water collected from a
plastic carboy that was in a field vehicle.

Fifteen inorganic constituents (dissolved
solids and specific conductance are discussed later)
were detected in field and equipment blanks
(table 7); 12 were detected at concentrations
exceeding the minimum value reported in the
ground-water samples. Ammonia, phosphorus,
silver, zinc, organic carbon, and methylene-blue-
active substances were detected in the field blank
and may be the result of contaminated deionized
water. Potassium, chloride, ammonia, nitrite,
nitrate plus nitrite, phosphorus, orthophosphate,
iron, silver, and zinc were detected in the equip-
ment blanks at concentrations greater than the
field blanks; the presence of these constituents

2The reporting limit is the minimum concentration
reported by the NWQL.

is probably the result of insufficient cleaning of
the sampling equipment. Contaminants introduced
from improper cleaning procedures or from the
deionized water may have increased the concentra-
tions of these 12 constituents in the ground-water
samples (table 11, at back of report). The only
organic chemicals detected in the water from the
sampled wells were the pesticides carbofuran,
triazines, alachlor, and metolachlor; carbofuran
was not analyzed for in the blanks, whereas

the latter three pesticides were not detected in the
blanks.

The effect of contamination in the sampling
equipment on the concentrations of inorganic
constituents in the ground-water samples is
unknown. Before ground-water samples were
collected at a well and after decontamination of
the equipment, a minimum of 5 gal of sample
water passed through the pump and tubing. This
practice may have enabled some of the contami-
nants residing in the sampling equipment, such
as those detected in the equipment blanks, to be
flushed out before samples were collected. All
bottles also were field rinsed with sample water
before sample collection t0 remove any contami-
nant residue from the bottle.

Mercury was detected in two ground-water
samples. However, mercury was not detected
in field and equipment blanks; this provides
evidence that the sampling procedure did not
contribute mercury to the ground-water samples.
Mercury also was not detected by the NWQL in
blind mercury-free quality-assurance samples
analyzed within 2 weeks of the ground-water
samples.

Analysis of the field blank and one equip-
ment blank by GC/MS for the volatile organic
compounds listed in table 6 detected the presence
of four compounds: 1,2-dichlorobenzene,
1,3-dichlorobenzene, 1,4-dichlorobenzene,
and toluene. Subsequent testing of the water-
purification system in the USGS office in
Indianapolis found it to be the source of three of
the four compounds listed above as well as dichlo-
robenzene, methylene chloride, and styrene.
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Volatile organic compounds were not detected in
ground-water samples, an indication that cleaning
the equipment with deionized water before rinsing
with sample water did not contaminate the ground-
water samples.

Two ground-water samples and one equip-
ment blank had dissolved-solids concentrations
measured from the mass of residue upon evapora-
tion of the water sample (TDS-res) that were more
than double the dissolved-solids concentrations
calculated as the sum of the mass of the constitu-
ents (TDS-calc). The two TDS-res concentrations
from the ground-water samples were removed
from the data set and attributed (together with the
equipment blank TDS-res concentration) 10 possi-
ble bottle mixups in the laboratory. Because of
the problems with the TDS-res concentrations
in the triplicates, equipment blank, and water
sample data set, the TDS-calc concentrations are
considered a better data set than the TDS-res
concentrations and were used in all calculations
and comparisons for this report.

Spikes

A field spike is a ground-water or QA sample
that has a known concentration of one or more
compounds added to it. Field spikes are designed
to monitor the amount of solute that can be lost
to biological degradation, inadequate sample
preservation and transportation, errors in analytical
procedure, or matrix effects. Matrix effects are
interferences in the recovery of analytes from the
sample that are caused by the matrix (sample-
water chemistry). In this study, one water sample
collected at well 32-148 and one organic-free
water sample were spiked with a mixture of 29
volatile organic compounds. The spiked samples
were analyzed by the NWQL. Spike recoveries for
all 29 compounds in both samples were within
acceptable ranges. Both field spikes had equal or
better percent recoveries for all but six of the com-
pounds than the mean percent recovery of volatile
organic compounds from all samples submitted
for analysis to the NWQL in 1992 (Bruce Darnel,
U.S. Geological Survey, written commun., 1993).

The NWQL has a well-defined program
of quality assurance and quality control (QA/QC)
that is described in Pritt and Raese (1992). As
part of that program, the NWQL identified low
recovery of organophosphate pesticide surrogates
from water samples from wells 1-25, 1-173, 2-25,
21-23, 21-138, 25-38, 30-148, 32-148, 34-33 at
10:00 a.m., 34-33 at 10:30 a.m., 35-52, and 41-23.
A surrogate is a compound that is chemically
similar to the analyte of interest and is introduced
into the ground-water sample upon arrival at the
laboratory. The purpose of a surrogate spike is to
determine the effect of the ground-water chemistry
or matrix on the measured concentration or to
identify other errors occurring during sample prep-
aration or analysis. Organophosphate pesticides
analyzed for this study included the compounds
diazinon, ethion, malathion, methyl parathion,
methyl trithion, parathion, and carbophenothion
(trithion).

Additional Quality-Assurance Steps

Specific QA steps were taken to assure the
quality of analyses by PGC and ELISA. Instrument
blanks, syringe blanks, and samples of the deion-
ized water used for rinsing sampling equipment
were periodically analyzed on the PGC to ensure
that an outside source of contamination or mechan-
ical failure was not interfering with analyses of
ground-water samples. As mentioned previously,
samples with possible detections of volatile
organic compounds also were analyzed at the
NWQL. ELISA QA activities included post-
calibration measurement of a standardized control
solution to corroborate an acceptable calibration of
the spectrophotometer. Concentrations of alachlor,
carbofuran, 2,4-D, and metolachlor in the standard-
ized control solutions were within 10 percent of
the measured concentrations, whereas the atrazine
control solution concentration of 3.00 pg/L had a
measured concentration of 3.68 pg/L. Replicate
analyses of water samples from well 34-33 also
were analyzed with ELISA.
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Water-quality data were entered into
the USGS national data base, WATSTORE.
Analytical data were checked for accuracy; anoma-
lous data were reanalyzed or checked for accuracy
against the NWQL data-entry and data-transfer
record. Cation-anion balances were calculated for
28 water samples with complete ion analyses. In 19
of the water samples, the difference (in milliequiv-
alents per liter) between cations and anions was
less than 3 percent of the sum of the total cations
and anions in the sample; in the remaining nine
water samples, the difference was 4 to 8 percent.

GROUND-WATER QUALITY

Three Superfund National Priority List sites
are located in the study area, and 101 abandoned
waste-disposal sites in St. Joseph County have
been listed (Indiana Department of Environmental
Management, 1989, p. 252-53); the majority of
the abandoned waste-disposal sites are within the
study area. As a result of these sites and other
industrial problems, 20 contaminated ground-
water sites have been documented in the study
area (Michiana Area Council of Governments,
1989). Wells that were sampled for this study
were intentionally not located near these docu-
mented problem areas. The sampled wells were
selected to characterize the general water quality,
particularly in areas that may be future sites for
public-supply well fields or areas that are under-
going rapid residential expansion.

General Water-Quality Properties

Data for five onsite measurements (specific
conductance, pH, temperature, oxygen, and alka-
linity), dissolved solids, hardness, organic carbon,
and methylene-blue-active substances are listed in
table 11 in the “Supplemental Data” section at the
back of this report. A statistical summary of these
water-quality properties is given in table 8.

The pH of the water ranged from 7.2 t0 8.1.
The water was near neutral to basic with respect .
to pH. No water samples were outside the SMCL
range for pH of 6.5 to 8.5.

Dissolved-solids concentration in the water
samples had a median of 310 mg/L and a range of
202 to 763 mg/L. Three water samples exceeded
the SMCL for dissolved solids of 500 mg/L—two
in the shallow aquifer and one in the deep aquifer.
Concentrations of dissolved solids in water from
41 wells sampled by IDNR (Clendenon and Beaty,
1987) had a median of 463 mg/L and ranged from
240 to 713 mg/L.

Water from all but one of the 30 wells
sampled generally is considered “‘very hard”; that
is, hardness is greater than 180 mg/L as equivalents
of CaCOs (Durfor and Becker, 1964, p. 27). The
median hardness of water in this study (275 mg/L
as equivalents of CaCO3) is similar to the median
hardness (310 mg/L as equivalents of CaCOj) of
water from 43 wells compiled by Clendenon and
Beaty (1987). Excessive hardness in water affects
the ability of a soap to lather and can create scale
in water heaters, boilers, and pipes.

Concentrations of dissolved oxygen were
significantly greater in the water from the shallow
aquifer than in the water from the deep aquifer
(table 9). Median dissolved-oxygen concentration
in the shallow aquifer was 4.6 mg/L, whereas
the median concentration in the deep aquifer was
0.4 mg/L. Dissolved oxygen was detected at
concentrations of 0.4 mg/L or greater in all but
four of the water samples. Higher concentrations
of dissolved oxygen in the shallow aquifer are not
unexpected because the aquifer is primarily a surfi-
cial sand in which oxygenated recharge waters can
infiltrate to the water table.

Concentrations of methylene-blue-active
substances (MBAS) also were significantly higher
in the shallow aquifer than in the deep aquifer. The
median concentrations of MBAS in water samples
from the shallow aquifer and the deep aquifer were
0.05 and 0.01 mg/L, respectively. MBAS are
surfactants, such as those used in detergents, and
commonly are associated with wastewater and
septic systems. Despite being associated with
human activities, no relation was evident between
land use and concentrations of MBAS in the water
samples. The SMCL for foaming agents of
0.5 mg/L was not exceeded in the water samples.
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Table 9. Summary of results from Wilcoxon-Mann-Whitney rank sum test to determine differences in selected
constituents between the shallow aquifer and the deep aquifer, northeastern St. Joseph County, Indiana

[p, the probability that an observed difference is due to chance rather than depth; *, significant difference (0.01<p<0.05) between the

shallow aquifer and the deep aquifer; **, highly significant difference (p<0.01) between the shallow aquifer and the deep aquifer; constituents
or properties with p-values greater than 0.20 are not listed; S/cm, microsiemens per centimeter; °C, degree Celsius; mg/L, milligram per liter;
pe/L, microgram per liter]

Median value Median value
Level for for
of water water
significance from from
Constituent or property p) shallow aquifer deep aqulfer
General water-quality properties and constituents:
Specific conductance, uS/cm at 25°C 0.11 610 490
pH [standard units}] 12 15 7.9
Temperature, °C 20 11.8 12.5
Dissolved oxygen, mg/L .002** 4.6 4
Methylene-blue-active substances, mg/L .00004** .05 .01
Major ions and silica:
Calcium, mg/L 11 88 63
Sodium, mg/L .10 16 8.4
Chloride, mg/L .04* 32 13
Sulfate, mg/L 15 48 35
Fluoride, mg/L 20 <1 <1
Silica, mg/L L002%* 1 13
Nutrients
Ammonia, as N, mg/L .002%* .007 .066
Nitrate plus nitrite, as N, mg/L .0004** 2.5 <.005
Trace elements:
Antimony, pg/L 05* <1 <1
Arsenic, pg/L 001 %+ <1 5
Barium, pg/l. 01* 30 76
Iron, pg/L .009** 7 470
Manganese, pug/L 008** <1 130
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Inorganic Constituents

Data for the inorganic constituents in the 30
wells that were sampled for this study are listed in
table 11 of the “Supplemental Data” section in the
back of this report. These constituents consist of
4 major anions, silica, 4 major cations, 6 nutrients,
21 trace elements, and cyanide. A statistical sum-
mary of these constituents is presented in table 8.

Major lons and Silica

The major ions that were analyzed for this
study include the cations calcium, magnesium,
sodium, and potassium; and the anions bicarbon-
ate, chloride, sulfate, and fluoride. Silica also
is considered to be a major constituent and is
discussed with the major ions. Drinking Water
Regulations have been established for chloride,
sulfate, and fluoride. No water sample for this
study had a concentration that exceeded the limits
set in these regulations (table 3).

The chemical composition of waters from
the shallow aquifer and the deep aquifer have been
plotted on a trilinear diagram (Piper, 1953) in
figure 6. Cations and anions in each water sample
are plotted as a percentage of the total cations and
anions in the water sample, in milliequivalents
per liter. The distribution of cations and anions
in each water sample is shown in the left and
right triangles, respectively. The cation and anion
percentages on the triangular plots then are pro-
jected onto the central diamond-shaped field. The
fields in the cation and the anion parts of a trilinear
diagram have been subdivided. A single ion is
considered dominant if it represents greater than
60 percent of the total cation or anion milliequiva-
lents per liter. The interiors of the cation and anion
parts of the diagram contain a central triangular-
shaped field of mixed water types where each
of the three end members range from 20 to
60 percent. This triangular field is flanked by
trapezoidal fields in which two of the end members

are between 20 and 60 percent and the third is less
than 20 percent. Examples of the two-ion fields
are the calcium-magnesium and the bicarbonate-
sulfate fields.

The water in the two aquifers is predomi-
nantly a calcium bicarbonate or calcium
magnesium-bicarbonate type (fig. 6). In general,
the cations in ground water consist of about 50 to
70 percent calcium, 20 to 40 percent magnesium,
and less than 25 percent sodium. In general, the
anions in ground water consist of about 55 to
90 percent bicarbonate, less than 30 percent
sulfate, and less than 25 percent chloride. There
is little noticeable difference in the distribution of
the major ions between the shallow aquifer and
the deep aquifer. Concentrations of calcium,
sodium, chloride, sulfate, and fluoride appear to
be higher in the shallow aquifer, although only
chloride has a significantly higher concentration
in the shallow aquifer than in the deep aquifer
(table 9). Median chloride concentrations in the
shallow aquifer and the deep aquifer are 32 and
13 mg/L, respectively. Silica is the only major
constituent whose concentration is significantly
higher in the deep aquifer (median, 13 mg/L)
than in the shallow aquifer (median, 11 mg/L)
(table 9).

An almost one-to-one relation between
milliequivalents per liter of sodium and chloride
indicates sodium chloride salt (halite) as a probable
source of the elevated sodium and chloride concen-
trations in the shallow ground water (fig. 7). In the
study area, road deicing salt and water-softener salt
in septic systems are the primary sources of the
sodium and chloride in the ground water resulting
from human activity. Sodium chloride contamina-
tion is most evident in the shallow ground water
near roads and houses. Seven of the highest 10
sodium plus chloride concentrations (in milliequiv-
alents per liter) are from shallow wells in mixed
or urban land-use groups (fig. 7). The water
sample with the highest concentrations of sodium
and chloride came from well 26-30. The well is
adjacent to a road and near (but upgradient from)

a salt-storage facility.
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EXPLANATION

¥  Shallow aquifer

O Deep aquifer

CALCIUM CHLORIDE, FLUORIDE, NO2 + N03
PERCENT

Figure 6. Distribution of major ions in the shallow aquifer and the deep aquifer,
northeastern St. Joseph County, Indiana.
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Figure 7. Relation of sodium and chloride concentrations to land use and depth, northeastern
St. Joseph County, Indiana.
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Median concentrations of all the major
constituents except silica were calculated from data
from Clendenon and Beaty (1987). Below is a
comparison of median concentrations of 34 to 44
water samples from IDNR to the median concentra-
tions of water samples collected from 16 shallow
wells and 14 deep wells for this study.

IDNR
data Study data
(mg/L) (mg/L)
Deep Deep Shallow
Constituent aquifer aquifer aquifer

Calcium 79 63 88
Magnesium 27 23 22
Sodium 12 8.4 16
Potassium 1.8 .89 7
Alkalinity 248 248 233
Chloride 17 13 32
Sulfate 55 35 48
Fluoride 1 <1 <.1

Differences between the data from this study
and data from IDNR are generally small. Some of
the differences may be attributable to differences
in laboratory procedures and to changes in water
quality caused by pumping. The IDNR data are
primarily from water samples collected from water-
supply wells with permanent, downhole turbine
or submersible pumps, whereas the data for this
study are from water samples collected from small-
diameter monitoring wells pumped at low flow
rates.

Nutrients

Water samples were analyzed for six nutrient
groups—ammonia’, ammonia plus organic

3Most of the nitrogen reported as ammonia by the
laboratory is present as ammonium in the ground water
underlying the study area.

nitrogen, nitrite, nitrate plus nitrite, phosphorus,
and orthophosphate. Almost all of the nitrate plus
nitrite in the water samples was in the form of
nitrate (as calculated by subtracting the nitrite
concentrations from the nitrate plus nitrite concen-
trations in table 11). A HA-1 has been drafted

for ammonia, and MCL’s have been established for
nitrite and nitrate; only the MCL for nitrate was
exceeded (in two samples).

Differences in ammonia and nitrate plus
nitrite concentrations between the shallow aquifer
and the deep aquifer were highly significant
(table 9, fig. 8). The median concentration of
nitrate plus nitrite (as equivalents of nitrogen) in
the shallow aquifer was significantly greater than
the median concentration in the deep aquifer,

2.5 mg/L and less than 0.005 mg/L. The median
concentration of ammonia (as equivalents of nitro-
gen) in water samples from the shallow aquifer
and the deep aquifer were 0.007 mg/L and

0.066 mg/L, respectively. Ammonia was generally.
the primary form of nitrogen in the deep aquifer,
and nitrate was generally the primary form of
nitrogen in the shallow aquifer. In addition, the
median concentration of total nitrogen (in the
forms of nitrate, nitrite, and ammonia) in the
shallow aquifer was 28 times that in the deep
aquifer.

The higher nitrate concentrations in the
shallow aquifer and higher ammonia concentra-
tions in the deep aquifer can be explained as
follows. Nitrate in the shallow ground water is
derived primarily from nitrogen fertilizers (Hall-
berg, 1989). In some environments, as the nitrate
is transported from the shallow aquifer into the
deep aquifer, bacteria reduce the nitrate (NO3)
to nitrous oxide (N,O) or molecular nitrogen (N,)
through a process called denitrification.
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Denitrification occurs when dissolved-
oxygen concentrations become depleted, initiating
anaerobic metabolism by bacteria that use nitrate
as an oxidizing agent. Dissolved-oxygen concen-
trations are significantly lower in the deep aquifer
than in the shallow aquifer. Therefore, low concen-
trations of nitrate are expected in the deep aquifer
where denitrification is more likely to occur.
Ammonia concentrations that are higher in the
deep aquifer than in the shallow aquifer may result
from a process termed “‘dissimilatory nitrate reduc-
tion to ammonium” (DNRA) (Korom, 1992).
DNRA is a bacterially mediated process whereby
nitrate is reduced to ammonium. Denitrification
and DNRA are competing processes; DNRA
may be favored where nitrate supplies are limited,
whereas denitrification may be favored where
carbon supplies (as dissolved organic carbon or
carbon dioxide) are limited (Korom, 1992,

p. 1659).

No relation was evident between nitrate
concentrations in the water samples from the
shallow aquifer and land use overlying the aquifer.
When water samples from the shallow aquifer with
more than 0.2 mg/L of nitrate* were categorized
with respect to land use, the rates of occurrence
were 40 percent (2 of 5) in the agricultural land-
use area, 75 percent (6 of 8) in the mixed agricul-
tural and residential land-use area, and 100 percent
(3 of 3) in the urban land-use area. Seven of the
water samples in the shallow aquifer had concen-
trations of nitrate* exceeding 3.0 mg/L. The likely
explanation for the occurrence of nitrate in all three
land-use areas is that nitrogen fertilizers are used
on lawns as well as on farm fields. Nitrate contam-
ination also can result from septic-tank effluent
and animal waste.

4A concentration of nitrate less than 0.2 mg/L is
considered to be natural or background, a concentration
between 0.2 and 3.0 mg/L is considered to be transitional,
and a concentration greater than 3.0 mg/L is considered
to be the result of human activity (Madison and Brunett,
1984).

Concentrations of dissolved phosphorus
in natural waters are generally no more than a few
tenths of a milligram per liter (Hem, 1985, p. 126).
The median dissolved-phosphorus concentration
in the samples collected for this study was
0.011 mg/L, and the maximum concentration
was 0.11 mg/L (table 8). Most of the phosphorus
is in the form of orthophosphate.

Trace Elements and Cyanide

Water samples were analyzed for 21 trace
elements and cyanide. Of the 21 trace elements,
5 (beryllium, cobalt, copper, nickel, and vanadium)
were not detected in any sample, 5 (aluminum,
cadmium, chromium, lead, and molybdenum)
were detected in only 1 sample, and 2 (mercury
and selenium) were detected in 2 samples. The
remaining 9 trace elements were detected in a
minimum of 6 water samples (antimony) to a
maximum of 30 water samples (strontium)
(table 8). Cyanide was not detected in any sample.

Some type of Drinking Water Regulation
or Health Advisory has been proposed for cyanide
and all of the trace elements except cobalt and lith-
ium. Only antimony, iron, and manganese were
found at concentrations that exceeded Drinking
Water Regulations or Health Advisories (tables 3
and 11). Concentrations of antimony exceeded
the HA-1 of 3 pug/L in a sample from well 5-133
(4 ng/L) and were the same as the HA-1 in wells
5-70 and 8-148; all three of these wells produce
water from the deep aquifer. Concentrations of
iron and manganese exceeded SMCL’s in 11 and
15 of the 30 water samples, respectively. Samples
from the deep aquifer had 9 of the 11 iron concen-
trations that exceeded the SMCL and 11 of the
15 manganese concentrations that exceeded the
SMCL. Most of the especially high iron and
manganese concentrations probably are caused
by the dissolution of naturally occurring iron- and
manganese-bearing minerals in the unconsolidated
sediments.
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Differences in concentrations of five trace
elements—antimony, arsenic, barium, iron, and
manganese—were highly significant or significant
between the shallow aquifer and the deep aquifer;
concentrations of these trace elements were higher
in the deep aquifer (table 9; fig. 9). The underlying
shale is the probable source for the relatively
high concentrations of trace elements in the deep
aquifer. The New Albany Shale—the Illinois Basin
equivalent of the Antrim Shale which underlies the
Ellsworth Shale in the study area—is known to
have beds that contain high concentrations of trace
elements (Leininger, 1981; Ripley and others,
1990). The amount of direct influence the under-
lying shale bedrock has on the water quality in the
deep aquifer is unclear. This influence may be
minimal if circulation of ground water between
the rock unit and the deep aquifer is minimal.

The shale bedrock is more likely to be an indirect
influence on the water quality as a result of
incorporation of shale fragments into the aquifer
material. Shale gravel deposits are not uncommon
in northern Indiana (Fraser and Bleuer, 1991) and
may be more predominant in the lower aquifer near
their bedrock source.

The source of high arsenic concentrations in a
deep unconsolidated aquifer near Wakarusa, Ind.,
approximately 15 mi southeast of South Bend,
was attributed to the chemical weathering of shale
fragments in the aquifer (Michael Yarling, Indiana
Department of Environmental Management,
written commun., 1993). Longer flow paths and
residence times of ground water in the aquifer
also may explain the higher trace-element concen-
trations in the deep aquifer where the ground water
flows through more types of geologic materials
(including the clay-rich confining layer) and has
more time 10 equilibrate with the elements com-
posing the aquifer deposits. In addition, under
reducing conditions in the deep aquifer, some
elements such as iron and manganese increase in
solubility. The low dissolved-oxygen concentra-
tions in the deep aquifer would favor dissolution
of these elements from native minerals and grain
coatings in the aquifer and into ground water.

Most of the trace elements in the water
samples probably result from natural processes.
The trace elements chromium, lead, molybdenum,
nickel, and selenium were detected in samples
from only a small number of wells and at low
concentrations. Mercury was detected in samples
from two wells—1-85 and 5-70—at concentrations
of 1.5 mg/L and 0.7 mg/L, respectively, (table 11,
at back of report). Each of these wells was the
middle-depth well at a site having three nested
wells (table 1). The source of mercury is unknown.
The source of the trace elements could be human
contamination, but most of the detections are
probably from naturally occurring trace elements
in the unconsolidated sediments.

Organic Constituents

Water samples collected for this study were
analyzed for 151 organic compounds. These
compounds, which are on the USEPA list of
organic “priority pollutants,” include base/neutral-
and acid-extractable semivolatile organic
compounds, volatile organic compounds,
pesticides, polychlorinated biphenyls (PCB’s),
and polychlorinated naphthalenes (PCN’s).

Industrial Organic Compounds

Previous studies have found benzene,
trichloroethane, tetrachloroethylene, phenol, and
formaldehyde in the ground water underlying
South Bend, Mishawaka, and Granger (Freeman,
1980, p. 62—64). Organic compounds were
detected in well water from four community
ground-water systems in the study area during
1981-89 (Indiana Department of Environmental
Management, 1989, p. 242). Potential sources of
industrial organic compounds in the ground water
underlying the study area include landfills, waste
lagoons, sludge ponds, septic tanks, aboveground
and underground petroleum storage tanks, pipe-
lines, and various active and former industries
(Michiana Area Council of Governments, 1989).
Ground water in areas of suspected or documented
industrial contamination was not sampled.
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The 57 base/neutral- and acid-extractable
semivolatile organic compounds that were sampled
for in this study are listed in table 4; PCB’s and
PCN’s also are listed in table 4. The 62 volatile
organic compounds (six of which also are listed
with the semivolatile organic compounds) that
were examined with GC/MS at the NWQL (wells
5-33, 5-70, 5-133, 23-55, and 27A-148) are listed
in table 6. Analysis of volatile organic compounds
in water samples from the remaining 25 wells
listed in table 1 was semiquantitatively examined
with PGC (see “Methods” section).

None of the industrial organic compounds,
listed in tables 4 and 6, was detected in the ground-
water samples. Reporting limits for many of the
industrial organic compounds are well below
USEPA Drinking Water Regulations and Health
Advisories (tables 4 and 6). The absence of detect-
able industrial organic compounds in the water
samples is evidence that large parts of the shallow
and deep aquifers are virtually free of organic
contaminants.

Pesticldes

Twenty-five pesticides and one pesticide
family sampled for this study are listed in table 5.
The pesticides include 15 organochlorine insecti-
cides, characterized by their persistence in the
environment (Meister, 1989); 7 organophosphorus
insecticides (diazinon, ethion, malathion, methyl
parathion, methyl trithion, parathion, and car-
bophenothion [trithion]); 2 nitrogen-containing
herbicides (alachlor and metolachlor); a carbamate
insecticide (carbofuran); a chlorophenoxy acid
herbicide (2,4-D); and a triazine screen of 10
triazine-based herbicides detectable at concentra-
tions of 0.1 to 1.1 pg/L.

Approximately 51 percent of the study area
was cropland in 1982 (Clendenon and Beaty, 1987,
appendix 2). Corn and soybeans are the primary
crops grown in the study area. The primary agricul-
tural chemicals used for these crops in 1991 were
compiled by Indiana Agricultural Statistics Service
(1992) and are summarized below. Herbicides

and insecticides were applied to 98 and 27 percent,
respectively, of the corn acreage in northern
Indiana. In addition, herbicides were applied to

96 percent of the soybean acreage in northern
Indiana, whereas insecticides were applied to

1 percent of the soybean acreage in all of Indiana.
Chemicals used to treat at least 20 percent of the
corn acreage in northern Indiana are atrazine

(93 percent), alachlor (46 percent), metolachlor
(26 percent), and cyanazine (20 percent). In
addition, corn acreage received greater quantities
of each of these chemicals, by weight, than any
other pesticide. All four of these chemicals were
sampled in this study. Chemicals used to treat at
least 20 percent of the soybean acreage in northern
Indiana are metribuzin (34 percent), chlorimuron-
ethyl (32 percent), metolachlor (27 percent), and
alachlor (26 percent); more pounds of alachlor
and metolachlor were applied to soybean acreage
than any other pesticide.

Three pesticides (alachlor, carbofuran, and
metolachlor) and one pesticide family (triazines)
were detected in water samples from the study area
(table 10). None of the pesticide concentrations
exceeded USEPA Drinking Water Regulations or
Health Advisories (table 5). In 13 water samples,
at least one pesticide was detected. Metolachlor
was detected in the most wells (seven), although
well 30-148 was the only well where metolachlor
was found above the reporting limit. Alachlor was
detected in five wells and at the highest concentra-
tions (as great as 1.0 pwg/L) of any of the pesticides.
Carbofuran and triazines were detected once each.

A few observations can be made about the
relation of land use and depth to the pesticide con-
centrations. In 64 percent (7 of 11) of the water
samples from the shallow wells in the agricultural
land-use area, a pesticide was detected; this result
is not unexpected. In 100 percent (3 of 3) of the
water samples from deep wells in the urban land-
use area, however, at least one pesticide was
detected. This result is somewhat surprising and
may indicate a longer ground-water flow path that
originated in an agricultural 1and-use area. Water
samples from deep wells in the agricultural land-
use area had the lowest percentage of detections
of pesticides (9 percent, 1 of 11).
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Table 10. Pesticide concentrations in water from 30 wells in northeastern St. Joseph County,
Indiana, sampled in May 1992

[All concentrations are semiquantitative; all concentrations are in micrograms per liter]

Well Alachior Carbofuran Metolachior Triazine screen
1-25 <0.1 <0.1 <0.1 <0.1
1-85 <1 <1 <1 <.l
1-173 <1 <.l <1 <1
2-25 1.0 <1 <1 <1
2-139 <1 <.1 <1 <1
5-33 <1 <.1 <1 <1
5-70 <l <.l <1 <1
5-133 <1 <.1 <1 <1
7-35 <1 <1 <1 <.1
8-22 <.1 <.l <.1 <1
3-148 <1 <1 <1 <1
14-135 <l <.1 <1 <1
16-28 52 <.1 <1 <l
16-173 <1 <.l <1 <1
21-23 <1 <l e <1
21-133 <1 <.l <.1 <1
23-55 el <1 <1 <1
23-133 <1 <l <1 <l
25-38 <.l <.1 <1 <1
26-30 <1 <l <1 <1
27-28 <1 <1 <1 <l
27A-148 <l <1 <1 <1
30-29 <1 <1 e <1
30-148 <1 <1 A1 <.l
32-148 A1 <1 ! <l
33-65 <.l <.1 <1 <1
34-33 at 9:30 <1 <.1 <1 <.l
34-33 at 10:00 <l <.l <1 <1
34-33 at 10:30 <1 <l <.1 <1
35-52 <1 26 <.1 <.1
39-25 .83 <.1 <.1 <1
4123 <l <1 <1 <1

Chemical detected, but at concentrations less than 0.1 microgram per liter.
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SUMMARY AND CONCLUSIONS

Ground-water samples were collected from
30 monitoring wells at 20 sites in northeastem
St. Joseph County, Ind., during May 1992; the
wells are screened in either a shallow or a deep
sand and gravel aquifer. The wells were sited to
characterize general water quality, particularly in
areas that may be future sites for public-supply
well fields or areas where rapid residential expan-
sion will result in increased construction of private
wells; known contaminated sites were avoided.
Samples were analyzed for general water-quality
properties, nutrients, major constituents, trace
elements, industrial organic compounds, and
pesticides. The list of analytes includes most of
the USEPA “priority pollutants.”

In general, the ground water is a slightly
basic, very hard, calcium bicarbonate or calcium
magnesium bicarbonate-type water with a median
dissolved-solids concentration of 310 mg/L. The
only constituent to exceed a USEPA MCL in
the water samples was nitrate (in two samples).
The only constituent to exceed a USEPA Health
Advisory concentration in the water samples was

antimony (in one sample). USEPA SMCL’s for
dissolved solids, iron, and manganese were
exceeded in 5, 13, and 15 water samples,
respectively.

Concentrations of dissolved oxygen,
methylene-blue-active substances, chloride, and
nitrate plus nitrite in the shallow aquifer were
significantly higher (at the 0.05 probability level)
than in the deep aquifer. High concentrations of
all of these constituents, except oxygen, in the
shallow aquifer may be attributable to human
activities. Concentrations of silica, ammonia,
arsenic, antimony, barium, iron, and manganese
in the deep aquifer were significantly higher than
in the shallow aquifer; with the exception of
ammonia, probably most or all of these constitu-
ents are from natural sources.

No industrial organic compounds were
detected in the water samples. Four pesticides—
alachlor, carbofuran, metolachlor, and triazines—
were detected in water samples. In 13 water
samples, at least one pesticide was detected; the
highest pesticide concentration was 1.0 pg/L
of alachlor.
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