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Conversion Factors, Datum, and Abbreviations

Multiply By To obtain

inch (in) 25.4 millimeter

foot (ft) 0.3048 meter

mile (mi) 1.609 kilometer

micrometer (µm) 0.00003937 inch

millimeter (mm) 0.03937 inch

meter (m) 3.281 foot

inch per year (in/yr) 25.4 millimeter per year

foot per day (ft/d) 0.3048 meter per day

gallon (gal) 3.785 liter

ton 0.9072 megagram

pound per two-lane mile (lb/2-ln mi) 0.2819 kilogram per two-lane kilometer

ton per two-lane mile (ton/2-ln mi) 0.5638 megagram per two-lane kilometer

Temperature is given in degrees Celsius ( C), which can be converted to degrees Fahrenheit ( F)
by use of the following equation:

F = 1.8 ( C) + 32

Vertical coordinate information is referenced to the National Geodetic Vertical Datum of 1929 
(NGVD of 1929).

Other abbreviated units used in this report: Chemical concentrations are given in milligrams per 
liter (mg/L), a unit expressing the concentration of chemical constituents in solution as weight 
(milligrams) of solute per unit volume (liter) of water. Specific conductance of water is expressed 
in microsiemens per centimeter at 25 degrees Celsius ( S/cm). Electrical conductivity of sub-
surface materials is given in millisiemens per meter (mS/m). Small volumes of water are 
expressed in milliliters (mL). Periods of record are sometimes given in reference to water year 
(WY), the 12-month period October 1 through September 30, designated by the calendar year in 
which it ends.



Effects of Highway Deicing Chemicals on Shallow 
Unconsolidated Aquifers in OhioóFinal Report

By Allison E. Kunze and Bernard N. Sroka

Abstract

As a result of concerns about salt intrusion into drink-
ing water aquifers, the effects of highway deicing chemicals 
on shallow aquifers were studied at eight locations in Ohio 
from 1988 through 2002. The study was done by the U.S. 
Geological Survey, in cooperation with the Ohio Depart-
ment of Transportation and the Federal Highway Adminis-
tration. Sites were selected along major undivided highways 
where drainage is by open ditches and ground-water flow is 
approximately perpendicular to the highway. Records of 
deicer application rates were kept, and apparent movement 
of deicing chemicals through shallow, unconsolidated aqui-
fers was monitored by means of periodic measurements of 
specific conductance and concentrations of dissolved 
sodium, calcium, and chloride. The State routes monitored 
were the following: State Route (SR) 3 in Ashland County, 
SR 84 in Ashtabula County, SR 29 in Champaign County, 
SR 4 in Clark County, SR 2 in Lucas County, SR 104 in 
Pickaway County, SR 14 in Portage County, and SR 97 in 
Richland County.

The study began in 1988 with background data collec-
tion, extensive literature review, and site selection. This pro-
cess, including drilling of wells at numerous test sites and 
the eight selected sites, lasted 3 years. Routine ground-
water sampling at 4- to 6-week intervals began in January 
1991 and continued through September 1999. A multilevel, 
passive flow ground-water sampling device was constructed 
and used. Other conditions monitored on a regular basis 
included ground-water level (monitored continuously), spe-
cific conductance, air and soil temperature, precipitation, 
chloride concentration in soil samples, and deicing-chemi-
cal application times and rates.

Evidence from water analysis, specific-conductance 
measurements, and surface-geophysical measurements indi-
cates that three of the eight sites (Ashtabula County, Lucas 
County, and Portage County sites) were affected by direct 
application of deicing chemicals. Climatic data collected 
during the study show that cold weather, and therefore deic-
ing-chemical application rates, varied from south to north 

across the State. As a consequence, only minor traces of dis-
solved chloride (mean, 24�43 mg/L (milligrams per liter)) 
above background concentrations (mean, 13�23 mg/L) were 
determined in ground-water samples from the southernmost 
sites (approximately  39 30’ to 40  N latitude�Champaign 
County, Clark County, and Pickaway County). At the Ash-
land and Richland County sites (approximately 40 30’ N 
latitude), dissolved-chloride concentrations increased above 
background concentrations only intermittently (mean back-
ground concentrations 4�41 mg/L, rising to a mean of 40�
56 mg/L in downgradient wells). At the northernmost sites 
(41 30’ to 42  N latitude�Lucas County, Portage County, 
and Ashtabula County), deicing-chemical application was 
consistent throughout the winter, and downgradient dis-
solved-chloride concentrations  (mean, 124�345 mg/L) 
rarely returned to background concentrations (mean, 7�37 
mg/L) throughout the study period.

Other factors than application rate that may affect the 
movement of deicing chemicals through an aquifer were 
precipitation amounts, the types of subsurface materials, 
ground-water velocity and gradient, hydraulic conductivity, 
soil type, land use, and Ohio Department of Transportation 
deicing priority.

Introduction

Sodium chloride (road salt) is still the most widely 
used highway deicing material in the United States. Road 
salt applied to highways during winter months is a primary 
source of solutes to ground water in Ohio. Although alterna-
tives have been developed, most of them are still too expen-
sive for general use. In 1980, the State of Ohio abandoned 
its �bare pavement� policy for a new directive that is more 
selective about salt application; however, the State still 
attempts to clear highways �as soon as possible� after cessa-
tion of a storm, in order of priority. Adding road salt to 
snow and ice lowers the freezing point of water and creates 
a brine that may run off the highway surface, therefore 
clearing it. This brine may travel a variety of pathways after 
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application. Melted saltwater may run off into nearby streams 
or into ditches, where it infiltrates into the ground. Plowed 
snow from the highway, splash caused by vehicles, and wind 
may also transport salt considerable distances. Many research-
ers have studied various aspect of salt�s effects on soils, plants, 
surface water, and ground water. Past evidence shows that 
many factors affect whether salt will prove to be damaging to 
the environment in a specific situation. In general, there has 
been a lack of detailed knowledge about the fate and transport 
of deicing chemicals after application to the highway. Accord-
ing to the National Research Council, road-salt use in the 
United States ranges from 8 million to 12 million tons of 
sodium chloride per year. States such as Massachusetts, New 
Hampshire, and New York report even higher annual loadings 
(National Research Council, 1991). Historically, regulators in 
the management of nonpoint-source pollution have been con-
cerned with nutrients, hydrocarbons, pathogens, heavy metals, 
and sediment from stormwater runoff from road surfaces enter-
ing nearby surface- and ground-water supplies. However, 
growing concern over roadside-habitat degradation and water-
quality issues have prompted regulators and researchers to 
examine deicing chemicals and their effect more closely.

In Ohio, the Ohio Department of Transportation (ODOT) 
is attempting to gather background data on the environmental 
implications of the use of highway deicing chemicals. As part 
of this data-collection effort, the U.S. Geological Survey 
(USGS), in cooperation with ODOT and the Federal Highway 
Administration (FHWA), began a study in 1988 to monitor the 
use and fate of highway deicing chemicals in shallow (less than 
50 ft deep), unconsolidated aquifers. ODOT will use these 
long-term data to help determine how deicing practices affect 
ground-water quality and to develop a baseline data base from 
which to monitor changes over time to better serve citizens 
who would like not only safe roadways but also high-quality 
water resources.

Purpose and Scope

The purpose of this report is to describe the data collected 
at eight sites in Ohio designed to monitor the effects of applica-
tion of highway-deicing chemicals on shallow, unconsolidated 
aquifers. Data include information on ground-water quality, 
environmental setting, and hydrology of each site.

This report is the followup to the interim report (Jones 
and Sroka, 1997), which included data collected through 1993. 
This report includes information about all data collected 
through 1999. Water samples were collected from January 
1991 through September 1999. The section �Methods of Inves-
tigation,� provides technical information about data collection 
and analysis. The eight modules under �Effects of Highway 
Deicing Chemicals, by Site� present descriptive data in narra-
tive, tabular, and graphical form; these modules are designed to 
be useful to readers who may be interested in only one or a few 
specific sites in a particular part of Ohio. Several sections or 
parts of sections in this report are repeated from the interim 

report to make this report understandable on its own. However, 
to obtain all of the information from this project, readers 
should also refer to the interim report (Jones and Sroka, 1997). 
Because of the large volume, raw data are not presented in 
either report; they can be retrieved from the USGS NWISWeb 
page at http://waterdata.usgs.gov/oh/nwis/. A list of well num-
bers and names at each site is provided in the appendix (table 
A-1 in the appendix) to assist in retrieving data.

Previous Investigations

For many years, scientists have assumed that most of the 
deicing chemicals applied to highways are flushed away each 
season by overland flow and that subsurface effects are mini-
mal. However, researchers are finding evidence of elevated 
chloride levels in ground water, suggesting that some of the 
salt may be retained in the local ground-water basin and may 
affect the environment. Howard and Haynes (1997) found that 
only 45 percent of the salt applied to an urban watershed in the 
Toronto, Ont., area was being removed annually and that the 
remainder was entering temporary storage in shallow ground 
water. They predicted that if present rates of deicing were 
maintained, average chloride concentrations in ground water 
discharging as springs would reach 426 mg/L, possibly within 
a 20-year period. In southern Massachusetts, Granato and oth-
ers (1995) found that concentrations of major and trace chemi-
cal constituents of highway runoff in ground water were 
substantially higher downgradient than upgradient from the 
highway. This mobilization is potentially caused by deicing-
chemical migration (Granato and others, 1995), and deicing 
chemicals themselves may account for a substantial source of 
annual chemical loads to ground water (Granato, 1995). 
Rosenberry and others (1999) found that ground water in a 
shallow aquifer in New Hampshire was contaminated with 
deicing chemicals; the contamination was not due to direct run-
off, but to a contaminated stream through a reversal of gradient 
(from a gaining stream to a losing stream), likely during peri-
ods of transpiration by trees. 

Pilon and Howard (1987) reported chloride concentra-
tions as high as 13,000 mg/L in shallow ground water along an 
urban Toronto highway. In Burlington, Mass., Toler and Pol-
lock (1974) found that chloride concentrations in local ground 
water exceeded 250 mg/L as the result of the application of 
deicing chemicals. Huling and Hollocher (1972) also found a 
significant increase in the steady-state chloride concentration 
in ground water from the east-central part of Massachusetts. 
Similar problems were reported in Illinois (Wulkowicz and 
Saleem, 1974) and Wisconsin (Eisen and Anderson, 1980).

There is increasing evidence that some of the salt applied 
to highways may be retained in the drainage basin and may 
gradually migrate to the water table through the soils and 
unsaturated zone (Diment and others, 1973; Eisen and Ander-
son, 1980; Pilon and Howard, 1987). Toler and Pollock (1974) 
found that 15 to 55 percent of chloride from deicing chemicals 
that enter the ground is retained in the soil and unsaturated 
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zone. Physical properties of each site control the actual amount 
retained. Hawkins (1976) noted that salts may accumulate in a 
local ground-water basin and may not necessarily be flushed 
out each spring. Howard and others (1993) found from their 
model simulations that concentrations of sodium and chloride 
in ground water within a few hundred meters of highways may 
be 3 to 4 times the baseline concentrations. Church and Friesz 
(1993) reported that 20 to 50 percent of the chloride load in 
highway runoff was found in the ground water in areas where 
closed drainage and snow berms had been installed during ini-
tial highway construction. Heisig (2000) found a positive lin-
ear relation for chloride concentration in base flow of an urban 
New York watershed and the annual rate of road-salt applica-
tion to the watershed. He found that ground waters that sustain 
base flows are a consistent source of chloride, unlike storm-
flows, which typically have the highest chloride concentrations 
in the spring.

Mason and others (1999) found that road salt signifi-
cantly increased the concentrations of calcium, potassium, and 
magnesium in a stream in Maine through cation exchange in 
the soil downgradient from a heavily salted State highway. In a 
study of road salt in the vadose zone in Saskatchewan, Canada, 
Gutiw and Jin (1998) found that sodium and chloride ion reten-
tion characteristics within the sites were affected greatly by the 
local soil composition. In sand and gravel deposits, little reten-
tion was observed. At sites with soil composed of a greater 
proportion of silt and clay, however, the deposits were more 
effective in retaining the deicer. Although the ion profiles were 
specific to the time of sampling, the classification of roadside 
environments based on deicer retention characteristics of the 
soil can serve as a potentially useful measure. 

Springs from shallow ground water in the Toronto lake-
front area contained an average chloride concentration of 400 
mg/L (Eyles and Howard, 1988). Even in areas where shallow 
ground water is not used for public or private supply, ground-
water discharge can be a major component of stream water, 
which, in turn, may discharge to and eventually affect the qual-
ity of receiving waters, such as the Great Lakes (International 
Joint Commission, 1988; Duda, 1989; Hodge, 1989).

In some studies, borehole and surface geophysics were 
used to investigate ground-water quality affected by deicing 
chemicals. Risch and Robinson (2001) found that electromag-
netic-conductivity data indicated the presence of a saltwater 
plume near the bottom of thick sand and gravel aquifer in Indi-
ana. Five years of monitoring these wells indicated that the 
plume had moved about 60�100 ft/yr. Surface geophysics in 
areas without monitoring wells and a conceptual model helped 
to understand the effects of a salt-storage facility on ground-
water quality.

Deicing Chemicals

Evidence indicates that elevated sodium concentrations 
(above background concentrations)  may have serious health 

implications. Sodium has been linked with the development of 
hypertension, a condition affecting perhaps 20 percent of the 
U.S. population (Moses, 1980; Craun, 1984; Tuthill and Cala-
brese, 1979). Elevated sodium concentrations have also been 
associated indirectly with hypernatremia, a kidney ailment 
(World Health Organization, 1984). A general recommenda-
tion is that sodium concentrations in drinking water should not 
exceed 20 mg/L for those with hypertension or congestive 
heart failure; for those in good health, an esthetic guideline of 
200 mg/L has been issued by many agencies (Ontario Ministry 
of the Environment, 1991). The U.S. Environmental Protection 
Agency (2002) states that although high levels of salt intake 
may be associated with hypertension in some individuals, 
sodium levels in drinking water are usually low and unlikely to 
be a significant contribution to adverse health effects. How-
ever, sodium remains on the USEPA drinking-water contami-
nant candidate list (CCL). A future reassessment of the sodium 
guidance may establish a new level at which sodium occur-
rence would not meet the criteria for inclusion on the CCL as a 
drinking-water contaminant of concern.

Water containing elevated chloride concentrations poses 
the greatest human health hazard to those with heart or kidney 
diseases. The problem is generally more esthetic than health 
related because salty water is generally not palatable (Hutchin-
son, 1970). Most agencies maintain a chloride concentration 
guideline of 250 mg/L as a taste threshold (Ontario Ministry of 
the Environment, 1991). USEPA maintains a secondary stan-
dard for chloride of 250 mg/L (U.S. Environmental Protection 
Agency, 1992).

Highway deicing chemicals differ from many other 
ground-water contaminants in that the source mass, chemistry, 
release characteristics, and transport behavior are relatively 
well known when compared to other contaminants. Chloride is 
the best indicator of road-salt application because it is a pri-
mary component of all highway-deicing chemicals, and it is 
chemically unreactive in most environments. California and 
Nevada restrict road-salt use in some areas to reduce chloride 
injury to roadside trees. Massachusetts uses alternative deicers 
to prevent sodium contamination of residential drinking water. 
New York State proposed a pilot study in New York City to 
look at deicing-chemical alternatives that might help protect 
drinking water (Wenger and Yaggi, 2001).

Highway deicing chemicals are released to the soil during 
snowmelt at various times throughout each winter. High levels 
of salt in soils may limit the availability of soil water to plants, 
whereas excessive exchangeable sodium causes breakdown of 
soil aggregates, decreased pore size and reduced permeability 
of the soil to air and water (Jones and others, 1992). High con-
centrations of sodium may be decreased by exchange for cal-
cium and magnesium at exchange sites on sediments in the 
unsaturated zone and the shallow ground-water flow system. 
Secondary sources of sodium may be domestic-wastewater and 
water-softening-system discharges (Heisig, 2000). Sodium 
may also be adsorbed on exchange sites within the soil (Vil-
lamil and Kent, 1980), although several winters of deicing-
material application can exhaust the adsorptive capacity of the 
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soil (Howard and Beck, 1993). Therefore, sodium can enter 
the underlying aquifer, where it may reach levels that pose a 
threat to human health (Vitaliano, 1992).

Methods of Investigation

Site Selection

A detailed site-selection process was used to find eight 
sites in Ohio that fit the study criteria. The eight study sites are 
shown in figure 1. During the first 2 years of the study (1988�
90), a large group of candidate sites were identified on the 
basis of information gathered from a literature search, well 
logs, geologic maps, and geophysical data. The following cri-
teria had to be met for a site to be suitable for further investi-
gation: undivided State highway with open drainage, 
preferably with first or second priority for deicing by ODOT; 
unconfined and unconsolidated aquifer materials beneath and 
adjacent to the highway; ground-water flow generally perpen-
dicular to the alignment of the highway; shallow water table 
(less than 25 ft below land surface); area of potential snowfall 
each winter (varying amounts among sites was preferable); 
suitable for access by drilling rigs; and landowners on both 
sides of the highway willing to participate in the study for at 

least 10 years. At all sites, highway deicing was ongoing for 
an unknown number of years before the study began. More 
than 50 potential sites were investigated to select the final 
group of sites. Once a site was determined to be a potential 
study site �on paper,� project personnel visited the site and 
met with landowners. If all affected landowners were willing 
to participate in the study, the selection process proceeded 
with geophysical testing and test drilling.

Geophysical Tests

Electromagnetic (EM) ground-conductivity surveys were used 
to characterize the general hydrogeology of potential study 
sites. The electromagnetic conductivity of earth materials can 
be measured by use of the electromagnetic induction tech-
nique, whereby an EM field is imparted to the land surface and 
the electrical response is measured. A Geonics EM-34-3 
ground conductivity meter was used to obtain this information. 
The EM-34-3 can be used at three fixed spacings of 10, 20, or 
40 m and in the vertical or horizontal mode. Depending on the 
subsurface materials being investigated, materials up to a max-
imum of 60 m deep can be characterized. For the regular peri-
odic surveys, only the 10-m spacing was needed to reach the 
depths of interest in each aquifer. 

When the meter is operating, the transmitter coil is 
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energized with an alternating current that induces electrical cur-
rent in subsurface conductors. Electrical currents in the earth 
materials produce a secondary magnetic field, which is propor-
tional to the electrical conductivity of the subsurface material 
and fluid and can be measured at the surface with the receiver 
coil. The voltage generated in the receiver can then be related 
directly to the apparent conductivity of these subsurface mate-
rials and fluid.

The electrical conductivity of earth materials measured 
by surface EM, in conjunction with drillers� logs, can be used 
to help define the general lithologic characteristics of a site. In 
general, fine-grained materials, specifically clays and silts, typ-
ically have low hydraulic conductivities and high surface EM 
responses (generally in the 10�20+ mS/m range). Conversely, 
coarser materials, such as sands and gravels, typically have 
higher hydraulic conductivities and lower surface EM 
responses (generally in the 1�10 mS/m range). If a potential 
site was in an area where interference with the EM instrument 
would cause readings to be inaccurate, this test was bypassed. 
However, in many cases, measuring the EM response was use-
ful for determining the need for drilling test wells at potential 
sites.

Test Drilling and Well Installation

If geophysical tests indicated the presence of unconsoli-
dated sand and gravel, or if electromagnetic measurements 
were not possible, test wells were drilled by use of a hollow-
stem auger. Lithologic logs from test wells were used to define 
the extent of the subsurface materials. Observation wells were 
constructed in each borehole, and the wells were developed. 
Measurement of water-level elevations in several wells 
allowed the direction of the ground-water flow to be deter-
mined. Ground-water samples were collected, and the specific 
conductance of the water also was measured. All test and 
observation wells were installed by the ODOT Foundation 
Exploration drilling crew or one of various private drilling 
firms.

Hollow-stem augers were used to install the wells, and 
split-spoon samples were collected to log the formations. Wells 
were augered to a depth where a major change in formation 
was reached; that is, where bedrock or a clay confining layer 
was encountered or to the limit of the hollow-stem auger, about 
50 to 60 ft maximum. Wells were screened throughout the satu-
rated thickness of the aquifer. The method of completion 
depended on the characteristics of the formation materials. If 
the materials were loose, they were allowed to collapse around 
the casing as the augers were removed. If they did not collapse, 
or collapsed only partially, the borehole was filled with washed 
sand or gravel as the augers were removed to about 2 ft above 
the top of the screen. Several feet of bentonite fill was placed 
above the sand to prevent downward infiltration of land-sur-
face runoff. Finally, a concrete seal was placed at the surface 
around the polyvinyl chloride (PVC) casing and the protective 
steel casing.

At each site, one sampling well was placed upgradient 
from the highway at a sufficient distance to prevent splash and 
runoff from reaching it, generally about 50 ft. Four other sam-
pling wells at each site were placed downgradient from the 
highway, generally in line with the ground-water flowpath 
(determined by water-level gradient), each increasingly distant 
from the highway. The interval between wells ranged from 
40 ft at some sites to about 55 ft at others, depending on the 
ground-water velocity estimated from aquifer-test results and 
hydraulic gradient. (See �Data Collection� section.)

Data Collection

Data for each site were collected from eight main 
sources:

� Deicing chemicals�amount and type�applied to the 
highway were recorded by ODOT maintenance person-
nel each time a site was deiced. The information was 
sent monthly to USGS and ODOT management per-
sonnel.

� Water-quality data were collected on a regular basis by 
use of three types of ground-water sampling devices.

� Physical data�Geophysical data and elevation data 
were collected: geophysical data to periodically moni-
tor ground-conductivity changes attributable to 
changes in water quality, and elevation data to deter-
mine the topographic layout of each site.

� Aquifer materials were collected during the well-instal-
lation phase and analyzed for grain size. Geology and 
soil type of each site were determined from test drilling 
and areal geophysical surveys, as well as local well logs 
and county soil surveys. 

� Aquifer properties�Ground-water flow directions 
were determined by measurement of water levels in a 
series of test wells. Several single-well aquifer tests 
(slug tests) were done at one test well at each site to 
determine an average hydraulic conductivity for each 
site.

� Soils data were collected to determine the amount of 
dissolved chloride in soil-water extract, near the high-
way and beyond the splash distance.

� Temporal data�that is, ground-water temperature, air 
temperature, soil temperature, ground-water level, spe-
cific conductance, and precipitation�were measured 
and recorded hourly.

� Climatic data were obtained from the nearest Midwest-
ern Regional Climate Center (MRCC) or National Oce-
anic and Atmospheric Administration (NOAA) 
weather station to supplement precipitation and air 
temperature data collected at each site.

The following sections detail the eight main types of data.
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Deicing Material Application Data

Deicing chemicals used during the winters 1990�91 
through 1998�99 by each county outpost that contained a 
study site are listed in table 1 (Ohio Department of Transpor-
tation, written commun., 1999). These data provide a general 
idea of the magnitude of use of deicing chemicals in each 
study-site county, but they do not indicate the exact amounts 
or percentages of chemicals (sodium chloride or calcium chlo-
ride) applied at each site.

Deicing-material application amounts and rates were 
recorded by ODOT personnel working at the outpost closest 
to each of the study sites. A form was completed each time a 
driver passed the site on his or her route. The forms were then 
collected monthly by a district supervisor and sent to the 
ODOT headquarters, where they were recorded and sent to the 
USGS office. Items recorded on the form included date and 
time, weather conditions, rate at which deicing material was 
applied from the truck, amount of sodium chloride, calcium 

chloride, and abrasives being applied, whether or not plowing 
was done simultaneously, and date of last spreader calibration. 
This careful recording of material application amounts 
enabled the investigators to compare continuously recorded 
specific-conductance values and chloride concentrations from 
water samples to deicing-chemical application times and 
amounts and precipitation events. Therefore, data collected 
separately by maintenance truck drivers for each of the study 
sites were useful.

Water-Quality Data

Ground-water samples were collected to monitor deic-
ing-chemical-related constituent concentrations by use of 
multilevel sampling wells on the upgradient and downgradient 
sides of the highway along the path of ground-water flow. 
Two sampling routines were followed, and three types of  
samplers were used. All samples were analyzed by standard

Table 1. Countywide sodium chloride and calcium chloride amounts applied by Ohio Department of Transportation (ODOT), by year.

[e, estimates by ODOT]
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Sodium chloride (tons)

1990-91 e15,000 e7,000 5,754 5,220 4,892 4,087 2,858 998 45,809 5,726 322,698 7.54

1991-92 e17,000 e7,000 6,510 4,712 4,310 2,672 1,723 782 44,709 5,589 338,268 7.90

1992-93 e21,000 e6,000 6,974 4,660 4,503 3,470 1,976 1,071 49,654 6,207 375,264 8.72

1993-94 26,079 6,706 8,065 5,842 5,332 1,733 1,518 2,145 57,420 7,178 514,323 11.97

1994-95 17,494 8,356 4,588 4,252 3,680 2,709 1,289 1,643 44,011 5,501 338,735 7.88

1995-96 43,769 13,514 10,766 8,844 4,592 4,721 2,936 2,540 91,682 11,460 628,616 14.69

1996-97 32,620 9,441 6,605 5,246 3,915 2,902 2,327 698 63,754 7,969 339,834 7.94

1997-98 25,658 9,148 5,278 4,829 2,029 2,082 1,554 924 51,502 6,438 280,820 6.56

1998-99 35,492 16,096 10,259 8,852 5,146 4,971 3,882 2,758 87,456 10,932 599,371 14

Total 234,112 83,261 64,799 52,457 38,399 29,347 20,063 13,559 535,997 67,000

Average 26,012 9,251 7,200 5,829 4,267 3,261 2,229 1,507 59,555 7,444 9.69

Calcium chloride (gallons)

1990-91 2,854.1

1991-92 Data not available 3,101.0

1992-93 4,023.5

1993-94 135,844 28,496 10,566 26,022 4,092 0 0 0 205,020 0 4,773.0

1994-95 44,995 11,680 4,425 1,710 1,780 0 0 0 64,590 316,168 59.5

1995-96 96,313 24,373 14,549 22,665 4,768 0 0 0 162,668 735,937 71.1

1996-97 61,481 5,019 7,550 4,863 4,581 0 0 0 83,494 337,502 13.1

1997-98 61,081 2,881 6,900 0 1,587 0 0 0 72,449 206,160 1.2

1998-99 81,075 10,198 23,319 6,150 11,695 330 0 0 132,767 681,410 29.4

Total 480,789 82,647 67,309 61,410 28,503 330 0 0 720,988 2,277,177 4,947.3

Average 80,132 13,775 11,218 10,235 4,750 55 0 0 120,165 379,530 824.6
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Once these tubes were lowered into each of the sampling sec-
tions, diffusion of the ground water displaces the deionized 
water in the dialysis cells, allowing them to come to equilibrium 
with the surrounding ground water. This multilevel sampling 
system allows for passive sampling, but this sampling device 
has the limitation that only a finite amount of water is available 
for analysis. For example, a maximum of approximately 150 
mL of sample water can be obtained from each level at any one 
time using the sampler described above.

Multilevel Tube Sampler

A conventional multilevel tube sampler was installed 
adjacent to one of the downgradient multilevel dialysis sam-
plers at each site. This sampler consisted of a 2-in.-diameter 
PVC casing with the bottom at the same depth as the well next 
to it. Before installation, six lengths of 1/8-in.-diameter poly-
ethylene tubing were lowered inside the casing and inserted 
into 100-mesh stainless steel screened ports placed in the sides 
of the casing at levels approximately corresponding to the lev-
els of the sampling sections of the multilevel dialysis sampler 
adjacent to it. A peristaltic pump was used to draw water from 
each of the tubes. Each level was pumped for a short time until 
the tubing was flushed and the water was clear; a sample was 
then collected. With this sampling device, only water in the 
immediate vicinity of the port is available for sampling. The 
device also clogs easily if the formation consists of a large 
amount of very fine sand or silt.

Sampling Frequency and Procedures

Both multilevel samplers were visited periodically 
according to two routines. In routine 1, ground-water samples 
were collected at each site from each of the six levels of all 
multilevel dialysis samplers and one multilevel tube sampler 
monthly the first year and every 6 weeks thereafter. Depending 
on the fluctuation of the water levels in the aquifer, some of the 
upper levels were dry during some sample-collection periods. 
Sampling at the Champaign, Clark, and Pickaway County sites 
was temporarily suspended at times during mild winters. Sam-
ples from the multilevel dialysis sampler were collected by 
removing the string of sampling sections from the 3-in. outer 
well and unscrewing each section to retrieve the dialysis cells. 
A clip was removed from the end of each cell, and the sample 
was poured into a prepared sample bottle. No filtering was 
required because the dialysis membrane acts as an ionic filter. 
A sample was also collected from each of the six levels in the 
one multilevel tube sampler. A 0.45- m-pore-size filter was 
connected to the tubing for filtered samples. Samples collected 
by use of both of these sampling techniques were preserved as 
required by the NWQL. Samples were analyzed for concentra-
tions of dissolved calcium, sodium, chloride, and bromide. 
Specific conductance also was measured.

In routine 2, samples were collected once or twice per 
year at each site by use of a conventional submersible pump 

placed in the first downgradient well after removing the multi-
level sampler. A sample was collected after pH, specific con-
ductance, and water temperature stabilized during the well-
purging process. These data were used as background informa-
tion about the general characteristics of the ground water at 
each site. These samples were analyzed for concentrations of 
dissolved organic carbon, cyanide, total dissolved solids, nutri-
ents, major ions, and trace elements. Onsite field measure-
ments of specific conductance, pH, water temperature, and 
alkalinity also were made by use of the methods discussed in 
Fishman and Friedman (1989); alkalinity was determined by 
use of the incremental titration method. 

More than 13,100 ground-water samples were collected 
from the eight sites from January 1991 through September 
1999; because of the large amount of samples, the individual 
sample data are not presented in this report. They are available-
from the USGS NWISWeb page at http://waterdata.usgs.gov/
oh/nwis/. A list of well numbers and names at each site,
is provided in the appendix (table A-1) to assist those interested 
in retrieving the sample data.

Physical Data

Geophysical data were collected at potential sites as a 
screening tool to characterize subsurface materials and at final 
sites to periodically monitor ground-conductivity changes 
attributable only to changes in water quality. Elevation data 
were collected to determine the topographic layout of each site 
as well as exact locations of each test well and water-quality 
sampling well.

Aquifer Materials

Test wells were constructed as conventional wells by use 
of 2-in.-diameter casing and 5-ft-long slotted screen. At each 
site, aquifer materials were collected during the well-installa-
tion phase and analyzed for grain size. The geology and soil 
type of each site were determined from test drilling and sur-
face-geophysical surveys, as well as local well logs and county 
soil surveys. 

Aquifer Properties

Ground-water flow directions were determined by mea-
surement of water levels in a series of test wells. Several sin-
gle-well aquifer tests (slug tests) were done at one of the test 
wells at each site to determine a bulk hydraulic conductivity 
for the site. The method described by Bouwer and Rice (1976) 
was used to analyze these data. 

After water-quality data had been collected in the multi-
level wells for 9 years, peaks of chloride concentrations were 
used in an alternative method to calculate ground-water veloc-
ity and hydraulic conductivity. Dissolved-chloride concentra-
tions were plotted against time for all downgradient wells, at 
each level. Each time a noticeable peak was recognized in a 
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well, the next downgradient well was examined to determine 
the date, time, and location of the corresponding peak. Each 
succeeding downgradient well was used in a calculation 
where a corresponding peak was recognized. The date of each 
peak was recorded and was incorporated into the following 
equations:

,

where
v is average ground-water flow velocity,
d is distance travelled, in feet, between the two 

wells with corresponding chloride peaks, 
and

t is time, in days, between a chloride peak in one 
well and a corresponding peak in the next 
well.

Average velocity determined by this calculation was then 
incorporated into the following equation to determine bulk 
hydraulic conductivity between the wells:

,

where
K is average bulk hydraulic conductivity between 

the wells, 
is the estimated porosity of aquifer materials 

based on grain-size analysis done after test-
well drilling, 

and
dh/dl is the average hydraulic gradient of the water 

table determined from water-level measure-
ments from test wells.

An example of a plot used in this method is shown in figure 3. 
The numbered circles around the points refer to a specific peak 
of dissolved chloride moving from one well to the next. This 
method was used only at sites where chloride peaks were easily 
selected (Ashland, Ashtabula, Lucas, and Richland Counties).

v d
t
---=

K
vne

dh dl
---------------=

ne

Figure 3. Example plot of chloride concentration showing peaks as they move downgradient from one well to the 
nextóthis distance was used to determine average ground-water velocity and bulk hydraulic conductivity.
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Soils Data

 Soil samples were collected periodically at each site to 
monitor the chloride concentration in water extracted from a 
paste of soil and water by use of the saturation extract proce-
dure (Page and others, 1982). Samples were collected at each 
site nine times (four from Ashland County site) during the 
study period by use of a hand-driven percussion split-spoon 
sampler. On each occasion, samples were collected from one 
or more depths (as much as 2 ft) in the bottom of the ditch 
along the downgradient side of the road and at a distance of 
approximately 40�80 ft from the highway, away from any 
road splash or overland runoff. In the interval of 0�1 ft, the 
near-surface soil was assumed to have the greatest potential to 
retain salts because it generally has greater organic material 
content, finer textures, and (most likely) larger cation and 
anion exchange capacities than the underlying sand and 
gravel. Sample extracts were prepared and sent to the NWQL 
for determination of dissolved-chloride concentration. Data 
are listed in the appendix in table A-2.

Temporal Data

An electronic data logger was installed at each site to 
collect hourly data for the following characteristics: precipita-
tion, air temperature, soil temperature, ground-water level at 
first downgradient well, ground-water temperature (at one to 
four depths below land surface), and specific conductance (at 
one to four depths below land surface). All continuously mea-
sured characteristics were recorded from February 1991 
through September 1999.

Each site was instrumented with a propane-heated pre-
cipitation gage; precipitation data were compared to corre-
sponding water-level changes in the monitoring wells. These 
data sets helped in the determination of some recharge charac-
teristics. Air temperature was measured from a probe housed 

within a standard air-temperature probe shield 3 ft above the 
ground surface. Soil temperature was measured with a stan-
dard soil probe buried 6 in. below ground, as recommended by 
the manufacturer. Water level was measured by use of a stan-
dard 2-in. diameter float and wire. Ground-water temperature 
and specific conductance were measured by use of one to four 
downhole specific-conductance/water-temperature probes. 
Calibration was checked quarterly or more often as needed. 
Data were downloaded during each sampling trip from the 
data logger to a personal field computer, then later down-
loaded and processed in the USGS National Water Informa-
tion System.

Climatic Data

Average annual temperature, average annual precipita-
tion, and average annual snowfall data for 1961�90 were 
obtained from the MRCC climatographic summary for Ohio. 
MRCC and NOAA data from the weather sites nearest to each 
of the eight study sites were used (table 2).

In the discussion of the effects of highway deicing chem-
icals by site, average annual climatological data referenced are 
from MRCC and NOAA. Data referring to the site itself dur-
ing the study period are from the onsite instrumentation.

Quality Assurance

A quality-assurance plan was formulated to monitor (1) 
the accuracy of the multilevel dialysis sampler in collecting 
representative water-quality samples and (2) the precision and 
accuracy of laboratory and field techniques. The use of the 
passive-flow multilevel dialysis sampler is relatively new 
compared to other sampling techniques; therefore, as men-
tioned previously, studies were completed in the laboratory to 
determine the ability of the dialysis membranes to collect a 
representative ground-water sample (details in the �Well 

Table 2. Temperature, precipitation, and snowfall sites from the Midwestern Regional Climate Center and National Oceanic and 

Atmospheric Administration. Secondary sites were used when the primary site�s data were incomplete.

[AP, airport; WW or WWTP, wastewater-treatment plant; WSO, National Weather Service Office]

Study site Temperature site Precipitation site Snowfall site

Ashland County Ashland 2 SW Greer; Ashland 2 SW Greer; Ashland 2 SW

Ashtabula County Ashtabula; Dorset Ashtabula; Dorset Ashtabula; Dorset

Champaign County Urbana WWTP Urbana WWTP Urbana WWTP; Piqua

Clark County
Urbana WWTP;

Springfield New WW
Urbana WWTP; 

Springfield New WW

Urbana WWTP; 
Springfield New WW; 
New Carlisle

Lucas County Toledo Express WSO AP Toledo Express WSO AP Toledo Express WSO AP

Pickaway County Circleville Circleville Circleville

Portage County Hiram Hiram; Ravenna 2 S Hiram; Ravenna 2 S

Richland County
Mansfield WSO AP; 

Mansfield 5 W
Mansfield WSO AP; 

Mansfield 5 
Mansfield 5 W; 

Mansfield WSO AP
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Installation� section of the report). Also as mentioned previ-
ously, one additional multilevel well at each site was con-
structed as a multilevel tube sampler (conventional multilevel 
ground-water sampler) and used to compare performance with 
that of the adjacent multilevel dialysis sampler. To determine 
the precision of sample-collection techniques, one sequential 
replicate sample was collected from one multilevel tube well 
during each site visit. Equipment blanks�inorganic- or 
organic-free water passed through the sampling equipment to 
detect contamination in sample collection, handling, and (or) 
shipping�were collected on a regular basis. Once per field trip, 
a trip blank containing deionized water was carried in the field 
vehicle along with regular samples and was analyzed for the 
same constituents as the samples to check for possible contam-
ination from the vehicle environment.

Project personnel participate annually in the National 
Field Quality Assurance (NFQA) program, whereby employee 
skill and field-instrument accuracy are monitored. The NWQL 
routinely analyzes laboratory quality-control samples to verify 
the quality of analytical procedures and to determine internal 
corrective action (if needed). The NWQL participates in out-
side programs such as the USEPA round-robin rotation and the 
Standard Reference Water Sample (SRWS) program (Pirkey 
and Glodt, 1998).

Effects of Highway Deicing Chemicals on 
Shallow Unconsolidated Aquifers, by Site

Effects of highway deicing chemicals were evident dur-
ing the study at the three northernmost sites (Ashtabula, Por-
tage, and Lucas County sites, approximately 41 30’ to 42  N 
latitude) but less evident at the other five sites (approximately 
39 30’ to 41  N latitude), where lesser amounts of deicing 
chemicals were detected during some periods. Site information 
indicates that the highest average annual salt use was in Ash-
tabula County and the lowest in Pickaway County. All eight 
sites are along State highways with first or second priority for 
deicing.

Climatic data for the period January 1991 through Sep-
tember 1999 indicate that cold weather and resultant deicing-
chemical application rates varied widely across the State. Only 
traces of dissolved chloride above background concentrations 
(mean, 13�43 mg/L) were present in ground-water samples 
from the Champaign, Clark, or Pickaway County sites. At the 
Ashland and Richland County sites, dissolved-chloride con-
centrations increased above background levels only intermit-
tently because of infrequent application of deicing chemicals 
and the resulting lack of consistent input to the aquifer (mean 
background concentrations of 4�41 mg/L, rising to a mean of 
40�56 mg/L). At the Ashtabula, Lucas, and Portage County 
sites, deicing chemicals were applied frequently throughout the 
winters, and downgradient dissolved-chloride concentrations 
(mean, 124-345 mg/L) rarely returned to background concen-
trations (mean, 7�37 mg/L) throughout the period.

The results from each site are described separately in this 
report. Four aspects of each site are described: site characteris-
tics, climate, hydrogeology, and effects of highway deicing 
chemicals on shallow, unconsolidated aquifers. Site character-
istics include location, topography, land use, highway charac-
teristics, geology, soil type, and deicing practices. Climatic 
information includes regional and site-specific data, including 
snowfall. Hydrogeologic information includes aquifer proper-
ties, ground-water levels, and flow direction. Effects of high-
way deicing chemicals on water quality are described in terms 
of (1) descriptions of field-monitored characteristics such as 
continuous ground-water levels; precipitation; air, ground-
water and soil temperatures; deicing-chemical application 
amounts and the general flux in specific conductance; and (2) 
descriptions of laboratory-determined characteristics such as 
concentrations of sodium, calcium, bromide and chloride, and 
specific conductance. Summary facts that supplement the indi-
vidual descriptions of each site are listed in table 3. Annual 
values referred to in the individual site descriptions are based 
on a water year that begins on October 1 and ends the follow-
ing September 30.

Ashland County Site

Site Characteristics

The Ashland County site (fig. 4) is on State Route (SR) 3, 
1/4 mi northeast of the SR 97 junction in Hanover Township 
and about 3 mi southwest of Loudonville at the entrance to the 
Mohican State Park campground. SR 3 has a second-priority 
designation for ODOT deicing. Although the site itself is 
nearly flat, it is surrounded by fairly high relief and is on the 
southern boundary of Ohio�s glaciated area and near a glacial 
outwash stream (White, 1977).   The site slope is  approxi-
mately 2.5 ft over 340 ft, or 0.007, toward the Black Fork of 
the Mohican River. Until 1995, the downgradient side of the 
highway was an unused, unmowed field covered mostly with 
weeds and brush; however, in 1995 this site was discontinued 
because the downgradient side was used to relocate a nearby 
bridge. The upgradient side is a mowed lawn in front of a 
paved parking area (not deiced) at the entrance to the Mohican 
State Park.

SR 3 is a two-lane, undivided highway that runs south-
west to northeast. Drainage is by shallow, grassy, open ditches. 
Total pavement width, including the shoulders, is 23 ft, and the 
gravel berm is 3�4 ft wide. The highway is fairly straight and 
flat at this site but begins to bend to the north and rise up a 
slight grade about 1,000 ft from the site.

The soils are of the Shoals-Lobdell association; the mod-
erately well-drained Lobdell silt loam is distributed throughout 
the site (U.S. Department of Agriculture, 1980a). Beneath the 
soils layer, the surficial material at the site ranges from a 
clayey, fine sandy soil to a very coarse sand and gravel. Bed-
rock beneath the site is the Cuyahoga Shale of Mississippian 
age (Swinford, 1995; Kriz, 1995). Driller�s logs obtained from 
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Table 3.  Site information and hydrologic features of each highway study site.

[ODOT, Ohio Department of Transportation; NOAA, National Oceanic and Atompspheric Admistration]

Study

sites

ODOT

de-icing

priority

Average

annual

salt use

per county, 

(in tons)1

Average

annual snowfall 

values for nearest 

NOAA site

(in inches)

Average

annual 

precipitation 

values for nearest 

NOAA site

(in inches)

Depth

range of

water table

at recording well 

(in feet, below 

land surface)

Average

water-table 

gradient

 at site 

(feet

per foot)

Average

ground-water 

velocity

 at site

 (feet 

per foot)2

Ashland 2nd 7,200 38.4 38.41 0.55-7.18 0.010 0.10

Ashtabula 2nd 26,012 51.0 38.67 2.11-10.66 .036 .20

Champaign 2nd 2,229 13.4 38.39 4.64-10.62 .002 .27

Clark 1st 3,261 13.4 38.39 17.00-22.61 .003 .31

Lucas 1st 4,267 38.8 32.97 3.21-8.10 .003 .04

Pickaway 2nd 1,507 16.4 38.61 6.50-13.11 .003 .14

Portage 1st 9,251 62.9 41.47 4.35-9.47 .006 .32

Richland 2nd 5,829 42.6 39.66 10.56-18.31 .052 .65

1 Nine-year average during study (1990�99).
2 As a factor of the water-table gradient and the hydrologic conductivity.

Ohio Department of Natural Resources (ODNR), Division of 
Water, indicate the depth to this formation varies from 17 to 43 
ft within a half-mile area. An individual well log was con-
structed for each of the wells and a geologic section of the site 
was constructed on the basis of these logs (fig. 5).

The nine-winter (1990�99) average annual use of sodium 
chloride in Ashland County, as a whole, was 7,200 tons (table 
1). The maximum for this nine-winter-season period was 
10,766 tons in 1995�96, and the minimum for this period was 
4,588 tons in 1994�95. The five-winter (1990�95) average 
annual use of sodium chloride during the study for this county 
as a whole was 6,378 tons. The maximum for this five-winter 
period was 8,065 tons in 1993�94, and the minimum for this 
period was 4,588 tons in 1994�95. Data collected at this site 
(table 4) indicate the five-winter average annual use of sodium 
chloride was 5.69 ton/2-ln mi (11,382 lb/2-ln mi), which is 35 
percent less than the State average of 8.8 ton/2-ln mi (17,604 
lb/2-ln mi) (Ohio Department of Transportation, written com-
mun., 1999). During this study, no calcium chloride (CaCl2)
was applied to the highway at this site, although calcium chlo-
ride was applied in other areas of the county.

Climate

Average annual precipitation for the area is 38.4 in. 
(table 3). Average annual temperature for the area is 8.8 C
(47.9 F), with the monthly normal high of 28.0 C (82.4 F) in 
July and the monthly normal low of -10.0 C (14.0 F) in Janu-
ary (Midwestern Regional Climate Center, 2000). Annual pre-
cipitation based on data collected at the site, as well as 
precipitation at the nearest NOAA site, is listed by year in the 
table below. Average annual snowfall is 38.4 in. for nearby 
reporting areas. The annual snowfall for the nine-winter study 

period averaged 31.5 in (Midwestern Regional Climate Cen-
ter, 2000.)

Hydrogeology

The ground-water level ranged from 0.5 to 7.2 ft below 
land surface during the study period at this site (table 3). Dur-
ing the study, the direction of flow varied from about 66  to 
104 to the alignment of the highway, as determined by the tri-
angulation method using available wells; average water-table 
gradient is about 0.010. At this site, the ground-water levels 
respond to precipitation within 1 day, owing to the porous 
aquifer materials at the surface and the shallow water table. 
Additional data regarding water-table gradient and flow direc-
tion can be found in the appendix in table A-3.

Ashland County site

Water year

Onsite

precipitation

(inches)

Nearest

NOAA site1

precipitation 

(inches)

1 Refer to table 2 for site name.

1991  23.45

2 No measurements made until May 1991.

321.64

1992 20.88 36.66

1993 37.84 334.13

1994  345.00

3 Incomplete data.

339.74

1995 337.06 334.22
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Figure 4. Topography, well locations, and ground-water flow direction at Ashland County, Ohio, study area.
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Figure 5. Geologic section C-Cí, Ashland County, Ohio, study site. (Section trace shown in fig. 4.)
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Table 4. Sodium chloride application amounts by month and year, Ashland County, Ohio, study site.

[Amounts measured by pounds per 2-lane mile]

0ctober November December January February March April
Yearly

total

1990-91 0 0 1,600 4,200 2,300 1,100 0 9,200

1991-92 0 800 400 6,400 1,200 1,600 0 10,400

1992-93 0 400 1,600 3,100 4,500 2,900 0 12,500

1993-94 0 0 3,200 6,600 4,400 2,000 200 16,400

1994-95 0 0 200 5,350 1,860 1,000 0 8,410

1995-96

1996-97
Site discontinued October 1995

1997-98

1998-99

Total 0 1,200 7,000 25,650 14,260 8,600 200 56,910

Average 0 240 1,400 5,130 2,852 1,720 40 11,382

Results of single-well aquifer tests (slug tests) indicate that 
hydraulic conductivity is 4 ft/d. Assuming an average gradient 
of 0.010 and an effective porosity of 40 percent, the ground-
water velocity was computed to be approximately 0.10 ft/d.

The ground-water velocity and bulk hydraulic conduc-
tivity also were computed by use of water-quality data. Peaks 
of dissolved-chloride concentration were noted at sites where 
enough road salt was applied to result in obvious peaks over at 
least a 4-year period. Using the procedure described in the 
�Methods� section of this report, the median of the computed 
average ground-water velocities and the median bulk hydrau-
lic conductivity were computed. At the Ashland County site, 
the computation was done four times, resulting in a median of 
the average ground-water velocities of 0.14 ft/d (s (standard 
deviation) = 0.089) and a median bulk hydraulic conductivity 
of 5.14 ft/d (s= 3.29).

Effects of Highway Deicing Chemicals on Water 
Quality

Field-monitored characteristics (rainfall, specific con-
ductance, and ground-water levels recorded from dedicated 
instrumentation at a well near the first downgradient sampling 
well) and the amount of sodium chloride applied to the high-
way are shown in figure 6. The amounts of sodium chloride 
applied to the highway adjacent to the site, as recorded by 
each ODOT outpost driver, are listed in table 4. Plots of these 
characteristics can be used to help compare the events that 
resulted in increased specific conductance with ambient site 
conditions and deicer applications. Movement of chloride and 
other deicing-related constituents from the highway, with 
time, is indicated by boxplots of laboratory-determined data in 
wells in downgradient order (figs. 7 and 8).

Field-Monitored Characteristics

Specific Conductance

Specific conductance of ground water varied somewhat 
during the study period (fig. 6). As is evident from the table 
below, specific conductance recorded continuously in well 
AS-45 near the first downgradient water-quality sampling 
well at this site ranged from a maximum of 907 S/cm in 1993 
to a minimum of 688 S/cm in 1995. For comparison, the 
mean specific conductance of the samples from the upgradient 
well (AS-43) for the study period was 632 S/cm (table 5). 
Deicing chemicals were applied in relatively small quantities; 
however, gradual rises of specific conductance can be seen in 
the spring months, especially after the winters of 1992�93 and 
1993�94. The shallow water table contributes to the gradual 
changes in specific conductance.

Ashland County site, well AS-45

Water year

Specific conductance, 

maximum

( S/cm)1

1 S/cm, microsiemens per centimeter.

Specific conductance, 

minimum

( S/cm)

1991  2843

2 No measurements made until May 1991.

2811

1992 847 722

1993 907 798

1994 829 727

1995 791 688
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Figure 6. Ground-water levels, precipitation, specific conductance, and sodium chloride application, Ashland County, Ohio, 
study site, water years 1991-95.
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Figure 6. Ground-water levels, precipitation, specific conductance, and sodium chloride application, Ashland County, Ohio, 
study site, water years 1991-95.óContinued
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Figure 7. Distribution of concentrations of dissolved chloride in ground-water samples, Ashland County, Ohio, study site, 
January 1991-September 1995. (Plots are shown in downgradient order from left to right. Far left plot is upgradient from 
highway; others are downgradient.)
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Figure 8. Distribution of (A) specific conductance and concentrations of dissolved (B) chloride, (C) sodium, and (D)
calcium in ground-water samples, Ashland County, Ohio, study site, January 1991-September 1995. (Plots are shown in 
downgradient order from left to right. Far left plot is upgradient from the highway; others are downgradient.)
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20 Effects of Highway Deicing Chemicals

Table 5. Water-quality data for multilevel wells, Ashland County, Ohio, study site, water years 1991-95.

[ S/cm, microsiemens per centimeter at 25 degrees Celsius; mg/L, milligrams per liter; N, number of samples]

Well

identifier
Position Statistic

Specific 

conductance

( S/cm)

Calcium, 

dissolved

(mg/L)

Sodium, 

dissolved

(mg/L)

Chloride,

dissolved

(mg/L)

AS-43 Upgradient Maximum 1,560 130 210 360

Minimum 223 41 6 2

Mean 632 98 22 41

Median 638 100 20 24

N 110 96 96 119

AS-44 1st downgradient Maximum 1,690 100 100 220

Minimum 368 32 19 10

Mean 708 78 50 59

Median 680 78 47 52

N 108 108 107 122

AS-46 2nd downgradient Maximum 1,040 140 68 130

Minimum 322 42 27 18

Mean 773 95 46 61

Median 798 94 46 56

N 114 104 104 125

AS-47 3rd downgradient Maximum 986 120 75 140

Minimum 528 46 39 35

Mean 764 85 55 84

Median 777 87 55 83

N 103 86 86 111

AS-48 4th downgradient Maximum 693 110 28 53

Minimum 294 27 5 5

Mean 501 67 16 20

Median 497 66 16 17

N 153 148 148 166

Air and Soil Temperature

During the study period, air temperature at this site 
ranged from a maximum of 35.5 C in 1991 to a minimum of 
-35.6 C in 1994.

During the study period, soil temperature ranged from a 
maximum of 35.5 C in 1991 to a minimum of -0.4 C in 1995.

Ashland County site

Water year

Air 

temperature, 

maximum

( C)

Air 

temperature, 

minimum

( C)

1991  135.5

1 No measurements made until May 1991.

1-2.5

1992 31.7 -23.1

1993 34.8 -23.2

1994 34.9 -35.6

1995 33.1 -23.0

Ashland County site

Water year

Soil

temperature,

maximum

( C)

Soil

temperature,

minimum

( C)

1991  135.5

1 No measurements made until May 1991.

116.0

1992 31.5 5.4

1993 31.3 3.8

1994 31.2 1.5

1995 27.7 -0.4
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Laboratory-Determined Characteristics

Deicing chemicals were not applied to the highway uni-
formly throughout a single winter or from year to year (table 4 
and fig. 6). Snowfall and temperatures varied widely through-
out each winter and, in some cases, sampling was discontinued 
temporarily when little or no deicing chemicals had been 
applied. Cold temperatures often created icy conditions, but 
large snowfalls were uncommon. Summary statistics of the 
water-quality data collected at upgradient and downgradient 
wells for all 5 years sampled during 1991�95 are listed in table 
5. These same statistics for each year individually are listed in 
the appendix in table A-4. Boxplots of chloride concentration 
data collected at upgradient and downgradient wells for each of 
the 5 years individually are shown in figure 7. Boxplots of spe-
cific conductance, dissolved calcium, dissolved sodium, and 
dissolved chloride for water from all levels of the upgradient 
well and the four downgradient sampling wells for 1991�95 
combined are shown in figure 8. Patterns that emerge from 
those data are noted below.

Specific Conductance

At the upgradient well, AS-43, the mean specific conduc-
tance was 632 S/cm, and the maximum was 1,560 S/cm 
(table 5, figure 8A). Values were generally higher at the first 
three downgradient wells (mean, 708�773 S/cm; maximum, 
986�1,690 S/cm) than the fourth downgradient well (mean, 
501 S/cm; maximum, 693 S/cm). Values remained fairly 
constant downgradient along the flowpath through the third 
downgradient well. Thus, 162 ft downgradient from the high-
way, the mean specific conductance at the fourth downgradient 
well was slightly lower than the upgradient or background con-
centration.

Chloride Concentration

At the upgradient well, AS-43, the mean concentration of 
chloride was 41 mg/L and the maximum was 360 mg/L (table 
5, fig. 8B). This value could possibly include some contamina-
tion from salt spray, because the mean concentration of the 
upgradient well was higher than that of the fourth downgradi-
ent well. Concentrations were higher at the first three downgra-
dient wells (mean, 59�84 mg/L; maximum, 130�220 mg/L) 
than the fourth downgradient well (mean, 20 mg/L; maximum 
53 mg/L). Concentrations remained fairly constant downgradi-
ent along the flowpath through the third downgradient well. 
Thus, 162 ft downgradient from the highway, the mean con-
centration at the fourth downgradient well was lower than the 
upgradient or background concentration. Boxplots of chloride 
concentration data for each of 5 years are shown in figure 7. 
Patterns were similar except for 1995, which shows a wider 
range of values for all wells.

Dissolved-chloride concentrations at six sampling levels 
in each downgradient well at the site during a 12-month period 
in 1994�95 are represented as a series of chloride profiles in 
figure 9 (each color in the profile represents an additional 

20 mg/L of chloride). This series of profiles shows how chlo-
ride moved through the aquifer after deicing chemicals were 
applied during winter 1993�94 at the site. The amount and fre-
quency of precipitation and snowmelt recharge, as well as soil 
temperature, can also affect this movement during a specific 
time period. In figure 9A, the chloride concentrations in the 
aquifer are near background concentrations. In figure 9B, an 
area of higher chloride concentration enters the profile at the 
bottom of the first downgradient well, and by figure 9C, a strat-
ified plume of higher chloride concentration is clearly evident. 
Destratification through dilution is indicated in figure 9D; a 
small amount of additional deicing-chemical input may be evi-
dent in figures 9E�9H, until in figure 9I, the concentration 
reaches a typical �between-winters� background concentration.
In May, the most stratification and highest values are found at 
this site.

Soil samples were collected on four occasions at this site 
during 1993�95. The extract from the soil-sample preparation 
method was analyzed at the NWQL for dissolved-chloride con-
centration (table A-2). The chloride concentration of the sam-
ples collected from the ditch along the highway ranged from 3 
to 210 mg/L and decreased to 5.8�47 mg/L 80 ft downgradient 
from the highway. The data are listed in the appendix in table 
A-2.

Sodium Concentration

At the upgradient well, AS-43, the mean concentration of 
sodium was 22 mg/L, and the maximum was 210 mg/L (table 
5, fig. 8C). Concentrations were higher at the first three down-
gradient wells (mean, 46�55 mg/L; maximum, 68�100 mg/L) 
than the fourth downgradient well (mean, 16 mg/L; maximum, 
28 mg/L). Thus, 162 ft downgradient from the highway, the 
mean concentration at the fourth downgradient well was about 
equal to the upgradient or background concentration.

Calcium Concentration

At the Ashland County site, no calcium chloride was 
applied. At the upgradient well, AS-43, the mean concentration 
of calcium was 98 mg/L, and the maximum was 130 mg/L 
(table 5, fig. 8D). Because no calcium chloride deicers were 
applied at this site, the amounts likely originated in the sur-
rounding bedrock and glacial deposits. Concentrations were 
highest at the upgradient well and gradually declined as they 
reached the furthest downgradient well, AS-48. The mean con-
centration at this well was 67 mg/L with a maximum of 
110 mg/L.




