
Abstract
Road salting is a necessary means of regulating road conditions 
in cold weather regions where winter precipitation is prolific. In 
Wisconsin, over 1 billion pounds of salt are applied to roadways 
during each winter season (Wisconsin Department of Transportation, 
2011). Once applied, salt can utilize a number of different pathways 
to enter local streams during periods of increased runoff and can 
negatively impact aquatic ecosystems. In order to assess how 
road salting is impacting the Chippewa River, specific conductivity 
measurements were gathered from five streams during the 2012 
winter season. The streams were chosen due to their proximity 
to urban areas; as such three of the stream sites are located near 
bridges along city highways. Results of the project to date have 
shown that during the monitoring period, specific conductivity 
increased and decreased during snowfall and warming periods, 
respectively, suggesting that these measurements can serve as a 
proxy for determining chloride levels in local streams.
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Stream Monitoring Locations
Sherman Creek at Race St.

Little Niagra at UW-EC 
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4. Conclusions
Values of specific conductivity and chloride from the Eau Claire area 
streams do not meet or exceed chronic or acute toxicity levels for 
the 2012 monitoring period; however, several of the monitoring sites 
are located in relatively rural areas where there is a decrease in the 
degree of runoff surfaces and population density (and presumably 
lesser degrees of private deicing activity as well). Additionally, the 
monitoring period for the Eau Claire area was during one “fair-weather” 
winter season.  Comparison of the Eau Claire area data to long term 
studies in the Milwaukee area show that aquatic species exposed to 
toxic levels of chloride over both short and long term periods will not 
survive.  In light of these facts, additional sites should be considered for 
monitoring. The regional impacts of urban road salting should then be 
reassessed after addtional seasonal data is acquired. 

3. Results

1. Introduction
Urban roadways require the application of deicing agents in order 
to manage and maintain traffic conditions during periods of heavy 
snowfall and freeze/thaw conditions (Ramakrishna et al., 2005).  
Deicing agents are often applied in the form of sodium chloride (i.e. 
rock salt) as it is an effective compound for treating icy surfaces and is 
a relatively inexpensive material.  Sodium chloride is a highly soluble 
material, thus application of deicing materials can easily mobilize 
sodium (Na+) and chloride (Cl-) ions which can then be transferred to 
soils and waterways in proximity to roadways (USGS, 2011). Studies 
have shown that elevated levels of chloride in streams can be toxic to 
aquatic ecosystems (Corsi, 2007). The chloride ions found in salt can be 
transported to aquatic systems in a number of different ways. These 
include dissolution of salts within melting snow (which can then run 
off paved surfaces into streams and lakes), splashing of applied agents 
into streams by vehicles from roadways, or infiltration into soils and/
or vegetation in close proximity to roadways that may leach salts at a 
later date (Ramakrishna et al., 2005).

2. Methods
In order to determine the impact of road salting in Eau Claire, WI, 
five tributaries of the Chippewa River were systematically monitored 
for chloride and specific conductivity during the 2012 winter 
season (Figure 2a). Monitoring efforts were completed as part of the 
statewide Water Action Volunteers (WAV) program managed by the 
Wisconsin Department of Natural Resources (WDNR) and University of 
Wisconsin–Extension (UWEX). The general procedure is as follows:
• Primary monitoring was performed bi-monthly from January 6th 

through April 2nd, 2012.
• “Triggered” monitoring was performed during instances of salt 

application (i.e. immediately following snowfall events when salt 
application is the highest) and during periods of increased runoff 
(i.e. during warming periods when ambient air temperatures were in 
excess of 0° C).

• On-site observations were made regarding the level and flow 
conditions of the water, general conditions of the river (i.e. degree of 
ice on surface), and a measurement of ambient air temperature was 
also recorded (Figure 2b).

• Stream waters were captured in Nalgene bottles (secured to long 
pipes so that water could be safely sampled from the shore of a 
river) from which specific conductivity values were measured with 
an Oakton EC Tester 11 conductivity meter. (Figures 2c and 2d).

• If and when specific conductivity values significantly increased 
or decreased since the last sampling event, a “grab” sample was 
collected and sent to the Wisconsin State Hygiene Lab to determine 
the exact chloride concentration.

Figures 2b – 2d 
b.) Student researcher Tim Molitor records information surrounding data collections 
events including ambient air temperature, stream level, and stream flow conditions. 
c.) Student researchers Keilor Eggen and Katy Grant extract water from streams 
using Nalgene bottles adhered to PVC piping; this system allows student researchers 
to obtain water samples when streams are frozen near the shore.
d.) Specific conductivity is measured using an Oakton EC Tester 11 conductivity 
meter.

In this study, measurements of specific conductivity were used as a proxy 
for determining whether or not streams experienced increased chloride 
concentrations as a result of road salting. A combination of primary and 
triggered monitoring was done in order to determine how snowfall events and 
periods of warming may influence chloride concentration in streams.

Figures 2e - 2f
e.) The relationship between chloride and specific conductivity (above) can be seen in the 
data from the 2012 monitoring period, where values of Specific Conductivity (µS/cm) are 
plotted against chloride concentrations (mg/L).  Fitting a linear trend line to the data shows an 
almost one-to-one correlation, resulting in a high correlation coefficient where R2 is equal to 
0.99; this clearly demonstrates the effectiveness of this proxy method.
f.) The relationship between triggered events and increases in specific conductivity (below) 
can be seen in the data from the 2012 monitoring period.  During each triggered monitoring 
event (i.e. circles markers) noticeable increases in specific conductivity occurred at most site, 
especially sites in close proximity to more urbanized areas (i.e. Little Niagara and Otter Creeks). 

Otter Creek at Spooner Ave.

Figure 2a
a.) An aerial photo of the Eau Claire, WI region; monitoring sites are denoted with a red circle. Photos of 
each stream site location show the proximity of roadways and bridges to streams. 

Lowes Creek at Hwy. 85

Lowes Creek at Hwy. II

A total of 49 locations in four distinct urbanized regions of Wisconsin have 
been monitored for specific conductivity including seven sites from the Fox 
Valley, 17 from the greater Madison area, 20 from the greater Milwaukee 
area and five from Eau Claire. The graphs below represent the collective 
data set from each monitoring site during the 2011-2012 monitoring 
period. Acute (3,000 µs/cm) and chronic (1,800 µs/cm) chloride toxicity 
levels (established by the (USEPA)) are represented on the graphs by red 
and blue lines, respectively.

Figure 3a
Values of specific conductivity are shown for the five monitoring sites in Eau Claire, WI.  
Little Niagara Creek is the only site exhibiting specific conductivity values that exceed 
the USEPA chronic toxicity level (i.e. > 1800 µS/cm). Values obtained from Otter Creek 
approach the chronic toxicity level, but the average value is fairly low and comparable 
to the averages from the other streams sites (i.e. 200-300 µS/cm range). None of the 
monitoring sites approached or exceeded the USEPA acute toxicity levels.  Values of 
specific conductivity may not be representative of the long term impacts of road salting 
due to a number of factors:
•  The Lowes Creek at Cty Hwy 85 and Lowes Creek at Cty Hwy II monitoring sites 

(although situated along major roadways) are in more rural areas.  
• The 2012 winter season was somewhat “fair-weathered” as snowfall and freeze/thaw 

conditions (and subsequent application of deicers) were mild; long term monitoring 
may show increased chloride levels. 

• Monitoring efforts have only been conducted for one winter season.  

3. Results Continued
Figure 3b
Comparison of 
the Eau Claire 
area specific 
conductivity 
values to those 
from across the 
state show that 
streams located 
in cities with 
higher levels of 
urbanization 
(i.e. Madison, 
Fox Valley, and 
Milwaukee; 
respectively) 
experience a 
higher level of 
toxicity from road 
salting activities. 

•	 Madison:	7	chronic,	4	acute.
•	 The	Fox	Valley:	5	chronic,	2	acute.
•	 Milwaukee:	13	chronic,	11	acute.

Figure 3c
Monitoring of stream health 
has been conducted in the 
Milwaukee area for over a 
ten year period.  Results of 
combined chloride content 
(mg/L) and biological 
assays of Ceriodaphbnia 
dubia show a strong 
correlation between toxic 
chloride levels and survival 
percentages of this aquatic 
species.
top-  Fourteen Milwaukee area streams monitored for a period of one year show that 
where levels of chloride meet or exceed both chronic and acute toxicity levels that 
there is no survival of the water flea species.
bottom-  A single Milwaukee area stream shows that long-term monitoring of one 
stream site also shows that where levels of chloride meet or exceed both chronic and 
acute toxicity levels that there is no survival of the water flea species 
(Corsi et al., 2010).
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[Data from WDNR and figures from Corsi, 2012]


