
FACTS :  
 

More than $2 billion is spent 

each year on winter road    

maintenance.  

15 million tons of deicing 

salt are used each year.  

Abrasives such as sand are 

often used in conjunction 

with deicing chemicals to 

provide traction.  

Chloride is not naturally       

removed from water as it     

travels through soil and   

sediments.  

Individual measures might or 

might not be adequate to      

prevent contamination by  

themselves.  

Better forecasting can      

prevent excessive application 

of anti -icing/deicing     

chemicals.  

Alternative deicing       

chemicals may also be used 

for anti -icing.  

Source Water Protection 

Practices Bulletin  

 
Managing Highway Deicing to Prevent 

Contamination of Drinking Water  

We depend on clear roads and highways for 

safe travel and the uninterrupted flow of goods 

and services. Deicing chemicals help clear roads 

covered by snow and ice during the winter, but 

road runoff may later carry these chemicals to sur-

face water and ground water sources of drinking 

water. This bulletin focuses on the management of 

highway deicing chemicals. See the bulletin on 

stormwater runoff for additional source water man-

agement measures. 

This document is intended to serve as a resource 

for professionals and citizens involved in planning, 

decision-making, and providing technical assis-

tance in the areas of stormwater management and 

source water protection. Those who may find this 

bulletin useful include: state and regional source 

water, stormwater, nonpoint source control, Un-

derground Injection Control (UIC), and other man-

agers; water system operators; members or repre-

sentatives of watershed groups; local officials and 

permitting authorities; developers; and federal and 

state highway agencies.  

USE OF HIGHWAY DEICI NG CHEMICALS  

Each winter, state, county, and 

local transportation depart-

ments and private land owners 

prepare themselves for what-

ever winter storms may bring. 

Their tools include a variety of 

chemicals to melt snow and 

ice. This preparedness has a 

high price tag; in 2005, the 

Federal Highway Administra-

tion estimated that more than 

$2 billion is spent in the U.S. 

each year on chemicals, materi-

als, labor, and equipment for 

winter road maintenance1. 

The most commonly used and 

economical deicer is sodium 

chloride, better known as salt; 

15 million tons of deicing salt 

are used in the U.S. each year. 

Salt is effective because it low-

ers the freezing point of water, 

preventing ice and snow from 

bonding to the pavement and 

allowing easy removal by 

plows. However, the use of salt 

causes a number of environ-

mental problems. Salt contrib-

utes to the corrosion of vehicles 

and infrastructure and can 

damage water bodies, ground 

water, and roadside vegetation. 

These issues have led to the 

investigation and use of other 

chemicals as substitutes for and 

supplements to salt. Alternative 

deicing chemicals include mag-

nesium chloride, potassium 

acetate, calcium chloride, cal-

cium magnesium acetate 

(CMA), potassium chloride, and 

beet juice derivative. Abrasives 

such as sand are often used in 

conjunction with deicing chemi-

cals to provide traction for vehi-

cles, particularly on corners, at 

intersections, and on steep 

grades. When sand is overused, 

however, it often ends up in the 

environment, either as dust par-

ticles that contribute to air pollu-

tion or in runoff to streams and 

rivers.  

1ð Big Red Snow Plow, NJ 2003  
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Surface water and ground water quality 

problems resulting from road salt use are 

causing concern among federal, state, 

and local governments. Salt contributes 

to increased chloride levels in ground 

water through infiltration of runoff from 

roadways2. Also, if runoff containing 

road salt reaches a stormwater injection 

well, it can provide a concentrated input 

of chloride to ground water. In some 

areas of the country, such as Woodbury, 

Connecticut, a type of injection well 

called a dry well drains stormwater run-

off from parking lots and pavement di-

rectly into aquifer systems3. Unlike other 

contaminants, such as heavy metals or 

hydrocarbons, chloride is not naturally 

removed from water as it travels through 

soil and sediments and moves towards the 

water table. Once in the ground water, it 

may remain for a long time if ground water 

velocity is slow and it is not flushed away. 

Chloride may also be discharged from 

ground water into surface water and can 

account for elevated levels of chloride 

throughout the year, not just in winter4. 

Direct input of salt into surface water from 

runoff is also problematic4,5. Increasing 

chloride concentrations have been ob-

served over the last few decades in streams, 

lakes, and ponds in northern climates that 

receive significant snowfall6. Reservoirs 

and other drinking water supplies near 

treated highways and salt storage sites are 

especially susceptible to contamination. 

Thus, regardless of the path that the runoff 

takes, salt poses a water quality problem. 

The best chance for long term mitigation 

is to reduce the application of salt to 

road surfaces in a manner that does not 

jeopardize public safety on the roads. 

HEALTH AND ENVIRONMENTAL CONCERNS  

Sodium is associated with general hu-

man health concerns. According to the 

Centers for Disease Control and other 

health agencies7,8, it can contribute to or 

cause cardiovascular, kidney, and liver 

diseases, and is directly linked to high 

blood pressure. Elevated sodium levels 

in sources of drinking water could 

prove harmful. There is no maximum 

contaminant level (MCL) or health ad-

visory level for sodium; however, there 

is a Drinking Water Equivalent Level of 

20 mg/L (a non-enforceable guidance 

level considered protective against non-

carcinogenic adverse health effects).  

Chloride, for which EPA has estab-

lished a national secondary drinking 

water standard of 250 mg/L, adds a 

salty taste to water and corrodes pipes. 

It can also cause problems with coagu-

lation processes in water treatment 

plants. The water quality standard for 

chloride is 230 mg/L, based on toxicity 

to aquatic life. 

Sodium can contribute to cardiovascular, kidney and liver diseases. 
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SALT  FACTS :  
Sodium chloride is better known as 

salt.  

It lowers the freezing point of water, 

preventing ice and snow from   

bonding to the pavement.  

It most effective at temperatures 

above 20o F.  

Salt can corrode vehicles and      

infrastructure.  

Runoff from deicing projects can 

contribute to increased chloride  

levels in ground and surface water.  

There is no MCL for sodium but 

there is a Drinking Water       

Equivalent Level of 20 mg/L.  

Chloride has a secondary drinking 

water standard of 250 mg/L and a 

Water Quality Standard of            

230 mg/L.  

Salt is usually the cheapest of the 

deicing chemicals available.  

It should be stored in a dry space 

away from wind to prevent        

movement.  

2 - Keep drinking water safe 



ALTERNATIVE  DEICING  CHEMICALS  

This section provides an overview of several deicing management measures. The reference materials cited at the end of this document pro-

vide additional information. Please keep in mind that individual prevention measures might or might not be adequate to prevent contamina-

tion of source waters. Individual measures will likely need to be combined in an overall prevention approach that considers the nature of the 

potential source of contamination, the purpose, cost, and operational and maintenance requirements of the measures, the vulnerability of the 

source water, the publicõs acceptance of the measures, and the communityõs desired degree of risk reduction.                                               

Alternative deicing chemicals include calcium 

chloride, magnesium chloride, CMA , and 

products that are mixtures of chlorides and or-

ganic compounds9. Although such alternatives 

are usually more expensive than salt, their use 

may be warranted in some circumstances, such 

as near habitats of endangered or threatened 

species or in areas where the source water al-

ready has elevated levels of sodium or chloride. 

Sensitive areas and ecosystems 

along highways should be 

mapped, and the use of deicing 

alternatives should be targeted 

to those spots. Other considera-

tions for using alternatives to 

salt include traffic volume and 

weather conditions.       

The various deicers are effective at differ-

ent temperatures and have different environ-

mental effects. For example, salt is most effec-

tive at temperatures above 20° F. As an alterna-

tive, calcium chloride is effective for tempera-

tures that dip below 0°F and is fast acting, mak-

ing it very useful in some parts of the country. It 

is, however, more expensive than sodium chlo-

ride. In New England, calcium chloride is often 

used on roadways in areas with high sodium 

concentrations in source water. It is less    harm-

ful to vegetation than sodium chloride, but it is 

corrosive to concrete and metal. Magnesium 

chloride is effective in extremely cold tempera-

tures (as low as -13 °F). Magnesium chloride is 

also safer for vegetation, but can increase flak-

ing of concrete. Calcium magnesium acetate 

(CMA) has the benefit of low toxicity to plants 

and microbes, but it is costly and is only effec-

tive above 23 °F. CMA can potentially lower 

dissolved oxygen concentrations 

in soils and receiving waters, 

damaging vegetation and aquatic 

life. Many communities, how-

ever, have used CMA with no 

apparent adverse environmental 

effects. Combining deicers, such 

as mixing calcium chloride and 

salt, can be cost-effective and safe 

if good information on weather conditions and 

road usage are available.  

Innovative products have allowed some com-

munities to reduce their salt usage. For exam-

ple, a commercially available beet juice deriva-

tive or another product made from the leftover 

mash of alcohol distilleries can be applied to 

road surfaces, mixed with a brine for spray 

application, or used to treat salt. Salt treated 

with these compounds is effective at much 

the high cost of a RWIS. According to the Federal 

Highway Administration, the Massachusetts Highway 

Authority (MHA) saved $39,000 on salt and sand costs 

in the first year after installing nine RWIS stations. The 

MHA has estimated that a complete RWIS in Boston 

could save up to $250,000 per year10. A RWIS on a 

bridge over the James River in Virginia recovered 96 

percent of equipment and installation costs over a sin-

gle mild winter by avoiding unnecessary deicer applica-

tion11. Information gathered through RWIS is also 

used to target anti-icing treatment (described below). 

Several states are developing satellite delivery of RWIS 

information to maintenance workers.  

RWIS help maintenance centers determine cur-

rent weather conditions at a given location. They 

are a key component of winter maintenance pro-

grams in Japan and many Western European 

countries, and since the mid-1980s increasing 

numbers of states have been using this technol-

ogy. Sensors collect data on air and pavement 

temperatures, levels of precipitation, and the 

amount of deicing chemicals on the pavement. 

The data are paired with weather forecast infor-

mation to predict pavement temperatures for a 

specific area and to determine the amount of 

chemicals needed in the changing conditions. 

Savings from reduced use of deicers can offset 

ROAD WEATHER INFORMA TION SYSTEMS (RWIS)  

lower temperatures than untreated 

sodium chloride, and it works quickly. 

The beet juice derivative, in particular, 

has been gaining popularity in the 

Midwestern United States. Communi-

ties such as Elkhart and Cloverdale, 

Indiana, for example, are finding that 

the beet juice helps salt and sand ad-

here to roadways, greatly reducing the 

amount of salt that needs to be ap-

plied. These products are biodegrad-

able and are safer for roadside vegeta-

tion than sodium chloride. Communi-

ties are still gaining experience with 

these òeco-friendlyó alternatives; addi-

tional research and experience with 

these and other alternatives are 

needed. 

Alternative deicing chemicals include calcium chloride, magnesium chloride, CMA, 

and products that are mixtures of chlorides and organic compounds 
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D EICING  CHEMICALS :  
Calcium Chloride is: CaCl 2 

Magnesium Chloride is:  MgCl 2 

CMA (calcium magnesium    

acetate) is composed of:              

Calcium carbonate: CaCO3  

Magnesium Carbonate: MgCO3 

Acetic Acid: CH 3COOH  

Sodium Chloride is: NaCl  

5 - Chemistry 


