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Evaluation of Anti-Icing/De-Icing Products
Under Controlled Environmental Conditions
Introduction

Findings

Snow and ice removal are important tasks during the
winter season and large amounts of anti-icing and
de-icing chemicals are used. These anti-icing and deicing products have different physical, chemical, and
biological characteristics. With new products being
continuously introduced to the market, there is a critical need to review and synthesize information from the
literature to compare and contrast anti-icing and deicing chemicals to understand their environmental impact
and support decision making. The effectiveness, costs,
and environmental impact of commonly used anti-icing
and deicing chemicals were reviewed in this study. Life
cycle assessment was conducted to quantitively evaluate the environmental impact of selected anti-icing and
de-icing chemicals. A decision support tool on environmental impact was developed through this study.

•

Patches and cracks show the impact of de-icing chemicals on roads.

•

Application of anti-icing and deicing chemicals may
increase ion concentrations in soils and change nitrogen cycle, soil pH, and trace metal concentrations.
Surface water and groundwater may be affected,
and public health risks may be increased. Elevated
chloride concentration in watersheds could disrupt
natural metabolic processes of aquatic organisms.
Vegetation may be affected from the high salinity of
anti-icing and deicing chemicals. Amphibians are
vulnerable to high salinity, so salt application near
wetlands should be well controlled. Mammals and
birds could be affected as well.
Life cycle assessment was used to quantify environmental impacts, such as global warming,
acidification, eutrophication, and ecotoxicity, over
the entire product’s life cycle. Environmental unit

•

processes were established for two conventional
deicers (sodium chloride and calcium chloride) and
four alternative products (sodium acetate, calcium
magnesium acetate, beet juice, and glycerin) to
evaluate their environmental impact during winter
operations. Chloride-based deicers, like calcium
chloride, can impact human health through carcinogenics and noncarcinogenics. Beet juice, glycerin,
and calcium magnesium acetate have comparable
or higher environmental impacts due to their organic
carbon content, but they have positive environmental impacts on eco-toxicity.
A decision support tool (DST) was developed to
evaluate the environmental impact of INDOT’s winter chemicals in ten different environmental impact
categories.

Implementation
The environmental impact of ten categories were calculated. Using a life cycle assessment approach, a case
study was developed to analyze the following three deicing chemicals: (1) 23% NaCl, (2) 30% beet juice+70%
salt brine, and (3) 30% CaCl2). Results showed the
second product had the least ecotoxicity and the third
product has greater impacts on human health and ozone
depletion. The first product has fewer environmental

impacts than the second product in the ten categories.
The results showed the environmental life cycle assessment tool developed in this study can be used to
compare multiple environment impacts to support decision making for winter operation chemicals.
The DST was used to calculate the environmental
impacts from historical chemical usage data and deicing chemicals for all the six districts in Indiana and
has been delivered to INDOT for its use. Using the DST,
the environmental impacts of winter chemicals can help
winter operation managers to improve the selection of
products based on environmental effects.
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