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Executive Summary 

Road salts are the most commonly used de-icing agent in winter maintenance programs across 
Canada. Winter maintenance including road salt application is essential to enhancing public safety, 
roadway capacity and travel times. Approximately 4.2 million tonnes of road salts are applied to 
Canadian roadways, annually. Although road salt application is a proven method for maintaining 
safe winter road conditions, it has also been observed to have adverse effects on the environment 
due to exposure to high chloride concentrations, dissociated from road salts. The chloride ion does 
not biodegrade, readily precipitate, volatilize or bioaccumulate, meaning it will accumulate in the 
environment, which is of particular concern for salt vulnerable species and drinking water sources. 

In 2001, an assessment report on road salts was published in the Canada Gazette, Part I. It 
concluded that the quantity of road salts used in Canada was raising the chloride levels of both 
ground and surface waters, and was having adverse effects on aquatic species, terrestrial 
vegetation, wildlife mortality and soil chemistry. In response to the assessment, the Code of 
Practice for the Environmental Management of Road Salts was published under the Canadian 
Environmental Protection Act, 1999 (CEPA) in 2004. The main objective of the Code is to ensure 
environmental protection while maintaining roadway safety. The Code encourages public 
organizations that use a minimum of 500 tonnes of road salts per year and/or have any 
environmentally sensitive areas to prepare salt management plans (SMPs) and implement best 

One of the key recommendations of the Code of Practice is to include the identification of areas in 
the receiving environment that are vulnerable to road salts in the SMPs. Five years after the release 
of the Code of Practice, Environment and Climate Change Canada conducted a review of progress 
in the environmental management of road salts. During the review it was realized that less than 
30% of the organizations inventoried SVAs and prepared an action plan. This result is attributed to 
a lack of resources and/or clear guidance for identifying SVAs, as well as the concern that the 
process may require expensive and advanced data collection and analysis. To address most of 
these challenges Kilgour and Associates (2012) released a framework for understanding and 
evaluating SVAs. The intent of the framework is to provide Environment and Climate Change 
Canada or Canadian road organizations with practical advice for developing SVA identification 
methodologies. 

The objective of this document is to follow the framework outlined by Kilgour and Associates (2012) 
and provide a technically sound, feasible methodology for identifying, categorizing, and planning for 
the mitigation of the negative impacts of road salts on SVAs. The proposed methodology uses 
readily available datasets and it can be easily implemented by Canadian road authorities of different 
scales and regions. The proposed methodology is presented in two parts: (i) the identification and 
scoring of potentially vulnerable environmental receptors within an organizations jurisdictional 
boundary; and (ii) the quantification of chloride loadings to confirm vulnerable receptors identified in 
the previous step. It is recommended to implement best practices and a chloride monitoring 
program in the SVAs to assess the effectiveness of the best practices in reducing chloride 
concentrations overtime. The intent of this methodology is that it is an on-going process of mapping 
SVAs, implementing best practices, monitoring progress that is repeated until all SVAs are 
protected. 
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Disclaimer 

The opinions, findings and conclusions expressed in this Report are those of the authors and not 
necessarily those of Environment and Climate Change Canada. This Guide for Management of Salt 
Vulnerable Areas and its supporting documents shall not be relied on as a basis for establishing 
civil liability. 

The material presented is intended to support the considerations of road maintainers when 
developing their own policies, practices and procedures as they relate to salt vulnerable areas. The 
guide and supporting documents are not intended to be used prescriptively but are to be used in 
concert with the legislation, manuals, directives, and procedures of individual federal, provincial, 
and municipal authorities. No warranty expressed or implied is made on the accuracy of the 
contents extracted from references; nor shall the fact of distribution of this Guide constitute 
responsibility by Environment and Climate Change Canada or any researchers or contributors for 
omissions, errors or possible misrepresentations that may result from use of interpretation of the 
material contained within the Guide. 
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1. Introduction 

1.1 Objective 

The purpose of this document is to provide Canadian road organizations with a guide to assist in 
identifying, categorizing, and mapping the impacts of road salts on Salt Vulnerable Areas (SVAs). 
The guide will also assist the users in identifying and tracking potential mitigation measures to 
minimize the negative impacts of chlorides caused by salt application on roads, parking lots and 
sidewalks within SVAs. The contents of the guide present a geographical information system (GIS) 
based methodology that is flexible to the geographical scale (local, municipal, regional), type of 
environmental receptors and site-specific data availability. The methodology helps to focus the 
management of road salts by determining priority areas where improved road operations, strategic 
planning and public education and outreach will be most beneficial to reduce the impacts of road 
salt application on the environment. 

1.2 Background 

Control of snow and ice conditions on roads and highways is a matter of primary importance for 
road organizations that experience freezing temperatures as road conditions impact public safety, 
roadway capacity and travel time. In Canada the most common winter maintenance strategy to 
combat snow and ice accumulation on road networks is a combination of de-icing and mechanical 
removal by plowing. The benefits of de-icing can be measured by the reduction of roadway 
accidents. Kuemmell (1992) determined that winter maintenance, including the use of salt, can 
reduce vehicle accident rates by up to 88%. 

Road salts are the most commonly used de-icing chemical and have been used for winter 
maintenance in Canada since the 1940s (Perchanok et al., 1991). Road salts can refer to any salts 
applied to roadways for road maintenance. The term “salt” can refer to any compound consisting of 
the cation from a base and the anion from an acid and which is readily dissociated in water 
(Environment Canada and Health Canada, 2001). Sodium chloride (NaCl) is the most commonly 
used road salt in Canada. Other salts used in Canada are calcium chloride (CaCl2), magnesium 
chloride (MgCl2) and potassium chloride (KCL). Environment Canada (2004) estimated that 97% of 
the total road salts used in Canada were in the form of NaCl, 2.9 % in the form of CaCl2 and 0.1% 
as MgCl2 and KCl. All inorganic chloride salts have broadly similar behaviours and effects in the 
environment. Since sodium chloride is the most commonly applied road salt, it will be the focus of 
this document. Sodium chloride is composed of about 40% sodium and 60% chloride by weight. 
Trace elements and metals may represent up to 5% of the total weight of sodium chloride. 

Approximately 4.2 million tonnes of road salts are applied to Canadian roadways annually 
(Environment Canada, 2012). The majority of road salts are applied in major urban centres due to 
the high density of road networks and parking lots. Road salts are highly soluble and once spread 
on roadways are transported by plows, snowmelt or splashed and sprayed by vehicles into roadside 
ditches and onto surrounding lands. Ultimately, all road salts enter the environment as a result of: (i) 
losses from storage piles and during handling at storage patrol yards, (ii) roadway application, and 
(iii) disposal of waste snow at snow disposal facilities (British Columbia, 2002). 
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Road salts have proven to be an effective de-icing agent; however, several studies have 
documented the adverse effects on aquatic and terrestrial ecosystems caused by the exposure to 
high chloride concentrations associated with road salt application (CCME, 2011; Bollinger et al., 
2005; Environment Canada and Health Canada, 2001; D’Itri, 1992; Adelman et al., 1976). Further, 
researchers have demonstrated that chloride concentrations in surface water and groundwater 
sources continue to increase over time (Perera et al., 2010; Novotny et al., 2009; Howard and Beck, 
1993). This is partially attributed to the persistence of the chloride ion in the environment, allowing 
chloride ions to accumulate in receptors, which is a concern for salt vulnerable species and drinking 
water sources (Ostendorf et al., 2001). 

Natural sources of the chloride ion do exist and can be found from natural weathering and/or 
erosion of rocks and soils, deposition from rainfall, and groundwater discharge. Natural background 
concentrations of chloride exist in freshwater in the order of 1 to 100 mg/L. The highest levels of 
chloride concentration are usually measured during winter and spring thaws (British Columbia, 
2002). However, elevated chloride concentrations have also been measured during summer low 
flow periods in areas with high groundwater chloride concentrations. Chloride ions from road salt 
sources have been identified to have a high or dominant influence on chloride loadings in lakes and 
rivers where winter maintenance activities take place within the watershed (Evans and Frick, 2001). 

End-of-pipe water quality controls are not designed to remove road salts from the environment as 
chlorides do not biodegrade, readily precipitate, volatilize or bioaccumulate (CCME, 2011; Ostendof 
et al., 2001). There are no simple, cost effective removal mechanisms such as volatilization, 
sorption, oxidation or degradation that naturally remove chloride ions from water. The only cost 
effective solutions to mitigate the negative impacts of chloride pollution are dilution and the 
incorporation of best practices in SVAs. As such, the identification of SVAs is an important step in 
protecting the environment from high chloride concentrations. 

In 2004, Environment Canada published the Code of Practice for the Environmental Management of 
Road Salts (Code of Practice). The main objective of the Code of Practice was to ensure protection 
of the environment while at the same time, maintaining safe roadways. The Code of Practice 
encourages public organizations that use a minimum of 500 tonnes of road salts per year and/or 
have any environmentally sensitive areas, to prepare a salt management plan (SMP). A SMP 
contains a summary of existing winter maintenance equipment, materials and practices, and lists 
recommendations for the implementation of best practices that can protect the environment from 
adverse impacts of road salts. One of the key recommendations of the Code of Practice is to 
identify areas in the receiving environment that are particularly sensitive to road salts. Included in 
the Code of Practice (Annex B) is a guideline for organizations to consider when identifying areas of 
the receiving environment that may be sensitive to road salts (i.e. Salt Vulnerable Areas). 

Five years after the release of the Code of Practice, Environment Canada began a review of the 
uptake of the document. In 2012, Environment Canada released a report titled “Five-year Review of 
Progress: Code of Practice for the Environmental Management of Road Salts”. Within this report 
they concluded that attention to identifying SVAs was significantly lacking in provincial and 
municipal SMPs as less than 30% of the SMPs inventoried SVAs. Many road organizations have 
indicated that they do not have the capacity or expertise to manage SVAs. The low rate of 
participation of road agencies in identifying SVAs may also be due to a lack of clear guidance of the 
methods and the concern that the process of identifying SVAs may require expensive and 
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advanced data collection and analysis (Environment Canada, 2012). The Review further 
recommended that a framework be established that road organizations can adopt and implement 
for the protection of SVAs. 

In response, Kilgour and Associates (2012) released a framework for understanding and evaluating 
SVAs. Within the document, the authors identify the need for Environment and Climate Change 
Canada to either (i) develop a technically sound, feasible methodology for identifying SVAs that can 
be easily implemented by Canadian road organizations of different scales and regions; or (ii) define 
the objectives and provide a framework for identifying SVAs that road authorities can use to create 
their own, site-specific methodologies. Kilgour and Associates (2012) addressed the second of the 
two needs and presented a generalized framework for identifying SVAs that is based on the method 
for performing ecological risk assessments by Environment Canada in 2007. The intent of the 
framework is to provide Environment and Climate Change Canada and/or Canadian road 
organizations with practical advice for developing SVA identification methodologies. The 
methodologies may be qualitative, quantitative and of different levels of sophistication. 

The framework outlines several steps to be followed when developing a methodology for the 
identification of SVAs including: (i) identifying environmental receptors; (ii) characterizing their 
exposure; (iii) understanding the hazard; and (iv) quantifying risk. It is also recommended to 
develop a monitoring program within SVAs to assess the effectiveness of best practices in reducing 
the chloride loading of the receptors. The identification of environmental receptors and the 
characterization of their exposure form a mapping exercise in which the receptors that are 
potentially exposed to high chloride concentrations by road salt application are identified. 
Understanding the hazard involves defining the chloride threshold limit of the species or water 
quality criteria within the receptor. Risk is quantified by comparing the chloride loading to the 
chloride threshold limit(s) of a receptor. A receptor is classified as ‘high risk’ when the chloride 
loading value exceeds the threshold limit(s) of the species or water quality criteria within the 
receptor, and a SVA is defined as a high risk receptor. 

The following document aims to address the first of the two needs identified by Kilgour and 
Associates (2012) of developing a technically sound, feasible methodology for identifying SVAs. 
The proposed methodology also follows the steps outlined by Kilgour and Associates (2012). The 
first step is to identify the location of sensitive receptors within an organizations jurisdictional area 
and to determine if there is potential for impact to these receptors from salt application. The next 
step is to determine the chloride loading of the identified potentially vulnerable receptors to compare 
to the chloride threshold limit of the receptors and quantify the risk. Once the risk has been 
quantified it is important to outline a plan for implementation of best practices and monitor the 
progress of the reduction of chloride loading in these areas. The intent of this methodology is that it 
is an on-going process of mapping SVAs, implementing best practices and monitoring progress that 
is repeated until all SVAs are protected. 

1.3 Overview of this Manual 

The intent of this document is to provide a technically sound, feasible methodology for identifying, 
categorizing and planning for the mitigation of impacts of road salts on SVAs that can be easily 
implemented by Canadian road authorities of different scales and regions. It is organized into the 
following sections: 
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• Section 1 provides an introduction to the objectives of the guideline and a summary of the 
background work that led to the development of this guide. 

• Section 2 introduces the environmental receptors that may suffer adverse impacts caused by 
high chloride concentrations, depending on their location in relation to the road salt application 
areas. A review of the literature pertaining to the impacts of high chloride concentrations on 
receptors and their threshold limits to chlorides is provided. Published chloride threshold limits 
of specific species, groups of species and water quality criteria are an integral part of the 
methodology for identifying SVAs. 

• Section 3 outlines the methodology for identifying potentially vulnerable receptors within an 
organizations jurisdictional boundary which addresses the first steps of the framework by 
Kilgour and Associates (2012). The methodology follows a risk based approach where risk is 
defined as the intersection of a hazard with vulnerability. Areas which experience a large 
amount of chloride application (the hazard) and contain receptors with low chloride threshold 
limits (a measure of vulnerability) have the highest risk of suffering the adverse impacts by 
chloride loading and are considered ‘potential’ SVAs. 

• Section 4 outlines the methodology for quantifying chloride loading values to confirm the 
potentially vulnerable receptors within an organizations jurisdictional boundary. This section 
addresses the last step in the framework for identifying SVAs by Kilgour and Associates (2012) 
which is called ‘quantifying risk’. The chloride loading of the receptors is calculated using a 
mass balance approach developed by Betts et al., (2014). The calculated chloride loading value 
is compared to the chloride threshold limit(s) of the receptors in order to derive a Quantitative 
Risk Score (RISK’). The RISK’ is used to confirm the SVAs. 

• Section 5 provides a common approach to chloride monitoring and measuring progress in SVAs 
with respect to the use of road salts and the implementation of best practices. The first part of 
the section discusses how to monitor chloride concentrations and the second part of the section 
provides a literature review of best practices for the environmental management of road salts 
employed in both Canada and the United States. 

• Appendix A contains a list of reference material pertaining to this document. Each reference is 
identified in the text by authors last name and date in accordance with the APA reference 
system. 

• Appendix B contains a Glossary of Terms that includes a list of specialized and uncommon 
terms used within the guide with explanations. 

• Appendix C includes a comprehensive list of chloride threshold limits for common aquatic 
species in Canada. 

• Appendix D provides a high level summary of the important legislation, guidelines and 
documents related to SVAs that should be used as a reference while mapping SVAs, 
implementing best practices and monitoring the progress of the protection of SVAs. 

• Appendix E describes the chloride ion transport pathways from all road salt sources, particularly 
road application, to receptors and the impacts they can cause. This section illustrates how 
chloride ions move through the environment and in which receptors they accumulate, causing 
the greatest adverse impacts. 
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The overall methodology for identifying SVAs is summarized in the flow chart presented in 
Figure 1-1. 

 

Figure 1-1 Overall Project Methodology Flow Chart 

2. Defining Vulnerable Receptors to Road Salt 

2.1 General 

The chloride threshold limits discussed in this section are not definitive. It is known that 
environmental factors can influence the effective threshold limit of a species and, therefore, these 
factors should be taken into consideration when conducting the methodology presented in this 
document. Further, as research on the topic of the environmental management of road salts 
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continues to evolve, the chloride threshold limits of specific species, or groups of species in 
particularly, are subject to change. 

This section introduces the environmental receptors that are vulnerable to chloride loading from 
road salt application. 

The receptors have been grouped into the following categories for the purpose of this document: 
aquatic species, terrestrial species, drinking water intakes (for groundwater and surface water 
sources) and agriculture and valuable lands. A literature review was conducted for each receptor, 
with a focus on the chloride threshold limits that have been published for specific species, groups of 
species and water quality criteria within the receptors. The chloride threshold limits are integral to 
the methodology for SVA identification presented in Sections 3 and 4 of this document. 

2.2 Aquatic Species 

Road salts, and sodium chloride in particular, represent the largest chemical loading to Canadian 
surface waters (Environment Canada and Health Canada, 2001). The greatest adverse effects of 
high chloride concentrations in surface waters are felt by aquatic organisms as their community 
structure, diversity and productivity can be impacted. 

Different aquatic species have different tolerances to sodium and chloride ions. In general, 
invertebrates are more sensitive to acute chloride concentrations than vertebrates (CCME, 2011). 
Certain mussel species of the Chironomidae family (midges) are sensitive to high chloride 
concentrations. Vertebrates such as fish and amphibians are more tolerant to acute chloride 
concentrations because they are able to move away from the polluted areas. Salmonoids, such as 
brook trout, can turn on a chloride pump in their gills that enables them to live in ocean waters. In 
amphibians, increased chloride concentrations can cause mortality, reduced weight and activity, 
decreased time to metamorphosis, and increased abnormalities; however, their reported chloride 
threshold limits are higher, in the range of 2,636 to 5,109 mg/L (Sanzo and Hecnar, 2006). The 
chloride threshold limits of the same aquatic species can also vary depending on their environment. 
For example, water hardness has been found to reduce the chloride sensitivities of certain aquatic 
species (Elphick, 2011).  

Research has shown that chloride concentrations exceeding 100 mg/L can have negative, 
non-lethal, impacts to certain organisms during sensitive life stages (Findlay and Kelly, 2011). 
Tollefsen et al., (2015) found that Atlantic Salmon are vulnerable to road salts when exposed during 
fertilization. They reported that road salt concentrations must be lower than 100 mg/L to ensure 
Atlantic Salmon embryos are not impacted when exposed during fertilization. Fertilization of eggs 
involves the rapid uptake of water, causing the eggs to swell. Road salt has been reported to 
reduce egg swelling, potentially leading to egg mortality. In Canada, reduced biodiversity has also 
been observed in waterbodies and wetlands with chloride concentrations of 220 mg/L or greater. 
Reduced biodiversity is attributed to the adverse effects of chlorides on primary producers and 
invertebrate communities (Environment Canada and Health Canada, 2001). 

Aquatic receptors located in urban areas are most vulnerable to road salts. Perera et al., (2009) 
measured and analyzed chloride concentrations at 8 stations within 4 streams in the Greater 
Toronto Area (GTA) including the Humber River, Don River, Highland Creek and Morningside 
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tributary to the Rouge River. They found that, in Highland Creek, chloride concentrations exceed 
the US Environmental Protection Agency (USEPA) chronic and acute chloride toxicity limits 80% 
and 35% of the time, respectively, during the winter season. Most chloride enters the streams by 
runoff in the winter and early spring seasons. A small amount of chloride-impacted water enters the 
stream, continuously, via baseflow over the course of the year. LSRCA (2015) has also observed 
an increasing trend in chloride concentration in Lake Simcoe and the Lake Simcoe Watershed. 
Most water quality samples collected in Tannery Creek, Lovers Creek, the East Holland River, 
North Schomberg River and Hotchkiss Creek exceed the CWQG long-term chloride threshold limit 
of 120 mg/L. Several water quality samples collected in the Hotchkiss Creek, the East Holland River 
and North Schomberg River have exceeded the CWQG short-term chloride threshold limit of 
640 mg/L. 

The mechanisms of salt-injury to aquatic species include: (i) acute toxicity caused by high chloride 
concentrations overs short durations; (ii) chronic toxicity caused by lower chloride levels that do not 
cause immediate death, but are high enough to impact an organism’s biological processes 
overtime; and (iii) meromictic conditions that impact aquatic organism habitat. Meromictic conditions 
describe the state of a lake that is not capable of vertically mixing different layers of water 
(Environment Canada, 2004; Trombulak and Frissell, 2000). Vertical mixing of lake water typically 
occurs during the fall and spring seasons due to the change in water temperature. It is an important 
process because it cycles nutrients within the lake. Lakes that do not allow for the vertical mixing of 
water cause oxygen depletion at greater depths. Meromictic conditions are dependent upon the 
local environment; however, these conditions have been observed in lakes with concentrations of 
600 mg/L of sodium and 105 mg/L of chlorides (Environment Canada, 2004).  

Special consideration should be given to aquatic species at risk (SAR) identified within the 
organizations jurisdictional boundary. Most provinces have databases that provide the locations of 
SAR. Local knowledge can also be utilized to determine the presence of SAR within an aquatic 
environment (Kilgour and Associates, 2012).  

 

Typical aquatic receptors include the following bodies of water (Environment Canada, 
2004): 

• Lakes and ponds with low dilution capability and long residence times 
• Moderately deep lakes that are susceptible to meromictic conditions 
• Watercourses that receive salt-impacted runoff from a dense network of roads 

and highways 
• Provincially significant wetlands located in close proximity to a road network; 

and 
• In general, any body of water, where the addition of road salts could increase 
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2.2.1 Aquatic Species Threshold Limits 

In order to regulate the anthropogenic release of chloride into the environment, chloride 
concentration guidelines were developed by examining the acute and chronic toxicity threshold 
limits of local freshwater organisms (Elphick, 2011; Gillis, 2011).  

In 1988, the USEPA published chloride toxicity threshold limits that apply to the majority of aquatic 
organisms, however, they do not consider highly sensitive species. The thresholds are as follows: 
(i) the acute, 4-day concentration of chloride, when associated with sodium, does not exceed 
230 mg/L more than once every 3 years on average; and (ii) the chronic, 1 hour average chloride 
concentration does not exceed 860 mg/L more than once every 3 years on average. 

In 2011, the Canadian Council of Ministers of the Environment (CCME) developed a Canadian 
Water Quality Guideline (CWQG) report that outlines threshold chloride concentrations for the 
protection of aquatic life in freshwater environments. The long-term threshold limit for chlorides in 
freshwater is 120 mg/L. The short-term threshold limit for chlorides in freshwater is 640 mg/L.  

The CWQG provides numerical threshold concentrations based on protecting, sustaining and 
enhancing the present and potential uses of a water body. The threshold limits are not intended to 
protect all components of the aquatic ecosystem, however, they will protect most. For example, in 
Canada, certain endangered and special concern mussels including the wavy-rayed lampmussel 
and the northern riffleshell mussel are not protected by the long-term chloride exposure limit. The 
former species is found in the lower Great Lakes region (i.e., western Lake Erie, the Detroit River, 
Lake St. Clair and many contributing streams). The latter resides in the Ausable, Grand, Sydenham 
and Thames River and the Lake St. Clair delta. The long-term threshold limit is instated to protect 
aquatic life during all parts of their life cycle and during indefinite exposure (CCME, 2011). A 
comprehensive list of threshold limits for specific aquatic organisms is also provided by CCME 
(2011) as shown on Figure D-1 and Figure D-2 and listed in Appendix C. 

The Code of Practice on the Environmental Management of Road Salts (Environment Canada, 
2004) includes a chart showing the typical natural background concentrations of chlorides in the 
following regions: British Columbia, the Prairies, the Canadian Shield, the St. Lawrence Lowlands 
and the Great Lakes and Atlantic Canada (Mayer et al., 1999); as well as the chloride 
concentrations above which adverse environmental impacts are expected.  In summary, five 
percent of freshwater organisms are impacted by chloride concentrations exceeding 210 mg/L and 
10% of freshwater organisms are impacted by chloride concentrations exceeding 240 mg/L. The 
contents of the chart with respect to the natural background chloride concentrations by region are 
summarized in Table 2-1, below. 

Table 2-1 Summary of Average Background Concentrations by Region 
(Environment Canada, 2004) 

Region 
Range of Average Background 

Concentrations (mg/L) 
British Columbia 13 – 140  
Prairies <5 – 100  
Canadian Shield 1 – 5  
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Table 2-1 Summary of Average Background Concentrations by Region 
(Environment Canada, 2004) 

Region 
Range of Average Background 

Concentrations (mg/L) 
St. Lawrence Lowlands and Great Lakes  10 – 30  
Atlantic Canada 10 – 20  

2.3 Terrestrial Species 

The use of road salts has the potential to adversely affect wildlife. Some terrestrial species 
(i.e., moose, deer, elk, birds, porcupine etc.) are attracted to roads where salts have been applied in 
order to satisfy dietary needs (Adelman et al., 1976). During the winter months melted snow on the 
road may be the most accessible source of water, further attracting animals to roads. Road salts 
applied along roadways have been shown to attract wildlife and cause an increase in their mortality 
as a result of vehicle strikes (Bollinger et al., 2005).  

Moose have an increased dietary need for salt to support antler growth and lactating females and 
are particularly attracted to roadways during spring melt, when salt-laden puddles form at the 
roadside (TAC, 2013). The attraction of animals to salts on the road causes an increase in mortality 
as a result of vehicle strikes (Bollinger et al., 2005). Sodium chloride intake in birds can cause 
abnormal behaviour and increase the vulnerability of bird to car strikes and poisoning. 

Domestic animals such as sheep, turkeys, chickens, swine, cattle and horses are known to have a 
high tolerance to sodium chloride. Salt supplements are often included in their diet for proper growth 
and functioning (D’Itri, 1992). Sheep are known to have a salt tolerance between 9,000 to 
13,000 mg/L. The common concern with road salt and domestic animals is the irritation of their feet 
from walking on salty sidewalks and the possible inflammation of stomach mucosa if a sufficient 
amount of salt is ingested (D’Itri, 1992). CCME (1999) established water quality guidelines for 
livestock watering of a maximum of 1000 mg total soluble salts/L. Based on this value and the 
assumption that chloride represents approximately 60% by weight of total soluble salts for road 
salts then an equivalent chloride guideline can be set at 600 mg chloride/L. 

As for aquatic species, special consideration should be given to terrestrial SAR identified within the 
organizations jurisdictional boundary.   

2.4 Drinking Water Intake Receptors 

Drinking water intake receptors include both groundwater and surface water sources. The extent of 
the impact of road salts on groundwater is dependent on the following factors: (i) salt loading; (ii) 
surface and sub-surface soil conditions; (iii) the relative position of the site within the 
hydrogeological environment; and (iv) the climatic conditions, for example, in Canada the majority of 
groundwater recharge takes place in the late winter and early spring seasons based on general 
temperature and precipitation conditions. Chloride loading of surface water intake receptors is 
dependent on salt loading, surface water runoff and baseflow.   
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Chloride-impacted groundwater contributes to long-term surface water quality as groundwater will 
eventually emerge to the surface as seeps and springs (baseflow) (Environment Canada and 
Health Canada, 2001). During low flow conditions, that are typical in the Canadian summer season, 
chloride concentrations in baseflow will contribute to a significant portion of the chloride 
concentration in the overall streamflow since the dilution potential of the stream is low. Chloride 
loading in baseflow provides a good, and measurable, indicator of the chloride loading in 
groundwater.  

Since chloride ions are persistent in the environment chloride concentrations will continue to 
accumulate in receptors until salt application rates are reduced. Chloride ion accumulation is 
particularly persistent in groundwater sources that are not easily diluted. Chloride loading in surface 
water sources can be flushed-out or diluted during heavy rainfall events. Perera et al., (2013) 
measured baseflow chloride concentrations of 300 mg/L in the Greater Toronto Area. They found 
that the amount of chloride entering the aquifer system is greater than the amount exiting in the 
baseflow, therefore, there is a net accumulation of chloride in this particular aquifer overtime. As a 
result, they project that, if road salt application rates remain constant, baseflow chloride 
concentrations will eventually reach 505 mg/L. In order to reduce the chloride concentration in the 
aquifer to be less than 250 mg/L, the authors’ projected that salt loading entering the aquifer system 
must be halved.  

Bester et al., (2006) studied the impact of road salt in a glacial aquifer system used as a municipal 
water supply. They found that a large amount of chloride ions can be stored in the slow moving 
aquifer system prior to emerging in the well, delaying the source contamination.  

 

2.4.1 Drinking Water Threshold Limits 

Canadian Drinking Water Guidelines (CWQG) established chloride concentration threshold limits of 
200 mg/L of sodium and 250 mg/L of chloride (CCME, 1998). These guidelines are based on taste 
as the volume of chloride ions related to winter road maintenance operations will never approach 
concentrations that are toxic to humans (Ramakrishna and Viraraghavan, 2005). 

2.5 Agriculture and Valuable Land Receptors 

For the purpose of this study, valuable lands are defined as any crop producing or aesthetic park 
lands including agriculture, vineyards, parks and conservation areas. As such, a literature review 
has been conducted on the vulnerability of agriculture and vegetation to road salt application.  

Typical drinking water intake receptors include the following: 

• Intake zones which drain toward drinking water well systems and surface water 
sources 

• Any areas contributing to groundwater or surface water drinking water sources 
where the addition of road salts could increase chloride concentrations to exceed 
drinking water thresholds 
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Road salts can impact agriculture and vegetation by: (i) substrate exposure or (ii) aerial exposure. 
Chloride impacts via substrate exposure typically occur within 20 m of a four lane highway where 
road salts have been applied (Hofstra and Smith, 1984; Cain et al., 2000); or along roadside 
ditches. Over the course of the growing season, sodium and chloride ions are leached into the soil 
by rainwater and runoff. The physical impacts of chloride ions on the soil include structural stability, 
soil dispersion, soil permeability, soil swelling and crusting, soil electrical conductivity and soil 
osmotic potential (Cunningham et al., 2008). These soil impacts cause stress to agriculture and 
other vegetation. Herbaceous, wetland and woody plants are impacted by substrate exposure (Cain 
et al., 2000). 

Aerial exposure occurs when the highly concentrated runoff is sprayed onto vegetation planted 
adjacent to the roadway by passing vehicles. Salt load, road classification, traffic volume and 
velocity, local topography and prevailing winds influence the degree of impact (McBean and 
Al-Nassri, 1987). Aerial exposure typically affects woody plant tissues and the extent of exposure is 
observed to be 40 m to 100 m from the edge of pavement. Herbaceous plants are not typically 
impacted by aerial exposure (Cain et al., 2000). 

The mechanisms of road salt injury to agriculture and vegetation are as follows (Cain et al., 2000; 
Gould, 2013): 

• Chloride-impacted water causes osmotic imbalances between plant cells and the water solution 
in their roots, leaves and shoots. These imbalances prevent the absorption of water and 
nutrients and, as a result, root and shoot growth is reduced and drought-like symptoms are 
realized. 

• Acute chloride concentrations can cause phyto-toxicity that can result in leaf burn symptoms 
and tissue death. 

• Plant dehydration, caused by high salt concentrations, leads to collapse of plant tissues. 

• Deterioration of soil stricture by soil crusting inhibits shoot emergence, root growth and plant 
establishment. 

• Soil clogging leads to reduced void space available for air and water that plants require for 
growth. Clogging also physically obstructs root growth. 

• Plant growth, and overall health, is also impacted by water stress as water molecules are held 
tightly by salt ions, therefore, it is more difficult for plants to absorb water. 

• As plants absorb sodium and chloride ions, instead of phosphorous and potassium nutrients, 
plant nutrition is reduced. When salt ions accumulate to toxic levels within plants, they are not 
capable of removing excess salt from their tissues, other than by shedding dead leaves. Since 
conifers do not shed leaves annually they are particularly vulnerable to salt ions. 

Chloride-sensitive species that are commonly located along the roadside include native grasses, 
wetland species such as sphagnum moss and sedges, and woody species such as maple, pine, 
Douglas-fir, blueberry, dogwood, peach and plum trees. Plant mortality is a typical symptom of 
exposure to high chloride concentrations. Symptoms of chronic exposure, realized by perennial 
plants over several years, include reduced plant growth, shoot-dieback, leaf burn and insect pests. 
Change in the diversity of plant communities has also been attributed to high chloride 
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concentrations by road salt application. Herbaceous and wetland plant species that are vulnerable 
to sodium and chloride ions are replaced by salt-tolerant plants overtime. Halophytic plant species, 
such as cattails and reed grass, have adapted to growing in saline conditions. These species 
invade salt-impacted areas (Cain et al., 2000). 

2.5.1 Agriculture and Valuable Land Threshold Limits 

Cain et al., (2000) performed a road salt toxicity assessment on plants following methods by 
Environment Canada in 1977. The evaluations were conducted to determine chloride exposure 
limits for various plant species including sphagnum moss, two sedge species, a deciduous shrub, 
mountain holly; coniferous species including pine and spruce; and deciduous trees including maple, 
peach and plum. 

Exposure maps for Canadian vegetation and crop groups were presented on Figures 4.6 to 4.22 of 
Cain et al., (2000). The maps were produced to show where specific vegetation was exposed to 
higher salt loadings. The maps were produced by overlaying salt loading data, provided by the 
Environmental Resource Group for Road Salt, with crop and vegetation coverage from the 
Agriculture Canada Canadian Soil Information System. The maps were analyzed for the intersection 
of a salt loading rating (high, medium or low) and a crop/vegetation density rating (high, medium or 
low). Berry crops, grape vines, fruit trees, maple trees and forests were analyzed (Cain et al., 2000).  

Cain et al. (2000) also studied chloride impact zones adjacent to the roadway. The impacts of road 
salts on forest species adjacent to roadsides have been documented in Central and Southern 
British Columbia. The zone of impact is 10 to 15 m from the edge of pavement on 2 lane highways 
and up to 50 m on 4 lane highways. In Southern Ontario, the zone of impact is 50 to 80 m on 4 lane 
highways for fruit crops. In Nova Scotia, the zone of impact is up to 35 m on 2 lane highways for 
fruit crops. Sixty-five percent of 32 variant fruit trees, vines or shrubs have been rated as sensitive 
to salts. Thirty to forty percent of common Ontario landscape species have been rated as sensitive 
to road salt. 

The CCME (1999) water quality guidelines indicate that sensitive plants should not be irrigated with 
waters containing chloride concentrations greater than 100 mg/L. In addition, CCME (1999) also 
indicated that chloride-tolerant plants can be irrigated with water with chloride concentrations as 
high as 700 mg/L. CCME (n.d.) has listed chloride exposure limits for the protection of certain types 
of agriculture.  

The chloride exposure limits to prevent foliar (leaf) damage are as follows: 

• 100-178 mg/L for almonds apricots and plums 

• 178-355 mg/L for grapes, peppers, potatoes, tomatoes 

• 355-710 mg/L for alfalfa, barley, corn, cucumbers 

• >710 mg/L for cauliflower, cotton, safflower, sesame, sorghum, sugar beets, sunflowers 

Chloride exposure limits to prevent damage to rootstocks: 

• 180-600 mg/L for stone fruit (peaches, plums, etc.) 

• 710-900 mg/L for grapes 
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Chloride exposure limits for cultivar: 

• 110-180 mg/L for strawberries 

• 230-460 mg/L for boysenberries, blackberries, raspberries 

The CCME has not established any guidelines for road salts with respect to soil quality. However, in 
literature some threshold limits have been determined for electrical conductivity and sodium 
absorption ratio. Electrical conductivity (EC) is a common measure of soil salinity and is symbolic of 
the capability of an aqueous solution to convey an electric current. Some plants are sensitive to 
salts at EC levels <2 dS/m, such as flax, clover, beans, wheat, peas, and some garden crops (TAC, 
2013). 

Table 2-2 provides soil quality guidelines for unrestricted land use for sodium in Alberta, which are 
used for evaluating the suitability of soil materials for re-vegetation. 

Table 2-2 Soil Quantity Guidelines for Unrestricted Land Use (Alberta 
Environment, 2001) 

Parameter 
Rating Categories 

Good Fair Poor Unsuitable 
Electrical conductivity (EC)dS/m (salinity) 
  Topsoil <2 2 to 4 4 to 8 >8 
  Subsoil <3 3 to 5 5 to 10 >10 
Sodium Absorption Ratio (SAR) 

Material characterized by SAR of 12 to 20 may be rated as poor if texture is sandy loam or 
coarser and saturation % is less than 100 
  Topsoil <4 4 to 8 8 to 12 >12 
  Subsoil <4 4 to 8 8 to 12 >12 

Source: Alberta Environment, 2001 

2.6 Summary 

Several scientific studies have been conducted to evaluate the chloride threshold limits of specific 
aquatic, terrestrial and vegetation species as discussed in this section.  

Other agencies have derived conservative chloride threshold limits that are meant to protect the 
majority of species belonging to an environmental receptor. These conservative threshold limits can 
be used in cases where the chloride threshold limit for a specific species or water quality criteria of 
interest is unknown. Table 2-3 provides a summary of the recommended guidelines for chloride 
exposure for each receptor.  

Table 2-3 Recommended Guidelines for Chloride Exposure 

Water Use Guideline (mg Chloride/L) Source 
Aquatic Species (Short-term 
Exposure) 640 CCME, 2011 
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Table 2-3 Recommended Guidelines for Chloride Exposure 

Water Use Guideline (mg Chloride/L) Source 
Aquatic Species (Long-term 
Exposure) 120 CCME, 2011 

Terrestrial Species 600 CCME, 1999 

Drinking Water 250 CCME, 1998 
Agriculture and Valuable 
Lands 100 CCME, 1999 

2.7 Steps Forward 

Section 2 introduces the environmental receptors that should be included in the proposed 
methodology for identifying SVAs. 

A review of the literature pertaining to species and drinking water sources (receptors) that are 
exposed to chloride loading from road salt application and adversely impacted by the high chloride 
concentrations has been provided. In addition, a discussion on the chloride threshold limits, derived 
from various scientific studies has been included for each type of receptor. Chloride threshold limits 
are an important part of the approaches for mapping SVAs as described in Sections 3 and 4. 

Section 3 introduces a methodology for identifying SVAs on a high level. The purpose of this step in 
the overall guide is to identify areas that are ‘potentially’ vulnerable to road salts. Section 4 presents 
the detailed procedure for identifying SVAs, which focuses on confirming the potential SVAs 
identified in Section 3. The method outlined in Section 4 requires more data collection, data 
processing and calculations. However, it provides an accurate depiction of the SVAs by determining 
which potential SVAs experience chloride concentrations that are greater than the threshold limits of 
the species or water quality criteria within the receptors. The results of Section 4 can help the road 
organization to make an informed decision as to where best practices and chloride monitoring 
should be implemented as discussed in Section 5. Ultimately, the identification of SVAs can limit the 
level of effort required to effectively reverse the adverse impacts of high chloride concentrations on 
the environment. 

3. Identification of Vulnerable Receptors 

3.1 General 

The following section outlines the methodology for the initial mapping of SVAs. The intent of this 
section is to use readily available datasets to identify areas within the organization jurisdictional 
boundary that are ‘potentially’ vulnerable to chlorides from road salt application. The results are 
used to focus the extent of the detailed assessment presented in Section 4. 

This initial identification of SVAs uses a GIS approach that is based on the concept of ‘risk’. Risk 
can be defined as the intersection of a hazard with vulnerability. In the case of environmental road 
salt management, the hazard is defined as road salt application and vulnerability is represented by 
the chloride threshold limit of the receptors identified within the jurisdictional boundary of the road 
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organization. The purpose of this methodology is to provide a high-level mapping of receptors that 
are potentially vulnerable to road salt application. 

Each environmental receptor is assigned a Hazard Score and a Vulnerability Score. The Hazard 
Score is equal to the average Chloride Application Density (CAD). CAD is defined as the product of 
the fraction of the total area that receives salt application and the salt application weighting factor. 
The fraction and weighting factor values are selected based on land use type as defined by Betts et 
al., (2014) and Perera et al., (2010), respectively. The weighting factor is a multiplication of the road 
salt application rate applied to roads. The Vulnerability Score is assigned based on the chloride 
threshold limits of the species or water quality criteria identified within the receptor(s). Often, 
specific aquatic or terrestrial species have not been identified within the receptor. In this case, the 
recommended guidelines for chloride exposure can be utilized. The recommended guidelines are 
conservative limits for chloride exposure that represent a comprehensive list of species or drinking 
water criteria within a certain type of receptor. Table 2-3 presents the recommended guidelines for 
chloride exposure. 

Finally, the Risk Score is calculated as the product of the Hazard Score and the Vulnerability Score. 
The Risk Scores are plotted on a map of the road organization’s jurisdiction to depict the potential 
SVAs. Areas of high risk are considered to be the most vulnerable to road salt application. 

The CAD parameter is used in place of the amount of chloride applied over the area in order to 
reduce the data collection and processing required to complete the initial SVA mapping. CAD has 
proven to have a strong correlation with the chloride loading of aquatic receptors and drinking water 
receptors as calculated in studies by Betts et al., (2014) and Betts et al., (2015), respectively. The r-
squared values of the correlation between CAD and the chloride loading for aquatic species and 
drinking water intake receptors are 0.833 and 0.913, respectively. The results of the analysis are 
presented in Figure 3-1 and Figure 3-2, below. 

 
Figure 3-1 Relationship between CAD and Mean Annual In-Stream Chloride 

Concentration for Several Sites in the Greater Toronto Area (Betts et 
al., 2014) 
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Figure 3-2 Relationship between CAD and Mean Annual Chloride Concentration 

of Groundwater Recharge for Several Sites in the Grand River 
Watershed, Ontario, Canada (Betts et al., 2015) 

3.2 Basic Data Needs 

The data required to identify potentially vulnerable receptors is based on readily available 
information. No fieldwork is proposed to be conducted in order to complete this component of the 
mapping of SVAs. Only public data sources (e.g., Federal, Provincial and Municipal) are required to 
complete the proposed methodology. 

This component of SVA mapping requires a strong GIS skillset.  

3.3 Mapping Potential Salt Vulnerable Areas 

The following steps describe the methodology for mapping potential SVAs for all receptors within 
the jurisdictional boundary under investigation. 

3.3.1 Collect Spatial Datasets 

The first step of the procedure is to collect the required datasets.  

The following input datasets are required to complete the evaluation. If spatial data is not available 
from internal sources, the user can consult available resources through open data initiatives or data 
sharing agreements with any of the following agencies: regional watershed or conservation planning 
authorities, provincial agencies (e.g., Natural Resources, Fish/Wildlife, Water, or Environment), or 
federal agencies (e.g., Natural Resources, Fisheries, Environment, or Agriculture). 

Topography Data 

The user should obtain a recent topographic dataset processed into a grid/raster format. A high 
enough resolution dataset is required to adequately capture the local terrain while being mindful that 
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a large file size can reduce processing performance. For example, a suitable resolution for a 
smaller municipality is a 1 to 2 metres (m) per pixel resolution, and a suitable resolution for a larger 
jurisdiction is a 5 m per pixel resolution. 

Land Use (or Zoning) 

Current zoning data in a polygon shapefile format is required to perform the analysis. The zoning 
data may be available internally, from the local road organization. The zone codes of the zoning 
dataset need to encompass the following land use types: residential, commercial, industrial, 
institutional, and parks/open space/undeveloped. A zoning dataset that accounts for road right-of-
way is ideal but not required. 

Road Network 

A centreline road network in a linear shapefile data format is required to perform the analysis. 
Ideally, the road network shapefile will include the number of lanes and lane widths as fields in the 
attribute table. If lane widths are not provided as an attribute of the dataset, consult municipal 
engineering or provincial standards for asphalt lane widths as per the road classification.  

Salt Vulnerable Receptors 

Spatial datasets representing the various environmental receptors should be provided in a polygon 
shapefile format. Review Section 2 of this document and generate a list of receptors tailored to the 
local jurisdiction. If receptor data is not available for the jurisdiction, it would be beneficial to create 
such a dataset using local and scientific knowledge to ensure no receptors are discounted in the 
evaluation of potential SVAs. 

Stormwater Management Collection Areas and Sewersheds (Optional) 

Sewershed areas that discharge into subsurface drainage infrastructure should be included when 
conducting the assessment in urban areas. This dataset is not required but is recommended to 
better account for chloride transportation pathways through an urban area, since sewersheds do not 
truly abide by the natural overlying topography. 

A map presenting an example of some of the required spatial datasets including topography, the 
road network, natural catchment areas and sewershed areas is presented on Figure 3-3. A map of 
various salt vulnerable receptors is presented on Figure 3-4. 
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Figure 3-3 Example of Spatial Datasets Required for the Mapping of Potential 
SVAs 

 
Figure 3-4 Example of Spatial Datasets of Salt Vulnerable Receptors 
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3.3.2 Prepare Topographic Data 

After all required spatial datasets have been collected, the data must be prepared for input to the 
Risk Score calculation. First the topographic data is prepared. Topographic data is used in the 
calculation of the CAD parameter, representing the hazard component of the risk calculation. The 
procedure for preparing the topographic data is presented below: 

1. Process the topographic data into a suitable high-resolution raster grid encompassing the 
study area. This step could be as simple as clipping or masking an existing digital elevation 
model (DEM) to the study area boundary or as complex as generating a raster grid surface 
from contour lines or point clouds derived from Light Detection and Ranging (LiDAR) or ortho-
photogrammetry. 

2. Remove any ‘sinks’ or depressions from the DEM using standard GIS hydrological modelling 
tools. Failure to remove sinks will prematurely terminate down-gradient flow, disrupting the 
full surficial transport pathway. 

3. Generate a ‘flow direction raster’ from the depression-less DEM generated in the previous 
step using standard GIS hydrological modelling tools. The flow direction raster is required as 
input to the weighted flow accumulation tool, which is utilized in the following steps.  

3.3.3 Assemble a Chloride Application Density (CAD) Weight Raster Layer  

This section explains how to calculate the ‘CAD weight raster’ based on zoning/land use data within 
the local jurisdiction. The CAD weight raster is another component of the Hazard Score calculation. 
It represents the relative amount of chloride applied to different surfaces throughout the jurisdiction.   

The following steps explain how to prepare the CAD weight raster:  

4. Determine if the input zoning data accounts for road right-of-way (i.e. abides by parcel 
boundaries) or extends to the road centerlines.  

If the zoning data accounts for the road right-of-way, skip to Step 5. Otherwise, apply a buffer to 
the road centerline dataset based on the lane widths and number of lanes within the attribute 
data, or a standard value provided by the local or provincial engineering standards. Erase the 
newly buffered road network data from the zoning data, and then combine the two datasets into 
a single land use shapefile. 

5. Reclassify the various zoning categories into the following six land use types that conform to the 
salt application fractions and weighting factors defined by Perera et al. (2010). The six land use 
types are: commercial, industrial, institutional, residential, roads, and open space. Once the 
land use dataset has been simplified, assign each land use type a corresponding CAD value in 
a new field of the attribute table as per Table 3-1.  
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Table 3-1 Salt Application Weighting Factor 
Based on Land Use Type 
(Perera et al., 2010) 

Land Use Type Salt Application 
Weighting Factor 

Commercial 2.0 

Industrial 1.0 

Institutional 2.0 

Residential 0.5 

Roads 1 

Open 0 

Figure 3-5 shows the variation in CAD weighting factor assigned to different land use categories 
for a sample jurisdictional boundary. 

6. Convert the reclassified land use layer from Step 5 into a raster dataset based on the CAD 
value field. Ensure the cell size and alignment of the output grid matches that of the flow 
direction raster (from Step 3), and that the pixel type is 32-bit floating. The resultant raster 
represents the CAD weight raster.  

 
Figure 3-5 Example of CAD Values Assigned to Different Land Use Types 
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3.3.4 Prepare the Vulnerability Score Raster 

This section explains how to prepare the Vulnerability Score raster. The goal of this dataset is to 
illustrate the distribution of the most highly chloride-vulnerable receptors within the organizations 
jurisdictional boundary. The steps for creating the dataset are as follows: 

7. Ensure all receptor datasets are of a polygon shapefile format, and have a field in the attribute 
table denoting the value of the lowest chloride threshold limit for all species or water quality 
criteria identified in the receptor. If the chloride threshold limits for specific species or water 
quality criteria are unknown, assign the appropriate value from Table 2-3 to the attribute field.  

8. Convert each receptor shapefile to a raster. Ensure the cell size and alignment of the output 
grids match that of the flow direction raster (from Step 3). 

9. Combine the raster layers of all receptors into a single raster, aggregated such that the 
minimum value of the chloride threshold limits of all receptors is retained. For example, if the 
same cell is occupied by three receptors with different chloride exposure limit values, the 
resulting aggregated raster would retain the minimum exposure limit of the three receptors. 
Ensure the resulting raster layer is a 32-bit floating type raster with cell size and alignment that 
matches that of the flow direction raster (from Step 3). 

10. Reclassify the raster dataset so that the minimum chloride threshold limits are categorized into 
the vulnerability weighting system presented in Table 3-2. The reclassified raster dataset 
represents the final Vulnerability Score raster. 

Table 3-2 Vulnerability Scores Corresponding 
to Chloride Threshold Limits of 
Environmental Receptors 

Threshold Limit Vulnerability Score 

0 – 200 10 

200 – 400 9 

400 – 600 8 

600 – 800 7 

800 – 1,000 6 

1,000 – 1,500 5 

1,500 – 2,000 4 

2,000 – 3,000 3 

3,000 – 4,000 2 

> 4,000 1 

Figure 3-6 presents a map of the vulnerability data, before it has been reclassified into the 
categories of the Vulnerability Score presented in Table 3-2. The map shows the minimum chloride 
threshold limit of each raster cell. 
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Figure 3-6 Example of Vulnerability Data (Chloride Threshold Limits) 
Assigned to the Receptors 

3.3.5 Generate the Hazard Score Raster (Include Sewersheds) 

If the jurisdiction is within an urban environment, sewersheds should be incorporated into the 
analysis.  

The next section of the procedure for identifying potential SVAs (following the current section) will 
explain how to generate the Hazard Score raster for jurisdictions that do not include sewersheds. 
For these areas, the Hazard Score raster is created using the weighted flow accumulation tool, with 
the flow direction raster and the CAD weight raster as inputs (refer to Section 3.3.6 for more 
information). Flow accumulation at a raster cell is calculated as the number of upstream cells that 
contribute flow to it; therefore, flow accumulation is dictated by the topography of the local 
jurisdiction. Since sewersheds do not truly abide by the natural overlying topography, it would be 
inaccurate to calculate the Hazard Score over the sewershed areas using the weighted flow 
accumulation approach. As such, the Hazard Score values should be calculated over the 
sewershed areas, separately from the remaining areas of the jurisdiction. 

The following steps explain how to calculate the Hazard Scores over jurisdictions that include 
sewershed areas. 

11. Calculate the average CAD value for each sewershed area from the CAD input weight raster 
(from Step 6). This step can be accomplished using a ‘zonal statistics’ tool where statistical 
values are calculated within the boundaries of each unique sewershed. Ensure the cell size and 
alignment of the output grid matches that of the flow direction raster (from Step 3). The output is 
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a new raster where the mean value of an individual sewershed is applied to each cell belonging 
to that sewershed. 

12. Create a polygon area to represent the portions of the local jurisdiction that do not belong to a 
sewershed. This area submits to normal topographical flow.  

13. Use the topographical flow area polygon (from Step 12) to mask (isolate) the flow direction 
raster cells (from Step 3) to create a new flow direction raster for topographical flow only. 

14. Use the topographical flow area polygon (from Step 12) to mask (isolate) the cells of the CAD 
weight raster (from Step 6) into a new CAD weight raster for topographical flow only. 

15. Perform a non-weighted ‘flow accumulation’ calculation based on the new flow direction raster 
(from Step 13) using standard hydrological modelling tools in a GIS environment. The output at 
a single cell represents the number of upstream cells that contribute flow to it; i.e., the flow 
accumulation. 

16. Perform a ‘weighted flow accumulation’ calculation using the new flow direction raster (from 
Step 13) and the new CAD weight raster (from Step 14) using standard hydrologic modelling 
tools in a GIS environment. The result at a single cell represents the cumulative upstream 
weights of the cells that contribute flow; i.e., the weighted flow accumulation.    

17. Find the average CAD value per cell by utilizing raster division tools, dividing the weighted flow 
accumulation raster (from Step 16) by the non-weighted flow accumulation raster (from 
Step 15).   

18. Combine the CAD raster averaged over the sewershed areas (from Step 11) with the average 
CAD raster calculated over the topographical flow area (Step 17) into a single raster. Because 
these two layers are spatially inverted, they can be combined into one layer using a raster tool 
that retains the maximum value of all common input cells (similar concept to Step 9). The 
resultant dataset represents the Hazard Score raster of the Risk Score calculation.  

Proceed to Step 22. 

Figure 3-7 presents sample output of the flow accumulation tool. The arrows show the direction of 
flow and the number represents the number of cells that contribute flow to that cell. 
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Figure 3-7 Example of Output from a Flow Accumulation Tool 

Figure 3-8 presents the resultant Hazard Score raster for a sample location with both natural 
catchment areas and urban sewersheds. 

 
Figure 3-8 Example of a Hazard Score Raster Dataset 
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3.3.6 Generate the Hazard Score Raster (Do Not Include Sewersheds) 

The procedure for creating the Hazard Score raster for jurisdictions that do not include sewersheds 
is presented below: 

19. Perform a non-weighted ‘flow accumulation’ calculation based on the flow direction raster (from 
Step 3) using standard hydrological modelling tools in a GIS environment. 

20. Perform a ‘weighted flow accumulation’ calculation using the flow direction raster (from Step 3) 
and the CAD weight raster (from Step 6) using standard hydrological modelling tools in a GIS 
environment.  

21. Find the average CAD value per cell by utilizing raster division tools, and dividing the weighted 
flow accumulation raster (from Step 20) by the non-weighted flow accumulation raster (from 
Step 19). The resultant dataset represents the Hazard Score raster of the Risk Score 
calculation.  

3.3.7 Calculate the Risk Score and Map Potential Salt Vulnerable Areas  

The final step of the procedure for mapping potential SVAs is to calculate the Risk Score on each 
raster cell and sewershed area. The resultant Risk Scores can be assigned a designation of 
negligible, low, moderate or high risk and mapped over the local jurisdiction. Areas of low, medium 
or high risk represent the potential SVAs and should be considered in the detailed assessment 
presented in Section 4. 

22. Using a raster calculator tool multiply the Vulnerability Score raster (from Step 10) by the 
Hazard Score raster (from either Step 18 or Step 21) to obtain the Risk Score raster. 

23. Categorize the results of the Risk Score raster (from Step 22) based on the intervals presented 
in Table 3-3, to map the potential SVAs: 

Table 3-3 Risk Scores and 
Corresponding 
Designations 

Risk Score Risk Designation 
0 – 2 Negligible 
2 – 5 Low 
5 – 8 Moderate 
> 8 High 

24. Perform spatial intersections between the road network dataset and the final Risk Score raster 
(Step 23) to determine roadways that are likely negatively impacting proximate potential SVAs. 
The same spatial intersection is applicable with the final Risk Score raster and the zoning/land 
use data. 

Figure 3-9 shows the resultant Risk Score map. 
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Figure 3-9 Example of a Risk Score Raster Dataset 

3.4 Steps Forward 

Section 3 outlines a procedure for identifying ‘potential’ SVAs. Risk Scores are calculated, where 
risk takes into account both the relative distribution of road salt application based on land use type 
and the minimum chloride threshold limit of the receptors within the jurisdictional boundary of the 
road organization.  

Potential SVAs are defined as receptors designated as having a low, medium or high risk of 
adverse impacts from exposure to high chloride concentrations as determined in the above section. 
The potential SVAs are confirmed by comparing the chloride loading to the chloride threshold limits 
of the receptors. A SVA contains at least one receptor with a chloride threshold limit that is 
exceeded by the chloride loading. Section 4 provides a framework for quantifying the chloride 
loading of the receptors and confirming the risk of the SVAs to the adverse impacts of chloride 
exposure. This more detailed risk assessment provides a precise mapping of SVAs to aid in the 
prioritization of the areas where best practices should be implemented. 
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4. Chloride Loading Quantitative Risk Score 

4.1 General 

The following sections present the theoretical basis for developing a quantitative Risk Score (RISK’) 
required to map salt vulnerable areas based on the potentially vulnerable receptors identified in 
Section 3. 

The general procedure for quantifying risk is a mass balance approach and involves the calculation 
of the amount of chloride application (mass) applied on the land and the amount of dilution (volume 
of water) contributing to the potentially vulnerable receptor. Chlorides can be applied on roads, 
parking lots, sidewalks, walkways and driveways. Chloride ions can be diluted in rainfall, snowmelt, 
streamflow, baseflow and groundwater recharge depending on the type of receptor identified.  

In this Section, chloride loading values are used to calculate numerical Risk Scores that are 
subsequently used to conduct more precise SVA mapping. Risk Scores are based on a comparison 
of the calculated chloride loading values and the chloride threshold limits of the receptors within the 
study area. This approach to SVA mapping can better assist road authorities in prioritizing the 
regions of their jurisdiction that should benefit from road salt best practices.  

4.2 Basic Data Needs 

The data required to quantify chloride loading of the vulnerable receptors is based on a combination 
of readily available information and theoretically calculated values. No fieldwork is required to 
complete this component of the mapping of SVAs. Only public data sources (e.g., Federal, 
Provincial and Municipal) are required to complete the proposed methodology. Attempts have been 
made to provide default values for particular input parameters if the situation arises where an 
organization cannot obtain site specific data. 

This component of SVA mapping requires a basic understanding of hydrologic principles and a 
strong GIS skillset.  

4.3 Quantitative Risk Score for Various Receptors 

The following section provides a detailed step-by-step procedure to develop a RISK’ for each 
vulnerable receptor identified in Section 3. Using readily available GIS data layers, knowledge of 
salt application rates within the study organization and basic hydrologic and statistical calculations 
RISK’ can be determined and mapped. This section of the Guide outlines the procedure for 
quantifying chloride loading for the following receptors: 

• Section 6.3.1: Aquatic Species 

• Section 6.3.2: Terrestrial Species 

• Section 6.3.3: Groundwater Drinking Water Intake Zones 

• Section 6.3.4: Surface Water Drinking Water Intake Zones 

• Section 6.3.5: Agriculture and Valuable Land 
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4.3.1 Aquatic Species Receptor 

The following section demonstrates how to calculate the RISK’ for aquatic species receptors that 
can be used to map salt vulnerable areas to aquatic species.  

The watercourse RISK’ is determined based on the number of aquatic (and semi-aquatic) species 
that could be impacted by the application of road salts. This can be done by determining the 
likelihood chloride concentrations within a watercourse could reach (and or exceed) known chloride 
toxicity threshold limits for aquatic species. Chloride loading can be determined by calculating the 
mean annual in-stream chloride concentration (SCC) (Equation 1) in watercourses, based on 
topography (or storm sewer networks), watershed land use, salt application rates, and factors 
related to in-stream flow volume, baseflow and background chloride concentrations. SCC is used to 
determine the long-term chloride concentration that is likely to occur at the identified area of 
concern.  

 

Equation 1 Estimation of Mean Annual Stream Chloride Concentration (LSRCA, 2015) 

Once the average long-term chloride concentration has been calculated, it is then important to 
determine the likely range of chloride concentrations that could occur at the identified area of 
concern in order to determine the potential range of short-term chloride concentrations. The range 
of chloride concentrations can be determine through statistical analysis as outlined in Betts et. al. 
2014. Betts et al. 2014 used the lognormal cumulative distribution model to predict the probability 
that the chloride concentrations in each study watercourse would exceed reference LC/EC50 values. 
To use the lognormal cumulative distribution model two input parameters are required: the mean 
(SCC) and the standard deviation of the mean (σ). Betts et al. 2014 identified a strong correlation 
(R2 = 0.9899) between measured mean annual in-stream chloride concentration and standard 
deviation of the mean from long-term chloride monitoring from seven stations in the City of Toronto. 
Equation 2 can be used to estimate the standard deviation of the mean chloride concentration value 
required for the lognormal cumulative distribution model. 

𝑆𝐶𝐶𝐶𝐶 =  𝐶𝐶𝐶𝐶× 1−𝐵𝐹𝐼 +𝐵𝐶𝐶𝐶𝐶 × 𝐵𝐹𝐼 ×𝑀𝐶𝐶𝐹
𝑀𝐶𝐶𝐹

Where:

SCC = mean annual in-stream chloride concentration (mg/L)

CA = chloride application (mg) (Section 4.3.1.3)

BFI = baseflow index (Section 4.3.1.5)

BCC = mean annual baseflow chloride concentration (mg/L) 
(Section 4.3.1.6) 

MAF = mean annual flow (L) (Section 4.3.1.4)
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Equation 2 Calculation of the Standard Deviation of the Mean Chloride Concentration 
Based on the Correlation between the Measured Mean and Standard Deviation 
Presented in Betts et al. (2014). 

Equation 3 can be used to convert the calculated standard deviation of the mean chloride 
concentration into the logarithm standard deviation (Miller et al. 1990).  

 

Equation 3 Calculation of the Logarithm Standard Deviation of the Mean (Miller et al. 1990) 

The watershed vulnerability can be calculated by multiplying the probability of occurrence by the 
impact. This is done by calculating the probability that the SCC value will meet or exceed the 
chloride exposure limit for each aquatic species identified in the study area. The probability of 
occurrence for each of the aquatic species exposure limits is calculated from one minus the 
cumulative probability distribution function as presented in Equation 4.  

 

Equation 4 Calculation of the Probability of Occurrence of the Chloride Concentration of a 
Watercourse to Equal or Exceed the Toxicity Threshold Limit of Known Aquatic 
Species 

The RISK’ for each watercourse is determined by calculation the sum of the probability of 
occurrence meeting or exceeding each aquatic species known toxicity limit. Figure 4-1 presents a 
summary flow chart of the methodology to determine vulnerability to aquatic life within any 
organizations jurisdiction. The detailed step-by-step procedure is documented in the following 
section. Basic understanding of hydrologic processes, statistics and GIS data processing is required 
to perform the prescribed methodology. 

Where:

σy = Logarithm standard deviation of the mean

σx = Standard deviation of the mean (mg/L)

μx = SCC (mg/L)
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Figure 4-1 Flow Chart Summary of the Step-by-Step Calculation of Road Salt 
Vulnerability for Aquatic Species Using Readily Available GIS Data, 
Local Hydrologic and Background Concentration Data and Local 
Salt Application Rates. 

4.3.1.1 Define the Study Area Boundary 

The first step in the procedure is to establish the physical geographic area that the salt vulnerable 
area mapping is being performed on. This should be a carry forward from the potentially vulnerable 
areas identified in Section 3, but could also include additional areas where there is a particular 
concern for the impact of future development on sensitive receptors. Once the areas of concern 
have been identified, it is necessary to determine the land upstream of the area of concern that 
could contribute road salt runoff and dilution water.  

In order to complete this step, it is essential to use topographic data to sub-divide the study area 
into smaller areas on which to perform the chloride loading to waterbodies and watercourses. This 
is accomplished by delineating the study area into multiple sub-catchment areas. Subcatchments 
are physically delineated by an area upstream from a specified point. The average size of the sub-
catchment areas should be selected based on the level of detail required in the output of the 
analysis. For example, an average of 10 ha was selected for a study conducted by the Lake Simcoe 
Region Conservation Authority (LSRCA) (2015). However, this value can change based on the 
overall size of the study area, level of detail required in the results and desired processing time. In 
urban areas, sewersheds can also be used to represent the spatial extent of the chloride loading 
calculation.  
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4.3.1.2 Prepare the Topographical Data 

Follow Section 3.3.2 to prepare the topographic data required for the assessment. The result is a 
flow direction raster that will be used as input to the flow accumulation tool in the following sections.  

4.3.1.3 Prepare the Chloride Application Raster Dataset 

The following section explains how to calculate the ‘Chloride Application raster’ that is an input 
parameter to the SCC calculation.  

The Chloride Application raster is created in a GIS environment by combining maps of chloride 
application routes on roads and parking lots, and employing a weighted flow accumulation tool to 
estimate the amount (mass) of chloride carried down-gradient of the application area by surface 
water runoff.  

A weighted flow accumulation tool operates on a grid of raster cells and it requires a flow direction 
raster and ‘weight raster’ as inputs. Non-weighted flow accumulation at a cell is equal to the number 
of upstream cells that contribute flow to it, determined based on the cell elevations. In this 
application, a weighted flow accumulation tool is utilized to estimate the accumulation of chloride in 
the cells downslope of the roads and parking lots that have received salt application. The weight 
raster is equal to the amount of chloride applied to a cell.  

The following steps can be used to create the Chloride Application raster using the combined road 
network and land use shapefile generated in Section 3. 

1. Calculate the mean annual per-area chloride unit application rate for road land use types.  

a) Obtain the annual records of the mass of road salt purchased by the road authority.  

b) Subtract the mass of road salt that is left over at the end of the winter season from the 
mass of road salt purchased throughout the season, to estimate the mass of road salt 
applied during the season. 

c) Divide the mass of road salt applied during the winter season by the area of roads that 
received salt application (i.e., the length of roads that receive salt application within the 
jurisdiction multiplied by the number of lanes and the lane widths) to obtain the annual 
per-area road salt application rate. 

d) Repeat Steps 1a to 1c for all years with road salt purchase records. Calculate the 
mean annual per-area road salt application rate. 

e) Convert the mean annual per-area road salt application rate (from Step 1d) to a 
chloride application rate based on the molecular weight of chloride ion compared to the 
weight of the sodium chloride substance. Chloride can be approximated as 60% of 
sodium chloride by weight (Betts et al., 2014). 

2. Calculate Chloride Application for the transportation/road land use areas as the product of the 
land use area and the per-area chloride unit application rate provided in milligrams per 
square-metre (mg/m2). 
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3. Calculate the mean annual per-area chloride unit application rate for industrial, commercial 
and institutional land use types. 

a) Estimate the fraction of the land use area that receives road salt application. The 
fraction represents the portion of the land use area that is represented by a parking lot. 
Sample fractions for each land use type are provided in Table 4-1. The fractions were 
developed for a study by Perera et al., (2010) that took place in the City of Toronto. 
The user may wish to conduct their own analysis to determine a set of fractions that 
are more representative of the land use types in their jurisdiction such as in LSRCA 
(2015). 

b) Calculate the mean annual per-area road salt application rate. The recommended per-
event road salt unit application rate for parking lots servicing industrial, commercial and 
institutional land use types is 58.1 g/m2 (LSRCA, 2015). The value was reported as the 
most common “light” road salt application rate applied to parking lots by contractors as 
per a Landscape Ontario Survey (Fu et al., 2013). Multiply 58.1 g/m2 by the average 
number of winter maintenance events (events road salts were applied for winter 
maintenance) per season, to estimate the mean annual per-area road salt application 
rate. 

c) Convert the mean annual per-area road salt application rate (from Step 3b) to a 
chloride application rate based on the molecular weight of the chloride ion compared to 
the weight of the sodium chloride substance. Multiply the mean annual per-area road 
salt application rate by 60%. 

Table 4-1 Fractions of Area Receiving 
Road Salt Application by Land 
Use Type (Perera et al., 2010) 

Land Use Type Fraction of Area 
Receiving Road 
Salt Application 

Commercial 0.56 
Industrial 0.456 
Institutional 0.154 
Roads 1 
Residential 0.24 
Open 0 

4. Calculate Chloride Application for industrial, commercial and institutional land use areas as 
the product of the land use area, the fraction of land use area receiving road salt application 
and the per-area chloride unit application rate (mg/m2). 

5. Calculate Chloride Application for residential land use areas as the product of the land use 
area, the fraction of the area receiving salt application and the per-area chloride unit 
application rate (mg/m2) multiplied by a weighting factor of 0.5 (Perera et al., 2010). Refer to 
Table 4-1 to obtain the fraction of the area receiving salt application.  

6. Chloride Application for open space land use areas can be set equal to zero (0) mg/m2. 
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7. Convert the modified land use shapefile to a raster grid of the same resolution as the flow 
direction raster. This dataset represents the Chloride Application weight raster. 

8. Employ the weighted flow accumulation tool, using the flow direction raster and Chloride 
Application weight raster (from Step 7) as inputs to generate the final Chloride Application 
raster.  

9. If conducting the vulnerability assessment in an urban environment, sewersheds should be 
incorporated into the assessment. 

a) Create a polygon area to represent the portions of the study area that do not belong to 
a sewershed. This polygon area can be called the topographical flow area. 

b) Use the topographical flow area polygon to mask (isolate) the flow direction raster cells 
to create a new flow direction raster for topographical flow only.  

c) Use the topographical flow area polygon to mask the weight raster cells to create a 
new weight raster for topographical flow only.  

d) Perform a weighted flow accumulation calculation using the new flow direction raster 
(from Step 8b) and the new weight raster (from Step 8c) as inputs using standard 
hydrologic modelling tools in a GIS environment. The output of the tool is the Chloride 
Application raster for the topographical flow area. 

e) Calculate the average Chloride Application value over each sewershed area using the 
Chloride Application weight raster (from Step 6). This step can be accomplished using 
a ‘zonal statistics’ tool where statistical values of a raster (Chloride Application weight 
raster) are calculated within the boundaries of a polygon area (a sewershed area).  

f) Combine the Chloride Application raster averaged over the sewershed areas with the 
Chloride Application raster for the topographical flow area into a single raster layer, 
representing the Chloride Application raster.  

4.3.1.4 Prepare the Mean Annual Flow Raster Dataset 

Mean Annual Flow (MAF) represents the chloride dilution factor of the SCC equation. It is calculated 
from a streamflow time series recorded at a hydrometric station. Hydrometric station data is 
available from the Government of Canada (2017b https://wateroffice.ec.gc.ca/) and it may also be 
available from conservation authorities (Ontario), provinces, municipalities or private businesses.  

If there is no hydrometric station located in the vicinity of the study area, a representative 
streamflow time series must be obtained from which MAF can be calculated. There are several 
methodologies available in literature to calculate a representative streamflow time series for 
ungauged watercourses. One simple and easy to use method is the Drainage Area Ratio (DAR) 
method. This method can be used to estimate streamflow at an ungauged site, which in turn can be 
used to calculate the MAF in the raster cells of the study area. The method was formed based on 
the assumption that the discharge at an ungauged site can be approximated by multiplying the ratio 
of the drainage area of the ungauged site and the drainage area of the nearby gauged site, by the 
discharge recorded at the gauged site. The method must be performed using drainage areas of 
similar hydrologic characteristics (size, land use, soil types and precipitation patterns) and is 
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typically only applied if the drainage area ratio is between 0.5 and 1.5, but can be set differently if 
information is available to support it use. The equation for the DAR method is presented below as 
Equation 5: 

 

Equation 5 Drainage Area Ratio Method for Calculation of Stream Flow at Ungauged Sites 
(Emerson et al., 2005) 

The steps to prepare the MAF raster layer are provided below. 

1. Convert the streamflow record to an annual time series and calculate the average of the time 
series values (the MAF). MAF should be converted to a volumetric flow rate, provided in litres 
per year (L/year). 

2. Calculate the contributing drainage area for each raster cell within the study area. Employ the 
weighted flow accumulation tool using the flow direction raster and a constant weight raster 
value equal to the area of one cell as inputs. The output is a raster layer of the contributing 
drainage area of each cell.  

3. Create the MAF raster for the study area by multiplying the contributing drainage area of 
each raster cell (determined in Step 11) by the ratio of the MAF and the contributing drainage 
area at the hydrometric station selected for the analysis.  

4. If conducting the vulnerability assessment in an urban environment, sewersheds should be 
incorporated into the assessment.  

a) Estimate MAF values for each sewershed area by multiplying the area of the 
sewershed by the ratio of the MAF and the contributing drainage area at the 
hydrometric station.  

b) Convert the sewershed areas into a raster layer of the same resolution as the flow 
direction raster. 

c) Create a polygon area to represent the portions of the study area that do not belong to 
a sewershed. This polygon area can be called the topographical flow area.  

𝑄𝑢 = 𝐷𝐶𝐶𝑢
𝐷𝐶𝐶𝑎𝑎

∗𝑄𝑎𝑎

Where:

𝑄𝑢 = estimated flow rate at the ungauged station (m3/s)

𝐷𝐶𝐶𝑢  = drainage area of the ungauged site (km2)

𝐷𝐶𝐶𝑎𝑎 = drainage area of the gauged site (km2)

𝑄𝑎𝑎 = flow rate recorded at the gauged station (m3/s)
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d) Use the topographical flow area polygon to mask (isolate) the flow direction raster cells 
to create a new flow direction raster for topographical flow only. 

e) Perform a weighted flow accumulation calculation using the new flow direction raster 
and a constant weight raster value equal to the area of one cell as input. The output 
provides a raster layer of the contributing drainage area for each cell for the 
topographical flow area. 

f) Create the MAF raster layer for the topographical flow area by multiplying the 
contributing drainage area raster by the ratio of the MAF and the contributing drainage 
area at the hydrometric station.  

g) Combine the MAF raster over the sewersheds (from Step 13a) and the MAF raster 
over the topographical flow area (from Step 13f) into a single raster layer representing 
the final MAF raster.  

4.3.1.5 Prepare the Baseflow Index Dataset 

If a Baseflow Index (BFI) map is available for the study area, convert it to a raster grid of the same 
resolution as the flow direction raster. BFI data is available from the Ontario Geological Survey 
(Piggot and Sharpe, 2007) for a portion of Ontario. It is also available from the Pacific Climate 
Impacts Consortium (2017) for parts of British Columbia. 

There is no direct way to measure baseflow in the field, therefore, if baseflow data has not been 
calculated for the study area, it must be estimated. Many approaches have been developed to 
separate a baseflow time series from a total streamflow record. Hydrograph separation is the most 
commonly used method for estimating baseflow. Several computer-based tools have been 
developed to automatically perform hydrograph separation. It is recommended to utilize one of 
these tools to estimate the BFI provided that baseflow data is not available for the study area. A list 
of automated hydrograph separation tools is provided below with links to their respective websites 
for download details and user information: 

• SepHydro by the Canadian Rivers Institute: 
http://canadianriversinstitute.com/tool/pageMain.php 

• Streamflow Analysis and Assessment Software (SAAS) by Robert A. Metcalfe, University of 
Trent: http://people.trentu.ca/~rmetcalfe/SAAS.html 

• BFI+ by the HydroOffice: https://hydrooffice.org/Tool/BFI  

• Soil & Water Assessment Tool (SWAT) by Texas A&M University: 
http://swat.tamu.edu/software/baseflow-filter-program/ 
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4.3.1.6 Calculate Mean Annual In-Stream Chloride Concentration (SCC) Per Sub-
catchment Area 

Calculate the chloride loading (or SCC) of the aquatic receptor. Prior to performing the calculation, 
the rasters of the SCC input parameters must be averaged over the sub-catchment and/or 
sewershed areas. 

1. Chloride Application: Compute an average Chloride Application value over each sub-
catchment area using a zonal statistics tool in a GIS environment. Zonal statistics tools 
calculate the statistics of a raster layer (the Chloride Application raster layer) within the zones 
of another spatial dataset (the sub-catchment area shapefile). Chloride Application was 
previously calculated over the sewershed area in Section 4.3.1.3. 

2. MAF: Compute the average MAF over each sub-catchment area using the MAF raster layer 
and sub-catchment area shapefile as inputs to a zonal statistics tool. MAF was previously 
calculated over the sewershed areas in Section 4.3.1.4. 

3. BFI: If a BFI map is available for the study area, calculate the average BFI value over each 
sub-catchment area using the BFI raster and sub-catchment area shapefile as inputs to a 
zonal statistics tool. 

4. If a BFI map is not available for the study area, assign the BFI value estimated using the 
hydrograph separation method selected from Section 4.3.1.5 to each sub-catchment area.  

5. Baseflow Chloride Concentration (BCC): BCC can be estimated from groundwater water 
quality records or, alternatively, it can be derived from streamflow water quality records 
during periods of low flow.  

6. If BCC data is available within the study area, assign the appropriate value(s) to the sub-
catchment and sewershed areas. If baseflow water quality data is not available for the study 
area, select a BCC value from Figure 1 of Annex A of the Code of Practice (Environment 
Canada, 2004), which is also presented in Appendix E Figure E-3 of this document, to each 
sub-catchment and sewershed area.  

7. Calculate SCC for each sub-catchment and sewershed area using the equation presented 
below: 
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4.3.1.7 Quantify the Risk to the Sub-catchment Areas 

The final step in the vulnerability assessment for aquatic receptors is to assign RISK’ to each sub-
catchment or sewershed area.  

RISK’ measures the number of aquatic species that would be impacted by the calculated SCC 
value. In general, the score is determined by comparing the calculated SCC value to the chloride 
toxicity threshold limits of the aquatic species in each sub-catchment/sewershed area.  

The risk to an aquatic species can be evaluated for both short-term (acute) and long-term (chronic) 
exposure limits. The calculated SCC value represents the long-term (chronic) average and can be 
compared directly with the long-term toxicity threshold limits presented in CCME, (2011) Canadian 
Water Quality Guidelines for the Protection of Aquatic Life (summary table provided in Appendix C).  

To evaluate risk to short-term threshold limits a few additional steps are required. The short-term 
threshold limit requires statistical analysis, using the SCC lognormal probability distribution. The 
lognormal probability distribution allows the calculation of the range of short-term chloride 
concentrations at the study area. The risk is based on the probability that the SCC value will meet 
or exceed the chloride exposure limit for short-term exposure for each aquatic species identified in 
the sub-catchment area.  

RISK’ for both long-term and short-term threshold limits is equal to the total number of aquatic 
species in the sub-catchment area, with threshold limits that have an SCC value that meets or 
exceeded by the known toxicity limits. Detailed steps to evaluate the short-term vulnerability is 
provided below.  

A comprehensive list of short-term and long-term threshold exposure limits for 59 and 28 aquatics 
species, respectively, that are common to Canada is provided in Appendix C of this document. If it 
is unknown which aquatic species reside in the sub-catchment area, it is recommended to calculate 
the Vulnerability Score for all 59 species. Alternatively, to perform a more meaningful assessment of 
vulnerability in the study area, a species monitoring program can be implemented to determine 
which species inhabit the area.  

The procedure for calculating the short-term RISK’ for aquatic species is provided below: 

1. The mean and the logarithm standard deviation are required as input parameters to calculate 
the probability distribution function for the SCC lognormal probability distribution. The first 
step is to determine the two parameter values.  

a) The mean is equal to the SCC value computed in Section 4.3.1.6.  

b) Calculate the standard deviation (σx) of the SCC values using the following equation 
(Betts et al., 2014): 
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c) Convert the standard deviation of the in-stream chloride concentration (σx) to the 
logarithm standard deviation of the in-stream chloride concentration (σy) using the 
equation presented below: 

   

2. Calculate the probability that the SCC value will meet or exceed the chloride exposure limit 
for each aquatic species identified in the sub-catchment area by employing the equation 
below. Conduct this step for each sub-catchment or sewershed area, separately. It is 
recommended to perform this assessment in a spreadsheet program (e.g. EXCEL) as these 
provide an easy-to-use method built-in statistical tools. 

 

3. Calculate the numerical Rank Score for each sub-catchment area. The Rank Score is equal 
to the sum of the impacted aquatic species within the sub-catchment or sewershed area. A 
species is impacted if the probability of occurrence is equal to or larger than 0.011 (Betts et 
al., 2014). In other words, species whose chloride exposure limits have at least a 0.011 
probability of occurrence of being exceeded by the SCC value, are considered at risk and are 
included in the calculation of the Rank Score.  

4. Convert the Rank Score into RISK’ within the spreadsheet. RISK’ can be categorized into 
four categorizes based on level of Risk as outlined in Table 4-2: 

Table 4-2 RISK’ Mapping Categories for Aquatic Species Receptors 

RISK’ Rank Score 
High Risk > 5 
Moderate Risk 5 - 1 

𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦 𝑜𝑓 𝑂𝑐𝑐𝑢𝑟𝑟𝑒𝑛𝑐𝑒 = 1− 𝐿𝑂𝐺𝑁𝑂𝑈𝑈𝑀.𝐷𝐼𝑆𝑇(𝑋,𝑆𝐶𝐶𝐶𝐶,𝜎𝑦)

Where:

X = chloride exposure limit of an aquatic species (mg/L)

SCC = mean annual in-stream chloride concentration (mg/L)

σy = logarithm standard deviation of the annual in-stream chloride concentration (mg/L) 
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Table 4-2 RISK’ Mapping Categories for Aquatic Species Receptors 

RISK’ Rank Score 
Low Risk 1 
Negligible Risk < 1 

5. Combine RISK’ with the attribute table of each sub-catchment/sewershed to create a RISK’ 
raster. Perform spatial intersections between the road network dataset and the final RISK’ 
raster to determine roadways that are vulnerable to road salt application.  

4.3.2 Terrestrial Species 

The procedure for computing RISK’ for terrestrial species is based on the potential of the drinking 
water source (stream, rivers, etc.) to experience long-term chloride concentrations that exceed 
toxicity threshold limit for each identified species. The proposed methodology uses the same 
procedure identified in Section 4.3.1 for calculating mean annual in-stream chloride concentration 
(SCC) value computed for Aquatic Life Receptors. Similarly to Section 4.3.1, the Risk Score is 
based on the number of species impacted.  

The list of terrestrial species in this evaluation should include any identified Species at Risk (SAR) 
found within the study area. Several toxicity threshold limits for common terrestrial species has 
been provided in Section 2.3 with additional sources of information for additional terrestrial 
threshold limits presented in Appendix D. The presence of SAR within the study area can be 
determined from SAR mapping. In Ontario, SAR mapping is made available at a 1 km x 1 km 
resolution by the Ontario Ministry of Natural Resources and Forestry upon request. In areas where 
SAR mapping is not available, a field study may be required to identify the SAR within the 
potentially vulnerable areas.  

Mapping of RISK’ to assess the spatial distribution of SVAs for terrestrial receptors in the study area 
can be done similar to mapping of long-term vulnerable areas as outlined in Section 4.3.1.7. RISK’ 
can be categorized into four categorizes based on level of risk as outlined in Table 4-3: 

Table 4-3 RISK’ Mapping Categories for Terrestrial Species Receptors 

RISK’ Rank Score 
High Risk > 5 
Moderate Risk 5 - 1 
Low Risk 1 
Negligible Risk < 1 

4.3.3 Groundwater Drinking Water Intake Receptors 

The following section explains how to calculate RISK’ to the groundwater drinking water intake 
receptors. The area of influence for the groundwater drinking water intake receptor is known as the 
capture zone. 

The RISK’ represents chloride loading to groundwater resources calculated as the mean annual 
recharge chloride concentration (RCC), and it is calculated over the areas of the well capture zones. 
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RCC is used in the calculation of RISK’ and is used to complete the detailed SVA mapping of the 
groundwater drinking water intake zone receptors. RISK’ is defined as the ratio of RCC and the 
Canadian Drinking Water Quality Guideline, established by CCME (1998), of 250 mg/L. 

The proposed methodology uses readily available GIS data, salt application data and basic 
hydrologic calculations to develop a mass balance approach to convert the spatial salt application 
rates to a vulnerability assessment. This method is based on Betts et al. 2015, which relies on three 
key assumptions: 

1. Road salts applied in a study area are transported by either surface runoff or groundwater 
recharge (infiltration). 

2. Chloride concentrations in surface runoff are the same as the chloride concentrations in 
groundwater recharge when spatially averaged for a given watershed. This is premised on 
groundwater recharge originating from surface runoff in urban areas. 

3. The volume of water in groundwater recharge is, on an annual long-term average, equal to 
the volume of water discharged into the stream as baseflow. 

Groundwater recharge is refers to surface contributions from precipitation and runoff only and does 
not consider groundwater recharge from surface water bodies (e.g., lakes and rivers). The mean 
annual groundwater recharge chloride concentration can be calculated using Equation 6. 

 

Equation 6 Mean Annual Groundwater Recharge Chloride Concentration (RCC) 

4.3.3.1 Capture Zone Delineation 

The vulnerability assessment for groundwater drinking water intake receptors is performed within 
the capture zone of the municipal supply well. Capture zones are defined as the areas surrounding 
the municipal supply wells in which land use activities may impact the quality of the groundwater 
contributing to the well. They are typically delineated using 3-dimensional models that represent 
groundwater flow to a pumped well. Topography, quantity of pumped water, aquifer and soil 

Where:

RCC = mean annual groundwater recharge chloride 
concentration (mg/L)

CA = chloride application (mg) (Section 4.3.1.3)

𝝋 =  the fraction of groundwater recharge originated from non-
salted areas (dimensionless) (Section 4.3.3.5)

𝜽= the fraction of groundwater recharge that discharge 
through interflow (dimensionless) (Section 4.3.3.6)

MAF = mean annual flow (L) (Section 4.3.1.4)

𝑹𝑪𝑪= 𝑪𝑨′
𝑴𝑨𝑭∗

𝟏−𝝋 ∗ 𝟏 −𝜽
𝟏 −𝝋 ∗ 𝟏 −𝜽 +𝝋
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properties (i.e., geology, hydro-stratigraphy, hydraulic conductivity), direction and velocity of 
groundwater flow are used to characterize the models. 

The Ontario Ministry of the Environment and Climate Change (MOECC) requires the delineation of 
capture zones surrounding municipal supply wells as part of the community Source Water 
Protection Plans. These capture zones are known as wellhead protection areas (WHPAs). WHPAs 
are classified into four zones which represent different travel times. These zones represent a travel 
time of: Zone A: the 100 m radius of the well, Zone B: the 2-year travel time to the well, Zone C: the 
5-year travel time to the well; and Zone D: the 25-year travel time to the well.  

In regions where capture zone maps are available for several travel times (e.g., in Ontario), the user 
can select the travel time area in which the vulnerability assessment is performed. It is 
recommended to perform the assessment within a longer travel time area (i.e., 25-year) to provide 
more conservative results. Shorter travel time areas (i.e., 2-year and 5-year) should only be used 
when there are short-term water quality concerns. If capture zones are not available, it is first 
recommended to perform hydrogeological modelling to delineate the capture zones. Alternatively, 
capture zone areas can be approximated by building a buffer area around the wellhead in a GIS 
environment. The selected buffer area should not be less than 100 m radius of the wellhead. 

4.3.3.2 Clip Spatial Datasets to the Capture Zone Boundary  

Clip the spatial datasets to the capture zone of the municipal supply well to reduce the 
computational time required to perform the analysis.  

4.3.3.3 Calculate the Weighted Average Chloride Application Value 

This section explains how to calculate the average Chloride Application value. The average 
Chloride Application value is used as input to the RCC equation. It represents the average amount 
(mass) of chloride applied to the capture zone area, weighted based on the land use type of the 
application areas.  

The steps for computing average Chloride Application are as follows: 

1. Follow Step 1 of Section 4.3.1.3 for Aquatic Life Receptors to calculate the mean annual per-
area chloride unit application rate for roads. 

2. Follow Step 3 of Section 4.3.1.3 to calculate the mean annual per-area chloride unit 
application rate for parking lots servicing industrial, commercial and institutional land use 
types. 

3. Follow Step 5 of Section 4.3.1.3 to calculate the mean annual per-area chloride unit 
application rate for residential parking lots and driveways. 

4. Calculate the total area of the road land use type receiving salt application (Ar), the total area 
of the industrial, commercial and institutional land use types receiving salt application (AICI), 
and the total area of the residential land use type receiving salt application (Ares) within the 
capture zones.  
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5. Calculate the average Chloride Application to the capture zones using the following equation: 
𝐶𝐶𝐶𝐶𝑎𝑎𝑎𝑎𝑎𝑎 = (𝑈𝑈𝐶𝐶𝑈𝑈𝑟𝑟 × 𝐶𝐶𝑟𝑟) + (𝑈𝑈𝐶𝐶𝑈𝑈𝐼𝐼𝐼𝐼𝐼𝐼 × 𝐶𝐶𝐼𝐼𝐼𝐼𝐼𝐼) + (𝑈𝑈𝐶𝐶𝑈𝑈𝑟𝑟𝑟𝑟𝑟𝑟 × 𝐶𝐶𝑟𝑟𝑟𝑟𝑟𝑟) 

Where: 

CAavg = weighted average amount of chloride applied to the capture zone study area (mg) 

UARr = per-area chloride unit application rate applied to roads (mg/m2) 

Ar = total area of roads that receive salt application (m2) 

UARICI = per-area chloride unit application rate applied to parking lots servicing industrial, 
commercial and institutional land use types (mg/m2)  

AICI = total area of ICI parking lots that receive salt application (m2) 

UARres = per-area chloride unit application rate applied to residential parking lots and 
driveways (mg/m2) (estimated to be 0.5UARr) 

Ares = total area of residential parking lots and driveways that receive salt application (m2) 

4.3.3.4 Calculate the Mean Annual Flow Value 

One of the dilution factors of the RCC equation is equal to the baseflow component of Mean Annual 
Flow (MAF). As such, MAF is an important input parameter to the RCC equation.  

A streamflow record is needed to calculate MAF at the wellhead location. Since stream gauges are 
not available at wellhead locations, the MAF must be approximated. 

It is recommended to use the Drainage Area Ratio (DAR) method to estimate the MAF at the 
wellhead location, where the drainage area of the ungauged site is equal to the area of the capture 
zone.  

1. Obtain a nearby streamflow record with a known contributing drainage area. Ideally the 
contributing drainage area to the hydrometric station should have similar hydrologic 
characteristics to the area of the study area.   

2. Perform the DAR method to estimate the MAF at the location of the wellhead within the 
capture zone. Convert the estimated streamflow record to an annual time series and 
calculate the MAF.  

4.3.3.5 Calculate the Recharge Fraction from Non-salted Areas, phi (φ) 

Phi (φ) represents the fraction of the capture zone area that does not receive salt application. It is 
another dilution factor of the RCC equation that accounts for the non-salted water contributing to 
groundwater recharge within the capture zone of the well, and it is determined using the data in the 
land use shapefile. The following step explains how to calculate the dilution factor, φ: 

1. The fraction of the capture zone area that does not receive salt application is estimated using 
the following equation:  

𝜑𝜑 =  𝐶𝐶 − 𝐶𝐶𝑟𝑟𝑎𝑎
𝐶𝐶  
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Where: 

φ = the fraction of the capture zone area that does not receive salt application (dimensionless) 

A = the total area of the capture zone (m2) 

Asa = the salted area of the capture zone (calculated in Step 4 of this section as the sum of Ar, 
AICI and Ares) 

4.3.3.6 Calculate the Fraction of Groundwater Recharge that Discharges as Interflow, 
theta (θ) 

Theta (θ) represents the fraction of of groundwater recharge that discharges, in a relatively short 
period of time, back into surface water through a process known as interflow. Interflow is referred to 
a the horizontal movement of water in the unsaturated soil zone, in a relatively short period of time 
following a storm event. 

Baseflow separation techniques can be used to calculate the fraction of interflow. A useful tool to 
perform this calculation is the Ontario Flow Assessment Tool (OFAT) Daily Flow Toolkit, created by 
the Ontario Ministry of Natural Resources. OFAT uses the Environment and Climate Change 
Canada Hydrometric database (HYDAT) of stream flow data and performs baseflow separation 
techniques using a two parameter digital filter. A digital filter is a numerical algorithm that partitions 
the streamflow hydrograph into “high frequency” (quick flow) and “low frequency” (baseflow) 
components. Quick flow represents the direct response to a rainfall event and includes overland 
flow (runoff), lateral flow in the soil (interflow) and rainfall that falls directly onto the stream surface. 
Baseflow represents the longer-term discharge derived from natural storage. 

4.3.3.7 Calculate the Mean Annual Groundwater Recharge Chloride Concentration (RCC) 
on Each Capture Zone 

Calculate RCC for all capture zones using the equation presented below:  

 

Where:

RCC = mean annual groundwater recharge chloride 
concentration (mg/L)

CA = chloride application (mg)

𝝋 =  the fraction of groundwater recharge originated from non-
salted areas (dimensionless)

𝜽= the fraction of groundwater recharge that discharge 
through interflow (dimensionless)

MAF = mean annual flow (L)

𝑹𝑪𝑪= 𝑪𝑨′
𝑴𝑨𝑭∗

𝟏−𝝋 ∗ 𝟏 −𝜽
𝟏 −𝝋 ∗ 𝟏 −𝜽 +𝝋
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4.3.3.8 Quantify the Risk to the Capture Zones 

The final step of the vulnerability assessment for groundwater drinking water intake receptors is to 
assign a RISK’ to each capture zone area.  

The Rank Score is simply calculated as the RCC value divided by 250 mg/L which is the Canadian 
Drinking Water Guideline threshold value for chlorides. Using Table 4-5 the Rank Score can be 
converted into RISK’.  

Table 4-4 RISK’ Mapping Categories for 
Capture Zone Receptors 

RISK’ Risk Score 
High Risk > 1 
Moderate Risk 1 – 0.5 
Low Risk 0.5 
Negligible Risk < 0.5 

Combine RISK’ with the attribute table of each capture zone to create a mapped RISK’. Perform 
spatial intersections between the road network dataset and the final RISK’ to determine roadways 
that are vulnerable to road salt application. 

4.3.4 Surface Water Drinking Water Intake Receptors 

The following section explains how to calculate RISK’ to surface water drinking water intake 
receptors.  

RISK’ is determined by calculating the chloride loading that contributes to the intake receptor of the 
drinking water source. Chloride loading is represented by the mean annual in-stream chloride 
concentration (SCC) parameter, and it is calculated over the contributing drainage area to the intake 
receptor. Several Conservation Authorities in Ontario have already determined the influence zones 
for surface water drinking water intake receptors, known as Intake Protection Zones (IPZ). IPZ can 
be defined as the areas (land and water) near and upstream of a drinking water intake where 
human activities may need to be regulated to protect the quality and quantity of surface water that 
supplies the intake. In other areas, where this intake zone (IZ) has not been previously determined, 
it can be set as the entire contributing topographic drainage area (or sewershed). 

The ratio of the calculated SCC value and the drinking water threshold limit, established by CCME 
(1998) as 250 mg/L, is used to calculate RISK’ and to complete the detailed SVA mapping for 
surface water IZ/IPZ receptors. 

Figure presents a summary of the step-by-step procedure to calculate RISK’ for surface water 
drinking water intake zone receptors. 
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Figure 4-2 Summary of the Step-by-Step Procedure to Calculate RISK’ to 
Surface Water Drinking Water Intake Zone Receptors from Road 
Salt Application. 

4.3.4.1 Define the Intake Zone 

Surface water IZs are used to define the boundary on which the SCC is calculated. In Ontario, this 
is referred to as IPZs are delineated by Conservation Authorities through the Source Water 
Protection Plan.  

Similar to capture zones for groundwater drinking water supply sources, there are several levels of 
IPZs. The levels are defined based on the travel time of the water and pollutants to the intake: 
(i) IPZ 1 includes the area immediately adjacent to the intake; (ii) IPZ 2 includes the area within and 
around the surface water body that can reach the intake within 2 hours of travel; and (iii) IPZ 3 
includes the total contributing area where runoff could affect the intake. It is recommended to select 
either IPZ 2 or IPZ 3 as the area on which to compute the chloride loading value.  

For areas that do not have pre-defined IPZs, the IZ can be set as the entire contributing topographic 
drainage area. To calculate the IZ follow the procedure outlined in Section 4.3.1.2 for the Aquatic 
Life receptors to prepare the topographic data.  

4.3.4.2 Prepare the Chloride Application Raster Dataset 

Employ the procedure outlined in Section 4.3.1.3 for the Aquatic Life receptors to prepare the 
Chloride Application raster for the study area.  

4.3.4.3 Prepare the Mean Annual Flow Raster Dataset 

Follow the procedure outlined in Section 4.3.1.4 for the Aquatic Life receptors to prepare a Mean 
Annual Flow (MAF) raster for the study area.  
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stream chloride concentration (SCC)

Step 4: Calculation of the Risk Score

Land Use 

𝑹𝒊𝒔𝒌 𝑺𝒄𝒐𝒓𝒆 =  𝑺𝑪𝑪𝟐𝟓𝟎
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4.3.4.4 Prepare the Baseflow Index Dataset 

Follow the instructions described in Section 4.3.1.5 for the Aquatic Life receptors to estimate the 
Baseflow Index (BFI) value(s) for the study area.  

4.3.4.5 Calculate the Mean Annual In-Stream Chloride Concentration (SCC) Per Intake 
Zone 

Calculate the chloride loading of the surface water drinking water intake zone receptors. The SCC 
parameter is calculated over the IZ/IPZ areas.  

1. Employ a zonal statistics tool to calculate the average value of Chloride Application over the 
IZ/IPZ areas in a GIS environment. Enter the Chloride Application raster and IZ/IPZ shapefile 
as inputs to the zonal statistics tool.  

2. Employ a zonal statistics tool to calculate the average value of MAF over the IZ/IPZ areas in 
a GIS environment. Enter the MAF raster dataset and IPZ shapefile as inputs to the zonal 
statistics tool. 

3. Assign the appropriate BFI and BCC values to the IPZs (see Section 4.3.1.6). 

4. Calculate SCC using the Equation 1 and presented below: 

 

4.3.4.6 Quantify the Risk to the Intake Zones 

The final step in the vulnerability assessment for surface water drinking water receptors is to assign 
and map RISK’ to each IZ/IPZ.  

Using the calculated SCC value for each IZ/IPZ the Rank Score can be calculated by dividing the 
SCC value by the Canadian Drinking Water Guideline threshold limit for chlorides (250 mg/L). The 
Rank Score is essentially the ratio of the SCC value and 250 mg/L. Using Table 4-5 the Rank Score 
can be converted into RISK’.  
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Table 4-5 RISK’ Mapping Categories 
for IZ/IPZ Receptors 

RISK’ Risk Score 
High Risk > 1 
Moderate Risk 1 – 0.5 
Low Risk 0.5 
Negligible Risk < 0.5 

Combine RISK’ with the attribute table of each IZ/IPZ to create a mapped RISK’. Perform spatial 
intersections between the road network dataset and the final RISK’ to determine roadways that are 
vulnerable to road salt application. 

4.3.5 Agricultural and Valuable Land Receptors 

The following section explains how to calculate RISK’ for agricultural and valuable land receptors. 

The main contributor to chloride contamination in agricultural and valuable land is through splash 
and spray from road salt application. Additional contamination can come from irrigation water and 
the application of fertilizers. Because the source of irrigation water is established on a per 
agricultural farm basis and is typically not part of the municipal drinking water supply, this source of 
contamination will not be included in this mapping exercise. Similarly, fertilizer application is 
independent of geographical area, municipal boundary and crop type, this source of contamination 
will also not be included in this mapping exercise. Therefore, only the chloride loading from splash 
and spray with be mapped in this exercise. 

Chloride loading is represented by the common distance chlorides can travel by means of splash 
and spray. Lumis (1973) determined that areas extending from 8 m up to 40 m adjacent to 
highways could receive direct traffic splash. In 1987, McBean and Al-Nassri found that vehicle 
speeds considerable influences the extent of salt splash and spray. They concluded that salt spray 
on roads with an speed limit of 50 km/hr were concentrated within 2 m of the road way, but 
chlorides where also detected up to 28 m from the road. For roads with maximum speed limits of 
100 km/hr, chlorides were concentrated within 10 m of the road way, but where also detected up to 
37 m from the road. Hofstra (1971) identified foliar damage due to elevated salt concentrations up 
to 120 m from Highway 401 in Ontario, where the majority of salt effects resulted from salt spray. 

4.3.5.1 Define the Agricultural and Valuable Land Receptor Area Boundary 

The users are responsible for creating location specific receptor maps for agricultural and valuable 
lands on which the chloride loading calculation is performed. These areas are typically valuable 
farm land and parks/forests.  

The user can create a shapefile of the valuable land using either previously mapped valuable land 
or by using a georeferenced aerial photograph and digitizing a new shapefile. It is important to 
provide unique naming or numbering to each identified agricultural or valuable land receptor in the 
study area. 
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4.3.5.2 Calculate the Impact Zones for Agricultural and Valuable Land 

Calculate the impact zones for agricultural and valuable land by creating a series of buffers of 
different distance from the road. Apply four separate buffers to the road centerline dataset based on 
the buffer zone distances provided in Table 4-6. Table 4-6 also presents the RISK’ attributed to 
each buffer zone. 

Table 4-6 RISK’ Mapping Categories for 
Agricultural and Valuable 
Land Receptors 

RISK’ Buffer Zone 
High Risk < 10 m 
Moderate Risk 10 – 40 m 
Low Risk 40 - 120 m 
Negligible Risk > 120 m 

4.3.5.3 Map RISK’ to establish Vulnerable Agricultural and Valuable Land Areas 

The final step in the vulnerability assessment for agricultural and valuable land receptors is to 
perform spatial intersections between the RISK’ buffers and the location specific receptor maps for 
agricultural and valuable lands to determine roadways that are vulnerable to road salt application. 

4.4 Steps Forward 

Section 6 provides a framework for quantifying the chloride loading and determining RISK’ for the 
identified environmental receptors. The calculated RISK’ values provide a more precise mapping of 
SVAs, and allow the user to better prioritize the implementation of best practices. 

The next step is to develop a mitigation and monitoring program for the SVAs with RISK’. Best 
practices should be implemented in these SVAs. The results of the continuous monitoring program 
can be used to assess the performance of the best practices in reducing chloride concentrations 
overtime. 

5. Mitigation of Salt Vulnerable Areas 

5.1 Development of a Monitoring Program 

Collection of discrete or composite samples of runoff from highways does not effectively represent 
the water quality during a storm event because of significant fluctuation during a storm (Granto and 
Smith, 1999). Corsi et al. (2010) also concluded that because of the episodic nature of road salt 
runoff it is difficult to characterize the full impact of road salts on surface water without the use of 
continuous monitoring focusing on de-icing periods. Many researchers have used specific 
conductance, or electrical conductivity, as a surrogate for chloride concentration in order to 
economically and accurately perform continuous monitoring (Howard and Haynes, 1993; Granto 
and Smith, 1999; Perera et al., 2009; Guan et al., 2010). Howard and Haynes (1993) developed a 
linear correlation demonstrating the strong correlation between electrical conductivity and chloride 
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concentration. Perera et al. (2009) determined that a bi-linear relationship between electrical 
conductivity and chloride concentration improved the accuracy of chloride concentration estimates 
by properly accounting for the contribution from other ions in solution on electrical conductivity. 

5.2 Implementation of Best Practices 

The persistence of the chloride ion in the environment does not allow for simple and cost effective 
water quality treatment options. As a result, the majority of best practices for reducing the negative 
impacts of road salts on the environment are related to careful material handling and storage, the 
optimization of salt application and engineered snow disposal facilities. 

Several documents have been developed to assist road authorities in mitigating the negative 
environmental impacts caused by winter maintenance activities through the implementation of best 
practices. Some of the most recognized documents and programs are summarized below:  

Transportation Association of Canada (TAC). 2003/2013. Syntheses of Best Practices – Road 
Salt Management 

TAC has identified ten areas of road salt management that can be improved to reduce the input of 
chlorides to the environment. Specific documentation is available for each of the 10 topics. These 
areas for improvement include the following: 

• Salt management plans 

• Training 

• Road, bridge and facility design  

• Drainage 

• Pavements and salt management 

• Vegetation management 

• Design and operation of maintenance yards 

• Snow storage and disposal 

• Winter maintenance equipment and technologies 

• Salt use on private roads, parking lots and walkways 

The best practices also provide a document on Success in Road Salt Management: Case Studies 
that highlights successful best practices that have been implemented in a variety of communities 
across Canada. 

Western Transportation Institute, Montana State University. 2015. Manual of Environmental 
Best Practices for Snow and Ice Control.  

This document was developed by the Western Transportation Institute in the College of Engineering 
at Montana State University, and it was prepared for the Minnesota Department of Transportation 
and Clear Roads Program.  
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The document was prepared using a compilation of information from a literature review, surveys 
and follow-up interviews with winter maintenance practitioners. The topics of best practices to 
reduce the environmental impacts of winter maintenance activities include the following: 

• Material handling and storage 

• Material application techniques and equipment 

• Advanced technologies for decision support  

• Environmental management tools 

• Pre- to mid-storm practices 

• Post-storm clean up 

• Training 

In general, the best practices included methods of reducing salt application (i.e., anti-icing); 
calibration of application equipment; continuing education and feedback; and installing snow fences 
adjacent to roads in rural communities. 

Smart About Salt: Winter Salt Management Program (http://www.smartaboutsalt.com/)  

The Smart About Salt program is run by a board of directors from a variety of backgrounds including 
environmental consulting, public sector road maintenance, private sector landscaping services, 
among others. Their mission is: To protect freshwater sources from salt applied on facilities. Their 
vision is: All facilities professionally designed and managed to improve winter safety and reduce salt 
use. 

The Smart About Salt program offers certification for both contracting companies and sites who 
must demonstrate that they are meeting the Smart About Salt standards with respect to winter 
maintenance best practices such as equipment calibration, new and alternative snow and ice 
control materials, improved material storage, training, etc. They also offer training for both 
equipment operators and operations facility managers.  

Stone, M., Emelko, M.B., Marsalek, J., Price, J.S., Rudolf, D.L., Saini, H., Tighe, S.L. 2010. 
Assessing the efficacy of current road salt management programs  

Stone et al., (2010) is a report by the University of Waterloo and the National Water Research 
Institute to the Ontario Ministry of the Environment and the Salt Institute. It documents the results of 
an 18 month study to assess the effectiveness of the Code Practice and best practices in road salt 
management on reducing chlorides in the environment. 

Some of the major findings of the study are as follows: 

• The Code of Practice resulted in high percentage of municipalities developing SMPs in Ontario 
(89% of larger municipalities at the time of the study) 

• A low percentage of contractors are trained on best practices for reducing chloride input to the 
environment 

• Certain types of important records are not being kept 
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• Some municipalities are identifying SVAs and implementing best practices in these areas, 
however, the delineation and identification of SVAs needs improvement 

• Most SDFs are poorly designed. Handling of chloride-impacted water from SDFs is further 
behind material handling and storage at salt storage facilities.  

• Many municipalities have experienced financial, technical and human resources challenges to 
implementing the Code of Practice. 

• A field study was conducted to assess the effectiveness of certain best practices in reducing 
chlorides in the environment in the City of Waterloo. The study found that the average total 
mass of the chloride ion in soil was reduced by 45% compared to the period before the 
implementation of the Code of Practice in 2001.  

• Private contractors require guidelines on optimal salt application rates and improved 
technologies for application on parking lots. Guidelines and improved training, technology, 
record keeping, reporting and contractor certification could result in substantial reductions in 
chloride loading in the environment.  

• Smart About Salt program works toward reducing salt application on parking lots and sidewalks. 
It is an example of a local management model that could be adopted in other regions.  

The results of this study identify the successes and failures of best practices for road salt 
management since the release of the Code of Practice. They also identify obstructions to 
implementing certain best practices. As such, the outcomes of this study should be consulted when 
selecting the best practices to be implemented in the SVAs.   

Kilgour, B.W., Gharabaghi, B., Perera, N. 2013. Ecological benefit of the road salt code of 
practice 

The purpose of the study is to estimate the ecological benefit of the Code of Practice in the City of 
Toronto.  

The study states that there has been a 26% reduction in the road salt application rate in the City of 
Toronto since the implementation of the Code of Practice. It is estimated that a 26% reduction in 
chloride loading of surface waters will benefit 1 to 14% of aquatic species, which equates to 14 to 
28 species in a healthy Canadian watercourse.  

However, due to the rapid rate of urbanization and the increase in the mass of chlorides being 
applied to impervious surfaces, it is predicted that the ecological benefit of implementing the Code 
of Practice will be negligible in municipalities experiencing rapid urban growth, like Toronto.  

It is important to not use the lack of observed ecological improvements as an excuse to forego the 
implementation of the Code of Practice and winter maintenance best practices. It is also important 
to keep in mind the results of this analysis when conducting a chloride monitoring program to 
evaluate the effectiveness of the best practices, in areas of rapid urban growth. Long-term 
monitoring will likely be required to observe the ecological benefits of the best practices.  
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5.3 Steps Forward: Monitoring and Measuring Progress 

Section 7 describes the actions that can be taken to monitor and reduce chloride loading in the 
most vulnerable SVAs. 

Moving forward it is recommended to continue chloride monitoring to assess the long-term impacts 
of the best practices. It is also recommended to re-assess chloride vulnerability following the 
procedure outlined in Section 6, to assess how the vulnerability scores of the SVAs change after 
implementing the best practices. If different, highly vulnerable SVAs are identified, then a revised 
monitoring program should be implemented with a new set of best practices. The process of 
identifying SVAs, implementing best practices and chloride monitoring should be repeated for as 
long as the environmental impacts of road salts are of concern. 
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Appendix B Glossary of Terms 
absorption 
The taking up of chemical substances by organisms through ingestion, dermal contact, or gaseous 
exchanges. The process by which one material takes up and retains another through the penetration of 
the absorbed molecules into the mass of the absorbing material. 

acclimation 
Behavioural or physiological/ biochemical compensatory adjustments of an organism to the alteration of 
environmental conditions. An adaptation of organisms to selected experimental conditions, including 
adverse stimuli. The time period prior to the initiation of a toxicity test in which organisms are maintained 
in an untreated, toxicant-free medium with physical and chemical characteristics similar to those used 
during the toxicity test.  

acute 
Having a sudden onset, lasting a short time. Of a stimulus, severe enough to induce a response rapidly. 
Can be used to define either the exposure or the response to an exposure (effect). A brief exposure to a 
stressor or the effects associated with such an exposure. It can refer to an instantaneous exposure (i.e., 
oral gavage) or continuous exposures, from minutes to a few days depending on the life span of the 
organism.  

acute toxicity 
A toxic effect (severe biological harm or death) produced in an organism by a substance or mixture of 
substances within a short exposure period (usually 96 hours or less).  

adsorption 
The process by which one material takes up and retains another through the bonding of the adsorbed 
molecules onto the surface of the adsorbing material.  

ambient 
The conditions in the surrounding environment.  

ambient concentration 
Representative level of a contaminant in an area. May reflect natural geologic variations or the influence 
of generalized industrial or urban activity in a region, presumably unaffected by point sources of 
contaminant release.  

anadromous 
Refers to the upstream migration of fish from the sea to freshwater during spawning seasons.  

anthropogenic 
Refers to the activities of humans or the alterations resulting from them.  

aquifer 
Groundwater-bearing formations sufficiently permeable to transmit and yield water in usable quantities.  

assimilation 
In cells, the incorporation of absorbed substances (e.g., foodstuff) for growth and reproduction. The 
capacity of a mass of air or body of water to dilute the release of pollutants. 
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background concentration 
Representative, naturally occurring level of a contaminant in the environment. Reflects natural geologic 
variations. 

baseflow 
Sustained flow of a stream in the absence of direct runoff. It includes natural and human-induced 
streamflows. Natural base flow is sustained largely by groundwater discharge (USGS, 2017). 

baseflow index (BFI) 
The ratio of baseflow to total flow, expressed as a percentage (Wolock, 2003). 

benchmark concentration 
Specific concentrations at which some level of effects is expected (e.g., LC25 and maximum acceptable 
toxicant concentration). These concentrations are derived from hazard assessment.  

benthic 
Refers to the substrate at the bottom of aquatic habitats (e.g., lakes, oceans, and rivers). Also describes 
the life strategy of organisms living in or on that substrate (e.g., clams and oligochaete worms).  

best practices 
The Transportation Association of Canada provides Best Practice Compendia that are technical 
documents that provide information on a particular subject, providing examples of techniques, tools, or 
policies that are available to deal with specific problems and often illustrated with supporting case studies 
(TAC, 2013). 

bioaccumulation 
The process by which chemical substances are accumulated by organisms from exposure to water, 
sediments, or soil directly or through consumption of food containing the chemicals.  

bioaccumulation 
Substances that are stored in living tissues (including people), and remain for very long periods of time, 
during which concentrations can reach very high levels. These substances can also be transferred up the 
food chain (Government of Canada, 2017a). 

bioavailable 
The fraction of the total chemical in the surrounding environment that can be taken up by organisms. The 
chemical may be dissolved or reversibly bound to particles in water, air, sediment, or soil, or contained in 
food items.  

biochemical oxygen demand (BOD) 
The measurement of the decrease in oxygen content (mg·L-1) of a sample of water over a certain period 
of time, in the dark, at a certain temperature, which is brought about by the increase in bacterial 
respiration rate during the breakdown of organic matter. The oxygen demand is measured after 5 d 
(BOD5), at which time 70% of the final value has usually been reached.  

bioconcentration 
The process by which contaminants are directly taken up by organisms from the medium in which they 
live.  

bioconcentration factor (BCF) 
The ratio of the concentration of a given compound in the tissues of an organism and its concentration in 
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the media in which the organism lives (e.g., soil or water). The ratio reflects the apparent equilibrium 
stage of the uptake phase during a bioconcentration test.  

biodegrade 
To decompose by bacteria or other living organisms. 

biological monitoring 
The direct measurement of changes in the biological component of a habitat, based on physiological, 
behavioural, reproductive, or other responses in organisms, relative to environmental changes in time or 
space. Other common responses measured include contaminant levels in tissue and changes in the 
taxonomic composition of assemblages.  

biota 
Biological organisms (e.g., plants, microbes, fish, and wildlife).  

buffer 
A zone around a map feature measured in units of distance or time (Esri, n.d. [a]). 

cation exchange 
The interchange between a cation in solution and another cation on the surface of any surface active 
material (e.g., clay or colloidal organic matter).  

capture zone 
The areas surrounding the municipal supply wells in which land use activities may impact the quality of 
the groundwater contributing to the well.  

cation-exchange capacity 
The total quantity of cations that a soil or sediment can adsorb by cation exchange, usually expressed as 
milliequivalents per 100 g.  

chloride loading 
In the context of road salt management, the concentration of chlorides from road salt application that 
contributes to an environmental receptor. 

chronic 
Involving a stimulus that is lingering or continuous over a long period of time; often signifies periods 
varying from several weeks to years, depending on the reproductive life cycle of the species. Can be 
used to define either the exposure or the response to an exposure (effect). Chronic exposure typically 
induces a biological response of relatively slow progress and long continuance.  

chronic toxicity 
A toxic effect produced in an organism by a substance or mixture of substances over a long exposure 
period.  

chronic value 
The geometric mean of the lower and upper limits from an acceptable chronic test, or the result of a 
regression analysis done on chronic data. A lower chronic limit is the highest tested concentration that did 
not cause an unacceptable amount of adverse effect on any of the specified biological measurements 
and below which no tested concentration caused an unacceptable effect. An upper chronic limit is the 
lowest tested concentration that did cause an unacceptable amount of adverse effect on one or more 
biological measurements and above which all tested concentrations also caused such an effect.  
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clip 
A GIS tool used to extract input features that overlay the clip features (Esri, 2017a). 

community 
An assemblage of organisms characterized by a distinctive combination of species occupying a common 
environment and interacting with one another.  

conservation authority 
Local watershed management agencies that deliver services and programs to protect and manage 
impacts on water and other natural resources in partnership with all levels of government, landowners 
and many other organizations. Conservation authorities are unique to Ontario (Conservation Ontario, 
2018). 

contaminant 
Any chemical substance whose concentration exceeds background concentrations or that does not 
naturally occur in the environment.  

criteria 
Numerical value(s) or narrative statement for a physical, chemical, or biological characteristic of water, 
biota, soil, or sediment that must not be exceeded to protect, maintain, and improve the specific uses of 
soil, sediment, and water.  

denitrification 
The loss of nitrogen from soil, water, or sediment by biological and chemical reduction of nitrate to nitrite 
and then to other compounds with gaseous nitrogen being released in the process. 

detection limit 
The smallest concentration or amount of a substance that can be reported as present in a sample with a 
specified degree of certainty by a definite, complete analytical procedure.  

digital elevation model (DEM) 
The representation of continuous elevation values over a topographic surface by regular array of z-
values, referenced to a common vertical datum. DEMS are typically used to represent the bare-earth 
terrain, void of vegetation and manmade features (Esri, n.d. [b]). 

drainage area ratio (DAR) 
A method used to estimate streamflow for sites where no streamflow data were collected (Emerson et al., 
2005). 

early life-stage test 
Toxicity test on the early life stages of a species, from shortly after fertilization through embryonic, larval, 
or early juvenile development. Data are obtained on survival and growth.  

ecological receptor 
A nonhuman organism potentially experiencing adverse effects from exposure to contaminated media 
either directly (e.g., through contact) or indirectly (e.g., through food chain transfer).  

ecosystem 
An ecological system. A natural unit of living and nonliving components that interact to form a stable 
system in which a cyclic interchange of material takes place between living and nonliving units.  
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effective concentration [median~] (EC50) 
The concentration of a stressor that is estimated to be effective in producing a biological response, other 
than mortality, in 50% of the test organisms over a specific time interval (e.g., a 48-h daphnid EC50).  

effective dose [median~] (ED50) 
The dose of material estimated to be effective in producing some sublethal response in 50% of the test 
organisms. It is appropriately used with test animals such as rats, mice, and dogs, but it is rarely 
applicable to aquatic organisms because it indicates the quantity of a material introduced directly into the 
body by injection or ingestion rather than the concentration of the material in water in which aquatic 
organisms are exposed during toxicity tests.  

end-of-pipe 
Refers to method of water quality treatment that removes contaminants that are present in the water, 
before reaching the receptor.  

endpoint measurement 
An effect on an ecological component that can be measured and described quantitatively.  

expected environmental concentration (EEC) 
The calculated concentration of a chemical in a particular medium for a particular site.  

exposure 
The amount of a physical or chemical agent that reaches a target or receptor through ingestion, dermal 
absorption, and inhalation.  

exposure assessment 
The process of estimating the dose received by an organism, population, or ecosystem. It may be 
prospective where estimates of the chemical concentrations and forms in various media or habitats are 
combined with estimates of the organism’s behaviour to predict dose, or it may also be retrospective 
where dose is estimated from body burdens of the chemical or changes in the organism caused by the 
chemical (biomarkers).  

exposure characterization 
Identification of the conditions of contact between a substance and an individual or population. Exposure 
characteristics may involve identifying the concentration, routes of uptake, target sources, environmental 
pathways, and population at risk.  

exposure estimation 
Estimate of the amount and duration of contact between a substance and an individual or a population. 
Exposure estimates consider factors such as concentration, routes of uptake, target sources, 
environmental pathways, population at risk, and time scale.  

exposure route/pathway 
The means by which organisms are exposed to contaminants. Routes/pathways would include uptake of 
contaminants from solution, ingestion of contaminated food or prey, and inhalation of contaminated 
particles. More generally, routes of exposure include exposure via air, water, soil, sediments, food, and 
other media to which the organism may be exposed.  
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fate 
The manner in which a material will partition between various environmental compartments (e.g., soil, 
sediment, water, air, or biota) as a result of transport, transformation, and degradation 

field capacity 
The maximum amount of water that can be held in pore spaces of soil after excess water has drained 
away.  

flow accumulation 
A GIS tool that calculates accumulated flow as the accumulated weight of all cells flowing into each 
downslope cell in the output raster. If no weight raster is provided, a weight of 1 is applied to each cell, 
and the value of the cells in the output raster is the number of cells that flow into it (Esri, 2017b).  

geographical information system (GIS) 
Tools designed to store, manipulate and display data relating to locations on Earth’s surface (The 
Canadian Encyclopedia, 2017a).  

guidelines 
Generic numerical concentrations or narrative statements that are recommended as upper limits to 
protect and maintain the specified uses of air, water, sediment, soil, or wildlife. These values are not 
legally binding.  

hardness 
The concentration of all metallic cations, except those of the alkali metals, present in water. In general, 
hardness is a measure of the concentration of calcium and magnesium ions in water and is frequently 
expressed as mg·L-1 calcium carbonate equivalent.  

hazard 
The harm that something can cause. The harm may be physical injury, damage to health, property and/or 
the environment (Government of Canada, 2009). 

hydraulic conductivity 
The proportionality factor between hydraulic gradient and flux in Darcy's law. Hydraulic conductivity 
measures the inherent ability of a porous medium to conduct water.  

hydrogeology 
Study of the occurrence and distribution of groundwater. 

hydrograph 
a streamflow hydrograph is a graphical presentation of the discharge of a stream versus time. Since 
discharge can include contributions from surface runoff, interflow, groundwater flow, channel precipitation 
and natural or artificial regulation, the hydrograph may take on a multitude of shapes (Pelletier, 1999). 

hydrograph separation 
The procedure of separating a streamflow hydrograph into “quick flow” and baseflow components. Quick 
flow represents surface water runoff, interflow and the precipitation that falls directly on the watercourse. 
Baseflow is sustained largely by groundwater discharge to the watercourse. 

hydrology 
Studies the behavior of water: its origin, distribution and circulation; its physical and chemical properties; 
and its interaction with the physical and living environment (The Canadian Encyclopedia, 2017b). 
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hydrolysis 
 The formation of an acid and a base from a salt by the ionic dissociation of water. The chemical 
decomposition of a compound by interaction with water.  

hydrometric station 
A measuring tool that records information on water level, flow velocity and discharge (NRCan, 2017). 

hydrostratigraphy 
Hydrostratigraphy is different than stratigraphy in that hydrostratigraphic layers represent a classification 
of the geological units into aquifers or aquitards, and also combines geologic units with similar hydraulic 
properties into a single unit (TRCA, 2009). 

input weight raster 
An input parameter to the flow accumulation tool (see flow accumulation). 

Intake Protection Zone 
Areas (land and water) near and upstream of a drinking water intake where human activities may need to 
be regulated to protect the quality and quantity of surface water that supplies the intake. 

interim criteria 
Generic numerical soil concentrations or narrative statements considered protective of ecological and 
human health receptors and endorsed as such by the CCME. They were adopted from the values used in 
other jurisdictions and are not necessarily scientifically based. Interim criteria are being replaced by risk-
based scientifically defensible guidelines derived according to the CCME’s 1996 soil protocol.  

interim guideline 
For sediment, water, and tissue residue guidelines: a guideline value derived from a data set that has met 
a lesser CCME requirement than that of a full guideline. Once data gaps are addressed by the scientific 
community, a full guideline may be derived.  

ionization 
The process whereby atoms acquire an electrical charge through the gain or loss of electrons.  

land use 
Refers to the purpose the land serves, for example, recreation, wildlife habitat, or agriculture (NRCan, 
2015). 

lethal concentration [median~] (LC50) 
The concentration of a stressor that is estimated to be lethal to 50% of the test organisms over a specific 
time interval (e.g., 96-h LC50).  

lethal dose [median~] (LD50) 
The dose of material that is estimated to be lethal to 50% of the test organisms. It is appropriately used 
with test animals such as rats, mice and dogs, but it is rarely applicable to aquatic organisms because it 
indicates the quantity of a material introduced directly into the body by injection or ingestion rather than 
the concentration of the material in water in which aquatic organisms are exposed during toxicity tests. 

Ortho-photogrammetry Light Detection and Ranging (LiDAR) 
LiDAR is a remote sensing method, which uses pulsed laser (light) to measure and examine the surface 
of the earth by creating a three-dimensional surface. LiDAR is commonly used to create high-resolution 
topographic maps. 
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limiting pathway 
The route of exposure to a contaminant through which a receptor is most sensitive. The step that limits 
other steps from taking place during the dissipation of a chemical in the environment. Analogous to rate-
limiting step in a chemical reaction.  

loading 
 A ratio of the animal biomass to the volume of test solution in an exposure chamber. 
 The amount of a substance added per unit area per unit time.  

long-term exposure 
Exposure to a contaminant in a medium, lasting from several weeks to years, often encompassing the 
reproductive cycle or life cycle of the test organism. Usually referred to as a chronic exposure. Absolute 
definitions for this term vary among studies.  

lowest-observed- [adverse] effect level (LO[A]EL) 
The lowest dose or concentration used in a bioassay that results in statistically significant observed 
effects in the exposed organisms compared with control organisms. In some cases, observed effects may 
be of questionable impact or possibly beneficial, therefore, obvious negative effects may be differentiated 
as “adverse.” 

lowest-observed-effect concentration (LOEC) 
The lowest concentration of a chemical used in a toxicity test that has, relative to a control, a statistically 
significant adverse effect on the test organism.  

lowest-observed-effect dose (LOED) 
The lowest dose of a chemical used in a toxicity test that has, relative to a control, a statistically 
significant adverse effect on the test organism.  

lowest-observed-effect level (LOEL) 
A general term used to describe the lowest dose or concentration of a chemical used in a toxicity test that 
has a statistically significant adverse effects on the test organism.  

macronutrient 
A chemical necessary in large amounts for plant growth (e.g., nitrogen, phosphorus, potassium, calcium, 
magnesium, and sulphur).  

mask 
A means of covering or hiding features on a map to enhance cartographic representation (Esri, n.d. [c]). 

maximum acceptable concentration (MAC) 
The highest concentration at which a contaminant can be present and not cause adverse effects greater 
than those predetermined to be acceptable.  

maximum acceptable toxicant concentration (MATC) 
The calculated or “intrapolated” maximum concentration at which a stressor can be present and not be 
toxic to the test organism. The MATC is normally calculated as the geometric mean of the LOEC and the 
NOEC.  

mean annual flow (MAF) 
The average depth of water per unit area in a year that would flow past a defined point. It is the dilution 
factor for the in-stream chloride concentration calculation (Betts et al., 2014).  
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modifying factor 
Any characteristic of an organism or of the surrounding environment that affects toxicity.  

mutagenesis 
The occurrence or induction of a permanent change in the genetic material of a cell that can be 
transmitted to subsequent generations of cells. 

mutagenicity 
The ability of a chemical to induce a permanent, inheritable change in the genetic material.  

nutrient 
A substance necessary for the growth and development of plants or animals.  

objective 
A numerical concentration or narrative statement that has been established by taking into account site-
specific conditions to protect and maintain a specified use of a resource, such as water, soil, sediment, or 
tissue, at a particular site.  

oligotrophic 
Refers to aquatic environments that have low levels of nutrients and low rates of productivity. Opposite of 
eutrophic.  

Organization 
Refers to any public entity that uses or that is responsible for the use of road salts on public roads in 
Canada as well as any company that holds a concession or lease to manage a public road, unless the 
public entity from which the company holds that concession or lease has developed a salt management 
plan that the company agrees to implement. 

Ortho-photogrammetry 
Refers to obtaining reliable measurements from photographs and digital imagery. This is a common 
technique for creating topographic maps. 

osmosis 
Movement of water molecules through a semipermeable membrane, going from the high water 
concentration side to the low water concentration side, tending to equalize the concentrations on both 
sides of the membrane.  

pathogenic 
Capable of eliciting disease in an organism.  

patrol yards 
The facility from which the winter maintenance fleet operates. Patrol yards typically house the patrol fleet 
including salt application and salt loading equipment. De-icing materials such as salt, sand and brine 
solutions are also stored here.  

pH 
A value taken to represent the acidity or alkalinity of an aqueous solution. It is defined as the negative 
logarithm of the hydrogen ion activity of the solution.  

pickled sand 
A blend of salt and washed sand, used as de-icing agent in winter maintenance activities 



GHD | Guide for Management of Salt Vulnerable Areas | Appendix B | 11140876 (4) | Page 10 

polluter pays principle 
Refers to the principle in which the producer of a pollutant pays for prevention and control methods and in 
which the polluter is financially responsible for correcting or remediating whatever environmental 
degradation their actions have caused.  

porosity 
The volume proportion of the total bulk not occupied by solid particles.  

precipitate 
A solid that forms when two solutions are mixed (Masterton and Hurley, 2006) 

pristine 
Describes a natural system that has not been affected by anthropogenic pollution.  

probable effect level (PEL) 
The concentration of a chemical above which adverse biological effects are expected to occur frequently.  

raster 
Consists of a matrix of cells (or pixels) organized into rows and columns (or a grid) where each cell 
contains a value representing information, such as temperature. Rasters are digital aerial photographs, 
imagery from satellites, digital pictures, or even scanned maps (Esri, 2016b). 

receptor/critical receptor 
The entity (e.g., person, organism, population, community, or ecosystem) that might be adversely 
affected by contact with, or exposure to, a substance of concern. For human health risk assessment, it is 
common to define a critical receptor as the person expected to experience the most severe exposure 
(due to age, sex, diet, lifestyle, etc.) or the most severe effects from exposure (due to state of health, 
genetic disposition, sex, age, etc.). 

recharge 
The portion of water from melting snow and from rainfall that seeps into the soil and percolates into the 
groundwater aquifer (ECCC, 2013). 

remediation 
The management of a contaminated site to prevent, minimize, or mitigate damage to human health or the 
environment. Remediation may include both direct physical actions (e.g., removal, destruction, and 
containment of contaminants) and institutional controls (e.g., zoning designations or orders).  

remediation guideline 
The concentration of a substance that is recommended as the “clean-down-to” level. For soil, this level is 
considered generally protective of human and environmental health for specified uses of soil and water at 
contaminated sites. These guidelines are generic and do not address site-specific conditions.  

resistance time 
The period of time for which an organism can live beyond the incipient lethal level.  

risk 
The probability that a defined undesired effect, such as injury, disease, or death, will result from a specific 
event, such as a human action, a natural catastrophe, or an exposure to a substance.  
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risk assessment 
A set of scientific methods for defining and estimating the probability and magnitude of undesired effects 
to receptors resulting from a specific event, such as a human action, a natural catastrophe, or an 
exposure to a substance.  

road salts 
Road salts are used in Canada as de-icing and anti-icing chemicals for winter road maintenance, with 
some use as summer dust suppressants (Government of Canada, 2017c).  

runoff 
The portion of the total precipitation on an area that flows into stream channels. Water from surface runoff 
does not enter the soil. Water from groundwater runoff or seepage flow enters the soil before reaching the 
stream.  

safety factor 
A number used to provide an extra margin of safety beyond the known or estimated sensitivities of 
organisms. Often applied when sufficient information about the toxicity, particularly the chronic toxicity, of 
a substance is not well known.  

salt-laden runoff 
Runoff in which road salts have dissolved resulting in chloride-impacted water (see runoff) 

shapefile 
A simple, non-topological format for storing the geometric location and attribute information of 
geographical features. Geographical features in a shape-file can be represented by points, lines or 
polygons (areas) (Esri, 2016a). 

short-term exposure 
Exposure to a contaminant in a medium for a time period that is small compared to the life span of the 
test organism. Exposure is usually severe enough to rapidly induce an effect. Often referred to as an 
acute exposure. Absolute definitions for short-term exposure vary from study to study.  

sinks 
A sink is a cell or set of spatially connected cells whose flow direction cannot be determined because all 
of its neighbouring cells are higher in elevation.  

site-specific guideline 
Numerical concentration or narrative statement that has been established to maintain and protect a 
designated present or future resource use at a specified site by only taking into account site-specific biotic 
and abiotic conditions (i.e., science-based considerations).  

site-specific objective 
Numerical concentration or narrative statement that has been established to maintain and protect a 
designated present or future resource use at a specified site by taking into consideration site-specific 
conditions (i.e., science-based considerations), socioeconomic considerations, or technological 
considerations, or any combination thereof.  

snow disposal facilities 
When the snow that has been removed from roads and parking lots piles to a certain height, it is loaded 
into dump trucks and hauled to a snow disposal facility where it is stored until it melts. Snow disposal 



GHD | Guide for Management of Salt Vulnerable Areas | Appendix B | 11140876 (4) | Page 12 

facilities can be designed to mitigate the chloride concentration of the impacted water that discharges 
from the site.  

sodium absorption ratio 
Describes the amount of excess sodium in relationship to calcium and magnesium (Alberta Agriculture 
and Forestry, 2000) 

soil horizon 
The soil layer, generally parallel to the surface, that is characterized by particular physical and chemical 
properties (e.g., organic matter content, concentration of metal oxydes).  

soil profile 
The various layers of soil as seen in a vertical section obtained by making a bore hole or as observed in a 
deep cut.  

solubility 
The maximum concentration of a substance that will dissolve in a solvent.  

sorption 
A surface phenomenon that may be either absorption or adsorption, or a combination of the two. The 
term is often used when the specific mechanism is not known.  

source protection plan 
A list of policies and programs to protect current and future sources of municipal drinking water from 
contamination and overuse. Source Protection Plans are required in Ontario (Lake Erie Source Protection 
Region, 2016).  

species 
Generally regarded as a group of organisms that resemble each other to a greater degree than their 
resemblance to members of other groups and that form a reproductively isolated unit that will not normally 
breed with members of other groups.  

species at risk (SAR) 
Any naturally-occurring type of plant or animal in danger of extinction or of disappearing from the province 
(MNRF, 2017). 

standard 
A legally enforceable numerical limit or narrative statement, such as in a regulation, statute, contract, or 
other legally binding document, that has been adopted from a criterion or an objective.  

Streamflow 
the total discharge of surface water runoff, baseflow and precipitation that falls directly on watercourse.  

sublethal 
Below the level that causes death.  

surface water 
Water that is on the Earth’s surface, such as in a stream, river, lake or reservoir (USGS, 2017) 

survival time 
The time interval between initial exposure of an organism to a harmful parameter and death.  
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teratogen 
An agent that increases the incidence of congenital malformations.  

teratogenicity 
The ability of a chemical to change the normal development processes of an unborn organism, resulting 
in permanent alterations in the biochemical, physiological, or anatomical functions of the organism.  

threshold 
The concentration or dose of a chemical below which the resulting effects cease to be perceptible.  

threshold concentration 
The concentration of a chemical below which adverse effects are expected to occur rarely and above 
which adverse effects may be expected.  

threshold effect level (TEL) 
The concentration of a chemical below which adverse effects are expected to occur rarely.  

tissue residue 
The concentration of a foreign chemical or substance present in the tissue of aquatic biota such as fish, 
shellfish, invertebrates, and aquatic plants, expressed on a whole-body wet-weight basis.  

tolerable daily intake (TDI) 
The level of daily chemical exposure that an organism can sustain with no expected adverse effects. A 
tolerable daily intake can only be determined for chemicals with threshold effects (i.e., noncarcinogens). It 
can be expressed as the geometric mean of the LOEL and NOEL, which may be divided by a safety 
factor.  

tolerable incremental exposure 
The additional exposure to which an organism may be submitted over and above background estimated 
daily intake without exceeding the tolerable daily intake for that substance.  

tolerance 
The ability of an organism to withstand a given environmental condition for an indefinitely long period of 
time without dying.  

toxic 
Causing or having the potential to cause adverse effects to organisms or populations.  

toxicant 
Agent or material capable of producing an adverse response (effect) in a biological system, seriously 
injuring structure or function, or producing death.  

toxicity 
The inherent potential or capacity of a material to cause adverse effects in a living organism.  

unit application rate 
Average annual amount of salt or chloride applied to roads or parking lots, defined as a mass per unit 
area. It is determined by dividing the quantity of salt or chloride applied by the total road lane-kilometre, or 
parking lot area, for each year and averaging the values for all years (Betts et al., 2014). 
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unsaturated zone 
Referring to the soil column, an area that is not saturated with water and lies above the water table. The 
water table is referred to as the saturated zone.  

uptake 
A process by which substances are absorbed and incorporated into a living organism.  

water table 
The top of the water surface in the saturated part of an aquifer (USGS, 2017). 

watershed 
An area that drains all precipitation received as a runoff or base flow (groundwater sources) into a 
particular river or set of rivers (NRCan, 2017). 

well (water) 
An artificial excavation put down by any method for the purposes of withdrawing water from the 
underground aquifers. A bored, drilled, or driven shaft or a dug hole whose depth is greater than the 
largest surface dimension and whose purpose is to reach underground water supplies or oil, or to store or 
bury fluids below ground (USGS, 2017).  

wellhead protection area 
An area of land surrounding a well, where human activities may need to be regulated to protect the 
quality and quantity of groundwater that supplies that well. 

wildlife 
In reference to tissue residue guidelines, wildlife encompasses mammalian, avian, reptilian, and 
amphibian species that consume aquatic biota. 

vadose zone 
The zone above the aquifer that is unsaturated. 

vulnerable area 
An area particularly sensitive to road salts where additional salt management measures may be 
necessary to mitigate the environmental effects of road salts in the area. 

valuable lands 
Any crop producing or aesthetic park lands including agriculture, vineyards, parks and conservation 
areas. 

volatilize 
To make volatile or evaporate. 

zonal statistics 
a GIS tool that calculates statistics on values of a raster within the zones of another dataset (Esri, 2016c). 



GHD | Guide for Management of Salt Vulnerable Areas | 11140876 (4) 

Appendix C 
Chloride Toxicity Threshold Limits for 

Aquatic Species 

 
  



Table C
1

 Endpoints used to determ
ine the

freshw
ater short-term

 C
W

Q
G

for the chloride ion
(from

 Table 3 of C
C

M
E, 2011)

P
age 1 of 2

G
H

D
 11140876 (4) Appendix C

Species
C

oncentration
Species

(C
om

m
on N

am
e)

Endpoint
(m

g C
l-/L)

R
eference

Fish

P
im

ephales prom
elas

Fathead m
innow

96 -hour LC
50  (geom

ean)
4,223

M
ount et al., 1997; B

irge et al., 1985
Lepom

is m
acrochirus

B
luegill sunfish

96 -hour LC
50  (geom

ean)
5,272

B
irge et al., 1985; Tram

a, 1954
C

yprinella leedsi
B

annerfin shiner 
96 -hour LC

50
6,070

E
nviron, 2009

O
ncorhynchus m

ykiss
R

ainbow
 trout

96 -hour LC
50  (geom

ean)
8,634

E
lphick et al., 2011; V

osyliene et al., 2006
G

am
busia affinis 

M
osquito fish

96 -hour LC
50

9,099
A

l-D
aham

 and B
hatti, 1977

G
asterosteus aculeatus

Threespine stickleback
96 -hour LC

50
10,200

G
aribay and H

all, 2004
A

nguilla rostrata 
A

m
erican eel 

96 -hour LC
50

13,012
H

inton and E
versol, 1979

Am
phibians

A
m

bystom
a m

aculatum
 

S
potted salam

ander 
96 -hour LC

50
1,178

C
ollins and R

ussell, 2009
P

seudacris triseriata feriarum
 

C
horus frog

96 -hour LC
50

2,320
G

aribay and H
all, 2004

Lithibates sylvatica (previously R
ana sylvatica) 

W
ood frog

96 -hour LC
50  (geom

ean)
2,716

S
anzo and H

ecnar, 2006; C
ollins and R

ussell, 2009; Jackm
an, 2010

P
seudacris crucifer

S
pring peeper

96 -hour LC
50

2,830
C

ollins and R
ussell, 2009

R
ana clam

itans
G

reen frog
96 -hour LC

50
3,109

C
ollins and R

ussell, 2009
R

ana tem
poraria

C
om

m
on frog

96 -hour LC
50

3,140
V

iertel, 1999
Lithibates pipiens (previously R

ana pipiens)
Leopard frog

96 -hour LC
50

3,385
Jackm

an, 2010
B

ufo am
ericanus 

A
m

erican toad
96 -hour LC

50
3,926

C
ollins and R

ussell, 2009
R

ana catesbeiana
B

ullfrog
96 -hour LC

50
5,846

E
nviron, 2009

Invertebrates

E
pioblasm

a torulosa rangiana
N

orthern riffleshell m
ussel (C

O
S

E
W

IC
a endangered)

24-hour E
C

50  (survival of glochidia)
244

G
illis, 2011

D
aphnia m

agna
W

ater flea
48-hour E

C
50  (im

m
obilization)

621
K

hangarot and R
ay, 1989

Lam
psilis siliquoidea

Freshw
ater m

ussel
24-hour E

C
50  (survival of glochidia) (geom

ean)
709

B
ringolf et al., 2007; G

illis, 2011
Lam

psilis fasciola
W

avy-rayed lam
pm

ussel (C
O

S
E

W
IC

a special concern)
24-hour E

C
50  (survival of glochidia) (geom

ean)
746

V
alenti et al., 2007; B

ringolf et al., 2007; G
illis, 2011

Lam
psilis cardium

 
P

lain pocketbook
24-hour E

C
50  (survival of glochidia)

817
G

illis, 2011
S

phaerium
 sim

ile
Fingernail clam

96 -hour LC
50  (geom

ean)
902

G
LE

C
 and IN

H
S

, 2008
C

eriodaphnia dubia
W

ater flea
48-hour LC

50  (geom
ean)

1,080
V

alenti et al., 2007; H
oke et al., 1992; M

ount et al., 1997; G
LE

C
 and IN

H
S

, 
2008; E

lphick et al., 2011; C
ow

gill and M
ilazzo, 1990

D
aphnia am

bigua
W

ater flea
48-hour E

C
50  (im

m
obilization)

1,213
H

arm
on et al., 2003

D
aphnia pulex

W
ater flea

48-hour LC
50  (geom

ean)
1,248

P
alm

er et al., 2004; B
irge et al., 1985

E
lliptio lanceolata

Y
ellow

 lance m
ussel

96 -hour LC
50

1,274
W

ang and Ingersoll, 2010
B

rachionus patulus
R

otifer
24-hour LC

50 
1,298

P
eredo-A

lvarez et al., 2003
H

yalella azteca
A

m
phipod

96 -hour LC
50

1,382
E

lphick et al., 2011
E

lliptio com
planata

Freshw
ater m

ussel
24-hour E

C
50  (survival of glochidia)

1,620
B

ringolf et al., 2007
E

pioblasm
a brevidens 

C
um

berlandian com
bshell (endangered in U

S
A

)
24-hour E

C
50  (survival of glochidia)

1,626
V

alenti et al., 2007
E

pioblasm
a capsaeform

is
O

yster m
ussel (endangered in U

S
A

)
24-hour E

C
50  (survival of glochidia)

1,644
V

alenti et al., 2007
V

illosa constricta
Freshw

ater m
ussel

24-hour E
C

50  (survival of glochidia)
1,674

B
ringolf et al., 2007

V
illosa iris

R
ainbow

 m
ussel (C

O
S

E
W

IC
a endangered)

96 -hour E
C

50  (geom
ean)

1,815
W

ang and Ingersoll, 2010
M

usculium
 transversum

Fingernail clam
96 -hour LC

50
1,930

U
S

 E
P

A
, 2010

V
illosa delum

bis
Freshw

ater m
ussel

24-hour E
C

50  (survival of glochidia)
2,008

B
ringolf et al., 2007

B
rachionus calyciflorus

R
otifer

24-hour LC
50  (geom

ean)
2,026

E
lphick et al., 2011; P

eredo-A
lvarez et al., 2003; C

alleja et al., 1994
P

hysa gyrina 
S

nail
96 -hour LC

50
2,540

B
irge et al., 1985

Lirceus fontinalis
Isopod

96 -hour LC
50

2,950
B

irge et al., 1985
G

yraulus parvus
S

nail
96 -hour LC

50  (geom
ean)

3,043
G

LE
C

 and IN
H

S
, 2008

B
aetis tricaudatus

M
ayfly

48-hour E
C

50  (im
m

obilization) (geom
ean)

3,266
Low

ell et al., 1995
C

hironom
us dilutus/ tentans 

M
idge

96 -hour LC
50

3,761
W

ang and Ingersoll, 2010
Lum

briculus variegates
O

ligochaete
96 -hour LC

50  (geom
ean)

4,094
E

lphick et al., 2011; E
nviron, 2009
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C
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(C
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m
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(m

g C
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R
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N
ephelopsis obscura

Leech 
96 -hour LC

50
4,310

E
nviron, 2009

H
exagenia sp.

M
ayfly

48-hour LC
50

4,671
W

ang and Ingersoll, 2010
C

hironom
us attenatus 

M
idge

48-hour LC
50

4,805
Thornton and S

auer, 1972
D

aphnia hyalina
W

ater flea
48-hour LC

50
5,308

B
audouin and S

coppa, 1974
Lepidostom

a sp. 
C

addisfly
96 -hour LC

50
6,000

W
illiam

s et al., 1999
Tubifex tubifex

O
ligochaete

96 -hour LC
50  (geom

ean)
6,119

E
lphick et al., 2011; W

ang and Ingersoll, 2010; G
LE

C
 and IN

H
S

, 2008
C

hironom
us riparius

M
idge

48-hour LC
50

6,912
W

ang and Ingersoll, 2010
E

udiaptom
us padanus padanus

C
opepod

b
48-hour LC

50
7,077

B
audouin and S

coppa, 1974
C

yclops abyssorum
 prealpinus

C
opepod

b
48-hour LC

50
12,385

B
audouin and S

coppa, 1974

N
otes:

aC
om

m
ittee on the S

tatus of E
ndangered W

ildlife in C
anada; C

anadian occurrence in O
ntario

bB
ased on testing w

ith C
aC

l2  salt (all others based on testing w
ith N

aC
l salt)



Table C
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 to determ
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the long-term

 C
W

Q
G

 for
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here freshw
ater m

ussels are present
(from

 Table 5 in C
C

M
E, 2011)

P
age 1 of 1

G
H

D
 11140876 (4) A

ppendix C

Species
C

oncentration
Species

(C
om

m
on N

am
e)

Endpoint
(m

g C
l -/L)

R
eference

Fish

P
im

ephales prom
elas

Fathead m
innow

33-day LC
10  (survival)

598
B

irge et al., 1985; In: E
lphick et al., 2010

S
alm

o trutta fario
B

row
n trout

8-day N
O

E
C

 (survival)
607

C
am

argo and Tarazona, 1991
O

ncorhynchus m
ykiss

R
ainbow

 trout
7-day E

C
25  (em

bryo viability)
989

B
eak, 1999

A
m

phibians

Xenopus laevis
A

frican claw
ed frog

7-day LC
10  (survival)

1,307
B

eak, 1999
R

ana pipiens
N

orthern leopard frog
108-day M

A
TC

 (survival)
3,431

D
oe, 2010

Invertebrates

Lam
psilis fasciola

W
avy-rayed lam

pm
ussel (C

O
S

E
W

IC
 special concern) a

24-hour E
C

10 (glochidia survival)
24

B
ringolf  et al., 2007

E
pioblasm

a torulosa rangiana
N

orthern riffleshell m
ussel (C

O
S

E
W

IC
a endangered)

24-hour E
C

10 (glochidia survival)
42

G
illis, 2009

M
usculium

 securis
Fingernail clam

60-80 day LO
E

C
 (reduced natality

b)
121

M
ackie, 1978

D
aphnia am

bigua
W

ater flea
10-day E

C
10  (m

ortality and reproduction)
259

H
arm

on et al., 2003
D

aphnia pulex
W

ater flea
21-day IC

10  (reproduction)
368

B
irge et al., 1985; In: E

lphick et al., 2011
E

lliptio com
planata

Freshw
ater m

ussel
24-hour E

C
10 (glochidia survival)

406
B

ringolf  et al., 2007
D

aphnia m
agna

W
ater flea

21-day E
C

25  (reproduction)
421

E
lphick et al., 2011

H
yalella azteca

A
m

phipod
28-day E

C
25  (grow

th, dry w
eight)

421
B

artlett, 2009
C

eriodaphnia dubia
W

ater flea
7-day IC

25  (reproduction)
454

E
lphick et al., 2011

Tubifex tubifex
O

ligochaete
28-day IC

10  (reproduction)
519

E
lphick et al., 2011

V
illosa delum

bis
Freshw

ater m
ussel

24-hour E
C

10  (glochidia survival)
716

B
ringolf  et al., 2007

V
illosa constricta

Freshw
ater m

ussel
24-hour E

C
10  (glochidia survival)

789
B

ringolf  et al., 2007
Lum

briculus variegates
O

ligochaete
28-day E

C
25  (reproduction)

825
E

lphick et al., 2011
B

rachionus calyciflorus
R

otifer
48-hour IC

10  (reproduction)
1,241

E
lphick et al., 2011

Lam
psilis siliquoidea

Freshw
ater m

ussel
96-hour E

C
10  (survival of juveniles)

1,474
B

ringolf  et al., 2007
G

am
m

arus pseudopinm
aeus

A
m

phipod
60-day N

O
E

C
 (survival)

2,000
W

illiam
s et al., 1999

P
hysa sp. 

S
nail

60-day N
O

E
C

 (survival)
2,000

W
illiam

s et al., 1999
S

tenonem
a m

odestum
M

ayfly
14-day M

A
TC

 (developm
ent)

2,047
D

iam
ond et al., 1992

C
hironom

us tentans
M

idge
20-day IC

10  (grow
th, biom

ass)
2,316

E
lphick et al., 2011

A
quatic Plants and A

lgae

Lem
na m

inor
D

uckw
eed

96-hour M
A

TC
 (frond production)

1,171
Taraldson and N

orberg-K
ing, 1990

C
hlorella m

inutissim
o

A
lgae

28-day M
A

TC
 (grow

th)
6,066

K
essler, 1974

C
hlorella zofingiensis

A
lgae

28-day M
A

TC
 (grow

th)
6,066

K
essler, 1974

C
hlorella em

ersonii
A

lgae
8-14-day M

A
TC

 (grow
th inhibition)

6,824
S

etter et al., 1982

N
otes:

aC
om

m
ittee on the S

tatus of E
ndangered W

ildlife in C
anada; C

anadian occurrence in O
ntario

bN
atality is a "m

easure of population increase under an actual specific environm
ental condition 

varying w
ith the size and com

position of the population and the physical environm
ental conditions" (M

ackie, 1978)
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Appendix D Related Reference Documents 

The following section includes summaries of several important and useful reference documents 
that provide critical insight into the environmental impacts of road salts, identification of salt 
vulnerable areas and best practice measures for the mitigation of road salt impacts. Full reference 
for each of the documents summarized below can be found in Appendix A. 

1.1 Environmental Impact of Road Salts 

Environment Canada and Health Canada. 2001. Priority Substance Lists Assessment Report 
– Road Salt 

In 2001, an assessment report on road salts was published in the Canada Gazette, Part I. It 
concluded that the quantity of road salts used in Canada was raising the chloride levels of both 
ground and surface waters, and was having adverse effects on aquatic species, terrestrial 
vegetation, wildlife mortality and soil chemistry.  

As part of the production of this report Evans and Frick (2001) compiled information on the level of 
chlorides in the Canadian environment. This review concluded that chloride concentrations in 
roadside snow ranged from <100 mg/L to 10,000 mg/L, with concentrations typically in the range of 
<100 mg/L to 4,000 mg/L. Snow melt measured in roadside ditches typically had the highest 
concentrations and were measured to be as high as 19,135 mg/L. Melt water from snow storage 
facilities had chloride concentrations in the range of 300 to 1,200 mg/L. 

Further, this document identified potential vulnerable receptors to road salt use and compiled a 
detailed assessment on the chloride toxicity thresholds of each receptor. In summary, the identified 
vulnerable receptors include: groundwater, aquatic ecosystems, soils, terrestrial vegetation and 
terrestrial wildlife. The report essentially provides a characterization for each vulnerable receptor 
with respect to exposure, effects and risk. 

British Columbia. 2002. Ambient Water Quality Guideline for Chloride 

In 2002, the British Columbia Ministry of Water, Land and Air Protection published a report to 
establish the ambient water quality guidelines for chlorides. The intent of this document was to 
provide guidance for the evaluation of data on water, sediment and biota and to provide a basis for 
setting site-specific ambient water quality objectives. One of the main objectives was to establish 
guidelines for chlorides to protect drinking water, recreation and aesthetics, freshwater and marine 
aquatic life, agricultural water (irrigation and livestock watering) and wildlife uses. Neither the 
guidelines nor the objectives have legal standing in British Columbia. Table 2-1 provides a 
summary of the recommended guidelines for chloride concentrations. 

Table 2-1 Recommended Guidelines for Chloride 

Water Use Guideline (mg Chloride/L) 
Drinking Water 250 
Recreation and Aesthetics None 
Freshwater *   
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Table 2-1 Recommended Guidelines for Chloride 

Water Use Guideline (mg Chloride/L) 
Maximum Concentration + 600 
30-d Average Concentration ++ 150 
Marine Life Human activities should not cause the 

chloride of marine and estuarine waters to 
fluctuate by more than 10% of the natural 
chloride expected at that time and depth 

Irrigation 100 
Livestock Watering 600 
Wildlife 600 
Notes: 
* When ambient chloride concentration in the environment exceeds the guideline, then further 
degradation of the ambient or existing water quality should be avoided 
+ Instantaneous maximums 
++ Average of five weekly measurements taken over a 30-day period 

Canadian Council of Ministers of the Environment (CCME). 2011. Scientific Criteria 
Document for the Development of the Canadian Water Quality Guideline for the Protection 
of Aquatic Life: Chloride Ion 

Canadian Council of Ministers of the Environment (CCME) developed a Canadian Water Quality 
Guideline (CWQG) in 2011 that outlines the threshold chloride ion concentration for the protection 
of freshwater life. The long-term exposure (4-108 days) threshold for chloride concentration in 
freshwater is 120 mg/L. The short-term exposure (24 -96 hours) threshold for chloride 
concentration in freshwater is 640 mg/L. CWQG are numerical threshold concentrations based on 
protecting, sustaining and enhancing the presence and potential uses of a water body. The CWQG 
for chloride ion concentration are intended to protect aquatic life during all parts of their life cycle. 
This report summarizes the findings in literature of the toxicity of sodium chloride (NaCl) and 
calcium chloride (CaCl2) salts to aquatic life. 

CCME published a species sensitivity distribution (SSD) of short-term L/EC50 toxicity data 
(Figure 2-1) for the chloride ion in freshwater derived by fitting the Normal model to the logarithm of 
acceptable toxicity data for 51 aquatic species versus Hazen plotting position (proportion of species 
affected). The arrow at the bottom of the Figure 2-1 represents the 5th percentile and the 
corresponding short-term threshold concentration value. In general, invertebrate species were 
found to be grouped towards the lower end of the short-term SSD, while the fish species were 
grouped towards the upper end of the short-term SSD. This can be interpreted as invertebrates 
being more sensitive to acute chloride exposures when compared to fish. 

A similar trend was observed in the case of long-term toxicity data. Figure 2-2 presents the SSD of 
long term toxicity data (no and low effect endpoint toxicity data) for the chloride ion in freshwater 
(where mussels are present) derived by fitting the logistic model to the logarithm of acceptable data 
for 28 aquatic species versus Hazen plotting position (proportion of species affected). The arrow at 
the bottom of the graph denotes the 5th percentile and the corresponding long-term Canadian 
Water Quality Guideline value. 
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Figure 2-1 Aquatic Species Short Term Chloride Concentration Threshold 
Limit 

 

Figure 2-2 Aquatic Species Long Term Chloride Concentration Threshold 
Limit 
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Transportation Association of Canada (TAC). 2012. Salt Management Guide 

This document provides an overview of the general environmental effects of road salts. This 
document outlines salt sources, pathways, effects/impacts with receptors (surface water, soils, 
groundwater, vegetation, wildlife, human health and vehicles/infrastructure), road salt management 
and alternative de-icing chemicals. A detailed literature review is presented outlining chloride 
threshold limits found in literature for each of the identified environmental receptors. 

This guide highlights the appropriate use of salt and provides an overview of considerations in 
winter snow and ice control service planning and delivery.  

1.1.1 Other Useful Resource with Established Chloride Threshold Limits 

1.1.1.1 Aquatic Species Chloride Threshold Limits 

Adelman, I.R., Smith, L.L.J. and Siesennop, G.D. 1976. Acute toxicity of sodium chloride, 
pentachlorophenol, guthion and hexavalent chromium to fathead minnows (Pimephales 
promelas) and goldfish (Carassius auratus). Journal of Fisheries Research Board of Canada, 
33, pp. 203 208. 

Benbow, M. Eric and Richard W. Merritt. Road-salt Toxicity of Select Michigan Wetland 
Macroinvertebrates under Different Testing Conditions., WETLANDS, Vol. 24, No. 1, March 
2004, pp. 68–76. 

Birge, W.J., Black, J.A., Westerman, A.G., Short, T.M., Taylor, S.B., Bruser, D.M., and Wallingford, 
E.D. 1985. Recommendations on numerical values for regulating iron and chloride 
concentrations for the purpose of protecting warm water species of aquatic life in the 
Commonwealth of Kentucky. Memorandum of Agreement No. 5429, Kentucky, Natural 
Resources and Environmental Protection Cabinet. Lexington, KY. 

Cowgill, U.M. and Milazzo, D.P. 1990. The sensitivity of two cladocerans to water quality variables: 
salinity and hardness. Arch Hydrobiol 120(2): 185-196. 

Dickman, M.D., and M.B. Gochnauer, “Impact of sodium chloride on the microbiota of a small 
stream”, Environmental Pollution, Vol. 17, 1978, pp. 109- 126. 

D’Itri, F.M. “Chemical De-icers and the Environment”, Lewis Publishers, Chelsea, Michigan, 
1992,585 pp. 

Elphick, J.R.F., Bergh, K.D., and Bailey, H.C. 2011. Chronic toxicity of chloride to freshwater 
species: effects of hardness and implications for water quality guidelines. Environmental 
Toxicology and Chemistry, 30, pp. 239 246. 

Evans, M., and Frick, C. 2001. The Effect of Road Salts on Aquatic Ecosystems. NWRI 
Contribution No. 02-308. Environment Canada, National Water Research Institute, 
Saskatoon, SK. 

Findlay, S.E.G. and Kelly, V.R. 2011. Emerging indirect and long term road salt effects on 
ecosystems. Annals of the New York Academy of Science, 1223, pp. 58 68. 

Gillis, P. 2011. Assessing the toxicity of sodium chloride to the glochidia of freshwater mussels: 
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1.2 Identification of Salt Vulnerable Areas 

Environment Canada. 2004. Code of Practice for the Environmental Management of Road 
Salts 

Also in response to the 2001 report by Environment Canada and Health Canada, Environment 
Canada developed and released the Code of Practice for Environmental Management of Road 
Salts in 2004. The main objective of the Code of Practice was to ensure protection of the 
environment while maintaining safe roads. The Code of Practice encourages public organizations 
that use 500 tonnes or more of road salts per year and/or have environmentally sensitive areas to 
prepare a salt management plan within a year of the release of the Code of Practice. A salt 
management plan contains best practices to protect the environment from the adverse impacts of 
road salts. However, the Code of Practice does not address the use of road salts on parking lots or 
private property. There are two main recommendations in the Code of Practice: 

1. The development of salt management plans, based on a review of existing road maintenance 
operations, identification of means and goal-setting to achieve reductions of the negative 
impacts of salt release; and 

2. The implementation of best practices in the areas of salt application, salt storage and snow 
disposal, as outlined in the TAC Syntheses of Best Practices. 

The application of best practices should be focused to SVAs. Annex B in the Code of Practice 
outlines the following areas of concern for consideration when identifying SVAs: 

• Areas draining into bodies of water, such as: 

 Lakes and ponds with low-dilution and long residence times 

 Watercourses that experience the cumulative effects of a dense network of highways/roads 

 Provincially significant wetlands adjacent to roadways 

 Areas draining into small, moderately deep lakes 
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• Areas where the addition of road salts has the potential to raise the chloride concentration, 
after mixing, to levels that could harm local fish or fish habitat 

• Areas adjacent to salt sensitive vegetation 

• Areas where the addition of road salts has the potential to harm the integrity of a life cycle 
(e.g., spawning grounds, nursery, rearing, food supply, migration areas for birds, etc.) 

• Areas where the addition of road salts has the potential to harm a habitat necessary for the 
survival or recovery of a wildlife species listed on the List of Wildlife Species at Risk 
(Schedule 1 of the Species at Risk Act) 

• Areas draining into sources of drinking water (surface water or ground water, including wells) 

• Areas draining into groundwater recharge zones or that have an exposed or shallow water 
table with medium to high permeability soils 

Ontario Ministry of Environment and Climate Change Source Water Protection and the Clean 
Water Act 

The Clean Water Act in Ontario was established to protect existing and future sources of drinking 
water. This act ensures that communities protect their drinking water sources by developing 
watershed-based source protection plans that are locally driven and based on science. The source 
protection plans identify significant existing and future risks to drinking water sources and develop 
plans to address these risks. The source water protection plans identify and assess Vulnerable 
Areas from potential contamination threats. One of the identified threats of concern is road salts. 
The Vulnerable Areas have been categorized into four types of areas: 

• Wellhead Protection Area (WHPA): A WHPA is the area surrounding a municipal supply well 
where certain land use activities have the potential to contaminate the quality of water flowing 
into the well. WHPAs are divided into four zones that represent different amounts of time it 
takes water to travel to the well (Zone A: 100 m radius, Zone B: 0-2 year travel time. Zone C: 
2-5 year travel time, and Zone D: 5-25 year travel time). 

• Significant Groundwater Recharge Area (SGRA): A SGRA represents an area where a large 
percentage of rainfall infiltrates to recharge the aquifer. The identified SGRAs are not 
necessarily associated with individual aquifers, but rather represent areas where groundwater 
recharge is important at a regional scale. 

• Highly Vulnerable Aquifer (HVA): A HVA represents an aquifer that is very susceptible to 
contamination from infiltration of water at the surface and may or may not represent an existing 
drinking water source. It represents areas where water can easily flow through the ground to 
the aquifer. HVAs typically define the first, or shallowest, aquifer. 

• Intake Protection Zone (IPZ): An IPZ is an area of land and/or waterbody where land use 
activities have the potential to contaminate the water located at surface water intake locations. 
The IPZ are divided into three zones representing the amount of time it takes for water to travel 
to the water intake. 
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Kilgour and Associates. 2012. A framework for understanding and evaluating SVA 

In 2012, Kilgour and Associates released a framework for understanding and evaluating SVAs. 
Within the document, the authors identify the need for Canada to either (i) develop a technically 
sound, feasible methodology for identifying SVAS that can be easily implemented by Canadian 
road authorities of different scales and regions; or (ii) define the objectives and provide a 
framework for identifying SVAs that road authorities can use to create their own, site-specific 
methodologies.  

This document addressed the second of the two needs and presented a generalized framework for 
identifying SVAs. The intent of the framework is to provide Environment and Climate Change 
Canada and/or Canadian road authorities with practical advice for developing SVA identification 
methodologies. The methodologies may be qualitative, quantitative and of different levels of 
sophistication.  

Betts, A., Gharabaghi, B., McBean. 2014. Salt vulnerability assessment methodology for 
urban streams. 

Betts et al. (2014) published a new methodology using readily available spatial data to identify 
SVAs for urban streams. The methodology calculates the probable chloride concentration statistics 
at specified points in the urban stream network and compares the results with known aquatic 
species threshold limits to chloride to characterize the vulnerability score. The approach outlined in 
this paper modelled average annual chloride concentrations in watercourses, based on watershed 
land use and salt application rates, as well as the influence area (contributing watershed) and a 
dilution factor (flow volume). This process identified the relative vulnerability of a watercourse 
based on the relative sensitivity of aquatic organisms. Based on a strong correlation (R2 = 0.99) 
evident between average and standard deviation in chloride concentrations in the study watersheds 
and use of the lognormal cumulative distribution model, they were able to predict the probability 
that the chloride concentrations in each of the study watersheds would exceed the toxicity 
thresholds of the species identified in the water course. 

The objective of the approach was to assist road organizations with the prioritization of the 
implementation of best practices in areas identified as vulnerable to road salts. This methodology 
was performed on seven sites in four watersheds in the Greater Toronto Area and validated using 
the Hanlon Creek watershed in Guelph, Ontario. 

Lake Simcoe Region Conservation Authority (LSRCA). 2015. The Identification of Salt 
Vulnerable Areas in the Lake Simcoe Watershed.  

In 2015, the Lake Simcoe Region Conservation Authority published a report that identified and 
mapped geographic areas in the Lake Simcoe watershed that are vulnerable to water quality 
impairment caused by road salts. The methodology implemented was based on Betts et al. (2014), 
but modified some input parameters in order to identify SVAs on a much more local scale and to 
account for the cumulative impacts of salt application and run-off across larger catchments. In the 
modified equation, used by the LSRCA, the assumptions made by Betts et al. (2014) for chloride 
application density were excluded and the total estimated amount of salt applied (on a raster cell 
size bases) was used instead. To account for the accumulation of salt loading and overland flow, 
the LSRCA used the ‘weighted flow accumulation’ tool in ArcMap’s Spatial Analyst extension. 
Using the zonal statistics tool in Spatial Analyst, the LSRCA distributed the average mean annual 
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flow and salt application rates over the modified catchments to ensure no elements within the 
analysis area had a value of zero in the denominator of the equation. The results of this analysis, 
calculated chloride concentrations, were consistent with concentrations measured within the Lake 
Simcoe watershed. 

1.3 Best Practices for the Mitigation of Road Salt Impacts 

Transportation Association of Canada (TAC). 2003/2013. Syntheses of Best Practices – Road 
Salt Management 

In 2003, the Transportation Association of Canada (TAC) released a series of reports on the 
Synthesis of Best Practices related to the effective management of road salt use in winter 
maintenance operations. The reports provide advice to road maintenance agencies on how to 
implement best practices when developing salt management plans. 

In 2012 and 2013, TAC released an update to the 1999 Salt Management Guide and Syntheses of 
Best Practices, respectively. These updates identify and describe ways of handling and using salt 
to maintain its usefulness as a tool for winter maintenance while at the same time reducing its 
adverse effects to the environment. Both of these guides are very useful for identifying potential 
options for mitigating the impacts of road salt application on the environment and identified salt 
vulnerable receptors. 

Western Transportation Institute, Montana State University. 2015. Manual of Environmental 
Best Practices for Snow and Ice Control 

This document is a manual on environmental best management practices used for snow and ice 
control that was developed from literature review, surveys and follow-up interviews. The best 
practices presented in this document are related to material handling and storage, application 
techniques and equipment, advanced technology for decision making, environmental management 
tools, pre-storm to mid-storm practices, post-storm clean-up, and training. A detailed summary of 
the alternative de-icing agents (in addition to NaCl) is also provided. 
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Appendix E Chloride Transport Pathways 

Road salts can enter the environment through storage and use, and through snow cleared from 
road surfaces. The major environmental impacts of road salts are usually discussed in terms of 
chlorides. The environmental chemistry of road salt is relatively straightforward. When road salts 
melt snow or ice or encounter water on either the roadway, storage pile or snow disposal site they 
dissociate into a chloride anion and a corresponding cation. The chloride ions enters surface water, 
soil and groundwater after snowmelt events and remain in solution. Chloride ions are conservative 
and move with water without being retarded or lost. Therefore, it can be expected that all chloride 
ions that enter the soil and groundwater can ultimately reach surface water; however, it may take 
anywhere from a few days to several decades (Environment Canada and Health Canada, 2001). In 
addition to road salt application, other anthropogenic sources of chlorides include processing of 
agricultural products, agricultural fertilizers, industrial production of chemicals and food, water 
softening, wastewater treatment plant effluent, septic system effluent, and leachate from landfills. 

1.4 Patrol Yards Storage 

Patrol yards, also known as storage yards or maintenance yards are used to store road salts prior 
to their application on roadways and parking lots. Road salts are stored at patrol yards in piles that 
are either covered or not covered. Covered facilities can include domes, sheds, lean-tos and tarps 
that may or may not have doors and walls. These road salt piles may or may not be stored on 
impervious surfaces. Road salts that are exposed to the natural environment (wind and 
precipitation) can leach from these piles and enter the environment through salt-laden runoff, 
infiltration, and plant uptake or wildlife consumption. Road salt losses from patrol yard storage piles 
are associated with (TAC, 2013): 

• Salt-laden runoff/leachate from uncovered piles (salt and pickled sand piles) 

• Wind-blown salts from piles and uncovered winter maintenance vehicles 

• Spillage during stockpiling and transferring of salts of pickled sand at storage sheds 

• Spillage during loading and unloading of maintenance vehicles 

• Spillage from maintenance vehicles as they pass through the patrol yard 

• Release from vehicle wash water discharging onto the soils 

Salt loss from patrol yards have potential to contaminate groundwater through infiltration and 
surface water and vegetation through overland flow. However, implementation of best practices can 
significantly reduce the risk of salt loss at patrol yards from entering the environment. For further 
discussion of best practices that can be implemented at patrol yards refer to TAC Synthesis of Best 
Practices Road Salt Management #8 – Snow Storage and Disposal (TAC, 2013). 

1.5 Snow Disposal Facilities 

When roadway and parking lot snow piles become hazards to public safety they can be transported 
to snow disposal facilities (SDF). Snow piles from roadways and parking lots that are moved to 
SDFs can contain large quantities of road salts. Snow piles are typically placed at surface sites or 
in quarries where runoff is channeled to treatment facilities (TAC, 2013). Road salts lost from SDFs 
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may enter the environment from overland runoff into surface water or percolation into soil and 
groundwater. 

For further discussion of best practices that can be implemented at snow disposal facilities refer to 
TAC Synthesis of Best Practices Road Salt Management #8 – Snow Storage and Disposal (TAC, 
2013). 

1.6 Road and Parking Lot Application 

The chloride ion resulting from road salt application is transported from roads and parking lots to 
various receptors, or endpoints, in the environment. A number of potentially vulnerable receptors 
have been identified in literature including: aquatic and terrestrial species at risk, drinking water 
sources, agriculture and valuable lands. Receptors are most exposed to the impacts of cumulative 
chloride concentrations over time. Chloride ions travel to environmental receptors along the 
following pathways: 

• Rapid runoff from roads or parking lots to natural stormwater drainage systems. The 
chloride-impacted runoff discharges to water bodies that provide habitats for aquatic species 
and drinking water sources for humans or wildlife.  

• Shallow soil infiltration and interflow or plant uptake. A portion of the chloride-impacted water 
that infiltrates into the soil will transport through the shallow aquifer system as interflow, and 
discharge into receiving surface water bodies. Vegetation, including agriculture, is also 
exposed to chloride-impacted water that has infiltrated to the shallow soil layers.  

• Deep and slow movement through groundwater aquifer systems. A portion of the 
chloride-impacted water will enter deep aquifer systems and pose a threat to the quality of 
drinking water sources. Groundwater is also extracted for agricultural purposes, potentially 
exposing crops to chloride-impacted water. Groundwater, not extracted by the well systems, 
slowly moves through the deep aquifer system and eventually discharges to surface water 
bodies as baseflow. The slow movement of water causes a delay in the time it takes for the 
chloride-impacted water to reach the surface water systems.  

• Road spray that splashes the highly concentrated brine solution from the roads that received 
salt application to adjacent lands including roadside drainage ditches, vegetation and 
agriculture. Wildlife is sometimes attracted to the melted water accumulated on or adjacent to 
road networks and ingests the chloride-impacted water. 

• Road salt that remains on the road surface may dry and become susceptible to being 
suspended by traffic and blown off the road, where it may settle on vegetation, soil, or water 
bodies and may enter the groundwater 

A flow chart summarizing the chloride concentration pathways is shown on Figure 3-1. 
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Figure 3-1 Road Salt Transport Pathway 

Chloride ions are persistent in the environment, meaning they do not disintegrate or degrade, and 
chloride concentrations will accumulate in receptors until road salt application rates are reduced. 
Novotny et al., (2009) studied chloride ion transport using a mass balance approach in the Twin 
Cities Metropolitan Area (TCMA) of Minnesota, USA. One of the major findings of the assessment 
was that the TCMA has an average retention of 72% of chlorides in soils, surface waters and 
groundwater as evaluated over 10 sub-watersheds, proving the persistence of the chloride ion in 
the environment. 

The following sections describe the vulnerability of various environmental receptors to elevated 
chloride concentrations from road salt application. 
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