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Chapter

NaCl Material for Winter
Maintenance and Its
Environmental Effect

Ivana Durickovic

Abstract

All over the world, winter maintenance is based on the application of the NaCl
salt on roads, a product necessary for the elimination of slippery conditions. The
quantities used for the salting operations are increasing with the development of
the road network (in France, up to 2 million tons are applied each winter). This
chapter will present the salt used as a deicer (its origin and chemical composition)
and its chemical properties that are exploited for that purpose. Furthermore, an
overview of the means of its transfer from the roads to the environment (soils and
waters) as well as its impacts on these media will be presented, a special attention
being devoted to the soil. The interactions of salt with other road pollutants and the
treatment possibilities in the road pollution context will be discussed.

Keywords: NaCl, winter maintenance, road salt, pollution, environmental media,
environmental impacts, road runoff

1. Introduction

In order to ensure the road safety and accessibility during winter in cold regions,
winter road maintenance operations need to be performed. These operations are
mainly based on the application of chemicals on roads with specialized vehicles.
Large quantities of the so-called road salts, or deicing salts, are thus applied in order
to clear the pavement and allow the normal traffic flow and economic activity [1].

Road salt was first introduced for snow melting operations in the 1930s [2], in
order to improve vehicle traction [3] and thus reduce automobile collisions [4].
Sodium chloride (NaCl) has been the most commonly used deicing agent since the
late 1940s [5, 6]. Application of road salts has been shown to reduce automobile
accidents by 88% and human injuries due to icy conditions by 85% [7].

According to various climatic characteristics, urban environments, economy,
and life requirements, people in different regions have different requirements for the
consumptions of chlorine deicing salt [8, 9]. Improved management practices and
regulations have resulted in reduced road salt application in some regions [4, 10].
However, the amount of deicing salt spread during cold periods increased since the
1940s [5, 11], but more particularly during the 1960s with the increasing road and
highway network [12-14] and when its usage became widespread for highway main-
tenance [2]. For instance, the quantities applied in the USA increased from 149,000
tons in 1940 to over 18 million tons in 2005 [11]. Hence, this led the transportation
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officials to yearly apply approximately 17 million tons in the United States, 6 million
tons in Canada [7], up to 2 million tons of NaCl in France [15], and 600,000 tons in
China [16]. The precise amounts of road salt applied are difficult to quantify [17],
especially when it comes to road salts applied by individual land owners and other
private entities. Kelly et al. [4] estimated that up to 40% of deicing salt application
in some areas may be from private users [8].

Once spread on roads, due to several meteorological conditions and traffic,
the road salt is transported out of the roads into the surrounding environment
[10]. Another part remains on the road surface until the humidity coming from
the precipitations or from the ice/snow melting is sufficient for flows of a road
runoff [12]. In order to diminish the direct transfers of road runoffs to the envi-
ronment, treatment systems, such as retention ponds, are constructed alongside
roads [13, 18]. However, these ponds treating the pollutants only by sedimenta-
tion, dissolved pollutants, such as sodium chloride, will only pass through the
pond and be rejected into the environment at its output [5, 18].

Severe impacts related to road salt applications have been reported on water
and soil, as well as on their vegetation and population. Significant increases in
chloride and sodium concentrations in surface water, groundwater, roadside soils,
and organisms have been reported and were correlated to deicing salt application
[19-21]. Indeed, salt stress can reduce the utilization rate of water in soil, cause
water shortage, and even cause plant death in severe cases [22]. Different soil
types and plants suffered different degrees of deicing salt damage [23, 24]. In some
cases, concentrations have even reached toxicity thresholds beginning to threaten
biodiversity [25, 26]. Moreover, salt has indirect environmental impacts, as Na*
and CI” ions are known to remobilize heavy metals adsorbed on the particle surface
(soils and sludge) [27].

Despite the increasing use and concerns about the environmental impacts of
road salt, only a few countries regulated the quantities spread on roads or devel-
oped a specific treatment for wastewaters contaminated by sodium chloride [28].
Canada, on the other hand, has much more drastic regulation declaring deicing salts
as toxic products and limiting their use [29].

2. Salting operations

During winter conditions, certain meteorological phenomena lead to slippery
conditions that provoke a decrease of the friction between the vehicle tires and
the road surface [30], thus representing a risk for traffic. Thus, the transportation
officials have the responsibility to ensure the winter road maintenance, which
encompasses all the actions and decisions aiming to fight the consequences of winter
phenomena on the road network necessary in order to maintain the viability and
safety of road users. Snow and ice control can be made with mechanical or chemical
methods [31]. Mechanical methods for the removal of snow, ice, or frost from the
road surface consist of scraping or pushing [1]. These methods are mainly used on
the mountain roads, where the thickness of the accumulated snow on the roads is
too large [32]. Chemical treatment, based on the use of road salts, is the method
used in a large number of countries of Europe, Africa, Asia, and the USA. Numerous
road salts exist: chlorides of sodium, magnesium, or calcium, alcohols (methanol,
ethanol, and ethylene glycol), acetates of potassium or sodium, and formates of
potassium or sodium [33]. The salt selection depends not only on the local climate
and legislation [9] but also on the surface that needs to be treated. Hence, for more
sensitive zones, less corrosive acetates and formates are employed [34].
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For the road treatment, on the other hand, sodium chloride is the most preferred
anti-icing compound, and is thus used in the largest quantities. It has been widely
selected because of its low cost, high availability, easy use and storage, and high
efficiency up to a temperature of approximately —8°C [2, 5, 31].

2.1 Origin and composition of sodium chloride as a road salt

Sodium chloride used as road salt can come from different sources. The
main types are sea salt (produced by natural evaporation of sea water) and
rock salt (salt mechanically extracted from underground deposits) (Figure 1),
but the new European standard includes other possible origins: ignigenic salt
(obtained by recrystallization of brine produced by injection of water into the
salt layers), salt of second intention (coproduct or industrial waste revalued),
and brine of natural sodium chloride or produced from the dissolution of salt
in water [35].

Besides the origin, road salt has to fulfill requirements stated in the European
standard also in terms of granularity, humidity, pH, and composition (proportion
of chlorides, soluble sulfates, heavy metals, insolubles, and anti-caking agents).

Road salt is mainly composed of its so-called active compound (sodium
chloride), but it also contains insolubles and impurities such as metallic trace
elements, whose quantity and nature vary as a function of the salt origin [12, 36].
Furthermore, other substances may be added for better efficiencies, such as anti-
caking agents [2].

As an example, the composition of the rock salt extracted from the Varangéville
mine, the only mine extracting rock salt for winter maintenance in France, is
presented in Table 1.

2.2 Principles of operation of road salt

Deicing salt is a product whose physical and chemical characteristics permit to
move the equilibrium of water phases in order to lower the freezing point. Under
atmospheric pressure, pure water will have a freezing point at 0°C, and beneath that
temperature, it will be in its solid form and will form ice on the road surface. It is
possible to decrease the freezing point by the addition and dissolution of a solute,
such as salt, in water (Figure 2). Thus, the formed aqueous solution is called brine
when the solute is sodium chloride.

Figure 1.
Stocks of sea salt coming from the Aigues-Morvtes in the Occitanie region of France (left) and of rock salt coming
from the Varangéville mine in the Lorraine region of France (right).
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Solubles (mass % on dry) Insolubles (mass %)

Cl 56.4 Silicates 90
S0,%" 0.86 Carbonates 5

Br~ 0.01 Sulfates 5

Na* 36.6

Ca’* 0.36

Mg* 0.02

K* 0.09

Fe(Cng)Nay, 10H,0: 114 mg/kg

Table 1.
Composition of a sample of rock salt from the Varangéville mine [37].

A brine can be characterized by its so-called weight percentage, that is, the ratio
between the mass of the salt dissolved and the mass of the solution. As shown in the
NaCl-H,0 phase diagram presented in Figure 2, a brine’s freezing point decreases
with the concentration increase until the eutectic point, which corresponds to a
weight percentage of 23.31 and a freezing point at —21°C. For temperatures lower
than —21°C, a sodium chloride dihydrate, NaCl * 2H,0, is formed.

The NaCl-H,0 phase diagram permits to identify the role of the salt diluted in
water. Indeed, if we concentrate on what happens at —5°C, we can see that for low
concentrations, the solution will be composed of ice and liquid. A part of the solu-
tion being frozen, there is danger of appearance of slippery conditions. However,
for higher concentrations (weight percentage above 10%), the solution will be
entirely liquid.

In winter maintenance context, rock salt applied on ice will captivate free
water, forming a brine. When the thus formed brine’s freezing point becomes
lower than the surrounding temperature, the fusion of ice or snow will start,
diminishing the presence of the solid phase. The efficiency of the deicing salt to
melt ice will depend on its concentration, the quantity of water present (from
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precipitations, air humidity, or water on the road surface), as well as on the
temperature [38].
Depending on the state of the road, deicing salt can be spread as [12, 31]:

* dry salt: method convenient for very wet periods,

* insolution as a brine: efficient at dry conditions as it adheres to the surface, even
though the brine can be easily drained off,

* moistured/humidified salt (mixture of a 30 wt% brine and of rock salt): efficient
in numerous situations, as the dry salt will be the salt stock and ensures a mechan-
ical effect, whereas the brine will bring the humidity necessary for the fusion.

The application can be performed either before the appearance of slippery condi-
tions (preventive salt spreading) or once they are present on the road surface (cura-
tive salt spreading). With its capacity to lower the freezing point of the liquid present
at the road surface, road salt prevents the formation of ice or provokes its melting.

3. Transfers of salt to the environment and its environmental impacts

Numerous parameters and mechanisms lead the salt to be transported out of the
roads into the environment. When deposited on soils, it can either be retained by
the soil or infiltrate and percolate to groundwater [6, 31].

This represents a real environmental issue since NaCl is known to have adverse
environmental impacts [5]. Indeed, besides increasing the salinity in soil and water,
salt may induce a range of other effects [39]. First of all, it increases the hardness
of water, provokes acidification of receiving waters [40], and strongly influences
water geochemistry by the ion mobility, more specifically of metallic ions, via
ionic exchanges and complexation with chlorides [20, 41-43]. Secondly, it can be
retained onto soils and increase ionic strength and pH, thus modifying ion specia-
tion [41, 44], but may also lead to alteration of the soil structure [31]. As a result,
the disintegration of soil aggregates and increased mobilization of colloids can lead
to a transport of heavy metals from soil to groundwater [27, 39]. And finally, in high
concentrations, NaCl causes stress to ecosystems, decreasing biomass development
and increasing mortality of species and therefore causing a modification of the
biotope [45-48].

3.1 Transfers

Any salt spread eventually ends up being in some part of the environment [2].
After their application on roads, road salt will be submitted to numerous param-
eters, such as meteorological conditions (precipitations and wind) and traffic
[23, 49], which will influence its evolution. Most of this salt is removed through
drainage (after precipitations or snow/ice melting) [3, 8] or traffic spray processes
which will transfer it to the adjacent roadside environment [2]. The main transfer
mechanisms, such as runoff, infiltration, airborne spreading, and plowing, are
represented in Figure 3.

The transfers to the different environmental compartments will take place in
the first hours following the salting operations [31]. First of all, it is estimated that
20-40% of the totality of rock salt spread is directly projected out of the roads dur-
ing the salting operation [15]. Blomqvist and Johansson [31] stated that 20-63% of
road salt is transported by air (projected by vehicles and wind).
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Figure 3.
A conceptual model of the transport mechanisms and pathways from the road [10].

The NaCl dissolved in storm water can be transferred in two ways. Firstly, it
is projected out of the roads by nebulization. The distance to which road salt is
transferred by nebulization can reach 400 m [50], even though more than 90%
is found within 20 m from the road [31] and 98% within 50 m of the road edge
[14]. Secondly, the runoff containing dissolved salt can be collected in retention
ponds. These systems can collect between 40 and 80% of the totality of the road
salt applied, depending on the meteorological conditions [12] and have the role of
improving water quality and reducing flooding risks. Retention ponds allow the
reduction of metallic pollution by decantation of suspended solids bearing trace
elements, but in general, they are not designed to treat dissolved pollutants like
NaCl [5]. Since sodium chloride is not removed by the retention ponds, after pass-
ing through those systems, road salt is rejected into the environment. There is thus a
lack of appropriate storm water management practices [6].

It is found that up to 50% of the applied road salt reaches surface waters [6, 51, 52].
The remaining 50% enters the subsurface as aquifer recharge and migrates toward
groundwater [6, 46, 53].

Further transfers will depend on the nature of the elements that are deposited,
as the salt will be dissociated into sodium and chloride. On the one hand, chloride
is considered to be a conservative element as it does not participate in chemical
reactions. It will therefore follow the water and be transported down to the ground-
water, from where it can be further transported to other groundwater aquifers
or to various surface waters. Sodium, on the other hand, takes part in chemical
processes, such as cation exchanges, with soil particles and is therefore retained in
the soil [39, 54].

3.2 Impacts on waters

Concentrations of Na" and CI~ increase in superficial and underground waters
during winter, following the salting operations [14, 20, 36, 42, 43, 55-61]. Due to
long retention times of these ions by soils and waters, this increase can continue
during the summer period [56] and high concentrations in lakes and underground
waters can be observed during several years [36, 42, 57].

Increased chloride concentrations in groundwater or surface waters because of
deicing salt application are the first observable change in water quality and indicate
that there is a hydraulic connection between the road and the water [39].
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3.2.1 Underground waters

Road runoff reaches underground waters by infiltration in soils [62]. Salt
concentration of underground waters varies with the quality of soil or from 1 year
to another. The increase of the salting operations leads to an increase in the salt
concentration of shallow ground waters [53-55]. The concentrations of Na* and CI~
ions present in underground waters were also correlated with the permeable surface
fraction which can receive road salt [46].

Aquifers play a role of reservoir wells for NaCl during winter [62], and become
a source during summer, rejecting salted waters in the streams, thus contaminating
surface waters [42, 54].

3.2.2 Surface waters

Road runoff presents very high CI™ concentrations during winter, leading to
salinity increase and water quality degradation [20, 36, 40, 58, 63]. In suburban and
urban streams of Maryland, chloride concentrations can achieve 5 g/L [20] and the
lakes of Minneapolis receiving waters charged in road salt have Na* and CI”™ concen-
trations 10-25 times greater [36].

The impacts of road salt on surface water can be physical, chemical, or biologi-
cal: change of lake density stratification, eutrophication, mobilization of metals,
reduced diversity, and so on [58].

In France, the Luitel Lake (Isére) is a remarkable example of the road salt
influence on surface waters. Indeed, the winter Olympic Games organized in 1968
at Grenoble led to the emergence of winter sport resorts and the development
of the road network to access it. The Luitel bog, located upstream and below a
department road leading to the Chamrousse resort, suffered the consequences of
this development, with an important increase of Na* and Cl™ concentrations since
1968: chloride concentration measured in 1955 was 3.7 mg/L, 34 mg/L in 1982, and
49 mg/L in 1999 [15]. A change in the lake’s aquatic population was later observed
[64]. Another example is the Saint-Augustin Lake in Québec where an unexpected
presence of some brackish water and marine samples appeared in the second half
of the twentieth century. This was identified as a result of the increasingly saline
conditions from road and highway saltings [21].

The residence time will determine the evolution of Na* and CI” concentra-
tions. If the residence time is lower than a year, these concentrations will diminish
before the next winter season, forming annual cycles [36, 65]. If the residence
time is longer, Na* and Cl” will not be flushed completely between salting seasons
and will still be present in waters next winter, leading to a gradual increase of
these concentrations from 1 year to another [62]. Hence, Kelly et al. [42] observed
the increase of Cl” and Na' concentration in rural streams of New York of 1.5 and
0.9 mg/L, respectively.

The salinity increase in waters was correlated to the increase of Mg2+, K*, and
Ca** cation concentrations coming from soil road runoff passed through [66, 67].
Judd et al. [68] attributed the Ca** and K* concentration increase in the Third Sister
lake (Michigan) between 1981 and 2004, to cationic exchanges between those ions
and sodium, whereas concentrations of Mg2+ and SO,*” remained unchanged.

Lakes present stratification with a temperature and density gradient, the super-
ficial layer being warmer. In autumn, as the air temperature decreases, it induces
convection streams leading to a homogenization of the water column permitting the
brewing of nutrients and dissolved oxygen. In winter, the presence of ice on the lake
surface leads to a stratification reversal, the surface layer becoming colder than the
lower layer. At spring, air warming inverses the process [69].
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The income of dissolved NaCl induces a modification of the thermal stratifi-
cation in favor of a chemical stratification. Waters charged in NaCl, denser, are
located in depths [70]. This chemical stratification prevents the brewing of water
masses, with eutrophication risks [36].

3.3 Impacts on soils

After being deposited on the ground, road salt infiltrates the soil and is further
transported down the soil profile to eventually reach the groundwater [39]. Despite
the runoff and storm drains, one part of salt is accumulated in soil [23]. Hence,
Howard and Haynes [51] estimated that only 45% of the chlorides were removed
annually by surface runoff in Toronto (Canada), the rest of it remaining in soil
water or ground water.

3.3.1 Cation speciation

It was observed that Ca and Mg are present in higher concentrations in soils in
the vicinity of roads [23, 40, 41]. Indeed, after salting operations, Na* concentra-
tion increases in the soil solution. Sodium enters in competition with other cations
at the sites of ionic exchanges leading to an increase in Mg®* and Ca* concentrations
in the soil solution [19, 41, 56, 61, 63, 66, 71-75]. Because of its stronger attraction
to negatively charged soil particles, Mg®* may accelerate Na* leaching by displacing
it in soils [23]. Thus, faster movement of Na* through soils make Na* less available
to plants, but more available to aquatic systems [23].

Sodium can also enhance the release of metals from soils to groundwater
[19, 23, 27, 76]. Hence, increased transport of heavy metals (Zn, Cd, Cuand
Pb) coincident with road salt applications has been observed in roadside soils in
Germany, Sweden, and the United States [36].

Due to their physicochemical properties, metallic trace elements have different
speciations according to the pH and chemical environment. Metallic trace elements
with weak solubilities fix on preferential phases that vary according to physico-
chemical conditions on the water-solid interface. Metals such as Cu and Cd have
strong affinities for organic matter and are present in aqueous phases in the form of
chloride complexes. Other metal, such as Pb, Cr, and Zn have a strong affinity for
organic matter that influences their mobility in the presence of Na* and Cl™. Li et al.
[77] showed that in a soil of a nontreated road, Pb and Zn were present mainly in
the phases of carbonates and oxides of Fe and Mn, whereas Cu was mainly associ-
ated to organic fractions and to sulfides. Durand et al. [78] observed in sediments
of retention ponds that Cd, Pb, and Zn were linked to fulvic acids and were mobile,
while Ni and Cr were mainly present in the humic fraction and were thus little
mobile. Pb and Zn can also precipitate as oxides [76], while Cd forms chloride
complexes in the presence of dissolved NaCl [74].

3.3.2 Impacts on the soil quality

Several anthropogenic factors disturb the state of urban soil by changing its
natural features and internal processes [79]. Geomechanical transformations are
often accompanied by chemical changes. The accumulation of different pollutants
and their subsequent synergetic and antagonistic reactions lead to an increasing
level of toxicity in urban soil [80]. One of the observed changes is the salinifica-
tion of urban soils, a side effect of salting the roads in winter, which will lead to
a physicochemical modification of the soil and influence the mobility of metallic
trace elements.
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Soils in the vicinity of roads present higher concentration of metals and road
salts. As an example, the first 20 cm of depth next to main roads in Opole (Poland),
chloride concentration can go up to 1.5 g/kg [79].

Road salt accumulation in soils depends on several parameters: the soil perme-
ability and its density, and its mechanical properties influence the salt transport and
the physicochemical processes. The Na* and Cl™ ions can be retained in soils next to
rural and urban roads in Missouri for 2-3 months after the end of the salting period,
namely in soils containing organic matter, such as sandy soils [61]. According to
Lundmark and Olofsson [81], soils with coarse particle size, which are more perme-
able, will have greater salt leaching down the soil profile.

More conservative Cl™ is less retained by soils [2], leading to concentrations in
water higher by 10-15% than the Na* concentration [40]. However, several stud-
ies showed that chlorides can be retained in forest soils [82], as well as rural soils
[83]. Indeed, the chloride ion can interact with the organic matter in order to form
chlorinated organic complexes and be stocked in soil micropores [40, 56, 82, 84].
Besides acting like a well, soil is also a source by liberation mechanisms with C1™ and
Na® ions interacting with the soil components [82, 84]. The ions are then leached
toward underground waters or transported to surface waters.

Numerous lixiviation tests showed the capacity of NaCl to remobilize metal-
lic trace elements. The alternation of leaching with rainwater charged in Na* and
CI” and water with weak ionic force promotes the release of colloids formed of
carbonates, clay, and organic matter [27, 72, 74, 85]. Moreover, the presence of Na*
and CI leads to a competition for the sorption sites [63]. Metallic trace elements are
easily leached in the presence of NaCl [19, 27, 72, 74, 76, 85] and can be transported
by the soil solution toward surface or underground water.

Salinization is a threat for soils, mainly in arid countries where irrigation is per-
formed with salted waters [12]. Clays can contain in their structure Ca*" ions that
permit to obtain structures presenting little swelling or dispersion. Conversely, the
presence of Na® in clays induces the formation of a platelet structure, more mobile
in interstitial water. The presence of Na* in the soil provokes particle (clay and
organic matter) dispersions [66] and a swelling decreasing hydraulic conductivity
by obstruction of pores [86, 87]. Structural stability of a soil, apparent density, and
soil permeability will then decrease in the presence of Na* [86-89]. Colloids are
evacuated during the leaching of soils by salty waters [72, 74]. The soils presenting
high salinities induce a release of Ca, Mg, and K.

3.3.3 Impacts on the vegetation

Once in the roadside environment, salt may percolate downward into the soil
and become available to plant roots or the underlying water table or be deposited
directly on roadside vegetation [79]. Many authors have shown a direct correlation
between the content of Na* and CI™ ions in the soil and the degree of plant damage
[22, 90]. Indeed, increases in Na* concentration tend to leach out K, Ca, and Mg
cations, which can result in nutrient deficiencies in certain soil types [24, 72]. The
higher the concentration of Na* and Cl™ ions in the soil, the higher their accumula-
tion in plants and, consequently, the greater the damage to plants [79].

The most significant symptoms of salts on roadside trees are growth limita-
tion/reduction in biomass, necrosis, defoliation, and in extreme cases, the entire
destruction of a plant [12, 49, 79]. These symptoms can be caused by several salt
effects: photosynthesis reduction, decrease of soil moisture, decrease of water con-
tent in leaf tissues, alteration of nutrient availability, etc. [24]. It is estimated that
the use of road salt is responsible for the death of 700,000 trees/year in Western
Europe [91] (Figure 4).
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Figure 4.
Roadside vegetation impacted by road salt [92].

A good example of the impact of urban runoff on biota is the Frenchman’s Bay
lagoon, receiving direct runoff from Canada’s busiest highway. Eyles et al. [53]
underlined a marked reduction in the area of vegetation of a wetland corresponding
to 30% since 1970 and 60% since 1939. Furthermore, reduced diversity and coverage
of submergent plant species is reflected in changing fish populations in the lagoon.
The authors showed that the largest contemporary impactor on environmental qual-
ity in Frenchman’s Bay watershed derives from the salting operations.

4. Treatment possibilities

Contaminated soils and waters can be remediated by various methods which
are not suitable for an iz situ treatment. For the road runoff treatment, conven-
tional desalination techniques (reverse osmosis and membrane processes) are
too expensive.

Currently, preference is being given to in situ methods that are less environmen-
tally disruptive and more economical. In this context, biotechnology offers phytore-
mediation techniques as a suitable alternative [93].

Phytoremediation is based on the use of plants and their associated microorgan-
isms for the removal, degradation, or stabilization of toxic substances from the
environment. Depending on the contaminant and on the plant characteristics,
different phytoremediation techniques take place (Figure 5).

The first objective of the phytoremediation is to limit the impacts of some
contaminants. This can be obtained by several ways. Firstly, by phytostabiliza-
tion, that is, immobilization of the contaminant in the contaminated soils (after
incorporation of contaminants into roots, metals are precipitated as insoluble
forms and trapped in the soil matrix). This technique diminishes the mobility and
bioavailability of contaminants by different mechanisms such as sorption, com-
plexation, or precipitation [94]. Secondly, by phytodegradation of the contami-
nant (contaminants are degraded inside plant cells by specific enzymes) [93, 95].
And finally, by phytoextraction from the soil which involves the absorption of
contaminants by roots and their accumulation in the aerial parts [96]. It is mainly
applied to metals (Cd, Ni, Cu, Zn, and Pb) and preferentially uses hyperaccumu-
lator plants that have the ability to store high concentrations of specific metals in
their aerial parts (0.01-1% dry weight, depending on the metal). Phytoextraction
is the most commonly used technique and probably the most economic and
efficient one [94].

10
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Phytovolatilization

Phytodegradation

Phytostabilization

Figuress.
Schematic representation of phytoremediation strategies [93].

In order to develop such a technique for the remediation of a contaminated soil,
it is important to choose appropriate plants. Indeed, the choice of the plant will
depend on the environmental conditions it will be submitted to, mainly soil com-
position and pollutant that is aimed for phytoremediation. In order for a plant to be
considered as a good phytoremediator, it has to have high tolerance to the pollutants
and has to be able to accumulate or degrade pollutants. For a good efficiency, it is
necessary that the plant has fast growth and high biomass production, as well as a
well-developed root system. Finally, it has to be well adapted on the climatic and
environmental conditions it will be submitted to [18].

Phytodesalination, in particular, is a modality of phytoextraction based on the
use of halophytes for removal of salts from saline soils. Several studies investigate
the possibility of using phytodesalination for road runoff treatment [97-102].

Morteau et al. [100] investigated a possibility for the treatment of road runoff
in Québec by Atriplex patula, Salicornia europaea, and Spergularia canadensis. The
authors showed that all species accumulated important masses of salt, but that
the mass of accumulated salt depends on the plant morphology (size and weight),
species, and concentration of the salt exposure. Their study shows that, taking into
account the chloride accumulation and plant weight, Atriplex patula is the most
suitable for the accumulation of chlorides and of sodium.

Suaire et al. [102] and Durickovic et al. [97] showed that two Atriplex species
(Atriplex hortensis and Atriplex halimus) seem to be well adapted for the road
runoff remediation. Indeed, these species showed they both have salt and metal
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accumulation abilities, but also have capacities suited for the implementation in the
road runoff treatment systems. Indeed, Atriplex hortensis is particularly interest-
ing because of its fast growth rate, attending 1 m of height in 1 year and Atriplex
halimus because of its water stress tolerance and ability to accumulate metals,
contaminants that are also present in road runoffs.

5. Conclusion

Significant increases in sodium and chloride concentrations in the different
environmental compartments (water, soil, and biota) have been reported and
correlated to deicing salt application. These increases lead to important environ-
mental impacts such as the increase in soil pH and salinity, modification of the soil
structure, reduction of the availability of nutriments for the vegetation, and loss
of biodiversity. Hence, many European countries (Germany, Finland, Norway,
Sweden, and Switzerland) and Canada are preoccupied with the environmental
risks that the usage of deicing salt implies. They entered the usage of deicing salts in
their code of the environment and prohibited their use in vulnerable areas. Canada
also entered road salt in their list of toxic products of the Canadian law for the
protection of the environment in 1999.

Despite of its well-known environmental impacts, it is not possible to over-
come the need of usage of salt as road salt. Numerous studies are led in order
to optimize its applications and diminish its rejections into the environment.
However, even if the quantities applied on roads are diminished, the salt will
nevertheless end in the environment.

The concentrations of sodium and chlorides rejected into the environment
may only be regulated by controlling the water output flow of collection systems
or retention ponds along roadside. Several studies investigate the possibility of
using phytodesalination (i.e., extraction of salt from soil or water by plants which
concentrate it in their biomass) for road runoff treatment. These studies show
promising results, particularly with the Atriplex halophytes species, but are still in
their research phase and are not yet operational. In the meantime, salt surveillance
in environmental media is thus of great importance in order to identify the areas
that are most vulnerable and where optimization of salting operations, as well as of
retention systems are needed.

Author details

Ivana Durickovic
Cerema, TEAM, Tomblaine, France

*Address all correspondence to: ivana.durickovic@cerema.fr

IntechOpen

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium,

provided the original work is properly cited.

12



NaCl Material for Winter Maintenance and Its Environmental Effect

DOI: http://dx.doi.org/10.5772/intechopen.86907

References

[1] Gaspar L, Bencze Z. Salting
route optimization in Hungary.
Transportation Research Procedia.
2016;14:2421-2430. DOI: 10.1016/j.
trpro.2016.05.285

[2] Ramakrishna DM, Viraraghavan
T. Environmental impact of chemical
deicers—A review. Water, Air, and
Soil Pollution. 2005;166:49-63. DOI:
10.1007/s11270-005-8265-9

[3] Denby BR, Ketzel M, Ellermann T,
Stojiljkovic A, Kupiainen K, Niemi JV,
et al. Road salt emissions: A comparison
of measurements and modelling using
the NORTRIP road dust emission
model. Atmospheric Environment.
2016;141:508-522. DOI: 10.1016/j.
atmosenv.2016.07.027

[4] Kelly VR, Findlay SEG, Schlesing
WH, Chatrchyan AM, Menking K,
editors. Road Salt, Moving Toward the
Solution. Millbrook: The Cary Institute
of Ecosystem Studies; 2010. 16p

[5] Barbier L, Suaire R, Durickovic I,
Laurent J, Simonnot M-O. Is a road
stormwater retention pond able to
intercept deicing salt? Water, Air, and
Soil Pollution. 2018;229:251-262. DOI:
10.1007/s11270-018-3908-9

[6] Meriano M, Eyles N, Howard KWF.
Hydrogeological impacts of road salt
from Canada’s busiest highway on a
Lake Ontario watershed (Frenchman’s
bay) and lagoon, City of Pickering.
Journal of Contaminant Hydrology.
2009;107(1-2):66-81. DOI: 10.1016/j.
jconhyd.2009.04.002

[7]1 Salt Institute. Salt Institute [Internet].

2015. Available from: www.saltinstitute.
org [Accessed: 9 January 2015]

[8] Hubbart JA, Kellner E, Hooper LW,
Zeiger S. Quantifying loading,

toxic concentrations, and systemic
persistence of chloride ina

13

contemporary mixed - land - use
watershed using an experimental
watershed approach. Science of the
Total Environment. 2017;581:822-832.
DOI: 10.1016/j.scitotenv.2017.01.019

[9] Schoukens I, Cavezza F, Cerezo J,
Vandenberghe V, Gudla VC, Ambat R.
Influence of de-icing salt chemistry
on the corrosion behavior of AA6016.
Materials and Corrosion - Werkstoffe
Und Korrosion. 2018;69:881-887. DOI:
10.1002/maco.201709907

[10] Blomgvist G. Deicing salt and

the roadside environment: Air-borne
exposure, damage to Norway spruce and
system monitoring. Technical Report.
KTH Kungliga tekniska Hogskolan;
2001. 32p

[11] Jackson RB, Jibbay EG. From icy
roads to salty streams. Proceedings
of the National Academy of Sciences
of the United States of America.
2005;102:14487-14488. DOI: 10.1073/
pnas.0507389102

[12] Barbier L. Dynamique des flux de
fondants routiers et influence sur la
pollution routiére au sein d’un bassin de
rétention-décantation [thesis]. Nancy:
Université de Lorraine; 2019

[13] Durand C. Caractérisation
physico-chimique des produits de
l'assainissement pluvial. Origine

et devenir des métaux traces et des
polluants organiques [thesis]. Poitiers:
Université de Poitiers; 2003

[14] Demers CL, Sage RW. Effects of
road deicing salt on chloride levels in
fous adirondack streams. Water, Air, and
Soil Pollution. 1990;49(3-4):369-373

[15] Mauduit C, Pineau C, Trielli E.
L'impact des fondants routiers sur
lenvironnement: Etat des connaissances

et pistes dactions. Technical Report.
Bagneux: SETRA; 2011. 24p



Salt in the Earth

[16] Ke C, Li Z, Liang Y, Tao W, Du M.
Impacts of chloride de-icing salt on bulk
soils, fungi, and bacterial populations
surrounding the plant rhizosphere.
Applied Soil Ecology. 2013;72:69-78.
DOI: 10.1016/j.aps0il.2013.06.003

[17] Moutton M, Durickovic 1.
Evaluation et caractérisation des flux
de sels de voirie (NaCl) parvenant

aux milieux aquaituqges du bassin
Rhin-Meuse. Technical Report. Nancy:
Cerema; 2016. 57p

[18] Suaire R. Dynamique de transfert
des fondants routiers dans un bassin

de rétention des eaux de ruissellement
routiéres: Vers une solution
d’assainissement par phytoremédiation
[thesis]. Nancy: Université de Lorraine;
2015. 56p

[19] Backstrom M, Karlsson S, Baeckman
L, Folkeson L, Lind B. Mobilisation

of heavy metals by deicing saltsina
roadside environment. Water Research.
2004;38:720-732. DOI: 10.1016/j.
watres.2003.11.006

[20] Kaushal SS, Groffman PM, Lineks
GE, Belt KT, Stack WP, Kelly VR, et al.
Increased salinization of freshwater
in the northeastern United States.
Proceedings of the National Academy
of Sciences of the United States of
America. 2005;102(38):13517-13520.
DOI:10.1073/pnas.0506414102

[21] Pienitz R, Roberge K, Vincent WE.
Three hundred years of human-induced
change in a urban lake: Paleolimnological
analysis of lac Saint-Augustin, Québec
City, Canada. Canadian Journal of Botany.
2006;84(2):303-320. DOI: 10.1139/
B05-152

[22] Munns R, Termaat A. Whole-plant
responses to salinity. Functional Plant
Biology. 1986;13(1):143-160. DOI:
10.1071/PP9860143

[23] Cunningham MA, Snyder E, Yonkin
D, Ross M, Elsen T. Accumulation

14

of deicing salts in soils in an urban
environment. Urban Ecosystems.
2008;11(1):17-31. DOI: 10.1007/
s11252-007-0031-x

[24] Trahan NA, Peterson CM. Factors
impacting the health of roadside
vegetation. Technical Report. Colorado:

Colorado Department of Transportation
Research Branch; 2007. 264p

[25] Tixier G, Rochfort Q, Grapentine L,
Marsalek J, Lafont M. Spatial and
seasonal toxicity in a stormwater
management facility: Evidence obtained
by adapting an integrated sediment
quality assessment approach. Water
Research. 2012;46(20):6671-6682. DOI:
10.1016/jwaters.2011.12.031

[26] EPA. National Recommended
Water Quality Criteria [Internet]. 20009.
Available from: http://www.epa.gov/
waterscience/criteria/wqctable

[27] Amrhein C, Strong JE, Mosher PA.
Effect of deicing salts on metal and
organic matter mobilization in roadside
soils. Environmental Science and
Technology. 1992;26:703-709. DOL:
10.1021/es00028a006

[28] Derombise G, Durickovic I.
Impact des fondants routiers

sur lenvironnement—Syntheése
bibliographique. Technical Report.
Nancy: CETE de I’Est, LRPC de Nancy;
2011. 33p

[29] Environnement Canada. Loi
canadienne sur la protection de
lenvironnement. Liste des substances
d’intérét prioritaire — Rapport
d¥évaluation: Sels de voirie. Technical
Report. Environnement Canada; 2000

[30] Pokorski J, Renski A, Hubert S.
Investigation of adhesion characteristics
of different tyre types in different
weather conditions. Journal of

KONES. 2012;19(3):363-369. DOI:
10.5604/12314005.1138147



NaCl Material for Winter Maintenance and Its Environmental Effect

DOI: http://dx.doi.org/10.5772/intechopen.86907

[31] Blomqvist G, Johansson EL.
Airborne spreading and deposition
of de-icing salt—A case study.
Science of the Total Environment.
1999;235:161-168. DOI: 10.1016/
s0048-9697(99)00209-0

[32] Viabilité Hivernale. Viabilité
Hivernale [Internet]. 2005. Available
from: wwwviabilite-hivernale.
developpement-durable.gouv.fr
[Accessed: 30 April 2019]

[33] SETRA. Choisir un fondant routier.
Du bon usage des normes NF 98-180 et
XP P98-181. Technical Report. Sourdun:
SETRA; 2015. 19p

[34] Service technique des bases
aériennes. Services hivernaux sur
chaussées aéronautiques. Technical
Report; 2002

[35] CSN EN 16811-1. Winter service
equipment and products—De-icing
agents—Part 1: Sodium chloride—
Requirements and test methods; 2016

[36] Novotny EV, Murphy D, Stefan HG.
Increase of urban lake salinity by

road deicing salt. Science of the Total
Environment. 2008;406(1-2):131-144.
DOI: 10.1016/j.scitotenv.2008.07.037

[37] Durickovic L. Etude par
Spectroscopie Raman de la Salinité
Résiduelle Issue de Lépandage de
Fondants Routiers sur une Chaussée.
Metz: Université Paul Verlaine; 2008

[38] Kaufmann DW. Low temperature
properties and uses of salt and

brine. In: Kaufmann DW, editor.
Sodium Chloride: The Production
and Properties of Salt and Brine.
Washington: Reinhold Publishing
Corporation; 1960. pp. 547-568

[39] Lundmark A. Modelling the impacts
of deicing salt on soil water in a roadside

environment. Technical Report.
Stockholm: KTH; 2005. 32p

15

[40] Rhodes AL, Newton RM, Pufall A.
Influences of land use on water quality
of a diverse New England watershed.
Environmental Science and Technology.

2001;35(18):3640-3645

[41] Lofgren S. The chemical effects

of deicing salt on soil and stream
water or five catchment in Southeast
Sweden. Water, Air, and Soil Pollution.
2001;130(1-4):863-868. DOI:
10.1023/A:1013895215558

[42] Kelly VR, Lovet GM, Weather KC,
Findlay SEG, Strayer DL, Burns D], et al.
Long-term sodium chloride retention

in a rural watershed: Legacy effects of
road salt on streamwater concentration.
Environmental Science and Technology.
2008;42(2):400-405. DOI: 10.1021/
es071391

[43] Dailey KR, Welch KA, Lyons WB.
Evaluating the influence of road salt on
water quality of Ohio rivers over time.
Applied Geochemistry. 2014;47:25-35.
DOI: 10.1016/j.apgeochem.2014.05.006

[44] Backstrom M, Nilsson U, Hakansson
K, Allard B, Karlsson S. Speciation

of heavy metals in road runoff and
roadside deposition. Water, Air, and Soil
Pollution. 2003;147:343-366

[45] James KR, Cant B, Ryan T.
Responses of freshwater biota to rising
salinity levels and implications for saline
water management: A review. Australian
Journal of Botany. 2003;51(6):703-713.
DOI: 10.1071/BT02110

[46] Daley MI, Potter JD, McDowell WH.
Salinization of urbanizing New
Hampshire streams and groundwater:
Effects of road salt and hydrologic
variability. Journal of the North
American Benthological Society.
2009;28(4):929-940. DOI:
10.1899/09-052.1

[47] Nam KH, Kim Y], Moon YS,
Pack IS, Kim CG. Salinity affects
metabolomic profiles of different



Salt in the Earth

trophic levels in a food chain.

Science of the Total Environment.
2017;599-600 (Supplement C):198-206.
DOI: 10.1016/j.scitotenv.2017.05.003

[48] Van Meter R], Swan CM, Snodgrass
JW. Salinization alters ecosystem
structure in urban stormwater
detention ponds. Urban Ecosystems.
2007;14(4):723-736. DOI: 10.1007/
s11252-011-0180-9

[49] Equiza MA, Calvo-Polanco M,
Cirelli D, Senrans J, Wartenbe M,
Saunder C, et al. Long-term impact of
road salt (NaCl) on soil and urban trees
in Edmonton, Canada. Urban Forestry
& Urban Greening. 2017;21:16-28. DOI:
10.1016/j.ufug.2016.11.003

[50] Kelsey PD, Hootman RG. Deicing
salt dispersion and effects on vegetation
along highways. Case study: Deicing salt
deposition on the Morton Arboretum. In:
D’Itri FM, editor. Chemical Deicers and
the Environment. Michigan/Boca Raton:
Lewis Publishers; 1992. pp. 253-282

[51] Howard KWF, Haynes J.
Groundwater contamination due to
road de-icing chemicals—Salt balance
implications. Geoscience Canada.

1993;20(1):1-8

[52] Ruth O. The effects of de-icing

in Helsinki urban streams, Southern
Finland. Water Science and Technology.
2003;48(9):33-43. DOI: 10.2166/
wst.2003.0486

[53] Eyles N, Meriano M, Chow-Fraser P.
Impacts of European settlement (1840-
present) in a Great Lake watershed and
lagoon: Frenchman’s Bay, Lake Ontario,
Canada. Environment and Earth
Science. 2013;68(8):2211-2228. DOI:
10.1007/s12665-012-1904-8

[54] Cassanelli JP, Robbins GA. Effects of
road salt on Connecticut’s groundwater:
A statewide centennial perspective.
Journal of Environmental Quality.
2013;42(3):737-748. DOI: 10.2134/
jeq2012.0319

16

[55] Corsi SR, De Cicco LA, Lutz MA,
Hirsch RM. River chloride trends in
snow-affected urban watersheds:
Increasing concentrations outpace
urban growth rate and are common
among all seasons. Science of the Total
Environment. 2015;508:488-497. DOI:
10.1016/j.scitotenv.2014.12.012

[56] Mason CF, Norton SA, Fernandez IJ,
Katz LE. Deconstruction of the chemical
effects of road salt on stream water
chemistry. Journal of Environmental

Quality. 1999;28(1):82-91

[57] Godwin KS, Hafner SD, Buff MF.
Long-term trends in sodium and
chloride in the Mohawk River,

New York: The effect of fifty years of
road-salt application. Environmental
Pollution. 2003;124(2):273-281

[58] Thunqvist EL. Regional increase of
mean chloride concentration in water
due to the application of deicing salt.
Science of the Total Environment.
2004;325(1):29-37. DOI: 10.1016/j.
scitotenv.2003.11.020

[59] Corsi SR, Graczyk D], Geis SW,
Booth NL, Richards KD. A fresh look at
road salt: Aquatic toxicity and water-
quality impacts on local, regional, and

national scales. Environmental Science
and Technology. 2010;44(19):7376-7382

[60] Watmough SA, Rabinowitz T,

Baker S. The impact of pollutants from a
major northern highway on an adjacent
hardwood forest. Science of the Total
Environment. 2017;579:409-419

[61] Robinson HK, Hasenmueller EA,
Chambers LG. Soil as a reservoir
for road salt retention leading to its

gradual release to groundwater. Applied
Geochemistry. 2017;83:72-85

[62] Robinson HK, Hasenmueller EA.
Transport of road salt contamination
in karst aquifers and soils over multiple
timescales. Science of the Total
Environment. 2017;603-604:94-108.
DOI: 10.1016/j.scitotenv.2017.05.244



NaCl Material for Winter Maintenance and Its Environmental Effect

DOI: http://dx.doi.org/10.5772/intechopen.86907

[63] Rhodes AL, Guswa AJ. Storage
and release of road-salt contamination
from a calcareous Lake-Basin Fen,
Western Massachusetts, USA. Science
of the Total Environment. 2016;545-
546:525-545. DOI: 10.1016/j.
scitotenv.2015.12.060

[64] Nedjai R, Rovera G, Bonnet M-P. Les
effets des épandages de sel sur la
tourbiére lacustre du Luitel (massif de
Belledonne, France): La dérivation des
eaux du ruisseau du Rambert comme
remeéde a la pollution [The effects of
road salting on the Luitel lake peat bog
(Belledonne massif, France)]. Revue de
Géographie Alpine. 2003;91(1):51-66

[65] Rodrigues PMSM, Rodrigues

RMM, Costa BHF, Tavares Martins

AAL, Esteves da Silva JCG. Multivariate
analysis of the water quality variation in
the Serra da Estrela (Portugal) Natural
Park as a consequence of road deicing
with salt. Chemometrics and Intelligent
Laboratory Systems. 2010;102(2):130-135

[66] Sun H, Alexander J, Gove B, Koch
M. Mobilization of arsenic, lead,

and mercury under conditions of sea
water intrusion and road deicing salt

application. Journal of Contaminant
Hydrology. 2015;180:12-24

[67] Koretsky CM, MacLeod A, Sibert
RJ, Snyder C. Redox stratification
and salinization of three kettle

lakes in Southwest Michigan,

USA. Water, Air, and Soil Pollution.
2012;223(3):1415-1427

[68] Judd KE, Adams HE, Bosch NS,
Kostrzewski JM, Scott CE, Schultz BM,
et al. A case history: Effects of mixing
regime on nutrient dynamics and
community structure in third sister
lake, Michigan during late winter and
early spring 2003. Lake and Reservoir
Management. 2005;21(3):316-329

[69] Rondel C, Daufresne M, Danis P-A.
Thermo-mictic typology: Application to

a classification of French lakes. Rapport
final, ONEMA/IRSTEA; 2012

17

[70] Mayer T, Snodgrass W], Morin D.
Spatial characterization of the
occurrence of road salts and their
chlorides in Canadian surface waters
and benthic sediments. Water Quality
Research Journal. 1999;34(4):545-574

[71] Rosenberry DO, Bukaveckas
PA, Buso DC, Likens GE, Shapiro
AM, Winter TC. Movement of

road salt to a small New Hampshire
Lake. Water, Air, and Soil Pollution.
1999;109(1-4):179-206

[72] Norrstrom A-C, Bergstedt E. The
impact of road de-icing salts (NaCl) on
colloid dispersion and base cation pools
in roadside soils. Water, Air, and Soil
Pollution. 2001;127(1):281-299

[73] Green SM, Machin R, Cresser MS.
Effect of long-term changes in soil
chemistry induced by road salt
applications on N-transformations in

roadside soils. Environmental Pollution.
2008;152(1):20-31

[74] Nelson SS, Yonge DR, Barber ME.
Effects of road salts on heavy metal
mobility in two Eastern Washington
soils. Journal of Environmental

Engineering. 2009;135(7):505-510

[75] Kim SY, Koretsky C. Effects

of road salt deicers on sediment
biogeochemistry. Biogeochemistry.
2013;112(1):343-358

[76] Norrstrom AC, Jacks G.
Concentration and fractionation of
heavy metals in roadside soils receiving
de-icing salts. Science of the Total
Environment. 1998;218(2):161-174

[77]1 Li X, Poon C-S, Liu PS. Heavy
metal contamination of urban soils

and street dusts in Hong Kong. Applied
Geochemistry. 2001;16(11):1361-1368

[78] Durand C, Ruban V, Amblés A,
Oudot J. Characterization of the organic
matter of sludge: Determination of
lipids, hydrocarbons and PAHs from



Salt in the Earth

road retention/infiltration ponds in
France. Environmental Pollution.
2004;132(3):375-384

[79] CzerniawskaKusza I, Kusza G,
Duzynski M. Effect of deicing salts
on urban soils and health status

of roadside trees in the Opole
region. Environmental Toxicology.
2004;19(4):296-301

[80] Manning R. On the flow of water in
open channels and pipes. Transactions
of the Institution of Civil Engineers of
Ireland. 1981;20:161-207

[81] Lundmark A, Olofsson B. Chloride
deposition and distribution in soils
along a deiced highway—Assessment
using different methods of
measurement. Water, Air, and Soil
Pollution. 2007;182(1-4):173-185

[82] Oberg G, Sandén P. Retention of
chloride in soil and cycling of organic

matter-bound chlorine. Hydrological
Processes. 2005;19(11):2123-2136

[83] Kincaid DW, Findlay SEG. Sources
of elevated chloride in local streams:
Groundwater and soils as potential

reservoirs. Water, Air, and Soil
Pollution. 2009;203(1-4):335-342

[84] Svensson T, Sandén P, Bastviken D,
Oberg G. Chlorine transport in a

small catchment in Southeast Sweden
during two years. Biogeochemistry.
2007;82(2):181-199

[85] Acosta JA, Jansen B, Kalbitz K,
Faz A, Martinez-Martinez S.
Salinity increases mobility of heavy

metals in soils. Chemosphere.
2011;85(8):1318-1324

[86] Quirk JP, Schofield RK. The effect
of electrolyte concentration on soil
permeability. Journal of Soil Science.
1955;6(2):163-178

[87] Frenkel H, Goertzen JO, Rhoades
JD. Effects of clay type and content,

18

exchangeable sodium percentage,
and electrolyte concentration on
clay dispersion and soil hydraulic
conductivity. Soil Science Society of
America Journal. 1978;42(1):32-39

[88] Quirk JP. Soil permeability in
relation to sodicity and salinity.

Philosophical Transactions of the Royal
Society A. 1986;316(1537):297-317

[89] Tejada M, Gonzalez J. Beet vinasse
applied to wheat under dryland
conditions affects soil properties and
yield. European Journal of Agronomy.
2005;23(4):336-347

[90] Fliickinger W, Braun S. Perspectives
of reducing the deleterious effect of
de-icing salt upon vegetation. Plant and
Soil. 1981;63(3):527-529. DOI: 10.1007/
BF02370056

[91] Durickovic I. Impacts
environnementaux de lexploitation
hivernale des routes. Journées Techniques
Routes (JTR 2013); 6-7 February 2013;
Nantes (France)

[92] Urban J. Minimizing the Effects of
Salting on Urban Trees [Internet]. 2010.
Available from: http://www.deeproot.
com/blog/blog-entries/minimizing-
the-effects-of-salting-on-urban-trees
[Accessed: 30 June 2019]

[93] Favas PJC, Pratas J, Varun M,
D’Souza R, Paul MS. Phytoremediation
of soils contaminated with metals and
metalloids at mining areas: Potential of
native flora. In: Hernandez Soriano MC,
editor. Environmental Risk Assessment
of Soil Contamination. Rijeka, Croatia:
IntechOpen; 2014. pp. 485-517. DOL:
10.5772/57469

[94] Morel JL, Chaineau CH, Schiavon
M, Lichtfouse E. The role of plants in
the remediation of contaminated soils.
In: Baveye P, Block J-C, Goncharuk

V, editors. Bioavailability of Organic
Xenobiotics in the Environment, Volume
64 of the NATO ASI Series. Netherlands:
Springer; 1999. pp. 429-449



NaCl Material for Winter Maintenance and Its Environmental Effect
DOI: http://dx.doi.org/10.5772/intechopen.86907

[95] Morel JL, Echevarrai G, Goncharova
N. Phytoremediation of Metal-
Contaminated Soils. Dordrechts:
Springer; 2006. 347p

[96] Mench M, Schwitzguebel J-P,
Schroeder P, Bert V, Gawronski S,
Gupta S. Assessment of successful
experiments and limitations of
phytotechnologies: Contaminant
uptake, detoxification and
sequestration, and consequences for
food safety. Environmental Science and
Pollution Research. 2009;16(7):876-900

[97] Durickovic I, Suaire R, Colin C,
Barbier L, Leblain JY, DeRouck

AC. An investigation of the road salt
phytoremediation possibilities in
France. Routes/Roads. 2018;377:44-48

[98] Greipsson S. Phytoremediation.
Nature Education Knowledge. 2011;3:7

[99] Manousaki E, Kalogerakis N.
Halophytes present new opportunities
in phytoremediation of heavy metals
and saline soils. Industrial and
Engineering Chemistry Research.
2011;50:656-660

[100] Morteau B, Galvez-Cloutier R,
Leroueil S. Développement d’une chaine
de traitement pour latténuation des
contaminants provenant des sels de
voiries de I'autoroute Félix-Leclerc: Lit
filtrant et marais épurateur construit
adapté. Technical Report, Université de
Laval, Québec; 2006

[101] Shelef O, Gross A, Rachmilevitch
R. The use of Bassia indica for salt
phytoremediation. Water Research.
2012;46:3967-3976

[102] Suaire R, Durickovic I, Framont-
Terrasse L, Leblain J-Y, De Rouck A-C,
Simonnot M-O. Phytoextraction of

Na* and Cl™ by Atriplex halimus and
Atriplex hortensis L.: A promising
solution for remediation of road runoff
contaminated with deicing salts.
Ecological Engineering. 2016;67:182-189

19



