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Abstract
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The article deals with the contamination of soil in the vicinity of the D1 motorway caused by 
the application of chemical de-icing agents in winter. In the selected area, during a period of one 
year (from October 2017 to October 2018), soil samples were regularly collected once a month 
at five different distances from the road. Chloride concentrations in aqueous extracts of the soil 
were monitored and the degree of toxicity was established for the selected living organisms. The 
resulting chloride load was evaluated with respect to the precipitation activity and the amount of 
de-icing salt applied in the area. The highest concentrations of chlorides were found at a distance 
of 2 m from the road. At the distance of 20 m from the road, the concentration of chlorides in the 
soil was approaching the chloride concentration found in the referential background set for the 
selected locality. The concentrations of chlorides at the first three measured distances from the 
road corresponded to the quantity of de-icing salt applied and the precipitation activity recorded 
during the relevant months. The maximum concentrations were reached in April 2018. Ecotoxi-
cological testing of aqueous extracts of soil did not confirm any significant toxicity to the selected 
living organisms. From the tested organisms, the white mustard was identified to be the most 
sensitive to this type of toxicity; the increased toxicity was observed only for aqueous extracts of 
soil samples collected at distances dI (0 m) and dII (1 m), thus, it could have been related to the 
increased concentration of chlorides during the relevant period.
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Introduction

Road transport is one of the major factors affecting the environment. Its negative impact is mani-
fested primarily by the production of air pollutant emissions and noise loads in the vicinity of 
the roads (Rashidi et al., 2019). The impact on surface and groundwater, soil and biota are also 
significant (Aghazadeh et al., 2012; Zítková et al., 2018). The source of contamination is materials 
used for road construction, vehicle operation and winter maintenance.

The application of chemical de-icing materials for the necessary winter maintenance of roads, 
rest areas and parking lots causes contamination of the surrounding areas by chlorides. Chlorides 
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pass from roads to the surrounding soils, surface water and groundwater. Increased concentra-
tions of chlorides in the surface runoff can cause an increased mobilization of metals (Cd, Cu, 
Pb and Zn) from soil to water near roads (Bäckström et al., 2004) as well as increase the con-
centration of metals in groundwater. In addition, due to higher concentrations of salts in the soil 
environment, important cations in soils (Al3+, Ca2+, Mg2+ and H+) are released, which negatively 
influences the chemical composition of the soil (Czerniawska-Kusza et al., 2004; Löfgren, 2001). 
In general, it seems that river basins can remove 35–50% of chemical de-icing materials by surface 
runoffs, while the remaining portion of the chemicals accumulates until steady concentrations 
are reached in subsurface water levels (Meriano et al., 2009). The amount of chlorides in surface 
water and groundwater has increased in recent decades along with the increasing use of de-icing 
salts during the winter seasons (Kramberger, Žerovnik, 2008; Ostendorf et al., 2009; Prosser et al., 
2017). Surface water affected by chemical de-icing materials, as well as soil, has a higher alkalinity 
than the water of the background sites (Aghazadeh et al., 2012; Bäckström et al., 2003). The alka-
linisation of soil can lead to reduction of bioavailability of important nutrients, which can lead to 
a complete destruction of plants or forest cover (Gałuszka et al., 2011; Munck et al., 2010; Viskari, 
Kärenlampi, 2000). The species composition of the plant and animal communities of terrestrial 
and aquatic ecosystems is also altered due to the varying tolerance of the organisms to salt (Hosek, 
Kaufman, 1992; Vyhnálek, Dušková, 2002). The effect on vegetation is manifested by a reduction 
in biomass, impaired photosynthesis and cellular plasmolysis. Extremely high concentrations of 
chloride ions in water also have a toxic effect on some organisms (Marsalek, 2003).

The effect of winter maintenance on soil is largely detectable within approximately 10 m from 
a road (Hääl et al., 2008), with a significant decrease in chloride concentrations in the first 2 m 
from the road (Pedersen et al., 2000). In some cases, chlorides may be detected at up to 50 m from 
the road (Löfgren, 2001). This incidence may to a large degree vary according to the season. A 
study carried out in Denmark found that only a small amount of salt was leached from the soil 
environment contaminated by chlorides during the spring. The concentration of salt increased 
during the summer with a decreasing amount of water in the soil. In the autumn months, most of 
the concentrated salt was washed out due to increased precipitation. This means that, compared 
to other periods, the salt concentration in soil water was the highest during the period of plant 
growth (Pedersen et al., 2000).

The aim of the experiment was to assess the impact of chemical de-icing materials on the soil 
contamination at a selected location of the D1 motorway over the course of one year depending 
on the distance from the road. The work also included monitoring the impact of winter mainte-
nance on selected living organisms using ecotoxicological tests.

Material and methods

To determine the level of chloride contamination and to monitor the way the concentrations of chlorides change 
with the increasing distance from the road, a specific site for measurements was selected at the 113th km of the D1 
motorway in the direction to Prague (see Fig. 1). It is a straight section of the road without a forest cover before the 
exit to Jihlava (112 km). One of the criteria for the selection of this site was the completion of modernization of sec-
tion 15 in the direction of Velký Beranov – Jihlava, which ran from August 2016 and was completed in September 
2017, that is, before we started to collect the soil samples. The modernization of section 15 continued in 2018, but 
it only concerned the opposite direction (Jihlava – Velký Beranov). During the modernization, the original soil was 
excavated from the base of the road up to the distance of approximately 10 m from the road and it was replaced by 
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Fig. 1. Location on 113th km of D1, Prague direction.

Fig. 2. Finishing works before commissioning the section in the direction of Prague in September 2017.

new soil. The locality is in the section of the motorway, which is often maintained in the winter period by chemical 
de-icing materials and falls under Středisko správy a údržby dálnice (SSÚD) (Centre of Administration and Main-
tenance of Motorway) in Velký Beranov. In the selected locality, the road is raised against the surrounding terrain, 
which gradually turns into a field in the direction away from the road (at the time of the monitoring, the area of the 
field was grassy) (see Fig. 2).
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Table  1. Distances of the sample collection sites from the road.

Distance 
designation

Distance 
from the road [m] Description

dI 0 Transition of asphalt pavement to the road shoulder
dII 1 Road shoulder
dIII 5 Road embankment
dIV 20 Surrounding of the road
dV 100 Background

Soil samples were collected for a period of one year beginning in October 2017 until October 2018, always in regular 
monthly intervals from five distances in the vicinity of the road (see Table 1). During the sampling, a mixed sample of soil 
modified by quartering method weighing approximately 1 kg was collected from each monitored distance.

In a laboratory, the soil samples were first dried at room temperature and then sieved to 2 mm fraction according to 
ČSN ISO 11646 (2011). Next, an aqueous extract was prepared from the modified samples according to the procedure for 
extracting soils with highly purified demineralised water (Zbíral et al., 2011) in the liquid and solid-phase ratio of 10 l per 
1 kg of soil. The chloride concentrations were determined in the prepared extract using Spectroquant®Prove spectropho-
tometer according to the laboratory’s standard operating procedure. The measured concentrations of chlorides in aqueous 
leachates were recalculated to correspond to the concentrations in one kilogram of soil collected.

For ecotoxicological tests, the aqueous extracts of the soil samples were further modified by centrifugation and filtra-
tion through a paper filter with a mean pore size of 5 μm. The electrolytic conductivity and pH of the aqueous extracts 
were then measured. The effect of winter maintenance agents on living organisms was monitored by acute ecotoxicity 
tests on three selected organisms, namely green freshwater algae Desmodesmus subspicatus, the seeds of the white mustard 
Sinapis alba and water arthropod Daphnia magna. The following indicators were evaluated: for D. magna, the immobilisa-
tion of the organism was evaluated after the test duration of 48 hours; for white mustard, the inhibition or stimulation of 
root growth after 72 hours was measured; and for green algae, the inhibition or stimulation of cell growth after 72 hours 
was evaluated. The tests were carried out on aqueous extracts of the soil collected at the distances dI and dII in each month, 
and the aqueous extract of soil collected at the distance dV was tested once per three months. Ecotoxicological tests were 
performed according to the relevant ISO standards (ČSN EN ISO 8692, 2012; ČSN EN ISO 6341, 2013) and the methodo-
logical guideline of the Czech Ministry of the Environment for the evaluation of ecotoxicity of wastes (2007).

For the period from October 2017 to October 2018, information on precipitation was also obtained from the nearest 
measuring station of ČHMÚ in Přibyslav, which is located approximately 13 km from the sampling site. Additionally, the 
data on the consumption of de-icing materials by the relevant SSÚDs for the period November 2017 to March 2018 were 
considered and recalculated to the quantity of de-icing salt used per 1 km of motorway.

Results and discussion

The concentrations of chlorides in the soil samples showed the highest values at the first measured 
distance from the road (distance dI) (see Fig. 3), which is also confirmed by the results of another 
study (Pedersen et al., 2000), which states that the highest concentrations of chlorides in soils af-
fected by winter maintenance salts are usually measured within 2 m of the road. More pronounced 
movements in the chloride concentrations were also apparent at sampling distances dII and dIII. Set 
values of chloride concentrations at distances dIV and dV fluctuated only slightly over the course of 
the year, remaining on approximately the same values, which were, however, one order lower than 
the concentrations measured at distances dI, dII and dIII. It can therefore be noted that at the distance 
of 20 and 100 m from the road, the concentrations of chlorides in soils are essentially unchanging.

The chloride concentrations, focusing on the first three sampling distances closest to the road, 
were further compared with the quantity of de-icing salt applied per one kilometre of the mo-
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torway and the precipitation activity at the selected site. Pursuant to Decree No. 104/1997 Coll. 
(2018), the use of de-icing salts is carried out according to the winter maintenance plan in the 
period from 1 November to 31 March of the following year. As can be seen from the graphic rep-
resentation in Fig. 3, the application of de-icing salt was commenced in November, its maximum 
was reached in January of the following year and it gradually decreased until it was completely 

Fig. 3. Comparison of chloride concentrations at the sampling distances dI–dV and the quantities of de-icing salt and 
precipitation in the area during the period from October 2017 to October 2018.

terminated in March. The lowest concentrations of chlorides in the soil samples collected from 
the first three distances were recorded at the beginning of the sampling campaign in October 
2017, and ranged in values of around 80 mg/kg of soil, a value below the average of the area back-
ground concentration (distance dV), which was set at 105 mg/kg. The low concentrations were 
clearly caused by the fact that the soil surrounding the road was new, unloaded by chlorides, as 
it was brought on the site during the reconstruction of the relevant section of the D1 motorway. 
As the figure shows, the concentration of chlorides in the soil at the first three sampling distances 
increased with the increasing application of de-icing salt and it was also supported by the low pre-
cipitation in the period from November 2017 to April 2018. Thus, at the end of April, the highest 
concentrations of chlorides were recorded in the samples taken at the first three distances closest 
to the road, with the concentration values reaching up to 4000 mg/kg of soil, and at distances dII 
and dIII approximately 1000 mg/kg of soil. With the increasing precipitation activity in May, the 
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chlorides were gradually washed from the soil, which resulted in a decrease in the concentration 
at all three monitored distances. The decreasing trend continued until the end of the sampling 
period in October 2018; the maximum concentrations of chlorides in samples collected from the 
distances dII and dIII were measured about a month later than the maximum chloride concentra-
tion in sample from distance dI due to increased precipitation. At the end of the sampling period 
in October 2018, the concentration values in samples from distances dII and dIII decreased on 
average to 170 mg/kg of soil, and in samples collected from distance dI to approximately 800 mg/
kg of soil. Thus, compared to the background value (105 mg/kg of soil), it is evident that the chlo-
rides were being washed out from the soil over the course of the year due to rainfall; however, the 
concentration has not reached the value of the initial concentration from October 2017. A portion 
of the chlorides remained in the soil and accumulated; in the monitored location, this cumulation 
was most significant at the distance dI closest to the road. The conclusions described above are in 
line with the results of other studies (Corsi et al., 2010; Howard, Haynes, 1993), which monitored 
the concentrations of chlorides in the soil based on conductivity measurements. In the period 
from November to April, an increased conductivity in the given localities was demonstrated with 
high conductivity levels persisting in localities with high salt concentrations even in the period 
between May and October.

Soil samples collected from the first two distances closest to the road and selected background 
samples were further analysed using ecotoxicological tests. The conductivity values of the aque-
ous extract of soil collected for ecotoxicological tests correlated with the specified chloride con-
centrations, the highest values were measured in April and May at distance dI (1790 and 1676 µS/
cm) and the lowest conductivity values were measured in the aqueous extract of soil collected at 
distance dV. For distances dI and dII, the pH of the aqueous extracts of soil ranged between 8–9 
with a slight increase over the course of the year (i.e., from October 2017 to October 2018). A 
significantly lower pH was measured in aqueous extracts of the background samples compared to 
the samples from the first two distances and it ranged around 6.

Results from eco-
toxicological tests (Figs 
4, 5 and 6) clearly show 
that from the tested 
organisms, the white 
mustard seeds have 
been the most respon-
sive to the samples of 
aqueous extracts of 
soil (Fig. 5) in which 
increased inhibition 
or stimulation of root 
growth (greater than 
20%) was observed in 
the months of Febru-
ary to August. The 
values of inhibition or Fig. 4. Results of ecotoxicological tests for Daphnia magna.
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stimulation of the root 
growth greater than 
30% were recorded 
only in the months of 
February, June, July 
and August, mostly 
in aqueous extracts 
of soil samples col-
lected from distance 
dII. These higher values 
may be caused by in-
creased concentrations 
of chlorides as well as 
other substances that 
may be present in the 
extract but were not 
analysed within the 
scope of this study. 
When comparing the 
results for samples 
collected at distance 
dI and dII, it cannot be 
clearly said at which 
of these distances the 
values of stimulation/
inhibition of the root 
growth are higher. For 
aqueous extracts of soil 
collected at distance dV, 
the values of inhibition 
or stimulation of root 
growth in white mus-
tard and cell growth 
in green algae did not 
exceed 10%. From all 
the tested organisms, Daphniae (Fig. 4) have responded the least to the samples. The values of 
immobilization of organisms ranged from 0–10%, and for the background, these values were al-
ways zero. For green algae (Fig. 6), in most cases, growth stimulation was observed for up to 10%, 
only a sample collected in September from the distances dI and dII showed a stimulation value 
of more than 10%. The values of stimulation of green algae in the period from April to Septem-
ber are higher than in the period from October to March, which may be related to an increased 
concentration of chlorides or other substances contained in the aqueous extracts of soil collected 
during that period. Overall, ecotoxicological testing of aqueous soil extracts did not confirm any 

Fig. 6. Results of ecotoxicological tests for green algae.

Fig. 5. Results of ecotoxicological tests for white mustard.
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significant toxicity affecting the selected organisms. Increased toxicity was only demonstrated for 
the samples collected from distances dI and dII, which were affecting mainly the white mustard 
samples.

Conclusion

Higher concentrations of chlorides in soils due to the application of de-icing salts were most ap-
parent in samples collected from distances dI to dIII closest to the road, where the highest concen-
trations exceeding values above 2000 mg/kg were recorded in the samples collected at distance 
dI. The amount of chlorides at distances dI to dIII is correlated with the quantity of de-icing salt 
applied and precipitation activity during the reference period. With low precipitation activity, 
the chlorides accumulate in soil; on the other hand, when the precipitation activity increases, the 
chlorides are gradually washed out, and thus, the concentration decreases. During the reference 
period, the highest amount of chlorides in the soil was recorded in the samples from the first three 
distances collected in April. Contents of chlorides in samples collected from distances dIV and dV 
were on average about 115 mg/kg of soil and 105 mg/kg of soil, respectively; the concentration of 
samples from distance dV is considered the background of the monitored site. It can therefore be 
noted that even at distance dIV, the soil is essentially not affected by the application of de-icing soil 
during winter maintenance.

Ecotoxicological testing of aqueous extracts of soil did not confirm any significant toxicity 
to the selected tested organisms. From the tested organisms, the white mustard seeds appeared 
to be the most sensitive where higher values of inhibition or stimulation of root growth were 
observed for samples collected during the period from February to August at distances dI and dII. 
These higher values may be related to the increased concentration of chlorides in the soil samples 
collected in this period. However, it may have been caused by higher concentrations of other 
substances that have not been analysed in this study. The effect of aqueous extract of the collected 
soil samples on green algae was predominantly stimulating, with higher stimulation values in the 
period between April and September 2018. For the water arthropod, Daphnia magna, the tested 
extracts showed zero or moderate toxicity and Daphnia is therefore considered to be the least 
sensitive amongst the tested organisms.
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