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Abstract. The gravel road dust problem is quite acute. In order to minimize the harmful environmental components, 
dust reduction tests chosen mixtures with molasses base material and calcium chloride. Mixing CaCl2 with a new 
generation of materials in the Lithuanian market for molasses-based (solution “Safecote”) and using mixture for re-
ducing dustiness to obtain the results of dustiness, this reflects the reduction in particulate matter in the air, using 
selected materials. Gravel road cover was treated with mixtures with different concentration solution “Safecote”  
(10 %, 20 %, 30 %) and 35.6 % CaCl2, and cars drove 30 km/h speed during the experiment. Dustiness was measured 
at different distances from the road (0 m, 1 m, 2 m, 3 m). In the study showed that concentrations of particulate mat-
ter varied changing weather conditions (air temperature, humidity, wind speed, atmospheric pressure). Statistical 
analysis of the data showed that the dust moves further away as the road weakly and moderately correlated with tem-
perature (correlation coefficient ranged from 0.25 to 0.57), with moisture correlated negatively, and the distance from 
the road intensifying inverse correlation (correlation coefficient ranges from 0.39 to 0.21), with the wind speed corre-
lation intensify then distance is increasing (from 0.15 to 0.43), and with pressure correlation is strong negatively 
(from –0.95 to –0.60). 
 
Keywords: correlation coefficient, gravel road, dustiness, molasses based material, calcium chloride, environmental 
conditions. 
 
 

 
1. Introduction 
 

Every year the number of gravel roads in Lithuania 
distinctly decreases. According to the data from Lithua-
nian Statistics (2009) and Lithuanian Road Administra-
tion under the Ministry of Transport and Communica-
tions (Lithuanian Roads 2011), in 2000 there were 9231 
km of gravel roads (43.3 % of all roads), in 2005 – 8416 
km (39.5 %), in 2006 – 8360 km (39.2 %), in 2007 – 
8092 km (37.9 %), in 2008 – 7653 km (35.9 %), in 2010 
– 7604 km (35.7 %). 

Relations between environmental conditions and 
other parameters have been already discussed many 
times. E.g. Ozkan et al. (2009), Okoński (2007), 
Povilaitis and Querner (2008), Sendžikait÷ and Pakalnis 
(2006) have analysed influence of environment condi-
tions to the flora, Burinskien÷ and Rudzkien÷ (2008) to 
tourism, Laškova et al. (2007) to the spread of volatile 
organic compounds, Bimbait÷ and Girgždien÷ (2007), 
Lokoshchenko and Elansky (2006), Tanner and Law 
(2002), Šimaitis and Baltr÷nas (2002), Shangedova et al. 
(1998), Powley (1991) – to the distribution of atmos-
pheric pollutants.  

Girgždien÷ and Rameikyt÷ (2007), Baltr÷nas et al. 
(2008; 2007), Baltr÷nas and Morkūnien÷ (2006), Baltr÷-
nas and Kvasauskas (2005) studied dispersion of particu-
late matter.  

Molasses based material (solution „Safecote“) is a 
new substance to be used for reducing gravel road dusti-
ness (Bradulien÷ (Zaveckyt÷) and Vasarevičius 2008; 
2010). Substance is environment-friendly and has no cor-
rosive effect on metals (Petkuvien÷ and Paliulis 2009). 

Object of the article – evaluation of particulate mat-
ter concentration and their relation to environment condi-
tions away from the gravel road, when solutions of dif-
ferent concentration are used for reduction of gravel road 
dustiness. 
 
2. Object and methodology 
 

Ambient air parameters (temperature, air moisture 
and wind speed) are measured by microclimate parameter 
analyser TESTO-400, with measuring range (–20–+70) 
°C, (0–100) %, (0–10) m/s, measuring error ±0.5 °C,  
±2 %, ±0.03 m/s. Atmospheric pressure is measured with 
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barometer, with measuring range – (79.5–106.5) kPa, 
error ±0.005 kPa.  

Concentration of particulate matter in ambient air 
was measured by the dust concentration analyser Micro-
Dust pro, with measuring range 0.01 – 25.0 mg/m3 and 
error ±0.01 mg/m3. Measurements were taken on the 
roadside (0 m), at 1 m, 2 m and 3 m distance away from 
the gravel road. 

Car drove at 30 km/h speed. 
The explored sections of gravel road were covered 

by a mixture of „Safecote“ solution with different con-
centrations (10 %, 20 %, 30 %) and 35.,6 % CaCl2. 

Solution preparation, road section preparation and 
other measuring peculiarities have been described in arti-
cles of Bradulien÷ (Zaveckyt÷) and Vasarevičius (2008; 
2010). 

Scale of correlation coefficient values used in this 
article follows:  
a) Very high statistical relation between the data, when 

correlation coefficient is –1 and +1; 
b) High statistical relation between the data, when correla-

tion coefficient is from –1 to –0.7 and from +0.7 to +1; 
c) Moderate statistical relation between the data, when 

correlation coefficient is from –0.7 to –0.5 and from 
+0.5 to +0.7; 

d) Weak statistical relation between the data, when corre-
lation coefficient is from –0.5 to –0.2 and from +0.2 to 
+0.,5; 

e) Very weak statistical relation between the data, when 
correlation coefficient is from –0.2 to –0 and from +0 
to +0.2; 

f) Statistical relation between the data does not exist, 
when correlation coefficient is 0. 

 
3. Results and discussion 
 

Dustiness records received by experiment and para-
meters of environment conditions present during 
experiment were used for statistic evaluation. Correlation 
coefficient is used to evaluate statistical relation.  

Statistical relations between environment parameters 
and PM concentrations in different distances from gravel 
road are given in Fig. 1–4. 

As shown in Fig. 1, growing temperature on the ro-
adside influences rise of PM concentration. Correlation 
coefficient of these parameters at control section is 0.1, 
consequently, statistical relation is very low, while on the 
section treated with 36.5 % CaCl2 mixture with 10 % 
„Safecote“ – it is 0.3, with 20 % „Safecote“ it is 0.3, with 
30 % „Safecote“ solution, correlation coefficient is 0.3. 
Hence, treatment of road sections with a mixture of hig-
her „Safecote“ concentration, impacts higher correlation 
relation between PM concentration and temperature. With 
growing moisture, PM concentration grows too. Correla-
tion coefficient of these parameters on the control section 
is 0.4, therefore, reports about the weak statistical rela-
tion, and on the section treated with 36.5 % CaCl2 
mixture with 10 % „Safecote“ – it is 0.4, with 20 % „Sa-
fecote“ – it is 0.4, with 30 % „Safecote“ solution correla-
tion coefficient is 0.3, statistical relation weak. Thus, cor-
relation coefficient between PM concentration and mois-
ture decreases because of road section treatment with a 
mixture having higher concentration of „Safecote“ solu-
tion.  
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Fig 1. Statistical evaluation of relationship between the environmental conditions and PM concentration in roadside 
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Fig 2. Statistical evaluation of relationship between the environmental conditions and PM concentration in 1 m distance from road 
 

Wind speed increased, PM concentration increased, 
correlation coefficient on the control section is 0.6, statis-
tical relation average, and on section treated with 36.5 % 
CaCl2 mixture with 10 % „Safecote“ – it is 0.2, with 20 % 
„Safecote“ – it is 0.2, with 30 % „Safecote“ solution cor-
relation coefficient is 0.2. Therefore, on road sections 
treated with a mixture of higher „Safecote“ solution con-
centration, correlation relation between PM concentration 
and wind speed decreases. With growing atmospheric 
pressure, PM concentration decreased, correlation coeffi-
cient on the control section was –0.7, statistical relation is 
strong, and on section treated with 36.5 % CaCl2 solution 
with 10 % „Safecote“ – it is –0.9, with 20 % „Safecote“ – 
it is –0.9, with 30 % „Safecote“ solution correlation coef-
ficient is –0.9. Hence, correlation relation between PM 
concentration and atmospheric pressure intensifies nega-
tively on road sections treated with a mixture having 
higher „Safecote“ solution concentration. 

As shown in Fig. 2, temperature rising at 1 m dis-
tance from gravel road dustiness growing concentration 
of the PM too. Correlation coefficient of these parameters 
is 0.2, therefore statistical relation is weak and in the sec-
tion treated with 36.5 % CaCl2 mixture with 10 % „Safe-
cote“ – it is 0.3, with 20 % „Safecote“ it is 0.3, with 30 % 
„Safecote“ solution correlation coefficient is 0.4. Hence, 
in the sections treated with „Safecote“ solution of higher 
concentration, correlation relation between PM and tem-
perature – grows. With growing moisture, PM concentra-

tion grows too. Correlation coefficient of these parame-
ters at the control section is 0.4 and therefore, means that 
statistical relation is weak and on the section treated with 
36.5 % CaCl2 mixture with 10 % „Safecote“ – it is 0.3, 
with 20 % „Safecote“ it is 0.3, with 30 % „Safecote“ solu-
tion correlation coefficient is 0.3, statistical relation is 
weak. Consequently, on the sections treated with a mix-
ture of higher concentration of „Safecote“, correlation 
relation between PM concentration and moisture – weak-
ens. Wind speed increased, PM concentration increased, 
correlation coefficient in the control section is 0.5, statis-
tical relation is average and on the section treated with 
36.5 % CaCl2 mixture with 10 % „Safecote“ it is 0.2, with 
20 % „Safecote“ it is 0.3, with 30 % „Safecote“ solution 
correlation coefficient is 0.5. Therefore, sections treated 
with a mixture of higher concentration „Safecote“ solu-
tion, correlation relation between PM concentration and 
wind speed – grows. With growing atmospheric pressure, 
PM concentration weakens, correlation coefficient on the 
control section is –0.7, statistical relations strong, and on 
the section treated with 36.5 % CaCl2 mixture with 10 % 
„Safecote“ - it is –0.9, with 20 % „Safecote“ –0.9, with  
30 % „Safecote“ solution correlation coefficient is –0.9. 
Hence, on the section treated with higher concentration 
„Safecote“ solution, correlation coefficient between PM 
concentration and atmospheric pressure – increases nega-
tively. 
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Fig 3. Statistical evaluation of relationship between the environmental conditions and PM concentration in 2 m distance from road 
 

As shown in Fig. 3, temperature rising at 2 m dis-
tance from gravel road dustiness growing concentration 
of the PM too, except for the control section. Correlation 
coefficient of these parameters is –0.2, therefore statisti-
cal relation negatively is weak and in the section treated 
with 36.5 % CaCl2 mixture with 10 % „Safecote“ – it is 
0.4, with 20 % „Safecote“ it is 0.4, with 30 % „Safecote“ 
solution correlation coefficient is 0.6. Hence, in the sec-
tions treated with „Safecote“ solution of higher concen-
tration, correlation relation between PM and temperature 
– grows. With growing moisture, PM concentration 
grows too. Correlation coefficient of these parameters at 
the control section is 0.1 and therefore, means that statis-
tical relation is weak and on the section treated with  
36.5 % CaCl2 mixture with 10 % „Safecote“ – it is 0.3, 
with 20 % „Safecote“ it is 0.3, with 30 % „Safecote“ solu-
tion correlation coefficient is 0.3, statistical relation is 
weak. Consequently, on the sections treated with a mix-
ture of higher concentration of „Safecote“, correlation 
relation between PM concentration and moisture – grows. 
Wind speed increased, PM concentration increased, cor-
relation coefficient in the control section is –0.4, statisti-
cal relation is weak and on the section treated with  
36.5 % CaCl2 mixture with 10 % „Safecote“ it is 0.3, with 
20 % „Safecote“ it is 0.4, with 30 % „Safecote“ solution 
correlation coefficient is 0.4. Therefore, sections treated 
with a mixture of higher concentration „Safecote“ solu-
tion, correlation relation between PM concentration and 
wind speed – grows. With growing atmospheric pressure, 
PM concentration weakens, correlation coefficient on the 
control section is –0.3, statistical relation is strong, and 
on the section treated with 36.5 % CaCl2 mixture with  

10 % „Safecote“ it is –0.9, with 20 % „Safecote“ –0.9, 
with 30 % „Safecote“ and CaCl2 mixture, correlation co-
efficient is –0.8. Hence, on the section treated with higher 
concentration „Safecote“ solution, correlation coefficient 
between PM concentration and atmospheric pressure – 
negatively slightly weakens.  

As shown in Fig. 4, temperature rising at 3 m dis-
tance from gravel road dustiness growing concentration 
of the PM too. Correlation coefficient of these parameters 
is 0.3, therefore statistical relation is weak and in the sec-
tion treated with 36.5 % CaCl2 mixture with 10 % „Safe-
cote“ – it is 0.5, with 20 % „Safecote“ it is 0.4, with 30 % 
„Safecote“ solution correlation coefficient is 0.6, statisti-
cal relation moderate. Hence, in the sections treated with 
„Safecote“ solution of higher concentration, correlation 
relation between PM and temperature – grows. With 
growing moisture, PM concentration grows too. Correla-
tion coefficient of these parameters at the control section 
is 0.1 and therefore, means that statistical relation is very 
weak and on the section treated with 36.5 % CaCl2 mix-
ture with 10 % „Safecote“ – it is 0.3, with 20 % „Safe-
cote“ it is 0.3, with 30 % „Safecote“ solution correlation 
coefficient is 0.2, statistical relation is weak. Conse-
quently, on the sections treated with a mixture of higher 
concentration of „Safecote“, correlation relation between 
PM concentration and moisture – weakens. With growing 
wind speed, PM concentration grows too, correlation 
coefficient at the control section is 0.2, statistical relation 
weak, and on the section treated with 36.5 % CaCl2 mix-
ture with 10 % „Safecote“ – it is 0.3, with 20 % „Safe-
cote“ it is 0.4, with 30 % „Safecote“ solution correlation 
coefficient is 0.3.  
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Fig 4. Statistical evaluation of relationship between the environmental conditions and PM concentration in 3 m distance from road 
 

Hence, on the section treated with higher concentra-
tion „Safecote“ solution, correlation coefficient between 
PM concentration and wind speed weakens. With grow-
ing atmospheric pressure, correlation coefficient of these 
parameters at the control section is –0.8, statistical rela-
tion is strong, and on the section treated with 36.5 % 
CaCl2 mixture with 10 % „Safecote“ – it is –0.7, with  
20 % „Safecote“ it is –0.9, with 30 % „Safecote“ solution 
correlation coefficient is –0.6. Hence, on the section 
treated with higher concentration „Safecote“ solution, 
correlation coefficient between PM concentration and 
atmospheric pressure negatively weakened.  

In conclusion, on the sections treated with „Safe-
cote“ solution and CaCl2 mixture, when car drove at  
30 km/h speed, PM concentration and temperature corre-
lation coefficients fluctuate from 0.3 to 0.7, i.e. statistical 
relation is weak and average, PM concentration and mois-
ture correlation coefficients fluctuate from –0.9 (strong 
relation) to 0.2 (weak relation), PM concentration and 
wind speed correlation coefficients fluctuate from –0.7 
(strong relation) to 0.3 (weak relation). 

 
4. Conclusions 
 
1. In the sections treated with a mixture of solution „Safe-

cote“ of different concentrations (10 %, 20 %.  
30 %) and 35.6 % CaCl2, when car driving speed is 30 
km/h, under the correlation coefficients, with higher 
temperature, PM concentration was recorded higher. 
When humidity is higher, PM concentration was lower 
in most of the cases - that was also noticed in growing 
distance from the gravel road. When wind speed is big, 
PM concentration grew, and that is mostly vivid on the 

roadside. When atmospheric pressure is higher, PM 
concentration declined.  

2. The strongest correlation relation (correlation coeffi-
cient 0.9) was received between PM concentration and 
temperature, PM concentration relation with humidity 
and wind speed varied from weak to strong and ex-
posed either on the roadside, or at a distance from the 
road, i.e. one tendency to grow or decrease was not re-
corded, PM concentration relation with atmospheric 
pressure negatively either grew, or weakened.  
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