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Preface
This licentiate thesis is part of a Ph.D. project entitled “CDU:T43 Different methods for
dust control and evaluating dust control on Nordic gravel roads”. The Ph.D. project is
financially supported by the Swedish Road Administration (SRA) through the Centre of
Research and Education in Operation and Maintenance of the Infrastructure (CDU)
within the Swedish Network of Excellence – Road Technology (RT). Much of the
research described in this thesis has been carried out in collaboration with SRA
Construction and Maintenance, which also contributed financially.
One of the most significant problems associated with gravel roads is traffic-generated
dust which facilitates the deterioration of the road surface and acts as a major source of
particulate matter in the air, thus affecting traffic safety, public economics, and
environmental quality.
This work describes different programs for evaluating the effectiveness of different
dust suppressants and the results obtained from completion of these experiments. In
chapter one, a general introduction into this project and its objective will be offered. The
next chapter gives insight into the basic concepts of gravel roads. In the third chapter the
existing literature concerning dust control of gravel roads is briefly retold. The fourth
chapter gives an account of the research methodology. A field evaluation of different
dust suppressants will be described in the fifth chapter. Chapter six describes methods for
analysing dust suppressant residual concentration of samples taken from the different test
road sections included in the above mentioned field evaluation. The objective is to
investigate the longevity of these dust suppressants. Results from the analyses of the
horizontal diffusion of gravel road generated dust are presented in chapter eight. The
ninth chapter offers a description and evaluation of the objective method used for
quantitative dust emission measurements by means of a visual method. In chapter ten
dust emissions are correlated to other general deformation processes on the gravel road.
Chapter eleven defines laboratory trials concerning the leaching of dust suppressants
from gravel wearing course material when subjected to water. Concentrations of dust
suppressant as well as size distribution of gravel material were factors examined in this
context. In chapter twelve, laboratory examinations of the drying rate for different
combinations of aggregate gradations and chloride compounds will be presented. The
thirteenth chapter gives a description of a developed laboratory equipment for evaluating
dust suppressant effectiveness, while chapter fourteen offers a conclusive summary.
Karin Oscarsson, Author
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Summary
Background
Out of the total 540 000 km Swedish road network, approximately 400 000 km
represents gravel roads. According to data from the Swedish Road Administration
(SRA), the length of the public road network administered by the government amounts
to 100,000 km. About 20% of this network comprises of gravel roads. The traffic
volume on these gravel roads is very small, i.e. less than 125 AADT but these roads can
be of great regional importance and are often a direct prerequisite for the transportation
of forest products; the largest export product of the country. These roads are also
essential for the survival of sparsely populated regions.
An increased amount of particulate matter in the air could give rise to reduced traffic
safety, clogging of watercourses, air pollution, damage to agriculture, and have negative
health implications.
If the fines in the gravel wearing course disappear, this is likely to lead to the loss of
other larger sieve fractions of the aggregate. The deficiency of gravel course material
implicates more frequent maintenance, as well as increase demands of aggregate
supplement, both of which will result in higher costs. Dust suppressants not only, and
efficiently, reduce the amount of dust raised by traffic induced wear, but they also reduce
overall gravel road maintenance costs (Kirchner, 1988). On the other hand, dust
suppressants, especially chlorides, may also negatively affect the environment, and for
example cause corrosion to cars or dehydration to road side vegetation.
Approximately 5%, or 370 MSEK, of the total annual SRA maintenance budget is
assigned to these roads. However, there is also a significant expense associated with dust
control. Dust binding is expensive, as it amounts to 30% of the total expenses for the
maintenance of the gravel roads during the period when the ground is free from snow
(Bergström and Grebacken, 1995). This expense is, of course, affected by the type of
dust suppressant, the concentration of used dust suppressant, and the number of
treatments. However, at present there is a real lack of knowledge concerning the
efficiency, durability, life cycle cost, and impact on the environment from the different
dust suppressants utilized.
Objective and Delimitations
The objective of this study is to evaluate dust suppressants and gravel wearing courses
regarding dust control efficiency, longevity, leaching and penetration of dust
suppressants, moisture retaining properties, and optimal aggregate size distribution. In
addition, developing and evaluating adequate methods for analysing these properties are
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also within the purpose of the study. The methodology used includes literature reviews
as well as laboratory and field investigations. The findings are expected to yield reduced
life cycle costs for gravel roads and environmental benefits from reduced dust formation
as well as reduce the exposure of chemicals to nature. The study is valid for the Nordic
climate, design practices, gravel material, and maintenance tradition.
Still there are reasons to believe that the results are also valid for gravel roads in other
countries when using these kinds of dust suppressants.
Literature study
Certain dust suppressants depend on absorbing moisture from the air to reduce dust.
Others rely on adding cohesion to the aggregate material for the same purpose.
Hygroscopic salts, such as calcium and magnesium chloride, use the former principle
while lignosulphonates and bitumen emulsion primarily use the latter. Regardless of the
mode of action, the result of dust suppressant treatment is temporary and therefore, at
least, renewed treatment annually (U.S. Department of Transortation, 2001).
Calcium chloride is by tradition the most common used dust suppressant in Sweden,
followed by, in turn, magnesium chloride, lignosulphonate, and bitumen emulsion.
Treatment with either chloride or lignosulphonate has a duration of about six months,
according to literature (Lohnes and Coree, 2002). Chloride is stated to be most effective
with surface wearing courses with moderate content of fines whereas lignosulphonate
works best with aggregates that have high content of fines (Gillies et al, 1999). Finally,
bitumen emulsion (BE) is said to have a duration of approximately twelve months
(Gillies et al, 1999) and to be most effective in combination with coarser grains, thus
having less grain surface area to cover (Bergström and Grebacken, 1995).
A major disadvantage with chlorides is that they are water soluble and tend to migrate
downwards through the roadway. They are easily washed away by rain, which may
imply that more than one treatment per year is required (Foley et al, 1996). Another
problem regarding chlorides is that they are corrosive to most metals.
Calcium chloride and magnesium chloride have several common qualities and work as
dust suppressants on the same basis. However, up to 20 wt-% more magnesium chloride
is needed to achieve the corresponding dust controlling effect as with calcium chloride
(Reyier, 1972).
Lignosulphonate is also called sulfite lye or lignin. Lignin is a major constituent of
wood, i.e. 33-40% of dry weight (McDougall, 1986). It works as nature’s own adhesive
and binds the wood fibres together. Lignosulphonate is obtained as a waste product
during the boiling of wood for paper pulp production.
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There are several different types of lignosulphonates, i.e. calcium-, sodium-, and
ammonium lignosulphonate, where calcium lignosulphonate represents the most
commonly used (Roads and Transportation Association of Canada, 1987). Experiences
from Canada indicate that sodium and calcium lignosulphonates are equally effective
(Chichak, 1991).
Lignosulphonate creates a hard surface crust on the road but the product is highly water
soluble and therefore tends to leach from the road during heavy rainfall, which implies
that this dust suppressant is much more effective in a dry than in a wet environment
(Jones, 1999).
It seems as though the grain size distribution is especially important when dust
suppressing with lignosulphonate while BE and chlorides are not as sensitive to
variations in grain sizes. The adherent effect of lignosulphonate is significantly lowered
if the content of fines is too low. Clay also prevents the lignosulphonate from leaching
during rainfall (Svensson, 1997). In addition, if the lignosulphonates, as well as the
chlorides, are mixed into the wearing course aggregate, they are noted to show greater
longevity (Hoover, 1981).
The amount of emitted dust from gravel roads is considered to be a function of several
different factors. These include: number of vehicles, vehicle weight, vehicle speed,
number of wheels per vehicle, grain size distribution of the wearing course material,
restraint of the surface fines (compaction, cohesiveness/bonding, and durability), surface
moisture (humidity, amount of precipitation, and amount of evaporation), and
topography (Addo and Sanders; 1995; Bolander and Yamada, 1999). Findings in
literature indicate that all dust control treatments may reduce dusting of up to 80% when
compared to untreated, reference roads (Hoover, 1973). Failures are usually ascribed to
the loss of dust suppressant during rainfall. However climatic conditions, wearing course
aggregate, traffic, and dust suppressant concentration used will all affect the
effectiveness and life-time of the treatment.
Examinations of road dust may be divided into two categories: laboratory screening
tests, which are used to determine if a dust suppressant actually works for preset,
controlled conditions or application rate needed; and field tests, which give realistic test
conditions and often include static dust collectors or mobile, measuring devices.
Dust formation on gravel road test sections
With the objective of comparing the effectiveness of different dust suppressants and of
studying the influence of altered concentrations as well as new combinations of dust
suppressants, a field experiment was established on four different geographic locations in
Sweden: Umeå, Rättvik, Hagfors, and Halmstad. At each location a stretch of road was
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further divided into a number of 1000m test sections marked by signs at both ends.
Different dust suppressants were then applied to these 1000m sections. Magnesium
chloride solution, calcium chloride solution, magnesium chloride flakes, calcium
chloride flakes, lignosulphonate, and a solution of starch were tested on all test locations.
In addition, bitumen emulsion and biomass were tested in Hagfors and rape oil in
Halmstad. Mesa, a material that is used for increasing the amount of fines in the
aggregate, was tested in combination with calcium chloride solution, magnesium
chloride solution, and lignosulphonate, respectively.
For assessing the amount of dust emitted from the different test sections, TSI DustTrak
Aerosol Monitor was used in combination with visual assessments. The DustTrak
apparatus uses a 90º light scattering laser diode sensor for real-time determination of
aerosol mass concentrations in the range of 0.001-100 mg m-3. The amount of light
scattering is proportional to the mass concentration of the aerosol for particles ranging in
size from 0.1 to 10 µm (Hitchins, 2000; Wu, 2002; Veranth et al, 2003).
For the DustTrak measurements, an estate car was used. The vehicle was driven at a
constant speed of 40 km/h over the entire road length and so passing all test sections. The
driving pattern was to the greatest extent possible restricted to the existing wheel tracks.
A PDA connected to a GPS, was programmed to register time, current test section, and
vehicle velocity. These data were then combined with the obtained DustTrak data.
The results obtained through this objective method were compared to results obtained
from visual inspections made in accordance with the subjective assessment directives
(Vägverket, 2005). This was done with the intention of evaluating the method for
recording dust emissions and hence look into the possibility of developing an unbiased
method to replace the existing subjective method for assessing dust emissions on a gravel
road. Compared results expose a fairly good correlation.
The difference in aerosol particle mass concentration between a dust suppressed and an
unbound, natural gravel road is remarkably large. Dust suppressants creating a hard
surface crust, such as lignosulphonate, but also bitumen emulsion, performed acceptably
well in the beginning stages but ruptured and became ineffective after a while. The
lignosulphonate was one of the least effective of the products tested. However in Umeå,
it was one of the most effective, if not the most effective. It was concluded, through an
analysis by means of a scanning electron microscope (SEM) that the well performing
lignosulphonate product used in Umeå was sodium lignosulphonate while the surface
rupturing product used at all other test locations was calcium lignosulphonate. The
sodium lignosulphonate had higher relative levels of sulphur, while the calcium
lignosulphonate had higher relative levels of carbon and oxygen. This, together with the
difference in calcium and sodium composition, could explain the differences in
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performance. Sections treated with starch also raised much dust as did the biomass
product, probably due to fast leaching and degradation. In fact, the latter section rapidly
deteriorated to such bad condition that it had to be excluded from the test and dust
suppressed by conventional means. The rape oil product applied in Halmstad, formed a
hard crust which was also subjected to surface rupture but which lasted almost
throughout the whole summer and during this time performed very well. However the
utilized concentration of the rape oil was rather high and this product is still expensive.
Solid calcium chloride is 10 to 40% or, on average from all observations, 19% more
effective than magnesium chloride. This agrees well with an earlier estimation,
indicating that calcium chloride is 18% more effective than magnesium chloride (Reyier,
1973). It is shown from all of the test locations that a solution of either magnesium
chloride or calcium chloride is the most effective choice for dust abatement. This finding
is thought to be due to a more homogenous distribution of chlorides, in combination with
better penetration, for solutions than for flakes. Even though a somewhat higher chloride
concentration can be obtained from purchasing a ready-to-use solution, it is probably
more cost and energy effective to prepare the solution from a solid product on location, if
possible out of practical reasons.
The addition of mesa, and hence fines, to the aggregate appeared to have no positive
effect on the efficiency of chlorides. However the results are hard to interpret due to
different initial concentrations, as the salt concentration was reduced on sections where
mesa was used.
Laboratory methods for determination of dust suppressant residual
content over time of the road test sections
The goal was to study how concentrations change with time. In order to do this we had to
develop new methods to quantify residual chlorides and lignosulphonates.
Samples were taken of the wearing course gravel from a square measuring 150 x 150 x
total thickness (usually on the order of 40 mm). The samples were taken from the same
general area after different laps of time. In general the sampling site was the mid point of
the section and in the right wheel track. The samples were given the same number as the
section.
Chloride and lignosulphonate treated gravel road sections were analysed for decreasing
residual content over time. Eight sections in total were analysed: 1.0 kg/m and 0.7 kg/m
calcium chloride, 1.0 kg/m and 1.3 kg/m magnesium chloride, calcium chloride solution,
magnesium chloride solution, lignosulphonate, and lignosulphonate in combination with
mesa.
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Deionised water measuring 50 mL, was added to 50 g of gravel wearing course
material in a glass beaker. The dust suppressant residues were dissolved by submerging
the beaker containing gravel into an ultrasound bath for 10 minutes. This solution was
then filtered into a clean glass beaker. The chloride containing filtrate was put into
Eppendorph tubes and centrifuged for further separation of fine mineral particles. Filtrate
containing lignosulphonate was instead filtered once more with a PTFE-membrane, with
the purpose of minimizing background disturbances from fine mineral particles.
Chloride content was analyzed calorimetrically using the Mercury (II) Thiocyanate
Method. In this method, an orange-coloured complex of ferric thiocyanate is formed
when chloride ions disperse the mercury ions of mercuric thiocyanate in the presence of
excess ferric nitrate. The resulting colour was measured on an ion specific photometer.
Results indicate that the chloride content of gravel wearing courses treated with
chloride containing dust suppressants dicreases rather fast during the summer months. It
can be concluded that there is not enough chloride left in the road surface after the
summer, such that yearly renewed application would be unnecessary. It is apparent that
re-blading of the road impacts the chloride concentration on different spot locations
within the individual test sections and re-blading was done frequently on some test
sections and that will make the results more difficult to interpret and draw conclusions
from.
It is also obvious that the chloride concentration in the gravel wearing course most
often increases during some weeks after the dust control treatment. The reason for this is
not yet understood or sufficiently investigated.
A theory to the increasing chloride concentration during some weeks after the point of
application is that during wet weather, as initially in the season, the chlorides follows the
water runoff streams downwards and hence cannot be collected when taking samples in
the gravel wearing course. During periods of dry weather, the surface moisture of the
road evaporates causing moisture from deeper below to travel up towards the road
surface by means of capillary rise. This causes the chloride concentration to increase
within the gravel wearing course since the upwards travelling water also carries the
dissolved chlorides. This is supported by findings that the chloride content in the gravel
wearing courses increases during a time period of less precipitation after the application
activity and then decreases during periods of more heavy precipitation. However, this
should be easy to investigate further by continuously collecting samples from different
levels of depth within the road pavement.
The chloride residual content over time for the section treated with 1.3 kg/m solid
magnesium chloride is approximately equivalent to the section treated with 1.0 kg/m
solid calcium chloride and the residual content over time for the section treated with 1.0
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kg/m solid magnesium chloride is approximately equivalent to the section treated with
0.7 kg/m solid calcium chloride. These observations are significant at the 5% level for at
least two of the occasions of sample collection in Rättvik during 2006 and coincides with
a stated theory that 30 wt-% more magnesium chloride than calcium chloride is required
to achieve equal chloride concentration. The results also indicate that sections treated
with chloride solutions have the lowest concentration of residuals. This might imply that
a homogenous horizontal and vertical distribution of chlorides within the wearing course
is equally important as a high concentration of chlorides.
A uv/vis-spectrophotometer was used to estimate the content of lignosulphonate in
samples taken from wearing courses from the different field trial sections treated with the
product. A calibration of the method indicated that the lignosulphonate samples may be
quantified if measured at the wavelength 280 nm, corresponding to the wavelength at
which lignin absorbs light. Samples containing high concentrations of lignosulphonate
need to be diluted before measurement.
Also the lignosulphonate seems to rapidly decreasing with time during the summer
months, probably even faster than the chlorides. Contrary to sections treated with
chlorides, where residual content actually increased during a time interval after the point
of dust suppressant application, the residual content of lignosulphonate started to rapidly
decrease directly following the occasion of application.
Horizontal diffusion of particulate matter from gravel roads
European Council Directive 1999/30/EC states limit values for sulphur dioxide, nitrogen
dioxide, lead, and particulate matter in ambient air. This directive, valid from the 1st of
January 2005, states that the average daily concentration of particles smaller than 10 µm,
PM10, should not exceed 50 µg/m3 for more than 30 times a calendar year and that the
total average yearly concentration should not exceed 40 µg/m3. From the 1st of January
2010, the corresponding values are 50 µg/m3 per 24 hours not to be exceeded more than
seven times a calendar year and a maximum of 20 µg/m3 for the average yearly
concentration.
The correlation between the mass concentrations of airborne PM10 particles and
distance from the road has been studied by placing DustTrak equipments at different
distances from the road edge. The equipments were placed on an open field in a
downwind location from a gravel road.
There seems to be a linear correlation between mean mass concentration of PM10 and
dust decay with the distance from road edge. If the regression is extrapolated, it indicates
that particles travel no further than 45m downwind from the road edge in prevailing wind
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velocities between 0 and 7 m/s. It hardly seems possible that larger particles than these
would travel further.
The highest mean PM10 concentration obtained, slightly above 0.5 mg/m3, at a distance
of 5 m from the road edge corresponds to a mass concentration ten times greater than the
permitted mean PM10 concentration during 24 hours, according to the directive. Since
this mean particle concentration was obtained during one hour, with a traffic density of,
or as much as, one car per minute, it hardly seems likely that the European Council
directive is infringed on locations beside the road.
Laboratory study of dust suppressant leaching
Experiments for studying dust suppressant leaching from granular material of different
composition have also been performed in the laboratory environment. Plastic measuring
cylinders with small holes drilled in the bottom were used for holding different material
fractions. Fractions 0-0.5 mm, 0-2 mm, 0-4 mm, 0-8 mm, 0-16 mm, 2-16 mm, and 0-16
mm containing an addition of 10 wt-% clay were put into the cylinders. Unfortunately,
the test material used was somewhat deficient in fines, i.e. containing about 4 wt-%
passing the 0.075 mm (mesh no. 200) sieve. Compacted samples were then subjected to
dust suppressant solutions and water leaching.
Analysis of the variance of means from chloride leaching shows significant differences
to the 5% level among means regarding different aggregate fractions, but shows no
significant difference among means between 0-16 mm material with an addition of clay
and 0-16 mm material without addition of clay. Material fraction 0-2 mm is the most
efficient in retaining chlorides, and chloride leaching increases with increased material
fraction sizes beyond this fraction.
The 43 wt-% lignosulphonate solution, as used in Halmstad, was used to study
lignosulphonate leaching. The results indicate that the lignosulphonate is at least, equally
prone to leaching as are the chlorides. In similarity to chloride leaching, the coarser the
granular material fraction is the higher the concentration of lignosulphonate within the
leachate. It is also apparent that the addition of 10 wt-% clay into the 0-16 mm granular
material fraction, initially containing about 4 wt-% fines, clearly decreases the rate of
lignosulphonate leaching. However it was seen during these experiments that the water,
added for rain simulation, stayed longer on the surface before draining into the material.
Therefore, the addition of clay may cause excessive water retention and hence possibly a
wet, smeary, and slippery road surface.
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Influence of grain size distribution and chloride concentration on the
drying process
Water is often referred to as nature’s own binding agent. Therefore an aggregate with
good moisture retaining properties is a good investment. The mode of action regarding
salts are their hygroscopic, i.e. moisture retaining, properties. In addition, the grain size
distribution is also thought to influence the moisture content of a gravel wearing course,
with finer material fractions retaining moisture more efficiently. Therefore the influence
of grain size distribution as well as chloride type and concentration on the drying process
were assessed in the laboratory.
The drying rate of the aggregate was defined as the water loss (gram) within a unit of
time (hour). Since the experiment was set up to provide for relative readings, and all
samples had the same surface area, the surface area was not taken into consideration
when calculating the drying rate. The experiment was performed on material fractions 00.5 mm, 0-2 mm, 0-4 mm, 0-8 mm, 0-16 mm and 2-16 mm. Drying was first carried out
without the addition of salt and subsequently with a 30 g addition of calcium chloride
and magnesium chloride, respectively.
During the concentration interval which is reasonable out of economic reasons, the
water retaining capacity increases with increasing chloride concentration for both
calcium chloride and magnesium chloride treated aggregates.
Development of a laboratory method for studies of dust formation
Preliminary experiments to develop a fast, relatively simple, and reliable laboratory
method for the examination of dust suppressant effectiveness have been carried out. This
method should be able to evaluate the influence on dust control efficiency of;
concentration and type of dust suppressant, grain size distribution of granular material,
precipitation, temperature, and traffic intensity.
A high pressure air device was constructed with the purpose to simulate vehicle wakes
which raise dust into the air. A Proctor compaction device was incorporated to achieve
compaction, thus forcing the fines up towards the surface; and crushing, thus increasing
the content of fines, of the aggregate material. The compaction subjected the grain
particles to wear and therefore clearly accomplished a larger content of fines. Also
observed was that the compaction forced the fines up towards the surface whilst the
opposite was observed for the uncompacted control. The results clearly state that the
compaction also caused a more well-bound fines fraction, giving rise to less dust than the
uncompacted control. Further, even the smallest addition of salt, corresponding to 3.75 g
CaCl2 per 2700 g granular material, eliminated dust generation. . This amount is
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equivalent to about 60 g/ m2, which can be compared with the typically applied amount
of about 200 g/ m2 when dust suppressing with MgCl2 on the gravel road.
Wearing course material from eight of the test sections included in the field trial in
Rättvik was collected and put into laboratory containers for comparison between the
equipment used in the field and the developed laboratory device. The biggest advantage
with the laboratory device, in comparison to the DustTrak equipment used in the field
trials, is that this apparatus, besides allowing for relatively simple laboratory tests,
collects emitted dust fraction and thus renders possible complementary analyses of this
fraction. The results indicate that there is no statistical evidence at the 5% level for any
difference among the sample means of the different road sections. In fact, it is possible
that there, are no differences among the sample means, since the samples were collected
late in the season when re-blading of the whole road had been made and the
concentration of dust suppressant thus most likely was low. In resemblance to the result
from the field evaluations, large standard deviations were obtained for comparisons
between different samples on the same section. This may indicate that dust emission
varies greatly in different spot locations on the road or that the method does not offer
very reproducible results. This must be the subject for further studies
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The most important findings of this project study:
•
•
•

•

•

•
•

•

•
•

•

Solid calcium chloride is on average 19% more effective at holding the dust
than the equivalent amount of solid magnesium chloride.
A solution of either magnesium chloride or calcium chloride is the most
efficient dust suppressant.
Sodium lignosulphonate, with a relatively larger content of sulphur and sodium,
is much more effective than calcium lignosulphonate, containing a relatively
larger amount of calcium, oxygen, and carbon, for dust suppressing purposes.
An objective method for quantifying the amount of dust on gravel roads has
been evaluated. The method gives the opportunity to distinguish between
sections treated with different dust suppressants. The method has been
compared with visual inspections and shows a relatively good correlation. It
gives substantial and reliable results. However the method has only been
calibrated for a constant vehicle speed of 40 km/h.
Statistical analyses, from visual inspections of the road condition, at the 5 %
level conclude that the amount of dust raised by traffic can be used as a
predictor for development of both evenness and loose gravel on the road
surface.
Methods for residual content quantification of chlorides as well as
lignosulphonate have been developed and seem to work satisfactory.
Any residual content regarding both chlorides and lignosulphonate is in
principle non-existent in the surface wearing courses after the summer season.
Calcium lignosulphonate is especially fast leaching which probably explains
why roads which are dust suppressed with this product gives of much dust
already in the beginning of the summer.
After the application occasion, the chloride residual content in the gravel
wearing course increase during a period of less precipitation and then starts to
decrease rapidly during periods of more heavy precipitation. This is, however,
more pronounced for solid salt than for salt solutions.
The particle emission diffuses no further than 45 m down wind from the gravel
road in prevailing wind velocities of between 0 and 7 m/s.
Even regarding locations very close to the gravel road, there is a very small risk
of exceeding the maximum allowed daily average concentration of PM10 stated
by the European Council directive.
Lignosulphonate is remarkably favoured by a larger content of fines. Much less
lignosulphonate is leached from the granular material if clay or mesa is added
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•

•

•

to obtain a total content of fines of about 15 wt-%. The corresponding effect,
from increasing the content of fines, was not seen in neither the field nor the
laboratory regarding the leaching propensity of salt.
The moisture retaining, i.e. hygroscopic, property of magnesium- and calcium
chloride increases with increasing concentrations until a peak concentration,
where further increases in concentration yield no efficiency gains. However at
the concentration interval which is reasonable out of economical reasons, both
calcium- and magnesium chloride treated aggregates benefit from increasing
the chloride concentration.
A finer aggregate fraction does not hold water more effectively, in fact the
opposite is true, but it can absorb more water and therefore is more effective
from a moisture retaining perspective.
A laboratory method, incorporating a handheld dust generating and collecting
device, for pre-assessing the efficiency of dust suppressants has been developed
and pre-evaluated. Preliminary results suggest that the amount of accessible
dust in different local spots is highly variable. This suggests that it is difficult to
obtain a good reproducibility with this method. The highly dust variable local
spots are also an apparent problem on the road. The developed objective
method collecting PM10 solves this problem by recording numerous sample
points.

Future studies
Some future studies within this project are already planned. For example, the field
study will go on during one more season. The field test will continue at Umeå,
Hagfors, and Halmstad. Studies on the transversal mobility of salt within the gravel
wearing course will be carried out during this last season. Also a field test in full
scale with some of the dust suppressants are planned for. The development and the
evaluation of the laboratory method will also continue in the future. Further analysis
with the SEM are being planned as well as further studies on the influence of
addition of clay to prevent lignosulphonate from leaching.
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Sammanfattning
BAKGRUND
Av det totalt 540 000 km långa svenska vägnätet utgör ungefär 400 000 km grusvägar.
Uppemot 100 000 km av det svenska vägnätet är statliga vägar och av dessa är 20 %
grusvägar. Trafikmängden på dessa grusvägar är mycket begränsad, eg. mindre 125
fordon per årsmedeldygn. Dessa vägar anses dock av stor betydelse regionalt och är ofta
en förutsättning för överlevnad av glasbefolkade landsorter samt för de skogstransporter
som utgör Sveriges största exportmarknad. Det har konstaterats, i tidigare
undersökningar, att dammbindning av grusvägarna inte är ekonomiskt försvarbart förrän
mer än 125 fordon per dygn använder vägarna (Addo och Sanders, 1995). Den svenska
väghållartraditionen och synen på trafiksäkerhet motiverar dock dammbindning av alla
statliga grusvägar, oavsett trafikmängd, som en del av det årliga vägunderhållsarbetet.
Förhöjda partikelhalter i luften kan ge upphov till minskad trafiksäkerhet, tilltäppning av
vattendrag, luftförorening, skador på jordbruk samt ha skadliga hälsoeffekter. Å andra
sidan kan de dammbindningsmedel som används, i synnerhet kloriderna, också ha en
negativ miljöpåverkan, t.ex. orsaka korrosion på bilar eller uttorkning av vägnära
vegetation.
Om finjorden i grusslitlagret försvinner kommer detta troligen att föranleda förlust
även av större materialfraktioner. Denna materialbrist hos grusslitlagret föranleder ofta
tätare underhållsarbeten och krav på tillsats av kompletterande material, vilket i sin tur
leder till ökande kostnader. Dammbindningsmedel reducerar inte enbart dammet som
orsakas av passerande fordon utan minskar också den totala kostnaden för
grusvägsunderhåll (Kirchner, 1988). Denna kostad uppgår årligen till ungefär 370
miljoner kronor för det statliga grusvägnätet. Dammbindningen är dock också förenad
med stora kostnader. Kostnaden uppgår till 30 % av den totala kostnaden för drift och
underhåll under barmarksperioden (Bergström och Grebacken, 1995). Denna kostad
påverkas givetvis av valet av dammbindningsmedel, givan av applicerat
dammbindningmedel samt antalet erfordrade behandlingar.
Det är många faktorer som bör beaktas om dammbindningen skall ske så
kostnadseffektivt och miljövänligt som möjligt. Åtgärder ska sättas in vid rätt tidpunkt i
rätt omfattning. Onödig användning av dammbindningskemikalier skall undvikas. Det
råder idag en otillräcklig kunskap vad gäller effektivitet, beständighet, livscykelkostnader
och miljöpåverkan för de dammbindningsmedel som finns på marknaden.
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SYFTE OCH AVGRÄNSNINGAR
Syftet med denna studie är att utvärdera dammbindningsmedel för grusslitlager,
beträffande effektivitet, livslängd, urlakning, nedträngande förmåga, fukthållande
egenskaper samt undersöka optimal kornstorleksfördelning hos slitlagret. Metoder som
använts inkluderar litteraturstudier samt laboratorieförsök och fältstudier. Resultatet
förväntas ge minskade livscykelkostnader för grusvägar och miljövinster genom
minskad dammbildning och minskad användning av kemikalier. Studien är begränsad
till nordiskt klimat, konstruktionspraxis, grusmaterial samt tradition beträffande
vägunderhållsarbete.
LITTERATURSTUDIE
Somliga dammbindningsmedel verkar genom sina fuktabsorberande egenskaper för att
binda dammet. Andra fungerar på basis av att klibba samman kornen i grusmaterialet.
Hygroskopiska salter, som kalcium- och magnesiumklorid, fungerar på det förstnämnda
sättet medan lignosulfonat och bitumenemulsion huvudsakligen på det senare. Oavsett
funktionssätt är resultatet temporärt och kräver således minst årligen förnyat underhåll
(U.S. Department of Transportation, 2001).
Kalciumklorid är av tradition det vanligast använda dammbindningsmedlet i Sverige,
följt av, i turordning, magnesiumklorid, lignosulfonat och bitumenemulsion. Både klorid
och lignosulfonat sägs ha en livslängd på ungefär sex månader (Lohnes och Coree,
2002). Klorid sägs ha bäst effektivitet tillsammans med slitlager med måttlig finjordshalt
medan lignosulfonat fungerar bäst i kombination med slitlager med hög finjordshalt
(Gillies et al, 1999). Bitumenemulsion, BE, beskrivs ha en livslängd på ungefär tolv
månader (Gillies et al, 1999) och vara mest effektivt i kombination med grövre
kornfraktioner eftersom produkten då har mindre partikelyta att täcka (Bergström och
Grebacken).
Den största nackdelen med kloriderna är att de är mycket lättlösliga i vatten och
tenderar således att vandra nedåt i vägkroppen. De urlakas snabbt av nederbörd vilket
vanligen medför att endast ett dammbindningstillfälle per år inte är tillräckligt (Foley et
al, 1996). Ett annat problem med kloriderna är att de bidrar till att metaller rostar.
Kalciumklorid och magnesiumklorid har flera gemensamma egenskaper och fungerar
som dammbindningsmedel på samma basis. Det finns dock indikationer på att uppemot
20 viktsprocent mer magnesiumklorid än kalciumklorid behövs för att uppnå ett
likvärdigt dammbindningsresultat (Reyier, 1972). Detta kan bero på att kalciumkloriden
inte höjer ytspänningen lika mycket som magnesiumkloriden och därför väter och
tränger ned i grusmaterialet bättre (Epps och Ehsan, 2002). Dessutom har
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magnesiumkloriden ett högre ångtryck vid 25ºC, vilket förväntas leda till att vattnet är
mer benäget att förångas och således kan tänkas vara effektivt under en kortare tid.
Lignosulfonat kallas också sulfitlut eller lignin. Lignin är en av de största
beståndsdelarna i trä, eg. 33 - 40 % av torrvikten (McDougall, 1986). Det fungerar som
naturens eget klister och binder samman träfibrerna. Lignosulfonat erhålls som en
restprodukt under kokningen av trä för pappersmassaproduktion. Det finns flera olika
sorters lignosulfonater, eg. kalcium-, natrium- och ammoniumlignosulfonat, av vilka
kalciumlignosulfonaten är den vanligast använda (Roads and Transportation Association
of Canada, 1987). Erfarenheter, från Kanada, antyder att natrium- och
kalciumlignosulfonat är lika effektiva (Chichak, 1991).
Lignosulfonat skapar en hård skorpa på vägytan men produkten är mycket vattenlöslig
och tenderar därför att urlakas från vägen vid kraftig nederbörd, något som indikerar att
produkten är mer effektiv i ett torrt klimat än i ett fuktigt (Jones, 1999).
Det verkar som om kornstorleksfördelningen är synnerligen betydelsefull när man
dammbinder med lignosulfonat medan BE och kloriderna inte tycks lika känsliga för
variationer i kornstorlek. Lera förhindrar lignosulfonaten från att urlakas vid regn
(Svensson, 1997). Det har konstaterats att om lignosulfonaterna, och kloriderna, blandas
in i grusslitlagret ökar livslängden (Hoover, 1981).
Mängden damm som emitteras från grusvägar är en funktion av flera olika faktorer.
Dessa inkluderar: antalet fordon, fordonsvikt, fordonshastighet, antalet hjul per fordon,
kornstorleksfördelning hos grusslitlagret, packning och bundenhet hos vägytan, fukthalt i
slitlagret samt topografi (Bolander och Yamada, 1999). Det finns indikationer, i tidigare
publicerad litteratur, på att dammbindningsbehandlingar kan reducera damning med så
mycket som 80 % jämfört med en obehandlad väg (Hoover, 1973). I de fall
behandlingen varit mindre lyckad tillskrivs detta ofta brist på dammbindningsmedel
beroende på urlakning till följd av riklig nederbörd. Klimat, grusslitlagermaterial, trafik
samt koncentration av dammbindningsmedel, kommer att påverka effektiviteten och
livslängden av dammbindningen.
Undersökningar av vägdamm kan delas in i två kategorier; laboratorietester, som kan
användas för att bestämma vilken giva som erfordras eller huruvida ett
dammbindningsmedel fungerar under bestämda, kontrollerade betingelser, samt
fältstudier, vilka ger realistiska betingelser och ofta inkluderar statiska dammuppsamlare
eller portabla mätutrustningar (Lohnes och Coree, 2002). Mätresultaten från de senare
kan dock påverkas av fordonens aerodynamik, hastighetsvariationer samt
vägojämnheter.
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DAMMBILDNING PÅ TESTSTRÄCKOR
Metod
I syfte att jämföra effektiviteten hos olika dammbindningsmedel och att studera hur
ändrade koncentrationer liksom nya kombinationer av olika dammbindningsmedel
påverkar denna, gjordes fältförsök på fyra olika geografiska platser i Sverige: Umeå,
Rättvik, Hagfors och Halmstad. På varje ställe märktes en grusväg upp i ett antal 1000
meters teststräckor med skyltar i båda ändar. Magnesiumkloridlösning,
kalciumkloridlösning, magnesiumklorid flingor, kalciumklorid flingor, lignosulfonat
(produktnamn Dustex) och en stärkelselösning testades på alla platser. Dessutom
testades bitumenemulsion och en biomassaprodukt i Hagfors samt rapsolja i Halmstad.
Mesa, ett material som används för att öka finjordshalten i grusslitlagret, testades i
kombination med kalciumkloridlösning, magnesiumkloridlösning respektive
lignosulfonat.
För att bedöma mängden damm som emitterats från de olika teststräckorna användes
dels en TSI DustTrak-utrustning, dels visuella besiktningar. DustTrak-utrustningen
innehåller en 90º ljusbrytningssensor. Andelen ljus som bryts är proportionellt mot
volymskoncentrationen av partiklar i luften, i området 0,001 – 100 mg m-3 för partiklar i
storleksordning mellan 0,1 till 10 µm (Hitchins, 2002; Wu, 2002; Veranth et al, 2003).
Koncentrationen av denna partikelfraktion skulle dock kunna vara ett mindre bra mått för
att bedöma de optiska egenskaperna hos alla de partiklar som faktiskt skymmer sikten.
Nedsättning av sikten orsakas huvudsakligen av ljusbrytning från svävande partiklar där
både fina och grova partikelfraktioner bidrar (Moosmüller et al, 2005).
För mätningarna med DustTrak användes en Volvo av kombimodell. Det första året
monterades två DustTraks på fordonets takräcke; en med partikelinsuget fäst vid den
främre, vänstra sidospegeln; och den andra med partikelinsuget fäst vid den bakre
vindrutetorkaren. DustTrak-utrustningarna var inställda för att ge medelvärden för
volymskoncentrationen av luftburna PM10 med sekundupplösning. Utrustningen med
partikelinsug på främre delen av fordonet registrerade bakgrundshalten av luftburna
partiklar, d.v.s. damm som redan svävar i luften och som således inte påverkades av
fordonets framfart, t.ex. partiklar från andra källor än grusvägen så som pollen etc. Det
visade sig dock att detta bidrag var mycket litet samt relativt konstant. Därför användes
bara den utrustning som registrerade partikelhalten bakom fordonet under den
nästföljande försökssäsongen. Fordonet framfördes i en konstant hastighet av 40 km/h
över hela väglängden med teststräckor. Körmönstret begränsades i möjligaste mån till de
befintliga hjulspåren. En handdator, kopplad till en GPS, var programmerad att varje
sekund registrera tidpunkt, aktuell teststräcka samt färdhastighet. Dessa data
kombinerades sedan med erhållna data från DustTrak-utrustningen.
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Resultat och diskussion
Vid varje mättillfälle, med DustTrak-utrustningen, togs slitlagerprover för bestämning av
fukthalt. Ingen korrelation mellan fukthalt i grusslitlagret och partikelhalt i luften kunde
dock upptäckas. Skillnaden, i partikelkoncentration, mellan dammbunden och en ickedammbunden grusväg var dock anmärkningsvärd stor. Dammbindningsmedel som
skapar en hård hinna på vägytan, så som lignosulfonat och bitumenemulsion gav
godtagbara resultat till en början men började relativt snart att spricka sönder och blev då
i stort sett verkningslösa. Ligonsulfonat var i allmänhet det minst effektiva utav de
dammbindningsmedel som testades. I Umeå var det dock var ett av de mest effektiva,
eller t.o.m. det mest effektiva. Genom grundämnesanalys med ett
svepelektronmikroskop, SEM, kunde konstateras att den välpresterande lignosulfonaten
som använts i Umeå var natriumlignosulfonat medan den sprödare, mindre effektiva
lignosulfonaten som användes på övriga platser var kalciumlignosulfonat.
Natriumlignosulfonaten hade, förutom den uppenbara skillnaden i relativa natrium- och
kalciumhalter,
högre
relativa
halter
av
grundämnet
svavel,
medan
kalciumlignosulfonaten hade högre halter av kol och syre, Detta skulle kunna förklara
den märkbara skillnaden i sprödhet och dammbindningseffektivitet. De sträckor som
dammbundits med stärkelselösning dammade också mycket, liksom den teststräcka som
erhållit biomassa, troligen beroende på snabb urlakning och nedbrytning av dessa
produkter. Den senare sträckan blev faktiskt snabbt i så dåligt skick att man tvingades
avbryta försöket och dammbinda sträckan konventionellt. Rapsoljan som testades i
Halmstad bildade en hård skorpa som också utsattes för sprickbildning och så
småningom nöttes bort men denna produkt hade längre livslängd än lignosulfonat och
gav så länge den fanns kvar ett utmärkt resultat. Koncentrationen som användes var dock
relativt hög, vilket ytterliggare ökar den redan höga kostnaden för dammbindning med
rapsolja.
Kalciumkloridflingor är 10 – 40 %, eller som medelvärde av alla observationer; 19 %
mer effektiva än magnesiumkloridflingor. Detta stämmer väl överens med en tidigare
uppskattning på 18 % bättre effekt (Reyier, 1973). Vidare pekar resultat, från alla
geografiska platser, på att saltlösningar är det effektivaste dammbindningsmedlet på
marknaden. Kalciumklorid och magnesiumklorid, i fallet lösningar, verkar vara lika
effektiva. Att lösningar är effektivare än sin fasta motsvarighet tros bero på att en mer
homogen fördelning av klorider, i kombination med en bättre förmåga att tränga ned i
slitlagermaterialet, erhålls med kloridlösningar. Resultaten tyder på att det kan vara
möjligt att använda mindre mängd klorid och ändå erhålla samma, eller t.o.m. bättre,
dammbindningseffekt genom att använda lösningar istället för flingor. Detta skulle ha
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stor betydelse både miljömässigt och ekonomiskt. Dessa resultat behöver dock
säkerställas med resultat från ytterligare någon mätsäsong. Även om en något högre
kloridkoncentration kan erhållas om man köper en färdig saltlösning är det troligen mer
energi- och kostnadseffektivt att, om det är praktiskt möjligt, bereda lösningen, från fast
produkt, på plats.
Tillsättningen av mesa, och därmed finmaterial, till grusslitlagret tycks inte ge någon
effektivitetsvinst beträffande salterna. Resultaten är dock svårtolkade på grund av olika
koncentrationer vid försökets inledning. Salt i kombination med mesa erhöll en lägre
koncentration jämfört med salt utan mesatillsats. Mesan gav dock en positiv
dammbindningseffekt i kombination med lignosulfonat och minskade möjligen också
urlakningen av lignosulfonaten.
Samband mellan visuella bedömningar och PM10-halter
Visuella bedömningar av varje teststräcka utfördes var fjortonde dag enligt Vägverkets
metodbeskrivning för bedömning av grusväglag, VV Publ 2005:60. Vid dessa tillfällen
bedömdes fyra olika tillstånd: jämnhet, förekomst av löst grus, tvärfall samt mängden
damm, i fyra tillståndsklasser där tillståndsklass 1 indikerar att sträckan är bra och den
högsta tillståndsklassen, 4, indikerar att vägen är dålig och behöver hyvlas och eventuellt
också dammbindas på nytt.
Tidigare publicerad litteratur indikerar att om finjorden i grusslitlagret dammar bort
kommer också det allmänna tillståndet på grusvägen att försämras, d.v.s. en mer ojämn
och obunden vägyta kommer att föreligga (Moosmüller et al, 2005). I så fall borde en
korrelation mellan dammbildning och ojämnhet respektive dammbildning och löst grus
erhållas. Resultaten från fältstudierna visar på en korrelation mellan visuellt bedömd
dammbildning och obundenhet samt en möjlig korrelation mellan visuellt bedömd
dammbildning och ojämnhet.
I avsikt att utvärdera den objektiva metoden för att registrera dammbildning, och
undersöka möjligheten av att ersätta den befintliga subjektiva metoden för
tillståndsbedömning av damm på grusväg, jämfördes resultaten från den objektiva
mätutrustningen med resultat från den subjektiva, visuella bedömningen. Resultatet visar
på en relativt god korrelation vid de mättillfällen när samtliga tillståndsklasser var
representerade i den visuella bedömningen men en svag, eller obefintlig korrelation när
det endast dammade mindre enligt den visuella bedömningen, motsvarande klass 1 och
2.
Följande grova samband mellan den visuella bedömningen och PM10-mätningarna kan
identifieras:
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•

•
•
•

Klass 1, ”inget damm rörs upp av trafiken längs vägen”, motsvarar PM10värden, baserade på korrelationen mellan de objektiva mätningarna och de
subjektiva bedömningarna, på mellan 0 mg/m3 och 0,5 mg/m3.
Klass 2, ”mindre dammoln uppstår längs vägen”, motsvarar PM10-värden
mellan 0,5 mg/m3 och 1,5 mg/m3.
Klass 3, ”dammoln nedsätter sikten”, är jämförbar med PM10-värden mellan
1,5 mg/m3 och 4 mg/m3.
Klass 4, ”sikten är kraftigt försämrad”, motsvarar PM10-masskoncentrationer
högre än 4 mg/m3.

DAMMBILDNING VID SIDAN AV VÄGEN
Bakgrund
EU-direktiv 1999/30/EC fastslår gränsvärden för svaveldioxid, kvävedioxid, bly och
PM10 i luften. Direktivet som gäller fr.o.m. 1 januari 2005, fastslår att dygnsmedelvärdet
av partiklar mindre än 10 µm, PM10, inte får överstiga 50 µg/m3 mer än 30 gånger per år
och det totala årsmedelvärdet inte får överstiga 40 µg/m3. Fr.o.m. 1 januari 2010 gäller
att 50 µg/m3 per 24 timmar inte får överskridas mer än sju gånger per år samt ett
maximalt årsmedelvärde på 20 µg/m3. Direktivet uppger vidare att partikelhalten skall
uppmätas minst 4 m från mitten av närmaste vägbana, med partikelinsuget 1,5 till 4 m
över marken och med sådan placering att resultatet är representativt för luftkvaliteten hos
ett större område.
Metod
Genom att placera DustTrak-mätutrustningar vid olika avstånd vid sidan av vägen har
förhållandet mellan volymkoncentration av PM10 och avståndet från grusvägen
undersökts. Mätutrustningarna placerades i vidriktningen från vägen på ett öppet fält
bredvid en rak grusvägsträcka. Den valda vägsträckan hade en partikelkoncentration
motsvarande klass 4, enligt Vägverkets metodbeskrivning, eller PM10-halter högre än 4
mg/m3.
Syfte
Syftet med studien var att undersöka ett slags ”worst case scenario” som kan råda på en
grusväg och se hur långt de hälsoskadliga partiklarna, PM10, kan färdas, med
luftströmmar från vägen, samt att undersöka huruvida dessa volymkoncentrationer av
partiklar överskrider gränsvärdena enligt ovannämnda EU-direktiv.
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Resultat och diskussion
Det tycks finnas ett samband mellan medelvärdet för volymkoncentrationen av PM10 och
avståndet från vägen. Extrapolering av det beräknade linjära sambandet indikerar att
partiklarna från vägen inte sprids längre än 45 m, från vägkant, i vindriktningen vid en
vindhastighet på mellan 0 och 7 m/s. Det verkar inte sannolikt att större partiklar än
dessa, PM10, skulle färdas längre.
Högsta medelpartikelkoncentration, något över 0,5 mg/m3, erhölls på ett avstånd av 5
m från vägkant och motsvarar en tio gånger högre partikelkoncentration än den, enligt
EU-direktivet, tillåtna medelvolymkoncentrationen av PM10 under 24 timmar. Eftersom
detta värde erhölls under en knapp timme med en trafikmängd på uppemot ett fordon per
minut, verkar det ändå osannolikt att EU-direktivets gränsvärden skall kunna överskridas
på platser vid sidan av vägen. Eftersom dessa resultat erhållits från ett tillfälle med
kraftig dammbildning, är det sannolikt att resultaten visar vilken dammbildning som kan
uppstå i extremfall, vilket också var syftet med studien. Det finns därför anledning att tro
att volymkoncentrationen av PM10 längs nordiska grusvägar knappast kommer att
överstiga direktivets gränsvärden.
URLAKNING I FÄLT
Syfte och hypotes
I syfte att observera dammbindningsmedlens avtagande koncentrationer, med tiden, i
teststräckornas grusslitlager, utvecklades och användes analytiska laboratoriemetoder för
att kvantifiera resthalter av klorid samt lignin. Hypotesen var att mindre dammande
teststräckor skulle ha högre resthalter av applicerat dammbindningsmedel. Eftersom
olika koncentrationer av kalciumklorid respektive magnesiumklorid påförts borde de
sträckor som erhållit en lägre ursprungskoncentration också ha en lägre resthalt
inledningsvis under studien varefter resthalterna torde utjämnas med tiden. Fast
kalciumklorid har ett vatteninnehåll på 23 viktsprocent medan fast magnesiumklorid har
ett vatteninnehåll på 49 viktsprocent. Magnesiumjoner har dock en lägre atomvikt än
kalciumjoner, vilket medför att fast magnesiumklorid innehåller mer klorid, vilket anses
som den aktiva delen av produkten, än samma massa av fast kalciumklorid.
Sammantaget medför skillnaderna i vatteninnehåll och atomvikt att 1 kg levererad
mängd kalciumklorid innehåller ca 30 viktsprocent mer klorid än 1 kg levererad
magnesiumklorid. Detta borde medföra att teststräckorna som behandlats med 1,0
kg/löpmeter kalciumklorid har samma resthalt av klorid som de sträckor som erhållit 1,3
kg/löpmeter magnesiumklorid och analogt för andra koncentrationer. Slutligen är
hypotesen att resthalten av de vattenlösliga dammbindningsmedlen håller sig relativt
konstant under torrt väder men urlakas snabbt ur vägen vid regn.
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Metod
Grusprover togs från hela djupet av grusslitlagret på respektive sträcka, från en kvadrat
om 150 x 150 mm, och placerades i återförslutningsbara plastpåsar. Proverna togs alltid
från en plats utmärkt i mitten av varje teststräcka, dock inte från exakt samma ställe utan
alldeles bakom föregående provområde. Proverna togs också alltid från höger hjulspår
under färd på sträckorna i numerisk ordning. Teststräckor som dammbundits med klorid
eller lignosulfonat analyserades med avseende på med tiden avtagande resthalter av
dammbindningsmedel. Totalt analyserades åtta olika sträckor: 0,7 respektive 1,0
kg/löpmeter kalciumklorid, 1,0 respektive 1,3 kg/löpmeter magnesiumklorid,
kalciumkloridlösning, magnesiumkloridlösning, lignosulfonat och lignosulfonat i
kombination med mesa.
50 ml destillerat och avjonat vatten påfördes 50 g slitlagergrus i en glasbägare.
Eventuellt innehåll av upptorkat dammbindningsmedel löstes upp genom att sänka ned
bägaren med grus i ett ultraljudsbad under 10 minuter. Denna lösning filtrerades sedan
ned i en ren glasbägare. Filtrat innehållande klorid överfördes till eppendorphrör och
centrifugerades för att möjliggöra separation av finjord från vätskelösningen. Filtrat
innehållande lignosulfonat filtrerades istället ytterligare en gång, med ett PTFE-filter, av
samma anledning.
Resultat och diskussion
Kloridhalten analyserades kolorimetriskt med kvicksilver (II) tiocyanatmetoden. Ett
orangefärgat järntiocyanatkomplex erhålls när kloridjoner löser upp kvicksilverjonerna i
kvicksilvertiocyanat under närvaro av järn i överskott. Den resulterande färgen
uppmättes med en jonspecifik fotometer.
Resultaten indikerar att kloridkoncentrationen i sommarsaltade grusvägar avtar snabbt
under sommarmånaderna. Det kan därför fastslås att dammbindning med salt måste ske
minst en gång varje år eftersom det efter sommaren inte finns tillräckligt mycket klorid
kvar i vägen för att klara att binda finjorden ytterligare en sommar. Dessa resultat
sammanfaller väl med tidigare erfarenheter, nämligen att kalcium- och magnesiumklorid
inte kan förväntas ge tillfredställande dammbindning ett andra år p.g.a. okontrollerbara
faktorer som regn och urlakning (Mulholland, 1972). Dessutom kommer eventuellt
underhållsarbete på grusvägen gradvis att minska effektiviteten av
dammbindningsmedlen. Det är också uppenbart att hyvling av vägen påverkar
kloridkoncentrationen olika på olika punkter av vägen, också inom varje teststräcka,
vilket gör det svårt att tolka och dra slutsatser från resultaten. Det är också tydligt att
kloridkoncentrationen i grusslitlagret vanligen ökar under några veckor efter själva
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dammbindningstillfället. Anledningen till detta är ännu inte känd eller tillräckligt utredd
men kommer att vara föremål för framtida studier.
En möjlig förklaring är att kloriderna följer med regnvattenströmmar nedåt i vägen
under den relativt blöta väderlek som i allmänhet råder inledningsvis under säsongen och
då inte kommer att kunna detekteras vid provtagning på slitlagergruset. Vid torka, som
vanligtvis infaller en till ett par månader efter dammbindningstillfället, förångas ytfukten
vilket leder till att djupliggande fukt sugs mot vägytan med hjälp av kapillärkrafter. Detta
i sin tur genererar en förhöjd kloridkoncentration i slitlagergruset eftersom kloriderna
finns lösta i vattnet som färdas uppåt och eftersom kloriderna inte kommer att kunna
avdunsta från vägytan.
Som förväntat fortsatte de sträckor som erhållit högre ursprungshalter av klorid att ha
högre resthalter under hela säsongen och vice versa. Resultaten visar också att
saltlösningarna hade de lägsta kloridkoncentrationerna under hela sommaren. Eftersom
dessa sträckor var de bäst dammbundna tyder resultatet på att inte bara resthalten av
klorid är av betydelse för en god dammbindning. En homogen fördelning, av kloriderna,
i vägen vertikalt och horisontellt är lika betydelsefull som en hög koncentration av
klorider. Det vore därför intressant med en teststräcka där en tensid tillsats en
kloridlösning. En sådan blandning förväntas kunna underlätta spridningen av saltet, så att
spridningen i slitlagret blir mer homogent och saltet mer djupverkande, eftersom
tensiden minskar ytspänningen mellan vattenmolekylerna.
Resthaltsanalyserna från Rättvik, för vilka det finns störst statistiskt underlag, visar att
kloridhalterna för sträckan med 1,0 kg löpmeter magnesiumklorid flingor per löpmeter
sammanfaller med halterna för sträckan med 0,7 kg kalciumklorid flingor per löpmeter
och att halterna för sträckan med 1,3 kg magnesiumklorid flingor per löpmeter
sammanfaller med kloridhalterna för teststräckan med 1,0 kg kalciumklorid flingor per
löpmeter. Dessa likheter är signifikanta, vid 5 % nivån, vid åtminstone två av
provtagningstillfällena under 2006. Detta stämmer väl överens med hypotesen att 30
viktprocent mer magnesiumklorid erfordras för att uppnå samma kloridkoncentration
och således dammbindningsförmåga. Det föreligger dock ingen signifikant skillnad, vid
5 % nivån, mellan kalciumklorid lösning och magnesiumkloridlösning enligt en
variansanalys.
För att bedöma resthalten av lignosulfonat, i prover tagna från grusslitlagret på de
teststräckor som behandlats med produkten, användes en uv/vis-spektrofotometer. En
kalibrering av metoden tyder på att lignosulfonat kan kvantifieras vid våglängden 280
nm, vilket motsvarar den våglängd vid vilken lignin absorberar ljus. Prover som
innehåller en hög koncentration av lignosulfonat behöver spädas innan mätningen kan
utföras.
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Lignosulfonat tycks också urlakas snabbt under sommarmånaderna, möjligen t.o.m.
snabbare än kloriderna, med undantag för teststräckan i Umeå. Som tidigare nämnts var
detta den enda lignosulfonatsträckan som var effektivt dammbunden, enligt de mätningar
som utförts. I motsats till de sträckor som erhöll salt i fast form, där koncentrationen
ökade under en period efter dammbindning, minskade koncentrationen av lignosulfonat
snabbt efter dammbindningstillfället.
INLEDANDE LABORATORIEFÖRSÖK: VÄTNINGSFÖRMÅGAN HOS EN
TENSID
Salter höjer ytspänningen hos vatten och därmed den adhesiva kraften mellan olika
partiklar. Detta gör att både gruset och saltet självt binds hårdare samman. Detta skulle
teoretiskt kunna öka effektiviteten hos dammbindningen ytterligare. En minskad
ytspänning skulle dock kunna gynna effektiviteten hos dammbindningen genom att
dammbindningsmedlet då istället erhåller en bättre förmåga att väta och tränga ned i
slitlagergruset. Tensider har egenskapen att minska ytspänningen hos vatten. En
anjonisk tensid, eg. SDS, tillsattes en saltlösning i ett laboratorieförsök med syftet att
underlätta vätningen av grusmaterialet. Ingen signifikant skillnad i vätning kunde dock
konstateras, från denna tillsats. Däremot konstaterades att vid fortsatta försök bör en
katjonisk tensid i stället för en anjonisk tensid användas, eftersom den anjoniska tensiden
reagerade med metalljonerna och bildade en glatt, vit fällning.
URLAKNING I LABORATORIUM
Metod
Experiment för att studera hur urlakningen av dammbindningsmedel påverkas av olika
sammansättning av grusslitlagret har också utförts i laboratorium. Dessutom undersöktes
olika dammbindningsmedels förmåga att tränga ned i slitlagret, eftersom detta verkar ha
stor inverkan på ett dammbindningsmedels effektivitet och livslängd. Till
urlakningsförsöken användes mätglas i plast, i vilka små hål i botten hade borrats. Olika
grusfraktioner; 0-0,5 mm, 0-2 mm, 0-8 mm, 0-16 mm samt en 0-16 mm fraktion,
hållandes en finjordshalt på 4 viktsprocent, med en tillsats av 10 viktsprocent lera,
placerades sedan i dessa mätglas. Proverna packades för hand innan
dammbindningsmedel i form av lösning påfördes och proverna slutligen utsattes för
vatten och således urlakning.
Resultat och diskussion
Variansanalys för urlakningen av klorid visar en signifikant skillnad, vid 5 % nivån, i
medelvärde mellan prover med olika grusfraktioner men visar ingen skillnad beträffande
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0-16 mm fraktionen med eller utan tillsatsen av lera. Av de testade fraktionerna, gav
fraktionen 0-2 mm minst urlakning av klorid varefter urlakningen ökar med ökande
fraktionsstorlek, vilket gäller både kalciumklorid och magnesiumklorid. Resultaten tyder
också på att kloriden ansamlas mot botten av behållaren. Detta betyder att kloriderna i en
verklig grusväg snabbt färdas nedåt i jorden tillsammans med regnvattenströmmar och
då troligen ansamlas i grundvattnet. I en riktig grusväg, i motsats till laboratorietestets
förutsättningar, kan dock vatten, och således också de lättlösliga kloriderna, också färdas
uppåt till följd av kapilläruppsugning av grundvatten. Detta gör det, om möjligt, ännu
svårare att förutsäga punktkoncentrationer av klorid. Inga urlakningsskillnader med
avseende på typ av katjon och koncentration kunde konstateras med denna metod. Alla
eventuella skillnader är inom metodens variationsområde.
För undersökningar avseende urlakning av lignosulfonat, användes en 43 %
lignosulfonatlösning, d.v.s. den kalciumlignosulfonatlösning som användes i Halmstad.
Resultaten indikerar att lignosulfonaterna är minst lika benägna att urlakas som
kloriderna är. Försöket med 0-0,5 mm grusfraktionen avslutades redan efter första
tillsatsen av 35 ml destillerat och avjonat vatten, eftersom denna vattenvolym åtta timmar
senare fortfarande inte runnit av ytan. Resultaten visar också, i likhet med urlakning av
klorid, att ju grövre fraktionen är desto högre koncentration av lignosulfonat kommer att
finnas i lakvätskan efter urlakningen. Det är också uppenbart att en tillsats av 10
viktprocent lera till 0-16 mm fraktionen, vid en 5 % signifikansnivå, signifikant minskar
urlakningshatigheten av lignosulfonat jämfört med samma fraktion utan tillsats av lera.
Det konstaterades dock under dessa experiment att vattnet, som tillsattes som
regnsimulering, kvarstannade längre på ytan i de fall lera tillförts. Därför skulle tillsats av
lera kunna leda till att vatten stannar kvar på vägytan i alltför hög utsträckning, något
som i sin tur skulle kunna leda till en våt, smetig och hal vägbana.
Det tycks råda ett omvänt förhållande mellan nedträngning i slitlagermaterialet och
förmåga att skapa en skorpa på vägytan. D.v.s. det dammbindningsmedel som sämst
tränger ned i grusmaterialet skapar den märkbaraste ythinnan. Lignosulfonaten som
användes i Umeå var, av de testade dammbindningsmedlen, det dammbindningsmedel
som minst trängde ner i ytan, följt av lignosulfonaten som användes i Hagfors.
Stärkelselösningen trängde ned längre än lignosulfonaterna och vattenglaset ytterligare
en bit. Det var svårt att se någon skillnad i nedträngningsförmåga hos magnesiumrespektive kalciumklorid eftersom den lägre vattengränsen upprepade gånger var ojämn
och svår att nivåbestämma. Kloriderna trängde dock ned klart längst av alla testade
dammbindningsmedel och möjligen trängde magnesiumkloriden ned något fortare än
motsvarande mängd kalciumklorid.
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LABORATORIEUNDERSÖKNING AV VATTENGLASETS LÄMPLIGHET I
FÄLT
Natriumsilikat (vattenglas), är en produkt som bedömts som intressant för
dammbindning eftersom den binder till mineralpartiklar hos grusmaterialet och skapar ett
lackartat skikt som kapslar in dammpartiklarna. En mindre laboratorieundersökning
gjordes för att bedöma om det kan vara intressant att testa produkten i fält. Det framkom
att denna produkt är svårlöslig i vatten och därför svår att tvätta bort när den väl härdat;
en stelningsprocess som endast tar ett fåtal timmar i anspråk, beroende på koncentration.
Denna egenskap är gynnsam när produkten väl kommit på vägen men medför problem
när dammbindningsmedlet någon gång hamnar på ett förbipasserande fordon.
UPPTORKNING AV GRUSMATERIAL I LABORATORIUM
Bakgrund och metod
Vatten kallas ofta naturens eget bindemedel. Ett grusmaterial med goda fukthållande
egenskaper är därför en bra investering. Salters verkan som dammbindningsmedel
bygger
på
deras
hygroskopiska,
d.v.s.
fukthållande,
egenskaper.
Kornstorleksfördelningen sägs också påverka fukthalten hos ett grusslitlager, eftersom
mindre kornfraktioner håller fukten effektivare. Av den anledningen undersöktes
upptorkningsprocessen, i laboratorium med avseende på kornstorleksfördelning samt
koncentration och typ av salt. Grusmaterialet torkades i en ugn och vattenavgången
bestämdes genom vägning av materialet.
Eftersom klorider binder vatten kan det förväntas att en högre koncentration av klorid
kommer att minska upptorkningshastigheten hos grusmaterialet. Kalciumkloridens lägre
ångtryck vid rådande temperatur i ugnen, 55ºC, och de relativt höga
saltkoncentrationerna som valdes till försöket bör innebära att kalciumklorid visar sig
vara något mer hygroskopiskt, d.v.s. ha en långsammare upptorkningshastighet, än
magnesiumkloriden.
Upptorkningshastigheten hos grusmaterialet definieras som vattenförlusten (g) per
tidsenhet (h). Eftersom studien endast ämnade ge relativa jämförelser, och alla prover
hade identisk ytarea, beaktades aldrig ytarean vid beräkningarna av
upptorkningshastigheten. Experimentet utfördes på grusmaterialfraktionerna 0-0,5 mm,
0-2 mm, 0-4 mm, 0-8 mm, 0-16 mm och 2-16 mm. Torkningen genomfördes först utan
tillsats av salt och därefter med tillsats av 30 g kalcium- respektive magnesiumklorid.
Resultat och diskussion
Resultaten visar att upptorkningshastigheten av ett grusmaterial sjunker kraftigt i närvaro
av salt och att ett tjockare lager håller fukten bättre än ett tunnare lager eftersom det tar
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längre tid för kapillärkrafterna att transportera vattnet mot ytan för ångbildning.
Dessutom upphettas underliggande material långsammare och materialet i ett tjockare
lager utsätts också för ett högre yttryck, vilket ytterligare minskar avdunstningen.
På grund av en mer utspridd fördelning av vattenmolekyler har finare material
fraktioner, oavsett lagertjocklek, en högre upptorkningshastighet. För samma
materialfraktion torkar det prov som tillförts minst vatten procentuellt sett snabbare men
en något större mängd vatten per tidsenhet försvinner från det material som erhållit mest
vatten. Större vattensamlingar, vilka kan ansamlas till följd av en rikligare tillsatt mängd
vatten alternativt en större andel grövre korn vilka medför att utrymmet för
vattenmolekylerna ökar, förångas långsammare än de tunna vattenfilmer som omringar
varje enskilt finjordskorn. Vattenmättade grusslitlagerprover som innehåller grövre
kornfraktioner har därför en högre upptorkningshastighet, i viktsprocent, eftersom dessa
vattenmättas snabbare och binder mindre vatten.
I det koncentrationsintervall som är rimligt med avseende på ekonomin ökar den
vattenhållande förmågan för både magnesium- och kalciumklorid med en förhöjd salt
giva. Båda produkterna når så småningom en topp, vid vilken en ökad koncentration inte
ger någon högre hygroskopicitet. Kalciumklorid tycks dock hålla fukten något bättre än
magnesiumklorid vid denna högsta koncentration.
UTVECKLING AV EN LABORATORIEMETOD FÖR ATT TESTA OLIKA
DAMMBINDNINGSMEDEL
Syfte
Inledande försök har gjorts för att utveckla en snabb, relativt enkel och tillförlitlig
laboratoriemetod för att undersöka effektiviteten hos olika dammbindningsmedel.
Metoden ska kunna utvärdera hur dammbindningen beror av mängden och typen av
dammbindningsmedel, kornstorleksfördelningen hos grusmaterialet, nederbörd och
temperaturförhållanden samt trafikintensitet. Avsikten är att i relativt liten skala i
laboratorium under kontrollerade förhållanden kunna urskilja dammbindningsmedel som
det kan vara anledning att undersöka vidare i fält.
Metod och bakgrund
Urlakning, upptorkning och övriga laboratorieanalyser planeras ske med ovan beskrivna
metoder. En utrustning med högtrycksluft konstruerades i syfte att simulera
luftturbulensen kring ett fordon, som kastar upp damm i luften. Ett antal preliminära
kriterier för metoden ställdes upp; ett kriterium var att ett grusmaterial med högre
finjordshalt skulle avge mer damm, och följaktligen generera mer damm i utrustningens
uppsamlingsfilter, i enlighet med tidigare litteratur (Jones, 1999). Ett annat kriterium var
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att ett grusmaterial med högre tillsats av salt skulle avge mindre damm. Slutligen
förväntades också att alla dammbindningsmedel skulle minska mängden damm som
genereras jämfört med obehandlat grusmaterial.
Endast ett tidigare försök att konstruera en handhållen utrustning för att mäta mängden
damm på vägen har hittats i tidigare publicerad litteratur (Brown och Elton, 1994).
Denna utrustning består av en dammsugarlåda som används för att dammsuga ett
tvärsnitt av vägen och som samlar upp dammet på filterpapper placerade vid ett utsug
inuti lådan. Detta försök misslyckades dock eftersom erhållna resultat inte korrelerade
med subjektiva tillståndsbedömningar och inte heller var reproducerbara. Huruvida
utrustningen lyfte partiklar som inte motsvarar de som lyfts av trafiken eller om
dammhalten varierade kraftigt i olika punkter på provytan är inte känt.
Resultat och diskussion
I den nu aktuella utvecklingen användes en Proctor-packningsutrustning för att packa
grusmaterialet och tvinga finjorden uppåt mot ytan, samt krossa grövre material, och
således öka finjordshalten. Det är uppenbart att denna behandling utsatte kornen för
nötning och därför orsakade en högre finjordshalt liksom att packningen tvingade
finjorden uppåt mot ytan, medan motsatsen gällde för kontrollprover som inte erhållit
packning. På så sätt kan det tänkas att metodiken i viss mån också simulerar
trafiknötning. Resultaten indikerar att packningen också åstadkom en välbunden
finjordsfraktion som genererade betydligt mindre damm än samma material som inte
erhöll någon packning gjorde. Vidare förorsakade t.o.m. den lägsta använda
koncentrationen av salt, motsvarande 3,75 g CaCl2 till 2700 g grusmaterial, att inget
damm kunde samlas upp i filtren. Detta motsvarar ungefär 60 g/ m2 provyta, vilket kan
jämföras med den normalt tillsatta mängden på ungefär 200 g/m2 vid dammbindning på
väg med MgCl2.
Grusmaterial med högre finjordshalt ger upphov till mer damm. Detta stämmer väl
överens med vad som tidigare konstaterats, nämligen att en av de dominerande
faktorerna beträffande dammemission är finmaterialhalten (Jones, 1999).
Grusslitlagermaterial från åtta av de teststräckor som ingick i fältstudien i Rättvik
samlades in och placerades i laboratorielådor i syfte att jämföra dammemission i fält med
dammemission i laboratorium. Den största fördelen med laboratorieutrustningen
gentemot DustTrak-utrustningen, som användes för analys av damm i fält, är att denna
apparat, förutom att möjliggöra relativt enkla laboratorieundersökningar, samlar upp den
emitterade dammfraktionen och således möjliggör kompletterande analyser av denna
fraktion. Resultaten ger inga statistiska bevis, vid 5 % nivån, för någon skillnad mellan
provernas medelvärden för de olika sträckorna. Det är mycket möjligt att det faktiskt inte
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föreligger någon skillnad i dammemission mellan dessa provsträckor, eftersom proverna
togs i slutet av säsongen när hyvling av hela vägen redan hade utförts och
koncentrationen av dammbindningsmedel sannolikt var låg. I likhet med resultaten från
mätningarna av damm i fält erhålls stora standardavvikelser vid jämförelse mellan olika
prov på samma sträcka, vilken kan indikera att dammemissionen kan variera kraftigt på
olika platser i vägen eller att metoden inte ger reproducerbara resultat.
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Definitions
Soil – All unlithified material overlying the bedrock (Smith and Collins, 1993).
Climatic zones – Sweden is, in current guides for structural design of roads, divided
into six climatic zones according to figure 1.

Figure 1. Climatic zones in Sweden (Vägverket, 2004).
Gravel road – An unpaved road with natural gravel or crushed rock. A gravel road
is an engineered road with controlled alignment, defined width, cross-section profile,
and drainage. (Paterson, 1987)
Gravel wearing course material – The material in the uppermost layer of a gravel
road. The material shall have a grain size distribution in accordance with table 1,
section 2.2 (Vägverket, 1994).
Gross vehicle weight, GVW, – The maximum authorized weight at which a vehicle
can be operated.
Maintenance of gravel roads – Refers to efforts necessary to maintain the proper
road condition. The most important maintenance activities on gravel roads are dust
binding, re-gravelling, and blading.
Blading – A maintenance method, on a gravel road. A motor grader, an engineering
vehicle with a large blade, is used to re-shape the road and create a flat surface.
Re-gravelling – Aggregate replacement of the gravel wearing course to obtain an
acceptable grain size distribution. Gravel roads often become deficient in coarse
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aggregate, fraction 5 - 64 mm, and clay, fraction < 0.002 mm. Additional gravel is mixed
in with the existing wearing course aggregate using a motor grader.
Crossfall – The transversal gradient of the roadway surface. The gravel road should have
an “A-shaped crown” to drain excess water off the surface.
Dust – An aerosol of particles of solid mineral originating from the road aggregate,
usually with a particulate size less than 100 µm (microns) in diameter (Boulter,
2005).
PM10 – Any particle with a diameter less than or equal to 10 microns suspended in
the air.
PM2.5 – Any particle with a diameter less than or equal to 2.5 microns suspended in
the air.
Fines or fine material – The general name for the mineral-soil fractions silt and
clay, i.e. particles less than 0.06 mm in size (Vägverket, 1994). In American
literature and in this thesis fines most often refer to the material fraction passing the
0.075 mm or the 200 mesh sieve.
Clay – Mineral particles less than 0.002 mm in size (Vägverket, 1994).
Mesa – A residual product from the paper and pulp industry consisting of mainly
calcium carbonate that is used as an alternative to clay for increasing the amount of fines
in the aggregate.
Dust control/ suppressing – Every attempt at preventing the emission of dust into
the environment - if this is done as the main purpose (Lindh, 1981).
Dust suppressant – Includes water, hygroscopic materials, chemical stabilization
and suppression products, and other approved substances used for the purpose of
suppressing dust. Further information on dust suppressants is given in chapter 3.
Hygroscopic matter – A substance, such as salt, which readily absorbs and retains
moisture is hygroscopic.
Salt – Chemically, salt is a term used for ionic compounds composed of positively
charged cations and negatively charged anions, so that the product is neutral and
without a net charge (http://en.wikipedia.org/wiki/Salt). In everyday language, salt
generally refers to the edible sodium chloride, i.e. cooking salt. Regarding
maintenance on gravel roads, salt refers to calcium chloride or magnesium chloride.
Stripping or leaching – The process during which the dust suppressant is washed
away from stone material by water.
Average Annual Daily Traffic, AADT – The average traffic volume per day on a
section of a road in both directions during a particular year (Vägverket, 1994).
SRA or SNRA – The Swedish Road Administration (SRA) is the authority responsible
for road planning, construction, operation, and maintenance of the Swedish road
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network. The administration is also in charge of the traffic safety and environment of the
road sector. The authority was former known under the name Swedish National Road
Administration (SNRA).
ATB VÄG 2004 – The General Technical Construction Specification for Swedish
Roads containing demands for structural design, construction, maintenance, and bearing
capacity improvements of the road structure for national Swedish road. This publication
replaces previous publications, such as ATB VÄG 2003 and Road 94 (Vägverket, 2004).
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List of abbreviations
AADT
BE
CaCl2
ClEDS
GVW
LS
MgCl2
PDA
PM
PM10, PM2.5
SDS
SEM
SMHI
SRA
UV/VIS
VTI
VViS
Wt-%
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- Average Annual Daily Traffic
- Bitumen emulsion
- Calcium chloride
- Chloride ion
- Energy dispersive X-ray spectroscopy
- Gross Vehicle Weight
- Lignosulphonate
- Magnesium chloride
- Personal Digital Assistant
- Particulate matter
- Particulate matter with an aerodynamic diameter less than 10
and 2.5 µm, respectively
- Sodium Dodecyl Sulphate
- Scanning Electron Microscope
- The Swedish Meteorological and Hydrological Institute
- The Swedish Road Administration
- ultraviolet/ visible
- The Road Research Institute
-Road and Weather Information System for the Swedish Road
Administration
- weight percent

1
Introduction
According to data obtained from the Swedish Road Administration (SRA), the length of
the public Swedish road network amounts to 140 000 km, of which nearly 100 000 km
are administered by the government and about 40 000 km are administered by the
municipalities. About 20% of the government administered roads represent gravel roads.
However, the largest individual contribution to the Swedish gravel road network comes
from forest roads. As a rough estimation, it is stated that out of the total 540 000 km long
Swedish road network, 400 000 km represents gravel roads. The traffic volumes on these
gravel roads are very small, i.e. less than 125 AADT. Approximately 5%, or 370 MSEK
(2005), of the total annual SRA maintenance budget is assigned to these roads. These
gravel roads are considered of great regional importance and are often a direct
prerequisite for the survival of sparsely populated country parts and for the transportation
of forest products, which are the country’s largest export products.
Traffic-generated dust facilitates the deterioration of the gravel road surface and act
as a major source of particulate matter in the air, thus involving public finances, road
safety, human health, and environmental quality. In order to bind the fine granular
material, which are prone to rise and remain in the air, dust suppressants are added to the
road on a yearly basis.
It is stated in literature that dust control treatments will not become financially viable
until there are more than 125 vehicles per day using the road (Addo and Sanders, 1995).
However due to traffic safety reasons and traditional Swedish maintenance practices, all
gravel roads, regardless of traffic volume, are dust suppressed as part of the annual
maintenance program.
Increased amounts of particulate matter in the air could give rise to reduced traffic
safety, clogging of watercourses, air pollution, damage to agriculture, and health
problems. On the other hand, dust suppressants, especially chlorides, may also negatively
affect the environment and, for example, cause corrosion to cars or dehydration to road
side vegetation.
The most important maintenance activities on gravel roads are dust binding, regravelling, and blading. There are significant cost issues associated with both dust
emission and dust control. If the content of fines in the gravel wearing course disappear,
this is likely to impart loss of other larger sieve fractions in the aggregate. The deficiency
of gravel surface course material conveys an increase in frequent maintenance activities
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and demands of aggregate supplement thereby resulting in higher costs. Research has
shown that dust suppressants not only, but also efficiently, reduce the amount of dust
raised by traffic induced wear, but they also reduce overall gravel road maintenance costs
(Kirchner, 1988). Approximately 5%, or 370 MSEK, of the total annual SRA
maintenance budget is assigned to gravel roads, this estimates to 18 SEK/m road. On the
other hand, there is also a significant expense associated with dust control on gravel
roads, amounting to 30% of the total expenses for maintenance of Swedish National
gravel roads during the period when the ground is free from snow (Bergström and
Grebacken, 1995). This expense is, of course, affected by the type and concentration of
dust suppressant as well as the number of required treatments.
There are different methods for dust control on gravel roads in use today. There is,
however, a lack of knowledge concerning the efficiency, durability, life cycle cost of the
different dust suppressants used as well as their impact on the environment.
This licentiate thesis is part of a Ph.D. project which aims to give a comprehensive
evaluation of which of these different chemical dust suppressants are the most effective
and at what concentration. Also the grain size distribution of the surface wearing course
is of importance to a well-bound gravel road and therefore will be assessed in
combination with different dust suppressants.
The results are expected to yield reduced lifecycle costs for gravel roads. In addition,
the project is anticipated to contribute to environmental gains by virtue of reduced dust
emission into the atmosphere and reduced quantity of chemicals released in nature.

1.1 Objective and Delimitations
The objective is to:
• Compare dust suppressants of different types and concentrations regarding
dust control efficiency, longevity, leaching, penetration, optimal aggregate
size distribution, and moisture retaining properties.
• Develop methods for registering chloride and lignosulphonate residuals in
gravel wearing course material.
• Study how the leaching of dust suppressants depends on the types of
suppressants, concentrations of dust suppressants, aggregate fraction sizes,
and dust emissions on dust control treated test sections.
• Study how the drying of gravel wearing course material is influenced by the
type and concentration of hygroscopic salt and aggregate fraction sizes.
•
Develop and evaluate an objective method for recording dust emission along
gravel roads.
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Study horizontal diffusion and particulate decay beside the road.
Develop and evaluate a laboratory method for simulating and replacing timeconsuming and costly field trials for studying dust suppressant efficiency.
• The objective of this study is also to examine the problem area in a broad
sense in order to find areas which are important to penetrate deeper in the
future of this project and to find the most important aspects that must be
considered in a laboratory test procedure for evaluation of dust suppressants.
The validity of this study is limited for Nordic climate, design practise, gravel material,
and maintenance tradition. Still most of the results will be valid for gravel roads in other
parts of the world.
•
•
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2
Gravel road maintenance
2.1 Design and maintenance of gravel roads
Gravel roads may be used where the AADT < 250 (Vägverket, 1994; Giummarra et al,
1997). For roads with higher traffic volumes, sealing the pavement may prove more costeffective than spending financial resources on gravel road maintenance. For roads with
AADT < 250, attention should be given to reducing dust emission by employing relevant
dust control methods. Gravel pavements in Sweden shall be designed in accordance with
figure 2 and table 1.

Figure 2. Schematic picture of a gravel road structure (Vägverket, 1994).
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Gravel pavement

Soil types

Total pavement thickness (mm):

Climatic zone
1

2

3

4

5

6

1

200

200

200

200

200

200

2

300

300

300

300

300

300

3

350

350

350

400

400

400

4

500

500

500

550

550

550

5

500

500

550

600

600

600

Table 1. Demands for thickness (mm) of gravel pavements depending on climatic zone
(Vägverket, 1994). For description of climatic zones, see definitions.
The critical time periods in areas of cold climate concerning gravel roads are typically:
the soil freezing period in the autumn, the soil thawing period in the spring, and in the
summer period when the road often becomes corrugated and prone to dusting. Problems
arise from either excess or deficiency of water. If the road pavement becomes water
saturated, which is a significant risk during the thawing of the soil the high-pore water
pressure may cause such a reduced strength that the road will be unable to carry the
prescribed load (Simonsen, 1996).
The keys to proper drainage of gravel roads are crossfall, shoulders, ditches, and
culverts, all of which help in preventing water from entering and staying inside the
pavement (Azubaidi, 2000). The granular material within a gravel road also influences
drainage. Some materials naturally shed water, others absorb and retain water. Some
materials easily resist the flow of water while others erode readily.
The topography also affects the drainage of gravel roads. For example, rough terrains
typically makes water flow more rapidly and therefore drain faster while flat, low-lying
terrains may experience problems with excess water retention due to a ground water
table that is too low. In addition, a road shielded from sun by trees stays moist for a
longer period of time than a road in an open terrain.
The dust emission on gravel roads may be especially problematic during the soil
thawing season in spring. The thawed upper material layer will be very dry since the
lower material layer is still frozen and hence prevents water from rising by means of
capillary forces. Annuual dust control treatment is typically not performed until all gravel
material is unfrozen and the road is naturally moist. Due to the lack of water capillary
rise during hot spring days the dry, and not yet dust suppressed, upper layer will be very
prone to dusting.
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Gravel wearing courses in Sweden consist of a graded and compacted 0-16 mm
crushed stone material. The fines in the surface aggregate material hold moisture and
therefore bind the coarser particles in the roadway together to provide a dense and
smooth riding surface.
The mechanism of surface deterioration on these roads is a progressive process. The
vehicles impart an abrasive force to the surface that pulverizes the aggregate material and
a shearing force which, along with turbulent vehicle wakes, ejects the fines as dust,
especially during dry conditions (www.ndsu.nodak.edu) (Fig. 3). The persistent loss of
fines that hold the coarser particles eventually results in the coarser aggregate being pried
loose by traffic action. Progressively, the road surface begins to unravel leading to the
formation of ruts, potholes, and corrugations (Fig. 4).

Figure 3. Dust emission on a gravel road as a consequence of impact from traffic.
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Figure 4. Pothole formation – a consequence of dust emission and hence a road
aggregate deficient in fines.
The wave-like pattern eventually seen on the road surface is called the washboard effect
or corrugation and occurs as a natural result from the vehicle tyres and loose surface
material integration (Moosmüller et al, 2005). Road users usually adapt their travelling
velocity so that the vehicle tyres will obtain the best possible resonance with the already
existing road corrugation periodicity (Beskow, 1931). This action further increases the
amplitude of the corrugation. In addition, potholes are often formed in the corrugation
depressions. Once started, potholes grow rapidly in the presence of water and additional
traffic since the fines are rapidly suspended in water-filled depressions and are splashed
out when subjected to the rolling wheels of passing vehicles. The depth of these
depressions makes them difficult or even impossible to extinguish by means of blading
and thereby a permanent kernel for corrugation is established.
Maintenance blading on the gravel road re-shapes the road and creates a flat road
surface in order to obtain the best possible driving comfort. Blading is done with a motor
grader which carries a large blade and is performed when the gravel road requires:
• levelling of corrugations or potholes in the road surface,
• recovery of aggregate which with time has been shifted from the driving lane
towards the road edges,
• resetting of the road shape to obtain sufficient drainage of water.
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Traffic wear crushes the coarser grains into finer grains, i.e. sand. Only minor
quantities of clay are created from traffic wear (Beskow, 1930). However the clay
fraction usually disappears from the road as dust. Existing surface wearing courses
therefore normally has an excess of sand, fraction 0.06 – 2 mm, and a shortage of
aggregate fractions 5 – 64 mm, and clay, which is equivalent to material fractions <
0.002 mm. Aggregate replacement of the gravel wearing course to obtain an acceptable
grain size distribution is called re-gravelling. By using a motor grader, the
complementary gravel material is mixed in with the existing wearing course aggregate.

2.2 Gravel material and grain size curve
The aggregate material of gravel roads in Sweden consists of natural found gravel or, in
increasing proportions, crushed rock. Sweden, together with Finland and parts of
Norway, forms an area principally constituting Archean rock which was once covered
with ice. This rock is of good quality, with a few exceptions on certain locations, has a
mainly granite based composition which puts the Nordic countries in an advantageous
position when compared to the rest of Europe (Beskow, 1934). Gravel demand for road
construction, i.e. both paved and gravel roads, represents a large part of the total worldwide demand for gravel material. Environmental damages caused from gravel quarrying
include soil displacement, landscape disruption, vegetation deterioration, soil
compaction, and dust fallout. (Al-Awadhi, 2001)
Regarding gravel roads, it is desired to have an aggregate material with high bearing
capacity for dry conditions. This is managed by keeping the air void content as low as
possible. By adding smaller and smaller particles for each fraction in a grain size
distribution and thus filling smaller and smaller voids, this desire can be met. The
resulting grain size curve is often referred to as the “Fuller Curve” (Fuller and
Thompson, 1907). By theory, this requires that all particles are of round shape. Crushed
rock will deviate from these spherical particles regarding maximum density.
Experiments show that maximum density for crushed rock is achieved with a higher
grain size distribution curve, i.e. with a grading coefficient closer to 0.4 than 0.5 (Ekblad,
2004), using the equation:
P= (d/Dmax)n where
P is the wt-% smaller than d,
Dmax is the maximum particle size and
N is the grading coefficient.
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A good grain size distribution, implying that the contact surfaces are many, results in
reduced tensions and hence that the crushing of aggregate material will be minimized
(Arm, 2003). In addition, sufficient content of fines is of outmost importance since this
fraction fills the smallest voids and act as binder, and thus keeps the road dense and
smooth. This material fraction also keeps the road surface moist by absorbing water from
below by capillary forces, and thus keeps the road surface naturally dust bound.
The grain size distribution curve for the wearing course of a gravel road is established
to guarantee for an acceptable distribution of different material fractions (Fig. 5). It states
the limits for maximum and minimum weight percentages of different material fractions
and is a compromise for sufficient bearing capacity, friction when wet, resistance to
corrugation and formation of potholes, drainage capability when wet as well as moisture
retaining properties when dry, and, finally, dust retaining ability by means of
hygroscopic salts. Fraction sizes and material weight percentages for the grain size curve
are specified in table 2.

Figure 5. Gravel wearing course requirements of grain size distribution. The wearing
course material for a gravel road should have a grain size distribution within the limits
in the figure (Vägverket, 2004).
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Grain size
(mm)
Amount
(wt-%)
Max %:

0.063

0.5

1

2

15

35

40

50

4

65

8

16

22.4

85

99

-

Min %:
8
10
15
22
35
55
85
100
Table 2, Demands for grain size distribution for a gravel wearing course
(Vägverket, 2004).
Additionally, the roadbase aggregate should have a special grain size distribution
concerning gravel road construction. This is illustrated in the grain size distribution curve
in figure 6. Fraction sizes and material weight percentages are specified in table 3.

Figure 6. Requirements of grain size distribution of roadbase aggregate for gravel
roads.

51

Grain size
(mm)
Amount
(wt-%)
Max %:

0.063

0.5

1

2

4

8

16

31.5

45

12

20

30

36

49

64

79

99

-

Min %:
4
10
13
22
31
41
61
85
100
Table 3, Demands for grain size distribution for a gravel road roadbase aggregate
(Vägverket, 2004).

2.3 Dust
The size of particles in the atmosphere range from less than 10 nm to around 100 µm.
Coarse particles have shorter residence times in the air than smaller particles, although
they can contribute substantially to total aerosol mass. (Boulter, 2005)
Road dust may be suspended in the atmosphere as a result of vehicle-generated
turbulence as air is squeezed from beneath the tyre by tyre shear caused by rotation, and
by the action of the wind. Harrison et al. (2001) propose that suspension requires two
components. The first may relate to traffic or other activity to suspend the material in the
first place while the other relates to wind activities to keep the particles airborne. Traffic
activity, rather than the action of the wind, appears to be primarily responsible for the
presence of course particles in the atmosphere. In the case of vehicle-induced
suspension, turbulence appears to be more effective than tyre shear, although the effect
of turbulence appears to become more difficult to estimate with decreasing particle size.
The induced turbulence is much larger for large heavy-duty trucks than for passenger
cars and there is a strong dependence of suspension on vehicle speed. Another factor to
consider is the silt loading of the road. As the silt loading is reduced by the passage of
each vehicle there should be a time dependence of suspension. However, new fine
material is constantly formed by traffic passages that crushes the coarser aggregate and
thus replenishes the finer material. Studies have also found that dust emission rates
depend on the soil moisture content. (Moosmüller et al, 2005)

2.4 Dust control
Dust control is every attempt at preventing the emission of dust into the environment, if
this is done as the main purpose. The only permanent solution for dust control is to coat
all roads, which naturally is impossible because of economic reasons (Lindh, 1981). Dust
control action is, in Sweden, done at least once annually; as a rule in the spring as soon
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as the frost leaves the ground but while the surface is still moist. Complementary
treatments are, if needed, generally done during the summer months of June, July, and
August, with a higher instance for the later.
Because of traffic technical reasons dust control is favourable since a dust bound and
smooth road surface with well balanced friction is safer than an uneven, dusting road
with loose gravel on the surface. Also visibility on these roads is improved and this often
results in the highest possible increase in velocity (Lindh, 1981). A gravel road with a
gravel wearing course which lacks fines and hence binder material soon ends up having
lots of loose gravel on the road surface, which in turn increases the risk of broken
windscreens (Jones et al, 2001). Since dust control prevents or reduces the amount of
dust emitted into the environment, it also has a perfectly good sanitary purpose, not least
for people living in the vicinity of a gravel road (Persson, 1993). The most common
used chemical dust suppressants today are described in chapter 3.
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3
Literature Review – Dust suppressing
One of the main deterioration mechanisms of gravel wearing courses is loss of fines, i.e.
dusting. The vehicle tyres tear and raise the fines but also pulverize aggregates in the tyre
- road surface interface (Nicholson et al, 1989). Since the fines bind the coarser
aggregate particles together in the wearing course, coarser particles also will be lost from
traffic wear, which, in turn, causes the road surface to be deficient in aggregate material.
This material loss represents a significant economic cost.
The airborne particles obscure the vision of drivers and therefore are a traffic hazard.
They are also a potential hazard to human health as dust is a common cause of allergies
and particles smaller than 10 µm can accumulate in the human respiratory tract. Dust
particles can be carried by the wind a significant distance away from their point of origin,
penetrating nearby homes and covering crops. Fugitive dust from gravel roads is a major
non-point source contributor to the particulate loading in atmospheric air pollution. The
fine dust particles are washed off during rainfall and are carried into streams, creeks and
lakes thus increasing their respective particulate loadings. The fine particulate matter can
also be abrasive thereby increasing the wear of moving parts of vehicles. (Addo and
Sanders, 1995)
The amount of emitted dust from gravel roads is considered to be a function of several
different factors. These include: the number of vehicles, vehicle weight, vehicle speed,
number of wheels per vehicle, grain size distribution of the wearing course material,
restraint of the surface fines (compaction, cohesiveness/bonding, and durability), surface
moisture (humidity, amount of precipitation, and amount of evaporation), and
topography (Bolander and Yamada, 1999). All of these factors have to be considered
when choosing between different dust suppressants.
Findings in literature indicate that all dust control treatments may reduce dusting by up
to 80% as compared to untreated, reference roads (Hoover, 1973). Failures are usually
ascribed to loss of dust suppressant during rainfall. However, climatic conditions,
wearing course aggregate, traffic, and dust suppressant concentration used will all affect
the effectiveness and life-time of the treatment.
Research has shown that dust suppressants not only, but also efficiently reduce the
amount of dust raised by traffic, but that they also reduce the overall costs of gravel road
maintenance such as costly aggregate replacements, blading, and spot repair. (Kirchner,
1988)
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The most important maintenance methods on gravel roads are dust binding, regravelling, and blading. Dust binding of gravel roads is expensive as it amounts to 30%
of the total expenses for gravel road maintenance during the period when the ground is
free from snow (Bergström and Grebacken, 1995). Re-gravelling is one of the most
expensive parts of gravel road maintenance (Vägverket, 1992). Determination of the
amount of complimentary granular material required for re-gravelling can be made in
several ways. Computer-based programmes which calculate different sieve curves exist
for this purpose. Existing wearing courses normally have excess of sand and are deficient
in coarser material as well as fines. Fraction material of sizes 4-18 mm are therefore
often profitable to use as complimentary material.
The fines fraction comprise up to 15% of the total mass of a well-fractioned wearing
course of a gravel road (Foley et al, 1996). By tradition certain amounts of clay has been
added the wearing course of gravel roads for dust abatement purposes. The objective
with this addition is to bind the wearing course so that it does not develop dust, stays
well compacted and becomes resistant to wear. Usage of crushed gravel and presently
used dust suppressants reduces the need for binder soil, i.e. clay (Jämsä, 1982). However,
the increasing use of crushed rock as aggregate material has also contributed to a greater
need for the addition of fines, for example clay or mesa, for sufficient material binding.
The problems associated with dust emission and dust control on gravel roads may be
summarized into two paragraphs - environmental issues and cost issues:
• Dust emission and dust control emphasise environmental concerns. An increase
in the amount of particulate matter in the air could give rise to reduced traffic
safety (U.S. Department of Transportation, 2001), clogging of watercourses, air
pollution, damage to agriculture, and have negative human health implications
(Addo and Sanders, 1995). On the other hand, dust suppressants , especially
chlorides, may also negatively impact the environment, for example cause
corrosion to cars (Hubendick, 1975) or contain possible hazardous ingredients
toxic to vegetation or water life (Golden, 1991; Walterson, 1995; Washington
State Department of Ecology, 2003). Good water resistance of the dust
suppressant prevents leaching and thus also prevents small amounts of toxic
constituents from leaching into the ecosystem (Langdon and Williamson,
1983).
• There is a significant cost issue associated with dust emission and dust control.
If the fines in the gravel wearing course disappear, this is, as mentioned earlier,
likely to impart loss of other larger sieve fractions in the aggregate. The road
will eventually become instable, difficult to bind, and sensitive to corrugation
(Persson, 1993). The deficiency in gravel surface course material conveys more
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frequent maintenance actions and demands of aggregate supplement, which
results in higher expenses. On the other hand, there is also a significant expense
associated with dust control. The degree of this expense is, of course,
influenced by the type of dust suppressant, concentration of used dust
suppressant, and the number of required treatments. The latter is, in turn,
influenced by the amount of leaching of the dust suppressant since the stripping
or leaching of the dust suppressant may determine that additional road
maintenance or dust control treatment is needed.
A dust suppressant needs certain properties to be effective and, in contrast, they should
by preference lack other properties. Dust suppressants should show good wear and
erosion resistance and be effective with the existing wearing course material and grain
size curve, i.e. having a good binding and rebinding effect. The water leaching resistance
must be sufficient. This means a high water solubility and water dispersibility during
application but water insolubility after application. Dust suppressants should also be
easily washed away if stuck to vehicles. Products should also be resistant to aging, i.e.
have a long lasting effect. Dust suppressants which form a hard surface crust, such as
oils, often become hard and brittle. Dust suppressants should be effective in all
environments and not become excessively wet and slippery due to water retention
properties. Furthermore, products should show sufficient penetration into the wearing
course. Both rate and depth should be considered. They are required to have low rate of
evaporation and harmless constituents of distillates. Dust suppressants should be easy to
handle, be available locally, and be cost effective. In addition, products used should be
environmentally sound particularly with regards to factors such as water quality, aquatic
habitat, plant community, and of course human health. They should lack the potential to
cause corrosion damage to vehicles and they need to be inert and hence do not react with
other chemicals or elements to form other substances. All products should be analysed
regarding migration, transport, and bioaccumulation in the environment before let out
onto the market. Application rates and frequencies have to be adjusted to the minimal
possible amounts still yielding an acceptable dust suppressed road surface. (Langdon and
Williamson, 1983; U.S. Department of Transportation, 2001; Jones, 2003; Kaarela,
2003)
Product performance should also be considered in terms of basic requirements, such as
access to necessary equipment and machinery (Chunhua, 1992), availability in sufficient
quantities at relevant prices, resistance to deterioration by evaporation, ultraviolet light,
and chemical reactions (Jones, 1999).
The cheapest dust suppressant known is probably pure water. By keeping the road
surface moist, it is possible to use the water molecule surface tension in the interface
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between air and liquid. This principle is also used by hygroscopic salts for retaining dust.
(Lindh, 1981) The disadvantage with water as a dust suppressant is that it quickly
evaporates. Consequently, the duration of the treatment seldom lasts more than twelve
hours (Foley et al, 1996). Even when using a commercially available dust suppressant,
prewetting with water is recommended to reduce the surface tension and hence allow
maximum penetration of the dust suppressant and ensure uniform application of the
liquid agent over the whole treated area (Armstrong, 1987).
More than 300 products had, in 1973, been considered as dust suppressants (Styron and
Eaves). Among the products tested are:
• Organic non-bituminous binders, which include a variety of industrial waste
products, animal fats, and vegetable oils such as rape oil and soybean oil. One
main concern with these products is that they are very liable to oxidation
leading to their gradual degradation (Addo and Sanders, 1995),
• Electrochemical products, i.e. enzymes. Reports from studies with these
products indicate varying results, from not having any significant dust binding
effect at all (Darnell, 2000) to functioning very well for materials containing a
high percentage of clay and the least susceptible of leaching (U.S. Department
of Transportation, 2001),
• Microbiological binders, i.e. microbes, which consume the clay fraction and
excrete a polymeric residue that act as a binder for the fine particles (Foley et
al, 1996),
• Polymers, e.g. PVC and PVA, which cement soil particles,
• Ionic stabilizers, i.e. acids which, by hypothesis alter the electrolyte
concentration of the pure fluid resulting in cation exchange and flocculation of
the clay minerals. This gives a more stable clay lattice structure and a reduced
affinity for moisture (Scholen, 1992),
• Surfactants, which are substances that reduce the surface tension of water. Used
in granular material, they will make water more permeable and thus wetting an
increased number of soil particles and thereby reducing the amount of particle
emission (Foley et al, 1996). These agents are often used as additives to other
suppressants to facilitate penetration of the suppressant into the host material.
However, the most commonly used dust suppressants today comprise only three
different dust suppressants; namely hygroscopic salts, i.e. chlorides, lignosulphonate and
bitumen emulsion (BE). These products reduce dust by either one of two ways. The dust
suppressing effect of hygroscopic salts, such as calcium chloride and magnesium
chloride depends on the attraction of moisture while the effect of lignosulphonate and
bitumen emulsion primarily depends on producing a more effective cohesion between

58

the soil particles. Regardless of which, the result is temporary and therefore requires, at
least, renewed treatment annually (U.S. Department of Transportation, 2001).
Calcium chloride is by tradition the most common used dust suppressant in Sweden,
followed by, in turn, magnesium chloride, lignosulphonate, and bitumen emulsion. Both
calcium chloride and lignosulphonate have a useful duration of about six months,
according to literature findings (Lohnes and Coree, 2002). Calcium chloride is stated to
be effective with surface soils with a moderate content of fines whereas lignosulphonate
works best with materials that have a high content of fines (Gillies et al, 1999). Finally,
BE is said to have a useful duration of approximately twelve months (Gillies et al, 1999)
and is regarded to be the most effective in combination with coarser grains, thus having
less grain surface area to cover (Bergström and Grebacken, 1995).
It has been stated in literature that the salts probably provide the most satisfactory
combination of ease of application, durability, cost, and dust control (Foley et al, 1996).
The effect of salts as dust suppressants is motivated by their ability to absorb humidity
from the air and dissolve. For similar humidity and temperature, the vapour pressure of a
salt solution is always lower than that of water. This results in a slower rate of
evaporation for a chloride solution. In addition, the surface tension of water between
grain particles is significantly increased in the presence of salt which helps retaining
particles in treated roads by increasing the adhesive force between aggregate particles
(Lindh, 1981; Epps and Ehsan, 2002).
Calcium chloride (CaCl2) is a white crystalline salt which, according to product
specifications obtained from the manufacturer, contains 23% water of crystallisation.
Magnesium chloride (MgCl2) the other salt used for dust control purposes, has a water of
crystallisation content of 49%. Therefore MgCl2 crystals are not as white in colour as
CaCl2, and MgCl2 also dissolves more easily.
MgCl2 costs approximately 35% less than CaCl2 per unit weight and would from that
perspective be the most economical choice. However most of the existing literature on
the subject indicates that roads treated with MgCl2 tend to require a higher frequency of
re-application than those treated with CaCl2. Reyier (1972), reckons that 18% more
MgCl2 than CaCl2 by weight is needed to achieve an equal dust control level for an equal
length of time.
This finding could possibly be due to the fact that calcium chloride is less effective
than magnesium chloride in increasing the surface tension of its water solvent and
therefore is more effective at wetting the aggregate surfaces and thus penetrating the
granular material. Based on a higher rate of evaporation resulting from a higher vapour
pressure, MgCl2 with a vapour pressure of 7.6 mm Hg is anticipated to be more
susceptible to evaporation than CaCl2 with a vapour pressure of 7 mm Hg. MgCl2 for this
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reason probably exhibits effective performance for a shorter period of time. (Addo and
Sanders, 1995; Epps and Ehsan, 2002)
Ca2+ has a larger ionic radius (1.06 Å) than Mg2+ (0.78 Å), which in turn denotes that
Ca2+ has a lower solubility. Therefore it is anticipated that CaCl2 will not be leached
away by precipitation as easily as MgCl2. Due to the larger molecular weight of CaCl2,
111 g/mol as compared to 95 g/mol for MgCl2, CaCl2 is expected to penetrate to a
greater depth, resulting in a higher cohesive strength and thus ability to withstand larger
traffic loads. (Addo and Sanders, 1995)
The road pavement is wetted with water as the road surface is bladed before application
of the dust suppressant of choice. Chlorides can be applied in either one of the two
forms: as dry flakes or as a brine solution, i.e. either calcium or magnesium chloride
flakes dissolved in water. Once re-compacted by traffic, the chloride treated road returns
to its original constructed condition. This is rarely seen with other dust suppressants,
which usually create a surface crust on the road. (U.S. Department of Transportation,
2001)
The major disadvantage with the chlorides is that they are water soluble and tends to
migrate downwards through the roadway. They are therefore easily washed away by rain
and this usually implies that more than one treatment per year is required (Foley et al,
1996). Nevertheless while the chlorides may move deeper into the surface during
rainfall, they will also rise, by means of capillary forces, towards the surface during dry
weather (Kuennen, 2006). However, no actual studies on this have been found in
literature, indicating that the potential vertical movement of chlorides needs to be further
investigated. Other problems associated with the chlorides are that they are corrosive to
most metals, they tend to make the road surface slippery when wet, and are also known
to have a significant negative effect on road side vegetation (Foley et al, 1996; U.S.
Department of Transportation, 2001).
Since hygroscopic salts lower the freezing temperature of available water in the surface
aggregate, the roadway may thaw or remain unfrozen even at temperatures lower than
0ºC. An unfrozen layer on top of a frozen layer will have a tendency to be water
saturated, hence softened and more prone to deformation (Beskow, 1930).
Lignosulphonate is also called sulfite lye or lignin. Lignin is a major constituent of
wood, i.e. 33-40% of the dry weight is lignin. It works as nature’s own adhesive and
binds the wood fibres together (McDougall, 1986). Lignosulphonate is obtained as a
waste product during boiling of wood for paper pulp production. In combination with
added sulphuric acid, this boiling breaks the binder, i.e. the lignin, and thereby releases
the cellulose fibres. The waste solution, i.e. sulphuric acid and wood sugars e.g. lignin, is
then refined into a variety of lignosulphonate products (U.S. Department of
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Transportation, 2001). Aided by these other wood sugars, which act as hygroscopic
agents, lignosulphonate functions as a natural glue, binding dust particles (Lindh, 1981).
The chemical composition of lignin is not fully known, however, it is known as a
polymer built up of phenyl propane subunits which are sulphonated during the sulfite
process (Jones and Mitchley, 2001). There are several different types of
lignosulphonates, i.e. calcium-, sodium-, and ammonium lignosulphonate (Roads and
Transportation Association of Canada, 1987). Calcium lignosulphonate represents the
most commonly used.
As a dust suppressant, lignosulphonate works on the basis of adhering to the fines and
creating a surface crust, thus preventing dust formation. The hard surface crust is often
subjected to breakage, indicating that it is probably more effective to use a dust
suppressant with a stronger penetrating effect on roads carrying a higher traffic volume
(Chunhua, 1992). USDA, Forest Service (1979) states that the penetration of
lignosulphonate is deeper than that of dust oil. Besides requiring a porous road surface in
order to penetrate the aggregate efficiently, lignosulphonate is regarded as most effective
when the total percentage of fines exceeds 8 but is below 20 wt-%, (Hallberg, 1989; U.S.
Department of Transportation, 2001), since the product acts as a dispersing agent for clay
(Addo and Sanders, 1995).
A primary concern regarding the highly water soluble lignosulphonate is its tendency
to leach out from the roadbed during heavy rains making frequent reapplication
necessary (Jones, 1999; U.S. Department of Transportation, 2001). Lignin is
biodegradable, especially under aerobic conditions, which makes its presence in the
environment non-threatening (Addo and Sanders, 1995). The sugars are rapidly degraded
by micro organisms and lignosulphonate is also subjected to photochemical degradation
(Walterson, 1995). However, pure lignin is uneasily degraded, in similarity to those
humus substances often seen to discolour smaller watercourses. These humus substances
are produced during natural degradation of plants and trees (Walterson, 1995).
Lignosulphonate may also become slippery when wet and brittle when dry (Chunhua,
1992). Dust control on low volume roads (U.S. Department of Transportation, 2001)
indicate that lignosulphonate does not bind well on roads that have been previously
treated with chlorides.
An emulsion is a chemical system containing two different liquids that do not
dissolve into each other, such that one of them exists as small dispersed spheres, i.e. the
disperse or inner phase, in the other liquid, i.e. the dispersion medium. In a bitumen
emulsion (BE), water represents the dispersion medium while bitumen represents the
disperse phase, deflocculated into small droplets by means of a colloid-mill or some
other mechanical apparatus, while water is added. The system of water and dispersed
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bitumen is thermodynamically unstable and would coalesce into two distinct phases of
bitumen and water unless an emulsifying agent is present. Three types of emulsifiers
exist on the market: anionic, with negatively charged bitumen particles; cationic, of
positive charge; and neutral. All share the common property of placing themselves as a
thin film around the droplets, thus giving them a surface charge which works as a
repellent to each other and therefore prevents them from forming clusters. (Hoover,
1973; Lindh, 1981; Read and Whiteoak, 2003) It has been concluded that cationic
emulsion is superior to anionic and neutral emulsions in its ability to coat and adhere to
aggregates (Hoover, 1973).
If the aggregate is dry, there is no electrical charge since adsorbed ions neutralize the
surface charge. However, in the presence of water, these adsorbed ions dissolve in the
water and disassociate from the surface and thus the aggregate will carry an electrical
charge (Hoover, 1973). If the charge on the aggregate and the charge on the bitumen
droplets are different, a good affinity and hence a good adhesion is obtained. This
signifies that application on a pre-wet aggregate is of the utmost importance during dust
control treatment by means of BE.
Once the bitumen emulsion has been spread onto the wearing course, in contact with
the granular aggregate, the disperse phase should coagulate so that it starts working as a
dust binder and so that it is less prone to water leaching (Bergström and Grebacken,
1995). The BE can be mixed with the wearing coarse material. This is called the soft
method as it preserves the characteristics of the road and also enables future blading. The
alternative, which is to apply BE on top of the wearing coarse as a surface application, is
called the hard method. The bituminous material is expected to penetrate the road surface
and the result will, in a way, resemble a paved road. (Simonsson, 1978)
Bitumen emulsions function on the basis of adding a cohesive potential to the
aggregate material (Hoover, 1973). These agents are most effective with material
gradations containing a minimum of fines, < 0.075 mm, since this minimizes the surface
area the product needs to cover (Bergström and Grebacken, 1995; U.S. Department of
Transortation, 2001). As reported with the lignosulphonates, the use of salt should cease
at least 12 months before the application of bitumen emulsion as salt increases the
surface tension of water molecules and could possibly prevent the bitumen emulsion
from penetrating the surface course and cause leaching (Foley et al, 1996).
There are environmental concerns with all chemical dust suppressants, mainly because
the constituents are water soluble and could possibly harm several life forms, especially
aquatic life. Most concerns have been directed towards the chlorides, which have been
shown to cause damages to near road side vegetation (Golden, 1991) and, to some
extent, could contaminate watercourses and groundwater (Bergström and Grebacken,
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1995; Walterson, 1995; Nysten and Suokko, 1998). However, the influence probably is
more significant for locations in the vicinity of winter salted roads.
It seems as though the grain size distribution is especially important when dust binding
is performed with lignosulphonate, while bitumen emulsion and chlorides are not as
sensitive to variations in grain sizes. The adherent effect of lignosulphonate is
significantly lowered if the content of fines is too low. Clay also prevents the
lignosulphonate from stripping during rainfall (Svensson, 1997). A wearing course rich
in fines easily becomes smeary during rainfall if chlorides are used as dust suppressant.
Lignin works as a stabilizer during these conditions. (Beskow, 1930).
In conclusion, a gravel wearing course rich in fines is better dust bound using
lignosulphonate while a wearing course deficient in fines is better dust bound by means
of chlorides or bitumen emulsion.
Experiences from earlier field trials have been summarized by Chunhua (1992) (table
4) where three important variables -environmental issues and costs excluded - are
included for facilitating the choice between the five most commonly used dust
suppressants: calcium chloride, magnesium chloride, lignosulphonate, bitumen
emulsion, and vegetable oil.
Agent

CaCl2
MgCl2
Dustex
BE
Veg.oil

Traffic volume

Surface course material/ Content of
fines, % passing 0.075 mm sieve

Climate

<100

100250

>250

<5

510

10-20

20-30

>30

Rainy

Normal

Dry

Good
Good
Good
Ok
Ok

Good
Good
Ok
Bad
Bad

Ok
Ok
Bad
Bad
Bad

Bad
Bad
Bad
Bad
Bad

Ok
Ok
Ok
Ok
Ok

Good
Good
Good
Ok
Ok

Ok
Ok
Good
Bad
Bad

Bad1
Bad1
Ok1,2
Bad
Bad

Bad1
Bad1
Ok1
Bad
Bad

Good
Good
Good
Ok
Ok

Bad
Ok
Good
Ok
Ok

Table 4. Choice of different dust suppressants with regards to three different variables:
traffic load, weight-% of fines in wearing course, and climate (Chunhua, 1992).” Notes:
1
may become slippery when wet, 2 road mix for best results”. Dustex is a trade name for
a lignosulphonate dust suppressing product.
This summarization can be complemented with some specific findings in literature.
Acres International Limited (Acres International Limited, 1988) reports that
lignosulphonate performance failure may occur following rains due to the loss of dust
suppressant but that leaching of the agent can be reduced by compacting the aggregate
after adding the suppressant. Also McDougall (1986) states that failures occurred due to
the loss of lignosulphonate during rainfall.
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Experiences, with lignosulphonates, from Canada indicate that sodium and calcium
lignosulphonates are equally effective and that calcium lignosulphonate and calcium
chloride are not only equally effective but also cost about the same (Chichak, 1991).
In addition if lignosulphonate and chlorides, respectively, are mixed into the wearing
course aggregate, they have been noted to show greater longevity (Hoover, 1981).
Performed examinations of road dust emission may be divided into two categories. The
first is laboratory screening tests, which are used to determine if a dust suppressant
actually works under preset, controlled conditions or to determine the needed application
rate. These tests include traffic simulators, rainfall simulators, compression tests, and
durability tests. The other category for road dust examinations is field tests, which give
realistic test conditions and often include static dust collectors or mobile measuring
devices. Mobile measuring results may, however, be affected by vehicle aerodynamics,
speed variations, and road roughness. (Lohnes and Coree, 2002)
Further literature directions are given in following chapters, connected to the research
implemented in this project.
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4
Research methodology
Field trials as well as laboratory trials are needed to investigate the problems with dust on
gravel roads and to find an efficient dust suppressant for gravel roads of different basic
conditions. Unevenness, loose gravel, crossfall, and dust emission are all important
parameters to study in the field. A publication from the SRA (Vägverket, 2005)
describes subjective methods for assessing these parameters, is used today for this
purpose. However, the dust emission parameter is of the most interest here.
It is also desirable to find a reliable objective method to assess the extent of dust
emission and hence replace the existing subjective method. The development of an
objective dust measuring method and the correlation between the subjective and
objective method are described in chapter 9. Field trials, measuring dust with these two
different methods, are described in chapter 5. It is also of interest to follow the change
in residual concentrations over time, of applied dust suppressants, on these field test
sections. Also here, analytical methods need to be developed to quantify chloride and
lignosulphonate residual concentrations in gravel wearing courses of field test sections.
Such a laboratory method is described in chapter 6.
SEM analyses were done with the intension of revealing the physical and chemical
differences between two lignosulphonates which performed different in the field tests,
and to study the physical influence of salt addition to a granular material. The results
from these analyses are described in chapter 7.
It is also desirable to see if generated particle concentrations on the gravel roads exceed
the maximum allowed values stated by a European Council directive (Council Directive
1999/30/EC, 1999). Therefore measuring equipments were placed beside the road lane
and the horizontal diffusion of PM10 was studied. The results from this study are
presented in chapter 8.
Previously published literature (Moosmüller et al, 2005) indicate that there is a mutual
dependence between the amount of dust raised by traffic and the evenness, i.e. the degree
of potholes and corrugations, of the gravel road surface. It is also possible that other
deterioration processes, such as the amount of loose gravel and the crossfall of the road
are dependant on the dust emission. This has been investigated and is described in
chapter 10.
The field trials need to be complemented with laboratory trials of which the purpose is
to study different courses of events more in detail and under preset and controlled
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conditions. Here, studies on dust suppressant leaching and material drying are of primary
interest.
The leaching of chlorides and lignosulphonates, respectively, are described in chapter
11. Literature findings indicate that both chlorides and lignosulphonates are prone to
leaching. However no research results regarding quantitative data and samples for
comparison have been presented.
Literature findings also point out the significance of an adequate grain size distribution
for a well functioning dust suppressant. The influence of the grain size distribution on the
drying process is presented in chapter 12.
New facts which have come to light during the laboratory trials underlie the
conclusions drawn from the field trials, where a comparison between a number of
different dust suppressants is made. The tested dust suppressants are applied by means of
different methods and at different concentrations. The field trials are, as mentioned
previously, described in chapter 5.
It is also desirable to develop a relatively simple laboratory method for preliminary
evaluations of different types of dust suppressants. It would thus be possible to study a
large number of potential alternatives without the need to test more than the most
promising in consecutive costly field trials. In chapter 13 a laboratory method for this
purpose is proposed.
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5
Dust formation on field test sections treated with dust
suppressants
5.1 Introduction
Very few reports of field studies scrutinizing the effect of different dust suppressants
have been found in literature. This signifies that knowledge in this area needs to be
extended.
Two of the problems associated with dust control evaluation programs, are collecting
and quantifying the particles once emitted. Until now, the most frequently used method
for evaluating dust emission from gravel roads has been visual rating, with regards to
appearance of the road surface, degree of potholes and rutting, etc. However due to the
difficulties associated with subjective judgements of this kind, more detailed results are
hard to receive through this method.
A more objective way of addressing the problem of studying dust formation is to use a
photometric technique. This technique is based on light scattering or the light absorbing
properties of particles since particles of all sizes may reduce visibility by absorbing light.
To what degree the light is scattered, and hence the reading of the detector, is dependant
upon concentration, size, refractive index, shape, and colour of aerosol (Addo and
Sanders, 1995). Assessments of aerosol concentrations in the air have exclusively
focused on particles of the size of up to 10 µm (PM10) since it has been reported that
these particles can be retained in the human respiratory system.
Resuspension fluxes are also notoriously difficult to measure directly, not least because
the space around a vehicle does not form a ‘closed’ system with obvious air inlets and
outlets. A number of studies have recently been conducted using vehicle-based
measurement techniques. Several measurement programmes have been conducted using
a moving vehicle, called the TRAKER vehicle, with sensors located in the wheel arches
(Sanders et al, 1997; Kuhns et al, 2001; Etyemezian, 2003; Kuhns et al, 2003), and in the
wake of a moving vehicle (Fitz and Bufalino, 2002). Direct, real-time measurement of
particle concentrations inside the wheel arch of TRAKER by Kuhns et al. (2001) showed
that aerosol concentrations behind the vehicle tyre increased exponentially with speed.
However the authors also state that the speed effect could be an artefact associated with
the airflow around the instrument inlet. The vehicle was used to derive silt loading values
for a range of different paved roads in Las Vegas (Kuhns et al, 2001). However the silt
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loading has not been proven to be related to the PM10 (or PM2.5) concentrations. (Kuhns
et al, 2001; Gustafsson, 2003)
The scattering emission factors per vehicle kilometre travelled generally increase with
vehicle speed and mass. These emission factors depend approximately linearly on
vehicle mass, indicating that the heavy vehicles entrain larger particles than the light
vehicles. (Mosmüller et al, 2005)

5.2 Objective and Hypothesis
With the objective to evaluate and compare the effectiveness of different kinds of dust
suppressants at different concentrations and with different application modes, a field
study was conducted in collaboration with the Swedish Road Administration (SRA), and
SRA Construction and Maintenance. The test locations were chosen at different
geographic positions in Sweden, such that they would represent different Nordic climatic
locations (Fig. 7). The field test started in June 2005 and is planned to continue until the
autumn of 2007. This report presents the first two years of the field test. Since this
project was performed in cooperation with SRA Construction and Maintenance, the
objective of the study was to also investigate methods for construction and maintenance
as well as to develop equipments for the application of tested products. This, however, is
not included within this report but has, to some extent, influenced the experimental
design.
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Figure 7. Map with the test locations marked as red dots. From north to south: Umeå,
Rättvik, Hagfors, and Halmstad. The yellow square marks the location of another,
smaller field test which took place in Vårgårda.
By finding a well-functioning dust suppressant and defining its optimal conditions,
regarding a specific geographic location, this study is expected to help reduce the
lifecycle costs for gravel roads. In addition, it is anticipated that this study will contribute
to environmental gains by virtue of reduced dust emission into the atmosphere and a
reduction in the quantity of chemicals released in nature.

5.3 Method and equipment description
5.3.1 Dust suppressants tested
As mentioned previously, Reyier (1972) reckons that 18 wt-% more MgCl2 than CaCl2 is
needed to achieve an equal control level for an equal length of time. Some road
contractors claim that the difference is even larger, perhaps close to 30 wt-%. Applied
amount of chlorides were determined such that for each solid calcium chloride
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concentration chosen in the trial, a corresponding section with a 30 wt-% higher solid
magnesium chloride concentration was also produced.
Dust suppressants were applied conventionally. Dust suppressants used on each
geographic location, respectively, and individual dust suppressant concentrations are
given in table 5, regarding 2005, and in table 6, regarding 2006.
In theory, it would be possible to reduce the concentration of a dust suppressant by
adding more fines, i.e. binder, to the existing wearing course and hence keep the road
surface naturally dust bound more efficiently. Mesa is a material that is used for
increasing the amount of fines in the aggregate. Therefore when mesa was used, the
concentration of its complementary dust suppressant was decreased as compared to the
concentration applied by convention.

Mesa+ MgCl2-solution

Halmstad
2
(kg/m )
-

Hagfors
2
(kg/m )
0.03 (34%)

Mesa+ CaCl2-solution

-

0.04 (34%)

CaCl2-solution

0.09
(36%)
0.09
(16%)
0.18
(77%)
0.27
(77%)
0.25
(51%)
0.29
(51%)
0.3
0.24+0.12

0.09 (36%)

Umeå
2
(kg/m )
0.055
(29%)
0.15
(30
%)
0.09 (22%)

0.09 (15%)

0.09 (14%)

0.12 (77%)

0.13 (77%)

0.17 (77%)
0.17 (51%)

0.175
(77%)
0.18 (51%)

0.22 (51%)

0.22 (51%)

0.23
0.22
0.2+0.11

0.29
0.23
0.29+0.11

Rättvik
2
(kg/m )
0.04
(32%)
0.55
(32%)
0.09
(22%)
0.09
(11%)
0.12
(77%)
0.17
(77%)
0.17
(51%)
0.22
(51%)
0.24
0.19
0.2+0.11

0.06
0.7
-

0.05
-

0.06
0.27

0.05
-

-

-

-

Material

MgCl2-solution
CaCl2, section 0.7 kg/
running meter
CaCl2, section 1.0 kg/
running meter
MgCl2, section 1.0 kg/
running meter
MgCl2, section 1.3 kg/
running meter
Lignosulphonate
Mesa+lignosulphonate
Lignosulphonate+
CaCl2
Starch-solution
Rape-oil
Lignosulphonate
(Listab)
Bitumen emulsion

Vårgårda
2
(kg/m )
~0.20
(51%)
1.1

Table 5. Mass and concentration, for 2005, of all applied agents for dust control on each
test location, respectively. Lignosulphonate solutions were diluted from stock solutions.
The stock solutions had a concentration of 50% in Hagfors and Rättvik, 43% in
Halmstad, and 30% in Umeå.
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Material
Mesa+ MgCl2-solution
Mesa+ CaCl2-solution
CaCl2-solution
MgCl2-solution
CaCl2, section 0.7 kg/
running meter
CaCl2, section 1.0 kg/
running meter
MgCl2, section 1.0 kg/
running meter
MgCl2, section 1.3 kg/
running meter
Lignosulphonate
Mesa+lignosulphonate
Lignosulphonate+
CaCl2
Starch-solution
Rape-oil
Bitumen emulsion
Sugarfibre

2

Halmstad
2
(kg/m )
0.25 (26%)
0.17 (36%)
0.34 (36%)
0.40 (32%)
0.25 (77%)

Hagfors
2
(kg/m )
0.17 (34%)
0.17 (34%)
0.34 (34%)
0.34 (34%)
0.12 (77%)

Umeå
2
(kg/m )
0.22 (29%)
0.23 (30 %)
0.42 (30%)
0.40 (29%)
0.11 (77%)

0.10 (32%)
0.10 (32%)
0.21 (32%)
0.22 (32%)
0.11 (77%)

0.19 (77%)

0.17 (77%)

0.175 (77%)

0.18 (77%)

0.19 (51%)

0.17 (51%)

0.18 (51%)

0.18 (51%)

0.25 (51%)

0.23 (51%)

0.22 (51%)

0.22 (51%)

2

1.24
L/m
(22%)
2
1.24
L/m
(22%)
2
0.74
L/m
(14%)+0.12
0.06
2
1.24 L/m
-

2

1.0
L/m
(20%)
2
1.0
L/m
(20%)
2
0.97
L/m
(10%)+0.11
0.05
2
1.14 L/m
0.68

Rättvik (kg/m )

2

0.96
L/m
(30%)
2
0.83
L/m
(30%)
2
1.06
L/m
(15%)+0.11
0.06
-

2

1.0 L/m (25%)
2

0.8 L/m (25%)
1.0
2
L/m (12%)+0.11
0.05
-

Table 6. Mass and concentration, for 2006, of all applied agents for dust control on each
test location, respectively Lignosulphonate solutions were diluted from stock solutions.
The stock solutions had a concentration of 50% in Hagfors and Rättvik, 43% in
Halmstad, and 30% in Umeå.
After the first season in 2005, the Vårgårda field trial was discontinued. Mesa was not
applied in Halmstad during the first season due to a delay in the application of
permission to the municipalities. Some new dust suppressants were added to the test
during the second summer. Rape oil was tested only in Halmstad and was chosen for this
test location because of transportation efficiency reasons. Keeping the same application
concentrations for both seasons were strived for but some practical problems, mainly
with the transportation of salt solutions, caused the applied concentrations of these to end
up fairly different.
Calcium chloride, at a concentration of 1.0 kg/ running metre, was applied to a test
section in the middle of the each test road and was used as a reference section. Normally
section 8 was chosen as the reference section. The same order between individual dust
suppressant test sections was to the greatest extent possible kept on the different test
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roads. However the influences of certain circumstances meant that this was not always
possible.
During the second season of the trial the chloride concentration unfortunately varied to
a great extent between different locations and also different chloride products. See table
7 and table 8, for chloride concentrations 2005 and 2006, respectively. This was due to
problems during application.
Material

Note

Salt conc.
in bulk

Solid

Applied
weight salt
2
(kg/m )
0.17

77%

Applied
chloride conc.
2
(g/m )
83.6

CaCl2, section
1.0 kg/ running
meter
CaCl2, section
0.7 kg/ running
meter

Solid

0.12

77%

59.0

MgCl2, section
1.0 kg/ running
meter

Solid

0.17

51%

64.6

MgCl2, section
1.3 kg/ running
meter

Solid

0.22

51%

83.5

CaCl2-solution

Halmstad/
Hagfors

0.09

36%

20.7

CaCl2-solution

Rättvik/ Umeå

0.09

22%

12.7

MgCl2-solution

Halmstad

0.09

16%

10.7

MgCl2-solution

Hagfors

0.09

15%

10.1

MgCl2-solution

Umeå

0.09

14%

9.4

MgCl2-solution

Rättvik

0.09

11%

7.4

Table 7. Field trial 2005-Applied amount of salt and its corresponding chloride
concentration. Applied chloride concentration (g/m2) is calculated as applied weight salt
(g/m2) x salt concentration x chloride %-by weight-of total salt molecule (0.6489 for
CaCl2 and 0.7446 for MgCl2).
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Material

Note

Applied weight
2
salt (kg/m )

Salt conc.
in bulk

CaCl2, 1.0 kg/ m
CaCl2, 1.0 kg/ m
CaCl2, 1.0 kg/ m
CaCl2, 1.0 kg/ m
CaCl2, 0.7 kg/ m
CaCl2, 0.7 kg/ m
CaCl2, 0.7 kg/ m
CaCl2, 0.7 kg/ m
MgCl2, 1.0 kg/ m
MgCl2, 1.0 kg/ m
MgCl2, 1.0 kg/ m
MgCl2, 1.0 kg/ m
MgCl2, 1.3 kg/ m
MgCl2, 1.3 kg/ m
MgCl2, 1.3 kg/ m
MgCl2, 1.3 kg/ m
CaCl2-solution
CaCl2-solution
CaCl2-solution
CaCl2-solution
MgCl2-solution
MgCl2-solution
MgCl2-solution
MgCl2-solution

Solid, Halmstad
Solid, Hagfors
Solid, Umeå
Solid, Rättvik
Solid, Halmstad
Solid, Hagfors
Solid, Umeå
Solid, Rättvik
Solid, Halmstad
Solid, Hagfors
Solid, Umeå
Solid, Rättvik
Solid, Halmstad
Solid, Hagfors
Solid, Umeå
Solid, Rättvik
Halmstad
Hagfors
Umeå
Rättvik
Halmstad
Hagfors
Umeå
Rättvik

0.19
0.17
0.175
0.18
0.25
0.12
0.11
0.11
0.19
0.17
0.18
0.18
0.25
0.23
0.22
0.22
0.34
0.34
0.42
0.21
0.40
0.34
0.40
0.22

77%
77%
77%
77%
77%
77%
77%
77%
51%
51%
51%
51%
51%
51%
51%
51%
36%
34%
30%
32%
32%
34%
29%
32%

Applied
chloride
2
conc. (g/m )
94.9
84.9
87.4
89.9
124.9
60.0
55.0
55.0
72.2
64.6
68.4
68.4
94.9
87.3
83.5
83.5
79.4
75.0
81.8
43.6
95.3
86.1
86.4
52.4

Table 8. Field trial second year 2006 - Applied amount of salt and its corresponding
chloride concentration. Applied chloride concentration (g/m2) is calculated as applied
weight salt (g/m2) x salt concentration x chloride %-by weight-of total salt molecule
(0.6489 for CaCl2 and 0.7446 for MgCl2).

5.3.2 Test sections
At each of the four different places, i.e. from north to south: Umeå, Rättvik, Hagfors, and
Halmstad, a stretch of road was chosen for the study. The locations of the test roads are
shown in figures 8-11. Due to problems with finding one homogenous gravel road
sufficient in length for incorporating 13 sections of 1000 m, two different gravel roads
with similar basic conditions were chosen in Umeå.
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Figure 8. Map of test roads; road 509 and road 570, in Umeå incorporated in the field
trial.

Figure 9. Map of test road; road 888, in Rättvik incorporated in the field trial.
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Figure 10. Map of test road; road 915, in Hagfors incorporated in the field trial.

Figure 11. Map of test road; road 656, in Halmstad incorporated in the field trial.
Different dust suppressants were applied to the test sections, approximately 1000 m in
length, which were marked by signs at both ends. Roads are further described in table 9
and the grain size distribution curves for the surface course aggregates before treatment
are shown in figure 12. The test roads were chosen to give approximately the same basic
conditions for all test sections on a test road regarding topography, vegetation, moisture
conditions, traffic, population, etc.
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Umeå
Road 509 for
section 1-8
and road 570
for section 914

Rättvik
Road 888;
MarnäsDådran

Hagfors
Road 915;
Oxängen-S
Skoga- N
Skoga

Halmstad
Road 656;
RyabergFröslida

Length of test
section

12 sections á
1000 m
+ 1 section á
600 m

12 sections á
1000 m
+ 1 section á
800 m

15 sections
varying
between
758-1014
m

14 sections
á 895 m

Road width/
Wearing
course layer
thickness

5.0-6.0 m
30 mm

6.0-6.5 m
30 mm

5.0-6.5 m
30 mm

4.5-5.0 m
30 mm

AADT

Road
65
Road
<50

65

200

70

Alongside a
small river.
Woodland/
sparsely
populated

Mainly
woodland.
Agricultural
area
to
some
extent.
Sparsely
populated

Mainly
woodland.
Agricultural
area
to
some
extent.
Sparsely
populated

Road

Topography

509:
570:

Woodland/
sparsely
populated

Table 9. Descriptions of the different test roads used in the field study.
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100

Passing amount (weight %)

90
80
70
60
50
40
Rättvik road 888

30

Umeå road 509

20

Umeå road 570
Hagfors road 915

10

Halmstad road 656

0
0.063 0.125 0.25

0.5

1

2

4

5.6

8

11.2

16

22.4

Sieve size (mm)

Figure 12. Surface course aggregate grain size distribution curves for the different test
roads. Heavier weighted broken lines represent limit values in accordance with ATB
VÄG (Vägverket, 2004). The curves are derived from test SS-EN933-1 “Wet sieve
analysis”.
For determination of the grain size distribution of each test road wearing course,
samples were collected from a cross section of the road. One sample for each gravel road
was collected at the beginning of the field test in 2005. However in Halmstad, one
sample for each test section was collected and fractioned at the corresponding period in
time. The purpose is to compare these grain size distribution curves with the
corresponding curves of samples taken at the end of the test.
In 2005 the dust control treatment was delayed somewhat on all locations except in
Umeå where dust suppressant application was done at a typical time in the middle of
June. Hagfors was the first location for dust control. Here application took place in the
beginning of June. Both Rättvik and Hagfors did not have their dust control treatment
done until the very end of June, which is very late in the season, especially concerning
Halmstad. As mentioned previously, Halmstad experienced problems with receiving
permission for the application of mesa which was long awaited for.
In 2006 the dust control treatments were all done at typical times. Dust suppressants
were applied in the beginning of May in Halmstad, in the middle of May in Hagfors and
Rättvik, and in the middle of June in Umeå. Dust control treatment needs to be carried
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out during dry weather, as soon as the frost leaves the ground but while the gravel
wearing course is still moist. Therefore the dust control treatments on the different
locations were performed as soon as deemed possible due to these reasons.
Unfortunately, Hagfors soon experienced problems with dust suppressant leaching due
to very heavy precipitation in the days subsequent the to the application procedure.
Other problems experienced during application included some minor problems with
the application equipment which caused application of higher concentrations of dust
suppressants than originally planned for.
Another field study was done at Vårgårda during the summer of 2005, where two
gravel road sections, 620 m and 1000 m respectively, were treated with bitumen
emulsion as a dust suppressant. As a control section, an adjacent road section, i.e.
situated along the same road and following the 1000 m section, had its gravel wearing
course treated with magnesium chloride. The dust suppressants were applied on the 13th
of May 2005 and the test lasted for one summer. The prerequisites for these road sections
are given in table 10 and the grain size distribution curve for the aggregate material is
given in figure 13. Dust suppressants concentrations have been previously given in table
5.
Bitumen
emulsion
Section 1 (BE 1)

Bitumen
emulsion
Section 2 (BE 2)

Magnesium
chloride
(MgCl2)

1916

1917

1917

Length
of
test section

620 m

1000 m

1500 m

Road width

4-5 m

4-5 m

4-5 m

AADT

100

75

75

Topography

Flat country/ sparsely populated

Road

Table 10. Prerequisite for the different test sections in Vårgårda.
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100

Passing amount (weight %)

90
80
70
60
50
40
30
20
10
0
0,063

0,125

0,5

1

2

4

8

16

22,4

Sieve size (mm)

Figure 13. Grain size distribution curve for the surface course aggregate at test section,
road 1916, in Vårgårda. Broken lines represent limit values in accordance with ATB
VÄG (Vägverket, 2004). Curves are derived from test SS-EN933-1 “Wet sieve analysis”.

5.3.3 Equipment for dust measurement
For assessing the amount of dust emitted from the different test sections, a TSI DustTrak
Aerosol Monitor was used in combination with visual assessments. This equipment was
assembled on to a test vehicle. The DustTrak equipment and its installation on the test
vehicle are further described in chapter 9, where this objective method of recording dust
also is evaluated.
According to the results in chapter 9, when evaluating the objective dust registration
method, the vehicle was driven at a constant speed of 40 km/h over the entire road
length, passing all test sections.

5.3.4 Weather data
Since measurements with the DustTrak equipment cannot be made in rain as this would
probably destroy the equipment, the weather had to be carefully monitored. Further,
since the test roads were located fairly far apart from each other, i.e. the distance between
Umeå and Hagfors is almost 1200 km, the measuring occasions had to be planned for.
Finally, if the surface wearing course on the test road was still moist from earlier
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Amount of precipitation (mm)

precipitation no dust would be emitted. Therefore opportunities for measurements
require, at least, some previous days of dry and sunny weather. Consequently, all
DustTrak results presented are obtained from a relatively dry road surface condition.
During 2005 the summer was rainy which meant fewer measuring occasions.
Therefore the values for dust emission on these occasions are fairly small. A weather
compilation for 2005 is shown in figure 14.
During the summer of 2006 the weather was much dryer and several times of
measurement could be accomplished. A weather compilation for 2006 for each
geographic location, respectively, is shown in figure 15-18.
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20
10
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Week no

Umeå

Rättvik

Hagfors

Halmstad

Figure 14. Diagram of the amount of weekly precipitation for all test locations during
the dust control season of 2005. DustTrak measurements were performed in Umeå in
week 33, in Rättvik in week 30, in Hagfors in weeks 26 and 30, and in Halmstad in week
30.
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Figure 15. Diagram of the amount of daily precipitation in Umeå during the dust control
season of 2006.
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Figure 16. Diagram of the amount of daily precipitation in Rättvik during the dust
control season of 2006.
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Figure 17. Diagram of the amount of daily precipitation in Hagfors during the dust
control season of 2006.
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Figure 18. Diagram of the amount of daily precipitation in Halmstad during the dust
control season of 2006.
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5.3.5 Test program
The transversal crossfall was measured following dust suppressant application, but
preceding measurements of dust emission. For this purpose a straight-edge with an
inclination balance was utilized. At each measurement occasion, using the DustTrak
equipment, samples were taken from the gravel wearing course to assess the moisture
content. This was done by weighting the sample, before and after drying, in laboratory.
For all of the tests reported here the soil moisture content for the upper four centimetres
was between 1% and 3%.
Visual assessments of the test sections were done once every second week by the
contractor in charge of the test road. During these assessments, the following four
properties were evaluated according to VV Publ. 2005:60 (Vägverket, 2005): evenness,
loose gravel, crossfall, and amount of dust raised. These properties were assessed on a
scale ranging from ‘1’ to ‘4’, where 1 is good and 4 indicating a very bad condition.
When an individual section was judged as a 4; the section was re-bladed.
Measurements of AADT were done by means of a portable battery-driven laser traffic
meter. The meter was left to collect data for approximately one to two weeks, where
upon the obtained data were extrapolated. Meteorological data for the test period, at each
test site, were received from SMHI and VViS.
Measurements, made with the DustTrak equipment were done according to the test
program in table 11. The flow rate, blanking of PM10 registration on filtered air, and the
instrument clock were checked daily, according to the manufacturer’s instructions. The
time-averaged concentration was recorded with an every second resolution and time
periods with dry weather were chosen for the measurements of dust formation.
Umeå

Rättvik

Hagfors

Halmstad

Vårgårda

17.08.2005
13.06.2006
25.07.2006

25.07.2005
16.06.2006
06.07.2006
08.08.2006

22.06.2005
26.07.2005
01.06.2006
05.07.2006
16.07.2006

28.07.2005
12.06.2006
03.07.2006
20.07.2006

30.06.2005
27.07.2005

Table 11. Test program for analyses, with the DustTrak equipment, of dust formation on
field trial sections in Umeå, Rättvik, Hagfors, Halmstad, and Vårgårda.
Results are calculated from the mean of two vehicle passes over each entire test
section, apart from the first and last 100 m of each test section which were excluded to
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reduce any potential contamination of the dust suppressant between adjacent test
sections.

5.4 Results
No correlation, regarding individual test sections, between gravel wearing course
moisture content and concentration of PM10 was observed. Figure 19 shows an example
of where the DustTrak values are plotted against the measured moisture content obtained
in Hagfors on the 26th of July 2005. This measuring occasion gave the highest values
regarding dust emission during the season of 2005. During that week, Hagfors obtained a
total of 10 mm of precipitation.

Dust emission (mg/m3)

0,14
0,12
0,1
0,08
0,06
0,04
0,02
0
0,00

1,00

2,00

3,00

4,00

5,00

6,00

Moisture content (wt-% water loss)

Figure 19. Correlation between moisture content, i.e. wt-% of water loss after oven
drying the material, and DustTrak PM10 values obtained in Hagfors on the 26th of July
2005.
Another example is taken from Halmstad, shown in figure 20. DustTrak values are
plotted against the measured moisture content obtained in Halmstad on the 12th of June
2006. During this week Halmstad obtained a total of 0 mm of precipitation.
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Dust emission (mg/m3)

3
2,5
2
1,5
1
0,5
0
0

0,5

1

1,5

2

2,5

3

3,5

Moisture content (wt-% water loss)

Figure 20. Correlation between moisture content, i.e. wt-% of water loss after oven
drying the material, and DustTrak PM10 values obtained in Halmstad on the 12th of June
2006.
During the rainy summer of the first trial season, only one to two sets of DustTrak data
could be collected from the different test locations. Results are shown chronologically in
figures 21-25. Results from Vårgårda are excluded from the chronology and are placed
in figures 26 and 27.
The statistical analysis was made from a number, N, of measuring values. Since one
value is recorded per second a large statistical basis is obtained. However due to
differences in travel velocity, connection disruptions with the GPS, and differences
arising from manually choosing the values, the N value may somewhat differ even for
the same section at two different measuring occasions. The last and first several seconds
of measuring values were excluded manually as were second resolution values during
encounters with other road users, the latter was done during the second season where the
second DustTrak equipment, which was used for background emissions, had been
excluded. However, since all of the every secondly obtained values for each section (that
is from two passes on each test section) were merged before the statistical analysis, the
statistical basis was regarded as sufficient even without these removed values. The
presented N value is a mean value from all recorded values taken in consideration from
each section. Since sections length may vary somewhat, the real N values for different
sections are seldom exactly equivalent.
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Figure 21. Results obtained with the DustTrak equipment from the test sections in
Hagfors on the 22nd of June 2005. Statistical analysis done using SAS statistical analysis
computer program. N = 15 (mean DustTrak value every third second). *** indicates
significant difference in the mean value, in comparison with the mean value of reference
section 8, when α = 0.05. ** indicates a significant difference in the mean value, in
comparison with the mean value of reference section 8.
Legend key:
1=MgCl2

4=MgCl2 1.3 kg

7=MgCl2 1.0 kg

10=Dustex

13=solution

solution + mesa

starch

2=CaCl2

5=MgCl2

solution

solution

3=CaCl2

6=CaCl2 0.7 kg

solution + mesa
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8=CaCl2 1.0 kg

11=Dustex

+

mesa
9=MgCl2 1.0 kg

12=Dustex
CaCl2

+

of
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Figure 22. Result, obtained with the DustTrak equipment from the test sections in Rättvik
on the 25th of July 2005. Statistical analysis done using SAS statistical analysis computer
program. N = 70. *** indicates significant difference in the mean value, in comparison
with the mean value of reference section 8, when α = 0.05.
Legend key:
1=MgCl2 solution + mesa

4=MgCl2 1.3 kg

9=MgCl2 1.0 kg

12=Dustex + CaCl2

2=CaCl2 solution

5=MgCl2 solution

10=Dustex

13=Solution of starch

3=CaCl2 solution + mesa

8=CaCl2 1.0 kg

11=Dustex + mesa

14=CaCl2 0.7 kg
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Figure 23. Results obtained with the DustTrak equipment from the test sections in
Hagfors on the 26th of July 2005. Statistical analysis done using SAS statistical analysis
computer program. N = 58. *** indicates significant difference in the mean value, in
comparison with the mean value of reference section 8, when α = 0.05.
Legend key:
1=MgC2l solution + mesa

4=MgCl2 1.3 kg

8=CaCl2 1.0 kg

11=Dustex + mesa

2=CaCl2 solution

5=MgCl2 solution

9=MgCl2 1.0 kg

12=Dustex + CaCl2

3=CaCl2 solution + mesa

6=CaCl2 0.7 kg

10=Dustex

13=solution of starch
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Figure 24. Results obtained with the DustTrak equipment from the test sections in
Halmstad on the 28th of July 2005. Statistical analysis done using SAS statistical analysis
computer program. N = 58. *** indicates significant difference in the mean value, in
comparison with the mean value of reference section 8, when α = 0.05.
Legend key:
2=CaCl2 solution

6=CaCl2 0.7 kg

9=MgCl2 1.0 kg

13=Solution of starch

4=MgCl2 1.3 kg

7=Rape oil

10=Dustex

14=MgCl2 solution

5=MgCl2 solution

8=CaCl2 1.0 kg

12=Dustex + MgCl2
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Figure 25. Results obtained with the DustTrak equipment from the test sections in Umeå
on the 17th of August 2005. Statistical analysis done using SAS statistical analysis
computer program. N = 68. *** indicates significant difference in the mean value, in
comparison with the mean value of reference section 8, when α = 0.05.
Legend key:
1=MgCl2

4=MgCl2 1.3 kg

8=CaCl2 1.0 kg

solution + mesa
2=CaCl2

5=MgCl2

solution

solution

3=CaCl2

7=Listab

solution + mesa
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Figure 26. Results obtained with the DustTrak equipment from the test sections in
Vårgårda on the 30th of June 2005. Statistical analysis done using SAS statistical
analysis computer program. N = 27. *** indicates significant difference in the mean
value, in comparison with the mean value of reference section MgCl2, when α = 0.05.
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Figure 27. Results obtained with the DustTrak equipment from the test sections in
Vårgårda on the 27th of July 2005. Statistical analysis done using SAS statistical analysis
computer program. N = 45. *** indicates significant difference in the mean value, in
comparison with the mean value of reference section MgCl2, when α = 0.05.
The large difference in the N value seen in Vårgårda, is due to indefinite boundaries of
the reference section. On the second measurement occasion, a lot more values were
obtained from this reference section than on the first measurement occasion.
The second season of the field trial had a warm and dry summer in 2006. Therefore
several evaluations could be accomplished during the summer months and larger, i.e.
significant, differences among the test section mean values could be obtained. Results
from the measuring occasion giving the highest PM10 mass concentration over all test
sections at each test location, are shown chronologically in figures 28 to 31. Results from
all other measuring occasions are shown in the appendix.
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Figure 28. Results obtained with the DustTrak equipment from the test sections in
Hagfors on the 16th of July 2006. Statistical analysis done using SAS statistical analysis
computer program. Total number of observations = 1051, N = ca. 125, α = 0.05. The
number of sign * marks that there is a significant difference in the mean value between
sections with different numbers of *.
Legend key:
1=MgCl2
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Figure 29. Results obtained with the DustTrak equipment from the test sections in
Halmstad on the 20th of July 2006. Statistical analysis done using SAS statistical analysis
computer program. Total number of observations = 1995, N = ca.145, α = 0.05. The
number of sign * marks that there is a significant difference in the mean value between
sections with different numbers of *.
Legend key:
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Figure 30. Results obtained with the DustTrak equipment from the test sections in Umeå
on the 25th of July 2006. Statistical analysis done using SAS statistical analysis computer
program. Total number of observations = 1790, N = ca. 140, α = 0.05. The number of
sign * marks that there is a significant difference in the mean value between sections
with different numbers of *.
Legend key:
1=MgCl2 solution +

4=MgCl2 1.3 kg

9=MgCl2 1.0 kg

12=Dustex + CaCl2

2=CaCl2 solution

5=MgCl2 solution

10=Dustex

13=solution of starch

3=CaCl2 solution +

8=CaCl2 1.0 kg

11=Dustex + mesa

15=CaCl2 0.7 kg

mesa

mesa

95

5
4,5

Std Dev

Mean

Median

*****

4

Dusting (mg/m3)

3,5

*****

3
2,5
****

2

****
****

1,5
1

***
0,5

**

**

**

1

2

3

0
4

5

7

8

9

10

11

12

14

Binding method

Figure 31. Results obtained with the DustTrak equipment from test sections in Rättvik on
the 8th of August 2006. Statistical analysis done using SAS statistical analysis computer
program. Total number of observations = 2344, N = ca. 160, α = 0.05. The number of
sign * marks that there is a significant difference in the mean value between sections
with different numbers of *.
Legend key:
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Due to the unexpectedly large difference in dust emission in Rättvik, asseen between
section 8 containing solid calcium chloride at a concentration of 1.0 kg / running meter
and section 14 containing calcium chloride at a concentration of 0.7 kg / running meter,
the wearing course material from these sections were collected and analysed for grain
size distribution. The grain size curves (Fig. 32) indicate that the difference in dust
emission is not caused by any difference in grain size distribution of the wearing course
material of the two sections. The better curve, in comparison to the grain size distribution

96

curve specified in ATB VÄG (Vägverket, 2004), gives the worst result regarding dust
emission. Since only one sample per section was collected it might be interesting to
collect some additional samples from these sections to see if these two curves apply for
the total length of the respective section. No other reason for the difference in dust
emission has so far been found.

120
100
80
60
40
20

Section 8
Section 14

22,4

16

11,2

8

5,6

4

2

1

0,5

0,25

0,13

0,06

0

Passing amount (wt-%)

Sieve analysis - Road 888, Rättvik

Sieve size (mm)

Figure 32. Grain size analysis done by KS Schakt AB, for section 8 and 14, respectively,
in Rättvik. Broken lines marks the required grain size curve for gravel wearing course
according to ATB VÄG (Vägverket, 2004).

5.5 Discussion and Conclusions
In Swedish climate, principally only March to September is the critical period
concerning dust on gravel roads, depending to some extent on geographic location within
the country. This means that the dust suppressant of choice should be effective for about
half a year, if dust control treatments are to be made annually. According to the results
from the first year, one of the tested products, namely the lignosulphonate, clearly
distinguished itself negatively. This is true for all locations. Addition of more fines, i.e.
mesa, or chloride to the product apparently improved the efficiency but its results were
still exceeded by all products with pure chloride content (Fig. 28 and 29). The starch
product ended up somewhere between lignosulphonates and chlorides in efficiency. The
rape oil product tested in Halmstad showed a relatively good result at least until the
surface crust, formed by the product, ruptured.
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During the second summer of the field trial, the weather was much drier which resulted
in a difference in efficiency, also between the different chloride products. Still the
lignosulphonate product was one of the least effective of the products tested - except in
Umeå where it, in fact, was one of the most effective, if not the most effective. The
explanation to this is probably that this product came from another store, namely
Domsjö, while the lignosulphonate used in Rättvik, Hagfors, and Halmstad had
lignosulphonate taken from a store at Vargön. SEM analyses, described in chapter 7,
showed that these two products had different chemical compositions. The product in
Umeå was sodium lignosulphonate and the product used in the other locations was
calcium lignosulphonante. However supplementary research on sodium- and calciumlignosulphonate as dust suppressants is needed to secure the difference in dust control
efficiency. This might, however, be problematic since lignosulphonate is a natural
product which is processed in somewhat different ways and hence could, or in fact seems
to, have various chemical compositions from time to time. The fact that Umeå is the only
location of the four test locations with a size-distribution curve within the limits of the
grain size curve specified by ATB VÄG (Vägverket, 2004) might also have influenced
these results (Fig. 10).
On actual gravel roads, i.e. in field trials, it seems as though the grain size distribution
very seldom is in accordance with the grain size distribution curve specified by ATB
VÄG (Vägverket, 2004).This is very unfortunate since a grain size distribution within
these limits most probably would help retain grains and dust suppressants in the
roadway. It is possible that investment in a proper grain size curve, i.e. addition of
deficient fractions, is a more cost effective solution and most definitely a more
environmentally sound solution as opposed to using increasing amounts of dust
suppressants as the sand fractions in the roadway increase as a consequence of traffic
wear.
The bitumen emulsion was somewhat less effective than expected (Fig. 28). This is
probably due to problems with cloudburst during application which forced re-blading
early on. On the other hand, the same unfavourable result regarding bitumen emulsion
was seen in Vårgårda during the first season of the field trial. Manufacturers claim that
optimal results for bitumen emulsion, as well as lignosulphonate, are not seen until after
three seasons of repeated application. However, this seems unlikely since residual levels
have proved non-existent, mainly for the lignosulphonate, already after the summer, see
chapter 6.
Sections treated with the starch solution also raised much dust (Fig. 28-31) as did the
biomass product tested on section 15 in Hagfors (Fig. 28). In fact, the latter rapidly
deteriorated to such a bad condition that it had to be excluded from the test and the dust
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suppressed by conventional means. However the rape oil product applied in Halmstad
still showed a very good result. Rape oil is still quite expensive and requires that it be
applied in rather large volumes.
The most exciting aspect of the results of the second season was perhaps the possibility
to distinguish between products containing chlorides. Solid calcium chloride on the test
sections appears to be 10-40%, or on average 19% more effective than solid magnesium
chloride, which agrees very well with the 18% Reyier (1973) indicated.
The efficiency difference between solid calcium chloride and solid magnesium
chloride at equivalent mass concentrations, i.e. section 8 and 9 respectively, are for
example large in figures 28 and 29 whilst smaller in figures 31 and especially 30.
Therefore, the variation in efficiency is large. The variations, and hence standard
deviations, in PM10 concentrations within each section are also high due to the
occurrence of very large dust plumes between distances with very little dust emission.
This occurrence also causes the median value for each section to be significantly lower
than the mean value.
It is also clearly shown from all test locations that a solution of salt is the most efficient
choice for dust abatement. This result is thought to be due to a more homogenous
distribution of chlorides, in combination with better penetration, for solutions than for
flakes. If it is possible to use less chloride and still receive equal dust control results, by
using solutions of salts instead of solid products, this of course would be beneficial to
both the environment and the economy. However these results probably need to be
verified by the results from, at least, one more season.
The results might indicate that it is possible to use magnesium chloride, which is
approximately 35% less expensive than calcium chloride, and still achieve the same
result at identical concentrations but it is not that straightforward. One metric tonne of
calcium chloride added to 1.4 m3 water gives a 1.8 m3salt solution with a concentration
of 32%. One metric tonne of magnesium chloride added to 0.5 m3 water gives a 1.2 m3
salt solution with a concentration of 32%. This means that from an equal mass of salt a
higher volume of salt with the same concentration is achieved with magnesium chloride.
This higher volume will naturally cover a larger area.
Magnesium chloride would be the cheaper alternative if the chloride content would be
the only aspect of significance; due to the fact that magnesium chloride only contains 30
wt-% less chloride but costs at least 35% less. However it is likely that the chloride can
not be regarded as the only active part of the salt molecule. Calcium chloride and
magnesium chloride are proven to have different vapour pressures, hygroscopic
properties, penetrating abilities, etc. due to differences at the atomic level. It is therefore
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probably a wise decision to compare these dust suppressing salts on the basis of salt
weight rather than chloride weight.
The large relative difference in concentrations of chlorides, especially between chloride
solutions, between the first and second season of the trial is demonstrated in table 7 and
8. It would have been easier to evaluate the results if the chloride concentrations had
been the same for both seasons. From the DustTrak results from 2005 and 2006, in
combination with table 7 and 8, it is unfortunately impossible to draw conclusions of
whether the salt concentration or the chloride concentration is of most importance to the
dust suppressing. The problem arises from the fact that when the concentrations of
chloride in solutions were smaller, i.e. during 2005, the road surface was also wetter
from more precipitation. During this season all chloride treated sections were well dust
bound.
It is impossible to draw conclusions from comparing results from different test
locations. The wearing course material is different, regarding both grain size distribution
and most likely chemical composition, for these locations. The climate, topography and
occasions of measurements are also different from location to location. However, it is
possible to notice the large differences between the different test locations. A selection of
these section differences regarding dust emission are illustrated in table 12 below. The
differences in MgCl2 solution, section 5, dust suppressing efficiency between different
locations and in lignosulphonate, section 10, dust suppressing efficiency between
different locations are for example remarkably large. A possible explanation for the good
ranking of lignosulphonate in Umeå is the previously described difference in chemical
composition of the product on this location. The large difference in ranking for the
MgCl2 solution between Umeå and the other test locations is not understood.
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Hagfors
2006.07.16
1.53 (4)

Halmstad
2006.07.20
0.05 (2)

Umeå
2006.07.25
0.97 (8)

Rättvik
2006.08.08
0.12 (6)

CaCl2-

0.32 (2)

0.03 (1)

0.23 (3)

0.06 (4)

Section 4; MgCl2 1.3
kg/m

2.50 (8)

0.26 (5)

1.55 (9)

0.01 (1)

Section 5; MgCl2solution

0.25 (1)

0.13 (3)

8.91 (12)

0.02 (2)

Section 8; CaCl2 1.0
kg/m

1.97 (6)

0.43 (8)

0.38 (5)

0.02 (2)

Section 9; MgCl2 1.0
kg/m

6.91 (12)

1.97 (10)

0.96 (7)

0.89 (10)

Section 1; CaCl2solution + mesa
Section 2;
solution

Section
10; 7.16 (13)
2.76 (14)
0.18 (2)
1.24 (12)
lignosulphonate
Table 12. Selection of test sections illustrating the relative differences in dust emission at
different test locations. Mean PM10 values (mg/m3) and relative ranking (shown in
parenthesis), for each specific test section at specified test occasion, are presented.
Very few field studies of this magnitude, regarding evaluation of dust suppressant
efficiency, have been found in literature. However, the obtained results coincide well
with a similar field study done by Mulholland (1972), who states that the tested salt,
calcium chloride, is the most satisfactory agent for dust control thereby coinciding poorly
with a study reported by Addo and Sanders (1995). They reported that lignosulphonate
treated sections performed better than chloride compounds. However, the authors also
reported that the lignosulphonate sections produced equal or more dust than the chloride
compounds after the test period and that the driving comfort on lignosulphonate treated
sections was less than on chloride test sections. A third, and recently done, field study
(Rushing et al, 2006), incorporating twelve commercially available dust suppressants,
came up with acrylic polymer emulsion as the most efficient choice for dust control.
Such a product has still not been tested within this study.
A weakness with the field evaluation is that no record of initial moisture content, at the
time of dust suppressant application, was collected. It is therefore possible that the initial
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moisture content could have influenced the outcome. If the moisture content in the gravel
wearing course was initially too low, solid salt would not have been able to dissolve. It
would in that case be a possibility that the salt flakes would get thrown of the road from
vehicle action. It is also possible that the salt flakes then would remain in solid clusters,
during a longer time period, and hence not work crystallizing over a larger aggregate
area. Low moisture content could be a consequence of dust control treatment too late
after the spring thaw, insufficient watering during application, or rapid evaporation
during hot spring days. The lack of wet aggregate would also imply that the solid salt
would not be able to penetrate the roadway as easily. In contrast, the salt solution always
had the ability to wet and penetrate the roadway, despite low moisture content.
The most important findings from this chapter are:
• Solid calcium chloride is on average 19% more effective at holding the dust
than the equivalent amount of solid magnesium chloride.
• A solution of either magnesium chloride or calcium chloride is the most
efficient dust suppressant.
• Sodium lignosulphonate is much more effective than calcium lignosulphonate
for dust suppressing purposes.
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6

Methods for determination of dust suppressant residual
content over time, in gravel wearing course material from the
field test sections
6.1 Introduction
Since dust suppressants are easily water soluble they tend to leach from the gravel
material due to precipitation. Dust suppressants may also get thrown off the road,
together with dust or coarser grains from the road aggregate, due to traffic action. Dust
control efficiency, cost aspects, and environmental protection need to be considered
when settling for optimal dust suppressant application rates. Renewed dust control
treatment is typically made once every year but it is not clear whether or not this interval
of time is the most appropriate. It is also not clear as to whether there are, during that
time, sufficient residual contents of dust suppressants, such that the amounts of dust
suppressant may be reduced. Maybe even that application of dust suppressants
sometimes can be performed only every other year. However most probably the rate of
leaching, of dust suppressants, and hence the efficiency of the dust control treatment are
strongly influenced by the amount of precipitation.
No reports of earlier studies of dust suppressant residual content within the gravel
wearing course of a gravel road have been found in literature therefore implying that the
knowledge in the area is insufficient. If one could optimise the required application
occasions and rates of dust suppressant needed for adequate dust control treatment, gains
in the economy, environmental protection, and workload would be expected.

6.2 Objective and Hypothesis
The objective of this examination is to:
a) develop methods for analysing the of amount of lignosulphonate as
well as calcium chloride and magnesium chloride in granular
material
b) use the developed methods to study variations of dust suppressant
content on the field test sections.
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Laboratory analyses of dust suppressant residual content of gravel wearing course
samples were done with the objective of measuring dust suppressant residual content and
thus evaluate longevity, over time. The two most commonly used dust suppressants were
examined. These are also some of the products most prone to leaching. The samples
were taken from some of the field test sections described in chapter 5.
By using varying contents of dust suppressant on these test sections and by comparing
the results with the dust emission and the residual content of salt and lignosulphonate on
the same sections, the study is expected to give important indications of the minimum
amount of dust suppressant needed to achieve a well, dust controlled gravel road. This, in
turn, is anticipated to result in reduced usage of chemicals and hence lower costs and less
impact on the environment.
It is expected to find indications that dust controlled sections which are more
effectively dust suppressed have a higher residual content of the dust suppressant used. It
is anticipated to observe a lower chloride content on sections which received a lower
initial content shortly after the treatment but that the differences will even out with time.
The same applies for any initial difference between calcium chloride and magnesium
chloride due to product differences regarding chloride content. The magnesium ions
have a smaller atom weight than calcium ions. Magnesium chloride therefore contains a
larger wt-% of chloride. However the calcium chloride product offered for sale contains
much less crystallised water, 23 wt-%, than magnesium chloride, 49 wt-%. Calcium
chloride therefore contains approximately 30 wt-% more chloride than magnesium
chloride. This is anticipated to be seen in the results such that the sections treated with
1.0 kg calcium chloride should have chloride contents equivalent to those of the sections
treated with 1.3 kg magnesium chloride and so on. A difficulty of anticipation is how
these analyses will be influenced by re-blading. Finally, it is expected that the contents of
dust suppressants stay rather constant during dry weather while the readily water soluble
products leak out fast during periods of heavy rainfall.

6.3 Test material
The test material is taken from the test sections described in chapter 5.
Samples were taken of the wearing course gravel from a square measuring 150 mm x
150 mm x total thickness (usually on the order of 40 mm). The samples were taken from
the same general area after different laps of time. In general the sampling site was the
mid point of the section and in the right wheel track. If, however, the middle of the
section was situated in a curve, the sample was, if possible, taken from the nearest
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following straight stretch of the road. The samples were given the same number as the
section.
Chloride and lignosulphonate treated gravel test sections were analysed for
residual content over time. These dust suppressing products are described in chapter
3, and will not be further described in this chapter.
Dust suppressants were applied by conventional means. Eight sections in total were
analysed: solid calcium chloride, 1.0 and 0.7 kg/m, respectively; solid magnesium
chloride, 1.0 and 1.3 kg/m, respectively; calcium chloride solution; magnesium chloride
solution; lignosulphonate; and lignosulphonate in combination with mesa. Individual
dust suppressant contents on these entire test sections are given in table 6, in chapter
5.3.1.

6.4 Chloride content
The chloride content was analyzed calorimetrically using the Mercury (II) Thiocyanate
Method. In this method, an orange-coloured complex of ferric thiocyanate is formed
when chloride ions disperse the mercury ions of mercuric thiocyanate in the presence of
excess ferric nitrate. The reagents used were mercury (II) thiocyanate, reagent A, and
iron (III) nitrate nonahydrate, reagent B. The resulting colour was measured on an ion
specific spectrophotometer, Hanna Instruments® HI 93753, at a wavelength of 470 nm.
The light source in this instrument is a light emitting diode and the light detector a silicon
photocell. The instrument operates in the concentration range 0.0 – 20.0 mg/L with a
0.1 mg/L resolution and 0.5 ± 6 % accuracy of reading. Interferences include bromide
and iodine, which would give the same absorbance as the equivalent amount of chloride.
The method was therefore calibrated, by means of a virgin granular material sample, to
make sure these interferences were not present within the sample material
(http://ral.coafes.umn.edu; www.hannainst.com/products; www.nilu.no).

6.4.1 Method description
In this project, reagents and apparatuses available on the market were used. However the
test methodology was adapted for application on granular samples.
To a sample of 50 g of gravel wearing course material was added 50 mL of deionised
water in a glass beaker. The chlorides were dissolved by submerging the beaker into an
ultrasound water bath for 10 minutes. A filter paper was folded and inserted into a funnel
where upon the solution taken from the ultra sound water bath was carefully decanted
into the funnel placed on top of a clean glass beaker. Two x 1.5 mL of the filtrate were
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taken out and put into Eppendorph tubes which were then centrifuged at 10 000 rpm (or
13 000 times g) for 10 minutes.
The centrifuged filtrate was diluted to obtain a chloride content within the detectable
limits of the spectrophotometer, i.e. 0-20 mg/L. Between 30 µL and 1 mL of the filtrate
was diluted with deionised water to a total volume of 10 mL. The sample was applied to
one of the two cyvettes enclosed with the spectrophotometer. A reference sample was
prepared by adding 10 mL deionised water, by means of a pipette to the other cyvette.
Reagent A, HI 93753A-0, and reagent B, HI 93753B-0 were added to both cyvettes
according to manufacturer’s instructions. The reference sample was first put into the
instrument for zeroing.
The cyvettes were continually checked for discolouration of the glass by means of
‘blanks’, i.e. controls only containing deionised water. The cyvettes were cleaned with
ethanol. When discolouration finally appeared on a cyvette, it was exchanged for a new
one.
6.4.2 Test program
The test program for sample collection is given in table 13. On each of these dates
samples from all chloride treated test sections were collected.
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Location/ Date of
sample taking
Samples No. 1

Rättvik

Hagfors

Umeå

03.05.2005–
Before treatment

22.04.2005–
Before treatment

15.06.2005–
After appl.

Samples No. 2

25.07.2005–
After appl.

10.06.2005–
After appl.

17.08.2005

Samples No. 3

04.05.2006–
Before treatment

26.07.2005

13.06.2006–
Before treatment

Samples No. 4

28.05.2006–
After appl.

03.05.2006–
Before treatment

12.07.2006–
After appl.

Samples No. 5

16.06.2006

02.06.2006–
After appl.

25.07.2006

Samples No. 6

06.07.2006

05.07.2006

Samples No. 7

08.08.2006

16.07.2006

Samples No. 8
16.09.2006
Table 13. Date and place of sample collection for chloride residual quantification.

6.4.3 Results
Results from each test location are shown in figures 33 - 35. Rättvik is the only location
where there has not been any action in the form of re-blading, renewed dust control
treatment etc. during June, July and August. However re-blading had been done before
the very last measurement of dust suppressant content in Rättvik. In Hagfors during
2006, there were severe problems with heavy rainfall during the application of dust
suppressant and eight of the 15 sections had to be re-bladed only one week after the
treatment and all sections were re-bladed at least twice before the middle of August. This
can probably explain the low residual contents at this location. Regarding the test
location in Umeå, information on which test sections had been re-bladed and at what
time, is unfortunately missing.
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Chloride content (mg per 50 g gravel material)
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0
22.04.2005 10.06.2005 26.07.2005 03.05.2006 02.06.2006 05.07.2006 16.07.2006
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- After
- Before
- After
treatment treatment
treatment treatment
Date

Figure 33. Results from residual chloride content analysis of wearing course samples
collected at the test road in Hagfors.
Legend key:
1=MgCl2 solution + mesa

4=MgCl2 1.3 kg

7=MgCl2 1.0 kg

2=CaCl2 solution

5=MgCl2 solution

8=CaCl2 1.0 kg

3=CaCl2 solution + mesa

6=CaCl2 0.7 kg

9=MgCl2 1.0 kg
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Chloride content (mg per 50 g gravel material)
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Figure 34. Results from residual chloride content analysis of wearing course samples
collected at the test road in Rättvik.
Legend key:
1=MgCl2 solution + mesa

4=MgCl2 1.3 kg

9=MgCl2 1.0 kg

2=CaCl2 solution

5=MgCl2 solution

14=CaCl2 0.7 kg

3=CaCl2 solution + mesa

8=CaCl2 1.0 kg
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Chloride content (mg per 50 g gravel material)
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Figure 35. Results from residual chloride content analysis of wearing course samples
collected at the test road in Umeå.
Legend key:
1=MgCl2 solution + mesa

4=MgCl2 1.3 kg

9=MgCl2 1.0 kg

2=CaCl2 solution

5=MgCl2 solution

14=CaCl2 0.7 kg

3=CaCl2 solution + mesa

7/8=CaCl2 1.0 kg

In figures 36 and 37, these results, from the chloride residual content analyses in
Hagfors and Rättvik, respectively, are presented in combination with the amount of
precipitation during the test period of 2006. The data for precipitation is obtained from
the closest SMHI weather station to each test road. In similarity to the curves for the
residual contents, it is the points rather than the lines presented which represents the
measured values of precipitation. The precipitation points represent the total amount of
precipitation in mm obtained on the location from the time when the last sample was
collected and until the sample collection of specified time.
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Figure 36. Results from the residual chloride content analysis of wearing course samples
collected at the test road in Hagfors is shown on the left scale and the amount of
precipitation (mm), during the test period of 2006 is shown on the right scale. The
precipitation points represent the total amount of precipitation in mm obtained on the
location from the time when the last sample was collected and until the sample collection
of specified time.
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Figure 37. Results from the residual chloride content analysis of wearing course samples
collected at the test road in Rättvik is shown on the left scale and the amount of
precipitation (mm), during the test period of 2006 is shown on the right scale. The
precipitation points represents the total amount of precipitation in mm obtained on the
location from the time when the last sample was collected and until the sample collection
of specified time.

6.4.4 Discussion and conclusion
Some problems which had to be managed arose during the development of the method
for quantifying residual content of chlorides in granular material. It was for example
discovered that differences in content exist between different spots on the road are
substantial; even within the same transversal cross section The reason for the significant
difference in chloride content between different locations within the same road section is
not yet fully known. The content of the chlorides could already be different from the
beginning due to inhomogeneous application over the test area. It could also arise from
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differences in topography, i.e. distance to water, slope of the road, aggregate material
characteristics, ambient vegetation, etc.
Problems also arose from having a non-homogenous sample. It was regarded as not
possible to make the whole sample homogenous concerning grain size distribution. The
weighted sample had to be hand-picked to avoid the incorporation of the largest grains,
which otherwise would add substantially to the total weight.
Another problem during these analyses was discolouration of the cyvette glassware
from reagent solutions. This colouration gradually added to the light absorption of the
sample within the spectrophotometer and hence caused the apparatus to give increasingly
higher values. The problem was, as previously mentioned, solved by continually
measuring blanks to screen for discolouration.
Finally, problems with turbidity of the filtrate had to be managed. The quantity of fines
passing the filter paper seemed to be inversely correlated to the chloride content and
caused falsely elevated values for chloride content since these solid particles absorbed
transmitted light. This problem was solved by centrifuging the filtrate and thereby
forcing the solid content to pellet at the bottom of the sample tube. Only the upper, clear
part of the filtrate was then collected for analysis.
From figures 39 and 40 can be seen that the dust suppressant content varied more or
less in the same way during the test period over the different test sections. This strongly
suggests that the method is reproducible and that the described problems could be
managed in an adequate manner.
The results in figures 33 and 34 indicate that the chloride content of gravel wearing
courses treated with chloride containing dust suppressants is rather fast diminishing
during the summer months. From these results, it can be concluded that there is not
enough chloride left in the gravel wearing course one year after treatment. Renewed dust
control treatments need to be made at least annually. These results coincide very well to
findings in literature. Calcium- and magnesium chloride cannot be relied upon to provide
for satisfactory dust control in a second year (Mulholland, 1972). Uncontrollable
variables such as rainfall as well as run-off and blading and reworking for riding quality
will gradually reduce the effectiveness of these dust suppressants.
Apparently re-blading of the road impacts the chloride content on different locations as
well as within the individual sections and therefore makes the results hard to interpret
and draw conclusions from. It is also obvious from figure 34 that the chloride content in
the gravel wearing course most often increases during some weeks after the dust
suppressant has been applied. The reason for this is not yet fully investigated or
understood but actually this has also been observed in indoors laboratory experiments. In
these laboratory tests, a relatively high content of solid calcium chloride was applied
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onto a simulated gravel wearing course. As more and more water was added to this
surface, the content of chloride increased until a maximum level before declining
substantially. This observation might be explained by the theory that the chlorides follow
the water runoff streams downwards and hence cannot be collected in the gravel wearing
course during wet weather, as initially in the season or in the association with water and
chloride application. During periods of dry weather, usually occurring some weeks after
the point of application, the surface moisture of the road evaporates causing moisture
from deeper below to travel towards the road surface by means of capillary rise. This
causes the chloride content to increase within the gravel wearing course since the upward
travelling water also carries the dissolved chlorides and no chlorides are able to escape
the road surface by means of evaporation. When rain starts again the concentration goes
down at the surface layer.
The figures 36 and 37; demonstrating chloride levels as well as the amount of
precipitation might support this theory. However this should be easy to investigate
further by continuously collecting samples from different levels of depth within the road
pavement.
As expected, those sections treated with a higher content of chloride continued to have
a higher chloride content than those sections treated with a lower chloride content. The
chloride solutions were the most efficient dust suppressants according to the results
concerning airborne dust from the field study and these sections had the lowest chloride
content over the whole period. This means that the chloride content is not the only thing
of importance when it comes to dust control efficiency. This might imply that a uniform
distribution of chlorides over the whole road section as well as between individual grain
particles is as important for a well-bound road surface as is a high content of chlorides.
Therefore it would be interesting to make a test section where a low content of chloride
solution is mixed with a surfactant. Since a surfactant additive is expected to lower the
surface tension between water molecules, such a mixture is anticipated to accomplish a
more homogenous spread along the road section and also improved penetration into the
gravel layer. Another advantage can be that chlorides penetrating to greater depths create
a higher cohesive strength and thus a higher ability to withstand larger traffic loads
(Addo and Sanders, 1995).
The test sections at Rättvik give the best statistical basis, as shown in figure 34. From
this there are indications that the abatement curves of chloride content for section treated
with 1.3 kg/m solid magnesium chloride correspond to the curve of the section treated
with 1.0 kg/m solid calcium chloride and that the section treated with 1.0 kg/m solid
magnesium chloride corresponds well to the section treated with 0.7 kg/m solid calcium
chloride. These similarities are significant at the 5% level for at least two of the
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occasions for sample collection during 2006. This coincides with what was stated in the
hypothesis regarding the fact that 30 wt-% more magnesium chloride than calcium
chloride is required to achieve equal chloride content, and hence equal efficiency.
However, there is no significant evidence at the 5% level of any difference between
magnesium chloride solution and calcium chloride solution according to the same kind
of analysis of variance. The same kind of analysis cannot be done for other test locations
due to either lack of input data or insignificant differences between sections.

6.5 Lignosulphonate content
In Sweden lignosulphonate is extracted and modified in a plant at Vargön where
approximately 50 000 metric tonnes is produced annually by the company LignoTech
Sweden AB, owned by Norwegian Borregaard. In addition, Domsjö Factories
manufacture lignosulphonate at their sulphate plant in Örnsköldsvik. The raw material,
lignin, is transported by boat to Sweden mainly from Russia. The lignosulphonate
solution used for dust control is light to dark brown, almost blackish in colour, depending
on content and source of origin, and has a distinguishing odour from sulphur and humus
substances. The product is rather smeary during a few hours before penetrating the
surface aggregate and breaking. Since lignosulphonate is easily water soluble there is a
significant risk that this dust suppressant rapidly leaches out of the roadbed due to
precipitation.

6.5.1 Method description
In resemblance with the analyses done for determining chloride content, 50 g of each
lignosulphonate containing granular sample was first soaked in 50 mL of deionised
water. The soaked samples were then placed in a water bath with ultrasound for 10
minutes before filtered once using a regular round filter paper, 125 mm in diameter. To
estimate contents of lignosulphonate, a uv/vis-spectrophotometer was incorporated.
Before measuring the field samples, tentative test series to relate absorbance to
lignosulphonate content were done based on product stock solutions received from the
supplier. Commonly, the absorbance, A, can be linearly related to content using the
Beer-Lambert assumption:
A = αlc where
α is the adsorption coefficient or molar adsorptivity,
l is the optical path length and
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c is the concentration.
The calibration of the method is shown in figure 38. Three different stock solutions: 50
wt-%, 43 wt-%, and 30 wt-%, obtained from the manufacturer. These solutions were
diluted to 0.05 and 0.005 wt-%t nominal contents, respectively. Diluted solutions were
measured for absorbance at 280 nm. All solutions could then be aligned along a single
slope. This indicates that all lignosulphonate samples may be quantified and related to
each other if measured at the wavelength 280 nm, corresponding to the wavelength at
which lignin absorbs light. However this also indicates that samples containing high
contents of lignosulphonate need to be diluted. To exclude, or at least minimize, all
eventual background disturbances from very fine mineral particles which had passed the
filter paper pores during filtration and therefore still remained in the sample, each sample
was filtered once more with a 0.45 µm, PTFE-membrane coupled to a 5 mL syringe with
a Luer-connection before measuring the absorbance. To detect residues from
lignosulphonate adhering to the surfaces of the quartz glass cuvettes used, samples of
deionised water were measured between each sample containing lignosulphonate. From
these measurements, it was concluded that no residues were accumulating on the cuvette
surfaces.
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Figure 38. Calibration of uv/vis spectroscopic method for determination of residual
content of lignosulphonate in granular samples. Figure showing absorbance at 280 nm,
of three different lignosulphonate stock solutions; 50 wt-%, 43 wt-%, and 30 wt-%,
diluted to 0.05 and 0.005 wt-%t nominal contents, respectively. All stock solutions were
obtained from supplier.
The impact of the filtration of the samples is not yet fully known. It is likely that the
filtration also removes some lignosulphonate residues that are prone to coalesce, and
hence are too large to pass the filter. Such a scenario would give a false absorbance
value, of a lower magnitude than the true value. Experiments regarding the impact of
filtration on the absorbance of lignosulphonate samples of different contents indicate that
there is an influence on absorbance from filtration but that this influence is declining with
decreasing lignosulphonate content (Fig. 39). However, all samples were treated in the
same manner, which should have minimized the relative influence of this factor on the
results.
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Figure 39. Influence of filtration on analysis of lignosulphonate absorbance. Filtered
and unfiltered samples from a 43 wt-% lignosulphonate stock solution diluted into
different contents.

6.5.2 Test program
Samples collected from the lignosulphonate treated test sections incorporated in the field
trial, described in chapter five, were prepared in accordance with the method description
above. The total volume of diluted sample solution put into the quarts cyvette was 1 mL.
Sample solutions were diluted such that, during a wavelength scan with a uv/visspectrophotometer, a separated and clearly distinguished peak, lying within the
absorbance detection limits of the apparatus, was obtained at 280 nm.
The final lignosulphonate content, i.e. absorbance, was calculated directly from the
absorbance value obtained, multiplied by the dilution factor. For this reason, accounted
values do not represent true values of lignosulphonate content but rather relative
absorbance values. Sample preparation and spectrophotometric analysis was repeated
once for all samples and means were calculated.
In Umeå only section 10, treated only with lignosulphonate, was chosen for the study.
In Rättvik sections 10, treated only with lignosulphonate, 11, treated with
lignosulphonate and mesa, and 12, treated with lignosulphonate and calcium chloride,
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were chosen for the study. In Hagfors section 10, treated only with lignosulphonate, was
the only section from which samples were collected. Finally in Halmstad sections 10,
treated only with lignosulphonate, and 11, treated with lignosulphonate and mesa, were
chosen. The dates for sample collections on each test location are shown in table 14.
Umeå
25.05.2005
before appl.

–

Rättvik
04.05.2006
before appl.

–

Hagfors
09.06.2005 – after
appl.

Halmstad
29.06.2005 – after
appl.
02.05.2006
before appl.

16.06.2005 – after
appl.

28.05.2006 – after
appl.

03.05.2006
before appl.

–

–

13.06.2006
before appl.

–

16.06.2006

02.06.2006 – after
appl.

11.05.2006 – after
appl.

12.07.2006 – after
appl.

06.07.2006

05.07.2006

12.06.2006

25.07.2006

08.08.2006

16.07.2006

03.07.2006

15.09.2006
20.07.2006
Table 14. Date and place of sample collection for lignosulphonate residual
quantification.

6.5.3 Results
Results from the analysis of lignosulphonate residual content in wearing course
samples, continually collected from lignosulphonate treated field trial sections
during one or two seasons of dust control, are shown in figures 40 - 43.
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Figure 40. The lignosulphonate residual content at Umeå. Section 10 represents section
treated only with lignosulphonate.
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Figure 41. Lignosulphonate residual content at Rättvik. Section 10 represents section
treated only with lignosulphonate, section 11 represents section treated with mesa and a
lower (!) content of lignosulphonate than the one used on section 10, and section 12
represents a combination of lignosulphonate and salt; CaCl2.
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Figure 42. Lignosulphonate residual content analysis-results from Hagfors. Section 10
represents section treated only with lignosulphonate.
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Figure 43. Lignosulphonate residual content analysis-results from Halmstad. Section 10
represents section treated only with lignosulphonate, and section 11 represents section
treated with mesa and a lower content of lignosulphonate than the one used on section
10.
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In figures 44 and figure 45, the results from the lignosulphonate residual content
analyses in Hagfors and Rättvik respectively, are presented in combination with the
amount of precipitation during the same test period. The data for precipitation is obtained
from the closest SMHI weather station to each test road. In similarity to the curves for
the residual contents, it is the points rather than the lines presented which represents the
measured values of precipitation. The precipitation points represent the total amount of
precipitation in mm obtained on the location from the time when the last sample was
collected and until the sample collection of specified time. Weather information for the
other locations can be found in chapter 5.3.4.

Figure 44. Results from the residual lignosulphonate content analysis of wearing course
samples collected at the test road in Hagfors is shown on the left scale and the amount of
precipitation (mm) during the test period of 2006 is shown on the right scale. The
precipitation points represents the total amount of precipitation in mm obtained on the
location from the time when the last sample was collected and until the sample collection
of specified time.
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Figure 45. Results from the residual lignosulphonate content analysis of wearing course
samples collected at the test road in Rättvik is shown on the left scale and the amount of
precipitation (mm) during the same time is shown on the right scale. The precipitation
points represents the total amount of precipitation in mm obtained on the location from
the time when the last sample was collected and until the sample collection of specified
time.

6.5.4 Discussion and conclusions
The lignosulphonate content seems to rapidly reduce with time during the summer
months, perhaps even more so than the chlorides.
Counter to the results from sections treated with chlorides the rest content of
lignosulphonate starts to decrease rapidly directly following the occasion of application.
Lignosulphonate are not influenced in the same way to precipitation as the chlorides are
(Fig. 44 and 45). The lignosulphonate seems to be decreasing in content even during
dryer periods where the chlorides in fact were increasing in content.
The addition of mesa most likely had a positive effect on the dust suppressing
efficiency of lignosulphonate but does not show much gain in preventing
lignosulphonate stripping in these analyses.
The results from this chapter may explain why road sections treated with calcium
lignosulphonate in Rättvik, Hagfors, and Halmstad raised so much dust so early in the
season. The lignosulphonate is simply leaching away too fast. The exception is the
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sodium lignosulphonate used for the test section which is located in Umeå. There might
be several reasons as to why this product showed good dust suppressing ability. One can
be that this product was not as sensitive to leaching. However, such a conclusion is
difficult to draw from these results due to an insufficient number of sampling occasions.
Another reason can be that the gravel material had a better grain size distribution.

6.6 General conclusions
The most important findings from this chapter are:
• Methods for residual content quantification of chlorides as well as
lignosulphonate have been developed and seem to work satisfactory.
• Any residual content regarding both chlorides and lignosulphonate is in
principle non-existent in the surface wearing courses after the summer season.
Calcium lignosulphonate is especially fast leaching which probably explains
why roads which are dust suppressed with this product gives of much dust
already in the beginning of the summer.
• After the application occasion, the chloride residual content in the gravel
wearing course increase during a period of less precipitation and then starts to
decrease rapidly during periods of more heavy precipitation. This is, however,
more pronounced for solid salt than for salt solutions.
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7
Laboratory analysis – Scanning Electron Microscope, SEM
7.1 Background
Over the years SEM has been widely used to examine subjects ranging from metals to
biological specimens. However, earlier records of using the method in collaboration with
dust suppressant samples have not been found in relevant literature.
Conventional light microscopes use a series of glass lenses to bend light waves and
create a magnified image of an object. SEM uses electrons instead of light waves to
create a magnified image. This yields a very detailed three dimensional image at a much
higher magnification than is possible with a light microscope. However since this
microscope does not use light in the visible light range of between 400 and 700 nm, as
light microscopes do, the resulting images are rendered black and white.
Most Electron microscopes of today contains a detector for X-ray analysis. An energy
dispersive X-ray analysis (EDS) gives information of the elements and compounds that
the object is composed of and their relative amounts.

7.2 Introduction and Hypothesis
The hygroscopic effect of the chloride ion in a dust suppressant salt molecule is well
recognized. However, it has been assumed that this hygroscopic effect interacts with an
ability of the positively charged calcium or magnesium ion to flocculate negatively
charged clay particles by electrostatic forces and hence further reduce dust production
(Lindh, 1981; Epps and Ehsan, 2002). Because these positively charged cations reduce
the negative charge on clay particles, and thereby reduce the repulsion between particles
and the thickness of their surrounding water films, a more dense and stable aggregate
matrix of flocculated particles is created (Epps and Ehsan, 2002).
During the analyses of the chloride content in gravel wearing course samples from the
field test sections (chapter 6), it was seen that without exception samples containing a
low chloride concentration gave a filtrate that was turbid while samples containing a
higher chloride concentration gave a clear filtrate. Any particular threshold value could
not be stated since this seemed to be influenced by the location at which the samples had
been collected and hence most probably by different material properties. It was also seen,
during the pouring of granular material into a glass beaker, that clay sized particles
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adhered strongly to the glass walls, i.e. SiO- groups. For this reason it seems possible that
these clay sized particles and chloride, i.e. Cl-, also will attract each other. From this a
hypothesis was stated. Large cations, Mg2+ and Ca2+, may bind to negatively charged
clay or silicate particles by means of electrostatic forces and hence makes larger particles
which prevent the small clay particles, that otherwise makes the filtrate turbid, from
passing through the filter paper pores. Alternatively, the salt molecule somehow
flocculates and thus covers the filter paper pores and prevents the material that makes the
filtrate turbid from entering.
Even though the supplier of the lignosulphonate claimed that all products used in the
field trial had the same chemical structure, and hence were the same product, the widely
differing dust suppressing results of the lignosulphonate products tested in the field study
supported a theory that this was in fact not at all the case.
By incorporating a Scanning Electron Microscope to look at these samples in high
magnification, it is anticipated that any existing differences of physical as well as
chemical nature will be seen.

7.3 Objective
The objective with this examination is to reveal:
• Differences between the two lignosulphonate dust suppressants.
• The influence of salt on chemical and mineral composition of granular material
collected inside filter paper.

7.4 Test program
Lignosulphonate
Two different lignosulphonate samples were analysed:
• (I) A specimen containing 5 wt-% lignosulphonate diluted from a 30
wt-% product obtained from the supplier. This lignosulphonate was
applied onto the lignosulphonate section included in the field trial
evaluation in Umeå. During the second season of the trial this dust
suppressant showed an excellent performance in controlling the dust.
• (II) A specimen containing 5 wt-% lignosulphonate diluted from a 50
wt-% product obtained from supplier. This lignosulphonate was applied
onto the lignosulphonate test section in Hagfors and Rättvik. During
both the first and the second season of the test this lignosulphonate

126

product proved to have substantial weaknesses in dust controlling
effect, according to DustTrak measurements and visual assessments.
To withstand the vacuum inside the electron microscope the samples need to be
dry. Therefore the different stock solutions of tested lignosulphonate were diluted in
deionised water to the same concentrations, i.e. 5 wt-%, in different Petri-dishes. A
total volume of 10 mL was put on a bench for allowing water to evaporate. After
drying, only a very thin film, 25 µm thick, remained. Approximately 1 cm2 of this 25
µm thick film was placed on a carbon tape and placed onto a specimen holder inside
the SEM.
Calcium chloride
Two different surface wearing course specimens containing calcium chloride were
analysed:
• Specimen (III), which was collected from section 8 in Hagfors the 3rd of
May 2006, before the dust control treatment of the gravel road with calcium
chloride.
• Specimen (IV), which was collected from section 8 in Hagfors the 2nd of
June 2006, 21 days after the treatment of the gravel road with calcium
chloride.
Both specimens were collected on section 8 in Hagfors which was dust suppressed
with 1.0 kg/m solid calcium chloride, see description of field test in chapter 5.
Specimen (III) was collected before the annual dust control treatment and hence
about one year after the previous application of 1.0 kg/m solid calcium chloride.
Before the beginning of the field test this gravel road had been dust suppressed with
about 1.0 kg/m solid magnesium chloride for about 40 years. Specimen (IV) was
collected after the annual dust control treatment on the very same section within a
distance of ± 2.5 m. Between these two times of specimen collection the complete
road section was watered and bladed, which was done in association with the dust
suppressant application. Specimen (IV) was collected 21 days after the application of
calcium chloride. During those 21 days as much as 53.2 mm precipitation was
recorded.
Fifty grams of these samples were put into a beaker and added was 50 mL of
deionised water before being put inside an ultra sound bath for 10 minutes. The fluid
part of the sample was then decanted into a funnel containing a folded filter paper.
The filter paper was subsequently let to dry inside a Petri-dish. The dry, assembled,
solid mineral particles collected inside the filter paper created a compact layer, about
40 µm thick. Approximately 1 cm2 of this 40 µm thick film was placed on a carbon
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tape and assembled onto a specimen holder inside the SEM in the same manner as
the lignosulphonate specimens.

7.5 Results
Lignosulphonate
Simply by looking at the two different lignosulphonate samples a physical difference
was distinguished (Fig. 46). Sample (I) kept its molecules tightly bound and hence smear
and adhere substantially to the surface underneath. Sample (II) was inclined to fracture,
forming dry flakes that are easily torn away from the surface.

Figure 46. To the left is shown a lignosulphonate specimen (I) from product used in
Umeå, while the picture to the right shows a lignosulphonate specimen (II) from product
used in Hagfors and Rättvik.
When looking at large magnification of the two samples, only minor differences can be
seen in the SEM images (Fig. 47 and 48). Sample (I) has a slightly rougher surface at 0.6
mm frame width. However, from an EDS analysis, a substantial difference in the
chemical composition of the two specimens can be distinguished. Specimen (I) (Fig. 49)
contains high levels of sulphur, S, and sodium, Na, and lower levels of carbon, C,
oxygen, O, and calcium, Ca. Specimen (II) (Fig. 50) has higher levels of the elements C,
O, and Ca but lower levels of S and Na than specimen (I).
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Figure 47. Magnified SEM image; frame width 0.6 mm showing surface morphology for
lignosulphonate specimen (I), to the left, and specimen (II), to the right, respectively.

Figure 48. Magnified SEM image; frame width 0.1 mm showing surface morphology for
lignosulphonate specimen (I) to the left, and specimen (II) to the right, respectively. The
broad pale string in the right image represents a cross section surface of the
lignosulphonate film.
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Figure 49. EDS analysis showing chemical composition of specimen (I); a sodium
lignosulphonate.

Figure 50. EDS analysis showing chemical composition of specimen (II); a calcium
lignosulphonate.
An EDS-mapping renders it possible to see the distribution of included elements. The
image which constitutes the basis for the EDS-mapping (Fig. 51) is also shown at the
upper left corner in figure 52. An EDS-mapping of sample (I) (Fig. 52) shows the
distribution of carbon, C; oxygen, O; Sodium, Na; and sulphur, S in the specimen. In this
image it is possible to see the accumulation of atoms into a shape resembling snowflakes. This shape is clearly assigned to, especially, accumulations of sodium ions and, to
a lesser extent, sulphur; while carbon and oxygen is more evenly distributed throughout
the sample.
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Figure 51. Image constituting the basis for EDS-mapping. Surface morphology for
specimen (I) (‘Snowflakes’).

Figure 52. EDS-mapping showing the distribution of the elements: C, O, Na and S, with
the image constituting the basis for EDS-mapping, shown in upper left corner.
Calcium chloride
SEM images of surface morphology for filter material from a calcium chloride
treated test section is reproduced with an image width of 0.6 mm (Fig. 53), and with
an image width of 0.1 mm (Fig. 54).
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Figure 53. Magnified SEM image; frame width 0.6 mm, showing surface morphology for
specimen (III); before dust suppressant treatment with calcium chloride, to the left, and
specimen (IV); after treatment, to the right.

Figure 54. Magnified SEM image; frame width 0.1 mm, showing surface morphology for
specimen (III); before dust suppressant treatment with calcium chloride, to the left, and
specimen (IV); after treatment, to the right.
Also for these samples an EDS analysis was performed to receive the relative
composition of elements within the samples containing mineral particles and calcium
chloride. Results from each EDS analysis, respectively, is shown in figures 55 and 56.
According to this both samples contains mostly silica, which is not a surprise since this
also constitutes the individually largest part of all mineral particles. Amounts of iron,
oxygen, titanium, and aluminium, all of them most likely originating from the mineral
particles, are also found along with smaller amounts off calcium, magnesium and
sodium, which should also be present in mineral particles. However, any difference in
chemical composition between the two assessed samples is lacking, i.e. the two images
look the same.
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Figure 55. EDS analysis showing chemical composition of specimen (III); before dust
suppressant treatment with calcium chloride. Results obtained for both 100x (1.2 mm x 1
mm) and 1000x (120 µm x 100 µm) magnification.

Figure 56. EDS analysis showing chemical composition of specimen (IV); after dust
suppressant treatment with calcium chloride. Results obtained for both 100x (1.2 mm x 1
mm) and 1000x (120 µm x 100 µm) magnification.
In an attempt to see if the brighter particles somehow could be linked to the elements in
the calcium chloride salt, i.e. calcium or chloride, a point EDS analysis was done on a
brighter particle (Fig. 57). Results indicate that the brighter particles seen in the images
have a higher concentration of mainly potassium, K, than the mean composition of the
specimen. The initial source of this element is not known. It can therefore not be
excluded that the potassium origins from the salt addition.
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Figure 57. EDS analysis showing chemical composition of brighter particle of specimen
(IV); after dust suppressant treatment with calcium chloride. 5000x magnification is
used.

7.6 Discussion and Conclusions
Sample (I), which was the high performing lignosulphonate used in Umeå, is a sodium
lignosulphonate. Sample (II), which was the low performing lignosulphonate used in
Hagfors and Rättvik is a calcium lignosulphonate.
The coating ability seems better for the sodium lignosulphonate used in Umeå than for
the calcium lignosulphonate used in Hagfors and Rättvik. The latter promptly flaked off
its adherent surface (Fig. 46). The sodium lignosulphonate only ruptured at the edges of
the Petri-dish indicating that it is important that this product is spread all the way to the
road edges during application to prevent expanding rupturing aggravated by traffic wear.
The SEM analysis of the two granular filter materials taken before and after application
of calcium chloride shows a difference in particle size for the two specimens. At least
this can be observed in the images from the lower magnification, with a 0.6 mm frame
width (Fig. 53). Specimen (IV) which was collected after calcium chloride application
has larger particles than specimen (III), which was collected before salt treatment. The
samples were collected from almost the exact same spot on the exact same road, but at
different times, i.e. prior to and after dust control with calcium chloride. The only thing
that should be different between these two samples is the concentration of calcium
chloride, i.e. the mineral composition should be the same. This gives credibility to the
initial hypothesis i.e. chloride ions or calcium- and chloride ions binding to negatively
charged mineral particles or plugging the pores and hence prevents the mineral particles
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from passing the filter paper pores. On the other hand, the images of relative element
composition, i.e. the EDS analyses shown in figures 55 and 56, for the two samples
showing no significant difference suggests that the hypothesis should be falsified, or at
least not accepted. The larger particles from the sample collected after calcium chloride
application ought to contain more calcium and chloride than the sample collected before
application. This would imply that a higher relative concentration of calcium and
chloride is expected to be seen on the EDS analysis of the filter material in figure 56;
which is not the case.
In conclusion, the addition of calcium chloride into the gravel wearing course material
can not be observed in the filtrate. However, it seems somewhat remarkable that there is
no indication of a higher relative concentration of either calcium or chloride in the
sample collected 21 days after calcium chloride was applied compared to the sample
collected before salt application and thus almost one year after the previous application.
It would be interesting to examine the filtrate from both specimens and not only the
content in the filter paper. This will be a subject for future studies. Surely, calcium
chloride is an easily solvable salt and large amount or perhaps even the main part, at least
regarding the chloride, should be recovered in the water filtrate but it is nevertheless
astonishing that there seems to be no difference in calcium chloride concentration
between the two specimens.
However, the large amount of precipitation, i.e. 53.2 mm, during the 21 days between
the application of calcium chloride and the collection of specimen (IV) might possibly
have influenced the residual concentration of calcium and chloride and hence the results.
In chapter 6 it was shown that the residual chloride concentration in Hagfors was very
low already at this first measuring occasion after dust suppressant application. The
reason as to why the filtrate of specimen (III), collected before calcium chloride
application, turned out muddy while the filtrate of specimen (IV), collected after calcium
chloride application was clear, is still not known.
The most important findings from this chapter are:
• The chemical composition between the two examined lignosulphonates differ;
one being a sodium lignosulphonate and the other being calcium
lignosulphotate.
• The sodium lignosulphonate has a larger content of sulphur and sodium while
calcium lignosulphonate contains more calcium, oxygen, and carbon.
• There is no difference in chemical composition between the two examined
aggregate samples collected before and after dust control treatment with
calcium chloride. However salt addition might influence the mineral
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composition of aggregate samples since this sample is composed of larger
mineral particles.
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8
Horizontal diffusion of particulate matter from the gravel road
8.1 Background
The PM10 (Particulate Matter 10) designation denotes all particles with diameter smaller
than or equal to 10 µm. These particles are small enough to be able to accumulate in the
respiratory system (Foley et al, 1996). The largest particles with the capacity to end up
within the lungs are of diameters up to 15 – 20 µm (www.naturvardsverket.se)
Since 1999 there is an European Council directive that regulates the maximum allowed
concentration of different compounds in the surrounding air (Council Directive
1999/30/EC, 1999). This directive states limit values for sulphur dioxide, nitrogen
dioxide, lead, and particulate matter in ambient air. According to this, the average daily
concentration of particles smaller than 10 µm, PM10, should not exceed 50 µg/m3 for
more than 30 times a calendar year and the total average yearly concentration should not
exceed 40 µg/m3. These values are valid from the 1st of January 2005 and goes under the
name ‘Stage 1’. ‘Stage 2’, for which limit values are to be met on the 1st of January 2010,
have corresponding values of 50 µg/m3 in average daily mass concentration, not to be
exceeded more than seven times a calendar year and with a maximum of 20 µg/m3 in
average yearly concentration. WHO recommends even lower PM10 limit values to
prevent the long-term exposure of the finest particles, which are clearly correlated to
increased mortality (www.vti.se/templates/Page_7157.aspx).

8.2 Objective
The objective of this study is to look into some kind of worst case scenario prevailing
on a gravel road and see how far the health hazardous particles of a dust aerosol, i.e.
PM10, can travel from the road lane. The objective is also to examine if the mass
concentration of this aerosol fraction exceeds the maximum allowed values stated by the
above mentioned European Council directive.

8.3 Method
The DustTrak equipments, described in chapter 9, were placed at different distances
from the road edge in order to examine the correlation between the mass concentrations
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of airborne PM10 particles and distance from the gravel road. The equipments were
placed on an open field in a down wind location from the gravel road, see figure 58 for
arrangement of equipments. The chosen section of the road, where DustTraks were
located, had a PM10 concentration equivalent to a class ‘4’ according to the visual
assessment made in accordance with The Swedish Road Administration’s method
description for judgements of gravel road conditions (Vägverket, 2005), equivalent to a
PM10 concentration greater than 4 mg/m3.
The test period was approximately one hour. During that time the test vehicle travelled
back and fourth on the road section in 40, 50, 60, 70, and 80 km/h, respectively. Two
passes per vehicle travel velocity were hence done before the equipments were moved
further away from the road lane to the next measuring points. During vehicle passes the
DustTrak equipments were left to run continually. To let particle concentrations decline,
approximately 30 seconds elapsed between vehicle passes. The particle concentration is
the mean of all every secondly obtained PM10 values for the dust plume corresponding to
each velocity.

Figure 58. Arrangement of measuring equipments, DustTraks, for analysing horizontal
dust transport with distance from the gravel road.
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8.4 Results
From the obtained data from the DustTrak equipment placed on the test vehicle, it is
apparent that the test road section used represents a road of class 4, emitting > 4 mg/m3
PM10 when travelling at 40 km/h. The obtained mean value from two vehicle passages at
this velocity is almost 8 mg/m3, according to figure 65 in chapter 9.
Figure 59 illustrates the appearance of a typical diagram for dust abatement at the
distances of 5 and 10 m respectively, from road edge when two vehicles pass by.
A linear correlation between vehicle velocity and dust abatement with distance from
the road edge was only observed with a vehicle velocity of 40 km/h (Fig. 60). This seems
somewhat strange considering the good correlation obtained with all velocities taken
together (Fig. 61).
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Figure 59. Typical appearance of PM10 mass concentration distributions for two
different distances from the road edge. DustTrak 1, DT 1, is placed 5 m from road edge
and DustTrak 2, DT 2, is placed 10 m from road edge. Two different peaks per curve,
represent two different vehicles passing. The left peaks represent the first vehicle and the
right peaks represent the second vehicle.
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Figure 60. Correlation between PM10 mass concentration and distance from road edge
for a vehicle travelling at 40 km/h. The PM10 mass concentration is measured as the sum
of the dust accumulated during the measuring time, i.e. the area beneath graph like those
on figure 59.
There seems to be a linear correlation between mean mass concentration of PM10 and
dust decay with distance from road edge according (Fig. 61).
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Figure 61. Correlation between mean PM10 mass concentration and distance from road
edge, at a traffic intensity of approximately 1 vehicle/ min. The test time is approximately
one hour and the traffic intensity is approximately one vehicle per minute.
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8.5 Discussion and Conclusions regarding dust beside the road
If the linear regression in figure 61 is extrapolated, it indicates that the particle emission
from the gravel road travels no further than 45 m down wind from road edge in
prevailing wind velocities of between 0 and 7 m/s. This result represents concentrations
of PM10. It hardly seems probable that particles larger than these will travel further. The
highest mean PM10 concentration obtained, slightly above 0.5 mg/m3 at a distance of 5 m
from the road edge, correspond to a mass concentration ten times greater than the
permitted concentration during 24 hours, according to the European Council directive.
Since this mean particle concentration was obtained during one hour with a traffic
density of, as much as, one car per minute, it hardly seems likely that the European
Council directive is infringed on locations beside the road.
These results may be compared with PM10 values 10 – 20 m from paved roads.
Regarding paved roads the maximum daily average is the most difficult limit value to
meet. The maximum daily mean of PM10, measured in Stockholm city, was 621.8 µg/m3
(2002-2003). However on several streets in this city, the limit value of 50 µg/m3,
regarding average daily concentration, is exceeded more than 50 days per year, or even
100 days per year. (http://www.ivl.se)
Experiments yielding lower particulate matter concentration than those reported from
this study in Rättvik were excluded. Since these values were obtained from one single
occasion at Rättvik, it is not likely that these results represent a state prevailing on gravel
roads in general. However these results most probably represent a worst case scenario,
which was also the objective with the study.
There are several published studies which indicate that the vehicle speed has large
impact on the amount of generated dust. Addo and Sanders (1995) concluded in their
study, which involved collecting dust fallout in buckets, that the amount of dust
generated by vehicle traversing an unpaved road is related to the vehicle speed. Kuhns
et al (2001) noticed that the aerosol concentration behind the vehicle increased
exponentially with speed. This seems likely since a higher velocity creates more
turbulence and higher abrasive impact on the road surface. However any correlation
between the amount of generated dust and vehicle speed has not been found in this study,
see chapter 9. It is possible that the measured PM10 particles are not influenced to the
same extent by the velocity as the coarser particles which cause visibility impairment and
cover the environment, and hence can be collected in buckets as in the study described
by Addo and Sanders (1995). Kuhns et al (2001) also measured PM10 particles and
concluded a correlation but they also note that the speed effect could be an artefact
associated with the airflow around the instrument inlet. However, it seems likely that the
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amount of coarser particles in the air increase with the increasing speed of the vehicle
generating them.
The most important findings from this chapter are:
• There is a linear correlation between mean mass concentration of PM10 and
dust decay with distance from road edge.
• The particle emission diffuses no further than 45 m down wind from the gravel
road in prevailing wind velocities of between 0 and 7 m/s.
• Even regarding locations very close to the gravel road, there is a very small risk
of exceeding the maximum allowed daily average concentration of PM10 stated
by the European Council directive.
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9
Development of an objective method for recording dust
formation
9.1 Introduction
The problems with visual ratings of gravel road conditions are well known. Since it is
subjective judgements which are performed by different people it often turns out that
these people assess the same condition differently and also that the same person assess
the same condition differently from time to time. A clear example of the former is shown
in table 15, where several different people have judged the same road sections with
regards to their evenness. In this instance the evenness of 26 different road sections in
Hagfors was assessed by eight different people passing the road sections at the same
time, i.e. in two different cars in series. As much as two classes may differ between
different persons. This means that one person may classify the road as a ‘4’, indicating
that it needs to be re-bladed, while another person may classify the same road as a ‘2’ or
a ‘3’, indicating that re-blading is not needed.
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Section
1
2
3
4
5
6
7
8
9
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Table 15. Visual assessments of evenness of 26 different gravel road sections performed
by 8 different persons in September 2006.
It is probable that subjective ratings of dust emission are even more difficult than these
subjective ratings of road surface evenness. Therefore an objective method for dust
emission assessment is needed.

9.2 Objective
The objective is to develop an objective method for determination of dust concentration
in the air connected to the traffic on gravel roads. The equipment shall be vehicle
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operated and easy to install. It should record dust concentration together with current test
section, time and vehicle travel velocity. The objective is also to examine the influence
of vehicle velocity on PM10 registrations.

9.3 Description of the objective method for recording dust
An objective method, incorporating a TSI DustTrak Aerosol Monitor, was developed for
assessing the amount of dust emitted from the different test roads, described in chapter 5.
The DustTrak apparatus uses a 90º light scattering laser diode sensor. The amount of
light scattering is proportional to the mass concentration of the aerosol for real-time
determination of aerosol mass concentrations, in the range 0.001-100 mg/m3, for
particles ranging in size from 0.1 to 10 µm (Hitchins, 2000; Wu, 2002; Veranth et al,
2003). The DustTrak monitor is calibrated, from the manufacturer, to the respirable
fraction of ISO 12103-1, A1; formerly known as ultrafine Arizona test dust or SAE
ultrafine test dust (TSI, 2005). By volume, the standard material for calibration consists
of 1-3% particles with diameter < 1 µm, 36-44% with diameter < 4 µm, 83-88% with
diameter < 7 µm, and 97-100% with diameter 10 µm (Moosmüller et al, 2005). This
calibration may not be applicable to dust of different mineralogical composition,
morphology, size distribution, and refractive index which will influence the light
scattering. For true values the equipment would need to be re-calibrated for the vehicle
emission aerosol at the road site. In this study the equipment was used to provide for
relative comparison of the test sections. This apparatus has been used in earlier studies
for assessing vehicle characteristics of dust emission (Etyemezian, 2003; Gillies et al,
2005), as well as in studies evaluating vertical and horizontal profiles of airborne
particulate matter, mainly near major paved roads in highly habited areas (Wu, 2002;
Veranth et al, 2003). It has also been used for assessing the amount of PM10 from the
interaction between tyre and roadway as well as in railway environments (Gustafsson et
al, 2005; Gustafsson et al, 2006).
The TSI DustTrak Aerosol Monitor (Fig. 62) is battery-operated and hence portable. A
pump draws the sample aerosol through a PM10 inlet into an optical chamber where it is
measured. A sheath air system isolates the aerosol in the chamber to keep the optics
clean. (Moosmüller et al, 2005)
The PM10 mass concentration may be a poor surrogate for assessing the optical
properties of particles that really cause visibility impairment on gravel roads where the
particle size is estimated to be up to 0.1 mm (Boulter, 2005). In particular, particle
scattering is strongly dependant on particle size. Visibility impairment is primarily
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caused by light scattering from suspended particles, with important contributions from
both fine and coarse size fractions. (Moosmüller et al, 2005)

Figure 62. TSI DustTrak Aerosol Monitor placed in its protective box.
This measuring equipment was assembled on to a test vehicle; an estate car of 2100 kg
maximum authorized GVW. At the tests in 2005, two DustTraks were mounted on the
roof-rack of the vehicle; one having an inlet tube reaching from the protection box,
enclosing the DustTrak, to the left rear-view mirror and the other having an inlet tube
taped to the back windscreen viper (Fig. 63).
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Figure 63. DustTrak montage on test vehicle with DustTrak inlets marked with arrows.
Each DustTrak was set to give mean values of aerosol mass concentrations with
second resolution. The equipment having inlet tubing on the front of the vehicle was set
to register background airborne particulate matter, i.e. dust that was already airborne and
thus was not influenced by the vehicle momentum e.g. particles from sources other than
the road, pollen, etc. However it was shown during the first year that this contribution
was rather small and constant. Therefore only the DustTrak registering the particle
concentration behind the vehicle was used during the following season of 2006.
The driving pattern, of the test vehicle, was to the greatest extent possible restricted to
the existing wheel tracks. A PDA was connected to a GPS and at each second was
programmed to register time, current test section, and speed of travel. These data were
then combined with the DustTrak data.
Comparisons with visual registrations, according to SRA’s method (Vägverket, 2005),
of dust formation on the test sections, were done to evaluate the possibility to use PM10,
measured by the DustTrak Aerosol Monitor, for road dust comparisons.
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9.4 Description of the subjective method for recording dust
The visual assessments were done according to The Swedish Road Administration’s
method description for judging road conditions for a gravel road (Vägverket, 2005). In
accordance with this description, four different properties are judged: evenness, loose
gravel, crossfall, and amount of dust raised. Each property is assessed on a scale ranging
from 1-4, where ‘1’ is good and ‘4’ indicating a very bad condition. In the instance of
amount of dust raised, ‘1’ indicates no dust, ‘2’ indicates small amounts of dust, ‘3’
stands for impaired visibility and finally ‘4’ indicates that the visibility is critically
reduced.
The visual assessments are typically done once every second week by one single
person travelling in a car passing all test sections. This person registers a subjective
judgement and if any one section is judged as a ‘class 4’ in any one of the four properties
the road section should be re-bladed. Usually, when one section is regarded as a ‘class 4’
ambient sections are also re-bladed as a preventative measure. However in the
implemented field test, the road contractors were asked only to attend the section that
was assessed as ‘class 4’ section.
Since some of the test roads, incorporated in the field test, were situated far away from
the nearest road contractor office, visual inspections were done when ever the road
contractor regarded it suitable. Thus, the weather at the site was not given much
consideration. This might affect the result such that a ‘class 1’, concerning the amount of
dust raised, might be registered on a section that previous day, in dryer conditions should
have been registered as a ‘class 3’ or even a ‘class 4’.

9.5 Test program
In order to look into the correlation between obtained DustTrak values and the test
vehicle velocity three different field test sections were passed at two different velocities;
40 km/h and 60 km/h, with the DustTrak continually recording PM10 values. Sections
14, 15, and 16 in Hagfors were chosen for the study since these sections were giving off
much dust and are positioned in series along the same stretch of road. Sections 14 and 15
were assessed as ‘class 4’ by a person from the road contractor. Unfortunately, section
16 had not been assessed when these measurements were made since it was not part of
the field test. Presented mean values for PM10 are calculated from two passes over each
1000m section. This study was done in the dry summer of 2006. The trial could not be
completed during the first season of the field test; 2005, due to insufficient dust emission
on gravel road test sections.
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In 2006 a test of different test vehicle velocities in correlation to obtained PM10 values
was also performed in Rättvik. Here a shorter, straight stretch of road was chosen such
that vehicle velocities 40, 50, 60, 70, and 80 km/h could be evaluated. Also here the road
section was regarded as a ‘class 4’ according to visual observations. Presented means are
calculated from two passes over the whole section, for each velocity.

9.6 Correlation between recorded DustTrak PM10 values and vehicle
velocity
DustTrak values, from measurements on a vehicle in motion as described here within,
cannot be relied upon when travelling at a speed other than 40 km/h. Results from
experiments when travelling at 60 km/h differ considerably from results from the 40
km/h measurement (Fig. 64). Also the subjective visual observations by the driver were
more in agreement with the PM10 value obtained at the 40 km/h velocity than the 60
km/h. These incommensurable results could probably be due to more complicated
vehicle wakes as well as a less homogenous driving pattern and more vehicle momentum
at 60 km/h. The 60 km/h velocity of test vehicle was chosen since a constant vehicle
velocity of 60km/h is regarded as some sort of maximum for a safe drive on a longer
stretch of a gravel road. A velocity lower that 40 km/h is hard to maintain constant due to
cruise control limitations and also makes the test very time consuming. A step of 20
km/h between test velocities was regarded sufficient in order to evaluate any differences
from variations in travel velocity.
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Figure 64. DustTrak values from the same test sections but from traveling at two
different velocities, 40 km/h and 60 km/h, respectively.
It is apparent that the developed objective method requires that the test vehicle keeps a
constant velocity of approximately 40 km/h, or at least not faster than a constant velocity
of 50 km/h (Fig. 65). It is clear that recorded particle concentration is speed dependant.
Expectations would be to obtain higher particle concentrations for higher velocities but
the correlation seems inversed. In fact, at 80 km/h no particles are collected inside the
aerosol monitor. The highest value is obtained for 50 km/h, after this point the particle
concentrations subside substantially. This strongly indicates that for increasing velocities,
after a certain point, the possibility for particles to either reach or pass the inlet of the
DustTrak apparatus decreases.
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Figure 65. Results from DustTrak placed on the test vehicle. PM10 concentration as a
function of travel velocity.

9.7 Correspondence between the two methods of assessing
airborne particulate matter
As previously mentioned, the particulate matter concentration results obtained with the
DustTrak equipment were complemented with visual assessments every 14 days.
Protocols from visual assessments were collected and compared to results from a
DustTrak evaluation. The objective was to see how well the PM10 data from the
DustTrak equipment correlated to the results obtained from the visual assessments.
Problems occurred with matching a time which would be suitable for both the person
doing the subjective assessment and the person doing the objective measurement. Both
of which were affected by factors such as the weather and work load especially since it
was in the middle of the summer vacation period. Therefore, the times for the two
assessments very seldom coincided. Only at one occasion was the visual assessment
done at exactly the same time as the analysis with the DustTrak equipment. The person
who did the visual assessment judged the individual sections according to the bar chart
associated with the right scale in figure 66, whereas the results from the values obtained
by the DustTrak are shown as a stock chart with mean values associated with the left
scale.
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Figure 66. DustTrak results obtained 5pm on the 1st of June 2006 are shown, with the
stock chart connected to the left scale, in the same diagram as the visual assessment
regarding amount of raised dust presented in the bar chart connected to the right scale.
However there are problems associated with comparing these two methods since one
of them gives continuous values, starting from 0 mg/m3, and the other subjective method
gives values from 1 to 4 in steps of 1 unit.
In another instance, also in Hagfors, the visual assessment was done one day after the
evaluation using the DustTrak by a person who normally does not work on the location.
During the short time period between the two assessments, there occurred no rain and no
re-blading or other treatment of the road sections was done. The result from this
evaluation is shown in figure 67.
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Figure 67. DustTrak results obtained in Hagfors on the 6th of July 2006, stock chart
connected to the left scale, is shown in the same diagram as the visual assessment,
regarding the amount of raised dust, performed in Hagfors on the 5tht of July 2006. The
visual assessment is presented in the bar chart connected to the right scale. There was
no occurrence of precipitation during the day which passed between the two
assessments.
As a third example, results from Umeå are shown in figure 68 below. During the three
days between the two assessments there was no occurrence of rain or road section
treatment. The individual sections were visually assessed in accordance with the bar
chart associated with the right scale while results from the DustTrak analysis are shown
in the stock chart with mean values associated with the left scale.
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Figure 68. DustTrak results obtained in Umeå on the 28th of July 2006, stock chart
connected to the left scale, is shown in the same diagram as the visual assessment,
regarding amount of raised dust, performed in Umeå on the 25tht of July 2006. The
visual assessment is presented in the bar chart connected to the right scale. There was
no occurrence of precipitation during the days passing between the two assessments.
The results from a correlation between the mean values of all visual assessments
performed during the summer of 2006 and the mean values of all objective
measurements performed during the same time is reproduced in two different ways in
figures 69 and 70, respectively. These show the difficulty in comparing the results from
the two methods. Even though results from the visual assessments are presented
numerically, its scale is discreet. However, here a mean value from all subjective
assessments during the summer of 2006 is calculated and presented which means that the
scale is continuous between 1 and 4. In spite of these problems results show a fairly good
correlation between the two methods (Fig. 69).
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Figure 69. Correlation between road sections mean of all visual assessments and the
same road sections mean of all objective measurements, at Hagfors in the summer of
2006.
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Figure 70. Subjective mean values and objective mean values for the summer of 2006 in
Hagfors presented in the same diagram. All subjective mean values have been
subtracted by one to be able to use the same scale as objective mean values, starting at
zero.
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It is somewhat unfortunate that DustTrak measurement and visual assessment only
exactly coincide in time once. However, it hardly seems probable that the few days
between evaluations should significantly alter the condition of the road sections, and
hence cause erratic comparison since the weather during the time period was very stable,
i.e. dry with light breeze, and no blading or other maintenance treatment of the road was
done.
Results from neither Rättvik nor Halmstad are presented here since the amount of
raised dust on all these road sections were visually assessed as in very good condition,
i.e. class ‘1’ to ‘2’, throughout the whole season. Since correspondence between
DustTrak results and visual assessments are not ideal, one possibility would be that PM10
airborne mass concentration is a bad substitute for the dust fraction which impairs the
visibility on the gravel road. A classification of this is of main interest for the purpose of
this study. Therefore it would be interesting to examine the particle distribution and
emission of other size fractions, especially coarser fractions. This can easily be done for
finer fractions, e.g. PM2.5, by using other filters inside the DustTrak inlet. For measuring
coarser fractions than PM10, no suitable apparatus has so far been found. However, it
seems possible that in fact rather accurate values may be obtained with the DustTrak
equipment, displaying even small differences inseparable to the eye, in particle
concentrations between road sections.

9.8 PM10 values for different road condition classes
On the basis of the correlation between visual assessments and its corresponding
DustTrak data, threshold PM10 values in mg per m3, for the different road condition
classes concerning dust concentration in air may be proposed:
Class

DustTrak
mean
value
1
No dust
< 0.5 mg/m3
2
Small amount of dust
0.5 < 1.5 mg/m3
3
Impaired visibility
1.5 < 4 mg/m3
4
Visibility is critically reduced
4 mg/m3
Table 16. Proposed threshold PM10 values, in mg per m3, for different road condition
classes, judged in accordance to the visual inspection method in VV Publ. 2005:60
(Vägverket, 2005).
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VV Publ. 2005:60

9.9 Conclusions regarding the objective PM10 method for
measuring airborne dust formation
Visual assessments of the test sections were done once every second week to judge
four different road properties: evenness, loose gravel, crossfall, and amount of dust.
These subjective judgements were subsequently compared to results from the
objective measurements from the DustTrak apparatus, exposing a fairly good
correlation regarding occasions when dust emission was more excessive and very
little or no correlation when dust emission was judged as non-existent according to
the visual assessments. A higher correlation than the obtained correlation in figure 69
is difficult to achieve when subjective estimations are involved. This can clearly be seen
in table 15.
On several occasions, concerning mainly Halmstad but also Rättvik, the degree of
dust emission was judged as ‘non-existent’ while DustTrak data indicate enhanced
particle concentrations for some of these sections, i.e. mainly the lignosulphonate
treated sections.
It is also remarkable that during the dry summer of 2006 a ‘class 4’, i.e. the worst
dust condition, was only recorded at five different occasions. Four of these were
recorded at the same occasion by a person who usually does not do this work. The
problems with subjective judgements are well known. Individual people may assess
the roads differently and the very same person may also assess the same road
different depending on the condition of previously assessed road sections. Further, it
is also possible that the maintenance contractor, the road authorities, and the road
users will assess the road differently.
It is apparent from figure 65 that the developed objective method requires that the test
vehicle keeps a constant velocity of approximately 40 km/h since the recorded particle
concentration is speed dependant. Less and less particles are registered at increasing
vehicle velocities, higher than 50 km/h. This strongly indicates that the possibility for
particles to either reach or pass the inlet of the DustTrak apparatus decreases with test
vehicle velocity.
The most important finding from this chapter is:
• An objective method for quantifying the amount of dust on gravel roads has
been evaluated. The method gives the opportunity to distinguish between
sections treated with different dust suppressants. The method is relatively easy
to install and records dust concentration together with current test section, time
and vehicle travel velocity. The method has been compared with visual
inspections and shows a relatively good correlation. It gives substantial and
reliable results. However the method requires that the test vehicle keeps a
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constant velocity of approximately 40 km/h since the recorded particle
concentration is speed dependant.
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10
Correlations between deterioration processes and dust
emission on the gravel road
10.1 Background and Objective
Previously published literature (Moosmüller et al, 2005) indicate that there is a mutual
dependence between the amount of dust raised by traffic and the evenness, i.e. the degree
of ruts and corrugations, of the gravel road surface. It is possible that also other
deterioration processes, such as the amount of loose gravel and the crossfall of the road is
dependant on the dust emission. All of these mentioned deterioration processes, i.e.
eveness, loose gravel, crossfall, and dust emission, were assessed visually with the
objective of studying correlations between dust emission and general deterioration
processes of the gravel road.
For crossfall, no correlation to dust emission is actually expected. However, if the fine
material in the aggregate is lost as dust; findings in literature indicate that the overall
gravel road conditions would also deteriorate, i.e. a less bound and an uneven road
surface with loose gravel will prevail; thus a positive correlation between increased dust
emission and a less bound road surface as well as a increasingly uneven road surface
would be obtained.

10.2 Method
For each test section, season means from visual assessments done every other week were
calculated for crossfall, evenness, loose gravel and the amount of dust raised. As
described in chapter 9 the visual conditions are classified in classes 1-4, with 4 as the
class for a test section in a really bad condition and class 1 for a test section in a really
good condition.
Linear regression for analysing correlation between dust emission and any other of the
judged qualities was done. Each test section is represented by a separate dot in the
regression diagrams.
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10.3 Results
Most analyses gave very little or even no correlation. It is possible that this may be
explained by the consistently good conditions these test sections were assessed as. Hence
low visual classification means were received for most test sections. The only exception
is, to some extent, the road sections in Hagfors which have some sections with a visual
classification mean of around 2.5.
The best correlation is received dust emission and loose gravel judged in Hagfors (Fig.
71). This correlation indicates that there is a significant correlation, with a probability of
error less than 0.1%, assuming normal distribution. The 95 % confidence interval is
0.736 < β < 1.053 and 0.159 < α < 0.731, respectively. There is also a significant
correlation to the 5% level between dust emission and evenness in Hagfors (Fig. 72).
Corresponding 95 % confidence interval is 0.164 < β < 0.944 and -0.762 < α < 2.773,
respectively.
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Figure 71. Linear regression showing significant, α=0.05, correlation between dust
emission and loose gravel on dust suppressant treated test sections in Hagfors. Each dot
represents a different section. Values are presented as season means of all visual
assessments. Classification, from 1 to 4, is in accordance with SRA’s method description
for judging road conditions for a gravel road, where a ‘1’ indicates a good condition
and a ‘4’ indicates a bad.
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Figure 72. Linear regression showing significant, α=0.05, correlation between dust
emission and evenness on dust suppressant treated test sections in Hagfors. Each dot
represents a different section. Values are presented as season means of all visual
assessments. Classification, from 1 to 4, is in accordance with SRA’s method description
for judging road conditions for a gravel road, where a ‘1’ indicates a good condition
and a ‘4’ indicates a bad.

10.4 Conclusions
From correlating the different properties which where judged at the visual
inspections, it was possible to see a very strong correlation between loose gravel on
the road surface and dust emission in Hagfors. Possibly because this test location
had the highest particle concentrations regarding both the visual assessments and the
DustTrak analysis.
The most important finding from this chapter is:
• Statistical analyses, from visual inspections of the road condition, at the 5 %
level conclude that the amount of dust raised by traffic can be used as a
predictor for development of both evenness and loose gravel on the road
surface.
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11
Laboratory study of dust suppressant leaching
11.1 Background
Tests for leaching solid material have already been in use for a longer period of time, in
the last years mainly for characterisation of waste products. Different test methods have
been developed and used in different countries (Fortkamp et al, 2002). Examples of these
are: prEN 14405 - Characterisation of waste - Leaching behaviour test - Up-flow
percolation test, prEN 12457 - Characterisation of waste - Compliance test for leaching
of granular waste materials and sludges, and ASTM D4874-95 (2006) - Standard Test
Method for Leaching Solid Material in a Column Apparatus.
The last mentioned is a standard laboratory procedure for generating aqueous leachate
from materials using a column apparatus. It provides for the passage of an aqueous fluid
through materials of known mass in a saturated up-flow mode but has the limitation of a
maximum particle size of 10 mm to ensure adequate compaction.
Aggregate material for gravel wearing courses originates from the degradation of
rocks. When the aggregate has a low moisture content, the pores are mainly filled with
air. As the moisture content increases, as a result of precipitation, the pores contain more
and more water. In a granular aggregate the water molecules enter, i.e. penetrate, easily.
The coarser the soil texture, the higher the penetration rate. The penetration rate of the
soil is the velocity at which water can enter. It is commonly measured by the depth of the
water layer that the soil can absorb in one hour. The penetration rate depends on both soil
texture and aggregate moisture content. The explanation to the former, i.e. the soil
texture, is that in coarser aggregates the water enters and moves more easily into larger
pores and therefore it takes less time for the water to penetrate. The explanation to the
latter, i.e. the moisture content, is that water penetrates faster when the mineral particles
are dry than when they are wet. The consequence of the latter is that the water first
penetrates easily, but as the aggregate becomes wet the penetration rate decreases.
(www.fao.org/docrep/R4082E/r4082e05.htm)
During rainfall the aggregate pores will be water filled. If all pores are filled, the
aggregate is said to be saturated and the water will turn muddy. However after a while
part of the water present in the larger pores will move downwards in a process called
drainage or percolation. This percolation process will thus take a longer time for fine
textured aggregates than for coarser textured aggregates.
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However groundwater may also be sucked upwards by the mineral particles due to
capillary rise, i.e. the upward movement of water through very small pores which are
called capillars. In fine textured soil, i.e. clay, the upward movement of water is slow but
covers a long distance. On the other hand, in coarser textured soil, i.e. sand, the upward
movement of the water is fast but covers only a short distance.
(www.fao.org/docrep/R4082E/r4082e05.htm)
A high intensity rain usually contains big drops that fall with strong force on the
aggregate surface. In fine textured aggregates especially, the fines rapidly seal the surface
thereby reducing the penetration and increasing the surface runoff. A low intensity
rainfall has fine raindrops. The aggregate surface will not be sealed and the water
molecules will penetrate more easily and hence the runoff is limited. When the rainfall
finally stops, some of the water molecules run off the road surface or stay on the
aggregate surface, others are subjected to evaporation, while the remaining water
molecules slowly penetrate the aggregate material.
Salts, which are applied for dust control purposes on granular aggregates, are easily
soluble in water and therefore tend to migrate along with these water molecules. The salt
molecules are left behind on the aggregate surface when water molecules evaporate but
tend to migrate with water both vertically and horizontally. Water salinity is the amount
of salt contained in the water. It is also called the salt concentration and may be
expressed in grams of salt per litre of water, or perhaps rather in milligrams per litre,
which is the same as parts per million, ppm.
Dust suppressants often end up in pools of water on the road and hence are subjected to
the force of passing vehicles which convey that the dust suppressant gets splashed off the
road lane. Dust suppressants may also dissolve in rainwater and follow these water
streams down towards the groundwater. Some dust suppressants are more easily
dissolved than others. For example, lignosulphonates are easily dissolved in water while
bitumen emulsions do not dissolve easily.

11.2 Objective and Hypothesis
The objective is to examine how the leaching of dust suppressants in a gravel wearing
course material is influenced by the grain size distribution and the content of fines.
Calcium chloride, magnesium chloride, and lignosulphonate are studied, since those are
common dust suppressants known to be prone to leaching.
The objective was also to examine the penetration into granular material for some dust
suppressants.
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Due to the larger molecular weight of CaCl2, 111 g/mol, than of MgCl2, 95 g/mol, it is
expected that CaCl2 will penetrate to a greater depth in the aggregate material. MgCl2
increases the surface tension of water more than CaCl2 which makes it less effective at
wetting the aggregate material and, hence, at penetrating the material. However, a higher
surface tension is expected to help to retain particles, including the salt itself, in the soil
by increasing the adhesive force. It is also anticipated, due to a larger ionic radius of
Ca2+, 1.06 Å, than of Mg2+, 0.78 Å, and a lower solubility resulting from a larger radius,
that CaCl2 will not be leached away as easily as magnesium chloride. (Epps and Ehsan,
2002)
Relevant literature report that chloride compounds have also been noted to cause
dispersion of clay in aggregates (Addo and Sanders, 1995). Therefore, when the
chlorides leach out due to rainfall, the clay may disperse and fill the voids and hence
retard further leaching. For this reason the addition of clay to the granular aggregate is
expected to lead to lower levels of chloride leaching.
Lignosulphonate is also reported as sensitive to the relative amount of fine material and
is said to be the most cost effective when the total percentage of fine material is between
8 and 20 wt-%, since the fines will retard leaching (U.S. Department of Transportation,
2001).

11.3 Material and Method
The laboratory granular material, 0-18 mm, used was collected directly from a closely
located gravel pit belonging to a certified distributor. The material had a satisfying size
distribution for larger fractions but unfortunately was deficient regarding finer fractions
(Fig. 73). According to the requirements from the Swedish road administrators the
content of fines should be about 15 wt-%. This material only had about 4 wt-% material
passing the 0.075 mm (mesh no. 200) sieve.
This 0-18 mm material was sieve fractionated into six different grain size fractions: 00.5 mm, 0-2 mm, 0-4 mm, 0-8 mm, 0-16 mm, and 2-16 mm.
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Figure 73. Size distribution curve for the gravel material used in the laboratory
evaluations. The dashed lines show the limits within which the grain size distribution
curve must be for a wearing course material according to ATB Väg (Vägverket, 2004).
Plastic measuring cylinders, with an inner diameter of 48 mm, were used as colons or
granular material containers. These were cut into heights of approximately 150 mm.
Small holes, 2 mm in diameter, were drilled in the bottom of the measuring cylinders; as
many small holes as regarded possible were drilled which is equivalent to about 40 for
each container. The plastic cylinders were placed above glass beakers for collecting the
leachate during the test. Exactly 300 g of each of the different material fractions: 0-0.5
mm, 0-2 mm, 0-4 mm, 0-8 mm, 0-16 mm, 2-16 mm, and 0-16 mm containing an
addition of 10 wt-% clay, were put into the different plastic measuring cylinders. The
holes in the bottom of the plastic cylinders were covered from underneath by Para-film
to prevent material from escaping during the process of filling. Specification of the clay
granulate used; EDR 28, is given in the appendix. Each sample was compacted using a
custom made handheld compaction device composed of a metal plate, fitting nicely into
the measuring cylinder, covering the whole surface and assembled onto a screwdriver
handle. Granular material of 100 g was added to the measuring cylinder before
compaction. This procedure was repeated three times for each test material, until 300 g
granular material had been added to each measuring cylinder.
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11.4 Chlorides
11.4.1 Test program for chloride leaching experiment
Calcium chloride weighting 450 mg was applied as a 20 mL solution. However in total
25 mL of this base solution was prepared to be able to measure initial chloride
concentration on the excess volume. With exception of the 2-16 mm material, the
moisture from the 20 mL salt preparation was absorbed by the 300 grams of granular
material and no water reached the bottom of the colon. The holes in the bottom of the
container were then uncovered from the Para-film, and 35 mL deionised water was
added per occasion. Chloride content of leachate was analysed using an ion specific
spectrophotometer, according to the method described in chapter 6. The experiment was
then repeated in the same manner except that 585 mg magnesium chloride, or 30 wt-%
more magnesium chloride than calcium chloride, was used for each sample. This should
correlate to an equivalent chloride concentration since calcium chloride contains about
30 wt-% more chloride than magnesium chloride. These tests were repeated once both
for calcium and magnesium chloride.
Also a control sample, without salt, containing only 300 g, 0-16 mm granular material,
was prepared and tested in the same way as previously described. The experiment with
the calcium chloride was also repeated once where the granular material was let to dry in
an oven between each addition of 35 mL deionised water. This was done with the
purpose to examine the difference in leaching ability between a dry and a wet granular
material.
Subsequently, three different concentrations i.e. 272, 450, and 628 mg, of calcium
chloride and magnesium chloride, respectively, were also analysed with the same test
programme, except that only the fraction 0-8 mm was used for all concentrations. The
test program is summarized in table 17.
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Fraction
size
0-0.5 mm
0-2 mm
0-4 mm
0-8 mm

Trial 1 & 2

Trial 3 & 4

450
CaCl2
450
CaCl2
450
CaCl2
450
CaCl2

585
MgCl2
585
MgCl2
585
MgCl2
585
MgCl2

mg
mg
mg
mg

0-16 mm

mg
mg
mg
mg

Trial 5 –
oven drying
450
mg
CaCl2
450
mg
CaCl2
450
mg
CaCl2
450
mg
CaCl2

Trial 6

Trial 7

272, 450,
and 628 mg
CaCl2
0 mg

272, 450,
and 628 mg
MgCl2
0 mg

450
mg 585
mg 450
mg
CaCl2
MgCl2
CaCl2
0-16 mm + 450
mg 585
mg 450
mg
10 % clay
CaCl2
CaCl2
CaCl2
2-16 mm
450
mg 585
mg 450
mg
CaCl2
MgCl2
CaCl2
Table 17. Summarization of test program for analyses of chloride leaching.

11.4.2 Results chlorides
Results from the chloride leaching analyses are shown in figure 74. Analysis of variance
gives evidence for significant differences at the 5% level among means regarding
different aggregate fractions but shows no significant difference among means between
the 0-16 mm material with an addition of clay and the 0-16 mm material without
addition of clay. Four different tests were done regarding the 0-16 mm material with an
addition of 10 wt-% clay. One of these gave significantly, at the 5% level, lower leaching
values possibly due to clogged bottom holes preventing leaching, and was calculated as
an outlier.
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Figure 74. Total amount of chloride leached after one addition of 35 mL deionised water
as a function of granular material size fraction. 450 mg CaCl2 was used in the
experiment. N=2.

Chloride leaching dependence on granular material fraction and applied water amount
is shown in figure 75. Material fraction 0-2 mm retains chlorides most effectively.
Chloride leaching increases with increased fraction size, concerning both calcium- and
magnesium chloride. For unknown reasons material fraction 0-0.5 mm did not retain
chlorides as well as expected after the first addition of water. It is possible that the small
pores in the fine textured material fills rapidly and that the excess water rapidly passes
by. The scale to the left in the figure shows accumulated amounts of chloride leached in
mg. This is not to be mixed with salt concentration; which were 450 mg CaCl2 and
585 mg MgCl2, respectively. Since 30 wt-% more MgCl2 than CaCl2 was added,
corresponding to an equivalent chloride concentration, both samples should eventually
reach the same level of accumulated amount of chloride leached. Theoretically about
290 mg chloride should be obtained, which should correspond to the chloride content of
the salt molecules.
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Figure 75. Accumulated chloride leaching, dependence on granular material fraction
and applied water amounts for calcium chloride and magnesium chloride. (The standard
deviation for the method is 9.7 mg).
From the test where the same material fraction were placed in an oven for drying
between each subsequent water addition, it can be concluded that the finer fractions gave
much less leaching since the finer fractions adhered much more water. Since less water
passed the colon samples, less lignosulphonate came through.
Results from the experiments with the 0-8 mm granular material, in combination with
three different concentrations of calcium chloride and magnesium chloride, respectively,
are shown in figure 76. The results indicate that the leaching percentage, i.e. the percent
of total added amount of chloride, is more or less the same regardless of initial
concentration. Therefore, with more chlorides added, more chlorides are leached away
by each occasion of rainfall.
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Figure 76. Concentration and chloride type dependence on chloride leaching. Std Dev =
6.08%.
After seven additions of 35 mL deionised water, the material inside the plastic
measuring cylinder containing the 0-0.5 mm fraction was divided into three different
100g portions according to vertical placement: upper layer, middle layer, and lower
layer, respectively. The chloride concentration in all three material portions was analysed
according to the method used in chapter 6. The results show that more chlorides are
accumulated towards the bottom of the container. If the chloride concentration obtained
from the lower layer is regarded as 100% then the corresponding value for the middle
layer was 39% and for the upper layer 31%. If the chloride content from the leachate is
added to those amounts still about 10% of the added amount of chloride is missing, and
hence probably is still in the material.
Even though these results do not represent general values but rather values at one
specific point, these results most likely point out a tendency. This suggests that chlorides
rapidly travel downwards in the soil with rainwater streams and probably accumulate in
the groundwater. However in the true gravel road, in contrast to the laboratory
prerequisites, water, and hence most likely the easily soluble chlorides, besides
penetrating downwards into the soil also travel upwards in dryer conditions by means of
capillary forces. This makes it even more difficult to predict point concentrations of
chlorides. In addition, water is also subjected to evaporation from the surface. Since
chloride ions are not subjected to evaporation this process will most likely concentrate
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the ion content in the surface layer. Considered altogether this implies that the chlorides
will move deeper into the base during wet weather, but will rise towards the surface
during dry spells (Kuennen, 2006).
Of course, this finding raises questions about its consequences. For example, if
chlorides are accumulated in lower layers of the road structure and hence reduce the
freezing point there, this might affect naturally occurring processes such as the freezing
and thawing cycles within the soil matrix.

11.5 Lignosulphonates
11.5.1 Test program for lignosulphonate leaching experiment
Exactly 5 mL of a 43 wt-% lignosulphonate solution, diluted with deionised water to a
total volume of 20 mL was added to each 300 g of material fraction, i.e. 0-2 mm, 0-4
mm, 0-8 mm, 0-16 mm, and 0-16 mm with an addition of 10 wt-% clay. In addition, one
300 g, 0-8 mm fraction was subjected to 2 mL of lignosulphonate, 43 wt-%, diluted to a
total volume of 20 mL and yet another 0-8 mm fraction was subjected to a 20 mL water
solution containing 7 mL of 43 wt-% lignosulphonate. All samples were let to rest
overnight to allow for curing of the lignosulphonate. The test program is summarized in
table 18.
Fraction
size
Trail 1 & 2
Trial 3

0-2 mm

0-4 mm

0-8 mm

0-16 mm

20mL,
10.75%

20mL,
10.75%

20mL,
10.75%

20mL,
10.75%

0-16 mm +
10 % clay
20mL,
10.75%

20mL,
4.3%

Trial 3

20mL,
15.05%
Table 18. Summarization of test program for analyses of lignosulphonate leaching.
The Para-film, covering the holes in the bottom of the plastic containers, was taken
away and each container was put onto a different funnel containing a folded filter paper
and placed above a suitable glass beaker for collecting the leachate. In accordance with
the test program for chloride leaching, 35 mL of deionised water was added to each
sample per occasion. The collected leachate from each of these additions were then
further filtered with a PTFE-membrane and analysed by means of a spectrophotometer at
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280 nm for lignosulphonate concentration in accordance with the method described in
chapter 6. All experiments were repeated once and the means were calculated.
The 43 wt-% lignosulphonate solution, used in this study, was selected among three
different accessible stock solutions obtained from the manufacturer; a 30 wt-% product
as used in Umeå, a 50 wt-% product as used in Hagfors and Rättvik, and finally the
chosen 43 wt-% lignosulphonate solution as used in Halmstad. The 30 wt-%
lignosulphonate solution was sorted out due to the fact that this product showed
distinguishing results concerning the field test, see results from chapter 5. The 43 wt-%
lignosulphonate solution was preferred to the 50 wt-% solution due to its ease of precise
handling. It proved to be difficult to get the exact volume of the high concentrated and
hence, viscous 50 wt-% lignosulphonate.

11.5.2 Results lignosulphonate
In resemblance with the described results for the analysis of lignosulphonate residual
content in chapter 6, the data for lignosulphonate concentration of leachate do not
represent true values but are only relative measurements of absorbance, in similarity to
the results from lignosulphonate residual concentration analyses as presented in chapter
6.
Also material fraction 0-0.5 mm was initially incorporated into the test. However, the
experiment with this material fraction was terminated soon after the first addition of
deionised water. Eight hours into the experiment, the added water still had not drained
away from the surface. The results show that the coarser the granular material fraction,
the higher the concentration of lignosulphonate within the leachate, i.e. the more
lignosulphonate is leached away (Fig. 77).
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Lignosulphonate leaching (abs. x dilution
x tot.vol. of leachate)
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Figure 77. The amount of lignosulphonate leaching for different fractions of 300 g
granular material after addition of 35 mL deionised water. The amount of
lignosulphonate leaching is obtained as the absorbance at 280 nm x the dilution factor x
the total volume of leachate collected. Pr>F = 0.0007; F= 17.36; N= 2; α= 0.05. The
analysis of variance (By means of the SAS computer program) shows a significant
difference among means.
Apparently the addition of 10 wt-% clay into the 0-16 mm granular material
fraction clearly decreases the rate of leaching of lignosulphonate. It is thus possible
to draw the conclusion that lignosulphonate is favoured by a larger content of fines,
i.e. clay, within the wearing course material. However, since the laboratory material
used was unfortunately deficient in fines to begin with, it is impossible to say
whether or not a 10 wt-% addition of clay is a good directive value. The
manufacturer recommends a clay addition of between 4 and 10 wt-%, to a wearing
course material with a grain size distribution within the limits specified by ATB
VÄG (Vägverket, 2004), and claims that 7-8 wt-% should be sufficient.
Results from testing different initial concentrations of lignosulphonate using the 0-8
mm fraction of granular material indicates that a higher initial lignosulphonate
concentration leaches more rapidly, i.e. has a higher lignosulphonate concentration in the
leachate until at a certain point of equalization (Fig. 78). This indicates that with more
lignosulphonate added, more lignosulphonate is dissolved and leached away at each
occasion of rainfall.
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Figure 78. Concentration of lignosulphonate in leachate depending on initial
concentration in the granular material and the amount of water added. The amount of
lignosulphonate leaching is obtained as the absorbance at 280 nm x the dilution factor x
the total volume of leachate collected.

11.6 Dust suppressant penetration into gravel material
11.6.1 Introduction
As to whether or not the penetration ability of dust suppressants is of significant
importance to their efficiency is not known. Nor is it known if this penetration ability is
correlated to the leaching ability in any way. However it seems logical that a dust
suppressant that penetrate further down in an aggregate will have more effect of depths
and that a slow penetrating dust suppressant will have a tendency to become wet and
slippery during application.
11.6.2 Test program
In this experiment the same plastic measuring cylinders as used for the leaching
evaluations, were incorporated. Poured into each container was 200 g of granular
material of fraction 0-4 mm. The material was subsequently subjected to compaction by
hand in the same manner as samples for the leaching analysis. Eight measuring cylinders
were marked numerically and added a specific dust suppressant, in accordance with table
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19. The penetration ability of the different samples was studied by visually assessing the
penetration depth, after 1 and 3 minutes respectively, into the compacted granular
material.
Sample
number

Dust suppressant(s)

Concentration(s) (To a total
volume of 4 mL; with deionised
water as solvent)
I
30 wt-% Lignosulphonate
1.8 mL (30 wt-%)
II
50 wt-% Lignosulphonate
2 mL (20 wt-%)
III
CaCl2-solution
300 mg
IV
MgCl2-solution
300 mg
V
Starch-solution
90 mg
VI
MgCl2-solution + SDS
300 mg + 3 mg (1 wt-% SDS)
VII
CaCl2-solution + SDS
300 mg + 9 mg (3 wt-% SDS)
VIII
Sodium silicate (waterglass)
0.2 mL (=5%)
Table 19. Dust suppressants tested for penetration ability.
Sodium dodecyl sulphate, SDS, is an anionic surfactant, i.e. the hydrophilic part of the
molecule has a negative charge in dissociated condition. As such is it expected to reduce
the surface tension of the water molecules and hence facilitate the penetration of dust
suppressant solution into the granular material. Anionic surfactants are easier to
manufacture and therefore cheaper than cationic surfactants. Their biggest disadvantage
is that they may react with polyvalent metals such as calcium and magnesium and form
reaction products which are difficult to dissolve (Nyström, 1996).
Sodium silicate, Na2SiO3, also known as ‘water glass’, was tested in this context
because it was regarded as a potential dust suppressant for future field trials. This
product, once cured, forms a hard varnish and hence could create a hard surface crust
enclosing the road surface. However before testing the product in field it is important to
do initial laboratory tests to investigate how the product might affect the environment
and vehicles travelling on the gravel road.
The product is regarded as non-toxic and non-corrosive – in fact it is even considered
to protect metal from corrosion- and would from this perspective be a better alternative
than chlorides for dust control purposes. The property that the water glass in
concentrated form and once cured is hard to dissolve or wash away is probably positive
once cured. However if the road is not closed for traffic during the application and curing
process, the dust suppressant will stick on to passing vehicles and these may be difficult
to clean. This signifies that the product used needs to be readily soluble in its
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complementary solvent – in this case water. The water solubility was tested by placing
small droplets of the product on a sheet of metal (Fig. 79). Once cured, the product on
the metal sheet was subjected to hot water for two minutes, with the results showed in
right picture in figure 79. Even when diluted in deionised water to a 10% solution, the
product is hard to dissolve, even in hot water.

Figure 79. Sheet of steel subjected to drops of water glass – before (left picture) and
after (right picture) water soaking, respectively.

11.6.3 Results
Results from two experiment repetitions suggest that the chlorides penetrate the granular
material the furthest while the lignosulphonates penetrate the least. The 30 wt-%
lignosulphonate used in the field trials in Umeå was somewhat less effective in
penetrating the 0-4 mm fraction than the corresponding diluted 50 wt-% lignosulphonate
solution used in Halmstad. The starch solution was only slightly better in penetrating the
material than the lignosulphonates and the water glass was, in turn, only slightly better
than the starch solution.
Any difference in penetration between magnesium chloride and calcium chloride was
difficult to distinguish due to an uneven lower water level within the granular material
and hence lack of a straight line for measuring initialisation. There is a tendency that
magnesium chloride penetrated the layer somewhat further, or at least faster, than the
corresponding amount of calcium chloride, this finding does not agree with the
expectations. It is stated in literature that calcium chloride, due to the larger molecular
weight of CaCl2, 111 g/mol as compared to 95 g/mol for MgCl2, and the fact that
calcium chloride is less effective than magnesium chloride in increasing the surface
tension, is more effective in penetrating the granular material (Epps and Ehsan, 2002).
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No difference in the penetration depth with the addition of the SDS surfactant was
observed. However, the surfactant reacted with the chlorides, regarding both 1 wt-% and
3 wt-% addition, and formed a white foamy precipitation (Fig. 80). This precipitation
was less prominent for magnesium chloride than calcium chloride. Probably this makes
magnesium chloride the better choice if there is a wish to add an anionic surfactant for
reducing surface tension. However it is unclear whether or not the precipitation actually
would affect the dust control result. It might make the road foamy and slippery. Still, no
favourable effect from surfactant addition on penetration was seen in this experiment.
However the best choice, if acceptable out of financial reasons, is probably to
incorporate a cationic surfactant instead of the anionic SDS. These surfactants would not
be expected react with the polyvalent metal ions.

Figure 80. Picture showing SDS dissolved in deionised water to the left and calcium
chloride + SDS dissolved in deionised water, causing a white precipitation, to the right.

11.7 Discussion and Conclusions
The granular material in the wearing course of an actual gravel road after a period of
vehicle traffic is most probably more dense and well compacted than the granular
material in the cylindrical containers used in this examination. This fact probably implies
that the water, and hence dust suppressant, stays within the voids of the granular material
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for a longer period of time in the actual road. However the results from this laboratory
investigation still indicate fast reduction in dust suppressant contents.
Chloride leaching dependence on granular material fraction indicate that the material
fraction 0-2 mm retains chlorides most efficient (Fig. 74). With regards to calcium and
magnesium chloride, chloride leaching increases with increasing fraction sizes coarser
than 0-2 mm. For unknown reasons material fraction 0-0.5 mm did not retain chlorides
as well as expected. The finer the fraction, the more moisture can be absorbed before
saturation is obtained. This suggests that a greater volume of water is needed to cause
leaching. If the material is let to dry between each addition of water no leaching will
result from the finer fractions provided that the water saturation degree of the material is
not exceeded.
Concerning differences in leaching with regards to chloride type and concentrationno
differences in wt-% of chloride leached out of total amount of chloride added were
ascertained (Fig. 76). Any differences seen are within the variation of the method.
Lignosulphonate leaching is, in similarity to chloride leaching, dependant upon the
gradation of the material. Generally, coarser fraction sizes will result in faster leaching
(Fig. 77). The results indicate that lignosulphonates are, at least, equally prone to
leaching as chlorides.
Tests done with clay added to the granular material 0-16 mm demonstrate that less
leaching of lignosulphonate occurs with this additive. However, it was seen during these
tests that the water, which was added for rain simulation, stayed longer on the surface
before draining into the finer material.
The amount of chloride leaching expressed, as means of two test repetitions, shows a
clear difference between aggregate fractions. The differences are significant at the 5%
level. No significant difference is found between 0-16 mm material with an addition of
clay and without an addition.
The addition of clay creates a denser aggregate composition. This should cause a
slower rate of both the penetration and leaching of the chloride. The density in itself is
most probably a better explanation to the slow penetration than attraction between the
clay mineral and the chlorides.
The circumstance of larger standard deviations in leaching being obtained with larger
material fractions is due to difficulties with material separation with increasing fraction
sizes.
The most important findings from this chapter are:
• Lignosulphonate is remarkably favoured by a larger content of fines. Much less
lignosulphonate is leached from the granular material if clay is added to obtain
a total content of fines of about 15 wt-%. The corresponding effect, from
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•
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increasing the content of fines, was not seen in the laboratory study regarding
the leaching of salt.
Results from that the chlorides penetrate the furthest while the lignosulphonates
penetrate the granular material the least of the tested dust suppressants, and that
no difference in the penetration depth with the addition of SDS surfactant to
solutions of salts was observed.

12
Laboratory study of influence of grain size distribution as
well as chloride type and content on drying process
12.1 Background
Evaluations of the effectiveness of different dust suppressants are today mainly restricted
to field trials. These, however, are relatively expensive and time consuming and might
also give results which are hard to interpret since the field conditions are constantly
changing. With suitable methods for evaluation in laboratory under controlled trial
conditions, a complete assessment of different dust suppressants and different aggregate
material would be facilitated and hence the field trials could be limited to only the most
promising products and materials at optimal concentrations.
In spite of the disadvantages, such as problems in extrapolating the results to real
conditions, a laboratory method may be common practice because of the low cost and
possibility for studies under controlled conditions. The results from these measurements
can also easily be used for comparative purposes.

12.2 Objective and Hypothesis
The objective of this laboratory study was to develop and evaluate a laboratory method
for assessing the moisture retaining properties of those dust suppressants that mainly act
in a hygroscopic manner. The main objective with the oven drying experiment was to
investigate the relationship between the drying rate, aggregate texture and salt
concentration. The hypothesis was that the higher content of fines will make the water
evaporate more slowly, in accordance with the finding of Ping et al. (2000). From the
fact that chlorides bind water molecules, it is anticipated that a higher chloride
concentration will decrease the drying rate of the sample. Considering the vapour
pressure for magnesium chloride and calcium chloride at the prevailing oven temperature
of 55ºC, and the relatively high salt concentrations which were selected for the tests, it is
expected that calcium chloride has a slower drying rate, than magnesium chloride (Fig.
81). This difference, however, should diminish with lower weight percentages of salt and
decreasing temperature.
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Figure 81. Vapour pressure variation with temperature and concentration of calcium
chloride and magnesium chloride, respectively. Prepared from (Sultan, 1974).
A previously reported study (Ping et al, 2000) describes a series of laboratory tests by
means of an environmental chamber to investigate drying rates of different soils.
However the relative influence of salt addition was not investigated in this study. Their
result indicates that the water evaporates quickly at the beginning, before the rate of
water loss levels off with time. The relative humidity also proved to have a much
stronger effect than temperature on the soil drying rate. In order to reduce the influence
of those factors above, all tests of specimens done within the study described in this
chapter represent relative comparisons.

12.3 Method
The factors that could possibly influence the rate of evaporation are:
• Temperature of the material – if the material is hot, evaporation will be
faster.
• Surface area – a material which has a larger surface area will evaporate
faster since there are more surface molecules which are able to escape.
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Inter-molecular forces – the stronger the forces keeping the molecules
together in the liquid or solid are, the more energy must be applied to
evaporate them.
• Concentration of other substances in the liquid – according to Raoult’s law;
addition of solute, for example salt, to water reduces the vapour pressure
since the percentage concentration of water molecules is reduced and
therefore also their tendency to escape as a gas.
(www.questia.com/library/encyclopedia/raoults-law.jsp)
• Relative atmospheric humidity – if the surrounding air already has a high
concentration of water molecules, then the remaining liquid water will
evaporate more slowly.
• Flow rate of air – if fresh air is moving over the surface all the time, then
the concentration of water in the air, i.e. relative humidity, is less likely to
increase with time. In addition, molecules in motion have more energy, and
hence are more prone to escape than those in rest. The stronger the flow of
air, the greater the evaporating tendency.
(http://en.wikipedia.org/wiki/Evaporation)
• Vapour pressure of the evaporating solution – vapour pressure variation
with temperature and concentration of dust suppressant salts is shown in
figure 81. For temperature used in this experiment, approximately 55ºC,
and relatively high salt concentrations nearly reaching saturation, calcium
chloride has a lower vapour pressure than magnesium chloride. This
implies that calcium chloride is more hygroscopic at these prerequisites.
The drying rate of the aggregate material is in this study defined as the water loss (g)
within a unit of time (h). Since the experiment is set up to provide for relative readings,
and all samples had the same surface area, the surface area was not taken into
consideration when calculating the drying rate.
•

12.3.1 Material
The test material used is in accordance with chapter 11.3. The container for holding
the test material is schematically shown in figure 82 and is shown inside the oven in
figure 83. The container is made from stainless steel and has the dimensions given in
the figure. The wall thickness is 3 mm. Plastic measuring cylinders were used, in a
water saturation test. These cylinders are in accordance with the description in
section 11.3 regarding the leaching analysis.
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The oven, for aggregate drying, is shown in figure 83. Oven temperature is kept
constant, ± 5ºC, at 55ºC. The oven has a built-in fan for facilitating air circulation.

Figure 82. Schematic picture of laboratory gravel material container.

Figure 83. Test oven.
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12.3.2 Test program
Due to oven size limitations, only three samples could be investigated per trial. The
weight of each sample before and respectively after addition of water, were registered.
The samples were placed on shelves located beneath each other in the oven as
demonstrated in figure 83. Due to this arrangement of the samples, and hence the
possible differences in temperature between the shelves, the samples were switched to a
new location every 20 minutes, according to a carefully attended scheme where each
sample container was moved downwards one shelf, except the container having the
lowest-shelf position which was moved to the uppermost shelf. The samples were
weighted once every hour.
Three different studies were made:
A) The correlation between the evaporated share of added water and drying time for
different material fractions and salt contents was studied. The experiment includes the
oven drying of material fractions 0-0.5 mm, 0-2 mm, 0-4 mm, 0-8 mm, 0-16 mm, and 216 mm without the addition of salt and subsequently, the same material fractions with a
30 g addition of calcium chloride and magnesium chloride, respectively. Granular
material weighting 2700 g was poured into each material test metal container,
whereupon 300 mL of water was added to each sample. If salt was to be included then
solid salt was weighted and dissolved in these 300 mL of water before added into the
sample material. The weight of each sample was registered both before and after the
addition of the solution to allow for later determination of percentage water loss. The
sample containers were then placed inside the oven at 55ºC.
The accumulated water loss regarding each measurement was calculated and recorded.
Once the water loss had reached close to a hundred percent of the added water amount,
the experiment was regarded as completed and was therefore terminated. The experiment
was then repeated once more for each sample where upon the means of the two values
were calculated.
B) The correlation between the retained amount of water and added amount of salt was
studied. By theory, for the equal weight of added salt, the chloride concentration is 30%
higher for calcium chloride than for magnesium chloride due to differences in the content
of crystallized water and atomic weight of positive ion. In this study, different
concentrations of calcium chloride and magnesium chloride, respectively, were added to
0-8 mm material fractions to survey the influence of chloride type and concentration of
salt. Concentrations and chloride types used are in accordance with table 20.
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CaCl2
0g
3.75 g
7.5 g
15 g
22.5 g
30 g
37.5 g
MgCl2
0g
7.5 g
15 g
22.5 g
30 g
45 g
Table 20. Tested amount, of calcium chloride and magnesium chloride, respectively.
Concentration is given in total grams (g) added to each sample surface.
C) The correlation between the evaporated share of added water and, respectively,
saturated and supersaturated material fractions was also studied. Material fractions 0-0.5
mm, 0-2 mm, 0-4 mm, 0-8 mm, 0-16 mm, and 2-16 mm were also utilized for analysing
fraction size dependence on drying concerning water saturated material in plastic
specimen cylinders and supersaturated material in metal containers. The oven
temperature is about 55ºC for both experiments but the time in the oven is not equivalent
and hence the drying rate between the tests is not comparable. The containers also have
different volumes, i.e. the diameter is 280 mm and the sample height is limited to about
45 mm regarding the metal container while the diameter is 48 mm and the sample height
is limited to about 300 mm regarding the plastic colon. Therefore the amount of material
is differs between the two set of data. In this experiment, the metal cylinder held 2700 g
of material while the plastic colon only held 300 g. More importantly, the plastic cylinder
had predrilled holes in the bottom which enabled water runoff from the cylinder and
hence water saturation of the material. The metal container also had predrilled holes in
the bottom but these were covered by silicon paste and therefore granular material within
this container became supersaturated from water addition. Subsequently, the holes in the
plastic container were also covered by means of silicon paste to ensure that the physical
differences between the two containers or layer thickness differences were not
responsible for any differences in fraction size dependence on material drying.

12.4 Results
The results are based on the assumption that the initial moisture content of aggregate
samples, due to any differences in material composition and chloride concentration
between samples, is negligible.
A) Results from the oven drying experiments of material fractions 0-0.5 mm, 0-2 mm, 04 mm, 0-8 mm, 0-16 mm, and 2-16 mm, with and without a 30 g addition of calcium
chloride, are shown in figure 84.
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Figure 84. Correlation between the evaporated share of added water and drying time for
different fractions. The figure shows the average of the two tests. The broken line
indicates the material without added calcium chloride while unbroken line marks the
material with added calcium chloride.
B) Figure 85 shows the correlation between the amount of added salt, in grams (g) and
retained amount of water in wt-%, of the 300 mL water that was added at 0 h. Material
fraction 0-8 mm is used and the results show the correlation for both calcium chloride
and magnesium chloride.
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Figure 85. Correlation between retained amount of water in wt-%, and added amount of
salt, CaCl2 and MgCl2, respectively, to the test samples. Each sample contained 2700 g
of granular material and was kept at 55ºC.
C) Figure 86 shows the granular material fraction size influence on drying when using
the metal material containers described above. The same appearance of the regression
was also obtained for plastic cylinders when the holes in the bottom were covered with
silicon paste. Figure 87 also shows granular material fraction size influence on drying but
instead of the metal containers, plastic measuring cylinders with holes in the bottom
were used.
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Retained amount of water (wt-%)
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Figure 86. Drying in oven – Amount, in wt-% of water in the sample in relation to
amount of added water (water retained/ water added x100) as a function of material
fraction. Results obtained from colon test where holes in the bottom of material
container were uncovered which enabled water runoff and hence water saturated
granular material samples.
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Figure 87. Drying in oven – Amount, in wt-% of water in the sample in relation to
amount of added water (water retained/ water added x 100) as a function of material
fraction. Results obtained from metal container test where holes in the bottom of
material container were covered, thus preventing water runoff and causing
supersaturated water samples.
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12.5 Discussion and Conclusions
The drying rate of granular material is significantly reduced by the addition of salt (Fig.
84). This is perhaps scarcely astonishing, considering chlorides are hygroscopic agents.
However the results also suggests that; in the concentration interval which is reasonable
out of economical reasons on gravel roads, i.e. the lower end of the scale in figure 85,
both calcium and magnesium chloride treated aggregates benefit from increasing the
chloride concentration. Curves for both salts levels out in a logarithmic manner with
higher concentrations and both products eventually reaches a peak concentration, where
further increases in concentration gives no efficiency gains. It also seems that calcium
chloride may retain moisture somewhat more efficiently at peak concentration (Fig. 85).
However after this point, any difference between the two chloride products once again
levels out.
The amount of water added is of outmost importance to the material drying rate. For
the same material fraction, the sample to which was added the least water had a higher
percentage drying rate (weight of water evaporated / weight of initial water within the
sample) but a somewhat larger weight of water evaporated per unit of time from the
material which received the larger amount of water. If equal amounts of water are added
to super-saturated granular material samples of equal thickness a finer material fraction
has a higher drying rate due to the superior distribution of water molecules (Fig. 87).
However for water saturated material samples the fraction size–drying rate relationship is
the complete opposite (Fig. 86). Still more, i.e. a larger amount, water evaporates from a
finer material fraction but here a coarser fraction has a higher drying rate in percentage
by weight since such a granular material becomes water saturated much faster and
therefore holds less water.
The most important findings from this chapter are:
• The moisture retaining, i.e. hygroscopic, property of magnesium- and calcium
chloride increases with increasing concentrations until a peak concentration,
where further increases in concentration yield no efficiency gains. However at
the concentration interval which is reasonable out of economical reasons, both
calcium- and magnesium chloride treated aggregates benefit from increasing
the chloride concentration.
• A finer aggregate fraction does not hold water more effectively, in fact the
opposite is true, but it can absorb more water and therefore is more effective
from a moisture retaining perspective.
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13
Laboratory method for studies of dust formation
13.1 Background
Few laboratory studies concerning dust suppressant effectiveness have been found in
literature. Lane et al (1983) reported usage of an unconfined compression test with
cylindrical specimens of aggregate and dust suppressant. Bolander and Yamada (1999)
incorporated a test for the tensile strength of stabilised material. Epps and Ehsan (2002)
constructed a wind tunnel with the purpose of evaluating dust suppressants, and Jones
(2003) developed an erosion resistance test incorporating brushing action.
There are mainly three problems associated with dust evaluation devices. The first is to
generate dust from a trial surface. The second is sampling the dust, once generated. The
third is to simulate traffic wear on a gravel surface. Earlier attempts of developing a
laboratory method for generating dust often involve blowing air onto the surface (Grau,
1993; Tingle et al, 2004). Methods for sampling the emitted dust can be divided into
three different techniques; namely sedimentation, which involves dust collectors and
depend on gravitational force therefore limiting particle sizes to approximately 2 µm or
greater (Addo and Sanders, 1995); filtration, which involves suction of air over a filter
medium; and finally the photometric technique, which is based on light scattering
properties.
Only one earlier attempt to construct a handheld device for measuring the amount of
dust on the roadway has been found in literature. The purpose of such equipment is to be
able to use it in both the field and in laboratory and allow for simple evaluation of dust
emission and the efficiency of different dust suppressants. The device, described by
Brown and Elton (1994), is a vacuum cleaner box which vacuums transverse section
strips of the road in order to collect the dust on a filter paper located within the device.
The test strips were also monitored visually which allowed for the evaluation of the
vacuum device. However this attempt met with poor results. The measurements did not
correlate well with a subjective evaluation and the results were not reproducible. The
authors state that it is unclear as to whether the device lifted other kinds of particles than
those lifted by traffic or if the dust in a local spot was highly variable.
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13.3 Objective and Hypothesis
The main objective is to develop a fast, relatively simple, and reliable method for
examining dust suppressants efficiency and thus be able to differentiate materials which
seem promising for field trial incorporation. With this method, it should be possible to
evaluate the influence of concentration and type of dust suppressant, grain size
distribution of granular material, precipitation, temperature, and traffic intensity.
A number of preliminary criteria concerning the method were formulated. The first
criterion was that a higher content of fines in the gravel material should result in
increased dust formation, and hence that more dust should be collected. This corresponds
to literature findings (Jones, 1999). The second criterion was that a higher chloride
concentration, within the granular material tested, should decrease the amount of dust
emitted. Finally, the third criterion was that all dust suppressants tested, in combination
with a granular material fraction, should reduce the dust emission as compared to
untreated material fractions.

13.4 Early attempts
Initially a different approach for laboratory simulations and evaluations of dust
suppressants for gravel roads was investigated. Larger material containers measuring
900x480 mm were used (Fig. 88). In the bottom of each one of these metal
containers, nine holes were drilled. Added to two pre-drilled holes for wheel
attachment in each corner there was a total of 17 holes, each with a diameter of 4
mm. Two pieces of wood board were placed underneath each metal container as
support during compaction and for preventing direct contact with the floor, hence
facilitating water leaching during rain simulation.
Solid salt were applied to these numerically marked containers by means of a
suitable-meshed sieve, as normally used for granular material sieve analysis.
Rainfall was simulated using a 5 L pitcher with a spray-nozzle. However a
maximum of 1.5 L was added during each occasion. A wall-to-wall wood board was
placed on top of the granular test material to facilitate an even and well compacted
surface. A motor driven vibrating compaction device (Fig. 88) was placed on top of
the wall-to-wall wood board.
To speed up water evaporation from the granular material, a heating blanket (Fig.
89) was placed on top of the test material. The heating blanket was sufficient in size
to cover all test containers. The blanket was not put directly on top of the test
material but was positioned on a stand to allow for air circulation between itself and
test surface and hence further facilitate water evaporation. For generating dust on
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test sections and enabling analyses of emitted amount of dust, the laboratory device
Duster was used. In an attempt at simulating material wear from traffic, an abrasion
machine, shown in the background in figure 88, usually utilized for polishing
concrete floors was incorporated.

Figure 88 and 89. Figure 88, to the left, the containers and the compaction device is
shown in the middle of the picture. The dust generating device (Duster) is shown in the
front right corner of the same picture. The abrasion device is also shown in the same
picture in the upper left corner.
Figure 89; to the right, shows test material containers covered by the heating blanket for
facilitation of water evaporation.
The test material and equipment took up a great deal of room and therefore was
not very practical. The containers were also rather heavy and hard to move.
Problems with separation of the 0-16 mm granular material did also arise with
coarser material accumulating at the top and towards the walls of the containers.
This separation resulted in a lack of fines, at the material surface, which could have
been emitted as dust. This will probably give false results. The compaction method
used worked fine. However the petrol driven compaction device caused health
hazardous exhaust fumes inside the laboratory. If it was decided to continue these
trials, another innocuous fuel would have been obliged. The drying of material using
the heater blanket also met satisfying results. Unfortunately this step was very time
consuming and was therefore regarded as unsuccessful. Due to at least one of the
following possible scenarios, the dust generating device Duster did not collect any
dust during these preliminary tests:
• Lack of fines prone to dusting on the material surface.
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Separation of granular material yielding the coarser grains to collect on the
surface and the fines towards the bottom. When simulating rainfall the fines
were washed away trough drilled holes in the bottom of the containers.
• Too high chloride concentration in the tested material in combination with
insufficient leaching of dust suppressant. From an untreated control sample
dust was generated and collected with Duster.
• Too high moisture content within the granular material.
• Test material deficient in fines and lack of material wear.
The biggest failure was the attempt to simulate traffic wear. The abrasion
equipment was too powerful. It disrupted the compacted surface and caused more
material separation.
In conclusion it was decided to use smaller material containers, such that an
existing oven could be incorporated for material drying as well as existing proctor
compaction equipment for compaction of material. Since the test material was
regarded as even and well compacted when a wall-to-wall board was positioned on
top of the material surface, the final-developed smaller containers were designed
with a fitting lid. Smaller granular material fractions, i.e. 0-8 mm, were decided to
be used in future studies to restrict material separation.
•

13.5 Method
13.5.1 Dust generating device - Duster
A high pressure air device was constructed with the purpose of simulating vehicle wakes
which raise dust into the air. The laboratory device, called ‘Duster’, was developed in
cooperation with VTI and is shown in figure 90 and schematically in figure 91.
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Figure 90. Picture from the front of the dust collecting laboratory device, ‘Duster’.

Figure 91. Schematic diagram of laboratory device, Plexiglas dust hood is shown in
cross-section.
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The design incorporates a high-pressure air container, i.e. a thin metal cylinder and,
below this, a larger Plexiglas cylinder which is placed above the test surface. The device
measures 900 mm in total length and the upper cylinder has a diameter of 150 mm while
the lower has an inner diameter of 290 mm. On top of the device is an inlet for air, which
by means of a tube can be connected to a tourniquet, and a pressure meter. The device
should have an operating pressure of 8 bars. The developed laboratory device has three
handles for easy management. A discharge-button is placed adjacent to one of the two
upper handles. This button is connected to the high-pressure air cylinder so that when the
button is pressed and held, the air will be released through three outlets which measure
10 x 5 mm and are directed towards the test surface and placed about 60 mm above the
test material surface. To prevent dust from escaping beneath the device, a 30 mm thick
frame of foam rubber is glued to the lower edge of the device. Emitted particles are
collected in two filters which measure 120 mm in length and 35 mm in diameter and are
placed vertically onto the Plexiglas cylinder. The filters were replaced before each new
set of measurement. Used filters were rinsed with deionised water and reused after
drying.

13.5.2 Material
For details regarding test material container and the test oven used see chapter 12.
The same equipments, as described in the oven drying experiments, were used in
this study. The gravel material used is in accordance with the description in section
11.3 regarding material for laboratory evaluations. However, in an attempt to
evaluate the dust generating device another experiment with wearing course material
from the field test sections located in Rättvik (see chapter 5) was done in the
laboratory. Description of this aggregate is given in chapter 5.

13.5.3 Equipment for compaction and wear
To achieve compaction; thus forcing the fines to push upwards towards the surface; and
crushing; thus increasing the content of fines; of the aggregate material, a Proctor
compaction device was used (Fig. 92). Its impact arm was set to fall down on a lid
covering the material surface during a specified time interval. The lid and the material
container in general were made from stainless steel and the lid was manufactured such
that it would fit nicely into the cylindrical hood of the Duster. On the upper side of the
lid, two screws were attached rendering it possible to easily remove the lid. The screws
were placed on the fringes to prevent them from getting struck by the impact arm. In
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addition, the upper side of the lid was covered with a shield of rubber to minimize noise
as well as damages to the equipments at compaction.

Figure 92. Eequipment used for compaction and wear of material (Proctor-compaction
device).
Two samples were analysed for initial grain size distribution by means of a set of
sieves. One of the samples was then subjected to compaction in the equipment described
above. The other sample was not subjected to compaction and was hence marked as
‘uncompacted control’. In order to see how the compaction procedure influenced the
gradation of the material, the compacted sample was sieve analysed once again. If the
compaction procedure would subject the material to wear, as desired, the content of fines
in the material should be increased while the content of coarser material should have
decreased after the treatment. However since the material was dry-sieved the material
sieving itself might influence the gradation. Therefore the uncompacted control sample
was also sieve analysed a second time for comparison.

13.5.4 Test program
In the laboratory, the 0-18 mm gravel material was fractioned using a sieve and the
desired fractions were then put into different numerically marked metal containers
measuring 280 mm in diameter (schematic picture in figure 82). In the first experiment,
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six different material fractions were analysed by means of the dust collecting device.
Since only three by three samples could be kept in the oven at the same time, these six
fractions had to be divided into two trials groups. These are in the result section referred
to as trail 1 and trial 2, respectively. The analysed ractions were a) 0-0.5 mm, b) 0-2 mm,
c) 0-4 mm, d) 0-8 mm, e) 0-16 mm, and e) 2-16 mm. The two smallest fractions were
problematic due to the time consuming sieving procedure. The two largest fractions were
problematic due to separation of the material within the container. The larger mineral
particles accumulated towards the edges and on the surface while the fines gathered
towards the centre and in the bottom. For this reason, either material fraction 0-4 mm or
material fraction 0-8 mm was chosen during the following experiments.
To the 0-8 mm fractions were also added different amounts of salts, in accordance with
table 20 in chapter 12, to see if increasing chloride concentrations caused decreasing
amounts of generated dust, as would be expected.
All samples were supplied with 300 mL of water to the surface before evaporation
inside an oven at a temperature of 55ºC. The samples were kept inside the oven for about
50 h, or until all added water (wt-%) had evaporated, before being taken out and put onto
the floor. A Styrofoam board with a hole cut out and big enough to fit around the
container was placed onto the container. The dust collecting device was finally put on
top of the Styrofoam board and injected with 8 bar high compressed air. The air was then
emptied over the granular material surface. The Styrofoam board should by preference
be replaced at regular intervals of time to prevent cavity formation due to compaction of
the polystyrene polymer and hence prevent fine dust particles from escaping from below
the equipment. The filters on the Duster device were weighted before and after each
experiment and the weight of the collected material was calculated. The material
fractions collected in the filters was saved in a small marked plastic container for future
complementary analyses, e.g. size distribution analysis.
Wearing course material from eight of the test sections included in the field trial on
road 888 in Rättvik were also put into the laboratory containers. The intention was to
compare the dust emission in the field to the dust emission in the laboratory. However
the samples were collected late in the season, i.e. in the middle of September, when reblading of the whole road had already been made and the concentrations of dust
suppressants were most likely very low. The last DustTrak measurement done on the
same sections was carried out on the 8th of August.
The biggest advantage with the Duster laboratory device when compared to the
DustTrak equipment used in the field trial, is that the Duster allows for relatively simple
laboratory tests and collects emitted dust fraction which render complementary analyses
of this fraction possible.
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Test program for the Duster samples, taken from field trial sections
1 pm –
2000 g material, collected from field trial section, was supplied with
120 mL, 6 wt-%, deionised water.
1.30 pm - each material container was subjected to 10 minutes of compaction
using the above described compaction equipment.
2.30 pm - the material containers were put into the oven at 55ºC on different
shelves. Each half hour the material containers were moved to the
shelf located directly underneath the one they had been placed on
before. The material container having the lowest position was
moved to the uppermost shelf. Since the oven used had a room
limitation of three shelves, this limited the maximum number of
samples to four per test occasion.
4.30 pm - the sample containers where taken out of the oven and placed in
room temperature on the same level over night.
8.30 am - each sample was subjected to one more minute of compaction
9.00 am - samples were analysed using the laboratory dust collecting device,
the Duster.
Throughout the whole program the samples were continually weighted and
hence controlled for moisture content. The filters on the dust collecting device
were detached and weighted. Two tests were performed for each sample.

13.6 Results
Influence of the compaction procedure and dust generation from compacted
samples
The result from the two gradations of the uncompacted sample is shown in the left
column while the results from the two gradations of the material for compaction are
shown in the right column in table 21.
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Sieve size Uncompacted
Uncompacted
Sample-before Sample-after
(mm)
/ control-1st
control-2nd
compaction
compaction
Passing
gradation
gradation
weight-%
0.075
1.1
0.9
0.7
1.2
0.5
9.8
8.6
1.4
10.3
1
25.0
23.5
19.9
23.6
2
45.2
44.0
40.5
43.2
4
57.0
61.2
59.8
62.5
8
99.5
99.1
98.1
99.1
Table 21. Influence of compaction – size distributions for compacted, shown in right
column, and uncompacted (control), shown in left column, gravel material, 0-8 mm;
from two separate gradations.
From table 21 it is clear that trough using this method the compaction subjected the
grain particles to wear and therefore caused a larger content of material with grains
smaller than 0.5 mm. It is therefore possible that the methodology also simulated traffic
abrasion to a certain degree. Also observed was that the compaction forced the fines
upwards towards the surface while the opposite was observed for the uncompacted
control sample. The latter is assigned to material separation which caused coarser
material to accumulate at the surface and at the edges of the material container. However
table 22, clearly states that compaction causes a more well-bound fines fraction at the
surface and thus gives rise to less dust collected by the Duster.

Amount of dust
collected in filters (g)

Uncompacted control

Compacted material

0.241

0.105

Table 22. Amount (gram) of dust collected with the laboratory dust collecting device, for
the compacted sample and an uncompacted control sample. Given values represents
mean values from the dust collections, with the Duster.
Dust generation from samples created by sieving in laboratory
Results from the Duster analyses of the sieved granular material fractions, without added
salt, are presented in table 23.
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Fraction
size/
Collected
dust (g)
Trial 1
Trial 2

<0.5
mm

< 2 mm

2.592

< 4 mm

< 8 mm

0.232
0.136

< 16 mm

2-16 mm

0.162
0.068

0.0

Table 23. Weight of dust collected inside filter papers for different material fractions.
The outcome of the tests on the 0-8 mm samples with added salt was always the same.
Untreated control generated dust but even the smallest addition of salt, corresponding to
3.75 g CaCl2 per 2700 g granular material, generated less dust than 1 µg. This amount is
equivalent to about 60 g/ m2, which can be compared with the typically applied amount
of about 200 g/ m2 when dust suppressing with MgCl2 on the gravel road.
Dust generation from samples taken from the field trial sections
The weight of collected dust from sample material collected from the chosen field trial
sections are presented in figure 93. Statistical analysis of variance, using α=0.05, shows
no significant difference among the sample means from two tests.
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Figure 93. Dust amount collected with the dust generating device for different test
sections at the field test in Rättvik The figure shows the mean of the two tests and half a
standard deviation on each side of mean.
Legend key:
2=CaCl2 solution

8=CaCl2 1.0 kg

12=Dustex + CaCl2

4=MgCl2 1.3 kg

9=MgCl2 1.0 kg

14=CaCl2 0.7 kg

5=MgCl2 solution

10=Dustex

Figure 94 shows the appearance of the Duster diagram on top of the DustTrak diagram,
obtained from the last measurement of the season, for the same sections and figure 95
shows the correlation. Samples for the Duster analysis were collected about one month
after the DustTrak measurement.
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Figure 94. Figure shows the Duster diagram on top of the DustTrak diagram. DustTrak
values, on the right scale and marked with triangles, are obtained from a field
measurement while the Duster values, on the left scale and marked with squares, are
obtained from laboratory examinations on granular material collected from the same
field sections tested with the DustTrak equipment. Samples for the Duster analysis were
collected about one month after the presented DustTrak measurement occasion.
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Figure 95. Correlation between DustTrak PM10 values (mg/m3) and Duster values of
amount of material collected in filters (g).

13.7 Discussion and Conclusions
More dust should be generated from a higher silt loading (Jones, 1999). A well
functioning laboratory method should be able to demonstrate this. From looking at either
one of the two conducted test sets, i.e. trial 1 and trial 2 in table 23, there is a tendency
that more dust is collected in filters when analysing finer material fractions than when
analysing coarser fractions. However the amount of collected dust is very different
between different trial sets, i.e. between the three first analysed samples and the three
subsequently analysed samples. This might suggest that the reproducibility of the method
is poor. The explanation to this is still not known.
The expectation was that the impact of the compaction apparatus would crush larger
mineral particles into fines and force the fines upwards towards the surface and once
there they should be more vulnerable to the air plume cast by the dust collecting device.
The former turned out right, as seen in table 21, while the latter turned out wrong, i.e. the
fines was forced upwards but the material held together more tightly after compaction, as
seen in table 22.
The result that that even such a low concentration as 60 g salt per m2 prevents dust
generation is probably connected to the observation that this dust suppressant crystallizes
the material. This gives results similar to those received when the samples were
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subjected to compaction. This coincides with what has been stated earlier in literature,
namely that calcium– and magnesium chloride crystallizes in the road surface,
cementing the fine particles, under conditions of low relative humidity. A hard crust is
formed and this is resistant to the abrasive action of traffic (Thenoux and Vera, 2003).
However, if the laboratory material had been subjected to climatic- and traffic factors,
which would have caused gradual loss i.e. leaching of dust suppressant, a higher
concentration probably could have been used. In addition, the laboratory granular
material used for these experiments was deficient in fines. It is likely that dust would
have been obtained, even with the addition of salt, if the granular material had had higher
content of fines. Support for this assumption is given by the fact that the field material,
which in contrast was very rich in fines, gave significant amounts of dust in filters.
The experiments with wearing course materials collected from field trial test sections
(Fig. 93) gave no statistical evidence at the 5% level for any difference amongst sample
means. Calculated means, obtained from two different trial sets, looks reasonable in
comparison to results obtained with the DustTrak equipment used for evaluating dust
emission in field, even though any difference can not be statistically secured (Fig. 94).
Large standard deviations, as seen here, were also obtained on field trial sections, due to
greatly varying dust emissions for different spot locations on each test section. However
since one value of mass concentration per volume unit per second could be obtained with
the DustTrak apparatus, this renders a much larger numerical basis for statistical
calculations. Hence the results from the field evaluations with the DustTrak are much
more confident.
It also is possible that there are in fact no differences among the sample means since
the samples were collected late in the season, i.e. in the middle of September, when reblading of the whole road had already been made and the concentrations of dust
suppressants were most likely very low.
The most important finding from this chapter is:
• A laboratory method, incorporating a handheld dust generating and collecting
device, for pre-assessing the efficiency of dust suppressants has been developed
and pre-evaluated. Preliminary results suggest that the amount of accessible
dust in different local spots is highly variable. This suggests that it is difficult to
obtain a good reproducibility with this method.
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Conclusive summary
Results from the field study are based mainly on the analysis with the TSI DustTrak
Aerosol Monitor Model 8520 which records PM10 aerosol mass concentrations in every
second resolution.
The difference in aerosol particle mass concentration between a dust suppressed and an
unbound, natural gravel road is remarkable large. However both chlorides and
lignosulphonates are very much subjected to water leaching, the extent of which is
dependant upon the amount of precipitation. Since residual content of these dust
suppressants in the surface courses is principally non-existent after the summer season,
these agents require, at least, annually renewed treatments.
Regarding efficiency of solid chlorides, these products generally performed
satisfactory during the whole test period on all test locations. About 30 wt-% more
magnesium chloride than calcium chloride is needed for the corresponding chloride
content. Solid calcium chloride, 1.0 kg/ running meter, was between 8-40% more
effective than the same amount of solid magnesium chloride. Calculated from all
measurements of the second season, calcium chloride was on average 19% more
effective at holding dust for the same amount of applied salt.
The results show that a solution of magnesium chloride and calcium chloride are
equally effective and, as solutions, are the most efficient dust suppressants on the market
today. Even though a somewhat higher chloride concentration can be obtained from
purchasing a ready-to-use solution, it is probably more cost and energy effective to
prepare the solution from a solid product at the location. This gain in efficiency from
using chloride solutions is not fully understood and needs to be statistically secured by
further studies.
Dust suppressants forming a hard surface crust, such as lignosulphonate or bitumen
emulsion performed acceptable at beginning stages of the field test. However, after only
about two weeks they ruptured and became the least effective dust suppressant. There are
two exceptions to this. Rape oil formed a hard crust which also was subjected to surface
rupture but this crust lasted for a longer period. During this time the rape oil performed
very well. However the utilized concentration of the rape oil was rather high and this
product is still rather expensive.
The other exception to the failure mode of surface crust forming dust suppressants, is
the lignosulphonate product used in Umeå. It was concluded, through an analysis by
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means of a scanning electron microscope that the well performing lignosulphonate
product used in Umeå was sodium lignosulphonate while the surface rupturing
lignosulphonate product used at all other test locations was calcium lignosulphonate. The
sodium lignosulphonate had higher levels of sulphur while the calcium lignosulphonate
had higher levels of carbon and oxygen, which, together with the difference in sodium
and calcium composition, could explain the difference in performance. The sodium
lignosulphonate applied in Umeå, was in fact the most effective dust suppressant tested
in that test location. It must also be remarked that Umeå was the only test location having
a gravel test road with an approved grain size distribution. The aggregates at all other test
locations were too rich in sand.
The solution of starch tested in the field was not as efficient as the hygroscopic salts at
holding the dust, probably due to fast leaching or degradation, but it was more efficient
than lignosulphonate on all test locations except in Umeå. It also appears that the calcium
lignosulphonate benefits from a higher content of fines as well as addition of a
hygroscopic salt. No significant efficiency improvement of the chlorides from higher
content of fines is supported by the results, at the 5% level.
Laboratory experiments of penetration ability showed that the 30 wt-%
lignosulphonate used in field trials in Umeå was somewhat less effective in penetrating
the 0-4 mm fraction than the corresponding diluted 50 wt-% lignosulphonate solution
used in Hagfors and Rättvik. The starch solution was only slightly better in penetrating
the material than the lignosulphonates. Any difference in penetration between
magnesium chloride and calcium chloride could not be distinguished from these tests.
An addition of 10 wt-% clay into an aggregate containing about 4 wt-% passing the
0.075 mm (mesh no. 200) sieve will further, significant to the 5% level, retard the rate of
lignosulphonate leaching. However the silt loading also influence the particulate loading
in the air since more fine material implies that more dust can be generated during dry
weather. Experiences from the colon test, when adding clay to a granular material, also
indicate that excess of clay may cause a wet and smeary road surface during days of
heavy precipitation.
Previously published literature (Moosmüller et al, 2005) indicate that there is a mutual
dependence between the amount of dust raised by traffic and the evenness, i.e. the degree
of potholes and corrugations, of the gravel road surface. Statistical analyses, from visual
inspections of the road condition, at the 5 % level conclude that the amount of dust raised
by traffic can be used as a predictor for both loose gravel and evenness of the road
surface.
Results from the study of horizontal diffusion of PM10 from the gravel road indicate
that there is a linear decay, in mass concentration of these particles, with the distance
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from the road lane. The PM10 particles principally do not travel further than 45 m from
the road, provided that the downwind velocities are of between 0-7 m/s. The test was
done at, by Swedish standards, high particulate loadings. This experiment denotes that
there exists no immediate risk of exceeding the maximum allowed PM10 concentration in
the ambient air, established by the European Council directive.
The most important findings of this project study are:
• Solid calcium chloride is on average 19% more effective at holding the dust
than the equivalent amount of solid magnesium chloride.
• A solution of either magnesium chloride or calcium chloride is the most
efficient dust suppressant.
• Sodium lignosulphonate, with a relatively larger content of sulphur and sodium,
is much more effective than calcium lignosulphonate, containing a relatively
larger amount of calcium, oxygen, and carbon, for dust suppressing purposes.
• An objective method for quantifying the amount of dust on gravel roads has
been evaluated. The method gives the opportunity to distinguish between
sections treated with different dust suppressants. The method has been
compared with visual inspections and shows a relatively good correlation. It
gives substantial and reliable results. However the method has only been
calibrated for a constant vehicle speed of 40 km/h.
• Statistical analyses, from visual inspections of the road condition, at the 5 %
level conclude that the amount of dust raised by traffic can be used as a
predictor for development of both evenness and loose gravel on the road
surface.
• Methods for residual content quantification of chlorides as well as
lignosulphonate have been developed and seem to work satisfactory.
• Any residual content regarding both chlorides and lignosulphonate is in
principle non-existent in the surface wearing courses after the summer season.
Calcium lignosulphonate is especially fast leaching which probably explains
why roads which are dust suppressed with this product gives of much dust
already in the beginning of the summer.
• After the application occasion, the chloride residual content in the gravel
wearing course increase during a period of less precipitation and then starts to
decrease rapidly during periods of more heavy precipitation. This is, however,
more pronounced for solid salt than for salt solutions.
• The particle emission diffuses no further than 45 m down wind from the gravel
road in prevailing wind velocities of between 0 and 7 m/s.
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Even regarding locations very close to the gravel road, there is a very small risk
of exceeding the maximum allowed daily average concentration of PM10 stated
by the European Council directive.
• Lignosulphonate is remarkably favoured by a larger content of fines. Much less
lignosulphonate is leached from the granular material if clay or mesa is added
to obtain a total content of fines of about 15 wt-%. The corresponding effect,
from increasing the content of fines, was not seen in neither the field nor the
laboratory regarding the leaching propensity of salt.
• The moisture retaining, i.e. hygroscopic, property of magnesium- and calcium
chloride increases with increasing concentrations until a peak concentration,
where further increases in concentration yield no efficiency gains. However at
the concentration interval which is reasonable out of economical reasons, both
calcium- and magnesium chloride treated aggregates benefit from increasing
the chloride concentration.
• A finer aggregate fraction does not hold water more effectively, in fact the
opposite is true, but it can absorb more water and therefore is more effective
from a moisture retaining perspective.
• A laboratory method, incorporating a handheld dust generating and collecting
device, for pre-assessing the efficiency of dust suppressants has been developed
and pre-evaluated. Preliminary results suggest that the amount of accessible
dust in different local spots is highly variable. This suggests that it is difficult to
obtain a good reproducibility with this method. The highly dust variable local
spots are also an apparent problem on the road. The developed objective
method collecting PM10 solves this problem by recording numerous sample
points.
Some future studies within this project are already planned. For example, the field
study will go on during one more season. The field test will continue at Umeå,
Hagfors, and Halmstad. Studies on the transversal mobility of salt within the gravel
wearing course will be carried out during this last season. Also a field test in full
scale with some of the dust suppressants are planned for. The development and the
evaluation of the laboratory method will also continue in the future. Further analysis
with the SEM are being planned as well as further studies on the influence of
addition of clay to prevent lignosulphonate from leaching.
•
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specimen (III) before dust suppressant treatment with calcium chloride, to the left, and
specimen (IV) after treatment, to the right.
Figure 54. Magnified SEM image; frame width 0.1 mm, showing surface morphology for
specimen (III) before dust suppressant treatment with calcium chloride, to the left and
specimen (IV) after treatment, to the right.
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Figure 70. Subjective mean values and objective mean values for the summer of 2006 in
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zero.
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Figure 71. Linear regression showing significant, α=0.05, correlation between dust
emission and loose gravel on dust suppressant treated test sections in Hagfors. Each dot
represents a different section. Values are presented as season means of all visual
assessments. Classification, from 1 to 4, is in accordance with SRA’s method description
for judging of road conditions for a gravel road, where a ‘1’ indicates a good condition
and a ‘4’ indicates a bad.
Figure 72. Linear regression showing significant, α=0.05, correlation between dust
emission and evenness on dust suppressant treated test sections in Hagfors. Each dot
represents a different section. Values are presented as season means of all visual
assessments. Classification, from 1 to 4, is in accordance with SRA’s method description
for judging of road conditions for a gravel road, where a ‘1’ indicates a good condition
and a ‘4’ indicates a bad.
Figure 73. Size distribution curve for the gravel material used in the laboratory
evaluations. The dashed lines show the limits within which the grain size distribution
curve must be for a wearing course material according to ATB Väg (Vägverket, 2004).
Figure 74. Total amount of chloride leached after one addition of 35 mL deionised water
as a function of granular material size fraction. 450 mg CaCl2 was used in the
experiment. N=2 (N=3 for 0-16 mm + 10 wt-% clay material; the fourth sample was
regarded as an outlier.
Figure 75. Accumulated chloride leaching dependence on granular material fraction
and applied water amounst for calcium chloride and magnesium chloride. (Standard
deviation for the method is 9.7 mg).
Figure 76. Concentration and chloride type dependence on chloride leaching. Std Dev =
6.08%.
Figure 77. The amount of lignosulphonate leaching for different fractions of 300 g
granular material after addition of 35 mL deionised water. The amount of
lignosulphonate leaching is obtained as the absorbance at 280 nm x the dilution factor x
the total volume of leachate collected. Pr>F = 0.0007; F= 17.36; N= 2; α= 0.05.
Analysis of variance shows a significant difference among means.
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Figure 78. Concentration of lignosulphonate in leachate depending on initial
concentration in the granular material and the amount of water added. The amount of
lignosulphonate leaching is obtained as the absorbance at 280 nm x the dilution factor x
the total volume of leachate collected.
Figure 79. Sheet of steel subjected to drops of water glass – before and after water
soaking, respectively.
Figure 80. Picture showing SDS dissolved in deionised water to the left and calcium
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Figure 83. Test oven.
Figure 84. Correlation between the evaporated share of added water and drying time for
different fractions. The figure shows the average of the two tests. The broken line
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Figure 85. Correlation between retained amount of water in wt-%, and added amount of
salt, CaCl2 and MgCl2, respectively, to the test samples. Each sample contained 2700 g
of granular material and was kept at 55ºC.
Figure 86. Drying in oven – Amount, in wt-% of water in the sample in relation to
amount of added water (water retained/ water added*100) as a function of material
fraction. Results obtained from colon test where holes in the bottom of material
container were uncovered which enabled water runoff and hence water saturated
granular material samples.
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Figure 87. Drying in oven – Amount, in wt-% of water in the sample in relation to
amount of added water (water retained/ water added*100) as a function of material
fraction. Results obtained from metal container test where holes in the bottom of
material container were covered, thus preventing water runoff and causing
supersaturated water samples.
Figure 88 and 89. Figure 88, to the left, the containers and the compaction device is
shown in the middle of the picture. The dust generating device (Duster) is shown in the
front right corner of the same picture. The abrasion device is also shown in the same
picture in the upper left corner.
Figure 89; to the right, shows test material containers covered by the heating blanket for
facilitation of water evaporation.
Figure 90. Picture from the front of the dust collecting laboratory device, ‘Duster’.
Figure 91. Schematic diagram of laboratory device, Plexiglas dust hood is shown in
cross-section.
Figure 92. Equipment used for compaction and wear of material (Proctor-compaction
device).
Figure 93. Dust amount collected with the dust generating device for different test
sections at the field test in Rättvik
Figure 94. Figure shows the Duster diagram on top of the DustTrak diagram. DustTrak
values are obtained from a field measurement while the Duster values are obtained from
laboratory examinations on granular material collected from the same field sections
tested with the DustTrak equipment. Samples for the Duster analysis were collected
about one month after the presented DustTrak measurement occasion. .
Figure 95. Correlation between DustTrak PM10 values (mg/m3) and Duster values of
amount of material collected in filters (g).
Figure 96. Visual assessment regarding amount of raised dust, done by SRA
Construction and Maintenance, in Halmstad. Results for both the 27th of June and 12th of
July 2006. All sections are judges as ‘class 1’indicating no raised dust.
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Figure 97. Visual assessment regarding amount of raised dust in Rättvik. Results for
both the 12th of June and 10th of July 2006. All sections are judges as ‘class 1-indicating
no raised dust.
Figure 98. Visual assessment regarding amount of raised dust in Hagfors on the 13th of
July 2006. One test section, number 15, has been judged as a ‘class 4’indicating
critically reduced visibility and three test sections: number 10, 12, and 14, have been
judged as a ‘class 3’indicating impaired visibility.
Figure 99. Calculated means, concerning test section in Rättvik, of crossfall as assessed
visually. Means from the season of 2006; assessment was done every second week based
on SRA method description for rating of gravel road condition from class 1 to 4, ‘1’
indicating a good condition and ‘4’ indicating such a bad condition that a maintenance
treatment is required.
Figure 100. Calculated means, concerning test section in Rättvik, of evenness as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 101. Calculated means, concerning test section in Rättvik, of loose gravel as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 102. Calculated means, concerning test section in Rättvik, of amount of dust
raised as assessed visually. Means from the season of 2006. Assessment was done every
second week based on SRA method description for rating of gravel road condition; from
class 1 to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that
a maintenance treatment is required.
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Figure 103. Calculated means, concerning test section in Umeå, of crossfall as assessed
visually. Means from the season of 2006. Assessment was done every second week based
on SRA method description for rating of gravel road condition; from class 1 to 4, ‘1’
indicating a good condition and ‘4’ indicating such a bad condition that a maintenance
treatment is required.
Figure 104. Calculated means, concerning test section in Umeå, of evenness as assessed
visually. Means from the season of 2006. Assessment was done every second week based
on SRA method description for rating of gravel road condition; from class 1 to 4, ‘1’
indicating a good condition and ‘4’ indicating such a bad condition that a maintenance
treatment is required.
Figure 105. Calculated means, concerning the test section in Umeå, of loose gravel as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 106. Calculated means, concerning the test section in Umeå, of amount of dust
raisecl as assessed visually. Means from the season of 2006. Assessment was done every
second week based on SRA method description for rating of gravel road condition; from
class 1 to 4, ‘1’ in8dicating a good condition and ‘4’ indicating such a bad condition
that a maintenance treatment is required.
Figure 107. Calculated means, concerning the test section in Halmstad, of crossfall as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 108. Calculated means, concerning the test section in Halmstad, of eveness as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 109. Calculated means, concerning the test section in Halmstad, of loose gravel
as assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 110. Calculated means, concerning the test section in Halmstad, of amount of
dust raised as assessed visually. Means from the season of 2006. Assessment was done
every second week based on SRA method description for rating of gravel road condition;
from class 1 to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition
that a maintenance treatment is required.
Figure 111. Calculated means, concerning the test section in Hagfors, of crossfall as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 112. Calculated means, concerning the test section in Hagfors, of evenness as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 113. Calculated means, concerning the test section in Hagfors, of loose gravel as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
Figure 114. Calculated means, concerning the test section in Hagfors, of amount of dust
raised as assessed visually. Means from the season of 2006. Assessment was done every
second week based on SRA method description for rating of gravel road condition; from
class 1 to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that
a maintenance treatment is required.
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Figure 115. Calibration of chloride specific spectrophotometer, used for chloride
residual concentration analysis of samples collected from field trial sections, showing
good accuracy. Standard edition of known chloride concentration (mg/L) to virgin
granular material.
Figure 116. Results obtained with the DustTrak equipment from the test section in
Hagfors on the 1st of June 2006.
Figure 117. Results obtained with the DustTrak equipment from the test section in
Halmstad on the 12th of June 2006.
Figure 118. Results obtained with the DustTrak equipment from test sections in Umeå on
the 13th of June 2006.
Figure 119. Results obtained with the DustTrak equipment from test sections in Rättvik
on the 16th of June 2006.
Figure 120. Results obtained with the DustTrak equipment from the test section in
Halmstad on the 3rd of July 2006.
Figure 121. Results obtained with the DustTrak equipment from the section in Hagfors
on the 5th of July 2006.
Figure 122. Results obtained with the DustTrak equipment from the section in Rättvik on
the 6th of July 2006.
Figure 123. Appearance of PM10 mass concentration diagram, at 5 (DT 1) and 10
meters (DT 2) from road edge, at a vehicle passing speed of 60 km/h.
Figure 124. Correlation, i.e. lack of correlation between PM10 mass concentration and
distance from road at a vehicle passing speed of 60 km/h. At higher speeds than 40 km/h;
the influence of other factors such as wind velocity and driving pattern are thought to, in
increased proportions, affect the results.
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Figure 125. Correlation, i.e. lack of correlation between PM10 mass concentration at
several distances from the road (i.e. 5, 10, 15, 20, 25, and 30 m from road edge) and
vehicle passing speed. Once again; the results seems to, in increasing proportions, be
affected by factors such as changing wind direction and wind velocity as well as, and
perhaps foremost, driving pattern and thus abrasive momentum and additional vehicleroad surface interface impact.
Figure 126. Picture showing plastic cylinders for holding of dust suppressant treated
granular material and arrangement for studies on leaching behaviour.
Figure 127. Picture showing four different chloride containing filtrates from chloride
residual content analysis of field samples. Samples are from the same origin, i.e. field
test road, but the turbid filtrate, i.e. the most left sample, has lower chloride content than
the other samples.
Figure 128. Grain size distribution of the silicon clay granulate.
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Table 1. Demands for thickness (mm) of gravel pavements depending on climatic zone
(Road 94, 1994). For description of climatic zones, see definitions.
Table 2, Demands for grain size distribution for a gravel wearing course
(Vägverket, 2004).
Table 3, Demands for grain size distribution for a gravel road roadbase aggregate
(Vägverket, 2004).
Table 4. Choice of different dust suppressants with regards to three different variables:
traffic load, weight-% of fines in wearing course, and climate (Chunhua, 1992).” Notes:
1
may become slippery when wet, 2 road mix for best results”. Dustex is a trade name for
a lignosulphonate dust suppressing product.
Table 5. Mass and concentration, for 2005, of all applied agents for dust control on each
test location, respectively. Lignosulphonate solutions were diluted from stock solutions.
The stock solutions had a concentration of 50% in Hagfors and Rättvik, 43% in
Halmstad, and 30% in Umeå.
Table 6. Mass and concentration, for 2006, of all applied agents for dust control on each
test location, respectively Lignosulphonate solutions were diluted from stock solutions.
The stock solutions had a concentration of 50% in Hagfors and Rättvik, 43% in
Halmstad, and 30% in Umeå.
Table 7. Field trial 2005-Applied amount of salt and its corresponding chloride
concentration. Applied chloride concentration (g/m2) is calculated as applied weight salt
(g/m2) x salt concentration x chloride %-by weight-of total salt molecule (0.6489 for
CaCl2 and 0.7446 for MgCl2).
Table 8. Field trial second year (2006)-Applied amount of salt and its corresponding
chloride concentration. Applied chloride concentration (g/m2) is calculated as applied
weight salt (g/m2) x salt concentration x chloride %-by weight-of total salt molecule
(0.6489 for CaCl2 and 0.7446 for MgCl2).
Table 9. Prerequisites for the different test roads used in the field study.
Table 10. Prerequisite for the different test sections in Vårgårda.
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Table 11. Test program for analyses, with the DustTrak equipment, of dust formation on
field trial sections in Umeå, Rättvik, Hagfors, Halmstad, and Vårgårda.
Table 12. Selection of test sections illustrating the relative differences in dust emission at
different test locations. Mean PM10 values (mg/m3) and relative ranking (shown in
parenthesis), for each specific test section at specified test occasion, are presented.
Table 13. Date and place of sample collection for chloride residual quantification.
Table 14. Date and place of sample collection for lignosulphonate residual
quantification.
Table 15.Visual assessments of evenness of 26 different gravel road sections, performed
by 8 different subjects of experiment.
Table 16. Proposed threshold PM10 values, in mg per m3, for different road condition
classes, judged in accordance to the visual inspection method specifin VV Publ. 2005:60
(Vägverket, 2005).
Table 17. Summarization of test program for analyses of chloride leaching.
Table 18. Summarization of test program for analyses of chloride leaching.
Table 19. Dust suppressants tested for penetration ability.
Table 20. Tested amount, of calcium chloride and magnesium chloride, respectively.
Concentration is given in total grams (g) added to each sample surface.
Table 21. Influence of compaction – size distributions for compacted, shown in right
column, and uncompacted (control), shown in left column, gravel material, 0-8 mm;
from two separate gradations.
Table 22. Amount (gram) of dust collected with the laboratory dust collecting device, for
the compacted sample and an uncompacted control sample. Given values represents
mean values from the dust collections, with the Duster.
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Table 23. Weight of dust collected inside filter papers for different material fractions.
Table 24. Product sheet –silicon clay granulate specification.
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Figure 96. Visual assessment regarding the amount of raised dust, done by SRA
Construction and Mainteance, in Halmstad. Results for both the 27th of June and 12th of
July 2006. All sections are judges as ‘class 1’indicating no raised dust.
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Figure 97. Visual assessment regarding the amount of raised dust in Rättvik. Results for
both the 12th of June and 10th of July 2006. All sections are judges as ‘class 1’indicating
no raised dust.

239

4

Condition

3

2

1

0
1

2

3

4

5

6

7

8

9

10

11

12

13

14

15

Section number

Figure 98. Visual assessment regarding the amount of raised dust in Hagfors on the 13th
of July 2006. One test section, number 15, has been judged as a ‘class 4’indicating
critically reduced visibility and three test sections; number 10, 12, and 14, have been
judged as a ‘class 3’indicating impaired visibility.
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Figure 99. Calculated means, concerning the test section in Rättvik, of crossfall as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 100. Calculated means, concerning the test section in Rättvik, of evenness as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 101. Calculated means, concerning the test section in Rättvik, of loose gravel as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 102. Calculated means, concerning the test section in Rättvik, of amount of dust
raised as assessed visually. Means from the season of 2006. Assessment was done every
second week based on SRA method description for rating of gravel road condition; from
class 1 to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that
a maintenance treatment is required.
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Figure 103. Calculated means, concerning the test section in Umeå, of crossfall as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 104. Calculated means, concerning the test section in Umeå, of evenness as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 105. Calculated means, concerning the test section in Umeå, of loose gravel as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 106. Calculated means, concerning the test section in Umeå, of amount of dust
raisecl as assessed visually. Means from the season of 2006. Assessment was done every
second week based on SRA method description for rating of gravel road condition; from
class 1 to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that
a maintenance treatment is required.
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Figure 107. Calculated means, concerning the test section in Halmstad, of crossfall as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 108. Calculated means, concerning the test section in Halmstad, of eveness as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 109. Calculated means, concerning the test section in Halmstad, of loose gravel
as assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 110. Calculated means, concerning the test section in Halmstad, of amount of
dust raised as assessed visually. Means from the season of 2006. Assessmen wast done
every second week based on SRA method description for rating of gravel road condition;
from class 1 to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition
that a maintenance treatment is required.
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Figure 111. Calculated means, concerning the test section in Hagfors, of crossfall as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4 ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 112. Calculated means, concerning the test section in Hagfors, of evenness as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 113. Calculated means, concerning the test section in Hagfors, of loose gravel as
assessed visually. Means from the season of 2006. Assessment was done every second
week based on SRA method description for rating of gravel road condition; from class 1
to 4, ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that a
maintenance treatment is required.
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Figure 114. Calculated means, concerning the test section in Hagfors, of amount of dust
raised as assessed visually. Means from the season of 2006. Assessment was done every
second week based on SRA method description for rating of gravel road condition; from
class 1 to 4- ‘1’ indicating a good condition and ‘4’ indicating such a bad condition that
a maintenance treatment is required.
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Figure 115. Calibration of chloride specific spectrophotometer, used for chloride
residual concentration analysis of samples collected from field trial sections, showing
good accuracy. Standard edition of known chloride concentration (mg/L) to virgin
granular material.
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Figure 116. Results obtained with the DustTrak equipmen, from the test section in
Hagfors on the 1st of June 2006. Statistical analysis was done using the SAS statistical
analysis computer program. Total number of observations = 2148, N = ca. 135, α =
0.05. The number of sign * marks that there is a significant difference in mean value
between sections with different numbers of *.
Legend key:
1=MgCl2 solution +
mesa

5=MgCl2 solution

9=MgCl2 1.0 kg

2=CaCl2 solution
3=CaCl2 solution +
mesa

6=CaCl2 0.7 kg
7=had
not
yet
received dust control
treatment (MgCl2 1.0
kg)
8=CaCl2 1.0 kg

10=Dustex
11= had not yet
received dust control
treatment (Dustex +
mesa)
12=Dustex + MgCl2

4=MgCl2 1.3 kg

13= had not yet
received dust control
treatment (solution of
starch)
14=Bitumen emulsion
15=biomass

16= had not yet
received dust control
treatment (MgCl2 1.0
kg)
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Figure 117. Results obtained with the DustTrak equipment from the test section in
Halmstad on the 12th of June 2006. Statistical analysis was done using the SAS statistical
analysis computer program. Total number of observations = 2052, N = ca. 150, α =
0.05. The number of sign * marks that there is a significant difference in mean value
between sections with different numbers of *.
Legend key:
1=MgCl2
solution + mesa
2=CaCl2
solution

3=CaCl2
solution + mesa
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11=Dustex
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+

6=CaCl2 0.7 kg
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dust
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Figure 118. Results obtained with the DustTrak equipment from test sections in Umeå on
the 13th of June 2006. Statistical analysis was done using the SAS statistical analysis
computer program. Total number of observations = 2218, N = ca. 155, α = 0.05. The
number of sign * marks that there is a significant difference in mean value between
sections with different numbers of *.
Legend key:
1=MgCl2
solution + mesa

4=MgCl2 1.3 kg

9=MgCl2 1.0 kg

12=Dustex
CaCl2

2=CaCl2
solution
3=CaCl2
solution + mesa

5=MgCl2
solution
7 & 8=CaCl2
1.0 kg

10=Dustex

13=solution of
starch
15=CaCl2 0.7 kg

11=Dustex
mesa

+

+

x=section
outside the field
trial with high
levels of aerosol
dust
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Figure 119. Results obtained with the DustTrak equipment from test sections in Rättvik
on the 16th of June 2006. Statistical analysis was done using the SAS statistical analysis
computer program. Total number of observations = 1976, N = ca. 160, α = 0.05. The
number of sign * marks that there is a significant difference in mean value between
sections with different numbers of *.
Legend key:
1=MgCl2
solution
+
mesa
2=CaCl2
solution
3=CaCl2
solution
+
mesa
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CaCl2
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kg

15=conventionally
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(CaCl2 1.0 kg)
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Figure 120. Results obtained with the DustTrak equipment from the test section in
Halmstad on the 3rd of July 2006. Statistical analysis was done using the SAS statistical
analysis computer program. Total number of observations = 2029, N = ca. 145, α =
0.05. The number of sign * marks that there is a significant difference in mean value
between sections with different numbers of *.
Legend key:
1=MgCl2
solution + mesa
2=CaCl2
solution
3=CaCl2
solution + mesa

4=MgCl2 1.3 kg

7=Rape oil

10=Dustex

5=MgCl2
solution

8=CaCl2 1.0 kg

11=Dustex
mesa

+

6=CaCl2 0.7 kg

9=MgCl2 1.0 kg

12=Dustex
MgCl2

+

13=solution of
starch
14= conv. dust
bound section
(MgCl2 0.7 kg)

253

20
Std Dev

18

Mean

*****

Median

16

Dusting (mg/m3)

14

****

12
****

10

****

8
6

***

2

***
***

***

4

***
**

*

1

2

**

0
3

4

5

6

8

9

10

11

12

13

14

15

Binding method

Figure 121. Results obtained with the DustTrak equipment from the section in Hagfors
on the 5th of July 2006. Statistical analysis was done using the SAS statistical analysis
computer program. Total number of observations = 2065, N = ca. 130, α = 0.05. The
number of sign * marks that there is a significant difference in mean value between
sections with different numbers of *.
Legend key:
1=MgCl2
solution + mesa
2=CaCl2
solution
3=CaCl2
solution + mesa
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Figure 122. Results obtained with the DustTrak equipment from the section in Rättvik on
the 6th of July 2006. Statistical analysis was done using the SAS statistical analysis
computer program. Total number of observations = 2323, N = ca. 160, α = 0.05. The
number of sign * marks that there is a significant difference in mean value between
sections with different numbers of *.
Legend key:
1=MgCl2 solution +
mesa
2=CaCl2 solution
3=CaCl2 solution +
mesa

4=MgCl2 1.3 kg

8=CaCl2 1.0 kg

11=Dustex + mesa

5=MgCl2 solution
7=solution of starch

9=MgCl2 1.0 kg
10=Dustex

12=Dustex + CaCl2
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Figure 123. Appearance of PM10 mass concentration diagram, at 5 (DT 1) and 10
meters (DT 2) from road edge, at a vehicle passing speed of 60 km/h.
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Figure 124. Correlation, i.e. lack of correlation between PM10 mass concentration and
distance from road at a vehicle passing speed of 60 km/h. At higher speeds than 40 km/h;
the influence of other factors such as wind velocity and driving pattern are thought to in
increased proportions, affect the results.
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Figure 125. Correlation, i.e. lack of correlation between PM10 mass concentration at
several distances from the road (i.e. 5, 10, 15, 20, 25, and 30 m from road edge) and
vehicle passing speed. Once again; the results seems to, in increasing proportions, be
affected by factors such as changing wind direction and wind velocity as well as, and
perhaps foremost, driving pattern and thus abrasive momentum and additional vehicleroad surface interface impact.
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Figure 126. Picture showing plastic cylinders for holding of dust suppressant treated
granular material and arrangement for studies on leaching behaviour.

Figure 127. Picture showing four different chloride containing filtrates from chloride
residual content analysis of field samples. Samples are from the same origin, i.e. field
test road, but the turbid filtrate, i.e. the most left sample, has lower chloride content than
the other samples.
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EDR 28
65%
16%
7%
0.5%
1.8%
3.8%
0.9%
0.1%
1%
16-20%
10-12%

Silica, SiO2
Aluminium oxide, Al2O
Iron oxide, Fe2O3
Calcium oxide, CaO
Magnesium oxide, MgO
Potassium oxide, K2O
Titan oxide, TiO2
Manganese oxide, Mn2O3
Calcite
Quarts
Feldspars
Chlorite
Ph
~7.1
Ca-SPW
~1600 mg/L
Ca-HCL
~540 mg/100g
Cl-SPW
<10 mg/L
Humus content
1.1%
Clay content <0.001 mm
~41%
Clay content
~50%
T-value
~23 mekv/100g
S2
Not traceable
Table 24. Product sheet –silicon clay granulate specification.
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Figure 128. Grain size distribution of the silicon clay granulate.
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