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ABSTRACT

Road construction is one example of heavy con-
structions that may have a substantial tempora-
ry impact on local air quality. Construction of Lu-
led Road during the summer of 2013 generated a
great deal of dust emission. US EPA recommend-
ed exposure-profiling method was used to mea-
sure dust emission. Inexpensive BSNE dust sam-
plers were used instead of high volume sam-
plers. The objective was to give a general idea of
the amount of dust generated due to the con-
struction work. Dust generation related to wea-
ther was discussed under conditions. Estimated
threshold wind velocities for road surface mate-
rials at the height of 2 m were 12.88 m/s, 12.88 m/s
and 24.76 m/s which were lower measured wind
velocities, indicating no dust generated from wind
erosion. Dust masses for 7 sampling periods
show dust generation had a close relation with
moisture content of surface material. Wind speed,
humidity had minor or no effect. The estimated
dust emission rate in the construction work
during the measuring period was 22.86 kg TSP/d,
6 kg/d was from construction work and 16.86
kg/d was generated due to traffic on temporary
roads.

Keywords: Dust Emission; Road Construction;
Exposure-Profiling; BSNE

1. INTRODUCTION

The WRAP Dust Emission Joint Forum (DEJF) pre-
sented a definition of dust. Dust is defined as “particulate
matter (PM) which is or can be suspended into the atmo-
sphere by mechanical, explosive, or windblown suspen-
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sion of geologic, organic, synthetic, or dissolved solids,
and does not include non-geologic particulate matter
emitted directly by an internal and external combustion
process” [1]. Road construction is one example of heavy
constructions that may have a substantial temporary im-
pact on local air quality. During a heavy construction,
dust emissions are released into the air by several activi-
ties: equipment movement on unpaved surfaces, cut and
fill operations, excavation activities, crushing, land clear-
ing, wind erosion of soil exposed by construction activi-
ties, etc. Dust emission from construction differs from
other dust sources because of the temporary nature of the
construction period. Dust emissions from any single con-
struction site have a definable beginning and ending, and
vary substantially over different phased of the construc-
tion process [2]. The quantity of dust emissions from con-
struction operations is proportionally influenced by the
area of land being worked and to the level of construc-
tion activity. Emissions from heavy construction opera-
tions are positively correlated to the silt content of the
soil (that is, particles smaller than 75 micrometers [pm]
in diameter), as well as with the speed and weight of the
average vehicle, and are negatively correlated to the soil
moisture content.

Estimation and quantity of dust emission are important
and help environmental decision makers to permit a new
heavy construction work. In Sweden, most of the studies
and regulations regarding particulate pollution are emis-
sions from internal and external combustions and fine
particulate matters (PM) [3-5]. Suspended particulate mat-
ters from construction work have a substantial visible
adverse effect on the air quality during the ongoing con-
struction activities. It causes reduced air visibility and
health problems, and thus has to be quantified so that it
could be used as one of the foundations of environmental
assessment. Some works have been done in Sweden re-
garding road dust suppressants [6], road sources and pro-
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perties [7], and impact on air quality due to construction
dust [4]. Studies have rarely been focused on quantifica-
tion of dust generation from sources due to difficulties on
defining a dust cloud and many uncontrollable affecting
factors during construction works.

Since 1972, US EPA has been publishing and improv-
ing dust emission factors for various source categories by
a number of filed measurements. An emission factor is a
representative value that relates the quantity of a pol-
lutant released into the atmosphere with the source activ-
ity, and the amount of generated emission can be estima-
ted by the emission factor. An approximate emission fac-
tor for construction operations is 1.2 ton/acre/month of
activity [2]. The value is based on the field measurement
of total suspended particulate (TSP) concentrations, and
is an overall estimation. Later, Midwest Research Insti-
tute [8] proposed an equation to estimate dust emission
from heavy construction in the following form:

Emission = (0.42t0nsPM10/acre/month) xMxfxd (1)

where: M = miles of new roadway construction
f = miles to acre conversion factor
d = duration of roadway construction

Exposure-profiling method is one of the methods that
US EPA has used to establish dust emission factors from
heavy constructions [9]. The method is described in some
literatures [10-12], and has also been used by other re-
searchers [13-15]. The method measures the passage of
airborne particulate matter immediately downwind from
the source. The measurement is done by a simultaneous,
multipoint sampling of particulate concentration over the
effective cross section of the dust cloud. The ambient
wind is the force to direct the dust cloud into the sam-
pling array. The dust emission rate is obtained by a spa-
tial integration of the distributed measurement of accu-
mulated mass. In this study exposure-profiling method
was used to estimate the dust amount generated from a
phase of a road construction process. The threshold wind
velocities for the road materials were estimated. Dust ge-
neration was discussed relating to weather conditions.

2. STUDY AREA

Lulea road is the entrance to the World Heritage in the
church villiage, Vanhankaupunginlahti. The road crosses
the railway near Lulea intermodal terminal and currently
the passage is regulated with signals and barriers. The
railway is busy and shunting movements from the inter-
modal terminal charged junction further. This leads to ma-
jor safety and mobility problems for road traffic through
the area as well as being a barrier to rail transport devel-
opment. For these reasons, started in January 2013 a road
bridge has been under construction over the railway line
for cars with separated pedestrian and bicycle path. The
construction will end in September 2014 [10]. During
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June, July, August when the weather is warm and dry,
dust emission is a major environmental problem. Figure
1 shows a map of the construction. The dust measure-
ment was done for the period of 2013-08-05 to 2013-09-
13. During the measuring period, the road to the bridge
was under construction.

3. MATERAILS AND METHODS

Desiccated sediments in any environment can produce
dust. Transport of sediment by natural wind is governed
by turbulence, coherent structures, aerodynamic rough-
ness etc. This requires reliable measurement of both se-
diment flux and wind velocity in the harsh environment
of particle-laden flow. In this research, the BSNE sam-
pler [17] was used to measure horizontal sediment tran-
sport at different heights. Meteorological conditions dur-
ing the test period were also monitored. The method used
for the measurement was the exposure-profiling method.

3.1. Big Spring Number Eight Sampler

Big spring number eight (BSNE) sampler was design-
ed by Fryrear [17]. Because it is a passive sampler and
requires no power supply, it is cheap and widely used in
field experiments. By far it is the most popular passive
sampler in aeolian research [18].

Figure 2 shows a picture and the design of BSNE
sampler. The sampler is constructed of 28-gauge galva-
nized metal, galvanized 18-mesh screen, and stainless
steel 60-mesh screen. Dust-laden air enters through the
opening, which has an area of 20 x 50 mm’, and dis-
charges through the 60-mesh screen. The air speed is
slowed down inside the sampler because of enlarged
space and it allows the dust to settle in the collection pan.
The 18-mesh screen helps to reduce the breakdown of
deposited material and loss of very fine particles by re-
ducing the movement of collected material. A wind vane
attached at the rear allows the opening to face into wind
direction.

L —
——

Road to the bridge

The bridge

Figure 1. Map of the construction site [16].
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Figure 2. The BSNE sampler. Up: closed
sampler. Down: opened sampler [18].

BSNE sampler is very robust and able to collect a
large amount of sediments, up to tens of grams or more
[18]. The flow speed near through the opening is only
about 5% lower than that of undisturbed flow, and thus
can be considered approximately isokinetic [19]. Effi-
ciency of BSNE has been studied by [17], Stout and
Fryrear [20], Shao et al. [19], Goossens and Offer [21],
Goossens et al. [22], Sharrat et al. [23], Sharrat [24] and
Goossens and Buck [18], for a wide range of wind veloc-
ity and grain size. Most of them came into the similar
conclusion. The efficiency of BSNE decreases with de-
creasing particle size because fine grains easily follow
the slight wind deflection at the sampler opening. An-
other reason is fine particles are prone to escape from the
meshes where the inflow gets out of the sampler. For
coarse grains, the efficiency is rather high. Goosseens
and Offer [21] measured the overall efficiency between
86% - 96% for sand, and about 40% for 30 um particle.
Goossens and Buck [18] used efficiency of 17.5% for
PM10 which is the average of Sharrat et al.’s [23] meas-
urement between 10% and 25%. In this research, the
efficiencies which used to correct the measurement are:
90% for particles > 30 um, 40% for particles between 30
pm and 10 pm, and 17.5 for PM10. Also, researchers
have noticed a slight decrease in efficiency due to in-
creasing weed speed and this slight decrease can be ne-
glected.

3.2. Experiment Layout

The measurement was done by exposure-profiling me-
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thod and the collected dust particles were TSP. The me-
thod measures the passage of airborne particulate matter
immediately downwind from the source by simultaneous,
multipoint sampling of particulate concentration over the
effective cross section of the dust cloud. The construction
work on the road to the bridge was considered as the
source of dust emission during the measurement period
2013-08-05 to 2013-09-13 (see the measuring area in
Figures 3 and 4). The measurement only measured dust
from construction work, and did not include dust gener-
ated due to traffic travelling on temporary roads. The
construction work was divided into three phases during
the measurement period. In phase 1, the road surface had
the finest surface material (layer 1 in Table 1). In phase 2
and 3, the road was layered with coarser and coarser ma-
terials (layers 2 & 3 in Table 1). BSNEs were placed
directly downwind of the source. The samplers should be
installed vertically at different heights, as well as hori-
zontally at different distances in order to effectively co-
ver the cross section of the dust cloud. Five BSNEs were
placed at the height of 0.5 meters above of ground sur-
face linearly over the width of the dust cloud. The
BSNEs were marked with a, b, ¢, g, and h. Due to the
limitation on the number of samplers only the BSNE in
the middle of the 5 BSNES (which is sampler ¢) was in-
stalled with 3 more BSNEs above with heights of 1.25 m,
2 m, and 2.75 m, and they were marked with d, e and f.
During the period of 2013-08-05 to 2013-08-12 the sam-
plers were placed Southwest-West to the source, and thus
wind from Northeast-East was demanded to direct the
dust into the collectors. The distance between the sam-
plera, b, c, g, and h were 11 m, 9.4 m, 14.6 m, and 7.9 m
(Figure 3). For some reasons that installation of the
samplers was in conflict with the construction works,
during the period of 2013-08-19 to 2013-09-13 the sam-
plers had to be moved to South-Southeast to the source,
and therefore the wind from North-Northwest was re-
quired to direct the dust into the collectors. The distance
between the sampler a, b, c, g, and h were 18.7 m, 32 m,
20.5 m, and 29.10 m (Figure 4). A weather station was
also installed at the height of 2 m to monitor the weather
condition. It was assumed that the collectors had zero
collections when the wind direction was biased more
than 45 degrees to the both sides of the demanded wind
direction. Wind erosion of the road surface material was
disregarded, and dust generation was only due to me-
chanical force of construction works. Table 1 shows the
dust sampling dates and the corresponding road surface
layers. The road surface materials were also sampled for
particle size analysis and moisture content. Since the
experiment measured the dust emission from the same
sources the collected data should be comparable no mat-
ter the collector were at Southwest-West to the source
(Figure 3) or South-Southeast to the source (Figure 4).
Important thing is that different wind directions were re-

OPEN ACCESS



1258 J. Qi et al. / Natural Science 5 (2013) 1255-1263

® Weather station

/N BSNE

leasuring area
—P» Map direction

I:“> Wind direction

fLEH 5 ¢ ® Weather station
i Fire b

f i N

! {Measuring area VAN ;N

—® Map direction

I::> Wind direction

Railway

Figure 4. Measurement for the period of 20130819 to 20130913.

quired to direct the dust into the collectors.

4. RESULTS AND DISCUSSION

4.1. Texture and Threshold Velocity of the
Road Material

During the measurement period, the road to the bridge
was filled by layers with different materials. Table 2
shows the particle sizing of the layer materials. From
layer 1 to layer 2, the material became coarser. The thre-
shold friction velocities for wind erosion of three layer
materials were estimated by sieving method [25,26].

Copyright © 2013 SciRes.

Threshold wind velocities at the height of 2 m were cal-
culated by a logarithmic distribution of wind speed pro-
file above the surface [25]. In addition to particle size,
threshold velocity for wind erosion to take place depends
on several other soil conditions including cloudiness,
mechanical stability of clouds, and formation of surface
crust, bulk density, and moisture content [27]. Therefore
the actual threshold wind velocities should be higher
than the estimated ones in Table 2. Figure 5 shows the
wind velocity and gust velocity at the height of 2 m dur-
ing the measurement period. Gust is defined as short
bursts of high speed wind and when talking about wind
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Table 1. Sampling duration, road surface and location of samplers.

1259

Sampling duration Road surface

Location of the samplers Sampler distances and heights

2013-08-05 to 2013-08-09 Layer 1
2013-08-12

2013-08-19 to 2013-08-21 Layer 2
2013-08-22 to 2013-08-23

2013-08-26 to 2013-08-30

2013-09-02 to 2013-09-06 Layer 3

2013-09-09 to 2013-09-13

As in Figure 3 Distances between a, b, ¢, g, and
h were 11 m, 9.4 m, 14.6 m, and
79 m

Heights of ¢, d, e, and f above
ground surface were 0.5 m, 1.25
m,2m,and 2.75 m

As in Figure 4

Distances between a, b, ¢, g, and
h were 18.7 m, 32 m, 20.5 m, and
29.10 m

Heights of ¢, d, e, and f above
ground surface were 0.5 m, 1.25
m, 2 m, and 2.75 m

Table 2. Filling materials and threshold wind velocities.

Layer Gravel and coarser, % Sand content, % Silt content”, % Th:/zsll(;(c)ilghfﬁf/tslon Thresholriilg:/;:sd’\:]}(s)cuy at2
1 0.13 0.7 0.17 0.43 12.88
2 0.13 0.81 0.07 0.43 12.88
3 0.78 0.2 0.02 1 24.76

“the definition of silt content is defined by US EPA as mass of particles less than 74 pm in diameter [28], but here 64 um was used.

=

Wind (Unit m/s)
S
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10-08-2013 00:00:00

17-08-2013 00:00:00

e T e

24-08-2013 00:00:00

Sample Time

Figure 5. Wind velocity for the measuring period.

erosion, gust velocity should be considered. During the
measurement period neither wind velocity nor gust velo-
city was higher than the threshold wind velocity for the 3
layer materials. This confirmed the assumption that the
dust emission from the road construction was only gen-
erated by mechanical forces rather than wind erosion.

4.2. Influenced of Weather on Dust Emission

The dust masses collected from all sampling points
were plotted in Figure 6. The dust masses were calcu-
lated as unit mg/m?/s. The opening of BSNE sampler is
20 x 50 mm’. According to the assumption that no wind
erosion of road material was happening and the collector
had no collection when the wind direction was biased
more than 45 degrees to the both sides of the demanded
wind direction, the measuring period excluded the week-
end and non-working hours, as well as the time when the
wind was beyond the required direction. The purpose of
exposure-profiling method is to measure the dust mass

Copyright © 2013 SciRes.

variation over the cross section of the dust cloud to find
out the boundary of the cross section when dust mass is
close to zero so that the integration can be done over the
cross section. It was expected that horizontally the dust
mass should have a maximum value in middle sampling
point and decrease to both sides to zero when reach to
the boundary of the dust cloud. Vertically dust mass was
expected to have a maximum value at the lowest sam-
pling point and decrease with height to the top of the dust
cloud. However due to the limited number of sampling
points, it was not easy to get the expected trend for all
sampling periods (Figure 6). Dust masses from five sam-
pling periods, which were 2013-08-05 to 2013-08-09,
2013-08-12, 2013-08-19 to 2013-08-21, 2013-08-26 to
2013-08-30, and 2013-09-02 to 2013-0906, were in the
expected trend. Integration could be done by simply as-
sume dust mass varies in the same pattern horizontally at
different heights, and varies in the same pattern vertically
over the width of dust cloud.
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Figure 6. Dust mass for the sampling periods. a: dust mass for the sampling point a, b, ¢, g, h when the samplers were
located as in Figure 3; b: dust mass for the sampling point c, d, e, f when the samplers were located as in Figure 3; c:
dust mass for the sampling point a, b, ¢, g, h when the samplers were located as in Figure 4; d: dust mass for the sampling

point ¢, d, e, f when the samplers were located as in Figure 4.

For all seven sampling periods, average dust masses of
all sampling points a, b, ¢, d, e, f, g and h were plotted on
Figure 7(a). Figure 7(b), ¢ and d shows the moisture
content of the road layer materials, wind speed and out-
door humidity for the sampling periods. The construction
work was carried out 5 days a week from 6 am to 6 pm
with a constant working load, therefore the effect of
working scale is not considered for dust emission. Com-
paring dust mass (Figure 7(a)) with material moisture
content (Figure 7(b)), wind speed (Figure 7(c)), and
outdoor humidity (Figure 7(d)), only moisture content of
surface material had some relationship with dust mass
and the others had no clear relation with dust mass. Dust
generation can be influenced by several factors in a com-
plicated and interactive way. Figure 7 indicated that
moisture content of surface material had the closest rela-
tion with dust generation, wind speed, and humidity had
minor or no influences. Moisture in surface material is a
result of the influence of rainfall, evaporation, humidity
and so on. It is known that moisture content increases in-
ter-particle binding forces and thus reduces dust emis-
sion, and this is revealed by Figures 7(a) and (b) that

Copyright © 2013 SciRes.

when moisture content was low the dust mass was high.
Wind force is an important factor concerning wind ero-
sion, and wind speed must be over threshold velocity to
initiate wind erosion of surface material. Since no wind
erosion took place during the measuring period, the me-
chanical forces initiated dust generation and wind was
only the transport agency of dust particle. Therefore,
wind velocity mainly affects the speed of the dust trans-
portation rather than the mass of dust generated. Outdoor
humidity is one of the factors that resulted in changes in
moisture within the surface material. Figures 7(a) and (d)
show a very weak relation between dust mass and hu-
midity. The overall effect of weather factors to moisture
content should be analyzed as a whole rather than con-
sidering humidity separately.

4.3. Integrated Dust Emission Rate

Dust masses from the sampling periods, 2013-08-05 to
2013-08-09, 2013-08-12, 2013-08-19 to 2013-08-21,
2013-08-26 to 2013-08-30, and 2013-09-02 to 2013-09-
06, were able to calculate the integrated dust mass over
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Figure 7. Average dust mass of all sampling points (a), moisture content (b), wind speed (c) , and outdoor humidity (d)
versus sampling period.

the estimated cross section of dust cloud by simply as- tically over the width of dust cloud. The integrated val-

suming dust mass varies in the same pattern horizontally ues corresponding to the sampling periods were 6.2 kg/d,
at different heights, and varies in the same pattern ver- 6.5 kg/d, 5.8 kg/d, 5.6 kg/d and 5.6 kg/d. Therefore the av-
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erage dust production during the measuring period is es-
timated to be 6 kg TSP/d. This value doesn’t include the
dust generated due to the traffic travelling on the tempo-
rary roads.

Using Eq.1 with acre to mile conversion factor of 7.9
[8], the length of the road to the bridge of 0.1 km, PM10
amount was calculated to be 6.86 in a unit of kg/day.
Based on sufficient field measurement, a typical ratio of
0.3 for PM10/TSP has been used by US EPA [18, 25].
The amount of TSP generated by the source was
estimated to be 22.87 kg/d. This value includes all dust
generation from construction works and traffic travelling
on temporary roads. Therefore the dust emission for the
road construction during the measurement periods is es-
timated to be 22.86 kg TSP/d and that is 6 kg TSP/d ge-
nerated from construction works and 16.86 kg TSP/d
from traffic travelling on temporary roads.

5. CONCLUSIONS

The study measured the dust emission from a road
construction in Luled, Sweden. The measurement was
done by US EPA recommended exposure-profiling me-
thod using inexpensive BSNE dust samplers instead of
high volume samplers. As estimated threshold wind ve-
locities of surface materials were higher than measuring
wind velocity, dust emission was only from mechanical
construction works rather than wind erosion of surface
material. Dust masses from 7 sampling periods indicated
that dust emission was mainly influenced by moisture con-
tent of surface material which was a result of influences
of several weather factors. Since no wind erosion happed,
wind speed mainly affects the speed of dust transporta-
tion rather than the amount of dust generated. Due to the
limited number of sampling points, dust masses that aren’t
collected from dust data from all 7 sampling periods
were able to find out the boundary of the dust cloud. A
larger number of inexpensive BSNE samplers are strong-
ly recommended to increase sampling point over the ef-
fective cross section of the dust cloud. The estimated
dust emission rate for the construction work was 22.86
kg TSP/d, 6 kg/d was from construction work and 16.86
kg/d was generated due to traffic on temporary roads.
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