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Abstract
In this study a network of small particle sensors was installed around a major infrastructure
construction in central Gothenburg, Sweden. Urban air quality is a key health factor for city
residents and newly developed small and cheap sensors have been promoted as means to assess
and track air quality hotspots and point sources. In this case the construction site was chosen as
a potential particulate matter hotspot, and a network of eight sensors were placed around its
perimeter for a two-month period at the end of 2019. In addition to the sensors an air quality
monitoring station belonging to the city of Gothenburg in close proximity was used for
reference measurements and comparisons with historical trends. The results showed that the
wind direction and relative humidity during the measured months affected the results. Seven
out of eight sensors were not measuring direct emissions from the construction site for most of
the time, it is more likely that they were measuring resuspended particles from the surrounding
roads. Further tests would have to be performed in order to determine if they could work as a
complement around construction sites.

Sammanfattning
I denna studie placerades ett nätverk av små partikelsensorer runt en större byggarbetsplats för
infrastruktur i centrala Göteborg, Sverige. Urban luftkvalitet är en nyckelfaktor för invånarnas
hälsa i staden och nyutvecklade sensorer som är små och billiga har blivit framförda som
verktyg för att spåra punktkällor för utsläpp. I denna studie valdes byggarbetsplatsen som en
potentiell partikelkälla, och ett nätverk bestående av åtta partikelsensorer placerades runtom
bygget i en två-månaders period under slutet av 2019. Utöver sensorerna så användes även en
luftkvalitetsmätstation som tillhör Göteborgs stad, vilken ligger i närheten, till
referensmätningar och jämförelser med historiska trender. Resultaten visade att vindriktningen
och den relativa luftfuktigheten under de två studerade månaderna påverkade resultatet. Sju av
åtta sensorer mätte för det mesta ej direkta utsläpp från bygget utan det är mer troligt att de
mätte re-suspenderade partiklar från de omkringliggande vägarna. Fler tester skulle behöva
genomföras för att kunna säkerställa ifall sensorerna kan fungera som ett komplement runt
byggplatser.

List of abbreviations
PM – Particulate Matter
PM2,5 – Particles with a diameter equal to or less than 2,5 μm in diameter
PM10 – Particles with a diameter equal to or less than 10 μm in diameter
RH – Relative Humidity
SDS011 – The sensor that is studied in the report, Nova Particulate Matter Sensor SDS011
TEOM – The reference instrument in the area of the construction site, TEOM 1405-DF
MKN – Miljökvalitetsnormer
WHO – World Health Organisation
EU – European Union
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1. Introduction
Air pollution is a global problem that affects humans as well as the environment. Human health
is greatly affected by ambient air and low air quality causes premature deaths due to
cardiovascular and respiratory diseases as well as asthma (1). Air pollution is a problem that
affects the entire population, there are however groups that are more vulnerable to the effects
of it than others. These more vulnerable groups include elderly people, children, people with
pre-existing health problems and pregnant women (2). Many areas around the world have
experienced increased emissions and concentrations of air pollutants (2) and in 2017 92 % of
the world’s population lived in polluted air (1). Despite the fact that actions have been taken
and emissions as well as ambient concentrations have been reduced, the air quality in Europe
remains bad in several areas (2). When studying the air quality there are two main pollutants
that are considered key indicators of ambient air quality, tropospheric ozone and particulate
matter (PM) with a diameter less than 2,5 micrometres (1).
Fine particles less than 2,5 μm in diameter, PM2,5, contributes to premature deaths globally (3).
In the Global Burden of Disease 2017 comparative risk assessment, around 4.58 million deaths
during 2017 were attributed to exposure to ambient PM2,5 pollution. When it comes to the
overall risk factor for global premature mortality, these numbers put the exposure to PM2,5 as
the 10th largest risk factor (4). In 2016, around 412 000 premature deaths were associated with
the long-term exposure to PM2,5 in 41 European countries, according to the Air quality in
Europe – 2019 report (2). The countries in Europe where the number of premature deaths,
caused by exposure to PM2,5, is highest, correlates with the countries experiencing the highest
concentrations of the pollutant. The largest impacts are seen in countries in central and eastern
Europe, these countries are North Macedonia, Serbia, Bulgaria, Albania and Kosovo. The
countries experiencing the lowest relative impacts are located in the northern and north-western
parts of Europe, these countries are Finland, Sweden, Ireland, Norway and Iceland (2).
The air quality and air pollution in Europe has been a political concern since the late 1970’s.
The main instrument to improve the air quality over the continent has been to implement Air
Quality Directives, these numbers are based on the latest research regarding the health effects
of air pollution (5). The World Health Organization (WHO) has also implemented guidelines
for air quality. These values are often stricter than the EU standards, because they are set to
protect the human health (6). The limits in Sweden are called Miljökvalitetsnormer (MKN).
These limits are set to protect the environment and human health, as well as to meet the criteria
from the EU-directives (7).
In Sweden, the emissions of coarse particles with a diameter less than 10 μm, PM10, have
decreased by 39% between the years 1990 and 2017. The categories contributing the most to
the emissions are transportation within the country (43 %), woodburning (19 %) and industry
(17 %). Within the transportation category, 95 % of the emissions originates from the wearing
down of tires, roads and brakes, while the rest comes from the usage of fuels in traffic (8). PM2,5
is mainly emitted from combustion and when gases from combustion condensate, however, they
are also emitted from the wear of roads, tires and breaks. The PM2,5 emissions in Sweden have
also decreased, but this reduction is at 55 %. The category contributing the most to these
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emissions is ‘private heating of houses and premises’ (37%). The emissions of small particles
from the category ‘industry’ decreased by 74% between 1990 and 2017, there was however, an
increasing trend from the industry between the years 2015 and 2017 (9).
Both PM2,5 and PM10 are emitted from construction sites (10). Construction work is common
around the world, but the effects on the surrounding areas due to the emissions of PM, in both
the fine and coarse size range, is poorly understood. It is a known fact that construction and
demolition of structures results in increased concentrations of PM10 locally. This is a problem
due to the health effects caused by the particles, they can contain toxic organic substances which
can affect respiratory health. PM2,5 is of interest since it has the has the ability to penetrate
deeper into the lungs and is therefore of bigger concern for the human health. In the future the
exposure to PM caused by the emissions from construction sites will be of even greater
importance due to the increasing world population (11).
1.1 Aim
The study will investigate how the construction site in Haga, in central Gotheburg, has
affected the air quality in the area as well as investigate whether a low-cost particulate
matter sensor can work as a complement to reference instruments. The sensor in question
is the Nova Particulate Matter sensor SDS011 and it was placed around the construction
site and tested through measurements where data was collected and analysed in order to
find if high peaks of PM occurs.
1.2 Research questions
1. Has the construction site in Haga affected the air quality in the area?
2. Can the Nova Particulate Matter Sensor SDS011 work as a complement around
construction sites, to reference stations?

2. Background
2.1 Construction sites
2.1.1 The construction site in Haga
The Västlänken construction formally started on the 30th of May, 2018 (12), however the
construction in Haga did not start until later. The construction of Västlänken in Haga
commenced with the work of the service tunnel for the Haga station, the opening of this tunnel
is located by Linnéplatsen. This construction started on the 5th of September 2018, according
to B, Persson (personal communication, 2019-11-25). After this, trees in the area where the
Haga station will be located were moved, the trees were located in Nya Allén and Kungsparken
and were moved on the 30th of October 2018. Three large trees located in the area were moved
to different places within the park while other trees were moved to a plant school. The trees that
had to be cut down will all be replaced (13). During February of 2019 preparatory work in
Rosenlund started, during a six-week period a construction area was established. A temporary
fence was put up around the site, this was followed by archaeological excavations as well as
the re-directing of traffic (14). Around the 20th of February earthworks started at the
construction site (15). This construction area is the one that is studied in this report and it is
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located approximately 220 meters from a city of Gothenburg’s air quality measurement station.
2.1.2 Monitoring of air quality
There are safety precautions taken, for air quality, regarding the construction site where
Västlänken is being built in Haga. These are presented by Trafikverket and they include the
pollutants PM10 and Nitrogen oxides. The reason as to why these pollutants were chosen is
because there are generally high concentrations of these pollutants in urban environments. The
safety precautions taken for PM10 include both dust-reducing precautions and requirements for
vehicles and machines. The dust reducing precautions include: (16)
-

Cleaning of surfaces where vehicles drive, on and around the construction site.
Clean the vehicles, e.g. cleaning of tires.
Watering and salting surfaces where vehicles drive.
Rinsing of trucks.
Minimize the waste.
Hardening of workspaces, e.g. asphalting or the usage of coarse material for the
roads used during the construction work.

The dust reducing precautions that includes cleaning or rinsing of surfaces or vehicles occurs
continuously since it would be a problem to the surrounding areas if they are not performed,
according to B. Persson (personal communication, 2019-11-25). In addition to these, another
precaution taken in order to reduce the spread of emissions is that the construction site is
shielded using screens (16).
The requirements for vehicles and machines set by Trafikverket include that the large
construction sites in Västlänken are required to use Euro IV trucks (16), which is an EU
emission standard (17), as well as ‘Stage III B’ for machines (16), which is also an emission
standard from the EU, for nonroad engines (18). For some construction sites there is also a
requirement to use ‘Stage IV’ for some of the machines. For the construction sites Haga and
Korsvägen a bonus is given for electric vehicles and machines (16).
Control measurements of the air quality will also be performed, these measurements will be
used in order to evaluate the effects on the air quality and actions can be taken when necessary,
this could for example be to reduce the spreading of dust. These control measurements will be
performed at the edge of the construction sites as well as a bit further away from the site (16).
According to Trafikverket (personal communication, 2020-02-05) the air quality was measured
before the construction started and will be evaluated during the construction, the measured
concentrations will be compared to the reference data that was collected beforehand. If high
concentrations are measured, this will be communicated to the supervisory authorities and
whether additional actions need to be taken will be evaluated. The measurements are compared
to MKN for air, for the PM10 concentrations these are 40 μg/m3 as a yearly average and 50
μg/m3 for the daily average which cannot be exceeded more than 35 days per year.
2.1.3 Particulate matter from construction sites
Both PM2,5 and PM10 are emitted from construction sites. PM2,5 is directly emitted from
construction equipment that is diesel-powered, these particles are the primary PM2,5. Emissions
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from the diesel equipment will also contribute to the secondary PM2,5 as they are formed in the
atmosphere from such pollutants. The dust that is generated from construction sites includes the
larger particles, PM10. These particles are often generated from activities that include, amongst
other things, demolition, crushing and grinding operations, earthworks and cutting building
materials. Operations like these contribute to problems with windblown dust (10).
2.1.4 Wind direction
Sweden is located in the so-called west-wind belt, this means that the most common wind
direction is west or south west. On the west cost of Sweden, which is where Gothenburg is
located, there are not many things disturbing the wind, which means that westerly and southwesterly winds are the dominating wind directions (19). The reference station is located south
of the construction site. Due to the placement of the reference station in relation to the
construction site, it is possible that the high peaks of PM possibly produced by the construction
site is missed as a result of the wind direction. It is therefore important to measure at different
locations around the construction site in order to reduce the risk of missing the emissions.
2.2 Particulate matter
2.2.1 Definition and composition of PM2,5 and PM10
PM are particles, both solid and liquid, that are suspended in the air (20) and affect human health
(21) as well as the environment (22). The size of PM varies greatly, where some are visible to
the naked eye whilst others are only visible through the usage of a powerful microscope (20).
These sizes are divided into different categories. Traditionally the PM sizes are classified as
coarse, fine or ultrafine. The coarse PM range from sizes between 2,5 µm to 10 µm in diameter,
PM10-2,5. The fine PM includes particles with a diameter less than 2,5 µm, PM2,5. Lastly, the
ultrafine particles are those with a diameter less than 100nm and they belong to the nanoscale,
PM0,1 (23). In this report the sizes PM10 and PM2,5 will be examined. PM10 includes all particles
with a diameter equal to or less than 10 μm whilst PM2,5 includes all particles with a diameter
equal to or less than 2,5 μm. These two sizes are widely monitored (20).
PM exist both as primary and secondary particles. Primary particles are released directly into
the air and the coarse PM are generally composed of these particles. Secondary particles are
particles that are formed in the atmosphere through reactions. Amongst the fine particles, more
of them contain these secondary pollutants (20).
Fine and coarse PM can differ in their compositions and fine PM is usually more diverse than
coarse PM. Fine PM can form in the atmosphere through various processes. Particles can be
formed from the condensation from the vapour phase, chemical reactions of gaseous precursors
such as nucleation, condensation or coagulation, it can also be formed if contaminated fog and
cloud droplets are evaporated and the particles remain in the atmosphere. Particulate salts are
often formed when sulphur and nitrogen oxides are oxidised to their respective acids followed
by a neutralisation with ammonium cations. Fine PM can also contain products of incomplete
combustion, condensates of volatile organic compounds as well as volatilized metals. Coarse
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PM is typically, in contrast to fine PM, primary pollutants. Meaning, they are not formed
through reactions in the atmosphere, instead they are produced in and emitted directly from a
point or area source as a fully formed particle. They originate from crushing and abrasion
processes, marine aerosols from bursting bubbles, desiccates, soil disturbances, hygroscopic
fine PM expands due to humidity into a coarse mode as well as when gas condensates directly
onto already existing coarse particles. The content of suspended primary PM is aluminium,
silica, iron, base cations (positively charged ions (24)) from; soil, pollen, fragments of insects
and plants, fungal spores, viruses and bacteria along with brake linings, tire fragments and fly
ash (25). In short, the composition of PM varies. Often they consist of a carbonaceous core with
multiple layers on top, these layers can consist of different adsorbed molecules. These
molecules include organic pollutants, acid salts, metals as well as biological elements like pollen
fragments, endotoxins and allergens (23).
2.2.2 Removal from the atmosphere and lifetime
The removal of PM from the atmosphere includes both dry and wet deposition. Dry deposition
is the process where particles or gases are deposited from the atmosphere to the surface (26) the
removal happens through diffusion processes, sedimentation under gravity or if there is
turbulent transfer that results in impaction and interception (27). Wet deposition, or rain
scavenging, is classified in two ways, ‘rainout‘ and ‘washout’ (26). ‘Rainout’ happens when the
particles act as cloud condensation nuclei in the formation of rain drops, the raindrops will
eventually fall as precipitation (28). ‘Washout’ refers to the process where the particles that
resides below clouds are removed by raindrops as they fall. Wet deposition is an important
process in the removal of PM from the atmosphere because it reduces the air pollution (26).
PM2,5 typically resides in the atmosphere for several days if there is no precipitation, this is due
to the fact that the sedimentation rate of these particles is negligible, and the dry deposition
process does not remove these particles quickly. This results in PM2,5 being able to travel very
long distances, even thousands of kilometres. In contrast, coarse dust particles like PM10 can
normally only travel short distances due to the fact that they settle from the atmosphere within
a few hours (29).
2.2.3 Elevated concentrations
Since PM is removed from the atmosphere through wet deposition (26), high levels of PM are
more likely to occur during periods with drier conditions (30). Elevated values also occur when
there are inversions. Temperature inversions are a reversal of the normal temperature gradient
in the atmosphere. Usually there is a slight decrease of temperature with height but when during
inversion there is a layer of warmer air above a layer of cool air. Inversions act as a cap, meaning
they do not allow any upward movement of air from the layers below. This will result in very
limited diffusion of air pollutants as they are restricted to the layers below the inversion (31).
Gothenburg often experiences inversion during the winter months due to the topography of the
city as there are many hills and valleys (32).
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2.2.4 Health and environmental impacts
I) Health

The effects the particles will have on the human health is dependent on the size of the particle.
Particles that are larger than 10 μm in diameter most often do not enter the respiratory system
as they are caught in the nose and sinus cavity on mucus membranes. The majority of these are
then naturally removed by the body, however, a small fraction could potentially be absorbed.
Particles within the PM10 size range are able to enter the human respiratory tract and are thereby
referred to as inhalable particles. Smaller particles have the ability to enter the body without
being impacted in the sinus cavity and are thereby able to enter into the lungs, this is possible
due to the lower mass and inertia of these particles. These inhalable particles can potentially be
deposited along the airways which includes the esophagus, bronchia and trachea. The ‘fine
particles’ are small enough to penetrate into the alveoli and be deposited. The alveoli are the
part of the lung responsible for the gas exchange between the lung and the circulatory system.
When particles are deposited in the upper respiratory system there are natural clearance
mechanisms. This is not the case for particles that are deposited further down in the lungs and
they tend to accumulate instead. If fine particles are deposited in the alveoli it is difficult to
clear it of these pollutants, they can accumulate and enter the bloodstream (21).
The effects caused by the particles on the human health depends on where in the respiratory
system the particles have deposited and thereby the particle size. Particles larger than 10 μm in
diameter usually cause seasonal allergies when there is exposure to plant pollen. The human
body recovers from this quickly once the exposure has passed. If the body is exposed to fine
particles it can lead to chronic health impacts (21). Problems that have been linked to the
exposure of particle pollution include among other things, irregular heartbeat, nonfatal heart
attacks, decreased lung function, coughing, difficulty breathing and irritation of the airways
(22). There have been numerous studies showing the increased risk of cardiovascular mortality
when there is an exposure to ambient PM10. Exposure to elevated PM2,5 concentrations has been
linked to an increased risk of premature death, this includes the increased risk of death as a
result of lung cancer and respiratory or cardiac diseases (21).
II) Environment

PM can be transported long distances via wind but will eventually settle to the ground or into
water. The effects the particle will have on the environment depend on the chemical
composition. Some of the effects include: acidifying lakes and streams, depleting the nutrients
in soil, contributing to acid rain and affecting the diversity of ecosystems (22).
According to a study by Rai, P.K (2016) one of the effects PM has on the environment is the
injury it can cause plants. There are two types of injuries, acute and chronic injuries. The acute
injury is very easy to detect, it arises as a result of an exposure to high concentrations during a
short period of time and is detectable due to the visible symptoms, often necrotic lesions, on the
leaves. Chronic injury is much more subtle and it is a result of exposure to lower concentrations
during a longer period of time. The effects of chronic injury and the form it takes is a reduction
6

of yields and/or growth. It is harder to detect because there are, most often, no clear visible
symptoms. If a plant is exposed to environmental pollutants constantly, it will start to absorb
and integrate them into their systems. Depending on the plants sensitivity level they show
different visible changes. These changes include alteration of biochemical processes or the
accumulation of certain metabolites. Other effects include stomatal damage, the decrease of
photosynthetic activity, premature senescence, disturbance of the membrane permeability and
lastly affect the yield and growth negatively, in sensitive plant species. The plants will be
affected and harmed by the low concentrations, but these harmful effects do not leave visible
injury on the plants (33).
PM, as mentioned previously, also contributes to acid rain. Acid rain affects the environment
as it causes lakes and streams to become acidified, this in turn will cause declines in the health
of organisms living here, such as fish, crayfish and clam populations. If an area is sensitive to
acidification is dependent on the regions soils and whether they have a low buffering capacity
or low acid-neutralizing capacity, or not. In addition to this, when the soil is acidified it can
release aluminium that is bound to the soil, which when it is dissolved can be toxic to both
plants and animals (24).
2.2.5 Air quality standards
There are standards set by both the WHO and the EU. For both PM2,5 and PM10 there are daily
and annual limit values. For PM2,5 there is no limit for the daily period within the EU Air Quality
Directive, however the annual limit is 25 μg/m3. The WHO guidelines for PM2,5 for the daily
period is 25 μg/m3 and for the annual period the limit is 10 μg/m3. The PM10 limit within the
EU Air Quality Directive is 50 μg/m3 for the hourly period and 40 μg/m3 for the annual period,
where the daily limit should not be exceeded on more than 35 days per year. The WHO
guidelines have a limit of 50 μg/m3 for the daily period for PM10 which is the same as the EU
standards, while the annual value differ slightly from the EU regulations with a limit of 20
μg/m3 (as seen in Table 2.1) (34). The limits in Sweden are called Miljökvalitetsnormer (MKN)
and are identical to the limits set by the EU. The daily value is not allowed to be exceeded on
more than 35 days per year within the MKN (7), which is the same as the EU Air Quality
Directive (34).
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Table 2.1, EU Air Quality Directive, the Swedish Miljökvalitetsnormer and WHO Guidelines for air quality,
constructed using data from Luftguiden (34) and Naturvårdsverket (7).
EU Air Quality Directive
Pollutant

Averaging period

PM2,5

Daily

PM2,5

Annual

PM10

PM10

Concentration

WHO Guidelines
Comments

Concentration

25 µg/m

25 µg/m3

Daily

50 µg/m3

Annual

40 µg/m3

3

Comments

50 µg/m3

20 µg/m3

Concentration

Comments

99th
percentile (3
days/year)

10 µg/m3
Not to be
exceeded
on more
than 35
days per
year

MKN

25 µg/m3

99th
percentile (3
days/year)

50 µg/m3

Not to be
exceeded
on more
than 35
days per
year

40 µg/m3

3. Materials and method
In order to measure the particles around the construction site the Nova Particulate Matter sensor
SDS011 was used. Before the sensors were placed at their respective locations they had to be
assembled, see Figure 3.1, and reprogrammed in order to be able to connect to Wi-Fi at the
sampling location. Once they were assembled and reprogrammed, they were placed at the
location where they would sample the particles. In total, seven sensors were placed at five
different locations. Four out of the five locations had one sensor each, while there were three
sensors placed at the fifth location. The three sensors placed at the fifth location were located
close to the reference instrument, the reason for this was for those sensors to act as control
measurements.
3.1 Nova Particulate Matter Sensor SDS011
3.1.1 Assembling the instrument
The Nova Particulate Matter sensor consists of three major parts that need to be connected to
one another, the particle sensor, the chip and the temperature sensor. The first step is to connect
the chip to the particle sensor using jumper wires, these are colour coded making it easy to
know which wire should be connected to which pin on the chip and sensors, Figure 3.1: A – C.
Once the wires attached, need to be secured with glue in order to keep them from coming off,
Figure 3.1: D – E. After they are secure the particle sensor is placed inside the plastic box and
plastic tubes are attached on each side of the box. One of the tubes was also attached to the air
inflow on the particle sensor, Figure 3.1: F. Once these were attached, the USB-wire was
connected to the chip and pulled through the side of the box, as seen in Figure 3.1: G. The final
step, before closing the box, was to connect the temperature sensor to the chip. The unattached
wires seen in Figure 3.1: A were attached to the temperature sensor and secured using glue, as
seen in Figure 3.1: E. Once all the steps were done, the particle sensor, the chip and the
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temperature sensor were all placed inside the box, which was then closed, as seen in Figure
3.1: H – I.

Figure 3.1: A-I: the different steps to assembling the sensor SDS011.

3.1.2 Reprogramming
The sensors were reprogrammed using the program ‘Arduino IDE’. The reprogramming
included programming them to be able to connect existing Wi-Fi at the sampling sites. The
name of the Wi-Fi as well as the password was entered into Arduino when the sensor was
connected to the program. The reprogramming also included programming them to send the
data directly to the Swedish Environmental Research Institute, IVL, instead of them sending it
to opensensemap.org, a public website.
3.1.3 Sampling sites
Sensors were distributed around the construction site, which is depicted in Figure 3.2 where it
is outlined in yellow, to capture all wind directions to the extent it was possible. Originally, ten
sensors were planned to be put up at eight indicated locations. These locations were chosen due
to their proximity to the construction site, however, since the sensor requires both power and
Wi-Fi in order to operate, it was important that both sockets and Wi-Fi were available and they
could be accessed. Each location had one sensor, except location number 2, Haga, where three
sensors were placed.
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When the distance between the sampling site and construction site is mentioned it is given as
the shortest linear distance between the sampling site and the construction site. The distance
was measured using an app called “Measure Land” (version 2.5) on an iPhone.

Figure 3.2, map of the area including the measurement stations (numbered red and green circles), an approximate
outline for where the construction site is located (yellow square) as well as the location of the reference station
(yellow circle marked with “R”). The green circles represent the measurement sites with working sensors, the red
circles represent the measurement sites were the sensors did not work, meaning there were no datapoints from
these sites. The map was taken from google maps (35) and was then altered in Power point.

1. University of Gothenburg, Analysis and teacher education (Skolgatan 2): this
sampling site had an approximate distance of around 55 meters to the construction site.
2. Haga (Sprängkullsgatan): Three sensors were placed at the city of Gothenburg’s air
quality monitoring station at Haga. They were placed around 4,10 meters above the
ground and with a distance of around 70 meters to the construction site. The control
measurement period started on the 16th of October, the actual measuring period started
on the 1st of November. The sensors were attached to a wooden plank using cable ties,
the plank was then attached to a pole that was attached to the wall, see Figure 3.3:a.
The Wi-Fi signal was provided by a phone that was placed at the location.
3. Smyrnakyrkan (Haga kyrkogata 2): the sensor was placed above the entrance of the
church and was secured in place using ratchet straps, see Figure 3.3:b. The sensor was
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placed around 2,60 meters above the ground with a distance of around 85 meters to the
construction site. It was connected to Smyrnakyrkan’s Wi-Fi and it started measuring
on the 1st of November.
4. Sjölins Gymnasium (Erik Dahlbergsgatan 1): Ratchet straps were attached to the
sensor and it was then placed outside a window. The straps were pulled through the
window to the inside, which resulted in the sensor staying in place once the window
was closed, see Figure 3.3:c. The sensor was placed around 2,80 meters above the
ground with a distance of around 290 meters to the construction site. It was connected
to the school’s Wi-Fi and it started measuring on the 7th of November.
5. Golf och bar Allén (Parkgatan 9-11): The sensor was placed at the top of a building
that was around 2,70 meters high. It was attached to the building using cable ties, see
Figure 3.3:d. The distance to the construction site was around 290 meters. The sensor
was connected to Golf och bar Allén’s Wi-Fi and it started measuring on the 1st of
November.
6. University of Gothenburg, Pedagogen house A (Västra Hamngatan 25): Ratchet
straps were attached to the sensor and it was then placed outside a window. The straps
were pulled through the window to the inside, which resulted in the sensor staying in
place once the window was closed, see Figure 3.3:e. The sensors had a distance of
around 210 meters to the construction site. The sensor was put up on the 1st of
November.
7. University of Gothenburg, Pedagogen house C (Läroverksgatan 5): Ratchet straps
were attached to the sensor and it was then placed outside a window. The straps were
pulled through the window to the inside, which resulted in the sensor staying in place
once the window was closed, see Figure 3.3:f. The sensor had a distance of around 45
meters to the construction site. The sensor was put up on the 1st of November.
8. 02Landskap (Pusterviksgatan 13): Ratchet straps were attached to the sensor and it was
then placed outside a window. The straps were pulled through the window to the inside,
which resulted in the sensor staying in place once the window was closed, see Figure
3.3:g. The sensor was placed around 3,70 meters above the ground with a distance of
around 70 meters to the construction site. The sensor was connected to 02Landskap’s
Wi-Fi. One sensor was put up on the 18th of November, however it did not send in data
and therefore had to be replaced. The new sensor was put up and started sending in data
on the 27th of November.
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Figure 3.3:a, all seven sensors located at the control measurement site, three of them were located
at this site throughout the duration of the measurement period.

Figure 3.3:b, the sensor located at Smyrknakyrkan

Figure 3.3:c, the sensor located at Sjölins Gymnasium

Figure 3.3:d, the sensor located at Golf och bar allén

Figure 3.3:e, the sensor located at Pedagogen house A
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Figure 3.3:f, the sensor located at Pedagogen house C

Figure 3.3:g, the sensor located at 02Landskap

The sensors are identified using a series of unique numbers. In order to make it easier to
recognize the sensors in the Figures and tables in the report, a colour is assigned to each of
them. See Table 3.4 below.
Table 3.4: the colours assigned to the different sensors as well the location where they were measuring

Number on sensor

Colour

Location

16642358

Pink

Haga

3741506

Orange

Haga

1633136

Purple

Haga

1664594

Green

Smyrnakyrkan

2455401

Yellow

Sjölins Gymnasium

16636279

Red

Golf och bar Allén

16638457

Blue

02Landskap

3.1.4 Locations at the University of Gothenburg’s buildings
When the sensors at Pedagogen house A and house C were in place it was discovered that they
were not sending in data. This was due to the sensors not being able to connect to the Wi-Fi in
these buildings. The Wi-Fi in question required both a password and a username in order to
connect to it, the sensors had not been programmed correctly before they were placed at the
sites due to a misunderstanding. However, after investigating if it was possible to reprogram
them to be able to connect to the Wi-Fi it was decided that it might be possible but not within
the existing time frame and knowledge. Due to this, three sampling sites had to be excluded as
all of them were supposed to connect to the same Wi-Fi. University of Gothenburg, Pedagogen
13

House A and C as well as University of Gothenburg, Analysis and teacher education. This
problem was discovered before the sensor at University of Gothenburg, Analysis and teacher
education had been put up, resulting in it not being put up at all. This meant that only seven
sensors were sending data instead of the originally planned ten.
3.1.5 Control measurements
Control measurements should be performed as they would reveal if the sensors are working
properly or not. Three sensors, the ones placed by the reference instrument (Location 2, “Haga”
in Figure 3.2) throughout the duration of the measurements, had control measurements
performed before the measurement period started. These sensors were started on the 16th of
October while the measurement period did not start until November. The remaining sensors,
locations Smyrnakyrkan, Sjölins Gymnasium, Golf and bar Allén and 02Landskap, did not have
control measurements performed before the measurement period started, due to lack of time.
Instead these were performed after the measurement period had ended. The sensors at locations
Smyrnakyrkan, Sjölins Gymnasium, Golf and bar Allén and 02Landskap were moved from the
measurement site they were at, and placed at location Haga, where the previous control
measurements had taken place. The control measurements lasted for two weeks, they started on
the 13th of February and lasted until the 26th of February. These measurements are performed
because the SDS011 is tested against the reference instrument but also in order to reveal sensor
inter variability
3.2 Measuring particles
There are different ways to measure different characteristics of PM in the atmosphere. The two
most important measurements are particle concentration and particle size. They are important
for different reasons, the particle size analyser is used because different sizes of particles can
remain in the atmosphere for different amounts of time. Smaller parties can remain in the
atmosphere longer than larger ones. The particle concentration measurements are important for
the standardisation of emission limits, these will in turn guarantee the air quality standards. The
concentration methods consist of three major methods, gravimetric, optical and microbalance,
these methods, in turn, consist of different instruments. The size distribution methods consists
of five major parts where two of them are impaction and diffusion, these are also divided into
different instruments (see Figure 3.5) (36). This report will use two different types of
instruments both of which measure the particle concentration. The first one is a TEOM
instrument, this is a gravimetric method (37), and the second one is the sensor SDS011, this
uses an optical method (38). The TEOM instrument is an instrument that can be used for
environmental monitoring and in this study, it is the reference instrument located in the area (as
seen in Figure 3.2). The instrument belongs to the City of Gothenburg and it is used for
reference measurements as well as for the historical data.
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Figure 3.5: methods and instruments for PM measurements (36). The two different methods used by the
instruments are marked in the figure.

3.2.1 How the TEOM instrument works
The reference instrument that is used to compare the sensors against is a TEOM 1405-DF.
TEOM stands for Tapered Element Oscillating Microbalance and the instrument continuously
measures particulate matter mass concentrations. The instrument draws in air through an inlet,
which is PM10 size selective. From here the air goes through a virtual impactor in order to
separate the coarse and fine fractions into separate air streams. The two air streams containing
the samples then flows through the FDMS (Filter Dynamics Measurement System (37)) as well
as two sample collection filters, one for the fine particles and one for the coarse particles. Air
flows through the two filters as the instrument draws it in at a constant flow rate (39). The filters
are attached to the tip of a tapered quartz wand, this wand will change the resonance frequency
when particles attach to the filters. The change in the resonance frequency yields the particle
mass (40).
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Figure 3.6: layout of the TEOM 1405-DF (37).

3.2.2 Working principles of the Nova Particulate Matter Sensor SDS011
The sensor that will be tested in this study is the Nova Particulate Matter Sensors SDS011. The
basis of the sensor is laser diffraction theory, where the distribution of the particle density is
quantified from the light intensity distribution patterns (41). Particles scatter light differently
depending on the size and the number of particles, the more particles there are the more light
will be scattered. If the particles are bigger than 0,5 µm in diameter they will scatter light
according to Mie scattering (38).
Mie scattering describes how an electromagnetic wave is scattered by a homogenous spherical
medium where the refractive index (42), which is affected by the chemical composition of the
molecule (43), is different in the material from that of the medium in which the wave is passing
through (42). When the size of the particle is very small (< 1/10 wavelength) the scattering that
occurs will mainly be Rayleigh scattering. However, when the particle is larger, i.e. the size of
the particle is larger than a wavelength, the dominating scattering will be Mie scattering. The
Mie scattering will produce a scattering where the outgoing light is more intensely scattered in
the direction of the incident light, i.e. forward (44). (See Figure 3.7)

Figure 3.7: Rayleigh and Mie scattering, the directions of the incident and scattered light (44).

The SDS011 will measure mass based on assumptions made about the density of the particles
as well as the refractive index (38). The sensor can measure PM between 0.3 to 10 μm in the air
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using a digital output and a built-in fan. When the particle density distribution is received, a
built-in algorithm will convert this into particle mass (41). Figure 3.8 shows the layout of the
sensor. The technical parameters of the sensors can be seen in Table A.1 in the Appendix. The
sensors measure concentrations every two and a half minutes, however, the data from the
sensors will be examined in ten-minute averages in this report.

Figure 3.8, layout of the Nova particulate matter sensor SDS011 (41).

3.2.3 Data coverage
The data coverage was investigated since this shows how well the sensors work. The data
coverage is presented in percent, this is important to investigate because the sensors were not
sending in data 100 percent of the time and some worked much better than others. When air
quality data is reported to Naturvårdsverkets datavärd the standard is to use the highest available
time resolution. However, if the measurements have a higher time resolution than one hour, i.e.
five- or ten-minute averages, these have to be converted into hourly averages. When doing so
it is important that every hour has a data coverage of at least 75%, i.e. 45 mins, if this is not the
case and the data coverage is lower, that hour has to be excluded (45). In this report, the time
resolution in the data that was examined was ten minutes. However, when the data coverage
was calculated, the ten-minute averages were converted into hourly averages. When the hourly
averages were obtained and the hours with low data coverage had been excluded, the data
coverage in percent was calculated (as seen in Table 4.13). Since the data was in ten-minute
averages, this meant that every hour had to contain at least five values in order to fulfil the 75%
requirement. Hours that did not meet this requirement were excluded.
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4. Results
4.1 Air quality in Haga
In order to get a historical context of the studied area long term yearly averages were made,
these averages spanned between the years 2013 to 2019. In addition to these average trends,
histograms were made and examined in order to determine the size distribution of the pollutants
and see if they were notably different during 2019 compared to a five-year period, 2013-2017.
Lastly for the historical context, the individual months were examined in order to determine
how 2019 compares to a five-year average, 2013-2017.
4.1.1 Annual average concentrations
Table 4.1 show the annual average concentrations in Haga for both PM2,5 and PM10 between the
years 2013-2019. Table 4.1 show how the concentrations have changed over time.
Table 4.1, the annual average concentrations [µg/m3] for both PM10 and PM2,5, at Haga, from 2013 to 2017. The
table was constructed using data from the yearly reports of the air quality in the Gothenburg area, ‘Luftkvaliteten
i Göteborgsområdet Årsrapport’ between the years 2013-2019, by Miljöförvaltningen (46).
2013

2014

2015

2016

2017

2018

2019

PM2,5
[µg/m3]

7

9

8

6

6

8

6

PM10
[µg/m3]

19

18

18

17

16

17

18

As seen in Table 4.1 there are no big changes in the yearly average for the particles. The year
2018 was a year with many traffic redirections in Haga which affected the NO2 concentrations
measured in the area. The yearly averages for PM seem normal, however, it is known that there
were big changes in the local emission sources. Due to this, the year 2018 was excluded from
the analysis. Figures for the monthly averages for NO2 for 2018 at both Haga and Femman can
be seen in the Appendix, Figures A.2 – A.3, as well as the monthly averages for 2019 in Haga,
Figure A.4.
4.1.2 Histograms – five-year average compared to 2019
Due to the changes in local emission sources not being visible in the yearly average, histograms
were made in order to see the size distribution of the particles. Figures 4.2 and 4.3 show how
the hourly concentration during 2019 of PM2,5 and PM10 differ from the hourly concentrations
during the years 2013 to 2017. The Figures depict the 2019 concentrations in relation to the five
years, in order to determine if the size distribution has changed.
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PM2,5: 5 years compared to 2019
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Figure 4.2, the hourly concentrations from five years, 2013-2017 compared to the hourly concentrations from
2019 for PM2,5 [µg/m3], in Haga. The concentrations are divided into bins, bin <10 represents all concentrations
below 10 [µg/m3], bin 10≤x<20 includes all concentrations equal to and bigger than 10 [µg/m3] but smaller than
20 [µg/m3], and so on. The y-axis is the occurrences in percent. The Figure was constructed using data from SMHI
(47) to calculate the five years, and Miljöförvaltningen (48) to calculate the 2019 concentrations.

Figure 4.2 shows that the 2019 values for PM2,5 do not appear to be exceptional and the 2019
values are within the confidence interval calculated for the years 2013-2017 within each bin.

19

PM10: 5 years compared to 2019
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Figure 4.3, the hourly concentrations from five years, 2013-2017 compared to the hourly concentrations from
2019 for PM10 [µg/m3], in Haga. The concentrations are divided into bins, bin <10 represents all concentrations
below 10 [µg/m3], bin 10≤x<20 includes all concentrations equal to and bigger than 10 [µg/m3] but smaller than
20 [µg/m3], and so on. The y-axis is the occurrences in percent. The Figure was constructed using data from SMHI
(47) to calculate the five years, and Miljöförvaltningen (48) to calculate the 2019 concentrations.

Figure 4.3 shows that the year 2019 for PM10 do not appear exceptional for the first three bins,
bins <10, 10≤x<20 and 20≤x<30. The 2019 value within these bins is within the confidence
interval calculated for the years 2013-2017. For the higher bins, starting at and 30≤x<40, PM10
is a bit of an outlier and the 2019 value lies above the confidence interval calculated for 20132017 within each bin.

4.1.3 Monthly averages – five-year average compared to 2019
Figures 4.4 shows how the monthly average concentrations for 2019 are in relation to a fiveyear average, for PM10 in both Haga and at Femman. The average is calculated using data from
five years, 2013-2017. The difference between Femman and Haga is investigated in order see
the difference between a normal year and 2019 in order to determine whether the differences
seen can be traced back to the construction site or if it is due to the weather. Since the results in
Figure 4.2 did not show that there were great differences between the five-year period and
2019, PM2,5 was excluded from this section.
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PM10 - 5 year average compared to 2019
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Figure 4.4, Monthly average concentrations, a five-year average calculated from the years 2013-2017 (light blue
and light orange line) compared to 2019 (dark blue and dark orange line), for PM10, in Haga and at Femman. The
Figure was constructed using data from Miljöförvaltningen, ‘Öpnna data’. The five year average was calculated
using data from the monthly reports, ‘Månadsrapport’, between 2013-2017 and the 2019 concentrations were
calculated using data from excel sheets with monthly values, ‘Månadsvärden’ (48).

For the 2019 values in Haga, in Figure 4.4, there are monthly averages that were calculated
using low data coverage, these months were June, July and August. The 2019 concentrations
follow each other quite well, where the Haga concentrations tend to be higher than the Femman
concentrations. There were two months where the trends did not follow each other quite as well,
these months were August and November. In August the Haga concentration increased much
more than the concertation at Femman, and in November the Haga concertation decreased
enough for it to be lower than the one measured at Femman. Looking at the five-year average
trends, these follow each other well and the Haga concentrations are higher than the Femman
concentrations throughout the months.
4.2 SDS011
Looking specifically at the sampling period, which took place during November and December
of 2019, if these small sensors are to be used, it is important to know how they work and if they
work properly. In order to investigate this, they were compared to a reference station that is
located in the area of the construction site to see how well they measured compared to this
instrument. These results are presented in Figures 4.5 – 4.6 and Table 4.7. The sensors were
also compared to each other in order to determine how well they correlated with one another,
these results can be seen in Figures 4.10 and 4.11 as well as Table 4.12. Figures depicting what
the weather was like during this period can be found in the Appendix, Figures A.5 – A.8. From
the sensors both PM2,5 and PM10 were examined, the reason as to why PM2,5 was not excluded
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is that the sensors have a better signal for PM2,5 than PM10. The expectation is therefore to see
something in these results.
4.2.1 Part 1: The sensors at location 2 compared to the reference instrument
There were three sensors measuring at location Haga throughout the measurement period. As
seen in Table 3.4, they were ‘orange’, ‘pink’ and ‘purple’. After examining the data, it was
concluded that the sensor ‘purple’ was not working as well as the other two sensors as the
concentration did not follow the same trend as the other two and much data was missing. This
sensor was therefore excluded from the rest of the data analysis and only ‘orange ‘and ‘pink’
were examined from this location.
The data from the sensors, at location Haga, was compared to the data from the reference
instrument in order to see how the sensors correlated to it. The data was compared by using
correlation coefficients as well as scatterplots where the slope could be calculated. PM2,5 and
PM10 from both sensors were compared to the corresponding pollutant from the reference
station. As seen in Figures 4.5-4.6. The results for the sensor “Orange” can be found in the
Appendix, Figures A.10 – A.11.

PM10: Reference vs Pink
200
y = 0,9136x + 7,6222
R² = 0,2125

Pink [µg/m3]

150
100
50
0

-100

0

100
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Figure 4.5: Scatterplot where PM2,5 from the sensor
‘pink’ is compared to PM2,5 from the reference
instrument. The sensor was located at location Haga
(Figure 3.2) throughout the measurement period.
The green line represents 1:1 conditions.

Reference [µg/m3]

Figure 4.6: Scatterplot where PM10 from the sensor
‘pink’ is compared to PM10 from the reference
instrument. The sensor was located at location Haga
(Figure 3.2) throughout the measurement period.
The green line represents 1:1 conditions.
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Table 4.7: The correlation coefficient and equation for the Figures 4.5-4.6 and Figures A.6 and A.7 (Appendix).

Sensors

Correlation coefficient

Equation

PM2,5: Pink vs Reference

0,59

𝑦 = 1,02 + 0,87

PM10: Pink vs Reference

0,46

𝑦 = 0,91𝑥 + 7,62

PM2,5: Orange vs Reference

0,58

𝑦 = 1,42𝑥 + 0,35

PM10: Orange vs Reference

0,47

𝑦 = 0,97𝑥 + 7,80

The correlation coefficients between the sensors and the reference station, for both PM2,5 and
PM10, are not very high (as seen in Table 4.7) and they do therefore not correlate well with each
other. Alongside this the slopes in the scatterplots, Figures 4.5-4.6, are not 1. Even though
Figure 4.5 is close to 1, if one looks at the scatterplot it is apparent that the data points are
grouped into populations and spread out, almost going in two different directions. A linear fit,
although it is close to the 1:1 line, does not represent the data well. The datapoints in Figure
4.6 is also grouped into populations and going in two different directions. The scatterplots for
the sensor “Orange” showed similar results. This means that the datapoints were grouped into
populations and spread out in the Figures, and the results show that neither one of the sensors
correlate well with the reference station.
4.2.2 Part 2: Sensors compared to each other
Since the sensors located close to the reference instrument, location Haga (Figure 3.2), did not
correlate well with it, it is of interest to see how the sensors correlated to each other. In order to
investigate this the data from the sensors ‘Pink’ and ‘Orange’ were compared to each other.
The data was compared by using time series (Figures 4.8-4.9) and, as the previous data, it was
also compared by using correlation coefficients and scatterplots where the slope could be
calculated. In these scatterplots PM10 from the sensors ‘pink’ and ‘orange’ were plotted against
each other and PM2,5 from the same sensors were also plotted against each other. As seen in
Figures 4.10-4.11.
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Figure 4.8: Timeseries of PM2,5 from the sensors ‘Pink’ and ‘Orange’ throughout the measurement period,
November 1st to December 31st. The data was collected using the sensor ‘Nova Particulate matter sensor SDS011’,
measuring around the Haga construction site.
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Figure 4.9: Timeseries of PM2,5 from the sensors ‘pink’ and ‘orange’ throughout the measurement period,
November 1st to December 31st. The data was collected using the sensor ‘Nova Particulate matter sensor SDS011’,
measuring around the Haga construction site.
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As seen in the Figures 4.8-4.9 the trends of the sensors “Orange” and “Pink” are following each
other well over time. There were episodes where they differed from each other slightly and one
of the sensors was measuring higher concentrations than the other, but overall, the trends are
similar. In order to investigate more closely how well the sensors correlate to each other,
scatterplots were analysed.

Scatterplots
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Figure 4.10: scatterplot where PM2,5 from two
sensors are compared to each other. The sensors
measured at location Haga throughout the
measurement period. The sensors were ‘pink’ and
‘orange’. The green line represents 1:1 conditions.

Figure 4.11: scatterplot where PM10 from two
sensors are compared to each other. The sensors
measured at location Haga throughout the
measurement period. The sensors were ‘pink’ and
‘orange’. The green line represents 1:1 conditions.

Table 4.12: The correlation coefficient and equation for the Figures 4.10 – 4.11.

Sensors

Correlation coefficient

Equation

PM2,5: Pink vs Orange

0,98

𝑦 = 1,31𝑥 − 0,08

PM10: Pink vs Orange

0,97

𝑦 = 0,99𝑥 + 0,58

The correlation coefficients between the sensors ‘Orange’ and ‘Pink’ are high for both
pollutants (as seen in Table 4.12), alongside this a linear fit describes the datapoints well in
both Figures, meaning the sensors correlate well with each other. When it comes to the
equations, the slope for PM2,5 is at 1,31, which means that the sensor ‘Orange’ is measuring
concentrations that are approximately 31% higher than the sensor ‘Pink’. The slope for
PM10 is 0,99 which is very close to 1 and can therefore be assumed to be 1.
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4.3 Measurement period: 1 November – 31 December
Throughout the measurement period all sensors were measuring at different locations. This
section compares all of the data from the different sensors and locations in order to determine
where the peaks seen in the data are coming from. This is done by comparing the data in Time
series as well as Polar plots, which includes the wind direction measured during November and
December. These results are presented in Figures 4.14 – 4.15 and Figures 4.17 – 4.18. The data
coverage for the sensors is also presented, these results can be seen in Table 4.13.
4.3.1 Data coverage
Table 4.13: the data coverage for all sensors throughout the measurement period, 1 st of November – 31st of
December. The table is based on hourly averages where the hours that contained less than 75% data coverage
were excluded, as well as ten-minute averages which includes all datapoints.

Sensor

Data coverage [%] –
hourly averages

Data coverage [%] –
ten-minute averages

Pink

97

97

Orange

50

51

Purple

22

22

Green

94

94

Yellow

96

96

Red

50

71

Blue

22

22

Table 4.13 shows the data coverage for all sensors. This is important to look at in order to see
how well the sensors operated throughout their measurements, if the data coverage is low the
sensor in question might have missed many peaks that could have been captured if it had worked
better. Table 4.13 shows that a few of the sensors worked better than others. The sensors “Pink”,
“Green and Yellow” had high data coverage whilst the data coverage from the sensors “Purple”
and “Blue” was low.
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4.3.2 Time series

Figure 4.14: time series of PM2,5 from all sensors as well as the reference station, throughout the measurement
period. The table was constructed using data collected from the sensors as well as data from the reference station
(TEOM) in Haga.
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Figure 4.15: time series of PM10 from all sensors as well as the reference station, throughout the measurement
period. The table was constructed using data collected from the sensors as well as data from the refence station
(TEOM) in Haga.

In this report, ten-minute averages from the TEOM instrument was examined since the data
from the sensors was in ten-minute averages. The data from the TEOM instrument is usually
not examined in ten-minute averages but hourly averages, this means that there is more noise
in the data than there normally would be.
Figure 4.14 and 4.15 show the time series for both pollutants from all sensors as well as the
reference station. Generally, the sensors measured higher concentrations than the reference
station, but the sensors seem to follow a similar trend. In order to determine how well the
sensors are working the data needs to be looked at more closely. There are two time periods
that are experiencing higher concentrations. The first one is a period that is experiencing higher
concentrations multiple times, 26th of November to 2nd of December. This time period is
examined more closely in section 4.4. The second one is at the end of the measurement period,
around the 29th to the 30th of December, this was especially high for PM10. The peak reaches its
highest concentrations on the 29th. During this time, the precipitation was low, and the wind
speed was high. This could result in particles from the surrounding roads being resuspended
which would cause high concentrations. The peak seen is not direct emission from the
construction site as the winds during this time was coming in from the south.
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4.3.3 Polar plots
Polar plots were made in “MATLAB R2019b” in order to determine which wind directions
were causing increased concentrations at the different locations. This was necessary as the wind
direction affected the direction from where the particles were coming from and thereby the
particle source measured. The results for the sensors “Orange”, “Green”, “Yellow” and “Red”
are presented in the Appendix, Figures A.12 – A.15, they are instead represented by the sensor
“Pink” in this section as they showed similar results.

Figure 4.16: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Pink” which was
measuring at Location Haga throughout the measurement period. The radius is the concentration in µg/m3 and
around the plot is the wind direction in degrees.

Figure 4.17: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Blue” which was
measuring at Location 02Landskap throughout the measurement period. The radius is the concentration in µg/m3
and around the plot is the wind direction in degrees.
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The winds during this period are generally coming in from between 45 º to 225º during the
measured period. All sensors apart from one are located east and south of the construction site,
the exception is the sensor “Blue” which is located at location 02Landskap, west of the site.
When the winds are coming in from between 45 º to 225º it results in all sensors (represented
by the sensor “Pink”, Figure 4.16) apart from the sensor “Blue” (Figure 4.17) measuring
particles originating from other sources than the construction site (the wind directions and
locations of the sensors are seen in Figure 4.18 below). The measured particles are most likely
resuspension from the roads rather than direct emissions from the construction site.

Figure 4.18: map reproduced from figure 3.2. The map now indicates the general wind direction during the
measurement period (45 º to 225º), represented by the yellow arrows.

4.4 Measurement period: 26 November – 2 December
Figure 4.14 and 4.15 showed a time period that experienced higher concentrations multiple
times. Due to this the period 26th of November to 2nd of December was looked at more closely,
in order to examine where these concentrations were coming from. The sensor “Blue” had no
datapoints for this measurement period and was therefore excluded from the analysis. The
results are presented in Time series and Polar plots, as seen in Figures 4.20 – 4.21 and Figures
4.22 – 4.23.
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4.4.1 Time series

Figure 4.19: time series of PM2,5 from all sensors as well as the reference station, during the measurement period
26 November to 2 December. The table was constructed using data collected from the sensors and the data from
the reference station was collected from the program “airviro”.

Figure 4.19 shows high concentrations of PM2,5 around 18:40 on the 26th of November until
04:00 on the 27th of November. There are also higher concentrations around 08:00 on the 28th
of November, alongside this there is a very high peak from the “Green” sensor on the 29th of
November.
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Figure 4.20: time series of PM10 from all sensors as well as the reference station, during the measurement period
26 November to 2 December. The table was constructed using data collected from the sensors and the data from
the reference station was collected from the program “airviro”.

Figure 4.20 shows that there were peaks for PM10 as well on the evening of the 26th to the early
morning on the 27th, this peak however was higher than the one for PM2,5 in Figure 4.19. There
were also increased concentrations on the 28th and the spike on the 29th can be seen in this
Figure as well. Figure 4.20 shows that PM10 experienced a higher peek that was not seen in
Figure 4.19 on the 2nd of December around 13:20, measured by the sensor “Orange”. The sensor
“Pink”, measuring at the same location as the sensor “Orange” is also experiencing increased
concentrations at this time.
The first peak seen in both Figures on the 26th and 27th of November occurred during the night.
It is not known if the construction site was in any way in operation or not, the winds were
coming in from between 105º to 180º. This means that the measured concentrations are not
direct emissions from the construction site. However, since the reference station is also
measuring an increased concentration, something in the area is causing the sensors to respond,
but it is not clear what is causing it.
The second peak also seen in both Figures on the 29th was examined more closely seeing as it
was so high. The concentrations started to rise around 17:30 on Friday the 29th and had
decreased around 19:00. This occurrence could possibly be traced back to an event that
happened at the church at 19:00 on the 29th of November. Since the sensors placed at
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Smyrnakyrkan was the only one measuring the high concentration, it is most likely a local
source. It is therefore possible that the church placed an outdoor candle outside of the entrance,
which was caught by the sensor since the sensor was placed right above the entrance of the
church.
The third peak seen in Figure 4.20 happened on the 2nd of December which was a Monday, the
peak occurred around 13:20 to 13:30. The winds during these minutes were coming in from
between 340º to 5º, meaning they are coming in from the north approximately. The sensors
“Orange” and “Pink” were located south of the construction site, this means that this peak could
possibly be traced back to the construction site.
4.4.2 Polar plots
Seeing as there were wind directions during the complete measurement period (1st of November
– 31st of December) that came in from the west, it was of interest to make polar plots for this
time period as well in order to determine whether the peaks seen during this period can be traced
back to the construction site or not.

Figure 4.21: Polar plot of PM2,5 from the sensors during the period 26 November to 2 December. The radius is the
concentration, in µg/m3 and around the plot is the wind direction in degrees. The markers represent the different
sensors and they all have the same colour as the representing sensor.

33

Figure 4.22: Polar plot of PM10 from the sensors during the period 26 November to 2 December. The radius is the
concentration, in µg/m3 and around the plot is the wind direction in degrees. The markers represent the different
sensors and the markers all have the same colour as the representing sensor.

Figures 4.21 – 4.22 show that the winds during the shorter measurement period are generally
coming in from 60º to 180º. This results in the sensors not measuring emissions coming directly
from the construction site since they are located west and south of the site (see Figure 4.18).
The measured particles are most likely resuspended particles from the roads. The results are the
same as for the longer measurement period. The sensor “Green” measured increased
concentrations when the winds were coming in from the east (Figures 4.21 – 4.22), this wind
direction is coming from the construction site. However, since the sensor “Green” was the only
one detecting these high concentrations, it is more likely a local source than emissions from the
construction site. The individual polar plots can be seen in the Appendix, Figures A.16 – A.20.
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5 Discussion
5.1 Air quality in Haga
One of the things that was investigated in the report was how the construction site in Haga has
affected the air quality in the area. From the histograms (Graphs 4.2 – 4.3) one can see that
there is a difference between the five-year period and the 2019 values for PM10 for the higher
bins. The higher bins showed that the 2019 value was above the five-year period. These results
show that there are hours where the concentrations are high, and these concentrations might not
be seen in the daily average and the MKN will not be exceeded. Meaning the higher
concentrations could be missed. Looking at the monthly averages for both Haga and Femman
there were two months that stood out, August which experienced an increase in concentration
at Haga and November which had a concentration in Haga that were lower than the one at
Femman. The increase seen during August 2019 in Haga did not occur at Femman. Had it been
the weather affecting this month the concertation at Femman should have increased as well,
seeing as it did not do this the increased concertation is most likely caused by changes in local
emissions. The lower concentration seen in November could be due to a road in the area being
partially closed off (49) and this could thereby have reduced the amount of traffic in the area
and in turn reduced the particle concentration. Alongside this, the winds during the two studied
months were mainly coming in from between 45 º to 225º, as seen in Figure 4.18, this wind
direction may prevent the reference station from picking up all concentrations as the
surrounding buildings might be blocking the wind. The station at Femman is not subject to this
problem as it is not as sensitive to the change in wind direction. Meaning, the air quality in the
Haga has been affected during 2019. Both of these effects are likely coming from changes in
local emission sources, seeing as the particle is not subject to long range transport. It is more
difficult to determine the source of PM2,5 since this particle is subject to long range transport
and these emissions could therefore have originated from other sources than local emissions.

5.2 SDS011
A few challenges when it comes to the monitoring of particles around the construction site were
revealed once the data from the sensors were analysed.
Firstly, when the sensors were compared to the reference instrument in order to determine if
they correlated well with it or not, it was discovered that there was not a strong correlation
between the different instruments. The scatterplots where the sensors were compared to the
reference station showed that the data was grouped into populations, spread out and going in
two different directions in the different scatterplots and the correlation coefficient was low (This
can be seen in Figures 4.6 – 4.7 and Figures A.6 – A.7 in the Appendix). Similar results are
found in a study conducted by Tagle et al. (2019) The study compared PM10 measured by the
sensors to a TEOM instrument using scatterplots. Their results showed similar results as found
in this study, the correlation was not very high and the datapoints grouped into populations in
their scatterplots. One of the reasons as to why the different measuring instruments did not
correlate well with each other could be due to the measuring techniques. The sensor SDS011
and the TEOM instrument use different methods when measuring the concentrations of the
particles. The sensor uses a technique that is based on the scattering of lights, an optical
technique, while the TEOM instrument uses a tapered element oscillating microbalance
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technique, a gravimetric technique. Due to the different techniques it might be difficult to
compare the two instruments to each other. The study by Tagle et al. (2019) also found that the
sensor SDS011 tended to overestimate the concentrations when there were high humidity
conditions and underestimate the concentrations when RH was below 50% (50). As seen in
Figure A.3 in the Appendix, the humidity is high throughout the measurement period and never
drops below 50%. The results in this report show that the sensors generally tended to measure
concentrations that were higher than the concentrations measured by the TEOM. This could
therefore be an explanation as to why the concentrations measured by the sensors very often
are much higher than the reference station. It could simply have been an overestimation made
by the sensors. In addition to this, according to the technical parameters of the sensor (Table
A.1 in the Appendix) the relative humidity in a work environment should not exceed 70%. If
one looks at Figure A.3 in the Appendix it is apparent that the relative humidity only
occasionally dropped below 70%. This could also have affected the measured concentrations.
Since the RH was too high during most of the measurement period, the sensors would have to
be tested during a period where the humidity is lower in order to get more reliable results.
Secondly, control measurements were performed for all sensors in order to check that they were
working properly. These measurements were not all performed simultaneously. Due to
complications, three sensors (Pink, Orange and Purple) had control measurements performed
in October and the remaining four (Green, Yellow, Red and Blue) had theirs in February. This
problem caused the sensors to not be normalised. Since the sensors have different responses
and sometimes show slightly different concentrations when measuring at the same location (as
see in Figure 4.10) they can be normalised in order to eliminate this problem. However, this
could not be done seeing as they were not measuring at the same location simultaneously. Had
the control measurements been performed ideally the sensors could have been normalised to
one of the sensors. The sensor that was working the best, with the most data coverage could
have been chosen, the remaining sensors would then have been compared to this one using
scatterplots where the slopes could be determined. The slope would then have been used in
order to “correct” the data by multiplying the data set with the slope. Ideally this normalising
should be made using a reference instrument that uses the same measuring technique as the
sensors. The study conducted by Tagle et al. (2019) also compared PM2,5 from the sensors to a
BAM (Beta Attenuation Monitoring) instrument, at one of the three tested locations this
instrument correlated better with the sensors than the TEOM (50). This instrument could
therefore be an option to use for the normalising if it is available.
Furthermore, the sensors were placed outside of the construction site and, to the extent it was
possible, they were placed in a circle around it. However, three of the chosen locations were
lost due to a problem with connecting the sensors at these locations to the Wi-Fi. This meant
that there were no longer sensors on all sides of the construction site, most of them were placed
south and south-east of the site. The placement of the sensors became an issue once it was
discovered that the wind direction throughout the measurement period was not the typical
westerly winds. The winds were mainly coming in from the east and southeast, this means that
the winds are not coming from the construction site towards the sensors but rather from the
sensors towards the construction site (see Figure 4.19). This resulted in the sensors not
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capturing direct emissions from the construction site, for most of the time, and it is likely that
they were measuring resuspended particles from the surrounding roads. More useful
information could have been obtained if the sensors had been placed around the edges of the
construction site and making sure that no sampling site is lost which would cause some wind
directions to not be covered. Multiple sensors at the locations would eliminate the risk of one
not working properly and data thereby being lost, as seen in Table 4.16 a few of the sensors
worked much better than others. It is more difficult to determine the source of the particles
when they are placed further away from the site and not around the edges, and the risk of not
measuring the direct emissions from the site increases.
Lastly, the SDS011 use a technique that is based on the scattering of lights to determine the
particle mass concentration in the ambient air. In order to do so there had to be assumptions
made regarding the particle properties. Firstly, there was an assumption made regarding the
refractive index. The refractive index is different for different particles depending on the
composition of the particle. The second assumption made was about the density. These two
parameters differ between particles and it is not conveyed what assumptions were made. This
means that it is not clear if the measured particles around the construction site correlate with
the assumptions made regarding the refractive index and density or if this has affected the
concentrations that are given by the sensors. A study conducted by Budde et al. (2018) tested
the sensors in a lab environment in relation to a reference instrument. This was in order to see
how true the concentration given by the sensor would be compared to the reference and if there
were any systematic misestimations. They compared the measured concentrations from both
instruments in order to determine how many percent of the reference instrument’s
concentrations the sensors measured. On an average, the sensor measured 66% of the PM2,5,
with percentages ranging between 45% and 85%. Different aerosols were measured, for
ammonium sulphate the sensor measured 48% of the reference’s PM2,5 and when it comes to
pure soot, there were no detectable concentrations from the sensor. This is however common
for optical instruments as soot has a strong absorption and low scattering (51).
The SDS011 could be used as a tool for self-monitoring by the contractor if this was something
that the supervisory authorities could propose. The construction site is currently comparing the
concentrations measured to the MKN, these are daily averages. The aim when using the
SDS011 around construction sites would be to measure concentrations at a higher resolution in
order to be able to remove the high peaks of emissions. This would be done by taking actions
when the SDS011 is showing that a peak is coming on. These high peaks might be missed if
the daily average is examined. The yearly average in Table 4.1 showed that there were no big
changes between the years, however when the size distributions were examined in Figure 4.3
it was discovered that there were occurrences with higher concentrations which was not visible
in the yearly average. This could be the case for the construction site when they are examining
the daily averages as well. If there is a cooperation between the contractors and the supervisory
authorities’ tools can be created that could be used by the contractors in order to monitor the
emissions of particles more efficiently.
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Conclusion
The histograms and the monthly averages showed that the air quality in Haga has been affected
in regard to the PM10 concentrations. The contribution that is seen is most likely coming from
a local source. For the SDS011, there were a few challenges with the monitoring of the particles
around the construction site that were discovered in this report. These challenges were mainly
linked to the weather and the placement of the sensors. Firstly, the relative humidity was high
during both analysed months. This caused problems as the SDS011 only work properly when
the RH does not exceed 70%. Secondly, the placement of the sensors was discovered to be an
issue as the wind direction caused the sensors to not measure direct emissions from the
construction site. If the sensors had been placed around the edges of the construction site, in all
wind directions, they would have been able to measure the direct emissions. In order to
determine whether the SDS011 can work as a complement around construction sites, further
tests would have to be performed. These tests should factor in the challenges that were
discovered in this report in order to be able to obtain more satisfactory results. However, since
the SDS011 correlated well with each other, there is a possibility that they might work as a
complement.
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Appendix
A.1 Technical parameters of the Nova Particulate Matter sensor SDS011
Table A.1, the technical parameters of the Nova particulate matter sensor SDS011 (52).
No

Item

Parameter

1

Measurement
parameters

PM2.5, PM10

2

Range

0,0-999,9 μg /m3

3

Rated voltage

5V

4

Rated current

70mA ± 10mA

5

Sleep current

<4 mA

Note

Lase and fan sleep

Storage environment: -20 ~ +60℃
6

Temperature range
Work environment: -10 ~ +50℃

Storage environment: Max 90%
7

Humidity range
Work environment: Max 70%

8

Air pressure

86 KPa ~ 110 KPa

9

Corresponding time

1s

10

Serial data output
frequency

1 Hz

11

Minimum resolution of
particle

0,3 μm

70%@0.3μm
12

Counting yield
98%@0.5μm

13

Relative error

Maximum of
± 15% and ±10 μg /m3

14

Product size

71x70x23mm

15

Certification

CE/FCC/RoHS

25 ℃,
50%RH
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A.2 NO2
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Figure A.2: monthly averages for NO2 at the Air quality monitoring station in Haga, a five-year average (2013-2017)
compared to 2018. The figure was taken from “Luften i Göteborg, Årsrapport 2018” (53).
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Figure A.3: monthly averages for NO2 at the Air quality monitoring station at Femman, a five-year average (20132017) compared to 2018. The figure was taken from “Luften i Göteborg, Årsrapport 2018” (53)
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Figure A.4: monthly averages for NO2 at the Air quality monitoring station in Haga, a five-year average (2014-2018)
compared to 2019. The figure was taken from “Luften i Göteborg, Årsrapport 2019” (54).

A.2 The weather during November and December
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Figure A.5: daily precipitation throughout the measurement period, 1st of November to 31st of December,
with data from the Air quality monitoring station at Femman.
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Figure A.6: hourly values of the Relative Humidity throughout the measurement period, 1 st of November
to 31st of December, with data from the Air quality monitoring station in Haga. The orange line marks
70%.

Wind speed

12,00

10,00

8,00

6,00

4,00

2,00

0,00

Date

Figure A.7: hourly values of wind speed throughout the measurement period, 1 st of November to the
31st of December, with data from the Air quality monitoring station at Femman.
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Figure A.8: Polar plot of the hourly wind speeds throughout the measurement period, 1st of November
to the 31st of December, with data from the Air quality monitoring station at Femman. The radius is in
m/s.
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Figure A:9 monthly precipitation for 2019 (red line) compared to a five-year average for the years 20142018 (yellow line). The figure was taken from the “Luften I Göteborg, Årsrapport 2019” (54)

46

A.3 SDS011 at location 2 compared to reference station
PM10: Reference vs Orange
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Figure A.10: Scatterplot where PM2,5 from the
SDS011 ‘orange’ is compared to PM2,5 from the
reference station. The sensor was located at location
Haga (Figure 3.2) throughout the measurement
period.
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Figure A.11: Scatterplot where PM10 from the
SDS011 ‘orange’ is compared to PM10 from the
reference station. The sensor was located at location
Haga (Figure 3.2) throughout the measurement
period.

A.4 Polar plots: 1st of November to 31st of December

Figure A.12: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Orange” which
was measuring at Location Haga throughout the measurement period. The radius is the concentration in µg/m3
and around the plot is the wind direction in degrees.
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Figure A.13: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Green” which
was measuring at Location Smyrnakyrkan throughout the measurement period. The radius is the concentration in
µg/m3 and around the plot is the wind direction in degrees.

Figure A.14: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Yellow” which
was measuring at Location Sjölins Gymnasium throughout the measurement period. The radius is the
concentration in µg/m3 and around the plot is the wind direction in degrees.
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Figure A.15: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Red” which was
measuring at Location Golf och bar Allén throughout the measurement period. The radius is the concentration in
µg/m3 and around the plot is the wind direction in degrees.

A.5 Polar plots: 26th of November – 2nd of December

Figure A.16: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Pink” which was
measuring at Location Haga throughout the measurement period, 26th of November to 2nd of December. The
radius is the concentration in µg/m3 and around the plot is the wind direction in degrees.
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Figure A.17: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Orange” which
was measuring at Location Haga throughout the measurement period, 26th of November to 2nd of December. The
radius is the concentration in µg/m3 and around the plot is the wind direction in degrees.

Figure A.18: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Green” which
was measuring at Location Smyrnakyrkan throughout the measurement period, 26th of November to 2nd of
December. The radius is the concentration in µg/m3 and around the plot is the wind direction in degrees.
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Figure A.19: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Yellow” which
was measuring at Location Sjölins Gymnasium throughout the measurement period, 26th of November to 2nd of
December. The radius is the concentration in µg/m3 and around the plot is the wind direction in degrees.

Figure A.20: Polar plots of PM2,5 (left) and PM10 (right). The data was collected from the sensors “Red” which was
measuring at Location Golf och bar Allén throughout the measurement period, 26th of November to 2nd of
December. The radius is the concentration in µg/m3 and around the plot is the wind direction in degrees.

51

-50

2019-11-01 00:00
2019-11-03 00:00
2019-11-05 00:00
2019-11-07 00:00
2019-11-09 00:00
2019-11-11 00:00
2019-11-13 00:00
2019-11-15 00:00
2019-11-17 00:00
2019-11-19 00:00
2019-11-21 00:00
2019-11-23 00:00
2019-11-25 00:00
2019-11-27 00:00
2019-11-29 00:00
2019-12-01 00:00
2019-12-03 00:00
2019-12-05 00:00
2019-12-07 00:00
2019-12-09 00:00
2019-12-11 00:00
2019-12-13 00:00
2019-12-15 00:00
2019-12-17 00:00
2019-12-19 00:00
2019-12-21 00:00
2019-12-23 00:00
2019-12-25 00:00
2019-12-27 00:00
2019-12-29 00:00
2019-12-31 00:00
60

40

Red
Red
Blue
Green
Yellow

Pink
Orange
Reference
RH

Blue

Green

Yellow

Purple

Pink

Orange

Reference

RH [%]

80

250
120

200
100

150
80

100
60

50
40

0
20

RH [%]

Concentration [µg/m3 ]
80
70
60
50
40
30
20
10
0
-10

2019-11-01 00:00
2019-11-03 00:00
2019-11-05 00:00
2019-11-07 00:00
2019-11-09 00:00
2019-11-11 00:00
2019-11-13 00:00
2019-11-15 00:00
2019-11-17 00:00
2019-11-19 00:00
2019-11-21 00:00
2019-11-23 00:00
2019-11-25 00:00
2019-11-27 00:00
2019-11-29 00:00
2019-12-01 00:00
2019-12-03 00:00
2019-12-05 00:00
2019-12-07 00:00
2019-12-09 00:00
2019-12-11 00:00
2019-12-13 00:00
2019-12-15 00:00
2019-12-17 00:00
2019-12-19 00:00
2019-12-21 00:00
2019-12-23 00:00
2019-12-25 00:00
2019-12-27 00:00
2019-12-29 00:00
2019-12-31 00:00

Concentration [µg/m3 ]

A.6 Time series including RH

PM2,5: 1st of November - 31st of December
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Figure A.21: time series of the hourly values of PM2,5 [µg/m3] from all sensors as well as the reference station,
throughout the measurement period, as well as the hourly RH [%] during the analysed months. The table was
constructed using data collected from the sensors as well as data from the reference station (TEOM) in Haga. The

RH was measured in Haga.
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Figure A.22: time series of the hourly values of PM10 [µg/m3] from all sensors as well as the reference station,
throughout the measurement period, as well as the hourly RH [%] during the analysed months. The table was
constructed using data collected from the sensors as well as data from the reference station (TEOM) in Haga. The

RH was measured in Haga.
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PM2,5: 26th of November - 2nd of December
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Figure A.23: time series of the hourly PM2,5 [µg/m3] from all sensors as well as the reference station, throughout
the shorter measurement period 26th of November – 31st of December, as well as the hourly RH [%] during the
analysed months. The table was constructed using data collected from the sensors as well as data from the
reference station (TEOM) in Haga. The RH was measured in Haga.
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Figure A.24: time series of the hourly PM10 [µg/m3] from all sensors as well as the reference station, throughout
the shorter measurement period 26th of November – 31st of December, as well as the hourly RH [%] during the
analysed months. The table was constructed using data collected from the sensors as well as data from the
reference station (TEOM) in Haga. The RH was measured in Haga.
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