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ABSTRACT  
 
Air pollution is a major environmental concern that has a wide range of negative impacts on 
human health and the natural environment. One aspect of air pollution that has received 
significant attention in recent years is the presence of metal pollutants, such as lead and 
cadmium. Landskrona for a long time had problems with high concentrations of such heavy 
metals in the air. To investigate the air quality in terms of heavy metals in Landskrona, high 
time resolution multi-metals monitor (Xact 625i) was used to measure ambient air in two 
different locations (Urban background station at Lund city and rural background station at 
Hyltemossa) between 15 September and 3 October and between 19 October and 19 November 
2022 respectively. Using online X-ray fluorescence spectroscopy of 240 minutes time 
resolutions. The results from the XAC show, elevated concentrations of Cu, Ni, Cr, and Pb were 
measured several times in both the city of Lund and Hyltemossa. Compared to previous 
campaigns for urban emissions, there is a clear downward trend in average element 
concentrations. In contrast, compared to the 2008 average concentrations for Cl and Cu from 
2017, 2008, and 1988, there is an increase, but this is likely due to more winds from ocean areas 
in this study giving relatively higher contribution from the sea spray source. For the rural 
background measurements in Hyltemossa, V, Cr, Ni, Cu, Sr, and Pb were higher on average 
than for the Vavihill rural measurements during 2000. This was likely due to more frequent 
winds from continental polluted regions in this study. A few individual samples with high levels 
of heavy metal concentrations can significantly affect the overall average concentrations. 
Although these elevated concentrations do not exceed the annual limit set by environmental 
quality standards, it does not necessarily mean they are safe. The trajectories suggest that these 
heavy metal concentrations mostly come from long-range sources in Central Europe, but there 
could also be local or near-regional sources, such as wood combustion. However, this study 
was unable to confirm this, besides the wood combustion source which is considered as local 
or near-regional. 
 
  



 
7 

 

1.0 INTRODUCTION AND BACKGROUND 

1.1 Health and Climate Effects of Aerosol Particles 

 

Ambient particulate matter (PM) is a complex mixture consisting of several chemical 
constituents such as carbonaceous, ionic, and elemental species derived from both natural and 
anthropogenic sources, e.g., industrial facilities, incineration, vehicle exhaust, power plants, 
domestic heating, etc. Fine particles with a smaller diameter of 2.5 μm (PM2.5) have a direct 

relationship with human health because they can enter the bloodstream through the human 
respiratory system. These particles cause a wide range of harmful health effects, diseases, and 
disorders, including respiratory and pulmonary disorders, Alzheimer's disease, neurological 
toxicity, cancer, and even death (Kelly, F. J.et al, 2020). According to Squizzato, S.et al, (2018), 
long-term exposure to PM2.5 increases lung cancer deaths and deaths of cardiovascular 
diseases by 8, and 6 %, respectively for every 10 μg/m3 increase of PM2.5 concentration. 

 
Despite the necessity of clean air for human health and well-being, about 99% of the world 

population in 2019 was living in places where the WHO air quality guidelines (AQG) levels 
were not met (Ambient (outdoor) air pollution 2022). Air pollution is among the top five risks 
to human health (Juginović, A., et al, 2021). According to the Global Burden of Disease (GBD) 
assessment (2019), and according to World Health Organization (WHO) 2021, air pollution 
contributes to about 7 million deaths annually, where both indoor and outdoor pollution are 
attributed to that estimation. Even in Nordic countries, despite relatively low levels of air 
pollution, air pollutants have been estimated to cause around 10,000 excess deaths every year 
(Rittner, R., et al, 2020). 
 

In addition to their health effects, aerosol particles also affect climate through interactions 
with clouds and solar radiation. The increase in anthropogenic aerosol particle interaction is 
supposed to lead to a negative radiative climate forcing through light scattering and through the 
formation of cloud droplets and clouds, which effectively scatter solar radiation. The estimated 
negative forcing may compensate for about half of the positive forcing of carbon dioxide (Su, 
H., et al. 2020). 
 

From a global perspective, fossil fuel emissions have a large role in contributing to climate 
cooling by anthropogenic aerosols. Since aerosols affect the hydrological cycle, the removal of 
anthropogenic emissions leads to an increase in rainfall levels. (Lelieveld, J., et al. 2019). In 
other words, the reduction of fossil fuels-related aerosol emissions and other anthropogenic 
emissions affects positively saves lives and restores aerosol-perturbed rainfall patterns. 
However, the “global dimming” of aerosols will be diminished at the same time, leading to 

accelerated warming. Specific aerosol particles, for example, soot particles from combustion 
have a warming effect due to light absorption, and reducing these together with the greenhouse 
gases would be a win-win effect for climate change (Liu, et al.2020, Fuller, et al. 2022 and 
Lelieveld, et al. 2019). 

1.2 Urban and Background Environments  

 

As it’s known that the concentration of pollutants is varying from one air pollutant station and 
is based on the surrounding environment and pollution sources. For example, local emissions 
from road traffic make an appreciable contribution to overall air pollution in the urban area, but 
other anthropogenic emissions are also important. The contribution of road traffic emissions 
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happens via primary emissions of gases or particles, but also through the secondary formation. 
These take place after chemical gaseous reactions or when gaseous emissions transform into 
solid or liquid aerosol particles a long time after the first emissions (Harrison, R. et al, 2021). 

Pollutants are also able to travel long distances in the air. (Weinzierl, B., et al, 2017). To be 
able to account for exposure to long-range transport (LRT) pollution sources at background 
locations and separate these sources from local pollution sources in the urban area, it is of vital 
importance to measure pollution levels where there is a gradient in pollution levels. For example, 
to estimate the contribution from the roadside pollution increment, air pollutant levels at this 
highly polluted site can be subtracted from levels measured at an urban background site. 
Similarly, the urban background increment can be estimated through subtraction of these levels 
and those measured at a regional background location. This provides an estimate of the 
influence of these sources on urban air quality. Figure 1 conceptually shows the variation of 
pollutant levels in different parts of the urban area. In general, the urban background represents 
the levels that most of the city dwellers are exposed to. 

1.3 Aerosol Particle Air Quality in Southern Sweden 

 

The air pollutant that causes the majority of premature death cases is anthropogenic aerosol 
particles. These are a mixture of local anthrophonic sources contributing to urban air quality as 
mentioned before, as well as LRT sources of both anthropogenic and natural origin, such as sea 
salt, mineral dust, agricultural emissions, and biological particles.  

 
The Anthropogenic aerosols originating from the fossil fuels burning process receive high 

attention as climate-forcing factors and lead to cause adverse health effects. However, the 
variability and trends of aerosols originating from natural sources should be quantified to 
properly separate the impact of anthropogenic aerosol particles on the climate system and 
human health (Tegen, I., & Schepanski, K 2018). 
 

Figure 1 A graphic representation of the Spatial variation of air pollutants Pilla, F., & 
Broderick, B. (2015). 
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Significant sources of aerosol particles in northern Europe are fossil fuel combustion from 
ships, road vehicles, coal power plant emissions, domestic and power plant biomass combustion, 
and forest fires. Natural sources are sea spray aerosols, and primary biological particles, such 
as pollen, virus, bacteria, and fungal spores. Secondary particles can come from agricultural 
emissions of ammonia, and forest emissions of biogenic volatile organic gaseous compounds 
(BVOCs). Dust can be regarded as both a natural and an anthropogenic aerosol particle source. 
These particles might come from resuspension from the Saharan desert, agricultural dust over 
bare agricultural areas in spring and during harvest time and road dust. 
 

In southern Sweden, there is a significant contribution both from locally emitted particles, 
as well as particles through LRT due to the proximity to the European continent. The average 
mass concentration of particles smaller than 2.5 µm in diameter (PM2.5) in the road increment 
and urban background Malmö, measured at a heavily trafficked street Dalaplan, and on the 
rooftop of the city hall during 2019 was 10 and 9 µg/m3 respectively (Spanne and Gustafsson, 
2020). The corresponding value for rural background concentrations measured at Hallahus, 
about 45 km to the north of Malmö town, was 7.5 µg/m3 (data from Swedish-EPA, 2020). This 
means that LRT contributed 7.5 µg/m3 to the population exposure in Malmö town and the 
countryside in Scania. The local urban pollution contributed to 1.5 µg/m3 (9-7.5 µg/m3) in 
Malmö town, while the road increment at Dalaplan, was 1 µg/m3 (10-9 µg/m3). In other words, 
LRT is the strongest source of particles in Malmö town, at least for the yearly averaged PM2.5 
mass concentration. 
 

As presented by Johansson, F. (2018), long-range transported air masses passing 
Copenhagen contributed to increasing the concentration at Vavihill rural field station in the 
northwestern part of Scania. Particle number and black carbon (BC) mass concentrations were 
increased by 36% and 33 % respectively when air passed over Copenhagen compared to when 
the air missed Copenhagen. Particle number is dominated by small nanoparticles, and a higher 
number of these particles have special detrimental effects on human health due to their 
possibility to enter the bloodstream (Twigg, B. et al. 2009). BC particles are one of the most 
health-hazardous particles found in toxicological studies (Grahame, et al 2014 and Hakkarainen, 
et al 2022). However, the strongest anthropogenic contribution to high PM2.5 and BC mass 
concentrations occurs when the air comes from Eastern Europe. Not only are the emissions of 
these particles high from this source region (Yam, K. M. 2019), but the meteorological situation 
favorable for transporting the pollutants from eastern Europe to Sweden, is often associated 
with high-pressure systems not able to clean the air pollutants through mixing with air from 
above and with rain events. 
 

According to Yam, K. M. (2019), the concentration of BC was on average about 370 ng/m3 
and 190 ng/m3 for Dalaplan station and Hyltemossa station, about 50 km to the north-east of 
Malmö. At Dalaplan, the concentration rose to above 500 ng/m3 during peak traffic rush hours 
(Figure 2). The Hyltemossa concentration increased from about 170 ng/m3 to 220 ng/m3 
between day and night, indicative of the importance of domestic wood combustion as one of 
the most prominent sources. 
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Figure 2 Diurnal variations of the median of [BC] at Hyltemossa and Dalaplan station in 
2018 

1.4   Health Effects of metal particles and Concentrations in Southern Sweden 

 

Certain elements present in various aerosol particles have specific health effects and effects on 
ecosystems. Take Cu and Zn, for example, which are considered toxic elements, especially at 
elevated concentrations (Flemming and Trevors, 1989). The same is true for lead, which, once 
the pollutants enter the biologically during the deposition process, can lead to toxic effects and 
severe poisoning, since it is not an essential element for plants and has no biological function 
(Demayo et al., 1982). 

 
Inhalation of copper nanoparticles can damage the kidneys, liver, and spleen (Chen, Z. et al. 

2006). Long-term inhalation of copper can also cause nose, skin, and eye irritation, as well as 
headache, dizziness, and nausea (ATSDR 2022). Zinc exposure causes metal fume fever, 
decreased pulmonary function, chest pain, and cough (Truncale, T., et al 2015). 
 

Lead can be absorbed through the respiratory tract and spread to soft tissue, the liver, and 
the central nervous system (Kumar Das, et al. 2011). Both the International Agency for 
Research on Cancer (IARC) and the Environmental Protection Agency (EPA) classify lead as 
a carcinogen (Harbison et al. 2015 & Kumar Das et al. 2011).  
 

Respiratory irritation is associated with inhalation of tin, selenium, aluminum, iron, 
germanium, antimony, nickel, and strontium and prolonged exposure to tin can cause stenosis. 
alkali and alkaline earth metals such as calcium can cause mild to moderate skin and eye 
irritation, and chronic inhalation can cause liquefaction necrosis of soft tissues (Truncale, T., et 
al 2015). 
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WHO (2021) has recommended limit values for the protection of health due to PM and a 
few metals, whereas the EU (EEA, 2021) has put air quality limit values which are legislative 
and must not be exceeded (Table 1). Those recommendations for specific air pollutant limit 
values are based on evidence that leads to population health protection from the harm caused 
by air pollution. Also, the WHO guidelines on PM levels for the protection of human health 
have been recently updated (WHO,2021). 
 

Table 1 Environmental quality guideline, limit values are based on annually exposure 

Toxic metal   WHO  EEA Reverence  
ng /m3 ng /m3 

 

PM 2.5 5000  WHO 2021 
PM 10 15000  WHO 2021 
PM 2.5  25000  EEA ,2022 
PM 10  40000 EEA ,2021 
Arsenic (As) 6.6 6 EEA ,2021 
Cadmium (Cd) 5 5 EEA ,2021 
Lead (Pb) 500 500 EEA ,2021 
Nickel (Ni)  25 20 EEA ,2021 

1.5   Previous Measurements in Landskrona 

Aerosol measurements in the Landskrona region in southern Sweden have been made over 
several measurement periods since 1977 using two techniques: Falling dust sampling and 
aerosol sampling (Prosper, 2017). The falling dust sampling method has been the main 
measurement method since 1988, while aerosol sampling has usually been conducted at 
separate intervals of several years based on campaigns. The data obtained in 1977 showed a 
higher concentration of some heavy elements such as zinc, lead, and copper, while the 
concentration of the same elements decreased drastically in 1988. The reason for the decrease 
in lead concentration in 1988 is that Sweden initiated phasing out of leaded gasoline in the 
1970s to protect the environment and public health. (Grönqvist, et al.2017). This contributed to 
about 80% decrease in lead concentration from 120 ng/m3 to 25 ng/m3 between 1977 and 1988 
(Prosper, 2017). 

 
Table 2 shows the concentration of three different elements measured in 2017 at two 

different sites, an urban background environmental site “Stadshuset” and an industrial site 

“Lundåkrahamnen”, for both fine (PM2.2) and coarse (PM10- PM2.2) particulate matter. Pb 
has been selected in the table due to its toxicity, Fe due to its relation to dust, and K due to its 
relation to domestic wood combustion. PIXE (Particle Induced X-ray Emission) technology 
was used at that time. (Kristensson, et al., 2019) 
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Table 2 Average concentration of lead, iron, and pota 
ssium measured in Stadshuset and Lundåkrahamnen in Landskrona in ng /m3 during 2017 

(Kristensson, et al., 2019). 

 

1.6    PARTICLES ELEMENT ANALYSIS WITH X-RAY FLUORESCENCE AND PARTICLE-INDUCED X-
RAY EMISSION 

Physical analysis techniques have shown great potential in elemental particle analysis often 
introducing a high sensitivity. Examples are atomic absorption and emission, X-ray 
fluorescence, and mass spectrometry. The Division of Nuclear Physics at Lund University has 
also invented PIXE, which stands for Particle Induced X-ray Emission. See section 2.7 for more 
details. 

 
Historically PIXE has delivered high sensitivity and absolute quantification. Even though 

the sample spot is small. PIXE is capable not only to give average concentration but also it 
helps to study the variation over the surface of samples. one drawback of the PIXE method is 
that it requires a dedicated accelerator laboratory with a lengthy manual analysis of each particle 
filter sample. 
 

The new online XRF technique with the Xact 625i instrument, which means the possibility 
to acquire direct results while sampling particles on a filter strap have emerged as a viable 
alternative to PIXE or offline XRF techniques. The Xact 625 uses energy-dispersive X-ray 
fluorescence analysis (EDXRF) and a low-power X-ray source. EDXRF allows rapid 
acquisition of the entire X-ray spectrum so that many elements can be detected within a few 
seconds. It has been proven that XRF technology is accurate, fast, and non-destructive, capable 
of achieving high time resolution while it does not require treatment of samples (Wang, F., et 
al,2021), which are some reasons why the Xact instrument is used by more and more 
laboratories rather quickly. However, there are only a few studies of the instrument's 
performance so far.  
 

According to Liu, Y., et al (2019), Xact remained reliable and steady during their studied 
campaign in 2016. Also, it showed a similar result during the comparison with inductively 
coupled plasma mass spectrometry (ICP-MS) in all cases in 2016 with an average R2 of 0.93 
and an average slope of 1.07 for the elements As, Ba, Ca, Cr, Cu, Fe, K, Mn, Ni, Pb, Se, Sr, Ti, 
V and Zn. (Tremper, A et al, 2018).  
 

XACT has a lower limit of detection (LOD) than equivalent laboratory-based methods, it 
also has shown a strong correlation to off-line filter-based Energy Dispersive X-ray 
Fluorescence (ED-XRF, which is one of two general types of X-ray fluorescence techniques 
used for applications in elemental analysis), ICP-MS as well as ICP-OES (inductively coupled 
plasma optical emission spectrometry). (Furger et al., 2017; Park et al., 2014; US-EPA, 2012). 

Element  Fine fraction 
Stadshuset 

Coarse fraction 
Stadshuset 

Fine fraction 
Lundåkrahamnen 

Coarse fraction 
Lundåkrahamnen 

Pb  3.9 4.4 14 21 
Fe  51 127 60 127 
K  67 58 68 68 
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1.7   OBJECTIVES OF THE STUDY  

• Study the elements in the urban background air in Lund City using XRF data and look at 
the backward trajectories of the air masses to see where the air is coming from. 

• Study the elements in rural background air in Hyltemossa from XRF data and look at the 
backward trajectories of the air masses to see where the air is coming from. 

• To investigate the effects of exposure to metal-containing aerosol on the environment and 
health system. The intention is also to provide source marker data for subsequent 
source/receptor modeling that quantifies source apportionment. 

• To collect PIXE filter samples to be able to compare with the Xact measurements at a 
later stage.

2.0   THEORY  

2.1 AEROSOLS AND PARTICLES  

An aerosol is a suspension of solid or liquid particles in a gas, and the gas itself, usually air. 
The particles, called aerosol particles, are usually prevailing for at least a few seconds in the air 
and some cases a year or more. The air around us typically contains a large number of particles 
from a variety of sources including smog in urban areas, photochemically formed particles, sea 
spray particles, and emissions from roadways including car exhaust particles from fossil fuel 
combustion. Aerosol particles play a fundamental role in affecting nature and health. Two of 
the most important are climate disruption and adverse health effects from inhalation in the 
human respiratory system. 

 
The formation of aerosol particles in the atmosphere occurs in two main ways. First through 

direct particle emissions at the source or gas-to-particle conversion that takes place within a 
few seconds from the gaseous emissions. The particles are called primary particles. The 
particles can also be formed minutes up to days after the gaseous emissions through gas-to-
particle conversion, and then these particles are referred to as secondary particles, Primary 
particles can be either biologically generated, such as bacteria, pollen, and fungi (Fennelly, et 
al., 2017), particles released during combustion, as in the car exhaust example above, or 
mechanically generated, such as windblown soil dust, abrasion of road surfaces by car tires, 
and by wave action over the sea areas and oceans. Secondary particles are known to be 
generated by the condensation of gases on pre-existing particles and by the formation of new 
particles (or nucleation) from gaseous precursors (Kristensson, Adam 2005). 
 

The diameters of aerosol particles in the atmosphere vary by orders of magnitude, ranging 
from 0.001 μm to 100 μm. Aerosol particles are usually classified by size, and four modes or 
size ranges (Table 3). The nucleation mode includes the smallest particles with diameters up to 
10 nm, and consists mainly of particles formed by gas-to-particle conversion, either as primary 
particles formed directly at the source or sometime after emissions of gases. The Aitken mode, 
with particle diameters of 10-100 nm, is the second smallest mode, which is formed by 
condensational growth of nucleation mode particles or direct emission from for example 
mechanical generation or fossil fuel combustion. Sometimes, there are other definitions of 
particle separation between nucleation mode and Aitken mode, where the boundary is set to 20, 
25 or 30 nm diameter. These two modes often have the highest concentrations in the atmosphere 
but do not account for a large fraction of the total mass of aerosol particles due to their small 
size. The accumulation mode, the second largest size mode, consists of particles with diameters 
from 100 to 1000 nm. They make up most of the aerosol surface in the atmosphere, as well as 
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most of the secondary aerosol particle material (see section 2.2). They are composed of directly 
emitted particles, or formed by condensational growth of Aitken mode particles, or formed 
through aerosol-cloud interactions with subsequent evaporation of cloud droplets. The largest 
form, the coarse fraction, is greater than 1 μm in diameter and usually accounts for most of the 

total mass of aerosol particles, where primary biological particles and mechanically generated 
particles are among the most important sources. A population of aerosols consisting of particles 
of only one size is called monodisperse, which basically can only happen in a manufacturing 
process. A population of aerosols covering a wider range of particle sizes is called polydisperse, 
and atmospheric particles are always polydisperse. (Seinfeld & Pandis 2016). 
 
Table 3: Table listing the different aerosol particle size modes. 

Mode Diameter (nm) 

Nucleation 

Aitken 

Accumulation 

Coarse 

0 - 10 

10-100 

100 - 1000 

>1000  

2. 2   PRIMARY PARTICLES SOURCES 

 

The XRF and PIXE techniques can provide the elemental composition of aerosol particles from 
Al up to a few of the heaviest elements in the periodic system. Several aerosol sources provide 
high mass concentrations of these elements. Apart from health effects, these elements can also 
be used as source markers for various aerosol sources and hence can be used for the 
quantification of how much these sources contribute to the total mass concentration of aerosol 
particles in the population. Several of these sources will be described in the following sub-
chapters. 

2.2.1 Fossil Fuel Combustion 

Fossil fuel combustion is the burning of fossil fuels, such as coal, oil, and natural gas, to produce 
energy. This energy is used for various purposes, including generating electricity, heating, 
transportation, and industry. However, fossil fuel combustion also releases greenhouse gases, 
such as carbon dioxide and methane, and particulate matter, including metal particles, which 
contribute to climate change and have negative impacts on human health. (Perera, F. 2018). 

 
Different fossil fuels release different types of emissions, including carbon dioxide, sulfur 

dioxide, nitrogen oxides, and particulate matter, including metal particles. For example, coal 
combustion can release sodium (Na), calcium (Ca), magnesium (Mg), aluminum (Al), iron (Fe), 
chlorine (Cl), arsenic (As), selenium (Se), cadmium (Cd), chromium (Cr), copper (Cu), nickel 
(Ni), lead (Pb), mercury (Hg), and zinc (Zn). (Maciejczyk, et al.,2021). Oil combustion can also 
release metal particles, such as nickel (Ni) and vanadium (V). (Maciejczyk, et al.,2021 & 
Corbin, J. et al,2018). As well as iron (Fe), sodium (Na), and barium (Ba), which are specifically 
produced from heavy fuel oil (HFO) (Corbin, J. et al,2018). 
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2.2.2 Soil Dust 

There are several modes of transport of particles by wind, depending primarily on particle size 
and wind speed (Figure 3). As wind speed increases, sand particles about 100 μm in diameter 

are the first to be moved by wind stress (Greeley, R., et al. 1984). After lifting, these particles 
hop along the surface in a process known as saltation (Shao, Y., et al. 2011), and the impact of 
these saltators on the soil surface can move particles of different sizes. Since the cohesive forces 
between the dust particles are very large compared to the aerodynamic forces, the dust particles 
are usually not directly lifted by the wind but are mainly ejected from the soil through the 
influence of the saltating particles (Shao, Y., et al. 2011). After ejection, the dust particles are 
susceptible to turbulent fluctuations and therefore typically enter short-term (~20 – 70 μm 

diameter) or long-term (< ~20 μm diameter) suspensions (Figure 3). Long-term suspended dust 
can remain in the atmosphere for weeks and thus be transported thousands of kilometers from 
the source (Miller.R et al., 2006). 

 
Therefore, the transport of soil particles can be represented as a perpetual continuous phase 

in terms of particle size as well as wind speed, particle size, and size distribution of soil particles. 
A long-term suspension (< ~20 μm diameter), short-term suspension (~20 – 70 μm), jump (~70 

– 500 μm), and creep (> ~500 μm) (Figure 3). Several source regions might have soil dust 

emissions, like deserts (Griffin,et al, 2007), or sandy, and dry agricultural soils where plants 
have not yet started to grow on them (Wei, B., & Yang, L. 2010). Desert dust outbreaks from 
Sahara reached Europe (Mallone, S.,et.al, 2011: Renzi, M., et.al, 2017) and have the potential 
to even reach Sweden (Ansmann et al,. 2003). 

2.2.3   ROAD DUST 

During the transportation of road vehicles, the contact of the wheels with the road surface leads 
to grinding processes on both the road surface and the wheels, resulting in emissions of particles 
into the atmosphere that can be inhaled. For example, road particles contain directly emitted 
sharp-edged metals such as lead, cadmium, zinc, barium, and nickel, as well as bitumen 
particles, which may be of particular interest for health effects (Bhardawaj, A.,et al,. 2017). 
Normally, this process occurs during dry periods in winter as studded tires and gritting materials 

Figure 3 Schematic of the different modes of aeolian transport. Reprinted 
from Capulli, D., & Oliveira, E. N. D. M. N. (2014). 
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are used. When road surfaces dry out towards spring, a large amount of grit is thrown into the 
air and generates large mass concentrations of PM10 (Fullová, D., & Đurčanská, D. (2016). 

2.2.4   SEA SPRAY 

The ocean is a source of liquid particles, which are transformed by the friction of the wind on 
the surface of the sea into aerosols, which, once they reach the atmosphere, shrink by 
evaporation, and are enriched with sea salt and other substances contained in seawater. These 
particles are referred to as sea salt or more commonly sea spray since they may also contain 
organic material. Sea spray aerosols typically range in size from tens of nanometers (nm) to 
tens of micrometers (μm). There are two main mechanisms responsible for the emission of sea 

spray into the atmosphere: the bursting of air bubbles in the ocean (Figure 4a-b) and the wind 
breaking off wave crests (Figure 4c).  

When the wind is strong enough, the friction of the wind on the ocean surface causes the 
water at the surface to move faster than the water below the surface, causing the wave to break. 
This traps air bubbles in the ocean, which can then rise to the surface and break up. 

When many air bubbles are present, the ocean is covered with foam, also known as whitecaps 
(Lewis, et al.,2004 & Monahan, et al.,1983); however, air bubbles can also be present in much 
lower concentrations. Biological processes can also form air bubbles in the ocean, but this 
source is considered less important than the primary production factor, wind speed. The 
bursting of air bubbles at the ocean surface leads to the formation of seawater particles by two 
different mechanisms. When the water film around the bubble itself bursts, droplets are formed. 
Particles of relatively small size are thrown in all directions. These are called film droplets 
(Figure 4a). 
 

When the interior of the burst bubble fills with water and a vertical jet form, some droplets 
are also ejected vertically. These are known as jet droplets (Figure 4b). Although this process 
only ejects a few droplets per air bubble, there are a large number of air bubbles whose size is 
optimal for causing jet droplet emission. Droplets can also be torn off the crests of breaking 
waves. These droplets are larger than those produced by the other two mechanisms and are 
referred to as spume droplets (Figure 4c) (O. Boucher, 2015). 

2.2.5. Wood Combustion 

Wood combustion is the process of burning wood to produce heat or electricity. Wood is often 
used as a renewable energy source to heat homes, businesses, and industrial facilities, and it 
can also be used to generate electricity in some power plants (Sahoo, K., et.al, 2021). It is a 
cheaper option for heating compared to other alternatives, especially in colder seasons. (Molnar, 

Figure 4 Schematic description of the three different source mechanisms for sea spray 
aerosols: (Adapted from Lewis and Schwartz (2004)) a) formation of film droplets, b) 
formation of jet droplets, and c) wind breaking of wave crests. 
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et.al, 2005 & Trojanowski, R., & Fthenakis, V.  2019). However, residential wood combustion 
plants were responsible for over 45% of PM2.5 emissions in Europe in 2015 and similar trends 
were reported in Denmark, the number of particles per unit volume of exhaust from wood 
combustion plants was more than 230 times higher than that from diesel vehicles, (Heat, C. 
2016). Which leads to a decline in local air quality (Hugony, F., et al. 2012). 

 
According to Heat, C. (2016) domestic heating (primarily wood burning) accounts for more 

than half of Europe's black carbon emissions. According to projections, the relative share will 
rise to nearly 70% by 2030. Burning wood can release particulate matter in the form of small 
particles suspended in the air. These particles can have a variety of substances, including the 
volatile alkali metals K and Na (Van Lith, S. et al, 2006). Moreover, heavy metal particles are 
associated with domestic wood burning, including (Cd, Cr, Cu, Ni, Pb and Zn) (Olszowski, T., 
& Bożym, M. 2014). As well as S and Cl. (Van Lith, S. et al, 2006).
According to the study of Kocbach, A., et al. (2005), the results of X-ray microanalysis (XRMA) 
showed that potassium (K) and sulfur (S, from a reaction with gases in the ambient air) were 
the most abundant elements observed in the particles, while silicon (Si) and calcium (Ca) were 
present only in small amounts. 

2.3   SECONDARY PARTICLES SOURCES  

2.3.1   New Particle Formation  

Nucleation or new particle formation (NPF) is one of the major sources of high concentrations 
of aerosol particles in the atmosphere. New particle formation refers to the production of new 
charged or neutral particles, 1 to 2 nm in diameter, as a result of a variety of conversions from 
gas to particles. It is estimated that about half of the global cloud condensation nuclei (CCN) 
are produced by nucleation after the growth by condensation of newly nucleated particles to 
sizes around 100 nm diameter (Merikanto et al. 2009). According to (Pettibone, A. J. 2009), 
NPFs are an important source of particles and could affect climate by changing their size 
distribution. There are several theories for the formation of new particles. The key process is 
called cluster activation and consists of three steps. The first step involves the formation of 
clusters through gas phase reactions. The second step is the homogeneous or ion-induced 
nucleation of neutral or ion clusters. The last step involves the growth of these clusters into 
larger particles. Figure 5 depicts the processes, as well as the diameters at which the various 
processes occur (Kulmala et al, 2013). 
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2.3.2   Condensation 

Condensation is a process that occurs when a gas changes phase to a liquid. In the context of 
aerosols, condensation refers to the process by which water vapor in the air condenses onto 
small particles (Figure 6), forming droplets. This process is important in the formation and 
evolution of aerosols and can have a significant impact on air quality and climate. (Kolb & 
Worsnop, 2012). 

 
Both organic and inorganic compounds can be present in the condensation process in the 

atmosphere and in aerosols. Organic compounds are those that contain carbon and are often 
found in living organisms or in materials derived from living organisms. such as emissions from 
vegetation, combustion of fossil fuels and or biomass (Glasius, M., & Goldstein, A. H. 2016). 
Inorganic compounds are those that do not contain carbon and are often found in non-living 
materials or in materials that are not derived from living organisms such as emission from 
volcanoes, natural fires, or industrial processes. When water vapor condenses onto small 
particles in the atmosphere, it can create droplets that contain both organic and inorganic 
compounds. The exact composition of the droplets will depend on the specific compounds that 
are present in the atmosphere at the time of condensation. 
 

The presence of organic and inorganic compounds in condensation droplets can affect the 
properties and behavior of aerosols, including their size, composition, and optical properties. 
The interaction between organic and inorganic compounds in aerosols can also affect how 
aerosols interact with other atmospheric constituents, such as clouds and radiation. Kolb, C. E., 
& Worsnop, D. R. (2012).(Glasius, M., & Goldstein, A. H. 2016). 

Figure 5 Schematic description of main size regimes of atmospheric neutral clusters and 
the main processes related to those size ranges. (Kulmala et al, 2013). 
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2.4   DYNAMICS OF AEROSOL PARTICLES 

Primary and secondary aerosol particles undergo chemical and physical transformations during 
their early emission phase into the atmosphere, leading to different formation processes in terms 
of the composition and size of these particles.  

2.4.1 Condensation / Evaporation 

Condensation occurs when gases adhere to existing atmospheric particles in the atmosphere, 
increasing the mass concentration without changing the number concentration. The opposite 
process is called evaporation, in which aerosol particles shrink as gas evaporates from them. 
When a gas molecule condenses on the surface of an existing particle, it can either adhere to 
the surface or dissolve in the liquid interior of liquid aerosol particles. Because of the chemical 
reactions that take place in the liquid phase, this can result in altered chemical properties. 
 

 

Figure 6 Principal drawing of condensation of gases onto pre-existing particles in the 
atmosphere 

2.4.2   Coagulation 

Coagulation occurs when two particles collide and adhere to each other due to collision. This 
reduces the number of aerosol particles in the atmosphere, but the mass concentration remains 
unchanged. At the same time, the new coagulated particle is larger than the original particle. As 
can be seen in Figure 7, the particles either dissolve into each other or form agglomerates. In 
addition, if one of the particles is solid, a solid core may form in the center of the new particle 
(Jacobson, M. Z., & Turco, R. P. 1995). 
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Figure 7 Principal drawing of the coagulation process between two particles 

2.4.3   Dry and Wet Deposition 

The deposition of air pollutants through its life cycle (Figure 8) is a significant factor that leads 
to the loss of both gas and aerosol particles in the atmosphere by capturing pollutants generated 
from both primary and secondary sources and depositing them onto the surface. (Lagzi, I., et 
al., 2013). There are two types of deposition processes, wet deposition, and dry deposition 
(Figure 9). Wet deposition is the most common method for removing aerosol particles, which 
is capable to removes 80-85% of them (Martin, A. et al,2021).  Wet deposition predominates 
in areas with high annual precipitation, while dry deposition predominates in areas with low 
precipitation (Connan et al., 2012) 

Figure 8 A schematic drawing showing life cycle of air pollutants (Lagzi, I., et al,2013) 
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2.4.4 WET DEPOSITION 

The main sink of aerosols in the atmosphere, at least for soluble species, is wet deposition, also 
called wet scavenging. It includes both scavengings that occur within the clouds during the 
formation of precipitation (i.e., in-cloud scavenging), and scavenging that occurs under the 
cloud because of the downward flux of precipitating water (i.e., below-cloud scavenging). 
When a liquid water cloud forms in the atmosphere, a fraction of the aerosol is incorporated in 
the aqueous phase, either as a cloud condensation nuclei (water vapor condenses upon a 
hydrated aerosol particle and becomes a cloud droplet) or through impaction (an interstitial 
aerosol particle is incorporated into the aqueous phase during the collision with a cloud droplet). 
If cloud droplets grow to a size where their sedimentation velocity is large enough, the cloud 
starts to produce drizzle or precipitation, and aerosol matter that is incorporated in the falling 
droplets is scavenged. If the falling droplets (or drops) reach the surface, then the aerosol mass 
is removed from the atmosphere. (Boucher, O. 2015). 

 
During their fall, raindrops sweep a volume of air and collide with a fraction of the aerosols 

that are present in this volume. This process, called below-cloud scavenging, occurs through 
Brownian diffusion, interception, and impaction (Duhanyan, N., & Roustan, Y. 2011), as shown 
in Figure 10. Brownian diffusion means that nanosized particles can deviate from the air 
currents around the droplets and affect the water surface. In addition, interception works when 
a larger aerosol particle passes along the air flow lines. If the particle is too close to the water 
surface, it will also impinge on the droplet. Impaction also works for larger particles and is the 
process by which the particles are forced to deviate from the airflow due to their inertia, thus 
impacting the droplet (Lagzi, I., et al., 2013). 
 

 
 

 
 

 
 

 

Figure 9 Dry and wet deposition processes in the atmosphere (Leelőssy, Á., et al, 2014) 
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A. Brownian diffusion           B. Interception         C. Impaction 

Figure 10 The sequence of impinging aerosol particles on water droplets, by a) Brownian 
diffusion, b) interception, and c) impaction. (Source: a document provided by Adam 
Kristensson,2022) 

2.4.5   DRY DEPOSITION  

Dry deposition represents the opposite process of wet deposition since it mainly occurs in the 
absence of precipitation events. According to Ruijgrok et al. (1995), dry deposition mainly 
occurs when the particles are relatively close to the ground or the surface objects, which can 
consist of multiple types of surfaces, for example, vegetation, water, and human constructions. 
Aerosol particles can also get deposited at the surface in the presence of fog or mist. In this 
case, aerosol particles are deposited together with the small water droplets that constitute the 
fog. (Boucher, O. 2015). Turbulent diffusion and Brownian diffusion are two mechanisms that 
can contribute to the deposition of particles to the ground, although each mechanism is more 
efficient at depositing certain size ranges of particles. For example, turbulent diffusion is more 
efficient at depositing larger particles, and Brownian diffusion is more efficient at depositing 
smaller particles. According to Mariraj Mohan, (2016), the prime mechanism for dry deposition 
is likely turbulent diffusion, Figure 8. The transport of mass, heat, or momentum within a 
system caused by random and chaotic time-dependent wind movements is referred to as 
turbulent diffusion (Seinfeld & Pandis 2016).  

2.5   X-RAY FLUORESCENCE -XRF 

The Xact 625I Ambient Metals Monitor (Cooper Environmental Services (CES)) is designed 
for high-time resolution multi-metals monitoring of ambient air, which measures up to 67 
elements with atomic numbers between Aluminum (Al) and Uranium (U). The instrument 
works by sampling reel-to-reel filter tapes and then analyzing metals in the resulting particulate 
matter (PM) deposit with nondestructive X-ray fluorescence (XRF). The Xact 625i draws in 
ambient air via a PM size selective inlet and filter tape. While the next sample is being collected, 
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the resulting PM deposit is automatically advanced and analyzed by the XRF system for 
selected metals. 

 
The Xact 625i takes continuous measurements for a user-specified sampling time (i.e., 15, 

30, 60, 120, 180, or 240 minutes), which can be changed depending on the time resolution of 
the data required. Using energy-dispersive X-ray fluorescence (ED-XRF) spectroscopy, X-ray 
fluorescence (XRF) is a technique for identifying and quantifying the elements present in a 
sample.  
 

X-ray fluorescence (XRF) is a way of finding out what elements are in a certain sample and 
how much of each element is present. It does this by irradiating high-energy photons, such as 
X-rays or γ-rays, at the sample (Santoso et al., 2010). When the atoms in the sample are hit by 
these X-rays, they give off their X-rays. These X-rays can be picked up and analyzed to tell us 
what elements are in the sample and how much of each element there is. This technique can be 
used to detect various elements in air pollution and help identify the source. (Santoso et al., 
2014).  
 

XRF spectroscopic analysis is a way to figure out what elements are in a material by looking 
at the unique X-rays that each element gives off. This is done by shining primary X-rays, which 
have specific energies, on the material. This causes the innermost electrons in the atoms of the 
material to get excited or ionized, and they give off secondary X-rays. These secondary X-rays 
are picked up by a detector and turned into electronic signals. A computer analyzes these signals 
and produces a spectrum that shows the elements present in the sample and their concentrations 
(Rixson et al., 2015). (See Figure 11). This data can be recorded in a report and can be 
downloaded from the XACT system. 

 

 

Figure 11 The XRF basic principle 
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As previously mentioned, Xact has been shown to produce similar average concentrations to 
other methods, e.g., inductively coupled plasma methods (Furger et al. 2017), the average daily 
concentration results of Xact will be compared to particle-induced X-ray emission (PIXE) 
results from 24-hour sampling.

2.6   PARTICLE INDUCED X-RAY EMISSION – PIXE 

Particle-induced X-ray emission (PIXE) is a technique for analyzing elements using a 
characteristic X-ray emission. A proton beam is used to excite the electrons of the inner shell 
of an atom, creating vacancies in the inner shell. An excited atom strives for a stable energy 
state, and therefore, these vacancies are filled by electrons from the outer shell, producing X-
rays (Figure 12). Since the X-rays correspond to the energy difference between the outer and 
inner shells, and these energies are characteristic of each element, the X-rays are detected and 
classified based on their energy using a semiconductor detector. The yield of characteristic X-
rays is then converted to absolute concentrations of Al and heavier elements with detection 
limits of 0.05 ng m-3. (Kristensson, A. 2005). The proton beam used in PIXE's technique is 
nondestructive to samples and can be used on solids, liquids, and aerosol filters. (Prosper, W. 
2017). 

 

Figure 12 The PIXE basic principle. (a) Indicates ion interaction with an electron in the 
inner shell. (b) Indicates electron emission, upper shell electron fall, and x-ray radiation. 

Kabir, M. H. (2007).

3.0   METHODOLOGY  

3.1   STUDY AREAS 

3.1.1 SCANIA (SKÅNE) 

Scania (Skåne) is Sweden's southernmost county, covering approximately 11,350 km2, or about 
2% of the country's total area (Figure. 13a). With approximately 1.4 million inhabitants 
(approximately 13% of the total Swedish population) (SCB 2021), it is one of the most densely 
populated regions in the country. Most people in Scania live in the west, where pollution levels 
are higher than in other parts of Sweden. This increased exposure is due to increased road 
transport to and from the European continent, as well as significant cargo shipping and ferry 
transport along the coast and the vicinity of the Copenhagen, Denmark area. 
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3.1.2 LUND CITY 

Lund has a population of 92 000 residents (SCB 2021) and covers an area of 23 km2, located in 
southern Sweden at 55°42'N, 13°12'E, 35 km NE from Malmö city. Malmö is Sweden's third 
largest city with 344 000 residents. Malmö is known as one of the cities with the highest levels 
of air pollution in Sweden. (Malmqvist et al. 2018, Gustafsson, M., et al. 2014). The university 
characterizes Lund City in many ways, and approximately one-third of the residents are 
students. As a result, the city's residents are younger than the national average, and the age 
group 20-29 is especially overrepresented. (Stroh, et al. 2005). 

 
The study was carried out both at the urban background Lund and at the rural background 

station Hyltemossa, about 50 km north of Lund. In Lund, measurements were performed with 
both Xact and PIXE filter collection, and the measurement site was chosen in the parking lot 
behind the IKDC building (Figure 15a,15b), where there are usually few cars parked. 
Occasionally, however, there could be high levels of pollution if a car is idle in the vicinity of 
the particle inlet system. However, with four- and 24-hour filter collection with Xact and PIXE 
respectively collection, the impact of this contamination should be insignificant in most cases. 
In the Hyltemossa research station in northwestern Scania (Figure. 13b), Xact measurements 
were performed, but not PIXE filter collection. The station represents a rural background, 
located a few kilometers south of Perstorp Municipality (56°06N, 13°25E (115 m asl)). The 
forest in Hyltemossa is managed and dominated by Norway spruce (Picea abies) with a small 
percentage of Downy birch (Betula pubescens) and Scots pine (Pinus sylvestris). (ICOS 2022). 
The forest is between 13 and 19 m high and holds about 190 m3 per hectare (excluding branches, 
stumps, conifer biomass, and roots). It is about 4 years old. In 1981 the area was damaged by a 
storm, so it was cleared in 1982 and replanted in 1983 with 3300 trees per hectare. The XRF 
instrument was placed on the northern outskirts of this forest in a small marsh with humid 
conditions that is a pasture area for cows of about 60 m² (Figure 16a,16b). Around 300 m south 
of the station, there is about a 36 m² of clear-cut that was harvested in 2018. (Huskin Okinedo, 
P. 2020). To the north and east direction Lille Sjö Lake and Håkantorps and Mölledamm Lake 
are about 1400 m and 1500 m respectively away from the station. The Bjärröd countryside road 
is located about 500 m to the west direction with an estimation of 500 vehicles passing through 
that road per day. To the NW, about 3000 m away from the station there is a chemical 
manufacturing company (Celanese Emulsions Norden AB).  
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3.2. Instrument Setup and Aerosol Particles Sampling 

As mentioned earlier, the aerosol particle samples were collected from two different locations. 
The first location was the aerosol laboratory parking lot at IKDC. Both Xact and PIXE were 
connected to a steel pipe, which is the main inlet for particles with a PM1 collection (see section 
3.4). 33.4 l/m of air was drawn from the parking through a 10 mm tubing that has curves to 
prevent high-size particles from passing through during collection, with tube shape and 
dimensions Figure 14. The flow was split into two parts, one for PIXE filer collection, and the 
other for XACT. The PIXE filter collection flow was maintained with an external pump running 
on critical flow, while the Xact flow was controlled electronically without critical flow. Flow 
measurements were performed for Xact and PIXE filters during PIXE filter changes every 24 
hours in the morning, both before and after the sampling time ended for both PIXE and XRF. 
The average of the start time and ending time flows is presented in (Table 4). As can be seen 
from the flows at the start and end, the PM1 mass concentration was not high enough to cause 
a significant drop in the PIXE filter flows during the measurement period. 
 
 

Table 3 Average start and ending flow measurements of Xact and PIXE filter collection 
measured every 24 hours, before and after PIXE filter changes in the morning. 

Instrument Start flow l/min Ending flow l/min 
XACT 17.1 17.1 
PIXE 16.4 16.4 

 

 
 

Figure 13 (a) Map of Scania area with inserted picture containing major towns and 
road network. Image by Emilie Stroh. (b) Map of Hyltemossa background station and 
Lund City Station 
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Figure 14 Inlet tube at IKDC building 

The duration of XRF sampling was set to the maximum possible 240 minutes (4 hours) to 
compare the results with the 24-hour sampling results obtained from the particle-induced X-ray 
emission method (PIXE). Automatic calibration and quality assurance protocols took place for 
XACT at 0:00 for 30 minutes, which means that particle sampling was interrupted during this 
time. After calibration is complete, sampling resumed as usual at 0:30 AM.  We tried to keep 
the PIXE filter change procedure time as short as possible. Old PIXE filters were put in Petri 
dishes covered with aluminum foil and stored in the freezer before sending them to the Lund 
Micro Pelletron facility to be analyzed. PIXE analysis has been performed, but the analysis was 
made too late to be able to include it in this report. Figure (15a) shows the Xact and the PIXE 
setup in the aerosol laboratory of IKDC. For the Hyltemossa measurements, the XRF was 
placed directly below a PM10 inlet at the roof of the measurement (Figure 16), with a flow rate 
of 17.1 l/min on average. Since the inlet is supposed to be driven by a 16.7 l/min flow rate to 
achieve a 10 µm diameter upper size cut-off, the true PM collection was for particles slightly 
smaller than 10 µm diameter. 

 

Figure 15 (a) Xact 625i Multi Metals Monitor and PIXE set up in the lab. 
(b) Parking lot at IKDC 
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3.3. Measurements Period 

An initial test run of the Xact for indoor air was conducted at the IKDC aerosol laboratory for 
three days to verify the sampling procedures of the Xact, with some cleaning in between. Two 
measurement campaigns were then conducted, one in the aerosol laboratory at IKDC to measure 
outdoor air collected in the parking lot for 19 days from September 15 to October 3, 2022, for 
both XRF and PIXE. In the second measurement period, Xact was transported to the 
Hyltemossa station, and a new filter was installed before starting the new sampling period, 
which began on October 19th for one month to 19 November 2022. 

 
During this period, Xact sampling was interrupted due to a tape failure at 12:00 on October 

29 and resumed at 14:00 on the same day. Same for the 8 and 9 of November from 8:00 and 
11:09 and resumed at 10:55 and 12:13 respectively. Sampling was also interrupted after 20:00 
on November 11 for unexplained reasons and reactivated the same day at 20:45. 

3.4 PARTICLE LOSSES CALCULATION  

The losses in the complicated inlet system in the Lund laboratory (Figure 14) were calculated 
theoretically with the loss calculator (Von der Weiden, et al, 2009). It included losses due to 
Brownian diffusion, sedimentation, impaction, and interception, and the flow in the tubing was 
calculated to be turbulent. All bends and lengths and widths of tubing were included in the loss 
calculation. This yielded an upper PM1 cut-off at the end of the particle collection system 
(Figure 17). There were also significant losses of smaller particles below 30 nm diameter, 
however since these do not contribute in a significant way to the aerosol mass, this effect was 
disregarded. Nevertheless, it should be noted that the particle collection efficiency was not 100 

Figure 16 Xact 625i in the new hut at Hyltemossa station. (b) Hyltemossa 
monitoring background station. Photo By Ahmed Balfaqih 
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% for any size range as can be seen in Figure 17. The maximum efficiency was only about 93 
% for the size range between roughly 30 and 300 nm diameter. 

4.0   RESULTS AND DISCUSSION 

4.1 Metals Concentration in Atmospheric Aerosol in Lund 

During the first measurement campaign in the city of Lund, 14 elements were used for analysis. 
Based on previous aerosol measurements, the elements normally present in atmospheric 
airborne particles and identified by XACT are S, Cl, K, Ca, Ti, V, Cr, Fe, Ni, Cu, Zn, Br, Sr, 
and Pb. Due to disruptions in the measurement setup at the IKDC laboratory, certain samples 
were never analyzed. Also, it was decided that elements should have been detected at least 50% 
of the time to be included in the calculation of average or median concentrations. The remaining 
14 elements which occasionally contained zero values, were assigned a random value between 
zero and the detection limit from XACT manual, to come up with a more reliable estimate of 
the average mass concentration for the entire period.   

 
Table 5 shows the average concentrations and standard deviations of the fine particles for 

the elements measured during the first measurement period at IKDC at the urban background 
Lund city station. These values are compared to measurements in Landskrona urban 
background station, “Stadshuset” in 1977, 1988, 2003, 2008, and 2017. Landskrona has situated 
28 km to the northwest of Lund but with a smaller population of 34 000. The 2022 concentration 

Figure 17 loss calculation Diameter, losses at inlet, losses in tubing, total losses. Assumed 
density 1.5 and spherical particles 
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represents the average of 19 days from September 15 to October 3, at the IKDC at the urban 
background Lund city station. While the 2017 concentration represents the average of 36 
measurement days from mid-February, at Stadshuset, 2008 concentrations are average 
concentrations measured during 5 weeks in the spring, and the 2003 concentrations are also 
average concentrations measured during 5 weeks in the spring. The 1988 concentrations are 
average concentrations measured during 4 weeks in winter and spring, and the 1977 
concentrations are recalculated annual concentrations that were sampled over 16 days during a 
half-year period. (Kristensson, A.,2019 & Prosper, W. 2017 ⁎). 

  
Table 4 Average PM1 mass concentrations and standard deviations of elements which were 

above zero concentration values during at least 50 % of the time. Data on previous 
measurements in Landskrona urban background air at the city hall (Stadshuset) are included 

Element 2022 SD (σ) 2022 2017 2008 2003 1988 1977 
Al - - 40 10.4 50.4 - - 
Si - - 80 39.9 147 - - 
S 97.6 110.4 360 277.8 1241 1500 1800 
Cl 22.6 40.3 720 0.2 162 24 160 
K 18.0 13.9 69 29.9 144 79 150 
Ca 3.9 6.0 44 30 102 47 200 
Ti 0.7 1.6 0.97 2.65 7.8 4 22 
V 0.2 0.4 1.5⁎ 2.64 9.3 3 13 
Cr 1.7 5.2 4.8 2.32 1.8 4.2 3.9 
Fe 20.1 36.8 51 53.8 61.9 62 400 
Ni 0.8 1.9 1.08 1.75 3.3 2 6.9 
Cu 2.0 4.3 1.97 1.62 8 1.98 13 
Zn 3.6 4.3 9.8 9.17 22.4 34 100 
As - - 0.8⁎ 0.2 3.9 - - 
Se - - 0.1⁎ 0.13 - - - 
Br 0.5 0.4 0.94 1.36 3.8 31 21 
Sr 0.1 0.1 0.6⁎ 0.1 0.4 - - 
Sn - - 0.3⁎ 0.04 35.9 - - 
Pb 3.0 15.4 3.9 4.15 38.1 38 420 

 

Examining the average concentrations further, it can be discovered that the concentration of 
most of the elements decreased compared to the previous measurements that took place in 
Landskrona (Stadshuset) in five different years. The only exceptions are Cu and Cl. Cl is higher 
than the 2008 measurements and that is basically due to an increased number of days with wind 
directions directly from the ocean. Increased wind speeds would also stimulate the production 
of sea spray and increase the concentration of measured Cl. The average Cu concentration is 
relatively high compared to the average concentrations in 2017, 2008, and 1988. 

 
Sulfur, S, had the highest average concentration followed by chlorine (Table 5), (Figure 18), 

and its source can be explained by two categories: Particulate matter from combustion 
emissions sources or general pollution sources from long-range transport, and sea salt particles, 
as well as chemically converted dimethyl sulfide (DMS) emitted by sea surface (Veres, P. et al, 
2020). For sulfur, there was a period from September 24th to 26th with rater stable concentrations 
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around 200 ng/m3 for almost three days. Chlorine also showed a stable concentration during 
that period with a concentration around 0.1 ng/m3 and both correlated, However, on October 1, 
sulfur marked the highest values at around 700 ng/m3 while chlorine remained stable at 0.1 
ng/m3 concentration (Figure 18). Figure 19 shows that the air mass arrived from central Europe 
during this day and the preceding days explaining a high influence of polluted air from the south. 
Conversely, October 2 concentrations indicate high wind speeds and an ocean air mass origin 
pointing towards the dominant sea spray source when the sulfur concentrations dropped to 
around 100 ng/m3. 

 

 
Figure 18 The concentration of sulfur and Chlorine at Lund Station during the first 

measurement period. 

 
Figure 19 The trajectory plot for 100 m,500 m, and 3000 m ending at Lund (IKDC) on the 

24, and 27 of September and the 1, 2 of October. 
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Figure 20 The concentration of Iron, Calcium, and Zinc at Lund Station during the first 
measurement period. (Fe, Primary Axis to the left, Ca and Zn Secondary Axis) 

Figure 20 illustrates the concentrations of three different elements (Fe, Ca, and Zn). There 
are some peaks where elements go up together in some events, while during some periods it is 
obvious that for example, zinc has different sources, which are correlating with neither Ca nor 
Fe. Since Ca and Fe are normally associated with dust, and both are correlating more or less 
throughout the period (Table 6, correlation coefficient ~0.55), it is reasonable to assume Fe and 
Ca have a clear dust source. Zn correlates with these compounds (~0.45), and thereby also 
comes from this source, but not always. The additional Zn source is likely a Cu/Zn source of 
unclear origin that has been also identified during the previous Landskrona measurements 
(Kristensson et al., 2019). Figure 22 and Table 6 confirm that these correlate with a correlation 
coefficient of ~0.62. 
 

However, Fe correlates best with Cr and Ni according to Table 6 and Figure 21. This is 
indicative of a presumed contribution of a fossil fuel combustion source, especially the 
combustion of heavy oil, which contains traces of Ni, Cr, and Fe. While the sulfur and Cl 
general long-range pollution source and sea spray particles show relatively stable 
concentrations over an extended period, the high metal concentrations are intermittent in 
behavior. The latter indicates local sources or near-regional sources. However, trajectories do 
not confirm differences in metal concentrations during these short periods, why this issue has 
to be investigated further. 
 

0.00
5.00
10.00
15.00
20.00
25.00
30.00
35.00
40.00
45.00

0.00
50.00

100.00
150.00
200.00
250.00
300.00
350.00

9
/1

5
/2

0
2

2
 0

:3
0

9
/1

7
/2

0
2

2
 0

:3
0

9
/1
7
/2
0
2
2
…

9
/1

8
/2

0
2

2
 8

:0
0

9
/1

9
/2

0
2

2
 0

:3
0

9
/1
9
/2
0
2
2
…

9
/2

0
/2

0
2

2
 8

:0
0

9
/2

1
/2

0
2

2
 0

:3
0

9
/2

4
/2

0
2

2
 0

:3
0

9
/2
4
/2
0
2
2
…

9
/2

5
/2

0
2

2
 8

:0
0

9
/2

6
/2

0
2

2
 0

:3
0

9
/2
7
/2
0
2
2
…

9
/2

8
/2

0
2

2
 8

:0
0

9
/2

9
/2

0
2

2
 0

:3
0

9
/2
9
/2
0
2
2
…

9
/3

0
/2

0
2

2
 8

:0
0

1
0

/1
/2

0
2

2
 0

:3
0

1
0
/1
/2
0
2
2
…

1
0

/2
/2

0
2

2
 8

:0
0

1
0

/3
/2

0
2

2
 0

:3
0

1
0
/3
/2
0
2
2
…

C
o

n
ce

n
tr

at
io

n
 n

g/
m

3

C
o

n
ce

n
tr

at
io

n
 n

g/
m

3

Concentration of Fe,Ca and Zn at Lund city during the measurement period 

Fe Ca Zn



 
33 

 

 

Figure 21 The concentration of Nickel, Chromium, and Iron at Lund Station during the 
first measurement period. 

 

 

Figure 22 The concentration of Copper and Zinc at Lund Station during the first 
measurement period. 

 

0.00

50.00

100.00

150.00

200.00

250.00

300.00

350.00

0.00

5.00

10.00

15.00

20.00

25.00

30.00

35.00

9
/1

5
/2

0
2

2
 0

:3
0

9
/1

7
/2

0
2

2
 0

:3
0

9
/1

7
/2

0
2

2
 1

6
:0

0

9
/1

8
/2

0
2

2
 8

:0
0

9
/1

9
/2

0
2

2
 0

:3
0

9
/1

9
/2

0
2

2
 1

6
:0

0

9
/2

0
/2

0
2

2
 8

:0
0

9
/2

1
/2

0
2

2
 0

:3
0

9
/2

4
/2

0
2

2
 0

:3
0

9
/2

4
/2

0
2

2
 1

6
:0

0

9
/2

5
/2

0
2

2
 8

:0
0

9
/2

6
/2

0
2

2
 0

:3
0

9
/2

7
/2

0
2

2
 1

6
:0

0

9
/2

8
/2

0
2

2
 8

:0
0

9
/2

9
/2

0
2

2
 0

:3
0

9
/2

9
/2

0
2

2
 1

6
:0

0

9
/3

0
/2

0
2

2
 8

:0
0

1
0

/1
/2

0
2

2
 0

:3
0

1
0

/1
/2

0
2

2
 1

6
:0

0

1
0

/2
/2

0
2

2
 8

:0
0

1
0

/3
/2

0
2

2
 0

:3
0

1
0

/3
/2

0
2

2
 1

6
:0

0

C
o

n
ce

n
tr

at
io

n
 n

g/
m

3

C
o

n
ce

n
tr

at
io

n
 n

g/
m

3

Concentration of Ni,Cr and Fe at Lund city during the measurement period

Ni Cr Fe

0.00

5.00

10.00

15.00

20.00

25.00

30.00

9
/1

5
/2

0
2

2
 0

:3
0

9
/1

6
/2

0
2

2
 2

0
:0

0

9
/1

7
/2

0
2

2
 8

:0
0

9
/1

7
/2

0
2

2
 2

0
:0

0

9
/1

8
/2

0
2

2
 8

:0
0

9
/1

8
/2

0
2

2
 2

0
:0

0

9
/1

9
/2

0
2

2
 8

:0
0

9
/1

9
/2

0
2

2
 2

0
:0

0

9
/2

0
/2

0
2

2
 8

:0
0

9
/2

0
/2

0
2

2
 2

0
:0

0

9
/2

3
/2

0
2

2
 1

6
:0

0

9
/2

4
/2

0
2

2
 4

:0
0

9
/2

4
/2

0
2

2
 1

6
:0

0

9
/2

5
/2

0
2

2
 4

:0
0

9
/2

5
/2

0
2

2
 1

6
:0

0

9
/2

6
/2

0
2

2
 4

:0
0

9
/2

7
/2

0
2

2
 1

6
:0

0

9
/2

8
/2

0
2

2
 4

:0
0

9
/2

8
/2

0
2

2
 1

6
:0

0

9
/2

9
/2

0
2

2
 4

:0
0

9
/2

9
/2

0
2

2
 1

6
:0

0

9
/3

0
/2

0
2

2
 4

:0
0

9
/3

0
/2

0
2

2
 1

6
:0

0

1
0

/1
/2

0
2

2
 4

:0
0

1
0

/1
/2

0
2

2
 1

6
:0

0

1
0

/2
/2

0
2

2
 4

:0
0

1
0

/2
/2

0
2

2
 1

6
:0

0

1
0

/3
/2

0
2

2
 4

:0
0

1
0

/3
/2

0
2

2
 1

6
:0

0

C
o

n
ce

n
tr

at
io

n
 n

g/
m

3

Concentration of Cu and Zn at Lund city during the measurement period 

Cu Zn



 
34 

 

 
Table 5 Correlation matrix for the Lund station. Cell colors are attributed; accordingly, red, is the minimum point= -1, white midpoint = 0 and 

green is the maximum point = 1. 

Element S Cl K Ca Ti V Cr Fe Ni Cu Zn Br Sr Pb 

S 1              
Cl -0.23558 1             
K 0.323772 -0.09057 1            
Ca 0.217992 0.277097 -0.00187 1           
Ti 0.105416 -0.11486 0.146277 0.391193 1          
V 0.610259 -0.02188 0.195571 0.11209 0.063969 1         
Cr 0.113619 -0.08056 0.01948 0.303301 0.250294 0.032664 1        
Fe 0.286878 -0.06991 0.054861 0.554765 0.330613 0.162622 0.816621 1       
Ni 0.192607 -0.05727 0.004369 0.366078 0.247256 0.131773 0.970499 0.891634 1      
Cu 0.135278 -0.00895 -0.07555 0.324716 0.092796 0.212168 0.301067 0.54935 0.460184 1     
Zn 0.27304 0.02301 0.469939 0.461888 0.300333 0.208743 0.229369 0.465706 0.327337 0.618572 1    
Br 0.911114 -0.18107 0.368965 0.298505 0.217917 0.609693 0.169518 0.296635 0.235616 0.076053 0.296921 1   
Sr -0.00706 0.215922 -0.04166 0.231927 0.168351 0.023401 0.308986 0.313635 0.328079 0.176809 0.20753 0.049199 1  
Pb 0.020869 0.284809 0.029177 0.700055 0.070221 -0.01581 0.019691 0.148637 0.034661 0.110447 0.30478 0.023723 -0.0109 1 
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Element K has been associated with various sources in previous studies, for example, 
coal combustion and biomass combustion (Yu, J., et al., 2018). It has also been 
associated with markers from other sources such as Cl (from sea salt particles), Ca 
(from mineral dust particles), and S (from a general long-range transported fossil fuel 
combustion source, sea salt particles, and DMS oxidation). 

 
Elements such as Ca, Fe, Cu, Zn, Ni, and Pb showed increases in some events, 

especially on September 19 and 30, which may indicate that the sources of pollution 
are closely related to all of these elements. It is also possible that some of these elements 
have a different source at the same time, which is more likely for Ni and Fe because the 
concentration values are relatively higher than the rest of the elements. The reasons for 
these high concentrations are unknown, and the trajectories do not indicate a specific 
source region. These may be erroneous data. A later comparison with PIXE filter 
samples might reveal this. 
 

On one of these two days, September 19, the element arsenic (As) had a high 
concentration of about 1 ng/m3. The source could be related to coal combustion, since 
the concentration of Pb also showed a very high value of about 140 ng/m3 in this sample, 
both As and Pb are used as markers for coal burning. (Yu, J., et al. 2018). Probably, 
industrial emissions and combustion of fossil fuels have some relationship during this 
occasion, since Fe, Cu, and Zn also showed high concentrations in the same sampling 
period, which all of them are associated with industrial and fossil fuels emission sources.  

 
Also, As can be produced in the smelting furnace process. (Duan, J., & Tan, J. 2013). 

What is interesting, is that the air is stemming from the northern part of Sweden (Figure 
23), which could be a reason for the high Pb concentration, since the Boliden Bergsoee 
lead recycling factory is north of Lund. However, it should not be the reason for high 
As values, since previous Landskrona measurements have not revealed high As 
concentrations (Norlin, M., & Savér, L. 2022). Moreover, steel, plastics pigments 
production, contaminated soils, and other particles that re-enter the atmosphere could 

Figure 23 The trajectory plot for 100 m,500 m and 3000 m 
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contribute to the lead concentration. (Duan, J., & Tan, J. 2013). S in the data from Lund 
correlates to some extent with, for example, K, V, and Br (Table 6).  

 
According to Kristensson et al. (2019), a source transported over long distances has 

been identified that contains mainly V, Ni, and S in the fine fraction. This comes from 
the combustion of heavy fuel oil from other countries and from local and regional ship 
emissions associated with high-sulfur fuel and lubricating oil containing the metals V 
and Ni. In part, it is also a general long-range source, containing sulfur dioxide 
emissions from industry and power generation, as well as emissions from sea spray 
resulting from wind-driven production of suspended particles during wave breaking, 
containing Cl, Br, Sr, and S. This can be supported by the air trajectories that mostly 
came from Germany and Poland for the concentration associated with sources that are 
not related to sea spray emissions, such as industrial emissions and combustion 
emissions sources, while in the events when the sea spray emissions from the North Sea 
contributing to the concentration, we see both Cl and S increase together, as in 19,30 
of September and 02 of October (Figure 18). 

 
Elements such as Ca, Fe, Cu, Zn, Ni, and Pb as mentioned above were found to be 

related to each other during the increasing concentration events, which makes it likely 
that they at least partly originated from a soil dust source, as these elements are 
associated with the Earth's crust (Kristensson et al. 2019). It is also possible that some 
of these elements, such as Ni, are derived from the long-range transport of fossil 
combustion particles, as fossil oil often contains Ni. (Kristensson et al. 2019). Ni is also 
associated with Vehicle tailpipe emissions from a road traffic source and coal and oil 
combustion sources (Maciejczyk, P., et al 2021). Cu/Zn concentrations are more likely 
to be generated from different sources as we can see in the graph Figure 22, both 
elements are correlated in all the measurement periods except on 20 of September 
where Zn increased and marked the highest value, while Cu did not increase (Figure 
22 ). The analysis of metal concentrations and quantification of their source 
contributions will be evaluated in the future using source/receptor modeling. 
 

Strontium marked the lowest average concentration at 0.1 ng/m3 among the 14 
elements presented in Table 5. Sr occurs naturally in the Earth's crust and is released 
into the atmosphere through natural processes such as wind dust resuspension, also Sr 
can be associated with sea spray (Capo et al. 1998). Also, it has the potential to be 
associated with stack emissions from coal-burning plants and be transported over 
longer distances. (Watts, P., & Howe, P. 2010). Dust from the parking lot or nearby 
streets is a probable candidate, although this is not further investigated here. 

4.2 METALS CONCENTRATION IN ATMOSPHERIC AEROSOL IN HYLTEMOSSA 

In the second measurement location Hyltemossa, 17 elements were used for analysis   
S, Cl, K, Ca, Ti, V, Cr, Mn, Fe, Ni, Cu, Zn, Se, Br, Rb, Sr and Pb. The same role of 
50% detection of elements has been used for Hyltemossa data to be included in the 
calculation of average or median concentrations. The remaining values among the 17 
elements that showed zero values, were assigned a random value between zero and the 
detection limit from XACT manual, to come up with a more reliable estimate of the 
average mass concentration for the entire period.  
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Table 7 shows the average concentrations and standard deviations of the PM10  

particles for the elements measured during the second measurement campaign at 
Hyltemossa rural background station. These values are compared to measurements in  

Vavihill rural background station during 2000. Vavihill has situated about 20 km to the 
west-south-west of Hyltemossa. The 2022 concentration represents the average of one-
month data from October 19 to November 19, at the Hyltemossa rural background  

station, while the 2000  -  concentrations at Vavihill were carried out for almost six 
months, from January to May (Kristensson et al. 2019). 
 
Table 7: Average PM10 mass concentration values and standard deviations of elements, 
which were above zero concentration values during at least 50 % of the time Data on 
previous measurements in Vavihill rural station are included for comparison. 
Concentration in nanogram per cubic meter (ng/m3). 

Element Hyltemossa 2022 SD (σ) 2022 Vavihill   2000 
S 337.67 315.84 479 
Cl 395.43 569.5 575 
K 68.24 35 87.5 
Ca 42.23 34.83 77.4 
Ti 2 2.95 5.1 
V 0.58 0.57 0.4 
Cr 1.97 22.51 1.3 
Mn 0.9 1.22 2.6 
Fe 50.48 53.44 62.5 
Ni 0.66 4.3 0.2 
Cu 1.39 0.99 1.2 
Zn 7.53 7.74 7.9 
Se 0.21 0.21 0.5 
Br 2.22 1.46 5.6 
Rb 0.16 0.17 - 
Sr 0.56 0.47 0.4 
Pb 5 6.62 4.1 

 

Examining the average concentrations further, it can be discovered that the 
concentration of most of the elements decreased compared to the previous 
measurements that took place in Vavihill 2000. Only 6 elements showed a little higher 
concentration than the 2000 measurements, such as Vanadium (V), chromium (Cr), 
nickel (Ni), copper (Cu), Strontium (Sr), and Lead (Pb). A possible Vanadium and 
Nickel source is fossil fuel ship emissions. The Vanadium to Nickel ratio has decreased 
from about 2 to about 1, which could be an indication of the fuel switch in the shipping 
sector from sulfur-rich heavy fuel oil towards lower sulfur-containing heavy fuel oil or 
marine diesel or gasoline oil (Yu et al.,2021). In general, there were frequent winds 
from the south in the Hyltemossa measurement period, why these elements also indicate 
we influence ship traffic and continental pollution sources. 
 

Chlorine showed fluctuations in concentration most of the time except five days in 
the beginning and two days in the mid-period and at the very end, where the 
concentration was remaining at low levels. The higher concentration above 2000 ng/m3 
was mainly contributed by the sea spray from the North Sea during all the higher-level 
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concentration values as can be seen in Figure 25, which was not the case for sulfur 
concentration during those periods. Sulfur, S, had the four outliers as seen in Figure 24, 
in all four occasions the air mass arrived from central Europe during those days 
explaining a high influence of polluted air from the south as Figure 26 indicated. That 
can support what has been said by Veres, P. et al, (2020) “Particulate matter can be 

from combustion emissions sources or general pollution sources from long-range 
transport”. Furthermore Sulfur (S) in the combustion source was mainly due to the 
condensation of sulphuric acid onto nanoparticles during long-range transport. (Prosper, 
W. 2017). 
 

 

Figure 24 The concentration of Sulfur and Chlorine at Hyltemossa rural Station 
during the second measurement period. 

 
 

Figure 25 The trajectory plot for 100 m,500 m, and 3000 m 
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Figure 26 The trajectory plot for 100 m,500 m and 3000 m ending at Hyltemossa on 30 of 
October,1,4 and 15. 
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Potassium was the third highest concentration element with an average concentration 
of about 70 ng/m3. Element K has as previously mentioned, been associated with 
various sources in previous studies, for example, dust, coal, or biomass combustion (Yu, 
J., et al. 2018). However, in this case it is more likely that domestic wood combustion 
is the main source of the high K concentration in this study, since K concentrations 
showed higher values at night, when more intense domestic wood combustion activity 
is expected. Cu and Zn decreased and increased simultaneously most of the time, which 
indicates that their sources are similar, which was also the case for the Lund data.  
 

 
Figure 27 The concentration of Cu, and Zn at Hyltemossa rural Station. Zn on the 

right Axis. 
 

 
Ca correlated with Fe throughout the period (Figure 28), which indicates a mineral 

dust source. It also correlated with Zn, which indicates that the Cu/Zn source is partly 
emanating from mineral dust. 
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Figure 28: The concentration of Cu, Ca, and Fe at Hyltemossa Rural Station. Fe on 
the right Axis. 

 
Arsenic showed a relatively high concentration for more than 30% of the samples, 

the highest value was about 2 ng/m3 on the 22 of October during the night as can be 
seen in Figure 29. There was a correlation between As and Zn (around 0.7). Also, Pb 
increased at the same time as As on one occasion., the source could be related to 
industrial emissions since As is likely from coal combustion transported over longer 
distances from central Europe Figures 26 and 30 (Yu, J., et al. 2018 & Maciejczyk, P., 
et al 2021). 
 

 
 

Figure 29: The concentration of As, Pb, and Zn at Hyltemossa rural Station. Pb and 
Zn on the right Axis. 
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Figure 30: The trajectory plot for 100 m,500 m and 3000 m ending at Hyltemossa 
on 22 of October. 
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Table 8: Correlation matrix for the rural background station Hyltemossa. Cell colors are attributed; accordingly, red, is the minimum point= -
1(strong negative relationship), white midpoint = 0 (no relationship) and green is the maximum point = 1 (strong positive relationship). Two 
values where Cr and Ni showed abnormally high concentrations were removed during correlation coefficient calculation to maintain a 
reasonable relationship between the elements. 
 

 
 
 
  
 
   
 
 

S Cl K Ca Ti V Cr Mn Fe Ni Cu Zn Se Br Rb Sr Pb

S 1.00000

Cl -0.01682 1.00000

K 0.53568 0.06349 1.00000

Ca 0.37786 0.50934 0.50937 1.00000

Ti 0.44630 -0.18706 0.58288 0.55122 1.00000

V 0.21619 -0.10140 0.51908 0.27686 0.49522 1.00000

Cr 0.00302 0.03208 0.02936 0.16486 0.04601 0.01642 1.00000

Mn 0.34356 -0.08964 0.51477 0.57715 0.59757 0.35651 0.71005 1.00000

Fe 0.40698 -0.05925 0.58385 0.66562 0.76638 0.47579 0.57942 0.94494 1.00000

Ni 0.01158 0.02889 0.05105 0.17297 0.05816 0.06001 0.36738 0.44244 0.59297 1.00000

Cu 0.41242 0.10228 0.66573 0.69456 0.54831 0.36658 0.40159 0.81040 0.83292 0.41373 1.00000

Zn 0.52211 -0.20455 0.58255 0.40924 0.50670 0.18958 0.00902 0.53554 0.52179 0.01524 0.60791 1.00000

Se 0.63346 0.01661 0.75949 0.51020 0.51186 0.33753 0.04863 0.56721 0.58435 0.06212 0.69658 0.76382 1.00000

Br 0.49766 0.60750 0.56083 0.71451 0.21433 0.24702 0.05876 0.30378 0.36553 0.07287 0.53399 0.34444 0.56013 1.00000

Rb 0.20390 -0.35239 0.66846 0.06199 0.47333 0.36499 -0.00675 0.33461 0.34473 0.00516 0.26535 0.36925 0.39359 0.02758 1.00000

Sr 0.25792 0.75555 0.43036 0.84119 0.32306 0.17123 0.06075 0.28655 0.38154 0.06687 0.50102 0.15264 0.34693 0.76866 -0.06667 1.00000

Pb 0.28216 -0.06042 0.29327 0.20849 0.18521 0.22531 -0.02310 0.24326 0.27389 -0.01326 0.36200 0.31283 0.32383 0.15389 0.00000 0.04848 1
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Conclusion  
 
Elevated concentrations of Cu, Ni, Cr, and Pb were measured several times in both the 
city of Lund and Hyltemossa. Compared to previous campaigns for urban emissions, 
there is a clear downward trend in average element concentrations. In contrast, 
compared to the 2008 average concentrations for Cl and Cu from 2017, 2008, and 1988, 
there is an increase, but this is likely due to more winds from ocean areas in this study 
giving relatively higher contribution from the sea spray source. For the rural 
background measurements in Hyltemossa, V, Cr, Ni, Cu, Sr, and Pb were higher on 
average than for the Vavihill rural measurements during 2000. This was likely due to 
more frequent winds from continental polluted regions in this study. 

 
A few samples with high concentrations have a significant impact on the average 

concentrations of heavy metals. The elevated concentrations did not exceed the 
environmental quality standards' annual average limit, which does not mean that these 
are not unhealthy. From the trajectories, it appears that the heavy metal concentration 
often originates from long-range transboundary sources in Central Europe. There 
should certainly be a local or near-regional source origin of several of the elements 
measured in Lund and Hyltemossa as well, but this could not be proven in this study, 
besides a wood combustion source, which is likely local or near-regional by nature. 
 

Although, the concentrations in Lund and Hyltemossa are not above regulative limits, 
decreases in anthropogenic elements should have a positive effect on human health. 
Nevertheless, the elements measured in Lund and Hyltemossa are very useful as source 
markers in source/receptor modeling attributing PM mass concentrations to specific 
anthropogenic and natural sources. PM mass concentrations in contrast to elements are 
proven to have adverse health effects in southern Sweden, and therefore it is crucial to 
measure these elemental source markers for an effective abatement strategy for air 
pollution. 
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