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Abstract 

Measurements of particulate matter (PM) mass concentrations and particle size distributions 

of PM1, PM2.5, PM4, and PM10 in Fljótshlíð in South Iceland from May to November 2017 

are presented. The mean PM10 concentration over the whole measurement period was 19 

μg/m3 which is comparable to rural areas in Europe and close to the annual mean in 

Reykjavík showing the importance of natural air pollution in Iceland. Five dust events were 

captured, thereof two severe (maximum > 1000 μg/m3 and > 700 μg/m3). Camera images 

and HYbrid Single-Particle Lagrangian Integrated Trajectory air parcel model were used to 

determine the source of the dust events. PM1/PM2.5 ratios of  0.93-0.99 and PM1/PM10 ratios 

of 0.33-0.58 for the dust events show that dust emissions in South Iceland consist of high 

proportions of submicron particles which have a high potential for travelling long distances 

in the atmosphere and entering the lungs in the human body. Results from the measurements 

should be used to demonstrate the need for dust warnings for the general public. 

 

Útdráttur 

Niðurstöður mælinga frá Fljótshlíð frá maí til nóvember 2017 á rykmengun, eftir massa 

örefna og stærðarhlutföllum PM1, PM2.5, PM4 og PM10, eru kynntar. Meðalstyrkur svifryks 

með þvermál undir 10 μm var 19 μg/m3 yfir mælingatímabilið. Það er sambærilegt gildi og 

á dreifbýlum svæðum í Evrópu og litlu lægra en ársmeðaltal svifryks í Reykjavík sem sýnir 

vægi náttúrulegra rykuppspretta í rykframleiðslu á Íslandi. Fimm rykstormar voru mældir, 

þar af tveir umfangsmiklir (hámark > 1000 μg/m3 og > 700 μg/m3). Notast var við HYbrid 

Single-Particle Lagrangian Integrated Trajectory módel og myndavélar frá Vegagerðinni og 

Landbúnaðarháskóla Íslands til að áætla uppsprettur rykstormanna. Á meðan rykstormar 

vörðu voru PM1/PM2.5 hlutföll á bilinu 0.93-0.99 og PM1/PM10 hlutföll á bilinu 0.33-0.58. 

Rykframleiðsla á Suðurlandi er því einstaklega fíngerð með hátt hlutfall örefna með minna 

þvermál en 1 μm. Smátt ryk getur ferðast langar vegalengdir og háar líkur eru á að það komist 

ofaní lungu og því ættu þessar niðurstöður að hvetja til viðvarana af hálfu yfirvalda.   
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1 Introduction 

Dust emissions into the atmosphere are mainly of natural origin coming from aeolian 

redistribution of mineral dust from deserts and semiarid regions (Boucher et al., 2013). The 

influence of dust on climate, humans and ecosystems is of growing concern. Changes in dust 

emission concentrations can impact climate through light scattering, absorpsion of solar and 

terrestrial radiation and greenhouse effect (Boucher et al., 2013). Dust aerosols can serve as 

cloud condensation nuclei which affects the hydrological cycle (Alizaded Choobari et al., 

2014). Particulate matter concentration in the atmosphere affects air quality and can cause 

serious health problems (World Health Organization, 2018). Fine particles with diameter 

smaller than 10-9 m are of special concern regarding health because of their high potential to 

enter the lungs (Colls and Tiwary, 2010). The impacts of dust emissions are especially 

concerning since global dust emissions will likely increase in the future due to climate 

change and desertification (Woodward et al., 2005). Dust is often associated with hot and 

dry deserts but high latitude areas with cold climate are also subject to frequent dust 

emissions (Bullard et al., 2016).  

 

1.1 Background 

The largest area of volcaniclastic sandy deserts on Earth is in Iceland (Arnalds et al., 2016). 

Sandy deserts cover about 22.000 km2 or more than 20 percent of the total surface of the 

island. The origin of volcaniclastic sands can be both epiclastic when grains are formed by 

erosion of lithic material and pyroclastic with grains originating from an explosive volcanic 

event (Edgett and Lancaster, 1993). Glaciers which cover 11% of Iceland‘s surface are very 

efficient producers of fine particles deposited in ever-changing floodplains. The retreat of 

glaciers in Iceland has added to the formation of sand fields, sandur in Icelandic, and further 

retreat will probably increase dust production. Glacial outburst floods and surges play an 

important role in building up sandur deltas (Björnsson and Pálsson, 2008). Surges are 

common in all the major icecaps in Iceland and the river sediment load increases 

substantially during surging events (Björnsson et al., 2003). Jökulhlaups or glacial outburst 

floods occur due to geothermal heat and volcanic eruptions, causing melt of glacial ice. 

About 60% of the area of Icelandic icecaps is underlain by active volcanoes or hydrothermal 

systems which makes glacier-related floods particularly frequent in Iceland resulting in large 

amounts of  sediment deposits on outwash plains (Björnsson and Pálsson, 2008). A single 

jökulhlaup can produce over 7 million tons of sediments (Jensen et al., 2018). Prospero et 

al. (2012) related high dust concentrations measured at Stórhöfði in Westmann Islands South 

of Iceland to sediment deposition by outburst floods from Vatnajökull. Ash or dust 

production from subglacial volcanic eruptions is an additional source of sediments which 

can be of considerable amount and disperse over great distances (Guðmundsson et al., 2012). 

Dust in Iceland is produced via glacial processes and this dust can be deposited back on the 

glacier affecting its mass balance by causing positive radiative forcing (Wittmann et al., 

2017). The light absorbing impurities reduce surface albedo which enhances melting of the 

glacier (Peltoniemi et al., 2015). 



2 

Cyclones with strong winds are frequent in Iceland due to a mean low pressure centre 

southwest of the country, the Icelandic low (Einarsson, 1984). Strong winds and lack of 

vegetation result in a redistribution of sediments by aeolian processes. Investigation of dust 

observations from weather stations operated by the Icelandic Meteorological Office has 

shown an average number of 135 dust days annually occuring all year round with higher 

frequency between March and October (Dagsson-Waldhauserova et al., 2014). This 

frequency is comparable to the major dust source areas of the world such as China, Mongolia 

and Iran. Arnalds (2010) identified seven major „dust hot-spots“ or „dust-plume“ areas in 

Iceland. The most active dust sources in the South are Mýrdalssandur, Landeyjasandur, 

Mælifellssandur and Skeiðarársandur.  

1.2 Motivation and objectives  

Current atmospheric measurements of dust in Iceland are maintained in urban and industrial 

areas such as Reykjavík, Akureyri, Hvalfjörður and Reykjanes. Large areas near dust sources 

have not undergone measurements of particulate matter air pollution except during periods 

of explosive volcanic eruptions (Thorsteinsson et al., 2012). The Environmental Agency of 

Iceland (EAI) runs a network of stations measuring particulate matter but they are 

concentrated around the capital city which is far from natural dust sources. Information about 

the size distributions of the particulate matter is missing for large areas in Iceland e.g. in 

South Iceland.   

The main objective of the study was to quantify dust events in South Iceland. Measurements 

of particulate matter (PM) mass concentrations near dust sources is likely to provide a better 

understanding of air quality in such areas. In addition, PM concentrations can be used to 

determine the frequency and origin of dust events and important missing information on the 

size partitioning of the particulate matter in South Iceland.  
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2 Experiments 

2.1 Instrumentation and measurement setup 

Particulate matter mass concentrations were measured in the south of Iceland from May to 

December 2017. The measuring station was located at the old farm Heylækur in Fljótshlíð 

(Figure 3), at 63.7325° N and 19.9907° W at an elevation of 107 metres above sea level 

(Figure 1). Fljótshlíð is a rural area between the town of Hvolsvöllur (less than thousand 

inhabitants) and the glacier Eyjafjallajökull. The country is fertile with many livestock farms 

but has become an increasingly popular touristic place, multiplying cottages and hotels. 

Fljótshlíð means “the mountain side of the river” referring to the Markarfljót river which is 

fed by meltwater from the Mýrdalsjökull and Eyjafjallajökull icecaps. Sediment deposition 

from Markarfljót and large jökulhlaups caused by volcanic activity in the ice-capped volcano 

Katla have formed a wide floodplain (Smith et al., 2006). The construction of a dyke in 1910 

lessened the flooding area of the river and soil reclamation programs have reduced 

considerably the desert area. Landeyjasandur today is nevertheless a major dust plume 

source (Arnalds, 2010). The sandur can be devided in three: Landeyjasandur is a sandy beach 

by the sea, Fornusandur is located south of the Markarfljót bridge and Markarfljótsaurar are 

north of the bridge. Heylækur is a good place to measure dust transport from Landeyjasandur 

during easterly, southerly and westerly winds while northerly winds transport the dust from 

the sandur to the sea. Figure 1 shows dust sources in Iceland. Mælifellssandur and 

Mýrdalssandur in the vicinity of Heylækur are expected to influence the measurements as 

well as Landeyjasandur and possibly Hagavatn.  

 

 
 

Figure 1. A map showing the locations of dust sources in Iceland (gray circles) and the 

measuring station Heylækur (black dot) in South Iceland. Base map from the Agricultural 

University of Iceland land use database (Nytjaland). 
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Mass concentrations and size distributions of particulate matter were measured using an 

aerosol monitor DustTrak DRX 8533EP by TSI Incorporated, USA (Figure 2) with an inlet 

at 10 m height to avoid disturbance from local aerosols (Figure 3). The DustTrak instrument 

is a light-scattering laser photometer able to measure concentrations up to 150 mg/m3. The 

data is devided into mass fraction concentrations corresponding to PM1, PM2.5, PM4, PM10 

and PM15 where the subscript refers to the maximum diameter of the particles in μm. PM1 is 

the fraction of the particles with diameter less than 1 micrometer, PM2.5 particles have 

diameter less than 2.5 micrometers, PM4 have diamater < 4 μm, and PM10 have diameter < 

10 μm. The measurements were obtained in 10-minute averages for four measuring periods 

of different duration (Table 1). The days with measurement were 119 between May and 

December 2017. There were errors in data from September and December and those data 

points were not used. Data points with high concentrations compared to the long-term 

measurements (outliers) were also excluded. As results, four measurement periods are used 

in this study with a total of 82 days of quality checked measurements (Table 1). 

 

 
Figure 2. The aerosol instrument DustTrak DRX 8533EP 

 

 
Figure 3. The old farm Heylækur where the measurements took place.  

The window with the inlet is marked with a red arrow. 
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2.2 Weather data and air parcel trajectory 

analyses 

The Icelandic Meteorological Office (IMO) runs an automatic weather station at Sámsstaðir 

in Fljótshlíð which is at a distance of 6.49 km from the measuring station at an elevation of 

144 metres above sea level. Hourly average values for wind speed and temperature from 

Sámsstaðir were averaged over the dust event periods. The wind direction range is noted in 

Table 2 (0 is northerly wind, 90 easterly, 180 southerly and 270 westerly).  

Air parcel trajectory modelling using the HYSPLIT (HYbrid Single-Particle Lagrangian 

Integrated Trajectory) can be used to identify dust sources. The model was developed by 

NOAA (the National Oceanic and Atmospheric Administration). The online version of the 

model (Draxler and Rolph, 2010) was used to model backward air parcel trajectories from 

the measuring station to determine the origin of measured dust.  

 

2.3 Ground-based and satellite images 

Photograph images from the camera network of the Icelandic Road and Coastal 

Administration (IRCA) and from a camera of the Agricultural University of Iceland (AUI) 

at Hafursey, monitoring Mýrdalssandur desert, were used to determine the sources of the 

dust events (Figure 4). 

Dust storms can be detected on satellite images from the Moderate Resolution Imaging 

Spectoradiometer (MODIS) onboard National Aeronautics and Space Administration 

(NASA) satellites. Weather conditions in Iceland do not favour clear images because of 

frequent interruptions by clouds and short days during winter due to the location of Iceland 

at high latitude. 

 

 
Figure 4. Detailed satellite image with the location of Heylækur measurement station (black 

cross) and Icelandic Road and Coastal Administration's cameras at Markarfljót (near 

Heylækur) and Mýrdalssandur (to the East), marked with red dots, and Agricultural 

University of Iceland's camera at Hafursey (blue dot). 
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3 Results 

3.1 Variability of dust emissions 

PM10 concentrations were averaged for each measuring period (Table 1) resulting in an 

overall concentration range of 7-25 μg/m3. The minimum mass concentration value was 0 

μg/m3 for all the periods. Averaging the mass concentration over the whole measuring period 

of 82 days gives a value of 19 μg/m3. Mean temperature and mean wind speed as recorded 

at Sámsstaðir weather station are noted in Table 1. Mean monthly temperatures correspond 

to the general trends in temperatures in South Iceland but mean monthly winds during the 

measurement period were lower for Sámsstaðir than monthly average for South Iceland 

(Veðurstofa Íslands, 2007; Dagsson-Waldhauserova et al., 2014). 

Table 1. Timetable showing the measurement periods, Particulate Matter (PM) mass 

concentration, mean wind speed, and mean temperature. 

Period PM10 mass concentration [μg/m3] Mean wind 

speed [m/s] 

Mean 

temperature 

[°C] Mean Maximum Minimum 

28.5.-10.6. 7 229 0 3.8 9.3 

29.7.-31.7. 9 97 0 2.7 12.8 

11.8.-4.9. 17 1010 0 3.0 11.2 

22.10.-30.11. 25 1680 0 3.4 1.1 
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3.2 Dust episodes 

Episodes with PM10 concentrations exceeding the mean value for more than 2 hours were 

defined as dust events. The number of dust episodes was five. Mean wind speed, maximum 

gust, wind direction range and mean temperature during dust events as recorded at 

Sámsstaðir weather station are shown in Table 2. The ratios between PM1 and PM10 during 

the dust events give information about the percentage of fine matter in the dust. The likely 

dust source and provenance of camera images used to determine the source are noted in 

Table 2. The size distribution of the dust can also be seen in the plots in Figure 5. Each dust 

event will be discussed in detail in the following chapters 3.2.1.-3.2.5.  

Table 2. Timetable showing the dust event episodes, Particulate Matter (PM) mass 

concentration, mean wind speed, maximum wind gust, wind direction range, mean 

temperature, PM1/PM10 ratio, source and camera image provenance. 

 

Date and 

duration of 

event 

Mass 

concentration  

[μg/m3] 

Wind  

speed [m/s] 

Wind 

direction 

Average 

temperature 

[°C] 

PM1/ 

PM10 

[%] 

 

Source 

 

Images 

mean max mean gust 

1.6.  

(4 h) 

27 

 

97 10.2 

 

22.1 89-106 11.1 

 

34.2 

 

Mýrdals-

sandur  

IRCA cameras  

29.7. 

(3 h) 

33 97 4.6 17.3 62-105 13.8 49.6 

 

Mýrdals- 

sandur  

AUI Hafursey 

camera 

23.-24.8. 

(34h) 

33 

 

61 1.7 7.4 70-99 (4h) 

213-354 

(14h) 

10.9 55.6 

 

Mýrdals-

sandur 

IRCA camera 

31.8. 

(11 h) 

327 

 

1010 3.9 8.7 188-243 10.7 30.0 

 

Landeyja

-sandur 

IRCA camera 

31.10.-

1.11. (10h) 

119 

 

777 3.4 12 110-199 (5h) 

215-307 (5h) 

7.0 26.0 

 

Landeyja

-sandur 

IRCA camera  
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Figure 5. Particulate matter concentration for size class PM1, PM2.5, PM4 and PM10  

during five dust events. The horizontal axis is time in hours since the beginning of event. 
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3.2.1 Dust event on June 1st 2017 

High particulate matter concentration (PM10 > 50 μg/m3) was measured from 5:50 to 10:05 

with a peak at 8:30 (Figure 5). The Hysplit Model with the backward trajectories of air 

parcels arriving to Heylækur at 9:00, 8:00 and 7:00 shows that easterly winds came from 

Mýrdalssandur (Figure 7). Easterly winds of directions 89-106 were also reported by the 

weather station at Sámsstaðir (Table 2). It was cloudy on the 1st of June and there are 

therefore no clear satellite images. Dust haze can be seen on images from the IRCA camera 

network at Mýrdalssandur (looking towards East and West) (Figure 6). Images from 

Markarfljót closer to the measuring station show reduced visibility at the time of the peak 

value measurement.  

The Environmental Agency of Iceland (EAI) measured high PM10 concentration of more 

than 300 μg/m3 at Grensásvegur station on the same day. The high values in Reykjavík came 

with a delay of about 3 hours compared to measurements at the Heylækur station because of 

the travel time from the dust source. The duration of the dust event was longer in Reykjavík 

with a measured maxima of 332 μg/m3 at 17:30 (Umhverfisstofnun, 2018). However, 

backward trajectory of air masses for Reykjavík at 17:00  confirms the Mýrdalssandur origin 

of the dust (Figure A.1. in Appendix A).  

The mean PM10 mass concentration was 25 μg/m3 with the highest value of 97 μg/m3. The 

dust event on the 1st of June had the lowest percentage of submicron particles of all captured 

events with a PM1/PM10 ratio of 0.33. 

 

 

 

 

 
 

Figure 6. Images from the Icelandic Road and Coastal Administration's camera network. 

Dust haze at Mýrdalssandur at 6:47, 7:17, 7:22 and 8:02 on the 1st of June 2017. Low 

visibility and dust plume at 8:25 at Markarfljót, near measuring station. 
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Figure 7. Backward air parcel trajectories ending at Heylækur (marked with the black star) 

at 9:00, 8:00 and 7:00 on June 1st 2017, modelled with the HYSPLIT model.   

 

3.2.2 Dust event on July 29th 2017 

A new period of particulate matter measurements was set up at 16:30 on the 29th of July 

2017. At this time, a dust event had already been occurring and lasted until 18:50. The 

highest value during the measured period was 97 μg/m3. Observed wind direction in 

Sámsstaðir in Fljótshlíð was easterly between 62 and 105 degrees which makes 

Mælifellssandur and Mýrdalssandur probable dust sources. It was raining in Dyngjusandur 

excluding that possibility. The AUI camera at Hafursey recorded a great dust plume over 

Mýrdalssandur (Figure 8). There are no cameras nor usable satellite images to reveal  

conditions on Mælifellssandur that day so the origin of the dust can not be 100% confirmed.  

The dust event on the 29th of July had the same peak PM10 concentration value as the event 

in June, 97 μg/m3. The mean PM10 was 33 μg/m3  and 44% of the particles were of submicron 

size.  

 

 
Figure 8. Dust plume over Mýrdalssandur seen from AUI camera at Hafursey on the 29th of 

July 2017 at 13:30, 14:00, 15:30 and 16:00.  
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3.2.3 Dust event in August 23rd-24th 2017 

The dust event lasted from 3.00 in the morning on the 23rd until 12:50 on the 24th of August 

2017. The peak value of 61 μg/m3 was at 4:30 on the 23rd of August going gradually 

downwards after that. The Hysplit Model with backward trajectory of air parcel ending at 

16:00 at Heylækur reveals easterly winds with Mýrdalssandur as the probable dust source 

(Figure 9). This is confirmed by images from AUI camera at Hafursey showing high dust 

concentrations suspended over Mýrdalssandur (Figure 10). The average wind recorded at 

Sámsstaðir weather station during the dust event was 1.7 m/s and the maximum gust was 7.4 

m/s which is remarkably low wind for a dust event. The MODIS satellite image in Figure 11 

from the 23rd of August shows dust blowing of Dyngjusandur, one of the major dust sources 

in Iceland. However, wind direction as shown with the Hysplit model and low wind 

conditions observed at Sámsstaðir do not support the theory of dust traveling all the way 

from Dyngjusandur to Heylækur that day.   

The mean PM10 mass concentration for the dust event on 23rd-24th of August 2017 was 33 

μg/m3 thereof 58 % of submicron size making it the dust event with the highest percentage 

of fine particles of all measured events.  

 

 

 

 
 

Figure 9. Backward air parcel trajectory ending at Heylækur at 16:00, 15:00, 14:00 and 

13:00 on August 23rd 2017, modelled with HYSPLIT.   
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Figure 10. Dust haze over Mýrdalssandur on images from AUI camera at Hafursey taken 

at 11:00, 12:00, 12:30, 13:30 on August 23rd and at 7:30 on August 24th 2017. 

 

 

 Figure 11. Dust blowing off Dyngjusandur (marked with a red circle) in the Northeast of 

Iceland on August 23, 2017 (NASA, 2018). 
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3.2.4 Dust event on August 31st 2017 

A severe dust event lasted from 8:30 to 19:00 on August 31st 2017 with reduced 

concentration between 10:30 and 13:30 dividing the event into two parts with highest peak 

values of 1010 μg/m3 for the first part and 945 μg/m3 for the second part of the dust event 

(Figure 5). South-westerly winds with wind direction of 218-239° from 8:30 to 10:30 and 

188-243° from 13:30 to 19:00 were observed at the meteorological station Sámsstaðir. 

HYSPLIT backward air parcel trajectories ending at 10:00, 9:00 and 8:00 at Heylækur 

(Figure 12) confirm the south-westerly wind direction suggesting Landeyjasandur as a 

possible source for the dust storm. Images from IRCA camera at Markarfljót close to 

Landeyjasandur captured very bad visibility due to dust haze (< 2 km, Figure 13). It was 

cloudy on the 31st of August and therefore no clear satellite images are available. The 

average wind speed at Sámsstaðir during the dust event was observed to be 3,9 m/s and at 

most 8.7 m/s in gusts which is low for such high PM concentrations.   

The dust event on the 31st of August had the highest measured PM10 mass concentration 

value of all captured dust events as well as the highest average of 327 μg/m3. This event also 

had the highest mean PM1 concentration of 98 μg/m3 with a maxima of 264 μg/m3. The PM1 

account for 46% of the PM10. 

 

 
Figure 12. HYSPLIT backward air parcel trajectories ending at Heylækur at 10:00, 9:00 

and 8:00 on August 31st 2017.   

 

 
Figure 13. Images from the Icelandic Road and Coastal Administration's camera at 

Markarfljót river at 10:00, 12:50 and 13:10 on 31st of August 2017. 
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3.2.5 Dust event from October 31st to November 1st 2017 

A severe dust event was measured between 14:30 on the 31st of October 2017 and 00:30 on 

1st of November (Figure 5). Backward air parcel modelling for Heylækur shows wind 

coming from the coastline in south (Figure 14). The IRCA camera at Markarfljót showed 

impaired visibility of < 3 km likely due to dust emissions from Landeyjasandur (Figure 15). 

It was cloudy on the 31st of October and thus difficult to distinguish dust from clouds on 

satellite images.  The mean PM10 mass concentration was 119 μg/m3 reaching 777 μg/m3 at 

its highest. The PM1/PM10 ratio was 0.41.   

 

 

  
 

Figure 14. Backward air parcel trajectory ending at Heylækur at 16:00 and 20:00 on the 

31st of October, modelled using HYSPLIT online model.   

 

 

 
 

Figure 15. Icalandic Road and Coastal Administration's camera images from Markarfljót 

at 15:40, 15:45 and 16:55 on 31st of October 2017. Showing reduced visibility towards west, 

south and east due to dust suspension in the air 
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3.3 Size distributions of the PM components 

Particle size partitioning is used to determine the impacts of air pollution. The higher the 

smaller fraction ratios is, the finer the particulates in the air are. Fine particles affect human 

health because they can easily enter the lungs. The finer particles are susceptible to travel 

long distances and affect visibility and air quality. The PM1/PM10 shown in Table 3 range 

from 33% to 58 %. The PM2.5/PM10  are very similar because the PM1/PM2.5  ratio for all 

events ranged from 0.93 to 0.99 showing that the main part of fine particles are of submicron 

size (diameter < 10-9 m). The PM1/PM4 ratio range for all events is 0.76-0.90 showing that 

over 76% of respirable PM4 are submicron.  

The lower the wind speed during the dust event was the higher was the fraction of fine 

particles.  The highest PM1/PM10 ratio of 0.58 was measured for the dust event on 23rd-24th 

of August 2017. Particulate matter mass concentrations were increased over a period of 34 

hours while the wind speed was very low with a mean of only 1.7 m/s and gusts reaching 

7.4 m/s (Table 2). The dust event on the 1st of June had the highest wind speed of all the 

dust events, 10.2 m/s in average and up to 22.1 m/s in gusts. This event had the lowest 

PM1/PM10 ratio of 0.33.  

The events on 31st of August and 31st of October were severe in comparison to the others  

(mean PM10 > 100 μg/m3). The PM1/PM2.5 ratios are extremely high for the two larger events 

with 96-99% of PM2.5 particles with a smaller diameter than 10-9 m. The PM1/PM4 ratios are 

high as well with 79% and 90 % of PM4 particles of submicron size. However, the PM1/PM10 

ratios for the severe storms are not particularly high in comparison to the other more 

moderate events. This shows that severe dust events can carry large particles (diameter > 4 

μm) and fine particles of mainly submicron size. Severe events seem to be bimodal, i.e. 

include very fine particles and coarse ones but little there between.   

Table 3. PM1/PM10, PM2.5/PM10, PM1/PM2.5 and PM1/PM4 ratios for the dust events. 

Date of  
dust event 

PM1/PM10   PM2.5/PM10  PM1/PM2.5   PM1/PM4  

1.6. 0.33 0.35 0.93 0.76 

29.7. 0.44 0.46 0.95 0.83 

23.-24.8. 0.58 0.61 0.95 0.84 

31.8. 0.46 0.47 0.96 0.79 

31.10.-1.11. 0.41 0.41 0.99 0.90 

 

 

 

 



17 

4 Discussion 

The results of the particulate matter measurements show that Heylækur is a convenient 

location to study dust events from different dust sources in South Iceland. Five dust events 

were measured, thereof two severe (max PM10 > 1000 μg/m3). The dust events originated 

from Landeyjasandur and Mýrdalssandur. The dust source on the 29th of July 2017 cannot 

be confirmed with certitude, geochemical analysis would have been needed to distinguish 

between dust from Mýrdalssandur and Mælifelssandur. Reduced visibility due to dust can 

be seen on camera images at Mýrdalssandur and Markarfljót on the 1st of June 2017. 

However, the concentration values were  moderate so the dust was probably not coming both 

from Mýrdalssandur and Landeyjasandur. Markarfljot showed reduced visibility, but not 

clear dust plume coming from the surface of Landeyjasandur. The weather observation and 

modelling suggest Mýrdalssandur as the dust source. No events originating from Hagavatn 

were captured but that could be attributed to weather conditions during the measurements 

period. 

 

Iceland is generally considered to have cleaner air and less pollution than more densely 

populated countries in Europe. Air quality in Iceland is, however, impacted by dust 

emissions from the large desert areas. The measurements in Fljótslhlíð in 2017 resulted in a 

mean concentration range of 7 to 25 μg/m3. Comparing those values with data from different 

locations in Europe shows that the lowest mean PM10 value of 7 μg/m3 is similar to the 

annual means of clean natural stations such as Skreadalen and Birkenes in Norway (Putaud 

et al., 2010). Heylækur is, however, considerably higher in PM concentrations than the 

natural site Sevettijarvi in Finland with the annual mean of 4.4 μg/m3 (Putaud et al., 2010).  

The mean concentration for the whole measured period at Heylækur in 2017 was 19 μg/m3. 

This is comparable with the annual mean concentration of 20,5 μg/m3 at the rural site of 

Monagrega in Spain. Monagrega’s location on the Iberian Peninsula makes it subject to 

frequent African dust outbreaks (Escudero et al., 2005).   

The annual mean particulate matter concentration in Reykjavík is around 22 μg/m3 which is 

not far from the mean concentration of 19 μg/m3 at Heylækur (Thorsteinsson et al., 2011). 

Much of the pollution in Reykjavík is attributed to urban pollution sources, such as 

combustion and asfalt released by abrasion of studded vehicle tires. The pollution in South 

Iceland is nearly as high as in the capital, but there it is mainly of natural origin.   

A significant amount of particulate matter is transported to populated areas from dust sources 

in Iceland. In Reykjavík, the daily health limit of 50 μg/m3 is exceeded more often than 

regulations permit and dust storms are important contributors of particulate matter on days 

with concentration exceeding the health value (Thorsteinsson et al., 2011). Air quality in 

South Iceland shows similarities with rural sites in Europe and urban areas in Iceland rather 

than natural environments, demonstrating the importance of natural air pollution. The dust 

event on the 1st of June is a good example of high PM air pollution measured at Reykjavík 

due to dust of natural origin. Rain showers at Heylækur are a possible reason for the shorter 

period of the dust event measured there than in Reykjavík. The concentration surpassed the 

health limit in the capital during this dust event showing the impact of dust storms of natural 

origin on air quality (Umhverfisstofnun, 2018).  

Submicron sized particles (diameter < 10-9 m) have an important effect on air quality, 

visibility and human health. Small particles can travel long distances, such as over 1000 km, 

and they are more likely to enter the lungs or blood stream of the human body if they are 

ultrafine (Notter et al., 2014). High PM1/PM2.5  and PM1/PM10 ratios imply that the PM2.5 

and PM10 mainly consist of submicron particles. A considerable amount, up to 58 %, of the 
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particles of the dust storms measured in this study, are of submicron size. This is much higher 

than for dust measured in Iran with PM1/PM10 ratio range of 0.05-0.4 with a mean of 0.14 

compared to 0.33-0.58 for the dust events in Iceland (Shahsavani et al., 2012). The 

PM1/PM10 ratios in Arizona over a 6-month period ranged between 0.17 and 0.22, which is 

also a far lower proportion than in Iceland (Lundgren et al., 1996). PM measurements in four 

cities in China resulted in lower PM1/PM2.5 ratios than found in this study, between 0.52 and 

0.75 (Wei et al., 1999). The mean PM1/PM2.5 ratio in Iran was 0.55 while it was between 

0.93 and 0.99 in Iceland (Shahsavani et al., 2012). These comparisons show that Icelandic 

dust has a high proportion of fine particles compared to natural dust from dust sources in 

other countries. Similar proportions of submicron particles as in Iceland were found in an 

urban site in Austria where PM1 accounted for 82% of PM2.5 and 57% of the PM10 (Gomišček 

et al., 2004). There was a correlation between low wind speeds and high fraction of fine 

particles. The PM1/PM10 was lower for dust events with higher wind speeds. The two severe 

storms had very high  PM1/PM2.5 ratios of 96-99% but not particularly high PM1/PM10 ratios 

compared to the other more moderate events suggesting that severe dust events can carry 

large particles though almost all PM2.5 are of submicron size. 

 

The average wind speed during the dust event on 23rd and 24th of August was 1.7 m/s with 

the maximum gust of 7.4 m/s. This may seem low wind conditions to trigger a dust event. 

However, a dust event has been measured before during low wind-speeds in August in 

Iceland. The surface of Mælifellssandur was still wet after a period of precipitation  in 

August 2013 when it got exposed to solar radiation. Surface heating resulted in upward air 

motion causing dust suspension (Dagsson-Waldhauserova et al., 2014). Frequent snow cover 

in South Iceland in November 2017 was likely the reason for the low number of dust events 

recorded in November.  

 

Problems occurred during the measurements of the particulate matter. DustTrak experienced 

two periods of constant error in measurement which caused a time-consuming data 

processing and gaps in continuous data period. Satellite images were frequently not useable 

due to cloud cover but the Icelandic Road and Coastal Administration and Agricultural 

University of Iceland operate cameras near dust sources which are helpful to determine the 

source of dust events.  

 

The frequency of dust events captured and the high proportion of small sized dust stresses 

the importance of health research in Iceland related to dust. The data provided should 

motivate authorities to issue health risk warnings for the general public which are not 

announced at the time. 
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5 Conclusions and future work 

The location of the dust concentration measurements at Heylækur proved to be well chosen 

to measure natural pollution from dust sources in South Iceland. Five dust events were 

captured, thereof two were severe. The average particulate matter concentration over the 

whole measuring period is higher than measured at natural sites in Scandinavia. The 

measured concentrations are similar to rural sites in Europe and slightly lower than the 

annual mean in Reykjavík, showing the importance of dust of natural origin. The proportion 

of fine particles was high compared with results from China, Iran and USA. Between 76% 

and 90% of respirable PM4 during dust events were submicron.  Results from this study will 

be incorporated in a scientific paper.  

Dust of natural origin has a great impact on air quality and human health in urban areas in 

Iceland. More measurements of particulate matter  near dust sources are necessary to 

quantify and understand the characteristics of natural air pollution.  

Important information about the size distribution of particles should be further investigated. 

More research is needed on the effect of dust deposition on snow and glaciers in Iceland. 

The transport of dust over long distances needs to be quantified to understand the influence 

of dust deposition on fertility of land and sea.  
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Appendix A 

 

 

Figure A.1. Backward air parcel trajectories arriving to Reykjavík at 17:00, 16:00, 15:00 

and 14:00 on June 1st 2017, modelled using the HYSPLIT model.   


