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H I G H L I G H T S  G R A P H I C A L  A B S T R A C T  

� On February 2020, an intense dust 
storm struck the Canary Islands 
archipelago. 
� PM10 air concentration reached levels 

of >3000 μg m� 3. 
� Gross alpha, 137Cs and 40K showed 

higher values during such a dust storm. 
� PCA identified two main components 

that explain 81% of the total variance. 
� Three clusters are identified with 

Oceanic, Continental and Saharan 
origins.  
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A B S T R A C T   

From February 22 to 24, 2020, an intense dust storm affected the Spanish archipelago of the Canary Islands. Here 
we assess the radiological impact on the Canary Islands population of several natural and artificial radionuclides 
(40K, 137Cs, 210Pb, 7Be), and other radiological parameters (gross alpha and gross beta activity concentrations) 
measured in atmospheric aerosols before, during and after the dust storm. 

Total Suspended Matter highly correlated with PM10 (Pearson’s correlation coefficient, ro ¼ 0.98), showed 
increments ranging from 849% to 1778% against the background average levels, reaching levels of 
>3000 μg m� 3. 

40K and 137Cs radionuclides showed activity values over the minimum detection activity from January to 
March 2020, coupled with dust intrusion episodes during the study. This finding supports the use of these ra
dionuclides as radiotracers for African low altitude dust intrusions occurring particularly during winter months 
over the Canary Islands. 

A high correlation between gross beta and 210Pb activities suggests that the latter is the main source for gross 
beta emitters in aerosol samples collected in the study region. 210Pb and 7Be showed a moderate positive cor
relation and did not show any significant change during the storm, suggesting a similar dynamics of alpha and 
beta emitters in the low atmosphere. 
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A Principal Component Analysis of these observations showed two components representing a Saharan 
component (based on 40K, 137Cs, gross alpha, and PM10) and a heterogeneous component representing North 
Atlantic and Europe air masses (based on 7Be, 210Pb, and gross beta). 

In addition, a K-means cluster analysis helped to disentangle the origin of air masses arriving at the archi
pelago. Three different clusters were identified: a continental cluster (based on gross beta, 210Pb, and 7Be activity 
concentrations); an oceanic cluster (with low values of PM10 air concentrations, gross beta, gross alpha, and 
210Pb, and 7Be and 40K activity concentrations), reflecting the Atlantic air contributions with lower radionuclide 
activity and microparticulate matter; and a dust intrusion cluster (with high PM10 values and 137Cs, 40K and 
gross alpha activity concentrations) representing dust intrusion episodes observed in Tenerife Island. These 
studies allow the detection and monitoring of radioactive elements, estimating the potential radiological risk to 
the population associated with mineral dust intrusions.   

1. Introduction 

Sea salt and suspended dust particles are the two natural sources that 
contribute the most to the production of atmospheric aerosol (Andreae 
and Rosenfeld, 2008; Beuck et al., 2011; Cardoso et al., 2018; Zhang 
et al., 2020) and it can affect climate and human health (Goudie, 2014; 
Karanasiou et al., 2012; Perez et al., 2012; Querol et al., 2019b; WHO, 
2013). Dust storms and plumes are relevant to global climate change, 
nutrient deposition (N, P, Fe cycles) and ecosystem regulation (Krupke 
et al., 2015; Okin et al., 2011), scattering and absorption of solar radi
ation (Gehlot et al., 2015; Schweitzer et al., 2018), cloud formation 
(Weger et al., 2018). Such dust particles, under certain meteorological 
conditions, can be transported at long distances (Prospero, 1999; Pros
pero et al., 2002) and have an important effect on the health of the 
population nearby (Middleton, 2017). The Sahara Desert, with 9 million 
square kilometers, is the largest and active airborne dust source in the 
world and it is responsible for 50–70% of the global emissions (Huneeus 
et al., 2011). According to the European Community Air Quality 
Directive (2008/50/EC), any given place in the EU cannot exceed the 
annual average PM10 concentration limit of 40 μg m� 3, moreover, the 
daily PM10 value (50 μg m� 3) cannot exceed more than 35 times in a 
year (2008/50/EC, 2011; WHO, 2006). Nevertheless, in such a directive 
this threshold is not applied to natural atmospheric events such as 
particle inputs from desert areas, volcanic eruptions, or wildfires. In this 
sense, African mineral dust intrusions are the main source of natural 
atmospheric aerosols in the Canary Islands (located 100 km off the west 
coast of Morocco) and it is the main reason why PM10 limiting values 
are exceeded throughout the year (Baldasano et al., 2014; Querol et al., 
2008, 2019a). The Saharan dust events are an important source of 137Cs 
and other artificial radionuclides originated from French nuclear 
weapons tests performed in the Saharan desert in the 1960s or deposited 
after the Chernobyl accident (Baggoura et al., 1998; Hern�andez et al., 
2005b; Masson et al., 2010). 

The present work analyses the PM10 concentration, atmospheric 
conditions, and radiometric measurements from atmospheric aerosols 
collected before, during, and after the occurrence of the dust outbreak 
on 22, 23, and 24 of February 2020 in the Canary Islands. This study 
allows us to evaluate the radiological impact on the Canary Islands 
population of several natural and artificial radionuclides (40K, 137Cs, 
210Pb, 7Be), and other radiological parameters (gross alpha and gross 
beta activity concentrations) in atmospheric aerosols sampled during 
this dust intrusion episode. 

1.1. Study area 

Tenerife is the island with the largest extension (2,034 km2) and the 
highest altitude (3718 m) in the Canary Islands. As is the case with the 
rest of islands in the archipelago, it has a volcanic origin. Regarding its 
location, Tenerife is situated approximately 250 km west from the 
northwestern coast of Africa, between 28� 180N–28� 350N and 16� 070W 
� 16� 490 W, see Fig. 1. About 62% of the air masses in the marine 
boundary layer (MBL) come from the North and Northwest Atlantic and, 

to a lesser extent, from Europe and the Mediterranean region (13%) and 
Northern Africa (25%) (Viana et al., 2002). Other authors have quan
tified the Northern Africa contribution around 15% (Alonso-P�erez et al., 
2007) or 31% of days per year (Querol et al., 2019a). Similarly, to other 
subtropical regions, its lower atmosphere enjoys a solid stability and 
strong stratification (Díaz et al., 2019; Viana et al., 2002). A stable 
temperature inversion is observed most days restricting the air exchange 
between the upper and lower atmospheric layers (Bustos Cuevas, 1998; 
Torres et al., 2001). The thickness of the inversion layer varies from 
358 m (winter months) and 563 m (summer months) (Torres et al., 
2001). Besides, its average altitude is higher in winter (between 1360 
and 1850 m) and lower in summer (between 770 and 1380 m). Above 
the inversion temperature layer, the air is warm and dry, and humid and 
chill below this layer. The meteorological features of the Canary Islands 
are dependent on the strength and position of the subtropical 
North-Northeast (NNE) Atlantic anticyclone. From January to March, 
low-level dust intrusions coming from Africa cause the interruption of 
the normal NNE trade winds at MBL for short periods of time (3–8 days 
duration), which is known in Canary Islands as “calima” (Alonso-P�erez 
et al., 2007; Goudie and Middleton, 2001; Rodríguez and Guerra, 2001). 
Under this situation, a direct transport of dust from the Sahara Desert to 
the Canary Islands is frequently observed. Depending on where the air 
masses circulate, they could sweep the radionuclides present in the soil 
from areas where the French nuclear weapons tests (NWT) were con
ducted. Some authors have focused on the study of the natural and 
artificial radionuclides in those areas (Baggoura et al., 1998; Danesi 
et al., 2008). They found concentrations of 226Ra, 214Bi, 228Ac, 212Pb, 
214Pb, 40K, 137Cs, 238Pu and 239þ240Pu in many soil sites in Algeria 
(Baggoura et al., 1998). Special attention has received the study of 137Cs 
activity levels after the NWT occurred at the “Gerboise” site (Algeria) in 
the 1960s. The highest concentration detected of this artificial radio
nuclide in soils was 41 � 4 Bq m� 2 dry mass, with an average value of 
11.1 Bq m� 2 (Baggoura et al., 1998). In addition other authors reported 
concentrations of 29⋅103 Bq kg� 1 in small areas of the NWT sites (Danesi 
et al., 2008). During exceptional Saharan dust outbreaks, an increase in 
the activity levels of 137Cs measured in the SW of France (Masson et al., 
2010; Menut et al., 2009) or Canary Islands (Spain) (Hern�andez et al., 
2005a) has been observed. 

1.2. The dust storm of February 2020 over the Canary Islands 

Between 22 and 24 February 2020, one of the biggest dust storms of 
this century struck the Canary Islands (Fig. 1). The origin of this situa
tion was a cut-off low formed from the polar jet stream in the previous 
days. The position of this low in those days to the west of the Canary 
Islands and an anticyclonic situation at northern latitudes gave rise to 
strong winds from the east. Fig. 2 clearly shows the position of the cut- 
off low, the high-pressure area at North, and the direction and strength 
of the winds. 

The winds generated by this storm peaked, on several occasions, over 
120 km h� 1, having a considerable impact on the agricultural sector 
with important economic losses (El_Día, 2020). Due to the poor 
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visibility, all airports across the Canary Islands were closed, affecting ca. 
800 flights (cancelled or re-routed), and most of them stayed closed until 
February 24, 2020 (Euronews, 2020; The_Washington_Post, 2020). 
Schools, universities, and local gathering events (Carnival) were 
cancelled, postponed or curtailed, and people were advised to stay at 
home with their windows closed due to the poor air quality. In addition, 
2000 people were evacuated after strong winds whipped the flames from 
several wildfires on Gran Canaria and Tenerife islands, generating sig
nificant economic losses (El_Día, 2020). It worth mentioning that during 
that weekend four different emergency warnings were declared by the 
Government of the Canary Islands due to adverse environmental con
ditions (strong winds, high risk for wildfires, low visibility, and adverse 
coastal phenomenon) (El_País, 2020). 

2. Sampling and method of analysis 

Two air quality monitoring stations were used to collect aerosol 
samples for radiometric measurements, located within the Santa Cruz de 
Tenerife metropolitan area (FIMERALL stations; 28� 270180 0N; 16�
170290W, 295 m.a.s.l.). In order to collect Total Suspended Particulates 
(TSP) at a height of 1 m above the ground level, two separate aerosol 
sampling pumps, a Saic Radecco AVS-28A (low-flow station) and a 
Physik Technic Innovation ASS-500 (high-flow station), were used. 

Airflow rates, at normal conditions, were 35 and 11,500 L min� 1, 
respectively. Circular cellulose (0.47 cm diameter) and polypropylene 
square (44 � 44 cm2) filters (Fig. 3) were used for the low-flow and high- 
flow stations, respectively. The radionuclide aerosol collection effi
ciency is 93–94% for the polypropylene filter and 100% for particles 
larger than 0.8 μm in the cellulose filter. The filters were exchanged 
weekly. The cellulose filters were used to determine gross alpha and 
gross beta activity concentrations, and the polypropylene one to analyze 
gamma-emitting radionuclides. The location and positioning of the 

stations/pumps were chosen to minimize the contamination of the filters 
by re-suspension of local soil particles. 

TSP matter deposited in the filter was calculated gravimetrically by 
weighing the filters with a precision balance before and after exposure. 
The filter of the high-flow station was introduced in a plastic box and 
kept in a desiccator, and measured 3 days after preparation. The cellu
lose filter was placed in a 0.5 cm diameter stainless steel planchet until 
measurement. 

Low-level high-resolution gamma spectrometry with coaxial-type 
germanium detectors (Canberra Industries Inc., USA) was used to 
perform gamma measurements with a relative efficiency of 20% and a 
resolution of 1.9 KeV for the 1333 KeV 60Co peak. Efficiency calibration 
was performed in both detectors using a polypropylene fiber filter as a 
blank in which aliquots of a standard solution of mixed radionuclides (R- 
08-04, National Laboratory of Physics, United Kingdom) supplemented 
with 210Pb were homogeneously dispersed on the surface. The detectors 
are enclosed in 15 cm old iron-shields inside a clean laboratory. The 
laboratory is kept under positive pressure to minimize the concentration 
of radon in the indoor air. Each polypropylene filter was measured for 4 
days, while blank filter measurements took 7 days. Gamma spectra an
alyses, including polypropylene blank filter correction, were performed 
with the Genie2K spectrometry software version 2.0 (Canberra In
dustries Inc., USA). A library of radionuclides, which contained the 
energy of the characteristic gamma peaks for each analyzed nuclide and 
their corresponding emission probabilities, was built from the data 
supplied in the mentioned software. The characteristic gamma peaks 
selected for the determination of the different radionuclides were: 
477.59 keV for 7Be, 1460.81 keV for 40K, 46.54 keV for 210Pb, and 
661.65 keV for 137Cs. The average Minimum Detectable Activity (MDA) 
for each studied radionuclide was (in mBq m� 3): 8.4 � 10� 3 for 7Be, 
1.0 � 10� 2 for 40K, 1.8 � 10� 2 for 210Pb and 7.0 � 10� 4 for 137Cs. The 
activity concentrations of the radionuclides were corrected to account 

Fig. 1. Moderate Resolution Imaging Spectroradiometer (MODIS) NASA’s Terra and Aqua satellites acquired during the dust storm on 22 and 23 February 2020. 
Inset shows Tenerife Island and the localization of the two stations used in this study. 
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for the decay after the collection date. 
Gross alpha and gross beta activities in cellulose filters were 

measured with a multiple sample gas-flow proportional counter (Bert
hold LB770) 2 days after collection (to minimize the contribution of 
radon daughters). The calibration of each detector was performed by 
using planchets with a 241Am activity of 27.2 Bq (alpha activity) and 
planchets of 90Sr/90Y with an activity of 100 Bq (beta activity). All gross 
alpha and gross beta activity calculations were corrected for the mass 
density of the aerosol deposit collected in the different filters. A self- 
absorption correction curve was previously built for this purpose from 
a series of samples spiked with a known activity of either 241Am (for 
gross alpha) or 90Sr þ 90Y (for gross beta) and increasing concentrations 
of sodium salt. The average detection limit of the low background pro
portional counter was 7.4 � 10� 3 mBq m� 3 and 1.6 � 10� 2 mBq m� 3 for 
alpha and beta activity, respectively. Due to the low concentration of 
alpha and beta emitters in the aerosol filter, a counting time of 36,000 s 
was used for each measurement. Cellulose blank filter measurements 
were carried out each week using similar counting times as for sample 
measurements. Blank filter subtraction procedure was applied to both 
gross alpha and gross beta analysis. 

To validate the methods, our lab routinely participates in inter
laboratory comparisons to measure gross alpha, gross beta and gamma- 
emitting radionuclides in air filters organized by the International 
Atomic Energy Agency (IAEA), the Joint Research Centre (JRC), and the 
Spanish Nuclear Safety Council (CSN). The z-score test was below 2 for 
all the tested radioactivity parameters, which indicates that the 
deployed method provided satisfactory results (Altzitzoglou et al., 2019; 
M�at�e et al., 2016). 

To study the meteorology of this dust outbreak we used the fifth 
generation atmospheric reanalysis of the global climate data (ERA5), 
computed by the European Centre for Medium-Range Weather Forecasts 
(ECMWF) (Service_Copernicus_Climate_Change, 2017). The satellite 
images were obtained by the Spinning Enhanced Visible and Infra-Red 
Imager (SEVIRI) radiometer onboard on Meteosat Second Generation, 
whereas the aerosol optical depth (AOD) from the satellite was obtained 
by MODIS Adaptive Processing System (MODAPS), which uses the 
Moderate Resolution Imaging Spectroradiometer (MODIS) onboard 
Aqua and Terra satellites. All of this information is grouped on the NASA 
WorNASA_app, 2020ldview app (NASA_app, 2020). 

To analyze the origin of the air mass that reached the Canaries in this 
episode we used 4-day isentropic back-trajectories computed by the 
Hysplit-4 model. To analyze the behavior of the air masses we chose 
three heights for the same final point: 300 m (the altitude of the 
FIMERALL stations), 1500 m, and 2800 m. Moreover, we did a 
geographic division concerning the area over the air masses flow. These 
sectors are chosen to take into account the sources of the aerosols and 
follow the criteria of (Díaz et al., 2006). For this dust storm, the 
movements of the air mass had a clear origin in the Saharan sector for 
any height. 

For the in situ AOD we used the data obtained by a photometer 
CIMEL CE318 #424 situated at the University of La Laguna, very close to 
the FIMERALL stations (less than 5 km). This instrument belongs to the 
Spanish RIMA network, which is federated to the Aerosol Robotic 
Network (AERONET). As a member of this network, the instrument is 
calibrated each year for direct and diffuse solar measurements to assure 
the goodness of the data. The photometer measures the solar radiation at 

Fig. 2. Geopotential height (mgp) at 950 m and wind velocity (>5 m/s) maps using ERA5 data on February 19, 20, 22 and 23, 2020. Fig. 2 (d) shows the position of 
the cut-off low and the high close to the Canary Islands which produced a noticeable wind speed increase in this region. 
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9 wavelengths from UV to NIR for daily sun elevation angles. Applying 
different algorithms, it is possible to obtain aerosol optical properties as 
AOD or spectral discrimination of coarse and fine mode optical depth 
(Dubovik and King, 2000; O’Neill et al., 2003). 

Publicly available PM10 concentrations (μg m� 3) data were obtained 
from Tome Cano monitoring station located at Santa Cruz de Tenerife 
(Tome Cano station; 28�27043.8300 N; 16�15042.8200W, 67 m.a.s.l.), as 
part of the Air Quality Control and Surveillance Monitoring Network 
belonging to the Government of the Canary Islands. PM10 data were 
aggregated over periods of 7 days and average values were computed to 
fit the radiometric sampling period. 

Statistical studies were obtained using the R program (Team_R_Core, 
2020). Principal Component Analysis (PCA) and Cluster Analysis were 
applied using psych (v1.9.12.31) and factoextra (1.0.6) R packages 
respectively. To assess the sources of radionuclides in aerosol samples, 
PCA was applied to the weekly dataset. PCA is a multivariate technique 
that allows for transforming several possibly correlated variables into a 
smaller number of new variables called principal components (PCs) 
(Kaniu et al., 2018; Kumar et al., 2012; Sivakumar et al., 2014). Such 
PCs are linear combinations of the original ones, orthogonal and un
correlated to each other. Therefore, PCA can be used to reduce the 
dimensionality of our data while controlling the loss of variance, pro
jecting our dataset into a lower linear embedding space. PCA has been 
successfully applied in many fields of science such as geology, meteo
rology, astronomy, climatology, chemistry, biology, genetics, etc. Before 
PCA, data were conveniently normalized and centered. 

Rotation techniques such as Varimax, Quartimax, Oblimin, etc., yield 
an increase of the weights of higher loadings and a reduction of lower 
ones, allowing an easier interpretation of the results (Jolliffe, 2002). The 
choice of the number of significant rotated PCs can be made following 
various criteria. In this work, rotated-PCs (RCs) were obtained applying 
the Varimax algorithm (Sivakumar et al., 2014) and retained when their 
eigenvalues were larger than unity as suggested by Kaiser’s criteria 
(Kaiser, 1960). Finally, the rotated factor matrix, score and loading plots 
for the correct interpretation of the results were used. In addition, 
K-means and biplot methods were used for the correct group 
segmentation. 

3. Results and discussions 

3.1. Correlation analysis 

Weekly variations of PM10, TSP mass collected in the two moni
toring stations, gross alpha and gross beta activities, and 210Pb, 7Be, 
137Cs, and 40K activity concentrations in atmospheric aerosols were 
measured corresponding to the sampling period from 1 July 2019 to 6 
April 2020 (41 weeks). 

Assuming a normal distribution, the linear dependence of the TSP 
data, obtained with the two different monitoring stations, against the 
weekly PM10 concentration was studied. The high Pearson’s correlation 
coefficient of about 0.98 showed a high linear dependence of the TSP 
values with the PM10 concentration at Tome Cano station. Interestingly, 
the TSP registered in monitoring stations revealed the occurrence of 
other dust intrusion episodes previous to the main dust storm. For 
example, the low-flow station detected an increase in the TSP of 828% 
(85.6 mg) levels measured in cellulose filter related to the dust event 
recorded in early February (the week from 02/03/2020 to 02/10/2020) 
compared to the average value from July to December 2019. Moreover, 
the more sensitive high-flow station recorded an additional event in 
early January 2020 too. Such events can be clearly identified in Fig. 4. 

Table 1 summarizes the results obtained during the dust storm and 
the average values calculated from the data collected in aerosol samples 
from July 2019 to December 2019 as well as for the period 2 March 2020 
to 6 April 2020. TSP values registered after the dust storm show a 
noticeable mass increment when are compared with the mean value of 
previous weeks. The observed excursions in TSP levels represent an 
increment of 849% and 1778% for the high- and low-flow stations, 
respectively. Fig. 3 shows the filter loading under air clean conditions 
and the sampling filter obtained after the impact of the dust storm. The 
remarkably high levels of suspended particulate and the very low visi
bility associated with the dust intrusion provide an indication of the 
potential impact of the dust storm on air quality and health-related is
sues. The maximum hourly PM10 matter concentration measured in 
Santa Cruz de Tenerife was 2900 μg m� 3.Similarly to the maximum 
values registered during the same weekend (from 22 to 24, February) in 
Gran Canaria (3200 μg m� 3) and higher than those registered in other 

Fig. 3. Panoramic views of Santa Cruz de Tenerife, capital of Tenerife Island (situated 2 km from the FIMERALL stations), and appearance of filtering surfaces within 
the high-flow dust collector before (a) and during (b) the onset of the dust storm, respectively. 
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islands such as El Hierro (1000 μg m� 3), Lanzarote (969 μg m� 3) and 
Fuerteventura islands (941 μg m� 3) (Air_Quality). 

This level of particles concentration can be also seen in the photo
metric measurements. The CIMEL photometer data (Fig. 5 and Fig. 6) 
clearly show the increase in the aerosol optical depth (AOD) at the 
beginning of this dust storm on 22 February with values ranging from 
0.1 for 500 nm channel at the first hours of the day (typical values for 
this station) to 0.3 at 16:00. 

Moreover, it is notorious the coarse mode of the particles as the main 
cause of this increase and the reduction in the Angstr€om exponent (AE). 
This magnitude permits to parameterize the size of the atmospheric 
aerosols and has been widely used to distinguish between the presence 
of dust (low values of AE: 0.1–0.4) from clean situations (Carretas et al., 
2015; Habib et al., 2019; Toledano et al., 2007; Valenzuela et al., 2015). 
Both measurements (high AOD and low AE) indicate the increase in the 
size of the aerosol that reaches the station. The next days, the 23 and 24 
of February, the values of AOD were so high that the automatic filters 
applied to data consider they are clouds instead of dust. On February 25 
the AOD values started to reduce although big particles were dominant 
yet. AOD data from the MODIS sensor onboard Aqua and Terra satellites 
and true-color images from SEVIRI (Meteosat satellite) showed how the 
dust cloud reached the Canary Islands on February 22 (Fig. 7). At the 
time of the satellite pass, the dust had reached the easterly islands of the 
archipelago. 

The analysis of back-trajectories at low levels for these days indicates 
a clear origin in the Sahara Desert. As an example, Fig. 8 shows the back- 

trajectories at 3 heights, 300 m, 1500 m, and 2800 m for the noon of 23 
February 2020 as the day of arrival. The trajectories which reach the 
Canaries in 4 days, cross the desert through the center of Algeria, 
dragging all the suspended particulate matter of the desert to heights 
below 2000 m, regardless of their final arrival altitude. 

In addition, gross alpha, 40K and 137Cs activities increased over their 
overall average values (calculated from July to December 2019) by 
802%, 1068%, and 316%, respectively (see Table 1). The activity con
centration of 40K was measured above the detection limits for 14 
different weeks and 137Cs concentration always was below the MDA 
during the period 1 July to 30 December 2019. On the contrary, gross 
beta, 7Be, and 210Pb activity concentrations did not show a noticeable 
increment of their values. Such findings suggest that gross alpha, 40K, 
and 137Cs activities are highly influenced by dust intrusions and might 
be used as proxies of the intensity of these episodes. As observed in 
Table 1, similar increments were obtained when such ratios (A/B and A/ 
C) are calculated with the period from 2 March to 6 April 2020. 137Cs 
was below the MDA during these weeks and 40K was measured above the 
MDA only 1 week. 

Pearson’s correlations between measured radionuclides and PM10 
concentrations were determined to study their collinearities. Table 2 
shows the matrix of Pearson’s correlation coefficients of gross alpha, 
gross beta, 40K, 137Cs, 7Be and 210Pb data measured in the atmospheric 
aerosol samples collected weekly from 1 July 2019 to 6 April 2020. Also, 
the PM10 concentrations measured in Tome Cano air quality monitoring 
station has been included in this analysis. The larger correlations 

Fig. 4. Hourly variations of PM10 at Tome Cano monitoring station in atmospheric aerosol samples from 1 July 2019 to 6 April 2020. The largest peak, with values 
of about 3000 μg m� 3, depicts the arrival of the dust storm to the Canary Islands on February 23, 2020. 

Table 1 
Total Suspended Particulates (TSP), gross alpha, gross beta, 7Be, 210Pb, 40K and 137Cs activities measured in atmospheric aerosols collected in the low- and high-flow 
stations during the occurrence of the dust storm; and averaged values for two different periods.    

Dust Storm (A) 1 July 2019 to 30 December 
2019 (B) 

2 March 2020 to 6 April 2020 (C) Ratio A/B 
(%) 

Ratio A/C 
(%) 

FIMERALL 
Station 

Parameter Value Uncertainty Mean 
value 

Standard 
deviation 

Mean 
value 

Standard 
deviation    

TSP (g) 1900E-4 5E-4 11E-3 4E-3 10E-3 4E-3 1778 1900 
Low-flow Gross alpha (mBq 

m� 3) 
57E-2 6E-2 7070E-5 6E-5 6E-2 3E-2 802 917  

Gross beta (mBq 
m� 3) 

105.0E-2 1.5E-2 6.4E-1 2.4E-1 4.4E-1 1.3E-1 164 238  

TSP (g) 2590.0E- 
2 

1.1E-2 30E-1 8E-1 3.5Eþ0 1.0Eþ0 849 736  

7Be (mBq m� 3) 59.0E-1 1.1E-1 4.6Eþ0 1.3Eþ0 50E-1 8E-1 130 119 
High-flow 210Pb (mBq m� 3) 66.1E-2 2.2E-2 6E-1 3E-1 5.3E-1 1.7E-1 112 125  

40K (mBq m� 3) 165E-3 4E-3 15E-3 6E-3 12.8E-3 1.3E-3 1068 1289  
137Cs (mBq m� 3) 22E-04 3E-4 <6.87E-4 N.A. <5.57E-4 N.A. 316a 390a 

N.A.: not applicable. 
a Considering MDA mean value. 
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(>0.80) were observed among PM10 concentration, gross alpha, 40K and 
137Cs activities. This result points out that dust intrusions might be the 
main source of alpha emitters, 40K and 137Cs in the aerosol samples, as 
well as for TSP (as described above). On the contrary, gross beta, 7Be and 
210Pb showed a low correlation with PM10 concentration. Moreover, 
low correlations were observed between 137Cs and 210Pb, and 137Cs and 
7Be. 7Be and 210Pb showed a moderate positive correlation, suggesting 
that despite both radionuclides have different sources (cosmic and 
terrestrial origins, respectively) the dynamics in the low atmosphere of 
alpha and beta emitters contained within the aerosols was the same. 

Finally, the relatively high correlation between gross beta and 210Pb 
activities suggests that 210Pb is the main source for gross beta emitters in 
aerosol samples. 

3.2. Temporal evolution 

Fig. 9 and Fig. 10 show the weekly variations of PM10, TSP mass 
collected in the two monitoring stations, gross alpha and gross beta 
activities, and 210Pb, 7Be, 137Cs and 40K activity concentrations in at
mospheric aerosols from 1 July 2019 to 6 April 2020. A dashed blue line 

Fig. 5. Aerosol optical depth (AOD) at the wavelengths of the CIMEL photometer #424 situated at La Laguna, Tenerife, during the days before and after the dust storm.  

Fig. 6. Total aerosol optical depth (AOD) at 500 nm with its fine and coarse mode and Angstr€om exponent during the days before and after the massive dust storm. 
The data were obtained by the CIMEL photometer #424 situated at La Laguna, Tenerife. 
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corresponds to the largest peak of dust intrusion caused during the dust 
storm on February 23, 2020. 

Gross alpha activity (Fig. 9) correlates with dust intrusions episodes, 
and especially during the dust storm. However, gross beta activity levels 
did not show a similar correlation pattern with dust intrusions during 
the studied period. Such finding agrees with the correlation analysis 

reported above. Interestingly, gross alpha activity concentration showed 
a local maximum in early September 2019 (2–9 September), without an 
evident correlation with PM10 concentration in air (see Fig. 9). Based on 
these overall results, we hypothesize that a secondary alpha activity 
emitter source and/or a different mechanism of reaching the lower at
mosphere at Tenerife Island occurred during this period. 

Fig. 7. Aerosol optical depth (AOD) obtained by the MODIS radiometer onboard Terra and Aqua satellites on 22 February 2020. The true-color image corresponds to 
the sensor SEVIRI of Meteosat satellite. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 8. Four-day back-trajectories for day 23 
February 2020 reaching the Canary Islands at several 
heights: 300, 1,500, and 2800 m.a.s.l. (solid, dashed 
and dotted lines, respectively). Abbreviations with 
colors (in the left-down margin) reflect the region 
through which the air masses flow: Maritime (MAR), 
European (EUR), African (AFR), Tropical (TRO) and 
Local (LOC). (For interpretation of the references to 
color in this figure legend, the reader is referred to the 
Web version of this article.)   
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40K and 137Cs radionuclides showed higher activity values from 
January to March 2020, well correlated with dust intrusion episodes, 
especially with the arrival of the dust storm (see Fig. 10). This finding 
agrees with previous studies that indicated that those radionuclides can 
be used as radiotracers for African dust intrusions (Hern�andez et al., 
2005b; Karlsson et al., 2008). Moreover, the higher values for both ra
dionuclides during the January–February 2020 period are in good 
agreement with previous works, evidencing that the Saharan dust events 
occur at low altitudes during these months (Díaz et al., 2019; Viana 
et al., 2002). It is worthwhile to stress that 137Cs activity was always 
below the MDA during the studied period, and has only been detected 
during the described dust intrusion events (for details see below). On the 
contrary, 210Pb and 7Be activities did not show any significant change 

Table 2 
Pearson’s correlation analysis of PM10 concentrations and activity concentration of 
40K, 137Cs, 7Be, 210Pb, gross alpha, and gross beta in aerosol samples (p < 0.05).   

40K 137Cs Gross 
alpha 

PM10 7Be 210Pb Gross 
beta 

40K 0 0.97 0.83 0.89 0.16 0.15 0.15 
137Cs  1 0.92 0.85 0.17 0.19 0.39 
Gross 

alpha   
1 0.89 0.29 0.3 0.45 

PM10    1 0.14 0.2 0.34 
7Be     1 0.42 0.37 
210Pb      1 0.71 
Gross beta       1  

Fig. 9. Weekly variations of PM10 at Tome Cano monitoring station, Total Suspended Particulates (TSP), gross alpha and gross beta activities in atmospheric aerosol samples 
measured in the low-flow station collected from 1 July 2019 to 6 April 2020. The dashed blue line depicts the arrival of the dust storm to the Canary Islands on February 23, 
2020. (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.) 

Fig. 10. Weekly variations of Total Suspended Particulates (TSP), 40K, 137Cs, 210Pb and 7Be activities at the high-flow station in atmospheric aerosol samples 
collected from 1 July 2019 to 6 April 2020. The dashed blue line depicts the arrival of the dust storm to the Canary Islands on February 23, 2020. (For interpretation 
of the references to color in this figure legend, the reader is referred to the Web version of this article.) 
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during the storm. 

3.3. Principal Component Analysis 

Results obtained for the rotated factor loadings for each variable are 
presented in Table 3. According to Kaiser’s criteria, two main compo
nents with the largest eigenvalues of 4.00 and 1.67 were selected. The 
first two dimensions represented the ca. 81% of the total dataset vari
ance. The first rotated component (RC1) explained ca. 51% of the total 
variance. Values for RC1 listed in Table 3 illustrate a positive correlation 
with 40K (0.96), 137Cs (0.96), gross alpha (0.88), and PM10 concentra
tion (0.95). The second rotated component (RC2) explained 30% of the 
total variance and is determined by high positive loadings with 7Be 
(0.67), 210Pb (0.88), and gross beta (0.86). 

Based on the nature of the variables that compose RC1, and on our 
previous works (Hern�andez et al., 2005b; Karlsson et al., 2008), we 
suggest that RC1 represents the Saharan contribution in our dataset. In 
addition, RC1 shows a high correlation with 40K, 137Cs, gross alpha, and 
PM10 variables that have previously been correlated with air masses in 
the MBL with a Northwestern African origin. The second component, 
representing gross beta, 7Be, and 210Pb radionuclides, may be inter
preted as a mixed component that might be related to other air masses in 
the MBL (North Atlantic and Europe contributions). 

K-means cluster analysis applied to the rotated dataset reveals the 
existence of three different clusters (see Fig. 11) that could indicate 
differences in the origin of the air masses arriving at Tenerife Island. The 
first identified cluster (Continental) corresponds to weeks with high 
values of gross beta, 210Pb, and 7Be activity concentrations. Such cluster 
represents the ca. 49% of the weeks sampled during this study and may 
be related to continental air masses from different origins (Europe and 
Africa) and patterns. The second cluster (Oceanic) represents the ca. 
44% of the analyzed weeks and is characterized by low values of PM10 
air concentrations, gross beta, gross alpha, and 210Pb, 7Be, and 40K ac
tivity concentrations. Such a cluster is assigned to Atlantic air contri
butions with lower radionuclides and microparticulate matter. The last 
group, identified as Calima cluster (dust intrusion contribution), is 
characterized with high PM10 values and 137Cs, 40K and gross alpha 
activity concentrations, and represent ca. 7% of the total analyzed 
period. 

Back-trajectories for some weeks from the three clusters (Oceanic, 
Continental and Calima) were randomly selected to confirm their cor
rect identification. Back-trajectories for nine well-identified weeks are 
shown in Fig. 12 (three for each cluster, for details see Fig. 11). Weeks 
(4, 22 and 26) grouped in the Oceanic cluster showed an important 
marine contribution with a clear NNW Atlantic origin of the air masses. 
Interestingly week number 4, with an intermediate position in the biplot 
representation (nearby the Continental cluster), showed an origin closer 
to the Iberian Peninsula that may produce mixing processes between 
European and marine contributions. All weeks (12, 15 and 29) grouped 
in the Continental cluster showed a clear NNE origin (European origin) 
with some mixing contribution during week number 15 with marine 

contribution. Finally, the three weeks (33, 35 and 36) grouped in the 
Calima cluster, corresponded with dust intrusions registered in the Ca
nary Islands. Their back-trajectories confirmed the important contribu
tion of African air masses from the Sahara Desert during these weeks. 

4. Conclusions 

In this study, we have assessed the impact of a strong dust storm 
affecting the Canary Islands archipelago (Spain) on 22–24 February 
2020. Measurements of several natural and artificial radionuclides (40K, 
137Cs, 210Pb, 7Be), and gross alpha and gross beta activity concentrations 
were performed on atmospheric aerosols. The findings described here 
have shown strong evidence of the correlation between the mass of total 
suspended matter, PM10, and 40K and 137Cs activity concentrations. 40K 
and 137Cs showed activity values over the MDA from January to March 
2020, coupled with the arrival of several dust intrusions from Africa. 

Gross beta and 210Pb activities showed a high correlation suggesting 
that 210Pb is the main source for gross beta emitters in the collected 
aerosol samples. 210Pb and 7Be showed a moderate positive correlation 
and did not show any significant change during the main storm in 
February 2020, suggesting a similar dynamics of alpha and beta emitters 
within the low atmosphere layer at the latitude of the Canary Islands. 

A Principal Component Analysis of these observations showed two 
components representing a Saharan component (grouping 40K, 137Cs, 
gross alpha, and PM10) and a heterogeneous component representing 
North Atlantic and Europe air masses (grouping 7Be, 210Pb, and gross 
beta). Additionally, a K-means cluster analysis lets us disentangle the 
putative origin of air masses arriving at the archipelago. Three distinct 
clusters were identified: a Continental cluster (gross beta, 210Pb, and 7Be 
activity concentrations); an Oceanic cluster (with low values of PM10 air 
concentrations, gross beta, gross alpha, and 210Pb, and 7Be and 40K ac
tivity concentrations), reflecting the Atlantic air contributions with 
lower radionuclide activity and microparticulate matter; and a dust 
intrusion cluster (with high PM10 values and 137Cs, 40K and gross alpha 
activity concentrations) representing dust intrusion episodes observed 
in Tenerife Island. 

These findings support the use of some of the studied radionuclides 
as radiotracers for African low altitude dust intrusions occurring 
particularly during the winter over the Canary Islands. These studies 
allow the detection and monitoring of radioactive elements, estimating 
the potential radiological risk to the population associated with mineral 
dust intrusions. 
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Table 3 
Results of the Varimax rotated factor matrix (loadings > 0.6 are marked in bold).   

RC1 RC2 
7Be 0.11 0.67 
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Gross alpha 0.88 0.32 
Gross beta 0.19 0.86 
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Variance explained 0.51 0.30 
Total variance explained 0.51 0.81 

RC ¼ Rotated Component. 

Fig. 11. Biplot and K-means clusters obtained after Varimax rotation, for de
tails see Table 3. Numbers within the figure represent selected weeks whose 
back-trajectories are shown in Fig. 12. 
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