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This study presents novel information on the spatial and temporal variability of sub-10μm
(PM10), fine (PM2.5) and submicron (PM1) particulate matter fractions in Cyprus based on
measurements performed at urban, industrial and background environments. Notably,
the multiannual (1998-2015) PM10 average of 28.7±5.0 μg m-3 observed at the regional
background site Cyprus Atmospheric Observatory (CAO or AGMBGR) in Cyprus, is higher
than the majority of rural sites in central and northern Europe and the west
Mediterranean basin. CAO is a member of the ACTRIS (European Research Infrastructure
for the observation of Aerosol, Clouds, and Trace gases) and the EMEP (European
Monitoring and Evaluation Programme) networks. Our data show that dust emanating
from regional transport from eastern Asia and Northern Africa is responsible for a
significant part, equal to 33.6±5.2% (or about 10 μg m-3) of the annual PM10 reported values.
At CAO, significant decreasing trends of 0.7 μg m-3 y-1 have been observed for the PM10
(1998-2015) and PM2.5 (2006-2015) fractions indicating contribution from both natural and
anthropogenic sources to this tendency. On average, around 40% of the observed PM10
levels at the urban and industrial locations is estimated to originate from local
anthropogenic and/or natural emissions. These localized emissions are almost equally
distributed in the fine and coarse fractions. The above results highlight significant
emissions from both fine mode (e.g. residential heating and traffic) and coarse mode
urban emissions (e.g. dust resuspension, wear and tear in brakes and tires, respectively) in

urban and industrial locations in Cyprus.

Continuous PM10 and PM2.5
observations with a temporal
resolution of one hour were provided
with the Tapered Element Oscillating
Microbalance (TEOM, upper figure)
technique.

Additional gravimetric PM1, PM2.5 PM10
measurements were conducted with
the use of autonomous filter samplers
(Leckel SEQ 47/50 and Digitel DHA-80)
for mass determination with daily
resolution.

For this study PM10, PM2.5 and PM1
samples were collected from seven
different sampling sites including:

Thermal/Optical Carbon Analyzer
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 The average PM10 concentration at Agia Marina for the
eighteen years (1998-2015) of observations was 28.2±5.0 μg
m-3.

 If the entire period under investigation is considered (1998-
2015) the average annual PM10 at CAO is higher than the
majority of rural sites in central and northern Europe
(Barmpadimos et al., 2012; Putaud et al., 2010) and the west
Mediterranean basin (Querol, et al., 2009a).

 On a regional level, CAO Cyprus exhibited approximately the
same PM10 levels with the remote site Finokalia in Crete,
Greece located west of (28-31 μg m-3 for 2001-2006;
Gerasopoulos et al., 2006; 2007; Querol et al., 2009a), and
the rural site Erdemli in Turkey, located north of Cyprus,
higher (36 μg m-3 for 2001-2002; Koçak et al., 2007).

 Higher levels have also been reported for rural sites in
western Saudi Arabia (95±78 μg m-3; Lihavainen et al., 2016)
and background sites outside of Cairo for the period 1998-
2007 (ranging between 120-150 μg m-3; Safar and Labib,
2010).

 These results are consistent with Querol et al. (2009a) that
reported a positive gradient in the Mediterranean from
west to east.

The monthly mean PM10 values of the period 1998-
2015 have been averaged to produce one single
value for January, February and so forth aiming to
extract information on the seasonal variability of
PM10 in Cyprus. The results depict a bimodal
seasonal variability with the highest values
observed in summer and spring (35.7±13.8 μg m-3)
and the lowest in winter (18.6±6.3 μg m-3).

 The spring maximum is attributed to the frequent African dust episodes (Pey et al., 2013); Up
to more than half of the PM10 during February, March and April, months of the maximum dust
influence, was due to regional dust transport.

 The summertime maximum is caused by a number of factors including re-suspension of
particles, low precipitation, pyrogenic emissions and enhanced formation of secondary
aerosols (Querol et al., 2009a).

A “REGIONAL BACKGROUND” STATION
The Cyprus Atmospheric 
Observatory (CAO-AGMBGR) at Agia 
Marina Xyliatou (member of the 
ACTRIS monitoring network)

AN “INSTUSTRIAL” STATION
Zygi area – (ZYGIND) 

FOUR “URBAN” STATIONS
o Nicosia traffic (NICKRB),  
o Larnaca traffic (LARKRB),
o Limassol traffic (LIMKRB) 
o Paphos traffic (PAPKRB).

A “FREE-TROPOSPHERIC” SITE
Troodos – (TROFTP)

RESULTS

The goal of the study is:
a) To acquire new information on the spatial

and temporal variability of PM
concentrations over Cyprus

b) To identify trends in PM variability in
Cyprus

c) To quantify the contribution of the local
and regional sources on the observed PM
daily and annual exceedances.

Urban areasµg/m3

URBAN BACKGROUND

LOCAL SOURCES 
(TRAFFIC FOR EX.)

REGIONAL BACKGROUND

Rural areas

97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
0

20

40

60

80

97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16
0

10

20

30

40

50

Years

-0.7µg m-3 y-1

 Daily values  Monthly means  Annual averages  Linear Regression

PM
10

 (µ
g 

m
-3

) -0.7µg m-3 y-1

97 98 99 00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15 16

0

20

40

60

80

Cyprus Atmospheric Observatory (Agia Marina)

PM
2.

5 
(µ

g 
m

-3
)

0

10

20

30

40

50

 

At CAO/AGMBGR (bottom inner panel), significant
decreasing trends of 0.7 μg m-3 y-1 have been observed
for the sub-10μm (PM10: 1998-2015, top panel) and fine
(PM2.5: 2006-2015, bottom panel) particulate matter
fractions indicating contribution from both natural and
anthropogenic sources to this tendency.
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The panel to the left present the calculated local LPM10
emissions at the urban Nicosia, Larnaca, Limassol and Paphos
and the industrial Zygi area by assuming a common regional
background represented by the CAO-AGMBGR. The blue line
depicts the local coarse fraction of PM (LPM2.5-10), with LPM2.5-10
= LPM10- LPM2.5.

 Local LPM10 (and LPM2.5 not shown here) account, for the
period 2010-2015, for the ~40% of the observed PM10 and
PM2.5 at the urban centers of Cyprus and 28% at the
industrial Zygi area.

 The “urban” local seasonal patterns of LPM10 (and LPM2.5
emissions) follow a distinct cycle, with their highest
observed values in winter. This variation, indicative of
anthropogenic emissions, was not solely attributed to fine
mode (LPM2.5) increase during winter, but also to
concurrent increase in local coarse mode mass
concentrations (blue line )

Diurnal cycle of PM10 (black dots,
left panel) during the 2010-2015
period.

The regional background site (CAO-AGMBKG)
exhibits a very small diurnal variability for
both PM10 and PM2.5 fractions

Urban PM2.5 and PM10 follow a bimodal
pattern with distinct morning and evening
peaks pointing to anthropogenic emissions.

The local fine (PM2.5) to coarse particulate
matter ratio was 40%, 41% and 30% for NIC, LAR
and ZYG, respectively. In both cities, the fine
fraction is linked to traffic and heating
emissions. The high percentage of the coarse
mode denotes the existence of emission
sources of large particles i.e. from brakes/tires
wearing and dust resuspension
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Submicron (0.0-1.0 μm, red bars), fine (1.0-2.5 μm,
white bars) and coarse (2.5-10.0 μm, blue bars) PM
fractions at the CAO-AGMBGR and the NICKRB
monitoring stations. The pie charts depict the
calculated percentages represented by the submicron,
moderate fine and coarse PM fractions at Agia Marina
(background) and Nicosia (Urban), respectively.

 Background CAO-AGM: Coarse
and fine modes explain the 46%
and 54%, respectively of the PM10
mass; with the PM1 mode
accounting for the 70% of the
total PM2.5 fraction.

 Urban NIC: In Nicosia the coarse
particles dominate (57%) followed
by the PM1 ones (29%) and
the PM1-2.5 (14%).

 Local (urban) influence: 60% of
the particles produced locally at
Nicosia are in the coarse (PM2.5-10)
mode from dust re-suspension.
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Annually averaged PMx (x=1.0, 2.5, 10) in Cyprus observed at urban,
industrial and background stations. PM10 are shown with blue bars,
PM2.5 with red and PM1 with grey-white bars. Dust concentrations
(computed using the Querol et al. (2009b) method) are shown in
orange.

The findings of this study, as well as all
cited references, are presented at :
Pikridas, M., Vrekoussis, M., Sciare, J.,
Kleanthous, S.,Vasiliadou, E., Kizas, C.,
Savvides, C., and Mihalopoulos, N:
Spatial and temporal (short and long-term)
variability of submicron, fine and
sub-10 μm particulate matter
(PM1, PM2.5, PM10) in Cyprus,
Atm. Env. 191, 79-93, 2018.
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Remote 
Cyprus 

High but decreasing
PM10 and PM2.5
concentrations

Strongly influenced by
transported dust

Small diurnal PM
variability

Urban
Cyprus

Bimodal seasonal and
diurnal PM patterns due
to anthropogenic
emissions.

40% of the observed
PM10 levels is estimated
to emanate from local
anthropogenic and/or
natural emissions

Locally, ~60% of the
particles are found in
coarse mode
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