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Deliverable D7. PM10 and PM2.5 Chemical Composition 

Databases for the three urban areas AMA, TMA and VGA 

 

 

A PM chemical components database was constructed in the framework of the 

LIFE09 ENV/GR/000289 project “Development of a Cost Efficient Policy Tool for 

reduction of Particulate Matter in AIR (ACEPT-AIR)” for three urban areas of 

Greece: the Athens Metropolitan Area (AMA), the Thessaloniki Metropolitan Area 

(TMA) and the Volos Greater Area (VGA). The database provides the concentrations 

of major and trace chemical components associated to the particle fractions PM10 and 

PM2.5 that were measured during the ACEPT-AIR project, as well as relevant 

historical data. In particular the the database provides information for: elemental 

components (major and trace elements including heavy metals), ionic components 

(SO4
-2

, NO3
−
, NH4

+
, Cl

−
, Na

+
, K

+
, Ca

2+
, Mg

2+
), carbonaceous species (OC and EC), 

organic compounds (PAHs, PCBs, OCPs, n-alkanes, etc). 

Regarding the carbonaceous species OC and EC, concentrations at both Athens sites 

and at Volos and Thessaloniki background site were relatively low during the warm 

period. The low EC/OC ratios at the background sites indicate relatively low 

contribution from traffic emissions, coupled with secondary organic formation. At the 

traffic site in Thessaloniki, concentrations were significantly high, among the highest 

values reported for other urban sites in European cities. Cold period data presented a 

similar pattern, with OC concentrations contributing the most to total carbon at all 

sites. The effect of residential heating during this period was apparent in the much 

higher OC and EC concentrations. The low values of EC/OC concentration ratios 

during cold season are indicative of biomass burning aerosol and suggest intense use 

of fireplaces during this season.  

At the AMA sites, SO4
-2

, NO3
-
, NH4

+
 and Ca

2+ 
were the prevalent ions in the PM10 

fraction vs. SO4
-2

, NO3
-
, NH4

+
 in the PM2.5 fraction. Cl

-
, Na

+
 and Ca

2+ 
exhibited the 

lowest PM2.5/PM10 ratios. PM2.5/PM10 ratio values close to 1 were found for SO4
2-

and 

NH4
+
at both sites. Similarly, at the TMA sites, SO4

-2
, NO3

-
, NH4

+
 and Ca

2+ 
were the 

major ions in the PM10 fraction vs SO4
-2

, NO3
-
, NH4

+
 in the PM2.5 fraction. NO3

- 
, Cl

- 

and Ca
2+ 

associated to PM2.5 were slightly higher at the UT site, whereas SO4
2- 

slightly 

higher at the UB site. The highest PM2.5/PM10 ratios were found for NH4
+ 

(1.46-1.90), 

while Ca
2+ 

exhibited the lowest PM2.5/PM10 ratios (0.16-0.22). Among all sampling 

sites, Volos presented the highest concentrations for SO4
-2

, NH4
+
, K

+
, Cl

-
, Ca

2+ 
in 

PM10, and the highest concentrations for Na
+
, K

+
, Ca

2+ 
and SO4

-2 
in PM2.5.  

At all sites, crustal elements, such as Ca, Si, Fe, Al were the most abundant elemental 

components in PM10 followed by elements related to anthropogenic processes (K, S 

and Zn). S, K and Ca were the prevalent elements in PM2.5. Ca was found in 
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predominantly high concentrations, particularly at TMA-UT and VGA, where the 

Ca/Si ratio was highest (4.1 and 3, respectively) suggesting influence from 

construction sites and road works. Volos among all sampling sites presented the 

highest concentrations for anthropogenic elements such as Zn, S, K, As, Br, and Pb in 

PM10, as well as the highest concentrations for K, Ca, Fe, Cu, Zn, Pb, Mg, Al, Si, S, 

Cl, Mn and As in PM2.5. 

For the purposes of mass closure, the chemical components were divided into six 

classes as follows: minerals, trace elements, organic matter (OM), elemental carbon 

(EC), sea salt and secondary inorganic aerosol (SECONDARY). Secondary aerosol, 

OM, and minerals dominated the PM10 profiles for all sites, while secondary aerosol 

and OM were by far the prevalent components in PM2.5. A significant contribution for 

EC was apparent at the traffic site TMA-UT reaching 22% in summer time PM2.5 

mass. Unidentified mass (UN) ranged between 4%-17% in AMA, 13%-32% in TMA 

and 1%-37% in VGA. 

 

 

Μία βάζε δεδνκέλσλ ρεκηθώλ ζπζηαηηθώλ ΑΣ (Αησξνύκελσλ Σσκαηηδίσλ) 

δεκηνπξγήζεθε ζηα πιαίζηα ηνπ πξνγξάκκαηνο LIFE09 ENV/GR/000289 θαη γηα ην 

έξγν “Αλάπηπμε ελόο Εξγαιείνπ άζθεζεο απνηειεζκαηηθώλ πνιηηηθώλ γηα ηε κείσζε 

ησλ αησξνύκελσλ ζσκαηηδίσλ ζηνλ αέξα (ACEPT-AIR)”γηα ηξεηο αζηηθέο πεξηνρέο 

ηεο Ειιάδαο: ηελ κεηξνπνιηηηθή πεξηνρή ηεο Αζήλαο (ΜΠΑ), ηελ κεηξνπνιηηηθή 

πεξηνρή ηεο Θεζζαινλίθεο (ΜΠΘ) θαη ηελ επξύηεξε πεξηνρή ηνπ Βόινπ (ΕΠΒ). Η 

βάζε δεδνκέλσλ απηή πεξηιακβάλεη ηα δεδνκέλα ησλ θύξησλ ρεκηθώλ ζπζηαηηθώλ 

αιιά θαη ησλ ηρλνζηνηρείσλ πνπ ζρεηίδνληαη κε ηα θιάζκαηα PM10 θαη PM2.5, ηα 

νπνία κεηξήζεθαλ θαηά ηελ δηάξθεηα ηνπ πξνγξάκκαηνο ACEPT-AIR, θαζώο θαη 

ζρεηηθά ηζηνξηθά δεδνκέλα. Σπγθεθξηκέλα ε βάζε δεδνκέλσλ πεξηέρεη πιεξνθνξίεο 

γηα ρεκηθά ζπζηαηηθά ησλ ΑΣ όπσο: ρεκηθά ζηνηρεία (θύξηα θαη ηρλνζηνηρεία 

ζπκπεξηιακβαλνκέλσλ ησλ βαξέσλ κεηάιισλ), ηνληηθά ζπζηαηηθά (SO4
-2

, NO3
−
, 

NH4
+
, Cl

−
, Na

+
, K

+
, Ca

2+
, Mg

2+
), αλζξαθνύρα ύιε (OC θαη EC), νξγαληθέο ελώζεηο 

(PAHs, PCBs, OCPs, n-αιθάληα, θηι). 

Σρεηηθά κε ηελ αλζξαθνύρα ύιε, νη ζπγθεληξώζεηο ηνπ νξγαληθνύ (OC) θαη 

ζηνηρεηαθνύ (EC) άλζξαθα θαη ζηηο δύν ζέζεηο ζηελ Αζήλα, ζην Βόιν θαη ζηελ ζέζε 

αζηηθνύ ππνβάζξνπ ζηελ Θεζζαινλίθε, ήηαλ ζρεηηθά ρακειέο θαηά ηελ ζεξκή 

πεξίνδν. Χακειόο ιόγνο EC/OC ζηηο ζέζεηο αζηηθνύ ππνβάζξνπ ππνδειώλεη ρακειή 

επίδξαζε εθπνκπώλ θίλεζεο νρεκάησλ, ζε ζπλδπαζκό κε ζρεκαηηζκό δεπηεξνγελώλ 

νξγαληθώλ ελώζεσλ. Σηε ζέζε θπθινθνξίαο ηεο Θεζζαινλίθεο, νη ζπγθεληξώζεηο 

ήηαλ ζεκαληηθά πςειέο, αλάκεζα ζηηο πςειόηεξεο πνπ έρνπλ αλαθεξζεί ζε αζηηθέο 

πεξηνρέο ηεο Επξώπεο. Καηά ηελ ςπρξή πεξίνδν ππήξμε παξόκνηα δηαθύκαλζε, κε ηηο 

ζπγθεληξώζεηο ηνπ OC λα ζπλεηζθέξνπλ ην κεγαιύηεξν πνζνζηό ζηνλ νιηθό 

άλζξαθα ζε όιεο ηηο πεξηνρέο. Η επίδξαζε ησλ εθπνκπώλ ηεο νηθηαθήο ζέξκαλζεο 

ήηαλ εκθαλείο ηελ πεξίνδν απηή ιόγσ ησλ πςειόηεξσλ ζπγθεληξώζεσλ OC θαη EC. 
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Οη ρακεινί ιόγνη ζπγθέληξσζεο EC/OCθαηά ηελ ςπρξή πεξίνδν είλαη ελδεηθηηθνί ΑΣ 

πνπ πξνέξρνληαη από θαύζε βηνκάδαο, θαη ππνδεηθλύνπλ έληνλε ρξήζε ηδαθηώλ.  

Σηηο ζέζεηο ηεο ΜΠΑ ηα SO4
-2

, NO3
-
, NH4

+
θαη Ca

2+
ήηαλ ηα επηθξαηή ηνληηθά είδε ζηα 

ΑΣ10, ελώ ζηα ΑΣ2.5 ήηαλ ηα SO4
-2

, NO3
-
, NH4

+
. Τα ηόληα Cl

-
, Na

+ 
θαη Ca

2+
 

παξνπζίαζαλ ηνπο ρακειόηεξνπο ιόγνπο ΑΣ2.5/ΑΣ10. Λόγνη ΑΣ2.5/ΑΣ10 θνληά ζην 1 

παξαηεξήζεθαλ γηα ηα SO4
2- 

θαη NH4
+
 θαη ζηηο δύν ζέζεηο ζηελ ΜΠΑ. Οκνίσο, ζηηο 

ζέζεηο ηεο ΜΠΘ ηα SO4
-2

, NO3
-
, NH4

+ 
θαη Ca

2+ 
ήηαλ ηα θύξηα ηόληα ζηα ΑΣ10 θαη ηα 

SO4
-2

, NO3
-
, NH4

+ 
ζηα ΑΣ2.5. Τα NO3

- 
, Cl

- 
θαη Ca

2+ 
ζηα ΑΣ2.5 είραλ ειαθξώο 

πςειόηεξε ζπγθέληξσζε ζηελ ζέζε θπθινθνξίαο, ελώ ηα SO4
2- 

ειαθξώο πςειόηεξε 

ζπγθέληξσζε ζηε ζέζε αζηηθνύ ππνβάζξνπ. Οη πςειόηεξνη ιόγνη ΑΣ2.5/ΑΣ10 

παξνπζηάζηεθαλ γηα ηα NH4
+ 

(1.46-1.90), ελώ ην Ca
2+ 

παξνπζίαζε ηνπο 

ρακειόηεξνπο ιόγνπο (0.16-0.22). Σε ζρέζε κε όιεο ηηο ζέζεηο δεηγκαηνιεςίαο ζηνλ 

Βόιν παξνπζηάζηεθαλ νη πςειόηεξεο ζπγθεληξώζεηο γηα ηα SO4
-2

, NH4
+
, K

+
, Cl

-
, 

Ca
2+ 

ζηα ΑΣ10, θαη  γηα ηα Na
+
, K

+
, Ca

2+  
θαη SO4

-2
 ζηα ΑΣ2.5.  

Σε όιεο ηηο ζέζεηο ηα ζηνηρεία πνπ πξνέξρνληαη από ηνλ θινηό ηεο γεο όπσο ηα Ca, Si, 

Fe, Al ήηαλ απηά κε ηελ κεγαιύηεξε ζπγθέληξσζε αθνινπζνύκελα από απηά πνπ 

ζρεηίδνληαη κε αλζξσπνγελείο δηεξγαζίεο (K, S θαη Zn). Τα S, K θαη Ca ήηαλ ηα 

ζηνηρεία κε πςειόηεξε ζπγθέληξσζε ζηα ΑΣ2.5. To Ca βξέζεθε ζε πνιύ πςειέο 

ζπγθεληξώζεηο ζηε ζέζε θπθινθνξίαο ζηελ ΜΠΘ θαη ζην Βόιν, πεξηνρέο θαη ζέζεηο 

ζηηο νπνίεο ν ιόγνο Ca/Si ήηαλ ν πςειόηεξνο ζε ζρέζε κε ηηο ππόινηπεο (4.1 θαη 3, 

αληίζηνηρα), ππνδειώλνληαο ηελ επίδξαζε δηεξγαζηώλ δόκεζεο θαη νδνπνηίαο. Σηνλ 

Βόιν παξαηεξήζεθαλ νη πςειόηεξεο ζπγθεληξώζεηο ζηνηρείσλ κε αλζξσπνγελή 

πξνέιεπζε όπσο ηα Zn, S, K, As, Br, θαη Pb ζηα ΑΣ10 θαη ζηα K, Ca, Fe, Cu, Zn, Pb, 

Mg, Al, Si, S, Cl, Mn θαη As ζηα ΑΣ2.5.  

Γηα λα επηηεπρζεί ε δηαδηθαζία ηεο “ρεκηθήο αλαδόκεζεο”, ηα ρεκηθά ζπζηαηηθά 

ρσξίζηεθαλ ζε έμη θαηεγνξίεο: ηα ζπζηαηηθά ηνπ θινηνύ ηεο γεο, ηα ηρλνζηνηρεία, ηελ 

νξγαληθή ύιε, ην ζηνηρεηαθό άλζξαθα, ην ζαιαζζηλό αιάηη θαη ηα δεπηεξνγελή 

αλόξγαλα ζσκαηίδηα. Τα δεπηεξνγελή αλόξγαλα ζσκαηίδηα, ε νξγαληθή ύιε, θαη ηα 

ζηνηρεία ηνπ θινηνύ ήηαλ κε δηαθνξά ηα επηθξαηνύληα ζπζηαηηθά ζηα ΑΣ10 ζε όιεο 

ηηο πεξηνρέο ελώ αληίζηνηρα ζηα ΑΣ2.5 ήηαλ ηα δεπηεξνγελή αλόξγαλα ζσκαηίδηα θαη 

ε νξγαληθή ύιε. Σεκαληηθή ζπλεηζθνξά από αλόξγαλν άλζξαθα θαηαγξάθεθε ζηε 

ζέζε θπθινθνξίαο ζηε ΜΠΘ αγγίδνληαο ην 22% ηεο κάδαο ησλ ΑΣ2.5 ηελ ζεξηλή 

πεξίνδν. Η κε επηκεξηζκέλε κάδα θπκάλζεθε κεηαμύ 4%-17% ζηε ΜΠΑ, 13%-32% 

ζηε ΜΠΘ θαη 1%-37% ζηελ ΕΠΒ. 
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A mass concentration and chemical composition Database was constructed in the 

framework of the LIFE09 ENV/GR/000289 project “Development of A Cost Efficient 

Policy Tool for reduction of Particulate Matter in AIR(ACEPT-AIR)” for particle 

fractions PM10 and PM2.5 at three urban areas of Greece: the Athens Metropolitan 

Area (AMA), the Thessaloniki Metropolitan Area (TMA) and the Volos Greater Area 

(VGA).These data were then used for the source apportionment of ambient PM10 and 

PM2.5 using receptor models. The Database also incorporated relevant historical data 

for the three study areas since 1990.  

This report presents a description of the PM10 and PM2.5 Chemical Composition 

Database and summarizes the concentrations of major and trace chemical constituents 

(ionic components, organic and elemental carbon, major and trace elements, etc.) that 

were determined in PM10 and PM2.5 particle fractions in the framework of the 

ACEPT-AIR project.  

 

  

2.1. Description of the ACEPT-AIR project sampling sites 

The ACEPT-AIR project was concurrently carried out at 2 sites in the Athens 

Metropolitan Area (Figure 1), at two sites in the Thessaloniki Metropolitan Area 

(Figure 2), and at one site in the Volos Greater Area (Figure 3). A detailed description 

of sampling sites is provided in the Report of D6 “PM10 and PM2.5 Concentration 

Databases for the three urban areas AMA, TMA and VGA”. 

 

 
Figure 1 Map of the AMA (Athens Metropolitan Area) with the ACEPT-AIR 

sampling sites (AP: AgiaParaskevi, NS: NeaSmyrni). 

N

A
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Figure 2 Map of the Thessaloniki Metropolitan Area with the ACEPT-AIR sampling 

sites (UT: urban-traffic, UB: urban background). 

 

 

Figure 3 Map of the Volos Greater Area with the ACEPT-AIR sampling site at the 

University of Thessaly (UTH). 

 

 

Industrial area 
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Thermaikos 
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2.2 Sampling methods 

At all sites, PM10 and PM2.5 sampling was carried out concurrently according to the 

reference methods ISO/IEC EN-12341 and ISO/IEC EN-14907, respectively, using 

low volume air samplers equipped with PM10 and PM2.5 inlets that were operated at 

constant flow rate of 2.3 m
3
/h. Each PM10/PM2.5 sampling had a 24-h duration. Each 

PM fraction was concurrently collected on two filter media: Φ 47 mm Teflon filter 

(Zefluor
TM

membranes, Pall 2κm) for subsequent analysis of elements and ionic 

species, and Φ 47 Quartz filter (Tissuquartz, Pall) for subsequent analysis of organic 

and elemental carbon, OC and EC. Details about sampling methods are provided in 

Deliverable D6 “PM10 and PM2.5 Concentration Databases for the three urban areas 

AMA, TMA and VGA”. 

 

2.3 Chemical speciation of PM10 and PM2.5 

A summary description of the methods used for chemical speciation of PM10 and 

PM2.5 samples is provided in Table 1. 

 

Table 1 Summary description of the methods used for chemical analysis of PM10 and 

PM2.5 samples. 

Chemical class  Chemical components Sample 

preparation 

Analytical 

method  

Carbonaceous  

species 

OC, EC  - TOT  

Ionic species SO4
2-

,NO3
-
,NH4

+ 
Na

+
, K

+
,  

Cl
-
, Ca

2+
,Mg

2+
 

Aqueous extraction  IC 

Major and trace 

elements 

Mg, Al, Si, S, Cl, K, Ca, Ti, 

V, Mn, Fe, Ni, Cu, Zn, As, 

Br, Sr, Ba, Pb 

- ED-XRF  

Trace elements  V, As, Sb, Co, Cr, Cd  Digestion with 

HNO3
-
 / HCl 

mixture 

GF-AAS  

TOT: Thermal Optical Transmission Analysis; IC: Ion Chromatography; ED-XRF: 

Energy Dispersive X-Ray Fluorescence; GF-AAS: Graphite Furnace Atomic 

Absorption Spectroscopy  
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2.4. Description of the PM10 and PM2.5 ACEPT-AIR Database 

All the data collected in the framework of the project (both historical and current) 

have been introduced into a Database which is submitted as a Deliverable for Action 

2. The ACEPT-AIR Database provides information for PM10 and PM2.5 mass and 

particle chemical composition for the Athens Metropolitan Area (AMA), the 

Thessaloniki Metropolitan Area (TMA), and the Volos Greater Area (VGA). Briefly, 

the Database has two similar structured platforms:  

 The Historical Data platform, that includes concentrations for PM mass and 

chemical constituents measured at various sites within the aforementioned 

areas during the period 2000-2010. Sources of these data were previous 

measurements by ACEPT-AIR partners, records of the air pollution 

monitoring stations operated by national and local authorities (Greek Ministry 

of Environment, Municipality of Thessaloniki, etc), as well as  published data 

of independent researchers. The historical data were collected in the 

framework of the project and were examined with respect to sampling 

protocols, sampling and analytical methods and data analysis. After being 

submitted tostrict quality control procedures, the collected data have been 

introduced in the historical database. 

 The LIFE Data platform, that includes concentrations of PM10 and PM2.5 and 

their associated chemical components measured during 2011-2012 in the 

framework of the ACEPT-AIR project. 

 

The user can have access to the data by selecting various options regarding the 

identity and characteristics of the sampling site, such as the study area (the user can 

select among the Athens Metropolitan Area (AMA), the Thessaloniki Metropolitan 

Area (TMA), and the Volos Greater Area (VGA)), the specific station in each area (by 

this selection, a map from Google maps also comes into view), the authority 

responsible for the station, the characterization of the station regarding its distance 

from various sources (i.e. urban-traffic, urban background, industrial), and the 

gaseous pollutants measured at the station (CO, NOx, SO2, O3, etc). 

In addition to PM mass, the Database provides information for major and trace 

chemical components of PM, such as:  

 elemental components (major and trace elements including heavy metals)  

 ionic components (SO4
-2

, NO3
−
, NH4

+
, Cl

−
, Na

+
, K

+
, Ca

2+
, Mg

2+
) 

 carbonaceous species (OC and EC) 

 organic compounds (PAHs, PCBs, OCPs, n-alkanes, etc). 

 

The user can choose information for all data within a chemical class or for specific 

chemical parameters (e.g. for individual elements, ionic species, etc) (Figures 4 and 

5). Then, a table appears with the selected data for each year. 
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Figure 4 LIFE data for Cr bound to PM10 at the Ionos Dragoumi station (urban traffic 

site in TMA, TMA-UT site). 

 

 

Figure 5 LIFE data for elemental components associated to PM10 at the urban 

background site in TMA (TMA-UB). 
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3.1. Carbonaceous species 

Summary statistical data for 24-hr concentrations of carbonaceous species, organic 

carbon (OC) and elemental carbon (EC) associated with PM10 and PM2.5 are given in 

Tables 2  and 3 for the warm and the cold period, respectively.  

OC and EC concentrations at both Athens sites and at Volos and Thessaloniki 

background site were relatively low during the warm period. The background 

character of the stations was further demonstrated by the low EC/OC ratios indicating 

relatively low contribution from traffic emissions, coupled with secondary organic 

formation which enhances OC levels. At the traffic site in Thessaloniki, 

concentrations were significantly higher, among the highest values reported for other 

urban sites in European cities (Grivas et al. 2012; Viana et al. 2006). The 

corresponding EC/OC ratio was around 1.0, similar to those found at kerbside sites 

and close to the ratio values reported for vehicular emissions (Samara et al., 2013). 

 

Table 2 Summary statistical data for 24-hr PM10 and PM2.5 bound organic (OC) and 

elemental (EC) carbon concentration during the warm period [κg m
-3

]. 

PM10 

 OC EC ΟC/ΕC  

Area/Site Mean±SD Range Mean±SD Range Mean±SD N  

AMA/AP 2.7±1.0 1.1-5.9 0.3±0.2 0.1-0.8 10.8±4.8 21 

AMA/NS 4.4±1.5 1.7-8.1 0.8±0.4 0.2-1.9 6.3±2.6 44 

TMA/UT 8.6±2.7 4.4-16.4 7.8±1.4 5.5-10.4 1.1±0.4 27 

TMA/UB 4.1±1.7 1.7-7.2 0.7±0.3 0.1-1.4 6.2±2.2 26 

VGA/UTH 4.6±1.1 2.6-6.9 0.8±0.4 0.3-1.6 6.8±2.6 9 

PM2.5 

 OC EC ΟC/ΕC  

Area/Site Mean±SD Range Mean±SD Range Mean±SD N  

AMA/AP 2.7±1.0 1.0-5.9 0.3±0.2 0.1-0.8 10.0±4.9 48 

AMA/NS 3.2±1.0 0.6-6.3 0.6±0.3 0.1-1.7 6.0±2.7 49 

TMA/UT 6.0±2.3 3.0-12.6 5.9±1.3 3.7-9.2 1.1±0.5 28 

TMA/UB 3.3±1.3 1.2-5.4 0.5±0.2 0.1-0.8 7.1±2.6 27 

VGA/UTH 3.7±1.0 2.0-6.0 0.6±0.2 0.2-1.2 6.6±1.9 28 
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Cold period data presented a similar pattern with OC concentrations contributing the 

most to total carbon at all sites. Even the traffic site in Thessaloniki presented OC/EC 

ratios higher than 1.0 (around 3.0). The effect of residential heating during this period 

was apparent in the much higher OC and EC concentrations. Very high mean 24-hr 

concentrations (OC reaching up to 45 κg m
-3

 and EC up to 6 κg m
-3

) were measured 

in the densely populated area of Nea Smyrni. The high values of OC/EC 

concentration ratios during cold season are indicative of biomass burning aerosol and 

suggest intense use of fireplaces during this season.  

Table 3 Summary statistical data for 24-hr PM10 and PM2.5 bound organic (OC) and 

elemental (EC) carbon concentration during the cold period [κg m
-3

]. 

PM10 

 OC EC ΟC/ΕC  

Area/Site Mean±SD Range Mean±SD Range Mean±SD N  

AMA/AP 4.1±1.5 1.0-8.5 0.5±0.2 0.1-1.3 8.7±2.9 47 

AMA/NS 9.3±7.9 1.7-44.6 1.4±1.0 0.4-6.0 7.1±2.4 50 

TMA/UT 14.2±5.3 4.9-23.0 5.5±2.3 2.5-11.2 2.8±1.0 30 

TMA/UB 8.7±5.0 3.4-21.0 1.2±0.8 0.3-3.3 8.3±2.4 27 

VGA/UTH 10.8±4.5 4.4-18.0 1.5 ± 1.0 0.4-3.8 8.7±3.5 25 

PM2.5 

 OC EC ΟC/ΕC  

Area/Site Mean±SD Range Mean±SD Range Mean±SD N  

AMA/AP 4.0±1.5 1.0-7.9 0.4±0.2 0.1-1.0 10.1±3.3 49 

AMA/NS 8.9±7.6 1.7-41.8 1.2±0.9 0.3-4.0 7.5±2.5 45 

TMA/UT 11.1±4.0 4.8-23.0 4.5±1.4 2.5-8.3 2.8±1.5 30 

TMA/UB 8.7±5.0 2.8-21.0 0.9±0.4 0.3-1.9 9.4±2.3 27 

VGA/UTH 10.0±4.0 3.8-18.0 1.2±0.7 0.3-3.5 9.7±2.7 25 

 

3.2. Ionic components 

Mean ionic component concentrations in PM10 and PM2.5 during the warm and the 

cold season are presented in Figures 6-8.  

At the AMA sites (Figure 6), SO4
-2

, NO3
-
, NH4

+
 and Ca

2+ 
were the prevalent ions in 

the PM10 fraction vs. SO4
-2

, NO3
-
, NH4

+
 in the PM2.5 fraction. In general, 

concentrations were slightly higher at NS, except for Na
+
 and Cl

-
 (sea salt) which 

were more abundant in PM10 measured at AP site. Cl
-
, Na

+
 and Ca

2+
exhibited the 

lowest PM2.5/PM10 ratios. PM2.5/PM10 ratio values close to 1 were found for SO4
2-

and 

NH4
+
at both sites, while NO3

-
 presented a significant coarse fraction as well (mean 
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PM2.5/PM10 ratio equal to 0.20 and 0.54 in AP and NS respectively). This result, along 

with a good correlation between NO3
-
 and Cl

-
 with Na

+
 suggest (especially for AP), 

suggests neutralization of NO3
-
 with Na

+
 from sea salt, which is mainly found in 

coarse mode (Eleftheriadis et al., 2014). 

 

 

 

 

 

 

 

Figure 6 Mean ionic component concentrations (logarithmic scale) in PM10 and PM2.5 

during the warm and the cold season at the two sites in AMA.  

Similarly, at the TMA sites (Figure 7), SO4
-2

, NO3
-
, NH4

+
 and Ca

2+ 
were the major 

ions in the PM10 fraction vs. SO4
-2

, NO3
-
, NH4

+
 in the PM2.5 fraction. NO3

- 
, Cl

- 
and 

Ca
2+ 

associated to PM2.5 were slightly higher at the UT site, whereas SO4
2- 

slightly 

higher at the UB site. Similar results have been reported from previous published 

works (Tsitouridiou et al., 2003; Samara & Tsitouridou, 2000). The highest 

PM2.5/PM10 ratios were found for NH4
+ 

(1.46-1.90), while Ca
2+

exhibited the lowest 

PM2.5/PM10 ratios (0.16-0.22). PM2.5/PM10 ratios with value greater than 1 are not 

uncommon for NH4
+
. Theodosi et al. (2011) have also observed lower values of NH4

+
 

in PM10 compared to PM2.5 and PM1. Volatilization of NH4Cl from the filter, formed 

by reaction of NH4NO3 and NaCl has been proposed to explain the NH4
+
 behavior 

(NH4NO3 +NaCl→NH4Cl+NaNO3). Since sea salt (and NaCl) is mainly associated 

with coarse particles, this negative artifact formation is mainly expected in PM10. 

PM2.5/PM10 ratio values close to 1 were found for SO4
2-

 at both sites and seasons and 

for NO3
- 
at both sites in winter.  

In Volos (Figure 8) again secondary ions (SO4
-2

, NH4
+
, and NO3

-
) contributed the 

most to PM10 and PM2.5 mass, while Ca
2+

 concentration was also significant in PM10. 

Concentration levels were similar to the ones measured in the large urban centers of 

Athens and Thessaloniki.  

Regarding seasonal variability, the concentrations of PM2.5-bound SO4
- 
were elevated 

in summer at both sites in AMA suggesting increased photochemical formation of 

sulfates. K
+
 was more abundant in PM2.5 during cold season, which could be related to 

biomass combustion for residential heating as discussed above (section 3.1). NO3
-
 

concentrations were also much higher during cold season. This is expected in the 

countries around the Mediterranean where high temperatures and dry conditions 
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during the summer may lead to the decomposition of NH4NO3 in gaseous HNO3 and 

NH3. 

 

 

 

 

 

 

 

Figure 7 Mean ionic component concentrations (logarithmic scale) in PM10 and PM2.5 

during the warm and the cold season at the two sites in TMA. 

 

 

 

 

 

 

 

 

Figure 8 Mean concentration of major ions in PM10 and PM2.5 in VGA during warm 

and cold season.  

 

3.3. Elemental species 

The annual mean concentrations of major and trace elements associated to PM10 and 

PM2.5 particle fractions at the various sampling sites are shown in Figures 9 and 10, 

respectively. 

At all sites, crustal elements, such as Ca, Si, Fe, Al were the most abundant elemental 

components in PM10 followed by elements related to anthropogenic processes (K, S 

and Zn). S, K and Ca were the prevalent elements in PM2.5. The traffic site in TMA 

(UT) presented higher concentration levels of minerals and most trace metals in 

relation to the background site (UB) suggesting a stronger impact from traffic-related 

sources (road dust resuspension, brake and tire abrasion, road wear (Grigoratos et al., 
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2014). In addition, Ca was found in predominantly high concentrations, particularly at 

TMA-UT and VGA, where the Ca/Si ratio was highest (4.1 and 3, respectively) 

indicating influence from construction sites and road works (at the time of the study 

the construction of the subway of Thessaloniki was in progress) and/or influence from 

industrial cement production (Voutsa et al., 2002). The high Ca/Si ratio favors nitrate 

and sulfate formation, since Ca rich soil dust is able to incorporate large amounts of 

precursor gases.  

 

Figure 9 Elemental concentrations (logarithmic scale) in PM10 at the various 

sampling sites. 

 

 
Figure 10 Elemental concentrations (logarithmic scale) in PM2.5 at the various 

sampling sites. 

 

Volos among all sampling sites presented the highest concentrations for 

anthropogenic elements such as Zn, S, K, As, Br, and Pb in PM10, as well as the 
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highest concentrations for K, Ca, Fe, Cu, Zn, Pb, Mg, Al, Si, S, Cl, Mn and As in 

PM2.5. 

3.4. Mass closure of PM10 and PM2.5 particle fractions 

Mass closure, that is the reconstruction of PM mass through the determined particle 

chemical components, allows for a first insight into the sources affecting the 

concentration levels (Terzi et al., 2010). For this purposes, the chemical components 

were classified into the following categories based on expected origin: sea salt, 

minerals, trace elements, organic matter (OM), elemental carbon (EC), and secondary 

inorganic aerosol (SECONDARY). The difference between total PM mass and the 

sum of masses on the above classes provided the unidentified mass (UN), which 

corresponds to samples’ water content and species not measured.  

 

The sea salt (ss) contribution was calculated assuming that soluble Cl
-
 in aerosol 

samples comes solely from sea salt. Non sea salt sodium (nssNa
+
) was calculated 

based on the crustal ratio Na
+
/Al and total sea salt mass was calculated as the sum of 

Cl-, ssNa
+
 and fractions of the concentrations of Mg

2+
, K

+
, Ca

2+
, and SO4

- 
based at a 

standard sea water concentration of these species with respect to sodium. The final 

equation used for the calculation of sea salt in PM mass was: 

Sea salt = [Cl
-
] + [Na

+
] – [nssNa

+
] + [ssMg

2+
] + [ssK

+
] + [ssSO4

2-
] =  

= [Cl
-
] + {[Na

+
] – 0.348x[Al]} x (1 + 0.119 + 0.037 + 0.038 + 0.253) 

 

Minerals are the sum of Al, Si, Ca, Ti and Fe plus non sea salt Na
+
, Mg and K, all 

multiplied by factors to convert them to their common oxides. Ca was multiplied by a 

factor of 1.95 to account for CaO and CaCO3 which are considered as its most 

abundant forms. The final equation used for the calculation of the mineral part of PM 

was: 

Minerals = [nssNa+] x 1.35 + [nssMg] × 1.66 + [Al] × 1.89 + [Si] × 2.14 + [nssΚ] × 

1.21 + [Ca] × 1.95 + [Ti] × 1.67+ [Fe] × 1.43 

Trace elements only represent a small percentage of the PM total mass; however they 

were also added to the analysis because they have a great environmental importance 

due to their toxicity and anthropogenic origin.  

In order to include the oxygen, nitrogen and hydrogen associated with OC, OC was 

converted to organic matter (OM) using an average mean molecular to carbon ratio of 

1.3-2 according the characteristics of each area and site. The ratio used varies 

according to the age of the organic matter. Fresh organic matter is often estimated 

using lower ratios while for the calculation of aged, more oxidized OM higher ratios 

are used. OM is expected to have higher emission rates on the traffic sites and lower 
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on urban background sites. In some extreme cases, such as aerosols impacted by 

heavy smoke, even higher conversion factors (2.2-2.6) can be used (Turpin & Lim, 

2001). The equation used for OM calculation was: 

OM = [OC] × f, where f = 1.3 - 2 

 

Finally, secondary inorganic aerosol was calculated as the sum of non-sea salt SO4
-2

, 

NO3
-
, and NH4

+
. The equation used was: 

SECONDARY= [nssSO4
2-

] + [NO3
-
] + [NH4

+
] =  

= [SO4
2-

] – 0.253 x [ssNa
+
] + [NO3

-
] + [NH4

+
] 

 

The relative contributions of identified chemical classes to PM10 and PM2.5 mass 

during the winter and summer campaigns are shown in Figures 11-15. 

Secondary inorganic aerosol, OM, and minerals dominated the PM10 profiles at the 

two sites in AMA, at the UB site in TMA and in Volos. Similar results have been 

reported by other research works (Pateraki et al., 2014). At the UT site in TMA EC 

contribution was also significant. Sea salt contribution was larger in AMA (4-8%) 

with respect to TMA and VGA (1-2%) (Voutsa et al., 2014). In PM2.5, secondary 

aerosol and OM were the prevalent components. Mineral contribution was larger 

during warm season when dry conditions favor soil dust resuspension, while OM was 

significantly higher during cold season, pointing towards biomass burning for 

residential heating. EC also increased during cold season, especially to the densely 

populated areas of NS and in VGA.  

Unidentified mass (UN) ranged between 4%-17% in AMA, 13%-32% in TMA and 

1%-37% in VGA. UN is usually attributed to the water content of PM and/or to 

approximations associated with the estimation of the organic matter amount and with 

the composition of crustal materials. Depending on particle composition, particle-

bound water may constitute up to 20-30% of total PM mass (Canepari et al., 2013). 
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Figure 11 Mass closure of PM10 particle fraction in AMA; the first number 

corresponds to the mass [κg m
-3

] of each chemical class and the second to its relative 

contribution [%] to total PM mass. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 12 Mass closure of PM2.5 particle fraction in AMA; the first number 

corresponds to the mass [κg m
-3

] of each chemical class and the second to its relative 

contribution [%] to total PM mass. 



D7. PM10 & PM2.5 Chemical Composition Databases for the three urban areas 

19 
 

Minerals; 

13.8; 29%

Trace 

metals ; 

0.3; 1%

OM; 11.1; 

23%
EC; 7.8; 

16%

Sea salt; 

0.4; 1%

Secondary; 

6.5; 14%

UN; 7.9; 

16%

UT-PM10

Warm Minerals; 

13.9; 24%

Trace 

metals ; 

0.3; 1%

OM; 14.7; 

25%
EC; 6.6; 

11%

Sea salt; 

0.5; 1%

Secondary; 

11.4; 20%

UN; 10.5; 

18%

UT-PM10

Cold

Minerals; 

7.0; 17%

Trace 

metals ; 

0.2; 1%

OM; 13.2; 

32%

EC; 0.9; 

2%

Sea salt; 

0.4; 1%

Secondary; 

11.6; 28%

UN; 7.6; 

19%

UB-PM10

Cold
Minerals; 

6.4; 20%

Trace 

metals ; 

0.2; 0.6%

OM; 7.1; 

22%

EC; 0.7; 

2%
Sea salt; 

0.5; 2%

Secondary; 

6.9; 22%

UN; 10.2; 

32%

UB-PM10

Warm

Minerals; 

2.5; 9%

Trace 

metals ; 

0.2; 1%

OM; 7.7; 

29%

EC; 5.9; 

22%

Sea salt; 

0.3; 1%

Secondary; 

6.6; 25%

UN; 3.3; 

13%
UT-PM2.5

Warm

Minerals; 

1.7; 4%
Trace 

metals ; 

0.2; 1%

OM; 14.3; 

35%

EC; 5.3; 

13%

Sea salt; 

0.5; 1%

Secondary; 

13.3; 33%

UN; 5.3; 

13%
UT-PM2.5

Cold

Minerals; 

1.3; 7%

Trace 

metals ; 

0.1; 1%

OM; 5.4; 

29%

EC; 0.5; 

3%
Sea salt; 

0.2; 1%

Secondary; 

6.8; 36%

UN; 4.4; 

23%

UB-PM2.5

Warm

Minerals; 

1.2; 4%
Trace 

metals ; 

0.2; 0.5%

OM; 11.4; 

35%

EC; 0.7; 

2%
Sea salt; 

0.2; 1%

Secondary; 

12.2; 37%

UN; 6.9; 

21%

UB-PM2.5

Cold

 

 

 

 

 

 

 

 

 

 

 

 

Figure 13 Mass closure of PM10 particle fraction in TMA; the first number 

corresponds to the mass [κg m
-3

] of each chemical class and the second to its relative 

contribution [%] to total PM mass. 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 14 Mass closure of PM2.5 particle fraction in TMA; the first number 

corresponds to the mass [κg m
-3

] of each chemical class and the second to its relative 

contribution [%] to total PM mass. 
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Figure 15 Mass closure of PM10 and PM2.5 particle fractions in VGA; the first number 

corresponds to the mass [κg m
-3

] of each chemical class and the second to its relative 

contribution [%] to total PM mass. 
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Table I Average (MV) and Standard Deviation (SD) in κg m
-3

. 

Warm AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM10 MV SD MV SD MV SD MV SD MV SD 

Na
+
 0.69 0.83 0.53 0.33 0.30 0.33 0.31 0.33 0.26 0.07 

NH4
+
 0.74 0.35 1.00 0.40 1.29 1.16 1.40 1.11 1.12 0.47 

K
+
 0.15 0.10 0.22 0.12 0.16 0.09 0.15 0.07 0.26 0.07 

Mg
2+

 0.08 0.05 0.08 0.04 0.03 0.02 0.03 0.02 0.05 0.01 

Ca
2+

 0.79 0.31 1.11 0.45 1.10 0.70 0.83 0.38 1.14 0.16 

Cl
-
 0.28 0.46 0.17 0.17 0.26 0.22 0.25 0.22 0.53 0.32 

NO3
-
 0.73 0.50 0.74 0.39 1.08 0.98 1.40 2.20 0.46 0.38 

SO4
2-

 3.46 1.33 5.20 2.12 4.20 2.00 4.17 1.41 5.01 1.57 

Cold AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM10 MV SD MV SD MV SD MV SD MV SD 

Na
+
 0.87 0.73 0.83 0.69 0.12 0.21 0.11 0.22 0.75 0.41 

NH4
+
 0.87 0.40 2.09 1.18 1.78 1.86 2.37 1.85 3.18 1.80 

K
+
 0.17 0.05 0.45 0.23 0.17 0.11 0.16 0.09 2.83 1.78 

Mg
2+

 0.11 0.09 0.12 0.09 0.02 0.02 0.02 0.01 0.10 0.07 

Ca
2+

 0.60 0.53 1.36 0.86 1.95 1.25 1.07 0.69 2.05 1.37 

Cl
-
 0.69 0.79 0.48 0.59 0.47 0.36 0.34 0.28 0.67 0.49 

NO3
-
 1.48 1.00 3.16 3.29 5.04 3.31 4.58 3.73 4.32 1.84 

SO4
2-

 2.90 1.25 6.69 3.95 4.54 1.97 4.63 1.98 9.77 4.62 

Warm AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM2.5 MV SD MV SD MV SD MV SD MV SD 

Na
+
 0.09 0.10 0.25 0.25 0.10 0.09 0.12 0.07 0.15 0.05 

NH4
+
 0.98 0.43 1.32 0.49 1.95 0.94 2.10 0.68 1.17 0.43 

K
+
 0.09 0.07 0.17 0.10 0.08 0.06 0.11 0.05 0.25 0.08 

Mg
2+

 0.02 0.01 0.04 0.02 0.02 0.01 0.02 0.01 0.02 0.01 

Ca
2+

 0.13 0.13 0.36 0.28 0.28 0.23 0.18 0.07 0.46 0.17 

Cl
-
 0.02 0.05 0.04 0.07 0.24 0.07 0.09 0.05 0.05 0.02 

NO3
-
 0.15 0.13 0.25 0.23 0.63 1.14 0.16 0.12 0.23 0.22 

SO4
2-

 2.57 1.03 4.57 1.72 4.07 1.58 4.56 1.35 4.32 1.37 

Cold AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM2.5 MV SD MV SD MV SD MV SD MV SD 

Na
+
 0.20 0.14 0.32 0.26 0.07 0.07 0.06 0.05 0.48 0.24 

NH4
+
 1.00 0.52 1.22 0.54 4.08 2.95 4.25 3.17 1.65 1.14 

K
+
 0.12 0.04 0.27 0.16 0.14 0.07 0.13 0.07 1.92 1.10 

Mg
2+

 0.03 0.02 0.05 0.03 0.01 0.00 0.01 0.01 0.05 0.03 

Ca
2+

 0.11 0.09 0.37 0.24 0.26 0.12 0.17 0.09 0.79 0.38 

Cl
-
 0.05 0.13 0.15 0.23 0.41 0.23 0.18 0.15 0.46 0.57 

NO3
-
 0.33 0.27 1.86 2.02 5.03 5.65 3.55 3.68 3.13 1.80 

SO4
2-

 2.32 1.13 2.88 1.23 4.18 2.29 4.44 2.29 5.15 2.57 
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Table II Average (MV) and Standard Deviation (SD) in ng m
-3

. 

Warm AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM10 MV SD MV SD MV SD MV SD MV SD 

Mg 116.9 54.5 88.8 50.2 298.8 139.2 154.8 122.4 118.1 36.5 

Al 405.0 252.7 198.5 119.7 601.0 282.5 336.7 309.6 760.7 583.9 

Si 917.2 526.9 629.6 409.2 1255 585.2 674.5 613.7 872.7 443.4 

S 1210 452.3 806.6 343.6 1373 692.2 540.6 611.3 1241 233.6 

Cl 202.6 255.7 193.0 254.3 75.9 118.8 57.9 80.5 136.5 104.2 

K 449.4 189.7 312.6 152.3 531.0 207.5 321.1 210.7 526.2 213.9 

Ca 1590 783.1 1414 1081 3447 1687 1409 950.5 1202 759.7 

Ti 34.1 21.0 17.6 9.9 53.5 18.3 30.4 16.6 28.1 13.7 

V 5.5 4.1 7.3 7.7 7.0 5.0 3.7 2.3 5.2 3.1 

Mn 14.9 8.9 12.7 6.2 67.3 47.9 31.6 21.7 34.6 17.0 

Fe 562.1 316.0 448.2 198.6 1244 474.6 529.2 237.9 944.4 531.8 

Ni 6.5 5.8 5.5 4.0 9.3 7.5 5.5 4.0 7.6 2.9 

Co 3.9 2.7 9.4 11.0 6.8 5.1 2.6 1.4 2.2 3.1 

Cr 20.5 19.7 4.8 2.5 18.8 7.9 10.0 4.7 6.6 4.3 

As 2.0 3.4 2.2 2.5 1.6 3.6 0.8 1.5 1.7 2.4 

Cd 0.3 0.3 0.9 0.5 1.4 0.9 3.2 7.9 0.1 0.1 

Cu 11.5 16.8 13.1 6.4 36.4 13.9 7.9 4.6 14.0 8.6 

Zn 59.4 58.1 61.0 51.8 75.5 43.2 32.1 18.8 124.9 111.8 

Br 54.4 22.5 32.7 12.1 52.6 18.6 47.5 14.2 55.4 15.3 

Sr 4.3 3.1 8.2 6.9 12.7 6.3 8.9 3.8 9.2 5.4 

Sb 10.2 7.7 3.2 2.2 5.2 2.1 5.0 2.4 1.3 1.1 

Ba 18.8 15.1 8.0 7.3 15.3 5.2 11.3 2.7 - - 

Pb 9.0 7.7 10.5 6.6 20.2 19.3 11.1 10.5 22.6 16.7 

Cold AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM10 MV SD MV SD MV SD MV SD MV SD 

Mg 134.1 123.0 158.4 124.0 136.3 54.8 84.7 43.0 117.5 58.5 

Al 262.1 523.7 256.3 367.9 290.3 122.8 225.4 128.7 178.3 88.6 

Si 584.9 1156 555.8 823.0 709.1 334.0 518.7 322.2 390.8 238.5 

S 905.5 438.8 1346 805.8 1124 458.5 1054 415.4 2189 989.1 

Cl 462.6 500.9 572.6 703.9 251.7 205.7 151.7 140.5 564.4 554.4 

K 361.8 291.4 607.6 329.8 582.3 245.6 551.4 215.3 2038 1480 

Ca 980.2 1059 1554 1389 4540 2565 1981 1144 2630 2273 

Ti 24.1 45.6 31.7 42.3 46.1 15.4 26.9 12.5 19.9 13.9 

V 5.2 2.9 18.2 16.9 6.9 4.2 6.0 3.4 10.8 9.6 

Mn 11.9 9.6 19.2 13.9 44.5 25.2 22.1 12.7 45.6 27.8 

Fe 386.4 475.4 751.2 726.3 1319 439.8 452.2 233.6 1109 855.4 

Ni 4.3 2.5 9.3 8.9 10.2 5.9 6.8 4.4 9.2 5.6 

Co 9.0 8.0 2.4 3.1 5.9 3.8 2.9 1.9 1.7 1.3 

Cr 7.9 7.9 9.3 14.3 18.2 5.0 7.8 3.7 20.6 22.4 
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As 2.8 7.9 0.5 0.6 2.1 2.3 1.1 1.8 8.3 5.3 

Cd 0.1 0.1 0.4 0.3 0.4 0.4 0.2 0.2 0.3 0.2 

Cu 10.8 6.5 23.2 18.3 42.4 14.9 10.7 7.6 31.1 14.7 

Zn 24.8 22.7 51.4 39.1 105.9 73.7 61.3 59.6 227.3 256.8 

Br 44.3 20.9 76.5 50.3 51.3 16.3 62.9 51.0 87.8 33.9 

Sr 3.5 6.8 14.3 15.8 9.7 4.6 7.6 2.6 1.7 2.6 

Sb 3.5 2.2 4.2 6.8 5.4 2.6 3.8 1.0 4.1 3.3 

Ba 21.3 19.6 19.4 19.0 13.3 3.7 11.1 0.6 - - 

Pb 7.3 4.0 18.4 12.7 19.2 9.2 12.8 8.1 44.5 32.6 

Warm AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM2.5 MV SD MV SD MV SD MV SD MV SD 

Mg 28.6 16.6 35.2 19.7 62.2 52.7 37.0 24.6 66.8 21.1 

Al 74.2 42.4 64.9 35.3 119.2 76.5 78.9 70.3 157.4 76.2 

Si 166.5 98.3 183.8 130.4 221.3 167.8 129.9 142.4 378.9 183.7 

S 1086 431.7 984.2 332.9 1125 575.1 771.4 727.9 1183 355.7 

Cl 13.9 15.9 11.9 11.0 6.4 14.0 0.9 1.2 16.6 10.7 

K 209.9 127.0 190.4 129.0 238.5 123.8 203.8 126.7 333.8 138.9 

Ca 224.9 102.7 413.4 353.1 486.7 524.9 173.6 142.0 858.2 404.1 

Ti 5.8 3.8 6.9 4.8 13.5 5.0 10.0 3.1 13.3 6.4 

V 4.4 2.7 7.6 7.5 4.8 3.3 3.7 1.7 4.8 3.0 

Mn 2.9 2.6 5.1 4.5 16.5 11.0 9.1 5.1 19.3 10.1 

Fe 120.7 56.8 163.8 99.6 275.5 130.5 122.6 53.3 374.5 214.9 

Ni 2.6 1.9 3.7 3.0 3.6 2.3 3.3 1.8 3.8 2.0 

Co 2.2 1.3 1.2 1.2 3.1 1.7 2.3 1.1 1.6 2.4 

Cr 1.1 1.2 6.0 11.5 6.6 3.4 4.6 1.8 2.2 1.3 

As 2.2 3.6 2.1 2.4 1.5 6.0 0.7 2.4 0.5 0.9 

Cd 0.3 0.2 0.7 0.6 1.5 0.7 0.9 0.9 0.1 0.1 

Cu 2.8 2.4 9.1 4.1 10.3 4.3 3.6 2.1 8.5 5.6 

Zn 33.4 33.4 48.5 45.5 48.6 41.3 26.4 16.4 90.4 88.2 

Br 33.3 14.0 25.6 9.4 42.2 15.6 41.8 10.5 45.7 11.9 

Sr 2.1 2.0 3.2 2.9 5.8 2.7 5.8 3.4 6.5 5.6 

Sb 5.5 4.2 2.0 1.7 4.2 1.9 3.5 0.0 0.8 0.7 

Ba 8.3 6.6 5.6 5.1 11.5 2.2 10.8 0.0 - - 

Pb 4.9 4.5 12.1 7.7 16.5 29.2 9.7 10.8 21.5 16.5 

Cold AMA/AP AMA/NS TMA/UT TMA/UB VGA/UTH 

PM2.5 MV SD MV SD MV SD MV SD MV SD 

Mg 45.3 40.4 45.6 39.5 18.7 8.2 16.3 6.3 21.4 24.2 

Al 78.9 157.5 54.0 102.5 48.7 21.9 41.4 19.4 42.2 31.4 

Si 151.2 325.5 2.3 4.5 80.2 63.1 61.8 53.4 92.2 73.1 

S 803.9 349.4 601.0 314.0 815.9 500.0 863.9 421.7 1131 385.0 

Cl 37.1 64.3 79.5 134.4 45.2 48.1 51.1 63.9 352.7 413.7 

K 206.6 95.8 235.9 160.0 345.6 173.3 349.3 149.9 1184 921.8 

Ca 152.6 160.0 336.9 260.6 380.8 348.9 174.2 145.7 636.7 533.4 
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Ti 6.1 10.2 6.8 7.5 11.7 2.4 9.6 2.2 3.1 3.3 

V 4.8 2.6 10.5 7.9 6.8 3.5 5.4 3.3 5.8 4.6 

Mn 4.8 4.2 4.1 3.6 11.1 5.0 6.9 3.9 18.2 9.4 

Fe 107.5 105.6 133.1 90.7 169.1 77.0 95.6 46.3 270.7 166.6 

Ni 2.6 1.5 3.7 2.5 4.6 2.7 3.1 2.1 3.9 2.3 

Co 5.4 3.7 1.5 1.5 2.8 1.4 2.4 1.1 0.9 0.5 

Cr 2.2 2.3 2.3 1.5 6.4 4.1 5.5 2.6 1.8 1.6 

As 2.6 7.8 0.4 0.3 0.7 1.4 0.6 0.9 5.1 3.3 

Cd 0.1 0.1 0.1 0.1 0.2 0.2 0.2 0.2 0.0 0.0 

Cu 2.5 2.6 7.0 5.4 9.2 8.4 4.5 5.1 13.3 7.7 

Zn 15.6 13.1 25.0 24.5 56.8 40.2 40.0 38.0 127.3 121.4 

Br 26.2 17.9 33.2 21.5 54.7 59.6 46.9 40.7 43.2 21.7 

Sr 0.7 1.4 5.6 5.0 7.7 4.7 6.3 3.8 4.2 4.8 

Sb 1.4 1.2 1.2 1.0 5.4 3.6 4.4 2.9 0.4 0.4 

Ba 12.9 10.9 10.4 9.9 12.8 3.4 11.4 1.9 - - 

Pb 2.8 3.0 10.1 9.2 13.1 7.8 10.8 8.4 26.0 16.7 

 


