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We report a two-year study (2013 & 2014) of the multi-

elemental monitoring, of the occurrence of PCBs & 

OCPs, and of the bacterial composition of aerosols 

during African dust events on the Island of Crete 

(Greece).  

24-hour sampling sessions have been conducted in a 

semi-rural area (35o 18’N, 25o 45’E) and PM10 and PM2.5 

samples have been collected.  

47 major and trace elements were simultaneously 

determined in each sample by ICP-MS. 48 PCB 

congeners and the 10 most common OCPs were 

determined by GC-NCI/MS. Bacterial composition and 

diversity was studied by Illumina amplicon sequencing 

(by targeting the V3-V4 hyper-variable regions of the 

16S rRNA gene using primers U341F and 805R). The 

results were thoroughly studied in view of their 

relationship with events affected and not affected by 

African dust. 

EXPERIMENTAL 

• A MOBIO soil kit was used to extract DNA

• The V3-V4 region of the 16S rRNA gene was amplified

• The samples were analysed using a MiSeq amplicon sequencing 

approach Each sample had three biological replicates

• In total 519,707 sequences were analyzed using Qiime, Primer6, and 

PAST

The two step PCR approach

Bacterial Communities Composition analysis 

4.88 ml HNO3 70% 
0.12 ml HF 49%.

1ml of 5% w/v H3BO3

1st step 2nd step

multi-elemental analysis
(X-series, Thermo Fischer Scientific 

or NexION 300-XX, Perkin Elmer)

-Dilution to 70 ml 
-Indium addition 

(Internal Standard)

METHOD VALIDATION
NIST’s SRM 1648a (urban dust). 

Recoveries between 87-128% for all of the examined elements 

(Al, Mg, As, Mn, Br, Na, Ca, Ni, Cd, Pb, Ce,  Rb, Cl,  S, Co, Sb, Cr, 

Sr, Cu,  Ti, Fe, V, K,  Zn and Ag, Se, Cs, Sm, La, W).

ANALYTICAL PROCEDURE

Microwave acid digestion 
(180 oC/ 120 min/ 990 W)

ICP-MS

Sample

Particulate matter elemental analysis 

Sample Analysis

Soxhlet 

Extraction

1:1

 n-hexane:DCM

+Surrogates 
§ PAHs: d10-Phe, d10-Py, d12-Per
§ PCBs: #54, #155, #185

§ OCPs: d6-α-HCH, d8-p,p’DDE, 

    d4-β-endosulfan, d8-p,p’DDT 

GF/F, PUF

90% 

sample 

extract 

1 cm ahn.Na2SO4

Glass Wool 

2g Florisil PR 

[200°C; 16h]

11mL n-hexane
[PCBs, o.p’DDE, p,p’DDE, 
HCB, heptachlor, aldrin]

25mL n-hexane:Ethyl Acetate 

1:1
[PCB#169, remaining OCPs]

10% 

sample 

extract  

L-L Partitioning 
[DMF-5%H2O deactivated]

Agilent 6890N HRGC/Agilent 
5973 inert MSD in NCI mode 

Agilent 6890N HRGC/Agilent 
5973 inert MSD in EI mode 

OCs PAHs

PAHs & POPs analysis 

• Dust flux from the Saharan-Sahel region to the 

atmosphere ca. 1*109 t/y

• In the last decade: amplification of dust loadings. 

El Niño events have coincided with 
increased flux of Saharan dust across the 

Atlantic. 

Over the 1998-to-2004 periods the Saharan dust 

transport over the Mediterranean has increased. 

Firmicutes: Spore forming bacteria

Actinobacteria

Bacteriodetes

The Mediterranean receives large amounts of 

airborne mineral dust, emitted from the 

Sahara-Sahel-Chad regions, which affect the 

climate, human health and ecosystems. 

(Prospero 2007, Taylor, 2013, Krom 2004)  

In a previous ECPL study was demonstrated that fine 

Saharan particles introduce a significant pulse of 

microorganisms. (Polymenakou et al., 2008) 

OVERVIEW 

Backward trajectories were calculated 

with the HYSPLIT model (Draxler, 1994) 

and satellite data from MODIS 

Sampling site during African dust event 

2D PLOT OF CASES AFTER PCA ANALYSIS 

Projection of the cases on the  factor-plane (  1 x   3)

Cases with sum of cosine square >=  0.00
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SAMPLES STRONGLY EFFECTED BY 

AIR TRANSFERRED AFRICAN DUST 

  Factor 1

Expl.Var 28.79

Pr 0.99

Nd 0.99

Ce 0.99

Fe 0.99

Mn 0.99

La 0.99

Cs 0.98

Y 0.97

Al 0.97

Dy 0.97

Sm 0.96

Er 0.96

Sr 0.96

Tb 0.96

Mg 0.95

Ho 0.94

Yb 0.92

Eu 0.91

Rb 0.91

Tm 0.91

Gd 0.89

Ca 0.87

Lu 0.84

Li 0.82

 
Factor 2

Expl.Var 6.39

Zn 0.93

Ba 0.84

Factor analysis (PCA extraction, varimax normalized)
Factor 1: African Dust Events

(Factor 2: road traffic (tire abrasion)

Green: REEs 
Brown: earth’s crust elements

RESULTS & DISCUSSION 

Elemental composition of PM2.5 POPs and PAHs Aerosol composition  Bacterial communities composition of PM2.5  

  Sandstorm 2013

+    Control 2013

Sandstorm 2014

Control 2014

CCA: Canonical Correspondence

Canonical correspondence triplot relating bacterial operational taxonomic units 

(OTUS; blue dots), environmental factors (green lines), and samples (black 

dots: sandstorms 2013, blue cross: control samples 2013; red squares: 

sandstorms 2014; green circles: control samples 2014).  for bacterial 

communities based on relative abundances of OTUs. Blue dots represent 

bacterial OTUs including 15 environmental factors.  
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Acidobacteria

Actinobacteria

Bacteroidetes

Chloroflexi

Cyanobacteria

Firmicutes

Gemmatimonadetes

Proteobacteria

DISTRIBUTION AT PHYLUM LEVEL
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Acidobacteria;__Acidobacteria

Actinobacteria;__Actinobacteria

Bacteroidetes;__Cytophagia

Bacteroidetes;__Flavobacteria

Bacteroidetes;__Sphingobacteriia

Chloroflexi;__Anaerolineae

Firmicutes;__Bacilli

Gemmatimonadetes;__Gemmatimonadetes

Alphaproteobacteria

Betaproteobacteria

Gammaproteobacteria

DISTRIBUTION AT CLASS LEVEL

At Phylum level: (I) the relative abundance of Proteobacteria is higher during the sandstorm events, 

(II) Firmicutes are reduced during sandstorms, and  (III) in the last sandstorm Cyanobacteria are 

drastically reduced Bacterial community composition of sandstorm events  

At Class level: (i) the relative abundance of Alphaproteobacteria is increasing during the sandstorm 

events, (ii) the level of Actinobacteria is reduced together with Betaproteobacteria  

Principal coordinate analysis (PCO) of bacterial 
communities based on relative abundances of operational 

taxonomic units (OTUs) with ordinations from sandstorm 

events and control samples for 2013 and 2014. Variance 

explained by each PCO axis is given in parentheses.

Canonical analysis of principal coordinates (CAP) 

ordinations of bacterial communities based on 

relative abundances of OTUs from sandstorms and 

control samples from 2013 and 2014. The 

constrained ordinations show maximized 

differences among the different treatments.
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