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Low
er  

M
iddle  

Higher 

Lelieveld et al. (2002)

In 
the 

M
editerranean 

Basin 
high 

aerosol 
loadings 

are 
attributable to: 
a) pollution largely derived from

 Europe, and b) dust 
carried from

 North Africa. 



• 
Dust flux from

 the Saharan-Sahel region to the atm
osphere ca. 1*10

9 t/y
• 

In the last decade: am
plification of dust loadings. 

El Niño events have coincided w
ith 

increased flux of Saharan dust across 
the Atlantic. Prospero (2007)

O
ver 

the 
1998-to-2004 

periods 
the 

S
aharan 

dust 
transport 

over 
the 

M
editerranean has increased. 

Antoine and N
obileau (2006) 

Q
UESTIO

N:
Can desert dust transport to the dow

nw
ind areas pollutants, 

and host and carry m
icroorganism

s? 

W
HO

: drought and dust storm
 activity in the sub-Saharan region of Africa  cause 

regional outbreaks of diseases (e.g. m
eningococcal m

eningitis).
FAO

: toxic w
astes in Africa alone am

ounts to around 120,000 tonnes (30%
 of the 

w
aste believed to be PO

Ps). 



CHEM
ISAND Project (2012-2015) 

• 
Determ

ine the dust burden of fine particles and its hazardous 
chem

ical content in the Eastern M
editerranean, using advanced 

analytical chem
ical and geochem

ical techniques.
• 

Use the m
ost advanced m

olecular biology m
ethods to 

investigate the m
icrobial com

position of PM
2.5  during the 

Saharan Dust events.

Dust events introduce a significant pulse of  
m

icroorganism
s and other m

icrobiological m
aterial into the 

atm
osphere. G

riffin (2007); G
orbushina et al. (2008)

F
irm

icu
tes: S

p
o

re fo
rm

in
g

 b
acteria

A
ctin

o
b

acteria

B
acterio

d
etes

The 
first 

report 
(Polym

enakou 
et 

al. 
2008): 
B

acterial 
com

m
unities 

associated 
w

ith aerosol particles of six different 
size ranges w

ere characterized using 
m

olecular 
culture-independent 

m
ethods 

(analysis 
of 

16S 
rR

N
A 

genes). 



Experim
ental  

M
ethods



A
ir backtrajectories 
(dust event: de)

A
ir backtrajectories 

(absence of D
E: nde)

The green, blue and red lines spot the current 
back-trajectories after 4, 12 and 20 hours of the 
sam

pling’s beginning respectively.

Backw
ard trajectories w

ere calculated 
w

ith the HYSPLIT m
odel (D

raxler, 1994) 
and satellite data from

 M
O

DIS
Sam

pling Area: Island of Crete

Tw
enty-four hour sam

pling sessions conducted in a sem
i-rural area (35

o 18’N, 25
o 45’E):  

PM
10  and PM

2.5  (elem
ental and m

icrobial) & H-Vol+PUF (PAHs, PCBs & O
Cs) sam

ples w
ere collected



Particulate m
atter 

elem
ental analysis

PAHs & PO
Ps analysis

4.88 m
l HNO

3  70%
 

0.12 m
l HF 49%

.
1m

l of 5%
 w

/v H
3 BO

3

1
st step

2
nd step

m
ulti-elem

ental analysis
(X-series, Therm

o Fischer Scientific 
or NexIO

N 300-XX, Perkin Elm
er)

-Dilution to 70 m
l 

-Indium
 addition 

(Internal Standard)

M
ETHO

D VALIDATIO
N

NIST’s SRM
 1648a (urban dust). 

Recoveries betw
een 87-128%

 for all of the exam
ined elem

ents 
(Al, M

g, As, M
n, 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 PRO
CEDURE

M
icrow

ave acid digestion 
(180 oC/ 120 m

in/ 990 W
)

IC
P-M

S

Sam
ple

Sam
ple Analysis

Soxhlet 
Extraction

1:1
 n-hexane:DCM

+Surrogates 
! PAHs: d

10 -Phe, d
10 -Py, d

12 -Per
! PCBs: #54, #155, #185
! O

CPs: d
6 -α-HCH, d

8 -p,p’DDE, 
    d

4 -β-endosulfan, d
8 -p,p’DDT 

G
F/F, PUF

90%
 

sam
ple 

extract 

1 cm
 ahn.Na

2 SO
4

G
lass W

ool 

2g Florisil PR 
[200°C; 16h]

11m
L n-hexane

[PCBs, o.p’DDE, p,p’DDE, 
HCB, heptachlor, aldrin]

25m
L n-hexane:Ethyl Acetate 

1:1
[PCB#169, rem

aining O
CPs]

10%
 

sam
ple 

extract  

L-L Partitioning 
[DM

F-5%
H

2 O
 deactivated]

A
gilent 6890N

 H
R

G
C

/A
gilent 

5973 inert M
SD

 in N
C

I m
ode 

A
gilent 6890N

 H
R

G
C

/A
gilent 

5973 inert M
SD

 in EI m
ode 

O
Cs

PAHs



Bacterial Com
m

unities Com
position Analysis & DATA Treatm

ent
Previous study

Polym
enakou et al. 2008

Present study

Approach
RFLP-partial 16s 

sequencing
Illum

ina 
am

plicon 
sequencing 

(REG
IO

NS V3-
V4)

 Nr. clones 
sequenced

489
519,707

Diversity 
coverage

41-70%
100%



Results & Discussion:

I) Elem
ental analysis

II) Determ
ination of O

rganic 
Toxic Com

pounds 
(PAHs and PO

Ps)

III) M
icrobial Com

m
unities
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I-A) Concentrations of m
ajor and trace elem

ents of PM
2.5  during African dust 

events   (n=33 sam
ples; BDL : below

 lim
it  of detection)
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I-A) Concentrations of m
ajor and trace elem

ents of PM
2.5  non-African dust 

events   (n=16 sam
ples; BDL :below

 lim
it  of detection)

elem
ent

M
g

M
n

Sr
Ce

Pr
Nd

R^2
0.83

0.85
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0.80
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R^2 coefficients: Concentrations of elem
ents African dust PM

2.5   vs. total PM
10  

(n= 26 sam
ples; p-value <0.05 )



I-B) [E
de ]/[E

nde ]: Ratio of selected elem
ents’ concentrations of the sam

ples 
w

ith the highest content of transferred African dust [E
de ] 

and the non dust event sam
ples [E

nde ]

M
ajor crustal elem

ents
REEs & actinides

Elem
ents of 

anthropogenic origin
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2D PLO
T O

F CASES AFTER PCA ANALYSIS 

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

C
ases w

ith sum
 of cosine square >=  0.00
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SAM
PLES STRO

NG
LY EFFECTED BY 

AIR TRANSFERRED AFRICAN DUST 
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Factor analysis (PCA extraction, varim
ax norm
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Factor 1: African Dust Events
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G
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ents
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II) Determ
ination of PAHs & PO

Ps
PCBs & O

Cs: Sandstorm
 vs. Control Sam

ples

O
Cs Concentration differences betw

een Sandstorm
-Control sam

ples 
statistically insignificant [p value>0.01]

PCBs-O
Cs: Potential Sources Estim

ation 

Principal Com
ponent Analysis

using norm
alized [log10 transform

ed] data: 
4 statistically significant PC factors, w

hich are 
describing 82%

 of total data variance 

P
C

1
P

C
2

P
C

3
P

C
4

Initial 
E

igenvalues
7.645

3.415
1.594

1.220
%

 of V
ariance

44.970
20.088

9.375
7.178

C
um

ulative %
44.970

65.058
74.433

81.612
TS

P
-.760

T
.532

.804
R

H
-.842

W
S

-.753
AP

.780
Aldrin

.330
.792

Σ48P
C

B
s

.589
.671

Σ3C
hlordanes

.862
.401

C
hlorothalonil

.718
.363

Σ6D
D

X
.749

.403
D

ieldrin
-.822

D
icofol

.802
.397

Σ3E
ndosulfan

s
.817

.447

Σ4H
C

H
s

.826
.437

H
eptachlor

.867
H

C
B

-.811
Σ2H

eptachlors
.878

R
otated C

om
ponent M

atrix
a

C
om

ponent

E
xtraction M

ethod: P
rincipal C

om
ponent Analysis.                        

r values <0.3 w
ere excluded from

 the table 
 R

otation M
ethod: Varim

ax  w
ith K

aiser N
orm

alization. 

PC 
factors

PC1
PC2

PC3
PC4

Source 
Estim

ation
LRT,

Prim
ary 

Em
ission 

Sources

Re-volatilization, 
Secondary 
Em

ission 
Sources

W
ind 

Dispersion

Aldrin
Degradation

To 
Dieldrin 

[soils, plant 
surfaces, 
insects?]

PC
 Factors

PC
1

PC
2

Source 
Estim

ation

G
asoline / D

iesel 
vehicles

C
oal / w

ood 
com

bustion
D

ispersion

Principal C
om

ponent A
nalysis

using norm
alized [log10 transform

ed] data: 
4 statistically significant PC

 factors, w
hich 

are describing 82%
 of total data variance 

PA
H

s: Potential Sources Estim
ation

2



Previous study
(Polym

enakou et 
al. 2008)

Present study

A. lw
offi

+
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portant Bacteria

Previous study
(Polym

enakou 
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M
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R
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-
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R
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-
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-
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N
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N
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III) M
icrobial com

m
unities
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III-B) M
icrobial 

com
m

unities



Principal coordinate analysis of bacterial com
m

unities based on relative abundances of operational 
taxonom

ic units (O
TUs) w

ith ordinations from
 sandstorm

 events and control sam
ples for 2013 and 2014: 

Canonical analysis of principal coordinates ordinations of bacterial com
m

unities based on relative 
abundances of O

TUs from
 sandstorm

s and control sam
ples from

 2013 and 2014: 

The constrained ordinations show
 

m
axim

ized differences am
ong the different 

treatm
ents.

 

III-C) 
M

icrobial 
com

m
unities
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Canonical Correspondence Triplot:
• 

Bacterial O
perational Taxonom

ic Units (O
TUS) 

• 
Environm

ental factors
• 

Sam
ples for Bacterial Com

m
unities based on 

Relative Abundance of O
TUs: 

: Pathogenic



CO
CLUSIO

NS
W

e presented: 
The chem

ical (elem
ental and organic) and m

icrobial characterization of 
fine particulate m

atter (PM
2.5  & PM

10 ) associated w
ith im

portant dust 
events 

from
 

the 
Sahara 

area 
that 

occurred 
in 

the 
Eastern 

M
editerranean (Island of Crete) betw

een 2013-2014. 
The chem

ical com
position of the sam

ples reflected the dom
inance 

of 
the 

rare 
earth 

elem
ents 

and 
actinides 

and 
crustal 

elem
ents, of Saharan dust. The presence of anthropogenic trace 

elem
ents indicated the dust contained also anthropogenic m

aterial 
(collected during transport from

 Africa). PAHs and PO
Ps did not 

differentiate Saharan dust from
 other dust sam

ples. 
M

icrobial biodiversity associated w
ith Saharan dust w

as high, but 
dom

inated 
by P

roteobacteria 
at 

the 
phylum

 
level 

and 
Betaproteobacteria at the class level. 
In the Saharan dust particles w

e detected phylogenetic neighbors to 
hum

an pathogens, linked to several diseases such as pneum
onia, 

m
eningitis, 

and 
bacterem

ia 
or 

suspected 
to 

induce 
pathologic 

reactions such as endocarditis (i.e., S. pneum
oniae, S. m

itis, S. 
gordonii, H. parainfluenzae, A. lw

offi, A. johnsonii, P. acnes).
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