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Chemical conversion |
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Hot volatility vapors |
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Coagulation nucleation |:
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ORIGIN OF THE ATMOSPHERIC AEROSOL

Aerosol:Size range: 0.001 pm (molecular cluster) to 100 pm (small raindrop)

“scavenging/
evaporation

: _ condensation _ o ,
Precursor Rucleation .. .. coagulation e , ,
gases — ., e——— .
®e

(H,S0,, NH3;, : fine (accumulation
organics...) ultrafine e aerosol ) e ..

aerosol
(< 0.01 pm) (0.01-1pm)  Harse aerosol
(1-10 pm)

S0ll dust

-

Sea salt
wod ol

Emission Emission_ Dry
Deposition
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Radiative forcing of climate between 1750 and 2005
Radiative Forcing Terms
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|
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|
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Long-lived
greenhouse gases
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Global Warming

Halocarbons

Ozone Stratospheric I Tropospheric

; (-0.05) i
Stratospheric [ | l
water vapour :

Human activities

[ on snow

Direct effect —
Light is scattered
and absorbed

Direct effect
Total

Aerosol | Cloud albedo
effect

Linear contrails

|

|

|

|

|

|
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|

|

|
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|

| |
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|
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|
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|
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|

|

(0.01) |
|

|
|
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Surface albedo Land use ll Black carbon
|
|
|
|
|
|
|
|
|
|

—m
Total net |
human activities
-2 -1 0 1 2

Radiative Forcing (watts per square metre

processes

IPCC, AR4
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Nanooarticles ¢ Ve e ‘IJ.LJ to transloczie.
——1the body such as the heart, Ilver b‘OﬂE“marrow and DraIn:

—p Confirmed routes

—— -9 Potential routes

Food. water

Drug Delivery Air

Exposure Media Air, water, clothes

Deposition Injection Inhalation Ingestion

e Respiratory Tract
Uptake Pathways Skin S —» Gl-tract
nasal | bronchial | alveolar 7 A
P
L’ I
Lymph

Liver

Translocation
and Distribution

Bone Marrow (e.g. muscle, placenta)

!

Urine Breast Milk

!
!
t
!
!
!
)
f
]
]
[
I
I
[
l
1 sites .
! Other sites Kidney Spleen
'
1
i
1
1}
A

Sweat/exfoliation

Excretory Pathways

(Oberdorster, Env. Health Perspect., 2005)



ATMOSPHERIC AEROSOLS:

enRsembles 0iCeREERSEM=PhaSeRARIGIE pendedunal

6000

T _‘._-’-‘__m

—Typical'aerosol Size
distribution

O. 1.00
Diameter, jpum

Aerosols are the visible part of the atmosphere:

- @ alifornia.fire plumes Pollution off U.S. easticeast Dust off\West¥Africas
‘ ™ . o g e ‘o R : P ? ‘ ¢
4. 1

Loss of Contrast
cess Reflectance




Size Distribution “remote

continental
- - <100 nm: ultrafine 2ir”

Number
Density n

Surface
Area
(n 1t r?)

L1 lllllll

Volume
Density. ..
(n4/3 71 1°)

sub-2.5 um: fine

coarse

ll L1 111

0.10 1.00
Diameter, pum

Seinfeld and Pandis
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anoparticles form

nucleation: random collisions and

Nanoparticle Formation

in the atmosphere by co

densation to stable

@l éeAlDOYU L =11

p ——

intermolecular forces cause molecular ~ 9rowth: melecular clusters grows by condensation

clusters to form and break apart

and coagulation

new particle formation

formation of a
thermodynamically
stable cluster

minimum detectable
diameter by particle
/ instrumentation

cluster or particle size

McMurry, Smith et al. in Aerosol Measurement Techniques, 2009.




Submicron aerosols are primarily.
ESPRONSIPIENCIRISIBINNAEL UCHOIP

ironmental Protection

Agency (EPA)

PM,s 15 pg /m3 (annual
average)

PMig 40 ug /m2 (annual

average)

hour)

[loia N xnuIkn cUoTAoN QUTWV?
Oepilel To «KAKO 0lov» oTnVv Eupwtrn



http://www.kathimerini.gr/760279/article/epikairothta/perivallon/8erizei-to-kako-ozon-sthn-eyrwph
http://www.kathimerini.gr/760279/article/epikairothta/perivallon/8erizei-to-kako-ozon-sthn-eyrwph
http://www.kathimerini.gr/760279/article/epikairothta/perivallon/8erizei-to-kako-ozon-sthn-eyrwph

* yia ra aiwpolpeva cwparidia
Sev unapxe 6p1o ouvayeppoU
** Aev npénel n unépBaon

va eival navw and 35 gopés

T0 XpoVvo

Tipéc opiwv yia 1o olov (03)

ENHMEPQIHL | IYNATEPMOY
240 pg/m3*

MEZH ETHZIA

TIMH

MEZH HMEPHEIA
TIMH**

Alwpoupeva
owparidia (AL10)*

ZUYKEVTPWOEIS PpUNGKV CTOUS ECWTEPIKOUS XWPOUS KTIPIWV

Zwparidia
PM10

(ng/m3)

Zoparidia
PM2.
(ng/m*)

Zwparidia
PM13
(ng/m=)

AioEsidio
TOU QvOpaKa
(ppm)

Movoksidio
TOU AvBpaKa

(ppm)

fMrnrikés
EVROE]

(mg/m*~)

Karoikies

20-450

12-140

4-65

400-800

1-10

0,08-3,1

2X0AEIO

18-224

5-115

ws 2.187

350-1.800

0,1-5,4

0-6,4

Anpoola Kripla

17-800

5-260

100-800

370-750

0,2-2,15

0,2-28

ABANTIKES EYKATAOTACELS

39-323

16-59

330-2.800

0,2-1

0,1-25

Noookopeia, Kévipa
Yyeias, Xeipoupyeia

50-987

40-153

350-950

0,1-4,5

0,1-46,8

Mpageia

28-64

12

33-46

370-1.300

0,4-2,3

0,05-3,9

Mouogia

40

320-600

0,1-0,4

0,8-3,3

Avwtarta opla acpaieias: PM10: 50 pg/ m3 (LKpoypaupapla ava KUBKO peTpo aépa) © PM2.5: 40 pg/ m3 o PM1: ev UNapXeL
Beoniopévo oplo acpaieias ® COo: 600 ppm © CO: 9 ppm yia 8wpn ékbeon ¢ MnTikés evwoers: and 0,2 ws 3 mg/m= (LA

YKPQU ava KUBIKO PETPO 0Epal).

* Ta 6pla dev elval 0a@N yIa KABEPUIA and TIS EMKIVOUVES XNIIKES EVAICELS, £TOL Ol EMIOTAHOVES XPNOLUONOIOUY TA QVITATA ORI OUYKEVT Pu-
ONs TOU OUVOAOU TWV EVAOEWY OF EVAV XWPO.
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One or more NAAQS —

| 1 I 1
80 100
Millions of People

|
120

|
140

I
160

180

Ho)

Figure 1. Number of
people (in millions)
living in counties

with air quality
concentrations above
the level of the primary
(health-based) National
Ambient Air Quality
Standards (NAAQS) in
2008.

Mote: Projected population
dara for 2008 (1.5, Census
Bureau, 2008).



OPICTTIOU. EXOUV.OEGIEBEN] OSINICIGUVKE

KOINEVOUG PUTTOUG




4 Toormogndolio gTourognadlolo oloy
4 [Flfjyzg g uruuvq,mrm Juy\quMJJ AOYl)

. ——

opwwu




= Kainyopies /. O10UETPOG/IOIOTNIES

Ofu,Jr 11O (mvr]JrJ IJJ il \/J\/VvJJJJ) =

,. YV OPIoH YOV ERTTOMTTAG /- XANIKT

- .guoTtaon. .
= AEIYUATOANTITEG KOI METPNTEG

= PIATPa KOl UAIKG OEIYUOTOANWIOG

kow
——————— -




= @¢on deypatoAniac

E_’h-

= AAAOIWCEIC TTAVW OTO (PIATPO

= 2 aAuaTa OsiypaTtoAnyiag / CuyienG /.

ETTIMOAUVON / AVAAUTIKO cha)\pam

——

—

yHa )\GM(MW -

= ()pEC KAl XPOVOG OEIYUATOANWIOG




) L )
%e%%e" 0% a"0"

b

Ananaannananannn

oo ®
o

o
‘e

UUTUTUUUUUTUU0TT

CPU

+(©) T

10 'l anam

QBD optlons LC-DE,pIay
L
l

5 5}%3 softkeys

Eikéva 26 Apxn AsiToupyiag Tou opydvou HETPNONG QIWPOUUEVWY CWHaTIOIWV FH
62 I-R, Ta BaoIKAG HEPN TOU OTroiou Egival:. (1) OGAAPOS pETPNONG IOVICHOU, (2)
OdAapoc i GUANOYHS ownaTISiwVY Kal PETPNONG, (3) O@GAapog Il kevou, (4) Mnyn B
akTivofoAiag Kr-85, (5) ©daAapog avriotabupiong I, (6) @dAapog avriotaduiong |, (7)
OdAapog avrioTdduiong 1oviopou. Xtn 0éon (11) n TTEPICTPEPOMEVN @IATPpOTAIVIA
OUAAOYNG TNG CWHATIBIOKAG UANG.
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oCoVvOUETPO (Horiba, Japan)

UETEWPOAOYIKOG 6TABUOG (on-line peTpnoeig)



Stage 0=9,0

Stage 1=5,8

Stage 2 =4,7

Stage 3=3,3

Stage4=2,1

Stage5=1,1

Stage 6 = 0,7

Stage 7=0,4

EUPM10

Filter cassette magazine
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L
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TABLE 4.1

j\)

Example of Grouped Data

——

Size Range®

(pm)

Count

Fraction/pum

Cumulative
Percent Percent

04
4-6
68
89
9-10
1014
14-16
1620
20-35
35-50
>50
Total

104
160
161

75
67
186
61
79
90
17
=0

1000

0.026
0.080
0.0805
0.075
0.067
0.0465
0.0305
0.0197
0.0060
0.0011
0.0

10.4 10.4
16.0 26.4
16.1 425
7.5 50.0
6.7 56.7
18.6 75.3
6.1 81.4
7.9 89.3
9.0 98.3
17 100.0
_ 0.0 100.0
100.0

*Intervals are equal to or greater than the lower limit and less than the upper limit.

Frequency

\ c
JWUCTIOIWY €Ul TWY KUTUYOLIWY UEYEHOUG

|

10 20 30
Particle diameter {um)

40

50

FIGURE 4.1 Histogram of frequency versus particle size.
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Congensation Parscie Counter
U A s B -

pouca epyacia
(CPC — DMA, SMPS, GRIMM). W—
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AEIYPATOC ;.;wpog Kopecmou
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s Eikova ’Zéqudypappa PONG KAl Ta Baocika pEPn TOU
opyavou HETPNONG TOU TTARBOUG TWV AETTTWV KAl
UTTEPAETTTWY CWHATIOIWV.



Eioodog xabapou agpa

Eicodog agpiou deiyparog

‘E¢odog agpiou deiyparog

Eikova 30 Own E£yKApPoIOC
TOMNG TOU ol1a@opikou
avaAut) cwpaTidiwv (DMA).
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Eikova 31 AlaypOaUUATIK aVATTaOPAOTACT)

TOU OpPYdVvOU KATAYPAPNG CWHMATIOIOKWYV
ap1OunTIKWV Karavopwyv (CPC).



One Important, and poorly understood SOUICE of

"New Particle Formation event on Dec 10, 2008

dN/dlogDp (cm™)

I
0
I 100

1000

B 10000

10
i 12/100:00 12/106:00 12/10 12:00 12/10 18:00 12/11 0:00

diameter that can activate
into a cloud droplet at
0.2% supersaturation

Smith, unpublished

.- ' HON Manitou-Forest Observato*ry" P —

Model estlmates suggest
that

can contribute up to of
the CCN at the boundary
layer, and in the
remote troposphere (Pierce
and Adams, ACP, 2007).

IS
estimated to'add as much
as a more particles

to the remote southern
ocean atmosphere than
anthrepegenic prmary.
palticles (Spracklenet al’,
ACP, 2006).



A\ 2 M ER; ')\.-,rrdsr zicion (2002) cd2rivee
from MJ_)JS S ngtumen; Ja 2l

T ——

.............................................

25
PM [u me ]
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Mediterranean Sea

" Eikéva 32 Népn Kol aiwpou

TAVW ATTé TNV

XN TG avatoAikng Meooyegiou (MnyA:
Moderate Resolution Imaging Spectroradiometer
(MODIS) on NASA’s Terra satellite, 11:15 Tr.J.

TOTTIK WpPAa).




University of Athens (AM&WFG) SKIRON Forecast

Dust Concentration Near Ground (ugr/ rr'1:j A7 .807.14 at 9B UTC

50-100 100-500 500-1000 >1000

meypa(plxn npovaon TOU
p——' mTpoypauparog ZKIPQN yia tnv 71 louAiou 2014.
OT1Twg Qaivetal UTTAPXEI TTPOYVWON METAPOPAG
oKOvNG atmrd Tnv Popeia AQPIK) Ot TTEPIOXEG
HEXPI TNV KapdiBIKA Kal TNV KEVTPIKA AHEPIKN.




10-25 f” m i“ Iim msz 500 500-100 > 0

PAOEIYHA HETAPOPAS OKOVNG atrd TNV Ropeia
dwvn NG A(ppu(ng mpog TNV avaroAikp Meoodyeio, Tnv 2°
louhiou 2014. Tlaparnpeital HIKPR OUVEIC@OPA TNG
APPIKAVIKG CWHATIOIOKAS UANG oTnV TreEpIoxn TG KpAtng,
n otmroia Kiveital oTnv KAipaka 1-10ug/ms,

1 4
~




Eikova 55

: NOAAHYSPLITMOD
by ; /! 374 Backward trajectory ending at 1200 UTC 22 Aug 07
/ é s GDAS Meteorological Data

2
f !
v '( Tyrrthenian Sea [
G A \\ 3
- - 2
\ ]
; s Nebrodi Mountains

Mt. Etna

ource % at 3500 N 24.00 E

—

NUEPEG HE EVTOVEG
O0OIKEG TTUPKAYIEG
oTNV TEPIOXN TNG
2IKEAIOG KAl  TNG
KEVTPIKNG EAAGDGG.
AlakpiveTal n

J f Backward trajzc[t)zrg;z?ei;%li;iOgagTC 26 Aug 07 |J£Td(popd pl'J1TwV

| T ‘ TTou TTapdyovTal
OTIG EOTIEG
TTUPKAYIAG, o4
MEYAAEG
OTTOCTAOEIG o —
(dlaocuvoplakn
puTTaAVON).

Sicily

Mediterranea Sea

A
25 km
DAL

1500
1000

rajectory Direct
Vertical Moti
Produced wi




ource * at 3500N 2400

NOAA HYSP MOD
Backward trajectory ending at 1200 UTC 15 Jul 08
GDAS Meteorological Data

Backward tra]edory endlng at 1200 UTC 19 Jul 08
GDAS Meteorological Data

06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12
07/15 07/14 07/13 o712 07/11

06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12
07/18. 07/18 07/17 0716 07/15

Job |D: 384573 Job Start: Fri Mar 13 12:31:21 GMT 2009
Source 1 lat.: 25,5 lon.: 24,1 height: 500 m AGL

Trajectory Direction: Backward Duration: 120 hrs  Meteo Data: GDAS1
Vertical Motion Calculation Method: Model Vertical Velccity
Produced with HYSPLIT from the NOAA ARL Website (http/www_arl. noaa gov/ready/)

OAA BY

Backward trajectory ending at 1200 UTC 24 Oct 09

GDAS Meteorological Data

Job |D: 379134 Job Start: Fri Mar 27 05:15:40 GMT 2008
Source 1 lat.:35,5 lon.:24,1  height: 500 m AGL

Trae:tn;‘x Direction: Backward Duration: 120 hrs Meteo Data: GDAS1

Vertical Motion Calculation Method: Model Vertical Velocity
Preduced with HYSPLIT from the NOAA ARL Website (http //www.arl.noaa gov/ready/)

Backward trajectory ending at 1200 UTC 25 Oct 09
GDAS Meteorological Data

06 00 18 12 06 00 18 12 06 00 18 12 06 00 18 12 05 00 18 12
1024 10/23 1022 10/21 10720

Job 1D: 36036 Job Start: Tue Mar 16 05:06:42 UTC 2010
Source 1 lat.:35.47 lon.:24.12  height: 500 m AGL

Trajectory Direction: Backward  Duration: 120 hrs
Vertical Motion Calculation Method: Model Vertical Velocity
Meteorology: 0000Z 22 Oct 2000 - GDAS1

06 00 18 12 05 00 18 12 06 00 18 12 06 00 1& 12 06 00 18 12
1025 10/24 1023 10/22 1021

Job ID: 36056 Job Start: Tue Mar 16 05:10:24 UTC 2010
Source 1 lat.:25.47 lon.:24.12  height: 500 m AGL

Trajectory Direction: Backward ~ Duration: 120 hrs
Vertical Metion Calculation Mathod: Model Vertical Velocity
Meteorology: 0000Z 22 Cot 2008 - GDAST

“Eikova 58 XapakTnpIioTIKES

TTEPITITWOEIC ATTEIKOVIOEWV
otrioBoTtropeiag, Je TIG
agpleg uadlec va
TTPOEPXOVTAI ATTO
OIAPOPETIKES TTEPIOXEG
(Bopeia EupwTrn, Bopeia
Appikn). Napouoiddel
EVOIAPEPOV Kal TO UYOC OTO
OTTO0IO KIVEITAI N agpla pada,
TTPOTOU TTPOCEYYIOEl TNV
Kpenm
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Forward trajectory starting at 1200 UTC 25 Nov 10 Forward trajectory starting at 1200 UTC 27 Nov 10

GDAS Meteorological Data GDAS Meteorological Data

500

500

18 UIO 06 12 18 OIU 06 12 18 UIO 06 12 18 OIU 06 12 18 UIU 06 12 18 UIO 06 12 18 UIO 06 12 18 UIO 06 12 18
11/26 11/27 11/28 11/29 11/30 11/28 11/29 11/30

Job 1D: 1
Source 1

27647 Job Start: Thu Aug 7 03:18:32 UTC 2014 Job ID: 127723 Job Start: Thu Aug 7 03:20:56 UTC 2014
lat.: 35.400000 lon.: 24.000000  height: 500 m AGL Source 1 lat.: 35.400000 lon.: 24.000000  height: 500 m AGL

Trajectory Direction: Forward ~ Duration: 120 hrs Trajectory Direction: Forward  Duration: 120 hrs
Vertical Motion Calculation Method: Model Vertical Velocity Vertical Motion Calculation Method: Model Vertical Velocity

Meteorol

ogy: 0000Z 22 Nov 2010 - GDAS1 Meteorology: 0000Z 22 Nov 2010 - GDAS1

—

Eikévo 5990Triofotropeicec yia tnv 25" kar 27" NoguBpiou 2010.
NMapartnpeital OTI Evw TTPOoEPXOVTal ATTO T BOPEIOAVATOAIKA KOl
ol O0UO0, TIG TEAEUTAIEG WPEC TTPOTOU Ol AEPIEG MAleS pBAaocouv
otnVv OuTIK KpATN, aKoAouBouUV S1a@OopPETIKA TTOPEIA TTOU £XEI WG
OTTOTEAECHMA KOTA TTEPITITWON TWV EUTTAOUTIONO OQUTWV OTTO
OOTIKA AIWPOUMEVA CWHATIOIA.






