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Abstract

A systematic monitoring of Phéwas carried out during a period of three ygamn
February 2010 td\pril 2013) atan urbansite at the National Technical University of
Athens ampus.

Two types of 2dhour PMssamples have been collected: 271 sampld®TdfE and
116 samples on quartz filters. Daily PBtoncentrations were determined for both types
of samplesTotal sulfur, crustal origin elements and elements of a major crustal component
(Al, Si, Fe, Ca, K, Mg, Ti) trace elements (Zn, Pb, Cu, Ni, P, V, Cr, Mn) and water soluble
ions (CI, NOs, SO%, Na', K*, NHs*, C&*, Mg®") were determined on tHeTFE samples.
Organic carbon (OC), elemental carbon (EC) and water soluble ions were determined on
the quartz samples.

The data set produced, is among the very few in terms of number of samples and
species determined for an urban Mediterranean environmemé simultaneous
determination of the secondary inorganic aerosol and the carbonaceous componept in PM
samples permitted the quantitative estimation of these two major components of
anthropogenic origin in the mass of PM

The study of the temporaériability of the species determined, which was associated
with a preliminary classification of air mass trajectories, has shown that the determined
concentrations in the receptor site are strongly influenced by regionally and long range
transported aerofs. Concentration maxima for sulfates were associated with Northern
airflows while concentration maxima for the elements of crustal origin were associated with
air masses incoming from Noftiest Africa, during Saharan dust outbreaks. These results
pointed out that further investigation of the subject was necessary. This was approached by
applying to the data Positive Matrix Factorization and Concentration Weighted Trajectory
(CWT) algorithms.

For the masslosue six componentsvere consideredsecondarynorganic Aerosol
(SIA), Organic Matter @M), Elemental Carbon (EC), Dust, Mineral anthropogenic
component (MIN) and Sea Salt (SS). SIA and OM cbated in themassof PMz salmost
equally: 3-36% and 30% respectively. EC, SS and MIN accounted for Sndt 36
respectively of the total PM mass. Dust accounted fabout 35% in absence of dust
transporeventand reached a much higher percentage in case of dust transpar besat
contributions justify at least 80% of the Phmnass.
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Sourceapportionment analysis has been performed by Positive Matrix Factorization.
The combination of the PMF results obtained by both data sets lead to the definition of six
factors:1. S@,NH4*, OC (industrial/regional sources, secondary aerosol) 2. EC, OC, K
and trace metals (traffic and heating by biomass burning, locally emitted aerosol). 3. Ca,
EC, OC and trace metals (urbaesuspended road dust reflecting exhaust emissions), 4.
Secondary nitrates 5. Na, Cl (marine source) 6. Si, Al, Ti, Ca, Fe (Dugpdréats from
Sahara). These factors reflect not only main sources contributions but also underline the
key role of atmospheric dynamics and aerosol ageing processes in this Mediterranean
environment.

The results of the percentage contribution of each fatti. s mass were coherent
with those obtained by the mass closure.

The spatial distribution of PM sources affecting Athens was determined by
introducing in the Concentration Weighted Trajectory (CWT) algorithm 24#M
concentration and composition datahis application of CWT for the different species
determined in PM2.5 is original for Greece and, among the very few in literature. The
produced maps clearly revealed the impact of anthropogenic and natural sources and the
relative contribution of regionahnd transboundary emissions in the JBMhass. For
sulfates, ammonium and organic carbon, a significant regional contribution derives from
northern airflows through Greece and Balkan Peninsula (mainly Bulgaria). Air masses
incoming from NorthWest Africa,during Saharan dust outbreaks, and the Mediterranean,
are charged with aerosol constituents from different combustion sources such as nitrates.
Sea spray originates from the lonian Sea and also from southern directions through
Saronikos Gulf. The intrusioof Saharan dust is responsible for the concentration maxima
of the elements of crustal/main crustal origin, and was almost exclusively associated with

S-SW airflows through Algeria, Tunisia and Libya.
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SIA)" Uy saUeb¥Yscafa@End))U UdDU spdifoshats UU Uesersol
sh3MHS).shor Uesg Uy fh 8g GsislhUbWUYds y slUsglifys Ui
"Uyssee Ur3s aU UfRseXalysolitd)lUUgWass Urs sh3U
U s b Y Udadt qU ¢ f Gaivealils @ = @) v~ ¢ o & Fsfougdouand
Samaral1993;Wang and Booter, 2002ChangandFang 2007;Prodietal., 2009, a Ud 1 d
aUs tUaaUdd Udd e 3@l qulls aGgs ~ly eslBbaytda ¥BU o f
yygde 75% Ux3 UsfhyoUszxyas GguUUUssesreddgs Uxdy c
UsyvjeicUsysBlweBkastrs AUy U° ¥Yay UUgUUycoUs 3
yeUs " Upsoy3 UGUa G0, pPsbdegj 80Bd 50p3dgdmliles Y
GUds UUdifgd & O jellcgimwUd Gg3ycUsU.

211. 1.1 UUss0D8)Y osh3UU (

gU dUssa¥Y U eUUasi3 6cUjUsalUdystUseah s9ohs
Gdede UUslieai Ur3sUsiiyvre &8s igosa s 8 000k g U Wfpe g
UsGUsasags  [Keuvardlisetlat,2002):

T j3dy ¥Useea:Ui G Usd GU boae(Bddsbwydl ¢ clyliolhg
dqaUaUjyseed Usy;oU0sUd, isiasldd ~UUy Ue
"Uy UoroedotdBymsayd otllBg c s tiypaadas acde YUrs
(Tsitouridou and Samara, 1993; Minowetal., 2006 Karanassiotet al., 2009,
aUUY Udesjmjeddads oUB&adsad) v saoUs3Uad UgUyd
"0 hAUQUUG Usesshhaiaceg doagd ddg gl gsycUsU

U dUssaY
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g Uoaas Uoe@SOY Yassygy ¢ UUU s GO 'eﬁe°0h 70% U’ f

(aUi Gd e6jJgoaUts oaUglase¥s, GarvrdoctiygBdoond
Uy UaU0dy) o hUeBIRP)L1()Smilksh Ues 90% Urs Us 6e 1t 3 I
boesedeUsc e6oafegyBBUahfpelsleg ~aUzeUd, f e8g d
oUgltaers UasBas OoUBzy ¥ydUddlasg U f Usdy v 8ol
UsUatGUsscU Ue GcdeUUsitleh dUssoat 3 "68g ~J}G8Y¥) Ga
dUssa¥ ed dUe¥YOU0sdldY g ydayYidigesssgl )l sdelysa Ug O d d
eyoUdaed G veegU UssgiicaUdokBUB0 6 80(SeBegriet al., 2001 Kouvarakis
andMihalopoulos 2002;Bardoukietal., 2003,b; Sciareetal., 2005 Mihalopoulosetal.,
2000 . ¢U dUssoa¥YyegaoldddddieUgu ei s UGUshdg aUds
UsUssebeaalU eylr Udd e 90d@harisoneét@imwg), UgUed 0
UdU0UUy; 89 U dyU¥seegs Ues GedeUUsGeCharlomes ~g) e3
al, 1987 . gBsacostehd UrayYadithalsdo 3 seydUdit diifs gdo a 3 U
GgooaUs WagiUsgdU; aeg, ¥vd o963ddyUdd Ueg dUaUGG
UsUagUsese UUcs3ead@000.¥x3 Baboukas

jdesayY Uatd Ueg dUasg ey} ce3 UlsUeeslrss U  f
"dot 3 dabpemnslsdlaoidea¥laas, UUy hage U, d Goah
"Uyseeyd Ueg “~aUselUd oaUs e6s uUsYley) (bd chosagoUsl
"el0Yydyrlid €9.8pcbpsbte longshivdagod all ~ete U
“h 209y WA 3901 3 ~eleUeUxs UlsseaUslaesg Us
G0 d,B44yY Ud d UKeusamkisettly, 20@23 Mihalopouloset al., 2007
Kocaketal.,2009.Bd sco Uz Uad usUPatdaeydUotpgilgdsUcg
Usa U (HeS)f UdJese Ud g o6 (Celk§@H) g i dJs (U} be €QPpc b elgalals
Ud 8UdgasCﬂ:Hssl-H)(FmrafwamPlttsand Pitts2000. Bs Us doeys3 Ud Ug!
Usit GUsd Usg dUasg GyUssaUsies ddqlidgedpedelds c 3
B "jceGuUse)olshd U&dgsehsdifs Us oa¥YleU Urs dlI
"yeyaUgtdd € 63 Ua 30U “jeltusceystdUUa GiceldryrslU
Bateset al. (1992) CGi elG¥y3U eU Uesgd 6 6aegd UsUseyYUU
dUjeego)y UdalUd U Us oahogcedaeg) ed UG ad afgledvaisisd
"} ey o WMPl[dsgSA]. A3 UsraUaUsaY, "~ jcelGlUsejaslUUs U A
sgtdalUd Uesg ¢ Udslbayssids g o M& al§ #BON Kouvarakis and
Mihalopoulos, 2002)
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sgeUdgocieHpecip@acagU(UalUdy stUsah UgUit s Urs
UosYasgd 6) Aseagd " Uy Ucesed ilFgegBUanpGs Usjye
aheU oaUs GUd GU;U00RGGUsy U, ohormiUesgUddoal
U0dU; UqQUUd Udd GUy O0pGaGUsy Ud aUs Udd U @

gU dUssay¥Y "6g “Jeyjee3lUUs U ' Ud dyaUGGL
Ust GUsWaasleg edg Us ye 83U0Us U f Ude U8 dealilv(BhU <
Usg dUaseg “6g “~jey}cUUUs U ' R Us dUa¥YlOGlse U!
g Ue 1Tsiwbdoand Samara1993. ¢ U dUssa¥ "e8g "~ jeyjcaesU
Uydesost s ~UpbselUd 8Bg cUUUGy);e3U0Us a0 eU0oY¥
FUcY, U), UsUs ety Uisgs U atdd €920} “cla
y vd CGo2etal,2009.

gl dBadeo¥h (vrd yeUs U3UGU);dUa a0 ~jpedoasi el
U f sledBalivyadd Usg U9 ddqasgliiggidedpdge U U3l
UGdUUyyeg U UsUyoU8alUd "gydse sadddd. ]} G¢
S)U K Uds g Upstititda Usdepfgbeedadd U doOUUU) 6
Usa Ue heUsys GUds BGe hliiidédy U glcledvy8s Us U

S+ hv X SO

SQA+BY 2850

S+ RCOQA RCOMA S6;
A 9 J ARGJdUUU, "Uy Yaadoad UsU
UOethtis ;) U UasUs utugs3UUR3 30 o
aUUY Uds: UsUauy Udd

SO + 2NaCl+ HO A NaSGs + 2HCI
ge dUsgamfg disside UUas 0UUB3 Galapy U NHg® s JB e v 3 a
Us d Alblsbey (CECOY 6 3 Ua ab UUBGsge (U cav({NaG)i ce 3 Y
"86g g YyeUs GUcszsolWldctéqt/opPoesgs yyg Udve UUal s
(NH4):SOy, f 3 g d B @ B)a¥sa 6(§HsHSQy) (Seinfeld, 2004; Huangt al., 200§ e
dUsssei (0aB@)el ddedd (MasS@)U3 UatUsscU, oaUUY Usc

250 +? EY  HuSOy

NESOs+7? oY (¢ NSOy

H.SOy + CaOA CaSaQ + H0

H>SOs + 2NaClA NaSQs + 2HCI

gWUs9s9@y U UsUL3U0UUs GUd GyeUUsltusUse e¥YsU
Usg dUs s o a(NH)SEkoxiboa algyU (e 50 HUUy d Uz Ussoal ¢
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dUssoaagi M el SO8).ats4gh o U o Ud)e U Ums a1 @Uet giragdy o 1 d 6 d
GreUUebaygUU; m(PMsfy 2, 5¢

Bs (GgoaU3U; L 008d UV HdgBetrscegs U esecsUse I
U eUoUbsicelylyy Ofd3s VYs3eszd oaUsUfelUeUbdotlhgj ) @Us
Uset 3UlgpgUplglspdB U8aUsayY “~ Uy sbYaoasgaUU. Bs
U0y Udq tUtUsYyoaUsU Uddg dU;ssed "~ Uypshleg Ggsly
"eglaU by dde GBlUbwsY, cUe doe Uz UsFerigeelys UU
gy i UU;d @22aeUalU © Uds Uiadad Uedai gpéadalUag
UgsaseUa Uds UsYessd j(Mihaldppaloset al.32000 Teraietrad., ¢ Us t 3
2010; Theodoset al.,2011).
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211. 1.2 ?29U0UNGY shsUU (

gU "3 vyUesoU3se cdesa¥Y Uaud Uesg Usit Usg "8g g’
Yoy M8, (U g 63Ua(NOso UWs gd UHgwappW i e 31t UU Uy
(N2, N2O) " Uy Yoes3UUs oagjaxyd U ' h Usd bocscasosoyd
g yuUGed, U®BHs) d e¥getkld®d® U UU as YaeUUU, UL
Uz oy3U0Us U Ud bseedeUssoae Uy U0UGUdysahUqUU.

g Use3Uails@®0)Ubag ydg UWde G UdsU  BU eschdlelistbay) gU
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8 galUL 3 oaUgtlac wss sadle J oUW (Acserspav2033; Pindeet
al, 2012) UaUU U (Gglhoapt) aisddgdldialidfsa(ygdi&iiacd,
UsoaUsiL dUsdg, bpsoUsUad Us 8¢ ¥d

gU 3ol UUacsi 3 Uy UsaUdeBldlool BHE) ¥ cgo W:
"doyd do @i gapllysa e Wdasgpadws ic) aU ecdeyYUxys (es3Uaul
vy vrd yeUs U3UGU;dUa GUcdg 6dawms fgdadIHBbshldUU,
"3 UoelUUs 69UalUs U ' f UdsN®FYPasgrxtd, dasdakass U)
>yeda(¢g?B

g ~ Uy UoRheU3sdN®gU0d)e figowilUa(g seys3aUd Ggsdeal
Us GU oaUUYaoQaUlusg B iGdarNdd ¢ iddgB aUsy Ud o Uc
6de UUaegUUUs 3 o¥B)ogosh) 3lbelkjiosashe et 396 Uas Us ¢
sy Gyd Ueilyssldd Uxs 3s5U;sat3 aUds UUehGGUs}
Usd “j hiy e¢e (Hdrristhandivsils, d994)e gy G v U dedy 30dgdo sclbayylise d ,
UU 39U;9aY UGreUUausU gU0UUycaegas GUds GreUUsitus
UsyjeicUsrs OreUUstiNOss . g AWM oalUolUasdyii; Y8Us ¢ U
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Ualdd oaUs 30 “UjyUecdei 3 Us 9y 3NablOs)ses sdibYs Y o
ceUoselasU) oso@aNDydhFy aiUsed3 Us Ualy UGd Ueg 39Uy
3 UUjen eaggUo 3(ddiilesYgl € s ¢ e U WhdfpasgietisnsedJa G 88 8% U Us d
UsUstj ¥gUs ¢ as e s UUEPANIOIS Metzgesey al. B@OE Karageorgos
and Rapsomanikj2007).¢ U 0y e &g 40Uy saci 3 UU} ayesgs ges 3 5 U
geUoUai UUj e eyoUded. U Us 395U;seh Uscel 398

NaCl+HNOs A NaNOs + HCI

CaCQ + 2HNOs A CaNOs)2 + H2COs

O h3se3e6 Udlgos¥eseihs BdIG a6 @ HSQ)  tye3U
Uz e g idWdlgsly Ugloerssaslly soafh Ueset 3se U3 §lGadUUL
Ue e 1 §NMSQ) (Pathaketal.,2009) . ¢6 dlenbdd Uze  838WEd U0y
aUs 6y dqUBecrygodasddy dfddes0BUE & pRETBMI Hgui l

FUds "~ Uja Urvid U 9903 YUdquUddld Ugwdawd, Bvkdd
Us 39U 9ah Ueséa 3lbseU telolbYd Ulbogtdil. X604y 68ehaap
Us oheowessUyssfh Uecet 396clcelygazaeysVy degaal)y
cUset 3 U0 o Uss taesoribmygesdnf Pid,d98Ruerolet al.,1998; Querol
et al., 19989 Querol et al., 2001; Querol et al., 20040). EUd3 Usteaxld UglU
U 866oahUdUUd Usg 39Uj;seci Uecgervrsaeg Ugeb¥Yeo
sa3Usudwg Usit Usg oUs oagjaxvxyd oaU0UUY Uds ogoe
dUj eeoy) Ul aUuetdg20@dUsasWs Us gydeyd UetabUaaso Ua
1998). KA 9 phadOUU, d eUarvld Uxs GgoaUszUy
UsdoddUddey Oy UayUy UsUauy Uddd, U K Uds e°
cGorv)96iceg Uesersaasg:

NHsNOsz+NaClA NH4CIl+NaNGs
shor Usg oUcesfdaed pieivtlilplcaea UUUs ogjard eU
Uys GreUUstaxys, d “~UjU0 ¥Ysry UaVaaiy BMda 3 Us Ue
(Bardoukietal., 2003).

j3asUs 30 GdeUsydUa HUs d ecr¥vyoee oaUUUs
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segaUstacgNOopydgs Us 1 Gdgi UUUd GU Gioeysald eU (
s 8 3 Us U ac ¢SO)UBugton et @lg 89§6; Raeset al., 2000) ~ A e y 31 Ud| 3
“"Uya Uxy0d Wwdllesglysgenddls e©90; h 6)Je390hH UsY
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Uhte Uxs " jhupesvd;Bd)iaeays hlsebWs HaB) smadiva:
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dedeUUase3UUs, Y; U aUs GU0(ds UeGyYsstd Usesce
GgooaUsUj it aUxs Urxs 39U0)5 901 3.

shoed 395Uj; 901l 3NxGS@Y dUssa¥Y shasUU (

gUsUagad@pPsososat a3 "j3ed dUssayY oshHedd GegUossedas
U 920) YWkdidaff Uasg oaUs Ust Ues@rimdtdea al., 1996] Xidp& G Us j U
and Liu2004.B aof o &/§02%By 3 edxaeoi ~ UUs e90)3 HUUyed Udd e
U cuatiddleyga)drBosadyfdpsot 3 aUs GUsd alBweys3Ud
Uegg’ d U} s(Rateialdetat, 2@ B)JgX aldd 6 ohoed 3sU0) sal 3
y3tUiUsad Usg bUdegi yldBfe@dpydorbygyg o Oaddai 3 .0, 31
050U s Ualtitl(bless e e Ussoe cjeld Ysdidlgldebegty daed |
et al., 1998 Terzietal., 2009 .Usgidah UUJUBd WWdpowds (Ko 30dap®B9 s
U 90} dl&aidls Us § Usg 3 osgeadeeatilby 3a U

211. 1.3 JeexsMHUpY 9hs3UU (
¢ Ueg®ydiddds UUsehalilleg UU" heppcoetidag ) c Ddday ¢ -
s Uloodwm1®ey ,( aUdi d oUs UgU&goe Uleallbg UssUlk GGl gd. (
cdeUUstefhd Ux3s UeervsosUoat s oah3Uxs ~jJ UoeUUs" a
390} 901 3 afelwdills®dafl 3Udas Uy} sU Usevyszal, UalU
UseevyaalUd U Usgd giujAUthededidd Ud gU U Geehkitlivy ssyoled .U
3U UsUsityyYaUs U Ue uUsezUatse Usg ¥Yady UaU
Gi etdrvysU U Uds UsUauy UG(:

29 ¢a+ COz+ H0 A (NH4)2COs

Bs " UjsdthUU; Ud UeervsosUayd UsiL GUsd “~eg U
Useoaasga GUs aU UseUyyd ooavYieU Urs GreUUsitavrs

(4

Co

GreUUatusU U3 e 638ia3 3U UsUstuyyviegs U Uds

Bs UGgoolUBYWsI tU0tsedrsosUoat 3 "~ UyegloayYsegs U @6
UgadeysUd Useyd U’ Uegd cUselUys3asid ees3ld
eUoUai UU); Ud GgooaUs3UjiLaUsd UeiUsassealUUs oaU0UUY

shoed UsgexysoUoatl s /p@F dUssay¥Y shsUU (NH

gU o U8@psvyUs Ue sofyms@lid ey aloBdUBU), haage U e U ¢
"6g Usebegsa U URUYa o YilveeUIBAmauki ®tsal., 200d) a Us
GgsUstltY,), 680 UBO0O&Y ddide dYgs e oasoe d(SdawetUUs tis Ua
al, 2008). yUU3s 6 Usfgxed UpedfU¥daszUs e90)3 HUU;ed U
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(NHs/1SQ? k15 Ue o9Uoe3hd UgUR tUae3Us HRUesUBe UU,
aUUY UuWwsUWigs e UaUUs 6 GecdqeUUstehd aUs d Gg
Ue £ ¥ 370¢6? &) (Seinfeldand Pandis, 1998 y aaUsyd Uv3 UeexvyasUaut :
UsU sUUaU8sgUddgsyaido Udy G s Wy Ud B s dajiza .” Uy a
UgseB@BUB3 Uaitiy UGd Uesg WdgQysBosbUpsdlhidusegd
y3U3Us Urs Us(Yas) vielgNadjlgegleghdf sy U UgUY.

ZUds “"Ufjaéddrdd cdhUqUU Uxs UegexrsslUat sz U’
Uyxs dUssoat 3, ~UjU0U0d) UaUUs (NHy)sBend, NBILSE)e Hd d U
alUs fh3os3ag dWHBIY (Wardetal.;2008.6 g (

2112t e3Usah oslceei ose

g s983Usoaf sleeiosae ,0U aoiUyUllllel slsf , e Gy
xy) Ur3 @6eYuv@o UlUpsnBvkU, e gUssjhfelll9e ) ase3 UUs U
6} yeUUs BJeWBliays. U Y383 U Ues edU0UUaU8¥e Us Gd3 c.
dUUsoea¥ Gy Uslieysyrs osfhaUxs oaUs GUe3 Yasas Y3
shsU¥y3s3. B g easoslefhd Urs o3 UeseeytaeiisUesvxs
Uys GgooaU3U; it GU0¥3 aUdUshd sh3Uxaz ~jaedfi Us U
Ualaegd. GisU UU (Clg &Na',aNHd Uk et Ussh 3 U UUs UUa UUs
g easosliehd, Usi Ca&9oNp? B0 b 96l delhzoes dgo Auzsdb j (Ua UL
Uy sadeei Udysegd “"e6g yeUs Ue UsayYadUsUU 6des
sYogW Uxys o3 UegeeyletislUeys UdyeslteyUxs U
UsoeyYUx3s tGUaec3Us Ue bUdeh UsesgulUyyvyadd (
Gdeeci o9 coolUaszUséf (digy ¥dparaidle Y oBwdi do =09 gy
dUUsoayY (ehdBvzyatdtsa @lae U Us YdyesteU Uxs
AGhtes d oeaald U eBgdh Ud g iy dg Uiy sv¥iqli,g U
haUed y3UsUs Uesg ¥Yoosg UagliaUdi@g 6 ¢ tjafs Weé Y G
g s63UsdsplUodddlicdiseUallUs | ®is@bscehyss cogs 33U «

¢

O C«

)

Co
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aYleU Uvxs 0¥k WhsttsaresUBUD d yeoalUsyd Uxs Usc
Us 9 i 3 Kawageprgog and Rapsomanikis, 20®oulouri et al., 2008 |, UU 6 a6al
gieUUaesea3UUs U UU oh3UU UGHUGUascg ( aUfs
Usg Usdj Ussos€aCQUua&lslBaaslyes G(Yaosld UsosaUasaai
UU; haoge Uaef 8.j200§npa) 3 UadOUU, GUe aU UfR oaYlce
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oaU0UUo2, UGU0a d Uydd yeoaUsydd oh3Urs gujceofhsa
GgleUUaee3UUs 8Us UBUG & o e & Ylmeglled UWhH 3tsBes gU Usy Uy o g
(Siskosetal., 2001, Koulourietal.,2009. EU UgUes Uds "~ Uya Uvxiq U0UU
"1 eyoligs8@)i Oz UzeguiUOUU) 1 3 63 Bardoukigtalh20@®), Ue e ¥ 3 5 [
U Usitie 8 ahoed U¥éeposolUdUBs p¥Hy dUBBE Ud €633
0de UasyaBi®Udh Us UU d Wsis% Ye Gy Uos Gl Uhg 27U Ua g 6 3 (
glijeoh’deg BEUH3 ~Uya UxGd “e6g dU¥ydqdUa HUs g
Usevysasg 8 afoasad UeevrssliogBUUyyerd dd s svanzsl UUE
e90) AUV edg¢yYPolbgBlge sliUdoUa GUd Udesegy oa
Ue e ¥3sNHAHSQ) oUs dUs os@Bi)SOe € voagale h(UU); ¢ GUs uUi

212zyUUaaU aUs sc3deyUUaaU

gUy 8U0a&U Zn,3P8, Cu, Ni, CdCr,V) Usa "y e ‘Ug sl Ubs dj ¥ e 2 U3 Uc
} UG Ud) @ §a@0dsdU e boYya aakligf) shoelbr i e U Ux3 . Blare UUs lia -
goolU3 U} a1l Yaleolkwayesssdg 3 ~ } 6 Ul 96 ) B0ddWid UgU 3
gooaUsUpggaWiddg g Uy bUasaegs ULg;x;euuLbseshsaeLtsfﬂLf]
(Directive 2004/107/EC; Directive 2008/50/EC) fj = v dgvUUs3 Ul y } e 3 UUs s U
UUe f G G Ujs g ebp(KérdggorgosindRapsomanikis2007; Karanasioat al.,2007;
Theodoskt al.,2011).
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PbCIBr, PbBr) © ~¥d PBQUalWl)sa (B gu)} Y)1bgPUaddedy GeoaUB
) 0 U3 e ¢ UUU o o ¢Csly)-Hg, QHsHyBE) (Roasliet(al.,2007).
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EC 1
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Al Si Ca Fe K Ti Mg S Zn Pb \% Cu Ni Cr Mn P

Al 1

Si 1,00 1

Ca 0,96 0,97 1

Fe 0,97 0,98 0,93 1

K 0,81 0,83 0,79 0,88 1

Ti 0,97 0,98 0,94 0,99 0,86 1

Mg 0,92 0,93 0,93 0,90 0,78 0,91 1

S 0,09 0,13 -0,04 0,20 0,35 -0,05 0,05 1

Zn 0,49 0,50 0,57 0,52 0,43 0,51 0,48 -0,18 1

Pb 0,05 0,06 -0, -0,06 0,24 -0,23 -0,15 0,50 -0,35 1

V 0,45 0,44 0,33 0,31 0,02 0,21 0,29 0,24 0,07 0,23 1

Cu 0,25 0,26 0,31 0,25 0,18 0,23 0,23 -0,11 059 0,08 0,44 1

Ni 0,62 0,63 0,66 0,69 0,56 0,65 0,60 0,11 0,71 -0,01 0,87 0,57 1

Cr 0,11 0,12 0,12 0,09 -0,02 0,19 -0,02 -0,01 0,55 -0,16 0,48 0,20 0,60 1

Mn 0,53 0,55 0,60 0,54 0,18 0,54 0,13 -0,04 0,63 0,21 0,38 0,57 0,48 0,41 1

P 0,29 0,32 0,33 0,43 0,28 0,24 0,08 0,53 0,47 0,16 - 0,02 0,36 0,37 0,21 1
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