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INTRODUCTION TO
ENVIRONMENTAL MINERALOGY
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Feppavia: napeAOov o1 xwpaTepe !

Ac (pavTacToUUE OTI Kanola Pepa 6a anayopeubei d1a VOuoU va
neTape okounidla oTiC YwuaTepec. AduvaTo; Ki opwc, otn Mepuavia
auTn N pepa exel Ndn nepaocel. Htav n 1n Iouviou 2005. Edw kal
evapion xpovo, n Feppavia £xelr KaTapynoel TIC XWHATEPEC,
avTIKabioTwvTac TIC JE Eva ano Ta NAEOV NponyMeEva cuoTnuaTa
dlaxeipiong anoppiduaTwy aTtov koopo. O1 55.000 XYTA nou
AsIToupyoucoav ano Tnv dekasTia Tou ‘70 £xouv nAsov
avTikataoTadsi and 70 anote@pwTnpec, 60 epyooTacia BIoAoyIKNG -
LNXAvIKNC ene&epyaciac anoppiuuaTwy kal 800 eykaTaoTAaoEIC
dnuIoupyiac KoUNooT ano opyavika anoBAntda, evw 1o 2020, n xwpa
auTn Ba ekpetaleveTral To 100% Twv UAIKWV Kal TNG EVEPYEIAC TWV
oKkounioIwV.

'Ogpeloc 3700000000 € eTnoiwg !!!




Krrinkares ErdrEePp1mI

3 TERTEMBRIOY 2004

Eva notwap... poduvan

Tou TMAMATIOTH
MMV TANK

Dot AAMMHE
MEAAAHOY SNOE

Xipis &feyxo, o
Aownds Géxetal

Kabnpepivias
uypd Ko otepea
fdporo 300 (1)

r|;.1'i|,|,|.,|_1.'\..|q_ VUG WD
w0y Thomedoim v Adn
1 Ll novoni- 0 Ao
woraficy  sforkiiines
LR JIE T :|'_|_||'¢'|.'|:I-\.i:'u'\l 0L TR
ki P PP WL CELIEAT R1E-
perrro 3N | e pimons o
Wiy, % OED CHTCiveT
fogsimmniTokaod ™ Halte
on. M pewdinn gk
YTUEN Hrllll:'lFr-lH'_H""l'i. L] I."-"!'I.|!.-!'
T TN COTCHS EXEL EZEAL-
yHE OF.., eETOLSRA T
Foad T ARG a8 T LGS
1 veomiomnTy Eabea] Yanpe-
oo Fmlleagmpmy [Ia-l..l||':l.r.i'.'-.- i-

8 o Earyurmpapoive G-
oM g R TR (PTIY DA
[T Teoty Ay czmo [T

® Ay ROL OMG RS-
1, TP VT ETESEgrRmin
o, TLE MEQUATODTERRS PO
FivriL ELAIETE

8 Exiomys, siy 1ALy EL L=
JINEL 40 1Y) (BT ewmcitheon
Ty TRy conofiijon {Em-
v Bervusy we g b (5E oA onEhe-
fapn v E '|1|.TI'¢T|'|:'|r"¢"I.'|JI AL
wolTES TON TOTOe, REEL 7)
Mupyapita Kagafanii, v2-
wir| emBewgiigen mg EYETL
H umngeoin  pumppiihpoe

wEQUO i mvruprbate gm-
TER oL wrEtiuyol opg -
:l_I"clI'l||:.\'__

Lo o famimd pog arn-
T EEVELL 4N PR -
:1_1_-||q__||,|;'||||_:\.'_ Taiii .'I'-c'lT-€|'|I||I: (4 in)
wwohfxny Lpdmos, kEE O

Xovrrog  [uvapiseukos,
sptedpas T OpooTiipnes
{posraoreiog Zuskdirpuy

Loyt { pe 20, DCKF pd by ).

¥hpopdpos opizevins

B Haav 40 19 Sty o0 s
jbgEs Avomodanrgs Armdiis,
Boaumites, Edfirang =i A
T AGLIHEY O O a5l

AnEr B moheEi OF BN ET-
. oA GO R LHOE LT
) kel o wopeg S
LY TIE OO O T8 £y
P ITTTLYCRE) G PTE TR ol s 11a ] f =
(Mepg o, By, otoysi, -
flouen, Torwdppie i,

Ep Supogl OTsELn ToW T
Tl T VE QHE TR LI e
WEHLVES nroypoioels To i
mifiloo oy [Loppievieiy ¢
Oy L 4R ik okl
pi moy vhprpigo oot
THOY TEEMANIRDY (T EXTELVE-
Tizk. Ay Eivin dyrg ai yeos-
rpajmeng o Shpomd, Exlii in
Tynriyavo mo oy Butnomed
e o vepit mow oy
TRTTT lelITi.';l.-l\.q:'u.l.‘l. o I.IE1|,H':|'
aeL Ay wjnjhl) meReE-
VIO U Ty (ol

LT mOQUHED Tepny o
it [ o S G -
flioife Ton Aduston SRHHITL
ik s gL Evroym Seooe
o, Do pr aERIwE
Erroapa e Mopagriog Swi-
ks ATTIRTG, s grpTrs i
ke o oy Ao ervooiny
™ Bpeoupyin ovis il
crna oy A RO e,

U fluopimieoais, esjuroo-
REPSLUIVTS T TEAAT inrvo-
Ui Ty S [TV e
v AEQIETOMIY TV wopuEpe
Pty Vil TS EATEOTY RiEL WO
exUfi iy T, (Y -
CHIEY W ROV S R
T mEpe Mo, o ELAEL
o Mo Thewnydaohog

e exumginivey 1 Mog
soagsiro Bonprofinoii, e e
TS MITEC SICAUTUKPERS |
WACTLL TIC “1_"-"‘1-‘"15; L firan-
ot 1z ooy o on Fheyran o
T RIS VMBS T
veysizpyrinry Theay oeme Bl
OToL FLos CEVHTOLRAT H =,

=En s mpermeroismmi| i e-
AoV TG [ETnES mE-
i Doy wien Sy

51 PENOPTOZ

YTIEXZAE Eevivd ng dual-
wunize Phppog ot Oypaavi-
apent Tlpoommeing - Ao
[Mermmaponi.  Avorbiete oo
ERIT %ia siiven RO
Wi jEkim-donman o Ty -
Byodm,  BOSEHRCEL] S AEL-
qarisgryinn KEvEQiks povibos o
seEerymineg furgipromoy -
sofiaiun TS mE oo -
ROl ROTLAE W QTTEROE R
BT A,

To gpyo_. sofinee

Omng keel 1) Magio Aoibi-
bee, wobhpapmpun on EMI
win  EmoEEpoviEl  wmevian
TS rheETrs. wy eiyE vAGmo-
wjfte, I fomidoams oo
cropy A AL ADVTIRI (e
viorem s Prflopnabme nr-
(HAOGS Ton AdkeRon R Kol
ot B Apkeing mog By
it e oy Tk o)
JUCE WAL T CLOTEL A A

T choveHi LR R OF0S Toa! #igk
o 8y MO TOLaUITED o
Ao e 18 meon. cvgss. A
T FE UMY ERETE RVIEL, TH
wOTE0: TOHNT PEDRFIOrTL o
ib R0, rupedontny, s REEDG
wsiepas Badoy 1 eogee-
vrAc, =m0 YTIEXEAE. moipi
g FUVERRIS rvigRjans wo
TUOREYPELS, SEy | oE
IO VROELFEF] T R s
B <H snmuneer o Egron
BSLENOE Exoud) T Egimrm-
T e Vi) ETSOTiA L DT
wipy BB yia ioionyisots wer
fhapnoumice, 7ol o LEejga-
g .ii,Fur';_ ﬁi"hllIHl'l; e
ferihang Sl
B o HHIL, e mogEpfios) Ty
WITERLSIAE, dvjjuougsyiitinxe
a  FErheopos  Aacymipioms
Amoiiiajresy. Aomumon doorE-
Jofgarvns e gl 0D aik-
e o, wovednres. whdfoco
SIFO CETVMIEIE R FEIT-
femmimn  Ewiic FRCTT LU




YSpopdpos opizovias uynilol Kivduvou

o FRAMAFTETH MTETT AR

tmﬂmmm Fegan urd Kipuiid-
Al bddes BEan poepgs g
peyvrls epyTarHia prasdilis DIogoiE, ©

i 1o o e
g (0P VTH, i o 1is 0Bl ow Endy;
faees wrprrdy maip neyeooglar.

Tn Scrueradrn S, su (pos. G-
i AuTRrplcs oo, 18 Exgnme
pron Erpgiirns i M direion AGasar,
irioma aad alimgia ey Mjeosalail Syl
N, RO Duaboatey Ay, G-
mEn, A Ty LR v 01 = LhR s
wrede | mrmaywe b yra e o ules-
SB0U DTV 104 Moponiony =

Bl i cewiyuran Lu PrIDNI0y
Sty owrniwipueen afanol &8 Chook-
oo D R A TN L
OIS b CImipTry oy urs Eupes
mntiin Evuesrn. Son i Wod Bracn Bikd ool
uey wevm s polbtoun and orBryimib sy
Nivison ol Afvaiis. H npden aedin
Tipn Mctagiay i Miesgebibfieamn
Woe B Sonesn o oo Kaped

8 Ty YOS DAL W I NN CIOTE: WOpANT
Fress Bty 18 v i ELHPOITAn
LA CedCac1InG G N peme e
v e AvBRaDyTeCE. § Brrpmomescks)
Spamnparrey el ol el T e
i 0 S BT Ay i v Dgows o~
EOCRE B mﬂul, LS DA,

[ Belnepas cha Evo SEpTUeD Dok
auirliflsoll uSsEedyss DRI Ml AND-

OGO UREAT k. K1) LAk 2

Anpdalas min rebodtoaus s, g
gppatemm on Boolieyies a0l 1
Faoupriiphos, Kmsd o Seabpopt o yo-

L T i
mrziquabwd o K liﬂn'rnu pringE
woitmwrnr: 1o Tisaiio Mok

Lna iBp avpFrpann s eafip -and
i i porert oot em o Indpes
Az, Seordeviin i Tapls Snagais
Tosiwaars: Egarsosptees Trasorioyio

= To syt Palog i Svkasons eyl
IOAENT poTRTEan 10y wipion viged, GO
BogHnoa 1110 NOTHIEHES P S -
Wi sl Tedaom s i By mipbore
NI, BN sl B o0 T o0
TR o e e (fen uipepdgn ol
puwini (B9, MhigvEaiis A0 Bew b b

it el s

H sniGmngs el epimn, nged sid
Wil S AT DTRE ENTRIN 04 e
g R ER SRR T TR T
R TR b R T
i THjapisdn UL 10 UMYIRININ 201ETn
mpaps i aubiEsm AR B0 3T
RN 30 100 pESEOL ndY Spdinike)
a0 K L YRk WY PR, T
g o B Mebovhee .

ToKopami e dvn i enisbiel-
wid e §30U0CT sfndanpnd, i
LafFTRLY i.l.ulhul [T 1 bq.lllu:l
wra i ER ik

Baodil i B O 10 WL Wl ape
SoTuEEn i o Ao desaddl -
BN o oy Do Ay, Mepaman, m
TR Kigd Midin, 10y Kogolh, m
Kopoors, m Mapeosile, 1 Kislslao
it 1w Kipsmin fuws oo ropddin toa Lo-
wiara et K.

s IS PTG LGl ML LACETLR
| e i) f pUTINTIET EMEEEDEITID
i rahd s, o anobioogn o
TROETIIRG W SUERTEI I ol oS il -
FTALES Dainkslapoai=, s o
En. fdepds. Embfbin npacsbana o1
w)}[ THDETTLET |lﬂm LLER L ot L]

aploraa in undabaey anpd-
Brtirviin fhreiyiigh il L yomiiidi-s o
[0 £ T B o L TETRAR B
SIaAE mEnal¥iE =, Onas oo belregoy,
apmildiio dpisn Ml EER M-
EEIFEAOE WO ONITATE N el ponawie
P T B TE AT Al T T R S
Biiie 0 s by AT Bjo) il and of
iy B i

=H il a5 osandlo vy ruliee
i W o e 2 Bl ApEoad 10 AP
fen dwmm s Mamsaim & o
YIEROAE B0 ¥ IR R 0EY

[ pi% prdyaiie s Baogrng-

I:|||:I||:|:IIE|:III:|.|.II.‘:I o oapies mmankplio-
vy B DN o pal g e s B B3 EAYER-
wors praboed chai o 20 zptee Ta

— e e

i3 2975 M Do P EEIpERIcaRY 1N R
ezin wai vl bR DEDTAELs Ku-
mup fxxmn Bilw miraran Ried dRi-

Bl .

ETFIAKH 24 ATPIAIOY JO03

= KOIN

Kapkivoyovo xpwuio

Avnouxia oToug EMOTROVES npﬂmm o1 UUNAEC mOoOTNTES 1O

Tou Famnn Exasroy

Vnepen Spaye e 00E
o) s PO, o s
AT T MM PdkdeadTon
i on SidjEsgatn ekl
Vigy FE TR aeliaamem -
yri; H avbovenm popiky
Ireorinaey  EIpEidpdyan
woapin) oo Kopmd, ouae

e kdE, Tol oliRsS s
e froecsa, fey pinase
P wpaemded g Tl
AT S10V  DVIERCECTO
e Bofbesrpe ohjaapdya o
PRI o T TE
MENE -DOp e WL DY BOF
Praytiod o Mo
Allmvor £ Teigs Shoos- -
waBCs YEwphioos, b ey
Tiamyh 1res &y, Flepaomres
i e Higd Tlao
vipy, urap ta Mogeonmda,
10 Kadifw om o Koo
1, diah MEN T Ty o0
Xapmrres Kalnml

D Ieetmom ant -
1 pENES WL LEL 28 - 8
A, Ol AEThENIY
orpvifin o meekfpoa
npei iy o Tia, does
yin nogdfaypo neddona 5
Pt A i i i I
vax ferwpmn and 1pes - -
TGOS, OTDENTIARGE
104 Kapumiol K07 OU0 (8
i [liojneomicss gD

TR T Ry

Pl ™

w3 Al trcde s v sy pluorphustinn, £va Ko

O UV VG (roased. Tin Mendyea nand Tov sapouaks fopmeands pddon, gl

=2, b e

o Fpynerige Xrurios
ezl didavios wow Tampo:
e Koprids tot Kahol-
e Mawmrm
Afe, T anosrkbopon.,
(1 ST T T T
eE 19 defpmmpion Tau
WS A HEpUE DT
il ETRY Apdinh Yl
T prrpaibreere 190 pe
patypaapn ofoafireods
asugion CvT] owd wheo
et 188 e prrpsinspdyr o-
METP RprEind) guh Anen, -
W o e FOSATION
et CE LS LEaED
135 pmidbps =i oo
Ty 282 . T Tk
u:'ﬁ-:il.mmn‘l':ncrmn

W Lt L T
Vot mUpHTRA - WY
Wl O AT BRI AT
A i o Wb 10 e
o0 sl Tn i
vy wpsn CoiIIL va e
pafkIyeE, nod chem ook
¢ AR LOpRET R
TS TR gt Fieg, B i
WL DT v T
ol i abwroisam ol
mordbbma. 34 o vEn-
OBk Kpdme TV e
BV ALl aNDILRDDED 3
. fin )
BLODTRHNTATOE TN O
Apidmol, dval W 1o

[T ST T N R T
s meprfiadaoy, m upkrn-
VIl BOMEEIOR TR
nfs e SV ac Cndln,
o @ E Mrsevbine
M gprddwven
mov dvilpun
Pl apaakeagn vl ezl
o T T YT
o Eoe wE yhn anb
s Silboed: Wi Tl
TR, Pl e o
(IR [ MMM
B, i Lo Bdraned, b
11 oA DL e W fRrs,
aTo ellopieeks SpEapn,
Cr(eT} chmn Todnh ¥ gap-
] ity sl o

Tir xosidio gy

B mﬂ"u “Aramrio-
mas alrn e ek .

o W, s oner
won &k Esdpas A,

posauivas Doavople oo
Flentm. Al o ELiyjio
ArRkiss ey o o
13 ey wepinan, oo
inliESs. THS OV
e BAaooal Bo R
B e fen gonordird tn
PorsunEpe WhSGRGST . -
difipd 185 CSTICENs TiE-
pieema Mroopelend, s -
SFTTERITI (0 Mapapa
el RO SO BOd -
it ousALITES it
ATTRE W aneTEATey Tl
UTHER B S T Oy
[FE T T



34 H KAOHMEPINKH

s ZOH-OIKOAQOTIA =

Ia vitpika «nmviyouv» thv ATTIKN

AMAQOIQOTNKE OF A 6EKAETIA N pOIIAavon OTa UIoyeld 0data, oup@uva pe peistec tou [IME

H nepiekTikdéTNTA YWV UNoYEiny ubdTwv TNE ATTIKAC
ge vitpind (NOs3 - ae mg/l)

Trc ANHAL LAMAATARARH

Ta wnéyzm Ghato s ATTENS, Kuying Ay
WS URNALE REQERTIEGTRIAE 10U 98 VTPt
K, S0y ¥ogoamnpiriel axaTarinkn ripos
iy, BV auh aepafis, enodin Snkabn o
VE D o Teisouse npadpsera and oy Ein-
Vi, TO PO A0 SOV 608 anemeaRal 1Balte-
pa. To undyno oo s ATOKAS, oo,
ApnEmpenoIeiior yio thv Apdeuan oy
KOAMEPYEILY TIS KL £TON, BEADYTOS K01 1N,
PRI OTD MOTD Jas

EEpaa. JE TEAOOWaTn WERETE Mol £
ynoE ¢ phpoyenidyos Tow IMME Bp. $ian-
nos Xappovifims xm n ogusho vow, owd n be-
EQETh) Tou 90 ¥ ChUEpa, I pinoson
T UMOVENST BTV TNE ATTIENS £XEL 0
Enfici wornd 1008, Er moPRis momnees, nns
ori Mecdyens, aiid B0 Th AUTIKN ATTIN,
EUPNES SOV TV wnmmmﬁm‘.r FICED XpR-
OHENOIRTE 0TI KERREAyCs, 10 Vit

EETIEER00 BOTH MORG 0 O SmaEnvsui- -

s H wnthotoon cival xopdtepn oo
Bpdon Tz6io, onou o feopnxansd Gpa-
OTOPIOTITE X1 EUNROUFTIAE] TO VERD Kol |3
Bapia pirtakio, dmues i, Grufdpyapn
aFERE0, L.

0 xdpng T pUnavenc
A5 BOUpEE nod BEIEMEUTETIL O XpTOE

M5 PUMIVaNS TOTY DITOYERET VEGTIY s
ATTIRDS.

m MapaBwvor - Nio Maxpn. Zippeva ae
m pekdtn mou [TME o nemoxes anpame
KFE FELOVIRTE Sraotnandtrmas (edpmn Ma-
patinn km Meoopabas), o wpndEs TIHES v
Tty Eiven o Eipcs nopdyovios unodal-
pTE, THL VOORIEQE TIERanTY TORREpIRG!
1 '-rnpmct- oo vepd phid F-nplﬁwnl ot

NEIPAIAT

HITPIRA (MO2-mgl)
" gz mgt @
1225 @
mzﬁ-m mgt ®
El.'-l-ﬁﬂ mg! l\
ED-lEl:I mgh I

mmmm

Iin:p-m M plnmean g spixd npu.:'nrml
Rl il T T Gidysn spnan
Mnpeopdme o RONE pyEies, akid om ond
vl pumeen xos fuicd omaflinTe [Falpos, v
Ko, sored Mpel e smimed palk
MEpYOl|IEdED SRTOMEIL THRETN RN |56
YhES SUYREVIPRIIEIS. fv to NGOk VD £
*81 W, Npanaked eapEvus G dupd-
Gioau RINTTEWG KO Taly BB,

Xhsapio: Xopacmpifouy v Baloomo pi-
(= TR s TR L T
neyEows, whpogopot. H aoei Sasripam:
Ry iy whiney i ATk Ex Enr
piel T DimsslEean Bakiogiog v ped
ooy whpogtpa apifovta. Ta Whapidsta ene
Bupm-wummrﬁmﬂ:mu VEDOU K01 KOO
uwﬁp-nr-"rua&hln npu:u.lﬂnﬂ«:wq_mnﬁ-

™ bpoisipneng
hlﬂi pivodia: To Popin Lﬁﬂhuﬁ»
Bboc, ubpdeyupas, sakidc, kiBo, xpusi,
Bépem, poyging, opama ka ] rppavito:
wrai o undyen 0boe e Bumets Aot
Ay T EVToNmG Bpomng.
oy, Mepvovoar omny tpoie ohudibo,
Ak b ke s et aifiou. Eopepar
wo i fpnon; me Eupunnific Enmponie,
va Popin pEvakio gxauv nhin Smovn saup
ETcee o ek npeiivne Tou Dol
Poatksiog

wLARdns vegol. Cio Boidoio [ebio 1.'11:|:||.'n!|__
Elsnan Tl and ]5ﬂ[l'lg.']. EVL O SFEEV P

aris XhpRivTAY evipmavTal bas wan oma
000l By mépeaxn 1o Mepdpars Exo-
IE EMIONE JEPIAES TUVEETIGRIELS VITMEWY,
04400 [ [ UGS CEWEL HUESTTESTL 3 (5 T1




28 - 1 KAOHMEPINH

« ZLOH- OIKD&DI‘IA -

Aaomnn KaAUNTEL Tov Kopzvelako

YymAec ouykevipwoelg o Bapea petaria orov fubd anod ta amopinta e Alovupiviov ne EAAGHOC

Tow TanMH EAneroy

Aokmrricg tpd, o Koprdinoxds Kianas -
KETAY exiniae TEQSrTEES MOdinTes |'.'|I'IIIII|'.'A.'I'..I'|.-
T ARG 10 EPYOrTAEL0 THE s AR0uIloT Tha
Erndbas AE = (npany [TEZIME] Mg xbxe-
yI ALaTm, EpmAoUTIoREVT JE Popda piTnk-
hix, X0 FRENGoD EERD pipos Tou Kihnou
s AvTinupns, akkl ko Tou copimcpon Kos
pvEhmendl, Eobds n ot pdBean yia v
EKTEON Ko 1S OUVEREIES 108 <K0XKKVRE pl-
AEVFREs q}l.rl.l"."l.'l.i.'l'l.'-El, n -E"'.n'.'ll.pEHl i LT T T
WEN ATL AR 10 TEROE ToU 2006 Ba aTajlaT-
OJEL TV MLHEWMMTTM.
AgrEf 0UTd N KpEMdlETon BaE OO EUTIEVTT

MNpdopara, nEvie olikoym oy s
MRS, 130 TRV raortigmEn 102 aubidyuny
(ROADYIKGY, Crayychpatixny, sfupaior-
pov) wo opsEton BouREOOY T VOGN
Fopiyihing km Axoins, TATROKV TOV d)3ean
Eﬂil.ﬂl:ld’.l'l: k] I'I|:H.|:|‘[..|I'I:l'.'IL'I|::I'|'I}':| MITE. Vi jm
netadandel o Eoprvinoxds Kidmes s Nexpd
Sdinord. «H mfocanoBnumen Ko o 1
xEuoSPRapED aThoToon Tou Kdinon Exmn
xmeficl or cmxdefioea crineho. Ynapamer
modAn B 4 autl O Kumbtepos O
s, voplfoups, eival Te Adouplvioy Ths
Erdbos AE e a01 Popids pas Seouy |-
Bl mapa modn Ta Tedeumala 6 ¢ 7 xpdeno.
MepaEs popEs, 1o By By omEdveTEL oM
T AGTIe, REE o popas k. Aremipns Kapa-
EOTOHIVTES.

H Ginki dgm Tou npofliparo
ATHA TV GXAN. 0 X. AgrABAE, XOVOTARMS

= BERMETL el ETIA
(S e T P
AR el
[Pl § - EY SRR
‘Efshaiaiinal TTFTIAL
B E O

@

wrlor

Tnmm
n anéppipn

H sMdoupivio e EbaBoge sppaalz-
1 Searzbegiiim nhice vo npooapi-
i g sepoaia Seaseipean, Ko
i Ba 08 1o aieadjoe Ekknysd
Bryidoun g £x) nopox R Gien
w0 pbover tn gnd o om Bdlomen
pixgta,. 2001, Ymdoam g n oF
ofinon & to khipo akaln emkhdun
ikt wmk i Pawmpn nposten mg abds
& o Ebas tou 2005 w 50K v so
Tahainuw Bis Fmpaie yio epoaa fic
wEdpan, e g G Lt 2006
Ba mrajeties wiks Fokdomn andp-
pigns, ksl o «. Mnougaivor, aH &
niufiuen ya T ovoyraicg girpdnpe:
ot Gpopohoyrine pfine H Aok goi-
weral om efnspakile madpyanioypo
1 BidBeom vou whikou ey w@pEas
Pipprnava. iy eaERE £REupt-
iy SRy, TR SE fERIBN0IE 2in
roufhonaiky; kB karos oy ano-
KA FTOANG KusHTIEEY KO) KOMAING
ki prmbkeire. Taonl dko o Sey
Tehow wokn, s wakd; Katapefy oo
yOUPEIRGGE 0 T <TEhoce, Snd ne-
polaklenindn apyavinreig i) w
npdfinpn me oooaploavang tau fio-
Bz, 0k, Nemallcobepoy enprsivn
m maBnn kol prape vo yive, W eoar

s AvTixupas, Tovie 6m en Sakaoon otov MG TEMMETIG EXTA0T, AR TO DA ToU SUAGKSOTO0N pEx o Kidine e lidac, saraiaaid-
Eddnn tns Avtisvpos eiven nevoksiepn, v ome Seed mon Kommitaron noowsmm ADem Teay amofATes T <AAnuaveoy e EAAGH0E=,
v EXURE ﬂl.'-II'I'FITﬂEIf\‘U:n KATL 0 Qv {Toyrk: Egpooripnn Sadaoonas [eeahopies (ESATE#0 1 towr [lavemomgilon [Tampy,

peio to orcedeie. To el linps-
LR TR



DRk E ROE

Eafforo &2 |ANCYAPIOY 05 CAEYEEPOTYRL




KYPIAKH 24 1O¥AIQY 2005

« TO OEMAS-

O apiavro¢ «KUAdEI» Kai oTIC PAYEC

EINAI «KPYMMENOZE» o0& mogdniec akardiAniwy oxipwy e Ta onola £xouyv otpwBel tunparta e yoauune aidd |

T AFIETEAL. MNOYTATEDY
H anorabuspn T <K nepo
enEivn Kupicrs vig ow aplasvro
TOORY TEPIERGLY 0L SO§ T o)
EAVAPOEES nici oyGpaoe o OEH
QTG TO0E: yoRREeds ainpohpo:
Woils ApeXOXEDE, opxiEd, o §
YOKE drann Shoe 1w uneidhe
VIR, AROhOEnOay avoEne
GELE P Sucmorovics, PE oA
®l COUPNaTO ONCVROOTOHNITE
fenk wou DEE, o BiwvoviEs ToU
anoion mEpefaxtnxay Enio-
orieas O Soy PrmERav oo GTo
VO ENTIREpRaony To0E Epyodo-
WHEVDUS Y TOUs KivEIRous mou
EAAORE Oy GOy YINOVTE ET-
OREUEE 770 PFoyivig o E0ouy
HOVIIONIS anG  T0 eEVOoADs
Insomastic

To EEEGE «amptaprioss Bon-
KE O owpbis Ey0oeE Bd: o-
vEESIynTn O Oy ops
v A1 phwapafiow oamd 1o
SMCE. [ves ¥paaorin apibrmo
OF NOCOITS 200 K oyio!

To mwvbnedto ooy OXE So-
pufidmeay, Oool Bev Sous a-
HOEn PoliAcel oTn VipBaye Toy
KOl ouvSEaopo -
fev pm fwley) agumisbmmay
Hay MDoRoRTOL On QA0 OTALS
fwpmjiov 0 eBepni xETEpia
ToO8: Kol 0 OEE mou aoiiena
O Bgapddel TS obnyles mesd
o0 auon mE EE, and 1o

in

Arokaiummied To Sy Do TME ke i [Tipupd penos Seooedlor mou @8ove! oo igedg i «Ke,

TIPS TEAGOTIES TId-
NLES GEINLIY YRR KOt T ¢
SEALNIE L GBS Ty eatas
AREMEE 0 ekdupgpoviTen, S
K0S W0 rupnEpLApiivel omns
SUEPPUEELS KO Gt ehiyaons
mapakofis dpdvoid  chEyEan
Thd eegouoins. mudemi,

And Eyypaga ol Sadin n
«¥on TR PRl o=

et SO Ll ESLLS,

e Ko mBmvE QALES av-
prixHnRay,

Efppemiet anoeaiommd ef-
VOL T ERYPOgD Tou [vorrrodo
Mewkoyimds wo MernbAeumiey
Epeunniee mony 1MLy ogEt 0 yEVE
kos fwnthrerne [ Ieéxns oS
AEREONGE men w0 armeuBivEL OTn
Ropnpmasn Amminolenon ho-
YWIITinE: KAl otny [Tegegepeia

Mgty a e g

PER0s WE -EXTEVECTERN k41 Mo
CUOTIETIED Berpatehnia, d-
O1E W0 Mooy aompaiiore-
(il TUISHAOUETY ORCTied
107 EXTOGH ¥ol NEpEstisiingg
T OPLSCT O TR aiiTial om-
VEOU 0N @idn Tou Rpdpio
10,

T Epartipc oo vibe chvo
noga owdpo, TETas  konhs

DIpIVY  EMEEVIROVOVTOL K-
Pl o HEAROVETCY auvTipa-
Of TEY QEPERTIEOY  TANNATw
moy B 10 EunEEReuy ol 16t
OTEpE TRy SRl - Eoeldal-
ONd TWY UTd GUThang . a-
DPERTIEST OTTERY, KOTd T
oo 1o aopakTied oeigiiepo
KEVIORTONOIEITQl URXOVIKD, HE
ORRPETHIG SUvVepwy dxinms
mou ennpeaiomy  aveERieysto,

TS 1O TEPOOHNIED KO THmrun s

i ENpEdns, oo Kol 3ous G-
Bryois BLEpsOpEEvOY anjimey
£ TOLTE ETTikos e naphfinn
ICLATOY 0% AEEInTors Epyen
vl O noke Eatomnpivey
TEpLaRiive,

To Aatojieio

Kertdh enmeexfhonsy, Roamind, wm
10 VRIS OEURSOTIMMITS T
yirappin oo OCE nepicicio o-
waroyous mvbivaus, To omipe-
X AFIopEn ExAEIOT 1l TRV
THEON NS TOMIKAS WoTRevias
o Sy ooy Timo
tow Bikoar, Opess o uhied moa
ftaghyaye orpalneoy oo Bi-
Kiv vou OFF way xpnopomos-
Hnwoy i e o eegalto-

TOMOG oL o6
HEpak,

O Bigifas
Aatapein auve
ApdapEia jig 10
1 1R[4/2005 1o
Tomrpiin, npo
toar ITME oo A
K. Toaripthng
oppEdv: +To
DD WEVETIHIT
i KTE R o
411 o0 TR
YT TIEHATYLOYTS |
EOVES TICFHTIITE
ETL TpEphbas
0N EW ORI
pia s opshas

M =0 FLA. 44
UTOH), AETHIVOOETE
OOV Gyopa Ty
3on, ppepodit
PIEKTIKOTITTG X0
L DEOTT TS |
g EEmegwds 1o

& % Tommpé



Maveupwnaikn ZuvOlIaoKEWN
Auon yia Tnv napoucia 6 €kaT. TOVWV auiavrou
otnv EAAGda {nTouv o1 ENICTAOVEC
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«H napouaoia 6 kat. Tovwv apiavrou ornv EAAada anoteAei npoBAnNUa
LE IaTPIKN NAEUPA aANa KAl PE VOUIKEC, GUVOIKAAIOTIKEC KAl TEXVIKEC NAEUPEC,
nou anairouv ano TnVv Kolvwvia Jia ouvoAikn Auon». Tn Bgon auTn
dlaTunwaoe o0 avanAnpwTnG kabnynTng MveupovoAoyiac kai MNpoedpoc TG
EOviknNG EmTponng yia Tov Agiavro, Navayiwtng Mnexpakng, kata n
diapkela Twv gpyacinv TNE Maveupwnaikng ZuvOlaoKewnc yia Tov AiavTo
nou opyavwoe n N 2EE, pad pe Tn Zuvopoonovdia Eupwnaikwv ZuvdikaTwy
(ZEZ), kai n onoia oAokAnpwBnke Tnv Mapaokeun.
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Marine organlsms =
3

and sedimentary rocks
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A®POAITH (VENUS)

ey~ Mukvn aTuoogpaipa Pe
i“ 96% CO,

Méean eappoaoia: +420 °C

2006: 381 ppmv (HL/L)
1750: 280 ppmv (pL/L)
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At least for the next few
decades, there are only a
few realistic options for
F UIHE_CIL reducing carbon dioxide
emissions from electricity
I | ] generation:

AN INTERDISCIPLINARY MIT STUDY

.... increase use of nuclear power !
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World Uranium Resources (RAR)
[t U] Reasonahly Assured Resources as of 1/1/2001, Cost range US$80/kg U or less {OECD 2002)

Uzbekistan
Qo020 t

£

South Africa
Mamibia
143870 1
i1

() MISE Uranium Project 83

(1) In =itu resources
t = metric tonne - NA = Data not availahle
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“K Mapping of Greece

2%2Th Mapping of Greece
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MPX-4.2 Project MPX-4.2 Project
April 1995

April 1995
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22Th [Bg/kg) in greek
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4K (Ba/kg) in greek
214 1% Ba/kg o
'

surface soll samples
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Bakg ¢ 15
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300<= Bykg <600
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Total ™'Cs Deposition following

Chernobyl Accident
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MPX=12 Project

April 1995
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26Ra Mapping of Greece
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MPX-4.2 Project
April 1995
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Sources and Uses of Nuclear Fuel..

Open P' Mn
238ul235L

U Enrichment

Geological
Disposal

Depleted Uranium Spent Fuel Rods







20ENITHX: Schoepite,
[(UO,)s0,(0H);,](H,0)45, transforms
slowly in air at ambient temperature to
Metaschoepite, UO5enH-0,
and crystals commonly contain an
intergrowth of both minerals




PATHWAYS DEFENDENT 1
ON THE GROUNDWATER |\
RECIFIENT
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guardian

Jennifer Duggan, Wednesday 19 March 2014 19.42 GMT

Beijing brings forward deadline for world's
first thorium-fuelled facility in attempt to
break reliance on fossil fuels
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Research Interests

The fate of heavy elements in the environment is controlled by their transport properties, the dissolution and
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interface. Interpretation of these observations requires an understanding of the structure and property of
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Mineralogical Characterization of Solids

APPLICATIONS

Mineralogical technigues are used for the characterisation of solid samples including:

METHODS:

« (Optical microscopy

» |mage analysis

« Scanning electron microscopy (SEM)
+ Electron microprobe analysis (EMP)
« x-ray diffraction analysis (XRD)

» contaminated soils
s mining waste rock
» tailings and slag

» industrial products
» s5cales
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Metzl grains in an air filier.

WWW.SGS.COM/MINERALS

T S

‘WK VOU NLED T OC SLPAC _mi



Electrons
And
Quarks

4

_ Scale of the
Earth Sciences

10 10

|
20 L16

E12 '3 14 'O e

10 10 10 10 10

H2 e 120 123 128
0, 10 10
Meters

M.F. HOCHELLA, GCA 2002



| .' : YMeters
| | 1 lm l — I
10° 102 10 10° 410® 10"

i, Fil
- e
&~

b Fn T8 W
.-i',‘. -.:'.f'r sf‘l"l.-

Fih . i i _ 88

M.F. HOCHELLA, GCA 2002



ATMOZ®DAIPIKA NANOzZQMATIAIA

UTSUNOMIYA et al.,
ES&T 2002 and 2004




EMIZTHMH ENI®ANEIQN OPYKTQN
MINERAL SURFACE SCIENCE

Asbestosis

AMIANTOZ (ASBESTOS)



O POAOZ TOY Fe 2THN EMNI®ANEIA TOY AMIANTOY

Physical Properties of Crocidolite, Amosite, Chrysotile, and Erionite

. surface area iron content surface silanol groups density

e (m¥/g) (% by weight) (groups/nm?) (g/cm?)

crocidolite 2-16 27.3 4.7+ 0.6 3.2-33
NasFelll,(Fel!l Mg)sSiz02:(0OH).

amosite 1-6 28.5 7T6+18 3.1-33
(Fel!, Mg);SigOs(0H):

chrysotile 1027 0.7 1.8+0.1 24-26
Mgs[Siz051(0OH,)

erionite 354+ 9 ND 0.0042—-0.039 2.28

NaK:MgCa, s(AlsSizsO72)28H,0

Iron, present in considerable quantity as a structural component in
crocidolite and amosite (blue and brown amphibole asbestos) and as a
high-level impurity in chrysotile (white serpentine asbestos), is believed

to be responsible for the generation of free radicals (Fenton

Chemistry), which will ultimately damage target cells



O POAOZ TOY Fe 2THN EMNI®ANEIA TOY AMIANTOY

In 1894, H. J. H. Fenton reported the oxidation of malic acid in a solution of ferrous ion and
hydrogen peroxide. Further studies showed that the combination of Fe?* and H,O, can oxidize
many substrates, and this type of chemistry is known as "Fenton chemistry."

It is generally believed that the Fenton reaction proceeds via this pathway:

Fe2* + H,0, ---> Fe3* + OH- + OH*
where OH* denotes the hydroxyl radical. This reaction has a rate constant of 76 M1 s'1 at
pH 3, room temperature.
The iron is a catalyst in this system because it can be regenerated by
Fe3* + H,0, --> Fe?* + HO,/O, + H*

Fe3* + HO,/O, --> Fe?* + O, + H*
Some other important reactions involve the reactive radicals, OH* and HO,/O,".

OH* + H,0, --> HO,/O,” + H,0
OH* + Fe?* --> Fe3* + OH-
HO,/O,” + Fe?* + H* --> Fe3* + H,0,

The system is not simple, and the nature of some of the intermediates are still being debated
in literature . . .



W tetrahedral strip
_ oclahedral strip (M1, M2, M3} ——» Mgz+, Fe2+, Fe3+
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KPOKIAOAIOOZ (AMOIBOAOZ)




O POAOZ TOY Fe 2THN EMNI®ANEIA TOY AMIANTOY

M.‘

@

* *-——-— Mg, Fe
T

T: linked silica tetrahedra
O: layer containing octahedrally coordinated cations

CROCIDOLITE (AMPHIBOLE ASBESTOS)

The intrinsic iron content is greatest in the amphibole forms of
asbestos, Crocidolite and Amosite. The iron in Amosite is exclusively
Fe(II) while Crocidolite contains Fe(1I) and Fe(III)



Asbestos fibers themselves catalyze the formation of AOS (Active Oxygen
Species) in aqueous media: Fe(II) on the surface of the fiber reduces
molecular oxygen to superoxide anion, which then dissociates to hydrogen
peroxide, and hydrogen peroxide reacts with Fe(II) to yield the highly
reactive hydroxyl radical

Hay Oz ADS

or factive oxygen species)
Oz \_/
Y /
[ o

bulk

The surface reactivity scheme proposed by

Fubini and associates depicting the occurrence of both Fe-
(II) and Fe(1Il) on the surface and in the interior of the
mineral fibers.

Hardy & Aust, Chem. Rev. 1995



NANOMINERALOGY - NANOGEOSCIENCE

H Navo-OpukToAoyia
oXETI(eETAl HE TO NPOCPATWC KAOOPICHEVO NEDIO TNC
NavoyeswenoTnpung (Nanogeoscience) To onoio,
OUHPWVa HE OAEC TIC EVOEi&elIc, Oa anoTeEAECElI TV
enopevn “‘enavaoraon” Twv FemenioTnHOV.

H NavoyewenioTriun aoxXoA&iTal He TNV dIEPEUVNON YEWAOYIKWV
d1adIKaolwV OTIC OMOIEC cUPNnEPIAaPBavovTal vavoowuaTidla
UAK®OV (~1 nm/~10 A éo¢ ~100 nm/~1000 A), ka
EI0IKOTEPA HUE TNV HEAETN PUOIK®WV KAl XNHIK®OV
(PAIVOHEV®WV Ta onoia AauBavouv xwpa o€ vavokAijaka
KUPIWG OTNV EMiPAaveia dAAa Kal OTO ECWTEPIKO TWV
KPUOTAAA®WV TWOV OPUKTWV.



Nanogeoscience

BAICHAEL F, HOCHELLA, JR., Guest Editos
From Origins to Cutting-Edge Applications

Stucture, Chemistry, and Properties
of Mineral Nanoparticles

Manoparticles in the Atmosphere

¥ Manoparticles in the Soil Envirenment

Metal Transport by
Iron Oxide Nanovectors

Biogenic Uraninite Nanoparticles

EURQPEAN MINERALOGICAL UNION

EMLI ROTES IN
FUNERALDGY

14

THE SNRER

Minerals
at the
Nanoscale

Editors
F NIETQ and K.I.T. LIVI

ALDCICA L SOCIETY OF CREAT BRMAR & NELAND s——




1994 ¢ Edition of the book ,2Mineral Surfaces

2002

/

2004

The Mineralogical Saciety Series J
Mineral
Surfaces

by the Mineralogical Society of GB&I

® Mineral Surfaces and Interfaces Special Interest
Group of the Mineralogical Society of America

® Molecular Geochemistry and Nanoscience Group at /\l A
.l'_r .l'_.l'_r rr

Lawrence Berkeley National Laboratory/1s*t Workshop \”'
on Nanogeoscience

® Dana Medal of the Mineralogical Society of Amer VirginiaTec h

fOI’ 2002 to PrOf. M.FE. HOChellaJr. (NanogeOSCienC@liﬂiH POLYTECHNIC INSTITUTE AND STATE UNIVERSITY
Technology Laboratory, VT)

® Geological Institute of the University of
Copenhagen, NanoGeoScience group

® Geocentre of the University of Gottingen,
Professor on Nanogeoscience



2002

EPSL

Frontiers

1
1§

e e
ELSEVIER

Earth and Planetary Science Letters 203 (2002) 593-605
www.elsevier.com/locate/epsl

Frontiers

Nanoscience and technology:
the next revolution in the Earth sciences

Michael F. Hochella Jr.”

NanoGeoscience and Technology Laboratory, Department of Geological Sciences, 4044 Derring Hall, Virginia Tech,
Blacksburg, VA 24061-0420, USA

Received 27 March 2002; received in revised form 13 June 2002; accepted 28 June 2002
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NANOIEQEMIZTHMH - NANOTEXNOAOI'IA

Biofuel cells

miniature bioreactor
cells to power small
electronic devices

Hematite nanoparticles

Cytochrama

Purified proteins
removed from the
outer membrane of the
versatile, metal-
altering soil bacterium
Shewaneélla oneidensis




NANO-OPYKTOAOIIA / NANOINeQENIZTHMH

NANONOPQAH / MIKPOIMOPQAH OPYKTA




SILICATE / ALUMINOSILICATE POROUS MATERIALS

ZEOLITES

Crystalline
Macroporous
(>500 A) Amorphous
Crystalline
Mesoporous
(20-500 A)
Amorphous
Microporous Crystalline
(<20 A)

ZEOTYPES

Amorphous

POROSILS

HEULANDITE /
CLINOPTILOLITE

SILICALITE
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Wicalite
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LIMESTONES f MARBLES




MIMENTONITHX / OpukTtad tng apyiiou
Bentonite / Clay minerals
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Production of Bentonite in Europe 2003
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The mziz

types of particles and ag-
gregates of clay minerals,
a) Epitaxy, Le. growth
oy & o ystalline suppsorn,
b) Aggregation of rigid
ar fexible partichs o
crystallites {wctoid or
cquasl-ciystal miaworks).
) Coalescence: neigh-
bouring crystals are
fobmed by the growth of
commaon fapers

common clay particles

a epitaxy OpuKTa tTnG apyiAou -

< Clay minerals




Navomopwdn opukta Mn - Nanoporous Mn minerals

KONAYAOI MATTANIOY

Tovtopokitng -Todorokite

8 173/4984




NMEPIBAAAONTIKA XAPAKTHPIZTIKA OPYKTSQN

e Point of Zero Charge (pH,,.)
IocoduUVANIKO ONMEIO

e Cation Exchange Capacity (CEC)
IovToavTaAAaKTIKN IKAVOTNTA

e Specific Surface Area (SSA)
E1dikn enipavela

e Solubility Product (K. ) Dissolution Rate (R)
[IVOUEVO 5ICI)\UTOTI’]TCIC PuBpuocg
d1aAuTONOINGCNC



e Iooduvapikd Znpeio (pH,,c)
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Z-potential of natural Todorokite
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e JovToavTtaAAakTikn IkavornTa (CEC - meq/100 g)
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o AIAAYTOTHTEZ ANOPAKIKQON & ®QZDPOPIKQN OPYKTON
(Logk;,)

COMPOUND
Li>CO,
MgCO,
NiCO;
BaCO;
CaCO;
CuCO;
SrC0O;
FeCO;
MnCOs;
ZnCO;
Ag,CO;
CdCO,
CoCO,
Ph(CO,

Zns(OH)6(CO3)2
Lﬂz(CDg)g
Ndx(COs)
Gdx(CO3)s

Ph3(CO1):(0H):

MINERAL LogKg
Zabuyelite -1.6
Magnesite 7.4
-8.1
Witherite -8.3
Calcite -8.5
-9.8
Strontianite -9.9
Siderite -10.5
Rodochr osite -10.7
Smithsonite -10.8
-11.0
Otavite -11.3
-12.8
Cerussite -13.1
Hydrozincite -14.9
-29.9
-31.3
-35.4
Hydrocerussite -43.7

COMPOUND
Li,PO,
PbHPO,
CaHPO,.2H,0
CaHPO,
Mg;(PO,),
LaPO,.yH,O
LaPQ,

n3(POy),
Cd;(POy);

Ca;(POy),
Cu;(PO,),
Cas(PO,);OH
Pb;(PO,),
Cas(PO,);Cl
Cas(PO,):F
Sr.(PO,);OH
Pbs(PO,);OH
Pbs(PO,); (1

MINERAL

Brushite
Monetite

Rhabdophane

Hydroxyapatite

Chloroapatite
Fluorapatite

Hydroxypyromorphite

Chloropyromorphite

Logk,
-8.5
-15.6
-18.9
-19.1
-24.4
-24.5
-26.1
-27.1
-32.6
-32.7
-36.8
-38.1
44.4
-46.9
-60.0
-51.3
-62.8
-84.4
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HEULANDITE

ENSTATITE

FORSTERITE

ANORTHITE

CALCITE

1 mm crystal, 25 C, pH=5

100 1000 10000 100000 1000000

YEARS

veeee AZBESTITHZ: 150 npépeC



QUARTZ
KAOLINITE
MUSCOVITE
MICROCLINE
ALBITE

HEULANDITE

1 mm crystal, 25 C, pH=5

10000 1E+06 1E+08

YEARS

100

XAAAZIAZ: 34 000 000 £T1n.....



Calcite (0.42)

: -Log R (pH=b5)
(Forsterite) -Log R (pH=5)

- Olivine (2,300) Ca?*-plagioclase (112)
= (Anorthite)
= | & Augite (6,800)
S | 2
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~ ~
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g | Z Muscovite (2,600,000)... Illite
O
Z |

Quartz (34,000,000)

Crystalline (not metz;mictic) Zircon (107)
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GRANITIC-TYPE ROCK WEATHERING

—— FRESH ROCK —=— WEATHERED MATERIAL - SOIL —=— REMAINING*

100
* Assuming that all Al,O5 (immobile) remains
10 -
=5
.E 1 |
N ™
o) o S S M
) N LL X L r=
< 4 S
0.1 0O
AN
()
LL
0.01

Subtracting out the water added during soil formation, it is indicated that
259% of the rock has been removed by weathering
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Adsorption Absorption

(solid solution through diffusion)

Sorption 96 @8 b)

¢ Adsorption @@ 0 66O
® ®

¢ Absorption ®
¢ Surface ' ' ' 6 '

(Co-)precipitation

Surface Precipitation - Surface Co-precipitation
(solid solution through crystai growth)

Crystal Growth

through
Heterogeneous
Nucleation

GODELITSAS & ASTILLEROS, EMU Notes 2010



Adsorption lon exchange Surface
reduction/oxidation

Surface _
Adsorption SR
» Organic-C
I 1 5 . Biodegradation
% ter-
nner-spnere uter-sphere Metal redox
Coprecipitation Solid solution Micro-encapsulation
(amorphous) (crystalline)
Structural

Incorporation

Fe(OH)3-H,AsVO, Apatite Cag(PO4)3(0OH, F, CI) Nanoparticle precipitation

O’DAY & VLASSOPOULOS, Elements 2010
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Solution Complex
Surface Complexation
Minaral EQL Bulk
Surface Water
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Electric Double Layer
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BROWN Jr., Science 2001
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- Yucca Mountain is:about 100 miles
_noithwest of Las Végas, Nevada.
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e PO®OHXH Pb?* ,
e AGNUavTH

(ITpoapdpyon / AIAAYTONOIHZH
lTovroavraliayn)

Pb*

A. GODELITSAS and Th. ARMBRUSTER
Micropor. Mesopor. Materials 2003



NMOAYMOP®A TOY CaCO; 2TH ®Y2zH

—  AZBEZTITHZ (CaCO;) — Tprywviko

—>  APATONITHZ (CaCO,) — Poupixo

—s  BATEPITHZ (CaCO,) — Efaywviko

— MovoidpoaoBeoTiTng (CaCO5-H,0) — Tprywviko
- Ikaitng (CaCO5'6H,0) — MovokAiveg

— Apop@po CaCO,
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e PO®HXH Pb?**

(IIpoocpopnon /
Emeoaveraxny kalidyon)

e Ioyvp1 »
ATAAYTOIIOIHXH Y
"~ Cerussite, syn
e OPYKTOTENEZH e

A. GODELITSAS et al.
Env. Sci. Technol. 2003 czni T




MeAeTn OpukTwv Je MepiBAaon AKTIVV-X

‘

e TAYTOMNOIHZH OPYKTOY
o KPYSTAAAIKH AOMH
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ONTIKO MIKPOzKOIIO
AIEPXOMENOY ®QTO2
(MOAQTIKO-MNMETPOINPA®IKO)
& ANAKAQMENOY ®QTOz2
(METAAAOIPA®IKO)

SAPQTIKO
HAEKTPONIKO
MIKPOZKOMNIO (SEM)

HAEKTPONIKO
MIKPOZKOMIO
AIEPXOMENQN

HAEKTPONIQN (TEM)
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MIKPOzZKOINIA ATOMIKHZ AYNAMHz

AFM (SPM)




AIAAYTOMNOIHZH THZ EMNIGANEIAZ
TOY AZBEXTITH (CaCO;) 2E NANOKAIMAKA




X 0.500 pm/div
Z 50.000 nm/div

[MTYPHNEZ KPYZTAAAQZHZ PbCO;

YWOY: 1 —-1.5 nm (10 — 15 A)

100.000 nm/div
10.618 nm/div




MAKPO-TOINOI PADIA
MIKPO-TOINOIPADIA
NANO-TOINOIPADIA
EMNIOANEIA2Z OPYKTQN

To napadeiypa Tou acBeoTitn (CaCo,)
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— Surface Macrotopography

— Surface Nanotopography

KINK STEP ADATOM
STEP  ORADMOLECULE

TERRACE
VACANCY

TERRACE ADATOM
OR ADMOLECULE




Terrace site

Step
defect

Step site

Kink site

Edge
defect
Terrace
defect




DAZMATOZKOMNIA PQLTOHAEKTPONIQN
ME AKTINEZ-X




OPAZMATOZKOIMNIA OINIZO002KEAAZOMENSQN

2OMATIAIQN KATA Rutherford

2T1OX0G- Agiyua
|~

Current
Integrator

Aéopun TrpwTroviwy : 1 MeV

SSB
RBS avixveuTig

HCER ;
S RO

EmTaxuvTtng ZopaTtidiov Tou EKE®E «<AHMOKPITOZ»



AAANnAenidpaon TnG enipavelag papuapwv Pb kai Cr
A. GODELITSAS et al., J. Radioanal. Nucl. Chem. 2007

AOAOMITIKO MAPMAPO — Pb2+ D:?rl:{g];:fb

20000 —y—p—r—v—v——7 ——r———————r—r—

=

o experimental | .

| ®AZMA RBS simulated ]
Rk (EmTayuvTiic <AHMOKPITOY>)

Wl O
gssS

v ' -
800 1000

——rr
600
Channel

Pb?* carbonate crystals
overgrown on the Pb-
bearing dissolved
surface of marble



5.20

462

4.04

m o 0O 9

3.46

2.88

230

-t mr L

Aiakpion Cr3* kai
Cro* ue XPS

S

Feakname:
Cr2p

Datenfila:
ISAHD1524X .1
Anrequngsenergie:
12536 eV
Starl/Endenergie:
570, 600 eV
Analysatormode.
CAE, 20 aV
Zeitkonstante:
02s

Punktzahl:

301
Akkumulationen:
20

Schrittweite:

01 eV
Aufladung:
35eV
Linsenmuode:

Daturm:

594

584 .4 5796
Bindungsenergie (V)

| S N S T ] L

Dublett
171
142

Fix Intensitdt Fix Lorentz
0 2281 0 0233
0 1124 0 038

Fix Breite
0 348
o 389

Fix Energie
o 57T.21
0 58692

Fix Asym. Flacha/abs.
0 -002 8312
0 001 4582

Flachelrel. Fehler: 0.364
0.645 Abbe: 0.706
0.355

COMPOUND
Cr
Cr203
Cr
Cr
Cr2N
CrN
CrB2
Cr2S3
Crl3
CrBr3
CrCI3
Cr203
CrO2
CrO3
CrF3
CrO3
Cr(OH)3
CrOOH
Cr(CO)6
Cr(CO)6
K2Cr207
Na2CrO4
Na2CrO4
Na2Cr207
Na3CrO4
Na4CrO4
NaCrO2
ZnCr204
BaCrO4
CaCrO4
K3Cr(CN)6

BE
574.4
576.9
574.3
574.3
576.1
575.8
574.3
574.8
576.7
576.2
S77.4
576.8
576.3
578.3
580.3
579.8
577.3
577.0
576.3
577.0
579.9
579.8
580.5
579.4
578.5
577.9
577.1
577.2
579.1
578.9
576.3



AlEpelivnon TNG ATHOOPAIPIKAG pUNAVONG d1a TNG HEAETNG
(PAIVOHEVWV OPUKTOYEVECNC OTNV enpaveia HeTaAAikou Pb
(A. GODELITSAS et al.,, NIMB 2011)

A el NG Pb
i /i : o "._1
. = B PbO1 44 0-PbO t-PbO
/ KEPOYZITHE <
". A YAPOKEPOYsITHE 2P PCOPb(OH):
: " 50:
Y ._;r .y
' 4Ph.PhSO4

S0 A@z

$! ANFKAEZITHZ  PbSQO3 — PbSO4

e 18 . - sunlight

LA



YAPOKEPOYZITHS :
Pb;(C0O;),(OH),

KEPOYZITHE :
PbCO,




ANAAYZH ME NMYPHNIKES ANTIAPASEIS
SYNTONIZEMOY

AvixveuTig Si
(ORTEC)

Emi@avelakd HIKPO-OTPWHA aVvOPAKIKWYV
OpUKTWYV TOU Pb

2TOXOZ:
®UAAo Pb
EKTEOEINEVO OTNV
aTtpdéo@aipa

AEZMH IONTQN: d (?H), 1100 KeV

EmTaxuvTtng ZopaTtidiov Tou EKE®E «<AHMOKPITOZ»



CARBON
(atoms/cm?)

2.0E+18

1.5E+18

1.0E+18

5.0E+17

0.0E+00

SURFACE CARBON

Exp
OSURE TIME ( days) 150
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Medlcme exp]mts genetlc VEI.l'latlUIlS, not stereotypes, writes Da;mdAdam

Cure is more than skin deep

The eentral Greek town of Orchomenos seems
an unlikely place to start & debate on race and
genetics in the 21st century. 1t is home to several
archaeological relica that demonstrate the town's
Bronze Age power and influence. The inhabit-
ants of Orchomenos live with a famous tomb,
a well preserved Z,400-vear-old theatre and a
part-excavated Myveenaean palace. Thev also live

dowm to “their” disease — when they probably are?

Geneticists tend to avoid guestions like
these, Historically, biclogical studies of race
have been tainted by eugenics. But in the
geneticists' absence, others have stepped in
to argue that race is irrelevant to medicine.
In 2001 the New England Journal of Medicine
went as far in an editoeial o declare it *hinlnaic-

evolved, Skin colour is affected by the environ-
ment and varies a lot within groups; what we
think of as “race” is a crude attempt to group
people together for social reasons that do not
always tally with their geographical ancestry,
and so their biological differences.

A sterotypical term like “Asian” is too broad,
Kidd arenes Tt misht make a diffarennos Mo thaie

Don’t drink,
just think

Scientists at the University of
North Carolina have watched a
burst of new brain cell develop-
ment during abstinence from
chronic aleohol consumption. It
happened in rats, but there conld
be a message for humans too,

they report in the Journal of Neu-
roscience. “When used in excess,
aleohol damages brain structure
and funetion,” said Fulton Crews, |
of the university's Bowles Centre
for Alcohol Studies. The research-
ers studied laboratory rats on a
four-day binge, and then watched |
what happened when the rodents - |
went on the wagon. There wasa |
pronounced increase in neuron
formation in the hippocampus
within four to five weeks.

Do youfeel lucky, g
do you, punk?

In America, where all citizens

have the right to bear arms, the
bullets fly. An estimated 20m met-
rie tons of lead flew out of Ameri-
can gun barrels during the 20th
century. But the US Forest Service |
firing range near Blacksburg, Vir- |
ginia, is not suffering from lead
poisoning. Donald Rimstidt, a
geoscientist at Virginia Tech, told
the Geological Society of America,
meeting in Denver, that he and
colleagues found 11 tons of shot
and 12 tons of lead bullets on the
range, Did the lead leach into the
streams? The metal corrodes in

air and water: some of the toxic
metal escapes. “But we learned
that it is absorbed in the top

few inches of so0il and does not

\_ migrate beyond that,” he said. /




Oclika ka1 oEu-udpoEu-0eiika opukTd Tou Fe3+ os OEIveC
anoppPoEC HETAAAEIWV

A. GODELITSAS et al., Goldschmidt 2009
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XHMIKH 2Y2TA2H NEPQN

CONC. [mg /L]

10000

1000 -

100 -

10 -

1 -

pH=3, Q=290 m3/ h

SO4

TDS

1TSS

Cl

Reihe1

4920

4760

470,72

299,11

178,78

25,86




XHMIKH 2Y2TA2H NEPQN

pH=3, Q=290 m*/h

1000 -
)
o 100 -
E
% 10
Z i
(&)
1,
Fe Zn Mn Cu Pb Cd As
Reihe1 |465,6 128,4/99,39| 5,44 | 2,48 | 2,48 | 1,45

HEAVY METALS




AIAITPAMMA KAOIZHZH2 ®A2ECQN

B 315
® 311 L
A 273
20 T ¥ Mean
loga Fe =-2.7
{(ﬁ HH_H“-H . T=.
,5’-; Hzofjm;ts log a SO, 1.9
154 &
10 - Schwertmannite
© Goethite
a 5 FeSqu:IFe 2
D —~— £
T >
=
0- o
Pyrite L
20 >0 ﬁm}éh
10 1 I 1 | | | I 1
0 1 2 3 4 2 6 7 8 Lo



DOWIPI 17I1IVN MDIIIND
The Hebrew University of Jerusalem

Earth Science institute - yaan 271 'wm' jonn



LA-ICP-MS

]

— WESTFALISCHE
WILHELMS-UNIVERSITAT
MUNSTER




LA-MC-ICP-MS
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XH

MIKH 2Y2TA2H 2TEPEQN

(avaAuoeic pe ICP-MS)

Pb

kY
\
",
A
y

_H9/g
Ph 565
Zn 410
Ce 80
Cu 59
Sh 30
Ba 27
V 26
Zr 19
Sr 13
Bi 3
Cr 8
Ga 8
Cd 6
Y 6
Rb 4
Pr 3
Nb 2
Th 0.7




Teyvikéc pe oxtivec-X Synchrotron JEEN{] |

Karlsruhe Institute of Technology

Industry, { o
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Traffic <

Atmospheric

Mining Agriculture
adm -
b E —
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Contamination: Transport of pollutants
Actinides, Pb, Cr, As, Se,

Zn, Co, Ni, Cu, Cd, §, ...

samples under samples of different heterogeneous
realistic
conditions consistence samples
H(TX)XRE
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u-{GI)XAFS TRON
RADIAT|ON
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Information about:
chemical chemical bond, mineral phases,
composition coordinationvalence crystal structure

at high |steral resolution / surface related | under various sample conditions
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: Double crystal X-ray
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