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MAL Hungarian Aluminium offers its honest condolence to the relatives of all
of the victims who lost their lives in the catastrophe. At the same time the
Company testifies its deepest and commiserating sorry for those who suffered
damages and injuries in any way.

News The vision of MAL Magyar Aluminium

Statement of MAL Co. Lid.
The Groupintends to be active in a verticaly integrated bauxite-alumina business by utilizing the domestic
and import bauxite resources by retaining itz production capacities for alumina and aluminium casting
alloyz smelted from scraps and by aspiring to increase the level of processing and thereby the added
value contained in aluminag and sluminium. b wishes to become or regain market leader in the Certral
European region for the following products: chemical alumina hydrates, non-smelter grade alumina for
different uses, ground hydrate and alumina, tabular alumina, zeolite, gallium, casting alloys

Did you know?
The raw materials procuced by MAL appesr in numerous products:

& =zemi-conductors & dazhboard panels

@ ceramic tiles @ wall-to-wall carpets
@ bumhers @ zantary wares

€ detergents & high-voltage insulators
& artiificial marhles & refractory materialz
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Tezba bauxitu a princip zpracovani
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Reakce

» alkalicky zpusob vyroby:

A1203 + 2NaOH — ZNaAlOZ + HzO,
A1203 + NﬂzCOs —> 2N3A102 + CO_)_

Roztok hlinitanu sodného se oddéluje od srazeniny, tzv. Cerveného kalu, sloZzeného
hlavné z oxidu a hydroxidu kifemiku, Zeleza a titanu. Roztok hlinitanu sodného se
potom rozklada a vylucuje se Cisty hydroxid hlinity. Ten se odfiltruje a alkalicky roztok
se po upravach vraci zpét do procesu. Hydroxid hlinity se pak pri vysokych teplotiach
kalcinuje za uc€elem odstranéni vody a promény na suchy, ¢isty a nehygroskopicky
0—Al; O3z vhodny k vyrobé kovového hliniku.

* kysely zpUsob vyroby:

ALO; + 3H,S0, — AL(SO,): + 3H,0,
Al,O; + 6HCI — 2 AICI, + 3H,0.

Rozkladem ziskané soli se uvoliuje hydroxid hlinity a jeho vyzihanim bezvody
oxid hlinity.
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Red mud disposal pond - odkaliste
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Internetoyy magazin pro ty, kdo hledsji poznani

Fakta o katastrofée

v pondeli 4. rijna 2010 - protrzeni hraze odpadni jimky u tovarny na
zpracovani bauxitu

uniklo m3 600-700 tis. toxického kalu

red mud (¢ervené bahno) zaplavilo Uzemi o rozloze cca 40 km?2.

7 lidi zahynulo, vice nez 150 utrpélo zraneni

ve tfech zasazenych obcich Devecsér, Kolontar, Somlévasarhely bylo
zni¢eno asi 300 domu, 500 lidi bylo evakuovano.

unikly kal usmrtil vSechen zivot v potoce Torna kde pH dosahovalo az 13.5
I

budovaly se zabrany na rekach a byla provadéena neutralizace kyselinou
octovou

také byl pouzit sadrovec jako sorbent
velky objem vody v rece redeni...




Satelite snimek — oblast Ajka

Zdroj: INTERNET
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Tabie 1. Average chemicai compozition gf bawxite (n=631 ) and red mud (n=125) based onaworidwide
review. Last column shows global red mud compeosition as minmmum and maximum vaiues according
to the Internarional Aluminium Institute (marked with *)

Zdroj: G.JORDAN etal., EUROPEAN GEOLOGIST 32, 2011
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Zmena chemismu vod

pH
Fly ash lagoons temperature (°C)
K3 ) specific conductance (uS cm™?)
mnsonun',ﬂ' ;  Redmud " ORP (V)
ll impoundmen
m Torna Creek mean velocity (m s™")

Dyke wall breach

major ions/elements mg L'

\' *M11 trace elements (ug L")

R1e

L .\rMD <0.1 3926 (3612) 224 (156) 181 (147) 108 (29) 124 (1)

<2 1009 (900) 30 (30) <2 <2 <2
50 (46) 297 (1) 34(3) 14 (3) 45 (33) 39(23)
<0.1 46 (<0.1) <0.1 <0.1 <0.1 <0.1
<0.1 59 (53) 3(<01) <0.1 <01 2(<0.1)
<1 17 (<1) <1 <1 <1 <1
<0.1 356 (49) 12(09) 58(45) 8.7 (5.6) 6.6 (4.3)
3(2) 390 (310) 15(9) 18 (14) 5(2) 5(3)
346 (<10) 10212 (<10) 1080 (<10) 610 (<10) 760 (<10) 380 (<10)
12 (11) 2350 (2340) 129 (120) 122 (117) 79 (31) 72 (39)
4(4) 303 (27) 215 (213) 197 (197) 22 (19) 37 (36)
84 (39) 9894 (<1) 130 (3) 77 (8) 208 (67) 205 (87)
19 (11) 5443 (4114) 405 (398) 420 (416) 77 (74) 155 (152)
15 T4 1% \ 5(<1) 267 (36) 67 (45) 69 (46) 9.0 (6.0) 86(61)
. « S1_¢& ‘]E T2 12 (2) <1 0.00 (0.01) <1 <1 <1
Torna Cree Devecser A si 3389 (3211) 499248 (668) 4473 (1524) 2635 (1044) 3808 (2885) 3644 (2588)
ﬁ < 251 (241) 8819 (2) 334 (153) 165 (107) 909 (848) 755 (711)
<1 6398 (5709) 334 (323) 347 (343) 66 (26) 103 (60)
<5 510(483) 19 (10) 19 (9) <5 <5
Figure 1. Location map of sample stations (circles). Centers of 13 (10) 446 (49) 20(2) 8(1) 27 (14) 21 (16)
population shown with diamonds. Reference site labels in italics.
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DIGITALGLOBE Taxic Spill Ajka,
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Rozmer katastrofy

Zdroj: INTERNET







Pouziti sorbentu
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Zpravy v tisku...

Greenpeace predlozilo analyzy toxickeho bahna: neobvykle vysoke davky
arsenu a rtuti

Organizace kritizuje madiarskou vladu za zatajovani
informaci

Rijen 08, 2010 » Vytisknout  » Poslat

# PRAHA/BUDAPEST, International — Praha/BudapeZt, 8. fijna 2010 - Cervené

& hahno, které uniklo po havarii ¥ hlinikarné v Kolontaru, je nejen Ziravé, ale
obsahuje i velké mnoZstvi toxickych t8fkych kovi arsenu a rtuti. Odhalily to
visledky analyz vzorkii bahna odebranych Eleny Greenpeace den po katastrofa,
Analyzy provedly Rakousky Spolkovy afad pro Zivotni prostfedi a mad'arska
laboratoF Balint v Budapeszti.

8 Greenpeace odebralo vzorky bahna den po katastrofé v Ku:llcmtaru 3 okamZiité je
predalu nezavislym laboratofim, Mamerfene hodnoty jgi .

Greenpeace odebird

wzorky fervengho kalu v - Zejmena koncentrace arsenu jsou piibliZzné dvajnasob

madarskeé obci Kolontar, Fekl Jan Freidinger, vedouci toxickeé kampané Greenpeace CR,

kteri unikl z mistni

hlinikarny. Analyza prokazala, Ze hahno v Kolontaru obsahovalo 110 ng/kg arsenw, 1,3 mag/kg
rtuti a 660 mg/kg chromu. S ohledem na sk Bjem unikleho kalu by to znamenalu

F Zvitsit obrazek

kanalu v Kolontaru byl obsah arsenu I:IJE S
pitnou wodu,

Gresnpeace kritizuje madarskou vladu, ktera zjevﬂe zatajuje pfed ob&tmi havarie i pied verejnDStl informace o
objemu uniklych toxickych latek. ,Proc o musi bjt Greenpeace, kdo informuje obeti havarie | vefejnost o tam, jakym
latkam a disiedkim i7" pta se Herwig Schuster, expert Greenpeace na chemicke latky, ktery se pFimo LiEastril
Ddheru v postiZensa DbIaSU Domnivame se, Ze madarzka vlada vi zcela pfesné, co v tom bahné je. Madarsky
premier Viktor Orban musi Ocamn3its predlumt wiechny dostupne informace a poZadovat od hlinikarmy a jejich
biohatych vlastnikd rozsahlé kompenzace za Skody zplsobhend postiZenym obywateldm i na Fivotnim prostfedi”
EEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEEER

|:|><||:ka latka, ktera ma SEhDDﬂDSE hrormadit 59 v I|d5kem DrgamSmL a muze zpisohit pogkozen
ingé tak rtut ]EZ =B muze i) She=ms pibo fetézoe zejmena pruztredmctwm
2 > » ou tyto atky relativné pevne
¥AZANY, Avad ; ToTTE Y At ve vELS mife.
EEEEEEEEEEEEE NN EEEEEE NN EEEEEE NN NN EEEE NN EEEEEEEEEEEEEEENR
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ABSTRACT: This paper identifies the spatial extent of bauxite processing
residue (red mud)-derived contaminants and modes of transport within the
Marcal and Riba river systems after the dike filure at Ajka, western Hungary.
The geochemical signature of the red mud is apparent throughout the 3076km?
Marcal system principally with dlevated Al V, As, and Mo. Hevated concentra

tions of Cr, Ga, and Ni are also dbserved within 2 km of the source areas in
aqueous and particulate phases where hyperalkalinity (pH < 13.1) i apparent.
Abhough the concentrations of some trace clements exceed aquatic le
standards in waters (eg. V, As) and fluvial sediments (As, Cr, Ni, V), the
spatial extent of these is limited tothe Toma Creek and part of the upper Marcal
Source samples show a bimadal particlesize distribution (peaksat 07 and 1.3u4m)
which lends the material to ready fluvial wansport. Where elevated con

centrations are found in fhuvial sediments, sequential extraction suggests the
bulk of the As, Cr, Ni, and V are asociated with residual (aqua-regia/HF |
environment. However, at some depositional hotspots, association of As, Cr, an

B INTRODUCTION

The dike breach at the bauzite proce ssing residue (red mud)
depository at the Ajksi Timbldgar Zn aumina phot
Hungary on October 4, 2010 released between 600000 and
700000 m" of caustic red mud suspension.’ Although there have
been other notable zn:l,)lu of accidental release of caustic
wastes to river systems,” the Ajka incident is unprecedented
given the scale of the relesse and the type of material involved
Immediate scientific efforts at the site have assesed the phyto
toxicty of the red mud given the vast areas (estimated to be
Mh\‘o{gnnhmzllmdmmhulun]&qmb];hﬂkhmh
associated with dust blows fom the terrestrial deposits ™
Red mud is the fne fraction by ct of alumina refining, of
which between 70 million and 120 million tonnes are produced
anmally 47* The specific composition of red mud deposiss, and
their trace clement mnstituent in parcular, depends on the quality
of the buuxite ore from which they are enriched in the residue. The
bulk matr of red mud typacally comprs es residual iron oxdes (.
hematite ), quantz, sodium aluminosilicates, titanium dioxide,
calcium arbomate,/aluminate, and sodium hydroxide (which elevates
pH up to 13)™* At Ajka, previous studies have highlighted the Acaepted:
presence of radionuclides (““Ra, ™Th, and “X) in the deposits” Revised
and characterization studies soon after the qnll}n@a.hshnldﬂ—ne:. o ﬁ.wl
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Dispersal and Attenuation of Trace Contaminants Downstream of
the Ajka Bauxite Residue (Red Mud) Depository Failure, Hungary
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H INTRODUCTION

The dike breach at the bauxite processing residue (red mud)
depository at the Ajkai Timfoldgyar Zrt alumina plant in
Hungary on October 4, 2010 released between 600000 and
700 000 m* of caustic red mud suspensicm.l Although there have
been other notable examples of accidental release of caustic
wastes to river systems,2’3 the Ajka incident is unprecedented
given the scale of the release and the type of material involved.
Immediate scientific efforts at the site have assessed the phyto-
toxicty of the red mud given the vast areas (estimated to be
800 ha)* of agricultural land inundated and the public health risks
associated with dust blows from the terrestrial deposits.5'6

Red mud is the fine fraction byproduct of alumina refining, of
which between 70 million and 120 million tonnes are produced
:1111111311)(.4'7'8 The specific composition of red mud deposits, and
their trace element constituent in particular, depends on the quality
of the bauxite ore from which they are enriched in the residue. The
bulk matrix of red mud typically comprises residual iron oxides (e.g.,
hematite), quartz, sodium aluminosilicates, titanium dioxide,
calcium carbonate/aluminate, and sodium hydroxide (which elevates
pH up to 13).3 At Ajka, gérevious studies have highlighted the
presence of radionudides (***Ra, *Th, and *K) in the deposi‘[s7
and characterization studies soon after the spill highlighted elevated

V ACS Publications 2011 american chemical Society

concentrations of V, Cr, Ni, and Co in two isolated red mud samples
taken from deposits downstream of the site.* Immediate studies on
the bioavailability of potential trace contaminants to plants suggest
that trace contaminant availability (e.g, Cr, Co, Ni, and V) is a
semndalz' issue compared to an elevated Na content of the
material.” These findings are consistent with other assessments
undertaken on red mud deposits from sites elsewhere globa]]ym
suggesting that the material, while enriched in various trace
elements, can be relatively benign. Indeed, multiple after-uses for
red mud have been assessed in building materials’ and as an
environmental ameliorant."" Red mud and derivative media have
been shown to limit the mobility of many trace contaminants in
various contaminated land settings (e.g, mine sites) due primarily to
sorption and coprecipitation with the abundant ferric and aluminum
oxides in the material.'”> '

Red mud leachates are hyperalkaline (pH_9713) due to the
NaOH digestant used in the Bayer Process."” High pH itself in
surface waters can be a source of direct toxicity to aquatic life.'¢
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May 6, 2011
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Hungary on October 4, 2010 released between 600000 and
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been other notable examples of accidental release of caustic
wastes to river systems, ™ the Ajka incident is unprecedented
given the scale of the release and the type of matenal involved
Immediste scientific efforts at the site have assemed the phyto
tomicty of the red mud given the vast areas (estimated to be
800ka)* of agricultural land inundated and the public health risks
associated with dust blows fom the temrestrial deposite ™

Red mud is the fine fraction byproduct of akimina refining, of
which between 70 million and 120 million tonnes are ,mdumi
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Contaminant mobility and carbon sequestration downstream of the Ajka (Hungary)
red mud spill: The effects of gypsum dosing

P. Renforth “*, W.M. Mayes
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“ Depor gvere f Sarvh Xerwm, Crwver sty of Onford, Souch Mori Snad, Oford, 0N OOF, 00

¥ Crrerw o Srvvr ol and Mo Saemon, Urswm gy of el Sartormgpd, TOTT A2 DK

* Srhood of Qo Ergrwerey ond Growarcs, Newe e Lisverscy, Mescasl spon Tne MET 7 0K

“ S of Barvh and Enwroresere, Chawrey of Lanch, Linety, 152 9T, £

* Dapar e of Appiard Swench nobyy and Food S Sudoper Urseracy of TaAmobyy and Soworeas, 1111 Sadgwes, 52 Colirt . 4 Mgy

ARTICLE INFO

ABSTRACT

Arecte ewery
Merived 3§ Otudser 2011
Sranved m revand form |3 Decemiee 2011
Acap sl 20w sy 2012

it ol 19 Petwasy X012

Karpereid
Seruor g sy wedie
Wnd ruad

Cartams v e oAl
atde sorew

hematite), quartz, sodium aluminosilicates, titanium dioxide
calaum arbonte/ mmr_ and sodium hydroside (which elevaws
pH up to 13)¥ s studies have highlighted the
pmmofndmmn E‘T: *“Th, and *K ) in the deposits’

and char xcterization studies soon after the spill highlighted clevated

@ ACS PubIICAtions o anmmcmca ssmy

e
latamgr a3 LT

A gl of eite getay Sl a8 Loty efoet] Der o we ¢ et T A [l accaden sl feieaie of CasiTd
Basde goesing eddee B ocored ia A, weile® Hingady i October, 2000 Theie contrad on acid
amd fy Sem diday To tadae pH amd soaguae sobloy of oxpanes Oalesow i sobile & b pH Tha
study amessad Be Sectverws of fypiem desing oo contamingst mabily aad cartoe seguelyaios
gk m of ®d e .ﬂd;&;._.&!. ol uu!_r..:HArr..r.liupa.ll d e -

.u.as.hnrd:uxrn. mngxJNmmaﬂu’uMDX«.a—
s fomed i dresal of ok dokioy we e ciad W guantly Do mpariande of i SeuT Al 02 PTG
i wgueie oy dusobef catoe dpdde Ths o s w4 ficulaty oronouscnd 41 dies ot Sectad
by gyeiem addioe where spto 3K of cabonae £ apoeas w be devived fon acpdeds g sing of
€O, The e b divsinrd & 2 lage scae snsiopee fof paentyl monedidl oo oached a0 G4 B0 @il a-
e wCOpobgies 2 onid be appled © od el ik 3 and o2y bypea bior wale Deraclsd 25
wark bave wb gty eploged Sy Do despooon pradet n Spludy wikh 14X of De dea O,
eopispes sary be g by carlnose precau o, Federope, carbongton by s adiiton oy e
L st A Ul acnsant m et g b Dn iy 4 oly s dd Gt ey B Deconen s e
targ sancikpdesof md mal

DD Esevier BV. A dglys reserved

Scarborough, YOI1 3AZ, UK.
wsity of Leeds, Leeds LS2 9JT, UK.
Newcastle upon Tyne, NEI 7RU, UK
| University of Technology and Economics, 1111 Budapest,

scopy based
+ processing
agary. Cr K-
tituted into
a have E, ,
VP species
NES spectra
wases in red
ralized with
ormation of
itate reveals
hese results
+ Toma and
¥, will restrict the environmental mobility of Crand As. Vs
e red mud may act as a source of mobile V* where the red

urban land was affected and the red mud was transported over
120 km downstream by rivers reaching the Danube itself™""
The specific composition of red mud is highly dependent on
the nature of the bsuxite used. Red mud typicilly comprises
residual ron oxides, quartz, sodium aluminosilicates, titanium
diowide, caldum carbonate/sluminate, and sodium hydroxide
(which rises the pH up to 13).%***"* Associated red mud
leachates are ko hypenalkaline (up to pH ~13), which itsel
can be directly toxic to aquatic life.'* Equally important is the
reater mobility of oxyanionic forming trace elements such as
As, Cr, and V at elevated pH.'® At Ajka, water in the highly
allaline (pH 13) red mud suspersion has elevated concen-
trations of metals and metalloids such as Al (650 ppm), As, V,
and Mo (4—=6 ppm), and the red mud itsell has elevated
concentrations of As, V, Cr, Co, and Ni (100-1000 ppem ).
Within days after the spil, acid dosing of sudace waters
was established dose to the impoundment breach'” and was
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 nasledné problémy a studie...
 biodostupnost, prasnost...

T -

The Red Mud Accident in Ajka (Hungary): Characterization and
Potential Health Effects of Fugitive Dust
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llona Nyird- Knsaf DD‘I'Dtt}’a Csakberenyl—Malamcs,' dim Toth 't Aladir Cz;ltrmrszky, Attila Nagy,
Szabolcs Nagy, Andris Acs,' Aniké Kovacs, Arpad Ferincz,' Zsuzsanna Hartyam, and Mihaly Pos ~al
*Univessity of Pannonia, Veszprém, Hungary

*Air Chemistry Group of the Hungarian Academy of Sciences, Veszprém, Hungary

Research Institute for Solid State Physics and Optics, Hungarian Academy of Sciences, Budapest, Hungary

© 5epponing Ifromation

& e n pubsacsom/est

The Red Mud Accident in Ajka (Hungary): Plant Toxicity and Trace
Metal Bioavailability in Red Mud Contaminated Soil

Stefan Ruylers Jelle Mertens,' Elvira Vassilieva,” Boris Dehand.schutter, André Pnﬂl]n, and
Erik Smolders'*

ABSTRACT: As a result of a tragic industrial accident, a highly
alkaline red mud sludge inundated settlements and agricultural
areas near Ajka, Hungary an October 4, 2010. One of the major
concerns about the aftermaths of the accident is the potential
health effects of vast amounts of fugitive dust from red mud
sediment. Thus, we studied the chemical and physical properties
of partides of red mud and its respirable fugitive dust, and
performed toxidty measurements. Under unfavorable meteor-
ological conditions dry red mud sediment could emit very high
amounts of respirable alkaline partides into the air. The number
size distribution of fugitive dust peaks above 1 gm aerodynamic
diameter; therefore, its inhalation is unlikey to affect the deep
regions of the lungs. No significant mineralogical or elemental
fractionation was observed between the sediment and dust, with
the major minerals being hematite, cancrinite, calcite, and
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ABSTRACT: The red mud acddent of October 4, 2010, in Ajka (Hungary ) contaminated a vast area with canstic, saline red mud
(pH 12) that contains several toxic trace metals above soil limits. Red mud was characterized andits toxicity for plants was measured
to evaluate the sail contamination risks. Red mud radioactivity (eg., 23%7) is about 10-fold abave soil background and previous
assessments revealed that mdiation risk is Irmmd to indoar radon. The plant toxicity and trace metal avalli:l.]ky was tesu-d wn.h
of this red mud and alocal dsoilup to a16% dry weight fraction. In g redmudap i
soil pH to maximally 8 3 and soil solution EC to 12 &S m ™. ‘Shoot yield of barley seedlings was nﬁ'ecudby 25%at 5% red mudin soil
and above. Red mud increased shoot Cu, Cr, Fe, and Ni concentrations; however, none of these exceed toxic limits reparted
Isewh M , NaOH ded reference tr showed similar yield reductions and similar changes in shoot
compuslhou Faliar dugru:sn:s suggest that Na (>1% in affected phﬂs) is the prl'ue cause of gmwﬂ: effects in red mud and in
comesponding NaOH amended scils. Shoot Cd and Pb d by g appl or were unaffected
Leaching amended soils (3 pore volumes) did not mmpltely remove the Na injury, likely because soil structure was deteriorated.
The foliar composition and the NaOH refe allow ding that the Na salinity, not the trace metal contamination, is the
main concern for this red mud in soil

hydrogarnet. Although the high mesuspension potential and
alkalinity might pose some problems such as the imitation of
the upper respiratary tract and eyes, based on its size distribution
and composition red mud dust appears to be less hazardous to
human health than urban particulate matter.




Jak se z toho poucime?

« odkaliste — zdroje nehod!, ale bez nich to asi
zatim nelze...

« cov CR?

Pribram (r.1932 a opakované za destivych
obdobi vzhledem k labilité hraze)

Rumunsko r.2000 (tezba Au)...
« tézba Au — kyanidy!!! (redox)

Rozinka — aktivni odkalisté v CR... kontrola?




Zdroj: INTERNET

Tezba zlata — zpracovani kyanidem

Kyanid se ziejmé
dostal do Tisy
rumunskym pritokem
Somosem protékajicim
kolem zlatého dolu v
Baia Mare, kde se 30.
ledna stala havarie a
pravdépodobné pii tom
unikl kyanid do vody. Z
Tisy se jed dostal do
Dunaje. Jen v madarske
c¢asti Tisy kyanid zahubil
asi 80 tun ryb a podle
ekologul téZce poskodil
cely potravinovy retézec
v povodi.

Rumunsko poprvé priznalo ekologickou katastrofu

17. (nara 2000 17:00

- Rumunsko oficialné pfiznalo ekologickou katastrofu, ktera zpusobila zneéisténi fek
Somos, nasledné pak Tisy a Dunaje. Rozsah skod nemeélo v umyslu skryvat, nebo
snizovat. "Poucili jsme se a musime jednat,” prohlasila evropska komisarka pro Zivotni
prostredi Margot Wallstromova poté, co si u madarského mésta Szélndk na brehu Tisy
prohlédla nasledky kyanidove skvrny.

V:Ceské republicezatim
‘nemuize kyanidovou
metodou tézit zlato zadna
firma.

Zadosti, které jsou znamé
zejména diky ekologickym
aktivistam, usilovaly teprve o
povoleni prazkumu tézby. Mezi
nejznameéjsi kauzy patri Zadost
o povoleni priazkumu v
Mokrsku ve strednich
Cechach a v Kasperskych
Horach. V prvnim pripacé se
po protestech zajemce sveho
zameru vzdal, ve druhém za
znacnych protestu pruzkum
probiha. Ministerstvo Zivotniho
prostredi uz nékolikrat
haznacilo, Ze téZbu zlata na
tomto misté povolit nehodla.




Zdroj: INTERNET, foto Vaclav Cilek

Rozinka

tézba U, louzeni Na,CO,...
http://borovicka.blog.idnes.cz/c/192751/Jak-se-tezi-uran.html




