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Eprovitng - Erionite

YKoAEGITNG
Scolecite

ZgoMOWKog TOQ@og (mepréyer ~10
opvoktd) = [Iétpopa. Pvoikoi
ZedMBo # ZuvOetikol ZegdAbot

(TOAV LYNMAO KOGTOC)

Zeolitic Tuff (contains ~10

minerals) = Rock. Natural

Zeolites # Synthetic Zeolites
(\Very high cost)

ZegdMBog tvmov-HEU
(KhMvortidoKI00g-gvAavaiTng)
HEU-type Zeolite

(clinoptilolite-heulandite)

| ZeohBukog TOQ@og (ZT) eivon métpopiol

OV TEPLEYEL £Vl 1] TEPLGGOTEPO O TOL
67 €idn Ceoribov. O LedoMboc pe TIg
moALAPIOUES EQapUOYES Elvar 0 TOTOV-
HEU (khvortikdoABoc-guiavditng). Ot
ONUOVTIKOTEPES  TPOUTODECES Yo
dpopes epapproyéc-ypnoelg etvon 10.

Zeolitic Tuff (ZT) is the rock which

contains one or more from the 67 |;

phases of zeolites. The zeolite with the
numerous applications is the HEU-type
(cliniptilolite-heulandite). The most
important characteristics for different
applications-uses are 10.

1m) Opvuktoloyikd, vo pUnv TEPLEXEL
wodng CeoAiBovg kot GAAD  vdOM
opuktd. H mapovsio wwvwdmv {eolibmv
Kol GAA@V VOODV OPLUKTOV OTOKAEIEL
™ ypnon tov ZT (Apiotepd): Ivdong
{eoMBor:  Eplovitng, Mopvrevitng,
Poyywavitng, Madlitng, XxoAecitng,
MeodMbog, Natpoibog, Peppiepitng
(Agga)  IMwvokoewelg  kpHOoTOALOL
CeoMBov tvmov-HEU.

1ty Mineralogically, should not
contain fibrous zeolites and other
fibrous minerals. The presence of
fibrous zeolites and other fibrous
minerals is inhibitory for for the use of
ZT. (Left): Fibrous zeolites: Erionite,
Mordenite,  Roggianite, Mazite,
Scolecite, Mesolite, Natrolite,
Ferrierite. (Right) Tabular crystals of
HEU-type zeolite.
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2") OpVKTOAOYIKG, 1 TEPIEKTIKOTITO GE
CeoMbBo Tomov-HEU va givon >75%.

Ot ZT dwokpivovrot oc:

A) > 85% IToA0 YynAng moidtnrag

B) 85-76% Y ynAng moidtnrag

I') 75-66% Métprog mottdTnTOoC

A) 65-55% XapmAng moldtrag

E) <55% ®toymg modtrag

2nd)  Mineralogically, the HEU-type
zeolite content should be >75%.

The ZT are ranked as:

A) > 85% Very High quality

B) 85-76% High quality

C) 75-66% Moderate quality

D) 65-55% Low quality

E) <55% Poor quality
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3n
Xnuika, to Koplo. otoryeion kot tyvootoryeia va unv vrepPaivouv 1i¢ Méyioteg Emtpentéc Zuykevipmoelg [MEX]
YEOPYIK®OV £0ap0V, couewva pe v Haykdoa, Evpomaikn ko EAAnvuc vopobesia [EE], kabag eniong va unv
etvan eumlovticpéva e oOykpion pe ™ péon tiun (MT) netpoudtov kot tov eAotov g I'nc.

3rd
Chemically, the major and trace elements should not exceed the Maximum Allowable Concentrations [MAC] of
agricultural soils, according to the Global, European and Greek legislation [EE] and should not be enriched
compared to the crustal average.

MT , MT Em,t}w(m BiodaOe- [MEX] , BiodwaOe-
mg/kg | ®roog I'mg| 'Edagpoc | Eddpovg ! Edagoc , \
=ppm | Crustal Soil Soil OOt T biAe] Soil bl OOt
Average | Average | Seepage Bioavailability [EE] Apples | Bioavailability
(%) (%)
Cd 0.2 0.5 0.003 0.6000 1-3/1-3 0.45 0.01 2.2222
Ni 75 286.8 0.13 0.0453 30-75/30-75 17 0.05 0.2941
Pb 13 17.2 0.02 0.1163 50-300/50-300 5 0.01 0.2000
Zn 70 80.0 0.08 0.1000 150-300/150-300 78 1.1 1.4103
Blodwbeoiuomra, Méyioteg Emtpendpueveg Luykevipooeic (MEY), Zuvnbiouéveg Ieprextikdmteg (ZI1) oe
ZegoMBikovg Topeoug
Bioavailability, Maximum Allowable Concentrations (MAC), Common Concentrations (CC) in Zeolitic Tuffs
ma/kg = ppm dAo16¢ g I'mg BiodBéopo MEZX gdapmv Y11 CeoMBkdV TOPQV
Crustal average Bioavailable (%) MAC soils CC in zeolitic tuffs
Cd 0.2 0.6000 1-3 2-10
Ni 75 0.0453 30-75 20-100
Pb 13 0.1163 50-300 40-100
Zn 70 0.1000 150-300 40-100
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4n
OpuKTOLOYIKA, VO UMV TEPLEYOLY SLOYKOVUEVO apYIAKE opLKTA (TOloAVIKT dPAGT] = IGOOVVALO LLE TO TOUYLEVTO)
4th
Mineralogically, should not contain swelling clay minerals (pozzolanic activity ~ equivalent to cement)

5n
OpLKTOAOYIK(, 1| TEPIEKTIKATNTO TOV LT ULIKPOTOP®ODV 0pUKT®V Va. givar <14%, evd Tov puKpomopwddv >86%
Yo SLETPOPIKES YPNOELS TO GVVOLO TV pacemv SiO, (XatalioctXpiotofaritmctTpidvpitnctOndAiiog va givor <3%
5th
Mineralogically, the content of the non microporous minerals should be <14%, while that of the microporous >>86%
for nutritional uses the total content of the silica polymorphs (Quartz+Cristobalite+Tridymite+Opal) should be <3%

Opvukta / Minerals Xnpuwkog tomog / Chemical formula Opvuktd / Minerals| %
ZebMbBog Tomov-HEU (khvortiddoMBog-gvdavditng) : ‘
HEU-type zeolite (clinoptilolite-heulandite) (GRS Uy I O 2HLT v -
M: Mappapuyiag / Mica (Mg,Fe,K,Na,Mn, Ti),(AlSi),0,(OH), M“fg‘(’)’;%‘r’g’u; >86
Apyuxd opuktd (Zpekritng, IAkitng, Zeladovitng) . _
Clay minerals (smectite, illite, celadonite) (R S ER A AU (LD B0
Q: XoraliactXpiotoParitnst+Tpdvpitnc+Onditog <3% Sio
uartz+Cristobalite+Tridymite+Opa 1N WKPOTOP®OIN

Quartz+Cristobalite+Tridymite+Opal 2 M N | 14
Aotpiol, AF: K-dotpiog, PL: TTAaytoxrlooto . Non microporous | —
Feldspars, AF: K-feldspar, PL: Plagioclase (K.Na,Ca)AlSi;Op

Mukpo-khipoka * Micro-scale

.‘._

To métpwpa * The rock
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6") Ta Bacikd ovto-avtaAra&ipo katiovio otov (eoAbo tomov-HEU va eivan Ca, K, Mg, Na.
6) The main exchangeable cations of the HEU-type zeolite should be Ca, K, Mg, Na.

7M) O1 decpeVTIKN KAVOTNTA (LOVTOAVTOAAAKTIKNY IKOVOTHTA) TV (E0MBo@OpmV TOQP®V va eivar >165 meq/100g.
7t) The uptake ability (ion exchange capacity) of the zeolitic tuffs should be >165 meq/100g.

Mikpo/vavo-ndpovg oe TAEypa 10-peddv & 8-pehdv doKTUAM®V S100TAGEMY
Micro/nano-pores in a framework of 10- and 8-member rings, in dimensions of 7,5X3,1 A, 4,6X3,6 A & 4,7X2,8 A

Boowég evepyég 0éoeig kotd Lewis(-) kar 6&wveg evepyég Oéoeig xatd A oY r‘f ﬁ/x‘v'}ﬁ

Broensted(+) otnv emdveia tov kpuotdAlomv tov (eoAbov Tomov-HEU ¢ ¢ ;
L"\« .ﬁ—”ﬁ *‘Ra e

Lewis (-) basic active sites and Brgnsted (+) acidic active sites in the surface S0ing e son

of the HEU-type zeolite crystals V‘W\R ;v«,‘;

8") Biodiabsopuomra kopimv ototyeiov & yyvoototyeiov <1% “c\ 43{;;* t«\ ? 4

Evtog xpvotadlikng doung  (amoppd@nom-10vTtoavtaAiayr) Kot - Oyt

TPOGPOPNON Kot empavelokn emkddion. EmPrapn yvootoryeio (1oyvpovg 22N A:H"

ANUIKOVS OEGLOVE), EVO TOL ®PEAN L (XohopoDG) [d’ ¢ }\1

] red _"ukf

8t) Bioavailability of major and trace elements <1%

Inside the crystal structure (absorption-ion exchange) and not adsorption

and surface precipitation. Harmful trace elements (strong chemical bonds),

while the useful (weak)

9m) Koxxopetpio (eoAbikod TOQeov, avaroya pe to péyedog tmwv Shards 91) Grain-size of the zeolitic tuff, according to the size of the shards

10") TwuR-Kodotog-6@ehog-mepiBdrrov, 10t)Price-Cost-benefit-Environment

Meydin Tpocoyn Kot GuGTNPOTNTA Y10 TOV EAEYYO TOVAAYIGTOV TV Tpoimobécewv motdtnTog 1M -51: TTApN 0pLKTOAOYIKN Kot yNUKY] GVOTOON
(x0Opra oToyEln KO tyvooTOU ELD)

Great attention and rigor to control at least the quality requirements 1%t -5: Full mineralogical & chemical composition (major & trace elements)
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[Ipwv 20-25 ekat. €11, 3-5 NEOCTEINKEG OPAGTNPLOTITEG

Metatpomi NPacTELKoD YVOALOD G d18PoPoLS TOTOVS (EoABwV
Avaroyo pe T, P, pH, olatdétmra, dwyévveon, avdpeln kAaoTiKOV
VAK®V

[Moxéra 1oV arnd 10-100 otpdpata (méyovg 1cm—-10m)

KébBe otpodpa £xet tnv 61K1 TOL OPVKTOAOYIKY| KoL YNUIKT GVGTOON
Prypara, owdfpwon petépepov optlovting Kot KaOETme Toug TOPovs 6
véeg Béoelg

I'srtovikég B€oelg Kl YEITOVIKA GTPOUOTO £XOVV OLOPOPETIKES TOLOTNTES

Before 20 to 25 million years. 3-5 volcanic activities

Conversion of volcanic glass in different types of zeolites
Depending on T, P, pH, salinity, diagennesis, mixing clastic
material

Packages of tuffs from 10-100 layers (thickness 1cm-10m)

Each layer has its own mineralogical and chemical composition
Fractures, erosion moved horizontally and vertically the tuffs in
new locations

Neighboring locations and layers have different qualitiesg

T'calopwiog
Gkazomylos

4\

53% ZedMbBog tomov-HEU
HEU-type zeolite

/74% Zeohbog tomov-HEU &

Pépa Ntpiota
Ntrista stream

T
i

HEU-type zeolite

KéBetn toun 20 p.
Méon tun (24
otpopoza) = 89%
ZgbMBog tomov-HEU
Awoxopavon = 74-95%

95% ZedMBoc tomov-HEU Vertical section 20 m_
HEU-type zeolite Average (24 layers) =
89% HEU-type zeolite

Variation = 74-95%
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Xouning mototntog CeoMbkoi oot (ZT) / Low quality zeolitic tuffs (ZT)

Métprac-youning-etoyng towdttag ZT ypnoyorotovviol wg Aot d6unong Kot dtokdcunong (KaTacKeL KOTOKIMY, 1Ep®V VadV, GTAPA®V)
H yprion wg AiBot 6pmong, onpiovpyodv dpocepd TepiBaiiov To KaAoKaipt Kot OEprd TOV YEYDVA, GTOVG GTAPAOVS LEIOVOLY TNV CLLLLOVIO
Kot T dvcocpia. AAAeG xpnoels: ¢ mpdcbeta otV Tapaywyn Toluéviov Kot 6to EAappofapr| kovidpato Kot adpovi DAKA.

Op1opéva PNYOVIKA Kot pUOTKA YopaKTnploTikd Tov ZT delyvouv peydin Stakdpaven, eWikd o Topdoes Kot 1) avtoyn o€ OAiym.

g oVYKPIOoT ol GALO OUKOSOUIKE VAIKA ELPOVICOVY VYMAGTEPO TOPDIES Kot ACOEVEGTEPEG UNYOVIKES 1010TTEG.

Medium-low-poor quality ZT are used as dimension and decorative stones (construction of houses, churches, stables)

Their use as dimension stones, create a cool environment in the summer and warm in winter, while in the stables, a reduction of ammonia and
malodor is observed. Other uses: As additives in cement production and in the lightweight mortars and aggregates.

Some mechanical and physical characteristics of the ZT show great variation, especially the porosity and the compressive strength.

Compared to other building materials, they show higher porosity and weaker mechanical properties.

Owcia X.B. Teployiov 1910

MeraZadeg ‘Efpov House of X.B. Terzoglou

Metaxades, Evros,
Greece

DuoKég Kot UNYovIKES 1010t Teg Epmoptkay ZT

o€ GUKYPLOT LE KATOL0, KOWVE OUKOOOUIKE VKA
Physical and mechanical properties of commercial ZT
compared with some common building materials Aifot 56pmong

[Mopddeg | Movoa&ovikh avtoxn oe OAiyn IO S0y
Porosity | Ubiaxial compressive strength ot g
(%) (MPa)
ZT 8-61 1-177
T 8-42 10-45
Clay Bricks : f
Baoditng
1-3 196-392
Basalt
A HMO
_cs[iscsro 100¢ 5.15 49-147 LN.
Limestone IIpop. HAio 1939
Yoppitng 4-20 iR oo Church 1939
Sandstone KAPATTEAAKHZ-ATTEAAKHX

Coffeehouse 1916
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68 Ofosic ZeoOwkav Tépemv oty EALGoa 68 Locations of Zeolitic Tuffs in Greece

7 €ion Ceoribwv (KAwvortiholBog-gviavditng, 7 zeolite phases (clinoptilolite-heulandite,

Mopvrtevitng,Avaikipo, Aopovtitng, Zrdpitng, Mordenite, Analcime, Laumontite, Stilbite,

Ouyitne, Xapalitmg) Phillipsite, Chabazite)
Mérpra-Xapniic-PToymge Yyniig
Nopég/Nnjoog pe Ivaon Ce6b0 MMowtnToag TOLOTNTOG SHvoho
County/lIsland with Fibrous zeolite Moderate-Low-Poor quality High quality
(<75%) (77%, 78%)
>apoc / Samos 2 7 - 9
Kvrkhadov (Mniog, KipmAog,
[MoAvaryog, Zavopivn) 7 2 . 9
Kyklades (Milos, Kimolos,
Polyegos, Santorini)
Zaxvvbog (o€ mopoehavitn) : 1 : 1
Zakynthos (in porcelanite)
Agvkddo (og mopoelavitn) : 1 : 1
Lefkada (in porcelanite)
Kukkic (o€ oAEPeQ) : 1 : 1
Kilkis (in veins)
Podomne (1 Béom o pAEPec) 7 2 . 9
Rhodope (1 location in veins)
‘EBpov (oe pAEPeg Zapobpdicn)
Evros (in veins Samothraki) ke 2 2 =
Y0Voiro 31 34 2 68
46% 50% 3%

BéBaia & gvdeiktikd amobépata v Bécewv: AlBot dopnonc-dtakocunons, VYNNG & moAd vynAng moldtntag ivar ~600 ekat. tovovg, a&lag ~18 dioek. €.
Proven & indicated reserves of the locations: Dimension-decorative stones, high & very high quality is ~600 million tons, value ~18 billion €.

IATAITEPH IIPOXO X H: [loykoouiong, ~1% tov {colbikdv T00pnv givatl Told vyning modtrog kot ~0,1% tov otpopdtov sivol KotdAAnio
Y10 Katavaloon ard tov GvOpmmo. Zovibng To otpduata avtd gival Todd Aemtd (1-3 cm). ISwaitepn mpocoyr amatteitar yio 660v¢ AapBavovy QapuaKa.

SPECIAL ATTENTION: Worldwide, ~ 1% of zeolitic tuffs are of very high quality and ~ 0.1% of the layers are suitable for human consumption. Usually
the layers are very thin (1-3 cm). Particular care is needed for those who take medicine.
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Shards, Mikpo-ndpog, Méco-ndpog, Mdakpo-mdpog

Micro-pores, Meso-pores, Macro-pores Méco-nopog || Mdxpo-mdpog Shard
Meso-pore Macro-pore

- Lk
L |

To métpmpo * The rock
F

-
----- Shards Evtdg Tov kpuetdAhov 3 pikpo-mopot <25 A
Z = ZedMbog thmov-HEU * HEU-type zeolite Shard Ymv emedvela Tov kKpvotdaiov HEU
Q = XoAadiag * Quartz Baoikéc evepyég Béoeig katd Lewis (-)
Cl = Apytuka opvkta * Clay minerals O6&veg evepyég Béoeic katd Broensted (+)

Inside the crystal 3 micro-pores <25 A
In the surface of the crystal

Lewis (-) basic active sites

Broensted (+) acid active sites

Koxkxkopetpieg * Grai-sizes

- & mm el

L LR e : - .
fo - o e B "
= Sl e O
e, e
i1 ety i AN,
F oy

<15 mm Grain-size: < 0.5 mmm
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EAMvikég ®Pvoikog ZeoiBog (EAPYZE) * Hellenic Natural Zeolite (HENAZE)

Opvktoroyikn cvotaon kot [kavotnta Avtariayng lovtov (IAI) tov EAOYZE
Mineralogical composition and lon Exchange Capacity (IEC) of HENAZE
Opvkta 12 perérec ATIO 2002-2005 | 1 peArémn I'ME 2008
Minerals 12 studies AUTh 2002-2005 1 study IGME 2008
ZedMBog Tomov-HEU (kKAvortiddMBoc-gvlovditng) 0 0
HEU-type zeolite (clinoptilolite-heulandite) ST S
Moppopoyiog + apythikd opuktd (GUEKTITNG, GELASOVITNG) 4
Mica _ clay minerals (smectite, celadonite)
Aotprot (TAayldkAaoTo + AAKAAL0VY0C-AGTPLOG) 5
Feldspars (plagiclase + alkali-feldspar)
Xoraliag + XprotoParitng * Quartz + Cristobalite 2
Mopvrevitng (Ivawdng) * Mordenite (Fibrous) - €m¢/ up to 6 wt.%
Ikavotra aviorliaync wovtov * lon exchange capacity 187 meq/100g 80 meqg/100g
mg/kg| ®drowwgIng |'Edagpog| Brodwwbeoomra (%) | E.E./E.C, EA®YZE | 2cm otpopo tov EAOYZE
= ppm| Crustal average| Soil Biavailability (%) |[MEX][MAC]| HENAZE 2cm layer of HENAZE
Cd 0.2 0.5 0.6000 1-3 <0.3 0.03
Ni 75 287 0.0453 30-75 12 4
Pb 13 17 0.1163 50-300 21 7
Zn 70 80 0.1000 150-300 50 8

Xnpodg tomog LedoMbov tomov-HEU * Chemical formula of HEU-type zeolite
Ca, gKq oM sNag sAlg 4Sing 07,-20H,0
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EADOYZE: Kabapicuoc vypaov amoPAntov Bageiov - - - - dpdsvuon

HENAZE: Purification of textile industry wastewaters - - - - Irrigation

Yypo anéBM‘i A1puyégl\}s-pé HETA TNV
qu(péiou \ ¥ xatepyosie pe EAOYZE

% \

|

Aoocun kot cvvekTikn (eoAdomn

Textile indt
wastewater

A3l

Odorless and cohesive zeo-sludge

Yypo anofinto Pageiov

EA®YZE-katepyoaoia: Aravyég vepo

Beltioon (%)

Textile industry wastewater | HENAZE-treatment: Clear water Improvement

pH 7.9 (et 5
Xpohua * Color, mg/L 1035 34 97
Awwpodueva oteped*Suspended particles,mg/L 151 12 92
COD: Xnuikd amaitovpevo o&uyovo

C?lgmical Oxygetln Denfarrd, mg/L <ty e k'
P,Os, mg/L 10.32 0.24 98
NH,, mg/L 20.59 0.45 98
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EADYZE: Kabapioudc vypomv amoBAntov Bupcodsweiov - - - - Apdsvuon
HENAZE: Purification of tanning-work wastewaters - - - - irrigation

Yypod (m(')B?unro. s ing-wi - Cle tter after the
Bupcodcweion 'men |

Yypo anofinto Popcodeyeiov | EADPYZE-katepyaocio: Aravyéc vepod Beltioon (%)

Tanning-work wastewater HENAZE-treatment: Clear water Improvement
pH 8.8 7.2 18
Xpopa * Color, mg/L 11200 194 98
Awwpovpeva oTtepEQ 1955 24 99

Suspended particles, mg/L
P,0Os5, mg/L 61.97 0.68 99
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EAOYZE: Kabapiouoc vypaov aroBAntov Brounyovikne {ovne - - - - dpdgvon
HENAZE: Purification of industrial area wastewaters - - - - irrigation

Industrial area b Clear water after the
wastewater ~treatment with HENAZE

Aooun kot cuvekTikn {eoAdomn

Yypo anofinto Propnyovikis {ovng | EA®PYZE-kotepyaoio: Atavyéc vepd | Bedtioon (%)
Industrial area wastewater HENAZE-treatment: Clear water Improvement
pH 7.8 7.4 5
Xpopa * Color, mg/L 929 65 93
COD: Xnuika aroitovpevo oEvuyovo
Chemical Oxygen Demand, mg/L £ & o8
P,0s, mg/L 9.1 <0.3 100
NO,, mg/L 3b 16 54
Cr, pg/L 35 8 77

Aéopevon-anopdkpoven Papémv-to&ikdv petdrilmv / Sorption-removal of heavy-toxic metals
37-56% Cd, 70-82% Hg, 84-87% Ag.
Padievepyd vypd andfinta: Aécupevon-oamopdkpuvon padtovovkidiov / Radioactive wastewaters: Sorption-removal of radionuclides
37-40% U, 55-58% Th, 60-70% Cs.
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EA®YZE: [Tapaywyn dooung Kot 6uveKTIKNnG (eoAdonn g and Adonr Brounyavikng (ovng
Adpovomoinon emKivouveV BOpMYOVIKOV GTEPEDV ATOPANTMOV
HENAZE: Production of odorless and cohesive zeo-sludge from industrial area sludge
Neutralization of dangerous industrial solid wastes

Emwcivduvo Bropmyavicd

Apyui Ao oTEPED OMOPANTO

Propmyavuciig Cdvng (EBZA) [unatapiec]
Starting industrial Dangerous industrial solid
area sludge waste (DISW)
[batteries]

Aooun & cLVEKTIKN

Ceoldomn :

Odorless & cohesive Aapqug (PP,
ze0-sludge Neutralized (DISW)

Aooun & GLVEKTIKN

Ceoldomn Adpavé
) pavég (EBXA)
Odorless & cohesive Neutralized (DISW) |
zeo-sludge

Ot Goopeg ko cvvektikeég (eoldomes, Kobmg kal ta adpoavoroinuéva EBXA (6nwg oteped andPfAnto umatoplov), eivor KoTtaAAnAa yio
ac@aAn andbeomn, Aoy g KabNAmong Tov emPBAaPdV OVCIOV GTOVG VOVO/UIKPO- LECO- Kol LoKpoTopovs Tov EADYZE, autég dev ekmAvvovtol
KoL OV UETAPEPOVTOL LLE TO VEPO TNG PPOYNG, TPOSTATEDOVTOG ETGL TNV TOLOTNTO TOV EAPDV, EMPOVELOLKDV KOl DTOYEI®V VOATWOV.

The odorless and cohesive zeo-sludges, as well as the neutralized DISW (such as solid wastes of batteries) are suitable for safe deposition,
since the fixation of the dangerous components in the micro/nano- meso- and macro-pores of the HENAZE, they are not leached and not transported
by the rain water, protecting thus the quality of soils, surface and groundwaters.
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EA®YZE: KabBapiopdg aotikdv Avpdtov - - Kalliépyeieg kat dpdgvon
HENAZE: Purification of urban wastewaters - - Cultivations and irrigation
Alavyéc vepo peta v
katepyaocio pe EA®YZE

FF22
G KOl GLUVEKTIKT (EOAVUATOAACT

Clear water after the
treatment with HENAZE

LY1812
lOderIess and cohesive zeo-sewagesludg(‘e‘

K = Kpoxidwtika Katepyaoia pe K | Katepyosia:K+EADYZE
C = Coagulants Aotk [ Treatment with C Treatment: C+HENAZE
Mpota | Awwyég | Bedtioon | Awowyéc
Urban VEPO (%) VEPO Beltimon
waste- Clear Impro- Clear (%)
mg/L waters [ water vement water | Improvement
pH 8.7 6.8 22 7.1 18
Xphpo * Color 1700 45 97 45 97
ARG g e AR 10 08 10 08
Suspended particles
COD:Xnud
OTTALTOV LEVO
Ovyovo*Chemical 1275 165 87 135 89
Oxygen Demand
ALaAOREVOOCLYOVO | 4 o 4.4 633 6.3 950
Dissolved oxygen
P,O; 58.44 0.34 99 0.64 99
NO, 75.70 55.78 26 10.62 86
Cr 0.12 0.04 67 0.02 83
Mn 0.32 0.04 88 0.02 94
Fe 0.28 0.10 64 0.06 79
Ni 0.24 0.04 83 0.02 92

Ot Topomave TYEG TOV TOLOTIKOV TUPOUETP®Y GTO JLYEG VEPOD, glval LIKPOTEPES OO
TO OVATOTO EMITPETOUEVO OPLO TOV TPOTLTIWV VEPAOV, Y10 d1ABECT GE PVOIKO OTOJEKTN,
Y10 Gpdevon, koloupnon kot dtafioon yopidv. Aécpevon-amopdikpuven 83% Cré*

The quality parameters measured in the clear water, are fulfilling the requirements for
disposition as downstream, irrigation, swimming & fish waters. Sorption-removal 83%

of Crb+,
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EA®YZE: Iapaymyn docung Kot GOVEKTIKNG (eoAvpatoAdonng - - KaAMEpyeleg
HENAZE: Production of odorless and cohesive zeo-sewage-sludge - - Cultivations

Apyn| AopotoAdonn
Starting sewage-sludge

KobnAmwon kon amotpont) EKmAvong
emProfav ovci®v and v (EOAVHATOAAGTN
Fixation and seepage prevention
of dangerous components from the zeo-sewage-sludge

Avpatoldonn Nepd ékmivong g AHATOAGGTNG "Exmlvon
mg/L Sewage-sludge Seepage water from sewage-sludge Seepage
(mg/kg) (mg/L) (%0)
NO; 19.92 19.92 100
Aocun Kot cLVEKTIKT (e0AVLOTOAGGTT Cr 0.08 0.02 25
Odorless and cohesive zeo-sewage-sludge Ni 0.20 0.02 10
Mn 0.28 0.02 7
Z€0-ALOTOAAOTY) Nepd éxmivong g {eo-AvpoToAdonng "Exmloon
mg/L Zeo-sewage-sludge Seepage water from zeo-sewage-sludge Seerage
(mg/kg) (mg/L) (%0)
NO; 65.08 12.40 19
Cr 0.10 <0.02 0
Ni 0.22 <0.02 0
Mn 0.30 <0.02 0

H dooun o1 ovvektiky] (eoAvpotordonn sivor katdAAnAn yww ypnomn  og
€00POPEATIOTIKO OTIC YewpylKeS koAMépyeles. Tavtdypova, ot emPraPeic ovoieg dgv
ekmAOVOVTIOL PE TO vePO NG PPoxns, TPOCTOTEVOVTAG £TGL TNV MOWOTNTO TOV 000GV,
EMUPAVELOKDV Kol VTOYELOV VOATOV.

The odorless and cohesive zeo-sewage-sludge is suitable for the reclamation of
agricultural soils. Simultaneously, the dangerous components are not leached and not
transported by the rain water, protecting thus the quality of soils, surface and groundwaters.
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EA®YZE: Eykataotdoeig Eneéepyacioc Aotikmv Avpdtov (EEAA)
HENAZE: Wastewater Treatment Plants (WWTP)

Yrodoyn Avpdrtov Yrodoyn BoBporvpdtmv Ene&epyacia Avpoarordonns-Tldyvvon-Aevddtoon + EA®YZE Amoldpavon pe vrepdon aktvoPolio
Sewage reception Sewage reception Sewage-sludge treatment-Thickening-Dewatering + HENAZE Disinfenction by ultraviolet radiation

Appocviroyn-Awmocviloyn Amovitporoinon-Aepiopog + EAOYZE Ag&apevéc devtepofadiag kadilnong
Sand & fat collection Denitrification-Aeration + HENAZE Secondary settling tanks
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KvavoBaktpla
EADYZE: Aéopevon Kol amoudkpuven KvavoPaktnpiov Cyanobacteria

HENAZE: Sorption and removal of cyanobacteria | !

>vykévipwon / Concentration , [Ipwv
Beltioon Bef

KvavoBaktipio Apyiciy | Metd v katepyacia pe EAOYZE | Improvement | L
Cyanobacteria Initial After the treatment with HENAZE (%) 3

Izg_l?é,A{“‘mQ Colonial Microcystis 320 157 51 e o FES

0ipavre (colonies/mL)

Doirani Lake | Filamentous, 8254 2069 75

Water (filaments/mL)

Karugépyew | Chroococeus S (S S A8 BT

Culture (cells/mL) 478066 36508 92

10
pH 9.5 Mepo g Lipvms Kopovaog * Lake Koronia water
EADYZE: PDOHf‘;Sl & Metakivnon OH- and 116 acidic sites tov (ed6A0ov
TPOG TO onSéfcgpo ko omd to popa H,O aviodldEiov kotidviov i
q W
10 PH TV vodTOV Bgfore
HENAZE: Controls :
to neutral the
pH of waters
pH 5.5 Mepo péuotog * Stream water
Aéopevon H otig basic sites tov {gdoMbov

o 10 20 30 40 S50 &0 T a0 ®) 100 W0 20 13 140 150 160 1T 8D
Xpdvocg * Time (min)
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Beltioon Tov plikov
GUGTI|LOTOS TV PUTOV
Improvement of plants

root-system

100% "Edagog / Soil

85% Edagoc + 15% EADYZE
85% Soil + HENAZE

H nposOnkn tov EADYZE 6t0 0ypoTIKd £00.0N

PvOuiler mpog 1o ovdétepo to PH TV edapmv (Bertioon koatd 47-55%)

Beltiover Tig puotkoynkeg Kot OpenTIKES IKOVOTNTEG TOV E0PDV
Beltiovel emPBapopéva £6don kot 66N petarieiov Kata 43-78%
Aéopevon-kafnimon
33-43% Cd, 39% Cs, 44-52% Pb, 52-71% Zn, 60% Ni, 47-78% Hg
Evioyvetl 1o pulikd chotnuo TV QUTOV
AmoOnkevet (30-33%) kot d100€tEl GTAdLOKA TO VEPDO GTO PLTA
Mewover 11¢ as0évelec Tov priiKov GLOTHUATOS TOV PLTMOV
Mewover T1¢ anmieleg Tov putov Katd 12%

The addition of HENAZE in agricultural soils

Controls to neutral the pH of soils (improvement by 47-55%)
Improves the physico-chemical and nutritional capacities of the soils
Improves contaminated soils and mine-soils by 43-78%
Sorption-fixation
33-43% Cd, 39% Cs, 44-52% Pb, 52-71% Zn, 60% Ni, 47-78% Hg
Reinforces the root system of the plants
Saves (30-33%) and offers gradually the water to the plants
Reduces the diseases of the plants root-system
Reduces the losses of plants by 12%
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IpocOkn tov EA®YZE oto aypotika €00.01:
AvEnon mropayoyns (17-99%) kar peitiooon morotntog (4-46%) TOV TPOIOVTOV
Addition of HENAZE in agricultural soils:
Production increase (17-99%) and quality improvement of the products

AbEnon Taporyoyn ADENON TOPaYOYR | o~
Production increase (%) Production increase % | s

Twwépt * Wheat 29-57| |Kpépt * Barley 95( sz

Toudto * Tomato 11-96| [PvQ * Rice 34| *

>topoa * Grape 25-99| |Koiaumoxkt * Maize 50

Mniao * Apples 33-37| |Iazata * Potato 94

Poddxiva * Peaches 31-35| [Xxo6pdo * Garlic 33

[Tapiparo (avBopopia) 9540 Axtwvidwo * Actinides 45

Carnation (florescence) Baupakt * Cotton 17

1 \ A 4 i
f A\ : AN
VA TEVAN *)’4 \’J
: wd
o10Tld, YOO T TOLATA IMopaywyn * Production Beltimon
QuaIiTt cricargcteTr?sptig; of tf)rrhlatf) ; xoplc EADYZE ue EAOYZE | Improvement
y without HENAZE | with HENAZE (%)

AlAVTd 6TEPER GLOTATIKA
Soluble solid components (%) - " [
Birapivny C * Vitamin C (mg/1009) 6.81 8.61 26
Yvvektikotnto odpkac*Firmness (kg) 0.619 0.906 46
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Xouninec rorotntoc LeoA0kol TOOOotL

Ot amodooeIg Toy undevikég pe t ypnon Leoibikov
T6eov and to Aatopeio [etpotdv
(44% CedMBo ToTOV-HEU)

e mEPAUOTH 0TO OEPLOKNTIO

A) Anddoom 610 PBhpog Kapmmv oo vVEP1dimY TuTEPLdg
B) Z10 pH kol nAekTpiki] ayoyipétnta
TOV VITOGTPOUATOV
I') 210 papodvin
A) X11g peTpnoels YAOPoPvAING

E) Zmv vypacio-niektpikn ayoynuotnto-0eppokpocio

0€ VOPOTOVIK(G VITOGTPDOLOLTOL

[Tewpdpota og 2 aypoig
A) 10 YAUKO KOAGUTOKL
B) Xto pH kot nAextpikn ayoypdtto Tov aypmv
>ty amopdkpuven Tov petairov (Zn, Ni, Cr, Cu)
amo delypaTo vYPOV amoARTOV
XNV amopdKpLuveT TV peETdAlov Fe kow Mn and
OGO VEPQL
I'ME 2008, 2009

Low quolity zeolitic tuffs

The performance were zero using zeolite tuff
from Petrota quarry
(44% HEU-type zeolite)

In greenhouse experiments
A) Weight performance in two pepper hybrids fruit
B) The pH and the electrical conductivity
of substrates
C) In lettuce
D) On chlorophyll measurements
E) In the humidity-electrical conductivity-temperature
in hydroponic substrates

Experiments in 2 fields
A) In the sweet-corn
B) The pH and electrical conductivity of the fields
The removal of metals (Zn, Ni, Cr, Cu)
from wastewater samples
The removal of metals Fe and Mn
from potable waters
IGME 2008, 2009




Dducikoi ZedMBor-ZeoMbwkoi Toeeot [ToAd Yyning [Towdmtag-Xproelg 1982-2015. A. duvmriong, Kadnyntig Opuvktoroyiog-Kottacpatoroyiag, A/viig Epyaotnpiov 'eoynueiog, A.IL.O.
Natural Zeolites-Zeolitic Tuffs Very High Quality-Uses 1982-2015. A. Filippidis, Prof. of Mineralogy-Economic Geology, Head Lab. of Geochemistry, Aristotle University of Thessaloniki

B A

EmBapopéva

voata AMpvng

Polluted
Lake waters

EA®YZE:
ALLVES KOl ETPAVELOKA VOUTA

(o) H Katepyoosio aoctikdv, Bropunyoavikodv Kot
YEOPYIK®OV VYpOV oamofAnTov YyOpo omd
Alpvn, Bedtudvel TV TOWOTNTO TOV VEPOV TPV
VT EI0PELGOVY GTN AlpvT).

| (B) H mpocbnkn ota aypotikd €daepn mov

KaAAlEpyoUVTOL YOP® Omd TN AMpvn, amoTpémet

| mv éxmluon pe T0 vepd TG Ppoxng Tov

emPAAPOV 0VOIOV (PLTOPEPLOKO-MTTAGLOTOL)
ot vepA TNG Apvng, ow&avel TNy mapaymyn Kot
Beltidver TV WOWOTNTO  TOV  OYPOTIKAOV
TPOTOVTOV.

(y) H xotepyasio t™g AvpatoAdomnG, TNg
Adomng Kor TG KOTPLdg Plopnyovikav Kot
KTNVOTPOPIKOV HOVAS®V YOp® amd T Aluvn,
LEWDVEL TN OLCOCUIOL KOl OTOTPEMEL TNV

" éxkmhoon tov emPAaBov 0voLDVY pE TO VEPDO TG
| Bpoyiig o Aipvn.

(0) H mpocbnkn otnv moporipvie Adonn,
LeWmVEL T Ovcoopio, PeATidvel TIG cuVONKeg
drofimong Kol avanTuéNng T@V OPYOVIGU®Y KOl
PLTOV TNG TOPaAiVIaG (dVNC.

(¢) H mpocbnkn ota vepd tng Aipvng, pvOuilet
7o PH T0V VEPOL TTPOG TO OVIETEPO, EPTAOVTILEL
oe o&uy6vo TOo VvePO, pEDVEL TA PoakTnpla,
BeAtidvel tn Oofiwon TV 0opyavVICU®OV Kol
ovTov. Opiopévol Ploddyol dev TPOTEIVOLV TN
piyn tov EADOYZE o0& ouowd vdaTiva
owocvotnuate wpwv Oepevvnlel n  mbavn
LelmoN TOV OPEAMUOV EI0DV PLTOTANYKTOV Kol
HKPOOPYOVIGUDV.

HENAZE:
Lakes and surfuce waters

(@) The treatment of urban, industrial and
agricultural wastewaters around the lake,
improves the quality of waters before they flow
into the lake.

(b) The addition in the agricultural soils that are
cultivated around the lake, prevents the seepage
of dangerous substances (pesticides-fertilizers) by
the rain water into the lake, increases the crops
yield of agricultural products and improves their
quality.

(c) The treatment of sewage-sludge, sludge and §

manure of industrial and farm units around the
lake, reduces the malodor and prevents the
seepage of dangerous substances by the rain
water into the lake.

(d) The addition in the lakeside sludge, reduces o
the malodor, improves the living and growth |
conditions for organisms and plants in the :"

lakeside zone.

(e) The addition into the lake-water, controls to == & :
neutral the pH of water, enriches with oxygen the ==
water, reduces the bacteria, improves the living |

and growth conditions for organisms and plants
of the lake. Some biologists do not suggest
throwing the HENAZE into the natural aquatic
ecosystems, before exploring the impacts on
water due to a possible decrease of beneficial
phytoplankton and microorganisms.

(sludge)
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EADYZE:
Adpavomoinom 6&vng amoppong HETAALEIDY
HENAZE:
Neutralization of acid mine drainage

V‘%Eiw n anoppon petadAelow

c:-'f":' Tadgpos wopponiag porfg
TH,_ & Kutuppﬁxm-; AoBeotdhbBoc

+ Dugikde
.u.,aﬂau'r-:r?u e/ {EGhIOG
+ Duokse i
Opyavikn uuﬂnh—ﬁ\ Duowde

TedlBog

Topdn + opyavikd _j {edhbog
G ___\_‘, m i P—;"“/
AR

i i = f L@umnﬁc
MeyLd avaepdPiog kol _> 2e6hiBoc
[ e e e e T —'l""a __..-"”
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(F— - —
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EADYZE:
E&opuvén petarievpdtov Kot EmMoTPoP] £00.Q0MV
VU0 YE@PYOKTIVOTPOPIKES YPNCELS

(o) Katepyaoio e 0Evng amoppong Kot TV VYpOV
anofAntov petoiieiov pe EAOYZE, adpavomoiel ko
kafotd To vepd KaTAAANAo Yo d1dbeon o QLGIKO
amOOEKTN 1N Yo dpdevom (.Y OEGUEVTIKN KOVOTNTA
EA®YZE 56% Cd).

(B) H avdapeitn tov EAD®YZE ota oteped amdPAnta
petoAdeiov kol kvpiog ot Aegkdvn  Awyeipiong
Tedudrov (AAT), adpovomolel to oteped amdPfinta /
TEMLOTO, KO OTOTPETEL TV EKTAVGCT] TOV UETAALDOV LE
0 vepd G Ppoxng.

(y) H ovaueitn tov EADOYZE ota &ddemn tov
LETOAAEIOV TTPOG OmOOOGN Y10 YEMPYOKTVOTPOPIKN
xpNom, puOuiler to pH TV dapadv TPOG TO OVLOETEPO,
EMPEPEL  HEYOADTEPT  YOVIUOTNTO  KOU  KOADTEPM
TOLOTNTO. OTO, TOPOYOUEVE, TPOIOVIA (QULTIKNG Kol
CoTKNG TPOEAELGNG, GE CUYKPLON LE TO EGAPT) TPV TNV
EKUETAAAEVOT TOV UETAAAWV.

EADYZE:
Adpavomoinon Tehpdrov
HENAZE: Neutralization

of mine tailings

HENAZE: Mining of matals and ruterning the land for agricultural uses

(@) The treatment of acid mine drainage and wastewaters with HENAZE, neutralizes and makes them suitable for
disposition as downstream or irrigation waters (e.g., sorption and removal ability of HENAZE 56% Cd).
(b) The mixing of HENAZE with the mine solid wastes and mainly with the mine tailings, neutralize the solid wastes,

the mine tailings and prevents the seepage of metals by the rain water.

(c) The addition of HENAZE in the mine soils for return to agricultural use, controls to neutral the pH of soils, brings
greater fertility and better quality of the plant and animal products, compared with the soils before the mining.




Duowoi ZedMBor-ZeoMBucoi Toppot [ToAd Yyming [owwmrag-Xpnoeig 1982-2015. A. dinnidng, Kadnyntig Opvkroroyioc-Kottaospatoroyiag, A/vtig Epyaotmpiov 'eoynmpeioc, A.IT.O.
Natural Zeolites-Zeolitic Tuffs Very High Quality-Uses 1982-2015. A. Filippidis, Prof. of Mineralogy-Economic Geology, Head Lab. of Geochemistry, Aristotle University of Thessaloniki

EA®YZE: o¢ tp060cT0 LOOTPOPOV KOl VAIKO 00TEO0V KTVOTPOPIKAOV LOVAI®V
AvEnon mapaywyng (1-20%) twv tpoidviwv
: Beltioon motdttog tov tpoidviav (wikng tpoéhevong (Leimon Aimovg 2-28% og yoipovg)
m Meiwon katavdiwong tpoeng (2% oe kpeomapaywyEg OpVIBES)
Meiwon g Bvnoottog tov veoyvav (20% oe yopidia, 30% ce TEcTPOPEC)
" Meiwon acOeveidv tov (dov (peimon pootitidag 90% ot yoraktomapaywység ayelades & 17% g yolpountépeg)
Meimon g QapLOKEVTIKTG Ay®YNS TOV (OOV
Meiwon g SuGoGHiag Kot TNG OUUMOVING GTOV YMOPO EKTPOPNS
Meiwon appmviag oto vepod 1yfvokaiiiepyeimv katd 90%
Metatpomn ¢ Konplig 6€ Goopo Altacua

AvEnon mapoywyne * Production increase (%)
Ayehadec: I'adaxtopopaywyn * Cows: Milk-production 17-20
Kpeomapaywyéc 6pviBec: Bapog * Broiler chickens: Weight 2-12
Avyompaywyéc opvifec: ApiOuoc avymv * Hens: Number of eggs | 3
Avyompaywyéc opvifec: Bapoc avyov * Hens: Egg Weight 1-6
Xoipovc: Bapoc * Pigs: Weight 2-3
ITpoPata: Bapoc * Sheep: Weight 8-9
ITéotpogec: Bapoc * Trout: Weight 3-12
ITéotpogec: Mnkoc * Trout: Length 4
>oroudc: Bapoc * Salmon: Weight 3-11

HENAZE: as additive in animal feed and livestock floor material
Increased production (1-20%) of products
Improving quality of animal products (fat reduction 2-28% in pigs)
Food consumption decrease (2% in broiler chickens)
Decrease in mortality of neonates (20% in piglets, 30% trout).
Reducing animal diseases (90% reduction of mastitis in lactating cows and 17% in sows)
Reducing the animals medication
Reduction of the malodor and ammonia in animal farming areas
Reduced of ammonia in the water of aquacultures by 90%
Converting the manure into odorless fertilizer

Ipocoyn avotnpo £éreyyo mordtnTog — Evyapiotd Yo TNV Tpocoyi) oog
Attention strict quality control — Thank you for your attention
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