
Hellenic Journal of Geosciences, vol. 45, 91

Environmental, industrial and agricultural applications
of Hellenic Natural Zeolite*

Anestis A. Filippidis
Department of Mineralogy-Petrology-Economic Geology, Aristotle University of Thessaloniki, 54124 Thessaloniki, Hellas

e-mail: anestis@geo.auth.gr

ABSTRACT: The Hellenic Natural Zeolite (HENAZE) from Ntrista stream of Petrota village (Evros), contains 89 wt.% HEU-type zeolite and ex-
hibit an ammonia ion exchange capacity (sorption ability) of 226 meq/100g. The commixture of sewage sludge originated from Arta town with the
HENAZE, resulted to odorless and cohesive zeo-sewage sludge. The treatment of Kilkis City urban wastewaters with the HENAZE resulted to pro-
duction of clear water with improved quality parameters by 92% for the color, 94% for the suspended particles, 95% for the chemical oxygen demand,
950% for the dissolved oxygen, 96% for the P2O5, 99% for the NH4, 97% for the SO4, 92% for the NO3, 82% for the NO2, 90% for the Crtotal, 94%
for the Mn and 93% for the Ni contents. Simultaneously, a precipitate of odorless and cohesive zeo-sewage sludge was produced. The treatment of
Thessaloniki textile industry wastewaters with the HENAZE resulted to production of clear water with improved quality parameters by 97% for the
color, 93% for the suspended particles, 95% for the chemical oxygen demand, 98% for the P2O5 and for the NH4 contents. Simultaneously, a precip-
itate of odorless and cohesive zeo-sludge was produced. The values of the quality parameters, measured in the clear waters, are fulfilling the re-
quirements for disposition as downstream, irrigation, swimming and fish waters. HENAZE removed 55% of NO3 from well groundwater, as well as
74% of Pb, 79% of Ag and 57% of NO3 from their aqueous solutions. The treatment of Koronia Lake water with the HENAZE, resulted to clear water
with improved quality parameters by 93% for the color and 96% for the chemical oxygen demand. HENAZE also removed 51-92% of cyanobacte-
ria from Doirani Lake water and their culture. The odorless and cohesive zeo-sewage sludge produced, either by the commixture of sewage sludge
with the HENAZE or as precipitate from HENAZE-treatment of urban waste waters, is suitable for the reclamation of agricultural soils. The odor-
less and cohesive zeo-sewage sludge, as well as the odorless and cohesive zeo-sludge, is suitable for safe deposition, since their dangerous species
are not leached with deionised water. The addition of HENAZE in the agricultural soils, increases the crops yield by 17-66 % and improves the qual-
ity by 4-46 % of agricultural products, reduces the use of fertilizers by 56-100 %, reduces the usage of irrigation water by 33-67 %, prevents the seep-
age of dangerous species into the water environment (e.g., NO3 by 55-92 %), protecting thus the quality of surface and groundwater. The usage of
HENAZE in vivarium units and in the animal nutrition increases the production (e.g., 17% of cow milk, 7% of broilers body weight) and improves
the quality of their products, reduces the feed cost, the animal diseases, animal medication, the new-born animal’s death-rate and the malodor, con-
verting thus the manure to odorless fertilizer. The mineralogical composition and the physico-chemical properties, make HENAZE suitable material
for numerous environmental, industrial and agricultural applications, such as, animal nutrition, soil amendment for agriculture, conditioning of acid
and basic soils, greenhouse and flowers substrates, durability and health improvement of lawn, purification of industrial and urban wastewaters, treat-
ment of sewage sludge, odor control, fish farming, gas purification and drying, oxygen enrichment of aqua ecosystems, improvement of drinking water,
constructed wetlands and wastewater treatment units.
Key-words: Natural zeolite, zeo-sewage sludge, zeo-sludge, groundwater, surface-waters, urban wastewaters, industrial wastewaters, cyanobacteria.

ΠΕΡΙΛΗΨΗ: Ο Ελληνικός Φυσικός Ζεόλιθος (ΕΛΦΥΖΕ) από το ρέµα Ντρίστα του χωριού Πετρωτά του Νοµού Έβρου, περιέχει 89 %κ.β. ζεόλιθο
τύπου-HEU και παρουσιάζει ικανότητα ανταλλαγής ιόντων αµµωνίας (ικανότητα απορρόφησης) 226 meq/100g. Η ανάµειξη λυµατολάσπης της πό-
λεως της Άρτας µε τον ΕΛΦΥΖΕ, είχε ως αποτέλεσµα την παραγωγή άοσµης και συνεκτικής ζεο-λυµατολάσπης. Η κατεργασία αστικών λυµάτων
της πόλεως του Κιλκίς µε τον ΕΛΦΥΖΕ έδωσε διαυγές νερό µε βελτιωµένες τις ποιοτικές παραµέτρους κατά 92% για το χρώµα, 94% για τα αι-
ωρούµενα στερεά, 95% για το χηµικά απαιτούµενο οξυγόνο, 950% για το διαλυµένο οξυγόνο, 96% για τα P2O5, 99% για την NH4, 97% για τα SO4,
92% για τα NO3, 82% για τα NO2, 90% για το Crtotal, 94% για το Mn και 93% για το Ni. Ταυτόχρονα, η κατεργασία έδωσε ως ίζηµα άοσµη και συ-
νεκτική ζεο-λυµατολάσπη. Η κατεργασία υγρών αποβλήτων βαφείων της Θεσσαλονίκης, έδωσε διαυγές νερό µε βελτιωµένες τις ποιοτικές παραµέ-
τρους κατά 97% για το χρώµα, 93% για τα αιωρούµενα στερεά, 95% για το χηµικά απαιτούµενο οξυγόνο, 98% για τα P2O5 και για την NH4.
Ταυτόχρονα, η κατεργασία έδωσε ως ίζηµα άοσµη και συνεκτική ζεο-λάσπη. Οι τιµές των παραπάνω ποιοτικών παραµέτρων στα διαυγή νερά, είναι
µικρότερες από το ανώτατο επιτρεπόµενο όριο των πρότυπων νερών για διάθεση σε φυσικό αποδέκτη, για άρδευση, κολύµβηση και διαβίωση ψα-
ριών. Ο ΕΛΦΥΖΕ αποµάκρυνε το 55% των NO3 από υπόγειο νερό γεώτρησης, καθώς επίσης το 74% του Pb, το 79% του Ag και το 57% των NO3

από τα υδατικά τους διαλύµατα. Η κατεργασία νερού της λίµνης Κορώνειας µε τον ΕΛΦΥΖΕ, έδωσε διαυγές νερό µε βελτιωµένες τις ποιοτικές πα-
ραµέτρους κατά 93% για το χρώµα και 96% για το χηµικά απαιτούµενο οξυγόνο. Ο ΕΛΦΥΖΕ αποµάκρυνε επίσης το 51-92% των κυανοβακτηρίων
από νερό της λίµνης ∆οϊράνης και από καλλιέργειες τους. Η άοσµη και συνεκτική ζεο-λυµατολάσπη που παράγεται, είτε µε την ανάµειξη της λυµα-
τολάσπης µε τον ΕΛΦΥΖΕ, είτε ως ίζηµα µε την κατεργασία των αστικών λυµάτων µε ΕΛΦΥΖΕ, είναι κατάλληλη για χρήση ως εδαφοβελτιωτικό
στις γεωργικές καλλιέργειες. Η άοσµη και συνεκτική ζεο-λυµατολάσπη, καθώς και η άοσµη και συνεκτική ζεο-λάσπη, είναι κατάλληλες για ασφαλή
απόθεση, επειδή τα επιβλαβή συστατικά τους δεν εκπλύνονται µε απιονισµένο νερό. Η προσθήκη του ΕΛΦΥΖΕ στα αγροτικά εδάφη, αυξάνει τις σο-
δειές κατά 17-66% και βελτιώνει την ποιότητα των αγροτικών προϊόντων κατά 4-46%, µειώνει τη χρήση λιπασµάτων κατά 56-100 %, µειώνει την
κατανάλωση του νερού άρδευσης κατά 33-67 %, αποτρέπει την έκπλυση επιβλαβών ουσιών στο υδάτινο περιβάλλον (π.χ., NO3 κατά 55-92 %), προ-
στατεύοντας έτσι την ποιότητα των επιφανειακών και υπόγειων υδάτων. Η χρήση του ΕΛΦΥΖΕ ως υλικό δαπέδου κτηνοτροφικών µονάδων και
πρόσθετο ζωοτροφών, αυξάνει την παραγωγή (π.χ., 17% στο γάλα αγελάδων, 7% στο βάρος κρεο-παραγωγών ορνιθίων) και βελτιώνει την ποιότητα
των προϊόντων, µειώνει την κατανάλωση τροφής, τις ασθένειες και τη φαρµακευτική αγωγή των ζώων, τη θνησιµότητα των νεογνών και τη δυσο-
σµία, µετατρέποντας την κοπριά σε άοσµο λίπασµα. Η ορυκτολογική σύσταση και οι φυσικο-χηµικές ιδιότητες, καθιστούν τον ΕΛΦΥΖΕ κατάλληλο

* Περιβαλλοντικές, βιοµηχανικές και αγροτικές εφαρµογές του Ελληνικού Φυσικού Ζεόλιθου
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INTRODUCTION

Zeolite comprises a special solid crystalline microporous ma-
terial, with open structure and void space. Some high quality
HEU-type natural zeolites, displays unique physical and
chemical features and have a great variety of environmental,
industrial and agricultural applications. The large natural ze-
olite deposits and the low cost of mining, gave access to
large-scale utilization (e.g., MUMPTON, 1977; SAND & MUMP-
TON, 1978; POND & MUMPTON, 1984; GOTTARDI & GALLI,
1985; TSITSISHVILI et al., 1992; HOLMES, 1994; COLELLA &
MUMPTON, 2000; COLELLA et al., 2001; KALLO, 2001; MING
& ALLEN, 2001; TCHERNEV, 2001; HARBEN, 2002).

Αround the village of Petrota (Northeastern Greece),
seven different zeolitic occurrences show varying zeolite
content and cation exchange capacity (CEC). The Livadakia
location on average, contains 39 wt.% HEU-type zeolite with
CEC of 101 meq/100g, the Palestra location 47 wt.% HEU-
type zeolite with CEC of 91 meq/100g, the Toponymio
Petrota location 53 wt.% HEU-type zeolite with CEC of 115
meq/100g, the Mavri Petra location 74 wt.% HEU-type zeo-
lite with CEC of 186 meq/100g, the Fylakio Omega location
45 wt.% mordenite with CEC of 101 meq/100g and the Gka-
zomylos location contains 59 wt.% HEU-type zeolite with
CEC of 167 meq/100g (Table 1).

In the Ntrista stream location of Petrota village has been
located a zeolite deposit, the Hellenic Natural Zeolite
(HENAZE) of GEO-VET N. Alexandridis & Co O.E. con-
cession, containing on average 89 wt.% HEU-type zeolite
with CEC of 226 meq/100g (Table 1). The present study in-
vestigates the production of odorless and cohesive zeo-
sewage sludge by treatment of sewage sludge originated
from Arta town with the HENAZE. Some other environ-
mental, industrial and agricultural uses of HENAZE are also
reported.

MATERIALS AND METHODS

The Hellenic Natural Zeolite (HENAZE) sample used was
selected from a vertical profile of the Ntrista stream within
the GEO-VET’s concession. The sample was ground < 0.5
mm and homogenized (Fig. 1).

A part of the sample was ground further in an agate mor-
tar in order to determine its mineralogical composition by X-
ray Powder Diffraction (XRPD) method. The XRPD analysis
was performed using a Philips diffractometer, Ni-filtered
CuKα radiation on randomly oriented samples. The samples
were scanned from 3o to 65o 2θ at a scanning speed of

1.2o/min. Semi-quantitative estimates of the minerals were
derived from the XRPD data, using the intensity (counts) of
certain reflections, the density and the mass absorption coef-
ficient for CuKa radiation of the minerals (FILIPPIDIS & KAN-
TIRANIS, 2007). The morphology of the HEU-type zeolite was
studied by Scanning Electron Microscopy (SEM).

The sewage sludge originated from Arta town (Western
Greece) was commixtured with the HENAZE at high-speed
shaker, in nine different proportions of 90:10, 80:20, 70:30,
60:40, 50:50, 40:60, 30:70, 20:80 and 10:90 (sewage sludge:
HENAZE). A part of the produced zeo-sewage sludge was
left to dry at room temperature and another part was left to
dry at a temperature of 105 oC.

RESULTS

The semi-quantitative mineralogical composition of HENA-
ZE is presented in Table 2. The HENAZE contains 89 wt.%
HEU-type zeolite, 3 wt.% mica + clay-minerals, 5 wt.%
feldspars and 3 wt.% quartz. The total microporous minerals
content is 92 wt.%.

The typical platy crystals of HEU-type zeolite have a
grain-size of approximately 5 to 25 µm (Fig. 2). The HENA-
ZE contains microporous in the HEU-type zeolite crystals),
mesoporous and macroporous. The commixture of sewage
sludge originated from Arta town with the HENAZE resulted
to odorless and cohesive zeo-sewage sludge (Figs 3-6).

DISCUSSION AND CONCLUSIONS

The Hellenic Natural Zeolite (HENAZE), contains 89 wt.%
HEU-type zeolite, 3 wt.% mica + clay-minerals, 5 wt.%
feldspars and 3 wt.% quartz. The chemical formula of the
HEU-type zeolite is Ca1.5K1.4Mg0.6Na0.5Al6.2Si29.8O72.20H2O
and ammonium exchange capacity of HENAZE is 226
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υλικό για πολυάριθµες περιβαλλοντικές, βιοµηχανικές και αγροτικές εφαρµογές, όπως ζωοτροφές, εδαφοβελτιωτικό γεωργικών καλλιεργειών, βελ-
τιωτικό όξινων και αλκαλικών εδαφών, υπόστρωµα θερµοκηπίων και ανθοκοµικής, ανθεκτικότερο και υγιέστερο γρασίδι, καθαρισµό βιοµηχανικών
και αστικών υγρών αποβλήτων, κατεργασία λυµατολάσπης, αποσµητικό υλικό, ιχθυοκαλλιέργειες, καθαρισµό και ξήρανση αερίων, οξυγόνωση υδά-
τινων οικοσυστηµάτων, βελτίωση ποιότητας πόσιµου νερού, τεχνητούς υγροβιότοπους και µονάδες διαχείρισης υδάτων.
Λέξεις-κλειδιά: Φυσικός ζεόλιθος, ζεο-λυµατολάσπη, ζεο-λάσπη, υπόγειο νερό, επιφανειακά ύδατα, αστικά λύµατα, βιοµηχανικά υγρά απόβλητα, κυα-
νοβακτήρια.

Fig. 1. The < 0.5 mm grain-size of HENAZE used for the present study.
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TABLE 1
The content and type of zeolite, as well as the Cation Exchange Capacity (CEC, meq/100g) of zeolites occurring in locations

around Petrota village (North-eastern Greece).

Project 28 D:17 2/14/11  7:25 PM  Page 93



meq/100g. The chemical composition of HENAZE is 68.62
wt.% SiO2, 11.80 wt.% Al2O3, 2.92 wt.% K2O, 2.14 wt.%
CaO, 1.13 wt.% Na2O and 0.75 wt.% MgO. HENAZE shows
a remarkable ability to neutralize the pH of basic water (pH
9.5) from the lake Koronia (Prefecture of Thessaloniki) and
of acidic stream mine water (pH 5.5) from NE Chalkidiki
Prefecture, exhibiting an amphoteric character (FILIPPIDIS &

KANTIRANIS, 2002, 2007; FILIPPIDIS, 2005b).
The commixture of sewage sludge originated from Arta

town with the HENAZE resulted to odorless and cohesive
zeo-sewage sludge, suitable for the amendment of agricul-
tural soils, but also for safe deposition.

The treatment of urban wastewaters of pH 8.4 (Table 3)
with the HENAZE, resulted to production of clear water
(Fig. 7) of pH 7.5, free of odors and improved quality pa-
rameters by 92 % for the color, 94 % for the suspended par-
ticles, 95 % for the chemical oxygen demand (COD), 950 %
for the dissolved oxygen, 96 % for the P2O5, 99 % for the
NH4, 97 % for the SO4, 92 % for the NO3, 82 % for the
NO2, 90 % for the Crtotal, 94 % for the Mn and 93 % for the
Ni contents (Table 3). Simultaneously, a precipitate of odor-
less and cohesive zeo-sewage sludge was produced, dried
overnight at room temperature (Fig. 7). The values of the pH
and of the quality parameters, measured in the clear water,
are fulfilling the requirements for disposition as downstream,
irrigation, swimming and fish waters. Leaching experiments
of the zeo-sewage sludge by deionised water, proved the fix-
ation of dangerous species by the HENAZE, preventing them
to be transported into the water environment and conse-
quently protecting the quality of surface and groundwater
(FILIPPIDIS et al., 2008f).

The treatment of textile industry wastewaters of pH 8.6
(Table 4) with the HENAZE resulted to production of clear
water (Fig. 8) of pH 8.0, free of odors and improved quality
parameters by 97 % for the color, 93 % for the suspended
particles, 95 % for the chemical oxygen demand (COD), 98
% for the P2O5 and for the NH4 contents (Table 4). Simul-
taneously, a precipitate of odorless and cohesive zeo-sludge
was produced, dried overnight at room temperature (Fig. 8).
The values of the pH and the quality parameters, measured in
the clear water, are fulfilling the requirements for disposition
as downstream, irrigation, swimming and fish waters.

The HENAZE removed 55 % of NO3 from well ground-
water, as well as metals and anions for their aqueous solu-
tions, 74 % of Pb, 79% of Ag and 57% of NO3 (Table 5).
The treatment of Koronia Lake water (Thessaloniki Prefec-
ture, Northern Greece) of pH 9.6 (Table 6) with the
HENAZE, resulted to production of clear water of pH 7.3,
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Fig. 3. Starting sewage sludge (external deposition) originated from
Arta town.

Fig. 2. SEM microphotograph of typical platy crystals of HEU-type ze-
olite of the HENAZE.

Fig. 4. Odorless and cohesive zeo-sewage sludge (proportions 80:20,
after 18 hours at 105 oC).

Fig. 5. Odorless and cohesive zeo-sewage sludge (proportions 50:50,
after 36 hours at RT).
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free of odors and improved quality parameters by 93% for
the color and 96% for the chemical oxygen demand (COD,
Table 6). The HENAZE removed 51% of Colonial Mycro-
cystis cyanobacteria, 75% of Filamentous cyanobacteria from
Doirani Lake water (Kilkis Prefecture, Northern Greece), as
well as 92 % Chroococcus cyanobacteria from their culture
(Table 7).

The natural zeolites show a remarkable ability to remove
inorganic, organic, organometallic compounds, gas species,
metals and radionuclides from their aqueous solutions. The
sorption of the different species from their solutions by the
micro- meso- and macroporous of natural zeolite can be at-
tributed to absorption (mainly ion exchange), adsorption and
surface precipitation processes (e.g., TSITSISHVILI et al., 1992;
MISAILIDES et al., 1995; GODELITSAS et al., 1999, 2001, 2003;
KALLO, 2001). The sorption of gas phases results to oxygen
enrichment of the air and to the remarkable decrease of the
malodor. Also, they show an ability to neutralize the pH of
acidic and basic waters, acting either as a proton acceptor or
donor, exhibiting thus an amphoteric character (e.g., FILIP-
PIDIS et al., 1996; CHARISTOS et al., 1997).

The Hellenic Natural Zeolite (HENAZE) is of very high
quality (>85 wt.% HEU-type zeolite), removes inorganic, or-
ganic, organometallic, gas species, metals, cations and an-
ions from their aqueous solutions. Also, shows an ability to
neutralize the pH of acidic and basic waters. The increase of
the pH in the acidic pH-range could mainly be attributed to
the binding of the protons to the Lewis basic sites of the ze-
olite. The decrease of the pH in the basic pH-range could be
the result of the removal of protons from surface Brønsted
acidic sites or even of the detachment of protons from water
molecules surrounding the exchangeable cations, caused by
OH attack on the zeolite (e.g., FILIPPIDIS et al., 1996; CHARIS-
TOS et al., 1997; GODELITSAS et al., 1999, 2001, 2003).

The mineralogical composition and the physico-chemi-
cal properties, make the HENAZE suitable material for nu-
merous environmental, industrial and agricultural
applications, such as: Animal nutrition, soil amendment for
agriculture, conditioning of acid and basic soils, greenhouse
and flowers substrates, durability and health improvement of

lawn, purification of industrial and urban wastewaters, treat-
ment of sewage sludge, odor control, fish farming, gas pu-
rification and drying, oxygen enrichment of aqua ecosystems,
improvement of drinking water, constructed wetlands and
wastewater treatment units.

The odorless and cohesive zeo-sewage sludge produced,
either by the commixture of sewage sludge with the
HENAZE or as precipitate from HENAZE-treatment of
urban waste water, is suitable for the reclamation of agricul-
tural soils, but also for the safe deposition, since the danger-
ous species are not leached from the zeo-sewage sludge by
deionised water (FILIPPIDIS et al., 2008f), preventing them to
be transported into the water environment and thus protect-
ing the quality of surface and groundwater.

The addition of HENAZE in the agricultural soils (Table
8), increases the yield by 17-66 % and improves the quality
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Fig. 6. Odorless and cohesive zeo-sewage sludge (proportions 30:70,
after 36 hours at RT).

Fig. 7. Left: Starting urban wastewater, Centre: Odorless and cohesive
zeo-sewage sludge and Right: Clear water after the HENAZE treatment.

Fig. 8. Left: Starting textile industry wastewater, Centre: Odorless and
cohesive zeo-sludge and Right: Clear water after the HENAZE treat-
ment.
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TABLE 2
Semi-quantitative mineralogical composition of Hellenic Natural Zeolite (HENAZE).

TABLE 3
Chemistry of starting urban wastewater, clear water after the HENAZE treatment and relevant improvement (average values*).

TABLE 4
Chemistry of starting textile industry wastewater, clear water after the HENAZE treatment and relevant improvement (average values*).

TABLE 5
Chemistry of starting well groundwater and solutions, clear water after the HENAZE treatment and relevant improvement.
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TABLE 6
Chemistry of water from Lake Koronia (Thessaloniki Prefecture, Northern Greece),

clear water after the HENAZE treatment and relevant improvement (average values*).

TABLE 7
Density of Cyanobasteria of starting Lake water and Culture, of overflowed water after the the HENAZE treatment

and relevant improvement (average values*).

TABLE 8
Agricultural uses of HENAZE.
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by 4-46 % of agricultural products, reduces the use of fertil-
izers by 56-100 %, reduces the usage of irrigation water by
33-67 %, prevents the seepage of dangerous species into the
water environment (e.g., NO3 by 55-92 %, Tables 3 and 5),
protecting thus the quality of surface and groundwater. The
usage of HENAZE in vivarium units and in the animal nu-
trition increases the production and improves the quality of
their products, reduces the feed cost, the animal diseases, an-
imal medication, the new-born animal’s death-rate and the
malodor, converting thus the manure to odorless fertilizer
(Table 8).
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