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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 P.Os, 99% for the NHa, 97% for the SO4, 92% for the NOs, 82% for the NO2, 90% for the Criotal, 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 P.Os 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 NO; 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.

MHEPIAHYH: O EAnvikog Dvoikdc Zedbmbog (EADPYZE) and to pépa Ntpicta tov ymprod [etpwtd tov Nopod Efpov, nepiéyet 89 %ox.p. (edMbo
tomov-HEU kot mopovcialet tkavotnta aviolhoyns Oviav appmviog (kavotnto anoppdenong) 226 meq/100g. H avapeén Avpoatordonng g nod-
Aewg ™ Aptog pe tov EADYZE, gixe og amotélespo Ty mapaymyn GoGHNG Kot GuveKTIKNG (eo-Avpatordonne. H kotepyacio aotikdv Avpdtov
g moAews Tov Kikkig pe tov EADYZE €0maoe dtanyég vepd pe BEATIOUEVES TIC TOLOTIKES TAPAUETPOVS KaTd 92% Yo To ypdpa, 94% yio T at-
®povpeva oTePEd, 95% yia 1o yNKA omantodpevo o&uydvo, 950% yia to dtodvpévo o&uyovo, 96% yia ta P20s, 99% yioe v NHa, 97% yio tar SO,
92% Y1 1o, NOs, 82% y10. 1o NO5, 90% y10. 70 Criowl, 94% Y10 to Mn kat 93% y1a. 1o Ni. Tawtoypova, n kotepyosio £dwoe wg ilnua dooun kot ov-
vektikn Ceo-hopatordonn. H katepyasio vypodv arofiitev Bageiov tng Occoarovikng, Edwoe StanyEég vepod pe PEATIOUEVES TIG TOLOTIKEG TOPOLLE-
Tpoug katd 97% yio to ypopa, 93% yo ta cwpodpeva oteped, 95% Yo To yNuikd amaitovpevo o&vyovo, 98% yia ta P2Os kat yio tnv NHa.
Tovtoypova, 1 katepyosio Edwoe g inpa doopn kot cuvektikn (eo-Adomn. Ot TIES TV TOPOTEVE® TOLOTIKOV TOPUUETPMV GTO SLoVYN VEPQ, etvat
KPOTEPES OO TO OVATATO EMTPETOUEVO OPLO TV TPOTLTOV VEPDV Y10 SIAOECT GE PLGIKO ATOSEKTN, Yot APSELOT, KOAVPN o™ Kot daPimon ya-
pudv. O EA®YZE anopdipuve 10 55% tov NO; amd vroyelo vepd yedtpnongs, kabmg eniong to 74% tov Pb, t0 79% tov Ag kot 10 57% tv NO;
a6 1o VOUTIKA ToVg dradvpata. H katepyacia vepov g AMpvng Kopdvetog pe tov EADOYZE, £dwce dtonyég vepod e PEATIOUEVEG TIG TOLOTIKES ToL-
papéTpous Katd 93% yio to ypdpa Kot 96% yio to ynpkd anorrovpevo o&uydvo. O EAGYZE amopdkpuve emniong 1o 51-92% tmv kvavoBaxtnpiomv
amo6 vepd g Aipvng Aoipdvng Kot omd KoAlépyeteg Toug. H dooun kot cuvektik {e0-AVUOTOAGGTN TOL TOPAYETAL, EITE LE TNV AVAUEEN TNG AVLO-
tohdomnng pe tov EAOYZE, eite og ilnpa pe mv xatepyosio tov actik®v Aopdtov pe EAOYZE, givat katdAAnin yio xpfion og £30@oBeATioTikd
OTIG YEMPYIKES KaAMEpyetes. H dooun kot cuvektikn {eo-Avpatordonn, Kabmg Kot 1 oo Kot cLVEKTIKT {e0-AAom, eival KATAAANAES Yo G QOAN
andBeon, eneldn o emPAafn cVOTATIKE TOVG dev ekmAdvovTaL pe amoviopévo vepd. H mpocbnkn tov EAPYZE ota aypotikd £3a¢n, ov&avet Tig Go-
detéc Kotd 17-66% Kot PEATIOVEL TNV TOWOTNTA TOV AYPOTIKMOV TPOIOVI®V Katd 4-46%, petdvet T xpion Mracpdtov kotd 56-100 %, peidvet tnv
KOTOvOA®GT TOV vEPoL apdevong katd 33-67 %, anotpénel Ty £kmivon emPrafdv ovcudv 6to vddTvo meptPdrlov (w.y., NOs katd 55-92 %), npo-
GTOTEVOVTOG £TCL TNV TOLOTNTO TOV EMPAVELNK®V Kot VIOYEW®V vdGtmv. H yprion tov EAGYZE g vAkd Samédon KTNvoTpopiKdV LoVASmV Kot
mpdcbeto (wotpoedv, av&avel T Tapaywyn (T.x., 17% oto yéha ayekddmv, 7% o610 Papog kpeo-tapaywymv opviBinv) Kot fektidvel Ty motdtnTo
TOV TPOIOVIOV, LEIDVEL TNV KOTAVAA®GT TPOPNC, TIC AGHEVELEG KOl TN QUPUOKEVTIKY ay®yn TV (dov, T BvnodTa TV veoyvav Kot T dLVGo-
ouia, HETATPEMOVTOS TNV KOTPLY € Goco Airacio. H 0puktoloyikn 606TooN Kot 01 QUGIKO-YNIKEG W10t TES, Kabiotovv Tov EADY ZE kotdAinio

* TTeptParlhovTikéc, PLOPNYOVIKES KOl 0yPOTIKEG EQapPLOYESG TOV EAAnvicoy ducikol Zedbov
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VAKO Yo ToAvapdpeg mepPaAAOVTIKES, PLOUNYOVIKEG KOt 0lyPOTIKEG EPAPLOYES, OTMG LOOTPOPEG, EAPOPEATIOTIKO YEMPYIKMOV KAAMEPYEIDV, Pk~
TIOTIKO OEWVOV KoL OAKOAMK®V £30pOV, VIOGTPOUO OEpUOKNTIOV Kot avOOKOHIKNG, AVOEKTIKOTEPO KoL VYIEGTEPO YPAGTdL, KaOUPIGHO Propnyavikdy
KOl 0O TIKOV VYPOV omoPATOV, KATEPYAGit ADUATOALOTNG, ATOGHNTIKO VAIKO, tyBvokaAlépyetes, kabapiopd kat Efpaven agpiov, oEuydovmon vod-
TIVOV 0IKOGLOTNHATOV, BEATIOON TOOTNTOG TOGULOV VEPOL, TEXVNTOVS VYPOPLOTOTOVG Kot HoVASES dayeiptong VOGT®Y.

AéEeig-kherdna: Qooikog (eolibog, (go-lvuarolaonn, (eo-Adorn, VIOYELO VEPO, ETIPAVEIOKG DOATA, ACTIKG. ADUOTO, PIOUNYOVIKG DYPa aTOPANTO, KUO-

vofoxtipio.

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 ef al., 1992; HOLMES, 1994; COLELLA &
MumPTON, 2000; COLELLA et al., 2001; KALLO, 2001; MING
& ALLEN, 2001; TCHERNEV, 2001; HARBEN, 2002).

Around 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
CuK, radiation on randomly oriented samples. The samples
were scanned from 3° to 65° 20 at a scanning speed of

Fig. 1. The < 0.5 mm grain-size of HENAZE used for the present study.

1.2°/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 CuK. 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 °C.

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 um (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 Cai.5K1.4MgosNaosAls2Siz0807220H.0
and ammonium exchange capacity of HENAZE is 226
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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).

Location wt.% Zeolite CEC Reference
35 HEU-type 101 FiLirpIDIS & KASSOLI-FOURNARAKI (2002)
Livadakia 43 HEU-type 101 FILIPPIDIS ef af. (2007¢)
39 101 Average
47 HEU-type 82 MARANTOS & PERDIKATSIS (1994)
HEU-type - STAMATAKIS ef al. (1996)
HEU-type - STAMATAKIS ef al. (1998a)
Palestra HEU-type - STAMATAKIS ef al. (1998b)
HEU-type - HALL et al. (2000)
HEU-type - STAMATAKIS ef al. (2000)
HEU-type 100 STAMATAKIS ef al. (2001)
47 91 Average
42 HEU-type 80 MARANTOS & PERDIKATSIS (1994)
THEU-type - STAMATAKIS et al. (1998a)
‘Toponymio 54 HEU-type 132 FILIPPIDIS & KASSOLI-FOURNARAKI (2002)
Petrota 54 HEU-type - KANTIRANIS et al. (2006)
63 HEU-type 132 FiLippIDIS ef al. (2007¢)
53 115 Average
76 HEU-type - KIROV et al. (1990)
54 HEU-type - MARANTOS & PERDIKATSIS (1994)
HEU-type - STAMATAKIS et al. (1998a)
Mavri Petra HEU-type - BARBIERI et al. (2001)
79 HEU-type 185 FiLippiDIs & KASSOLI-FOURNARAKI (2002)
79 HEU-type - KANTIRANIS et al. (2006)
83 HEU-type 186 FILIPPIDIS ef al. (2007¢)
74 186 Average
Fylakio Omega 45 Mordenite 101 KIrRoV et al. (1990)
45 101 Average
41 HEU-type - KiIrov et al. (1990)
43 11EU-type - MARANTOS & PERDIKATSIS (1994)
HEU-type - STAMATAKIS et al. (1998a)
HEU-type - HALL et al. (2000)
Gkazomylos HEU-type - BARBIERI et al. (2001)
69 HEU-type 167 FILIPPIDIS & KASSOLI-FOURNARAKI (2002)
69 HEU-type - KANTIRANIS et al. (2006)
75 HEU-type 167 TFiLippiDIS ef al. (2007¢)
59 167 Average
Ntrista Stream 89 HEU-type 226 FILIPPIDIS & KANTIRANIS (2002)
89 HEU-type 226 FILIPPIDIS (2005a)
89 HEU-type 226 FILIPPIDIS (2005b)
89 HEU-type 226 FILIpPIDIS (2007)
89 HEU-type 229 FILIPPIDIS & KANTIRANIS (2007)
89 HEU-type 226 FiLipPIDIS (2008)
89 HEU-type 226 VOGIATZIS et al. (2008)
89 226 Average

93
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Fig. 2. SEM microphotograph of typical platy crystals of HEU-type ze-
olite of the HENAZE.

Fig. 3. Starting sewage sludge (external deposition) originated from
Arta town.

) i

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

meq/100g. The chemical composition of HENAZE is 68.62
wt.% Si0, 11.80 wt.% ALOs, 2.92 wt.% K0, 2.14 wt.%
CaO, 1.13 wt.% Na>O 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 &

Fig. 5. Odorless and cohesive zeo-sewage sludge (proportions 50:50,
after 36 hours at RT).

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 PyO5, 99 % for the
NHy, 97 % for the SOy, 92 % for the NO3, 82 % for the
NO,, 90 % for the Cryya1, 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 PyO5 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 NOj (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. 6. Odorless and cohesive zeo-sewage sludge (proportions 30:70,
after 36 hours at RT).

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;
Karro, 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 Bronsted
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

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.

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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TABLE 2
Semi-quantitative mineralogical composition of Hellenic Natural Zeolite (HENAZE).

Minerals Wt.% | Minerals Wt.%
HEU-type zeolite 89 . .

Total microporous minerals 92
Mica + Clays 3
Feldspars 5

Total non-microporous minerals 8
Quartz 3
Total 100 Total 100

TABLE 3

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

Parameter Starting urban Clear water Improvement
(Detection limit) wastewater & %)
pH (0.1) 8.4 7.5 -11
Color, mg/L., Pt scale (5) 1292 97 -92
Suspended Particles, mg/L (5) 263 16 - 94
Chemical Oxygen Demand (COD) mg/L O, (15) 493 25 -95
Dissolved Oxygen, mg/L (0.1) 0.6 6.3 + 950
P,0s, mg/L (0.02) 12.26 0.43 - 96
NH,, mg/L (0.02) 48.50 0.35 -99
S0O,, mg/L (0.02) 0.74 0.02 -97
NO;, mg/L (0.02) 46.50 3.90 -92
NO,, mg/L (0.02) 0.11 0.02 - 82
Criora. mg/L (0.02) 0.20 0.02 -90
Mn, mg/L (0.02) 0.31 0.02 -94
Ni, mg/L (0.02) 0.28 0.02 -93

* Average values: FILIPPIDIS ef al. (2007a, 2008a-c, e-g, 2009a, b, 2010a).

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

Parameter Starting textile Clear water Improvement
(Detection limit) industry wastewater & %)
pH (0.1) 8.6 8.0 -7
Color, mg/L. Pt scale (5) 1264 40 -97
Suspended Particles, mg/L (5) 127 9 -93
Chemical Oxygen Demand (COD)

me/l, O, (15) 432 23 -95
P,0s, mg/L (0.02) 8.56 0.18 - 98
NH,4, mg/L (0.02) 20.05 0.42 - 98

* Average values: FILIPPIDIS ef al. (2008c, d. e).

TABLE 5
Chemistry of starting well groundwater and solutions, clear water after the HENAZE treatment and relevant improvement.

Parameter Starting underground Clear water Improvement

(Detection limit) well-water * %)

NO;, mg/L (1) * 98 44 -55
Starting solution

Ag, mg/L (1) ** 100 21 -79

Pb, mg/L (1) ** 100 26 -74

NOs;, mg/L (1) ** 100 43 -57

* FILIPPIDIS et al. (2006), ** FILIpPIDIS (2005a).
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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*).

Parameter Starting Koronia Clear water Improvement
(Detection limit) lake water & %)
pH (0.1) 9.6 7.3 -24
Color, mg/L, Pt scale (5) 348 23 -93
Chemical Oxygen Demand (COD) )

mg/L, O, (15) 770 28 96

* Average values: FILIPPIDIS (2005b), FiLIPPIDIS ef al. (2006, 2007b).

TABLE 7

Density of Cyanobasteria of starting Lake water and Culture, of overflowed water after the the HENAZE treatment
and relevant improvement (average values®).

Bacteria type Starting Cyanibacteria Density
(unit) Cyanobacteria after the HENAZE | Improvement
Lake or culture Density treatment & %)
Colonial Mycrocystis
(colonies/mL) 320 157 -51
Doirani Lake Water
Filamentous
(filaments/mL) 8254 2069 =75
Doirani Lake Water
Chroococcus
(cells/mL) 955909 80441 -92
Culture )

* Average values: FILIPPIDIS ef al. (2010b, c).

TABLE 8

Agricultural uses of HENAZE.

Fertilizer Irrigations Production (Kg/acre)
Species Kg/acre | + % Nr. | =% Without HENAZE |  With HENAZE +%
20 170
0 -100 220 29
Wheat **
10 70 457
0 -100 110
e 90 880
Rice 40 -56 1180 34
120 3 800
Maize ** 0 -100 2 -33 1200 +50
0 -100 1 -67 800 +0
Production increase (%) by addition of HENAZE in agricultural soils
Species % | Species %
ggf:tso . f{? ; gg Carnation (florescence increase) * 25
Actinides * 45 | Cotton * 17
Quality improvement of tomato by HENAZE addition in agricultural soils
Produced
Quality parameters Without HENAZE | With HENAZE +%
Soluble solids (%) ** 4.20 4.35 +4
Vitamin C (mg/100g) ** 6.81 8.601 +26
Firmness (Kg) ** 0.619 0.906 +46

HENAZE as feed additive and farm floor material

17 % increase of milk production in cows *
7 % increase of body weight in broilers *
Reduction of feed cost

Reduction of animal diseases

Reduction of animal medication

Taste and quality improvement of products (meat, milk,

eggs, etc)
Reduction of new-born animals death-rate
Reduction of the malodour
Conversion of manure to odourless fertilizer

* FILIPPIDIS (2007), ** FILIPPIDIS ef al. (2007d).
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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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