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Evyaprotieg

Apywcd, 6o MBela va evyoplotiom waitepa TV emPAEmOLGO KOO YNTPIOL TNG
dumlopatikng doknong Ap. Mopia Avteviov, Emikovpn Koabnyntpio oto tunua
Xnuikav Mnyovikdv, yio ) ovveyn vrmootpién Kot evBdppuven mov mapeiye. H
KaBodnynon ¢ Nrav eEoPeETIKG ONUOVTIKY Y10 TNV TPAYUOTOTOINGN NG HEAETNC.
EmimAéov, o1 yvioelg kot o1 0e&10TNTEG TOL AMEKTNON KOTA TN OEPKELN TOV TEPAUATIKOV

StadKactdv Ba elvol TOAOTIUEG OTN LETEMELTO GTAGLOOPOUIN LLOV.

®a MBela, emiong, va exepdow TNV guyvopocvvn pov ye v EAévn Kelipn,
Awaxtopikn Dot Tpia Tov TUNHOTOS XNkdv Mnyavikov g omoiog 1 forfeta NTav
ToALTIUY Katd T de&oywyn tov nepopdtov. Kad’ 6An m didpkeio g OUTAOUATIKNG
doknong pov mopeiye cVUPOLVAEG oyeTikd pe ™ SeEayyn TOV TEWPAUATOV KOl TN
GLALOYT OedOUEVAOV KABMG LoV £0MCE KOl TIG ATOPUITNTEG YVOGELS Kol BAGELS Yo TO

B€pa TG SIMA®UOTIKNG.

Téhog, Ba 0eha va evyaploTNom amd T BA6N TS Kapoldg LoV, TNV OIKOYEVELL LLOV, TOVG
(IAOVG L0V KO GUUQPOLTNTES OV Y10 TNV OCTAULATNTY GTHPIEN TOLG KO TO KOLPAYL0 TTOV
LoV £01vay KOTA TN SLAPKELN TOV GTOLOMV OV KOt KOTH TNV EKTOVNON TNG OITAMUOTIKTG

HOL AGKNOMG.



HEPIAHYH

H é&vbion tov xvavoPfokmnpiov oto empavelokd VoaTo omotelel &vav amd TOLG
HEYOADTEPOVG KO ONUOVTIKOTEPOLG  Tapdyovieg emPdpvvong Tov  LOATIVOV
0KOGLGTNUATOV YAVKOD vepov. [To cuykekpiéva, dtdpopa ToEIKA KvavoPakTnplokd
€lon exkpivovv 10&ivec (Kvavotoéiveg) ot omoieg emnpedlovv apvntikd v emPioon twv
Covtavav opyavicumv ot I'nm, copmepirappavopévov tov avBporov kot tov (dov. H
polikn Tovg avAaTTLEN TPOoKaAEiTAL Amd AVENUEVO POPTIO OPETTIKOV GLOTATIKOV TOV
umopel vo TPokOyeL amd SAPOPES OpaoTNPOTNTEG OTMG M VIEPPOAKT YpNoM
Mroopdtov ot yewpyla, n 61d0eon Avpdtov ota LOATIVEL OIKOGLGTALOTO KO M
amoppon anofAtev. Ta Bpentikd cLoTOTIKA GTO VEPO TPOKAAODV TO QUIVOUEVO TOV
EVTPOPIGLOD TO omoio €yel ¢ amotéAecpa v tayeio ko emProfn dvbion tov
KvavoPoaktnpiov Kabmg to Opentikd amoTeAOVV TPOPN Y10 TO PLTOTAAYKTOV (Kot KATA
TpoEKTaon Yo to. kKvavoPoktipla). Ta televtaio ypovia EXouv £QPAPUOGTEL dLAPOPES
QULOIKES, YNUIKES Kot Prodoywkés pnéBodot Yo To HETPLAGUO TOL TPOPANUATOS, UE TIG
ANUIKES LEBOBOVE VO AMOTEAOVV TIC IO EVYPNOTES Kot otkovopkés. To vepo&eidio tov
vopoyovov (H202) eivor pion evaAloktiky Adon Tov aAdyeoktovov, 1 omoia Bewmpeital
QUK pog o TEPPAAAOV AHon avtol Tov TPoPANpaTog, Kabmg uropel va teplopicet
TNV KLOVOBOKTNPLOKY] AVOLeT, GTOYXEVOVTAG TV EKAEKTIKA, YOPIC TNV TOPAY®YT] TOEIKOV
apompoidvtav (dtahdetar og vepd kot 0&uyovo). Epguveg Opmg, £xovv deiéel mog peptkd
KvavoPaxtnplokd €idn ypewloviar vymiég docoroyieg H202 (5 mg/L) yw v
OmOTEAECUOTIKY] TOLG emeepyoasio M omoio pmopel va  empépel  avemBounteg
TOPEVEPYELEG 6TO VOGTIVO otkosVoTNUa (7Y, {OwOoTAAYKTOV, PUTOTAAYKTOV). TOUE®VO. LUE
TPOCOATEG OVAPOPES OO EQPUPLOYES OTO TTENI0, VINPYAV OPKETEC TEPIMTAOGELS GvOIoMg
KvavoPBaktnpiov émov 1 amattovueVT oVYKEVTIpwon Tov Ho02 Eemepvoioe katd TOAD TO
op1o Tmv 5.0 mg/L gite Aoym TN TUKVOTNTOG TV KLAVOBAKTNPi®V £ite AOY® TOV YEVOLG
TV KvavoBaktpiov (kamowo yévn ypetdlovtol HeyoldTepn cLYKEVTIPMOOT 0EEWDMTIKOD
Aoy® ™g popeoroyiog toug). [Ipodceateg peréteg tov epyaotnpiov WTL-AQUA €yovv
KOVEL YPNOTN EVOAALOKTIKOV 0EEOMTIKOV OT®G 01 KOKKO1 VTePoEeIdiov Tov acPectiov
(Ca0y), ot omoiot katd TV TomOBETN OGN TOVE GTO VEPO amerevbepmdoovy otadiakd H202
kot O2. H epoppoyn tov petodkov KOKK®V LIEPOLediov &iye ¢ amoTéAecO
VYNAOTEPN amddoon otV emefepyacic TV KvavoPaktnplov Kol UKPOTEPN

vroAemdpevn ocvykévipmon H202 oto vepod, evioydoviag v vdbeon 0Tt o1 KOKKOL
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UTOPOVV VO OVTIKATOGTHCOLV TNV dupeon ypnon tov H202. Qotdco, eivar e&icov
oNUAVTIKO Vo peAetn Ol mepeTaipm 0 TPOTOG EPUPLOYNS TOVS KOOMG UTOPEl vaL EMPEPOVY
TEPPUALOVTIKEC EMMTMOELS Ue TNV Gueon evamdbeon tovg ota Voata. Ot miboveg
mopeveépyeleg etvar - awénon g tung tov pH waveo amd 1o 10 ko n avEnon ¢
BoAepodtnrag Aoy g anerevBépwong dvadidivtov Ca(OH). kabmg kat 1 toéikdmra
og yapta kot CoomAayktév Adym TG d1afecitdTTog TV KOKKWOV TPOG KATAVAA®GT). €
OLTH TN HEAETN, Yo TV QAT TOV TOOVOV TAPEVEPYELDY, 01 KOKKOL EYKAEIGTNKOV
€ OPOPA VOAGUATIVOL CLGTHUOTO Yoo TN UeEiwon NG OBeSIUOTNTAC TOVE GTO
01K0cHOTNHA, VITOBETOVTAG OTL pE TN d€oUeVoT Tovg O Ba TePloploTel N CLYKEVTPMOT)
oV H202 Tov anglevbepdvouv Kot 4Tt To. vEAsHaTo 0o GLYKPUTOVVY TO N LELOVOVTAG
mv avénon g i tov PH oto vepd. Emumdéov, n tomoBétmon tov kOKKoV o€
voaopota Oewpeiton pio Prooun péBodog kaBMG yivetar xpnon oVOKVKA®UEVOV Kot
EMOVOYPNCLOTOMUEVOV VAIKOV TPOAYOVTAS TIG 0pYEG TNG KLKAIKNG owovouiog, Evov
a6 Tovg Pacikovc otoyovg ¢ EE kot tov OHE. Ola ta mapondve meptypdeoviot

OVOAVTIKA GTO ELGAYOYIKO HEPOS TNG SIMAMULOTIKG.

H mapovoa épguva 6toyedel 6T HEAETN TNG OMOTEAEGLATIKOTNTOG TV KOKK®V CaO2 wg
poc Vv amedevfépmon H202 pe ) ypnon SopopeTIKOY VOASUATIVOV CLGTNUATOV,
KaBmg Ko n cvyKpilon g aneievfépmang H202 and v dueon tomoféton Tev kdKkwv
og perétn mov paypatoromOnke tépuot. Emmiéov, a&loloyeiton n amotelecpatikdTa
TV KOKKOV Yo TV enegepyacio kvovoPaktnplakdv koAlepysidv Microcystis sp., kot
Le TIc dVo mepumtdoels (amevbeiog evamdfeon katl HEGH TOV VPAGUATIVOV GLOTNUATOV).
MelethOnkay cuyKekpluéveg ouykevipmoels kKokkwv Ca0z (0.5, 1.0 ko 2.0 g/L Ca0z) ot
omoiot tomoBetONKav péoa oe téacepa drapopetikd voaspota: (I) dVeacua amd EdSpa.
toémng, (II) un veovtd veoopa ecotepikng emévovong, (III) dyytvwtd veaoua ard
nohveotépa kot (1V) yaptivo iktpo tomobetnpévo o kaiodv 20 DEN. X1 cuvéyeia ta
TEG0EPO VPUGULATIVO, CLOTHHOTO TOTOOETHONKAY G JElYHATA ETPAVELONKOD VEPOD TOV
Kovpn vy v e&€taon g wavdtrag anehevdépmong H202 evod ta cvompota I-111
HEAETNONKOV TEPUUTEP®D YO TNV EVPECT] TNG KATOAANAOTNTAC TOVS G TPOS TOV
TEPLOPIGUO NG KoAMEPYelag Microcystis sp. Katd 1 dudpkeln Tov mEPApdtov
enelepyaciag mpaypotomomdnke Kataypoen Tov otrypaiov ehopiopod, e KPavTikng
amdO00NGC, TNES VIOAEMOUEVIC CLYKEVTPMOTG KOL TOV QLUCIKOYN UKDV YOPOUKTPIOTIKOV

(pH, Ayoywomra, Alatomta kot TDS). Emmdéov, dievepynOnkay peréteg mepintmwong
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pe 1o vpaoudrtivo cvotmua (I) yo eneEepyacio twv Kodlhepysidv Aphanizomenon sp.
ko Microcystis sp. oe 16n empovnacpéva Hooto (Aipvn Abordocag, totoudc IoAG). Xto
OeVTEPO PUEPOG TOL OOKIUIOV, TTEPTYPAPOVTUL AETTOUEPDG Ol TELPALATIKEG O10OTKOGIES TOV
axolovOnOnkav yoo v Kivntikn anelevbépwone tov H202 and tovg koxkovg CaO2
EYKAEIGUEVOVS GE VPAGLLOTO, KOOMG KL Y10, TV ENEEEPYATTA VOATWV LOAVGUEVOV LE TNV

KvavoBaktnprokn keAhépyeia Microcystis sp. koar Aphanizomenon sp.

211 GLVEYELD, GTO TPITO HEPOG TNG OIMAMUATIKNG TAPOVGIALOVTOL T ATOTEAEGLLOTO, TV
TEWPOUATOV PECH YPAPIKADV TOPACTAGEMY OTOL QUIVETOL 1] TKOVOTNTA OTEAELOEPOGNG
H202 and dudpopeg cuykevipmoelg kokkwv CaO? eykAelopévoug oo d1dpopa VOAGHOTO
kaOdg Ko M amotelecUATIKOTNTA TOL  OLEWMTIKOV OV KATOSTPOPN NG
KvavoPaxtnplokng kaAlépysiag Microcystis sp. Aev TopatnpnOnke dapopd peta&d g
péytotng ovykévipmong H202 mov anedevBepmdBnie amd tovg eAelBepovg KOKKOVS Kot
UEG® VOAGUATOV OO EOdPA TGEMNG, ECMTEPIKNG EMEVIVONG KOl OO TOAVESTEP KOOMDG
a6 ) péytot ovykévipwon Ca0: (2.0 g/L) amerevbepmbnrav péypt ko 12.0, 13.5 ko
12.0 mg/L H20: avtictoya. To cvotua pe 1o xaptivo ¢iltpo o kaicov 20 DEN eiye
TOAD younAr amerevbépmon oe cvykévipwmon H202 ko 6e ypnowomomnke ota
TEPAUOTO EMEEEPYACIOG EVAD TO VTOAOUTO VPOCUATIVOL GLGTHUOTO OlepeLVIHONKOV
TEPAUTEP® YO TNV amoTeAesHaTIKOTNTO NG enelepyacioc tovg. Il wavomomrikd
TEPLOPIGHO EUPAVICAY 01 KOKKOL EYKAEIGUEVOL GTO VYOG LN ECOTEPIKNG ETEVOLONS KOOMG
N ovykévipwon 2.0 g/L peioocav 1660 t0ov otrypaio ebopiopd 6o kot ™ kBovtikn
amdd0on TOV  KLOVOPBAKTNPIOV  VTOONAGVOVTAG TNV TANPN  KOTOGTPOPN TMV
KLOVOPOKTNPIK®OV KUTTApWV. Ta vwOAOma GLGTHHATO €YoV OPKETA KOAN amddooN
evtog 24 opdv oAb peténetta 1 KPavtik] anddoon anokabictato mov onuaivel OTL 1
eneEepyocio KAT® amd aVTES TIG CLVONKEG dEV NTOV IKOVOTOUTIKY] KOl OTOTEAEGLOTIKT).
Amd ta puowoynuikd yopaktnpiotikd (pH, Ayoyywomra, Alatétnta ko TDS) mov
KOTOYPAPN KOV KATA TN OEPKELN TOV TEPAUATOV, TLO CTUAVTIKT TOPAUETPO OTOTEAEL N
Tiun Tov PH kot mopatnpnOnkKe OTL TA GLGTAUATO VPUGUATOV EKTOG OO TO VOAGLLOL OO
ToAvESTEPD, £0woov TN pkpdtepn tov 10.0 evd ota mepdpato Omov ot KOKKOL
tomofetnOnKkav amevbeiog oto vepd 1 T tov PH NTav peyardtepn tov 10 T0 omoio
glvan emikivouvo Yo éva otkoovoTNe YAVKOV vepov. H aywyydtra, 1 aAatdtto Kot
ta. TDS Bpiokoviav Hé€ca 6To amodeEKTA OPLaL Y10 TO OIKOGVGTHIATO YAVKOV VEPOU KOOMG

dgv emnpedoTnKoy WiTEP. TN HEAETT TEPIMTMONG, OTOL EEETAGTNKE 1) EPOAPLOYN TOV
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KOKK®V HECH TOL VOAGUOTOS Omd POdPO TGEMNG, 0TO vepd amd T Alpvn tov Ayiov
['ewpyiov (ABordoca) mapatnphdnke 0Tt Topdlo mov o eBoplopdg eiye pelwdel, N
KBavTikn] amdd00n TOPEUEIVE € VYNAQ EMIMESD, KOTL TOL VLTOONADVEL MG TO
KvavoPoktnplokd kvttapo oev elyav Kataotpapel. H pewwpévn amdooon 1oL
ovoTNUATOg THAVO Vo GLVERN AdY® TOV HEYAAOL OPYOVIKOD (POPTIOL TTOL VINPYE GTO
vepd 10 omoio KatavaAmOnke and 1o o&ewdmTikd, meplopiloviag ) dabeciudttd Tov
TPOG T KLAVOPOKTNPLO. XT1 OEVTEPT] LEAETN TTEPIMTOONG TOV dlEVEPYNONKE e TO VEPO
tov motapoy ¢ IIoAg Xpvooyovg kol NG KLOVOPBAKTNPLOKNG KAAAEPYELOG
Aphanizomenon sp., mopotpnnke mANPNG KATAGSTPOPH TOV KLOVOPAKTNPLUKOV
Kuttdpwv. Emopévac, toco 1 docoroyia tmv KOkKmV mov Ba ypnoipomombel 66o kot ta
OpenTiKd GLOTOTIKG TOV TEPLEXOVTAL GTO VEPO ATOTEAOVV GTLLOVTIKOVG TOPAYOVTES Yol

TNV EMTLYIN TOV TEPLOPIGHOV KLOVOPBOKTNPLOKAOV avBicemy.

H ypnon veacudtov uropel va Bempnbeil o¢ pia evorroktiky Ao Kabdg ot KOKKOL
dratnpodv v wovotta anerlevbiépmaong tov H202, tepropilovtog dpme £tot T 61dbsom
TOVG OTO VOOTO KOl TIS OVEMBOUNTEG EMMTMOGEIS TOL UTOPEL v EMPEPEL M dipeon
EQOPUOYN TOVG 610 vePO. TEAOG, M €QAPLOY| TOV KOKKOV HECH TOV VOASUATIVOV
cvoTnuatov elval pio Proociun Abdon n omoio EMTPEMEL TNV ETAVOYPTCLOTOINGN
voacpdtov oe uebodovg emeCepyaciog EMPAVEINKDOV VOATMOV ETPOAVCUEVO LE

KvavoPBakTnipia.

Aégeig khewdua: CaOz, H202, Microcystis sp., Kovpng, vpdoparta, Kokikn otkovouio
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ABSTRACT

Cyanobacteria harmful algal blooms (cyano-HABS) on surface water is one of the most
important factors that affect the wellness of freshwater ecosystems. Specifically, cyano-
HABs cause a profound effect on the survival of several living organisms in Earth,
including humans and animals due to their potency to release a group of toxins, called
cyanotoxins. Their overgrowth is a result of water contamination with excess load of
nutrients, derived from human activities such as overuse of fertilizers in agriculture and
farming, wastewater disposal in aquatic ecosystems, and sewage run-offs. Nutrients that
found their way into the waterbodies are causing a phenomenon known as
“eutrophication” resulting in their rapid blooming as these nutrients comprise food for
phytoplankton (and cyanobacteria). Over the years, physical, chemical, and biological
methods have been applied to mitigate the problem in-situ, with chemical methods being
the easiest and cheapest methods to apply. Hydrogen peroxide (H20,) is an alternative to
algicides solution, which is considered the most environmentally friendly solution for the
mitigation of cyanobacterial blooms by targeting them selectively without the formation
of toxic by-products (as it dissolves into water and oxygen). However, studies have shown
that persistent cyanobacterial species need high doses of H.O> (>5 mg/L) for their
effective treatment, which can cause undesirable side-effects on the aquatic ecosystem
(e.g., zooplankton, phytoplankton). According to recent reports from field applications,
several cases of cyano-HABSs blooming required H>O> dose exceeded the 5.0 mg/L limit,
either due to the population density of cyanobacteria or due to the genus of cyanobacteria
(some genera require a higher oxidant concentration due to their morphology). Recent
studies of the Water Treatment Laboratory - AQUA utilized alternative oxidants such as
calcium peroxide (CaO>) granules, that gradually release H2O- and O2 when the granules
are applied in water. The application of these metallic peroxide granules resulted in
higher treatment efficiency and less residual H2O. into the water, enhancing the
hypothesis that these granules can replace the direct high doses of H202. However, it is
of great importance to investigate further their application method since there are some
undesirable side effects when they are applied directly in water. Those side effects are the
increase of the pH value above 10 and turbidity due to the release of the insoluble
Ca(OH).. Moreover, the granules themselves can cause toxicity to fish and zooplankton

if they are consumed or exposed to them. In this study, in order to eliminate their potential
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side effects, the granules were enclosed in different types of fabrics, minimizing their
availability to the ecosystem. By doing so, we assumed that their ability to release H>O>
will be retained, as well as the fabrics will hold the precipitate, hence eliminate the drastic
increase of the pH. Moreover, enclosing the granules in fabrics can be considered as a
sustainable act since it utilizes recycled and reused materials promoting the principles of
circular economy, one of the main goals of the EU and the UN Sustainable Development

Goals.

Based on the above, the main objective of this study was to evaluate the ability of CaO>
granules in releasing H.O> when enclosed in four different types of fabric systems, as
well as to compare H20- release in direct and enclosed application in surface water. The
direct release has already been investigated in a previous study. Furthermore, this study
investigated the effectiveness of the granules to combat a cyanobacterial culture, the
Microcystis sp., in both cases (direct and enclosed application). Selected concentrations
of CaO- granules (0.5, 1.0, and 2.0 g/L CaO2) were enclosed in the following four
different types of fabric material: (I) natural twill fabric for pocket lining, (I1) non-woven
interlining fabric, (111) polyester mosquito netting fabric, and (1) paper filter wrapped in
20 DEN tights. The four delivery systems were applied into surface water collected from
Kouris Reservoir, to examine their release properties, while the systems I-111 were further
investigated to determine their efficiency for the mitigation of Microcystis sp.
Instantaneous fluorescence, quantum yield, residual oxidant, and the physicochemical
characteristics (pH, Conductivity, Salinity and TDS) were recorded during treatment.
Moreover, experiments with fabric system | were performed with the cultures
Aphanizomenon sp. and Microcystis sp. in actual contaminated surface waters (Athalassas
Lake, Polis River), to investigate the performance of these systems in environmental
samples (case studies). Detailed experimental procedures are described in the second part
of the thesis, for the evaluation of the kinetic release of H.O> from CaO- granules enclosed
in fabrics, as well as for the treatment of the Microcystis sp. culture in surface water and

Aphanizomenon sp.

The third part of this thesis, presents the results of the experiments described above on
the release of H>O> from various concentrations of CaO> granules enclosed in different
types of fabric, as well as the oxidant’s effectiveness in destroying the cyanobacterial

culture Microcystis sp. No difference was observed between the maximum concentration



that was released from the direct application of the granules in the matrix and the use of
natural twill fabric for pocket lining, non-woven interlining fabric and polyester mosquito
netting fabric, which released up to 12.0, 13.5 and 12.0 mg/L respectively, by applying
2.0 g/L CaO; granules enclosed in fabrics. The paper filter that was wrapped in 20 DEN
tights had the lowest release of H20. and therefor was not utilized in treatment
experiments while the rest of the fabrics were further examined for their treatment
efficiency. The most effective system was the non-woven interlining fabric, as the 2.0 g/L
granules concentration significantly reduced both instantaneous fluorescence and
quantum yield of cyanobacteria indicating their cell destruction. The rest of the fabrics
were also efficient within 24 hours, but the quantum efficiency was later restored meaning
that the treatment process was not effective under these conditions. Among the
physicochemical characteristics (pH, Conductivity, Salinity and TDS) that were recorded
during the treatment experiments, the most important was the pH value. It was observed
that the fabric systems, besides the polyester mosquito netting fabric, resulted in
pH <10.0, while in the direct application of granules the pH value reached pH>10.0,
which is considered dangerous for the freshwater ecosystem. Conductivity, Salinity and
TDS were not significantly affected, as they were within acceptable limits for freshwater
ecosystems. For the treatment with water from contaminated sites, the application of
treatment in water collected from St. George Lake (Athalassa), caused the reduction of
fluorescence but the quantum yield remained high throughout the treatment indicating
that the cyanobacterial cells were not affected. The reduced treatment efficiency may have
been caused by the high amount of organic load that was present in the water and was
consumed by the oxidant, making it less available for cyanobacteria. The second case
study utilized water collected from the river in Polis Chrysochous, and spiked with
Aphanizomenon sp., and a complete destruction of cyanobacterial cells was observed.
Thus, both the dosage of granules used, and the water quality characteristics of the treated
water are important factors for the mitigation of cyanobacterial blooms.

The use of fabrics can be considered as an alternative solution since they retained the
H20- releasing properties of the granules, while limiting their availability in the water
matrix and hence reducing the side effects which are caused by their direct application in
water. Finally, enclosing the granules in the fabrics is a sustainable act which allows the

reuse of fabrics for the treatment of surface water contaminated with cyanobacteria.

Xi



Keywords: Ca0., H202, Microcystis sp., Kouris dam, fabrics, circular economy

xii



