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Kornyezetvédelem és iparbiztonsag a jovoért

Environment and industrial safety for the future

Balog Robert
Iparbiztonsagi lizletagvezetd

IMSYS Mérnéki Szolgaltato Kft.

OSSZEFOGLALO

Az el6adason alapvetéen az IMSYS Kft. tevékenységérol lesz szo.

A cég éltalanos bemutatdsa utan az egyes iizletdgak vézlatos ismertetése kovetkezik. Emlités
szintjén sz lesz a kornyezetvédelmi vonatkozast kutatasi projektekrol.

Majd — az iparbiztonsag alapjainak bemutatasat kovetden — az ezen a teriileten miikddo iizletag
tevékenysége keriil kirészletezésre, megemlitve a kapcsolodast a kémiai biztonsaggal is.



Z61d villamosvaganyok a fenntarthato varosi mobilitasert

Green Tram Tracks for sustainable urban mobility

Czédli Herta ", Major Zoltan? Szigeti Cecilia®

legyetemi docens, 2egyetemi adjunktus, egyetemi docens, intézetigazgato
!Debreceni Egyetem Miiszaki Kar Epz’to"mérno"ki Tanszék, Debrecen, Otemetd u. 2-4, 4028
Széchenyi Egyetem, Kozlekedésépitési és Vizmérnoki Tanszék, Gydr Egyetem tér 1. 9026
Budapesti Metropolitan Egyetem, Fenntarthatésagi Tanulmanyok Intézete, Budapest Nagy Lajos
kiraly utja 1-9. 1048

* herta.czedli@eng.unideb.hu

OSSZEFOGLALO

A XXI. szazad egyik legnagyobb kihivdsa a vérosok komplex, fenntarthato fejlesztése,
amelynek kozponti eleme a vérosi mobilitds infrastrukturdjanak atalakitdsa a kitlizott
klimacélok figyelembevételével. A modern, fenntarthatd varos jellemzd indikétora a fejlett,
hatékony tomegkdzlekedés. 2050-re a prognoézisok szerint Eurdpa lakossaganak kozel 80%-a
mar varosokban fog ¢élni, amely igen Osszetett tarsadalmi, gazdasagi-, és kornyezeti
problémékat idéz el6 a kontinensen. A varosok kornyezetegészségiigyi paramétereinek
alakulasa, a kdrnyezetmindség valtozéasa, valamint a vérosi lakossag életmindsége jelentdsen
fligg a kozlekedés adottsagaitdl, igy ezt célszerl a jelenlegi és a jOvO generaciok igényeinek
figyelembevételével fejleszteni. A fenntarthatd varosi kozlekedés elemei kozé tartoznak a
kotottpalyas kozlekedési haldozatok. Az 1990-es évek 6ta a villamoskozlekedés reneszanszat éli
Magyarorszagon. A villamosvaganyok zolditése Okologiai, varostervezési és gazdasagi
hatasokkal jar. A hazai varosokban a kdzelmultban nagyvolumenii villamos beruhdzasok
zajlottak le, illetve allnak tervezés alatt. A projektek tobbsége meglévd vonalszakaszok
korszertisitésérdl szolt, de i) nyomvonalak épitésére is talalunk példat. A vaganyok zolditése
tamogatja a fenntarthat6 csapadékviz-gazdalkodas fejlesztését, és javitja a vizualis megjelenést
is. A természetes vizkorforgas helyreallitasa vizérzékeny tervezéssel valosithatd meg: egyszerre
biztositva a viz visszatartasat, a lefolyas csokkentését és a parolgashoz rendelkezésre allo feliilet
novelését. A zold palyakdrnyezet mikrokliméja pozitiv hatdssal van a lakossag egészségére.
Munkdénkban a zold ndvényzettel boritott teriiletek hatésait vizsgaljuk. A ndvényzettel boritott
palya koncepcidja az alkalmazand6é ndvényfajok helyes megvalasztasa révén javitja a
zoldfeliileti mutatokat a varosi kornyezet komplex rendszerében. Kutatasunk f6 kérdése arra
iranyult, hogy a Sedum fajok extenziv koriilmények kozott hasznalhatok-e villamosvaganyok
zolditésére. Elemzéseink sordn a varjuhdj burkolati vaganyok alkalmazhatosagat és hazai
tervezési gyakorlatba valo adaptélési lehetdségét vizsgaltuk.

Kulcsszavak: zold villamosvaganyok, fenntarthatosag, varosi kornyezet, varosi mobilitas,
okologiai elonyok

Keywords: green tram tracks, sustainability, urban environment, urban mobility, ecological
benefits



Kornyezeti és munkahelyi zajok, rezgések vizsgalata

Examination of environmental and workplace noises and vibrations

Czupy Imre!”, Rozs Richard?, Horvath-Szovati Erika’
legyetemi docens, 2PhD hallgato, *egyetemi docens
L23Soproni Egyetem, 9400 Sopron, Bajcsy-Zsilinszky E. u. 4.
“czupy.imre@uni-sopron.hu

OSSZEFOGLALO

A zaj- és rezgéshatdsok az EHS valamennyi teriiletét érintik: karosithatjadk a kdrnyezetet, az
emberi szervezetet, illetve feladatokat ronak a munkaegészségiigyi szakemberekre. Energia
jellegti terhelésekként jelentkeznek, és mivel nincs anyagi megjelenési forméajuk, hatdsuk nem
kézzelfoghatd, a kdrosodas pedig rendszerint csak késdbb jelentkezik. Az artalmak elleni
védekezés alapjat képezd mérés €s megitélés gyakran Osszetett feladat. Kutatdsaink soran a
GYSEV Zrt-vel egyiittmiikddve a Soproni Rendezdpalyaudvar példajan keresztiil mutatjuk be,
miként okozhatnak a kotottpalyas zajforrasok egyidejiileg kozlekedési és lizemi zajterhelést.
Elemezziik az egyes zajesemények jellemzdit (egyenértékli hangnyomadsszint, spektrum,
idobeli lefolyas), majd azt vizsgaljuk, hogy objektiv és szubjektiv megitélés szerint milyen
hatast gyakorolnak a hatasteriileten ¢lokre. Eredményeink alapjan olyan kockazatbecslési
eljaras kidolgozasat tlztik ki célul, amely eredményesen alkalmazhaté kornyezeti
hatasvizsgélatokban, illetve a hatotavolsagok tervezéséhez.

A vibracioés artalmak mértéke — tobbek kozott — a behatas iranyultsagatol és az expozicid
id6tartamatol fligg. A human vibracidé egyik csoportjat a lokalisan hatd rezgések képezik.
Vibraciot kelté munkaeszkozt kézben tartva a terhelés a kéz-kar rendszeren keresztiil éri az
emberi szervezetet, kdrositva a rendszer rugalmas elemeit: f0ként az erek falat, az iziileteket,
kisebb mértékben az izmokat és a csontokat. A motorfiirész kezelok munkéja soran sulyosbito
tényez6 a szabadban végzett nehéz fizikai munka (kitéve az iddjaras viszontagsdgainak),
valamint az egyidejlileg hatd zajterhelés. Valos idejii (real time), visszatéréses méréseket
végeztiink kiilonbozd teljesitményli és meghajtasti lancfiirészeken az egyes gerjesztési
iranyokban az eredd rezgésgyorsulds meghatirozasara. Azt vizsgaljuk, milyen tényezdk
befolyasoljak a kezeldt érd terhelés nagysagat. Az egész testre hatd rezgések elemzésére pedig
terepen mozgo6d jarmiivek {iilésére rogzitett {iloparna segitségével végeztiink méréseket.
Eredményeink tdmpontot adhatnak a vibracios betegségek kialakulasanak megel6zéséhez.

Kulcsszavak: zaj; rezgés, munkaegészségiigy, kornyezetvédelem
Keywords: noise; vibration; occupational health; environmental protection



Mikroorganizmusok, mint a bioprotekcio eszkozei a novények, a kornyezet
és a fogyasztok védelmében

Microorganisms as tools for bioprotection of plants, the environment and
consumers

Csoma Hajnalka'", Papp LaszI6 Attila2, Acs-Szab6 Lajos®, Batta Gyula?, Galné Miklés
Ida®

legyetemi adjunktus, tudoméanyos munkatars, *tudomanyos munkatars, “egyetemi adjunktus,
Stanszékvezetd egyetemi docens

12345Debreceni Egyetem, Természettudomdanyi és Technoldgiai Kar, Biotechnoldgiai Intézet,
Genetikai és Alkalmazott Mikrobiologiai Tanszék

*csoma.hajnalka@science.unideb.hu

Az Europai Zo6ld Megallapodas célkitlizései kozott szerepel a vegyi ndvényveédd szerek
hasznalatanak és kockazatanak csokkentése, és a veszélyesebb peszticidek alkalmazasanak
minimalizéladsa. Az Eurdpai Bizottsag célul tiizte ki, hogy 2030-ra az EU mezdgazdasagi
terliletének legalabb 25%-a biogazdalkodasban miikddjon. A "Termel6tdl a Fogyasztoig"
cselekvési terv részeként az Eurdpai Bizottsag rendelettervezetet készitett tobbek kozott a
mikroorganizmusokbol all6 hatéanyagokra €s az azokat tartalmazd novényvédo szerekre
vonatkozoan. A cél az, hogy a mezdgazdasagi termelOk szamdra eszkozoket biztositsanak a
kémiai novényveédo szerek helyettesitésére, azaltal, hogy megkonnyitik e biologiai novényvédo
szerek forgalomba hozatalat.

A korokozok ¢és kartevok a globalis terméskiesés 20-30%-at okozzak, tovabba a fejlett
orszagokban a teljes gylimdlcstermés mintegy 25%-a megy veszenddbe a betakaritas utan. A
megfeleld és egyenletes terméshozam biztositdsa érdekében a kémiai ndvényvédd és
novekedésserkentd szerektdl, gyomirtd szerektdl €s miitragyaktol fliggiink. E vegyi termékek
koziil sok veszElyt jelent az emberi egészségre €s a kornyezetre, ami ndveli a biztonsagosabb
termékek irdnti keresletet.

fgéretes alternativat jelentenek a mikrobialis alapt termékek, amelyek képesek megvédeni a
novényeket a betegségekkel szemben. Az ilyen mikrobidlis termékeket a bioldgiai
védekezdszerek kozeé soroljak, amelyek meghatdrozasa szerint "természetes ellenség, ellenfél
vagy mas, kartevok elleni védekezésre hasznalt szervezet" (ISPM 05, International Standards
for Phytosanitary Measures). A mikrobialis antagonistak, beleértve a baktériumokat, élesztoket,
élesztészerli gombakat és nem patogén gombdkat, innovativ megkozelitésnek szamitanak a
betakaritds utani veszteségek ellendrzésére, a fogyasztok aggodalménak enyhitésére €s a
kornyezet védelmére. Az élesztégombak igéretes bioldgiai védekezd agensek, mivel olyan
elényds tulajdonsadgokkal rendelkeznek, mint az erds antagonista aktivitas, a tenyészthetdség,
az alkalmazhatosag és a stresszallosag, amelyek idedlis biokontrol jeldltekké teszik dket.

Kulcsszavak: biokontrol, mikroorganizmus, éleszt6gomba
Keywords: biokontrol, microorganism, yeast



Vaskohaszati salakok hasznositasa a korforgasos gazdasagban

Fabidan Bence!”, Dr. Taszner Zoltan2, Dr. Grega Oszkar?®

L3Miskolci Egyetem Steel Technology Center, 20zdi Acélmiivek Kfft.

*fabianbence20@gmail.com

A villamos ivkemencés acélgyartasi technologia a szakmai BAT kovetelményei szerint a
legkevésbé kornyezetszennyezd technoldgia. Alapanyaga kizardlag a gazdasagban képzodo
acélhulladék, amely végtelenszer és 100 %-ban Gjrahasznosithato, igy UHG emisszidja is
alacsony. Az alapanyagon tul salakképzd adalékanyagként néhany nem fémes asvany kertil a
folyamatba, amelyek a technologia végén komplex vegyliletek formajaban hulladékként
jelennek meg, meghatarozott fajtajuk hasznositasa gondot okoz.

Az elbadds a villamos ivkemencés acélgyartas soran keletkezd iistmetallurgiai salak
lehetdségeit vizsgalja.

A kutatoémunka vizsgalja az acélgyartas tistmetallurgiai salakjainak tulajdonsagait, szabad CaO
tartalmat, annak meghatidrozasi modjait jelenleg laboratoriumi koriilmények kozott. Az
eredmények alapjan fizikai kémiai szdmitasokkal meghatarozza a szabad CaO aktivitasat.

A salakok marad6 szabad CaO tartalméanak hasznositasat, két modon vizsgalja. Részben a nagy

CaO tartalom kovetkeztében a technologiai folyamathoz adalékanyagként sziikséges égetett
mész egy részének helyettesitésére, részben a salak CO2 megkdtési tulajdonsagabol
kovetkezoen a kornyezeti levegd CO; tartalmanak megkotésére és az igy képz6dd anyag
hasznositasa talajkondicionélasra.

A bemutatott mindkét kutatasi program az Ozdi Acélmiivek Kft. és a Miskolci Egyetem
egyiittmiikodésében 1étrehozott Steel Technology Center Kutatokdzpont keretében folynak.
Mindkét program a beszallitd partnerek kibocsatascsokkentéséhez vald hozzdjarulassal

srer

gazdasag teljekorli megteremtéséhez az acélgyartasi technoldgidkban.

Kulcsszavak: acélgyartas, hulladékgazdalkodas, kbrnyezetgazdalkodas, kérforgdsos
gazdasag



Tapoldatozasi intenzitas hatasa az aeroponikus korillmények kozott nevelt
salata (Lacutca sativa) tesztnovényre

Effect of nutrient application intensity on lettuce (Lactuca sativa) test plant
grown under aeroponic conditions

Gorliczay Edit"", Montvai Kornélia?, Tamas Janos?, Nagy Attila®
legyetemi tanarsegéd, “hallgaté Jegyetemi tanar
'Debreceni Egyetem, Mezbgazdasag-, Elelmiszertudomanyi és Kornyezetgazdalkoddsi Kar, Viz- és
Kornyezetgazdalkodasi Intézet
“edit.gorliczay@agr.unideb.hu

OSSZEFOGLALO

A mezdgazdasag vilagszerte jelentds valtozasokon megy keresztiil, és komoly problémakkal
kiizd. A globalis éghajlatvaltozas varhatéan ndvelni fogja a gyakori aszalyok kockazatat, még
a jovében nagy feladat lesz a gyorsan novekvd népesség ¢lelmiszer-ellatasat a hagyomanyos
mezdgazdasag segitségével a sziikséges mennyiségben és mindségben biztositani, ugyanis az
ENSZ becslései szerint 2050-re a vildg népessége meghaladja a 10 milliard f6t. Ilyen
koriilmények kozott a talaj nélkiili termesztés a hatékony alkalmazkodés egyik alternativ
technolégidja lehet, mely tulajdonképpen a hidroponikus, akvaponikus és aeroponikus
rendszereket jelenti.

A salata beltéri kisérletekben valé felhasznalasa szdmos kutato érdeklddését felkeltette magas
tapértéke €s dsvanyi anyag tartalma miatt, ezért a fejes salatat (Lactuca sativa L, fajta: Majus
kirdlya) valasztottuk tesztnovénynek. Az aeropdnikus rendszerekben a fuvokak cseppmérete €s
a tapoldat kijuttatdsanak intenzitdsa lehet a fény mellett a legfontosabb paraméter, amely
befolyasolja a novény fizikai €s beltartalmi paramétereit. Mindezek alapjan kutatdsunk célja az
volt, hogy meghatarozzuk a kiilonb6zd tapoldatozasi intenzitdsok hatdsit az aeroponikusan
termesztett fejes salatara.

Az aeroponikus rendszerben négy kezelést allitottunk be, amelyek a kiilonb6z6 tapoldatozasi
intenzitasokat jelentették. Minden termesztdegységben 6t salatat helyeztiink el. A kisérlet 9
hétig tartott, amely soran mértiik a fejatméro, a levélszam és a gyokérhossz alakuldsat, valamint
destruktiv modszerrel meghataroztuk az 6sszes klorofill (ug/g) és karotinoid-tartalmat (nug/g),
Fv/Fm, Fv/Fo alakulasat

Eredményeink alapjan a saléata fejatmérdje csokkent a tapoldatozasi 1d6 csokkenésével (-20% a
maximalis napi tapoldatozashoz képest). A legnagyobb napi tapanyag-kijuttatasi id6 (9 x 15
perc/nap) eredményezte a legnagyobb fejatmérdt (39,75+5,73 cm). A levélszam (89+32 db), és
a gyokérhossz (50,8+12,7 cm) esetében azonban eredményeink azt mutatjdk, hogy a gyakori
tapoldatozas nem sziikséges, 4 x 15 perc/nap elegendd. Az osszes klorofill- és karotinoid-
tartalom esetében a legmagasabb értékeket a legnagyobb napi tapoldatozasi intenzitds mellett
kaptuk, ami szignifikdnsan kiilonbozott a legkisebb napi tdpoldatozasi intenzitasu kezeléstol
(p<0,05).

Kulcsszavak: talaj nélkiili rendszer, fejes salata, aeroponikus rendszer
Keywords: soilless system, lettuce, aeroponics



Stroncium meghatarozasa biologiai mintakban ICP-AES spektrometriaval

Strontium determination in biological samples by ICP-AES spectrometry

Griczer Kitti ", Banhidi Olivér?, Viskolcz Béla®
'tanszéki mérnok, 2vizsgalatvezetd, *intézetigazgatd
'Miskolci Egyetem, Miskolc Egyetemvdros *“Metalcontrol Kft, Miskolc Vasgydri ut 42, *Miskolci
Egyetem, Kémiai Intézet, Miskolc Egyetemvaros

*graczkit22@gmail.com
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Az eléadasunkban egy olyan, alacsony stroncium tartalom kimutatasara és mérésére alkalmas
ICP-AES modszert mutatunk be, amely kis mennyiségii mintat igényel. A vizsgalandé mintakat
egy SrCl,-os allatkisérletet folytatd partner biztositotta szamunkra, és ezek egerekbdl vett vér,-
combcsont,- csontveld,- izomszovet,- vizelet,- és székletmintak voltak. A mintak elokészitésére
- a székletminta kivételével - nem kellett tovabbi miveletet és id6t forditani, mivel tomény
savban oldott forméban érkeztek, igy csak az esetleges higitas maradt hatra. A széklet mintdkat
mikrohullamu feltar6 berendezéssel vittiik oldatba. A moddszerhez sziikséges stroncium
vonalakat a szakirodalmi adatok ¢és az altalunk hasznalt ICP-AES spektrométer vezérld
szoftverébe beépitett szinképvonal konyvtar javaslata alapjan valasztottuk. 4 ionvonal, - Sr
216,596 nm, Sr 338,071 nm, Sr 407,771 nm, Sr 421,552 nm, ¢és 1 atomvonal, - Sr 460,733, -
teljesitményjellemzdit vizsgaltuk. Az ehhez sziikséges oldatok 0,3 pg/l, 0,7 pg/l, 2,75 ng/l, 10
pg/l, 25 png/l és 125 pg/l koncentracidoban tartalmaztak stronciumot. A mérések soran az 5
stroncium vonalra kapott eredményeket vizsgaltuk és meghataroztuk a hattér-ekvivalens
koncentraciot. Tovabba a vakoldat adatait felhaszndlva megadtuk a vonalakra jellemzd
kimutatasi hatart és a legkisebb meghatarozhaté mennyiséget. A mintdk mérésére a Sr 407,771
nm ¢és a Sr 421,552 nm vonalakat vélasztottuk, mivel ez a két vonal bizonyult a
legérzékenyebbnek. A modszer ellendrzéséhez spikeolt mintakat is alkalmaztunk, melyeknek
visszanyerési értékei a 95 - 102 %-os tartomanyba estek. A kapott eredmények a visszanyerési
értékekre vonatkozé elfogadési hatarértékek kozott vannak, igy a modszer hasznalhatosagat
igazoljak.

Kulcsszavak: ICP-AES, biologiai minta, stroncium
Keywords: ICP-AES; biological sample; strontium
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Elozetes eredmények az aeroponikus novénytermesztéssel kapcsolatban

Preliminary results on crop production in aeroponics system

Nagy Ildiké Alexandra'”, Gorliczay Edit?, Nagy Attila’, Tamas Janos*

hallgato, 2 tanarsegéd, * egyetemi tanar, 4 egyetemi tanar
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¢és Kornyezetgazdalkodasi Intézet, 4023 Debrecen, Boszorményi ut 138.

* nagyildikoalexandra@gmail.com
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Eléadasomban az aeroponikus rendszerekkel kapcsolatos tapasztalatainkat mutattam be. Ezen
rendszerek fontosak a jovo épitésében, hiszen a novénytermesztésre alkalmas szant6foldi
terlileteink korlatozottak, illetve cs6kkend tendenciat mutatnak, az elérhetd, valamint mindségi
¢lelmiszerek irdnti sziikséglet pedig folyamatosan nd, koszonhetéen a globalis
népességnovekedésnek.

A kisérleteinket Propagator 64 és AeroFlo 20 tipust rendszerekben végeztiik, ezen utobbi
egységben 20 ndvényt neveltiink. Az eldnevelést propagatorban ¢s Mammoth Lite 80+ tipusu
beltéri palantaneveld satorban végeztikk, ezek utdn keriiltek be a zart klimaszobakba a
novények. Az elénevelés soran kiilonb6zé szubsztratumokat (kokuszrost, kdzetgyapot,
szurOpapir, lenvaszon, organza anyag, magas celluloz-tartalmu papir) alkalmaztunk.
Novényfajonként kiillonbozd tapoldat-koncentracidkkal dolgoztunk, illetve mas-mas
hémérsékleten teszteltilk az egyes fajokat. Itt a csirdzasi tesztek elsé szakaszaban hetente
kétszer, majd heti rendszerességgel mértiik a csirdzas mértékét, a gyokér és hajtdsnovekedést,
illetve az esetleges levélszamot.

A klimaszobdkban ellenérzott kornyezetben neveltiik a ndvényeket, stabil hédmérséklet,
tapoldat-Osszetétel €s paratartalom mellett, melyek allanddsagat kiilonb6z6 magassagokban fali
szenzorokkal kovettiik nyomon. Négyféle tapoldatdsszetételt alkalmaztunk nitrogén (mitrit
nitrogén, ammoOnium nitrogén), foszforsav hibrid, kalium-oxid, magnézium-oxid, szulfat;
valamint mikroelemeket: B, Ca, Cu, Fe, Mn, Mo, Zn). A kisérleteikben heti rendszerességgel
mértiik a hajtashosszt, levél-, virdg- és termésszamot.

A ndvényfajokat tekintve figyelmet forditottunk a taplalkozasban betdltott szerepiikre is. A
kutatasba olyan novényeket vontunk be, melyek gazdasagi szempontbol hasznosak, valamint
gyogyaszatban is jelentOsek: kozonséges bab (fehér és tarka), cukkini, bazsalikom,
szarvaskerep, mustar, cékla, paradicsom. Azonban fontos megemliteni, hogy az emberek
befogadoképessége az 1) dolgokkal irant korlatozott, igy nemcsak az igények kielégitése,
hanem a vasarloi elfogadas is fontos szempont lesz a jovOben, ezt jovobeli kutatasainkban szem
eldtt tartjuk.

Kulcsszavak: aeroponia; novénytermesztés; talajnélkiili; fenntarthatosag
Keywords: aeroponics; crop production; soil-less; sustainability
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OSSZEFOGLALO

A tanulmény fokuszdban a Keleti-focsatorna és kapcsolddo vizhalozatok éallnak, mivel ezek
rendelkeznek a sziikséges keresztszelvényekkel, vizhozammal és vizszinttel. A cél a
vizszétosztds tamogatasa a TIVIZIG teriiletén és egy alapmodell 1étrehozdsa a Civaqua-
fejlesztések kiillonbozo alternativéainak tervezéséhez €s szabalyozasahoz.

A Hajduhat f6 talajtipusa az alfoldi mészlepedékes csernozjom, ideélis a ndvénytermesztéshez.
Az 0ntdzés elengedhetetlen, és a térség a Keleti-fOcsatornan keresztiil jut hozza a vizhez.
Azonban a fécsatorna vizkészlete kockazatossa valik az aszalyos iddszakokban, példaul a 2022-
es évben.

A vizkészletek optimalis elosztdsat tdmogatni célzd hidrologiai modellek fejlesztése ma mar
lehetévé valik az IOT, az infokommunikacié és az Al altal tdmogatott dontéshozatalnak
kdszonhetden. A tanulmany részletezi a Hajduhat és a Hortobagy tertiletére tervezett hidrologiai
modell fejlesztéseit, kiemelve az adatfeldolgozas sokrétliségét és a modern technoldgidk
szerepét.

Az el6adas tovabbi részében az Ujszerli eszkozoket €s eljarasokat ismerteti, beleértve a gépi
tanulason alapuld teriiletboritottsag-modellt, az evapotranszpiraci6-mintdzaton alapuld Al
gabonandvény-felismerést, valamint a dron-technologidk alkalmazasat (LiDAR, hékamera,
szonar, spektralis indexek derivatumai). Ezek az innovacidk segitenek a modell
hatékonysagéaban és a vizgazdalkodas tervezésében.

A cikkben bemutatott kutatas a Széchenyi Terv Plusz program keretében az RRF-2.3.1-21-
2022-00008 szamt projekt és a DHI Hungary timogatasaval valosult meg.

Kulcsszavak: hidrodinamika, modellezés, DHI, MIKE SHE
Keywords: Hydrodynamics, Modelling; DHI; MIKE SHE
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OSSZEFOGLALO

A CO2 csokkentés egyik lehetséges modja az 6tvozéanyagok koltségeinek csokkentése, €s
ezaltal acélmindségek fajlagos eldallitasi koltségeinek a redukéldsa. Szamos publikacio ta-
lalhatd, melyek az acélgyartas energia igényének csokkentésével foglalkozik, de az 6tvozo-
anyagok megvaltoztatasan kevesen gondolkoznak, holott a fajlagos koltségekre gyakorolt
hatasa jelentds. Az acéliparban az energia koltségei mellett az 6tvozdanyagok koltségei sem
elhanyagolhatoak. A nyereséges és a veszteséges termelés kozott sokszor csak niidnsznyi
kiilonbségek vannak. Mivel az energiasziikséglet egzakt, ezért meg kell vizsgéalni, hogy az
Otvozésre hasznalt anyag mi modon helyettesithetd hasonld tulajdonsagu, de olcsdbban be-
szerezhetd anyagokkal.

Célom, azonos acélmindségek fajlagos eldallitasi koltségeinek csokkentése ) — eddig kevésbé
vagy egyaltalan nem hasznalt — 6tvozok segitségével. Kutatdsom soran EN 10149-2:2013
szabvany szerint gyartott S355MC mikrootvozott acélmindség — harom 6tvozési koncepceiod
szerint — Keriilt Osszehasonlitasra. Az lizemi kisérlet soran gyartasra keriilt egy jaratos
technologia szerint gyartott Nb-mal mikro6tvozott, tovabba egy Nb helyett Ti- nal mikrodt-
vOzott, valamint egy tobbszords mikrodtvozési eljarassal gyartott Nb-mal és Ti-nal mikroot-
vozott adag. Az adagokbdl ontott brammak tobbféle meleghengerlési hdmérsékletvezetéssel
kertiltek kihengerlésre. A meleghengerlési véghdmérséklet modositasaval célunk, a mikroot-
vozOk kivalasainak vizsgalata/hatdsa az acélok mechanikai tulajdonséagara.

Az 6tvozési koncepcid megvaltoztatdsaval a magyarorszagi fémeldallitd lizemek olyan
versenyeldnyre tehetnek szert, mellyel ugyan annyi energia felhasznalasa mellett gazdasago-
sabban tudnak a konkurens gyartomiivekhez képest terméket eldallitani, ezzel javul a ver-
senyképesség, stabilabba valik a vallalat és csokken a munkahelyi bizonytalansag.

Kulcsszavak: Mikrodtvozés, Niobium, Titan
Keywords: Microalloying; Niobium; Titan
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ABSTRACT

Greywater (GW) is wastewater generated from clean water supply in the kitchen, bathroom, and
laundry, excluding wastewater from toilets. GW may include significant quantities of lipids,
surfactants, fabric softeners, oils, chlorides, and sulphates among other pollutants, as well as be
contaminated with disease-causing organisms. GW reuse is a major approach in sustainable and
integral water management in multiple countries where the population suffers acute water
shortage and relieves strain on freshwater resources, minimizes pollution that is discharged into
water bodies. GW may be utilized for non-potable activities such as domestic cleaning, flushing
toilets, washing vehicles, agricultural irrigation. And there is the potential to increase the total
availability of water resources if the use of GW was to be adopted globally. Locally treated GW
lessens the load on the distribution system, lowers the time and expense required for
construction, and, whenever feasible, reduces the carbon footprint associated with it. Such
locally treated GW provides significant way to expand local water resources. In line with the
sustainable development goals of the WHO and UNICEF, it is a major step towards mitigating
the decline in clean water supply in water stress areas as well as the aspirations for the future.
Treatment systems are categorized based on the methods used for segregation and separation,
including physio-chemical and biological treatments. The water is disinfected, and any
remaining impurities undergo coagulation during the tertiary treatment, which is mainly
chemical. Modern methods have been developed recently to increase treatment effectiveness.
Physio-chemical treatment technologies aim to remove impurities from GW by combining
physical and chemical processes. Coagulant treatment of GW is a crucial step in the process of
removing impurities and contaminants, making it suitable for reuse. While traditional
coagulants such as alum or ferric chloride have been commonly used, advancements in
technology have led to the development of new and innovative coagulant treatment methods.
These technologies offer improved efficiency, reduced environmental impact, and enhanced
overall performance in treating GW. Flocculation then promotes the formation of larger
particles, making it easier to separate them from the water.

GW is typically thought to be safer than other wastewater, but if utilized improperly, it can have
a significant negative impact on health. The risks associated with recycling of GW depend on
the application, such as agricultural irrigation, whose primary hazards mostly rely on whether it
is reused on a short-term or long-term basis.

13



This study investigated the application of different ratio of coagulants in synthetic greywater in
laboratory scale. Synthetic greywater (SGW) was prepared in the laboratory from 4 components:
shampoo, shower gel, corn oil to represent corporal fats, and nutrient broth which represents the
nitrogen and phosphorous compounds.

Two coagulants, Iron(lll)chloride (FeCls) and Lime (Ca(OH).) and combination of them as a
new approach was studied. In the preliminary tests we applied them in varying proportion on
100 mL SGW samples to investigate their effect. It was shown that the combination of FeCls
and Ca(OH). proved to be more effective than they were used separately. Zeta potential,
turbidity, pH, electrical conductivity, and total organic carbon (TOC) values were measured
from the 100 mL SGW sample.

The zeta potential measurements were first principal measurements used as a reference to
quantify the optimal concentration of the oppositely charged additives required to enhance
coagulation of contaminants from in SGW. The zeta potential value was studied vs the coagulant
dosage to find the optimum coagulant dosage. It was showed that zeta potential between -5 mV
and 8 mV gave the best results of turbidity, pH, and TOC removal.

In the second stage, so-called Jar test was performed on six 500 mL SGW samples to reiterate
the findings and vary other conditions such as mixing speed, mixing time, and settlement time.
The results were similar with the 100 mL sample test and the optimum dosage of FeCls/Ca(OH)2
was found to be 0.88mL/0.2mL per 100 mL greywater. The removal efficiencies values were
determined after comparing the different treatment conditions. It was shown that the applied
best method improved the pH of greywater closer to an average of 7.38 the neutral value, and
the turbidity up to 97% and reduced the TOC by up to 56%. The zeta potential values were
better from average of -27.6 mV in greywater which indicated stable suspension and poor
flocculation, to an average of -6.9 mV in treated sample which indicated unstable suspension
and good flocculation.

The measured quality parameters were within the regulated standards (REGULATION (EU)
2020/741 OF THE EUROPEAN PARLIAMENT AND OF THE COUNCIL of 25 May 2020)
on minimum requirements for water reuse for except for the TOC value which was outside the
limit for indirect portable reuse. This was solved later when the samples underwent sand
filtration after which, other parameters such as biochemical oxygen demand (BOD), chemical
oxygen demand (COD), anionic detergent content (ANA) were measured.

The quality improved further with the TOC removal efficiency up to 96%, average BOD value
of 3.55 mg/L, average COD value of 15.83 mg/L, average turbidity value of 0.14 NTU, and
ANA was not detected. These values were great, improving all parameters in the SGW to meet
required standard.

The quality of treated SGW was slightly better when compared to the tap water except for the
average pH of 8.23 which was slightly more basic than the tap water, but it was still within the
regulated standard for potable water reuse. The method showed favourable results in the
laboratory, however further investigation is needed on all types of real greywater.

Keywords: Greywater treatment; Water reuse; Chemical coagulation, Flocculation,
Sedimentation
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ABSTRACT

The study examines the hydrogeomorphological, ecological, and water quality of the Toco, a
seasonal stream in Debrecen, Hungary, a rapidly industrialising middle-sized city.
Hydrogeomorphological parameters show a highly regulated stream flow and a few-meter
floodplain. Hydrological patterns are variable, with frequent low or no water discharge. Due to
poor maintenance, the riverbed was densely vegetated with reed as the dominant species before
the restoration. In 2023, all aquatic, wetland, and terrestrial vegetation, including root systems,
was removed during maintenance. Since the area's steeply sloping trapezoidal cross-section has
been reinstated, the bank erosion risk index has increased dramatically. The stream is vulnerable
to urbanization, stormwater runoff, pollution, and rising temperatures, although natural water
flow restoration has become a popular solution. Physicochemical parameters, algae
composition and activity, and total and coliform counts were measured in water samples from
five distinct locations before the maintenance. Spectrophotometric analysis was used to
measure pH, EC, NOy,, NOs", NH4", PO4*", SO4> and K™ in water samples from five locations.
Algal classes, activity, and chlorophyll concentrations were determined. Initial investigations
revealed that the lower section exhibited up to 10 times higher pollution levels, with
mesohalobicity and eu-polytrophic conditions, and nitrite nitrogen concentrations than in the
upstream sections, despite no clear correlations with water temperature, open water extent, or
algal composition. Seemingly, high N concentrations and low cyanobacterial abundance
indicate that blue-green algae, which can fix inorganic N2, cannot achieve a competitive
advantage. Spectrophotometry indicated downstream of the wastewater treatment facility
exhibited up to 10 times higher microbial presence and turbidity levels compared to other
sampled areas. Enterobacteriaceae (ETB) counts downstream of the wastewater treatment
intake were approximately 10 times higher than coliform counts from other sites, indicating
significant Escherichia coli presence. Thus, the water quality downstream of the wastewater
treatment intake is deemed suboptimal for safe utilization.

Keywords: Microbiology, Hydrogeomorphology, Water quality assessment, Ecological
indicators, Stream restoration

This study was supported by the National Research, Development and Innovation Office of
Hungary (under grant: National Laboratory of Water Science and Water Safety project RRF-
2.3.1-21-2022-00008).
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ABSTRACT

A systematic methodology and toolset was developed and utilized to collect soil samples in
Debrecen, an urban centre of moderate size located in Eastern Hungary. The adoption of an
advanced, cloud-based mobile GIS framework was pivotal in facilitating a systematic approach
to site selection, thereby ensuring a comprehensive representation of the diverse landscapes
present in Debrecen. Spatial data from the designated sites were effectively acquired using
mobile mapping tools during the field collection process. In order to ensure consistency and
precision, data collected by a group of 20 researchers was concurrently integrated into a
centralized database.

Following the collection process, the soil samples were subsequently transported to a laboratory
setting for comprehensive analysis utilizing a X-ray fluorescence (XRF) technique, as well as
to characterize physical soil features. This approach facilitated precise determination and
measurement of the heavy metal and inorganic pollutant contents (As, Cd, Cr, Co, Cu, Fe, Mn,
Mo, Ni, Pb, Ti, V, Zn) within the analysed samples. The laboratory results were subsequently
incorporated into the GIS database to facilitate comprehensive post-processing. The visual
representations were carefully constructed, incorporating the precise laboratory measurements
for each location.

In summary, the research emphasizes the effective incorporation of GIS technology for the
purpose of sampling, as well as the accuracy of laboratory-based XRF analysis, in order to gain

insights into the composition of urban soils in Debrecen.

The research presented in the article was carried out within the framework of the Széchenyi
Plan Plus program with the support of the RRF 2.3.1 21 2022 00008 project.

Keywords: GIS; urban soils; heavy metal pollution; XRF

16



Assessment of Heavy Metal Accumulation in Squalius cephalus L. Fish
Scales from the Tisza River: A Comprehensive XRF Analysis

Haithem Aib!, Herta Czédli?, Krisztian Nyeste’, Md. Sohel Parvez*

! University of Debrecen, Faculty of Science and Technology, Pl Juhasz-Nagy Doctoral School of
Biology and Environmental Sciences, Debrecen, Egyetem tér 1, 4032

2 University of Debrecen, Faculty of Engineering, Debrecen, Otemed u. 2-4, 4028
3 University of Debrecen, Faculty of Science and Technology, Debrecen, Egyetem tér 1, 4032

4 University of Debrecen, Faculty of Science and Technology, Pal Juhasz-Nagy Doctoral School of
Biology and Environmental Sciences, Debrecen, Egyetem tér 1, 4032

ABSTRACT

Heavy metals represent a category of highly perilous inorganic micro-pollutants that pose a
significant threat in contemporary contexts. Their capacity to accumulate within diverse living
organisms is well-documented. In our recent investigation, we endeavor to scrutinize the trace
elemental composition of fish scales, exploring the potential of utilizing these biological
structures as environmental monitors. The assessment of the accrual of various environmental
pollutants, particularly heavy metals, in living organisms is increasingly employed for the
purpose of monitoring and identifying instances of intoxication. The specimens under
investigation were procured from the Tisza River, and their elemental composition was
analyzed utilizing X-ray Fluorescence (XRF) methodology at the Institute for Nuclear Research
(ATOMKI) in Debrecen. The efficacy of XRF analysis in elucidating the distribution of heavy
elements within fish scales was duly established. Notably, the analysis revealed the presence of
macroelements, microelements, transitional metals, and heavy metals within the examined fish
scales. The discernment of heavy metal concentrations in fish scales proves instrumental in
elucidating alterations in water quality, underscoring the utility of fish species in comprehensive
studies aimed at substantiating heavy metal contamination. Through the amalgamation of
scientific and applied research within a well-established interdisciplinary framework, our
investigation contributes significantly to the understanding and tracing of the repercussions of
contamination in riverine ecosystems and other wetlands.

Keywords: Heavy metal accumulation, XRF analysis, Squalius cephalus, fish scale, Riverine
ecosystems
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ABSTRACT

Natural waters are gradually becoming more polluted due to increased anthropogenic activities.
A number of physical, chemical and biological methods utilizing different techniques including
genetic tools are currently being applied for monitoring the health of the aquatic environment.
Among these, bio-monitoring methods utilize different organisms inhabiting in the ecosystem
as a bio-indicator to the health of the environment. Fishes being one of the cosmopolitan and
higher trophic aquatic organisms are widely chosen candidate as bio-indicator for
environmental studies. Usually, in the most cases of bio-monitoring, the whole or parts of their
body like the muscle, liver and kidneys are used as specimens which require sacrificing the
animals. The use of fish scales for such examinations instead, could be an alternative to this
problem. The purpose of the current study was to evaluate the use of fish scales as a bi-
oindicator of pollution particularly for heavy metals. Two freshwater fishes, Grass Carp
(Ctenopharyngodon idella), and Mrigal Carp (Cirrhinus cirrhosus) were used in the study. The
samples were collected from commercial aquaculture ponds in Bangladesh. The Energy
Dispersive X-ray Fluorescence (EDXRF) methods were used for the investigation of heavy
metals in fish scales. Different heavy metals were found in the sacles. The findings of the study
implies that fish scales could be used as a bio-indicative tissue as a proxy of the state of the
environment, providing a superb tool for environmental monitoring without harming or killing
the animals.

Keywords: Heavy metals, Carps; EDXRF; Bangladesh;
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ABSTRACT

Water scarcity is a growing global issue driven by factors like population growth,
industrialization, higher living standards, and climate change. This has led to increased interest
in sustainable water management, including the recycling of various types of wastewaters.
Domestic wastewater can be divided into two categories: black water from toilets and greywater
(GW) from sinks, showers, and washing machines, making up a significant portion of
household water usage. Greywater, in particular, is a valuable resource due to its lower fecal
pollution levels and ample availability. However, it may contain microplastic (MP) pollutants
from detergents and personal care products, which can pose risks to marine life and potentially
human health. Insufficient sanitation facilities affect nearly 37% of the global population,
leading to environmental and health problems, including almost 1.8 million deaths annually
from diarrhea.

Plastics are currently produced in excess of 320 million metric tons (Mt) annually, and in the
following 20 years, output is predicted to increase. Only 62.6% of this is recycled, which means
that up to 94% of it winds up in landfills or is discharged into the environment as a result of
improper management along a number of different pathways. The development of trustworthy
methods for the effective and efficient separation of microplastics from waters is of utmost
importance given the widespread presence of microplastics in various water bodies, including
urban sewage, industrial wastewaters, and freshwater. It has been demonstrated that a variety
of tertiary water and wastewater treatment technologies, such as flotation, sand filtration,
membrane bioreactor, adsorption, etc., are successful at removing large-sized microplastics
(i.e., microplastics of several hundred microns). The tertiary treatment effluent was found to
contain the highest concentration of microplastics with the smallest size fraction (<190 pm).
This underlines the necessity for the last stage technologies to eliminate MPs, in particular MPs
of small size.

Wastewater treatment has been crucial in improving effluent quality, but conventional methods
may not effectively remove microplastics. Depending on the size, shape, and type of the micro-
and nanoplastics as well as the water environment, there are many ways to remove them from
water. Physical sorption and filtration, biological ingestion and removal, and chemical
treatments are some of these removal techniques. Regarding the physical treatment method,
adsorption on green algae, for example, uses sorption and filtering techniques to remove
microplastics in which the surface charge of the particles has a significant impact on the sorption
of microplastics on algae. Activated carbon, in both powdered (PAC) and granulated (GAC)
forms, is a widely used technology for removing contaminants, especially microplastic, from
water. It offers efficient removal and no harmful byproducts, making it a preferred choice.
Additionally, tertiary technologies like membrane bioreactors and micro-screen filtration show
promise in this regard. Coagulants like aluminium and iron salts are also employed to treat
wastewater as a chemical treatment method, by which they can interact effectively with
negatively charged pollutants like microplastic. These coagulants have been favoured in
wastewater treatment plants due to their cost-effectiveness and efficiency in pollutant removal.
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Our experiments started with creating synthetic mixed greywater (SGW) samples. For a 1L
sample, 50% of the laundry and 50% of the bathrooms GW were added. The mixtures'
composition and ratios remained constant during the whole experiment. These components
were used to create the synthetic greywater samples: shampoo, detergent, shower gel, corn oil,
fabric softener, and nutrient broth. Following the preparation of the synthetic greywater
samples, microplastic particles including Polypropylene (PP), Polyvinyl chloride (PVC) and
low-density Polyethylene (LDPE) were added to the SGW, and various characterization
techniques were utilized to identify the parameters that can be utilized for assessing the
effectiveness of the treatment process. The pH, turbidity, zeta potential, conductivity, 5-day
biological oxygen demand (BOD), total organic content (TOC), chemical oxygen demand
(COD) values were measured, and microscopic examination were also examined. The average
values for the synthetic greywater parameters, including pH, zeta potential, conductivity,
turbidity, BODs, COD, TOC, ANA were 8.02, -35.84 (mV), 1.01 (mS/cm), 91.83 (NTU),
261.66 (mg/L), 610 (mg/L), 129.03 (mg/L) and 42.41 (mg/L), respectively.

In our study, several techniques were utilized to investigate the removal of microplastic from
SGW samples, and their efficacy was tested. The first step was to filter and isolate the
microplastic particles from synthetic greywater using a cellulose nitrate membrane filter with
0.45 pm pores and @47 mm. Polypropylene (PP) and Polyvinyl chloride (PVC) with a size of
500 pm by 0.600 g/L concentration were added to the synthetic greywater. The results
demonstrated that although this so-called method A was a suitable technique for the separation
of microplastic particles (>45um), it was a time-consuming process and consumed a lot of
energy (electricity), Therefore, it was expensive to separate microplastics from the sample, as
well as the inability to treat the synthetic greywater.

The second stage involved adding activated carbon directly to the synthetic greywater samples
containing Polypropylene (PP) microplastic with a size of 1000 ug by 0.600 g/L concentration
in three amounts of 1.00, 3.00, and 5.00 grams. After 10 minutes, due to the samples' high
turbidity, they were filtered using membrane filters (cellulose nitrate membrane filters). The
outcomes under this method B showed a relative improvement. The turbidity parameter had the
greatest decline, particularly in the 1-gram sample (91.83 to 18.36 NTU). The TOC value
declined as well, practically to the same extent in every sample (from 129.03 to almost 100
mg/L). Comparing the synthetic greywater sample to the zeta potential value as an important
parameter, little change occurred.

Following the second method's successful results, the activated carbon column (medium) was
employed as the third phase of the treatment procedure. 2 cm of gravel layers were placed at
the top and bottom of the column, and 10 cm of activated carbon were placed in the middle.
The synthetic greywater sample was then examined using the activated carbon column
(method C) at slow and fast discharge rates respectively 3.33 and 200 min/L while containing
Polypropylene (PP) microplastic with a size of 1000 pm and a concentration of 0.600 g/L. In
general, slow discharge rate filtration showed better results. Turbidity was obtained from 91.83
to 117.25 and 29.93 NTU, TOC from 129.03 to 63.28 and 7.28 mg/L and zeta potential value
from -35.84 to -38.30 and -4.22 (mV) in fast and slow discharge rates, respectively. More tests
were conducted on the synthetic greywater samples with the low-density Polyethylene (LDPE)
microplastic with a size of 500 um and a concentration of 0.600 g/L using the activated carbon
column with a discharge rate close to the slow state (5.5 min/L), in accordance with the
encouraging results from the slow rate treatment. Turbidity values in these tests changed from
47.9 to 21.45 NTU; TOC values from 122 to 25.58 mg/L; zeta potential value changed from -
38.9 to -25.55 (mV); COD values changed from 675.75 to 153.69 mg/L. The reference
parameter used in this procedure was the synthetic greywater sample containing microplastic.
The last method D combined the usage of the activated carbon column with coagulation-
flocculation method to further enhance the outcomes of the third method. The previous
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experiment's characteristic of synthetic greywater containing microplastics was present in this
experiment as well. Ferric chloride (FeCl3) was used as a coagulant with a concentration of 325
mg per 1-liter contaminated sample. The results revealed that the use of FeCl3 promotes the
treatment process and even absorbs some microplastic particles, as shown by the changes in
turbidity, TOC, zeta potential, COD, and pH. Turbidity value decreased from 51.44 to 4.03
NTU; TOC decreased from 121.5 to 1.95 mg/L; zeta potential value increased from -35.0 to -
10.55 (mV); and COD decreased from 751.25 to 55.25 mg/L.

According to the results of our study, the use of an activated column is the most effective method
for simultaneously treating synthetic greywater samples and removing microplastics because
of its availability, affordability, and environmental friendliness. Additionally, a coagulant can
be employed to boost the effectiveness of this approach given that this material is also readily
available and affordable. It significantly improves parameters like turbidity, TOC, COD, and
zeta potential and the best outcome is obtained when activated carbon and FeCls as a coagulant
are used together, according to the findings of microscopic analysis as well.

An Euromex Bscope microscope was used to determine the level of microplastics in greywater
using magnification of 4x and 10x before and after treatment for the last method (combination
of coagulation and activated carbon column). This investigation proved that there was no
microplastic in the treated sample, supporting the findings of the measured parameters like
turbidity and others. However, it is advised that future research and investigations make use of
accurate techniques like scanning electron microscopy (SEM), Raman spectroscopy, and other
techniques. Future plans may include investigating the usage of different coagulants, smaller-
sized microplastics, and reused water for plant growth tests.

Keywords: greywater; microplastic removal; activated carbon, coagulation-flocculation.
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ABSTRACT

Microalgae have an increasing interest in various sectors. They are photosynthetic organisms
that utilize the sunlight to make various organic compounds from carbon fixation. Microalgae
can be beneficial for the sustainability; it can assist with the achieving of several SDGs such as
zero hunger (SDG-2), clean water and sanitation (SDG-6) as well as affordable and clean energy
(SGD-7). However, the production of microalgae biomass is limited due to various nutritional
and environmental conditions such as pH and CO: concentration in the nutrient solution. So it
is crucial to investigate the effects of different pH level and CO: injections on microalgae
(Chlorella vulgaris) cultivation.

The aim of this research was to investigate the biomass growth of Chlorella vulgaris microalgae
with special regards to the pH level of the nutrient solution (7, 9.6, 10.2 and 11.0) and CO>
injection (0 ml/min, 2 ml/min, 3.5 ml/min and 5 ml/min). The samples were investigated over a
6 weeks of period from a chemical as well as biological point of view. For the chemical
measurements, PF-12 plus photometer with VisoColor test kits were used and the following
parameters were measured: NH4*, NOs, K*, POs>, chemical oxygen demand (COD), pH and
electric conductivity (EC). AlgaeToximeter II was used to determine the biological parameters
such as chlorophyll concentration in different microalgae classes and microalgae activity rate.
Moreover, the change in chlorophyll A was tracked over the examination period by a UV-Vis
spectrophotometer.

Based on the experiments performed in this study, the highest biomass growth was achieved in
case of the 2 ml min™ of CO> injected sample with the value of 2,211 ug L' in chlorophyll
concentration, followed by the 3.5 ml min' of CO; injected sample (1,504.6 pg L' in
chlorophyll concentration). Comparing the sample of 2 ml min™! of CO; injection to the control
one (0 ml min™"), the biomass increase was found to be +60.8%, however the injected CO>
drastically decreased the microalgae activity rate from the initial value of 66.6% to 35.23%.
Variable pH also had a significant effect on the biomass growth of Chlorella vulgaris
microalgae. Neutral pH (7) resulted in the highest chlorophyll concertation with the value of
1,853.5 pug L, moreover it was found that alkaline pH (9.6, 10.2 and 11.0) could have an
impulsive stimulation effect on the biomass increase in the first 10 days. In the future, combining
the 2 ml min! of COz injection with an alkaline pH nutrient solution could be a promising
solution in order to shorten the cultivation time, while resulting in higher biomass generation,
thus contributing to the sustainability.

Keywords: biomass growth, microalgae cultivation, nutrient solution; sustainability
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ABSTRACT

Energy storage has been a challenge right from the beginning of the renewable energy
revolution, the challenge in the case of solar power commonly depicted as” the duck curve”.
Among energy storage options for PV power storage, rechargeable batteries have long been in
use in the quest of flattening the daily load curve.

In the analysis of several battery types, we can see that due to the thermal runaway properties,
limited density, and short life cycle of these batteries, they seem inadequate as permanent
solutions to PV power storage demand.

Additionally, emerging technologies like solid-state batteries, hydrogen storage and pumped
hydro storage show promising potential for overcoming the limitations of the available batteries
in energy storage applications.

Keywords: Lithium Batteries; Sodium batteries; Lead-acid batteries,; Redox flow batteries
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ABSTRACT

Global agriculture is facing unprecedented pressure as a result of the increase in global
population, limited agriculture areas, depletion in energy resources, climate change, and
exhaustion and unbalance distribution of phosphate mines. As the world’s population is
projected to exceed 9 billion by 2050, an even larger demand for food is expected. Meanwhile,
agricultural lands are not expanding due to limited cultivation areas, soil degradations, depletion
in fresh water supplies, and the high associated costs. Instead, farmers are relying more on the
use of fertilizers to produce fast short-term yields per hectare of soil. However, the unsustainable
application of chemical fertilizers and overcultivation to meet food demands reduce soil and
freshwater quality, and cause detriment environmental problems.

Plants absorb most of their nutrients in forms of Nitrogen (N), Phosphorous (P), and Potassium
(K) from the soil. However, these nutrients must be replenished by fertilizers since natural
replenishment can take prolonged period of time. Despite that the atmosphere consists of almost
80% of N, most of it cannot be used by plants due to its non-reactive nature. Today, almost 70%
of reactive N available in the form of ammonia (NHs) is procured using the Haber-Bosch
process. This process consumes 1-2% of the global energy production. Furthermore, most of
this significant energy investment is lost in conventional fertilizers as a result of their low
Nutrient Use Efficiency (NUE). The NUE measures the ability of plants to absorb and transport
nutrients. For conventional fertilizers, only 18-20% of P is absorbed by plants. Most of P is lost
because it reacts with Ca?* ions present in soil to produce insoluble phosphate form that is
unusable by plants. On the other hand, only 30-35% of N is utilized by plants. Unused N is
quickly processed by microorganisms and lost by chemical and physical processes including
leeching and volatilization. Consequently, leeching of N can contaminate groundwater, lakes,
ponds, and rivers resulting in risks of eutrophication. Therefore, recovery of nutrients from
alternative sources and its reapplication in agriculture as an alternative to conventional chemical
fertilizers has become of utmost importance.

Household greywater (GW) comprises of wastewater generated from sinks, showers, bathtubs,
laundry, and in specific cases low-strength kitchen wastewater can be considered as GW.
Elevated amounts of nutrients can be found in domestic GW in forms of ammonium (NH4") and
orthophosphates (PO4*) from sources ranging from ammonium salts used in kitchens to cationic
and anionic surfactants from laundry detergents. Different societal conditions can affect the
composition of household GW including lifestyle, diet, socioeconomic status, as well as access
to clean water. This has created a challenge in generalizing the composition of household GW
for the preparation of synthetic GW samples for experimental purposes.

Since GW excludes wastewater generated from toilets and kitchen sinks, it is considered low-
strength wastewater which contains lower amount of pathogens and pollutants due to the
absence of urine, feces, and toilet paper. Nevertheless, GW still contains 30% of the total organic
compounds and 10-20% of nutrients present in household wastewater. The discharge of
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untreated GW into the environment can cause a large-scale influx of reactive N and P which
holds significant impacts on human health and environment, alike. Therefore, the recovery of
nutrients from GW holds tangible potential to reduce the load associated with the production of
reactive N and P, which subsequently, will reduce the influx of nutrients into the environment.
This will lead to efficient utilization of nutrients and will reduce the risk of adverse effects on
human health and the environment. Moreover, recovery of nutrients would reintroduce
recovered N and P as fertilizer which will reduce its price, and hence the overall price of food.
Ammonium (NH4") is one of the major contaminants present in GW that is found in laundry
wastewater due to the utilization of cationic surfactants such as quaternary ammonium salts,
dialkyldimethylammonium chlorides, distearyldimethylammonium chloride and alkyl
dimethylbenzylammonium chlorides in fabric softeners and laundry disinfectant agents.
Adsorption is amongst the most popular processes to recover nutrients from wastewater due to
its simplicity, efficiency and abundance in the environment. The key consideration is the choice
of adsorption material used for the recovery process. Adsorption materials can be both naturally
occurring or synthetic zeolites. However, since domestic GW contains inorganic P in its anionic
dihydrogen phosphate (H2PO4") and monohydrogen phosphate (HPO4?), and N in anionic forms
of nitrate (NO3") and nitrite (NO2") and cationic form of NH4", natural zeolite can only be used
for the direct recovery of NH.*. This is due to the chemical properties of natural zeolites which
are naturally occurring microporous crystalline tectosilicates with net negative charged sites
which are balanced by exchangeable cations, typically alkali or alkaline-earth metals. These
cations can exchange with other cations present in the solution during contact which highly
depends on the selectivity of the natural zeolites. Once nutrients are recovered, they can be
utilized as soil fertilizers to achieve a circular economy vision. Nutrients can be recovered
through two major processes: (1) Desorption of nutrients from zeolites after regeneration and
producing fertilizers (2) Applying the nutrient enriched zeolites directly into the soil. The reuse
of recovered nutrients by applying it directly into the soil is possible since zeolite is considered
one of the naturally inorganic conditioners which is widely applied to improve the chemical and
physical properties of soil. When enriched, they act as a storage of nutrients which are readily
available for plants uptake once required. This can also address the NEU limitation associated
with application of conventional fertilizers. Thus, nutrient enriched zeolite can act as a slow-
release fertilizers which are only available when required by the plants.

In order to analyse the ability of natural zeolite to recover NH4* from GW, it was essential to
primary develop synthetic GW samples under laboratory conditions. For this study, both
synthetic shower/bathtub GW (BGW) and laundry GW (LGW) fractions were prepared and
analysed for several different quality parameters including pH, turbidity, zeta potential,
electrical conductivity (EC), BODs, TOC, ANA detergent values. The results of the quality
parameters obtained for synthetic GW fractions were compared with results obtained for real
GW to validate test conditions and mixing constituents. Results for the shower/bathtub fraction
showed that pH, turbidity, zeta potential, EC, BODs and TOC values align with the results
obtained for real shower/bathtub GW samples. However, results of ANA detergent for synthetic
BGW which corresponded to 31.66+9.87 mgL™! were observed to be higher than that obtained
for real BGW. Similarly, the results obtained for synthetic LGW were observed to be aligned
with the results obtained for the real laundry GW fraction. Nevertheless, synthetic LGW samples
recorded BODs value of 348+22 mgL* which corresponded to lower BODs value recorded for
real LGW which amounted for 635.64+336.22 mgL™t.

After comparing the quality parameters between synthetic and real GW, samples were then
analysed for ionic concentrations using lon Chromatography (IC) method. This allowed the
quantification of the amount of nutrients (NHs*, NOs, NO, and POs*") and other ionic
components (K*, Na*, Ca?*, etc...) present in the synthetic GW fractions before and after
treatment using natural zeolite. For the synthetic GW fraction, it was observed that the amount
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of present nutrients is lower than that obtained for real BGW. For example, the average recorded
amounts of NO3", PO4*>", NH4" in the synthetic BGW samples corresponded to 1.89+1.19 mgL-
1.0.025+0.049 mgL?, and 0.183+0.36 mgL™?, respectively. Whereas, for the real BGW the
recorded values of NOg", PO4%*, NHs" were 3.77+0.39 mgL™, 11.84+16.95 mgL™, and 2.03+1.36
mgL™, respectively. On the other hand, the ionic concentrations of nutrients in the synthetic
LGW were observed to be higher than the that of the synthetic BGW, but lower than that of the
real LGW samples. The average measured concentrations of NOs", PO4%*, NH4* in synthetic
LGW samples were 2.17£0.266 mgL™, 0.525+0.534 mgL™, and 0.705+0.872 mgL™,
respectively. Whereas, for the real LGW samples, the average recorded concentrations of NO3
, PO#%*, NH4" corresponded to 4.35+1.17 mgL™?, 7.89+4.08 mgL™?, and 13.82+6.52 mgL™,
respectively.

In order to determine the efficiency of natural zeolite (NZ) in adsorbing nutrients, particularly,
ammonium, 500 mL of the raw synthetic LGW was extracted into a beaker and predetermined
amount of natural zeolite was added directly into the sample. The resulting sample was then
mixed using a magnetic stirrer for 120 minutes. The experiment was repeated by increasing the
amount of NZ in increments of 2.5g for every 500 mL of raw LGW sample. After mixing, the
resulting samples were filtered using 0.45 pm cellulose membrane filters and stored for further
IC analysis. Three samples were prepared by adding 2.5g, 5.0g, and 7.5g of NZ into each 500
mL sample of synthetic LGW. The average measured values of NO3", PO4**, NH4* for the treated
LGW using 2.5g NZ were 4.911+0.053 mgL™, below detection limit, and 0.085+0.035 mgL™,
respectively. Whereas, for the treated LGW samples using 7.5g NZ, the average recorded values
for NOs, PO4%*, NH4" were 9.514+0.045 mgL, below detection limit, and 0.046+0.006 mgL™,
respectively. The obtained results show that by increasing the amount of NZ, the amount of
NH4* decreases since ammonium is being exchanged with the exchangeable cations adhered to
the net negative sites at the surface of the NZ. However, it was observed that by increasing the
amount of NZ used for the treatment of synthetic LGW, the amount of nitrate also increases.
This is due to the presence of nitrate in the NZ sample which was directly extracted from its
mining site without performing any pretreatment to remove impurities and improve its
adsorption properties.

Concerning the change in quality parameters after treatment, it was noticed that TOC and ANA
detergent values significantly decreased after applying the NZ treatment. By treating the
synthetic LGW using 2.5g NZ, the average TOC value decreased from 176.62+14.26 to
115.50+2.12 mgL™?, while, the average ANA detergent value decreased from 34.33+2.06 to
28.70 mgLt. Whereas, the treatment with 7.5g NZ further decreased the average TOC value to
82.08+0.78 mgL?, and ANA detergent to 25.1 mgL™.

Future research plans include adjusting the composition and mixing conditions for the
preparation of synthetic LGW samples to reflect higher nutrient content while investigating the
effects associated with increasing the amount of primary constitutes on quality parameters. The
pretreatment of NZ to remove impurities and improve NH4" adsorption capacity will be
considered to determine the optimal adsorption capacity of the selected NZ. By investigating
the quality parameters and ionic concentrations of synthetic GW samples before and after
treatment with NZ, it is possible to observe potential side-effects of the application of NZ.

Keywords: Natural zeolite; Nutrients recovery; Ammonium adsorption; lon exchange;
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