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1.GIRIS

1.1. Bor Minerallerinin Genel Ozellikleri

Bor, yart metal sinifinda atom numarasi 5 olan ve periyodik tabloda “B” ile
gosterilen kimyasal bir elementtir (Sekil 1.1). Periyodik sistemin 3A grubunda

bulunan bor elementinin 8B, 10B, 11B, 12B, 13B izotoplar1 bulunmaktadir. An-
cak en kararli olan izotoplar1 10B ve 11B izotoplaridir.
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Sekil 1.1. Bor elementinin periyodik tablodaki yeri (http 1)

Yer kabugunda %0.001 oraninda ve deniz suyunda 3-5 ppm diizeyinde bulu-
nan bor mineralleri boraks (tinkal), tileksit, kernit, kolemanit, hidroborasit ve pan-
dermit olmak tizere gruplandirilmaktadir (Celik, 1993). Bor minerallerinin kim-
yasal bilesimi ise boroalimiinyum-silikat mineralleri, borosilikat mineralleri ve
borat mineralleri olmak tizere {i¢ gruba ayrilmaktadir (Zhu ve Wang, 2007).

Tablo 1.1. Onemli bor minerallerinin fiziksel ve kimyasal 6zellikleri (Uz, 1990)

Mineral Formiilii Kristal Sistemi | Sertligi Yogun-
lugu
Boraks Na;Bs07.10H,0 Monoklinik 2-2,3 1,72
Kernit Na,B.04.4H,0 Monoklinik 2,5 1,91
Uleksit NaCaBs0g¢.8H,0 Triklinik 2,5 1,96
Kolemanit CazB6011.5H,0 Monoklinik 4-45 2,42
Pandermit CayB10010.7H.0 Triklinik 3-3,5 2,4
Hidroborasit Ca2Bs011.5H,0 Monoklinik 2-3 2,17




Boraks (Tinkal): Na;BsO7.10H,0 bilesiminde olan mineral Monoklinik kris-
tal sisteminde kristallesmekte olup kristaller kisa prizmalar sekillidir. Sertligi 2-
2,3, yogunlugu 1,72 gr/cm?® olan boraks minerali kirilgan yapiya sahip olup taze
yiizeyleri camsi ve saydamdir. Oldukga az bir zamanda beyaz (tebesirimsi) renge
doniisiir. Su igerisinde kolaylikla ¢6ziinen mineral bu 6zelligiyle diger bor mine-
rallerinden kolaylikla ayrilmaktadir. Boraks (tinkal) minerali yataklarda seviyeler
olusturabilir ya da kil, tileksit ve tinkalkonitle beraber bulunabilir (Temur, 2007).

Uleksit: Triklinik sistemde kristallesen iileksit, NaCaBsQy.8H,0 bilesiminde
olup biiyiik kristallere kiyasla ipek goriiniimli lif demetleri oldukga yaygindir.
Sertligi 2,5, yogunlugu ise 1,96 gr/cm® olan mineralin iri olan kristalleri saydam-
dir. Killi kisimlarda tileksit kiimelerinin birikmesi sonucu pamuk yumagina ben-
zetildigi i¢in “pamuk topu” olarak adlandirilmistir. (Kistler ve Helvaci, 1994).
Birbiri i¢erisine gegmis halde ¢apraz lifler seklinde damarlar olusturmaktadir. Ses
ve 1s1 yalittminda, seramik, cam ve giibre endiistrisinde, boraks ve borik asit tire-
timinde yaygin bir sekilde kullanilan Uleksit, Tiirkiye’de Bigadi¢, Kirka ve
Emet’de, diinyada ise Arjantin’de bulunur (Eti Maden, 2019).

Kolemanit: Bor mineralleri igerisinde en yaygin bulunan kolemanit minerali
CaB¢011.5H,0 bilesiminde olup Monoklinik sistemde kristallesmektedir. ince
ve parlak kristaller halinde bulunan mineral kiitle halinde bulundugunda masif
tabakalar veya tane y1gisimlari seklinde ortaya cikar. Sertligi 4-5, yogunlugu 2,42
gr/cm® olan kolemanit minerali beyaz, gri veya sarimsi gri renklidir. Su igerisinde
yavas, asitte kolaylikla ¢6ziinen mineral, 1sitildiginda catirdayarak toza doniis-
mektedir. Kolemanit mineralinin basta cam ve seramik sanayii olmak {izere me-
taliirji, cam elyafi, giibre, deterjan ve kozmetik sektorii gibi birgok kullanim alan
mevcuttur (Eti Maden, 2019).

Kernit: Kernit minerali, Na;B,04.4H,0 bilesimindedir. Monoklinik sistemde
kristallesen mineral, dilimleri boyunca pargalandiginda 6z sekilleri bozulup ko-
laylikla ufalanarak ince liflere ayrilmaktadir. Sertligi 2,5-3, yogunlugu 1,91
gr/cm® tiir. Hava ile temas1 sonucunda iizeri beyaz toz haline doniismektedir. Be-
yaz renkli ve inci parlakliginda olan kernit minerali, su i¢erisinde borakstan daha
az oranda erimektedir (Kistler ve Helvaci, 1994; Ediz ve Ozday, 2001).

Hidroborasit: Ca;Bs011.5H,0 bilesimindeki hidroborasit minerali Monokli-
nik sistemde kristagmekte olup 1sinsal ve igne seklindeki kristaller seklinde bu-
lunmaktadir. Sertligi 2-3, yogunlugu ise 2,17 gr/cm?® olup, yaklasik 5-30 cm ¢a-
pinda yumru seklindedir. Bu yumrular, rastgele dagilmis vaziyette ignemsi kris-
tallerden olusmaktadir. Hidroborasit minerali, beyaz renkli olmasina ragmen



igerdigi arsenik oranina gore kirmizi ve sari renklerde de goriilmektedir (Yigit-
basioglu, 2004).

Pandermit: Pandermit minerali CasB10O10.7H20 bilesimindedir. Triklinik
sistemde kristallesen mineralin rengi beyaz olup, sertligi 3-3.5, yogunlugu 2.4
gr/cm® tiir. Goriiniisii kalsite benzemektedir (Temur, 2007).

2. BOR MINERALININ ENDUSTRIYEL KULLANIM ALANLARI

Deterjan-
Temizlik
2%

Seramik-Firit
15%

Sekil 2.1. Bor minerallerinin baslica kullanim alanlar1 (Eti Maden, 2022)

Cam Sanayii: Cam sanayii, Bor minerallerinin en yaygin kullanim alanidir.
Camdaki genlesme katsayisini diigiirerek camin darbe direncinin artisina neden
olan bor oksit, cama daha yiiksek mekanik mukavemet ve ¢ekme kalitesi sagla-
yarak fiberglas iiretiminde O6nem arz etmektedir (Woods, 1994; Parks ve
Edwards, 2007).

Uzay Sanayii: Dayanimlarinin yiiksek ve yogunluklarinin diisitk olmasi ne-
deniyle bor lifleri ve bor karbiirler roket, u¢ak ve uzay araglarinin devrelerinin ve
govde pargalarinin iiretiminde kullanilir (Temur, 2007).

Niikleer Sanayii: Niikleer reaksiyonlarin denetlenmesine yardimci olan bor
izotoplarindan 10B ve 11B izotoplarinin radyoaktif pargaciklara karsi yalitim
6zelligi bulunmaktadir. Niikleer enerji iiretim siireclerinde niikleer kalkan olus-
turan kontrol ¢ubuklar1 imalati i¢in bor karbiirler, borlu ¢elikler ve titanbor ala-
simlar1 kullanilmaktadir (Bilgi¢ ve Dayik, 2013).

Deterjan: Sabun ve deterjan iiretiminde bor minerallerinin 6nemi giderek art-
t181 i¢in niifus artigina da paralel olarak, yakin gelecekte bu sektorde talep edilen
bir hammadde olma yolundadir (Temur, 2007). Bor, sodyum perborat seklinde
aktif oksijen kaynagi olarak agarticilarda kullanilmaktadir (K6roglu vd., 2003).
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Ek olarak, amonyak olusumunu 6nledigi i¢in kokuyu azaltmak amaciyla hayvan
¢Oplerine ve bebek bezi kovalarina da eklenmistir (Woods, 1994; Parks ve
Edwards, 2007).

Tarmm: Bor, tarim sektoriinde ¢igcek agma, polen dollenmesi vb. gibi bitki ge-
lisimini saglayan giibre iiretiminde kullanilmaktadir. Toprakta bor miktarinin faz-
lalig1 (2-4 ppm) toksik etki gosterirken, az olmasi (0.5-1 ppm) ise bitkilerde ek-
siklige sebep olmaktadir (Tolun, 1988; Ediz vd., 2001). Ayrica, bor mineralleri,
yabanci otlar1 yok ederek toprakta bitki yetisebilmesi igin topragin hazir hale gel-
mesinde de kullanilmaktadir (Demirtas, 2006).

Elektronik ve Bilgisayar Endiistrisi: Bor, bilgisayarlarin mikro chipleri, CD
stirticiileri, bataryalari, pilleri, laser printer tonerleri vb. birgok malzemede kulla-
nilmaktadir. Yakin gelecekte borun onemi, iletisim sanayii ve bilgisayar agla-
rinda daha da artacaktir (Tombal vd., 2016).

Saghk: Bor, saglik alaninda, antibakteriyel ve antiseptik 6zelligi sebebiyle
losyon, dis macunu, yara temizleme soliisyonu, merhem, géz damlalar1 gibi mad-
delerin iirtetiminde kullanilmaktadir. Ayrica, son zamanlarda bor, niikleer tip ala-
ninda Bor Nétron Yakalama Tedavisinde (BNCT) kanser, dermatoloji, yara iyi-
lestirme vb. tedavilerinde kullanilir (http 2).

Metalurji: Bor minerallerinin maddi (parasal) olarak paymin fazla, ancak
miktar olarak az oldugu alan metaliirjidir (http 2). Erime derecesinin diigiik ol-
masi1 ve metal oksitleri eritme 6zelliginden dolay1 kiymetli metallerin ayrilma-
sinda, piring, bakir, bronz, demir ve celik ile ilgili lehim iglerinde, kaynakeilikta
kullanilmaktadir (Temur, 2007).

Cimento: Yiksek dayanamiyla borlu ¢imento, barajlarda, tiinellerde, beton
yollarda, kopriilerde, yiiksek binalarin insasinda kullanilir. Bor ile malzeme iire-
tilirken malzemenin mukavemeti artirilarak ve pisme sicakligr disiiriilerek enerji
tasarrufu saglanir ve bakteri-mantar olusumu engellenir. Ayrica 1s1 ve ses yalitimi
da saglanmaktadir (http 2).

3. TURKIYE’DEKI ONEMLI BOR YATAKLARI

1970’11 yillarda Tiirkiye’de bor madenciliginin 6nemi anlagilmaya baslanmis,
6zellikle son 15 yilda hem bor madenciligi hem de iilke ekonomisine olan katkisi
bakimindan biiyiik ilerlemeler kaydedilmistir (Temur, 2007).

Tiirkiye’de Balikesir (Bigadi¢, Sultancayir), Kiitahya (Emet), Bursa (Keste-
lek) ve Eskisehir (Kirka) illerinde yaklasik olarak 40.000 km?’lik bir alanda da-
gilim gosterir.
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Sekil 3.1. Tiirkiye borat yataklarindaki bor minerallerinin dagilimi (Helvaci, 2015)

Balikesir-Bigadic Bor Yatagi: Bigadi¢ Bor Yatagi, Balikesir iline bagh Bi-
gadic ilgesinin 12 km kuzeydogusunda yer almakta olup diinyadaki en biiyiik
tileksit ve kolemanit yatagidir (Helvaci, 2015). Bigadic bor havzasi KD-GB dog-
rultulu havzalardan biri olup 50-90 km genisliginde bir zon boyunca mostra ver-
mektedir. Ust Maastrihtiyen-Paleosen yasli, tiirbiditik matriks iginde, Mesozoyik
kiregtasi, ¢ort, spilitik volkanitler, serpantinlesmis peridotit bloklar1 ve mikritik
kiregtagi merceklerinin olusturdugu Bornova Flis Zonu {izerinde yer almaktadir
(Erdogan, 1990; Okay ve Siyako, 1993; Yiicel Oztiirk vd., 2014). Borat mineral-
leri, havlit, propertit ve hidroborasitten olusan alt borat zonu ile inyonit, pander-
mit, meyerhofferit, hidroborasit, tercit, havlit, rivadavit ve tiinellitten olusan tist
borat zonu olmak iizere iki farkli zonda olusmustur (Ozpeker, 1969; Hel-
vact,1995; Helvaci ve Orti, 1998; Yiicel Oztiirk vd., 2014). Bu iki zon diyajenez
esnasinda montmorillonite, zeolite ve klorite doniisen kalin tiif seviyeleriyle ay-
rilir. Rezervi 1024 milyon ton, tendrii ise %35 olan Bigadi¢ borat yataklar1 kurak
iklim sartlarinda yerel volkanizmaya bagli olan termal kaynaklarla beslenen hav-
zada olugsmustur (Helvaci, 2015).
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Balikesir-Sultancayir (Susurluk) Bor Yatagi: Sultangayir (Susurluk) Bor
Yatagi, Bat1 Anadolu’da yer alan borat yataklari igerisindeki en eski bor yatagi-
dir. Tiirkiye’de pandermit ve havlitin ilk isletildigi sahadir. 1865 yilindan 1950°li
yillarin sonlarina kadar Fransiz ve Ingiliz sirketleri tarafindan bu saha kapali ocak
olarak igletilmistir. Bor yatagindan ¢ikarilan pandermitler Bandirma (Panderma)
limanindan yurtdisina tagindig1 i¢in pandermit minerali diinya literatiiriindeki is-
mini bu limandan almistir (Travis ve Cocks, 1984). Sultancayir bolgesinde yer
alan Neojen istif 750 m’yi bulan tortullar1 icermektedir. Istifin alt kesiminde yer
alan jips, pandermit ve kolemanit olusuklari linyitli bir seviyenin iizerine gelen
marn, kirectast ve volkanik tiiflerin icerisinde bulunur ve istifin iist kesimini ise
marn, tiif ve kirectas1 ardalanmasi olusturmaktadir (Helvaci, 1994; Orti vd., 1998;
Helvact, 2003). Sultangayir (Susurluk) Bor Yataginda, jips baskin mineral olarak
bulunur. Ayrica kalsit, simektit, zeolit ve Klorit yatakta bulunan diger mineraller-
dir (Orti vd., 1998; Gilindogan ve Helvaci, 1993; Helvaci, 1994; Helvac1 ve
Alonso, 2000).

Bursa- Kestelek Bor Yatagi: Kestelek Bor Yatagi, Bursa ili Mustafakemal-
pasa ilgesinin Kestelek koyiinde yer almaktadir. Bor yataginda egemen mineral
esas olarak kolemanit, iileksit ve propertittir. Ender olarak da hidroborasit goz-
lenmektedir (Helvaci, 2015). Rezervi 8 milyon ton, tendrii ise %35’tir. Kestelek
bolgesinde bulunan Neojen tortullart Mesozoyik ve Paleozoyik yasl temel iize-
rine uyumsuz olarak gelmektedir. Tabanda konglomera ve kumtasiyla baglayan
cokeller, linyit seviyeleri igeren marn, kil tiif, kirectas1 ve aglomerayla devam
eder. Ortamin daha sonra tektonik duraylilik kazandigi zamanda ¢6kelen boratli
zondaki tiif, marn, kiregtas1 ve bor yataklart meydana gelmistir. bolgedeki istif
bu donemden sonra gevsek ¢cimentolu konglomera, kumtagsi ve kiregtasi ardalan-
mastyla tamamlanmustir (Ozpeker, 1969; Helvaci, 1994; Helvaci, 2003).

Kiitahya-Emet Bor Yatagi: Emet Bor Yatagi, Kiitahya ili Emet ilgesinde Hi-
sarcik ve Espey bolgesinde yer almaktadir. Bati Anadolu’nun, basta kolemanit
olmak {izere 6nemli miktarda borat mineralleri i¢ceren Neojen havzalarindan biri
olan Emet Bor Yatagi’nda kolemanit egemen mineraldir. Rezervi 887 milyon ton,
tendrii ise %35°tir. Emet bolgesinde yer alan Neojen istif, Paleozoyik yasli mer-
mer, kalksist, kloritsist ve mikagist gibi metamofik kayaclar lizerine uyumsuz ola-
rak gelmektedir. Bolgedeki istif tabandan tavana; cakiltasi, kumtasi, marn ve tif
mercekleri i¢eren ince tabakali alt kiregtasi, asidik ve orta¢ volkanit-tiif-aglo-
mera, kdmiir ve jips bantlar1 igeren ¢akiltagi-kumtagi-kiltasi-marn ve kiregtaginin
olusturdugu kirmizi birim, bor yataklarimi ihtiva eden kiltasi-tiif-tiifit ve marn,
kiltagi-marn ve ¢ort merceklerini igeren iist kiregtasi, bazaltlardan olugmaktadir
(Helvaci ve Firman,1976; Helvaci ve Orti, 1998; Helvaci, 2003).
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Eskisehir-Kirka Bor Yatagi: Kirka Bor Yatagi, Eskisehir ilinin Seyitgazi il-
cesine bagl Kirka bolgesinde yer almaktadir. Kirka bor yataginin egemen mine-
rali esas olarak boraks olmasina ragmen buna daha az oranda iileksit ve kolemanit
eslik etmektedir (Baysal, 1972; inan vd., 1973; Helvaci, 1977; Sunder, 1980; Pal-
mer ve Helvaci, 1995; Floyd vd., 1998; Helvaci ve Orti, 2004; Seghedi ve Hel-
vaci, 2014; Helvaci, 2015). Rezervi 519 milyon ton, tendrii ise %25 olan Kirka
Bor Yatagi, 1960’11 yillarda bulunan diinyanin en biiyiik bor yatagidir. Yatak ii¢
boliimden olusmaktadir. Bunlardan ikisi tamamen kolemanitten olugsmakta olup
sadece tavan kisimlarinda birka¢ cm kalinliginda iileksitli kistm bulunur (Yalgin
ve Baysal, 1991). Ugiinciisiinde ise bor minerallerinde tabandan itibaren kolema-
nit-iileksit-hidroborasit-iileksit-borakstan olusan bir zonlanma goriilmektedir
(Yalgin, 1988).

4. SONUCLAR

Dogada biitiin canlilarin yasamlarini devam ettirebilmeleri i¢in kiymetli ele-
mentlerden biri olan bor mineralleri, cam sanayiinden, uzay ve deterjan sanayi-
ine, elektronik, saglik, tarim metaliirji ve niikleer teknolojilere kadar oldukga yay-
gin ve giderek artan uygulamalara sahiptir. Tiirkiye, Diinya’nin en biiyiik bor ma-
denine sahiptir. Ozellikle Kirka’daki boraks, Bigadi¢, Emet ve Kestelek’teki
iileksit ve kolemanit iiretimi ile Tiirkiye’nin diinya pazarlarina egemen hale gele-
cegi sdylenebilir.
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1. Leonardit

Leonardit, kahverengi ve komiir benzeri goriiniime sahip oksitlenmis bir linyit
tiiridiir. Genellikle bir komiir madeninde olgunlagmig komiir tabakasinin iize-
rinde ylizeye daha yakin bolgede bulunur. Humik ve organik maddeler iizerine
yaptigi ¢alismalara ithafen A. G. Leonard'in adini tagiyan leonardit, %30-80 hu-
mik asit (HA) igerir ve organik giibre veya toprak diizenleyici olarak kullanilabi-
lir (Ayuso, 1996). Diinyanin birgok yerinde bol miktarda dogal leonardit kaynagi
bulunmaktadir. Linyit kdmiirii, turbadan sonra en diisiik rankli komiirdiir. K6-
miirlesme derecesine rank adi verilir. Linyitin enerjisi diisiiktiir ve %25-30 kar-
bon igerir. Leonardit ise, linyitin yiizey korunmazliginda, komiirlesme siirecinden
etkilenmeyerek oksitlenmesiyle olusan veya humustan siiziilen humik asitle (HA)
zenginlesmis tortularin olusturdugu diisiik rankli bir kémiirdiir. Mikro ve makro
bitki besleme maddeleri agisindan zengindir. Linyit havzalarimin {ist bolgeleri,
gecirdikleri oksitlenme siireci ve humus tortulasmasina bagl olarak, leonardit
ozelligi tastyabilirler. Leonardit gogunlukla linyit yataklarinda bulunmakla bir-
likte her linyit yatag1 leonardit igermez. Ulkemizde bircok linyit yatagi bulun-
maktadir. Bunlarin baslicalari; Soma, Kiitahya, Usak, Mugla, Konya, Trakya bol-
gesi, Bolu, Yozgat, Canakkale bolgelerindeki linyit yataklaridir (Engin ve ark.,
2012). Hem diinyada hem de Tiirkiye’de bulunan leonardit kaynaklarinin igerik
karakterizsyonu birbirinden farkli bulunmustur (Pekcan ve ark., 2018;
Ratanaprommanee ve ark., 2017)

Leonardit, 6zellikle HA olmak iizere yiiksek miktarda humik madde igeren
dogal organik bir maddedir. Tarim topraklar1 yapilagsma, turizm ve sanayilesme-
nin yani sira daha fazla iiriin talebiyle yogun tarimsal kimyasal kullanim1 ve giib-
relemenin olumsuz etkisi altindadir. Toprak bozulmasi, insan faaliyetleri nede-
niyle toprak saglig1 ve kalitesinde diisiis, 21. yiizy1lin 6nemli kiiresel sorunlarin-
dandir. Gegtigimiz birkag¢ on yilda, yogun cift¢ilik ve uygunsuz toprak uygula-
malari, toprak organik maddesinde (TOM) ve verimlilikte diisiisle kendini goste-
ren toprak bozulmasina yol agmigtir. Humik maddeler (iyi ayrismis ve oldukg¢a
kararl1 organik materyaller, yani humik asit, fulvik asit ve huminler) toprak orga-
nik maddesinin 6nemli bir kismini olusturur, toprak verimliligi ve topragin fizik-
sel biitlinliigii tizerinde olumlu bir etkiye sahiptir ve besin maddelerinin buluna-
bilirligini artirir (Stevenson, 1979; Akinremi ve ark., 2000). Leonardit, bir milyar
yildan fazla siiren bir ayrigma siireciyle olugan ve humik asit iceren dogal oksit-
lenmis bir maddedir. Dogal biyomineraller, 6zellikle leonardit, son zamanlarda
humik asit kaynagi olarak cazip hale gelmistir.
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Humik maddeler azot, fosfor ve kiikiirt rezervuarlari olarak kullanilabilir; top-
rak yapisini, havalanmay1 ve drenaji iyilestirir, tamponlama ve degisim kapasite-
lerini artirir (Stevenson, 1979; Stevenson, 1982). HA uygulamalarinin bitki bii-
ylimesini, tohum ¢imlenmesini ve meyve kalitesini iyilestirdigi bildirilmistir
(Mackowiak ve ark., 2001). Ancak bu arastirmalarin ¢ogu farkli humik madde
kaynaklari veya seviyeleriyle yetistirilen bitkileri ve toplam humik madde miktar1
ile bitki biiylimesi arasindaki iligkiyi incelemistir (He ve ark., 2009; Xu ve ark.,
2009 ve Liu ve ark., 2008). Sadece Serenella ve ark. (2002), yiiksek aromatik ve
karboksil C igerigine sahip diisiik molekiiler boyutlu HA'nin ve peptidik ve kar-
bohidratik karbonlara sahip yiiksek molekiiler boyutlu HA'min bitkilerin metabo-
lik parametrelerini olumlu yonde etkileyip etkilemedigini aragtirmistir. Diisiik
molekiiler boyutlu humusun kok hiicrelerinin plazma membranina ulagabildigi ve
tagindigi, yiiksek molekiiler boyutlu bir fraksiyonun ise emilmedigi ve yalnizca
hiicre duvari ile etkilesime girdigi bulunmustur. Vaughan (1974) ve Vaughan ve
Malcom (1985), humik maddelerle hiicre uzamasini, HA'larla giiglii Fe komp-
lekslerinin olusumuna baglamig ve bu da duvarla bagh bir hidroksiprolinin azal-
masina neden olmustur.

Leonardit'in veya ondan iiretilen HA'larin toprak iyilestirici veya bitki destek-
leyici olarak dogrudan kullanilmasinin, topragin 6zelliklerini ve bitki bitytimesini
iyilestirmesi beklenmektedir. Humik ve fulvik asitler genellikle tarimsal iiretimde
kullanilir ve yaygin olarak agronomik potansiyele sahip olduklar1 bilinmektedir
(Ece ve ark., 2007). Toprak organik maddesinin bilesenleri olan humik maddeler
(humik ve fulvik asitler), gogunlukla toprak pH'1 gibi kimyasal giibrelerin olum-
suz etkilerini ortadan kaldirmak i¢in kullanilir (Chen ve Aviad, 1990; Akinci ve
ark., 2009; Katkat ve ark., 2009). Humik maddeler (humik ve fulvik asitler), top-
rak organik maddesinin énemli bir kismini olusturur, toprak verimliligi ve topra-
gin fiziksel biitiinliigii tizerinde olumlu bir etkiye sahiptir ve besin maddelerinin
bulunabilirligini artirir (Stevenson, 1979; Akinremi ve ark., 2000). Humik mad-
deler, ¢cevredeki toplam biyotanin ¢iiriimesiyle olusan direngli, koyu renkli hete-
rojen organik bilesiklerdir (Stevenson, 1994). Benzersiz yapilar1 onlar1 endiistri,
tip, ¢evre koruma ve tarimda uygulamalar1 olan ¢ok yonlii bir malzeme haline
getirir. Topraktaki HA varliginin, topragi iyilestirme, stabilitesini gelistirme ve
erozyona karsi direncini artirma (Spaccini ve ark., 2002), gelismis biyolojik ak-
tiviteyi saglama (Canellas ve ark., 2002; Canellas ve ark., 2008; Nardi ve ark.,
2000; Zandonadi ve ark., 2007), daha yiiksek {iriin verimi elde etme (AntoSova
ve ark., 2008; Brownell ve ark., 1987; Eyheraguibel ve ark., 2008) ve toprak 1s-
lahinda kullanilabilme (Fava ve ark., 2004; Stehlickova ve ark., 2009; Von
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Wandruszka, 2000) kabiliyetleri nedeniyle siirdiiriilebilir tarim i¢in gerekli ol-
dugu giderek daha da netlesmektedir.

Komiir benzeri bir goriinlime sahip olan leonardit (Sekil 1.1), genellikle yii-
zeye yakin linyit yataklariyla iligkili olarak bulunur. Linyit elektrik iiretiminde
kullanilir fakat leonardit diisiik 1sitma igerigi nedeniyle yakit olarak kullanilamaz.
Bu nedenle, gegmiste leonardit madenciligin atik iirlinii olarak kabul edilirdi. Ya-
pilan arastirmalar sonucu leonarditin yiiksek HA igerdigi bulundu (Kohanowski,
1970; Ayuso ve ark., 1996; Dudley ve ark., 2004). Leonardit, yliksek katyon de-
gisim kapasitesi (Pertuit ve ark., 2001; Kalaitzidis ve ark., 2003; Dudley ve ark.,
2004) yiiksek su ve besin tutma kabiliyeti, bircok bitki besin elementi icermesi
(Simandl ve ark., 2001; Kalaitzidis ve ark., 2003) ve yiiksek humik asit ve orga-
nik madde igerigi (Conxita ve Angels, 2005) gibi 6zelliklerinden dolay1 tarim i¢in
onemli bir malzemedir.

Son zamanlarda, leonarditin ticari 6l¢ekte tarimda kullanimi genislemektedir.
Ancak, ozellikleriyle ilgili bilgiler oldukca sinirlidir. Leonarditin %48,60 Orga-
nik madde, %26 karbon (C), %2,80 azot (N), ve diger bazi bitki besin elementleri
(P, K, Ca, Mg, Fe, Cu, Mn, Zn) igerdigi bildirilmistir (Sonmez ve Oktiiren Asri,
2024). Conxita ve Angels, (2005) leonarditin %79 humik asit (HA), %55,2 C,
%3,4 H, %0,8 N, %2,4 S, %38,1 O, 2,87 meqg/g CEC, 3,12 meqg/g COOH- gruplari
ve 2,07 meq/g OH" gruplar igerdigini bildirmistir. Bitki besin maddelerinin yani
sira leonardit belirli miktarda agir metal de igermektedir. Alfredo ve ark., (2005)
leonarditin 34,9 mg/kg arsenik (As), 0,83 mg/kg kadmiyum (Cd) ve 22,0 mg/kg
kursun (Pb) icerdigini bildirmistir.

Leonardit, toprak kalitesini ve bitki bilylimesini iyilestirebilen degerli bitki
besinleri, organik madde ve humik asit icermesine ragmen, ayni zamanda toprak
kirliligine, fitotoksisiteye ve bitki ve hayvan iiriinlerinde istenmeyen kalintilara
neden olabilen potansiyel olarak toksik elementler de icerir. Bu nedenle, leonar-
ditin tarimsal amaglarla kullanimi dikkatli yapilmalidir. Leonarditin diinya gene-
linde ¢ok sayida kaynagi bulundugundan, leonarditin kalitesi ve besin bilesimi
yerden yere biiylik farkliliklar gostermektedir. Bu nedenle, leonarditin tarimsal
verimlilikte avantajlarindan yararlanmak ve uzun vadede ¢evre iizerinde olumsuz
bir etki yaratmamasi i¢in kimyasal icerigi analiz edilmelidir. Toprakta kullanil-
madan 6nce besin igeriginin ve agir metal seviyelerinin bitki biiylimesi {izerindeki
etkilerinin degerlendirilmesi i¢in hem saks1 hem de tarla deneyleri yapilmalidir.
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Sekil 1.1 Leonardit

1.1. Leonarditin Kimyasal Bilesimi

Leonardit, normalde linyit madeninde bulunan oldukga oksitlenmis bir ko-
miirdiir. Yiiksek humik asit icerigiyle, toprak kalitesinin iyilestirilmesi, bitki bii-
ylimesi ve verimin artirilmasi ve agir metallerin komplekslesmesi ve detoksifi-
kasyonundaki potansiyel rolii nedeniyle leonarditin yapisinin ve bilesiminin ay-
dinlatilmasina dair bir¢ok ¢alisma vardir. Leonarditteki organik madde, ¢esitli ig-
levlerde (6rnegin karboksilik grup) dahil edilmis 6nemli miktarda oksijen, kiikiirt
ve azot heteroatomlari igerir. Bunlar derisimleri leonarditin elde edildigi komiir
yataklarinin 6zelliklerine bagl olarak degisiklik gosterir (Pookmanee ve ark.,
2016).

Leonardit 6rnekleri besin igerikleri agisindan analiz edildi; azot (N), fosfor
(P), potasyum (K), kalsiyum (Ca), magnezyum (Mg), demir (Fe), ¢inko (Zn) ve
manganez (Mn) (Department of Agriculture, 2005). Leonarditin kimyasal bile-
simleri diinyada yataklardan yataklara degisiklik gostermekte olup organik
madde ve humik asit miktar1 yaklasik %39 ile %85 degisiklik gdstermektedir
(Jackson, 1994; Yolcu ve ark., 2011). Bulunla birlikte tiim leonardit 6rneklerinde
bulunan bitki besin elementleri (N, K, S, Ca, Mg, Fe, Zn ve Mn) fosfor hari¢
oldukga yiiksek oldugu tespit edilmistir (Yolcu ve ark., 2011).

XRD analizi ile leonardit igerisindeki algitasi, kalsit ve kaolinit gibi gesitli
mineral bilesimlerini de (Tablo 1.1) rapor etmistir (Ratanaprommanee ve ark.,
2017).
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Tablo 1.1 XRD ile leonarditte bulunan minerallerin karakterizasyonu

No Mineral bilesimi
1 Algitas1 [CaSO4.2H,0]

2 Kalsit [CaCOs]

3 Kaolinit [Al:Si,Os(0OH)]

4 Muskovit [KAI;SizO10(0OH)]

5 Kuvars [SiO-]

6 Demir siilfiir [FeS2]

1.2. Leonarditin Yararlan

Leonardit yiiksek organik madde ve humik asit iceriginden dolayr hem ta-
rimda hem de gevrede ¢esitli uygulamalar i¢in ¢ok yonlii bir malzemedir (Tablo
1.2). Leonardit, toprak iyilestirici, organik giibre, atik su, organik bilesikler ve
agir metallerin aritimi igin filtre malzemesi vb. olarak kullanilabilir. Topraklar-
daki organik maddelerin faydasi iyi bilinmektedir ve organik maddelerin tarimsal
topraklara uygulanmasi, topragin fiziksel, kimyasal ve biyolojik 6zelliklerini
olumlu yonde etkiler (Flaig ve ark., 1977). Organik maddece fakir topraklarda
leonardit ve HA uygulamasinin etkisi zengin olana gore ¢cok daha fazladir.

Leonardit, toprak i¢in diizenleyici ve bitki igin biyo-katalizor ve biyo-uyarici
gorevi goriir. Diger organik tirtinlerle karsilagtirildiginda, leonardit 6zellikle bitki
biiylimesini (biyokiitle {iretimi) ve topragin verimliligini artirir. Leonarditin bir
diger avantaji da uzun vadeli etkinligidir. Clinkii hayvan giibresi, kompost veya
turba kadar gabuk tilkenmez. Leonardit tamamen ayristig1 i¢in azot gibi besinler
icin bitkiler besin rekabetine girmez. Bu, topraktaki organik maddelerin mikro-
organizmalar tarafindan hizla tiiketildigi ve humus olusumu olmadan tamamen
minerallestirildigi eksik ayrigsmis kompostta gecerli degildir.

Tablo 1.2 Leonarditin yararlar

Tiir Yararlar

Tarimsal Toprak iyilestiriciler

Atik su Organik ve metal filtre
Petrol sondaji Sondaj katki maddesi
Dokiimhane Katki maddeleri yesil kum
Iyon degistirici recineler Stabilizator

22



2. Humik Maddeler

Toprak organik maddesi; canli, cansiz ya da ¢lirlimiis (dekompoze) olan tim
organik maddeleri igeren bir terimdir. Tamamen ¢iiriimiis olan organik yapilar
humus olarak adlandirilmaktadir. Humus kaynaklar1 (humik maddeler ve humik
olmayan maddeler) organik giibreler ve kompost gibi ¢esitli organik maddelerdir.
Kompost gibi organik giibrelerin énemli bilesenlerinden biri humik asittir. Hu-
mik asit, toprakta ve organik giibrelerde dogal olarak bulunmasinin yan1 sira; lin-
yit, leonardit, turba, komiir, ciftlik giibresi ve kompost gibi ¢esitli kaynaklardan
elde edilebilir. Organik maddeler arasinda leonardit en yiiksek humik ve fulvik
asit (%40-85) icerigine sahiptir (Jackson, 1994; Yolcu ve ark., 2011) (Tablo 2.1).

Tablo 2.1 Cesitli dogal malzemelerin humik ve fulvit asit i¢erikleri (Jackson,

1994).
Dogal Kaynak Humik ve Fulvit Asit igerigi (%)
Leonardit 40-85
Siyah turba 10-40
Sapropel turba 10-20
Torf 10-30
Kahverengi komiir 10-30
Gibre 5-15
Kompost 2-5
Toprak 1-5
Camur 1-5
Aritma Camuru 1-5
Sert Komiir 0-1

Humik asit, yiiksek molekiiler agirlikli, koyu kahverengi, alkali ¢ozeltilerde
¢oziinen uzun zincirli bir molekiildiir (Stevenson, 1982). Humik asit, humik mad-
delerin baslica bilesenlerinden biridir. Humik maddeler, mikroorganizmalarin bi-
yolojik aktiviteleri yoluyla bitki ve hayvansal maddelerin kimyasal ve biyolojik
bozunmas! ile olusur. inorganik kisimlarin bozunmasi minerelizasyon organik
kismin bozunmas: ise hiimifikasyon olarak adlandirilir (Engin ve Cocen, 2012).
Humik maddelerin bitki biiyiimesi {izerindeki etkileri, kaynaga ve konsantras-
yona, ayrica humusun molekiiler agirligina baghdir. Diisiik molekiiler boyutlu
fraksiyonu bitkinin hiicre zarina kolayca ulasir ve bitki biiyiimesi iizerinde olumlu
bir etki saglar. Ayrica hiicre zarimin besin alimi 6zellikle nitrat alimi Gizerinde
etkilidir. Humik asidin canli metabolizmasi {izerindeki etkisi heniiz tam anlagi-
lamams olmakla birlikte humik maddelerin hem solunumu hem de fotosentezi
etkileyebilecegi anlagilmaktadir (Nardi ve ark., 2002).

23



Organik maddede bulunan humus, toprak verimliligini, {iriin verimini ve mik-
robiyal aktiviteleri tesvik eden temel faktordiir. Humik maddeler, faydali toprak
organizmalart i¢in iyi bir enerji kaynagidir. Humik maddeler ve humik olmayan
(organik) bilesikler, toprak biotas1 i¢in enerji ve mineral gereksinimlerinin ¢o-
gunu saglar. Faydali toprak organizmalari, fotosentez yetenegine sahip degiller-
dir, bu nedenle toprakta veya toprakta bulunan artik maddelerin i¢erdigi karbonla
hayatta kalmak zorundadirlar. Karbon baglarinda depolanan enerji, bu organiz-
malar icindeki cesitli metabolik reaksiyonlar i¢in enerji saglama islevi goriir
(Giannouli ve ark., 2009).

2.1. Humik Asitlerin Yararlari

Giincel bilimsel ¢aligmalar, topragin verimliliginin biiyiik 6l¢iide humik asit
icerigi tarafindan belirlendigini gdstermektedir. Yiiksek katyon degisim kapasi-
tesi (KDK), oksijen igerigi ve ortalamanin iizerinde su tutma kapasitesi, humik
asitlerin toprak verimliligini ve bitki biiytimesini iyilestirmek i¢in kullanilmasi-
nin en énemli nedenleridir.

Humik asitlerin en 6nemli 6zelligi, ¢dziinmeyen metal iyonlarini, oksitleri ve
hidroksitleri baglama ve gerektiginde bunlar1 yavasga ve siirekli olarak bitkilere
salma yetenekleridir. Bu 6zellikler nedeniyle, humik asitlerin fiziksel, kimyasal
ve biyolojik yararlarina agagida kisaca deginilmistir.

Fiziksel Yararlar: Humik asitler topragin yapisini fiziksel olarak degistirir.
Toprak yapisini iyilestirir: Humik asitler toprak parcaciklarini fiziksel olarak bir-
birine baglayarak hava ve su akigina yardimei1 olan, hafif, kumlu topraklarda ytiik-
sek su ve besin kaybini 6nleyen kararl agregalar olusturur.

» Topragin su tutma kapasitesini artirir ve boylece kurakliga direnmeye yar-
dimci olur.

Kimyasal Yararlar: Humik asitler topragin 6zelliklerini kimyasal olarak de-
gistirir.

* Bitkilerin besin ve su alimini iyilestirir ve optimize eder.

* KDK’y1 dolayisiyla topragin tamponlama 6zelliklerini artirir.

* Metal iyonlari igin dogal bir selatlayici saglar.

* Bitki bilylimesi i¢in gerekli olan organik ve mineral maddeleri igerir.

* Bitki besinlerinin bulunabilirligini artirir.

* Topraklardaki toksik maddelerin bulunabilirligini azaltir.
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Biyolojik Yararlar: Humik asitler biyolojik olarak mikrobiyal aktiviteleri
dolayistyla bitki biiyiimesini uyarir.

* Mikroplar tarafindan bitki hormonu tliretimini dolayisiyla kok biiytimesini ve
besin alimin1 uyarir.

* Bitki bagisiklik sistemini gii¢lendirir boylece hastalik ve zararlilarla daha iyi
basa ¢ikar.

* Tohumlarin ¢cimlenmesini ve canliligini artirir.
* Verim kalitesini iyilestirir.

Humik Asitlerin Ekolojik Yararlari: Humik asitlerin bir ¢ok ekolojik yarari
vardir. Cevre sorunlari ve ¢evrenin korunmasi igin karli ve etkili ¢ozlimler sunar.

Yiiksek humik asit igerigine sahip topraklar nitrat sizintisini azaltabilir boy-
lece yeralt1 suyuna olasi kirlilik riskini diistirebilir. Yiiksek KDK maddesi olarak
humik asit, agir metaller, pestisitler ve toksik kimyasallar gibi toprak kirleticile-
rini etkisiz hale getirme ve detoksifiye etme konusunda yiiksek bir potansiyele
sahiptir. Humik asitler, toprak yapisal birimleri i¢inde bir ¢imento goérevi goriir
ve toprak agregalarimi stabilize eder, bu nedenle toprak erozyonuna karsi miica-
delede etkili bir aragtir.

3. Leonardit ve Humik ve Fulvik Asit ile Tlgili Ornek Arastirmalar

Leonardit kullaniminin tarihi 1960’11 y1llara dayanmaktadir. Yiiksek humik ve
fulvik asit icerigi, bitki i¢in zararli olan toksik madde derigsiminin diigiik olmasi-
nin yani sira bitki besin maddeleri ve toplam organik madde agisindan zengin
olmasi nedeniyle tarimda kullanimi birgok arastirmaya konu olmustur. Bu aras-
tirmalarla hem tarim topragi hem de bitkiler i¢in leonarditin kullanim sekilleri,
etkileri ve potansiyel yararlari ile ilgili bilgiler elde edilmistir. Fakat son yillarda
yayinlanan makalelerde leonarditin tarim dig1 uygulamalarda kullanildig1 arastir-
malar gdze ¢arpmaktadir. Bu ¢alismalardan bazilar1 burada kisaca 6zetlenmistir.

Enerji sistemlerinde kullanim i¢in verimli kalorifik degere sahip olmayan lin-
yit ve leonardit gibi malzemelerin elektrolizi ile hidrojen {iretimi incelenmistir.
Nispeten diisiik kalorifik degere sahip linyitlerin kullanimina ek olarak, enerji
iretmek icin geleneksel sistemlerde diisiik 1sitma degeri nedeniyle yakit olarak
kullanilmas1 miimkiin olmayan leonarditin, elektroliz islemi yoluyla hidrojen tire-
timinde kullanilabilecegi gozlemlenmistir (Yorikk ve ark., 2025). Bozunmaya
kars1 dayanikli petrol bazli plastiklerin yerine biyobozunur bir plastik olan poli-
aktik asit kullanimi artmaktadir. (Sen, 2024), gida ambalajlama uygulamalari i¢in
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Leonardit (LEO) ve borik asit (BOR) katkil1 polilaktik asit filmlerinin hazirlan-
mas1 ve karakterizasyonunu arastirmigtir. LEO ve BOR/LEO katkil1 filmlerde
LEO miktari arttik¢a gekme dayanimi ve elastik modiilii degerleri buna bagli ola-
rak artmis, filmlerin kalinlig1 ve yirtilma testindeki maksimum kuvvet degerleri
azalmig, kopma uzamasi degerleri ise dalgalanmistir. Bir bagka ¢alismada Leo-
nardit ve bazalt tozlarindan sentezlenen membran 0,1 M Ag>SO; ¢ozeltisi ile mu-
amele edilerek glimiis nano partikiil ile kapli seramik membran elde edilmistir.
Bu yeni malzemenin DNA parcalanmast, E. coli giderimi ve antibiyofilm etkileri
icin gelistirilmis antimikrobiyal 6zellikleri arastirilmistir (Saleh ve ark., 2023).
Suda bulunan Cr(VI)'nin toksik ve zararli etkileri nedeniyle aritilmasi ¢ok 6nem-
lidir. Leonardit tozu sudan Cr(VI)'nin adsorpsiyonu ve fotokatalitik rediiksiyo-
nunda kullanilmistir. pH 2'de 10 mg/L'lik baslangi¢ Cr(V1) konsantrasyonu ile 3
o/L dozda leonardit ile %100 adsorpsiyon giderme verimi elde edilmistir. Ayni
adsorpsiyon kosullarinda 0,75 g/L leonardit tozu ile %100 fotokatalitik rediiksi-
yon verimi elde edilmistir. Ayrica Leonardit tozunun, 5 kez tekrar kullanildiktan
sonra fotokatalitik siiregte aktivitesinin %70'ini korudugu bulunmustur (Arslan
ve ark., 2022). Leonarditin 550 °C’de 5 saat siire ile azot gazi altinda pirolizinden
siyah toz geklinde char (LNDC) elde edilmistir. LNDC ve setiltrimetilamon-
yumbromiir (CTAB) kullanilarak LNDC-CTAB kompleksi sentezlenmistir.
Daha sonra FeSO..7H,0 ile muamele edilerek NLDC-CTAB-nZVI nano parga-
ciklari elde edilmistir. Yeni malzeme stirenle kirlenmis toprak ve suyun kullanil-
mistir. NLDC-CTAB-nZVI/PS’nin 20 dakikada %98 stiren giderimi sagladigi,
stiren daha az toksik bir benzaldehit ara iiriiniine pargalandigi ve LNDC-CTAB-
nZVI/PS sisteminin bitki biiyiimesi tizerine etkisi ortaya konulmustur (Angkaew
ve ark., 2024). Ozuzun ve Uzal, (2021) leonarditten elde ettikleri humik asitin
portland ¢imento sistemlerinde yeni bir siiper akigkanlastirict olarak énemli bir
potansiyele sahip oldugunu bildirmislerdir.
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1. Introduction

In Turkey, 30.3 million tonnes of waste are produced yearly. The average
daily waste collected, per person is 1.03 kg. While 85.9% of these wastes pro-
duced in our country are sent to waste processing facilities, 60% landfill facilities,
13.5% to municipal waste dumps and 0.6% is burned open, buried and dumped
and dumped (WEB-1). According to the results of the waste produced in Turkey
it is buried in a large part of the landfill. Approximately one-third of the food
produced worldwide is wasted and 3.3 billion tons of CO, emissions occur annu-
ally from these wastes (WEB-2; Panahi et al., 2022; Moscoviz et al., 2021). Dis-
posal of waste by regular storage has some drawbacks. These are the problems of
continuous maintenance and control of the leachate, odor, and storage areas that
are formed by the high moisture content of these wastes. Another one is the need
for landfills and new storage areas (Yan etal., 2011). It is more organic than about
50% of household waste, and a large part of it, is food waste. Food waste is mostly
produced from houses, restaurants. Food waste in domestic wastes can be used
both as a refinable and new product-energy source using different techniques
such as composting, biogas production, bioethanol animal feed production (Lind-
kvist, et al., 2023; Fersiz et al., 2017; WEB-3; Hafid et al., 2017a; San Martin et
al., 2016). The laws of the European Union limits reducing of food waste, use of
more sustainable biomass, landfilling only waste that cannot be recycled and re-
covered (WEB-4; WEB-5, WEB-6). Therefore, Turkey needs take measures in
this area and need create an action plan. The methods, used in this sense are com-
posting of these wastes, anaerobic digestion, biodiesel, biohydrogen and bioeth-
anol production (Hafid et al., 2017a).

Increasing energy demand due to rapid population growth and industrial and
technological developments has increased fossil fuel consumption (Vardar et al.,
2022; Ayan and Senturk, 2023).

Fossil fuels, especially oil, are the most important energy resource. Transpor-
tation system and most of industrial works depend on nonrenewable energy re-
sources. Nations across the world have started to seek alternative energy re-
sources because of the decreased fossil fuel reserves, their high costs and the fast
increasing environmental problems (Pieragostini et al., 2014; Searchinger et al.,
2008; Gouveia and Oliveira 2009). For this reason, interest in renewable energy
sources has increased.

Biofuels, especially bioethanol and biodiesel, are primary renewable energy
resources. The use and production of biofuel are important for the global energy
crises. Furthermore, it has been a solution for many environmental problems like
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air pollution and reducing CO, accumulation (greenhouse effect) (Pieragostini et
al., 2014; Vavouraki et al., 2014; Hill et al., 2006; Najafi et al., 2009). The EU
commission made a decision in 2008 requiring supporting the fuel used in the
member states for transportation by biofuel at a ratio of 10% until 2020 (WEB-
5).

Bioethanol is a transparent and colourless liquid with a distinctive odour. Bi-
oethanol can be utilised in internal combustion engines, provided that it is
blended with gasoline at a ratio of 10% without the necessity for any modifica-
tions. (Balat, 2009). Bioethanol production has found wide application in Europe
and America (Mussatto et al., 2010).

Bioethanol is produced from the first generation biofuels like sugar beet and
canola and the second-generation biofuels lignocellulosic (grass, wood chips,
wood dust, domestic waste) (Broda et al., 2022; Vavouraki et al., 2013). It is an
alternative fuel to be used after blended with gasoline at certain ratios after pro-
duced through fermentation of the first and second-generation products. Bioeth-
anol production through fermentation generally consists of four main stages.
These steps are pretreatment and hydrolysis of biomass, fermentation of free
sugar, and ethanol production (Abu Tayeh et al., 2014). Hydrolysis of biomass is
a rate-restricting step because lignocellulosic matters are hardly biodegradable
compounds. Therefore, pretreatment methods are used to accelerate biodegrada-
tion (Kim et al., 2014; Kristiani et al., 2013). These methods are physical (ultra-
sonic), physicochemical (pyrolysis, steam treatment, liquid hot water, ammonia
treatment, CO; treatment), chemical (acid, alkaline, oxidative, 0zone and organic
solution treatment) and biological treatment (Sun and Cheng 2002; Carrasco et
al., 2011; Sa’nchez and Cardona 2008; Bayrakci and Kogar 2014; Mathew et al.,
2014; Miyazawa and Funazukuri 2005; Hamelinck et al., 2005; Pérez et al.,
2008).

The increase in first generation biofuel would cause increase in food prices,
animal feed shortage and competition for field required in agricultural produc-
tion. Bioethanol production from food containing sugar and starch is not desired
because such food contains nutritional value (Pieragostini et al., 2014;
Thangavelu et al., 2014). Thus, choosing the raw material to be used is very im-
portant. High organic matter content and high carbohydrate content indicates that
domestic waste and food waste are a good source for bioethanol production. The
latest research has concentrated on transforming wastes such as carbohydrate-
rich food waste into valuable materials using a variety of bioprocesses (ethanol,
succinic acid and hydrogen etc) (Vavouraki et al., 2014; Wang et al., 2008; Han
and Shin 2004). There are many advantages to using food waste in bioethanol
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production. The aforementioned advantages can be summarised as follows: the
substrate is low-cost, available in abundance and renewable. This has increased
interest in research into the potential for the conversion of food waste to bioetha-
nol( Hafid et al., 2017b). Food wastes consist of carbohydrate (starch, cellulose,
hemicelluloses), lignin, other organic (protein, fat, acid etc) and inorganic mat-
ters. pH and calorific value are high (Fersiz and Veli 2015). These wastes are
valuable fermentation sugar source and convertible into valuable products (liquid
and gaseous biofuel etc) (Vavouraki et al., 2013). Nevertheless, the production of
bioethanol from food waste represents a crucial step in the effective pretreatment
process, enabling the increased generation of fermentable sugar as a precursor to
fermentation.

In order to achieve this, a range of pretreatments, including thermal, chemical
and biological, are employed to disrupt the inherent structural complexity of food
waste, thereby enhancing the accessibility of enzymes for hydrolysis. Pre-treat-
ment of thermochemical pre-treatment of food waste is highly preferred because
it can be easily applied when considering the work done. Hafid et al., 20173, used
pre-treatment of food waste using HCI and H,SO, and obtained a 42.4-fold in-
crease in fermentable sugar production and 0.42 g g* ethanol yield. In another
study, acid pre-processing of food waste with 1% HCI at 100°C for 94 minutes
increased the concentration of dissolved sugars by 120% over raw food waste.
(Vavouraki et al., 2013). In a separate investigation, the preliminary treatment of
culinary waste via a 90°C process utilising both 1.5% HCl and 1.0% H2SO4 for a
3-hour incubation period resulted in 49.41 g I and 50.32 g I* of potentially fer-
mentable sugars, respectively (Hafid et al., 2015). As a result, in this study, ther-
mochemical pretreatment processes were used to release fermentable sugar in
food wastes and optimum solid concentration, temperature, time, and acid and
base amounts were determined. The Kinetics of the process were evaluated with
respect to the operational conditions. The potential of utilizing food wastes in
ethanol bioprocessing was investigated.

Materials and methods
2.1. Features of wastes in the use

The food waste (FW) used in this study was collected from Kocaeli University
cafeteria. Wastes were broken into a certain particle size via the Waring 8011
make blender after hard parts had been removed in them and dried at 55 °C. The
dried wastes were grinded via the coffee grinder. The mixed FW was kept in
sealed plastic bags and stored in desiccators prior to utilisation. It was stored in a
dehumidified environment during the experiment.
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2.2.  Analytical methods

Homogeneous samples were collected to be characterized of pH Total solid
(TS), total volatile solid (TVS), moisture. The analyses were based on the Stand-
ard Method (APHA, 2005) (Table 1). The protein content was determined by ap-
plying the Kjeldahl method, utilising a conversion factor of 6.25. The sum of the
total carbohydrates present in FW was calculated through a two-step sulfuric acid
hydrolysis process, in accordance with the procedures set forth by the National
Renewable Energy Laboratory Laboratory Analytical Procedure (NREL-LAP)
(Hill et al., 2006). The percentage of lipid content was determined by the hex-
ane/isopropanol (3:2) method (Najafi et al., 2009). At the conclusion of the des-
ignated time period, hydrolysis samples were collected and subjected to a centrif-
ugation process at 10,000 rpm for a duration of ten minutes. A filtration process
conducted through vacuum filtration, utilizing Whatman No. 1 filter paper as the
filtration medium, followed this step. Reducing sugar (RS) concentration of the
hydrolysate produced from thermochemical hydrolysis of the food waste was de-
termined by using the DNS (3,5- dinitrosalicylic acid) method (Miller, 1959). All
experiments and associated analyses were conducted in duplicate.

Table 1: Characteristic of FW Used in the Experiments.

ParameterConstituent Value®
pH 6.5
Moisture, % 65
Total solids (TS) 35
Volite solids® (VS), % 97
Protein®, % 9.6
Carbohydrate®, % 63.3
0il°, % 18

2 Results belong to two replicates
® composition of food wastes per gram of dry mass

2.3. Thermochemical pretreatment

The blended food waste underwent a series of treatments, beginning with a
hot distilled water treatment, followed by thermochemical pretreatment using
H>S0O4 and NaOH at a concentration of 1-2-3% (vol/vol). The operational param-
eters of the experimental unit, including the loading of food waste (5-10-20 g I
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1), temperature (50-100-120 °C), and hydrolysis time (150 min), were examined
with the objective of achieving the highest degree of hydrolysis of the food waste.
All treatment methods were carried out in 250 ml shake flask. VVolume was spec-
ified as 100 ml for the study. This was achieved via a hot water bath for 50 °C,
under a condenser for 100 °C and in an autoclave for 120 °C. Upon completion
of the hydrolysis process, the medium was subjected to centrifugation at 10,000
rpm for a period of 10 minutes, followed by filtration through vacuum filtration
using Whatman No. 1 filter paper. Variations in reducing sugar (RS) compounds
were investigated through the samples collected during the experiment. Moreo-
ver, a control set shall be prepared with distilled water without adding any chem-
ical to see effect of hydrolysis (Table 2).

Table 2: TC and RS Values of without Pretreatment Food Waste.

mg TC gt dry FW mg RS g dry FW

Without treatment

220 67
FW

2.4. RS efficiency
RS efficiency was determined by using the following Eq. (1).

Crc,
Efficiency %=—— 100 (1)
Ci

Cr: RS concentrations after pretreatment (mg g™ dry FW)
C; : RS concentrations before pretreatment (mg g* dry FW)
3. Kinetics of thermochemical pretreatment
The hydrolysis of biomass into soluble substrates is a first-order reaction,
whereby the rate of reaction is dependent upon the concentration of the particulate

biomass and is independent of temperature and pH (Vlyssides et al., 1997; Vlys-
sides and Karlis 2004).

d(RS)
dt

= Jy (RS, — RS) 2)

Where RS= Reducing Sugar concentration (mg g* FW); RS.,= maximum the-
oretical RS.,= concentration (mg g* FW) defined as RS, — Rnh; RS, = partic-
ulate RS concentration; RS,,;,= non-hydrolysable RSp concentration; k; = first or-
der rate constant (1 mint). Integration of Eq. (2):
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Jo oo = o Fadt ©
yields;

ln(RsI:jioRs) =kt (4)
or

RS = RS, (1 — e~ k1t) (5)

alternatively, the natural logarithm may be modified.;

RS = RS, (1 — 107%*) where

k= 0.434k1 ©6)

Fy=1-10"" )

(8)

2.3kt]_3

F, = (2.3kt) [1 —

Equations (7) and (8) can be transformed in series as follows (Croft et al.
2000).

F, = (2.3kt) [1 — ~(2.3kt) + 7 (2.3kt)? — — (2.3kt) + ]
)

F, =(2.3kt) [1 — ~(2.3kt) + 1 (2.3kt)? — —— (2.3kt)? + ]
(10)
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The initial three terms of the aforementioned series of equations exhibit a high
degree of similarity, with only minor discrepancies observed in the subsequent
terms. These differences have a negligible impact on F1 and F.. Hence F1=F, writ-
ten using Eq. (7), (8) and (6);

3
RS = (2.3kt) [1+Z kt| RS, (11)

By rearranging Eq. (11) the following expression is obtained,;

e\ 1 (2.3k)2/3
(E) = 23ks)iE T ersiz b (12)

Eq. (12) is linear if (t/RS)*? is plotted versus t. A and B parameters are calcu-
lated from Eq. (11) using linear regression. Eq. (13) and (14) gives the relation-
ship with k and RS, as;

A= (23.k(RSs))"1/3 (13)
2.3k)2/3
(t/RS)Y® = A+ Bt (15)

From Eq. (13) and (14)

ky=2.612 or k=48387- (16)

4., Results and discussion

4.1.  Acidic and alkaline hydrolysis

Efficiency of acidic and alkaline concentrations (1-2-3% H.SO. and NaOH)
were investigated at in pretreatment of FW. Hydrolysis was conducted at 50-100-
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120 °C for 150 minutes. The results are seen in Figure 1. Increasing reaction tem-
perature and retaining time raised RS values in all FW solutions. Lower RS values
were obtained in hydrolysis experiments using NaOH and all solid matter con-
centration (5-20 g I'Y) compared to the hydrolysis experiments involving acid
(Fig.1). The reason may be maillard reactions caused by high temperature and the
increased pH (Vavouraki et al., 2013). It was seen that the pretreatment involving
2% of H,SO4 was more effective compared to base concentrations. Higher RS
values were obtained.

500

500
a) b)
400 4 /"—' 400
z E
300 4 300
e fa
a a
-] =]
B 200 A 200
E E
100 100
0 T T 0 T
0 50 100 150 0 50 100 150
Temperature (C) Temperature [*C}
500
c)
400
£
=300
k-]
-]
®200
E
100
0
0 50 100 150
Temperature [°C}

Figure 1. The extent of RS as a function of chemical concentration and temperature at 150 min a) 5 g I'* FW,
b) 10 g ITFW, ¢) 20 g I'* FW. (*) 1% H,SO,, (m) 2% H,SO0,, (A) 3% H,SO,, (¥) 1% NaOH, ( * ) 2%
NaOH, (=) 3% NaOH

4.2.  Kinetics of thermochemical pretreatment

The datasets derived from thermochemical pretreatment experiments, as de-
tailed in the preceding section, were subjected to kinetic analysis with respect to
biomass hydrolysis (Eqg. 15). The correlation coefficients of hydrolysis kinetics
of the food waste at different temperatures and pHs are found. Hydrolysis rate
constant (k) and correlation coefficient (R?) are given Figure 2 and Table 3.

Additionally, Figure 2 illustrates the influence of pH on the hydrolysis rate
constant at varying temperatures of food waste. It was as certained that the
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values of the hydrolysis rate constant (1 min™) at 100 and 120°C are greater than
those at 50°C.

0,035 0,035
- 003 —~ 0,03
E E
E 0,025 Enpzs
3 002 "
3 5 0,02
& oS u 0015
3 g
.E 0,01 1 S 001
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T 00054 a) £ op05
v b]
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% Chemical concentration
% Chemical concentration
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>
T 0,005
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0
0 1 2 3 4
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Figure 2. Hydrolysis rate constants for FW as a function of chemical concentration and temperature. a) 5 g I
FW, b) 10 g I FW, ¢) 20 g 1 FW. (* )50°C H,SO., (m) 100°C H,SOs, (A )120°C H,S0,, (£ ) 50°C
NaOH, (# ) 100°C NaOH, ( * ) 120°C NaOH.
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Table 3: Calculations of Hydrolysis Rate Constant k and R2.

FW Temperature (°C) Chemical Concentra- k R?
(w/v) tion
1% H2S04 0.0299 0.973
50 2% H2S04 0.0307 0.976
3% H2S04 0.0295 0.981
1% H2S04 0.0298 0.971
5glt 100 2% H2S04 0.0291 0.971
3% H2S04 0.0295 0.969
1% H2S04 0.0258 0.985
120 2% H2S04 0.0270 0.971
3% H2S04 0.0290 0.973
1% H2S04 0.0283 0.977
50 2% H2S04 0.0295 0.977
3% H2S04 0.0276 0.978
1% H2S04 0.0298 0.972
10gl? 100 2% H2S04 0.0289 0.968
3% H2S04 0.0284 0.971
1% H2S04 0.0286 0.970
120 2% H2S04 0.0275 0.972
3% H2S04 0.0288 0.972
1% H2S04 0.0283 0.975
50 2% H2S04 0.0265 0.963
3% H2S04 0.0256 0.985
1% H2S04 0.0229 0.972
20g It 100
2% H2S04 0.0261 0.977
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3% H2504 0.0224 0.955

1% H2S04 0.0283 0.974

120 2% H2S04 0.0299 0.970
3% H2504 0.0237 0.954

1% NaOH 0.0308 0.979

50 2% NaOH 0.0299 0.977
3% NaOH 0.0212 0.972

1% NaOH 0.0280 0.967

100 2% NaOH 0.0295 0.972
5glt 3% NaOH 0.0212 0.972
1% NaOH 0.2633 0.962

2% NaOH 0.0236 0.955

120 3% NaOH 0.0230 0.954
50 1% NaOH 0.0299 0.974
2% NaOH 0.0291 0.969

3% NaOH 0.0220 0.990

1% NaOH 0.0302 0.974

10gl? 100 2% NaOH 0.0301 0.971
3% NaOH 0.0240 0.947

1% NaOH 0.0254 0.946

120 2% NaOH 0.0300 0.972
3% NaOH 0.0282 0.966

1% NaOH 0.0300 0.973

» 2% NaOH 0.0271 0.988
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3% NaOH 0.0304 0.975

1% NaOH 0.0258 0.963

20glI? 100 2% NaOH 0.0327 0.981
3% NaOH 0.0244 0.954

1% NaOH 0.0230 0.934

120 2% NaOH 0.0303 0.975

3% NaOH 0.0291 0.971

4.1. Hydrolysis of food waste

Arrhenius Eq. (17) gives relationship between temperature and reaction rate
(Croft et al., 2000; Atkins and Paula 2001).

N
Ink = = + InC (17)

Here, k = rate coefficient, T = Temperature (K), R = universal gas constant
(8.314 J Kmol™), AH = activation energy (kJ mol™?).

Figure 3 illustrates that the activation energy for the hydrolysis of food waste
by bases is higher than that for acids, indicating a higher energy requirement for
the hydrolysis of food waste by bases than by acids.

3,9 3,9
a) b)
381 y=-119,17x+ 23,968 3 3,81 o
AH=890,78 Ki/mol i
37 3.7 4 ¥=-454,17x+4,9052
« & w 2H=3775,97 Kjfmol
= \- =
3.6 3,64 [a]
* »
- iy
3,5 3,5 o
34 3.4 T T -
0 0,001 0,002 0,003 0,004 0 0,001 0,002 0,003 0,004
T AT

Figure 3. Activation energy for 20 g/l FW as a function of H,SO,—NaOH concentration and temperature a)
Acidicand b) Alkaline. (*) 1% H,SO, (m) 2% H,SO,, (A) 3% H,SO,, (<;> ) 1% NaOH, ( o ) 2% NaOH, (
£} 306 NaOH.
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4. Conclusions

Because FW has very high sugar content, FW was used as raw material in this
study. Thus, valuable organic matters inside FW were recovered and the complex
organic matters, which make bioethanol production harder, were converted into
the compounds, which are usable more easily. In this study, it was observed that
the increased reaction time and temperature raised RS values. It was observed
that the pretreatment involving the use of H.SO, is more effective compared to
that involving the use of NaOH. It was seen that the acidic concentration of 2%
gave better results. The values of maximum mg RS g* FW, 10 g It were achieved
by the temperature of 120 °C, 150 minutes of reaction time and at the acidic con-
centration of 2%. The raised temperature and retention time increases the pre-
treatment efficiency. An increase of 527% in RS value occurred compared to the
waste, which had not undergone to pretreatment. It was therefore concluded that
the thermochemical pretreatment represents an effective approach. The hydroly-
sis kinetics of the food waste results were found to be consistent with first-order
reaction kinetics. A comparison of the hydrolysis rate constants for acidic and
alkaline concentrations reveals that the hydrolysis of acids occurs at a faster rate
than that of bases.
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Introduction

The increase in waste types and waste quantities in Turkey due to rapid eco-
nomic growth, urbanisation, population growth and increase in welfare level has
revealed the necessity of an integrated approach that includes all wastes instead
of establishing a separate management system for each waste type. This approach
has been supported by the Regulation on General Principles of Waste Manage-
ment published in the Official Gazette dated 05.07.2008 and numbered 26927
and has been implemented until today (Anonymous, 2008). Initially, the practices
were started to be carried out primarily by industries and municipalities that ge-
nerate waste on a large scale and spread to all facilities in time. Seeing wastes not
as rubbish but as recycled products make a great contribution to the national eco-
nomy and in addition, the need for natural resources is reduced and our natural
resources are protected. First, it is aimed to transform wastes into economic and
raw material resources. On the other hand, all kinds of measures have become the
priority to bring wastes into the economy and convert them into energy (Atc1 and
Ergiilen, 2020). Waste management is a form of management that includes re-
duction of waste at its source, separation according to its characteristics, collec-
tion, temporary storage, interim storage, interim storage, recovery, transport, dis-
posal and post-disposal control and similar operations (Ordu and Kaplan, 2016).
The general principle in waste management should be to reduce waste at its so-
urce and to recover and reuse the inevitable wastes at the highest possible rate.
Waste management is extremely important in terms of corporate sustainability
policies implemented by businesses. In waste management, which considers
waste as a resource, it is recommended that efforts should be made to prevent the
formation of waste, and if this is not possible, to reduce it (Tezel and Yildiz,
2020).

Material and Method

Organised Industrial Zones are special zones whose establishment and opera-
tion principles are determined by the Organised Industrial Zones Law. According
to the related law, Organised Industrial Zones are goods and service production
zones, which are established for industry in a systematic manner and within cer-
tain systems by equipping pieces of land with approved boundaries with the ne-
cessary infrastructure services and social facilities and techno parks that can be
allocated on demand, in order to ensure the structuring of industrial activities in
appropriate places, to direct urbanisation, to prevent environmental pollution, to
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benefit from information and information technologies, to ensure the establish-
ment and development of production industries in a certain order, and to be ope-
rated according to the provisions of this law (Anonymous, 2000).

Waste types arising from factories operating in different sectors in Organised
Industrial Zones also vary. These wastes can be listed as coating and metal pro-
cessing wastes, reactive wastes, textile wastes, dyes, resins, waste oils, contami-
nated packaging, organic chemicals, etc. apart from domestic wastes. These was-
tes are accepted as hazardous wastes due to their effects on human health and the
environment and should be disposed of without mixing with domestic wastes
(Giindiiz and Varinca, 2007).

The purpose of the establishment of Ikitelli Organised Industrial Zone is to
ensure that small and medium-sized industrialists, whose activities cause waste,
emissions, noise, etc., which are harmful to human and environmental health,
continue their activities without polluting the environment by gathering them in
areas outside the settlement areas, in accordance with the principles of urbanism
and with all kinds of infrastructure prepared. The industrial zone, which consists
of a total of 27,301 workplace units in independent parcels, is 95 per cent comp-
leted, but 80 per cent operational (Anonymous, 2024).

Galvanotechnic Industrial Site is in Istanbul Basaksehir district, ikitelli Orga-
nised Industrial Zone and has been operating since 1995. It is an industrial site
established by metal coating companies operating independently in different lo-
cations. There are a total of 190 companies in the site, 103 of these companies
are in the galvanising sector and operate both as manufacturers and galvanisers,
and some companies operate in the production and sale of chemicals. The number
of companies that are not connected with galvanisation activities is quite small.
Metal coating facilities with the largest production capacity of our country are in
the site. The industrial site has 118.000 m? land and a total closed area of 92.000
m?. The constructions are earthquake resistant (Atas, 2006).

Metal plating processes are carried out to protect the metal against corrosion,
to minimise surface roughness, to obtain maximum hardness and strength on the
surface and to obtain a pleasant appearance. For this reason, mechanical polishing
processes and electroplating methods are applied. In the electrolysis coating met-
hod, the chemical change of the coating metal is utilised by using organic and
chemical materials electrolytically.

The steps of the metal coating process in the facilities located in Galvanotech-
nic Industrial Site are as follows: Firstly, raw materials are accepted to the facility
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in appropriate numbers according to the order. Raw materials are sent to the ca-
binet or hanger assembly unit for coating according to their size. The small sized
metal parts that come to be coated are taken into the boxes called cabinets with 8
corners and perforated surface and made ready for coating. Small metal parts are
taken to the coating pools and transported between the pools by means of the
cabinets. The large-sized raw materials coming to be coated are arranged on
hook-shaped hangers and made ready for coating. Large metal pieces are taken
into the coating pools and transported between the pools by means of hangers.

Then, pre-cleaning of oil, dirt and rust on the surfaces of small-sized raw ma-
terials placed in the cabinet unit is carried out. Temperature is an important crite-
rion in the degreasing process. Generally, degreasing is carried out at a tempera-
ture between 60-70 °C. The chemical consumed in this unit is caustic cyanide.
Small metal parts coming from the hot degreasing unit and large metal parts with
completed hanger assembly are taken to the acid bath unit. The acid is used to
remove oxidised, grease/oil contaminated and discoloured parts on the metal sur-
face due to corrosion. The cleaning process with acid is called acid etching. In
the acid etching process, the rust, oil and oxide layer on the surface is cleaned
with acid without damaging the metal surface. The chemical consumed in this
unit is hydrochloric acid.

Metal parts whose surfaces are cleaned with acid are taken into the caustic
bath. The caustic solution neutralises the acidic film layer formed on the surface
of the metal parts because of acidic cleaning and removes oxidised, rusty and oily
parts that are insoluble in acid. In principle, the cleaned metal parts are kept in
the caustic bath until the next zinc coating process, so that the contact of the metal
surface with air is cut off and the oxidation of the cleaned metal surface is pre-
vented. The cleaned metal parts are taken into the zinc bath and their surfaces are
coated with zinc. The purpose of zinc coating is to provide protection by increa-
sing the resistance of metal parts against corrosion, rust and abrasion.

Passivation: It is the name given to the prevention applied to prevent rusting.
Iron metal is a metal with very low resistance to air, moisture, liquids and acids.
The possibility of oxidation and rusting by chemical reaction is high. The purpose
of passivation is a passivation process to prevent the surface from entering this
chemical reaction. Passivation after zinc coating ensures that the coating is per-
manent. Yellow, green, white or black passivation types are applied.

After all cleaning and coating units except the hot degreasing unit, the metal
parts are placed in a washing bath containing water to clean the chemical subs-
tances on their surfaces. Immersion method is used in the cleaning process. After
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the last washing process after the passivation process, the metal parts are taken to
the drying unit. Metal parts whose coating and washing processes are completed
are taken to the drying machine and dried. After the drying process, the coated
metal parts are taken to the warehouse. The finished product is made ready for
sale according to the customer's order and stored until the shipment is made.

The results were generalised, and a waste management plan was created by
evaluating 10 facilities selected as a sample from a total of 103 metal coating
facilities located in the Galvanotechnic Industrial Site (Mete, 2019). Capacity,
production, consumption etc. amounts of the selected facilities are as follows.

Facility 1;

Coating production quantity: 7.500.000 pieces/year
Chemicals used in the process:

-Nitric acid: 4.500 kg/year

-Sulphuric acid: 3.000 kg/year

-Phosphoric acid: 110.500 kg/year

Bathroom volume: 7 m?

Number of people working at the facility: 8 persons
Amount of electricity consumption: 72.25452 kwh/year
Facility 2;

Coating production quantity: 6.960 kg/year
Chemicals used in the process:

-Copper anode: 2.846 kg/year

-Nickel anode: 591 kg/year

-Copper cyanide 766 kg/year

-Zinc cyanide 17 kg/year

-Sodium cyanide 342 kg/year

-Nickel sulphate 337 kg/year

-Sodium hydroxide 259 kg/year

-Sulphuric acid: 95 kg/year

Bathroom volume: 10.265 m?
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Number of people working in the facility: 6 persons
Amount of electricity consumption: 95.000 kwh/year
Facility 3;
Coating production quantity: 12.606 kg/year
Chemicals used in the process:
-Nickel anode: 7,174 kg/year
-Nickel sulphate 4.094 kg/year
-Sulphuric acid: 662 kg/year
-Sodium cyanide 751 kg/year
-Sodium hydroxide: 305 kg/year
-Copper cyanide 599 kg/year
Bathroom volume :14.97 m?
Number of people working in the facility: 1 person
Amount of electricity consumption; 105.000 kwh/year
Facility 4;
Coating production quantity: 9.635 kg/year
Chemicals used in the process:
-Zinc acid: 9,635 kg/year
-Sodium cyanide 1,734 kg/year
-Sodium hydroxide: 1,349 kg/year
-Zinc oxide: 1,300 kg/year
Bathroom volume: 101 m?
Number of people working at the facility: 9 persons
Amount of electricity consumption: 29.760 kwh/year
Facility 5;
Coating production quantity: 483.145 m? /year
Chemicals used in the process:
-Sodium carbonate 240 kg/year
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-Sodium sulphate 3.890 kg/year

-Zinc sulphate 630 kg/year

-Sodium cyanide 9.850 kg/year

-Aluminium sulphate 460 kg/year

-Sodium hydroxide: 8.050 kg/year

Bathroom volume: 57.54 m®

Number of people working at the facility: 9 persons
Amount of electricity consumption: 60.792 kwh/year
Facility 6;

Coating production quantity: 8.433 kg/year
Chemicals used in the process:

-Nickel anode: 5.913 kg/year

-Nickel sulphate 3,370 kg/year

-Nickel chloride 591 kg/year

-Chromic acid 2,520 kg/year

-Sulphuric acid 25 kg/year

-Sodium carbonate 75 kg/year

Bathroom volume : 40.41 m?

Number of people working at the facility: 11 persons
Amount of electricity consumption:; 207.432 kwh/year
Facility 7;

Coating production quantity: 27.000 m? /year
Chemicals used in the process:

-Sodium hydroxide: 100 kg/year

-Nitric acid: 500 kg/year

-Sulphuric acid: 600 kg/year

Bathroom volume: 9.057 m?

Number of people working in the facility: 3 persons
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Amount of electricity consumption: 80.000 kwh/year
Facility 8;
Coating production quantity: 21 tonnes/year
Chemicals used in the process:
-Sodium cyanide 500 kg/year
-Copper cyanide 500 kg/year
-Nickel chloride 150 kg/year
-Nickel sulphate 300 kg/year
-Nickel anode: 500 kg/year
Bathroom volume: 13.05 m?
Number of people working at the facility: 11 persons
Amount of electricity consumption: 95.000 kwh/year
Facility 9;
Coating production quantity: 198.000 pieces/year
Chemicals used in the process:
-Nickel anode: 1.500 kg/year
-Chromic acid: 600 kg/year
-Sodium hydroxide: 150 kg/year
-Nitric acid 250 kg/year
-Nickel sulphate 200 kg/year
Bathroom volume: 17.54 m®
Number of people working in the facility: 6 persons
Amount of electricity consumption: 120.000 kwh/year
Facility 10;
Coating production quantity: 207.900 m? /year
Chemicals used in the process:
-Zinc oxide: 315 kg/year
-Sodium carbonate 108 kg/year
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-Sodium hydroxide: 1.258 kg/year

-Sodium chloride 154 kg/year

-Sodium cyanide 453 kg/year

-Aluminium sulphate 219 kg/year

-Zinc anode: 7.052 kg/year

Bathroom volume: 25.878 m®

Number of people working in the facility: 3 persons
Amount of electricity consumption: 155.000 kwh/year

All the relevant facilities have an Environmental Impact Assessment (EIA)
Not Required decisionwithin the scope of the Environmental Impact Assessment
Regulation and an Environmental Permit Opinion Letter within the scope of the
Environmental Permit Regulation.

Non-hazardous wastes generated in Galvanotechnic Industrial Site are collec-
ted in the storage areas, which are common collection areas in each block of the
site and sent to the licensed company contracted by the relevant municipality.

Hazardous wastes from the facilities in the Industrial Site are individually sent
to licensed recovery and disposal facilities contracted by the facilities.

There is a cafeteria in the management building of Galvanotechnic Industrial
Site. In addition, no vegetable waste oil is generated since there is no individual
cooking in the facilities. Vegetable waste oils from the cafeteria in the administ-
ration building are sent to the licensed recovery company because of the contract
made with the licensed company. No medical waste is generated since no medical
procedures are performed in the facilities. An average of 1 kg waste battery is
generated annually from the daily use of the personnel in the facility. The waste
generated is sent to a licensed recycling company (Mete, 2019).

Based on the example of 10 facilities, the monthly average amount of waste
generated in Galvanotechnic Industrial Site is as follows.

Process wastes.
15 01 01 Paper and Cardboard Packaging: 3.090 kg/month
15 01 02 Plastic Packaging: 2.575 kg/month

15 01 10* Packages containing residues of dangerous substances or contami-
nated with dangerous substances: 5.150 kg/month
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15 02 02*: Absorbents, filter materials contaminated with hazardous substan-
ces (oil filters, cleaning cloths, protective clothing, if not otherwise specified:
2.060 kg/month

15 01 11*: Metallic packaging containing hazardous porous solid structure
(e.g. asbestos), including empty pressurised containers: 515 kg/month

Office generated waste.
08 03 17* Waste printing toner containing hazardous substances: 50 kg/month

16 02 13* Discarded equipment containing hazardous parts other than those
specified in 16 02 09 to

16 02 12: 50 kg/month

20 01 21* Fluorescent lamps and other waste containing mercury: 75
kg/month

16 06 05 Other batteries and accumulators: 103 kg/month
Results

When the changes in the hazardous wastes generated in Galvano Technical
Industrial Site in the last 3 years are analysed; increases in some waste types are
observed. The number of oakum clothes is increasing every year since gloves are
not used consciously and are not of sufficient quality. Contaminated packaging,
chemical drums and pressurised tubes in pressurised tube waste types show an
increase according to increasing production and consumption capacities. Wastes
such as fluorescents, cartridges and toners from the facilities remain at the same
amounts. Companies individually accumulate their hazardous wastes in tempo-
rary storage areas and send them to be licensed recovery/disposal facilities.

When the changes in the non-hazardous wastes generated in Galvanotechnic
Industrial Site in the last 3 years are examined; no change in quantities has been
observed due to the small amount of packaging wastes generated by production.
Non-hazardous wastes are collected in the common areas of the industry.

No process change is considered for waste minimisation and prevention in
plant processes. However, to minimise the amount of hazardous waste, refillable
cartridges used in the office are preferred. For the batteries used in the facility;
rechargeable batteries are preferred. Fluorescent lamps with long life are used.
LED lights can be preferred instead of fluorescent lights for fluorescent waste
generated by the office to reduce waste. Used chemical drums can be sent to
recycling facilities instead of disposal facilities. Awareness raising trainings are
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given on separate collection of hazardous and non-hazardous wastes and not
mixing them.
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1. INTRODUCTION

The importance of living and working environment for human health is unde-
niable. Turkiye, due to increasing industrialization, population growth, and agri-
cultural activities, not only has to combat environmental pollution but also needs
to improve these intense and challenging working conditions, taking precautions
against risks arising from hazards and dangers. The dimensions of environmental
pollution have increased due to the diversity of industrial activities. There is a
variety of environmental pollution ranging from wastewater containing antibio-
tics, heavy metals, and biological contaminants originating from heavy industries
such as textiles, pharmaceuticals, electronics, and the iron-steel industry, to soil
and air pollution (Ata R., Tore G.Y., 2019; Ata R, Tore G.Y, Shah M.P., 2021).
When wastewater, air, and soil pollution are not adequately treated, it leads to the
contamination of water used for agricultural irrigation, thus causing adverse ef-
fects on human health due to a toxic food chain, resulting in a variety of diseases,
primarily cancer and endocrine system disorders. To treat these endless varieties
of pollution from water, air, and soil, various treatment techniques have been
implemented, and Turkish regulations have been updated in this regard (Ata R,
Tore G.Y., 2019; Ata R., Merdan G.F., 2022).

Since 2005, the continuously published and updated legislation related to the
environment and health has ensured a certain progress in health and safety issues
in the country. The next step after compliance with the necessary legislation will
be to advance to a higher level and to establish a Health and Safety (HS) Culture.
It is a well-known fact that a culture surrounding environmental and health issues
begins in the working environment. Establishing this awareness and culture of
environment and health in workplaces is the path to reflecting this to the public.

Health and Safety Culture in Workplace Environments (HSC-WE) is a system
of shared values and behaviors that encompass an organization’s beliefs, attitu-
des, norms and practices. HSC-WE is about taking the necessary precautions to
protect the safety and health of employees in the workplace environment and
constantly applying these measures in the workplace and determines how emplo-
yees will behave in the face of dangers in the workplace, how much they will
comply with safety policies and to what extent they will assume their responsibi-
lities. HSC-WE not only reduces risks for the accidents and diseases, but also
increases employee morale, increases productivity and positively affects the ove-
rall performance of work environment.

HSC-WE are influenced by organizational culture. Organizational culture is a
commonly used concept to describe shared organizational values that influence
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workplace members' attitudes and behaviors. An independent safety culture can-
not be divorced from organizational culture, which defines the conditions or en-
vironment under which a workplace operates. (Cooper, M.D., 2000).

HSC-WE is shaped not only by rules and regulations but also by the values
and behaviors of the organization. This culture should encompass not only the
physical health of employees but also their psychological well-being. Adopting
this culture within the organization can increase employee satisfaction and help
prevent workplace accidents and occupational diseases (Conklin T., 2017).

Elements that constitute HSC-WE;

1. Management Commitment: The basis of HSC-WE is management's com-
mitment to this issue. Top management's determination and leadership regarding
occupational safety gives an important message to employees and shapes their
attitudes towards safety.

2. Training and Awareness Raising: Raising awareness and training of emp-
loyees about HSC-WE is critical to preventing accidents. Regular training prog-
rams and briefings ensure that employees understand and follow safety procedu-
res.

3. Communication: Open and continuous communication plays an important
role in developing a safety culture. The ability of employees to freely share their
concerns, suggestions and feedback regarding security strengthens the security
culture.

4. Participation and Cooperation: Employees should be encouraged to actively
participate in occupational safety processes. Safety committees, employee repre-
sentatives and regular meetings increase employees' responsibilities regarding
HSC-WE.

5. Continuous Improvement: HSC-WE should be constantly monitored and
improved. Regular inspections, risk assessments and performance measurements
help maintain and improve safety standards.

6. Legal compliance: It involves ensuring compliance with local and interna-
tional HS regulations, establishing a program to stay informed of regulatory chan-
ges, and updating and adapting policies accordingly (Conklin T., 2017; Acar
M.N., 2024).

The importance of worker hygiene and health in HS is great. In this context,
GMP, GLP systems should be established and continuously developed in the
work environment, and the validation of heat, humidity and thermal conditions
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in the work environment should be carried out by experts at certain periods (Ata
R. 2023).

HSC-WE protects the HS of employees. Work accidents and occupational di-
seases cause serious costs for both employees and employers. A strong HSC-WE
prevents such incidents and minimizes workforce losses and compensation costs.
Knowing that employees work in a safe environment increases their morale and
motivation. A safe workplace reduces employees' stress levels and increases job
satisfaction. Safe working conditions ensure that business processes proceed
uninterruptedly and smoothly. Reducing work accidents prevents disruption of
business processes and increases productivity. HSC-WE protects and strengthens
the reputation of businesses. Regulatory compliance helps businesses avoid fines
and penalties. Identifying and evaluating existing risks in the workplace to imp-
rove HSC-WE is the first step in creating a safe working environment. Risks need
to be managed, measures to be taken must be determined and these measures
must be constantly updated. A proactive approach should be adopted in develo-
ping HSC-WE, instead of taking precautions after accidents occur, proactive me-
asures should be taken to prevent accidents. Establishing safety committees in the
workplace and functioning of these committees effectively contributes to the de-
velopment of safety culture. These committees provide a platform where emplo-
yees can voice their safety concerns and suggestions. Systems that reward and
encourage safe behavior increase employees' awareness of occupational safety
and reinforce positive behavior. Regular workplace inspections and monitoring
activities help maintain and improve safety standards. Necessary corrective and
preventive measures should be taken according to the inspection results.

In conclusion, HSC-WE is an indispensable element for the sustainable suc-
cess to protect the health and safety of employees while also positively affecting
the performance of the business. Continuously monitoring and improving HSC-
WE provides long-term benefits for both employees and businesses.

1.1. Purpose and Significance of the Study

As detailed in the introduction section, according to statistical data from the
Social Security Institution, the sectors of construction, medical, chemical, and
energy industries classified as highly dangerous and dangerous show high rates
of work-related accidents, fatalities, injuries, and occupational diseases. There-
fore, the investigation of HSC-WE in these prominent sectors concerning work
accidents and occupational diseases has gained importance in this thesis. Interna-
tional literature studies have also recommended the exploration of HSC-WE in
these sectors (Cakit E, et al., 2019).
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While reducing work accidents and diseases may be easier in developed co-
untries, developing a HSC-WE in developing countries is a challenging task that
requires continuous and renewed efforts from legislators, organizations, and emp-
loyees. In this context, while globally applicable frameworks and tools exist, it is
necessary to establish national frameworks and tools. Therefore, this study aims
to contribute to the creation of national frameworks and tools by presenting the
HSC-WE, particularly after Law No. 6331, in prominent sectors such as medical,
construction, chemical, and energy, highlighting work accidents and diseases in
our country alongside existing studies in the literature."”

2. MATERIAL AND METHOD

In this study, a non-experimental, cross-sectional quantitative research design
was preferred to investigate the HS culture in sectors such as medical, construc-
tion, chemical and energy, which carry a high risk in terms of occupational acci-
dents in Turkey. Cross-sectional research allows the evaluation of the current si-
tuation by collecting data in a certain period of time and allows the examination
of multidimensional concepts such as HS culture in a large group of participants
(Dolma & Dolma, 2017). This method contributes to a broad understanding of
existing risks and safety awareness, especially in health and safety research (San-
delowski, 2000).

2.1. Data Collection Instruments

In this study, to evaluate the perceptions of employees in sectors with
high physical risks related to work, a 55-question survey was applied to
employees in sectors such as medical, construction, chemistry and energy
under three main headings. These headings are "Demographic Information",
"Safety Attitude and Safety Awareness", and "Safety Behavior", respecti-
vely. The aim of the survey is to measure the safety attitudes and awareness
levels of employees, as well as to examine whether there has been an imp-
rovement in the safety culture and a decrease in work-related injuries after
the Health and Safety Law No. 6331. Under these headings, there are 6 de-
mographic questions, 21 questions on safety attitude and safety awareness,
and 27 questions on safety behavior, respectively. The survey also includes
an open-ended area where participants can express their free ideas and pre-
sent their opinions and suggestions.

The majority of the survey used a Yes/No scale, with a 5-point Likert
scale being preferred for more specific situations. These scales allow for a
more detailed assessment of participants’ perceptions and attitudes regar-
ding safety culture (Likert, 1932). The survey questions were prepared based
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on my experience as an Health and Safety (HS) review of previous studies
on HS Culture (Sandelowski, 2000). Participants were asked to consider the
situation within the framework of the HS Law No. 6331, particularly after
2012. This is important for understanding the effects of the implementation
of the law on employees’ safety attitudes and behaviors (Caligskan, 2015).

2.2. Survey Technique

The survey technique was preferred as the data collection method in the
study. It includes questions aimed at evaluating employees' perceptions of
safety culture, HSE-WE and the effects of these practices. The questions are
based on the development of HS Culture after the Law No. 6331 and the
effects of this development on work performance, and the concepts of safety
awareness, safety attitude and safety behaviors in the safety culture litera-
ture (Cooper, 2000).

2.3. Data Analysis

The obtained data were analyzed using SPSS Windows version 23.0 pac-
kage program. The significance level in statistical analyses was accepted as
p<0.05. In the analysis of the data, the relationships between demographic
characteristics (age group, education level, etc.) and security attitudes,
awareness and behaviors were evaluated. Skewness and Kurtosis methods
were used to test the conformity of the obtained data to normal distribution.
Skewness and Kurtosis are two important statistical measures used to eva-
luate whether the data is normally distributed. (Kalayci, 2014).

When the skewness value moves away from zero, it indicates that the
distribution is biased to the right or left. In a normal distribution, the
skewness value is generally accepted between -2 and +2 (Kalayci, 2014).

In addition, Cronbach's Alpha coefficients were calculated to test the va-
lidity and reliability of the survey. Cronbach's Alpha is a coefficient that
measures the internal consistency and reliability of the survey, and values
of 0.70 and above are generally considered sufficient (Nunnally, 1978).

Exploratory Factor Analysis was applied to better understand, interpret
and test the question items of the survey. Factor analysis allows the variables
in the data set to be grouped under basic factors or sub-dimensions and ma-
kes data structures more meaningful (Field, 2013). The Kaiser-Meyer-Olkin
(KMO) Test and the Bartlett Sphericity Test were used to assess the appli-
cability of this analysis. The KMO test measures whether the sample size is
suitable for factor analysis, while the Bartlett Sphericity Test evaluates

66



whether the correlation matrix between the question items is suitable for
factor analysis (Kaiser, 1970; Bartlett, 1954). The results of these tests play
a critical role in determining whether the data are sufficient for factor analy-
sis and the reliability of the findings to be obtained because of the analysis.

Based on the survey results, the sectoral differences of HS Culture and
its effects on employees were examined.

2.4. Demographic Characteristics and HS Culture Relationship

The age groups and education levels of the employees were also analyzed and
the relationships between HS culture and demographic variables were evaluated.
Research shows that age and education level influence safety culture and safety
behaviors (Neal & Griffin, 2004). It has been frequently emphasized in the lite-
rature that employees with higher education levels may be more sensitive in terms
of safety awareness and attitudes (Vinodkumar & Bhasi, 2010). Similarly, the
effect of the age factor on HS behaviors was also evaluated within the scope of
the research.

2.5. Change in HS Culture After The Law No. 6331

An important dimension of the research is to address the changes observed in
HS culture after the Law No. 6331. This law was enacted to strengthen HS prac-
tices in workplaces and prevent occupational injuries. The survey results reflect
the perceptions of employees regarding the development of HS culture in the sec-
tors where the law is implemented and evaluate the effectiveness of the law based
on these perceptions (Ozkan & Lajunen, 2011).

This research was conducted to understand the current status of HS culture in
high-risk sectors in Turkey and to evaluate the safety attitudes, awareness and
behaviors of employees, and aimed to obtain reliable results with the help of qu-
antitative data collection techniques and statistical analyses.

2.6. The Universe and Sample of the Research

In this study, sectors with high risks in terms of occupational injuries throug-
hout Turkey were determined as the universe. In particular, the medical, const-
ruction, chemical and energy sectors were defined as sectors that stand out in
terms of the frequency of occupational injuries and work-related illnesses. These
sectors were determined as critical areas where HS culture should be developed
due to their high risk and danger (Berg & Hallgren, 2017; Yorio et al., 2014).

The sample consisted of 220 employees selected by random sampling method
within this universe. Random sampling is a method in which everyone has an
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equal probability of being selected for the sample, and thus the sample provides
a high accuracy in representing the universe (Cochran, 1977). The employees
were randomly selected from various companies operating in the medical, const-
ruction, chemical and energy sectors. This selection was made to make compari-
sons between sectors and to ensure the generalization of the results.

The sample size and selection method were meticulously determined to incre-
ase the validity and reliability of the research. The sample of 220 people provides
sufficient representative power and is an appropriate size to evaluate sectoral dif-
ferences and examine the sectoral effects of HS culture (Fink, 2013).

2.7. Ethical Aspects of the Study

This study was produced from Rumeli University Master's Thesis. The study
was approved by Istanbul Rumeli University Scientific Research and Publication
Ethics Committee on 28.12.2023.

3. RESULTS AND DISCUSSIONS
3.1. Demographic Portrait of Participants

The demographic characteristics of the participants of the survey on HS cul-
ture were examined. The analysis of demographic characteristics provides infor-
mation about the general profile of the data set, allowing a better understanding
and interpretation of the research findings. The frequency distribution of the de-
mographic characteristics of the participants is presented in Table 1 below.

Table 1. Distribution of Demographic Characteristics of Participants

Characteristics N %
Gender Mail 149 67,72
Femail 71 32,28
18-29 61 27,72
30-45 97 44,09
Age Range
46-55 58 26,36
65 iistii 4 1,81
Primary education 57 25,91
. High school 94 42,72
Education
Undergraduate / Associate degree 60 27,27
Graduate 9 4,09
0-5 years 54 24,55
Working Seniority 6-10 years 116 52,73
11-19 years 36 16,36
20 years and more 14 6,36
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When the data on demographic characteristics of the employees participating
in the survey are examined; In terms of gender distribution, 67.72% of the parti-
cipants were male and 32.28% were female. This distribution reflects the diver-
sity of the sectoral workforce and provides important data for evaluating gender-
based differences in HS culture (Morrison et al., 2018).

In terms of age range, the most of the participants were between the ages of
30-45 (%44.09). 27.72% of the participants were between the ages of 18-29,
44.09% were between the ages of 30-45, 26.36% were between the ages of 46-
55 and 1.81% were over the age of 65. This is significant for examining the effect
of age group on experience and safety attitude (Kelloway & Francis, 2013).

When the educational status was examined, it was determined that 42.72% of
the participants were high school graduates, 25.91% had primary school, 27.27%
had undergraduate or associate degree and 4.09% had postgraduate education.
The effects of education level on HS culture can be analyzed with this data (Swe-
eney & McFarlin, 2002).

When evaluated in terms of the duration of employment, 52.73% of the parti-
cipants have been working for 6-10 years, and it is important to evaluate the effect
of this experience on safety attitudes and behaviors (Parker et al., 2003).

This demographic data will be used to better understand the participants' atti-
tudes and behaviors on HS culture while interpreting the findings of the study. In
addition, analyses on the effects of certain demographic groups on safety culture
and behaviors can increase sectoral and vital awareness.

3.2. Evaluation of Reliability and Exploratory Factor Analysis of the Sur-
vey

The factor analysis and internal consistency tests of the survey applied to eva-
luate the HS culture were examined in detail. The Kaiser-Meyer-Olkin (KMO)
test and Bartlett Sphericity Test results, which were performed to evaluate the
reliability and validity of the survey, show that the data set is suitable for factor
analysis.

The value obtained because of the KMO Test was found to be 0.870. This
value reveals that the sample size and data are homogeneously distributed. A
KMO value above 0.60 indicates that the factor analysis is suitable, and the data
are suitable for factor analysis (Field, 2013).

The p value of the Bartlett Sphericity Test was calculated as p < 0.01. This
result indicates that there is a significant correlation between the variables in the
data set and that it is appropriate to analyze the relationships between the factors.
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The p value of Bartlett's Sphericity Test being found to be less than 0.05 indicates
that the correlations between the factors are strong and the factor analysis is valid
(Hair et al., 2010).

Cronbach's Alpha Coefficients were calculated to test the internal consistency
and reliability of the survey. In terms of Factor Loadings and Cronbach's Alpha
Coefficients, in the analyses made in terms of the factors of the main question
items of the survey, "Safety Attitude and Safety Awareness" (HSE-F2) and "Sa-
fety Behavior" (HSE-F3), it was determined that questions 12-21 for HSE-F2 and
questions 5-12 for HSE-F3 had high factor loadings. These results show that these
questions are good representatives of the relevant factors and provide internal
consistency of the factors (Brown, 2003).

Cronbach’s alpha value for HSE-F2 factor was found as 0.721 and for HSE-
F3 factor as 0.710. These values show that both factors have high internal con-
sistency, and that the data obtained from the survey are reliable. A Cronbach’s
alpha coefficient higher than 0.60 confirms that the reliability of the survey is
ensured, and the measurement tool used is valid (Giirbiiz & Sahin, 2014).

The factor values corresponding to the question items and the Coranbach’s
Alpha values of the factors are given in Table 2.

Table 2. Factor Values and Coranbach's Alpha Values of Factors

e Nepe  STOQuetonlin Taer Conbad
Question 12 0,671
Question 13 0,666
Question 14 0,639
Question 15 0,626
HSE-F2 Question 16 0,601
Safety Attitude and - 0,721
Security Awareness Question 17 0,599
Question 18 0,576
Question 19 0,572
Question 20 0,556
Question 21 0,506
Question 5 0,660
Question 6 0,611
HSE-F3 . Question 7 0,606 0.710
Safety Behavior Question 8 0592 ’
Question 9 0,565
Question 10 0,546
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Question 11 0,506
Question 12 0,496

In the survey, HSE-F2 consists of 21 questions, HSE-F3 consists of 27 ques-
tions and factor 3 consists of five questions. As can be seen in Table 2, the fact
that the a coefficients of all factors are greater than 70 reveals that the question
items in the factors are consistent among themselves and represent the factors in
question well.

3.3. Normality Test

In order to decide whether parametric or non-parametric tests will be used in
the statistical analysis study applied to the survey data,

“HO = Data is normally distributed.” The hypothesis was accepted.

Skewness and Kurtosis methods were used to test the normality assumption.
If the Skewness and Kurtosis coefficients are between -2 and +2, the data is nor-
mally distributed (Kalayci, 2014). Table 3. shows the Skewness and Kurtosis va-
lues of the HSC-WE dimensions used in the research.

Table 3. Skewness and Kurtosis values of HSE safety culture dimensions
HSE-F2 HSE-F3
Skewness  -1,006 0,369
Kurtosis 1,134 -0,211

As seen in Table 3., it was determined that the data was in accordance with
the normal distribution assumption and parametric tests could be applied, since
the Skewness and Kurtosis values were between -2 and +2.

3.4. HS Culture Tendencies of Participants

In this study, in order to determine the HS Culture tendencies of the partici-
pants, the descriptive statistical values of the “Safety Attitude and Safety Aware-
ness” (HSE-F2) and “Safety Behavior” (HSE-F3) factors of the main question
items of the HS Culture survey, which are the mean, mode and median values
contributing to the HS Culture tendency measures, were calculated and are given
in Table 4.
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The average score of female participants regarding Safety Attitude and Safety
Awareness (HSE-F2) was determined as 4.18. This value shows that women's
tendencies towards HS culture are generally high. The median value is 3.6, indi-
cating that most women gather around this score. The mode value is 4, indicating
that these women evaluate it most frequently as "Exceeds expectations".

The average score of male participants regarding Safety Attitude and Safety
Awareness (ISG-F2) was 3.45, indicating that the median value was determined
as 3.4. It shows that the most men gather around this score. The mode value is 3,
indicating that men mostly evaluate it as "Meets expectations".

The average score of female participants regarding Safety Behavior (HSE-F3)
regarding their tendencies towards ongoing practices and HS Culture in the
workplaces they work was calculated as 3.78. The median value is 3.2, indicating
that there is a wider distribution around this score. The mode value is 3, indicating
that women most frequently evaluate it as "Meets expectations"”. The mean score
for male participants is 3.86, and the median value is 3.8. The mean score for men
is slightly higher than for women, indicating a similar trend with the mode value
of 3. The standard deviation values of the data indicate the variation in the parti-
cipants' answers. The standard deviation values for women and men reveal how
much the answers differ. These analyses help determine how HS culture practices
differ by gender and general trends. Differences in women's and men's percepti-
ons of HS culture can enable the development of various strategies.

Table 4. HSC-WE Tendencies of Participants

Safety Attitude
Factor (Sub-Dimension) Gender and Security Safet)" Beha-
vior
Awareness
Female 4,18 3,78
Mean
Male 3,45 3,86
F 1 3,6 3,2
Median emate : =
Male 3,4 3,8
F 1 4 3
Mod emale
Male 3 3
F 1 0,68 0,62
Std. Deviation emate : ;
Male 0,72 0,64
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3.5. The density of sectors on the sub-factors that make up the HS Culture

The distribution of the “HSE-F2 (Safety Attitude and Safety Awareness)” and
“HSE-F3 (Safety Behavior)” factors used to measure the HS culture in the survey
applied in the study by sectors is given in Table 5 and Graph 1.

Table 5. Sectoral Distribution of Responses to Survey Questions

Chemical Energy Construction
Medical Sector Other Sector
Industry Sector Sector
Fact
or Positiv.  Negati  Positiv  Negati  Positiv.  Negati  Positiv. Negati  Positiv  Negati
e ve e ve e ve e ve e ve
Respo Respo Respo Respo Respo Respo Respo Respo Respo Respo
nse % nse % nse % nse % nse % nse % nse % nse % nse % nse %
HSE
62 38 78 22 54 46 34 66 38 62
-F2
HSE
51 49 63 37 66 34 28 72 27 73
-F3

As can be seen in Graph 1, the Energy Sector is at the top with 78% of the
positive responses to questions on “HSE-F2 (Safety Attitude and Safety Aware-
ness)”, followed by the Chemical Sector with 62%, the Medical Sector with 54%
and the Construction Sector with 34%. It was determined that the sector with the
most negative responses was the Construction Sector with 66%.
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Graph 1. Sectoral Distribution of Security Attitude and Security Awareness

As can be seen in Graph 2, the Medical Sector is at the top of the list with 66%
of positive responses to questions regarding “HSE-F3 (Safety Behavior)”, fol-
lowed by the Energy Sector with 63% and the Chemical Sector with 51%.

Sectoral Distribution — HSE-F3
88 T2
7@ 63 ES
[=:] 51 43
=@ a7
34
48 28
38
20
1o
e
Fositive Megative Fositive Negative Fositive Megstive Fositive Negative
Response Fesponse Response Responze Response Response Response Response
% % % % % L % %
Chemical Indutry Energy Sector Medical Sector Construction Sector

Graph 2. Sectoral Distribution regarding Security Behavior

Likewise, it was determined that the sector in which negative answers were
given most to the questions regarding "HSE-F3 (Safety Behavior)" was the const-
ruction sector with 72%.

3.6. Correlation Analyzes

The results of the Pearson Correlation Analysis between OSH and the factors
that support its measurement, namely “HSE-F2 (Safety Attitude and Safety
Awareness)” and “HSE-F3 (Safety Behavior)”, and again between HS and the
Level of Education of the participants are given in Table 6.
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Table 6. Correlation Analysis Between HS Culture in Workplace Environments

and Factors

FSZZZZ Attitude HSE-F3 Education
Factors ¥ (Safety Be-
and Safety Aware- . Level
havior)
ness)
HSE - F2
(Safety Attitude and Safety Aware- 1,000 0,623** 0,456**
ness)
HSE-F3 0,623** 1,000 0,321*
(Safety Behavior)
Education Level 0,456** 0,321* 1,000

* p<0,05,. ** p<0,01

As seen in Table 6, the Pearson correlation coefficient between HSE-F2 (Sa-
fety Attitude and Security Awareness) and HSE-F3 (Safety Behavior) was calcu-
lated as 0.623. This shows that there is a moderate positive relationship between
these two factors. In other words, it is seen that individuals with high security
attitude and awareness tend to have high security behaviors. The correlation co-
efficient between HSE-F2 (Safety Attitude and Security Awareness) and Educa-
tion Level is 0.456 and this value is significant at 99% confidence level. This
finding shows that security attitude and awareness tend to change positively with
increasing education level. The correlation coefficient between HSE-F3 (Safety
Behavior) and education level is 0.321 and this value is significant at 95% confi-
dence level. This result shows that security behaviors can be partially positively
affected with increasing education level, but the relationship is weaker.

These analyses provide important information in understanding the relations-
hips between various dimensions of HS culture and the education levels of the
participants. It is seen that the relationship between the education level and safety
attitude and awareness is strong, which emphasizes the role of education in deve-
loping HS culture. There is a weak and positive relationship between primary
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school level employees and total HS culture. This relationship is statistically sig-
nificant but shows a low correlation (r-value: 0.320, p-value: 0.015 (p < 0.05)).

A moderate positive relationship was observed between high school level
employees and total HS culture. This relationship is statistically significant and
shows that HS culture increases with the increase in education level (r-value:
0.410, p-value: 0.002 (p < 0.01)). There is a moderate-high positive relationship
between undergraduate level employees and total HS culture. This relationship is
significant and shows that the level of education has a significant effect on HS
culture (r-value: 0.495, p-value: 0.000 (p < 0.01)). There is a highly positive re-
lationship between graduate level employees and total HS culture. This relations-
hip is statistically very significant and shows that the level of education makes a
strong contribution to HS culture (r-value: 0.575, p-value: 0.001 (p < 0.01)). A
positive relationship was observed between the increase in the level of education
and total HS culture. Especially the high correlation between graduate level emp-
loyees and HS culture shows that higher levels of education increase the capacity
to better understand and implement HS culture. These findings support that
expanding the scope of training programs and encouraging education in workp-
laces will contribute to the improvement of HS culture.

Table 7. Correlation Analysis Between HS Culture and Education Level

Education Level Pearson Correlation p-value
(n

Primary School 0,320 0,015%*

High School 0,410 0,002**

Undergraduate Education 0,495 0,000**

Postgraduate Education 0,575 0,001**

* p<0,05,. ** p<0,01

4. CONCLUSIONS

The Cronbach Alpha value of the survey answered by 220 participants wor-
king in the fields of Medical, Construction, Chemical and Energy production,
which are prominent sectors in terms of occupational accidents, was determined
as 0.721 for the Safety Attitude and Safety Awareness factor, which are sub-di-
mensions of the HS culture, and 0.710 for the Safety Behavior factor. The first
part of the survey included questions on demographic information of the partici-
pants. The fact that the Kaiser-Meyer-Olkin (KMO) test value (0.879) of the data
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matrix obtained from the second and third parts of the survey was greater than
0.60 indicates that the data matrix is suitable for factor analysis. According to the
participants, the factor “Safety Attitude and Safety Awareness” and the factor
“Safety Behavior” were found to have close importance values. In terms of gen-
der among demographic variables, a greater difference was observed in the opi-
nions of female participants regarding the factor “Safety Attitude and Safety
Awareness” compared to the factor “Safety Behavior”. On the other hand, it was
determined that the “Safety Behavior” factor had a more positive effect on male
participants than female participants. The survey results revealed that female par-
ticipants had higher Safety Attitude and Safety Awareness, while male partici-
pants had higher Safety Behavior. The correlation analysis conducted showed
that there was a significant and positive relationship at a reliability level of 95%
between HS Culture and the sub-dimensions “Safety Attitude and Safety Aware-
ness” in all sectors, and a significant and positive relationship at a reliability level
of 99% between HS Culture and “Safety Behavior”. This supports that HS culture
consists of Safety Attitude, Safety Awareness and Safety Behavior. The correla-
tion analysis between the education levels of participants in all sectors and HS
culture also statistically reveals that as the education level increases, Safety Atti-
tude and Safety Awareness, and therefore Safety Behavior, increases positively.
In this study, it was determined that the sector with the highest “Safety Attitude
and Safety Awareness”, which is an important factor of HS Culture, is Energy,
and the sector with the lowest is Construction. This situation can be attributed to
the fact that companies in the Energy sector are generally companies with inter-
national connections or partnerships and therefore are more familiar and compli-
ant with HS practices, while the education level of employees in companies in
the Construction sector is relatively lower.

This study, which reveals the perspective of HS Culture in the Medical, Const-
ruction, Chemical and Energy Sectors, has made a significant contribution to the
literature in terms of occupational accidents. When the findings obtained as a
result of this research are compared with the studies conducted in the literature,
Cronbach Alpha values of 0.70 and above are generally considered acceptable in
studies on HS culture (Nunnally, 1978). It is stated that factor analysis is approp-
riate when the KMO value is above 0.60 (Kaiser, 1974). The findings obtained in
this study support that a reliable analysis is provided. The differences between
“Safety Attitude and Safety Awareness” and “Safety Behavior” between sectors
have also been addressed by various studies. For example, better safety behaviors
can be observed in sectors where “Safety Attitude and Awareness” are high (Zo-
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har & Luria, 2005) and these findings are consistent with the literature. Differen-
ces between genders have also been examined in the literature. It has also been
observed in some studies in the literature that women have higher safety attitudes
and men show higher safety behaviors (Gunningham & Sinclair, 2000). The fact
that Safety Attitude, Awareness and Behavior increase with increasing education
level is a finding emphasized in the literature. It has been shown that educated
individuals adopt and implement HS culture better (Burke et al., 2006). The dif-
ferences between the energy and construction sectors have been addressed in the
literature as differences in safety culture on a sectoral basis. The higher safety
culture in the energy sector can be explained by the fact that this sector is com-
patible with international standards and generally has more advanced safety prac-
tices. The low safety culture in the construction sector is generally associated with
lower education levels and less advanced safety practices.

When this thesis study is evaluated in terms of whether it meets the hypotheses
established at the beginning of the study, it is assumed that safety attitude and
safety awareness are related to organizational commitment and organizational
culture, and it is found in the literature that a strong organizational culture positi-
vely affects HS culture (Hofmann & Stetzer, 1996). Leadership commitment and
management participation generally play a critical role in the development of HS
culture (Zohar & Luria, 2005). The hypotheses on training and employee partici-
pation are also compatible with the findings obtained in the study. The innovative
aspects of this thesis study are that it is a study conducted with a wide range of
sectors including Medical, Construction, Chemical and Energy sectors, and it al-
lows for the comparison of HS culture in different sectors, as well as offering a
different approach from the studies generally conducted in the literature limited
to a single sector. In addition, revealing the significant and positive relationships
between HS Culture and its sub-dimensions with a detailed correlation analysis
supports the statistical accuracy of these relationships and strengthens the litera-
ture on this subject. It is also emphasized in the literature that HS culture should
be researched and disseminated in all sectors (Hofmann & Stetzer, 1996). In this
sense, this study has made a significant contribution in terms of occupational ac-
cidents and research should be conducted in other sectors. At the same time, this
thesis study has also led to the research of HS Culture in terms of occupational
diseases in these sectors. In addition, dissemination of such studies to all sectors
will contribute to the increase of HS Culture. Detailed research can be conducted
on safety culture, especially in high-risk sectors (e.g. mining or automotive).
Comparing HS cultures in different countries can be useful in understanding the

78



effects of cultural and legal differences. By conducting similar studies at the in-
ternational level, the differences between national and international standards can
be examined. The findings obtained in this thesis study and the recommendations
in line with these findings allow for more comprehensive and in-depth research
in the field of HS culture and can increase the knowledge base in this field.
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1. Introduction

The ability of building materials and structures to perform their functions for
many years without deterioration is referred to as durability. In civil engineering,
strength is equally important in addition to durability. Historically, ancient buil-
dings primarily utilized natural stone materials, which were constructed based on
the principle of comparing compressive strengths. However, the volumes and we-
ights of these structures were often substantial (Naspolini et al., 2020; Williams
et al., 2010; Zhang et al., 2016). Over time, the materials used in construction
have evolved.

Modern materials have been developed to withstand flexural and tensile stres-
ses, in addition to compressive strength, with concrete now often replacing natu-
ral stone in applications requiring high compressive strength. The design and
construction of a building can be viewed as an optimization problem that consi-
ders five key principles: durability, strength, functionality, economy, and aesthe-
tics. Structures must be designed to safely support service loads, as well as loads
resulting from events such as earthquakes. Additionally, they should resist both
external and internal corrosive effects throughout their intended service life, be
economical, and fulfill various requirements, all while exhibiting a unique and
aesthetic appearance. Achieving these goals necessitates proper construction ma-
nagement and ongoing supervision throughout the building's service life.

Reinforced concrete structures are typically designed for a service life excee-
ding 100 years. However, despite our country being one of the largest cement
producers in Europe, with the necessary technology and expertise for construc-
tion projects, many buildings are constructed illegally, without proper oversight,
and in a haphazard manner. This situation often results in reinforced concrete
structures failing to achieve their intended strength and becoming unstable in a
short period of time.

Deterioration of buildings due to mechanical factors, air, water, and chemical
substances can significantly reduce the strength and durability of materials. The-
refore, it is crucial to detect and address such deterioration promptly to prevent
potential hazards. The effects of deterioration can be categorized as physical,
mechanical, chemical, and biological. Mechanical effects encompass compres-
sive, tensile, impact, and flexural strength. If the mechanical stress on a building
component exceeds the material's service limit, it may lead to structural failure
and even collapse (Paula et al., 2014; Prata et al., 2019).
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The collapse and damage of buildings during earthquakes exemplify the det-
rimental effects that concrete deterioration can have. The following types of de-
terioration commonly occur in concrete:

a) Freezing and thawing

b) Depreciation

¢) Overexposure to chemical substances

d) Chemical reactions within the concrete

e) Corrosion of steel and other materials in concrete
1.1. Causes of Deterioration in Concrete

The ability of building materials to fulfill their functions over extended peri-
ods without deteriorating is known as durability. Concrete is one of the most
widely used building materials today. The durability of concrete can be defined
as its ability to maintain its initial properties and designed functions under various
environmental and service conditions. Durable concrete refers to concrete that
remains unaltered in its shape, quality, and functionality over time, in response
to environmental conditions. After the service life period, the safety and cost-
effectiveness of the concrete structure may deteriorate. Specifically, the stress
capacity of damaged concrete may fall below the service stress, or the costs for
repair and maintenance may exceed those of reconstruction (Ucker et al., 2013;
Arunvivek et al., 2015; Low et al., 2007; Borger et al., 1994; de Matos et al.,
2020).

The design and construction of a building can be viewed as an optimization
problem that considers five key principles: durability, strength, functionality, eco-
nomy, and aesthetics. Structures must be designed to safely support service loads
as well as loads resulting from events such as earthquakes. They should also
withstand external and internal corrosive effects during their intended service life,
be economical, meet requirements, and exhibit a unique and aesthetic appearance.
Achieving these goals necessitates proper construction management and ongoing
supervision throughout the building's service life.

The deterioration of buildings due to mechanical factors, air, water, and che-
mical substances can lead to a reduction in the strength and durability of materi-
als. Therefore, it is crucial to detect and address such deterioration in a timely
manner to prevent potential hazards. These effects can be categorized as physical,
mechanical, chemical, and biological. Mechanical effects include compressive,
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tensile, impact, and flexural strength. If the mechanical stress on a building com-
ponent exceeds the material's service limit, it may lead to structural failure and
even collapse (Marzouk et al., 2016). The collapse and damage of buildings du-
ring earthquakes exemplify the detrimental effects that concrete deterioration can
have.

Water or moisture presence is one of the factors responsible for concrete de-
terioration, in addition to mechanical effects. However, deterioration can result
from several factors beyond mechanical effects. Water can transport hazardous
substances into concrete and lead to chemical reactions. The extent of water mo-
vement in concrete depends on the type, diameter, and distribution of voids, the
presence of micro or macro cracks, and whether the voids are continuous
(McGivney et al., 2008; Aboelkheir et al., 2019). Controlling voids and preven-
ting cracking in concrete is essential for long-term durability.

Other internal factors that can lead to concrete deterioration include the alka-
line-aggregate reaction, the formation of delayed ettringite, and differences in the
thermal properties of aggregate and cement mortars. The risks associated with
these effects are unavoidable if measures are not taken to detect and counteract
the gradual decline in the durability of concrete over time, which will ultimately
lead to a decrease in compressive strength (Ghrair et al., 2018; Dabbebi et al.,
2018; da Costa et al., 2020; Farid et al., 2019).

1.2. Corrosion of Steel

Corrosion, commonly referred to as rusting, is a chemical reaction that typi-
cally occurs in metals when they are exposed to water and oxygen. All metals,
except gold, naturally revert to their lowest energy state, the oxide state. In rein-
forced and pre-stressed concrete structures, steel is commonly embedded in the
concrete (Scrivener et al., 2011; Salvador et al., 2016).

When properly designed, high-quality, impermeable concrete can effectively
shield steel reinforcement from physical and chemical factors. However, the re-
inforcement in reinforced concrete can be susceptible to corrosion through vari-
ous means. Atmospheric substances can cause corrosion in exposed reinforce-
ment. Additionally, steel embedded in concrete can corrode due to chlorine ions
present in the aggregate and from water infiltrating the concrete as a result of
carbonation. Using different metals for concrete reinforcement or the concurrent
use of coated and uncoated steel, treated with substances like epoxy for corrosion
protection, may lead to contact corrosion.
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When steel reinforcement corrodes, its cross-section reduces, and its ductility
diminishes. The rust generated from the reaction expands, creating internal comp-
ressive stress in the concrete and forming a gap between the concrete and the
reinforcement. The area of the concrete reinforcement affected by rust, often re-
ferred to as the rust margin, can crack, leading to an increase in capillary gaps
over time. Consequently, the exposed reinforcement becomes less resistant to
external factors, accelerating the corrosion process and resulting in increased sec-
tion loss. In prestressed elements, even a small loss of cross-section can have
severe consequences, potentially leading to the failure of the prestressing tendon.
Most critically, the bond between the reinforcement and concrete can become
nearly nonexistent (Taylor et al., 1997; Miller et al., 2016; Dos et al., 2017; Sand-
rolini et al., 2001; Farid et al., 2019).

2. Method

The aim of this study is to investigate the effects of sewage (domestic was-
tewater) and landfill leachate—chemicals that adversely affect the strength and
durability of concrete and reduce its service life.

Another cause of damage to concrete is the chemical reaction of the mixing
water, evaporation of the unreacted portion, leakage, and binding of some water
in the gel voids, which can lead to the freezing of water within the concrete. Table
2.1 illustrates the various approaches to assessing the degree of damage caused
by frost at different temperatures. It is important to note that dry concrete is not
affected by frost; rather, frost damage occurs only when concrete becomes fully
saturated with water. The extent of air voids in concrete significantly influences
its resistance to frost. If sufficient air voids are incorporated, the concrete can
become frost-resistant; however, this may result in a decrease in compressive
strength. This indicates that not all types of high-strength concrete effectively
resist external factors. The ACJ 201 specifies the amount of air that should be
introduced into concrete (refer to Table 2.2).

For this study, water samples were collected from untreated water and landfill
leachate at the Istanbul Metropolitan Municipality's Domestic Wastewater Treat-
ment Plants. These samples were then transported to the Sakarya University En-
gineering Faculty's Civil Engineering Building Materials Laboratory and placed
in curing tanks. Details of the sample sources can be found in Tables 2.2 and 2.3.

Additionally, a curing tank was constructed using ordinary water. Fifty-four
specimens of C20 and C30 grade concrete were produced at Adapazari concrete
plants, with each grade evenly distributed between the two curing tanks. The
compressive strengths of these cube specimens were measured on the 7th, 28th,
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56th, 90th, and 180th days using a 200-ton concrete compression press, and the
findings were subsequently compared.

Table 2.1. Concrete age required to prevent concrete from freezing.

Maximum Aggregate Par-

Total Air Content of Concrete (%)

ticle Size (mm) Moderate Effect (Concrete | Heavy Effect (Concrete
not exposed to severe mo- | exposed to constant mo-
isture and freeze-thaw isture and freeze-thaw
salts) salts)
9.5 6 7.5
125 55 7
19 5 6
25 5 6
375 45 55

Table 2.2. Recommended air content of freeze-thaw concrete

type of ce- Water/Ce- The time required for fresh concrete to avoid da-
ment ment ratio mage from frost, depending on curing temperature
(hours).
5°C 10°C 15°C 20°C
Normal 0.4 35 25 15 12
Portland 0.5 50 35 25 17
cement 0.6 70 45 35 25
Rapid-set- 0.4 20 15 10 7
ting ce- 0.5 30 20 15 10
ments 0.6 40 30 20 15

Table 2.3. Baltaliman1 Wastewater Preliminary Disposal Analysis Results

Parameter Deep Sea Discharge Limit Maximum Values (mg/It)
T°C 35°C 25.8°C
pH 6-10 7.6
Saltinity - 4.7
CKM 400 mg/lt 6.5
KOI 250 mg/It 574
BOls 350 mg/It 174
AKM 10 mg/lt 478
Oil- gress 2 mg/lt 103
Sulfur 35
SDS 3.84
Sulphate 542
Top-N 95
NH4-N 29.9
NH,4 56
Top-Cu 0.97
Top-Zn 1.04
Cr*t 6.15
Cro* 0.87
Ni*? 2.19

88




Table 2.4. Landfill Leachate Characteristics

Parameters Number of analysis Mean Minimum Maximum
pH 42 74 6.2 8.2
Alkalinity, mg/L | 42 9673 6300 12000
CaCOs
KOI, mg/L 42 23424 12350 47800
BOIs, mg/L 36 15371 6820 38500
NHs-N, mg/L 42 2128 1230 2690
AKM, mg/L 40 1994 940 4720
P, mg/L 37 2.6 0.1 6.4
Color, PtCo 41 19555 7400 44700
Chloride, mg/L 42 3428 725 8500
Fe, mg/L 42 73,9 4.91 365,3
Mn, mg/L 39 4.28 0.27 211
Cu, mg/L 39 0.20 0.10 0.42
Zn, mg/L 41 1.07 0.25 3.61
Pb, mg/L 40 0.86 0.18 3.57
Cd, mg/L 39 0.09 0.03 0.21
Cr, mg/L 39 0.32 0.07 0.91
Ni, mg/L 39 0.75 0.36 2.23
3. Results

After the concrete specimens cured in different waters were removed and cle-
aned on the 28th, 56th, 90th, and 180th days, their compressive strengths were
determined using a 200-ton capacity press. The results are presented in Tables
3.1,3.2,and 3.3.

Analysis of the sewage and landfill leachate during the experimental studies
revealed that the water contained various chemicals, including sulfur, sulfate, salt,
oil, organic matter, alkalinity, and ammonium nitrate (NH4sNOs). These substan-
ces contribute to varying degrees of damage to both concrete and steel. The con-
centration of the substances used for curing influenced the intensity and duration
of the damage observed.

A detailed examination of the test results shown in the tables indicates that
these waters reduce the compressive strength of concrete over time. This effect is
particularly pronounced in low-strength concretes, with C20 concrete exhibiting
a greater reduction in strength after 180 days compared to C30 concrete.

Table 3.1. Compressive Strength Of Concrete Cured In Sewage Water (kgf/cm?)

Concrete Grade Day

28 mean 56 mean 90 mean 180 mean

C20 246 246 314 305 339 338 361 385
250 308 334 410
243 292 341 385
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C30 265 264 343 335 367 366 402 410
267 338 362 421
261 322 370 407

Table 3.2. Compressive Strength Of Concrete Stored In Waste Water (kgf/cm?)

Day
Concrete Grade| 28 mean | 56 mean 90 mean 180 mean
Cc20 297 | 306 330 327 362 349 275 320
305 320 346 287
316 331 340 396
C30 340 | 337 360 360 374 382 369 359
350 358 387 320
321 362 384 389

Table 3.3. Compressive Strength Of Concretes Stored In Normal Water (Kgf/Cm?)

Concrete Grade Day

28 mean 56 mean 90 mean 180 mean

C20 302 309 334 337 352 354 368 365
308 343 358 365
316 334 352 363

C30 334 336 366 365 362 380 366 376
339 370 392 388
336 358 389 374

4. Conclusion and Recommendations

Some concrete and reinforced concrete building elements may be used conti-
nuously or occasionally, depending on their functions. These elements can come
into contact with water containing various chemicals, some of which can damage
both the concrete and its reinforcement. The effects of this damage can vary from
weak to moderate to severe, depending on the type and concentration of chemi-
cals present in the water (Scrivener et al., 2011; Salvador et al., 2016).

The liquids may contain harmful substances such as sulfates, sulfites, chlorine,
ammonia, oils, organic materials, carbonates, acids, and similar agents that can
cause damage to concrete. For instance, the presence of sulfates in the environ-
ment can lead to salt expansion within the concrete, potentially causing explosi-
ons. Chlorine ions can contribute to the corrosion of steel reinforcement and the
gradual disintegration of concrete. Additionally, high alkalinity in water can also
harm concrete. Calcium carbonate in water reacts with carbonic acid to form cal-
cium bicarbonate, which dissolves calcium hydroxide in cement, rendering the
concrete more porous (Salvador et al., 2016; Taylor et al., 1997; Miller et al.,
2016; Dos et al., 2017; Sandrolini et al., 2001).
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Sulfur compounds and sulfur present in water become detrimental to concrete
when hydrogen sulfide, produced over time in hot conditions, reacts with atmosp-
heric oxygen to form sulfuric acid. The effects of sulfuric acid on concrete can be
highly destructive, depending on its concentration in the water.

Organic substances such as animal and vegetable oils (e.g., margarine, soy-
bean oil), ammonium compounds, bleaches, detergents, and fertilizers in water
can have either slow or rapid polishing effects on concrete (Farid et al., 2019;
Scrivener et al., 2011; Salvador et al., 2016; Hover et al., 2011).

The effectiveness of certain chemicals increases with the pH level of the
water. Waters with a pH value below 6.5 are considered acidic, which enhances
the effectiveness of chemical substances. Conversely, water with a pH above 6.5
must contain bicarbonate to be effective. Extremely high pH values (>13) can
lead to alkaline aggregate reactions, as alkali-silica reactions can develop in en-
vironments with elevated hydroxyl ions (Ghorbani et al., 2019; Gholhaki et al.,
2018).

Examination of the sewage and landfill leachate used in experimental studies
indicates that these waters contain chemical substances such as sulfate, sulfur,
salt, oil, organic matter, alkalinity, and ammonium nitrate. These substances af-
fect concrete to varying degrees, resulting in damage depending on their concent-
ration. The effects are generally slow and long-lasting (Wei et al., 2017; Ahmed,
2017).

Test results reveal that wastewater reduces the compressive strength of conc-
rete over time (Su et al., 2003; Su et al., 2000; Esfahani et al., 2018), and it can
be concluded that these effects will escalate with time. Specifically, the reduction
observed at 180 days was slightly more pronounced in the C20 concrete compa-
red to the C30 concrete. Therefore, concretes that come into contact with was-
tewater and chemically contaminated water are likely to lose strength and dura-
bility over time. To mitigate this issue, it is crucial to prevent concrete from co-
ming into contact with such waters.
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and Landfill Leachate on Concrete Strength," was derived from the master's the-
sis prepared by Dr. Mehmet Hayrullah Akyildiz at Sakarya University, Institute
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