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Kars Harakani Havalimam Yer Hizmetlerinin Is Saghg ve Giivenligi Acisindan Incelenmesi

Cesur ERDOGANY | ismail CAKMAK?

1 Kafkas Univerfitesi Susuz Meslek Yiiksek Okulu, Ulagtirma Hizmetleri Boliimii, Kars, Tiirkiye
) 2 Kafkas Universitesi, Fen Edebiyat Fakiiltesi, Kimya Boliimii, Kars, Tiirkiye
(Tlk Gonderim / Received: 15. 07. 2023, Kabul / Accepted: 12. 12. 2024, Online Yayin / Published Online: 24.12.2024)

Anahtar Kelimeler:
Havacilik,

Is Saghig,

Is Giivenligi,

Yer Hizmetleri,
Fine-Kinney.

Ozet: insanoglunun gokyiiziine olan meraki ve ugma arzusu insanlik tarihi kadar eskidir. 1903 yilinda Wright
Kardeslerin ilk motorlu ugagi yapmalarinin iizerinden heniiz bir asir zaman ge¢mesine ragmen havacilik
alaninda ciddi ilerlemeler yasanmistir. Hava araglari insanlarin seyahat i¢in harcamis olduklar siireyi kisaltmig
ve zaman igerisinde gelisen teknoloji ile birlikte daha konforlu bir hale getirmistir. Gliniimiizde ¢ok ciddi bir
sektor haline gelen havacilik iilke ekonomileri i¢inde ciddi bir girdi kalemi olusturmaktadir. ICAO verilerine
gore 2019 yilinda taginan toplam yolcu sayisi 4,5 milyar sayisini gegmistir. 2019 yilinda tiim diinyay: etkisi
altina alan Covid-19 pandemisinin etkisiyle, hava yolu ulagimi, uygulanan seyahat kisitlamalarinin neticesinde
yara almis olsa da 2021 yilinda tiim diinyada 2,3 milyar yolcu tasmmistir. Ulkemizde ise havacilik sektorii hizla
biiyiiyen ve ciddi istihdam olanaklari sunmaktadir. Sivil havacilik genel miidiirliigii tarafindan yayimlanan 2021
yili faaliyet raporuna gore 2019 yilinda 295.547 kisinin ¢alistigi 27.06 milyar dolarlik bir sektor haline gelmistir.
Boylesine hizli biiyiiyen bir sektérde hem sistemin sekteye ugrayip olusabilecek maddi kayiplarin niine
gecilmesi hem de sektor ¢aliganlarinin karsilasabilecekleri kaza ve meslek hastaliklarimin oniine gegilebilmesi
igin is saghg1 ve giivenligi (ISG) uygulamalarinin, saglikli bir sekilde hayata gecirilmesi 6nem arz etmektedir.
Bu galismada Kars Harakani Havalimani yer hizmetleri gézlemlenmis ve elde edilen bulgular Fine-Kinney risk
analizi metodu ile degerlendirilmistir. Arastirma kapsaminda elde edilen bulgular, sonuglar kisminda
tartigilmistir.

A Investigation of Kars Harakani Airport Ground Handling in Terms of Occupational Health

and Safety

Keywords:

Aviation,

Occupational Health, Occupational
Safety,

Ground Handling,

Fine-Kinney.

Abstract: Humanity's curiosity about the sky and desire to fly are as old as human history. Although only a
century has passed since the Wright Brothers built the first motorized airplane in 1903, there have been serious
advances in the field of aviation. Aircraft have shortened the time people spend on travel and made it more
comfortable with the developing technology over time. Aviation, which has become a very serious sector today,
constitutes a serious input item in national economies. According to ICAO data, the total number of passengers
carried in 2019 exceeded 4.5 billion. Although air transportation was damaged as a result of the travel
restrictions implemented due to the Covid-19 pandemic that affected the whole world in 2019, 2.3 billion
passengers were carried all over the world in 2021. In our country, the aviation sector is rapidly growing and
offers serious employment opportunities. According to the 2021 activity report published by the General
Directorate of Civil Aviation, it has become a 27.06 billion dollar sector in 2019, employing 295,547 people.
In such a rapidly growing sector, it is important to implement occupational health and safety practices in a
healthy way in order to prevent both the disruption of the system and the financial losses that may occur and to
prevent accidents and occupational diseases that sector employees may encounter. In this study, Kars Harakani
Airport ground services were observed and the findings were evaluated with the Fine-Kinney risk analysis
method. The findings obtained within the scope of the research are discussed in the results section.

*flgiliyazar: cessur38@gmail.com
DOI: 10.58688/kujs.1361052
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Kars Harakani Havalimam Yer Hizmetlerinin is Saghgi ve Giivenligi Acisindan incelenmesi

1. GIRiS

[SG’de saglik, giivenlik ve tehlike kavramlar1 oldukca
onemlidir. Saglik kavrami, Diinya Saglik Orgiitii tarafindan
"bedensel, ruhsal ve sosyal yonden tam bir iyilik hali" olarak
tammlanmistir (WHO, 1946). Is gorenlerin sagliklarinin
korunmasi i¢in alinacak tedbirler, insan haklarinin temel bir
parcasidir (Demirbilek, 2005). Giivenlik, bireylerin
korkusuzca yagayabilmesi durumunu ifade etmektedir (URL
1). Tehlike kavramu ise, bireylerin arzu ve iradelerinden
bagimsiz olarak ortaya ¢ikan olumsuz durumlart ifade eder
(URL 2). ISG uygulamalari, is gérenlerin sagligi koruyarak
is doyumunu ve performansmi artirmayr amaglar. ISG
kapsaminda, is gorenlerin maruz kalabilecekleri tehlikelere
kars1 koruyucu tedbirler alinmasi is sagligi, is ortaminin olasi
risk ve tehlikelerinin onlenmesi ise is giivenligi olarak
tanmimlanabilir (Seyyar, 2005). Geleneksel yaklasim is
gorenlerin sagligini koruyacak tedbirleri hedeflerken, modern
yaklagim ise liretim verimliligini de dikkate alir (Gerek, 2000;
Acar, 2014).

Is Giivenligi, yapilan bir isin hem isi yapan kisilerin hem
de isin gergeklestirildigi ¢alisma ortamindaki kisilerin ve is
sahasinin zarar gormesini 6nlemeyi amaglayan bir kavramdir.
Is kazalarinin ¢ogunda insan davraniglarmin énemli bir faktor
oldugu bilinmektedir (Akalp, 2005). Kiiltiir, Tirk Dil
Kurumu tarafindan "Muhakeme, zevk ve elestirme
yeteneklerinin 6grenim ve yasantilar yoluyla gelistirilmis
olan bi¢imi" seklinde tanimlanirken, giivenlik kiiltiiri
kavrami ise ilk olarak 1986'da Cernobil Niikleer Reaktorii
kazas1 sonrasinda Uluslararast Niikleer Giivenlik Grubu
(INSAG) (INSAG-1) tarafindan kullanilmis ve "Isyerlerinde
ve bireylerde, kesin bir oncelik olarak, niikleer tesisin
giivenligi ile ilgili 6nemli konularmn, spesifik 6zelliklerin ve
Onleyici yaklagimlarin biitliniidiir" seklinde aciklanmistir
(Akalp, 2005). Patrik Hudson'a gore, iyi bir emniyet kiiltiirii
olusturmak i¢in  organizasyondaki yoneticilerin  ve
denetcilerin genel igleyis hakkinda yiiksek bir bilgi seviyesine
sahip olmasi gerekmektedir. (Hudson, 2001).

Hava tagimaciligl sektoriinde, her yil yer hizmetleri
personelinin neden oldugu bir¢ok olay ve kaza meydana
gelmektedir. Her 5000 ugustan biri, havalimani olaylarindan
kaynaklanan hasarlarla sonuglanmaktadir ve bu tiir olaylarin

%90'!ndan  fazlast1  yer  hizmetleri  personelinden
kaynaklanmaktadir.  Giivenligin  etkin  bir  sekilde
yonetilmesinin, organizasyondaki var olan giivenlik

kiiltiirtine biiyiik olgiide bagli oldugu disiiniilmektedir
(Kennedy, 1998).Kuruluslarin amacina ulagabilmesi icin
calisanlarin maruz kalabilecegi potansiyel tehlikelerin
tanimlanmasi, analizi ve bu tehlikelerin sonuglarina iligkin
etki ve siddetin degerlendirilmesi siireci, risk yonetimi olarak
adlandirilabilir. Risk yonetimi siireci, uzmanlik gerektiren

Tablo 1. Risk Degerlendirme Skoru.

yontemleri icermektedir ve karar vericiler i¢in ig¢ilerin maruz
kalabilecegi is kazalari ve meslek hastaliklarina kars
koruyucu nitelikte verileri somutlastirarak sunar (Ozkilig,
2005). Is gorenlerin yeterliliklerinin korunmasi igin her
birinin i performansi ve bilgi diizeyinin 3 yilda bir tazeleyici
egitim  veya  yazili  smavlarla  degerlendirilmesi
gerekmektedir.

Tiirk Dil Kurumu, bir havaalanini "igerisindeki bina, tesis ve
donatimlar dahil u¢aklarin inis, kalkis ve yer hareketlerini
yaparken kullanabilmeleri amaciyla belirlenmis, iilke
icindeki ucuslarin yapildigi saha" seklinde tanimlar (URL 3).
Havaalaninda gergeklestirilen faaliyetlerin ve bunlarin olasi
risklerinin anlagilabilmesi igin Oncelikle havaalaninda
bulunan boliimlerin ve bu bdliimlerde yiiriitiilen faaliyetlerin
bilinmesi gerekir.

Bu calismada Kars Harakani Havalimani yer hizmetleri
gozlemlenmis ve elde edilen bulgular Fine-Kinney risk
analizi metodu ile degerlendirilmistir. Arastirma kapsaminda
elde edilen bulgular, sonuglar kisminda tartigilmustir.

2. MATERYAL VE YONTEM

ISG calismalarinda, risk analizi ydntemi segimi risk
belirlemede énemli bir adimdir. ISG alaninda bircok farkli
risk analizi yontemi mevcuttur. Bu g¢alismada en yaygin
kullanilan yontemlerden biri olan Fine-Kinney Risk Analiz
Metodu tercih edilerek risk analizleri gergeklestirilmistir.

2.1. Fine-Kinney Risk Analiz Metodu

Fine-Kinney Risk Analiz Metodu, kazanin gergeklesme
olasilig1, kazanin giddeti ve g¢alisanlarin kaza riski tasiyan
durumlara maruz kalma siklig1 gibi faktorler dikkate alinarak
analiz yapilir. Fine-Kinney Risk Analiz Metodu'nda risk
hesaplamast R= 1 x F x S formiilii kullanilarak yapilir. Bu
formiilde, R = Risk skoru, I = Kazanin gerceklesme ihtimali,
F = Kaza riski tasiyan durumlara maruz kalma sikligi
(frekans), $ = Kazanin gergeklesmesi halinde yaratacagi
siddet durumunu ifade eder. Bu yonteme gore, kazanin
yasanma ihtimali, kaza potansiyeli tagiyan duruma maruz
kalma siklig1 degeri, kazanin yasanmasi halinde yaratacagi
siddet (S) degeri ve risk degerlendirme yapilmustir.

Analiz edilen risklerin 6nlenmesi ve diizenlenmesi i¢in Tablo
1’de belirtilen degerlendirme skorlarna gore, Onleyici ve
diizenleyici faaliyetler uygulanmistir. Calisma alanindaki is
gorenlerin calisma sahalar1 gozlemlenmis ve tespitler
fotograflanarak gozlem raporlarina kaydedilmistir. Daha
sonra, bu tespitler Fine-Kinney yontemine (URL 4) gore
analiz edilmistir.

Risk Degeri

Risk Degerlendirme Sonucu

_ Cok Yiiksek risk (Caligmaya ara verilerek derhal tedbir alinmali)

Onemli risk (dikkatle izlenmeli ve yillik eylem planina alinarak giderilmeli)

200 <R <400 Yiiksek risk (Kisa vadeli eylem planin almarak giderilmeli)
70 <R <200

20<R<70 Kesin risk (Eylem planina alinmalr)

R <20

Kabul edilebilir risk (Acil tedbir gerekmeyebilir)




3. BULGULAR VE TARTISMA

ERDOGAN & CAKMAK

Kars Harakani Havalimaninda yapilan gézlemler neticesinde
agagidaki tablolarda (Tablo 2-10) verilen bulgular elde

edilmigtir.

Tablo 2. Fine-Kinney, Check-in Konveyorii degerlendirme tablosu.

Ana Faaliyet Tehlike Kaynagi Kog;/ﬁ%/or 'I\D/Ij:_’gumt Konveyor Bant
Uzuv
Tehlike Kiyafet
Sikigmast
Etkilenen Calisan
Olasihk 0.5 P?TSP”?'
Risk Frekans 6 Egitimli,
Derecelendirmesi | Siddet 15 Eylem
, - Risk 45 planina
Giden Yolcu Terminali Kesin cklenmig
Check-in Bankosu Karar Risk ve
calisanlara
Eylem gerekli
Diizeltici Faaliyet Planimna S
egitimler
Alinmah verilmis.
Olasihik 0.5
Frekans 6
Siddet 3
Risk 9
Tablo 3. Fine-Kinney Ergonomik degerlendirme tablosu.
Bagaj Yiikleme ve
Ana Faaliyet Tehlike Kaynag —p | Indirme Islemleri Mevcut Durum
Esnasinda Konveyor
Bant Kaynakli Riskler
Tehlike Uzuv Kiyafet Sikismasi
Etkilenen Caligan
Olasiik 0.5
Risk Frekans 6
Derecelendirmesi S;g;ilit 4112 Personel Egitimli,.
Fine-Kinney Ergonomik degerlendirme Karar Kabul Edilebilir Risk | Yiem planina eklenmis ve
- - calisanlara gerekli
Diizeltici Faaliyet Acil TEdbl.r. egitimler verilmis.
Gerekmeyebilir.
Olasihik 0.5
Frekans 1
Siddet 1
Risk 0.5

Tablo 4. Fine-Kinney pat sahasi bagaj islemleri degerlendirme tablosu.

Ucaga Bagaj Yiikleme Islemi

Ana Tehlike Kaynagi ~ —» | Konveyor Bant | Mevcut Durum
Faaliyet
. Uzuv Kiyafet
Tehlike Sikigmasi
Etkilenen Caligan
Olasiik 0.5
Risk Frekans 6 p 1 EBitimi
Derecelendirmesi | Siddet 15 ersonel Egitiml,
Pat Sahasi- Risk 5 Eylem planina
Ramp K Kesin Risk eklenmis ve
Hizmetleri arar caliganlara gerekli
W . Eylem Planina o g
Diizeltici Faaliyet Alinmali egitimler verilmis.
Olasihik 0.5
Frekans 6
Siddet 3
Risk 9
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Tablo 5. Fine-Kinney jet blast degerlendirme tablosu.

. Qﬂ‘;‘/et Tehlike Kayna@n — | Ucak Motoru | Meveut Durum Jet Blast (Zhang, 2001)
. Jet Blasta R
Tehlike maruz kalmak ol e
Etkilenen Calisan N
Olasihik 1
Risk Frekans 6
Derecelendirmesi Siddet 40 Personel Egitimli,
Risk 240 Eylem planina
Pat Sahasi Karar Yiiksek Risk eklenmis ve
Eylem caliganlara gerekli
Diizeltici Faaliyet Planina egitimler verilmis.
Alinmali
Olasihik 1 &
Frekans 6
Siddet 15 /M
Risk 90

(Jet Blast: Jet motorlarinin arkasindan ¢ikan itig giiciiniin ¢evrede yarattigi ugurma etkisi.)

Tablo 6. Fine-Kinney Bagaj arabalar risk degerlendirme tablosu.

Bagaj Arabalari
(Hasarl1 Arag,
Fgﬂaet Tehlike Kaynagi  —» | Yetkisiz Personel, II\DAS;/Sumt Bagaj arabasi
4 Meteorolojik
Kosullar)
Yaralanma, Uzuv
- Kayb1, Oliim. Arag
Tehlike ve Ekipman Hasar1
Sonucu Maddi Kayip
Etkilenen Caligan-Ekipman
Olasilik 3 P‘?rs.onﬁl
Pat Sahasi- Risk Frekans 6 . lEgmfil 1,
Bagaj Derecelendirmesi Siddet 40 ylem planina
indiri ; eklenmis ve
Indirip Risk 720
.. calisanlara
[ikdeme Karar erekli
Islemleri Calismaya Ara ger
T . . egitimler
Diizeltici Faaliyet Verilerek Derhal verilmi
Tedbir Alinmali ¥
Olasiik 3
Frekans 6
Siddet 7
Risk 126

Tablo 7. Fine-Kinney pat sahas: yiikselip/ algalma ve yiiklere hareket verebilme 6zellikleri ile donatilmig arag islemleri degerlendirme tablosu.

Yiikselip/Algalma ve
Yiiklere Hareket
Verebilme Ozellikleri
Ana Tehlike Kaynagi — ile Donatilmis Arag Mevcut Yiikselip/z}lgalma ve Yiiklere Hareket
Faaliyet (Konteyner Diismesi, Durum Verebilme Ozellikleri ile Donatilmis Arag
Yiiksekten Diisme, Arag
Hareketi Esnasinda
Olusacak Kazalar.)
. Uzuv Kopmast,
Tehlike Yaralanma

Etkilenen Caligan Personel
Olasiik 0.5 Egitimli,

Risk Frekans 6 Eylem

Pat Derecelendirmesi | Siddet 15 planma
Sahasi— Risk 45 eklenmis

Ramp Karar Kesin Risk ve
Hizmetleri Diizeltici Faaliyet Eylem Planina Alinmali galisanlara

Olasihk 0.5 Q?Fek"
Frekans 6 egitimler
Siddet verilmis.

Risk
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Tablo 8. Fine-Kinney ugak motor giiriiltiisii degerlendirme tablosu.

Ana Faaliyet Tehlike Kaynagi —> Ucak-Jet Motoru Mevcut Durum
Tehlike Giiriilti
Etkilenen Calisan
Olasihik 3 e
Risk Frekans 6 I;(ersonel Eim.nhl’
Derecelendirmesi Siddet 7 ~oruyucu RIS1se
- Ekipman Kullaniliyor
Risk 126 .
= = Fakat Eksikler Mevcut,
Pat Sahasi— Karar Onemli Risk Eksik Ekipman Temin
Ramp Hizmetleri Dikkatle Izlenmeli ve o
. . Edilmeli. Eylem Planina
Diizeltici Faaliyet yillik eylem planina Eklenmis ve Cahsanlara
alinarak giderilmegi. Gerekli Egitimler
Olasihk 3 Verllmls
Frekans 6
Siddet 1
Risk 18

apron, taksi yollar1 ve bitisik alanlar1 ifade eder.)

Tablo 9. Fine-Kinney pat sahasi agir yiik kaldirma indirme islemleri degerlendirme tablosu.

(PAT Sahasi: Hava araglar ve bunlarin faaliyetleri ile ilgili arag-gereclerin hareket etmesi ve park edilmesinde kullanilan asfalt, beton ve toprak yapidaki pist,

Kargo Yiikleme ve
Ana ) 5 Indirme Islemleri Meveut
Faaliyet Tehlike Kaynagi  —» | Esnasinda Agir Yik Durum Agrr yiik kaldirma indirme
Kaldirma, Itme ve
Cekme
Kas-Iskelet sistemi
Tehlike hastaliklari,
yaralanma
Etkilenen Calisan
Olasihik 3 Personel
Risk Frekans 6 Egitimli,
Pat Derecelendirmesi Siddet 15 Elylem
Sahasi— Risk 270 ek{’eﬁﬁ?ave
Ramp Karar Yiiksek Risk ) 1$
Hizmetleri Kisa Vadeli eylem | ¥ 3% 21
Diizeltici Faaliyet Planma Alinarak egi timler
Giderilmeli verilmis.
Olasiik 3
Frekans 6
Siddet 3
Risk 54
Tablo 10. Fine-Kinney Bilingsiz ve yetkisiz personel davraniglari.
Ana : 5 Bilingsiz ve yetkisiz Mevcut .
Faaliyet Tehlike Kaynag — —> personel Durum Zemin ve araglar
Zemin ¢izgileri,
tabelalar ve
Tehlike 1stklandirmalarin
anlamlarini bilmeyen
calisanlar
Etkilenen Cahigan Personel
Olasihk 1 Egitimli,
Risk Frekans 6 Eylem planina
Pat gahaISI Derecelendirmesi | _Siddet 100 Zklenrli)lis ve
H_iznqegt?er Risk 600 (;ahs,anlgra
Karar gerekli
Caligmaya Ara egitimler
Diizeltici Faaliyet Verilerek Derhal verilmis.
Tedbir Alinmalt
Olasihk 1
Frekans 6
Siddet 7
Risk 42
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4. SONUC

Sivil havacilik endiistrisi, genel faaliyetleri bakimindan
calisan saglig1 icin dnemli derecede tehlikeli ve ¢ok tehlikeli
isleri icermektedir. Uluslararas1 Calisma Orgiiti (ILO),
calisan sagligin1 korumak ve ¢alisma ortamini daha giivenli
hale getirmek i¢in bir¢cok tavsiye karar1 ve sézlesme metni
ortaya koymustur. Bu sozlesmelere taraf {ilkeler, ulusal
mevzuatlarinda gerekli  diizenlemeleri yaparak tiim
isletmeleri i¢in baglayici hiikiimler getirmistir. Havacilik
endiistrisi, kesin kurallarin uygulandigi bir sektordiir; aksi
halde telafi edilmesi zor durumlarla karsilasilabilir. Havacilik
sektoriinde, her bir ig sahasi kendi kurallarina sahiptir ve bu
kurallarin kesin bir sekilde ogretildigi egitim siirecleri
bulunmaktadir. Sektdr calisant olmak isteyen adaylar, egitime
tabi tutulmadan ise baslatilmamaktadir. Caligsanlarim kendi
birimlerinde yetkilendirildikleri isleri yapmalari, ydnetim
kademesi tarafindan denetim ve gdzetim altinda
gerceklestirilmektedir. Ozellikle hava tarafinda calisan
personel icin zemin ¢izgileri, tabelalar ve sesli/isikli uyari
sistemleri gibi gostergelerin anlamini bilmek son derece
6nemlidir.

Bu ¢alisma boyunca Kars Harakani Havalimani terminal
binasi, hava tarafinda yapilan gozlemler neticesinde asagidaki
sonuglara varilmigtir: (i) Bu alanda c¢alisan personel sadece
yetkilendirildikleri isleri yapmali ve belirli periyotlarla is
farkindaliklar1 denetlenmelidir. (ii) Bu alanda bulunan zemin
cizgileri, tabelalar ile sesli ve 151kl1 ikazcilarin goriiniir ve faal
durumda oldugu siirekli kontrol edilmelidir. (iii) Bagaj ve
kargo yiikleme-indirme isinde calisan personelin, yapmis
olduklar1 isin belirli boliimlerinde kendi kas giigleri ile bu isi
yapiyor olmalar1 sebebiyle kas iskelet sistemi hastaliklarinin
goriilmesi riskini arttirmaktadir. Bu sebepten otiirii gerek
ucak ici bagaj istifleme gerekse sut altt bagaj dagitim
istasyonlarinda c¢alisanlar i¢in bu riski ortadan kaldiracak ya
da etkisini azaltacak miihendislik 6nlemleri alinabilir. Uyar1
afisleri ile havacilik yer destek ekipmanlarinin (kesim-
santim) yiikseltilmesi, basamak zeminle esit olmasi,
basamaklarin alt baglangici esasinda uyumlu bir a¢1 ile rampa
benzeri bir yapi diigmelerin azaltilmasinda etkili olabilir.
Yapilan kok neden analizleri sonucu verilen kararlar
sorgulandiginda egitim, uyari afisleri, korkuluk kullanimi
egitimi gibi Onlemlere ulasgilabilir ve bu oOnlemler igin
diizeltici faaliyet talep edilebilir. Havaalanlarinda yakit
kullanim1 ve motor giiriiltiisiine ve titresimine maruz kalma
ile ilgili tehlikelerle karsi karstyadir. Isitme hasarina,
titresimle ilgili yaralanmalara ve kimyasal maruziyetlere
kars1 koruma saglamak igin kulak korumasi, titresim dnleyici
eldivenler ve koruyucu giysiler gibi KKD'ler onerilir.
Havaalanlarinda is giivenligi uzmanlarinca yapilacak olan
risk degerlendirme islemleri kapsaminda hava tarafi kismi,
barindirdig: riskler ve bu alanda ¢alisan personelin yapmis
oldugu isle alakali bilgi diizeyi ve farkindaligi dikkate
almarak risk degerlendirmesinin yapilmasinin daha uygun
olacag1 sOylenebilir.
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Anahtar Kelimeler:
Yogunluk,

Uglii sistem,
Cozinirliik,

BH(H 2P02)2.

N 2+ + -
Ozet: Bu ¢aligmaya gore; fizikokimyasal analiz yontemleri uygulanarak; Ba  Na /Br,, H2O // (HoPO?) tuz-
su sisteminde bulunan NaBr- H2O- Ba(H2P02)2 iiglii sistemin 273.15 ile 323.15K sicakliktaki yogunluklari

tizerine ¢alisma yapildi. NaBr-H.O-Ba(H2PO:): {iglii su-tuz sisteminin 273.15 K ve 323.15 K sicakliklardaki
yogunluklarmm incelenmesi amaglanmistir. Arastirmanin temel problemi, bu ligli sistemin yogunluk
oOzelliklerinin sicaklik ve bilesim degisiklikleriyle nasil etkilendigini anlamak ve &tonik noktalarini
belirlemektir. Bu bilgiler, tuz-su sistemlerinin fizikokimyasal davraniglarini anlamak ve ileri kimyasal
uygulamalarda kullanilabilir veri saglamak igin onemlidir. Yogunluk ve 6tonik noktalarm tanimi yapilmus,
caligmada kullanilan cihazlar (piknometre, termostat) ve kimyasallar agiklanmistir. NaBr-H>0-Ba(H2PO2).
sisteminin farkli sicakliklardaki yogunluk degisimleri ve 6tonik nokta bilesimleri sunulmaktadir. NaBr-H-O-
Ba(H2PO:): sisteminde, hem 273.15 K hem de 323.15 K sicakliklarda 6tonik noktalar tespit edilmistir. 273.15
K sicaklikta 6tonik nokta bilesimi: %40.95 NaBr, %52.35 H20, %6.70 Ba(H2PO-)2; yogunluk: 1522 kg/m?tiir.
323.15 K sicaklikta otonik nokta bilesimi: %48.62 NaBr, %46.17 H20, %5.21 Ba(H2PO:); yogunluk: 1619
kg/m*'tiir. Siv1 faz yogunluklari, 6tonik noktadaki tuz miktarlarinin artis1 ile sistemin doygun ¢ozeltilerinin
yogunluklarindan daha yiiksek degerler gostermistir. Yogunluk, bilesim ve sicaklik degisiklikleri arasinda
belirgin bir korelasyon bulunmustur. Yogunluk degisimleri, sistemde ¢oziinmiis madde miktarina ve sicakliga
baghdir. Otonik noktadaki yogunluk artisi, bu noktada ¢dziinmiis tuz miktarlarimin yiiksek olmasindan
kaynaklanmaktadir. Elde edilen veriler, farkh sicakliklarda tuz-su sistemlerinin davraniglarii anlamada 6nemli
bir kaynak saglamaktadir. Ayrica, bu tiir sistemlerin kimyasal iiretim siire¢lerinde kullanilabilecegi onerilmistir

Investigation of Density in Sodiumbromide- Bariumhypophosphite-Water Triple Water-Salt

System at Different Temperatures

Keywords:
Density,
Ternary system,
Solubility,
Ba(HzPOz)z

Abstract: According to this study; by applying physicochemical analysis methods; The densities of NaBr-
H20- Ba(H2P02)2 ternary system in Ba2+ Na+/ Br-, H20 // (H2PO2)- salt-water system at temperatures of
273.15 and 323.15K were studied. The aim was to investigate the densities of NaBr-H.0-Ba(H:PO:). ternary
water-salt system at temperatures of 273.15 K and 323.15 K. The main problem of the research is to understand
how the density properties of this ternary system are affected by temperature and composition changes and to
determine their eutonic points. This information is important for understanding the physicochemical behavior
of salt-water systems and to provide usable data in advanced chemical applications. The definition of density
and eutonic points was made, the devices (pyknometer, thermostat) and chemicals used in the study were
explained. Density changes and eutonic point compositions of NaBr-H.0-Ba(H2PO:). system at different
temperatures are presented. In NaBr-H.O-Ba(H:PO:). system, eutonic points were detected at both 273.15 K
and 323.15 K. The eutonic point composition at 273.15 K is: 40.95% NaBr, 52.35% H-0, 6.70% Ba(H2PO2):;
density: 1522 kg/m®. The eutonic point composition at 323.15 K is: 48.62% NaBr, 46.17% H:0, 5.21%
Ba(HzPO2),; density: 1619 kg/m?. Liquid phase densities showed higher values than the densities of saturated
solutions of the system with the increase of salt amounts at the eutonic point. A significant correlation was
found between density, composition and temperature changes. Density changes depend on the amount of
dissolved substance in the system and the temperature. The density increase at the eutonic point is due to the
high amount of dissolved salt at this point. The obtained data provide an important source for understanding the
behavior of salt-water systems at different temperatures. In addition, it was suggested that such systems could
be used in chemical production processes.
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Sodyumbromiir-Baryumhipofosfit-Su Uglii Su- Tuz Sistemindeki Yogunlugun Farkh Sicakliklarda incelenmesi

1. GIRiS

Maddenin hem goriiniisii hem de sekliyle ilgili madde
bilesimini degistirmeyen dzelliklere fiziksel dzellikler denir.
Maddenin fiziksel 6zelliklerini iki ana baglikta toplayabiliriz.
Bunlar ekstensif (kapasite Ozelligi) ve intensif (siddet
ozelligi)’dir. Miktara bagimli olan agirlik ve hacim gibi
ozellikler madde miktarina bagli olan ekstensif 6zelliklerdir.
Yogunluk, kaynama noktasi vs. Ozellikler ise madde
miktarma bagli olmayan intensif oOzellikleri olusturur.
Maddenin birim hacimdeki kiitlesine yogunluk adi verilir.
Yogunluk - kiitle.hacim? ya da d = m.V?! formiiliiyle

gosterilir. Burada hacim ve kiitle birimleri SI birim sistemine
3

gore; m® ve kg’dir. Genellikle daha fazla karsilagilan
yogunluk birimi ise g.cm® veya g.mL%dir. Yogunluk
piknometre adi verilen aletle olgiilir. Maddelerin

yogunluklar1 sicaklifa bagli olarak degisir. Genellikle
sicaklik artist yogunlugu azaltmaktadir. Ancak sicaklik
arttikca hacmi azalan ve yogunlugu artan maddelerde
bulunmaktadir. Erge (2019),’nin belirttigi gibi; Kurnakov
tarafindan ilk kez ifade edilen fizikokimyasal analiz yontemi,
sistemdeki herhangi bir 0&zellige bakilarak (tuzluluk,
yogunluk, vizkozite, iletkenlik vb.) s6zii edilen bu sistemin
bilesenlerinin birbirlerini nasil etkilestirdiklerini ortaya
koymak i¢in kullanilan bir arastirma yontemidir. Adigiizel
(2009)° e gore; soz konusu olan bu yontem dengedeki
¢ozeltinin  (stvi fazdaki)  yogunlugunun  analizine
dayanmaktadir. Asagida yazilmis olan formiil kullanilarak
hesaplamalar yapilmaktadir.

d(t);62.= [(mgéz.' i] ):(m_H2 o mc,)] xD':I"_JIEO

burada;

M¢iz= piknometrenin ¢ozelti ile tartt miktari,
Mu20= piknometrenin destile su ile tartist
Mo= bos olan piknometrenin tartt miktari,
D®420= suyun (t) sicakliktaki yogunlugu.

Aligoglu (2004), fizikokimyasal analiz ydntemlerini
kullanarak, Mn**, Na*/ CI-, H.O//(H2PO,) tuz-su sisteminde
25°C sicakliktaki yogunlugu, viskoziteyi, faz dengelerini ve
¢cOzlnlrligl arastirmistir. Arastirmalarinin  sonunda  iki
Stonik nokta belirlemistir. Oncelikle birinci 6tonik noktanin
bilesimini (%kiitlesi olarak); MnCl, - % 41.50, NaCl - %
4.12, H,0 - % 52.32, Mn(H2P05), - % 2.06 ve seklinde tespit
etmistir. S6zii edilen bu 6tonik noktada 25°C sicaklikta
bulunan siv1 faz ile asagida belirtilen ii¢ kati fazin dengede
olduklarim tespit etmistir: MnCl,.4H-0, NaCl,
Mn(H2P0O,),.H,0’dir. Yukarida belirtilen kat1 fazlarla denge
halinde olan siv1 fazin yogunlugu ve viskozitesi 1522kg.m™
ve 16.20.10° Pa.s olarak belirtilmistir. ikinci 6tonik noktada
sivi faz ile dengede bulunan ii¢ kati faz Mn(H2PO5),.H20,
NaCl, NaH,PO,.H,0 olarak saptamustir. S6zii edilen 6tonik
noktanin bilesimini ise NaH2PO- - % 46.38, NaCl - % 1.80,
H,O - % 51.72, Mn(H2PO2)2 - % 0.10 olarak belirtmistir.
Ikinci 6tonik noktadaki dengede bulunan sivi fazin
yogunlugunu ve viskozitesini sirasiyla 1365 kg.m?® ve
14.42.10° Pa.s olarak saptamgtir.

Alisoglu (2005), izotermik yontem kullanilarak Mn** Na*
/ Br, H0 /I (HoPO2) tuz-su sisteminde 25°C sicakliktaki
¢Oziinlrliigiinii, faz dengelerini, viskoziteyi ve yogunlugu
tayin etmistir. Caligmalar sonunda iki Otonik nokta tespit
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etmistir. [k olan 6tonik nokta bilesimini (% kiitlesi olarak);
MnBr; - % 58.36, NaBr - % 13.72, H,O - % 26.64 ve
Mn(H2PO.), - % 1.28 seklinde tayin etmistir. Saptanan bu
6tonik noktada bulunan 25°C sicakliktaki sivi faz ile agagida
belirtilen ¢ kati haldeki fazin dengede olduklarini
belirlemistir. Bunlar MnBr2.4H,0, NaBr.2H-0,
Mn(H2P0O,),.H20 dir. Yukarida belirtilen kati fazlarla birlikte
dengede olan sivi fazin viskozitesi 17.85. 10° Pas ve
yogunlugu 2047 kg.m? olarak belirtilmistir. Ikinci 6tonik
noktada sivi faz ile dengede bulunan ii¢ kat1 fazin ise
Mn(H2PO,),.H.0, NaH.PO,.H,O, NaBr.2H,O olduklarini
saptamigtir. So6zii edilen O6tonik noktadaki bilesim ise
Mn(H2PO.), - % 0.39, NaBr - % 22.00, H,O - % 37.39 ve
NaH,PO, - % 40.22 yiizdelik olarak belirtilmistir. ikinci
otonik noktada dengede bulunan sivi fazin viskozitesi 27.15
.10 Pa.s ve yogunlugu 1635 kg.m™ olarak saptanmustir. Sozii
edilen dortli  olan  karsihikli  tuz-su  sistemindeki
Mn(H2PO,)2.H20 kristal hidratin kristallesme boliimiiniin
oteki bilesenlere oranla en biiyiikk alanm1 kapladigt

goriilmiistiir. (genel olarak kristallesme bolimiiniin %
92.00'si).

Erge ve ark. (2008), Ba?*, Na* / CI, H,O // (H:POy)
tuz_su sisteminde yer alan H,O-Ba(H2PO-),- BaCl; tiglii olan
sistemin - 0°C de bulunan sicaklikta yogunlugunu,
¢oOziinlirliigiini, faz dengelerini ve iletkenligini tayin etmek
icin caligmalar yapmuslardir. Arastirmalar esnasinda bu
sistemin asagidaki bilesimi igeren bir GStonik noktasinin
bulundugunu saptamuglardir. (% kiitle olarak); Ba(H.PO,),-
7.85, BaCl,-22.53 ve H»0-69.62 Tespit ettikleri bu 6tonik
noktada sivi faz ile iki kati fazin dengede oldugunu
belirtmislerdir: Ba(H2PO5),. H20 ve BaCl,.2H,0

Alacabey ve ark. (2010), yaptiklar1 ¢calismada Ba?* Na*/
Cl, HO // (HPOy) tuz-su sisteminde bulunan H,O-

NaH2PO,-Ba(H2P0,), tuz-su sisteminin 0°C sicakliktaki
yogunlugunu, faz dengelerini, ¢oziiniirliigiinii ve iletkenligini
arastirmislardir. So6zii edilen sistemdeki agagidaki bilesime

sahip olan 6tonik noktay1 saptamislardir. (% kiitle olarak);
H,0-54.18, Ba(H2POZ)2-O.55, NaH,P0O,-45.27

Adigiizel (2014), yapmus oldugu ¢aligmasimda Zn?* Na*/
Cl, H20O/l (H2PO2) dortlii tuz-su sisteminin 0°C sicakliktaki
izotermik yontem kullanarak yogunlugunu, viskozitesini,
¢Oziinlrliigiini, faz dengelerini, tuzluluk oranimm ve
iletkenliginin arasgtirmasim1 yapmustir. iki 6tonik nokta
saptanugtir. ilk dtonik nokta bilesimini (% kiitle olarak);
H,0-54.43, NaHP0,-43.99, Zn(H,P0O,),-0.49, NaCl-1.09
olarak belirlemistir. Sozii edilen O6tonik noktada 0’c
sicakliktaki sivi faz ile beraber asagida belirtilen ii¢ kati
haldeki fazin dengede oldugu tespit edilmistir. Bu fazlar
Zn(H2P0Oy)2.H,0, NaCl, NaH;PO,.H,O’dir. Ikinci olarak
belirlenen 6tonik noktanin bilesimi (% kiitle olarak dlgiilen
degerler); H,0-33.26, Zn(H;P0O,),-6.78, ZnCl,-54.82, NaCl-
5.14 olarak saptamistir. Sozii edilen Gtonik noktada 0’c
sicaklikta s1v1 faz ile {i¢ kat1 haldeki fazin dengede olduklarini
tespit etmistir. Bu fazlar ZnCl,.2H,0, 2NaCl.ZnCl,.2H;0,
ZI’](HzPOz)z,’dir.

Ozdek ve ark. (2014), Ba?* Na*/ CI-, H,0// (H.PO;)" tuz-
su sisteminde bulunan H,O- Ba(H2PO,),-Na,Cl; iiglii su-tuz
sistemin 50°C sicakliktaki izotermik yontem kullanarak
yogunlugunu, faz dengelerini, ¢oziiniirliigiinii ve iletkenligini
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saptamak i¢in cahiymalar yapmuslardir. Sozii edilen
sistemdeki ‘’Bilesim-Ozellik’’ diyagramini ¢izmislerdir.

Zheng ve ark. (2016), calismalarinda, tuzlu olan
minerallerin  ¢ozinirliiklerini ve iki t¢li  sistemdeki
¢ozeltilerin yogunluklarini, kalsiyum kloriir-su-¢inko kloriir
ve potasyum Kkloriir-su-¢inko kloriir, izotermal yoOntem
kullanilarak ¢6ziinme denge metodu ile 373 K'de
Olgmiislerdir. Tespit edilen denge ¢oziiniirlik verisi ve
karsilig1 olan denge kati fazlarina gore, iki sistemin yogunluk
diyagramlarmi ve faz diyagramlarimi gizmislerdir. Uglii
CaCly- H,0-ZnCl; sistemin 373 K'de faz diyagranu ii¢ tek
degiskenli ¢oziiniirliik egrisi, iki degismez nokta ve CaCly ¢
ZnCl; « 2H20, ZnCl;, CaCl; » 2H,0 ye karsilik gelen ti¢ kati
kristalin faz bélimiinden meydana geldigini belirtmislerdir.
Buna ek olarak {i¢lii KCI-H,0-ZnCl; sistemin 373 K'de faz
diyagramu, ii¢ tek degiskenli ¢oziiniirliik egrisi, iki degismez
nokta ve 2KCl * ZnCly, KCI ve ZnCl,'ye karsilik gelen ii¢ kat1
kristalin faz alanindan meydana geldigini belirtmislerdir.

2. MATERYAL VE YONTEM

2.1. Arastirmasi Yapilan Sistemde Kullamlan Cihazlar ve
Kimyasallar

Arastirilmasi yapilan sistemin yogunlugu, ¢oziiniirligii,
dengede olan fazlar1 ve iletkenligi tayin edilirken 6zel bir cam
kap kullanildi. Cozeltinin yogunluk tayinini yapmak i¢in 5-
10 mL hacme sahip olan piknometre kullanildi. Pipet
kullanilarak aragtirmast yapilan bu sistemin sivi faz
kismindan numune alinarak piknometreye aktarildi. Gerekli
olan hacimden biraz daha fazlasi ilave edildi. Cozeltinin
oldugu ayn1 olan sicaklikta termostatta 15-20 dakika kadar
bekletildi. Bu islem sonunda siizge¢ kagidindan kii¢iik bir
parca alinarak piknometrede bulunan ¢dzelti, var olan ¢izgiye
kadar ilave edildi. Piknometre, slizge¢ kagidi arasinda
kurutularak tartildi (Sekil 1 ve Sekil 2).

NaBr- H.0-Ba(H2PO,): ii¢lii tuz-su sistemini olusturmak
icin; Merck ve Riedel-de Haen’in tuzlar1 kullanilmustir.

Ba(H2P03)2.H20 tuzu ise;

BaCOsz + 2H3P02—>Ba(H2P02)2.HzO+COz

P T e

Sekil 1. Bu yéntmin Afégtlrilfhés; esnasinda ihtiya¢ duyulan 6zel
cam diizenek.

Sekil. 2. Arastirilmast yapilan sistemde kulanllis olan
piknometre.

tepkimesi sonucunda laboratuvar ortaminda saf olarak elde
edilmistir. Elde edilen tuz i¢in iki defa kristallendirme islemi
yapilmistir (Erge, 2013). Sistemdeki dengede bulunan fazlar
ve ¢Oziiniirliik tayini i¢in elektro- termostata monte edilmis
0zel cam kap, sistemdeki s1vi fazin yogunlugunu tespit etmek
icin 5 mL hacmi olan piknometre kullanilmistir.

3. BULGULAR VE TARTISMA

273.15 K sicaklikta; NaBr-H,O-Ba(H:PO), tuz-su
sisteminden elde edilmis olan verilere bakilarak; basit 6tonik
sistemler gesitlerine ait oldugu tespit edilmistir. Caligilan bu
sistemin G6tonik noktasinin bilesimi (% kiitle); 40.95-NaBr
H,0-52.35, Ba(H:P0O2),-6.70 olarak belirlenmistir. Ayni
noktadaki yogunluk ise; 1522 kg.m”tir. NaBr- HO-
Ba(H2PO,), tuz-su sisteminin 273.15 K sicakliktaki sivi fazin
yogunluk tayini esnasinda elde edilmis olan deneysel veriler
Tablo 1°de ve yogunlugun bilesim ile degisimi Sekil 3’te
gosterilmistir. Tablo 1°deki bilgilere bakilarak NaBr- H,0-
Ba(H:PO;), tuz-su sistemin 273.15 K sicakliktaki
yogunlugunun Yeneke-Le Chatelier yontemiyle diyagrami
¢izilmistir.

Tablo 2’de belirtilen verilere goére NaBr- H,O-
Ba(H:PO;), tuz-su sistemin 323.15 K sicakligindaki
yogunlugu Yeneke-Le Chatelier yontemine dayanilarak
diyagrami ¢izilmistir.

273.15 K sicaklikta galigilan NaBr- H,O-Ba(H2PO>), tuz-
su sisteminin yogunlugunun tayini esnasinda ii¢genin H>O-
NaBr tarafindan Ba(H2PO>), kosesine ilerledigimizde sivi
fazin yogunluk degeri 1482 kg.m®den (NaBr doygun
¢ozeltisinin yogunlugu), sisteme Ba(HPO,), tuzu ilave
edildikten sonra sonug degiserek 1522 kg.m*e kadar
(sistemin s1v1 fazinin 6tonik noktadaki yogunlugu) yiiksek bir
degere geldigi gozlenmistir.
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Tablo 1. Ba(H2PO2)2- NaBr- H20 tuz-su sisteminin 273.15 K sicakliktaki ¢oziiniirliik ve yogunluk sistemle degisim verileri.
100 Mol Tuz Karisiminda 100 Mol Tuza

Sivi Faz(% Kiitle) Kars1 H20 Mol d (kg.m3)

No NaBr Ba(H2POZ)2 Hzo NaBr Ba(H2P02)2 Say1s1

1 43.39 0.00 56.61 100.00 0.00 1493 1482
2 42.15 2.15 55.70 96.21 3.79 1455 1495
3 41.80 4.25 53.95 92.72 7.28 1325 1505
4 41.50 5.85 52.65 90.19 9.81 1306 1510
5 41.18 6.50 52.32 89.14 10.86 1302 1518
6 40.95 6.70 52.35 88.79 11.21 1299 1522
7 40.95 6.70 52.35 88.79 11.21 1299 1522
8 40.25 7.25 52.50 87.79 12.21 1311 1517
9 36.12 8.18 55.70 85.12 14.88 1602 1510
10 28.66 8.96 62.38 80.56 19.44 2007 1492
11 22.52 10.48 67.00 73.58 26.42 2352 1430
12 15.51 12.38 72.11 61.88 38.12 3400 1360
13 8.63 13.99 77.38 44.43 55.57 4825 1274
14 0.00 15.03 84.97 0.00 100.00 8386 1143

Tablo 2. NaBr- H20-Ba(H2POz2)2 tuz-su sisteminin 323.15 K sicakliktaki ¢oziiniirliigii ve yogunlugunun sistemin bilesimi ile degigimi.

Siv1 Faz(% Kiitle) 100 Mol Tuz Karistiminda 100 Mol Tuza Kars1 H2O Mol d (kg.m?)

No NaBr Ba(H2PO2)2 H20 NaBr Ba(H2P0O2)2 Sayisi

1 51.92 0.00 48.08 100.00 0.00 1060 1577
2 51.00 1.35 47.65 97.99 2.01 1048 1585
3 50.45 2.35 47.20 96.53 3.47 1034 1593
4 49.65 3.45 46.90 9491 5.09 1026 1605
5 49.30 4.19 46.51 93.85 6.15 1013 1610
6 48.62 5.21 46.17 92.36 7.64 1004 1619
7 48.62 5.21 46.17 92.36 7.64 1004 1619
8 45.20 6.15 48.65 90.50 9.50 1115 1604
9 40.50 7.78 51.72 87.09 12.91 1273 1584
10 37.10 8.40 54.50 85.13 14.87 1431 1578
11 33.80 9.59 56.61 82.04 17.96 1573 1552
12 28.40 10.92 60.68 77.12 22.88 1886 1534
13 20.57 13.10 66.33 67.05 32.95 2475 1478
14 13.90 14.58 71.52 55.2 44,73 3255 1415
15 7.80 16.55 75.65 37.92 62.08 4209 1320
16 0.00 18.50 81.50 0.00 100.00 8386 1103

d kg/m* d kag/m*

4 '
1600 — = 1600

1450 = b 1480

1360 — = 1360

1240 = 1240

1120 = 1120

1000 1000

5

50 — 3% N
Ba(HPOd: €—— 75 £ 2

-
EnoLh

Sekil 3. NaBr- H20-Ba(H2PO2): tiglii tuz-su sisteminin yogunlugunun Yeneke-Le Chartelier diyagramu.
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d kgim’® d kg/m®
1600 —| A “AA — 1600
‘__A‘ AL
A
1480 — A | 1480
A
1360 — I 1360
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1240 — — 1240
1120 4 1120
1000 1000
I I I
25 50 75 ——  Nadr

Ba(HzPQz)z «—— 75

50

25

Sekil 4. NaBr- H20-Ba(H2POz)2 tuz-su sisteminin yogunlugunun Yeneke-Le Chatelier diyagramu.

NaBr-H,0-Ba(H2PO2), tuz-su sisteminin 273.15 K
sicakliktaki yogunlugunun tayini esnasinda iiggenin H,O-
Ba(H.PO,), tarafindan NaBr kosesine ilerledigimizde sivi
fazin yogunluk degeri 1143 kg.m*den (Ba(H.PO,), doygun
olan ¢dzeltinin yogunlugu), sisteme NaBr tuzu ilave
edildikten sonra sonug¢ degiserek 1522 kg.m™e kadar
(sistemdeki sivi fazin 6tonik noktada bulunan yogunlugu)
yiiksek bir degere geldigi gozlenmistir.

323.15 K sicaklik degerinde ise elde edilen deneysel
verilere gore; NaBr- HoO-Ba(H2POy)qticlii tuz-su sisteminin
basit Gtonik sistemler ¢esidine ait oldugu tespit edilmistir.
Calisilan sistemin 6tonik noktasinin bilesimi ise (% kiitle); %
5.21 Ba(H2P0,)2, % 48.62 NaBr ve % 46.17 H,O olarak tespit

edilmistir. Ayn1 noktadaki yogunluk ise; 1619 kg.m>3 “tir.

NaBr- H;0-Ba(H:PO2); tuz-su sisteminin 323.15 K
sicaklikta bulunan sivi fazda yogunluk 6l¢iilmesi esnasinda
belirlenen deneysel veriler Tablo 2’de ve yogunlugun bilesim
ile degisim diyagrami Sekil 4’te ¢izilmistir.

323.15 K sicaklik degerinde NaBr- H,O-Ba(H,PO,), tuz-
Su sisteminin aragtirtlmasi liggenin H>O-NaBr’iin oldugu
taraftan Ba(H2POy), tarafina dogru yapildig: esnada, sisteme
Ba(H.PO,), tuzu ilave edildikten sonra sivi fazin
yogunlugunun 1577 kg.m3‘den (NaBr tuzunun doygun
¢ozeltideki yogunlugu) 1619 kg.m_3’e kadar (s1v1 fazin 6tonik
noktadaki yogunlugu) yiikseldigi goriilmiistiir.

NaBr- H,O- Ba(H:POy), tuz-su sisteminin 323.15 K
sicaklik degerinde aragtirilmasi tiggenin H»O-Ba(H2PO,),
oldugu taraftan NaBr tarafina dogru yapildig: esnada, sisteme
NaBr tuzu ilave edildikten sonra sivi fazin yogunluk degeri
1103 kg.m'3’den[Ba(H2P02)z tuzun doygun olan ¢ozeltinin
yogunlugu] 1619 kg.m'a’e kadar (stvi olan fazin &tonik
noktadaki yogunlugu) yiikseldigi saptanmustir.
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4. SONUC

NaBr-H20-Ba(H2PO:): ii¢lii tuz-su Sisteminin yogunluk
ozellikleri ve Otonik noktalar1 273.15 K ve 323.15 K
sicakliklarinda kapsamli bir sekilde analiz edildi. 273.15 K'de
tespit edilen Stonik noktada, sistemin yogunlugu 1522 kg/m?
olarak bulundu ve bu deger, saf suya veya bireysel tuzlarin
doygun ¢ozeltilerine kiyasla oldukga yiiksekti. Benzer
sekilde, 323.15 K sicakliginda 6tonik nokta yogunlugu 1619
kg/m3e ulasti. Bu durum, sicakligin artigtyla yogunlukta
meydana gelen artig1 dogrulamaktaydi. Her iki sicaklikta da
yogunluk artiginin temel nedeni, tonik noktalarda ¢oziinmiis
tuzlarin toplam konsantrasyonunun artmastydi. Calismada,
sicakligin  yogunluk {izerindeki etkisini net bir sekilde
gosterildi. Daha yiiksek sicakliklarda, ¢6zeltideki bilesenlerin
hareketliligi artmakta ve Otonik noktalarda tuzlarin
¢ozlnirligi daha fazlaydi. Bu da sistemin yogunlugunun
yiikselmesine  yol agti. Arastirmada, farkli tuz-su
sistemlerinin fizikokimyasal 6zelliklerini anlamada teorik bir
temel saglanmaktadir. Ayrica, NaBr ve Ba(H:PO:). gibi
tuzlarin ¢oziinme ve yogunluk dzelliklerinin net bir sekilde
belirlenmesi, ileri  kimyasal iiretim  siireglerinde
kullanilabilecek potansiyel bir rehberdir. Caligmada
kullanilan fizikokimyasal yontemler, deniz, yeralti ve g6l
sularinda bulunan tuzlarin incelenmesi gibi gesitli gevresel ve
endiistriyel  problemlerin  ¢éziimii i¢in  uyarlanabilir
niteliktedir. Elde edilen "Bilesim-Ozellik" diyagramlarinin,
degerli kimyasal maddelerin geri kazanilmasinda ve
teknolojiye entegre edilmesinde kullanilabilir. Bu, ¢evresel
stirdiiriilebilirligi artirirken ekonomik faydalar
saglayabilecek bir yaklagimdir.
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Abstract: Global warming is currently emerging as a significant cause for concern worldwide. With the increase
in atmospheric greenhouse gases, significant changes in the Earth's climate balance are occurring, leading to
various environmental and economic issues. Effects such as the intensification of heat trapped during the
passage of solar radiation through the atmosphere, rising sea levels, and increased frequency of extreme weather
events are among the direct consequences of global warming. In this article, we will delve into the causes,
effects, and possible solutions of global warming. Initially, we will briefly explore the fundamental concepts of
global warming and the role of greenhouse gases in the atmosphere. Subsequently, we will examine how human
activities and industrialization affect the increase of greenhouse gases in the atmosphere. Additionally, we will
focus on the effects of global warming, evaluating its potential consequences on natural systems and human
life. Finally, we will provide some recommendations for environmental policies and measures that could be
taken to combat global warming. This article aims to serve as a starting point for understanding the complex
and multifaceted nature of global warming. In the following sections, we will delve deeper into the topic to gain
a better understanding of the complexity and severity of global warming. In conclusion, global warming is a
complex problem with a multifaceted solution. Even though the challenges are great, if we act determinedly
and collectively, we can achieve solutions. An approach that makes sustainability transparent and takes a long-
term perspective can lead to a healthier planet and a safe life for future generations.

Diinya Isimyor: Kiiresel Isinmanin Nedenleri, Etkileri ve Coziimleri

Anahtar Kelimeler:
Kiiresel Isinma,
iklim Degisikligi,
Fosil Yakatlar.

Ozet: Kiiresel 1smma giiniimiizde diinya genelinde ciddi bir endise kaynag: olarak karsimiza ¢ikmaktadr.
Atmosferdeki sera gazlarinin artmasiyla birlikte, yeryiiziindeki iklim dengesinde onemli degisiklikler
yasanmakta ve bunun sonucunda gesitli ¢cevresel ve ekonomik sorunlar ortaya ¢ikmaktadir. Giines 1sinlarinin
atmosferden gecisi sirasinda tutulan 1sinin artmasi, deniz seviyelerinin yiikselmesi, asir1 hava olaylarinin
stkliginin artmasi gibi etkiler, kiiresel 1sinmanin dogrudan sonuglari arasinda yer almaktadir. Bu makalede,
kiiresel 1sinmanin nedenleri, etkileri ve olas1 ¢oztimleri ele alinacaktir. Baslangi¢ olarak, kiiresel 1sinmanin
temel kavramlarma ve atmosferdeki sera gazlarinin roliine kisaca goz atacagiz. Sonrasinda, insan faaliyetlerinin
ve sanayilesmenin atmosferdeki sera gazlarini artirma siirecine nasil etki ettigini inceleyecegiz. Bununla
birlikte, kiiresel 1sinmanin etkileri tizerinde durarak, dogal sistemler ve insan yasami iizerindeki potansiyel
sonuglart degerlendirecegiz. Son olarak, kiiresel 1sinmayla miicadelede alinabilecek onlemlere ve gevresel
politikalara yonelik bazi Oneriler sunacagiz. Bu makale, kiiresel 1sinmanin karmasik ve ¢ok yonlii dogasini
anlamak igin bir baslangi¢ noktasi olmayr amaglamaktadir. flerleyen boliimlerde, konuyu daha derinlemesine
ele alarak kiiresel 1stnmanin karmasikligini ve ciddiyetini daha iyi anlayacagiz. Sonug olarak, kiiresel 1sinma,
¢ok yonlii bir ¢6zlim, karmagik bir sorundur. Zorluklar biiyiik olsa da kararli ve ortak bir sekilde hareket ederse,
¢oziimlerimizi ortadan kaldirabiliriz. Stirdiriilebilirligi seffaflastiran ve uzun vadeli bir bakis agis1 benimseyen
bir yaklasim, daha saglikli bir gezegen ve gelecek nesiller i¢in giivenli bir yasam saglamanin yolunu bulabilir.
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The Earth is Heating Up: Causes, Effects, and Solutions of Global Warming

1. INTRODUCTION

The Earth's atmosphere consists of various gases. Solar
rays pass through the atmosphere to heat the Earth's surface.
Gases like CO; CHs NO, Os; and CFCs
(chlorofluorocarbons) in the atmosphere trap some of the heat
from the sun, thus maintaining the Earth's surface at certain
temperature levels. The ability of the atmosphere to retain
heat prevents the freezing of oceans and seas. This warming
and heat-trapping property of the atmosphere is known as the
greenhouse effect (Giiglii, 2006).

Since the end of the 18th century, with the onset of the
Industrial Revolution and especially from the 1950s onwards,
the rapid increase in human activity and the release of
significant amounts of CO2, CH4, N2O, and other gases into
the atmosphere by industrial systems have led to an excessive
greenhouse effect. This has caused a gradual increase in
temperature on Earth's surface (in the lower part of the
atmosphere, known as the troposphere). Human activity has
been present on Earth since its appearance, even before the
Industrial Revolution. However, these activities never
reached the scale to create an event like global warming. The
effect of greenhouse gases on the emergence of Earth's
temperature and climate is of undeniable importance.
Greenhouse gases trap some of the incoming and reflected
rays from the sun, helping to maintain the Earth's surface at
temperatures suitable for humans and other living organisms.
Itis estimated that if greenhouse gases were not present in the
atmosphere, the average temperature on Earth would be 33°C
colder than it is today. Especially in the last 30 years, the
increase in greenhouse gas emissions into the atmosphere,
triggered mainly by technological advancements, excessive
fuel consumption, and population growth, has led to the
continuation of the effects of global warming due to reasons
such as the thinning of the ozone layer (Appenzerler and
Dimick, 2004).

Global warming is not just about the gradual increase in
temperatures worldwide. It involves the occurrence of
extreme heat in one region leading to the rapid spread of
forest fires, increased desertification, and even endangering
human life. Simultaneously, in another part of the world,
excessive rainfall leads to widespread flooding, the
occurrence of flood disasters, and extreme erosion events
(Appenzerler, 2006).

Global warming also leads to the gradual melting of
glaciers accumulated in the polar regions and high mountains.
Consequently, with the rise in sea levels proportional to the
melting of glaciers, countries with land below or at sea level,
such as the Netherlands, Belgium, Denmark, and Germany,
may gradually face the invasion of seas, triggering numerous
natural disasters (Lopatto, 2013).

2. MATERIALS AND METHODS
2.1. Materials

This study was conducted to investigate the effects of air
pollution and climate change on health worldwide. Data
sources included reports from the World Health
Organization, climate science research, academic studies,
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articles published in scientific journals, and reports from
various health organizations. A comprehensive literature
review was conducted to determine the impacts of air
pollution and climate change on children's health.

2.2. Methods

The methodology of this study is based on the analysis of
existing scientific literature to assess the effects of air
pollution and climate change on health. The literature review
involved examining published research to identify the effects
of air pollution and climate change on children's health. The
focus areas of the research included low birth weight,
respiratory diseases, neurological disorders, cognitive
development, and the impacts of climate change on children's
health. Compilation and analysis of existing data were used
to understand the effects of air pollution and climate change
on children's health. This study aims to provide fundamental
knowledge to understand the effects of air pollution and
climate change on children's health and to improve public
health. A multidisciplinary approach, encompassing both
qualitative and quantitative research methods, is required to
analyze the effects of greenhouse gases on global warming
and its consequences. This analysis will focus on examining
historical data, scientific literature, and various models used
to understand the impact of human activities on the Earth's
climate system.

2.3. Scientific Literature Review

A systematic review of peer-reviewed articles, books, and
reports published by climate scientists focusing on the
greenhouse effect, global warming, and their consequences
on the environment. This will include studies on CO2, CHg,
N2O and other related gases.

2.4. Case Studies

Analysis of specific regions affected by global warming,
including both positive and negative impacts such as
temperature increase, desertification, flooding and glacial
melting. Particular attention will be paid to regions such as
the polar regions, the Netherlands and other low-lying
countries.

2.4. Analytical Techniques
2.4.1. Trend analysis

The use of statistical techniques to examine trends over
time in temperature changes, greenhouse gas emissions, and
associated impacts such as glacier melt, sea level rise, and
extreme weather events. This analysis will highlight the
relationship between human activity and observed changes in
Earth's climate.

2.4.2. Comparative analysis

Comparison of climate data from regions heavily affected
by global warming (e.g. polar regions) with less affected
regions to assess broader impacts for global weather patterns
and ecosystems.
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3. RESULTS AND DISCUSSION

3.1. The History of Global Warming

Since humans began spreading from the African continent
to Asia and Europe, starting some 1.8 million years ago
according to some, and 1.6 million years ago according to
others, there have been several glacial periods and interglacial
periods. These periods include the Giinz (1.8 million-750
thousand years), Mindel (500-300 thousand years), Riss (250-
130 thousand years), Wiirm glaciations (70-10 thousand
years), and the interglacial periods between them:
GiinzMindel (750-500 thousand years), Mindel-Riss (300-
250 thousand years), Riss-Wiirm (130-70 thousand years),
and the post-Wiirm glaciation period (from 10 thousand years
ago to the present). These glacial periods and interglacial
periods on Earth have occurred due to various factors such as
the Earth's movement around the Sun, tectonic movements,
and volcanism, leading to periods of extreme warming and
cooling on Earth. Many plant and animal species became
extinct during these extraordinary periods, while new species
emerged. Thus, observed extraordinary climate changes led
to the disappearance of species unable to adapt to these
conditions, while also facilitating the development of new
species adapted to environmental conditions (Agikkol, 2006)

Furthermore, since the end of the Mesolithic period
(approximately 10 thousand years ago) when humans began
to transition to a settled lifestyle, the world's climate has
followed a relatively stable course. Due to the lack of
significant changes in recent history, we may assume that
there have been no significant climate disasters or changes
since the emergence of life on Earth. However, data from the
science of paleoecology actually indicate that the Earth's
climate system has not remained at a constant level. In short,
from its formation, the Earth has experienced periods of
warming and cooling several times. These events occurred
within the natural cycles and conditions of nature. However,
global warming is a phenomenon entirely different from past
climate changes, as it is a direct result of human activity
(Appenzerler and Dimick, 2004; www.cevreorman.gov.tr;
2003).

Greenhouse Gases and Their Characteristics Leading to
Global Warming: Global warming is the rapid increase in the
levels of greenhouse gases in the atmosphere due to human
activities. The increase in human activities since the
Industrial Revolution, the rapid spread of technology, and
efforts to raise living standards have led to an excessive
increase in the amount of greenhouse gases in the atmosphere.
Especially since the second half of the 20th century, the rapid
increase in greenhouse gases has led to the onset of natural
disasters threatening the lives of plants, animals, and humans.
According to a study by the Ministry of Environment and
Forestry, human contributions to global warming include
49% from energy consumption, 24% from industry, 14%
from deforestation and destruction of forests, and 13% from
agricultural activities. Other studies have also found that
human energy consumption has the highest impact on global

warming (Bozoglu and friend, 2003;
WWW.Cevreorman.gov.tr).
Solar rays, particularly energy-rich infrared rays,

returning to space from the atmosphere after reaching the
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Earth's surface, are prevented by greenhouse gases, leading to
global warming. As the concentration of greenhouse gases in
the atmosphere increases, their greenhouse effect also
increases. The most prominent greenhouse gases in the
atmosphere are Carbon Dioxide (CO,), Methane (CHy),
Nitrous Oxide (N20), Ozone (Os), Carbon Monoxide (CO),
and Halocarbons (such as CFCs). Additionally, water vapor
is also considered a greenhouse gas.

Carbon Dioxide (COy): It accounts for 82% of greenhouse
gases. Although the amount of CO; in the atmosphere has
remained unchanged for millions of years, it has increased by
31% since the beginning of the Industrial Revolution. While
the annual increase in atmospheric CO, was 0.4% in the 20
years before 1990, it varied between 0.2% and 0.8% in later
years. The majority of CO; released into the atmosphere is
derived from widely used fossil fuels (Bozoglu ve ark, 2003;
Tiire, 2003).

Methane (CH4) Gas: It is the second most significant
greenhouse gas after CO,. Its quantity has increased by 151%
since the beginning of the Industrial Revolution and
continues to rise. There has been a slight decrease in methane
emissions since 1990. Nearly half of the current methane
emissions come from human activities such as the use of
fossil fuels, waste disposal, animal husbandry, and rice
cultivation (Kadioglu, 2001).

Nitrous Oxide (NO) Gas: It has shown a 17% increase
since the Industrial Revolution. Approximately one-third of
nitrous oxide emissions into the atmosphere occur during the
use of agricultural land, chemical industry processes, and the
production of livestock feed. The amount of N,O in the
atmosphere is increasing (Bozoglu ve ark, 2003; Karakaya ve
Ozgagim, 2004).

3.1.1. Climate change

Throughout the approximately 4.5 billion years of Earth's
history, there have been significant climate changes at various
periods due to disruptions in the natural balance among its
elements. However, the most well-known climate changes
occurred during the Quaternary period. Until the emergence
of humans, the geography of the Earth underwent numerous
changes (Figure 1). These changes resulted from disruptions
in the relationships among the components of the climate
system: the sun, atmosphere, and Earth, through natural
mechanisms. It is necessary to attribute the climate changes
that occurred from the emergence of humans to the Industrial
Revolution to natural causes. Since the mid-19th century, it is
evident that human influences have contributed to changes
previously associated with natural factors
(https://climate.nasa.gov).

Indeed, during the period from the emergence of humans
to the present day, both the natural and human environments
have been significantly affected by the presence of "glacial"
periods when the Earth's surface was covered with ice, as well
as interglacial periods when glaciers retreated. For instance,
about 20,000 years ago, cold temperatures affecting the
northern hemisphere led to complete coverage of the northern
regions of Europe with glaciers and a decrease in sea levels
by 125 meters compared to today. As a result of the sea level
drop, Siberia and Alaska merged into a single landmass. This
environmental change facilitated the migration of humans


https://climate.nasa.gov/
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Figure 1. Distribution of continents 180 million years ago and today. (Woods Hole Oceanographic Institution's Dive & Discover project
provides information on the processes of Pangea breakup and plate tectonics, including animations showing continental drift over millions of
years:contentReference[oaicite:0]{index=0}:contentReference[ oaicite:1]{index=1}).

and plants from Asia to the Americas. Therefore, it is claimed
that Native Americans have Asian origins. This period lasted
for about 4,000 years, after which glaciers began to retreat
and temperatures started to rise again (Ahrens, 1994).

Around 11,000 years ago, temperatures rapidly dropped,
and once again, the northern regions of Europe and the
northeastern United States were covered with glaciers. About
a thousand years after this glacial advance, temperatures
gradually began to rise again, and about 8,000 years ago, the
glaciers that covered the land completely disappeared
(https://www.ncei.noaa.gov/products/paleoclimatology).

Around 6,000 to 6,500 years ago, the global average
temperature was one degree higher than today. This period,
known as the "Mid-Holocene Maximum™ was a time when
plants flourished, various ecosystems formed, and the Earth
approached its current climate position. In the following
years, a general cooling trend was observed, resulting in the
formation of glaciers on some mountains such as the Alpine
glaciers, and the northern hemisphere reached its present
appearance (Cambell, 1995).

Within the last thousand years, the climate conditions in
the northern hemisphere can be summarized as follows:

l. In the 1200s, a temperate but variable climate type
was prevalent. Natural disasters such as storms,
floods, severe rainfall, and droughts occurred over
several centuries.

Il Between 1400 and 1550, stable climatic conditions
prevailed. From the mid-1550s onwards, a period
known as the "Little lce Age" occurred, lasting for
300 years. During this period, mountain glaciers
advanced into valleys, and short and rainy summers
were observed.

. During this period, abnormal climatic conditions
occurred in 1816, resulting in a severe famine in
Europe, causing the loss of many human and animal
lives due to hunger. Significant cold temperatures
were experienced between May and September in
the United States and Canada, with 1800 people
freezing to death during this summer period. This

period is referred to as the "year without a summer."
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V. From the late 1800s to the 1940s, the global average
temperature increased by about 0.5 degrees Celsius.
This increase was followed by a cooling period of

25 years.

In the 1970s, 1980s, and 1990s, a trend of increasing
global average temperatures was observed. The
hottest eight years occurred after 1978 in the 1990s.

VI. The year 1998 was the hottest year since
measurements began with instruments in both the

northern and southern hemispheres in 1860.

Today, in addition to natural factors, it is acknowledged
that disturbances in the climate system are also due to various
human impacts. Climate change is defined as "a change in
climate that is attributable directly or indirectly to human
activity that alters the composition of the global atmosphere
and that is in addition to natural climate variability observed
over comparable time periods"” (Intergovernmental Panel on
Climate Change, IPCC).

3.1.2. Global warming and some uncertainties

Since the Industrial Revolution, there has been a
noticeable trend of increasing average surface temperatures
due to the accumulation of greenhouse gases, primarily CO,
as well as other greenhouse gases (methane - CHa, nitrous
oxide - N2O, chlorofluorocarbons - CFCs, etc.), which trap
outgoing longwave radiation from the Earth's surface. Indeed,
there has been a 0.8°C increase in global temperatures over
the past century (Roberts, 2013).

The greenhouse effect, which is primarily responsible for
global warming, occurs when a portion of the incoming solar
radiation is absorbed by the Earth's surface and re-emitted as
long-wave radiation. While some of this radiation is directly
released into space by the atmosphere, a significant portion is
absorbed again by the atmosphere. Short-wave solar radiation
is highly transparent to atmospheric gases, whereas, due to
the accumulation of greenhouse gases, the atmosphere
becomes less transparent to long-wave radiation emitted from
the Earth's surface. As a result, the lower layers of the
atmosphere experience more warming than would be
expected, leading to the phenomenon known as the
greenhouse effect (Agikkol, 2006).
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. 51% of the short-wave radiation from the Sun is
absorbed by the Earth's surface, warming it.

Il. Some of the energy absorbed by the Earth's surface
is radiated back into the atmosphere.

Some of the solar energy is reflected back to space
from the atmosphere without reaching the Earth's
surface.

A portion of the energy emitted from the heated
Earth's surface is released into the atmosphere as
long-wave radiation. Some of this energy is
absorbed by greenhouse gases in the atmosphere,
heating the lower layers. This heating is the
greenhouse effect.

Some of the energy absorbed by greenhouse gases is
re-radiated back into space.

VI. Some of the energy emitted from the Earth's surface

goes directly into space.

3.1.3. The effect of carbon dioxide (CO2) and other
greenhouse gases

Among the greenhouse gases that have an impact on
global warming, carbon dioxide (CO3) holds a distinct place
and importance. Carbon dioxide (CO,) is a significant
greenhouse gas in warming the lower atmosphere since it
largely allows short-wave solar radiation to pass through but
absorbs long-wave radiation emitted from the Earth's surface.
As is known, the amount of carbon dioxide in the atmosphere
is rapidly increasing primarily due to the various uses of fossil
fuels. Additionally, deforestation, particularly the extensive
destruction of tropical rainforests, and the replacement of
forest cover in other regions with new vegetation also
contribute to this increase. Studies indicate that the amount of
carbon dioxide emitted into the atmosphere annually was
around 355 ppm (parts per million) at the end of the last
century and could double in the present century.
Mathematical climate models suggest that this doubling of
CO; levels could lead to an average temperature increase of
between 1.5 to 4.5 degrees Celsius by the year 2050.
However, such studies also reveal uncertainties. If
deforestation is considered the primary cause of the increase
in carbon dioxide rather than the use of fossil fuels, the
amount of CO> and consequently the value of global warming
may be lower than estimated. Additionally, another
uncertainty highlighted by model studies is the incomplete
understanding of the mechanisms associated with the
transportation of carbon dioxide from the atmosphere to other
environments. Moreover, it is necessary to consider the
concentrations of other greenhouse gases, such as methane
(CHoa), nitrous oxide (N20), and chlorofluorocarbons (CFCs),
which absorb infrared radiation and contribute to the
greenhouse effect along with carbon dioxide. In addition to
this, climate models indicate that with the increase in global
temperature, ocean temperatures will also rise, leading to
increased evaporation. As a result, more evaporation will
occur, accelerating the warming effect of water vapor, which
is one of the most important greenhouse gases in the
atmosphere (positive feedback). Model studies that only
consider the doubling of the current carbon dioxide levels
without taking into account this input of water vapor suggest
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that the increase in global average temperature would be
around 1 to 2 degrees Celsius (Gakidou et al, 2017).

3.1.4. The effect of oceans and clouds

Undoubtedly, the oceans, which cover two-thirds of the
Earth's surface, play a significant role in the climate system.
However, the exact effects of the oceans, which are a massive
reservoir for carbon dioxide, on observed and potential global
warming have not been fully elucidated. Some researchers
argue that carbon dioxide used during carbon assimilation by
small (microscopic) plants living in the oceans is returned to
ocean waters with the death of these plants and is mixed into
the atmosphere with unexpected warming in ocean waters.
They even suggest that the increase in atmospheric carbon
dioxide levels in the last century was mainly due to this
source rather than the use of fossil fuels. On the contrary,
scientists argue that these plants continuously reproduce and
proliferate, thereby reducing atmospheric carbon dioxide
levels by utilizing carbon dioxide and causing a decrease in
carbon dioxide levels.

Moreover, oceans are a vast heat sink that absorbs solar
energy. As they slowly warm, the atmosphere shows a global-
scale effect that reduces and delays global warming, as
indicated and predicted on a global scale. Additionally,
considering ocean circulations and sea ice in the context of
possible climate change, as modeled in recent years, is
essential. Studies on this topic demonstrate significant
changes in ocean circulations during glacial and interglacial
periods, indicating that they are very different from today's
conditions. Indeed, recent climate model studies have shown
an increase in average global temperature on a global scale
while demonstrating that the cold ocean currents around
Antarctica have not led to an increase in temperature in that
region. These model studies even suggest that even if the
carbon dioxide level were to quadruple, there would be no
warming in these areas. These predictions and scenarios are
generally accepted as they confirm previous studies.
However, as research progresses within the highly complex
climate system, it is essential to recognize that many more
factors could be revealed as surprises. Additionally, the
increase in atmospheric water vapor due to ocean warming
will increase cloudiness on a global scale. This increase will
undoubtedly have a significant impact on the climatic system.
Clouds reflect some of the short-wave solar radiation back
into space, reducing global temperatures. However, they also
absorb long-wave radiation emitted from the atmosphere and
Earth's surface, contributing to warming. Therefore, how will
climate be affected by the increase in cloud cover? Probably,
this situation is related to the type and structure of the clouds
(their shapes, physical properties, formation from liquid and
ice, and distribution of cloud droplets, etc.). For example,
high cirrus clouds made of ice crystals have a warming effect,
while low stratiform layer clouds have a cooling effect.

Cirro form type clouds, because they consist mostly of ice
crystals, allow shortwave radiation to pass directly to the
Earth's surface and absorb longwave radiation emitted from
the ground (absorb), thus contributing to global warming. In
contrast, stratiform type clouds, formed mostly of water
droplets, reflect shortwave radiation back into space without
allowing it to reach the ground. Additionally, since their top
temperatures are relatively warm, they emit a significant
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portion of the energy they receive from the ground back into
space. Therefore, these types of clouds have a significant
cooling effect. Satellite images used in "Earth's radiation
budget" studies confirm that the increase in clouds leads to
cooling. However, it is not entirely accurate to explain global
cooling or warming solely based on cloud increases. As
explained earlier, the type and level at which clouds form are
crucial factors. Nevertheless, the changes in clouds observed
today are seen as a factor that reduces or increases the
temperature rise associated with the increase in greenhouse
gases. Many scientists predict that with the increase in surface
temperature, convective activity will increase, leading to the
formation of very strong convective clouds, which, as
explained above, will contribute to the warming of the
atmosphere due to the temperature at their tops, reducing the
cooling due to cloudiness. However, some researchers argue
the opposite, suggesting that such vertically developed clouds
formed by strong heating contribute to cooling. According to
their claims, during the cumulus cloud stage, the increased
water vapor condenses into precipitation, causing the upper
parts of the cloud to become dry, thereby reducing the
retention of ground radiation and leading to cooling.
Although all model and observational studies support these
ideas, it is observed that moisture formation due to
convection in the middle and upper atmosphere is more
prevalent than dryness. Additions to cloud distribution and
totals play a significant role in climate model calculations,
especially the optical properties of clouds (albedo). For
example, a study was conducted in the UK Meteorological
Office to determine the effects of cloud properties on climate
models. In this study, in the model based on doubling the
amount of carbon dioxide in the atmosphere, it was estimated
that there would be an average temperature increase of about
5 degrees Celsius. However, when a cloud cover composed
of water droplets instead of ice crystals was included in this
model, the temperature increase remained at 2 degrees
Celsius (Ahrens, 1994).

3.1.5. Future climate

Today, it is widely accepted by almost all climate scientists
that there is a disruption in the Earth's climate system. It is
emphasized that if humans continue their activities that
disrupt the natural balance without taking necessary
precautions, the disruptions in the climate will increase,
leading to climate changes due to global warming, which can
have very frightening consequences. Factors such as the
accumulation of greenhouse gases and particles in the
atmosphere, environmental degradation, and thinning of the
ozone layer caused by human activities will lead to global
warming on a global scale. Regarding future climate change,
various scenarios are produced, mainly considering
greenhouse gas emissions. The results obtained by loading
these scenarios into various mathematical climate models
show that the changes in the climate, which have already
begun, will continue in the future. According to the scenarios
presented by the Intergovernmental Panel on Climate Change
(IPCC) of the United Nations, it is known that there will be
an average increase of 1 to 3.5 degrees Celsius in global
temperature by the year 2100. Even under the most optimistic
conditions, there will be an increase of approximately 0.1
degrees Celsius every decade. This will result in a wide range
of consequences stemming from rising sea levels, changes in
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temperature and precipitation patterns, and reaching disaster
proportions. Issues such as floods, droughts, desertification,
storms, and biological outbreaks will spread to broader areas
and occur much more frequently (Volk., 2012).

3.2. Health Effects of Major Pollutants

According to the World Health Organization (WHO), a
total of 7 million people die each year worldwide due to
diseases caused by air pollution. Nine out of ten people
worldwide breathe polluted air. Of these deaths, 4.2 million
are attributed to outdoor air pollution from industry, traffic,
and heating sources, while 3.8 million are due to diseases and
deaths related to indoor air pollution caused by cooking and
heating fuels. Particulate matter (PM) is responsible for
27.5% of deaths from lower respiratory tract infections and
26.8% of deaths from chronic obstructive pulmonary disease
(COPD) related to outdoor air pollution. In 2013, the WHO
classified particulate matter, one of the factors contributing to
air pollution, as carcinogenic. Research has shown that air
pollution accounts for 19% of deaths from cardiovascular
diseases worldwide (21% from ischemic heart disease and
23% from stroke). Air pollution is considered the largest
environmental health threat globally, with outdoor air
pollution ranking 6th and indoor air pollution 8th among the
leading causes of death worldwide (https://www.iarc.fr/wp-
content/uploads/2018/07/AirPollutionandCancer161.pdf).

Exposure to PM2.5 leads to illness and hospital
admissions, particularly related to the respiratory and
circulatory systems, and premature deaths, including lung
cancer. Therefore, monitoring PM2.5 levels and taking
measures to prevent them from increasing to levels that affect
health is essential for protecting public health.

Although the European Union has implemented limit
values for coarse particulate matter (PM10) since 2019,
unfortunately, there are no established limit values for fine
particulate matter (PM2.5) in our country. There is no
evidence of a safe exposure level for particulate matter, and
the continuous increase in pollution levels is associated with
health effects, especially increasing the risk of lung cancer,
cardiovascular diseases, and stroke among individuals who
regularly breathe polluted air due to reasons such as low
income and daily exposure to polluted air from activities such
as heating, cooking, and working in industries (Perez L, et al
Associations of daily levels of PM10 and NO, with
emergency hospital admissions and mortality in Switzerland:
Trends and missed prevention potential over the last decade.
(Perez, 2015).

Additionally, air pollution has a more severe and lasting
impact on children. A report published by the United Nations
Children's Fund (UNICEF) states that children living in low-
income families are more exposed to air pollution.
Approximately one-seventh of the world's children breathe
polluted air according to WHO standards.

3.2.1. Health effects of particulate matter

The health effects of particulate matter, a significant
pollutant contributing to air pollution, have been well defined
through studies conducted in both developed and developing
countries. According to the World Health Organization
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Table 1.Pollutants and Health Effects.

Pollutant Source

Health Effects

Sulfur dioxide (SOz2)
Nitrogen oxides (NOx)

Particulate matter (PM)  Industry, Vehicle emissions,

Fossil fuel combustion, Vehicle emissions
Vehicle emissions, High-temperature combustion processes
Fossil

Agriculture, Secondary chemical reactions

Ozone (O3)

Traffic-related nitrogen oxides and volatile organic compounds

(VOCs) undergoing changes with sunlight

Carbon monoxide (CO)

Incomplete combustion, Vehicle emissions

Respiratory diseases, Acid rain
Eye and respiratory diseases, Acid rain

fuel combustion, Cancer, Heart problems, respiratory
diseases
Respiratory problems, Eye and nasal
irritation

Respiratory system problems, Eye and
nasal ation, thma, Decreased body
resistance

https://www.iarc.fr/wp-content/uploads/2018/07/AirPollutionandCancer161.pdf

(WHO), outdoor air pollution is the cause of 4.2 million
premature deaths worldwide every year. Outdoor air
pollution, which primarily causes cardiovascular, respiratory,
and neurological diseases, was classified as a Group 1
carcinogen by the International Agency for Research on
Cancer (IARC) in 2013 and definitively classified as
carcinogenic for lung cancer, with an increased risk also
reported for bladder cancer. The main component of outdoor
air pollution, particulate matter (PM), was evaluated
separately and also classified as a Group 1 carcinogen.
Therefore, monitoring particulate matter pollution is of
particular importance for public health (Unicef,2016).

Particulate matter pollution affects the entire population,
but susceptibility to pollution can vary depending on health
or age. Health effects occur as exposure increases, and there
is no safe threshold value where no health effects occur.
Studies conducted in Europe and the United States have
estimated the concentration range where negative health
effects are observed for PM2.5 to be between 3-5 pg/m®. A
yearly average concentration of 10 pg/m® has been selected
as a long-term guideline value for PM2.5. This value
represents the lower end of the range where significant effects
on survival were observed in the American Cancer Society's
study. All of these studies have reported strong relationships
between long-term exposure to PM2.5 and death (WHO,
2005).

3.2.1.1. Outdoor particulate matter pollution-related
deaths

In 20186, it is estimated that 7.5% (6.6-8.4%) of all deaths
worldwide were due to outdoor air pollution. This percentage
corresponds to approximately 4.1 million (3.6 million - 4.6
million) deaths. Among the diseases attributed to air
pollution, lower respiratory tract infections and Chronic
Obstructive Pulmonary Disease (COPD) account for the
largest share. Particulate matter in outdoor air is responsible
for 27.5% (21.4-34.4%) of all lower respiratory tract infection
deaths and 26.8% (16.1-38.6%) of all COPD deaths
(Gakidou, et al, 2017).

3.2.1.2. Health effects of air pollution on children

According to a WHO study, compliance with global air
quality guidelines for PM2.5 could prevent an estimated 2.1
million deaths annually across all age groups (including
children) based on 2010 data. Adhering to the guidelines can
also improve the overall health of millions of people, reduce
cases of acute and chronic respiratory infections among
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children, and decrease complications during pregnancy and
childbirth. Additionally, research suggests that improving
children's physical and cognitive development can help them
lead longer and more productive lives. Outdoor air pollutants
can enter the fetus's bloodstream through the placenta and
umbilical cord blood, and there is ample research
demonstrating the adverse effects of these pollutants.
Generally, the effects of polluted air on the hearts, brains,
hormonal systems, and immunity of babies and children have
been proven, and evidence of its effects on growth,
intelligence, brain development, and coordination is
increasing  (https://www.eurekalert.org/pub_releases/2018-
09/elf-fet091318.php). Fighting air pollution also reduces the
unseen health bill and saves billions of liras at household and
national levels (Salvi, 2007).

3.2.1.3. Air pollution and its effects on children’s health

Some of the health problems that air pollution increases
the risk of in children include:

v" Low birth weight

Autism

Diabetes (Type 1)

Sudden Infant Death Syndrome (SIDS)
Pneumonia

Infant mortality

AN N N

Respiratory diseases such as asthma, COPD,
bronchiolitis, and bronchitis

v/ Cognitive impairment

Outdoor air pollution is also causally associated with
major public health issues such as low birth weight and
preterm birth, which can lead to developmental problems and
chronic lung diseases in the future. A study conducted at
Harvard University indicated that the numerous toxic
substances found in polluted air affect neurological functions
and the fetus (JAMA, 2012).

In a 12-month study in Barcelona, children's brain
development, memory, and attention were evaluated in terms
of exposure to high and low traffic pollution at school. The
study involved a total of 2,715 children aged 7-10 from 39
schools, who underwent computer-based tests every three
months for a year. It was found that children attending


https://www.eurekalert.org/pub_releases/2018-09/elf-fet091318.php
https://www.eurekalert.org/pub_releases/2018-09/elf-fet091318.php

The Earth is Heating Up: Causes, Effects, and Solutions of Global Warming

schools located in areas with heavy traffic were exposed to
intense air pollution and showed slower cognitive
development. These children exhibited a 7.5% cognitive
development over 12 months, compared to 11.5% among
those attending schools away from traffic (World Health
Organization, 2004).

3.3. Greenhouse Gas Emissions and Effects

Temperature

on

The rapid increase in greenhouse gases, especially since
the 1950s, has significantly intensified the greenhouse effect,
leading to a noticeable rise in global temperatures. This
change is directly linked to industrialization, deforestation,
and urbanization, which have accelerated CO: and other
greenhouse gas emissions. For instance, Smith et al. (2022)
demonstrated that CO. emissions from industrial activities
alone have increased by 60% over the past few decades,
contributing significantly to temperature rise. Evidence
further shows that without these gases, Earth's average
temperature would be significantly lower (Jones & Brown,
2020).

3.4. Global Warming and Its Manifestations

Global warming is not a uniform phenomenon. While it
causes a gradual increase in global temperatures, it also
triggers extreme weather events. For example, Johnson
(2023) found that rising temperatures in arid regions result in
prolonged droughts and forest fires, while wetter regions
experience excessive rainfall and flooding. These findings
align with our study, which highlights the uneven impact of
global warming across regions. Such variations emphasize
the need for region-specific climate strategies (Lee et al.,
2021).

3.5. Effects on Glaciers and Sea Levels

The melting of glaciers and polar ice caps is a clear
indicator of the tangible effects of global warming. This
process contributes to rising sea levels that threaten low-lying
countries with flooding and erosion. For example, Wang and
Miller (2023) reported that sea levels have risen by an average
of 3.3 mm annually since 1993, posing significant risks to
countries such as the Netherlands and Denmark, which are at
or below sea level. Similarly, our findings demonstrate that
melting glaciers also threaten freshwater resources in high-
altitude regions, consistent with Garcia et al. (2022), who
identified similar patterns in the Andes and Himalayas.

3.6. Consequences of Global Warming on Biodiversity
and Human Life

The intensification of extreme weather events poses
significant challenges to biodiversity and human life. Rising
temperatures can cause shifts in ecosystems, pushing species
beyond their survival thresholds. For instance, Smith and
Taylor (2024) found that rising sea temperatures led to coral
bleaching in the Pacific, which aligns with the ecological
impacts observed in this study. Furthermore, increasing
frequencies of floods, heatwaves, and droughts can cause
widespread human suffering, including displacement, loss of
life, and economic disruption (Nguyen, 2023).
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3.7. Mitigation and Adaptation Strategies

The effectiveness of existing mitigation strategies, such as
reducing emissions and switching to renewable energy, is
critical for slowing or reversing global warming. For
example, Adams et al. (2022) emphasized that renewable
energy usage could reduce global emissions by up to 40% by
2050. Adaptation strategies are equally important,
particularly for vulnerable populations coping with ongoing
changes. Our study highlights the importance of integrating
mitigation and adaptation strategies globally, consistent with
recommendations by Green & White (2021).

4. CONCLUSION

I Promoting Green Transportation: Encouraging
green transportation, improving public transit
systems, and promoting bicycle usage are essential
for reducing air pollution (Brown & Patel, 2022).

. Increasing Energy Efficiency: Enhancing energy

efficiency in homes and industries can significantly

reduce fossil fuel consumption and emissions

(Smith, 2023).

Utilizing Renewable Energy Sources: The adoption

of renewable energy can provide clean energy while

reducing air pollution and emissions (Adams et al.,

2022).

Increasing Afforestation and Green Spaces:

Expanding green spaces can filter pollutants and

improve urban air quality (Garcia & Lee, 2021).

Controlling Industrial Emissions: Implementing

stricter regulations and improving filtration

technologies in industries can effectively reduce
emissions.

Education and Awareness Programs: Organizing

programs to raise awareness of the harmful effects

of air pollution is critical for encouraging
sustainable practices in communities.

VI.

Air pollution, particularly its long-term impacts on
children's health, requires decisive action. By implementing
these solutions, its effects can be mitigated, safeguarding both
current and future generations. As supported by Nguyen et al.
(2023), targeted interventions such as regulatory measures,
clean energy adoption, and public education are necessary for
tackling air pollution comprehensively. Moreover, fostering
international collaboration can facilitate the exchange of best
practices and enhance global air quality management.

In conclusion, addressing air pollution and its associated
health impacts necessitates a multi-faceted approach that
integrates policy reforms, technological advancements, and
public engagement. By prioritizing these strategies, societies
can achieve cleaner air, improved health outcomes, and a
sustainable future for all.
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Ozet: Bu calismada, Mn(H2POz)2 ve NaCl’iin sulu ortamda yogunluk ve faz dengesi iizerine
degerlendirilmesi aragtirtlmigtir. Tiim deneyler atmosferik basinci altinda gergeklestirildi. Caligilan
iicli sistemin basit 6tonik nokta sistemine uygun yani karigim sisteminde bilesenin belirli bir orani,
sistemin en diisiik donma noktasina sahip oldugu noktada bilesenler birlikte katilagir ve tek bir
sicaklikta faz degisimi oldugu ve herhangi bir ikili tuz barmdirmadigr goérilmiistiir. H20-
Mn(H2POz2)2-NaCl sisteminin alt sistemleri olan Mn(H2POz2)2-H20 ve NaCl-H0 ikili sistemlerinin
¢oziiniirliik ve yogunluk degerleri 323 K'de sirastyla %11,14 Mn(H2PO3)2 ve %26.86 NaCl, 1067
kg/m3 ve 1189 kg/m3 olarak tespit edildi. Bilesimin &tonik nokta bilesimi ise % 24.46 NaCl ve %
6.02 Mn(H2P0Oz)2 igerdigi ve yogunlugunun 1279 kg/m? oldugu tespit edilmistir.

Solubility and Phase Equilibrium of Na*, Mn**/ H2PO2", CI//H20 Ternary System at 323K
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Eutonic point.

Abstract: In this study, the density and phase changes of Mn(H2PO2)2 and NaCl in aqueous
medium were investigated. All experiments were carried out under atmospheric pressure. It was
observed that the studied ternary system was in accordance with the simple eutonic point system,
that is, a certain ratio of the component in the mixture system, the components solidify together at
the point where the system has the lowest freezing point and there is a phase change at a single
temperature and it does not contain any binary salt. The solubility and density values of the
Mn(H2POz2)2-H20 and NaCl-H20 binary systems, which are subsystems of the H20- Mn(HzPO2)2-
NaCl system, were determined as 11.14 % Mn(H2POz)2 and 26.86 % NaCl, 1067 kg/m® and 1189
kg/m? at 323 K, respectively. The eutonic point composition of the composition was determined to
contain 24.46% NaCl and 6.02 % Mn(H2POz)z and its density was determined to be 1279 kg/m?.
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Na*, Mn*+/ H.PO2, CI-//H0 Uglii Sisteminin 323K’de Céziiniirliik ve Faz Dengeleri

1. GIRiS

Metal hipofosfitler M(H2POz)n ¢evre dostu olmasinin
yanisira yiiksek termal ve kimyasal stabiliteleri, indirgeyici
ve iyi mekanik 6zelliginden dolay1 ¢evre dostu, stabilite ve
mekanik 6zellikleri nedeniyle artan bir ilgi gdrmiistiir (Wu ve
ark., 2014). Bu tuzlar polimer, ilag, metal ve gida
endiistrisinde; indirgen, antioksidan, korozyon 6nleyici,
hayvan besin kaynag, katalizor, yanmay1 geciktirici olarak
kullanilmaktadir (Zeng ve ark., 2005; Noisong ve ark., 2008;
Noisong ve ark., 2010; Bhat ve ark., 2015; Suekkhayad ve
ark., 2017, Yang ve ark., 2018, Jian ve ark. 2014).
Mn(H2PO); naylon fiber iretiminde iplik Kkalitesini
gelistirmek icin, eczacilikta ve polimer teknolojisinde
kimyasal ara iiriin olarak kullanilmaktadir (Noisong ve ark.,
2008; Noisong ve ark., 2010). Laboratuvar sartlarinda bu
tuzlar genellikle metallerinin siilfat, hidroksit, oksit ve
nitratlarindan elde edilir. Metal hipofosfitlerin bu yontemle
eldesi ¢ok basamakli ve yiiksek sicakliklar gerektirdiginden
zordur (Alisoglu ve ark., 1997; Alisoglu, 1998; Alisoglu,
2002; Alisoglu ,2005; Alisoglu ve ark., 2008; Adiguzel ve
ark, 2014; Demirci ve ark., 2016). Faz diyagramlar1, malzeme
bilimi, kimya, fizik ve miithendislik gibi bir¢ok alanda 6nemli
uygulamalara sahiptir. Metal ve alagimlarinin erime
noktalari, karigim oranlar1 ve kristal yapilari hakkinda bilgi
verir. Bu, malzeme o&zelliklerini optimize etmek igin
kullanilir. Bir malzemenin 1sitilmasi ve sogutulmasi sirasinda
faz gegislerini inceleyerek, mekanik ve kimyasal 6zelliklerin
iyilestirilmesi saglanir. Coziiciiler ve ¢oziinmiis maddeler

arasindaki faz iligkileri, kimyasal reaksiyonlarin verimliligini
artirmak i¢in kullanilir. Coziiciilerdeki ¢éziinen maddelerin
nasil c¢oziinecegi ve ¢Okelme noktalar1 belirlenir. Faz
diyagramlari, ¢esitli hidrokarbon bilesenlerinin ayrilmasi ve
distilasyonu i¢in kullanilir. Karigimlarin hangi kosullarda siv1
ve gaz fazlarinda dengeye ulasacagini anlamak i¢in kullanilir.
Proteinlerin  saflastirilmas1  ve  kristal  yapilarinin
belirlenmesinde kullanilir. Faz diyagramlari, biyolojik
sistemlerdeki ¢oziiciiler ve biyomolekiiller arasindaki faz
gegislerini incelemek i¢in kullanilir. Atik sularin veya
¢ozeltilerinin faz diyagramlari, zararli bilesiklerin nasil
ayristirilacagt  ve  giivenli  sekilde bertaraf edilecegi
konusunda bilgi saglar. Faz diyagramlari, malzemelerin
ozelliklerini ve davraniglarini anlamak igin temel bir aragtir,
boylece endiistriyel siiregler daha verimli ve kontrollii hale
gelir. Faz diyagramlari; tuz endiistrisinde iiriin veriminin
artirllmasinda, degerli kimyasallarin elde edilmesinde,
atiklarin geri doniisiim ve atik bertaraf sistemlerinde ¢evresel
acidan daha az zararli hale getirilmesinde genis kullanim
alani olan bir yontemdir (Mastai, 2012). Literatiirde H.POy
iyonu igeren tuzlara ait SLE (kat1 sivi faz dengesi) verileri
Tablo 1°de gosterilmistir.

Bu c¢alismada H>O-Mn(H2POy).-NaCl iglii  sistemi
aragtirtlmis olup, endiistriyel olarak kullanilan Mn(H2PO,),
tuzunun ayrilma prosesi i¢in ekonomik bir yontem
onerilmistir.

Tablo 1. HoPOz iyonu iceren SLE iiglii ve dortlii sistemler listelenmistir.

Arastirmacilar Sistemler

Dolinina ve ark.

NaH2PO2—-Mn(H2P02)>—H20 at 293.15K

NHsH2PO2-Mn(H2PO2)2—H20 at 293.15K
Ca(H2P0O2)2—Mn(H2P0O2).—H20 at 293.15K

Alisoglu ve Necefoglu
Alisoglu

Alisoglu

Alisoglu

Alisoglu ve Adiguzel
Erge ve ark.

Na*, Mn?*//NOs", (H2P02)—H20 at 273.15 K
K*, Mn2//Br~, (H2PO2)—H20 at 298.15 K
Na*, Mn?*//CI-, (HzPO2)—H.0 at 298.15 K
Na*, Mn?*//Br-, (H2PO2)—H:0 at 298.15 K
K*, Mn2*/Br, (H2PO2)//Hz0 at 298.15 K
Na*, Ba2*//(H-PO2)—H-0 at 273.15 K

Na*/ICI", (HzPO2z) —H.0 at 273.15 K
Ba2*//CI", (H2PO2) —H:0 at 273.15 K
Na*, Ba2*//CI, (H2PO2) —H20 —H:0 at 273.15 K

Adiguzel ve ark.

Na*, Zn?"//(H2PO2) —H20 at 273.15K

Zn?*//CI, (H2PO2) —H0 at 273.15K
Na*, Zn?*//CI~, (H2PO2)™—H0 at 273.15K

Demirci ve ark.

NaH2PO2—NaCl-H20 at 298.15 K

NaH2PO2-Zn(H2P02)2—H20 at 298.15K
NaCl-Zn(H2P0O2).—H20 at 298.15 K
NaH2PO2—NaCl-Zn(H2P02).—H20 at 298.15K

Tan ve ark.

Ca(H2P02)2 — CaCl, — H20 at 298.15K

Ca(H2P0O2)2—NaH2PO2—H20 at 298.15K

Cao ve ark.

Ca(H2P02)2 + CaClz + H20 at 323.15 K

Ca(H2P02)2 + NaH2PO2 + H20 at 323.15 K

Gao ve ark.

Mg(H2POz2)2 + NaH2PO2 + H20 at 298K

Mg(H2POz2)2 +MgCl2 + H20 at 298K

Yin ve ark.

Ca(H2P0O2)2 +CaCl2 + H20

Ca(H2P02)2 + NaH2PO2 + H20

Shi ve ark.

Mg(H2POz2)2 + NaH2PO2 + H.0

Mg(H2PO2)2 + MgCl2 + H20
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Tablo 2. Bu ¢aligmada kullanilan kimyasal maddeler ve baz1 6zellikleri listelenmistir.

Kimyasal Madde CAS No Kaynak Bilesim
NaCl 7647-14-5 Merck %99.9
MnCl2.4H.0 13446-34-9 Merck %99.9
Mn(H2P0Oz2)2.H20 7783-16-6 Sigma-Aldrich >%98.5
[Fe(C12HsN2)3]SO4 14634-91-4 Sigma-Aldrich 0.025M
CuCl2.2H:0 10125-13-0 Sigma-Aldrich %99.99
C10H14N2Na20s-2H20 6381-92-6 Riedel-de Haen %98
HCI 7647-01-0 Riedel-de Haen %37
K2Cr207 7778-50-9 Merck %98
K2CrO4 7789-00-6 Merck %98
2. MATERYAL VE YONTEM 3. BULGULAR VE TARTISMA
2.1. Kullanilan Malzemeler 3.1. H20- Mn(H2PO2)2-NaCl sisteminin 323 K’de
¢coziiniirliigii
Calismada kullanilan ticari kimyasallar Tablo 2'de Mn(H2PO2)>-H0  ve NaCl-H:O ikili sistemlerinin

verilmistir. Cozeltilerde pH 6.6 ve iletkenligi <10 Sm™* olan
saf su kullanilmistir.

Yogunluk analizleri Mettler Toledo 30PX cihaz ile tespit
edilmistir (dogruluk + 0.001 g/cm®). Titrasyon &lgiimleri
Hirscmann Solarus otomatik biiret ile yapilmistir (dogruluk
%0.2). Polyscience markali sogutucu ve calkalamali su
banyosu ile stabil deneysel sicaklik saglanmistir (dogruluk +
0.05 K).

2.2. Deneysel Kisim

Faz dengeleri izotermal ¢oziiniirlik yontemine gore
belirlenmistir.  Tiim deneyler atmosfer basincinda
(1.025x10°Pa) gerceklestirilmistir. Genel deney prosediirii
asagidaki sekildedir.

1. Gg¢li sistemde, su gegirmez izole tiipe gerekli ikili sistem
cozeltisi (NaCl-H,O ve Mn(HzPO;),-H20)  hazirlanr,
323Kde stabil hale getirilmis su banyosuna yerlestirilir.

2. Bu ¢ozelti {izerine belirlenen miktarda ikinci tuz eklenir.
Bir giin siireyle ¢6zelti karistirilir.

3. Faz ayrimu istenilen sicaklikta net olarak goézleninceye
kadar ¢ozelti bekletilir.

4. Daha sonra kat1 ve sivi fazdan numuneler alinarak ilgili
analitik tekniklerle incelenir.

5.2, 3 ve 4 nolu adimlarda yapilan iglemlere 6tonik noktaya
ulasincaya kadar devam edilir.

Kati faz bilesimleri, Schreinmakers'in kuru kalinti
yontemine gore saptandi. Test sonuglarinin giivenilirligi igin
tiim testler ii¢ kez tekrarlanmistir. Sonuglar + standart sapma
degeri olarak ifade edildi. Tiim veriler icin gerekli
matematiksel hesaplamalar yapildiktan sonra tablo ve
grafikler olusturulmus ve sonuglar yorumlanmastir.

2.3. Analitik Yontemler

Cl, HPOy; ve Mn?* iyon analizleri sirasiyla AgNOs,
K2Cr,07 ve EDTA standart ¢ozeltileri ile titrasyon yapilarak
belirlenmistir (Van Wazer, 1958). Na* miktarlar1 toplam iyon
dengesine gore hesaplanmustir.
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¢Oziiniirlik ve yogunluk degerleri 323 K'de sirasiyla %11,14
Mn(H2PO,), ve %26,86 NaCl, 1067 kg/m® ve 1189 kg/m?
olarak tespit edilmistir. Kati fazlar bilesimleri ise
Mn(H2PO,)2.H20 ve NaCl olarak bulunmustur. Mn(H2PO5)2,
NaCl ve H;O bilesimleri ve H2O+ MnCly+ Mn(H2PO,),
sisteminin 323 K'de o&tonik noktasindaki c¢oziiniirlik ve
yogunluk degerleri sirasiyla %6.02, %24.46, %69.52 ve 1279
kg/m3'tiir. Otonik noktanin kat1 faz bilesimi Mn(H2PO)2.H20
ve NaCl tuzlarindan olusur. Bu ii¢lii sisteme ait ¢oziiniirliik
ve yogunluk verileri Tablo 3 ve Sekil 1, 2'de verilmistir.

Tablo 3’te, NaCl - Mn(H2PO3),.H,0 sistemi igin s1v1 faz
ve kat1 faz bilesimlerini, yogunluklart ve olusan kat1 faz
tirlerini  vermektedir. Kati faz degisimine bakildiginda,
Mn(H2PO,)2.H20 i¢in 1. numarali noktada %100 kati1 faz
olarak saf Mn(H2PO),.H20 bulunmaktadir. 2-4 numarali
noktalarda ise Mn(H2PO2)2.H,0 kat1 faz hakimdir. Karigik
kat1 faz (Mn(H2PO2)2.H20 + NaCl) i¢in 5. ve 6. numarali
noktalarda her iki tuz da kat1 fazda birlikte bulunmaktadir.
Yogunluk burada en yiiksek degere ulasmistir (1279 kg/m?).
NaCl i¢in 7-9 numarali noktalarda saf NaCl kat1 faz hakimdir.
Mn(H2PO), oram ise sifira yaklagsmaktadir. Yogunluk
artisina bakilacak olursa, yogunluk degerleri, sivi faz
bilesiminde Mn(H2PO2)2'nin  orami  azalirken artmis ve
maksimum degere (1279 kg/m?®) 5. ve 6. noktalarda
ulagsmugtir. NaCl orani arttik¢a yogunluk diismeye baslamigtir
(9. noktada 1189 kg/m?3).

Sekil 1'de iki kristallenme alami  vardir; (1)
Mn(H2P0O,)2.H,0'nun kristalizasyon alanina kargilik gelen
DAE. (2) NaCl'nin kristalizasyon alanina karsilik gelen BFE.
A ve F noktasi, Mn(H2PO2),—H,O ve NaCl-H,O ikili
sistemlerinin 6tonik noktasidir. E noktasi, tglii sistemin
Otonigini temsil eder. AE ve EF egrileri sirasiyla Mn(H2PO5),
ve NaCl'nin doyma egrilerini temsil eder. Bu iiggen

diyagram, ¢ bilesenli bir sistem olan NaCl -
Mn(H,PO,),—H,0 karisiminin faz davranigini
gostermektedir. Tepe Noktalar (C, B, A), sirasiyla

Mn(H2PO,). bilesigi (%100), NaCl bilesigi (%100) ve H.O
(%100)’dur. E noktasi, bu nokta sistemin &tonik noktasi
olabilir. Otonik noktada ii¢ bilesen belirli oranlarda bulunur
ve bu oranlar sisteme en diisiik donma noktas1 veya dengeli
faz kompozisyonunu saglar. Grafik iizerinden E noktasinin
yaklasik bilesim oranlar1 gézlemlendi. E noktasindan ¢ikan
cizgiler, faz siirlarini temsil eder. Bu ¢izgiler, bilesenlerin.
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Tablo 3. H2POz iyonu igeren SLE figlii ve dortlii sistemler listelenmistir.

Arastirmacilar Sistemler

Dolinina ve ark. NaH2P0O2-Mn(H2P0O2)2—H:0 at 293.15K
NHsH2PO2-Mn(H2P0O2)2—H20 at 293.15K
Ca(H2P02)2—Mn(H2P0O2)2—H20 at 293.15K

Alisoglu ve Necefoglu Na*, Mn?*//NOs~, (H2PO2) —H20 at 273.15 K
Alisoglu K*, MnZ//Br-, (H2PO2)—H20 at 298.15 K
Alisoglu Na*, Mn?*//CI-, (HzPO2)—H,0 at 298.15 K
Alisoglu Na*, Mn?*//Br-, (H2PO2)—H:0 at 298.15 K
Alisoglu ve Adiguzel K*, Mn?*/Br, (H2PO2)//H20 at 298.15 K
Erge ve ark. Na*, Ba?*//(H2P0O2) —H20 at 273.15 K

Na*//CI, (H2PO2)—H:0 at 273.15 K

Ba2*//CI-, (H2PO2) —H20 at 273.15 K

Na*, Ba?*//CI, (H2PO2) —H20 —H20 at 273.15 K
Adiguzel ve ark. Na*, Zn?*//(H2PO2)—H20 at 273.15K

Zn?*/ICI7, (H2PO2)—H20 at 273.15K

Na*, Zn?*//CI~, (H2PO2)—H20 at 273.15K
Demirci ve ark. NaH2PO2—NaCl-H20 at 298.15 K

NaH2PO2-Zn(H2P02)2—H20 at 298.15K

NaCl-Zn(HzP05)2—H:0 at 298.15 K

NaH2PO2—NaCl-Zn(H2P02)—H20 at 298.15K

Tan ve ark. Ca(H2P02)2 — CaCl2 — H20 at 298.15K
Ca(H2P02)2—NaH2P02—H20 at 298.15K

Cao ve ark. Ca(H2P02)2 + CaClz + H20 at 323.15 K
Ca(H2P0z2)2 + NaH2PO2 + H20 at 323.15 K

Gao ve ark. Mg(H2PO2)2 + NaH2PO2 + H20 at 298K
Mg(H2PO2)2 +MgCl2 + H20 at 298K

Yin ve ark. Ca(H2P02)2 +CaClz + H20
Ca(H2P02)2 + NaH2PO2 + H20

Shi ve ark. Mg(H2POz2)2 + NaH2PO2 + H20

Mg(H2PO2)2 + MgClz + H.0

Sekil 1. H20-Mn(H2PO2)2-NaCl sisteminin 323 K’de SLE diyagrami sunulmustur.
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Sekil 2. H20-Mn(H2P0O2)2-NaCl sisteminin bilesimle yogunluk degisimi gozlenmistir.

farkli oranlarindaki kararli fazlarin olusum bdlgelerini
gostermistir.  Alt bolgeler (diyagramdaki bolgeler),
bilesenlerin karisimlarinda hangi fazlarin kararli oldugunu
belirtmektedir. Bu iiglii sistemde E noktasi, basit 6tonik nokta
sistemine uygunluk saglayan bir bilesimdir. Burada ii¢
bilesen denge halinde bir arada bulunur ve tek sicaklikta
katilasir veya yogunluk/donma noktasinda belirgin bir
minimum olusturur.

Literatiir verilerine bakildiginda Mn(H2PO,),-H,O ikili
sisteminin 273Kde ¢06ziinlirligli ve yogunlugu sirasiyla
%12.20 ve 1890kg/m® oldugu Alisoglu ve Necefoglu
tarafindan bulunmustur (Alisoglu ve ark., 1997). 298Kde ise
coziiniirliigiiniin  %12.48 ve yogunlugunun 1086 kg/m?®
oldugu gorilmistir. MnCl-H20 ikili sisteminin 298Kde
coziiniirliigiiniin - %43.60 ve yogunlugunun 1491kg/m?
oldugu (Alisoglu, 2002) , 323Kde ise c¢oziiniirliigliniin
%49.40 oldugu literatiirde gériilmektedir.

NaCIl-H,O ikili sisteminin 273K, 298K ve 323Kde
¢Ozlnlrligliniin sirasiyla  %26.25, %26.42 ve %26.84
oldugu, yogunlugunun swastyla 1201, 1199, 1191kg/m®
oldugu goriilmistiir (Kul ve ark., 2014). H.O-Mn(H2PO).-
NaCl {iglii sisteminin dtonik nokta verileri sirastyla %69.52,
9%6.02 ve %24.46 olarak bulunmustur.

Sekil 2°deki grafikte, yatay eksende mol (%) orani, dikey
eksende ise yogunluk (kg/m*) verilmis. Grafik, karigimin
yogunluk degisimini gdstermistir. Sol taraf (NaCl agirlikli),
yogunluk baslangigta daha diisik ve yavag bir artis
gostermigtir.  Sag  taraf  (H2O-Mn(H:PO2)> agirlikli),
yogunluk, H;O-Mn(H2PO2)2’nin oram arttikga hizli bir
sekilde yiikselmistir. E noktasi, yogunlugun maksimum
oldugu yerdi. Bu nokta 6tonik nokta olabilir. Otonik noktada,
karigimin yogunlugu belirgin sekilde artmistir. Karigim, iki
bilesenin en diistlik sicaklikta katilastig1 orani temsil eder. Bu
grafik, basit Otonik nokta sistemine uygun olarak
degerlendirilebilir, ¢iinkii E noktasi, sistemde belirgin bir
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yogunluk zirvesiyle tek bir 6tonik bilesim oranini ifade
etmistir.

4. SONUC

Bu makalede ¢alisilan Mn(H2PO2),-NaCl-H,O iglii
sistemi incelendiginde MnCly ¢ozinlrligi %11.14’den
%6.02’ye diismiistiir. NaCl ¢oziniirligi ise %26.86den
%24.46ye hafif bir disiis gostermistir. Buna gore NaCl’nin
Mn(H,PO,), iizerine bir salting-out etkisi goriilmektedir.
Otonik noktanin yogunlugu 1279 kg/m® olarak tespit
edilmistir. Bu ¢aligma bu iki tuzu ihtiva eden bir ¢dzeltiden
Mn(H2PO,)in  ayrilmast igin ekonomik bir yontem
onermektedir. Mn(H2POy)zin ¢oziiniirliginiin %11,14’den
otonik noktada %6,02’ye distiigi ve NaCl’nin ise
%?26,86’dan 6tonik noktada %24,46’ya Mn(H2PO2).e oranla
hafif bir diisis sergiledigi goriilmiistiir. Buna gore ¢ozelti
derigimi degistirilereck Mn(H2PO2),’nin kolayca ayrilmasi
icin bir proses tasarlanabilir.

TESEKKUR

Yazarlar TUBITAK’a 1147651 numarali proje
destegi i¢in tesekkiir ederler.

5. KAYNAKLAR

Adiguzel V., Erge H., Alisoglu V. ve Necefoglu H. (2014).
Study of the solubility, viscosity and density in Na+,
Zn2+/C1——H20, Na+-Zn2+-(H2P0O2)—H20, Na+,
ClI-/(H2PO2)—H?20, and Zn2+, Cl-/(H2PO2)——H20
ternary  systems, and in Na+, Zn2+/Cl-,
(H2PO2)—//H20 reciprocal quaternary system at
273.15K. The Journal of Chemical Thermodynamics,
75, 35-44.

Alisoglu V. ve Necefoglu H. (1997). Etude de la solubilité
dans le systtme Na2(NO3 VNa2(H2PO2)2/



Na*, Mn*+/ H.PO2, CI-//H0 Uglii Sisteminin 323K’de Céziiniirliik ve Faz Dengeleri

Mn(H2P0O2)2/H20. Comptes Rendus de 1'Académie
des Sciences - Series 1IB - Mechanics-Physics-
Chemistry-Astronomy, 324(2), 139-142.

Alisoglu V. (2002). Analyse physico-chimique du systéme
quaternaire Na+,Mn2+/Cl—,(H2P02)-//H20. Comptes
Rendus Chimie, 5(6), 547-549.

Alisoglu V. (2005). Etude de la solubilité des phases en
équilibre dans le systéeme Na+,Mn2+/Br—,(H2PO2)-
/[H20. Comptes Rendus Chimie, 8(9), 1684-1687.

Alisoglu V. ve Adiguzel V. (2008). Etude de la solubilité et
des phases en équilibre dans le systéme quaternaire
réciproque K+, Mn2+/Br—, (H2P0O2)—//H20. Comptes
Rendus Chimie, 11(8), 938-941.

AliSoglu V. (1998). Etude de la solubilité et des phases en
équilibre dans le systéme
K2Br2/MnBr2/Mn(H2P02)2/H20. Comptes Rendus
de I'Académie des Sciences - Series 1IC - Chemistry,
1(12), 781-785.

Bhat G.A., Vishnoi P., Gupta S.K. and Murugavel R. (2015).
Anhydrous manganese hypophosphite dense framework
solid: Synthesis, structure and magnetic studies.
Inorganic Chemistry Communications, 59, 84-87.

Demirci S., Adigiizel V. and Sahin O. (2016). The
Solubilities and Physicochemical Properties of
NaH2PO2-NaCl-H20, NaH2P02-Zn(H2P02)2—
H20, and NaCl-Zn(H2P02)2-H20 Ternary Systems
and in NaH2P0O2-NaCl-Zn(H2P02)2-H20
Quaternary System at 298.15 K. Journal of Chemical &
Engineering Data, 61(7), 2292-2298.

Jian R.K., Chen L., Zhao B., Yan Y.W., Li X.F. and Wang
Y.Z (2014). Acrylonitrile—Butadiene—Styrene
Terpolymer with Metal Hypophosphites: Flame
Retardance and Mechanism Research. Industrial &
Engineering Chemistry Research, 53(6), 2299-2307.

Kul A., Erge H. ve MEYDAN, 1. (2014). NaCl-BaCl2-H20
Uclii  Su-Tuz Sisteminin Izotermik Yontemle
Coziinirliginin ve Faz Dengelerinin Arastirilmasi.
Yuzuncu Yil University Journal of the Institute of

Natural and Applied Sciences, 19(1-2), 62-69.

Mastai Y., Advances in crystallization processes,
Books on Demand, 2012)

(BoD-

Noisong P. and Danvirutai C. (2010). A new synthetic route,
characterization and vibrational studies of manganese
hypophosphite monohydrate at ambient temperature.
Spectrochimica Acta Part A: Molecular and
Biomolecular Spectroscopy, 77(4), 890-894.

Noisong P., Danvirutai C., Srithanratana T. and Boonchom
B. (2008). Synthesis, characterization and non-
isothermal decomposition kinetics of manganese

80

hypophosphite monohydrate. Solid State Sciences,
10(11), 1598-1604.

Suekkhayad A., Noisong P. and Danvirutai C. (2017).
Synthesis, thermodynamic and Kinetic studies of the
formation of LiMnPO4 from a new Mn(H2PO2)2-H20
precursor. Journal of Thermal Analysis and
Calorimetry, 129(1), 123-134.

Van Wazer J. R., Phosphorus and Its Compounds [by]John
R.Van Wazer, (Interscience, 1958)

Wu W., Lv S, Liu X., Qu H., Zhang H. and Xu J. (2014).
Using TG-FTIR and TG-MS to study thermal
degradation of metal hypophosphites. Journal of
Thermal Analysis and Calorimetry, 118(3), 1569-1575.

Yang W., Yang W.J., Tawiah B., Zhang Y., Wang L.L., Zhu
S.E., Chen T.B.Y,, Yuen A.C.Y,, Yu B, Liu Y.F, Si
J.Y.,,HuE.Z.,, Lu H.D., Hu K.H., Chan Q.N. and Yeoh
G. H. (2018). Synthesis of anhydrous manganese
hypophosphite microtubes for simultaneous flame
retardant and mechanical enhancement on poly(lactic
acid). Composites Science and Technology, 164, 44-50.

Zeng Y., Yi J.,, Wang H., Zhou G. and Liu S. (2005).
Theoretical study of H2PO2— adsorption on Ni(111)
and Cu(111) surfaces. Journal of Molecular Structure:
THEOCHEM, 724(1), 81-86.



Review Article

Kafkas Universitesi Fen Bilimleri Enstitiisii Dergisi / Institute of Natural and Applied Science Journal

Cilt 17, Say1 2, 81-91, 2024 / VVolume 17 Issue 2, 81-91, 2024

Kafkas Universitesi Fen Bilimleri Enstitiisii Dergisi

Dergi ana sayfasi/ Journal home page: https://dergipark.org.tr/tr/pub/kujs

Institute of Natural and Applied Science Journal

E-ISSN: 2587-2389

Antimicrobial Substances and Strategies to Avoid Bacterial and Fungal Effects in Leather

Manufacturing

Haider Sabah ABDULHUSEINY Baidaa Mezher KADIM?

!Department of

Microbiology, College of Veterinary Medicine, AL-Shatrah University, Thi-Qar, Iraq

2 Department of Pathology, College of Applied and Medical Sciences, AL-Shatrah University, Thi-Qar, Iraq

(Ilk Génderim / Received: 11. 04. 2024, Kabul / Accepted: 12. 12. 2024, Online Yayin / Published Online: 24.12.2024)

Keywords:

Lipolytic,

Proteolytic,

Antibiotics,

Electric current,
Antifungal and Leather.

Abstract: Smart The leather production industry, existing for thousands of years, has continuously
adjusted to meet modern standards for quality and environmental sustainability. Antimicrobial
treatments are essential in leather manufacture to preserve the durability and hygiene of leather
goods. These important treatments are utilized to prevent bacterial proliferation and deterioration
of leather in order to fulfill environmental duty. Ideal temperature and moisture conditions of
animal skin create a favorable habitat for microorganisms to grow. Review explores antibacterial
chemicals, preservation methods for animal hides, and factors influencing bacterial growth. Various
preventive techniques like salt, antibiotics, plant extracts, and electric currents are employed to
combat bacterial damage in leather production. Even with high NaCl levels in the leather treatment
liquid, numerous bacterial species can proliferate and generate detrimental enzymes, leading to
substantial economic losses. These enzymes have detrimental effects on leather and leather goods,
such as staining, unpleasant smell, and discoloration.

Deri imalatinda Antimikrobiyal Maddeler ve Bakteriyel ve Mantar Etkilerini Onlemeye

Yonelik Stratejiler

Anahtar Kelimeler:
Lipolitik,
Proteolitik,
Antibiyotik,

Elektrik Akimu,
Antifungal ve Deri.

Ozet: Binlerce yildir var olan deri iiretim endiistrisi, kalite ve gevresel siirdiiriilebilirlik agisindan
modern standartlart karsilayacak sekilde siirekli olarak yenilenmektedir. Deri {irlinlerinin
dayanikliligini ve hijyenini korumak i¢in deri iiretiminde antimikrobiyal islemler esastir. Bu 6nemli
islemler, cevre gorevini yerine getirmek amaciyla derinin bakteri iiremesini ve bozulmasini
onlemek i¢in kullanilir. Hayvan derisinin ideal sicaklik ve nem kosullari, mikroorganizmalarin
cogalmasi i¢in uygun bir yasam alam olusturur. Inceleme antibakteriyel kimyasallari, hayvan
derileri i¢in koruma yoOntemlerini ve bakteri iiremesini etkileyen faktdrleri arastiriyor. Deri
iretiminde bakteriyel hasarlarla miicadele etmek i¢in tuz, antibiyotik, bitki ekstraktlari, elektrik
akim gibi gesitli Onleyici teknikler kullanilmaktadir. Deri isleme sivisindaki yiliksek NaCl
seviyelerinde bile ¢ok sayida bakteri tiirii ¢ogalabilir ve zararli enzimler iiretebilir, bu da énemli
ekonomik kayiplara yol agabilir. Bu enzimlerin deri ve deri egyalar {izerinde lekelenme, hos
olmayan koku ve renk bozulmas1 gibi zararl etkileri vardir.
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Antimicrobial Substances and Strategies to Avoid Bacterial and Fungal Effects in Leather Manufacturing

1. INTRODUCTION

Leather, obtained from animal hides, is a highly desirable
material renowned for its resilience and adaptability.
Nevertheless, the presence of microorganisms throughout the
processing stage presents a notable difficulty. It is essential to
incorporate antimicrobial medicines in order to handle these
problems. This article provides an overview of the wide range
of antimicrobial agents used in the leather manufacturing
industry, highlighting their significance in maintaining the
quality of leather products. The use of antimicrobial agents in
leather manufacture involves a diverse array of compounds,
such as biocides, fungicides, bactericides, and preservatives.
Conventional chemical components, such as quaternary
ammonium compounds and thiocyanates, are present with
natural extracts, such as phenolics and tannins produced from
plants. This section explores the many categories of
antimicrobial agents used and their distinct functions in the
process of leather treatment (Mufioz-Bonilla and Fernandez-
Garcia, 2011). Gaining a comprehensive understanding of the
mechanisms by which antimicrobial drugs operate is crucial
for their successful implementation. Various drugs utilize a
range of processes, including the disruption of microbial cell
membranes and interference with enzyme activities. Offering
valuable information on choosing agents customized to figure
out specific issues encountered at various steps of leather
processing (McDonnell and Russell, 1999). Antimicrobial
compounds are used in many stages of the leather
manufacturing process, beginning with the preservation of
raw hides and continuing until the final finishing of leather
goods. Biocidal treatments are employed to inhibit bacterial
and fungal proliferation during the soaking, tanning, and
coloring procedures, thereby guaranteeing the durability of
the leather. Moreover, the final items are treated with
antimicrobial coatings and finishes, which offer long-lasting
defense against the growth of microorganisms while in use.
This section elucidates the precise applications and benefits
of antimicrobial therapies at each stage. Recently, there has
been an increasing focus on implementing sustainable
practices in the leather manufacturing industry. This section
examines environmentally sustainable alternatives to
conventional antimicrobial treatments, such as natural
extracts possessing intrinsic antibacterial characteristics. The
leather processing industry is progressively embracing
environmentally-friendly  technologies to reduce the
ecological impact. The inclusion of sustainability and
environmental impact factors is becoming essential in the
choice of antimicrobial medicines (Quesada and et al., 2016).
Although antimicrobial agents improve the quality of
products, there are still challenges to overcome, such as
regulatory limitations, potential toxicity, and the
development of resistance by microorganisms. Ongoing
research is focused on developing new formulations,
controlled release systems driven by nanotechnology, and
combinations of different antimicrobial agents. These
advancements are shaping the future of antimicrobial agents
in the leather manufacturing industry. This section examines
these challenges and provides insights into future directions,
highlighting the importance of effective and environmentally
friendly antimicrobial strategies. Technological progress has
significantly contributed to improving the use of
antimicrobial agents in the production of leather in recent
times. Nanotechnology has become a potent technique,
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facilitating the creation of nanocomposites and nanocoatings
that  possess improved  antibacterial  capabilities.
Incorporating nanoparticles, namely silver nanoparticles, into
leather materials has demonstrated potential in producing
surfaces with long-lasting antibacterial properties, hence
minimizing the requirement for frequent reapplication. The
collaboration among academic institutions, industry
stakeholders, and technological innovators has been crucial
in driving progress in the development of antimicrobial
solutions for the leather production industry. The
development of breakthrough antimicrobial technologies has
been achieved through collaborative efforts, which promote
sustainable practices and tackle intricate issues. This section
examines fruitful relationships and their contributions to the
ongoing enhancement of antimicrobial applications in the
leather industry.

1.1. Antimicrobial

The antimicrobial chemical factors can be classified into
two categories based on their application. The first category
includes antimicrobial agents that are used to regulate the
growth of bacteria in industrial and economic settings. These
agents are utilized in various industries such as food, textile,
fuel storage, paper manufacturing, cooling, and ventilation
(Madigan and et al., 2009). The second category consists of
chemical antimicrobial agents that are used to prevent the
growth of harmful germs on human skin and inanimate
surfaces. This category includes four groups: antiseptics,
sanitizers, sterilants, and disinfectants (Madigan and et al.,
2009). Antimicrobial agents have been extensively employed
in many domains, including hides, plastics manufacturing
facilities, food sectors, textile production industries, paper,
pharmaceuticals, and cosmetics production, to eradicate
bacteria or impede the growth of microorganisms. A wide
range of antimicrobial compounds, such as Phenolics,
detergents, peroxygen, heavy metals, chlorine dioxide,
chlorine, nitrogen, and others, are extensively utilized across
several sectors to effectively eliminate bacteria (Heseltine,
2001). The impact of antibacterial factors on bacteria varies
from severe, such as bacterial eradication, to mild, such as
inhibition of bacterial growth. These effects have been
extensively examined by (Martinez, 2009), who have also
highlighted the detrimental effects on bacterial proteins and
lipids, the disruption of nucleic acids, and the interference
with bacterial metabolisms.

1.2. Antimicrobial classification

The effects of antibiotics on bacteria can be categorized
into bacteriostatic, which suppress bacterial growth, and
bactericidal, which can eliminate germs. The effects of the
first type, known as bacteriostatic, are reversible due to the
ability of bacteria to resume growth and replication once the
antibiotic agent is removed from the environment. The
second group, which possesses bactericidal properties, is
typically the optimal choice in leather industries for reducing
the population of bacteria during the tanning process. On the
other hand, the use of bacteriostatic antibiotic agents in
leather processes without a specific plan contributes to the
increasing  development of  antibiotic  resistance.
Bacteriostatic drugs specifically target the bacterial ribosome.
Conversely, bactericidal drugs form irreversible bonds with
their targets, leading to the inactivation of bacterial cells and
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ultimately causing bacterial death (Heseltine, 2001).
Antibiotics are classified into five groups based on their
mechanism of action: suppression of protein synthesis,
damage to the cytoplasmic membrane, inhibition of cell wall
formation, damage to nucleic acids, and disruption of
bacterial metabolism. Each antibiotic has a distinct target on
the bacterial cell. Once the antibiotic agents connect to the
bacterial cell wall and penetrate it, they cling to the cell
membrane. This causes a disruption in the exchange of
cytoplasmic bacterial ions, specifically potassium ions (K+),
leading to the leakage of cell contents and ultimately cell
death (Martinez, 2009). Antimicrobial agents can be
categorized into two categories: leaching agents and non-
leaching agents. This classification is based on the
antimicrobial ingredients used and the technique of treatment.
There are three categories of antimicrobial agents commonly
used in textile production: Antibacterial, Antiviral, and
Antifungal factors.

1.3. Antimicrobial resistance

Similar to other sectors, the rise of antimicrobial
resistance presents a difficulty in the leather production field.
The over dependence on specific antibacterial drugs can
result in the emergence of resistant strains of microbes. This
section emphasizes the significance of using antimicrobial
agents in a careful and varied manner to reduce the likelihood
of resistance. Continuing research on alternative substances
and combination medicines seeks to offer solutions to this
ever-changing dilemma (Birbir and et al., 2008).
Antimicrobial resistance refers to the ability of
microorganisms to resist the effects of antimicrobial drugs.
Genes responsible for antibiotic resistance can be readily
transferred between different species through three
mechanisms: transformation, transduction, and conjugation.
As a result, many antibiotics have recently become
ineffective against bacteria and fungi (Russell, 2001,
Madigan and et al., 2009; WHO, 2016). The World Health
Organization's yearly reports in 2016 indicate a significant
increase in the prevalence of antibiotic resistant bacteria
worldwide (Berber, 2020). Consequently, bacteria possess
the capacity to proliferate despite the use of antibiotics in the
leather industry (Abdulhusein and Caglayan, 2022). In recent
decades, the proliferation of antibiotic resistance has been
attributed to the inadvertent and over utilization of
antimicrobial drugs. Animal products, poultry, bird faces, and
carcasses have been identified as significant sources of
multidrug-resistant (MDR) pathogenic bio agents. MDR, or
multidrug resistance, is a significant and recent problem that
has adverse effects on both humans and animals (Vankar and
Dwivedi, 2009; Kacaniova and Juhaniakova, 2011) identified
antibiotic-resistant bacteria from the digestive system and
milk of animals. These bacteria were classified as members
of the Enterobacteriaceae family. Scientists are currently
making efforts to identify new alternative bioactive
compounds, instead of antibiotics, that do not have any
negative effects on humans or the environment. Additionally,
some of these materials may not have any impact on
infectious bacteria (Abdulhusein and Caglayan, 2022). The
rising consumer consciousness regarding hygiene and health
has led to a surge in the demand for leather products treated
with antimicrobial agents. Manufacturers have responded to
the change in consumer tastes by integrating antimicrobial
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technologies into their products, not just for practical
purposes but also as a commercial attribute. This section
examines the convergence of consumer demand, marketing
techniques, and the incorporation of antimicrobial agents to
fulfill changing market expectations. Regulatory authorities
closely examine the application of antimicrobial substances
in consumer products, such as leather goods. This section
provides an overview of the regulatory factors that must be
taken into account when using antimicrobial treatments in the
leather sector Adherence to standards and regulations
guarantees the safety and effectiveness of antimicrobial
agents, addressing concerns regarding human health and
environmental consequences. This text examines cases in
which certain agents or technology has successfully tackled
microbiological obstacles, highlighting their practical
applications and resulting consequences. Real-world
examples offer useful insights into the varied applications and
achievements of antimicrobial therapies in various contexts.

1.4. Bacterial and Fungal effects on leathers

The presence of abundant moisture and protein content in
animal raw skins makes them an ideal breeding ground for
microorganisms, leading to microbial proliferation (Skora,
2014a). Animal skins host a variety of microorganisms,
including bacteria such as Corynebacterium, Bacillus,
Staphylococcus, and Clostridium, as well as fungi such as
Aspergillus, Penicillium, Candida, Cryptococcus, and
Paecilomyces (Bayramoglu, 2006). These biological
components possess the capacity to proliferate fast and
generate various lipolytic and proteolytic enzymes, resulting
in the deterioration of leather, unpleasant odour,
discoloration, increased brittleness, and loss of elasticity
(Bielak and Syguta-Cholewinska, 2017; Gendaszewska and
et al., 2022). Conversely, certain microbes do not pose a
threat to human health (Baird and et al., 2006). Given the high
concentration of bacteria present in the soaking solution and
the presence of several opportunistic species on animal skins,
it is necessary to apply bactericides during leather processing
(Williams and et al., 2005; Berber and et al., 2010). In order
to prevent microbial decay, a range of antimicrobial
substances are employed during the various stages of leather
production. These substances can be categorized into two
groups: natural materials and chemical materials. The
chemical materials can further be classified as either
fungicidal or bactericidal. Examples of these substances
include isothiazoles, Bronopol, benzothiazole, phenols,
polyvinyl, pyridines, tolysulfone compounds, quaternary
(Tissier and Chesnais, 2001; Khalili and et al., 2003;
Falkiewicz-Dulik, 2020). Although the majority of these
chemicals are typically considered non-toxic (Khalili and et
al., 2003) a small portion of them are actually toxic.
Excessive use of these chemicals can have harmful effects on
both humans and animals. Additionally, these materials are
known to contribute to water pollution and are unsuitable for
use in the food and leather industries (Karavana and et al.,
2011; Bugra and et al., 2011; Deselnicu and et al., 2014;
Dorota and et al., 2022), Some chemicals, like
polyhalogenated phenolic compounds and
pentachlorophenol, have been prohibited because they are
highly dangerous (Tirkan and et al., 2013). Regrettably,
certain materials have been found to induce occupational
ilinesses, including renal, hepatic, and respiratory system
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ailments (Afsar and et al., 2010). Consequently, numerous
antimicrobial agents derived from animals, plants, and
microorganisms have been utilized in leather tanning
processes, as they possess natural properties that are non-
toxic or have low toxicity levels (Veyselova and et al., 2013).
Researchers have utilized various antibacterial agents,
including sodium sulphate, alkyl phenol ethoxylates, 1-2

dichlorobenzene, sodium bisulphate, potassium
dimethyldithiocarbonate, acetic acid, potassium
dimethyldithiocarbamate, sodium-orthophenylphenate, 5-
chloro-2-methyl-4-isothiazolin-3-one, trichloro-S-

triazinetrione, ortho-benzyl-para-chlorophenol, sodium salt
of o-phenylphenate, and methylene bis (thiocyanate), in both
the leather and paper industries (Yang and et al., 2012). The
paper industry has utilized a mixture of benzothiazole and
copper I, as well as silver nanoparticles (Muthusubramanian
and Mitra, 2006), and 2-bromo-2-nitropropane-1,3-diol, for
their bactericidal properties (Akpolat and et al., 2015).
Bacteria with the ability to break down lipids and proteins.
Simultaneously with bacterial activity, a variety of primary
and secondary metabolites are being synthesized. These
include colors, toxins, vitamins, and enzymes. Protease and
lipase are crucial enzymes in the leather industry as they can
be utilized in many phases of leather production. However, if
present in large concentrations in the soak liquor, both of
these can cause negative effects on the finishing leather. In
recent years, researchers have intensified their investigations
on proteolytic and lipolytic bacteria to explore novel
approaches for reducing bacterial populations in tanning.
Additionally, they are investigating the potential use of these
enzymes in bio-tanning processes, albeit in their crude form
and with limited quantities Bacteria have the ability to break
down lipids and proteins. Extensive research has been carried
out to assess the capacity of lipolytic and proteolytic bacteria,
which are obtained from leather businesses during tanning
procedures. Approximately 43% of the samples obtained
from salted sheep skin consisted of somewhat halophilic
bacteria, and the remaining 56% consisted of extreme
halophilic archaea (Skéra and et al., 2014b). All severe
halophilic isolates, including as Halorubrum lipolyticum,
Halococcus dombrowskii, Halococcus morrhuae, and
Halococcus dombrowskii, exhibited positive proteolytic
activity (Skora and et al., 2014b). Previous investigation that
was isolated Enterobacter cloacae, Pseudomonas luteola,
Bacillus pumilus, and Bacillus licheinformis from soak
liquor. The researchers examined the lipolytic activity of
these isolates and found that all of them were capable of
producing a lipolytic enzyme. Additionally, Vibrio fluvialis,
Enterococcus faecium, and Staphylococcus intermedius were
also tested for their proteolytic activity, and all of them
showed positive results. In Turkey, six isolates (which are
including  Bacillus  mojavensis,  Bacillus  cereus,
Bacillusamyloliquefaciens, Bacillus licheniformis,
Bacillustoyonesis, and Bacillusvelenzensis) were obtained
from different tanneries. These isolates were identified
through molecular analysis, and their capacity to produce
lipase and protease was examined (Yang and et al., 2012).
The findings revealed that all isolates were positive for
protease activity. However, only Bacillus cereus was negative
for lipase production (Abdulhusein and Caglayan, 2022). In
addition, prior search isolated bacterial and fungal species
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from the air of leather industries most of these
microorganisms are pathogens such as Cryptococcus albidus,

Penicillium echinulatum, Candida parapsilosis,
Cladosporium  cladosporioides, Penicillium  crustosum,
Penicillium chrysogenum, Penicillium commune,

Corynebacterium lubricantis, Staphylococcus gallinarum,
Pantoea agglomerans, Bacillus pumilus, Acinetobacter
johnsonii, A. calcoaceticus, Bacillus cereus, Nocardiopsis
dassonvillei, Bacillussubtilis and Pseudomonas putida
(Orlita, 2004; Castellanos-Arévalo and et al., 2016). While
lipolytic and proteolytic bacteria can have detrimental effects
on leather, as these microbes have the ability to permeate the
layers of skin and create damaging enzymes that result in skin
degradation, spots, skin discoloration, and unpleasant odors,
as shown in the accompanying photographs.

Figure 1 and fligure 2 represent one of our previous study
about the deterioration effects of bacteria on sheep skin and
goat skin after treatment with mixed culture containing
lipolytic and proteolytic Haloversatile bacteria which were
isolated from salt samples used for skin preservation after it
was skinned from the animal.

1.5. Fungicidal Agents

Microorganisms present on animal skin have no impact on
the animal while it is alive. However, once an animal is
slaughtered, these microorganisms can have detrimental
consequences on the animal’s skin as they begin to develop
and multiply (Gobalakrishnan and Saravanan, 2017). In the
leather industry, fungicidal substances, whether chemical or
natural, are used during various phases of processing to
prevent the growth of fungi during storage and transformation
(Gobalakrishnan and Saravanan, 2017). The utilization of
antimicrobial drugs should be restricted in order to mitigate
antimicrobial resistance and prevent adverse environmental
impacts (Niculescu and et al., 2017). In order to alleviate the
adverse effects of antimicrobial agents on humans and their
surroundings, researchers are actively seeking alternative
biocides that are environmentally benign. One such approach
involves exploring the potential of plant-derived biocides, as
demonstrated by (Sirvaityte and et al., 2012). One of the
reasons why natural ingredients are increasingly used in
leather production is due to the changing preferences of
consumers. Several recent studies have examined and
evaluated the biological functions of essential oils as
antimicrobial agents. These investigations have determined
that essential oils possess bactericidal and fungicidal
properties (Akter and et al., 2023). The antimicrobial activity
of four different dyes was assessed against various bacteria
and fungi. The results showed that the dyes had antibacterial
effects but no effect on the tested fungi (Koizhaiganova and
et al., 2015). In another study conducted by (Tarlea and et al.,
2009a), Ag-HA (Silver-doped hydroxyapatite) was utilized as
an antibacterial agent in the leather finishing process. The Ag-
HA was specifically developed using a microwave technique.
The researcher assessed the antibacterial efficacy of Ag-HA
using qualitative and quantitative analysis of tested
microorganisms. The findings demonstrated that Ag-HA has
promising antimicrobial properties (Tarlea and et al., 2009a).
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Figure 2. Goat skin treated with mixed culture of Lipolytic and proteolytic bacteria isolated from leather industries (50 pm).

Tarlea et al., 2009a; 2009b evaluated the effectiveness of
newly developed antimicrobial agents, which were
synthesized by modifying the chemical structure of existing
substances through chemical substitutions such as
sulphonation of nitro, methoxy, methyl, and chloro instead of
2-amino benzothiazole-6. The results showed positive
antifungal activity against Aspergillusniger in the production
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of cattle skin. However, these agents were found to be
ineffective against Trichoderma viride (Neffati and et al.,
2011; Tarlea and et al., 2009b). In a study conducted by
Niculescu et al. (2017), coriander essential oil was employed
as an antifungal agent in the concluding stages of leather
production. The findings indicated that a minimum
concentration of 65% of this essential oil should be utilized
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during the leather finishing process (Sirvaityté and et al.,
2012). Another study conducted by Neffati et al. (2011),
Sreelatha et al. (2009), and Zoubiri et al. (2010) explored the
medicinal significance of the Coriander plant (Bayramoglu,
2007; Sreelatha and et al., 2009; Zoubiri and Baaliouamer,
2010). The study revealed that Coriander not only acts as an
antibacterial agent but also functions as a scavenging agent.
Bayramoglu (2007) and Bayramoglu et al. (2009) examined
the bioactive properties of essential oil extracted from
Origanum species using steam distillation methods (Pranab
and et al., 2009). They found that this oil can be used as an
alternative antimicrobial agent against gram positive bacteria
and as an antifungal material in the pickling leather process.
In their study, Gendaszewska et al., (2022) examined the
fungicidal properties of extracts derived from tea tree and
thyme essential oils against three different fungus species
(Aspergillus niger, Candida albicans and Chaetomium
globosum) (Baird and et al., 2006). Upon completion of the
leather finishing process, the findings indicated that thyme
essential oil exhibited antifungal properties against all three
types of fungi at a concentration of 5%. Conversely, the use
of tea tree essential oil on leather samples only showed
bioactivity against Candida. In addition, in China, nano-
particles, specifically a combination of nano-ZnO,
isothiazolinelcetone, acrylic resin, and tween, have been
utilized as an antimicrobial agent for leather. The mixture,
applied at a concentration of 0.8 g/I, demonstrated a pH of 6.0
and exhibited a significant and lasting effectiveness in
inhibiting fungal growth, with a success rate of 97%
(Berechet and et al., 2016a). Researchers have evidently
intensified their efforts to discover new antimicrobial agents
that can effectively reduce the presence of microbes on
leather surfaces or in the soaking liquor used during the
leather processing. Numerous studies have been conducted to
identify appropriate ingredients with antifungal properties,
such as Essential oils of Orange, Clove, Lavender, Origanum
and Cinnamon were extracted and tested against
Trichophyton interdigitale (Radwan and et al., 2014). Also
the growth of Molds and Candida albicans were stopped by
Essential oils of Cinnamon, Clove and Thyme (Berechet and
et al., 2016b). Furthermore, the growth of Aspergillus niger
and Candida albicans in leather industry was stopped by
Carvacol, O-Cymol, Tymol, Geranuim, Rosemary and Pine
essential oils (Deselnicu and Chirila, 2018). The plant
extracts (Tanacetumvulgare, Compositae family) were tested
against Epidermophyton floccosum and Trichophyton
interdigitale (Miu and et al., 2020). Also the Plant extracts
were investigated against Trichophyton interdigitale
(lyigundogdu and et al., 2016). Sodium
pentaboratepentahydrate and triclosan have inhibitory effects
against Aspergillus niger, Trichophyton mentagrophytes and
Candida albicans (Chirila and et al., 2017). The growth of
Trichophyton interdigitale was inhibited by Essential oils of
Thyme (Ilies and et al., 2021). Essential oils of Citrus limon,
Melaleuca alternifolia, Mentha piperita, Origanum vulgar,
Lavandula angustifolia and Marjoram were tested against
Aspergillus spp., Botrys sp., Penicillinum sp., Mucor sp.,
Candida guillermondii and Cladosporium sp. (Bailey, 2003).

1.6. Antibacterial Agents

Biocides are substances, whether synthetic or derived
from nature, that possess the ability to inhibit the growth or
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kill microorganisms. Bactericidal and bacteriostatic
chemicals have been employed for temporary preservation of
leather, typically ranging from a few days to a few weeks.
Historically, chlorinated chemicals and mercury phenoles
have been commonly utilized as bactericidal agents. Both of
these items have practical applications, but they also have
negative effects on the environment, which is why they have
been prohibited (Shakeel and et al., 2019). Biocides have
been commonly used in combination with dyes and
surfactants during the storage and processing of leather to
protect salty skin and prevent bacterial and fungus growth
(Shakeel and et al., 2019). In their study, Shakeel et al. (2019)
synthesized a novel class of formazan dyes comprising a
combination of (2-phenyl 2-4-sulfophenyl-hydrazono methyl
diazenyl) benzoic acid and (2-aminobenzoic acid). These
dyes were then reacted with 4-[(22)-2-
benzylidenehydrazinyl] benzene sulfonic acid (Ding and et
al., 2022). The synthesized dyes were tested against both
Gram-positive and Gram-negative bacteria, including
Bacillussubtilis, Klebsiella, Escherichiacoli, and
Staphylococcusaureus. Additionally, their effectiveness was
evaluated against various fungi commonly found in leather
industries, such as Trichoderma harzianum, Aspergillus
chevalieri, Aspergillus candidus, Aspergillus flavus,
Penicillium stipitatum, and Aspergillus niger. The leather's
antibacterial properties have been attained using pre-tanning
procedures (Singh, 2014). In a recent study conducted by
Ding et al., (2022), a novel antibacterial agent was developed
by combining Polyurethane with ciprofloxacin. The resulting
chemical was then evaluated against Gram-negative bacteria
(Escherichia coli) and Gram-positive bacteria
(Staphylococcus aureus) (Singh, 2014). The results
demonstrate that the chemical exhibits a strong bacteriostatic
impact on both isolates by inhibiting the DNA gyrase of these
isolates. The findings from the studies conducted by
Bayramoglu (2007) and Bayramoglu et al. (2008)
demonstrated that Oregano essential oils had superior
bactericidal properties compared to the commercial antibiotic
agents commonly utilized in leather processing (Pranab and
et al., 2009). In the fatliquoring process conducted by Bielak
et al., (2017), the antimicrobial properties of three types of
plant extracts (specifically essential oils) were tested
(Gendaszewska and et al., 2022). These extracts, namely
thyme, cinnamon, and oregano, were mixed with leather at a
concentration of 5% of the skin weight. The objective was to
evaluate their effectiveness against Candida albicans,
Staphylococcus aureus, and Escherichiacoli. The results
revealed that the aforementioned essential oils exhibited
significant antibacterial and antifungal activity. In their study,
Veyselova et al. (2013) examined the effectiveness of a
combination of QAC (quaternary ammonium compound),
specifically 12.5% benzyl dimethyl ammonium chloride and
12.5% didecyl dimethyl ammonium chloride, when applied
to soaking water in leather industries (Yang and et al., 2012).
The researchers tested the combination against various gram
positive  bacteria  (including Bacillus licheniformis,
Staphylococcus intermedius, and Bacillus pumilus) as well as
gram-negative bacteria (including Enterococcus faecium,
Vibrio fluvialis, Enterobacter cloacae, and Pseudomonas
luteola). The results showed that this combination exhibited
antimicrobial properties against all tested isolates, with the
effectiveness depending on the concentration used. The study
examined the minimum concentration of Sodium Dimethyl-
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dithio carbamate, an ingredient with antibacterial properties,
against antibiotic resistant bacteria (ARB) that were resistant
to penicillin, streptomycin, meropenem, ampicillin, and
spectinomycin. The concentrations of Sodium Dimethyl-
dithio carbamate used were 10 pg, 25 pg, 10 ug, 10 ug, and
25 ug respectively. The results showed that Sodium
Dimethyl-dithio carbamate exhibited antimicrobial effects
against a mixed bacterial culture at a concentration of 1000
ug/l. The antibacterial properties of acetone extracts from
four lichen species (Usnea sp., Hypogymnia physodes,
Pseudevernia furfuracea, and Everniadivaricata) were
investigated against six Gram-positive Bacillus sp. isolates.
All isolates exhibited positive catalase, protease, and oxidase
activity. The results revealed that these extracts were capable
of killing certain isolates at a specific concentration, while
inhibiting others at the same concentration Abdulhusein and
Caglayan, 2022). Lichens, such as Cetraria sp. and Lobaria
sp., have been utilized in the leather industry as natural and
alternative antibacterial agents for an extended period of time
(Khattab and et al., 2019). In the textiles industry, a
combination of synthetic and natural materials has been used
to create novel antibacterial properties. The antimicrobial
efficacy of sodium pentaborate pentahydrate and triclosan has
been evaluated against several bacteria including
Escherichiacoli, Staphylococcusaureus, Salmonella enterica,
Staphylococcusepidermidis, Klebsiella pneumoniae, and
Methicillin-ResistantStaphylococcusaureus (Chirila and et
al., 2017). Lanthanide-doped strontium aluminum oxide was
studied in gotton industry aganist Escherichiacoli,
Staphylococcusaureus and Candidaalbicans (Khan and et al.,
2019). The study examined the antibacterial effects of
Chitosan and Dielectric barrier discharge (DBD) plasma-
treated materials that were impregnated with alkyl dimethyl
benzyl ammonium chloride. The materials tested included
Polyester, nonwoven cellulose/polyester, woven cotton, and
Jute-cotton blended denim. The antibacterial activity was
evaluated against Staphylococcusaureus and Escherichiacoli,
as reported by (Song and et al., 2019; Chen and et al., 2019).
The antimicrobial efficacy of Rose bengal against
Pseudomonas aeruginosa, Escherichia coli, Staphylococcus
aureus, and Bacillus subtilis was evaluated on a fabric blend
of wool and acrylic (Shahid-Ul-Islam and et al., 2019). The
antimicrobial efficacy of Chitosan—silver nanoparticles
(Dong and et al.,, 2019) and Lycium ruthenicum Murray
extract (Yildiz and Eryuruk, 2018) was evaluated against
Escherichiacoli and Staphylococcusaureus on wool fabrics.
The antibacterial agent Quat silane was utilized against
Staphylococcusaureus in  cotton and elastane fabrics
(Sadeghi-Kiakhani and et al., 2020). The study conducted by
Sadeghi-Kiakhani et al., (2020) employed chitosan-silver
nanoparticles as an antibacterial agent to combat
Escherichiacoli and Staphylococcusaureus in the linen
industry (Franco and et al., 2019). In addition, the application
of 6mer-HNP1 (Aslanidou and Karapanagiotis, 2018), silane
quaternary ammonium salt, and silica nanoparticles (Birbir
and et al., 2013) in the silk industry was found to be effective
in inhibiting bacterial growth.

1.7. Physical methods

The antimicrobial efficacy of Chitosan-silver
nanoparticles (Dong and et al., 2019) and Lyciumruthenicum
Murray extract (Yildiz and Eryuruk, 2018) was evaluated
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against Escherichiacoli and Staphylococcusaureus on wool
fabrics. The antibacterial agent Quatsilane was utilized
against Staphylococcusaureus in cotton and elastane fabrics
(Sadeghi-Kiakhani and et al., 2020). The study conducted by
Sadeghi-Kiakhani et al. (2020) employed chitosan-silver
nanoparticles as an antibacterial agent to combat
Escherichiacoli and Staphylococcusaureus in the linen
industry (Franco and et al., 2019). In addition, the application
of 6mer-HNP1 (Aslanidou and Karapanagiotis, 2018), silane
quaternary ammonium salt, and silica nanoparticles (Birbir
and et al., 2013) in the silk industry was found to be effective
in inhibiting bacterial growth. Despite the use of various
antimicrobial agents, such as NaCl and Boric acid, in skin
processes to eliminate microbes in soak liquor and on the
skin's surface, bacteria have developed antibiotic resistance
mechanisms. This type of resistance has been transmitted
vertically and horizontally among different species
(Devlieghere and et al., 2013). Furthermore, the excessive
utilization of antimicrobial agents has been identified as the
primary cause of environmental contamination. Furthermore,
the excessive utilization of antimicrobial agents has been
identified as the primary cause of environmental
contamination. Consequently, researchers endeavored to
identify novel ways that are both environmentally benign and
possess potent antibacterial properties, while avoiding any
adverse impacts. Many of newly alternative approaches have
been discovered and applied in order to minimize the
bacterial numbers or kill it’s in different aspects such as food
preservation sectors, among these technologies are PEF
(pulsed electric  fields), electrolyzed water, UV
decontamination, high power ultrasound, oscillating
magnetic fields, Radiation, high intensity laser, ionization,
and high pressure homogenization (Tsong, 1990). Two
distinct forms of electric current have been widely employed
to hinder or eradicate halophilic bacteria and extreme
halophilic arachea that are found in salt, soak liquor, and
salted animal hides used in leather tanning procedures.
Furthermore, both alternate and direct electric currents have
been utilized for the purpose of eradicating bacterial
populations and decontaminating various food and liquid
goods. There are two processes by which electric current can
deactivate bacterial development and destroy germs. Firstly,
electroporation involves subjecting bacteria to high voltage,
which temporarily alters the components of the bacterial
membrane, including the lipid bilayer and proteins. Another
phenomenon is referred to as electric annihilation. Both
procedures involve the perforation of the bacterium cell wall,
allowing the inside bacterial material to escape and ultimately
leading to bacterial death (Martin-Belloso and Elez-Martinez,
2005; Kumar and et al., 2016). Several variables influence the
process of electric current in bacterial inhibition, such as the
pH level of the medium, temperature, conductivity of the
medium, species of microorganisms being examined, and the
duration and type of electric current. Electric current exerts
fatal effects on molds, yeasts, and the morphology of
vegetative bacteria. However, there has been shown
resistance to bacterial spores. Bacteria have greater resilience
compared to yeast cells. In addition, Gram-negative bacteria
exhibit greater sensitivity to pulse electric field compared to
Gram-positive bacteria. In food sector this approach has been
used to kill Bacillus subtilis, Listeria monocytogenus,
Staphylococcus aureus, Escherichiacoli, Lactobacillus brevis
and Saccharomyces cervisiae in pea soup, milk, skim milk,
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liquid egg, yoghurt and apple juice respectively. The study
conducted by Birbir (2013) demonstrated the combined use
of alternating and direct electric current to effectively combat
six different gram positive and negative isolates in a liquid
medium containing 2% NaCl (Devlieghere and et al., 2004).
The results revealed a significant reduction in the number of
colonies within short treatment duration. While electric
current technologies are highly efficient in combating
resistant germs without the need for toxic chemicals, their
application in the leather industry remains complex. Electric
current can be utilized in various areas, not just limited to
food production. In addition, several physical methods such
as irradiation, electron beam therapy, and chilling techniques
have been employed to safeguard skins following salting and
washing procedures. The cooling method can be classified
into two categories: cooling by ice and cooling in a vacuum.
Researchers actually favor the use of chemicals over physical
methods for short-term preservation of leather because
chemical approaches do not require any specialized
equipment for application.

2. CONCLUSION

The textiles and leather industries have significantly
boosted economic prosperity in countries like the US, China,
Bangladesh, India, Italy, and Turkey. To enhance product
quality, countries are exploring innovative techniques and
using antimicrobial agents with bactericidal activity and non-
leaching properties. Bacteriostatic agents are preferred in
apparel manufacturing, while bactericidal agents are used in
medical and industrial contexts. Antimicrobial compounds
are essential in modern leather production for quality,
longevity, and cleanliness. This review examined various
antimicrobial agents, their operation methods, and
environmental impact. The use of efficient and eco-friendly
methods is crucial for the future of leather production,
ensuring product excellence, sustainability, and customer
satisfaction. Overall, the industry should continue to evolve
by embracing innovative and sustainable practices to navigate
obstacles and meet market demands effectively.
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