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UV- n bakteri inaktivasyonuna 

-
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ek bakteri inaktivasyonu UV-A 
+ 

 
Her iki dezenfeksiyon prosesinde E. coli ve P. aeruginosa

P. aeruginosa E. coli 
ksel modeller 

(Microsoft  

dezenfeksiyon proseslerin

 
 radikallerinin test edilen bakterilerin inaktivasyonunda etkili 

 
 
Anahtar Kelimeler: -A radyasyonu, Alkali Aktivasyonu, E. coli, 
P. aeruginosa  
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ABSTRACT 
 

MSc Thesis 
 

INACTIVATION OF BACTERIA BY SULFATE RADICALS                      
 

Ebru YAVAS 
 

 Bursa Uluda  University  
Graduate School of Natural and Applied Sciences 

Department of Environmental Engineering 
 

Supervisor: Asst. Prof. Dr. Sevil CALISKAN ELEREN 
 

In this study, the inactivation effect of sulfate radicals activated by UV-A radiation and 
alkaline medium on E. coli and P. aeruginosa bacteria was investigated. K2S2O8, 
Na2S2O8 and Oxone were used to obtain sulfate radicals. The effects of two different 
doses (2 and 3 mmol/L) of K2S2O8, Na2S2O8 and Oxone activated by UV-A radiation 
were studied. 0,25, 0,5, 0,75 and 1,5 mmol/L NaOH were used together with K2S2O8 to 
obtain the sulfate radical in the alkaline activated persulfate process. Inactivation 
coefficients (k) were obtained with the help of GInaFiT (Geeraerd and Van Impe 
Inactivation Fitting Tool) using the inactivation curves obtained in the experiments. 
The effect of three different sulphate salts activated by UV-A radiation on bacterial 
inactivation was investigated and it was revealed that sulfate radicals formed as a result 
of activation with UV-A radiation increase bacterial inactivation by approximately 1,3 
log. In addition, the highest bacterial inactivation among three different sulfate salts was 
seen in the UV-A + Oxone process. Increasing NaOH concentration in alkaline medium 
activation caused an increase in bacterial inactivation. It was also found that bacterial 
inactivation increased when the initial sulfate salt dose was high. 
It was found that the reaction of E. coli and P. aeruginosa to disinfection processes was 
different in both disinfection processes used and that P. aeruginosa was more resistant than E. 
coli bacteria. Different mathematical models (included in Microsoft  Excel add-in utility 
GInaFiT) were tested to fit experimental inactivation data. In general, it has been determined 
that the Biphasic model is suitable for the inactivation results of two microorganisms in all 
disinfection processes. It was observed that the formation of sulfate radical increased the 
inactivation coefficient according to inactivation coefficients determined by the biphasic model 
were examined 
As a result, it has been concluded that sulfate radicals are effective in the inactivation of the 
tested bacteria, and that sulfate salts activated by different methods can be an alternative method 
for water disinfection. 

 
Key words: Sulfate radicals, UV-A radiation, Alkali activation, E. coli, P. aeruginosa, 
Inactivation 
2020, ix + 96 pages. 
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, lmez bir 

te

birlikte 

 potansiyel  kirlenmektedir.   

 

Kindhauser 2003) 

 temizlik ve hijyenle (WHO 

2003

(Ashbolt ve ark. 2001 , Hunter ve ark. 2002, Ashbolt 2004). 

ve 

1,7 milyon e (t  

lerin % 3,7'si)  

patojenler (

spp. ve Vibrio cholerae O1 ve enteropatojenik E. coli, Aeromonas spp. V. cholerae 

O139, enterotoksijenik Bacteroides fragilis, Clostridium difficile ve Cryptosporidium 

parvum  (Ashbolt 2004).  

 

E. coli  u 

 (Leclerc ve 

ark. 2001, -Chueca 2017a). Bu gram-negatif bakteriler, genellikle hafif 

a sebep olurlar. Ancak 

  

olabilmektedir. (Nataro ve Kaper 1998 -Chueca ve ark.2017a) 

 

P. aeruginosa genellikle su ve toprakta bulunan gram-negatif bakterilerdir. E. coli de 

irlilik unsurudur. 

sistem, k , ve merkezi sinir sistemi 
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endokardit, bakteriemi ve solunum y  sebep 

 

 

 ile 

 

 

suda bakiye klor k  gibi sebeplerle klor tercih edilmektedir. lor ile 

dezenfeksiyon patojen mikroorganizma  inaktivasyonunda etkilidir. Fakat 

organik veya anorganik maddeler ile reaksiyona girerek 

Bu 

kirleticinin gideriminin ileri oksidasyon prosesleri 

 arda 

 organik ve inorganik kimyasal madde ile 

 nedeni ile bakteriyel dezenfeksiyonda 

e hidroksil radikali (OH ) . Ancak 

 

nedeniyle de alternatif oksidan olarak son 

 

 

S  (SO4
-) ile r giderek  2017   itibaren 

E. coli  ile C. albicans, S. aureus, B. 

mycoides, L. monocytogenes ve Enterococcus sp.  

(Bianco 2017, Wordofa ve ark. 2017, Garkusheva ve ark. 2017, Xia ve ark. 2018, 

-Chueca ve ark. 2017a, Wen 2017, Qi 2018, Guerra-  
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SO4
-  nedeni ile potansiyel olarak etkili bir 

bilinmektedir (Wordafa 2017). (PS)  bakteri inaktivasyonu 

(Xu ve ark. 2012). PS'nin 

bakteri i tam olarak 

(PMS)

etkisi de   

 

E. coli ve P. aeruginosa , Ultraviyole (UV)-A 

radyasyonu ve alkali aktivasyonu il 4
-'nin inaktivasyon etkileri 

E. coli ve P. aeruginosa bakterilerinin 
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2. KURAMSAL TEMELLER ve  
 

2.1.  Suyun Durumu  
 

 ise % 97,5'i tuzlu sulardan 

 

2,  2050 

nun 

mektedir. 

 

 2014). 

 

bulunan 

; 

(

2014). 

 

, y 3

1000 m3 Anonim 2019). 

1

  

120 m3

Anonim 

2019) 

 



 

5 
 

neredey

, su temini durumu beledi

eye 

. 

2014). 

bakterilerin de 

 

 

'

 

gerektirmektedir (Karada

  

 

 olumsuz etkilemektedir.  

 

 

 

  musluk 

sonra mutlaka dezenfeksiyon 

in  dezenfeksiyon 
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2.2  
 

Gazete'de 

 

 

 (Anonim 2005).  

 

 

  

mikro-  

b) Ek-

uyuyor ise, a uygun ve temiz kabul edilir."  

n parametrelere uygun 

 

 

-  

-20.10.2016-

, izelge 2.1. sterilmektedir (Anonim 2005). 
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1. -
Mikrobiyolojik Parametreler 

Parametre 
Parametrik  

(CFU) 
Notlar 

E. coli  0/250 ml  

Enterokok 0/250 ml  

Koliform bakteri 0/250 ml  

P. aeruginosa 0/250 ml  

eden bakteriler 

0/50ml  

Patojen Stafilokoklar 0/100ml  

maksimum:   

 

37    

20/ml 

5/ml 

 

 

 

 

 

 

 

 

 

Not 1 

 

numunede; 

 

 

 

maksimum:    

 

37   

 

 

 

 

100/ml 

20/ml 

 

 

 

 

Parazitler 0/5 L  

 
 

TSE 266 
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2. TSE 266  

 
 

  

Eschericha coli (E. coli) 0/ 250 ml 0/ 100 ml 

Enterococci 0/ 250 ml 0/ 100 ml 

Pseudomonas 

aeruginosa 
0/ 250 ml - 

C'ta 100/ ml - 

C'ta 20/ ml - 

 

ml'dir. 

 

EU)  treler 

 

2.3.'t  (Anonim 2020). 

 

3. EU  mikrobiyolojik parametreler 

Parametre 
 

(CFU) 

E. coli  0/250 ml 

Enterokok 0/250 ml 

Koliform bakteri 0/100 ml 

P. aeruginosa 0/250 ml 

Clostridium perfringens 0/100ml 

 

37    

100/ml 

20/ml 

 

 

Mikrobiyolojik parametreler E. coli ve P. aeruginasa 

E. coli ve P. aeruginosa  



 

9 
 

 

 
 

 Dezenfeksiyon, patojenlerin inaktivasyonu ve halk 

, 

Wordofa 2017). 

 

 

 inaktivasyon 

0,2-

0,5 Anonim 2015

in bakteri 

 

 

Klor ile dezenfeksiyon 

(Kloroform, Bromodiklorometan, 

Klorodibromometan, Bromoform, Dibromokloroasetik asit, Monobromoasetik asit, 

Dibromoasetik asit, Tribromoasetik asit)  tespit edilmesi ile dikkat 

 (Rook  

klorun, 

kontaminasyon riskine kar
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temizlik, 

banyo ve trihalometanlara daha 

. 

Trihalometanlar , 

mesane kanserine (H

e 

e  (Batterman 

ve ark. 1999) or

n, patojenlerin giderilmesinde etkili olan alternatif 

 

 

cih 

kimyasallar; ozon, potasyum permanganat, brom, 

 , en etkili dezenfektan 

b

berrak 

daha az tercih edilme

Ancak, permanganat n E. coli  inaktivasyon h z , klor ve ozonla k

d  Bu sebeple i me suyu ar  ile 

kullan m  eng l ve K kg
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r. 

reakt

oksitleyebilen, 

radikallerin (Miklos ve ark. 2018, Guerra-

radikallerin organik veya biyolojik kirleticilerle tepkimeleri ile devam etmektedir 

(Miklos ve ark. 2018, Guerra-

fotokatalistlerin, TiO2, hidrojen peroksit, PMS veya PS 

 Guerra- ). 
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4.  

 

 

 

 

 

 Klor Klor dioksit Ozon UV 
A

va
nt

aj
la

r 

bir dezenfeksiyon 
teknolojisidir. 

izlenebilir ve 
 

eder. 

mikroorganizmala

ve etkilidir. 
Nispeten 

ucuzdur. 

dezenfektan  
aksine 

pH'nin 
dezenfeksiyon 

etkisi yoktur. 

eder. 
 

sporu 

klordan daha 
etkilidir. 

bakterileri yok 
etmede klordan 
daha etkilidir. 

 

giderilmesi 
gerekmez. 

eder. 

edilmesinde en etkilidir. 
Dezenfeksiyon yan 

 

dezenfektanlardan daha 
 

gerektirir. 

D
ez

av
an

ta
jla

r 

toksik 
dezenfeksiyon yan 

 

gerektirir 

 

mikroorganizma 

 

 

 

si gerekir. 

neden olabilir. 

eder. 

 

 son 

edici ve 
toksiktir. 

yoktur. 

ve y enerji 
gereksinimi 

 

 

daha az etkilidir. 

gerektirir. 

 

r. 

yoktur.  

dir. 
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Prosesler 

kateg  

. 

 (Ahmed ve ark. 2010, Zhang ve ark. 2009, 

ek ve ark. 2017).  

 

 

1.  

 

UV/K2S2O8 ,UV/Na2S2O8 , UV/Oxone prosesi enerji gerektiren 

homojen proseslerden ultravi alkali ortamlarda K2S2O8 

 

 

 ompleks 

 

Homojen 
Prosesler 

Enerji 
Gerektiren 

Ultraviyole 
Radyasyon 

O3/U 

H2O2/UV 

O3/H2O2/UV 

Foto-Fenton 

K2S2O8/UV  

Na2S2O8/UV  

Oxone/UV  

Elektrik 
Enerjisi

Elektrokimyasal 
Oksidasyon  

Anodik 
Oksidasyon  

Elekro-Fenton

Ultrason 
Enerjisi 

O3/US 

H2O2/US 

Enerji 
Gerektirmeyen 

Alkali 
Ortamlarda O3

O3/H2O2 

H2O2/ 
 

Alkali 
Ortamlarda  

K2S2O8 

Heterojen 
Prosesler 

Fotokatalitik  
Ozonlama 

Katalitik 
Ozonlama 

Heterojen  
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(Hu ve Long 2016, Wang ve ark. 2016, Guerra-

). 

 (Miklos ve ark. 2018, 

Guerra- ). rin 

(genellikle TiO2, hidrojen peroksit, PMS veya PS l 

) veya UV  (Machulek ve ark 

2013, Guerra- ). Serbest radikaller,  oksidasyon 

potansiyelleri nedeniyle dezenfeksiyon veriminde 

o  2.5.'te (Wang ve Wang 2018, 

Guerra-  

 

5. oksidasyon potansiyeli  

Oksidan Oksidasyon Potansiyeli(V) 

Florin 3,0 

Hidroksil Radikali 2,8 

 2,5-3,1 

Ozon 2,1 

 2,1 

 1,8 

Hidrojen Peroksit 1,8 

Permanganat 1,7 

Klor Dioksit 1,5 

Klor 1,4 

 

 

olan fenton; reaktif 

Fe2+

Muthukumar 2014, Wang ve Wang 2018, Guerra- ). Bu 

teknolojide H2O2  -4)  ele 

Guerra- ) 
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OH , organik kirleticileri  

. Ozon fotolizi, 

UV radyasyonu ile TiO2'nin aktive edilmesi (UV/TiO2) ve fenton reaksiyonu gibi OH  

 OH  1.8-

. Hidrojen peroksitin (H2O2 ile OH  

 2O2 

derecede absorblar. fenton sisteminin (Fe2+/H2O2

OH  . Bununla 

birlikte, fenton sistemi, Fe2+ 3+'

 dezavantajlara sahiptir.  

 

2O2) 

2.1). 

2O2

ve ark. 2007) 

 

2 H2O2           2H2O + O2 
-                              

 

'nin  

  Organik ve inorganik kirleticiler 

. 

Ancak bazen organik asitler (formik asit, oksalik asit vb.) gibi refrakter karakterdeki 

kirleticilerin oksidasyonunda yetersiz kalabilmektedir. SO4
- 

OH  

reaktiviteye sahiptir (Neta ve ark. 1977, Wordafa 2017).   

 

 

 

2.1 
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SO4
- ; UV radyasyonu, termal aktivasyon, metal aktivasyonu, alkali ortam aktivasyonu, 

H2O2  aktivasyon ve  aktif karbon/biokarbon  

 (Devi 2016).  (1.8-2.7 V), SO4
- (2.5 3.1 V) ile 

2012). Genel anlamda ise SO4
- il 

Dionysiou 2004, Xu ve ark. 2012). HO hedef kirleticinin giderim 

4
- nin 

Mendez- OH  ve SO4
-

4
-, OH  

oksidasyo

oksidan olan SO4 
-   

 SO4 
-'nin  

 

1. SO4
-, hidroksil radikalleri (OH )'nden daha 

ila 3,1 V) sahiptir. 

2. SO4 
-

 

OH  en vs. 

reaksiyonlara girebilir (Zhao ve ark. 2017, Liang ve Bruell 2008, Guerra-

ark. 2018). 

3. SO4 , 2-

OH 'nden 

Guerra- ). 
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4. -

radikall

 

Moradi 2017, Guerra- ). 

 

i genellikle PMS ve PS'den  

 genellikle Na2S2O8, K2S2O8 ve KHSO5 (Oxone) 

 -Chueca 2017a). 

Na2S2O8 ve K2S2O8 

  2.5. 'te  

potansiyellerine sahiptir (s  Bununla birlikte, PMS ve PS'nin 

2008, Guerra- rk. 2018).  

 

PS (S2O8 2O2'den (E0 

potansiyele (E0 = 2.01 V) sahiptir. abilen 

beyaz 

- ).  O-

 Guerra- ). PS 

radikalle . f

Hori ve ark. 2005, Lau ve ark. 2007, Antoniou ve ark. 2010, Liang ve Guo 2010, Liang 

-Chueca ve ark. 2017, Marjanovic ve ark. 2018, Dong ve ark. 2019).  
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PMS (HSO5
-

L). -

ve Wang 2018, Guerra- ).) PMS, ticari ismi ile okson (Oxone ), 

um tuzudur, (2KHSO5 4 mK2SO4

 Guerra- ).  

PMS aktivasyonu sadece bir SO4
- ' OH  meydana getirir.  

PMS ve PS -

ve ark. 2018). 

 

6.  

 PMS PS 

 HSO5
- S2O8

2- 

 

 
 

 113,07 192,12 

25  >250 730* 

Redoks Potansiyeli (V) 1,8 2,1 

O-  140-213 140 

O- ) 1,453 1,497 

 

 

ISCO 

2006, Devi 2016). H2O2 

 

ark. 2012).  

 

 Bu sistemde s
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(Petri ve ark. 2011, Devi 2016). 2O2 ve PS'ni

alkali 

aktivasyonu ve aktif karbon/

rada 

SO4  (E0 - 2.5- 5  (E0 - 1.1 V) ve SO3  (E0 - 0.63 V) 

bulunma (Antoniou ve ark. 2010, Devi 2016). S -

ile tespit edilebilirler (Pikaev ve Zolotarevskii 1967, Antoniou 2010). 

ilirler ve bunlardan biri de H2O2 ve PS'nin birlikte 

aktivasyonudur. Aktivasyon  

 

 

 

 

2. H2O2  

 

 
 

 
 

Aktivasyon 

Aktivasyon 
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Aktif H2O2 

lerin giderilmesi H2O2 ve PS'nin 

3.'te 

 

 

 

3. H2O2 metotlar 
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2.4.1. UV Radyasyonu  
 

UV  

. UV-A 315-

400, UV-B 315-280, UV-C ise 280-  

 

 

 

4.  

i r 

i

(Bonomo 2008, Collivignarelli 

2017). 

inhibisyonuna ve  ur 

(Hijnen 2006, Collivignarelli 2017). 

 (Oguma 2001, Liltved ve Landfald 2000, Lee ve ark. 2015, 

Collivignarelli 2017).  

 

(Taghipour 2004, Collivignarelli 2017). 

 

gibi 

parametrele

materyalini imha mesine neden olur. Bu durumda 
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  ve dezenfeksiyon  

 (Collivignarelli 2017). 

 

UV-A radyasyonunun biyolojik etkisi, genellikle lipidler, proteinler ve DNA'da 

(Chamberlain ve Moss 1987, Moan ve Peak 1989, Girotti 1998, Pattison ve Davies 

2006, Zeeshan ve Prasad 2009, Santos ve ark. 2013). UV-B ve UV-C fotonl

 

dimerizasyonu 

, Santos ve ark. 2013). 

boyl -A dalga 

 (Eisenstark 1998, Santos ve ark. 2013).  

oksidasyonu ve -A radyasyonuna 

 (Santos ve ark. 2013).   

 

UV radyasyonunun  

kendilerini yenileme 

i

 (Moreno-Andres 2019). 

 

UV radyasyonuyla PS) 4
-

)  bir oksidasyon teknolojisidir (Antoniou ve ark. 2010 , Gao ve ark. 

2012,  ve ark. 2012, Chu 2015). Orta maliyeti, nispeten 

'nin UV ile aktivasyonu ideal bir SO4  . S

bulunan 

Gao ve ark. 2012, Chu 2015). 
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- -Chueca ve ark. 2017b, Wen ve ark. 2017).  

 

PS ya da PMS 

meka radyasyonu  

5. 't  PMS'nin aktivasyonu SO4  ve 

OH  4  

 

 

5.  

PS ve PMS'nin ultraviyole ile aktivasyonu iki mekanizma . Bir 

tanesi, (2.2,2.3) denklemlerde  O-

fizyonudur.  

 

 S2O8
2- + hv             2SO4

- (2.2) 

 HSO5            SO4  + HO  (2.3) 

UV ile 

2.4, 2.5, 2.6)  

 H2 O            H  + HO  (2.4) 

 S2O8  + H             SO4  + SO4  + H+ (2.5) 

 HSO5  + H             SO4  + H2 O (2.6) 

 

 

 UV kullanarak bir dereceye kadar bozulabilir (Dakka ve ark. 2017). 
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, ancak PS'lerle 

  (Dakka 

ve ark. 2017, Ghauch ve ark. 2017, Wang ve ark. 2016, Hou ve ark. 2017, Yang ve ark. 

2017, Ao ve Liu 2017, Mahdi-Ahmed ve Chiron 2014,  Xu ve ark. 2017, Wangc 

ve Liang 2017 , Cui ve ark. 2016, Guerra-Rodriguez 2018). lerinin UV ile 

aktivasyonu k alarda 

.  (2015) ise 

tir Guerra-Rodriguez 

2018) da UV-

-Chueca ve ark. 2015, -Chueca ve 

ark. 2016, -Chueca ve ark. 2017b, Ferreira ve ark. 2016, -Chueca 

ve ark. 2017a)  

 

-Chueca ve ark. (2017a) s

UV-A LED (23 W/m2 yle 

E. coli, Bacillus mycoides, Staphylococcus aureus ve Candida 

albicans) dezenfeksiyonu da 0,5 mmol/L 

PMS/ UV-A LED prosesinde 5,36 log,  mmol/L PMS/ UV-

A LED prosesinde 6,5 log E. coli g

d  matematiksel modeller , 

 proseslerde 

ununla birlikte, 

 

 

-Chueca ve ark. (2017

UV-A LED (23 W/m2 t radikalleri ile dezenfeksiyon 

90 dakikada sadece UV-

-A LED prosesinde ise 4,81 log giderim elde 

r. E. coli, B. mycoides ve S. 

aureus 
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PMS'nin UV-

-A LED prosesinin PMS ile kombinasyonu ile 

 

 

Xiao ve ark. (2019) , Penicillium 

sp. , Trichoderma sp. Acremonium sp. ve Cladosporium sp. UV 

radyasyonu ve UV/PMS prosesi 6'da 

  2, PMS konsantrasyonu = 0.1 

mmol, mikroorganizma  = 107 CFU mL 1). lde UV/PMS prosesinin UV 

 

 

 

6. UV ve UV/PMS proseslerinin mikroorganizma  
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2.4.2. Termal Aktivasyon 
 

 bir yoludur (Rodriguez-Narvaez ve ark. 2017, 

Miklos ve ark. 2018, Guerra-Rodriguez 2018). Bununla birlikte, enerji  

 durum  aktivasyonunu uygulanamaz 

hale getirir. 

 

PS'ler . Bu aktivasyon 

E -

hidroksil radikalleri  ile 

Denklem 2.7 ve 2.8). 

 

 S2O8
2- 4

- (2.7) 

 HSO5           SO4  + HO  (2.8)  

 

PS ve PMS'nin O- -213.3 kJ/

tahmin edilmektedir. 

- C) 

-

 Ge

nun sonucunda inaktivasyon 

(Feng ve ark. 2017, Guerra-Rodriguez 2018). 

 

Hid

radikallerdir (Zhao 2013, Wang ve Wang 2018).  

 Denklem 2.9  

SO 4  
- + H 2 O           SO 4 

2- HO  + H +    

Yang ve ark. (2010) n 

 (Wang ve Wang 2018). PMS'nin termal aktivasyonu ile 

 

 

 

(2.9) 
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2.4.3. Metal Aktivasyonu 
 

 ( -Chueca 2017c, Rastogi ve ark. 2009, Rastogi 

ve ark. 2009, Pan ve ark. 2018, Guerra-Rodriguez 2018). 

raller...). 

 

7'd

2.10 ve 2.11'd   

ile iki SO4 
-  PMS aktivasyonu ile bir hidroksil ve bir SO4 

-  

Ek olarak, PMS, SO4
- 

(SO5  - ) neden olacak n+1 ) reaksiyona girebilme 

 ve le tepkimeye girebilmektedir (Guerra-

Rodriguez 2018). 

 

 

 

7.  aktivasyon 
 

 S 2 O 8 
2- + M n  M n + 1 + SO 4 

- + SO 4 
2-  (2.10) 

 HSO 5 
- + M n  M n + 1 + SO 4 

- + OH -  (2.11) 

Radikal  
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Anispistakis ve Dionysious, h PMS 

 (II)'nin  ( , Guerra-

Rodriguez 2018). Demir; biraz 

olarak incelenen metal 

olmayan  

 (Rastogi v  2017, Rodriguez ve ark. 2014, 

Guerra-Rodriguez 2018). 

n geri 

 an 

dezavantajlar  

, heterojen kataliz;  ve metalleri 

sudan geri kazanmak  

 

uzatabilmekte ve maliyetini azaltabilmektedir (Xie 2018, Li 2019, Guerra-

Rodriguez 2018).  

(Oh 2016, Hu 2019, Lu 2019, Guerra-Rodriguez 2018).  

 

Wordafa (2014) t PS 

sisteminde floresan mikrosko  dezenfeksiyonun ilk, orta ve 

mol PS, 3 mmol demir metali ve 3 mmol 

hidroksilamin  ile (bkz. 8.), prosesin 

etkisini tespit et   E. coli  

bakterisidir. 

E. coli 

 



 

29 
 

 

8. E. coli  
etkisi  

 

2.4.4. Alkali Ortam Aktivasyonu 
 

Bakteri inaktivasyonunda PS'yi 

alkali ortamda aktivasyondur. Alkali reaktif olarak sodyum hidroksit 

(Furman ve ark. 2010 ). PS'nin baz aktivasyonu  O-

O  ana mekanizma denklem 2.12 ve 2.13  

   S2O8
2- + H2O  2SO4

2- + HO2- + H+    (2.12) 

 

 S2O8 
2- + HO2 

-  SO4 
2- + SO4  

- + O2  
- + H + (2.13) 

Perhidroksil radikalleri (HO2
-)

  radikalleri (O2
-) ile perhidroksil radikalleri pH 

.  perhidroksil 

 hidrojen iyonu ile reaksiyona girme , alkali 

 (Yang ve 

(a) (b) 

(c) (d) 
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ark. 2014, Wang ve Wang, 2018). Alkali durum n  radikalleri hidroksil 

radikall  (Denklem 2.14) (Wang ve Wang, 2018). 

 

   SO4 
- + OH -  SO4 

2- + HO   (2.14) 

 (Denklem 15-25) (Qi ve ark. 2016, Wang ve Wang 2018) 

HSO5
-+H2O  H2O2 +HSO4

-                                                 (2.15) 

HSO5
- H+ + SO5

2-                                                              (2.16) 

SO5
-2+H2O  H2O2 +SO4

2-                                                   (2.17) 

H2O2  H+ + HO2
-                                                                 (2.18) 

H2O2 +OH-  H2O + HO2
-                                                    (2.19) 

HSO5
-+HO2

-  H2O +SO4
-+ 1O2 (2.20) 

H2O2  2HO  (2.21) 

HO + H2O2  HO2 + H2O (2.22) 

HO2 H++ O2
- (2.23) 

HO + O2
-  1O2 +OH- (2.24) 

2O2
- + 2H+ 1O2+ H2O2 (2.25) 

 

Y PS'nin E. coli ve L. 

monocytogenes   konusu 

PS aktivasyonunun yeterli sodyum hidroksit 

gerekmektedir. Bu durum Furman ve ark. (2011) alkali ortam ile aktif hale 

getiril  (Qi 

ve ark. 2018). 

 

Qi v

40 

mmol/L 

0,57 log, 120 saniyede 0,58 log; 
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e 

5,68 log, 120 saniyede 6,21 log E. coli 

120 saniyede 5,  alkali ortam 

 

 

mmol/L) NaOH ile s

 (10,20,30,40,50,60,70,80 mmol/L) 

log; 40 mmol/L'de 60 saniyede 4,47 log, 120 saniyede 5,33 log; 60 mmol/L'de 60 

saniyede 4,41 log, 120 saniyede 5,95 log, 80 mmol/L'de 60 saniyede 4,99 log, 120 

PS konsantrasyonunun genel 

de  r. 

PS seviyeleriyle daha  ve daha 

 

 

 2.4.5. H2O2  
 

Hidrojen 

2O2'nin organik kirleticilerle 

e edilir. H2O2 

PS'nin aktive 

da 

H2O2 ile PS ler 

2O2
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2O2'nin mineral 

eri ile reaksiyonunun, SO4
- PS ile reaksiyona giren HO  ve O2

- 

 (Teel ve ark., 2007). 

 

S2O8
2  + HO  HSO4  + SO4

-   + 1/2 O2 

 

 H2O2'nin PS aktivasyonu prosesinde 

2O2'nin PS 

. H2O2 PS'yi 

bozunma 

bozunma 

2016). 

 

2.4.6.  
 

 en uygun malzemelerden 

biridir. Y  maliyeti, ve iyi bir adsorban  

nedeniyle 

2O2 (GAC/H2O2, GAC/H2O2/UV radyasyonu, 

GAC/Fenton) ile birlikte kul su sistemlerindeki organik 

Fe+2'nin Fenton prosesinde 

Yang ve ark. 2011). H2O2 ve PS

 ve SO4  lir (Denklem 2.27-2.29). Reaksiyonda 

ve SO4
- radikalle

indirgeyebilmektedir (Ghanbari ve ark. 2016, Rey ve ark. 2016). 

 

HSO5
- + Aktif Karbon   HO- + SO4

- + Aktif Karbon+   

 

HSO5
- + Aktif Karbon   HO  + SO4

2- + Aktif Karbon+  

 

HO + SO4
- +organikler  Reaksiyon ara maddeleri+CO2 +H2O+SO4

2-  

(2.27) 

(2.28) 

(2.29) 

(2.26) 
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Biokarbon

Biokarbon

metal  (Devi ve Saroha 2014a, Devi ve 

Saroha 2014b , Ducousso ve ark. 2015, Devi 2016). 

 

2.7. 

2.8.'de  . 
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3.  
 

3.1. Materyal 
 

 ve 

 

E. coli (ATCC 25922) ve P. aeruginosa (ATCC 

15442) bakterileri TC

  

 

 
 

KH2PO4 (Merck 

1.04873.1000), NaOH (Riedel-de Haen 06203) ve MgCl26H2O (Merck 620 A130332) 

 UV- a ; PS 

 2S2O8 (Fluka Analytical 60489) ve Na2S2O8 (Merck 1.06609.1000); PMS 

-  

 (PCA) (Merck 1.05463.0500) 

ve 

 

 

K  
 

; 

 

 Otoklav (SYSTEC  VE75)  

 ELEKTRO.MAG M6040 P)  

 Saf su SERRA GFL 2001/4)  

 (PHILIP HARRIS LTD.)  

 Su Banyosu (NUVE NB20)  

 - ALLEGRA 25R) 

 Spektrofotometre (HACH LANGE DR5000) 
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 Orbit  

 Koloni  

  

 pH  (ADWA  AD12) 

 

 

 

 
 

 Sylvania Blacklight 368 

nm UV- W/cm2) Lamba 54 cm 

 

o UV-A prosesinde numune 150 ml'lik 6,5 da beher 

larak  .  

 

  

 

 

 

 

 

 

 

1. -  

beher

-

Deneysel 

Daha sonra hesaplanan miktar kadar K2S2O8, Na2S2O8 

-A radyasyonuna maruz 

  

Manyetik 
 

UV-A 
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Alkali ortam aktivasyonu prosesinde 

 (bkz. . 8 bakteri 

 ilave edildikten sonra belirlenen dozda (2 veya 3 mmol/L) 

K2S2O8 si (0,25, 0,5, 0,75 ve 1,5 

mmol/L) . Hesaplanan miktarda dikten sonra 

gerekli 

 

  

 

 

 

 

 

 

 

 

2. 
ku   

 

 
 

 
 

E. coli, (ATCC 25922) ve P. aeruginosa (ATCC 15442) 

 ATC  

Bakterilerin  

erlenlere 

boyunca 121

saat boyunca 37,5 C 

 

nden sonra her 15 dakikada bir 

2 L'lik 
 

Manyetik 
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bakteri   Elde edilen  

 (E. coli  P. aeruginosa 

dk) belirlen E. coli  P. aeruginosa 

il 3.4.'de Daha sonra 

 

8000 rpm'de 26 C'

 . 

9 CFU/ml bakteri 

 

 

 

3. E. coli  

0 

0,2 

0,4 

0,6 

0,8 

1 

1,2 

1,4 

0 50 100 150 200 250 300 350 

 

Zaman (Dakika)  
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4. P. aeruginosa  

 

3.2.2.Seyreltme  ve Besiyerlerinin  
 

 Ringer tablet 

hesaplanan miktar kadar tablet sa  

. Daha sonra otoklavda 15 dakika boyunca 

121   

 

 

Gerekli 

miktarda PCA nra otoklavda 15 dakika 

boyunca 121

 Besiyerleri 

 

 

0 

0,5 

1 

1,5 

2 

2,5 

0 200 400 600 800 1000 1200 

 
 

Zaman (dakika) 
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3.2.3.Bakterilerin  
 

E. coli ve P. aeruginosa 

.  

Pulgarin 2004). 

C'de  24-48 

beyaz renkli 

koloniler  

 

3.2.4.  
 

Stok fosfat tamponu; 

 34 gr KH2PO4  

  

  

 

26H2  

 

 1,25 ml stok fosfat tamponu ve  

 5 ml MgCl2  

 

, 

besiyerinden bakterinin ce 

4 bilmektedir. 

 

3.2.5. Deneysel Dizayn 
 

UV-A radyasyonu ve alkali ortam ile aktif

radikallerinin hem E. coli  hem de P. aeruginosa 
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1. Deneysel  

Deney No SO4 
-    

1 - UV-A 

2 K2S2O8 (2 mmol/L) UV-A 

3 K2S2O8 (3 mmol/L) UV-A 

4 Na2S2O8 (2 mmol/L) UV-A 

5 Na2S2O8 (3 mmol/L) UV-A 

6 Oxone (2 mmol/L) UV-A 

7 Oxone (3 mmol/L) UV-A 

8 K2S2O8 (2 mmol/L) 0,25 mmol/L NaOH 

9 K2S2O8 (2 mmol/L) 0,5 mmol/L NaOH 

10 K2S2O8 (2 mmol/L) 0,75 mmol/L NaOH 

11 K2S2O8 (2 mmol/L) 1,5 mmol/L NaOH 

12 K2S2O8 (3 mmol/L) 0,25 mmol/L NaOH 

13 K2S2O8 (3 mmol/L) 0,5 mmol/L NaOH 

14 K2S2O8 (3 mmol/L) 0,75 mmol/L NaOH 

15 K2S2O8 (3 mmol/L) 1,5 mmol/L NaOH 

 

 
 

genellikle lineer tipte basit kinetik modeller   

resi aras ndaki ili ki de Watson 

kanunu ile ifade edilmektedir. naktivasyon katsay lar

modifiye edilmi  Chick-Watson modeli kullan l Fakat lineer kinetik 

modellerin

 -Chueca ve ark. 2017)

mikroorganizmalar  matematiksel inaktivasyon 

.  Excel 
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(Geeraerd ve ark. 2005 uez-Chueca ve ark. 2017b). 

-Chueca ve ark. 2017b). 

 

 

  

ya da 

edilerek uygun olan model belirlenir.  sonucunda elde edilen 

model olan bifazik model ile   
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4. BULGULAR ve  
 

-A radyasyonu 

E. coli  ve P. aeruginosa 

UV-A radyasyonu ile  

(K2S2O8, Na2S2O8 ve Oxone) 

 

 

UV-A radyasyonu SO4 
- iki doz(2 ve 3 

mmol /L) dozun 

 (0,25, 0,5, 0,75, 1,5 

mmol/L) NaOH K2S2O8 dozu (2 ve 3 mmol /L)  /L ile 

/L A

 

 
 
4.1. UV-A  
 
E. coli  ve P. aeruginosa  

UV-  

 

 

a. E. coli  

 
SO4 

-   UV-A ile 

E. coli bakterisinin  

5*108 CFU/ml 1, 3, 6, 

10 ve 30. dakikalarda   gider tir.  

 

SO4 
-  kayna  olarak; K2S2O8, Na2S2O8 ve Oxone  

 
PS olarak 2S2O8 ile 

deneylerde  E. coli inaktivasyonu  K2S2O8
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3 mmol/L) K2S2O8  

4.1'de UV-A, 3 mmol/L K2S2O8 ve UV- K2S2O8'in (2 ve 3 mmol/L) 

 3 mmol K2S2O8'in deney 

E. coli bakterisinin UV-A 

radyasyonuna 

UV- K2S2O8'in giderim verimleri; 2 mmol/L  3,65 

log iken 3 mmol/L  ise 4,65 log  UV-A + K2S2O8 

deneylerinde, K2S2O8 

inaktivasyonun UV-A, UV-A + K2S2O8 10. dakikaya kadar) 

  

 

 

1. UV-A, K2S2O8 ve UV-A 2S2O8 proseslerinin E. coli  
bakterisine inaktivasyon etkisi 

 

PS rak Na2S2O8'in UV-A  

dozda (2 ve 3 mmol/L) Na2S2O8  Na2S2O8

Na2S2O8 

4.2'de UV-A, 3 mmol/L Na2S2O8 ve UV- 2 ve 3 

mmol/L) Na2S2O8 Na2S2O8'in 

boyunca giderime herhangi bir etkisi -A i Na2S2O8 

ile 2 mmol/L  3,49 log, 3 mmol 4,40  UV-A+ 
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K2S2O8 2S2O8 

 

 

2. UV-A, Na2S2O8 ve UV-  Na2S2O8 proseslerinin E. coli  
bakterisine inaktivasyon etkisi 

UV-A

dozda (2 ve 3 mmol/L) n 

Oxone'un E. coli  

4.3.'te UV-A, 3 mmol/L Oxone ve UV- Oxone'un (2 ve 3 mmol/L) 

Oxone'un E. 

coli giderimine herhangi bir etkisi UV- Oxone'un E. coli 

giderimindeki etkisi 2 mmol/L 4,03 log iken, 3 mmol/L  5,36 log . 

-A radyasyonu ile 
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3. UV-A, Oxone ve UV- Oxone proseslerinin E. coli  
bakterisine inaktivasyon etkisi 

 

-

E. coli 

2 mmol/L  2S2O8, 

Na2S2O8 ve Oxone   3,65, 3,50 ve 4,03 log giderim  PS 

 (K2S2O8 ve Na2S2O8) 

(Oxone)  

2S2O8, Na2S2O8 

 her iki konsantrasyon

UV-A ile aktivasyon prosesinde PMS'nin SO4  ve OH  

4   (Guerra-  2018), PMS'nin 

konsantrasyonun ile dezenfeksiyon verimi de  

 

 4.4'te  

giderim verimlerinin e  
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ikisinin de dezenfeksiyon etki  

na dikkat 

  

boyunun UV- t  (Guerra-

2018). Elde edilen bu  

-A radyasyonu

de sahiptir. 

 

 

4. UV- E. coli bakterisinin 
inaktivasyonuna etkisi 

 

b. P. aeruginosa  

 

P. aeruginosa  bakterisinin UV-A ile 

P. aeruginosa  

5*108 CFU/ml 

ve 0, giderim verimleri 

-  inaktivasy  

 

SO4 
-  kayna olarak; K2S2O8, Na2S2O8 ve  Oxone  
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olarak K2S2O8'in 

K2S2O8 P. aeruginosa inaktivasyonunda K2S2O8 

 

 .'te UV- K2S2O8 (3 mmol/L) ve UV-A ile 

2 ve 3 mmol/L) K2S2O8'in P. aeruginosa inaktivasyonu 

 P. aeruginosa bakterisinin sadece 

UV-  1,8 log giderim elde 

edilirken, UV-A + 2 mmol/L K2S2O8 prosesinde giderim 2,38 log

K2S2O8 

 

 

5. UV-A, K2S2O8 ve UV- 2S2O8 proseslerinin P. 
aeruginosa  bakterisine inaktivasyon etkisi 

 

2S2O8'in UV-A + Na2S2O8 prosesinde iki 

2S2O8 (2 ve 3 mmol/L) Sadece Na2S2O8'in P. aeruginosa  

 

2S2O8 'in  P. aeruginosa   

.'da UV-A, Na2S2O8 (3 mmol/L) ve UV-A + Na2S2O8 (2 ve 3 mmol/L) 

proseslerinin giderim - 2S2O8'in 2 mmol/L 

, 3 mmol/L 

giderim 3,42 log  
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6. UV-A, Na2S2O8 ve UV- 2S2O8 proseslerinin P. 
aeruginosa  bakterisine inaktivasyon etkisi 

 

 
rak Oxone'un UV-A + Oxone prosesinde  

(2 ve 3 mmol/L) Oxone'un P. aeruginosa  

(3 mmol/L) P. aeruginosa 

herhangi bir giderim etkisi  -A, Oxone (3 mmol/L) ve 

UV-A + Oxone (2 ve 3 mmol/L  UV-

/L elde 

edilirken 3 mmol/L  
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7. UV-A, Oxone ve UV-  proseslerinin P. aeruginosa  
bakterisine inaktivasyon etkisi 

-

P. aeruginosa inaktivasyonu E. coli bakterisinin 

inaktivasyonuna benzer  2 mmol/L 

ko K2S2O8, Na2S2O8 ve Oxone'un 

 elde edilirken 3 mmol/L 

2S2O8, Na2S2O8 ve Oxone 4,35 

log giderimlerine  PMS'nin (Oxone) inaktivasyon etkisi 

elde edilen inaktivasyon 

UV-A ile 

aktivasyon prosesinde PMS'nin SO4  ve OH  4  

 (Guerra-  2018), P. aeruginosa dezenfeksiyonunda 

 

 

 (Acremonium sp., Cladosporium sp., Penicillium sp. ve 

Trichoderma sp.) da 

(Wen ve ark. 2017, Guerra- ).   
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8. UV- P. aeruginosa 
bakterisinin inaktivasyonuna etkileri 

UV- E. coli ve P. aeruginosa 

log de Log giderimleri 

 ortalama 1.1 P. 

aeruginosa E. coli 

P. aeruginosa 

, 

E. coli'nin P. aeruginosa

daha az diren li oldu  

 

4. ksiyon Etkisi 
 

Alkali ortam   E. coli ve P. 

aeruginosa  , 

2S2O8  

 

SO4 
-  

dozda K2S2O8 - K2S2O8'in 

deneysel 
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alkali ortam ile aktivasyon metodunda K2S2O8  

 

a. E. coli   

 

E. coli   5*108 CFU/ml olarak 

 

 

2S2O8 

1,5 mmol/L) NaOH kullan

 

Qi 2018

irlenen PS/NaOH ( ).  

E. coli inaktivasyon 

'da  2 mmol/L K2S2O8 

1,5 mmol/L)  log giderim 

 (bkz. 

. PS aktivasyonunun yeterli 

oranda NaOH ile  gerekmektedir (Qi ve ark. 2018). Bu durum Furman 

ve ark. (2011)  alkali ortam ile 

PS'ni  

1. E. coli  2 mmol/L K2S2O8'in alkali ortamda 
durumunda PS /NaOH oran   

PS (mmol/L) NaOH (mmol/L) PS /NaOH 

2 mmol/L 

0,25 1:0,13 

0,5 1:0,25 

0,75 1:0,38 

1,5 1:0,75 
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9. 2 mmol/L  K2S2O8 ile alkali ortam aktivasyonu prosesinin E. coli  bakterisine 
inaktivasyon etkisi 

 

 

10. Alkali ortam aktivasyonu prosesinde E. 
coli inaktivasyonuna etkisi  
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K2S2O8 

E. coli  inaktivasyonu  3 mmol/L K2S2O8 

  (0,25, 0,5, 0,75, 1,5 mmol/L)  (bkz. 

 11.'de  3 mmol/L K2S2O8 

 3 mmol/L K2S2O8 

K2S2O8 + 

ile benzer bir  3.). 

  

2. E. coli  3 mmol/L K2S2O8'in alkali ortamda 
 

PS (mmol/L) NaOH (mmol/L) PS /NaOH 

3  

0,25 1:0,08 

0,5 1:0,16 

0,75 1:0,25 

1,5 1:0,5 

 

 

11. 3 mmol/L  K2S2O8 ile alkali ortam aktivasyonu prosesinin E. coli  
bakterisine inaktivasyon etkisi 
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12. E. 
coli inaktivasyonuna etkisi 

 

13. Alkali ortam aktivasyonu prosesinde  E. coli 
inaktivasyonuna etkisi 

2S2O8 

0,75 ve 1,5 mmol/L) K2S2O8 + NaOH deneylerinde elde edilen E. coli bakterisi 

inaktivasyonu etkisi    (1:0,25) 

daha fazla E. coli 
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neylerde daha fazla (%12) E. coli 

 

 

14. Ortak PS/NaOH E. coli 
inaktivasyonuna etkisi 

 

b. P. aeruginosa 

 

 P. aeruginosa  5*108 CFU/ml'dir. Deneyler 

 SO4 
-  

K2S2O8  

 

2S2O8 

 izelge 4.3.  

P. aeruginosa 

15'de de , 

3,18, 3,43, 4,1 log PS/NaOH  oran a  giderim verimi 

 . 
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3. P. aeruginosa  2 mmol/L K2S2O8'in alkali 
ortamda aktif   

 

 

 

 

 

 

 

 

 

 

15. 2 mmol/L  K2S2O8 ile alkali ortam aktivasyonu prosesinin P. aeruginosa 
bakterisine inaktivasyon etkisi  
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16. P. 
aeruginosa inaktivasyonuna etkisi 

 

2S2O8 konsantrasyonunu NaOH 

(0,25, 0,5, 0,75, 1,5 mmol/L) sabit tutularak giderim verimleri 

P. aeruginosa 7'de de 

3,95, 3,56, 4,01, 4,43 log olarak 

 8.). 

 

4. P. aeruginosa  3 mmol/L K2S2O8'in alkali 
 

PS (mmol/L) NaOH (mmol/L) PS /NaOH 

3 

0,25 1:0,08 

0,5 1:0,16 
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17. 3 mmol/L  K2S2O8 ile alkali ortam aktivasyonu prosesinin P. aeruginosa 
bakterisine inaktivasyon etkisi 

 

18. Alkali ortam aktivasyonu prosesinde PS P. 
aeruginosa inaktivasyonuna etkisi 

 

2S2O8 0,25,0,5, 0,75 ve 1,5 mmol/L) 

NaOH K2S2O8 + NaOH deneylerinde elde edilen P. 

aeruginosa 9'da 
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21) P. aeruginosa 

0.). 

 

 

19. P. aeruginosa 
inaktivasyonuna etkisi 

 

20. Ortak PS/NaOH P. aeruginosa 
inaktivasyonuna etkisi 

Uygulanan alkali ortam ile aktivasyon de P. aeruginosa ve E. coli 

, P. aeruginosa' E. coli 

iki bakteri giderimi 2 
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4.3  
 

naktivasyon 

Microsoft  Van Impe Inactivation Fitting 

 (Geeraerd ve ark. 2005, Rodriguez Chueca 2017). Deneysel 

uygulanabilecek matematiksel kinetik 

modeller incelen

parametre (R2 Bifazik Model (Cerf 1977) 

  

 

k1  

ederken k2 

etmektedir. 
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4.3.1. UV-  
 

E. coli 

 

E. coli bakteri UV-A ve UV-A

 1. ve ekil 4.22.'de 

 3 4.'te UV-A ve UV-

k1 ve k2  

 

 

 

21. E. coli bakterisinin UV- b
  (      modellenen) 
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22. E. coli bakterisinin UV-
  (a)2 mmol K2S2O8, (b)3 mmol 

K2S2O8, (c) 2 mmol Na2S2O8, (d)3 mmol Na2S2O8, (e) 2 mmol Oxone, (f)3 mmol Oxone 
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23. E. coli inaktivasyonunda UV-
elde edilen k1  

 

24. E. coli inaktivasyonunda UV-A+
elde edilen k2  

 

- k1 ve k2 -

k1 ve k2 

k1 

k2 

0 

0,2 

0,4 

0,6 

0,8

1 

1,2 

1,4 

1,6

1,8 

k1
) 

Sadece UV-A 
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0,14 
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k2
) 

Sadece UV-A 
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Bu durumda k1 ve k2 

 

inaktivasyon etkisinin daha  

 .  

 

25. UV-A prosesinin E. coli 1 

ve k2  

-Chueca ve ark. (2017b -A LED (23 

W/m2) prosesinin E. Coli 

k1 ve k2   

1 k2 
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P. aeruginosa 

 

P. aeruginosa bakteri inaktivasyonunu -A ve UV-A+ 3 

6

4.27.'de  8 9.'da UV-A ve UV-

dilen k1 ve k2  

 

 

26. P. aeruginosa bakterisinin UV-
   modellenen) 
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27. P. aeruginosa bakterisinin UV-
 2S2O8, 

(b)3 mmol K2S2O8, (c) 2 mmol Na2S2O8, (d) 3 mmol Na2S2O8, (e) 2 mmol Oxone, (f) 3 
mmol Oxone  modellenen)  

-3,00 
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28. P. aeruginosa inaktivasyonunda UV-
deneylerde elde edilen k1  

 

29. P. aeruginosa inaktivasyonunda UV-
deneylerde elde edilen k2  

UV-A dezenfeksiyon deneylerinden elde edilen inaktivasyon 

UV-A + 

 Bu durum logaritmik 

dir. UV-

UV- giderim veriminden k1 ve k2 

K2S2O8 3 

 

0 
0,2 
0,4 
0,6 
0,8 

1
1,2 
1,4 
1,6 
1,8 

2

 

Sadece UV-A

0

0,02 

0,04 

0,06 

0,08 

0,1 

0,12 

0,14 

0,16 

0,18 

2)
 

Sadece UV-A
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k2 3 mmol/L 

 

.  

 

30. UV-A prosesinin P. aeruginosa 
giderimi ve k1 ve k2  

 

- 0.1 mmol PMS/UV-A LED (23 

W/m2) prosesinin B. mycoides inaktivasy naFiT 

yar  k1 ve k2 

mikroorganizmalar 

1 k2 

 radikallerinin UV-
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4.3
 

 

E. coli 

 

 ile alkali ortamda 

bifazik mod

31 2.'de  4.33 4.'de ise 

k1 ve k2  

  

  

31. E. coli 
 

K2S2O8 (2 mmol/L)  
(a)0,25 mmol/L, (b)0,5 mmol/L,(c) 0,75 mmol/L, (d) 1,5 mmol/L ) 

 modellenen) 
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32. E. coli 
 

2S2O8 (
(a)0,25 mmol/L, (b)0,5  

   modellenen) 
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33. E. coli 2S2O8 
k1  

 

 

34. E. coli 2S2O8 
k2  

 

 

 

 

0 
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ve 3 mmol/L K2S2O8 

ile  elde edilen k1 ve k2 

k1 

K2S2O8

tuzu 

ol k2 

e ise 

nu . k1 ve k2 

 ilk 30 

saniyede elde edilen k1 -90 saniyele k2 

  

 

 

 

35. Alkali ortam aktivasuonu prosesinin E. coli 
bakteri giderimi ve k1 ve k2  

+ 3 mmol/L 

K2S2O8 

+ 2 mmol/L 

K2S2O8 
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P. aeruginosa 

P. aeruginosa  ile alkali 

 bifazik 

6 7.'d 8. ve 

9.'da k1 ve k2  

 

  

  

36. P. aeruginosa 
 

2S2O8 (  
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37. P. aeruginosa 
 

2S2O8 (3 mmol/L  
 

 modellenen)  
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38. P. aeruginosa 
K2S2O8 k1  

 

 

39. P. aeruginosa 
K2S2O8 k2  

2S2O8 

k1 ve k2 

k1 2S2O8'in 

tuzu 

k1 ve k2 
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elde edilen k1 - 2 

  

 

 

40. Alkali ortam aktivasuonu prosesinin P. aeruginosa 
logaritmik bakteri giderimi ve k1 ve k2  

  

+ 3 mmol/L 

K2S2O8 

+ 2 mmol/L 

K2S2O8 
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k1 ve k2  

5.  Deneylere ait Bifazik model k1 ve k2  

 
 
 
  

SO4 
-  

 Metodu 
E. coli P. aeruginosa 

- UV-A k1=0,66  
k2= 0,02 

R2=0,99 
RMS=0,17 

k1=0,35 
k2=0,01 

R2=0,94 
RMS=0,26 

K2S2O8  
(2 mmol/L) 

UV-A k1=1,09  
k2= 0,02 

R2=0,99 
RMS=0,19 

k1=1,75 
k2=0,10 

R2=0,99 
RMS=0,09 

K2S2O8  
(3 mmol/L) 

UV-A k1=0,92 
k2= 0,07 

R2=0,99 
RMS=0,10 

k1=0,86 
k2=0,07 

R2=0,99 
RMS=0,19 

Na2S2O8 

 (2 mmol/L) 
UV-A k1=1,66 

k2=0,10 
R2=0,99 
RMS=0,22 

k1=1,53 
k2=0,07 

R2=0,99 
RMS=0,03 

Na2S2O8 

 (3 mmol/L) 
UV-A k1=1,19 

k2=0,09 
R2=0,99 
RMS=0,32 

k1=1,86 
k2=0,10 

R2=0,99 
RMS=0,04 

Oxone  
(2 mmol/L) 

UV-A k1=1,18 
k2=0,10 

R2=0,99 
RMS=0,18 

k1=1,39 
k2=0,06 

R2=0,99 
RMS=0,14 

Oxone  
(3 mmol/L) 

UV-A k1=0,97 
k2=0,14 

R2=0,99 
RMS=0,14 

k1=1,50 
k2=0,16 

R2=0,98 
RMS=0,31 

K2S2O8  
(2 mmol/L) 

0,25  
mmol/L NaOH 

k1=0,50 
k2=0,03 

R2=0,95 
RMS=0,35 

k1=0,09 
k2=0,02 

R2=0,92 
RMS=0,36 

K2S2O8  
(2 mmol/L) 

0,5  
mmol/L NaOH 

k1=0,40 
k2=0,02 

R2=0,87 
RMS=0,93 

k1=0,14 
k2=0,02 

R2=0,99 
RMS=0,19 

K2S2O8  
(2 mmol/L) 

0,75  
mmol/L NaOH 

k1=0,94 
k2=0,04 

R2=0,99 
RMS=0,14 

k1=0,25 
k2=0,03 

R2=0,96 
RMS=0,47 

K2S2O8  
(2 mmol/L) 

1,5  
mmol/L NaOH 

k1=0,46 
k2=0,04 

R2=0,77 
RMS=1,30 

k1=0,24 
k2=0,04 

R2=0,99 
RMS=0,22 

K2S2O8  
(3 mmol/L) 

0,25  
mmol/L NaOH 

k1=0,65 
k2=0,02 

R2=0,99 
RMS=0,12 

k1=0,12 
k2=0,06 

R2=0,99 
RMS=0,22 

K2S2O8  
(3 mmol/L) 

0,5  
mmol/L NaOH 

k1=0,72 
k2=0,03 

R2=0,90 
RMS=1,12 

k1=0,19 
k2=0,05 

R2=0,97 
RMS=0,40 

K2S2O8  
(3 mmol/L) 

0,75  
mmol/L NaOH 

k1=0,59 
k2=0,04 

R2=0,79 
RMS=1,66 

k1=0,30 
k2=0,01 

R2=0,98 
RMS=0,41 

K2S2O8  
(3 mmol/L) 

1,5  
mmol/L NaOH 

k1=0,53 
k2=0,04 

R2=0,95 
RMS=0,69 

k1=0,24 
k2=0,04 

R2=0,99 
RMS=0,30 
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E. coli ve P. aeruginosa UV-A radyasyonu ve alkali 

ortam ile  SO4
- 

; 2S2O8 ve Na2S2O8, 

Aktivasyon  

 En az iki 

  

Van Impe Inactivation Fitting To 1 ve k2  

 

 

 UV-A radyasyonu ve alkali ortam aktivasyonunun E. coli ve P. aeruginosa 

 P. aeruginosa bakterisinin E. coli 

 

 

 UV- E. coli log P. 

aeruginosa -A radyasyon

-A 

 

 

 UV-A radyasyonu 

inaktivasyonu UV-A + Ox -A ile aktivasyon 

prosesinde PMS'nin SO4  ve OH  4  

 

 

 Alkali 

NaOH dozunun 

alkali 

nin 
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 Alkali 2S2O8 

tuzu 

. 3 mmol/L konsantrasyonu E. coli 

P. aeruginosa 

 

 

 Alkali -A 

 

olabilmektedir.  

 

 GInaFiT ile 1 ve k2) ele 

 k1 2  

iki proseste de ilk faz boyunca (UV-

inaktivasyon veriminin 

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



84 
 

 

KAYNAKLAR 
 
 
Ahmed, S., Rasul, M.G., Martens, W.N., Brown, R., Hashib, M.A. 2010. 
Heterogeneous photocatalytic degradation of phenols in wastewater: a review on current 
status and developments. Desalination, 261:3 18. 
Albert, I., Mafart, P. 2005. A modifiedWeibull model for bacterial inactivation. Int. J. 
Food Microbiol., 100: 197-211. 

UV/H2O2 ile Dezenfeksiyonu. Ekoloji, 16, (64): 21-28. 
Anipsitakis, G.P., Dionysiou, D.D. 2004. Transition metal/UV-based advanced 
oxidation technologies for water decontamination. Appl. Catal. B Environ., 54: 155
163.  
Anonim, 2005. 

 
Anonim, 2015. 

 
Anonim, 2019. 

 
Anonim, 2020. https://www.lenntech.com/who-eu-water-standards.htm 
07.01.2020). 
Anonymous, 1999. Alternative Disinfectants and Oxidants. Guidance Manual, EPA 
Cincinati, 815-R-99-014. 
Antoniou, M.G., de la Cruz, A., Dionysiou, D.D. 2010. Degradation of microcystin-
LR using sulfate radicals generated through photolysis, thermolysis and e-transfer 
mechanisms. Applied Catalysis B: Environmental, 96: 290 298. 
Antoniou, M.G., De La Cruz, A.A., Dionysiou, D.D. 2010. Intermediates and reaction 
pathways from the degradation of microcystin-LR with sulfate radicals. Environ. Sci. 
Technol., 44 (19): 7238 7244. 
Ao, X., Liu, W. 2017. Degradation of sulfamethoxazole by medium pressure UV and 
oxidants: Peroxymonosulfate, persulfate, and hydrogen peroxide. Chem. Eng. J. 313: 
629 637. 
Ashbold, N.J. 2004. Microbial contamination of drinking water and disease outcomes 
in developing regions. Toxicology, 198: 229 238. 
Ashbolt, N.J., Grabow, W.O.K., Snozzi, M. 2001. Indicators of microbial water 
quality. In: Fewtrell, L., Bartram, J. (Eds.), Water Quality: Guidelines, Standards and 
Health. Risk assessment and management for water-related infectious disease. IWA 
Publishing, London. 289 315. 
Babuponnusami, A., Muthukumar, K. 2014. A review on Fenton and improvements 
to the Fenton process for wastewater treatment. J. Environ. Chem. Eng. 2: 557 572. 
Batterman, S., Zhang, L., Wang, S. 2000. Quenching of Chlorination Disinfection 
By-Product Formation In Drinking Water By Hydrogen Peroxide. Pergamon, 34(5): 
1652-1658. 
Bianco, A., Polo- -
2017. Disinfection of water inoculated with enterococcus faecalis using 
solar/Fe(III)EDDS-H2O2 or S2O8

2- process. Water Res., 118: 249 260. 
Bigelow, W.D., Esty, J.R. 1920. The thermal death point in relation to typical 
thermophilic organisms. J. Infect. Dis. 27: 602. 



85 
 

 

Bonomo, L. 2008. Trattamenti Delle Acque Reflue; McGraw-Hill: New York, NY, 
USA, ISBN 978-88-386-6518-9. 
Buxton, G.V., Bydder, M., Salmon, G.A. 1999. The reactivity of chlorine atoms in 
aqueous solution Part II. The equilibrium SO4

- + Cl-ClNsbd + SO4 
2-. Phys. Chem. Chem. 

Phys., 1: 269-273. 
Cerf, O. 1977. A review: tailing of survival curves of bacterial spores. J. Appl. 
Bacteriol, 42: 1-19. 
Chamberlain, J., Moss, S.H. 1987. Lipid peroxidation and other membrane damage 
produced in Escherichia coli K1060 by near-UV radiation and deuterium oxide. 
Photochem Photobiol 45:625 630. 
Chu, W., Li, D., Gao, N., Templeton, M.R., Tan, C., Gao, Y. 2015. The control of 
emerging haloacetamide DBP precursors with UV/persulfate treatment. Water 
Research. 340-348.  

Overview 
of the Main Disinfection Processes for Wastewater and DrinkingWater Treatment 
Plants. Sustainability. 10,86.  
Coroller, L., Leguerinel, I., Mettler, E., Savy, N., Mafart, P. 2006. General model, 
based on two mixed Weibull distributions of bacterial resistance, for describing various 
shapes of inactivation curves. Appl. Environ. Microbiol. 72: 6493-6502. 
Criquet, J., Nebout, P., Vel Leitner, N.K. 2010. Enhancement of carboxylic acid 
degradation with sulfate radical generated by persulfate activation, Water Science and 
Technlogy, 61: 1221-1226. 
Crittenden, J. C., Trussell, R. R., Hand, D. W., Howe, K. J., Tchobanoglous, G. 
2012. Water Treatment: Principle and Design, John Wiley & Sons, Inc.: Hoboken, NJ.  
Cui, C., Jin, L., Jiang, L., Han, Q., Lin, K., Lu, S., Zhang, D., Cao, G. 2016. 
Removal of trace level amounts of twelve sulfonamides from drinking water by UV-
activated PMS. Sci. Total Environ. 572: 244 251. 
Devi, P., Saroha, A.K. 2014a. Risk analysis of pyrolyzed biochar made from paper 
mill effluent treatment plant sludge for bioavailability and eco-toxicity of heavy metals. 
Bioresour. Technol. 162: 308 315. 
Devi, P., Saroha, A.K. 2014b. Synthesis of the magnetic biochar composites for use as 
an adsorbent for the removal of pentachlorophenol from the effluent. Bioresour. 
Technol. 169: 525 531. 
Devi, P., Umashankar, D., Ajay K. D. 2016. In-situ chemical oxidation: Principle and 
applications of peroxide and persulfate treatments in wastewater systems. 571: 643-657. 
Ducousso, M., Weiss-Hortala, E., Nzihou, A., Castaldi, M.J. 2015. Reactivity 
enhancement of gasification biochars for catalytic applications. Fuel 159: 491 499. 
Eisenstark, A., 1998. Bacterial gene products in response to nearultraviolet radiation. 
Mutat Res Fund Mol M, 422:85 95. 
Feng, Y., Song, Q., Lu,W., Liu, G. 2017. Degradation of ketoprofen by sulfate radical-
based advanced oxidation processes: Kinetics, mechanisms, and effects of natural water 
matrices. Chemosphere 189: 643 651. 
Ferreira, L.C., Lucas, M.S., Fernandes, J.R., Tavares, P.B. 2016. Photocatalytic 
oxidation of reactive Black 5 with UV-A LEDs. J. Environ. Chem. Eng. 4 (1): 109-114. 
Firidin, E., 2015. . 

, Temmuz,7-15. 
Furman, O., Teel, A., Watts, R.J. 2010. Mechanism of Base Activation of Persulfate. 
Environ. Sci. Technol. 44, 6423 6428. 



86 
 

 

Furman, O.S., Teel, A.L., Ahmad, M., Merker, M.C., Watts, R.J. 2011. Effect of 
basicity on persulfate reactivity. J. Environ. Eng. 137: 241 247. 

 Exposure to 
Trihalomethanes and Adverse Pregnancy Outcomes. Epidemiology 9(5): 484-489. 
Gao, Y.Q., Gao, N.Y., Deng, Y., Yang, Y.Q., Ma, Y. 2012. Ultraviolet (UV) light-
activated persulfate oxidation of sulfamethazine in water. Chem. Eng. J. 195-196 
Garkusheva, N., Matafonova, G., Tsenter, I., Beck, S., Batoev, V., Linden, K. 2017. 
Simultaneous atrazine degradation and E. coli inactivation by simulated solar photo-
Fenton-like process using persulfate. J. Environ. Sci. Health. Part A Toxic. Hazard. 
Subst. Environ. Eng. 52: 849 855.  
Geeraerd, A.H., Herremans, C.H., Van Impe, J.F. 2000. Structural model 
requirements to describe microbial inactivation during a mild heat treatment. Int. J. 
Food Microbiol. 59: 185-209. 
Geeraerd, A.H., Valdramidis, V.P., Van Impe, J.F. 2005. GInaFiT, a freeware tool to 
assess non-log-linear microbial survivor curves. Int. J. Food Microbiol. 102: 95-105. 
Geeraerd, A.H., Valdramidis, V.P., Van Impe, J.F. 2006. 
freeware tool to assess non-log- Int. J. Food 
Microbiol. 110, 297. 
Ghanbari, F., Moradi, M. 2017. Application of peroxymonosulfate and its activation 
methods for degradation of environmental organic pollutants: Review. Chem. Eng. J. 
310: 41 62.  
Ghanbari, F., Moradi, M., Gohari, F. 2016. Degradation of 2,4,6-trichlorophenol in 
aqueous solutions using peroxymonosulfate/activated carbon/UV process via sulfate 
and hydroxyl radicals. J. Water Process Eng. 9: 22 28. 
Ghauch, A., Baalbaki, A., Amasha, M., El Asmar, R., Tantawi, O. 2017. 
Contribution of persulfate in UV-254nm activated systems for complete degradation of 
chloramphenicol antibiotic in water. Chem. Eng. J. 317: 1012 1025. 
Girotti, A.W. 1998. Lipid hydroperoxide generation, turnover, and effector action in 
biological systems. J Lipid Res, 39:1529 1542. 

Y.Lisans Tezi   
 

Kinetic modeling and synergy 
quantification in sono and photooxidative treatment of simulated dyehouse effluent. 
Water Res. 46 (17): 5683-5695. 
Guerra- -Chueca, J. 2018. 
Assessment of Sulfate Radical-Based Advanced Oxidation Processes for Water and 
Wastewater Treatment: A Review. Water, 10, 1828. 

 
-91. 

Hijnen, W.A.M., Beerendonk, E.F., Medema, G.J. 2006. Inactivation credit of UV 
radiation for viruses, bacteria and protozoan (oo)cysts in water: A review. Water Res. 
40: 3 22. 
Hileman, B. 1992. Cancer Risk Found From Water Chlorination, Chemical and 
Engineering News, 70:7-8. 
Hom, L.W. 1972. Kinetics of chlorine disinfection in an ecosystem. J. Sanit. Eng. Div. 
ASCE 98 (1), 183-193. 



87 
 

 

Hori, H., Yamamoto, A., Hayakawa, E., Taniyasu, S., Yamashita, N., Kutsuna, S., 
Kiatagawa, H., Arakawa, R. 2005. Efficient decomposition of environmentally 
persistent perfluorocarboxylic acids by use of persulfate as a photochemical oxidant. 
Environ. Sci. Technol. 39 (7): 2383 2388. 
Hou, S., Ling, L., Shang, C., Guan, Y., Fang, J. 2017. Degradation kinetics and 
pathways of haloacetonitriles by the UV/persulfate process. Chem. Eng. J. 320: 478
484. 
Hu, P., Long, M. 2016. Cobalt-catalyzed sulfate radical-based advanced oxidation: A 
review on heterogeneous catalysts and applications. Appl. Catal. B Environ. 181: 103
117. 
Hunter, P.R., Waite, M., Ronchi, E. 2002. Drinking Water and Infectious Disease: 
Establishing the Links. IWA Publishing, London. 
Ismail, L., Ferronato, C., Fine, L., Jaber, F., Chovelon, J. 2017. Elimination of 
sulfaclozine from water with SO4- radicals: Evaluation of different persulfate activation 
methods. Appl. Catal. B Environ. 201, 573 581. 
Johnson, R. L., Tratnyek, P. G., Johnson, R. O. 2008. Persulfate persistence under 
thermal activation conditions. Environ. Sci. Technol. 42: 9350 9356. 
Karthikeyan, S., Boopathy, R., Sekaran, G., 2015. In situ generation of hydroxyl 
radical by cobalt oxide supported porous carbon enhance removal of refractory organics 
in tannery dyeing wastewater. J. Colloid Interface Sci. 448: 163 174. 
Kindhauser, M.K. 2003. Global defence against the infectious disease threat. 
Communicable Diseases. World Health Organization, 2002, Geneva. 
Lau, T. K., Chu, W., Graham, N. J. D. 2007. The aqueous degradation of butylated 
hydroxyanisole by UV/S2O8

2 : study of reaction mechanisms via dimerization and 
mineralization. Environ. Sci. Technol.41 (2): 613 619. 
Leclerc, H., Mossel, D.A.A., Edberg, S.C., Struijk, C.B. 2001. Advances in the 
bacteriology of the coliform group: their suitability as markers of microbial water 
safety. Annu. Rev. Microbiol. 55: 201-234. 
Lee, O.M., Kim, H.Y., Park,W., Kim, T.H., Yu, S. 2015. A comparative study of 
disinfection efficiency and regrowth control of microorganism in secondary wastewater 
effluent using UV, ozone, and ionizing irradiation process. Journal of Hazardous 
Material.  295: 201 208. 
Li, C., Wu, J., Peng, W., Fang, Z., Liu, J. 2019. Peroxymonosulfate activation for 
efficient sulfamethoxazole degradation by Fe3O4 -FeOOH nanocomposites: 
Coexistence of radical and non-radical reactions. Chem. Eng. J. 356: 904 914. 
Liang, C., Bruell, C. J., Marley, M. C., Sperry, K. L. 2004. Persulfate oxidation for 
in situ remediation of TCE. II. Activated by chelated ferrous ion. Chemosphere 55 (9): 
1225 1233. 
Liang, C., Bruell, C.J. 2008. Thermally activated persulfate oxidation of 
trichloroethylene: Experimental investigation of reaction orders. Ind. Eng. Chem. Res. 
47: 2912 2918.  
Liang, C., Guo, Y. 2010. Mass transfer and chemical oxidation of naphthalene particles 
with zerovalent iron activated persulfate. Environ. Sci. Technol. 44 (21): 8203 8208. 
Liang, C., Su, H.W. 2009. Identification of sulfate and hydroxyl radicals in thermally 
activated persulfate. Ind. Eng. Chem. Res. 48: 5558 5562. 
Liltved, H., Landfald, B. 2000. Effects of high intensity light on ultraviolet-irradiated 
and non-irradiated fish pathogenic bacteria. Water Res. 34: 481 486. 



88 
 

 

Lin, Y-T., Liang, C., Chen, J-H. 2011. Feasibility study of ultraviolet activated 
persulfate oxidation of phenol, Chemosphere, 82: 1168-1172. 
Liu, H., Bruton, T.A., Li, W., Buren, J.V., Prasse, C., Doyle, F.M., Sedlak, D.L. 
2016. Oxidation of benzene by persulfate in the presence of Fe(III)- and Mn(IV)-
containing oxides: stoichiometric efficiency and transformation products. Environ. Sci. 
Technol. 50: 890 898. 
Lu, H., Sui, M., Yuan, B., Wang, J., Lu, Y. 2019. Efficient degradation of 
nitrobenzene by Cu-Co-Fe-LDH catalyzed peroxymonosulfate to produce hydroxyl 
radicals. Chem. Eng. J. 357: 140 149. 
Machulek, A., Oliveira, S., Osugi, M., Ferreira, V., Quina, F., Dantas, R., Oliveira, 
S., Casagrande, G., Anaissi, F., Silva, V., ve ark. 2013. Application of Different 
Advanced Oxidation Processes for the Degradation of Organic Pollutants; IntechOpen: 
London, UK. 
Madhavan, J., Maruthamuthu, P., Murugesan, S., Ashokkumar, M. 2009. Kinetics 
of degradation of Acid Red 88 in the presence of Co2+ ion/peroxomonosulphate reagent, 
Applied Catal-ysis A: General, 368: 35-39. 
Mafart, P., Couvert, O., Gaillard, S., Legurinel, I. 2002. On calculating sterility in 
thermal preservation methods: application of the Weibull frequency distribution model. 
Int. J. Food Microbiol. 72: 107-113. 
Mahdi-Ahmed, M., Chiron, S. 2014. Ciprofloxacin oxidation by UV-C activated 
peroxymonosulfate in wastewater. Journal of Hazardous Materials. 265: 41 46.  
Mendez-Diaz, J., Sanchez-Polo, M., Rivera-Utrilla, J., Canonica, S., von Gunten, 
U. 2010. Ad-vanced oxidation of the surfactant SDBS by means of hydroxyl and 
sulphate radicals, Chemi-cal Engineering Journal, 163: 300-306. 
Miklos, D.B.,  2018. 
Evaluation of advanced oxidation processes for water and wastewater treatment A 
critical review. Water Res. 139: 118 131. 
Moan, J., Peak, M.J. 1989. Effects of UV radiation on cells. J Photochem Photobiol, B 
4:21 34. 
Moreno-Andres, J., Farinango, G., Romero- -Merino A., 
Nebot E. 2019. Application of persulfate salts for enhancing UV disinfection in marine 
waters. Water Research. 163. 
Naim, S., Ghauch, A. 2016. Ranitidine abatement in chemically activated persulfate 
systems: assessment of industrial iron waste for sustainable applications, Chem. Eng. J. 
288: 276 288. 
Nataro, J.P., Kaper, J.B., 1998. Diarrheagenic Escherichia coli. Clin. Microbiol. Rev. 
11, 142-201. 
Neta, P., Huie, R.E., and Ross, A.B. 1988. Rate constants for reactions of inorganic 
radicals in aqueous-solution. J. Phys. Chem. Ref. Data, 17: 1027-1284. 
Neta, P., Madhavan, V., Zemel, H., Fessenden, R. W. 1977. Rate constants and 
mechanism of reaction of sulfate radical anion with aromatic compounds. J. Am. Chem. 
Soc., 99 (1): 163 164. 
Oguma, K., Katayama, H., Mitani, H., Morita, S., Hirata, T., Ohgaki, S. 2001. 
Determination of pyrimidine dimers in Escherichia coli and Cryptosporidium parvum 
during UV light inactivation, photoreactivation, and dark repair. Appl. Environ. 
Microbiol. 67: 4630 4637. 



89 
 

 

Oh, W.-D., Dong, Z., Lim, T.-T. 2016.  Generation of sulfate radical through 
heterogeneous catalysis for organic contaminants removal: current development, 
challenges and prospects, Appl. Catal. B Environ. 194: 169 201. 
Pan, X., Yan, L., Qu, R., Wang, Z. 2018. Degradation of the UV-filter benzophenone-
3 in aqueous solution using persulfate activated by heat, metal ions and light. 
Chemosphere 196: 95 104. 
Pattison, D.I., Davies, M.J. 2006. Actions of ultraviolet light on cellular structures. 
EXS 96:131-157. 
Petri, B.G., Watts, R.J., Tsitonaki, A., Crimi,M., Thomson, R.T., Teel, A.L. 2011. 
Fundamentals of ISCO using persulfate. In: Siegrist, R.L., Crimi, M., Simpkin, T.J. 
(Eds.), In Situ Chemical Oxidation for Groundwater Remediation vol. 3. Springer New 
York, New York, NY, 285 317. 
Pfeifer, G.P. 1997. Formation and processing of UV photoproducts: effects of DNA 
sequence and chromatin environment. Photochem Photobiol 65:270 283. 
Pikaev, A.K., Zolotarevskii,V.I. 1967. Bulletin of the Academy of Sciences of the 
USSR Division of Chemical Science 16 181 182. 
Pontius, F.W. 1998. New Horizons in Federal Regulation . J.AWWA, 80:38-50. 
Poole, K.J. 2004. Efflux-mediated multiresistance in Gram-Negative bacteria. Clinical 
Microbiology and Infection. 10 (1):12-26. 
Qi, C., Liu, X., Ma, J., Lin, C., Li, X. Zhang, H. 2016. Activation of PMS by base: 
Implications for the degradation of organic pollutants, Chemosphere 151: 280 288. 
Qi, H., Q., Huang, Y.-C., Hung. 2018. 
Escherichia Coli O157:H7 And Listeria Monocytogenes. International Journal of Food 
Microbiology, 284: 40-47. 
Rastogi, A., Al-Abed, S.R., Dionysiou, D.D. 2009. Sulfate radical-based ferrous
peroxymonosulfate oxidative system for PCBs degradation in aqueous and sediment 
systems. Appl. Catal. B Environ. 85, 171 179. 
Rey, A., Hungria, A.B., Duran-Valle, C.J., Faraldos, M., Bahamonde, A., Casas, 
J.A., Rodriguez, J.J., 2016. On the optimization of activated carbon-supported iron 
catalysts in catalytic wet peroxide oxidation process. Appl. Catal. B Environ. 181: 249
259. 
Rickman, K.A., Mezyk, S.P. 2010. Kinetics and mechanisms of sulfate radical 

-lactam antibiotics in water, Chemosphere, 81: 359-365. 
-G., Pulgarin, C. 2004. Bactericidal action of illuminated TiO2 on pure 

Escherichia coli and natural bacterial consortia: post-irradiation events in the dark and 
assessment of the effective disinfection time. Applied Catalysis B: Environmental 49: 
99 112. 
Rodriguez, S., Vasquez, L., Costa, D., Romero, A., Santos, A. 2014. Oxidation of 
orange G by persulfate activated by Fe(II), Fe(III) and zero valent iron (ZVI). 
Chemosphere 101: 86 92. 

-Chueca, J., Amor, C., Fernandes, J.R., Tavares, P.B., Lucas, M.S., 
Peres, J.A. 2016. Treatment of crystallized-fruit wastewater by UV-A LED photo-
Fenton and coagulationeflocculation. Chemosphere 145: 351-359. 

-Chueca, J., Ferreira, L.C., Fernandes, J.R., Tavares, P.B., Lucas, M.S., 
Peres, J.A. 2015. Photocatalytic discolouration of Reactive Black 5 by UV-A LEDs 
and solar radiation. J. Environ. Chem. Eng. 3 (4): 2948-2956. 

-Chueca, J., Moreira, S. I., Lucas, M. S., Fernandes, J.R., Tavares, P.B., 
Sampaio, A., Peres,  J.A. 2017a. Disinfection of simulated and real winery wastewater 



90 
 

 

using sulphate radicals: Peroxymonosulphate/transition metal/UV-A LED oxidation. 
Journal of Cleaner Production 149: 805-817. 

-Chueca, J., Silva, T., Fernandes, J. R., Lucas, M. S., Puma, G. L., Peres, 
J.A., Sampaio, A. 2017b. Inactivation of pathogenic microorganisms in freshwater 
using HSO5

-/ UV-A LED and HSO5
-/ Mn+/UV-A LED oxidation processes. Water 

Research 123:113-123. 
-Chueca, J., Amor, C., Silva, T., Dionysiou, D.D., Li puma, G., Lucas, 

M.S., Peres, J.A. 2017c, Treatment of winery wastewater by sulphate radicals: HSO5
-

/transition metal/UV-A LEDs. Chem. Eng. J. 310, 473 483. 
Rodriguez-Narvaez, O.M., Peralta-Hernandez, J.M., Goonetilleke, A., Bandala, 
E.R. 2017. Treatment technologies for emerging contaminants in water: A review. 
Chem. Eng. J. 323, 361 380.  
Rook, J.J. 1974. Formation of Haloforms During Chlorination of Natural Waters, J. 
Water Treat. Exam., 23: 234-243. 
Santos, A. L., Oliveira V., Baptista, I., Henriques, I., Gomes, N. C. M., Almeida A., 
Correia, A., Cunha, A. 2013. Wavelength dependence of biological damage induced 
by UV radiation on bacteria. 195:63-74. 
Sharma, S., Ruparelia, J.P., Patel, M. L. 2011. A general review on Advanced 
Oxidation Processes for waste water treatment. Institute Of Technology, Nirma 
University, Ahmedabad 382-481. 

Ulusal Sterilizasyon Dezenfeksiyon Kongresi,  2009, Antalya. 
 

Y.Lisans Tezi  
 

eng l, F., K kg l, E.Y. 1997. evre M hendisli inde Fiziksel-Kimyasal Temel 
lemler ve S re ler, DE  Bas m nitesi, zmir, 177. 

Taghipour, F. 2004. Ultraviolet and ionizing radiation for microorganism inactivation. 
Water Res. 38: 3940 3948. 
Teel, A.L., Finn, D.D., Schmidt, J.T., Cutler, L.M., Watts, R.J. 2007. Rates of trace 
mineral-catalyzed decomposition of hydrogen peroxide. J. Environ. Eng. 133: 853 858. 
Tsitonaki, A., Petri, B., Crimi, M., Mossbaek, H., Siegrist, R.L., Bjerg, P.L. 2010. 
In situ chemical oxidation of contaminated soil and groundwater using persulfate: a 
review. Crit. Rev. Environ. Sci. Technol. 40: 55 91. 

soy, A. 2014. 
 

2017. Chemistry of persulfates in water and wastewater treatment: A review. Chemical 
Engineering Journal, 330: 44-62. 
Wang, J., Wang, S. 2018, Activation of persulfate (PS) and peroxymonosulfate (PMS) 
and application for the degradation of emerging contaminants. Chem. Eng. J. 334: 
1502 1517. 
Wang, N., Zheng, T., Zhang, G., Wang, P. 2016. A review on Fenton-like processes 
for organic wastewater treatment. J. Environ. Chem. Eng. 4: 762 787. 
Wang, W., Ye, B., Yang, L., Yanguha, L. And Yanguha, W. 2006. Risk Assessment 
on Disinfection By-Products of Drinking Water of Different Water Sources and 
Disinfection Processes. 527:7. 



91 
 

 

Wangc, C., Liang, C. 2014. Oxidative degradation of TMAH solution with UV 
persulfate activation. Chem. Eng. J. 254: 472 478. 
Watts, R.J., Teel, A.L. 2006. Treatment of contaminated soils and groundwater using 
ISCO. Practice Periodical of Hazardous Toxic and Radioactive Waste Management. 
10: 2 9. 
Wei, G., Liang, X., He, Z., Liao, Y., Xie, Z., Liu, P., Ji, S., He, H., Li, D., Zhang, J. 
2015. Heterogeneous activation of Oxone by substituted magnetites Fe3-xMxO4 (Cr, 
Mn, Co, Ni) for degradation of Acid Orange II at neutral pH. Journal of Molecular 
Catalysis A: Chemical, 398: 86-94. 
Wen, G., Xu, X., Zhu, H., Huang, T., Ma, J. 2017. Inactivation of four genera of 
dominant fungal spores in groundwater using UV and UV/PMS: Efficiency and 
mechanisms. Chemical Engineering Journal, 328: 619 628. 
WHO, 2003. Quantifying selected major risks to health. The World Health Report 
2002. World Health Organization, Geneva. 
Wordofa, D.N. 2004. Application of Iron Activated Persulfate for Disinfection in 
Water Treatment. Master Thesis. University of California, Chemical and Environmental 
Engineering, Riverside.  
Wordofa, D.N., Walker, S.L., Liu, H. 2017. Sulfate Radical-Induced Disinfection of 
Pathogenic Escherichia coli O157:H7 via Iron-Activated Persulfate. Environmental 
Science & Technology 4: 154 160. 
Xia, D., Li, Y., Huang, G., Yin, R., An, T., Li, G., Zhao, H., Lu, A., Wong, P.K. 
2017. Activation of persulfates by natural magnetic pyrrhotite for water disinfection: 
Efficiency, mechanisms, and stability. Water Research, 112: 236 247.  

D., C.-J.Tang, Wei, Z., Spinneyh, R. 2019. Inactivation of pathogenic microorganisms 
by sulfate radical: Present and future. ScienceDirect, Chemical Engineering Journal, 
222-232. 
Xie, Y., Li, P., Zeng, Y., Li, X., Xiao, Y.,Wang, Y., Zhang, Y. 2018. Thermally 
treated fungal manganese oxides for bisphenol A degradation using sulfate radicals. 
Chemical Engineering Journal, 335: 728 736. 
Xu, X.-R., Li,S., Hao, Q., Liu, J.-L., Yu,Y.-Y., Li, H.-B. 2012. Activation of 
Persulfate and Its Environmental Application. International Journal of Environment and 
Bioenergy, 1(1): 60-81. 
Xu, Y., Lin, Z.,Wang, Y., Zhang, H. 2017. The UV/peroxymonosulfate process for the 
mineralization of artificial sweetener sucralose. Chemical Engineering Journal, 317: 
561 569.  

 
Yang, S., Yang, X., Shao, X., Niu, R., Wang, L. 2011. Activated carbon catalyzed 
persulfate oxidation of azo dye acid orange 7 at ambient temperature. Journal of 
Hazardous Materials, 186: 659 666. 
Yang, Y., Lu, X., Jiang, J., Ma, J., Liu, G., Cao, Y., Liu, W., Li, J., Pang, S., Kong, 
X., ve ark. 2017. Degradation of sulfamethoxazole by UV, UV/H2O2 and 
UV/persulfate (PDS): Formation of oxidation products and effect of bicarbonate. Water 
Research, 118: 196 207. 
Yang, Y., Pignatello, J.J., Ma, J., Mitch, W.A. 2014. Comparison of halide impacts 
on the efficiency of contaminant degradation by sulfate and hydroxyl radical-based 
advanced oxidation processes (AOPs). Environmental Science & Technology, 48: 2344
2351. 



92 
 

 

Yang, S.Y., P. Wang, X., Yang, L.A., Shan, W.Y., Zhang, X.T., Niu Shao, R.  2010.  
Degradation efficiencies of azo dye Acid Orange 7 by the interaction of heat UV and 
anions with common oxidants: PS, PMS and hydrogen peroxide. Journal of Hazardous 
Materials, 179: 552-558. 

 
, , 22 (1): 37-47. 

Yuan, S., Liao, P., Alshawabkeh, A.N. 2014. Electrolytic manipulation of persulfate 
reactivity by iron electrodes for trichloroethylene degradation in groundwater. 
Environmental Science & Technology, 48 (1): 656 663. 
Zeeshan, M., Prasad, S.M. 2009. Differential response of growth, photosynthesis, 
antioxidant enzymes and lipid peroxidation to UV-B radiation in three cyanobacteria. 
South African Journal of Botany, 75: 466 474. 
Zhang, B.T., Zhang, Y., Teng, Y., Fan, M. 2015. Sulfate radical and its application in 
decontamination technologies. Critical Reviews in Environmental Science and 
Technology, 45: 1756 1800. 
Zhang, H., Fu, H., Zhang, D. 2009. Degradation of C.I. Acid Orange 7 by ultrasound 
enhanced heterogeneous Fenton-like process. Journal of Hazardous Materials, 172: 
654 660. 
Zhao, Q., Mao, Q., Zhou, Y., Wei, J., Liu, X., Yang, J., Luo, L., Zhang, J., Chen, 
H., Chen, H., ve ark. 2017. Metal-free carbon materials-catalyzed sulfate radical-based 
advanced oxidation processes: A review on heterogeneous catalysts and applications. 
Chemosphere, 189: 224 238.  
Zhao, D., Liao, X.,  Yan, X.,  Huling, S.G.,  Chai, T.,  Tao, H. 2013. Effect and 
mechanism of PS activated by different methods for PAHs removal in soil. Journal of 
Hazardous Materials, 254 255 pp. 228-235. 
  



94 
 

 

EKLER 

 

EK 1  UV-  

EK 2   

  



95 
 

 

EK 1. UV-A  

  

 deneme sonucu  

 

  

  

E. coli * 

Temas 

(dk) 

Sadece 

UV-A 

K2S2O8 Na2S2O8 Oxone 

2 mmol/L 3mmol/L 2 mmol/L 3 mmol/L 2 mmol/L 3 mmol/L 

0 2*108 3*109 2*107 1*108 2*108 3*107 1*108 

1 1,2*107 1*109 1*107 3*107 1*107 1*107 1*107 

3 1*107 2*108 7*105 1*106 1*106 8*105 5,5*106 

6 2*106 2,5*107 6,8*105 3,5*105 1*105 1*105 1*105 

10 4,2*105 5,5*106 4,3*105 5,7*104 3*104 6,2*103 1*104 

30 2,6*105 1*106 8,3*104 4,6*104 9*103 3,2*103 1*102 

P. aeruginosa * 

Temas 

(dk) 

Sadece 

UV-A 

K2S2O8 Na2S2O8 Oxone 

2 mmol/L 3mmol/L 2 mmol/L 3 mmol/L 2 mmol/L 3 mmol/L 

0 1*108 3*108 4,5*108 3*108 2*109 1*108 5*108 

1 2*107 1,9*107 2*107 8,7*107 2*108 6*107 1*107 

3 1*107 1,2*107 5*106 7,9*106 1*107 1*106 1*106 

6 9,5*106 8*106 1*106 3,6*106 2,5*106 1,3*105 2,3*105 

10 2,3*106 6*106 6*105 2,8*106 1,2*106 9*104 1*105 

30 1*106 6,9*105 2,6*105 1,3*106 1,9*105 7*104 1*104 
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 deneme sonucu  

 

  

 

 

 

 

 

E. coli  

Temas 

(sn) 

K2S2O8 (2 mmol/L) K2S2O8 (3 mmol/L) 

NaOH (mmol/L) 

0,25  0,5 0,75 1,5 0,25  0,5 0,75 1,5 

0 1,2*109 6*108 7,5*109 1,4*109 1*109 3*109 1,8*109 5,6*109 

10 2,7*107 2*108 1,5*106 1*106 1,5*106 1*106 3,4*105 5,5*106 

20 2,9*106 1,2*108 1,4*106 5,5*104 - - - 4,5*105 

30 6*105 1,6*104 3,6*105 4,9*103 2*105 5*104 9,6*103 - 

60 5,4*105 1,1*104 2,8*105 2,6*103 - - - 6*103 

90 2,5*105 6,8*103 2*104 1,3*103 2*104 3,2*103 1,8*103 3*103 

P. aeruginosa  

Temas 

(sn) 

K2S2O8 (2 mmol/L) K2S2O8 (3 mmol/L) 

NaOH (mmol/L) 

0,25  0,5 0,75 1,5 0,25  0,5 0,75 1,5 

0 3*108 3,4*108 6*108 3*108 2*106 3*107 3*108 1,2*108 

10 2*108 2,8*108 1*108 2*108 1*106 1*107 7*107 5,7*107 

20 1,5*108 9,6*107 1*106 1*106 1*106 1,9*106 2,2*106 3,2*106 

30 1,3*107 6,2*106 1*106 7*105 5*105 3*105 2,3*105 5,3*105 

60 8*106 5,5*105 1,9*105 3,6*105 7*104 1,7*105 9,8*104 2*104 

90 3,7*106 1,3*105 1,2*105 1,9*104 5*103 3*104 4,7*104 5*103 


