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Abstract

This study aimed to investigate the degradation efficiency of Oxytetracycline (OTC) using different Fenton processes. Fe**
and nZVI reagents were used as Fenton reagents. To compare the effect on OTC degradation, Fenton process (FP), photo-
Fenton process (P-FP), sono-Fenton process (S-FP) and sono—photo-Fenton process (S—P-FP) were applied. In addition,
degradation products formed after OTC degradation by these methods, in which Fe** and nZVI reagents were used sepa-
rately, were detected. UV-A, UV-B and UV-C lamps were used as UV light source. S-FP and S—P-FP used ultrasound with a
frequency of 40 kHz and a power of 180 watts. In the use of Fe** and nZV]I, the OTC removal efficiency (1) was determined
as 45.64% and 50.28% for FP respectively, and in P-FP was 62.75%, 66.42% for UV-A light, 67.69%, 66.96% for UV-B,
and 60.40%, 69.67% for UV-C. The n values were found as 86.30%, 87.75% (for UV-A), 90.28%, 89.55% (for UV-B) and
84.48%, 93.05% (for UV-C) in S—P-FP with ultrasound added. For S-FP, the n value recorded 74.86% and 77.51% for Fe**
and nZVI application, respectively. The degradation products detected in the OTC different oxidation method were generally
the same. The degradation product to be considered here is 2-Isopropyl-5-methyl-1-heptanol. LC50 and EC50 values of this
product were quite low compared to other degradation products and OTC.
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Introduction

As a result of the production and use of antibiotics, a large
amount of antibiotic-containing wastewater is generated.
These waters are discharged into the environment, caus-
ing significant pollution (Focazio et al. 2008). Tetracycline
antibiotics have been of interest to researchers as they are
broad-spectrum antibiotics against both gram-positive and
gram-negative bacteria and are widely used (Ge et al. 2018).
Oxytetracycline (OTC), a broad-spectrum antibiotic from
the tetracycline group, is widely used for the prevention and
treatment of diseases in livestock (Shen et al. 2019).
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OTCs cannot be treated with conventional wastewater
treatment methods such as physical adsorption, chemi-
cal reactions, and biodegradation due to their tenacity and
chemical stability (Cha and Carlson 2019, Li et al. 2015).
Therefore, more effective treatment methods need to be
developed to remove OTC from water (Liu et al. 2016).

In researches on the treatment of OTC wastewater, meth-
ods such as photochemical degradation (Liu et al. 2015),
advanced oxidation processes (AOPs) (Fan et al. 2022; Var-
ank et al. 2022; Yan et al. 2021; Espindola et al. 2019; Liu
et al. 2016; Pereira, et al. 2014), electrocatalytic oxidation
(Ghodsi et al. 2016), membrane separation (Garcia-Rodri-
guez et al., 2015), bioelectrochemistry (Yan et al. 2018),
natural aluminosilicate and carbon nanotubes (Morales-Ser-
rato et al. 2022), ozone process (Li et al. 2008) and gamma
radiation (Lopez Penalver et al. 2013) have been used.

AOPs is an environmentally friendly technology for
removing stubborn pollutants (Ramirez-Pereda et al. 2018).
Among AOPs, interest in the Fenton process (FP) is increas-
ing due to its simplicity of operation (Tang and Wang
2018). FP is used to generate -OH radicals from Fe*" in the
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presence of H,0, according to Eqs. 1-3 (Wang and Zhuan
2020; Luo et al. 2010).

Fe’* + H,0, — Fe** + .OH + OH™ 1)
.OH + H,0, — -HO, + H,0 )
2-0OH - H,0, 3)

Recently, nanoscale zero-valent iron (nZVI) has been
widely used, especially for the treatment of organic pol-
lutants, due to its properties such as high specific surface
area and large reducing reaction capacity (Fu et al. 2013).
Through the reaction between dissolved oxygen and Fe’,
H,0, is produced (Eq. 4) and thus Fe?* is formed. In addi-
tion, nZVI particles form hydrogen molecules through the
reaction in Eq. (5) (Tran et al. 2020).

Fe’ + O, + 2H* - H,0, + Fe** )

Fe’ + 2H,0 — Fe’* + H, + 20H™ 5)

Fenton process with UV light is called the photo-Fenton
process (P-FP). UV light used in the process has a positive
effect on the direct formation of -OH radicals (Feng et al.
2003). It has also been stated that ultrasonic irradiation can
accelerate the degradation reaction in the Fenton process
(Chen et al. 2011). In this context, ultrasound-integrated
Fenton processes such as sono-Fenton (S-FP) and sono-
photo-Fenton (S—P-FP) are alternatives for OTC degrada-
tion studies.

The Purpose of this study:

(i) To determine low concentrations of Fenton reagents

suitable for degradation of OTC.

(i) To compare the effect of Fe** and nZV1 used as Fen-
ton reagent on OTC degradation.

(iii) To determine the effects of FP, P-FP, S-FP and S—P-
FP on the degradation of OTC.

(iv) To identity by-products resulting from OTC degrada-
tion by Fenton and Fenton-like processes.

This study is very important especially in terms of pro-
viding the opportunity to compare the use of nZVI and Fe?*
in different Fenton processes. Furthermore, the study is
unique in that it examines OTC degradation using different
processes, reveals the effect of these processes separately,
and determines the by-products that arise at the end of the
processes. All experiments were performed three times due
to experimental error (standard deviation <5%).
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Fig. 1 Chemical structure of OTC
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Fig.2 Schematic view of reactor

Materials and methods
Experimental study

Oxytetracycline hydrochloride (C,,H,;N,04.HCI,
purity > 99%) were purchased from Sigma-Aldrich.
Chemical structure of OTC is shown in Fig. 1 (Wu et al.
2018). Iron (II) chloride tetrahydrate (FeCl,.4H,0, purity:
98%) and hydrogen peroxide (H,0,, 35% v/v) were used as
Fenton reagents. UV-A (365 nm), UV-B (302 nm), UV-C
(256 nm) lamps were used as UV light source. Ultrasound
studies were carried out by applying ultrasound with a fre-
quency of 40 kHz and a power of 180 watts. pH measure-
ments were made with Adwa AD8000 brand device. The
study was carried out in a custom-built reactor. Figure 2
depicts a schematic of the reactor.

In order to determine the wavelengths at which
drug active ingredients make maximum absorbance,
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Hach-Lange DR 5000 brand spectrophotometer was
used for each drug active ingredient in the range of
200-400 nm, for 10 mg/L active ingredient concentra-
tion, 1 cm beam path length and spectral band width of
1 nm. Wavelength scan was performed. As a result of the
wavelength scans, it was determined at which wavelength
the measurements of the drug active substances would
be made.

The removal efficiency (1) of OTC was calculated
using the OTC concentration before and after the reac-
tion according to Eq. 6:

n(%) =

€0~ C 100
o ©)
where n (%) represents the OTC removal efficiency, C,
(mg/L) represents the initial OTC concentration, and C,
(mg/L) represents the OTC concentration after reaction.

Stock solutions were prepared daily from the active
ingredients and the desired concentrations were obtained
by making the necessary dilutions. Oxytetracycline active
ingredient gave two characteristic peaks at 354 nm and
266 nm. It was seen that the wavelengths at which oxytet-
racycline active substance makes maximum absorbance
in wavelength scans are in accordance with the values in
the literature (Gallego and Arroyo 2002; Prasad and Rao
2010). Then, calibration curves were created for each of
the wavelengths at which it had maximum absorbance and
measurements were carried out.

Preparation of nZVI (Fe°)

5.34 g of FeCl,.4H,0 was mixed in 30 mL of solution
(24 mL of ethanol + 6 mL of distilled water). In addition,
1 M NaBH, was prepared by dissolving 3.05 g of NaBH,
in 100 mL of distilled water. The NaBH, solution was
added dropwise to the Fe solution and mixed in a mixer
for 10 min. After the resulting black mud was separated
by centrifugation, it was washed with 25 mL of ethanol,
centrifuged again and dried at 50 °C (Olabi and Yildiz
2021). The obtained material was kept in a desiccator and
used in the experiments.

The specific surface area of nZVI particles is substan-
tially greater than that of conventional iron (Mueller et al.
2012). The nitrogen adsorption—desorption isotherms of
nZVI are shown in Fig. 3 and changes in the Particle Size
of nZVTI are seen in Table 1 (Yildiz and Olabi 2021). The
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Fig. 3 The nitrogen adsorption—desorption isotherm of Fe®
Table 1 The surface area and Fe?
pore characteristics of Fe”
Sppr” (M%/g) 37.69
Vot (cm/g) 0.184
Ve’ (€m?/g) 0.012
D¢ (A) 97.36

3Multipoint BET method; ®Vol-
ume adsorbed at P/P°=0.99;
“Micropore volume calculated
by DR method; YAverage pore
diameter determined by DFT

adsorption—desorption isotherms of sample are of type
III (BET classification) according to the IUPAC classifi-
cation, indicating that the samples comprise micro- and
mesoporous particles. As shown in Table 1, the acid-
activated nZVI was found to have high surface area and
mesopore volumes (Yildiz and Olabi 2021).

Degradation products detection

After oxytetracycline was degraded by Fenton and Fenton
like processes, degradation products were observed in the
GC/MS device (Shimadzu GCMS-QP 2010) (Zhao et al.
2021). Rxi 5 SIL MS capillary column with 30 m length,
0.25 mm diameter and 1 um film thickness was used in the
device. Helium gas of 99.999% purity was used as the car-
rier gas at a flow rate of 2.10 mL/min. The injection port
was operated at splitless mode. The oven temperature was
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brought from 40 to 240 °C in 20 min by heating at a rate of
10 °C/min and was kept at 240 °C for 10 min.

Toxicity evaluation of degradation products

In this study, toxicity calculations were made using the
ECOSAR module of the EPI SuiteTM software developed
by EPA (US, Environmental Protection Agency) and SRC
(Syracuse Research Corp.) (US EPA 2012). The EPI Suite
software is based on Quantitative Structure—Activity Rela-
tionships (QSARs) methodologies used to estimate toxic-
ity measurements from the physical properties of chemi-
cals based on their molecular structures and to estimate the
effects of chemicals on biota (US EPA 2012). In order to
have information about the toxicity of degradation products
and Oxytetracycline, the lowest LC50 (50% Lethal Concen-
tration) and EC50 (50% effective concentration) values were
determined.

Results and discussion

Effect of Fe?* and nZVI

To achieve perfect OTC degradation, it is necessary to deter-
mine the optimal conditions that balance the initial OTC
concentration, H,0O, content, and catalyst dosage (Pham
et al. 2018). To reveal the effect of nZVI and Fe>* on the
Fenton treatment, the iron concentration was varied between

1,2, 4,6, 8,10, 12 mg/L (Fig. 4). Removal efficiency of
OTC increased with the increase of iron content. No increase
was observed for Fe?* and nZVI after 8 mg/L. When the
catalyst dosage increased from 1 to 10 mg/L, the n value
increased from 8.1 to 27.76% in Fe’* and from 12.55 to
31% in nZVI. The reason for this is the formation of a large
amount of active sites, which causes an increase in -OH
through the decomposition of H,0, and promotes the deg-
radation of organic pollutants (Whang and Zhuan 2020). The
main reactions took place according to Eqs. 1-3.

Higher amount of Fe** ions (Eq. 7) formed as a result of
higher Fe** and nZVI concentration can react with H,0,
(Eq. 8) and consequently reduce the degradation efficiency
(Zouanti et al. 2020). In the study, when the concentration
increased to 12 mg/L, n value decreased slightly and became
25.20% and 25.34% for Fe?™ and nZV], respectively. Similar
observations at higher Fe?* concentration have been reported
in other studies (Elmolla and Chaudhuri 2009; Mansour et al.
2012).

Fe’* 4+ -OH — Fe** + OH™ N
Fe’* + H,0, — Fe’* 4+ .-HO, + H* ®)
Effect of H,0,

Hydrogen peroxide is the key component in the catalytic
reaction to produce -OH (Xu and Wang 2012). The effect of

Fig. 4 Effect of catalyst iron on 40
degradation. Conditions: OTC
concentration 10 mg/L, pH 4, 35 -

H,0, 60 mg/L, time 60 min
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Fig.5 Effect of H,0, on 40
degradation. Conditions: OTC
concentration 10 mg/L, pH 4, 35 -
Fe>* 8 mg/L, nZVI 6 mg/L,
time 60 min 30 -
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different H,0, concentrations (10, 20, 40, 60, 80, 100, 120,
150 mg/L) on OTC degradation is given in Fig. 5. With the
increase in H,O,, the n) value also increased. However, despite
the increasing amount, there was no significant change in the
degradation efficiency after 80 mg/L H,0,. For Fe** and
nZVL, 1 values at 10 mg/L H,0, were 11.59%, 14.60%, for
40 mg/L H,0, 21.47%, 31.46%, and at 80 mg/L H,0, 30.89%,
32.19%, respectively. At 150 mg/L H,0,, the n value was
determined as 31.95% and 32.67%, respectively.

Fig.6 Effect of OTC concentra- 60

40 60 80 100 120 140 160

H,0, (mg/L)

The rate at which -OH radicals decompose OTC molecules
is much slower than the rate of decomposition of H,0O, into
-OH radicals. In addition, -OH radicals are scavenged and
consumed during reactions with other -OH radicals (Yu et al.
2014). When the H,0, concentration is above the critical
value, the -OH produced can be captured by excess H,0, to
form the less active O,H radical (Eqs. 9-11) (Buxton et al.
1988), resulting in a loss of activity in OTC removal (Li et al.
2020).

tion on degradation. Condi-
tions: pH 4; Fe** 8 mg/L, H,0,
80 mg/L; nZVI 6 mg/L, H,0,
40 mg/L; time 60 min
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w
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H,0, + -OH — H,0 + -O,H )
O,H + - OH - H,0 + 0, (10)
OH + OH — H,0, (11)

Effect of the initial OTC concentration

The effect of OTC concentration (5, 10, 20, 30, 40, 50, 75,
100 mg/L) on degradation efficiency was investigated, keep-
ing the operating conditions unchanged (Fig. 6). As the ini-
tial concentration increased from 5 to 40 mg/L, the n value
increased from 33.30 to 45.34% for Fe’* and from 34.75 to
50% for nZVI. However, the 1 value decreased with increas-
ing concentration. The 1) value for Fe’* and nZVI at 50 mg/L
concentration was 40.37% and 47.35% respectively, while it
dropped to 30.62% and 41.07% at 100 mg/L concentration.

As the concentration of OTC increases, the potential for
contact and exposure to fixed amounts of -OH decreases.
This situation causes more -OH consumption and con-
sequently a decrease in removal efficiency (Zazouli and
Taghavi 2012). Also, higher OTC concentrations result in
the formation of more intermediates that compete with OTC
to react with -OH and can also become limiting reagents

Effect of the initial pH

In the study, the effect on OTC degradation by changing
the pH between 2 and 8 was investigated and the results are
given in Fig. 7. The positively charged form (OTC") domi-
nates under acidic conditions, the molecular form (OTC)
under neutral conditions, and the negatively charged form
(OTC~ and OTC?") under alkaline conditions. The sta-
bility of OTC? is much stronger than OTC? OTC™ and
OTC?™ (Zhang et al. 2018). In this study, there was a sig-
nificant decrease in the n value when the pH value increased
above 4. The 1 values for Fe?* and nZVI at pH 2 were
22.07%, 31.90 respectively, while they recorded 30.89%
and 31.47% at pH 3. The highest degradation efficiency was
obtained at pH 4, as the n values for Fe?>* and nZVI were
determined as 36.53% and 41%, respectively. The n values
recorded 18.46%, 24.82% at pH 6 and 3.76% and 2.80% at
pH 8 for Fe’* and nZ V1 respectively.

The pH values of 3 and below negatively affect the reac-
tion of H,0, with Fe**, causing a decrease in -OH produc-
tion. The low n value at pH 2 may be due to -OH scavenging
of H* ions. (Eq. 12). On the other hand, at pH >4, OTC
degradation efficiency decreases due to precipitation of dis-
solved iron (Egs. 13 and 14) in the presence of high concen-
trations of OH™ ions (Lucas and Peres 2006).

. ‘OH+H" +e” - H,0 12
(Zouanti et al. 2020). 2 a2
Fig.7 Effect of pH on degrada- 50
tion. Conditions: concentration 45
OTC 10 mg/L; Fe** 8 mg/L, 7
H,0, 80 mg/L; nZVI 6 mg/L, 40 - +—Fe2+
H,0, 40 mg/L; time 60 min =l-nZVI
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Fig.8 Effect of reaction time on
degradation. Conditions: con-
centration OTC 10 mg/L; pH

4; Fe** 8 mg/L, H,0, 80 mg/L;
nZVI 6 mg/L, H,0, 40 mg/L;
pH 4

Fig.9 Effect of different
fenton process on degradation.
Conditions: concentration OTC
10 mg/L; pH 4; Fe** 8 mg/L,
H,0, 80 mg/L; nZVI 6 mg/L,
H,0, 40 mg/L; time 60 min

Fe’* + 20H™ — Fe(OH),

Fe’* + 30H™ — Fe(OH),

Effect of the reaction time
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To determine the optimum reaction time, treatment was per-
formed at 5, 10, 15, 20, 30, 40, 50, 60, 75, 90, 120 min (Fig. 8).

P-FP P-FP  S-FP S-P-FP S-P-FP  S-P-FP
(UV-B)  (UV-C) (UV-A)  (UV-B)  (UV-C)

Since -OH is rapidly produced by the reaction of Fe** and
H,0,, the Fenton reaction usually occurs very quickly at the
beginning of the process (Mirzaei et al. 2017). The n values
for Fe?* and nZVI were calculated as 13.53% and 5.04% after
5 min, 45.64% and 47.20 after 30 min, 45.34% and 50.04 after
60 min, and 45.22% and 50.10% after 120 min, respectively.
As seen in Fig. 8, the OTC degradation process consisted
of two stages. The first is the Fe**/H,0, stage, and the -OH
formed at this stage degrades OTC very quickly. The second
stage is the Fe**/H,0, stage in which the oxidation rate is

* @ Springer
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slower than the first stage due to the slow regeneration of Fe**
from Fe**. Therefore, complete mineralization cannot be
achieved at this stage (Alverez-Gallegos and Pletcher 1999).

Photo Fenton/sono-Fenton/sono—photo Fenton
processes

In order to determine the effect of different Fenton pro-
cesses on OTC degradation, P-FP (Fe**/nZVI+H,0, + UV-
A/B/C), S-FP (Fe’*/nZV1+H,0,+US) and S—P-FP (Fe**/
nZVI+H,0,+UV-A/B/C+US) were carried out in a batch
reactor. OTC removal efficiencies of all processes are given
in Fig. 9.

In the photolysis process (P-FP), the degradation of organic
compounds occurs by reactive species such as -OH, -HO,, -O
and -O,~, which are formed according to Eqgs. 15-17 in the

presence of UV, providing the required photon energy (hv)
(Elles et al. 2007).

H,0 + hv — H,0 1s)
H,0 — -OH + -H (16)
H,0% + H,0 — -OH + H,;0" 17)

In this study, 1 values for Fe’* and nZVI in P-FP treat-
ment were 62.75%, 66.42% with UV-A light, 67.69%,
66.96% with UV-B light, and 60.40% and 69.67% with
UV-C light, respectively.

Ultrasound waves cause micro-sized bubbles to form,
grow, and eventually collapse in aqueous solution (Chau-
han et al. 2021). The ultrasound creates a cycle of com-
pression and dilution, alternatively increasing the pressure

Fig. 10 Chromatogram (x10,000,000)
obtained as a result of 2-25;“0 OH OH CH3 0. CH;
Fenton process with Fe.>*. ] CH; Y
13-18 min (1,3-dimethyl- Phe- 2.00; N
nol, 3,4-dimethyl-, Phenol, ) 752 H
3,5-dimethyl, Phenol, 2,3-dime- 9] OH CHj CH; &
thyl, Phenol, 2,4-dimethyl, . 1,501 CH; OH oy K
Phenol, p-Cresol), 20-22,5 min ] " SIS
(s-Trioxane, 2.4,6-triethyl-), 1 251 4. CHs s
24,5-25,5 min (2,4 Dimethyl- ] Cgﬂ 3 OH 5
3-hexanol), 26,5-27,5 min 1.00 "'5" .
(2-Isopropyl-5-methyl-1-hep- ] CHj3 CH; E
tanol) 0.75]
0.50] CH
0.25] mh‘ ‘l‘mm ||
ﬁummm!mm?i?hé:ﬁ?!h i _’Aiﬂ;‘%%_"_\‘_"—\’ﬁi
12.5 15.0 17.5 20.0
Minute
Fig. 11 Chromatogram (x1,000,000)
: JTIC
obtained as a result of Fenton 8.0

process with nZVI. 15-16 min OH

(p-Cresol), 16,5-19 min
(Phenol, 3,5-dimethyl-, Phe-
nol, 2,4-dimethyl-, Phenol,
2,6-dimethyl-) 19, 5-21 min
(Methanamine, N-nitro-N-(1-pi-
peridylmethyl)-), 26,5-27,5 min
(2-Isopropyl-5-methyl-1-hep-
tanol)

7.0
6.0
5.0

4.04

3.04
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Table 2 The lowest LC50 and
EC50 values of degradation

products and OTC

OTC and degredation product

Fenton process

Lowest EC50 and LC50 (mg/L) with organ-

ism

EC50 LC50
Oxytetracycline - 7.952/Green algae 4.442/Daphnid
1,3-dimethyl- Phenol Fe?t 4.506/Lemna gibba 2.892/Daphnid
3,4-dimethyl-, Phenol Fe?t 4.506/Lemna gibba 2.892/Daphnid
3,5-dimethyl, Phenol Fe**/ nZVI 4.506/Lemna gibba 2.892/Daphnid
2,3-dimethyl, Phenol Fe?t 4.506/Lemna gibba 2.892/Daphnid
2,4-dimethyl, Phenol Fe?*/ nZVI 4.506/Lemna gibba 2.892/Daphnid
p-Cresol Fe**/ nZVI 11.910/Lemna gibba 5.229/ Daphnid
s-Trioxane2,4,6-triethyl- Fe** 46.216/Green algae 58.158/Daphnid
2,4 Dimethyl-3-hexanol Fe?* 17.814/Green algae 19.128/Daphnid
2-Isopropyl-5-methyl-1-heptanol Fe?*/ nZVI 2.252/Green algae 0.471/Mysid
2,6-dimethyl, Phenol nZVI 4.506/Lemna gibba 2.892/Daphnid

Methanamine, N-nitro-N-(1-piperidyl- nZVI

35.692/Green algae

29.569/Daphnid

methyl)-)

in the aqueous solution. This results in rupture of the
cavitation bubble and produce of short-lived free radicals
(-OH, ‘H and -HO,) (Verma et al. 2014). As seen in Fig. 9,
the n value in the S-FP treatment was 74.86% and 77.51
for Fe>* and nZVI, respectively. The degradation effi-
ciency can be increased by hybridizing the sonolysis pro-
cess with other AOPs (Chauhan et al. 2021). Several lit-
eratures have indicated that the combination of US and UV
shows a positive effect (Na et al. 2012; Duran et al. 2013).
In this study, the degradation efficiency also increased sig-
nificantly in S—P-FP. The n values for Fe’™ and nZVI were
86.30% and 87.75% with UV-A light, 90.28% and 89.55%
with UV-B light and 84.49% and 93.05% with UV-C light,
respectively.

Degradation products

In this study, it was tried to determine the degradation
products formed after OTC was degraded by different Fen-
ton processes. The degradation products detected in eight
different Fenton processes are generally the same. Since
the degradation products are similar, two sample chroma-
tograms obtained for the Fenton processes (with Fe** and
with nZVI) processes, as in Figs. 10 and 11, instead of all
chromatogrames.

With the help of the obtained chromagrams and the GC/
MS device library, degradation products were detected.
Then, the LC50 and EC50 values of the degradation prod-
ucts were determined and compared with OTC. The lowest
LC50 and EC50 values of degradation products and OTC
are as in Table 2.

The EC 50 and LC 50 values of Dimethyl and phenol
forms were approximately half of that of OTC. This shows
that the toxicity of these products is higher than that of OTC.
However, it should be noted that degradation products will
always be less than the OTC concentration in quantity. Deg-
radation products occur as a result of the fragmentation of
OTC. In addition, LC50 and EC50 values of 2-Isopropyl-
5-methyl-1-heptanol are quite low compared to other deg-
radation products and OTC. This product is the most toxic
intermediate. For this reason, its concentration should be
monitored continuously after degradation processes.

Many reaction pathways have been proposed for the theo-
retical degradation of OTC. In addition, different intermedi-
ates were obtained in different experimental studies (Saha
et al. 2020; Shang et al. 2015; Wei et al. 2022; Mohan et al.
2020; Liu et al. 2016; Hwang et al. 2013). Therefore, com-
parisons regarding toxicity should relate to the main com-
ponent and intermediates. Intermediates obtained in other
studies may differ. Intermediate products depend on the type
of degradation process, its performance, temperature, pH
and many other variables.

Conclusion

In this study, OTC degradation was performed in FP, P-FP,
S-FP and S—P-FP processes using Fe>* and nZVI under dif-
ferent experimental conditions. Variables such as pH, OTC
concentration, H,O,, Fe* and nZ VI doses and reaction time
were used to determine optimum conditions. Fenton oxida-
tion was performed under conditions of: OTC concentration
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10 mg/L, pH 4; Fe** 8 mg/L, H,0, 80 mg/L; nZVI 6 mg/L,
H,0, 40 mg/L. In the application of Fe** and nZV], the n
values were 45.64% and 50.28% for FP, respectively, and in
P-FP were 62.75%, 66.42% for UV-A light, 67.69%, 66.96%
for UV-B, and 60.40%, 69.67 for UV-C. The n values in
S—P-FP were 86.30%, 87.75% (for UV-A), 90.28%, 89.55%
(for UV-B) and 84.48%, 93.05% (for UV-C). In S-FP, the
n value was 74.86% and 77.51% with the use of Fe’* and
nZVI, respectively.

In the study, no difference was observed in degrada-
tion products formed after degrading with different Fenton
methods using OTC, Fe** and nZVI. Furthermore, there
was no significant difference between OTC and degrada-
tion products in terms of EC50 and LC50 values at the
mg/L level. The degradation product to be considered here
is 2-Isopropyl-5-methyl-1-heptanol. LC50 and EC50 values
of this product were quite low compared to other degrada-
tion products and OTC. Fenton and Fenton-like processes
could be very promising and reliable technology for OTC
degradation. Comparison of different iron reagents (Fe’*,
nZVI) and determination of degradation products resulting
from OTC degradation distinguish this study from other
studies and make it important.

In this study, while experimenting for the effect of one
factor, the other factors were kept constant, which is the
normal procedure in conventional experiment designs. How-
ever, simultaneous optimization of all factors is possible
using statistically designed experiments, with designs gen-
erated on computers using software. Comparing the results
of 'one factor at a time' experiments such as the one under-
taken in this study, with that of simultaneous optimization
experiments will be important for the method selection of
future studies.
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