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Abstract 

 

The occurrence of pharmaceuticals and endocrine disruptors (EDCs) in aquatic 

environment has been demonstrated and widely evaluated in the last decade. The 

presence of pharmaceuticals and EDCs might have a negative impact on the 

quality of drinking water with unknown toxicological effects through chronic 

exposure (Cleuvers, 2003). The incidence of them in raw waters was used for 

drinking water and their elimination through treatment must be considered for 

health safety (Ternes et al., 2003). As examples of these kinds of compounds, 

carbamazepine (CBZ) is one of the well-known pharmaceuticals that have been 

used to treat mental impairment associated with epilepsy (Im et al., 2012), and 

bisphenol-S (BPS) is recently used in variety of commercial applications 

worldwide instead of bisphenol-A (BPA). BPS has been detected in thermal 

receipt paper, currency bill and canned foodstuffs (Ji et al., 2013). Advanced 

oxidation process (AOP) is recently applied to treat pharmaceuticals and EDCs. 

However, the detailed degradation mechanisms, and its identified byproducts 

have not been thoroughly examined. In the study, kinetics of CBZ and BPS were 

evaluated using ozonation and the identification of byproducts was conducted to 

predict its degradation pathway. Ozone was significantly attacked CBZ and BPS, 

and transformed the parent compound to the detected intermediates in the 
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treatment. During 60 min of reaction, the removal (%) of CBZ and BPS 

decreased from 0% to 90%, but total organic carbon (TOC) decrease was not 

effective. During ozonation, five intermediates of CBZ (1-2-benzaldehyde-4-hydro-

1H,3H-quinazoline-2-one, 1-2-benzaldehyde-1H,3H-quinazoline-2,4-dione, 1-2-benzoic 

acid-1H,3H-quinazoline-2,4-dione, acridine and CBZ-10,11-epoxide) and three 

intermediates of CBZ (molecular weight: 163, 167, and 207) were observed 

using LC-MSMS and Obitrap-MS. Also, three intermediates of BPS (molecular 

weight: 180, 202, and 224) were detected with time series. These six byproducts 

of CBZ and BPS in our study have never been appeared in the previous 

researches related to ozonation. Various degradation pathways of CBZ and BPS 

were elucidated in our study, and these results can be helpful to understand the 

fate and removal of CBZ and BPS in the ozonation. 

 

Keyword: pharmaceuticals, endocrine disruptors, carbamazepine, bisphenol-S, 

advanced oxidation process, ozone, byproducts 
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Ⅰ. Introduction 

 

1. Background 

 

The World Health Organization (WHO) reported that more than 40 % of the world 

population has suffered a shortage or even lack of clean water and more than 25 % of 

the world population suffers from health and hygienic problems related to water (Koch 

1993). Despite many efforts to provide clean water, many people still have no access to 

improve water supply and sanitation. In order to cope with the improvement of water 

quality, major strategies of water treatment are being advanced and applied chemical 

treatment of polluted drinking water, surface water and groundwater. Recently, the 

pharmaceuticals and EDCs are ever increasing with the growth of the world population 

over the past decades, and the accumulation of the compounds in different 

environmental setting (e.q., water, soil and sediment) is a great concern to the 

ecosystem sustainability. In addition, population growth, urbanization, and associated 

changes in society contribute significantly to reducing water quality in human life. 

Therefore, pharmaceutical and EDCs have been measured in water for more than forty 

years (Garraion et al., 1976). These compounds are transported various routes to water 

and discharged into the water environment, causing adverse impacts on humans and 
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water environment. However, water treat plants are not designed to remove 

pharmaceuticals and EDCs which are not easily removed in a water treat plants 

(Oppenheimer et al., 2007). Moreover, pharmaceuticals and EDCs can have additive 

effects on the organisms and thus even at low concentrations may result in the toxicity 

(Fent et al., 2006). Since the early part of 2000s, many researchers have investigated 

on micro pollutants (Westerhoff et al., 2005).              

Specifically, the occurrence of pharmaceuticals and EDCs has increasingly in water 

environment in recent years. Because the most hazardous pollutants exist as trace 

materials in the water, the effort to achieve a progressive reduction of pollutants is 

required. This research trend to remove pharmaceuticals and EDCs in water and 

identification of byproducts was conducted to predict its degradation pathway. 
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2. Information on the study compounds 

 

The pharmaceuticals and EDCs are increasing with the growth of the world 

population over the past decades (Heberer, 2002). However, accumulation of the 

compounds in water environment, the sources of pharmaceuticals and EDCs were 

verified in the surface water including industry, hospital, and domestic wastewaters. 

Most pharmaceuticals and EDCs are not easily removed in conventional wastewater 

treatment plants, therefore residual compounds can be found in treated wastewater and 

in surface waters. CBZ is an antiepileptic drug and a crucial in treating seizures, one of 

the well-known compounds and recently issued due to their potential risks on the water 

environment. During daylight time, CBZ can be transformed to acridine in an aqueous 

environment which is known to be both mutagenic and carcinogenic. Recently, CBZ 

has been increased gradually in surface water and drinking water (Benotti et al., 2008). 

In addition, CBZ was easily detected with high concentration. In previous studies, 

CBZ was found in wastewater and surface, and the sample was showed the highest 

detection in wastewater and surface. For the reason, CBZ is considered of treat 

wastewater in the water environment. BPS is gradually being used a commercial 

products such as bottle, thermal receipt paper and paper products instead of BPA (Liao 

et al., 2012a). BPS is also used as a raw material for polycarbonate plastic and epoxy 

resins which are final products included in food cans, drink packaging applications and 
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bottle tops (Ji et al., 2013). These compounds cause adverse health effects by either 

way mimicking a hormone or by blocking humoral effects. BPS is very little known 

about the occurrence in the environment and has not been traditionally recognized as a 

contaminant due to the difficulty in detecting. However, analytical chemists develop 

new tools for detecting organic chemistry and BPS showed the detection in luggage 

tags, human urine samples and indoor dust (Liao et al., 2012c, Liao et al., 2012d). The 

main points of completely solving the matters are to know what chemicals are harmful, 

to monitor what pollutants exist in water. For the reason, methods for removing these 

chemicals need to developed and find from aquatic system.  
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Table 1. Physical and chemical properties of Carbamazepine and Bisphenol-S 

 Carbamazepine (CBZ) Bisphenol-S (BPS) 

Chemical 

Construction 

 

 

 
 

Molecular 

Formula 
C15H12N2O C12H10O4S 

Molecular 

Weight 
236.27 g/mol 250.275 g/mol 

CAS Number 298-46-4 80-90-1 

Log Kow 2.45 3.32 

Water 

solubility 
17.7 mg/L  insoluble 

 

S

O

O

OHHO
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Table 2. Occurrence Carbamazepine (CBZ) in various water systems at ug/L concentration 

Water system Concentration (ug/L) Country    References 

STP influent 

120 ~ 310 Spain Gomez et al., 2007 

290 ~ 400 Filand Vieno et al., 2007a 

STP effluent 

110 ~ 230 Spain Gomez et al., 2007 

380 ~ 470 Filand Vieno et al., 2007a 

Drinking water 6.8 USA Benotti et al., 2008 

Surface water  250 Germany Ternes., 2008 

Drinking water <1.0 

South Korea 

Kim et al., 2007 

Surface water  
4.5 ~ 6.1 

N.D ~ 0.12 Choi et al., 2009 

Mankyung river  N.D ~ 595 Kim et al., 2009 

Han water 8.4 ~ 68 Yoon et al., 2010 

STP: Sewage Treatment Plant; N.D: Not Detected  
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Table 3. Occurrence Bisphenol-S (BPS) in various sample at concentration 

Sample N Median Country References 

Peas and carrots  3 175 ng/mL Spain 

Vinas et al., 2010 

 

Liao et al., 2012a 

Mushroom  3 11.5 ng/mL Spain 

Thermal receipt paper 6 5,500 ug/g Japan 

Thermal receipt paper 3 0.3 ug/g Vietnam 

Several paper products 157 8.5 ug/g USA 

Urine 31 0.263 ng/mL USA 
Liao et al., 2012b 

Urine 89 0.297 ng/mL China 

Indoor dust 38 630 ng/g USA 

Liao et al., 2012d Indoor dust 22 810 ng/g Japan 

Indoor dust 55 170 ng/g China 

Thermal receipt paper 11 0.8 ug/g 

South Korea 

Liao et al., 2012a             

Urine 33 0.014 ng/mL Liao et al., 2012b 

Indoor dust 41 360 ng/g Liao et al., 2012d       
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Table 4. Estrogenicity/anti-estrogenicity and androgenicity/anti-androgenicity of CBZ and BPS in vitro studies 

Compounds 
Taxon 

(Species) 
Toxicological endpoint 

Ecotoxicity 

Data 
References 

Carbamazepine 

Crustacean 

(c.dubia) 

NOECa (7 d) 

(reproduction) 
20 ug/L 

Ferrari et al., 2003 
LOECb (7 d) 

(Reproduction) 
100 ug/L 

Fish 

(O.mykiss) 

LOECb (21 d) 

(liver cytopathology) 
100 ug/L 

Triebskorn et al., 2003 
LOEC (21 d) 

(kidney cytopathology) 
1 ug/L 

Bisphenol S 
Human cell 

(MCF-7) 

EC50 (Estrogenic activity) 1.75 E-6 M Kuruto-Niwa et al., 2005 

EC50 (Estrogenic activity) 1.1 E-6 M Kitamura et al., 2005 

a: None observed effective concentration; b: Lowest observed effective concentration
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Table 5. Research on CBZ removal by AOPs 

Compounds Media Treatment 

process 

Operational 

condition 

Analyses Main conclusions Reference 

CBZ Aqueous 

solution 

O3 CO3 = 1 mg/L 

C0 = 0.5 mM 

 

HPLC Complete degradation after 4 min and 30% 
mineralization after 60min. The resulting 
stream is not toxic to algae. 

(Andreozzi 

et al., 2002) 

CBZ Aqueous 

Solution 

UV/H2O2 C0 = 0.02 mM 

 

HPLC Complete CBZ and 35% TOC removal in 
4min. Insignificant degradation with direct 
photolysis. Intermediates more toxic than 
carbamazzepine. 

(Vonga et 

al., 2004) 

 CBZ Aqueous 

solution 

Photocatalysis pH 6.8 HPLC 1) removal efficiency could be improved by 
increasing the strength of UV, and by adding 
of 15 mg/L H2O2, removal efficiency of EDCs 
could be increased from 20% to above 90%. 
2) apparent second order rate constants were 
given and a degradation model was also 
established. 
 

(Rosenfeldt 

and Linden 

2004) 

CBZ Aqueous 

solution 

O3/H2O2 CO3 = 0.1 - 2 mg/L 

C0 = 0.5 uM 

 

LC-MS Degradation follows second-order kinetics. 
Water matrix affects ozone staility, radicals 
formation and scavenging. 

(Huber et 

al., 2005) 

CBZ Aqueous 

solution 

O3 CO3 = 1.2 – 2.4 mg/L 

C0 = 0.5 -2 uM 

 

LC-MS Development of a continuous quench-flow 
system to model the very early stages of 
ozonation reactions 

(Buffle et 

al., 2006) 
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Table 6. Research on BPA removal by ozonation  

Compounds Media Treatment 

process 

Operational 

condition 

Analyses Main conclusions Reference 

BPA Aqueous 

solution 

Fenton/UV C0 = 10 mg/L 
T = 25 ± 1°C 

GC-MS Influence factors of pH, Fe(II) 
concentration, H2O2 concentration and UV 
strength were studied and in optimal 
condition, removal of BPA reached above 
90% at 9min by oxidation of Fenton/UV; 
above 90% of BPA could be mineralized to 
CO2 by oxidation of Fenton/UV and 
degradation mechanism of BPA was 
proposed. 
 

(Katsumata 

et al. 2004) 

BPA Aqueous 

solution 

O3/UV CO3 = 15μmol/min 

C0 = 0.1 mmol/L 

 

LC-MS Combination of O3 and UV could increase 
the degradation rate and improve removing 
efficiency. 

(Irmak et al. 

2005) 

BPA Aqueous 

solution 

UV/H2O2 C0 = 60μmol/L HPLC 
YES 

in vivo 

1) BPA could be effectively removed by 
adding H2O2, removal efficiency could be 
improved greatly 
2) degradation solution of BPA was 
evaluated by both in vitro assay and in vivo 
assay, results suggested UV/H2O2 was useful 
for removing of BPA. 
 

(Chen et al. 

2006) 

BPA Aqueous 

solution 

Fenton/UV/Fe(II) 

Ultrasound/UV/Fe(II) 

C0 = 118μmol/L LC-MS BPA could be completely removed after 
90min treated by ultrasound, but at least 
80% TOC and 50% COD remained in the 
treated solution. 
 

(Torres et al. 

2007) 
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3. Advanced Oxidation Process 

 

Advanced oxidation processes (AOP) are possibly one of the most effective 

methods for the treatment of wastewater containing organic chemical 

(agrochemical industries, the textile industry, paints, etc). AOPs are used to 

remove high concentration chemical and non-biodegradable organics. A 

chemical wastewater treatment using AOPs can produce the complete 

mineralization of pollutants to CO2, water, and inorganic compounds. 

Furthermore, the partial decomposition of non-biodegradable organic pollutants 

can lead to biodegradable. For this reason, combined AOPs as pre-treatments, 

followed by biological processes, are both cost efficient and extremely viable 

from an economic perspective (Cañizares et al., 2009). AOPs use different 

reagent systems, which include photochemical degradation processes (UV/O3, 

UV/H2O2), photocatalysis (TiO2/photo-Fenton), and oxidation processes (O3, 

O3/H2O2, H2O2/Fe2+). They all processes produced OH radicals which are very 

reactive and are non-selectively (Skoumal et al., 2006). AOPs cause highly 

reactive hydroxyl radicals which are also effective to remove of organic 

pollutants (Mantzavinos and Psillakis 2004).  
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4. Ozonation 

 

Ozone is widely used as a strong oxidant in the treatment of both drinking 

water and wastewaters for disinfection such as color and taste. In addition, ozone 

was used to inactivate pathogens in drinking water and wastewater treatment. It 

also reacts with water to create hydroxyl radicals which react with organic 

compounds. Furthermore, ozone can oxidize water impurities via direct and 

production of free hydroxyl radicals (Gardoni et al., 2012). Hydroxyl radical is 

an oxidant stronger than ozone, and acts non-selectively. The effectiveness of the 

ozonation is mainly biased on ozone concentration, pH, the presence of UV 

radiation and hydroxyl radicals (Oller et al., 2011). However, depending on 

several factors such as humic acid and bicarbonate, it cause scavengers or 

promoters. Ozonation often result in generating byproducts that is changed from 

organic pollutants. The chemicals are transformed into other forms and excreted 

into the water environment. Many studies reported that byproducts may have 

negative effects on the human and ecosystem (Mcdowell et al., 2005). In 

addition, the byproducts sometime have more toxic than parent compounds and 

contribute to toxicity risk in the environment and in the human body. Thus, 

byproducts of chemicals should be regarded in environment.  
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5. Objective 

 

The occurrence of pharmaceuticals and EDCs in aquatic environment has been 

demonstrated and widely evaluated in the last decade. Carbamazepine (CBZ) is 

one of the well-known pharmaceuticals to treat mental impairment associated 

with epilepsy and Bisphenol-S (BPS) is recently used in variety of commercial 

applications worldwide instead of Bisphenol-A (BPA). To remove these 

compounds, advanced oxidation processes (AOP) have been applied wastewater 

treatment. Ozonation is one of the most commonly applied in AOPs and also can 

effective to byproducts of pharmaceuticals and EDCs. However, CBZ and BPS 

are often result in byproducts that are structurally transformed other byproducts. 

In additional, only few studies have been carried out to invest degradation 

pathway and mechanisms mainly due to the difficulty from ozonation system. 

Therefore, this research needs to carry out to better understand degradation 

pathway and mechanisms of CBZ and BPS. 
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Ⅱ.  Materials and Methods 

 

1. Chemicals 

 

Carbamazepine (C15H12N2O, 99%; ACS regent) and Bisphenol-S (C12H10O4S, 

99%; ACS regent) were purchased Sigma-Aldrich (St. Louise, MO, USA). These 

compounds were carried out in a circulating ozonation reaction. Hydrochloric 

acid (ACS reagent, 65%; Sigma-Aldrich), Tert-butyl alcohol (t-BuOH), 

Hydrogen peroxide (30% w/w), Sodium hydroxide (ACS reagent, 50%; 

Mallinckrodt, St. Louis) and Potassium indigo trisulfornate were purchased from 

Sigma-Aldrich. All solutions were prepared using distilled water that had been 

passed through an 18.2 MΩ/cm (Milli-Q) water purification system. CBZ and 

BPS stock solutions were prepared 10 mg/L. 

 

 

 

 

 

 

 



22 

 

2. Ozone reactor  

 

The experiments were performed in a circulating ozone reactor system. The 

reactor system considered of a reservoir consisting of a stirred 2 L glass bottle 

and a peristaltic pump (Cole-Parme Instrument) for circulating. The reactor 

chamber as shown in Fig 1. Gaseous ozone was continuously injected by an 

ozone generator. The reaction chamber was connected with flexible teflon tubing. 

The reaction solutions were continuously recirculated with a rotary pump 

(Master Flex model 7518-00, Cole-Parmer Instrument) at a flow rate of 1 L/min. 

The UV chamber was made up six UV lamps (San-kyo electrics, 20W) and six 

quartz columns (10 mm diameter, 650mm length). The intensity of a single UV 

lamp was measured by a Radiometer (VLX-3W Radiometer 9811-50, Cole-

Parmer Instrument) at a distance of 20 mm. The external surface of the reactor 

around the quartz columns was covered with aluminum foil for UV safety and 

energy consideration. 
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Fig 1. Schematic diagram of the ozone reactor 
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3. Analytical method 

 

Ozone gas was produced by an ozone generator fed with 99.99% dry 

oxygen (LAB2B, Triogen, Scotland, UK). The solution was acidified with 

phosphoric acid and samples for the oxidation study were prepared by 

diluting stock solution. Then, tert-butanol as a hydroxyl radical scavenger 

was added to the samples. The dissolved ozone concentration was measured 

by indigo method (Bader and Hoigné, 1981) using a UV spectrophotometer 

(UV-1800, Shimadzu, Kyoto, Japan) at 600 nm. Ozone concentration is 

calculated using the Indigo method (Standard method 4500). 

  

 

 

Ab, As = absorbance of blank and sample, respectively 

Vs = volume of sample (mL) = 

[(final weight – tare weight) gⅹ1.0 mL/g] – 10 mL 

VT= total volume of sample plus indigo (mL) = 

(final weight – tare weight) gⅹ1.0 mL/g 

b = path length of cell (cm),  

f = conversion factor (set to 0.42 mL) 
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The concentration of carbamazepine (CBZ) and bisphenol-S (BPS) were 

quantified using high performance liquid chromatography (HPLC, Ultimate-

300, Dionex Co., Sunnyyale, USA) with an absorbance detector (VWD-3100) 

and C-18 silica column (25 cm ⅹ 4.6 mm, 5um particles, Supelco, 

Bellefonte, USA). CBZ mobile phase was 5mmol KH2PO4 and Acetonitrile 

(4:6, V/V %) at flow rate 0.3 mL/min and detection wavelength was 220 nm. 

BPS wavelength was 270 nm and mobile phase was Methanol and 

Acetonitrile (5:5, V/V %) at flow rate 0.4 mL/min. The dissolved ozone 

concentration was measured continuously with the indigo method (Bader and 

Hoigné, 1981) by using a UV spectrophotometer (UV-1800, Shimadzu, 

Kyoto, Japan) at 600 nm. Total organic carbon (TOC) of ozone-treated 

samples was measured using a TOC analyzer (TOC-V, Shimadzu, Kyoto, 

Japan). For chemical formula prediction and structural identification, the MS 

fragmentation patterns were analyzed, an electro spray ionization source in a 

positive mode [M+H]+. Data were acquired in the full scan mode for the 

identification of byproducts. Possible byproducts from the reaction between 

ozone and target compound was identified using an API_4000 (AB Sciex, 

Foster, Canada) and orbitrap mass spectrometry. The fragmentation 

information on the identified products was obtained in a secondary analysis 

In addition, orbitrap mass spectrometry is used to develop a high-speed and 
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accurate analytical method to identify pharmaceutical and EDCs. Full 

scanning technology by high resolution and accurate mass spectrometer is 

one of most advanced method. Online preconcentration method was 

combined with high resolution full scan mass spectrometer to measure CBZ 

and BPS in water.  
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Fig 2. Calibration curve of Carbamazepine and Bisphenol-S 
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Ⅲ.  Results and discussion 

 

1. CBZ and BPS degradation by ozonation 

 

The amount of ozone concentration caused different degradation of CBZ and BPS in 

aqueous. Therefore, it is instructive information to study the kinetics of compounds 

based on ozone concentration. Fig 3. shows that effect of ozone concentration using 

ozone generator was performed at 1 to 4 mg/L. The removals of the CBZ and BPS 

were observed when ozone concentration was higher in process. This result is due to 

the effective production of OH radials which exhibits a high oxidation potential to 

remove CBZ and BPS. In fact, the oxidation potential of hydroxyl radicals is higher 

than ozone oxidation. It is also reported that ozone oxidation with OH radical is much 

higher than direct reaction of ozone (Huber et al. 2003). Previous study, ozonation has 

been shown to be one of the most efficient techniques for the elimination of 

pharmaceutical and endocrine disruptor during wastewater and drinking water 

treatment (Hua et al., 2006). CBZ and BPS were the most recalcitrant compound and 

was reduced about average of 65% by ozonation. During the ozonation, the CBZ and 

BPS may react with ozone and with hydroxyl radicals.  



29 

 

Time (min)

0 10 20 30 40 50 60

C
B

Z
 r

em
ov

a
l 

(%
)

0

20

40

60

80

100

Ozone 1 mg/L
Ozone 2 mg/L
Ozone 3 mg/L
Ozone 4 mg/L

Time (min)

0 10 20 30 40 50 60

B
P

S
 r

em
ov

al
 (

%
)

0

20

40

60

80

100

Ozone 1 mg/L
Ozone 2 mg/L
Ozone 3 mg/L
Ozone 4 mg/L

 

Fig 3. The effect of the ozone dose in the CBZ and BPS  

([CBZ0] = 10 mg/L, [BPS0] = 10 mg/L , pH = 6, 20 ℃,  
Ozone experimental conditions; flow 0.1L/min, purging time 40 sec) 
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2. CBZ and BPS degradation by ozone with ultraviolet 

 

Advanced oxidation processes using ozone and ultraviolet radiation begin with 

the photolysis of the ozone, which produces the formation of hydroxyl radicals 

as shown in the following reaction:  

 

O3 + H2O + hv → O2 + H2O2                         

H2O2 + hv → 2OH  

O3 + H2O2 + hv→ O2 + 2OH.   

 

As shown in Fig 4, compare to ozonation, UV-C combined with ozonation 

increase in CBZ and BPS degradation rate (>90%). This result, removed with a 

combination of ozonation and UV-C, is effective production of OH radials and 

implies that carbamazepine was more sensitive to the OH radical. The removal 

of CBZ and BPS in UV-C were similar to those removal in other degradation 

(Kim et al., 2009). However, compare to ozonation, UV-A with ozonation was 

not effective as a significant independent. This result implied that the UV-A was 

not effect to CBZ and BPS. The result was revealed that in other study was not 

effective production of OH radials.  
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Fig 4. The effect of UV-C and UV-A on ozonation 

 ([CBZO] = 10 mg/L, [BPS0] = 10 mg/L , pH = 6, 20 ℃,  
UV-C intensity: 3.4mW/cm, UV-A intensity: 2.5mW/cm 

,Ozone experimental conditions; flow 0.1L/min, purging time 40 sec) 
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3. The effect of pH with CBZ and BPS degradation  

 

Carbamazepine and Bisphenol-S degradation by ozonation was affected by 

changing of the pH solution in the range of 4–11. CBZ removal using an 

ozontion was performed at initial pH of 4, 7 and 11. The data are showed in Fig 

5. As shown in Fig 5, the removal of CBZ was dependent on initial pH of the 

solution. CBZ removal efficiency was 95.4% within 60 min at pH 11, and at the 

same reaction time 73.2% of CBZ was removed at pH 7. Also, at pH 4, 41.3% of 

CBZ removal, indicating that more effective CBZ removal was achieved under 

alkaline conditions. BPS removal efficiency was 91.1% within 60 min at pH 11, 

and at the same reaction time 82.3% of BPS was removed at pH 7 and 48.3% of 

BPS at pH 4. The more effective BPS removal was achieved under alkaline 

conditions. Mainly due to the capability of these species to causes OH radicals 

attack CBZ and BPS. This result can be explained by the presence of OH 

radicals, which were generated from rapid ozone decomposition under alkaline 

conditions. The oxidation potential of hydroxyl radicals (2.8 eV) is higher than 

that of ozone molecules (2.07 eV) (Legrini et al. 1993). This result can be 

explained by the presence of OH ion which generated OH radical rapidly.  
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Fig 5. The effect of pH in ozonation during 60min  
([CBZO] = 10 mg/L, [BPS0] = 10 mg/L , 20 ℃,  

Ozone experimental conditions; flow 0.1L/min, purging time 40 sec) 
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4. Intermediate 

 

Ozone is a chemical oxidant that is used extensively in drinking water and to a 

lesser extent in wastewater treatment. However, the degradation mechanisms, 

and identifying byproducts have not been completely elucidated. In addition, 

ozonation process does not completely mineralization and the byproducts were 

generated during the process or change to others parent compounds such as 

acrdine which is potentially toxic byproduct. The reason is that ozone is a very 

selective oxidant, whereas the OH radical a secondary oxidant produced during 

decomposition of aqueous ozone is very unspecific. Fig 6. shows that the 

analytical degradation and kinetic of CBZ and BPS using the high performance 

liquid chromatography (HPLC). The degradation showed the removal of the 

CBZ and BPS is more than 90 %, 80 % in the treatment processes. However, 

total organic carbon (TOC) degradation was only about 10% after finished 

treatment processes. The results imply that consumed CBZ and BPS mainly 

transfer to byproducts. Byproducts of CBZ and BPS generated during ozonation 

in solution were studied using MS/MS.  
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Fig 6. Effect of the removal of CBZ and BPS on the Ozonation.  
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([Bisphenol S]O = 10mg/L, pH=6, T=20℃,  
Ozone experimental conditions; flow 0.1L/min, purging time 90 sec). 

The intermediates for CBZ were identified in positive ion mode (M+1) of mass 

spectrometer. These intermediates were verified by interpretation of mass 

spectrometer data obtained. The reaction of ozone with CBZ in disilled water 

(Milli-Q) and molecular weight determination by mass spectrometer. The 

characteristic fragment ion of CBZ was m/z 237 indicating that ion exchange is 

easily released by ozone. The eight byproducts of CBZ were detected with m/z 

163, 167, 180, 207, 251, 253, 267 and 283 at positive ion scan mode. The MS 

fragment information of CBZ presented. Five byproducts was already detected in 

reference, but three byproducts was founded this paper. Five intermediates (1-2-

benzaldehyde-4-hydro-1H,3H-quinazoline-2-one, 1-2-benzaldehyde-1H,3H-

quinazoline-2,4-dione, 1-2-benzoic acid-1H,3H-quinazoline-2,4-dione, acridine 

and CBZ-10,11-epoxide) and three intermediates (m.w.: 163, 167, and 207) were 

observed. In the case of ozone, these rate constant are heavily influenced by the 

electronic properties of the molecule. High rate constants with ozone are 

typically encountered for chemical containing olefinic group, deprotonated 

amines, and activated aromatic systems such as phenols. These functional groups 

are particularly susceptible to ozone attack and are common constituents in CBZ. 

Measurement of the residues byproducts by mass spectrometer revealed three 

major oxidation products. The generated byproducts of the CBZ were monitored 

as shown in Table 7. 
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Table 7. Structures and Data for Carbamazepine (CBZ) and its Detected or 

Potential Ozonation. 

Acronym Structure Precursorion MS/MS ions Remarks 

CBZ 237[M+H]+ 
  

A 251M+H]+ 180, 208 
Detected 

(Ozonation) 

B 267[M+H]+ 123, 167 
Detected 

(Ozonation) 

C 

 

283[M+H]+ 267, 252 
Detected 

(Ozonation) 

D 

 

180[M+H]+ 152 
Detected 

(Photochemical) 

E 253[M+H]+ 235, 57 
Detected 

(UV/H2O2) 

F 163[M+H]+ 77, 133 
Previous study is 

not detected 

G 

 

167M+H]+ 95, 43 
Previous study is 

not detected 

H 

 

207[M+H]+ 131, 57 
Previous study is 

not detected 
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Direct ozonation and reaction with OH radical are the main expected 

transformation process of CBZ. The CBZ is rapidly reacted with ozone. Through 

the identification of byproducts from the ozonation of carbamazepine, the 

reaction pathway for the ozonation was proposed in Fig 7. Ozonation of the 

carbamazepine generated various byproducts and successfully identified using 

mass spectrometer. CBZ, a double-containing molecule was one of the CBZ 

identified as having a high rate constant with ozone.For the carbamazepine 

ozonation identified F, G and H were newly proposed in this study. Several 

byproducts have benzene groups, which were further oxidized by adding ozone. 

Byproducts of CBZ formed during ozonation are relatively well known with 

double bonds and phenols. The mechanism of ring closure to a quinazoline can 

be explained ozone attack at the double bond of CBZ. CBZ is applied to result in 

the production of two new aldehyde groups after the final loss of hydrogen 

peroxide (Dowideit et al., 1998).  
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Fig 7. The proposed ozonation reaction pathway of Carbamazepine 

 

 

 

 

 

 

 



40 

 

The intermediates for BPS were identified in positive ion mode (M+1) using 

orbitrap mass spectrometry and mass spectrometry. Orbitrap mass spectrometry 

is used to develop a high-speed and accurate analytical method to identify 

pharmaceutical and endocrine disruptor. Full scanning technology by high 

resolution and accurate mass spectrometer is one of most advanced method. The 

reaction of ozone attacks BPS in disilled water (Milli-Q) and molecular weight 

determination. The characteristic fragment ion of BPS was m/z 250 indicating 

that ion exchange is easily released by ozone. The three byproducts of BPS were 

detected with m/z 180, 202, and 224 at positive ion scan mode. The MS 

fragment information of BPS presented in Table 6. The characteristic fragment 

ion of BPS was m/z 250 indicating that ion exchange is easily released by ozone. 

The structure of byproducts based on the comparison of these major fragments 

and accurate mass measurement results was elucidated. The BPS is also reacted 

with ozone. Through the identification of byproducts from the ozonation of BPS, 

the reaction pathway for the ozonation was proposed in Fig 8. Ozonation of the 

BPS occurred some byproducts and identified using mass spectrometer. For the 

BPS ozonation identified A, B and C were firstly proposed in this study. 
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Table 8. Structures and Data for Bisphenol-S (BPS) and its Detected or Potential 

Ozonation. 

Acronym Structure Precursorion MS/MS ions Remarks 

BPS 

 

251[M+H]+ 

 

 

A 180[M+H]+ 

 

45, 162 

Previous study is 

not detected 

B 

 

202M+H]+ 

 

185, 81 

Previous study is 

not detected 

C 224[M+H]+ 

 

207, 45 
Previous study is 

not detected 
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The mechanism of ring closure to a quinazoline moiety can be explained via 

ozone attack at the double bond of BPS. The widely accepted Criegee 

mechanism would result in the production of two new aldehyde group after the 

final loss of hydrogen peroxide. Several byproducts have benzene groups, which 

were further oxidized by adding ozone. Byproducts of BPS during ozonation are 

relatively well known with double bonds and phenols. The mechanism of ring is 

similar to CBZ and closure to a quinazoline can be explained ozone attack at the 

double bond of BPS. The ring is closed by nitrogen on the aldehyde. The 

hydrogen-bearing nitrogen from the urea group attacks the aldehyde.  

 

 

Fig 8. The proposed ozonation reaction pathway of Bisphenol-S 
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Ⅳ. Conclusions  

 

The pharmaceuticals and endocrine disruptors have been used for human health. 

However, these pharmaceuticals and endocrine disruptors are continuously 

transported through unregulated routes to water environment. Advanced 

oxidation process (AOP) is recently applied to treat pharmaceuticals and 

endocrine disruptors these days. Ozonation which is one of the effective 

oxidation process could reduce the concentrations of pharmaceuticals and 

endocrine disruptors in water environment, however it could not effective 

completely mineralize. Therefore, this research identify the byproducts of 

selected pharmaceuticals and endocrine disruptors in water environment. This 

study developed a degradation and kinetic of Carbamazepine (CBZ) and 

Bisphenol-S (BPS) which are possibly detected in water, and identify the 

byproducts during the ozonation. During 60 min of reaction, the removal of CBZ 

and BPS removal increased up to 90%, but TOC was not effectively reduced 

which mean CBZ and BPS are not completely mineralize. In addition, CBZ and 

BPS generated byproducts while degraded the parent compounds. CBZ and BPS 

investigated in this study rapidly reacted with ozone and especially, most of 

these byproducts could be generated in the beginning of the ozonation processes. 
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In this experimental was performed from byproducts of CBZ and BPS were 

successfully identified. In CBZ, total eight intermediates were founded using 

mass spectrometer. Five byproducts was already detected in reference, but three 

byproducts was founded before research. Five intermediates (1-2-benzaldehyde-

4-hydro-1H,3H-quinazoline-2-one, 1-2-benzaldehyde-1H,3H-quinazoline-2,4-dione, 

1-2-benzoic acid-1H,3H-quinazoline-2,4-dione, acridine and CBZ-10,11-epoxide) 

and three intermediates (m.w.: 163, 167, and 207) were observed. Especially, 

three major oxidation products were revealed by measurement of the CBZ. In 

BPS, total three intermediates were founded using obitrap mass spectrometer and 

mass spectrometer. Three intermediates (m.w.: 180, 202, and 224) were 

observed. Especially, three major oxidation products were newly revealed. 

Based on the byproducts, we could propose the mechanism pathway and 

compound of potentially toxic byproducts such as acridine could be detected. 

Ozonation of information will contribute to the better understanding of fates of 

the CBZ and BPS. In addition, the information of the ozonation of CBZ and BPS 

provide finding for predicting in the water environment. The potential fate and 

impact of their transformation products will contribute to the better 

understanding of fates. 
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문 록 

 

존  한 수 체내 카 제핀과 비스 놀-S   

해특  연  

 

조병  

학  보건 학원 

경보건학과 경보건 전공 

 

수 조경  

 

경  수 생태계에  간  하는 약품 생량  난 10 년간 

히 가하 , 수  내 존 하는 약품  내 비계 애물  만  노  

해 알 수 없는 과  간에게 미칠 수 다. 에 하여 약품  내

비계 애물 에 한 과적  제거  고려해야 하 , 식수    람

 건강 태  고려해야 한다. 카 제핀 (CBZ)  표적  항 간 약 로 

나라 병원에 는 시에 고 다. 비스 놀-S (BPS)는 비스 놀–A 

(BPA)  체물 로 BPA  매  하여 플라스틱  수  원료로 

, 람에게 노 시 암 나 천식  킨다. BPS  경  신종 염물 로 

경 에 존 하는 정보가 매  적 나, 앞 로 적  연  해 히 

가  것 로 다. Advanced Oxidation Process (AOP)는 강력한 제
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 하여 난 해 염물  제거하는 공 로 근 약품  내 비계 

애물  제거하는  하게 적 어 다. 하 만,  연 들  

본 물  제거에 점  었  뿐, 공정  생하는 해 물에 한 연

는 루어  않았다. 본 연 에 는 존  한 카 제핀과 비스 놀-S

 해특  연 하고 해 물  경로  측하  해  LC-MSMS  

Obitrap-MS  하 다.  60  동안 카 제핀 그 고 비스 놀-S  제

거  90%로 매  높았 만   탄 는 제거가  않는 것  하

,  결과 미  피크가 시간에 라 정하게 가하는 것  하

다. LC-MSMS  Obitrap-MS  하여 카 제핀  해 물  한 결

과  8개  물  하 고, 비스 놀-S  경  3개  해 물  

하 다. 카 제핀  8개 해 물  5개  물  존 문헌과 치하

(1-2-benza ldehyde-4-hydro-1H,3H-qu inazo l ine-2-one,1-2-

benza ldehyde-1H,3H-qu inazo l ine-2,4-dione,  1-2-benzoic  ac id-

1H,3H-quinazo l ine-2,4-dione,  acr idine  and CBZ-10,11-epox ide) , 

 개  로  해 물에 해  하 다 (m.w.: 163, 167, and 207). 비

스 놀-S는 신종 염물 로 존에 련  논문  없 , 실험  해  개  

해 물 (m.w.: 180, 202, and 224)  하 다. 

 

주 어 : 약품, 내 비계 애물 , 카 제핀, 비스 놀-S, 고 처 , 

존, 해 물 

 

학 : 2012-21848 

 

 

 

 



56 

 

감   

 

과정 동안 항  앞에  끌어주시는 조경  수님  많  로 졸

업 할 수 어 심 로 감  드 니다. 또한 저에게 전하는  가 쳐 주

신 경  수님과, 앞 로 나아갈 향  제시해 주신 승묵 수님께   

감  드 니다. 

 

학원 생  함께하  정말 좋   동 들  만나 행복한 시간  보

낼 수 었습니다. 항  정적  향 로 끌어 주시는 종  님, 족

한 점  점 로 록 원해주신 문경 님 그 고 학문적  에

 간적   정신적  주가 어주신 남승  님 심 로 존경

합니다. 또한, 과정  함께 보낸 연 실 식 들 정  님, 강 민 

님, 주씨, , 아 , 신 생 태경  보람  비롯하여 동  , 

나 , 수 , 신아, , 주, 하씨 그 고 동  같  원씨에게  

정말 수고했다고 말하고 싶습니다.  

 

로, 좋     함께 고 안 좋     함께 로하

여  아 , 어 니, 동생 그 고 한나에게  항  감 하다는 말  전하고 

싶습니다. 
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