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Abstract 

This report described a work plan on advanced sewage treatments focusing on reduction of 

antibiotics and endocrine disruptors and sterilization by radiation in Korea. It included a 

demonstration study on decomposition of antibiotics and endocrine disruptor contained in 

sewage effluent by MEB(Mobile Electron Beam accelerator). According to the KAERI’s 

national research plan, basic radiation application working on sterilization, decomposition of 

antibiotics and endocrine disruptor contained in effluent by using radiation were conducted in 

KAERI’s laboratory for three years. In 2011, a field study on advanced sewage treatment with 

a MEB was conducted and the results obtained from study played an important role in the 

acquiring a certification on advanced treatment of sewage effluent by radiation, NET(New 

Environmental Technology), which is issued by Korea ministry of environment. The field 

study was carried out over four seasons in order to observe the effect of seasonal temperature 

changes on decomposition of chemicals contained in effluent of sewage. The major antibiotics 

and endocrine disruptors with initial concentration of 0.5 mg/l were decomposed completely 

by the irradiation dose less than 1.5 kGy, and coli form and microorganisms were also 

sterilized under the same irradiation dose. Toxicity arising by antibiotics on algae was 

reduced according to irradiation dose. In a future, achievements from the field demonstration 

study will be transferred to industry. Research on by-products from irradiated antibiotics and 

toxicity before and after irradiation of antibiotics will be continued in the field with MEB. 

This information will be useful for the project by radiation treatment of wastewater for reuse, 

particularly focused on the wastewater containing organic pollutants.  

1. Introduction 

Most of biological environmental issues in the eco-system result from the discharge of toxic 

chemicals which are hardly decomposed with conventional biological treatment processes.  

Above all, the chemicals such as antibiotics and endocrine disrupters are regarded as new 

environmental contaminants when those are discharged to water streams from sewage 

treatment plants. The problems on sudden death of large amount of fishes and sexual 

disturbance of the fishes are raised from release of toxic and nonbiodegrable chemicals into 

water streams. Therefore, it is very important to control the toxic and nonbiodegrable 

chemicals before those are discharged to water stream. Limited technologies, such as 

AOPs(Advanced Oxidation Processes), for the control of these toxic and  nonbiodegrable 

chemicals  have been applied into the wastewater treatment plants. However, the control 

efficiencies of existent technologies are not high enough. 

Recently a mobile electron beam accelerator (MEB) was constructed in Korea and a 

demonstration study on the sterilization and decomposition of toxic chemicals contained in 

the effluents of sewage treatment plant was conducted. The field demonstration study was 

carried out in the sewage treatment plant with basic information obtained from laboratory test.  

The field study for demonstration of new technology is very important for securing both 

confidence of the technology and public acceptance on radiation.  
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The irradiation studies conducted for the decomposition of toxic chemicals and evaluation of 

toxicity reduction must be helpful for the studies on conservation of water quality and 

provision of water resources. The field demonstration research is also surely more helpful for 

the commercial approach in a view of completion of its technological development. 

This report introduces several research results carried out with MEB in a Korea sewage 

treatment plant.  

2. Working Program in KAERI 

KAERI set a national plan for the development of the advanced sewage treatment using 

radiation in 2007. During the first three years, basic research on sterilization, decomposition 

of antibiotics and endocrine disruptors contained in sewage effluent by using radiation were 

conducted in KAERI’s laboratory. In 2007, other basic studies, such as analysis of chemicals 

in each unit process of sewage treatment, analysis of pathogenic microbes in effluent and 

sterilization by electron beam and gamma rays were also conducted. In 2008, a study on 

radiation treatment of organic toxic chemicals and evaluation of eco toxicity were carried out 

together researches on mineralization of antibiotics and trace amount of organic toxic 

chemicals by radiation and evaluation of eco safety for irradiated effluent by toxicity 

evaluation. In 2009, studies on mineralization of endocrine disruptor and evaluation of genetic 

safety by radiation treatment were conducted. A mobile electron beam accelerator with 0.6 

MeV of energy and 20 kW of output power was constructed for the field study and 

demonstration of radiation application for environmental conservation in that year. In 2010, a 

field study on treatment of chemicals and sterilization in effluent with MEB was carried out 

for feasibility test on treatment of organic toxic chemicals and sterilization in effluent, and for 

comparing the eco safety before and after MEB treatment. NET titled as “electron beam 

treatment for advanced sewage treatment”, which is issued by Korea ministry of environment 

was acquired using the field demonstration with MEB. In 2011, NET was verified in the field. 

 
Fig.1. Current research program related to advanced sewage treatment with radiation in 

KAERI. 
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3. Preparation of Field Demonstration  

3.1. Installation of MEB 

MEB was installed at discharge point of a sewage treatment plant. Sewage treatment plant had 

treatment capacity of 43,000 m
3
/d. The plant treated wastewater consisting of mucipal sewage 

and livestock wastewater. The amount of livestock wastewater was less than 1% of total 

volume of the sewage. About 250 m
3
/d of sewage to be treated with MEB was obtained by 

pumping from the effluent of the sewage treatment plant. Wastewater to be irradiated was 

stored in a storage tank before flowing into the irradiation reactor. Energy and beam current 

of MEB were set by 0.6 MeV and 20 mA, respectively. Figure 2 shows the view of MEB 

installed in sewage treatment plant. 

 

Fig.2. View of MEB installed in sewage treatment plant 

3.2. Sample Preparation 

In order to study on the decomposition of antibiotics and endocrine disruptors, synthetic 

chemicals were used because the sewage effluent contained too low concentrations of those 

chemicals. Lincomycin, tetracycline and bisphenol-A were prepared and mixed with the 

wastewater to be irradiated, and their concentration after mixing was adjusted to 0.5 mg/l, 

respectively.  

3.3. Irradiation 

Irradiation by MEB was conducted with a unique type of reactor. It provides a thin film flow 

of wastewater during irradiation. Thickness of wastewater was about 1 mm. it was set with 

radiation dose of 1.5 kGy at a single time passing under a window part of MEB. Figure 3 

shows the view of irradiation in MEB. Samples were obtained before and after irradiation 

 

Fig.3. View of irradiation of effluent 

3.4. Analysis 

Analysis of irradiated wastewater was focused on toxicity reduction and decomposition of 

antibiotics and endocrine disruptors, and sterilization of microorganisms. Toxicity test was 
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conducted with algae. Growth of algae was observed according to radiation dose. 

Measurement of chemical concentrations was conducted with HPLC. 

4. Result and Discussion 

4.1. Characteristics of the effluent 

Table 1 shows the characteristics of effluent. Average temperature was 18.5℃ and 

SS(Suspended Solid) was 2.5 mg/l. This means that nothing affects irradiation of effluent. 

Antibiotics and endocrine disruptors such as lincomycin, Tetracycline and bisphenol-A were 

not detected because of very low concentration of those. Coli form was 2.2x10
4
CFU/ml and 

microorganisms were 7.8x10
4
/ml. However, these values were changeable. These results are 

thought to result from mixing with sewage and live stock wastewater together. Higher 

concentrations of microorganisms and coli form were observed during mixing with both, 

while lower concentration of these one were observed without the mixing. 

TABLE.1. CHARACTERISTICS OF THE EFFLUENT  

(unit : mg/L) 

Items Max. Min. Average 

Temp.(℃) 11.7 25.7 18.5 

pH 6.2 7.7 7.0 

DO 3.4 11.4 6.2 

BOD5 1.5 10.5 4.2 

CODMn 7.5 26.1 11.6 

CODCr 13.0 26.5 18.9 

SS 0.9 5.0 2.5 

T-N 9.0 13.5 11.5 

T-P 0.2 1.4 0.8 

TOC 6.8 13.7 10.0 

Coli form(CFU/mL) 13.0 3.4 × 10
5
 2.2 × 10

4
 

microorganism(CFU/mL) 8.0 × 10
2
 5.7 × 10

5
 7.8 × 10

4 

4.2. Operating Condition of MEB 

Table 2 and figure 4 show the operational conditions of MEB. MEB was operated with 0.6 

MeV and 20.6 mA. Their conditions were not changed during the whole experimental 

periods. 

TABLE 2. OPERATING CONDITIONS OF MEB 

Item 
Power of MEB 

Min. Max. Average 

Energy (MeV) 0.6 0.6 0.6 

Beam current (mA) 20.0 28.1 20.6 
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Fig.4. Output power of MEB. 

4.3. Removal of organic matters, suspended solids and nutrients by MEB 

Table 3 shows the characteristics on removal of organic matters, suspended solids and 

nutrients by the irradiation of MEB. As a result, there was negligible removal efficiency on 

organic matters, suspended solid and nutrients. This means that a low irradiation dose of MEB 

does not affect removal on organic matters, suspended solid and nutrients. 

TABLE 3. CHARACTERISTICS ON REMOVAL OF ORGANIC MATTERS, SUSPENDED SOLID AND 

NUTRIENTS BY MEB 

Item 

Concentration of 

influent(mg/L) 

Concentration of Irradiated 

WW(mg/L) 
Removal efficient (%) 

range average range average  range  average  

BOD5 1.5∼10.5 4.2 0.9∼6.1 2.9 0.0∼60.9 26.4 

CODMn 7.5∼26.1 11.6 6.9∼13.2 9.8 0.0∼56.7 12.0 

CODCr 13.0∼26.5 18.9 10.0∼23.5 16.1 0.0∼46.8 14.3 

SS 0.9∼5.0 2.5 0.1∼4.9 2.1 0.0∼90.9 20.4 

T-N 9.0∼13.5 11.5 8.6∼13.4 11.3 0.7∼9.3 2.5 

T-P 0.2∼1.4 0.8 0.2∼1.3 0.7 0.0∼29.1 3.9 

TOC 6.8∼13.7 10.0 6.1∼13.4 9.0 0.8∼26.3 10.1 

4.4. Removal of Antibiotics and Endocrine Disruptors 

Table 4 shows removal of lincomysin before and after irradiation by MEB. Initial 

concentration of lincomysin with 0.468 mg/l was reduced to 0.001 mg/l at the irradiation 

condition of 1.5 kGy. It’s removal efficiency was 99.8 %. It means that lincomysin can be 

decomposed at a low value of irradiation dose. 
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TABLE 4. REMOVAL OF LINCOMYSIN BY MEB 

【max~min (average)】 

Item 

lincomycin (mg/L) Removal efficient 

(%) Before irradiation After irradiation 

Concentration(mg/l) 0.468(0.329～0.586) 0.001(0.0∼0.005) 99.8(99.0∼100.0) 

Table 5 shows removal of tetracycline before and after irradiation by MEB. Initial 

concentration of tetracycline with 0.464 mg/l was reduced to 0.005 mg/l at the irradiation 

condition of 1.5 kGy.  It’s removal efficiency was 99.8 %. It means that tetracycline can be 

decomposed at a low irradiation dose. 

TABLE 5. REMOVAL OF TETRACYCLINE BY MEB 

【max~min (average)】 

Item 

Tetracycline (mg/L) Removal efficient 

(%)  Before irradiation After irradiation 

Concentration(mg/l) 0.464(0.332∼0.665) 0.005(0.000∼0.008) 98.8(97.9∼100.0) 

Table 6 shows removal of bisphenol-A before and after irradiation by MEB, which is known 

as one of endocrine disruptors. Initial concentration of bisphenol-A with 0.437 mg/l was 

reduced to 0.004 mg/l at the irradiation condition of 1.5 kGy.  It’s removal efficiency was 

99.1 %. It means that bisphenol-A can be decomposed at a low irradiation dose. 

TABLE 6. REMOVAL OF BISPHENOL-A BY MEB 

【max~min (average)】 

Item 
Bisphenol-A (mg/L) Removal efficient 

 (%) Before irradiation After irradiation 

Concentration(mg/l) 0.437(0.410∼0.454) 0.004(0.000∼0.007) 99.1(98.3∼100.0) 

4.5. Sterilization of Coli Form and Microorganisms 

Table 7 shows sterilization of coli form before and after irradiation by MEB. Maximum 

concentration of coli form was 3.4x10
5
CFU/ml while minimum was 13 CFU/ml. These 

results come from mixing with sewage and live stock wastewater together in the sewage 

treatment plant. No coli form was not detected after 1.5 kGy of dose. This means coli form 

contained in effluent can be sterilized with less than 1.5 kGy of irradiation dose. 
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TABLE 7. REMOVAL OF COLI FORM BY MEB 

【max~min (average)】 

Item 
Coli form(CFU/ml) Removal efficient(%) 

Before irradiation After 

irradiation 
Concentration 2.2 × 10

4
(13~3.4 × 10

5
) ND 100 

Table 8 shows sterilization of microorganisms before and after irradiation by MEB. Average 

value of microorganisms was 7.8x10
4
 CFU/ml. These microorganisms reduced to 1.1x10

2
 

CFU/ml . This means that sterilization of microorganisms is also well conducted with less 

than 1.5 kGy of irradiation dose. 

TABLE 8. REMOVAL OF MICROORGANISMS BY MEB 

Item 
Microorganism(CFU/ml) Removal efficient 

(%) 
Before irradiation After irradiation 

Concentration 7.8 × 10
4
(8.0 × 10

2
~5.7 × 10

5
) 1.1 × 10

2
(20~6.5×10

2
) 98.3(78.3~100) 

4.6. Reduction of toxicity 

Table 9 shows the reduction of toxicity by MEB irradiation of effluent. Of course, this 

effluent contains the synthetic antibiotics and endocrine disruptor. Toxicity test was 

conducted with algae. Initial toxicity unit with 15.0 was decreased to 1.8 by the irradiation of 

1.5 kGy. Figure 5 shows the growth of algae after irradiation. While the color of algae was 

originally light green before irradiation, it became denser green after irradiation. This means 

that toxicity of effluent can be reduced owing to removal of mother toxicity chemical such as 

lincomysin, Tetracycline and bisphenol-A. 

TABLE 9. REDUCTION OF TOXICITY 

 Before irradiation After irradiation 

Toxicity (TU) 15.0 1.8 

 
Fig.5. Algae growth with and without irradiation (left: with irradiation, right: without 

irradiation). 
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5. Conclusion 

Field demonstration with MEB was conducted in order to remove the antibiotics and 

endocrine disruptors contained in effluent of the sewage treatment plant. The influence MEB 

on toxicity and sterilization of coli form were also observed. By the irradiation dose of 1.5 

kGy, antibiotics and endocrine disruptors could be decomposed easily, and coli form and 

microorganisms were also removed. Reduction of toxicity was observed using algae test. 

Other kind of organic pollutants contained in effluent of sewage plant were not removed. 

Therefore, it was thought that additional treating methods for removal of organic pollutants 

should be recommended for re-using sewage effluent. 
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