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ABSTRACT : In this study, we investigated the UV/H,O, process to treat organic compound-spilled water. In consideration of usage
and properties, benzene, toluene, phenol, and methyl ethyl ketone were selected as representative organic compounds. The selected
material was first removed by natural volatilization and aeration that simulated the pretreatment of the prcoess. After that, UV/H,0»
oxidation experiments were conducted under various H>O, concentration conditions. Benzene and toluene were mostly volatilized
before reaching the oxidation process due to high volatility. Considering the volatility, oxidation experiments were performed at an
initial concentration of 5 mg/L for benzene and toluene. The UV/H,O, oxidation process achieved 100% of benzene and toluene
removal after 20 minutes under all hydrogen peroxide concentration conditions. The phenol was rarely removed from the volatile
experiments and oxidation tests were performed at an initial concentration of 50 mg/L. The process showed 100 % phenol removal
after 30 minutes under 0.12 v/v% of hydrogen peroxide concentration condition. Methyl ethyl ketone was removed 58 % after 2 hours
of volatile experiments. The process showed 99.7% Methyl ethyl ketone removal after 40 minutes under 0.08 v/v% of hydrogen
peroxide concentration condition. It was confirmed that the UV/H,O, process showed high decomposition efficiency for the four
selected organic compounds, and identified the amount of hydrogen peroxide in classified organic contaminants.

Keywords : UV, Hydrogen peroxide, Advanced oxidation processes, Benzene, Toluene, Phenol, Methyl ethyl ketone
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Table 1. Standard oxidation potentials of commonly used oxidants

Oxidant Oxidation Potential E* (V)
Hydroxyl radical (¢OH) 2.80
Sulfate radical (¢SO, ) 2.60
Persulfate (S2052 ) 2.12
Ozone (03) 2.08
Hydrogen peroxide (H,O») 1.78
Permanganate (MnOy ) 1.68
Chlorine dioxide (ClOz) 1.57
Chlorine (Cl,) 1.36
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Table 2. Classification of substance requiring preparation for accidents

Representative
Prope Chemicals
perty chemicals

Methyl vinyl ketone, Allyl chloride,
Isoprene, Tetramethylsilane,

Nitrobenzene, Chlorobenzene,
" Toulene, .
Hydrophilic m-Cresol, Isophorone diisocyanate,

Benzene

Silicon tetrachloride, Allyl alcohol,
Hexamethyldisiloxane, Methyl ethyl
ketone peroxide)

Methyl acetate, Thionyl chloride,
Acrolein, Acrylonitrile, n-Butylamine,
Ethylenimine, Acrylyl chloride, Vinyl

ethyl ether, Propylene oxide,
. | Methyl ethyl Methylchlorosilane, Formaldehyde,
Hydrophobic L Lo
ketone Formic acid, Acrylic acid, Methyl
acrylate, Ethylenediamine,
Methyldichlorosilane,

Methylhydrazine, Nitromethane,

Trichlorosilane, Methyltrichlorosilane

Solid

Hexamine, Toluene diisocyanate,
(at room Phenol

4-Nitrotoluene

temperature)

Table 3. Characteristics of representative organic chemical

. Discharge Spills Solubility | Vapor pressure
Chemical
(Ton, 2020) | (2014-2022) | (mg/L) (kPa, 20°C)

Toluene 10,414 19 520 2.8

Benzene 135 6 1,790 11.8

Phenol 51 4 8,300 0.05
Methyl ethyl | 5 564 1 27,500 10.5

ketone

Journal of the Korean Geo-Environmental Society Vol, 23, Issue 10, October 2022 >> 7



Air stone

Overhead

(|
(b) stirrer O

4,

Fig. 4. Schematic diagram of (a) volatilization and (b) oxidation
experiment

IIIEII

22 Nt H M=

EFAE SAR] I 99% AloFS ARSI wlAle S
ARS] 2Im 99% AlofFe ARSI e SARY] &= 99.5%
Aok AlgalSc) HEoeAES SARS] 42Ie 99% Al
AFESF L) THakelaeas DARY 35% AoFS ARE-SFRIT
Z7] Ao AALY] AZ-A2 7| ZRFAY7|9F MALS] 20mm

ofoAAES AMgBIAT) Alsl 34 Q] FUo R SARS] GATS
UV HZZ ARESIGieh E74, A, HEoeAEe] v=
© YAR] YL6500 GCMSE o]§sto] S4st5 o s
o] =l YALO] YL9100 HPLCE o]g&3le] 2435}
GC/MS¢} HPLCO] #4 272 o#f Table 49} gt} A9

Table 4. GC/MS and HPLC analysis condition

GC/MS Condition

35°C (7 min) — 10°C/min — 80°C (3 min)

O t tur
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Column DB-5MS (60 m * 0.25 mm * 0.25 pum)

Carrier gas He, 1 mL/min (Split ratio : 25:1-50:1)

MSD (Sim mode)
Detector Ton source Temp (200°C)
Transfer line Temp (250°C)

HPLC Condition

Mobile phase ACN : Water = 80:20, 1.0 mL/min
Column C18 (4.6 * 250 nm, 5 pm)
Detector UVD 230 nm

Injection volumn 20 ul
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