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Microorganism Inactivation by Ozonation

2o s
II-Ho Kim

=S st Fok T B £ FHVAA A4
Research Center for Environmental Quality Management, Graduate School of Engineering, Kyoto University

(20109 4 29¥Y A<=, 20109 12 179 A=)

Abstract : Ozonation is a promising process that can effectively reduce the occurrence of micropollutants and pathogen in water.
This study investigated the performance of ozonation for the removal of pharmaceuticals and personal care products (PPCPs) in
secondary effluent from wastewater treatment plant. Moreover, the disinfection potential of ozonation applied for PPCPs removal was
discussed. Secondary effluent filtered by sand filter was used for tested water, and ozonation was performed under 2, 4 and 6
mg/L of ozone doses. As a result, 6 mg/L of ozone dose (ozone consumption : 4.4 mg/L) was essential for the effective removal
of 37 PPCPs in tested water. Several previous studies showed that the operation condition could achieve approximately 3 log
inactivation of fotal coliform and enteroviruses. On the other hand, dissolved ozone concentration in tested water increased by 1.8
mg/L under 6 mg/L of ozone dose, probably resulting in the increase of bromate formation potential. This result implies that as
alternatives to suppress the bromate formation potential during the oxidation of PPCPs by ozone, investigations on advanced oxi-
dation processes are required.
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Table 1, Initial concentration of each PPCP during Os experiments (unit : ng/L)
O3 dose (mg/L; Oz dose (mg/L;
No, PPCP s dose (mo/l) No, PPCP s dose (mg/l)
4 6 AVG, 2 4 6 AVG,
1 Atenolol 24 20 24 23 20 Indomethacin 29 29 33 30
2 Azithromycin 67 66 99 7 21 Isopropylantipyrine 2 2 1 2
3 Bezafibrate 74 113 145 111 22 Ketoprofen 79 85 107 90
4 Carbamazepine 29 28 28 28 23 Levofloxacin 127 143 114 128
5 Chloramphenicol 3 4 3 3 24 Lincomycin 23 21 22 22
6 Ciprofloxacin 8 10 6 8 25 Mefenamic acid 11 12 12 12
7 Clarithromycin 355 289 562 402 26 Metoprolol 17 16 15 16
8 Clofibric acid 5 4 4 4 27 Nalidixic acid 16 15 10 14
9 Crotamiton 361 355 362 360 28 Naproxen 2 2 2 2
10 DEET 147 152 136 145 29 Pirenzepine 23 29 22 25
11 Diclofenac 27 25 28 27 30 Primidone 21 22 21 22
12 Diltiazem 14 13 12 13 31 Propranolol 3 3 3 3
13 Dipyridamole 36 37 43 38 32 Roxithromycin 37 34 54 41
14 Disopyramide 309 287 292 296 33 Sulfadimethoxine 12 13 17 14
15 Erythromycin 54 44 61 53 34 Sulfamethoxazole 81 84 113 92
16 Ethenzamide 6 5 5 5 35 Sulpiride 320 295 278 298
17 Furosemide 36 38 45 40 36 Theophylline 37 38 52 42
18 Griseofulvin 8 7 9 8 37 Trimethoprim 28 28 31 29
19 Ifenprodil 21 22 21 21
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matography (UPLC, WatersA})2} MS/MSZ 4 Quattro micro
API Tandem mass spectrometer (WatersAP)7} ©|-8% itk
LC/MS/MSQ] B %72 Table 29] A|A|5}H, Table 3of=
LC/MS/MSO] ol sAlEAlo] 7Ha3t 6252 oloF&ol
tjst o] 23} 2 W #HZE35}$HA|(Limit of Detection, LOD),
A 7F3)51 2] (Limit of Quantification, LOQ)E A A|5tH )k &
E2o&2Ew L SastE A (UV-16000, Shimadzu)E ©]-&, 600
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3.1. LEXZ|Q| oUER MHES
Sk 22F A gl QJeFERo] A|A o vA = 0E F
dFe FFS HESH] 98l 2 mg/L, 4 mg/L, 6 mg/LY]

Table 2, Measurement condition for LC/MS/MS analysis
(UPLC : UPLC AQUITY)

- Column : Waters AQUITY™ UPLC BEH C18
2.1 mmx100 mm,1.7 um

- Column Temp, : 60°C

- Flow rate : 0,35 mL/min

- Injection volume : 10 uL

- Mobile Phase : A 0.1% Formic acid B Methanol

- Gradient : Time (min) A(%) B(%)
0 90 10
2 90 10
8 75 25
14 45 55
16 45 55
19 5 95
21 5 95
21.01 90 10

{MS/MS : Quattro micro API)
- lonization : Electrospray lonization (ESI)

Positive Negative
- Spray Voltage : 05kV 35kV
- Source Temp, : 120C 120C
- Capillary Temp. : 400C 350C
0F YUY 2stelA 2EHYARS B3tk Fig. 2
of 7 92 F 2ABLeIA 108 Fok o 2A S PYat
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AAEL A= N,

trimethoprim, erythromycin, lincomycin, roxithro-
mycin, levofloxacin, sulfamethoxazole, azithromycin, cipro-
floxacin, clarithromycin, nalidixic acid)%, nalidixic acid 2] 2]
1052 FA=EL o FAZA TARC] 90% ol A
AEl= Ayt dojF ) Levofloxacin, ciprofloxacini} F
7 nalidixic acid:= quinolined] FAYER o] &ol= QoFE
o[t Hl= 4 mg/L o] o] ©.F el A 90% ol A
A% AT, levofloxacin, ciprofloxacini}= ©2] 2 mg/Lo]

LF FAFANA s W& AAEo] AR sk 2ol
Aol 2ol =S ME B GRS Frlede] A7
5 Bxog 3la glon, @& FAFL oF 3~6 mg/L &
Z7F dubAolnh. whEbA, sk e oA e ARkl 2
& FUYF 2dstol A= nalidixic acid9t > FAEE=
FaSH AAE A= A4fHe 2, 1~2 mg/Le| H]
WA L 0F FAGS o] &t AT oAM= F
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Table 3, lonization conditions, LOD and LOQ for 62 PPCPs

No PPCPs Positive(+) or | Precursor ion|Product ion| Cone Voltage| Collision Energy | LOD | LOQ
) Negative(-) (m/z) (m/z) V) (eV) (ng/L) | (ng/L)
1 Azithromycin + 749.5 591.4 40 25 0.06 | 0.19
2 Clarithromycin + 748.9 157.9 30 20 0.18 | 0.61
3 Erythromycin + 734.5 158.1 18 26 0.14 | 0.46
4 Roxithromycin + 837.7 679.4 25 20 0.07 | 0.24
5 Tylosin + 916.5 174.0 45 40 0.07 | 0.23
6 Ciproflxacin + 332.2 231.0 25 35 031 | 1.02
7 Enrofloxacin + 360.2 245.2 30 26 0.05 | 0.16
8 Levofloxacin + 362.1 317.8 28 18 0.39 | 1.31
9 Norfloxacin + 320.1 276.0 28 18 0.15 | 0.51
10 Sulfadimethoxine + 311.0 155.8 28 22 0.06 | 0.21
11 Sulfadimidine + 279.0 185.7 24 18 0.10 | 0.34
12 Sulfamerazine + 265.2 155.9 25 18 0.20 | 0.66
13 Sulfamonomethoxine + 281.0 155.7 24 18 049 | 1.64
14 Ampicillin + 350.3 105.8 16 20 0.58 | 1.94
15 | Benzylpenicillin Potassium + 335.0 289.0 34 25 1.04 | 6.47
16 Ceftiofur + 524.0 240.8 20 16 4.62 |15.41
17 Oxytetracycline + 461.1 425.9 16 18 0.20 | 0.68
18 | Tetracycline hydrochloride + 445.1 409.7 20 18 0.02 | 0.08
19 Diclazuril - 406.9 335.7 32 18 041 | 138
20 Nicarbazin - 301.0 136.8 18 12 0.21 | 0.69
21 Sulfamethoxazole + 254.0 155.9 25 15 0.16 | 0.55
22 Trimethoprim + 291.0 229.8 32 26 0.11 | 0.35
23 | 2-quinoxaline carboxylic acid + 175.0 128.9 20 15 0.31 | 1.03
24 Chloramphenicol - 320.9 151.7 24 14 0.35 | 1.17
25 Griseofulvin + 353.1 2149 25 25 0.17 | 0.58
26 Lincomycin + 407.2 125.8 28 28 0.14 | 0.47
27 Novobiocin + 613.3 188.7 20 32 0.22 | 0.73
28 Salinomycin - 749.6 240.9 48 34 0.44 | 1.48
29 Tiamulin + 494.4 192.1 25 20 0.03 | 0.10
30 Acetaminophen + 152.0 109.8 25 16 0.25 | 0.84
31 Antipyrine + 189.1 76.7 30 35 0.11 | 0.36
32 Ethenzamide + 166.0 148.9 15 10 0.09 | 0.29
33 Fenoprofen + 243.0 196.9 12 12 0.56 | 1.87
34 Indomethacin + 357.8 138.9 20 18 0.20 | 0.65
35 Isopropylantipyrine + 231.0 188.8 32 22 0.04 | 0.13
36 Ketoprofen + 255.1 209.0 25 15 0.50 | 1.68
37 Mefenamic acid + 242.0 224.6 12 18 0.28 | 0.94
38 Naproxen + 231.0 184.7 16 16 0.26 | 0.88
39 Crotamiton + 204.1 68.7 30 20 0.07 | 0.24
40 Diclofenac sodium + 297.6 215.2 12 26 0.66 | 2.19
41 Carbamazepine + 237.1 194.0 25 20 0.05 | 0.16
42 Ifenprodil + 326.2 308.1 30 20 0.07 | 0.23
43 Primidone + 219.3 162.1 20 10 1.06 | 3.52
44 Atenolol + 267.1 189.8 28 18 041 | 1.38
45 Disopyramide + 340.2 239.0 20 15 0.06 | 0.19
46 Metoprolol + 268.2 1159 30 20 0.12 | 0.42
47 | Propranolol hydrochloride + 260.1 182.7 24 18 0.06 | 0.19
48 Diltiazem hydrochloride + 415.1 177.7 24 22 0.02 | 0.05
49 Dipyridamole + 505.3 384.9 50 42 0.04 | 0.13
50 Nalidixic acid + 2333 215.1 35 14 0.09 | 0.30
51 Salbutamol + 240.3 148.0 18 20 0.32 | 1.05
52 Theophylline + 181.5 123.9 30 20 0.22 | 0.73
53 Bezafibrate + 362.0 316.0 20 14 035 | 1.16
54 Clenbuterol + 277.0 202.9 20 15 021 | 0.72
55 Caffeine + 195.0 137.7 28 18 0.14 | 0.48
56 Carbazochrome + 237.0 219.7 12 8 0.23 | 0.77
57 Clofibric acid - 213.1 126.9 20 13 0.13 | 0.42
58 Cyclophosphamide + 260.9 139.7 24 22 0.20 | 0.66
59 | N,N-diethyl-m-toluamide + 192.1 118.8 25 15 0.03 | 0.11
60 Furosemide - 329.1 205.1 30 20 0.19 | 0.64
61 Pirenzepine + 352.1 112.7 26 22 1.04 | 3.47
62 Sulpiride + 342.0 213.7 32 32 0.02 | 0.05
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@4 4mg/L (>1log for 36PPCPs, O3 dose:6mg/L)
@® 3mg/l (>1log for 32PPCPs. O3 dose:4mg/LL)

@ 1.6mg/L (>1log for 2‘.5 PPCPs, O3 dose!2mg/L)

0 2

6 8 10

O3 dose(mg/L)

Fig. 4. Os doses requiring for effective pathogen and PPCPs removal.
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