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Abstract : Over the last decades, much consideration has been given to microbiological and chemical risks, especially when waste-
water was reclaimed as water resources for urban water, irrigation water and recreational water etc. We investigated the perfor-
mance of UV-based processes such as UV and UV/H,O, for both the removal of pharmaceuticals and personal care products
(PPCPs) as an emerging chemical and the inactivation of pathogen with bench-scale experimental study. 38 kinds of PPCPs inclu-
ding antibiotics and analgesics were detected from secondary effluent used as tested water. Bench-scale experimental study showed
that UV process would require considerable UV dose for the effective PPCPs removal. Contrarily, PPCPs removal efficiency signi-
ficantly improved by the combination of H.O, with UV even at a lower UV dose and, moreover, their removal efficiency increased
with the increased initial H>O, concentration. Besides naproxen (>89%), concentrations of all the investigated PPCPs decreased by
more than 90% of their initial concentrations under 923 mJ/em’ of UV dose and 6.2 mg/L of H;0,. Previous studies showed that
this operational condition could get 4~5 log inactivation for Total coliform, indicating that UV/H,O, process will be appropriate to
comply with the criteria of California Title 22 for Total coliform.
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Fig. 1. Continuous experimental setup.

Table 1, Experimental conditions for UV and UV/H:O. treatments

UV, UV/H,02
UV Lamp Initial HoO2 Operated
Conc, (mg/L) reactor
UVatw 0,11,31,60 R1
UVesw 0,12,31,62 R1

B A 41W2] UV Lamp: UVyw Lamp, 65W2] UV Lamp:
UVsw Lamp) & ©]-8-5t0] A2]A @S dJ5klth UVaw Lamp
9] UVZAEL 0.639 mW/em?’, UVesw Lamp?®] 79+= 1.025
mW/em’e] UVZEE zH=t} Table 19] UV @ UV/H0,
AP AAA Y] 2 AE AASHAT A 2 A
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Collection of sample (1,000 mL) | Table 2, Measurement condition for LC/MS/MS analysis

+ (UPLC : UPLC AQUITY})

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

l Filtration with GF/B (1.0 pm)
| Addition of EDTA (1 g) ‘

v

Solid phase extraction using Oasis HLB cartridge
* Conditioning of cartridge (MeOH 3 mL and

- Column Temp. : 60C
- Flow rate : 0.35 mL/min

- Injection volume : 10 uL
- Mobile Phase : A 0.1% Formic acid B Methanol

pure water 6 mL) - Gradient : Time (min) A (%) B (%)
* Pass sample of 1,000 mL through cartridge 0 90 10
with concentrator 2 90 10
* Dehydration of cartridge 3 75 o5
* Elution (MeOH 6 mL) 14 45 55
v 16 45 55
Volatilization of MeOH from eluted solution with 19 5 95
N, gas (0.3~0.4 L Ny/min @37°C) o1 5 9%
v 21.01 90 10
Dissolve using solution (1 ml) prepared with (MS/MS : Quattro micro API)

0.1% formic acid and MeOH (8:2)

- lonization : Electrospray lonization (ESI)

* Positive Negative
Quantification by LC/MS/MS - Spray Voltage : 05kV 3.5KkV
Fig. 2, Solid phase extraction procedure for LC/MS/MS analysis, - Source Temp, : 120C 120°C
- Capillary Temp, : 400C 350C
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Fig. 3. PPCPs detected from tested water,
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Table 3, Removal efficiency of each PPCP at contact time of 5 min during UVamw and UVaiw/H2O» processes

Use PPCPs Wi %Vggg :/8 851%';,8 ‘govgg :/8

Diclofenac y 98 > 98 y 98 > 98

Ketoprofen 98 99 99 100
Isopropylantipyrine ) 95 ) 95 ) 94 ) 95

Analgesics Naproxen 55 » 88 ) 86 Y 81
Indomethacin 40 78 96 y 99

Ethenzamide 13 66 94 ) 97

Mefenamic acid 5 60 ) 98 ) 98

Disopyramide 89 94 97 99

Antiarrhythmic Atenolol 36 70 92 98
agents Propranolol 23 82 ) 98 y 98
Metoprolol 21 65 88 97

Sulfamethoxazole 93 94 97 98

Ciprofloxacin > 89 ) 89 » 90 y 91

Nalidixic acid 78 90 » 99 » 99

Sulfadimethoxine 75 81 91 96

Levofloxacin 22 56 91 95

Antibiotics Trimethoprim 19 63 87 95
Lincomycin 19 73 94 98

Clarithromycin 13 54 82 94

Erythromycin 11 46 63 87

Azithromycin 10 49 75 88

Roxithromycin 9 52 78 93

Diltiazem 96 100 100 100

Dipyridamole 96 99 99 99

Clofibric acid 93 96 96 y 97

Chloramphenicol ) 87 ) 42 ) 82 ) 83

Furosemide 79 92 97 100

Ifenprodil 62 88 97 100

Crotamiton 41 73 90 97

Griseofulvin 40 63 y 97 » 97

The others

Bezafibrate 31 72 91 97

Pirenzepine 28 65 86 93

Sulpiride 15 45 76 94

Carbamazepine 13 65 90 98

Theophyline 10 22 32 73

DEET 7 53 81 93

Cyclophosphamide 2 26 58 78

Primidon 1 56 77 87
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Table 4, Removal efficiency of each PPCP at contact time of 5 min during UVesw and UVesw/H20O.» processes
e | R WD G
Diclofenac > 98 » 98 > 98 » 98
Ketoprofen 97 99 y 99 ) 99
Isopropylantipyrine ) 92 ) 94 ) 92 ) 93
Analgesics Indomethacin 51 92 y 99 ) 99
Mefenamic acid 25 ) 98 > 98 » 98
Naproxen 22 y 80 ) 86 ) 89
Ethenzamide 21 83 > 98 » 98
Disopyramide 94 98 99 100
Antiarrhythmic Propranolol 35 ) 98 > 98 ) 98
agents Atenolol 31 90 98 » 98
Metoprolol 22 79 96 ) 99
Sulfamethoxazole 94 97 99 100
Ciprofloxacin > 93 > 93 > 93 Yy 91
Nalidixic acid 87 » 99 > 99 > 99
Sulfadimethoxine 84 91 96 > 99
Levofloxacin 30 82 94 99
Antibiotics Lincomycin 22 84 97 ) 98
Clarithromycin 21 69 93 99
Trimethoprim 20 79 94 100
Azithromycin 11 64 84 97
Roxithromycin 10 69 92 98
Erythromycin 2 58 87 98
Diltiazem 100 100 100 100
Clofibric acid > 98 y 97 y 97 » 98
Dipyridamole 98 98 98 98
Chloramphenicol ) 91 ) 86 ) 91 » 90
Furosemide 86 98 > 99 > 99
[fenprodil 74 94 100 100
Bezafibrate 54 88 97 ) 99
Crotamiton 50 86 96 99
The others
Griseofulvin 50 76 y 97 ) 97
Pirenzepine 21 66 92 ) 98
DEET 20 71 9N 99
Carbamazepine 17 81 96 100
Sulpiride 16 60 93 98
Primidon 13 70 86 95
Theophyline 11 31 63 91
Cyclophosphamide 6 50 79 ) 93
log E243MA7]7] ¢3ll, 22} 150~200 ml/cm®, 200~300 Astol| 20 ml/em® 0]} UV ZAFEFo] Q1% 9SS Ho
mJ/em’, 300~500 mJ/cm’e] UV ZA}FS :ﬂxgom Qc? Zolth o5 AWEEE UV/H0, ZAo| u|gk &7]232
eHH, Kruithof 52 7] 2 @&4 9] Alof Y e = FASH AAY 5= Qe =215kl A w = o
H5Ao7 A#4F o8, UVH0: 549 TT—_Q.—AO% HE g 2= A FEEHA YT 4+ US4 Uk T,
3t vl 9ok 7 A3, 540 myem®e] UV ZA}} 6 mg/L Fig. 404, UV SEAH A A+ D Cryprosporidium-2- Z+

o] H,0,& &3 4

4%, atrazine, N-Nitrosodimethylamine

(NDMA), MTBE, dioxane, bisphenol A, microcystine 2! 2]

oF&Z 2 (diclofenac, ibuprofen)7| 80% ©]AF A7

Znoz |

AsFET 997, Cryprosporidium®} Giardia2 3 log &%

7+ 5~18 ml/em’, 2~12 mJ/cszJ UV ZAFEo]| o)aA & uj
< andon BEAYE E 5 oS & 4 k' vk,
UVYl 7F YAS ZH= ¥ njAE2 &2 Adenovirus
type 409] AL 56~167 ml/em’ 2] UV 2ALE QS AL,

cHEkad Zats|x| | M327 &7 2010 7 |
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UV alone @ 2~12ml/em® (1~3log)
Cryptosporidium)
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~ . UV 1 150
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