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ABSTRACT

This study was conducted to evaluate the degradation and mineralization of PPCPs (Pharmaceuticals and Personal Care
Products) using a CBD(Collimated Beam Device) of UV/H,O, advanced oxidation process. The decomposition rate of
each substance was regarded as the first reaction rate to the ultraviolet irradiation dose. The decomposition rate constants
for PPCPs were determined by the concentration of hydrogen peroxide and ultraviolet irradiation intensity. If the decomposition
rate constant is large, the PPCPs concentration decreases rapidly. According to the decomposition rate constant,
chlortetracycline and sulfamethoxazole are expected to be sufficiently removed by UV irradiation only without the addition
of hydrogen peroxide. In the case of carbamazepine, however, very high UV dose was required in the absence of hydrogen
peroxide. Other PPCPs required an appropriate concentration of hydrogen peroxide and ultraviolet irradiation intensity.
The UV dose required to remove 90% of each PPCPs using the degradation rate constant can be calculated according
to the concentration of hydrogen peroxide in each sample. Using this reaction rate, the optimum UV dose and hydrogen
peroxide concentration for achieving the target removal rate can be obtained by the target PPCPs and water properties.
It can be a necessary data to establish design and operating conditions such as UV lamp type, quantity and hydrogen
peroxide concentration depending on the residence time for the most economical operation.
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Table 1. PPCPs in Han River (Ahn, 2016)
No. PPCP Tributary Mainstream
Range (pg/L) Detection Frequency Range (pg/L) Detection Frequency
1 Iopromide 0.032~4.1 20/20 0.005~0.302 30/30
2 Cimetidine N.D~1.961 15/18 N.D~0.078 19/27
3 Lincomycin N.D~1.6 16/20 N.D~0.088 15/30
4 Clarithromycin N.D~1.398 7/8 N.D~0.269 3/12
5 Caffeine 0.014~1.26 20/20 0.005~0.154 30/30
6 Acetylsalicylic Acid N.D~0.448 17/20 N.D~0.159 20/30
7 Naproxen N.D~0.351 15/20 N.D~0.018 5/30
8 Mefenamic Acid N.D~0.348 17/20 N.D~0.028 11/30
9 Acetaminophen N.D~0.347 19/20 N.D~0.033 18/30
10 Oseltamivir N.D~0.341 3/16 N.D~0.016 3/24
11 Atenolol 0.005~0.323 12/12 N.D~0.01 6/18
12 Ibuprofen N.D~0.299 12/18 N.D~0.03 8/27
13 1,7-dimethylxanthine 0.011~0.278 16/16 N.D~0.054 18/24
14 Carbamazepine N.D~0.142 13/16 N.D~0.016 14/24
15 Sulfamethoxazole N.D~0.067 9/20 N.D~0.011 2/30
16 Cefadroxil N.D~0.052 6/20 N.D~0.012 1/30
17 Cephalexin N.D~0.056 2/8 N.D~0.015 3/12
18 Doxycycline N.D~0.023 2/16 N.D~0.018 3/24
19 Chlortetracycline N.D~0.023 1/20 N.D~0.017 3/30
20 Sulfathiazole N.D~0.021 2/20 N.D~0.011 3/30
Table 2. Classification and properties of PPCPs for the advanced oxidation process
Classification Item 825_14 nfl 0254 nnll ka. v kOI:I’E/I
M cm) (mol ein™) (10° cm’mJ™) M's?)
Tetracycline Chlortetracycline 6100 0.03~0.08 2.5~3.0 7.7%x10°
Antibiotics Sulfonamide Sulfamethoxazole 16580 0.0297 2.41 5.56x10°
etc Lincomycin 6850 0.09~1.3 0.05~0.1 8.5x10°
Analgesic Anilide Acetaminophen 8095 1.8 64.09 1.7x10° §
Hypotensive agent Atenolol 300 0.089 0.06 7.1x10° %
Stimulant Caffeine 3920 0.0018 0.03 6.40% 10’ :_
Anticonvulsant Carbamazepine 6070 0.0006 0.02 8.02x10° <
Al(Stimulant), 3}7d HA|(Anticonvulsant) 5.2 E=3} tetracycline ] YA 2 LA ¢lil, sulfamethoxazole
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Table 3. Characteristics of water quality

Parameter Distilled | A WTP B WTP
water water water
pH 6.3 7.7 7.7
Turbidity (NTU) 0.04 0.12 0.30
TOC (mg/L) ND 3.58 9.13
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NO;-N (mg/L) ND 2.0 0.2
2.3 &gl W
& AFolAE Aol 2ol 47 245 CBD

+ Fig. 19 Yep ek EH*P%XE,_]
*lﬂ°ﬂ 30~200 ng/L7} HEE 3%
W3lsl7] 9lske] RAMTHS xg‘_

o
3R
T
of
o |
2
o

>
o orr oo U &

52
rir
2
i)
1o
A
|z
e
>
oo
_c])L
xR
M
Xz

fr
£
N |m
» o
ﬂ
2
1
N
10
AN
=
2
oy
o
il
9#
2
2
s
‘

Fo] a7l Ao
CBD 4|5 &3ttt
UV ZA}E(Intensity)=

1
£
il
Y
rlj
i
2
Y

HEHHH  FoloA

Hatolok alvl, UV 2Al(Dose) ch32] 4oz
A¥al 2= 9lth (US EPA, 2006).

=y

L(1—10 "=

(d+ L)Ays,d In(10) t

Doy =E,P;(1—R)

D = UV £2F (ml/em’)
E, =%t UV Z=(ME 2AF Ao S449)

(mW/cm®)

Pr = Petri Factor(tF¢]3l-2)

R =254 nmo| A &7]-= A4 2] WAl

L = 9= FH4004 asol Eesie) Lol
(cm)

d =gl 7o) (em)

Aoss = 254 nmo||A Q] UV &4

-+
I

Z=FARE (s)

Zy73 9] PPCPs= CHIRONAK1000 ¢g/ml in methanol,
Norway)ol| 4] 1000 pg/L in MeOHZ A| %3t A& At
2351920, HPLC(High Pressure Liquid Chromatography)
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Fig. 1. Schematics of collimated beam device for UV/H,O,
test.
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Table 4. Precursor ion, product ion and collision energy for the determination of pharmaceuticals
Compound Precursor ion (m/z) Product ion (m/z) Collision energy (eV)
Atenolol 267.17 145.1%, 190.1° 27a, 15"
Acetaminophen 152.07 110.1%, 93" 15a, 23"
Lincomycin 407.22 126°, 359.2" 32a, 17
Caffeine 195.09 138.1%, 110 19a, 36"
Chlortetracycline 479.12 444.1°, 462.1° 20a, 15"
Sulfamethoxazole 254.06 92°, 108" 26a, 23"
Carnamazepine 237.1 194.1°, 193.1° 19a, 36"
Naproxen 231.1 185.1%, 115 10a, 57"
a) Quantitation, b) Confirm ion
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Fig. 2. Removal rate of atenolol by UV/H.O, at A WTP.
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3.1.2 Chlortetracycline
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Fig. 4. Removal rate of chlortetracydine by UV/H,O, at A WTP.
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Fig. 5. Removal rate of chlortetracycline by UV/H,O, (10 mg/L).
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Fig. 6. Removal rate of sulfamethoxazole by UV/H,O, at A WTP.
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Fig. 7. Removal rate of sulfamethoxazole by UV/H,O. (10 mg/L).

3.1.4 Lincomycin

Fig. 82 lincomycin®] A|AE&S Ho|F1 Qlod,
St E FQASHA] b AHIA S AAES Al
ol wal thE AT H I 24%2 BlaE ¢ A AL
Helown, 3ibstea B FE 10 mg/LojA X
AALEL oF 85%% EFT} Lincomycin®] A A
82 B9 BETL Z2718HEE UV RAFEO
S7VEE S7Fs =1, lincomycin®] -9~ OH 2f
el et g BEYAL i

F ARIF AAE o] ] ol v d o
os o= FAH5H3aL, HlLA

Ko

4 SERASE A

Removal Rate(%)

0 500 1000 1500 2000
UV Dose(ml/cm?2)

HO,(mg/l) —-0 -m-2 5 =10
Fig. 8. Removal rate of lincomycin by UV/H,O, at A WTP.
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3.1.5 Acetaminophen
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Fig. 10. Removal rate of acetaminophen by UV/H,O, at A WTP.
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3.1.6 Caffeine
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Fig. 12. Removal rate of caffeine by UV/H,O, at A WTP.
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Table 5. Degradation rate constants of PPCPs (x 10™, cm?/m))

H,0,(mg/L) 2 5 10

Water types DW |A WTP|B WTP A WTP/B WTP| DW |A WTPB WTP| DW |A WTP B WTP
Atenolol 252 AN 373 | 318 | 253 | 658 | 6.27 | 5.03
Chlortetracycline 33.04 | 2973 - | 36.33 3203 - | 3821  37.38
Sulfamethoxazole 24.02 | 1950 | 5504 24.22 20.31 [86.77 27.98  22.66
Lincomycin 323 | 256 | 3.50 | 513 | 419 | 7.28 | 9.44 | 7.85
Acetaminophen 699 | 961 | 613 | 871 | 13.17 | 954 | 11.78 | 16.70
Caffeine 0.89 327 |'2585 726" 589 | 511 | 3.95
Carbamazepine 1.84 @ 144 413 387 @ 291 830 | 7.60 | 5.58
Mean 10.22 | 9.24 | 1278 | 12.00 | 11.04 | 15.73 | 15.20 | 14.16
Index 0 5 10 15 | 20 | 25 | 30 | 3 40 | a5 | 50 |66 |
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