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Abstract : In this study, The effects of empty bed contact time (EBCT) and water temperature on the biodegradation of 8 UV
filters in biological activated carbon (BAC) process were investigated. Experiments were conducted at two water temperatures (7
and 18C) and three EBCTs (5, 10 and 15 min). Increasing EBCT and water temperature increased the biodegradation efficiency
of UV filters in BAC column. EHMC and BZC were the highest biodegradation efficiency, but BP and 4-MBC were the lowest.
The kinetic analysis suggested a first-order reaction model for biodegradation of 8 UV filters at various water temperatures and
EBCTs. The first-order biodegradation rate constants (kvio) of 8 UV filters ranging from 0.2730~0.6365 min” at 7°C to 0.4824~
0.8743 min" at 18°C. By increasing the water temperature from 7°C to 18C, the biodegradation rate constants (kvi,) Were increased
1.5~2.1 times.

Key Words : UV Filters, Biological Activated Carbon (BAC) Process, Biodegradation, Water Temperature, Empty Bed Contact
Time (EBCT)
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Table 1. Physico-chemical properties of 8 UV filters

Table 2. Characteristics of influent waters
pH ()  Turbidity (NTU) DOC (mg/L) Temp (C)
75~78 0.03~0.04 1.20~134 5~25

Influent water

Ao AFEE 8F9 Ao]A AHA|E-L isoamyl benzoate
(IBZ), benzophenone (BP), ethylhexyl salicylate (EHS), homo-
salate (HS), benzophenone-3 (BP-3), 4-methylbenzylidene-
camphor (4-MBC), benzylcinnamate (BZC) % ethylhexyl-
methoxycinnamate (EHMC)=Z Sigma-aldrichA{USA), TCIA}
(Japan) ¥ AccustandardAHUSA)9] A& AM83l4ct 8%
o A& AdAI Sl et = sketA ¢l 54S Table 10
et Aok §Y4= 1= Y4H - pilot-plant] T 9
< Apo] ARl AdA| 855 FUk biofilter2} BAC
2oz fYu= A FHAE 4249 5271 1,000
ng/L7} HEE SRtk & AZeE FUeR AT
olfr= dAl FAolM el BAC x| e}t & &
= SaliAolH, Aol AHgH R (FLE A9
/4= Table 2] LR et

2.2. BAC 4! biofilter A4 2l 2K

2 Aol AH8E BAC ¥ biofilter= A&7 & o] &
AJEH(F400, Calgon, USA) U CQFEEIALO|E(S=+ QFEEMA}
O|E)Z YL 8~30 meshzZ U557} Y5 A4A st
1 300 #2]5+29] pilot-plantof| A thef 319 G &= ARG
Aoz AT bed volumeS 160,000 A = o]t}
BACS} biofilter®] oAz AMgH 3d A= ARG AEHA
A o] ATt orEetalol ] Rak uteelole] AR
(biomass)1} A T (activity) S =43t A2 Table 39] LE}
Yoch #£8 2002 2Hslo] TA 244 F 57
3 AToln], 24 ATE B FHUBAC)S] F97} bE
gl abo] E (biofilter)o]] H]3) WAL 228, TAHEE 168
A% 7 eht AR} ckEeho B oA o] 33t ut

Compounds Abbreviation CAS No, MW, Chemical structure Molecular formula Log Aow
Isoamyl benzoate 1BZ 94-46-2 1922 - Ci12H1602 414
Benzophenone BP 119-61-9 1822 CisH100 32
2-Ethylhexyl salicylate EHS 118-60-5 250.3 ‘gﬁ/\/ Ci1sH2203 5979
Homosalate HS 118-56-9 2623 - CioH2205 6.16°"
Benzophenone-3 BP-3 131-57-7 2282 . ﬁj*@ C14H1203 3797
4-methylbenzylidene-camphor 4-MBC 36861-47-9 254 4 - CigH220 4957
Benzylcinamate BzC 103-41-3 238.3 - C16H1402 -
Ethylhexyl methoxycinnamate EHMC 5466-77-3 2904 . /Q/\)oko/\(\/\ Ci18H2603 5.80°
Benzophenone-d10 (IS) BP-d10 22583-75-1 1923 - C13D100 -

9 Experimental values from database of physico-chemical properties, Syracuse Research Corporation: http://www syrres com/esc/physdemo htm,
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Table 3. Biomass and activity of attached bacteria in the BAC

and biofilter
BAC Biofilter
Biomass Activity Biomass Activity
(CFU/g) (mg-C/m°-hr) (CFU/g) (mg-C/m?®-hr)
12x10° 299 54x10° 192
Bl2fok AAFT} B wo] W Aol7t g & 4 vk

BAC Y biofilter 2 2] £ 3.0 Z 22|40 8%F9] A}
A FAAELS ZH2F 1,000 ng/Le] HE= 80 L &850 3
Aol o] E<l5lo] A2FHZ(MASTER Flex® L/S, Cole-Parmer,
USAVE Aol AL IF mLimine 2 ol
(distributor) 2 ©]%£3F T 670 £4 ofmd AH(ZA 2 cm,
Zo] 20 cm)2 2 3 mL/min ¥ —?.L—‘:—B‘}A] Bl e 2 59
o} A | e 7H7F 15, 30, 45 mL & Z735te] EBCT
7bs, 10, 1550 HER 289w, 6o AYSS ok
AR skl e, Fig. 100 ANEra el Al2gel 7Y
Srs et GAEe # 18 A% AT,
AR e zte] A9 SRe Aes vl B
20] 50% A% WHEER slglom, TAE ANskA ekt
th A4y YR 48 2% A2 (Buchi, Recirculating
chiller B-740, Swiss)Z& ©]-8-3}o] Fig. 13} o] =22 7T
o} 18T 2AGYTL, 428 24 T 7S WEE Lo
of et &7t 7H & AP AAskTh

_19,

ALl Al AFAAI S-S 242} 10,000 ng/Lo] FER FQIg 24
FAEF)E 200 mL A2 & FFH cocktail S 5
2400k dihg|g]ole] AAlo| Q3 g
ek FaodorAl ube|2lobe] A1%-2 BAC 73%494 AN
oA AU BB | g EFHE
_1'5_018]—1 _7}_%&} X‘]F,]o]-OZ‘ l,ﬂ_z} &Eﬂﬂo}gg =
L Fiskqict A El 300 mL &
incubator (HB201SF, ghal}8h) o] /\1 0°C, 150 rpme] 271
o Wizl e Aol AeASe] ARREE %

Apatod e

2.4. X}Q|M RIEHH|Q| MK 2| Y A%

8% 2] 2] Z}HA| = PDMS (polydimethylsiloxane)”| =
2% 52} bar (L 32 mm, SPE-tD cartridge, Markes, UK)2}
magnetic stirs A|&47F E09l= 40 mL VOCs 24§
vlo| o] &4 F¢l3}o] SBSE (magnetic emotion, 2-mag,
Germany) &% & o]@3lo] AAF wub =l wHkAZF &
ob WHEA A o] AN ARAES FEE

At +& F T2 bare lint-free B|7E 0§35t 22 Al
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&3t F2kEo] i A JdAES
B 5ol d9zA|A 10CE A H focusing
trapo]] 2+ - H=A)Z T Focusing trapof| A &2} 55 &

2.3. 3|24 MEE6 A focusing trap 300 C 2 52A|AH 587F AFeJAl AHAE
83-0] ApelHl APEA S B HAES 9151300 mL 2 FHAA GC AYoz FYstgich 850 AolH Au
879 BODY S o]-§3to] 3&4] AHE sasigict 3+ Alo] #42 DB-5MS (J&W Scientific, USA) A3 o] At
Al FERS] AFL 7)2to] AlA = 300 mL BODH o] 8%9] GC/MS-MS (7890N, Agilent, USA/7000 GC MS Triple Quad,
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Table 4. Analytical conditions of the TD and GC
D

- Pre-purge : 2 min

- Desorption temperature : 270C

- Desorption time : 10 min

- Trap setting
- pre-trap fire purge 1 min, trap low 10C
- heating rate : 100°C/sec
- trap high 300°C, trap hold 5 min

- Split flow (ratio) : 9 mL/min (10 : 1)

- Flow path temp, : 180°C

GC
- Column: 60 m (L) x 250 um (ID) x 0.25 um (film thickness)
- Oven Temp,

- Initial Temp. 60°C, Hold 2 min
- 1strate 10°C t0 200C, Hold 10 min
- 2nd rate 10°C to 280°C, Hold 12 min

Table 5. Analytical parameters of MS-MS for UV filters

Compound  RT (min)  Precursor Product
Quantification ~ Confirmation

1BZ 19.320 105 77 (10V) 51 (40 V)
BP-d10(IS) 23.768 110 2 (20 V) 4 (40 V)
BP 23.907 105 7(20V) 1(40V)
EHS 28.698 120 92 (10V) 63 (40 V)
HS 30.971 109 7 (10V) 1(20V)
BP-3 34.065 151 2 (40 V) 5 (20 V)
4-MBC 34641 254 105 (30 V) 106 (20 V)
BzC 35.265 131 103 (10V) 77 (30V)
EHMC 38,952 178 161 (20 V) 133 (20V)

=] o
"‘/'\ﬂle

Agilent, USA)E ARt o1, 852 ApelAd AbekA]
4%t 7]1E2 ¢l TD9} GCo| &A= Table4, MS-MS2)

BAz2AE Table 59 Yel it
3. Zn g ma

3.1. EBCT Hstof| 2 XM XHEHA|F
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1,000 ng/Lo] =& =9lale] BAC W biofiltero| A 2] EBCT
SE~15E] tidt A AES AR O M, 8% 5 EHSS A
A7 o] AR HS€F BZCE A €] 65¢f that BAC ¥
biofilterof| A1 2] AE 3] EALS Fig. 20 e}
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222 BAC 3A A9t H}XW]—X]E BPg© 1, EBCT7} 5
Bolq 15802 Z7M42 A7 &2 63.3%~87.1%2 1t
Eputch E3h 7Y w2 AAES veEhd 532 EHMC2t
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99.6% = 96.6%~99.7%= UFEFFTE
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Fig. 2. Biodegradation of 6 UV filters according to various EBCTs at 18T,
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Fig. 3. Biodegradation of 3 UV filters using batch test (temp. :
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Fig. 5. Pseudo-first-order reaction plot of 3 UV filters for various water temperatures and in the BAC and biofilter,

Table 6. Biodegradation rate constants (A,) and half-lives (ti2) for 8 UV filters biodegradation at various water temperatures and

BAC materials

Water BP EHS EHMC IBZ HS BP-3 4-MBC BzZC
Condition temp.  Ag, tiye Kbio tiye Kbio tipe Kbio tie Kbio tie Kbio ti2 Kbio tiy Kbio ti2
(C)  (min™ (min) (Min™) (min) Min") (Min) (M) Min) (MY Min) (Min") (M) (M) (mMin) (M) (min)
BAG 7 02730 254 03918 177 06365 109 04063 171 03726 186 05457 127 02887 240 05897 1.16
18 04824 144 07274 095 07340 094 07515 092 07517 092 08013 086 06170 112 08743 0.79
Sofiter 00732 947 02281 304 04626 150 01677 413 02158 321 03777 183 01002 692 03911 177
0.1638 423 04516 153 07042 098 03262 212 03838 181 06504 107 02026 342 06727 103
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