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Biodegradation of Synthetic Fragrances in Biological Activated
Carbon (BAC) Process : Biodegradation Kinetic
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Abstract : In this study, The effects of empty bed contact time (EBCT) and water temperature on the biodegradation of 8 synthetic
fragrances (SFs) in biological activated carbon (BAC) process were investigated. Experiments were conducted at two water tem-
peratures (7 and 18°C) and three EBCTs (5, 10 and 15 min). Increasing EBCT and water temperature increased the biodegradation
efficiency of SFs in BAC column. Pentalide and ambrettolide were the highest biodegradation efficiency, but DPMI and ADBI
were the lowest. The kinetic analysis suggested a pseudo-first-order reaction model for biodegradation of 8 SFs at various water
temperatures and EBCTs. The pseudo-first-order biodegradation rate constants (ksis) of 8 SFs ranging from 0.1184~0.6545 min” at
7C to 0.3087~0.9173 min" at 18°C. By increasing the water temperature from 7°C to 18°C, the biodegradation rate constants (kbio)

were increased 1.4~2.6 times.

Key Words : Synthetic Fragrances (SFs), Biological Activated Carbon (BAC) Process, Water Temperature, Empty Bed Contact Time
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g s gFE2I9l OTNE 1£0]H, Sigma-aldrichAHUSA),
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Table 1. Physico-chemical properties of 8 synthetic fragrances

Compounds CASNo. MW, Molecular formula Log Aow
Polycyclic musks

ADBI 13171-00-1 244 4 Ci7H240 66"
AHDI 15323-35-0 244 4 Ci7H240 67"
ATII 68140-48-7 2584  CigHasO 8.1
DPMI 33704-61-9 2063 C14H20 49"
Macrocyclic musks

Ambrettolide 34902-57-3 2384  CisHagOs 55"
Pentalide 106-02-5 2404  CisHogOs 61"
Musk-T 105-95-3 2704  CisHasOo 29"
Other fragrance

OTNE 54464-572 2344  CigHpQ»  56-577

Table 2. Characteristics of influent waters

pH Turbidity DOC Temp
() (NTU) (mg/L) (C)
Influent water ~ 7.5~7.8 003~004 120~134  7-18

Table 3. Biomass and activity of attached bacteria in the BAC

and biofilter
BAC Biofilter
Biomass Activity Biomass Activity
(CFU/g) (mg-C/m?3-hr) (CFU/g) (mg-C/m°>-hr)
1.2x10° 299 54x10° 192
ol A 9] BAC o329} 5Ug S-S flsiAlolH,

N ol

Aol AHE FARFL

hER gl

2.2. BAC 4! biofilter M4 2l 2K

1w Ago] ALSE BAC 9 biofilteri Hghd] A1 e] 2y
EHF400, Calgon, USA) I QIEZIAIO|E(SH QFEEALO]
E)Z AL 8~30 meshz Y57 U+-5 ALA st 1
d 300= A 2]5FE 9] pilot-plantof| A tef 31 A= ARG
Aoz 2743k bed volume2 160,000 A o]t}

BAC®} biofilter®] ojZ 2 AME-Fl 3| Hk= ARERE A
Aol ZAdeti) QHESALo| E o] RLA| vhE|2|ofe] A=k
(biomass)¥} A = (activity) S =% ¢F 212 Table 39 Ye}l
Welck 22 20C 2 2dsto] 797 &A1 & 4%
Aifolr, SHANE 2 SAHHBAC)Y H 7 AE
Ato] E(biofilter)of] HIS A7 221, S e+ 1
£ %A Uet B4R ShEeol oA e] 322} uee
of WA BAES WE Aol7t ALE o 4 e,

BAC Y biofilter HH 9| 24 T & Hujfof 8F
Y BEAES 4% 1000 ngle] FEZ 80 L 79
S|l o] BEQlste] AZH I (MASTER Flex® L/S, Cole-
Parmer, USA)E A&5}10] 3|4 N ZoA 18 mL/minC. 2 &
v Z(distributor) & 0] &3 3 67]19] £18 ol AR (A
2 cm, 2490] 20 cm)©. 2 3 mL/min¥ #5354 EujEEE
shoich 29 o gAdehs Z42F 15, 30, 45 mLA] S35}
EBCT7} 5, 10, 1589] E=2 2435191, 6719 AHE
sk WA o2 skl on, Fig 1o Al2~| 9] 7zfe
e ATE A1 3= 13] A= AASHAL, AAA
= Z47Fe] A9 s e APeE Fgtte] @' ol 50%
A PFEE=E sHlon, 3Al= AASHA stk 29
5o s =2 x4 AFX|(Buchi, Recirculating chiller B-
&3}o] Fig. 13 o] 25 7C9F 18T
T TU7E WSt f2of gt
A
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Distributor I%

TN

Anthracite BAC
Biofilter column

[l

Treated water
sampling port

Influent water
reservior

Water temperature
control system

°] BODH S o] 83le] 3|24 A3 a9} 3 2l TD®} GCO| A x71-& Table4, MS/MSQ] B4 x2S
gl

3
8% Table 50 L}efd) qlct.

Q
[¢)
= AL 7 3to] Al2E 300 mL BODY
o 4 FEHES 27 10,000 ng/Le] =2 Flgh
EFAEP)E 200 mL A F JUFH cocktailS FQs} Table 4. Analytical conditions of the TD and GC
o] TEHFEA HrEllote] Aol mﬂﬂ FLHEFE ™
Shoich) 4 Aopd wEleiole] AFE BAC A¥o 4% ~Pre-purge - 2 min
HoA PR3 JESAE 1 o(&= ak)g Ag]Aed4 20 mL - Besorp?on Igmpe:agurg :2707C
_ N - Desorption time : 10 min
of Fest 2 &} A elstol 12 elelotEe e o
71 3 200 mLO] A|g<4=o] gaje F2}F gbgg|o} Q%{‘Qﬂ% « pre-trap fire purge 1 min, trap low 10°C
2 mL £¢J35t5ch A1E5 300 mL 8582 BODY-S shaking - heating rate : 100C /sec
+ trap high 300°C, trap hold 5 min
Lk X o] %7
incubator (HB201SF, ¥ 2kshell A 201C, 150 rpme} 24 - Split flow (ratio) : 9 mL/min (10 : 1)
S &2 ujeFr|te] M2 Y FEAFEY HEEdeS 2 - Flow path temp. : 180°C
Apah ey GC
- Column: 80 m (L) x 250 uym (ID) x 0.25 um (film thickness)
2.4, 8t S22 xI20| Mz|g| L M - Oven Temp.
- . o + Initial Temp, 60°C, Hold 2 min
8% 9] &/d F=4 -2 PDMS (polydimethylsiloxane)7} 5 - st rate 10°C to 200°C, Hold 10 min
B ¥ 52 bar (L32 mm, SPE4D cartridge, Markes, UK)%} - 2nd rate 10°C to 280°C, Hold 12 min

magnetic stirg A&7} 50{%= 40 mL VOCs £-4-& H}o]
&ofl 37 F¢ste] SBSE (magnetic emotion, 2-mag, Germany) Table 5. Analytical parameters of MS/MS for SFs

2= o]go],oq A A3 WEFFE O} WHFA|ZF S-0F WHFA| ormound AT bre Product
7|HA =59 T4 FEAES FE2(EF)EYL &2 & P (min)  cursor Quantification Confirmation
=2t barL lint-free E]{+E ©]&3lo] &S AAT o DPMI 2068 191  91(40V) 121(20V), 119(30V)
ME FHof Yol thermal desorber (TD-100, Markes, UK) OTNE 2460 191  121(20V) 93(30V)

£ o] gsto] F2tE Jd T FEHES 270ToA 10 ADBI 2568 229  173(10V) 115 (40 V)

2 5% g9AA 10T 2 AHE focusmg trapo]] &} - AHDI 2707 229 171(20V) 173(40V), 156 (40 V)
=04tk F t A gz =2 focusing t -

&A1tk Focusing trap©]| 4] ; &= % focusing trap phenanthrene 0864 188 160(20V) 158 (40V)

L 300CE £2AA SE7F 3 FEAES g2 A GC d10(.S)

Aoz zo5lr}. 859] $HA] SFEAS O] HalS DB-SMS Ambrettolide 2940 238 81(10V) 67 (10V)
(J&W Scientific, USA) A& o] &A2FE GC-MS/MS (7890N, ATIl 2952 215 131(10V) 91(40V)
Agilent, USA/7000 GC MS Triple Quad, Agilent, USA)S pentalide 2970 96 67(20V) 81(20V)
AgBEGl o, 8% A FEAE EAS 9T 7124 musk-T 3360 227 55(30V) 69(20V)
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Fig. 4. Biodegradation of 3 synthetic fragrances according to various EBCTs at 7'C and 18T,
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Fig. 5. Pseudo-first-order reaction plot of 3 synthetic fragrances for various water temperatures and in the BAC and biofilter,

Table 6. Biodegradation rate constants (Aso) and half-lives (ti2) for 8 synthetic fragrances biodegradation at various water temperatures

and BAC materials

Water DPMI ADBI OTNE AHDI ATII Musk-T Ambrettolide  Pentalide
Condition temp. Ay, ti2 Kbio ti2 Kbio ti2 Kbio ti2 Kbio ti2 Kboio ti2 Koio ti2 Kboio ti2
(C) (min™  (min) (min™) (min) (Mi™" (min) (Min")  (Min) (MY (M) (Min")  (min)  (Min™)  (min) (M) (min)

BAG 7 01184 585 02162 321 02355 294 02483 279 03522 197 05006 138 06476 107 06545 106
18 03087 224 05013 138 05742 121 05285 131 06507 107 08023 086 08931 078 09173 076

Biofiter 0.0252 2750 00774 895 00740 936 00897 773 01429 485 02414 287 02787 249 03671 189
00723 959 01330 521 01419 488 01488 466 03713 187 03341 207 05198 133 05601 124

shlck E3, 4 FEAF 8T 50% AAAHI w3t
7)(half-life, tin)E 4] )2 T8+

tyy = 0.693 / kio 2

BACS} biofilter 5452 =20] 7C<} 18T Y wje] 8%
o A FEAREY AEEH S (kio)et W7
(tin)E Table 69 YEMALCE =20] 7CeF 18T Y d, 7}
G2 AEEHAES vEhd DPMIQ 9 BAC ZH
A ki) t120] ZFZF 0.1184 min' T} 5.85 min 2 0.3087
min"' T} 2.24 mino]$) 2, biofilter Z BN A= ki@t 11,0]
Z}7} 0.0252 min' 7} 27.50 min 2 0.0723 min" 7} 9.59 min
ot} S 4L 7T 18T Y u, 8&2] A ?sl:%zle
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