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Synthetic Musk Compounds Removal Using Biological Activated
Carbon Process in Drinking Water Treatment
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Abstract : In this study, The effects of three different biological activated carbon (BAC) materials (each coal, coconut and wood
based activated carbons) and anthracite, empty bed contact time (EBCT) and water temperature on the removal of MK, HHCB and
AHTN in BAC filters were investigated. Experiments were conducted at three water temperatures (5, 15 and 25C) and four EBCTs
(5, 10, 15 and 20 min). The results indicated that coal based BAC retained more attached bacterial biomass on the surface of the
activated carbon than the other BAC, increasing EBCT or increasing water temperature increased the synthetic musk compounds
(SMCs) removal in BAC columns. The kinetic analysis suggested a first-order reaction model for MK, HHCB and AHTN removal
at various water temperatures (5, 15 and 25°C). The pseudo-first-order biodegradation rate constants and half-lives were also calculated
for MK, HHCB and AHTN removal at 5, 15 and 25C. The pseudo-first-order biodegradation rate constants and half-lives of MK,
HHCB and AHTN ranging from 0.0082 min" to 0.4452 min" and from 1.56 min to 84.51 min could be used to assist water utilities
in designing and operating BAC filters for SMCs removal.

Key Words : Synthetic Musk Compounds, Biological Activated Carbon, Biodegradation, Water Temperature, EBCT, Biodegradation
Rate Constant, Half Life
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dinitro-tert-butylbenzene), musk moskene (MM; 1,1,3,3,5-
pentamethyl-4,6-dinitroindan), musk NN, musk xylene (MX;
2,4,6-trinitro-1,3-dimethyl-5-tert-butylbenzene) S| glom,”
t}3t ARgFHo+= HHCB (1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-
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3,4,4,6-hexamethyl-1,2,3,4-tetrahydronaphthalene), ADBI (4-
acetyl-1,1-dimethyl-6-tert-butyl-indane), AHMI (6-acetyl-1,1,2,3,
3,5-hexamethylindane), ATII (5-acetyl-1,1,2,6-tetramethyl-3-
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a2} skl en], BAC 349 ago % A=+
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= tﬂﬂoﬂ £ HHCB, AHTN % MKof tfgt Aialls2 A

3l & =AR(Biodegradation Rate Constant, Kpiodep) = 3
fofol B oI5 EUE0| BAC TH0= $0E A% A4
o] BRHY SGL 3 )% 422 BESFIA FH9c

78 el ¥eE Agshs e A4A g pi-
lot-plantJ —?—i—ﬁ— Z 2] 49| Dr. ErenstoferAH(Germany)2]
standard& HHCB, AHTN 2! MKZE F<¢J3lo] §Yd=+= Z¢
7}o] HHCB, AHTN @ MK®] %%=7} | pg/L7} 5= 3
Wk FOE AeUSE FUSR AT olFE AA| J5
o] BAC oJ1HA] 24T} FUsHA| 7] lsliAlolm, A
ol AgE FoE Aejo] 54 Table 10 YRGS
Fox Eolkrl |5 mgLE 1Al A3l

§A49) 428 2% AX|(Buchi, Recirculating chiller
B-740, Swiss)& ©]-&3}o] 5~25C 2 ZAslo] A3}t
Eal, Aol A AT AFBASe| Bl - shsta B4
2 Table 20 Uelfgl o, AHTNY} HHCB: Log K, 3F©]
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Table 1, Characteristics of BAC influent water

(Biological Activated Carbon, BAC) FA oA 2] 2F AlSFE
A5 AA BAS A7 giskel 37k A8 A, tom P Temp. Tubdly  DOC
oA W HEb AR5 ekl erEetjolEE o] ga} o___© 0 (mob)
o] B4t AR M BAC TAT OFEIALO|EZ 0|83t bio- BAC influent water 70~73 5~25 0.04~005 124~145
Table 2, Physico-chemical properties of synthetic musk fragrances used in this study
Compounds Trade name CAS No. MW, Chemical structure Molecular formula Log Aow
O:N NO>
Musk ketone - 81-14-1 2943 C14H15N205 21 1
[0]
CHs
HiC CHs
AHTN Tonalide™ 1506-02-1 258.4 © CigH260 5.7%
HsC CHs
HsC’ CHs
CHs CHs
. Ha
HHCB Galaxolide™ 1222-05-5 258 4 Ho CigHz60 59%
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222 91F MBS FAal U AP
A& 200 mLE 500 mL 8-52] Holo]fof B Xs}e] inter-
nal STD?! musk xylene-d;5s 40 ng= spikingdt $ dichloro-
methane (DCM) 100 mLE FYste] 1087F F&313, 5
0] 2 & dichloromethane §W|&S £33 UESE
S BB G5 o] 228 AAsATE o] A DCM
FZo] Tt A|&E5 200 mLof| n-hexane 100 mLE F)5}+o]
oh 1087 55 F 2434 HES 38 E3AA )
S W 22 AASHIH 0] Al#%¥ DCM#} n-hexane
$U1E 250 mL §2F| Zymark S| Felote] AasE
7](Turbo Vap II, Zymark, USA)E ARE-3}o] 557
very STDQI phenanathrene-djo 20 ngS %5l 2% volume
S 100 pLE 3¢k
Q1 AMBFEZ o] BAlS GC/MSD (6890N, Agilent, USA/
5973N, Agilent, USA)& 2A45t9lon, GC AHL DB-5MS
(J&W Scientific, USA)E A3}t Q15 AFFEZ FEA4of

=2 T«

AR GC/MSDE| 24 271E Table 3o bl lcth
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Treated
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Musk Water temp.

Fig. 1. Schematic diagram of continuous adsorption column,

solution basin Control system

CHEtErA S St3|R| | #1342 H|32] 20124 38

, 197



198 ,

KRS TR O
HES - 2315 -

Table 3, Analytical conditions of the GC/MSD

GC

- Column: 80 m (L) x 0.32 mm (ID) x 0.25 um (film thickness)

- Oven Temp_: Initial Temp, 50C, Hold 1.5 min,

- 1st rate 10°C to 1507C, 2nd rate 2°C to 190°C, 3rd rate
25T to 290TC

- Injection volume: 2 uL (splitess mode)

- Gas flow: 1.0 mL/min.

MSD
- SIM mode (Selected ion)
nitro-musks: MK (279, 294)
polycylic-musks: AHTN (243, 258), HHCB (243, 258, 213)

o

e 9 QFEZPALO|E biofiltero] F-2Hel F<
Alat-2] YA =H(biomass)->- 42—4 =T} QFETRALO]
S5 1 g2 QR - AFXAIZ] & 37 kHz, 190 W= 35
oF i%ﬁ]- % 2](DHA1000, Branson, U.S.A.)3}¢] Ao+
% R2A agar(Difco) F¥Hlz|o] A& 1 mLE T
2 §4*—1 Egt 3 25T k7oAl 257k vleksto] &

%% 1 g colony P4 A= EASHGCET
A|52] B4 = (activity)= *H-thymidine©] DNA®] &5
L Axg TaAct? WA YESAeT) tEAE &
FTH 1 g& 237 AYsto] Alits 2EAIXl AlZ 2 mLoj
200 nM [methyl-"H] thymidine &%(specific activity: 40~50
Ci/mmol) 1 mL%} 200 nM cold thymidine £ 1 mLE 3
7ket & wyk viF7|of A in situ 21 0= 4AI7F v eFst Qi)
ATP 8925 g/L) 100 uL2} 1 N NaOH 2 mLE #H7}5}9]
100 CoflA 1417k 5%t 7Hdsto] DNAE 53 & 34 93
Z}A[7]3L 3,000 rpmofl A 1027 A4 Ee kit e 1
mLoj| ice-cold 10% trichloroacetic acid 5 mLE #7}s}o] Hb
o= TEAZIAL 152 F= PZAIZ] 0.2 pm WEQ &
B2 ofw}atsich. of o)A vialo] W3 A2AT F ethyl
acetate 1 mL2} 10 mL 9] scintillation cocktail (Aquasol-2,
Packard Co.)& F3}4 liquid scintillation analyzer (HP,
2500 TR/AB, US.A)2 HHAMIEES =451t} o]zl DPM
(disintergrate per minute) 35 ZXE] Parsons 500 2J8} 4]
& 0]83}9] incorporation’® thymidine®] & AAkstadrt”

3. Znp o pEt
3.1. EBCT H310fl I}2 QI A2 E M5l EX
42 15C 9] 8§94 MK, HHCB 4! 2
Lo =2 Eolalo] BAC e A 1l orEgalo]E
biofiltero] 4] 2] EBCT 5~20%-0] s+ MK, HHCB 2 AHTN
o) g 2AF AL Fig. 20] Uehyolc,
BAC EAJel A2 4l otEZ}r}o| E biofiltero]| A EBCT
w0l T2 MK, HHCB @ AHTNe] ot 44482 7o
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“[ Hﬂmﬁ Hﬂl_lm |_||_||—|

10F = = = 3

MK, CIC,

08 _ 4

0.6 — — -
04

=1 1000 o WA 3

10F — ) — T E

HHCB, C/C,

0.8 |- —

0.6 |- . B

<o 00 L

0 5 10 15 20 0 5 10 15 20 0 5 10 15 20 0 5 10 15 20
Coal-BAC Wood-BAC Coco.-BAC Anth.-Biofilter
EBCT (min)
Fig. 2, Biodegradation of MK, HHCB and AHTN according to
various EBCTs and BAC materials at 15C.

AHTN, C/C,

FAFSEA UrERaL Qlth MK O] 7, A gHA|(coal) A)E 9
BAC®]419] EBCT 5~204°f thgt A AES 73~96% = L1E}
oL, %?_‘rﬁ](wood) OoFx}A|(coconut) L QFEEFALO| E biofilter
o] AL Z17F 68~91%, 62~84% D 32~55%= L}EL}; 4]
A AF o] BACTF 2%t A AlAE o)A 7 9
4317 Lhebit, QHERHAIOl biofilers] 49 12 A
©] BAC Mrh whe 2 A48S UEhfgich HHCB 79
AR, e, oFxA) A 2] BAC % SHEZALOIE bio-
filtero 41¢] EBCT 5~208-0]] tgt A|7&2] ok zk2} 54~
80%, 49~73%, 42~66% X 23~40%= et T3 AHTN
o A% 4uA, ZEA, ofiA Aol BAC 9 gheha)
o] E biofilterof| 4] 2] EBCT 5~20—‘$‘—0ﬂ o3t AAL2 Hil=
Z¥Z} 45~73%, 39~66%, 33~58% 2 17~33%= LEFGTE Al
ol ARGE A3 ARFEE 350 T’H?} o] AE e BAC ¥
QFEEIALO] E biofilterof A o] A-Edlls B7F Aatol|lA 7H
HEREE golat BAE MKE Lehg s, the.0 3 HHCB
o} AHTN <o 2 ZALEQITh ESH o]& &34 3328 BAC
FEFolA o AAGo] 53] & ALE YEhal Qlth

BAC 4359 Z9L sh3io] uls) §24k4 W BAC ¥
A ereiolgel A AfloR FEAL 714 Baol 5
%7} 7] wiel 3 we|elolSe) HAY B BHES} F

Zol} 815 Hot 9%53] &k sX9k AHTNZ} HHCBO]
7% Log Kow gt0] 573} 5,98 7] HiEL Qlo] BE
ol Hrhe F2be o5 A|AVE Bol SAEE dHA
QATE? 5} - wl A2l ggolAe] AT ARFEEY] B2 5
e 2AFE Lee S-9] A A7) 4] HHCB, AHTN 2 MK
o] 3% *“%om A 2]5 o A1) AAE] 53~56% Frw
©u], HHCB2} AHTN®] Z 9= A AH o] 50%
o]Ato] %mégx] Qo] B& - A AW Aow e}
*gg—rOH(blodegradatlon) @yl ofja} AYEE 2K biosorption)
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Fig. 3. MK, HHCB and AHTN removals according to various
water temperatures and EBCTs in the coal-based BAC
and anthracite-biofilter,

o2 Yehtar Qi MK9| 9= 5T o A&A BACe|
Al EBCT7} 5&, 10, 158 4 208 wjo] AHEs)go] z
7} 34.9%, 44.3%, 52.0% 2 59.3%= L}ERGI, StERIAO|E
biofilter®] - EBCT7} 55, 10&, 158 2 20584 wje
AES]go] 2+ 13.6%, 20.4%, 28.0% L 34.9%= LERLL
BAC 34 Hrt} @2 AAES B B3 25 15C ¥
25T 2 Z7FA7] 2% AebA BACS} QHE gt }o| E biofilter
ol A9} EBCT 5~208< uff MK AJR3)&-2 15T H¢ 7
7} 72.7~96.3% = 31.5~55.3%% UERG oM, 25T 2] A=
247} 89.6~100% 9 48.9~66.5%= L}Ebyttt. ®3H, HHCB
o] A= 0] 5THY o AeA BACS} SFETHAIOIE
biofiltero 4] EBCT7} 55, 104, 158 2 2059 wjjo] A5
e ZHzt 18.6%St 8.0%, 27.4%2} 13.1%, 34.5%%} 16.9
% 2 41.7%2} 20.0%= e E3E 420] 15T 9 25
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A2 5T, 15T 2 25T =204 EBCT 5~205-< o] AHTN
o] AEFLLO 77} 12.9~34.7%, 44.9~72.9% L 69.7~92.6%
2 Vel o, etEgtalo] E biofilterd] A= 747} 4.8~
15.0%, 16.5~32.6% I 25.3~433%= e}t AHHo=
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7hslANE F At 2204 EBCT7F S7He A= &
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20| Q15 AFFF 359 Aislol nAle duke] v 2
o2 eyttt
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R A 2 ol

CHEtErA S St3|R| | #1342 H|32] 20124 38

, 199



200 ,

KRB TR L
4

HES - 2815 -

Table 4, Biomass and activity of attached bacteria in the various BAC and anthracite biofilter

Coal-BAC Wood-BAC Coconut-BAC Anth -Biofilter
Water temp., Biomass Activity Biomass Activity Biomass Activity Biomass Activity
(CFU/g)  (mgC/m®-hr)  (CFU/g)  (mgC/m’-hr)  (CFU/Q)  (mgC/m’-hn)  (CFU/9)  (mgC/m® - hr)
5C 1.8x10" 1.85 1.7x10 1,53 15x10" 1.50 41x10° 1.02
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Fig. 4, Pseudo-first-order biodegradation plot of MK, HHCB and
AHTN for various water temperature at 5, 15, 25T in
the various BAC filters and anthracite-biofilter
(@ MK, (b) HHCB, (c) AHTN
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Table 5. Pseudo-first-order biodegradation rate constants and half-lives for MK, HHCB and AHTN at various water temperature in

the various BAC filters and anthracite-biofilter

" MK HHCB AHTN
Condition Water temp. (C) — - — - — -
Kbiodeg (MIN™") t1/2 (Min) Kbiodeg (MIN"") t12 (Min) Kbiodeg (MiN™) t12 (Min)
5 0.0480 14,44 0.0271 2557 0.0208 33.12
Coal-BAC 15 0.2245 307 0.1004 6.90 0.0749 925
25 0.4452 156 0.2358 294 0.01847 3.75
5 0.0397 17.46 0.0214 32.38 0.0170 40.76
Wood-BAC 15 0.1780 3.89 0.0785 8.83 0.0606 11.44
25 0.3462 2.00 0.1698 408 0.01329 5.21
5 0.0340 20.38 0.0165 4200 0.0123 56.34
Coconut-BAC 15 0.1341 517 0.0611 11.34 0.0496 1397
25 0.2196 3.16 0.1023 6.77 0.0818 847
5 0.0212 32.69 0.0112 61.88 0.0082 84 51
Anth -Biofilter 15 0.0428 16,19 0.0264 2625 0.0203 3414
25 0.0654 10.60 0.0405 1711 0.0296 2341
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Fig. 5. Pseudo-first-order biodegradation rate constants (Abiodeg)
of synthetic musks 3 species for 15C in the coal-based
BAC and anthracite-biofilter,
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