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Removal Characteristics of Synthetic Musk Compounds
in Water by Ozone Treatment
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Abstract : In this study, three different synthetic musk compounds (SMCs) in the Nakdong river water (raw water) and rapid sand
filtered water were treated by Os process. The experimental results showed that the removal efficiency of musk ketone (MK) was
lower than removal efficiency of AHTN (7-acetyl-1,1,3,4,4,6-hexamethyl-1,2,3,4-tetrahydronaphthalene) and HHCB (1,3.4,6,7,8-hexa-
hydro-4,6,6,7,8,8-hexamethylcyclopenta[c]-2-benzopyran) for both the raw water and the rapid sand filtered water. And in general,
the removal efficiencies of three SMCs in the raw water were lower than that in the sand filtered water. Under the O; dose of 0.5~
10.0 mg/L, the removal rate constants (k) of three SMCs for the raw and sand filtered waters increased rapidly with the increased
O3 dose. In the case of drinking water treatment plants (DWTPs) which were selected pre- and post-O3 processes (located in the
downstream of Nakdong River), operation conditions of pre- and post-Os process were 0.5~2.0 mg-Os/L (2~4 min) and 0.5~2.5
mg-O3/L (6~8 min). Therefore, O3 doses and contact times of same conditions with above were very difficult to remove SMCs in

DWTPs.
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Table 1, Physico-chemical chemical properties of the nitro and polycyclic musks used in this study

Compounds Trade name CAS No, MW, Chemical structure Molecular formula Log Kow
Nitro musks
O,N NO,
Musk ketone - 81-14-1 2043 CiaH18N20s 43"
o
Polycyclic musks
CH,
HyC. CH,
AHTN Tonalide® 1506-02-1 2584 ° C1gH260 57"
HyC CHy
HyC CHy
CH, CHs
@ HC
HHCB Galaxolide™ 1222-05-5 258 4 HC CigH260 59"

O

137.2 ng/L & N.D.~562.7 ng/L2] 4| %
A2ty washe,

2 B4R e] Bopol Al 847|140 R old) o
3 9714 UL AEATo| ol ot e Ao
oM AEEo] ApAe] BN o5 A% et AT
Fo] ol o]Folx: ek SMCset 22§74 u)%
2 GBATE SR-WA-oluet 2 7% A5HE B
Aol AA%Go] ot W] W] oEu e e Akt
9 A ABAE ol §3 Ast ol AE: gek
©Fe HAGF 3 AW OH trize] o3 71
gl o3l 2ol 4714 VR PRAES AnpHoR

A ASHA R pH, &Z2]x= 9 4=52] Natural Organic Matter
(NOM) E43} 22 §el40] 4] weh skahigol e
Aol vehdc}.'”

2 AFolA= HeH A9 skl AR A

s
fu

LolE o] Q)= HHCB, AHTN 2 MKo| o8] && -
A o] gdl] Moz W T oE THA M AARES T
ofetaA}t Y7t w4t J4 AT A28 o] &3}
o & ek U AFZAME AAEALT A 52T
2 W7HE 5ot A 99 7|zAm 2 E-8-5tax} 5t
Ak

P .
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2.1 Alo-leE

21.1. BESH H NES =X

Aol A€ SMCs % e gk AFFFQl musk ke-
tone (MK) 123} t}3} A}8kE¢] AHTNT} HHCB 228 ¢
9] Dr. EhrenstorferAlofA] F£¢]3te] B4 2 o =X = A3
o] A}-&35}%.© 1, internal standard®} recovery standard 2=
musk xylene (MX)-dis¥} phenanathrene-dio2 Dr. Ehrens-
torferAbell A FFufslo] Ao ARSI Alms Fof 3

H AF AR & AHSE 89i= HPLCE 539 dichl-
oromethane (Merck)} n-hexane (Merck)2 AME5tE o, F
$3FAF L E H(anhydrous sodium sulfate, Merck)-2 A8-3}7]
Zofl 450 C oA ] 2f(baking) gt 5 Ao ARE-SHATH

ANaae 95 Ao fa(raw water) @} 1 2] 4
£ AsA 2lshe pilot-plant®] < B o3} 2] 2] <(rapid
sand filtered water)o]| ¥&3}A}eFH <21 musk ketone (MK) 13
I} g Aol AHTN 9 HHCB 22 Z+Z) 1,000 ng/L
o 5 Rlslo] SEUE ABE Stk 27] BB
2 1,000 ng/LE AAEE 0] 9 WE7F 2oA|o]| A SMCs B
AL 2ARE Al 579 A7 ATl A HHCB7L 2| 1445.4
ng/Lo] == HEH Ao=® Husta §lo] MK, AHTN %
HHCB 3% 7}7+e] 27]% 22 1,000 ng/LE dho] 23649
o, Agol AHEE vlel et 34 maoln Aeise] A4
<= Table 20f] UERSITE

Table 2, Characteristics of raw- and rapid sand filtered water

ltem HE) DOC  UV-254 Turbidity Alkalinity
i (mg/l) (em™)  (NTU)  (mg/L CaCQs)
raw water 76 302 00583 124 58
sand filtered 162 00221 02 .
water
212 LEHMEX

2.
Aol AE o PHxe] BARS Fig 10 ek
L g3o] of2d AU ARSE AL
22 A&A O F FH8= semi-batch Aot HE2XRE
o]

150 cmo] ], 7] - o] HEWEY] HE2

[¢]

c

o r
=< TR R

OP-rOﬂ diffuserE A3} Z2QUHE= o2
2 AR, dF tube 4] W 0 239
25 1#3le] AgE tubeE ARSI T o= WA=
0zZAT® CFS-1A(Ozonia, Switzerland)E ©]-&3}9 o, @&
Eers 437 flste] 2% “YE(PCI Ozone & Con-
trol System Inc., US.A)E A X3}t
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Fig. 1, Schematic diagram of ozone contactor
2.2 MEuy
221, 2F HEMH
2F HEZ 2027 skl en, Awa 10 L°ﬂ 0.025~
0.5 mg/L-min®. & 20827t @& Fstg o, 20871 &

=0
EX)
AH =L 747 5~100 mgl. 2 FUH 2F _Lg_ 2 3L
3l 0.5~10 mg/Lolth E3H A48t A|Bfl 20 a2
225 AASH] Y30 NaS;03 (Junsei Chemical, Japan)E
o|g 3ol ARLEL TAT F BAd Agiect

2.2.2. QAZAISH2 R MR 2| U BA

A2 200 mLE 500 mL §-2Fo] Holo] Eoj B zto] in-

) 1 T Ll T ) L 1 Ll 1 1 ) Ll T Ll
1.0 | 1| - .
0.8 | 4 4 -
=~ o6} 4 4 -
~ O, dosage (mgl/L)
o -0 05
o —0— 1.0
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Table 3, Analytical conditions of the GC/MSD®'®

GC
- Column: 30 m (L) x 0,32 mm (ID) x 0,25 um (film thickness)
- Oven Temp.: Initial Temp, 50°C, Hold 1.5 min,
-1strate 10C to 150°C, 2nd rate 2°C to 190°C, 3rd rate 25T to
290°C
- Injection volume: 2 uL (splitless 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)

ternal STDQ] musk xylene-dis 40 ng2 spikingdt & dichl-
oromethane (DCM) 100 mLE F¢3lo] 1087F 253101,
"O] L & dichloromethane €152 T34 UEF

2 BINA 8013 o] 528 Akt olo]4 DCM
FZ0] T AJES 200 mLoj| n-hexane 100 mLE F¢3}
of ThAl 1087 233  RERA HES 22 S
g2 o] 28 AASA F20l AAE DM -
hexane S| & 250 mL &3 9] Zymark %Z3o) ¢35}
Z‘-g‘_/n\_lg?Tﬂ(Turbo Vap II, Zymark, USA)E Ag5lo] 53t
3 recovery STD?I phenanathrene-dlo 20 ng& FYste] FF
volumeg 100 pL= St A& AMFEZR S B2 GC/
MSD (6890 N, Agilent, USA/5973 N, Agilent, USA)2 H4]
stglom, GC AP HP-5MS (Agilent, USA)E AM8-31%1
ok Q1 AFFEA 240 AHEE GCMSDE] E42dE&
Table 3] LEFH ATt

01>v 4>«

0% EYEE U 0F HEANE Aol Afoj: Fo
ASAFFEZ 350l gt AA 58S Fig. 20 vrebui ik
| 1 1 1 1 1 1 1 1 1 ] 1 1 1 1
1.0 H I 1F .
08 [ 1l 1t :
T 06} I 1F .
o
8 O, dosage (mg/L)
04} —O— 05 1L AL a
- —— 1.0
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02} 4 4F -
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(b) Sand filtered water

Fig. 2. Variations of relative residual concentration of three SMCs under various ozone dosage in raw water and rapid sand filtered water

(Initial concentration: 1,000 ng/L)
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Fig. 20014 & 4= Ql5zo] ¥p(Fig. 2() 2 w5 Abodak A 2]
(Fig.2(b)) HF 2& FYs 9 & HEHA|Tto] 714
£ AAEC] HRH R FTIeHe AEFS vEddlen, o
2ol vlsf) A Rb=o] 9Tt U oFE FYFEolA A
stofl gt A|AEo] t] A YeEtwtth £33 SMCs 35%
HHCB7} @20 o3| 714 w2 £ols-2 vepdislon, o
20 AHTNI} MKZ Uepygth

Y=o A HHCBO| @.E4kst 545 Yehd Fig. 2(a)E5 =
M, & E9% %7} 10.0 mg/L (0.5 mg/L-min)d o 559]
FEAZNA 11%9] AAES L, 1082, 155 2 208
NA] AALS ZF2F 35%, 50% U 55%= ZF7FE It ®
3, @2 E9% % 0.5 mg/L (0.025 mg/L-min)of| A= 7%(L
ERHE 208)9 AAES YA F9sE7t 1.0 mg/L
(0.05 mg/L-min), 2.0, 5.0 2 10.0 mg/Lo.2 F71&+E A
AL(LERZE 2058)2 ZH7F 14, 26, 40% D 55%= 2718t
St AHTNO| 904 10.0 mg/Lo] @& FYUA] HEHA|
ZF 52050014 AAES 15~46%% 01, @& FFk 0.5~
10.0 mg/LofA] AAE(LEGE 204)2 6~46%= LEFTE
E3E MKO] 79, 10.0 mg/Lo] ©& FYFroA HZAIRE
o] 5504 20202 ZoJARE AALE 10~25%= ST
A3, 22 BEQJQ% =7} 0.5 mg/LoA 10.0 mg/LE Z7a<
5 AAS(LELSF 208)2 2-25%= F7H83ich

T4 ATt Al Fo] AFAFER] AAELS U
Bt Fig.2(b)E HH o2& JEAT o0& FQs® 0
A A FFE A4(Fig. 2(a) ol A1€F fFARSHAl Lrehtar glovt
AAEL Aol Bt G4 Atolah AEjgollA o =4 U
Eftb= 1S & 4 9tk HHCBY A9, 2& FY%E 100
mg/LojJA] 5~20422] EHF o= A|AEo] 47~719%% A
o] 11~55%°] BI3| A|7AE0] 24~36% A= Asstgon E
3, 2% %7} 0.5 mgL~10.0 mgLE 271805 A&
12~79%2 AF53te] Y95:9] 7~55% K} 5~24% A= Ab
5}tk AHTNT MK 2] 790l ] 7]-&-0] 35~69%, 20~39%

0O, dosage (mg/L)

(¢]
m]
A 20
v
<&

In CIC, (-)

(a) MK (b) AHTN (c) HHCB

0.1 1 L 1 L 1 1 L 1 L 1 1 L 1 L 1

0 5 101520 0 5 10 1520 0 5 10 15 20

Contact time (min)
(a) Raw water

2 Y429] 15-46%, 10~25% R} A|AL0] 20~23%, 10~14%
A Aestg o, E3t E5 %=} 0.5 mg/L~10.0 mg/L
2 7S AAEY B 9~69%, 3~39%= “F5ste] o
229] 4-~46%, 2~25% HT} A ALO] 3~23%, 1~14% A= A
Ealri=g

Aol vls] F& Aboat AE|g=o 4 2] SMCs 35| &=
of &gt AAE] EA ez 22 Aol gl T A
o} Ao TirE eE AujEAEY Ffo] A
TR LE— S = S AXEA FAs7] w7l
1, Table 204 & = Ql%0] oA HEHQ &2 4]
E421 DOCS} UV-2549] 739 =7} F4; Hafjolat A g
ol vl 2vf o)A w2 AS & = ck E3hL SMCs 3%
2o A HHCB} AHTNO] 8|3 MK 9% A131A] 7] 89|
W2 ol f 2= MKO WS argjo] A 9l nitro7]of
O3] SErEl= Aol (steric hindrance) & I}of oJoF A1}
2 Janzen & ®13l1 Qi) w3l Janzen EYC o
Absto] ]3] AHTN K.t HHCBo| A &3l== A o=
Hskal glo] & Aol fArgt AakE Yeby it E3,
Westerhoff =9] 70| A= MK2} HHCB2] &% Alsla
&5 vlugk 43k, MK 79 oEof ofaf Bt 22%2] A
A&S YErd B, HHCBO| 9= Bt AA&0] 80%
AE& el HHCB7F MK Rt} 2o o5t A &) ¢
53] B2 A0 Rustr) Snyder 59 Aol A= o}
Feh @ EA 7 2704 MK HHCBS] & AAEES
ZARSE Aah MKO] 29 18~36% A% A A% ®H HHCB
= 58~85% J =9 AAEE YEFW o] HHCBO| A|AH&0]
MK H]a 953] vt Busta glo] B AxAe} &
AFSHAl LFERRTE

0 of

3.2. SMCs 3& 2| At3} St Wt
2= FEATbo| W2 SMCs 3%9] In C/Cy7} Fig. 3¢ 4]
& 4= 9l%o0] $AF AaPHe(pseudo-first order rate) & LFERL}

10° F =

O, dosage (mg/L) 1
0.5
1.0
20
5.0
10.0

InCIC, (-)

o4 >OO

(a) MK (b) AHTN

(c) HHCB

ST S T TR S | TP NP T B | TP NP TP B |
0 5 101520 0 5 10 15 20 0 5 10 15 20

Contact time (min)
(b) Sand filtered water

Fig. 3. Pseudo-first order reaction plot of three SMCs under various ozone dosage in raw water and sand filtered water (initial con-

centration: 1,000 ng/L).
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Table 4, Pseudo-first-order reaction rate constants (k) and half-lives (ti2) for 3 SMCs degradation for various ozone dosage in raw

water and rapid sand filtered water

MK AHTN HHCB
Og dosage raw sand filtered raw sand filtered raw sand filtered
(mg/L) k ti2 k tise k i k tie k tiy k iy

(min™) (min) (min™) (min) (min™) (min) (min™) (min) (min™) (min) (min™) (min)
05 0.0010 693.0 0.0014 4950 0.0028 2475 0.0045 1540 0.0035 198.0 0.0072 96.3
1.0 0.0029 2390 0.0043 1612 0.0060 1155 0.0091 76.2 0.0076 912 0.0131 529
20 0.0056 123.8 0.0082 845 0.0122 56.8 0.0180 38.5 0.0160 433 0.0235 295
50 0.0102 674 0.0159 436 0.0189 36.7 0.0343 202 0.0270 257 0.0491 141
10,0 0.0144 481 0.0254 273 0.0336 206 0.0628 110 0.0422 16.4 0.0902 77

il gleo] et g Befjolaf A2lpo M) &F FolsE
A7 SEAHBE A (D2 A5k

C/Co = exp(-k * t) (D

7|4 AHFRE CHRSAIE & 559 Co(2715%)7t &
< (C=Cp)<] grolB= 109, k= AA &4, t= 5
SAZHmin)o]t}. 4] (1) o]gsto] o] APz =&
H AaE IARAGA AA S kS ek B35
50% A AAA Q] Bz (halflife, t2)E 4] (2)2 Lal9o
Table 40| Z-zte] & Astz 710 A2 AAH KXkt
SRt E Y QAT

tir = 0.693/k 2

o2 BQlsE SMCs 350 Hd A7 LEAke
S 7)(tin)E UERd Table4E EH, 4204 MK, AHIN
3 HHCB A7 $EASRE 0F EYBEt 05100
mg/L2 Z718+E MK7} 0.0010~0.0144 min'l, AHTNO]
0.0028~0.0336 min™' 21 HHCB~”} 0.0035~0.0422 min' ©.2
F43) F75He AS & 4 Ytk B3 Afugol A E ©
2 R%wo] F7bo) wet AA SEAGER7E STk A
o7 Eht 94olAe SARE Age melth

2710] o JREg ZAolA W72 S ek Table
45 B, MK, AHTN 4 HHCB HEFoA &9 B
b 27K w7t B35 Fasielon], den
o Aolahaold B AL WS AR Aow ek
ok MK9] 4%, 92 R%E 10.0 mg/LolA 44|
HIZI7) 48,1591 Wb 345 Afolat X el A 27,35
o7 et 0& Amgdo] 7] T B4 Aola Hel
427} Q4o u]a) 188 HE FolEl Ao Egto
AHTNZ} HHCBO| A= z+z} 1.94), 2.18) A% 7HAast= A
B e

6. 2=
9F NBFHL ol gBtol Y US L F& Aol 4

1) 2 B35 w2 SMCs 352 AAELS Aue
A3}, HHCB7} 714 =9kal, theo 2 AHTNI MK

O & Ueen, 0.5~10 mg/Lo] ©& FQlFEol4 MK
O] A% Aot w5 At Hejgrol A 2t 1.7~25.0%
2.8~39.5%9] A AL-S RO, AHTNS 5.7~46.2% &
8.6~69.4%, HHCB2| %= 7.1~54.7% U 12.4~79.5%2] A|
A& UEtlch

2) 2% EQEE 0.5~10 mg/Lo|A] SMCs 359 ot At
ShEsl AR MK 749 el 4 Aboat A g
Zrof| A ZHzE 0.0010~0.0144 min™' 9} 0.0014~0.0254 min' © &
e om, AHTN-S 0.0028~0.0336 min” 9} 0.0045~0.0628
min”, HHCB2] 7%= 0.0035~0.0422 min" 2 0.0072~0.0902
min' 22 e}

3) 92 E9%%(0.5~10 mg/L)o] WE SMCs 3&9] vt
W7t MKE] 79- f=el F& Atofat Ae]azof| 4] zkzf
693.0~48.1 min I 495.0~27.3 min© & U}E}FO ™, AHTN
& 247.5~20.6 min ¥ 154.0~11.0 min, HHCB= 198.0~16.4
min ¥ 96.3~7.7 min® & E}ITH

4) A/F ez Ao ZrFolxl Y7t shol fAg H4=
FE0] A, HeE 342 Hd 1.5-2.0 mgLe] @& T4
LT g 248 9 3 ox IAHO 2] 2.0~2.5 mg/Lo OF
FASER 688 A= AFAE 7 =g AA = oA
o] HlI A 1EEe] SMCs7h §-9E Aol eEA T
o2& olF BHE gt A7t o8l AR YEhge
o, 23 A3 7Hset LEARE 3A ] =ole 1
a7t gl AR yehyh
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