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Occurrence of Synthetic Musk Compounds in Surface and Waste Waters in Korea
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Abstract : Synthetic musk compounds are widely used as fragrances in a variety of personal care products like soaps, sampoos,
cosmetics and perfumes. The occurrence of synthetic musk compounds in municipal sewage effluent and other environmental samples
could negatively impact the health of the ecosystem and humans, due to persistent and long-term chronic exposure of aquatic or-
ganisms. Fifteen synthetic musk compounds (musk ketone, musk xylene, musk ambrette, musk moskene, musk tibetene, HHCB,
AHTN, ADBI, AHDI, DPMI, ATII, ethylenebrasssylate, ambretettolide, cyclopentadecanolide, OTNE) were analysed in surface waters
and sewage treatment plants (STP) influents/effluents in Korea by GC/MS. Method detection limits were 0.005~0.398 pg/L. HHCB
and AHTN were most frequently observed in both surface waters and STP influents/effluents.
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Table 1, Compound names and CAS numbers of the investigated musk compounds

Class Compounds CAS No,
Musk ketone (4-Acetyl-1-tert-butyl-3,5-dimethyl-2,6-dinitrobenzene) 81-14-1
Nitro aromatic Musk xylene (2,4,6-Trinitro-1,3-dimethyl-5-tert-butylbenzene) 81-15-2
musks Musk ambrette (1-tert-Butyl-3,5-dinitro-2-methoxy-4-methylbenzene) 123-69-3
Musk moskene (4,6-Dinitro-1,1,3,3 5-pentamethylindane) 116-66-5
Musk tibetene (1-tert-Butyl-2,6-dinitro-3,4,5-trimethylbenzene) 145-39-1
Synthetic 1,3,4,6,7 8-Hexahydro-4,6,6,7,8,8-hexamethylcyclopenta-(g)-2-benzopyran (HHCB, Galaxolide) 1222-05-5
inusk 7-Acetyl-1,1,3,4 4 6-hexamethyl-1,2 3 4-tetrahydronaphthalene (AHTN, Tonalide) 1506-02-1
compounds Polycyclic 4-Acetyl-1,1-dimethyl-6-tert-butyldihydroindene (ADBI, Celestolide) 13171-00-1
P musks 6-Acetyl-1,1,2, 3,5-hexamethyldihydroindene (AHDI, Phantolide) 15323-35-0
6,7-Dihydro-1,1,2,3,3-pentamethyl-4(5H)indanone (DPMI, Cashmeran) 33704-61-9
5-Acetyl-1,1,2 6-tetramethyl-3-isopropyl-dihydroindene (ATII, Traesolide) 68140-48-7
Macrocvalic Ethylenbrassylate 105-95-3
muskys Ambrettolide 34902-57-3
Cyclopentadecanolide 106-02-5
Other fragrances (1,2,3,4,5,6,7,8-Octahydro-2,3-8,8-tetramethylnaphthanlen-2yl)ethan-1-one (OTNE, Iso-E-Super) | 54464-57-2

Table 2. Description of the investigated STPs

STP Location Treatment (m3/day) Area served (kmz) Population served Treatment processes
A Kyoungbuk Chilgok 330,000 3156 275,000
B Daegu 680,000 59,20 1,084,000
C Daegu 400,000 19.64 423,000 Activated sludge
D Daegu 520,000 4473 893,000
E Jinju 150,000 14,62 290,000
F Busan 550,000 4037 1,094,000
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Fig. 1. Map of surface water and STP sampling sites in the
Nakdong River basin,

Table 3, GC/MS conditions

Parameter Condition
Column HP5-MS (60 mx0.25 mm x 0,25 um)
Carrier Gas flow | He at 1.0 mL/min
Injection mode | Splitless
Injection temp. | 250C

Transferline temp. | 280C

Oven temp, 60C (2 min) — 10C/min — 200C (10 min) —
10°C/min — 280°C (12 min)
lon mode El

Table 4. Retention times and selected ions for the analysis of
the target musk compounds

) SIM
Compounds Retention Quantif-
time (min) . Confirmation
cation

DPMI 18.056 191 206 163
OTNE 21,008 191 219 234
ADBI 21.829 229 244 173
AHDI 22919 229 244 187

Musk ambrette 25,041 253 268 -
Ambrettolide 25386 215 258 173

ATII 25628 238 109 -

Cyclopentadecanolide 25.800 240 222 -
HHCB 25938 243 258 213
Musk xyene 26,003 243 258 159
AHTN 26,145 282 297 265

Musk moskene 26.870 263 278 -

Musk tibetene 28.324 251 266 -
Musk ketone 29,321 279 294 191
Ethylenbrassylate 30474 227 211 98

Fluoranthene-d10 (IS) 31.658 212 - -

™, CTCAFY] CombiPAL SPME (solid phase microextraction)
systemS GC/MSo]| #AHzbste] AFg31gIch GO/MS B4 =27
2 Table 39 YEF S 1, Scan 413} SIM (selected ion
monitoring) &4]0] -FA|o] o] R A =T o] scank Eof Al
7 go) AHEDS el b SIMEER Hes
3} cH(Table 4).
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Ml Al&EofA] 0.10~0.17 ug/L (median 0.12 pg/L), OTNE+=
478 AlZo A 1.27~1.29 ug/L (median 1.28 pg/L)%] sE==
A& S musk ketone, musk xylene, musk ambrette,
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e 21Tl Musk tibetene2 17 A Z ol A 0.28 ug/Lo] =

ethylenbrassylate, ambrettolide, cyclopentadecanolider= <
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Table 5, Method quality data for synthetic musk compounds

Compounds Linearity® () MDL? (ug/L) LOQ? (ug/L)  Accuracy” (%)  Precision” (RSD, %)  Recovery? (%)
Musk ketone 0,9981 0.005 0.016 947 17 876
Musk xylene 0.,9957 0.007 0.021 899 14 822
Musk ambrette 0.9940 0.012 0.038 80.1 4.0 809
Musk moskene 0,9946 0.005 0.016 88.2 11 81.2
Musk tibetene 0.9990 0.009 0.030 952 15 887
HHCB 0.9964 0.013 0.043 1001 35 96.4
AHTN 0,9957 0.011 0.034 999 22 96.5
ADBI 0,9933 0.021 0.067 987 6.9 887
AHDI 0.9947 0.018 0.057 1004 46 921
DPMI 0,9944 0.078 0,248 922 223 875
ATII 0.9986 0.012 0.038 999 25 93.6
Ethylenbrassylate 0.9998 0.018 0.058 99.7¢ 249 9469
Ambrettolide 0.9935" 0.235% 07479 98.6° 719 94 49
Cyclopentadecanolide 0.9928" 0.166? 05287 102.3% 507 948
OTNE 0.9849° 0.398" 1,269 98.8° 13,77 9159
4 conc. range : 0.2~4 ug/L,  conc, range : 2~40 ug/L, @ conc. : 0.1 ug/L, @ conc, : 1 ng/L, © conc, : 10 ug/L
Table 6. Concentrations of synthetic musk compounds in surface waters (ug/L)
This study Other studies
Compounds - - 0 5
Naetected/Niota Frequency (%) Concentration (Median) Domestic Overseas
0.029-0.61 (Germany)
0.136 (Switzerland)
HHCB 46/60 7 0,11-1.06 (0.19) 0.10-13.92 0.01-0.26 (Netherland)
0.0007-0.1 (Japan)
0.024-0.33 (Germany)
AHTN 16/60 27 0,10-017(0.12) 0.03-2.80 0.075 (Switzerland)
0.01-0.4 (Netherland)
OTNE 4/60 7 1.27-1.29 (1.28) - 0.02-0.81 (Germany)®

* Naetectea: NUMber of samples detected, Niota: total number of samples
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Table 7, Concentrations of synthetic musk compounds in STP influents/effluents (ug/L)

Influents Effluents
Compounds - - - '
Neteoted/Niotal Frequency (%) Concentration (Median)  Ngeteotea/Niota™ Frequency (%)  Concentration (Median)
Musk ketone 15/23 65 0.31-1,08 (0.81) 16/20 80 0.28-0.70 (0.55)
Musk tibetene 1/23 4 0.28 0/20 0 -
HHCB 23/23 100 0.65-7.05 (4.04) 18/20 90 0.21-3,77 (2.37)
AHTN 23/23 100 0.15-0,96 (0.56) 17/20 85 0.10-0,55 (0.37)
OTNE 22/23 96 1.07-3.72 (251) 12/20 60 1.31-1.84 (1.48)
* Naetectea: NUMber of samples detected, Niotar: total number of samples
E2 AEEon, 1 9 gEL A& olFtE et 4, AR

(Table 7).

WFollA= & 2070 Al® FollAl HHCB= 1871 A&
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Table 8, Comparison of synthetic musk compounds in STP in-
fluents/effluents™ (ug/L)

Location HHCB AHTN
Korea (this study) 0.65-7.05 0.15-0.96
Korea (other study)'®  2.56-4.52 0.55-1.21
STP USA 178-166 0.304-12.5
influent Canada 0.39 0.086
Germany 19 0.58
Switzerland 6.9 162
Korea (this study)'” 021-377 0.10-0.55
USA 2.05-373 0.495-1.33
STP Canada 0.173-1.3 0.042-0,52
effluent Germany 0.695 0212
Switzerland 0.86 025
Sweden 0.157-0.423 0.042-0,104
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