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Detection of Synthetic Musk Compounds (SMCs) in Nakdong River Basin
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ABSTRACT : The aims of this study were to investigate and confirm the occurrence and distribution patterns of synthetic
musk compounds (SMCs) in Nakdong river basin (mainstream and its tributaries). 4 (HHCB, AHTN, AHMI and ADBI) out
of 6 polycyclic musk compounds (PMCs) and 1 (musk xylene, MX) out of 5 nitro musk compounds (NMCs) were detected
in 29 sampling sites and HHCB (>50%) was predominant compound followed by musk ketone (MK) and AHTN. The total
concentration levels of SMCs on February 2009 and on September 2009 in surface water samples ranged from N.D. to 2147
ng/L and N.D. to 1386 ng/L, respectively. The highest concentration level of SMCs in the mainstream and tributaries in
Nakdong river were Goryeong and Jincheon-cheon, respectively. The sewage treatment plants (STPs) along the river affect
the SMCs levels in river and the SMCs levels decreased with downstream because of dilution effects.

Key Words : Synthetic musk compounds, Nitro musks, Polycyclic musks, HHCB, MK, Nakdong river basin.
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Table 1. Physico—chemical properties of the nitro and polycyclic musks used in this study

Compounds Trade name CAS No. M.W. Chemical structure Molecular formula Log Kow
Nitro musks
Musk ambrette - 123-69-3 268.3 - Ci2H16N20s 417
ON. 4 MO
Musk ketone - 81-14-1 294.3 Bl CiaH18N20s 2.11
04\...\
Musk moskene - 116-66—5 278.3 - Ci14H18N204 3.19
Musk NN - 105-95-3 270.4 - - 4.71
|
ON. /L_w,m
Musk xylene - 81-15-2 297.3 v| h Ci2H1sN30s 2.25
AP
NO,
Polycyclic musks
- T ", Sy
® i
ADBI Celestolide™ 13171-00—1 244.4 Ci7H240 6.6%
0% “ew,
CH, HiG, -
AHMI Phantolide® 15323-35-0 244.4 ° ©. oH, Ci7H240 6.7
" HC o
l HyC. Cbl,
AHTN Tonalide™ 1506—02—1 258.4 ° @. CigHz60 5.7%9
Hyt e cn.:H’
HE e Gy
ATIl Traseolide™ 68140-48-7 258.4 @’ o CigHa60 8.1%
CHy e o,
o
HyC, o,
DPMI Cashmeran® 33704-61-9 206.3 cH, CraH220 4.9
'CH,y
HyC
cH, CH,
HC.
HHCB Galaxolide® 1220-05-5 258.4 u.c—§©i] CigHosO 5.9%
HE
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Fig. 1. Description of the sampling sites in Nakdong river basin.
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QT AR ZEEAS 5%9] musk ambrette
(MA), musk ketone (MK), musk moskene (MM), musk
NN (MN) % musk xylene (MX)Z} T}t AER 6321

ADBI, AHMI, AHTN, ATII, DPMI & HHCBE £<l9] Dr,

St:
S2:
S3:
S4:
S5:
S6:
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S8:
S9:
S10:
S11:
S12:
S13:
S14:
S15:
S16:
S17:
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S21:
S22:
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S24.
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Andong—dam

Banbyun—cheon (Yongjeong—gyo)
Andong (Youngho—daegyo)
Ye—cheon (Jin—gyo)
Naseong—cheon (Gyeongjin—gyo)
Sangju (Sangpung—gyo)
Wi—cheon (Danmil—gyo)

Nakdong (Nakdan—gyo)
Gam—cheon (Sunju—gyo)

Gumi (Gumi—gyo)

Woegwan (Woegwan—gyo)
Geumho—up (Mutae—gyo)
Shin—cheon (Chimsan—gyo)
Guemho—down (Gangchang—gyo)
Jincheon—cheon (Seongseo—end point)
Goryeong (Goryeong—gyo)
Daeam (Ugok—gyo)

Hoe—cheon (Dojin—gyo)
Hapcheon—dam

Hwang—gang (Hwanggang—gyo)
Jeokpo (Jeokpo—gyo)
Namgang—dam

Nam—gang (Songdo—gyo)

Namji (Namji—gyo)

Milyang—gang (Yelim—gyo)
Samrangjin (Samrangjin—gyo)
Mulgeum (Withdrawl point)
Yangsan—cheon

Hagueon
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EhrenstorferAfol Al Fisto] Ao ARESIGL
internal standard®} recovery standard®-+= musk xylene
(MX)—d;53} phenanathrene—d;sS Dr. EhrenstorferA}o]
A Frufstel Aol ARgsERATt

Mg Foll HE AE ARFel F2of ANE 8=
HPLCE =39 dichloromethane (Merck)d} n—hexane
(Merck)S ALg3s}C 43k U EEF (anhydrous
sodium sulfate, Merck) 2 /\}Q- 171 el 450 CollA A
] (baking) 3 5 A3lo] ALgalch. Aglo] AL 21
Aol g 22, SF5hY 542 Table 19] ety
ATk,

212 4Ys8Z A MEMs XE

AR 200019 283} 9ol 23 AsheoR, Afste] A
A3 1 L §o0) 24 foel A4t 5 AR WM uf
7] $190 0.5% WIERE (v/v)& H7kstel BA A 40w
34 Btk

AlEA A Hs 7 A 1470 AR A5 1571 A3

S AEste] A3l om, Fig, 10 A1 2970 213
= s UEglaL, &7 AR m, A AR
= o= LERfIch

22 AlSjup

2.2.1. SMCs £& U 557

2o irofl &£F5te] internal
xylene—dl5 40 ng<

A& 500 mLE 1 L &9

STD?Ql  musk spikingdt %

dichloromethane (DCM) 100 mLE F{3slo] 1087 ==

3lal, FZ0| T F dichloromethane 812 F=3k4t

Table 2. Analytical conditions of the GC/MSD

UEF 5= A A & Hz o] 5S AASHAT ©]
o]A D 0 mLo]| n—hexane 100
50 ¥ Pog HEE 3
= = AASHA. g=iEo] A
=] DCMY} n—hexane %UH—‘;: 250 mL 89| Zymark &
Z3o]| F9l5k0] AAE=7] (Turbo Vap II, Zymark, USA)
2 Agelel 559
d10 80 ng< Tt 2%

2 recovery STD?Q! phenanathrene—

volumeS 50 pLZ s}

2.2.2. SMCs 242"

olF ARFEALS GC/MSD (6890N, Agilent, USA/
5973N, Agilent, USA)Z EA3} o, GC HAHL DB-
5MS (J&W Scientific, USA)E ARSI HE AR
i3t oy ARFEAES LOQ (limit of quantification)E
2 1~3 ng/L HAYFL, MX—dis9] FJ&2 83.24+9.9%%
oh QlE ARFEE A0 AREE GC/MSDY] BAxRAS
Table 2°f LR ATt

ol-g AFSFEZ STDL} internal @ recovery STD2] &
A7} (retention time, RT)S Fig. 2 (a), Y=7+ E5F 118
A3 (S16)2 A57Q1 ZIHH A5 (S16)= 2413k total ion
chromatogram (TIC)Z Fig, 2 ()} ()] LreRASIT) 2
A il E ARFEES] - DPMI 21,27+, ADBI
98,575, AHMI 30,225 MA 32,735 ATII 33.15%
HHCB 33,28%-, MX 33,335, AHTN 33,43%, MM 33,83
B MK 35178, MN 35.7650]911
internal STD?! MK—di s

recovery STDQI
phenanathrene—d; 2 31,79,
33.03&0]3ct,

GC
— Column: 60 m (L) X 0.32 mm (D) X 0.25 um (film thickness)

— Oven Temp.: Initial Temp. 50°C, Hold 1.5 min,

— 1st rate 10C to 150°C, 2nd rate 2°C to 190°C, 3rd rate 25°C to 290°C

— Injection volume: 2 L (splittess mode)
— Gas flow: 1.0 mL/min.

MSD

— SIM mode (selected ion)

nitro—musks: MA (253, 268), MK (279, 294), MM

(263, 278), MN (227, 211, 187), MX

(282, 297)

polycylic—musks: ADBI (229, 244, 173), AHMI (229, 244), AHTN (243, 258), ATIl (215, 173, 258), DPMI (191, 206, 135, 163), HHCB (243,

258, 213)
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Fig. 2. Total ion chromatogram (TIC) of (a) SMC standards, (b) Goryeong (S16) and (c) Jincheon—cheon (S15).
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Fig. 3. Variation of total SMCs concentration in the Nakdong river basin.
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Fig. 4. Variation of total SMCs concentration in main stream of Nakdong river basin.
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Fig. 5. Variation of total SMCs concentration in tributaries of Nakdong river basin.
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Fig. 7. The proportion of SMCs species in the mainstream of Nakdong river basin.
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Fig. 8. The proportion of SMCs species in tributaries of Nakdong river basin.
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Fig. 9. Relationship between SMCs and COD concentration in
Nakdong river basin.

Table 3. Concentration levels of SMCs (ng/L) in the Nakdong river basin at detected sites (ng/L)

HHCB AHTN AHMI ADBI PMCs” MK NMCs” total

Feb. Sep. Feb. Sep. Feb. Sep. Feb. Sep. Feb. Sep. Feb. Sep. Feb. Sep. Feb. Sep.

Avg. 1736 1904 247 26.6 5.4 5.6 3.3 - 1936 217.0 582 53.5 58.2 535 2518 2705
SD 326.1 2515 303 35.3 a7 - 3.3 - 357.9 2861 12741 69.8 1271 69.8 484.1 3549
Min. 17.0 15.8 3.4 3.8 2.5 5.6 1.5 - 19.4 22.4 1.0 1.8 1.0 1.8 21.2 241

Max. 14454 9765 1195 1372 108 5.6 8.2 - 15684.0 1113.6 562.7 267.1 5627 267.1 2146.6 1380.8
DF® 20/28 14/29 15/28 14/29  3/28 1/29  4/28  0/29 20/28 14/29

LoQ 2.0 2.0 1.0 1.0 1.0

®PMCs: polycyclic musk compounds, °NMCs: nitro musk compounds, °DF: detection frequency
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