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Occurrence and distribution of synthetic musks in coastal sediments from
the Taiwan Strait and the potential environmental significance
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Abstract: The Taiwan Strait, located between Fujian Province and Taiwan Island, is a channel that connects the
South and East China Seas. In this study, 32 surface sediment samples were collected in the western Taiwan Strait.
Concentrations and spatial distributions of synthetic musks (SMs) in the sediment were investigated. The total
SMs (3 SMs) in the sediment ranged from 0.448 to 1.43 ng/g, with an average of 0.876 ng/g, which was relatively
low compared to global coastal sediments. The 1,3,4,6,7,8-hexahydro-4,6,6,7,8,8- hexamethylcyclopenta-(g)2-
benzopyrane (HHCB, 0.247 to 0.916 ng/g) and 7-acetyl-1,1,3,4,4,6-hexamethyl-tetraline (AHTN, 0.193 to 0.589 ng/g)
were the main components. Higher sedimentary ) SMs were detected in sediment adjacent to river mouths from
the Mainland and Taiwan Island, indicating their terrestrial riverine inputs. Higher levels of }.SMs were also found
in sediment in the northwestern part of the study region, suggesting that the SMs adsorbed onto fine particles
could be carried to this studied region, then deposited into coastal sediment under multiple ocean currents.
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& HLBG A (synthetic musks, SMs)YE R AT & i
R o, 92 T HAL A, K FL
T 7 R | R SR AT E U H i 4 (Kang et al., 2010),
WA AR, & B A T 20 M AR B A . 2R
. R EMIEHEE . MR SR ATE
B VAR R AR B AL & W, (H IR L8 W 3 1 2
PRV, WOGHME . ez s . Bom M LU ROME R
TSR, OBk AE kN F L & (Sommer, 2004),
B — B 2K B #& (1-tert-butyl-3,5-dimethyl-2.,4,6-
trinitrobenzene, MX) Fl B B & (4-tert-butyl-2,6-
dimethyl-3,5-dinitroacetophenone, MK) 7t 43w H
ey db A & s — 2 B T 3 B (Hu et al,
2011). H B2 08 A5 BOPCAH 56 5 4 il A IR
Yy i, Hob £ SR B A (1,3,4,6,7,8-hexahydro-4,6,

6,7,8,8-hexamethylcyclopenta-(g)2-benzopyrane, HHCB)
Nt 44 B 7 (7-acetyl-1,1,3,4,4,6-hexamethyl-tetraline,
AHTN)ECHH H o SR U, X aFfb &9 G4 T
ARG T A R 95% L b (Li et al., 2018), fii
G 86 8G Br 32 B2 iy T /KB B0 T TS K A B
F 4 A REE A A SR K IR (Buerge et al., 2003)., H
T HAERNFERE-—KIH R (log K.\w=5.40~6.30),
G R A A By W B FE A AL BT O e OB Y
(Berset et al., 2004), 77K i 1% Hiad 72 ooz i i e ik
ADURY A, 5843 AT B 7K I AR O E 2R T
MR . HET, ¢ T Rt PR B IR iR Y A
R T IE AR H T2 (Patel, 2017), {HI24 X E
DURY & U B i F ST 20 LAl =

5V T 0 i A TG R A 4 RN 5 0 5 2 T,
BJVL . JURVL. BT, CBEMARZEL LGB 5
ROKT . KRR . KRB ARSI R A, X
SR AR 1) 3 VS WU TR 8.70x107 t 1Y
TURRY), & 6 T T e B 5 100 R G ) 1) i B U5
(Liao et al., 2018). 3 V4 g ket J2& 3% 2 B M A AR 17
HEY) A IE . FEAZE, 7R 2= KUK ) T 8]
WY R TG AR K A X EE 2, R AFE
R T e T 114 PR 0 SR 5 VS R Tk Ay e R A, BT
K F AEA T VS R e VB SR W B R S e i i
I (Liao et al., 2018; Ya et al., 2018; Zeng et al., 2020), Hij
AR 25 3 o, IZ X ST T I R & AT AL
Tk T2 Tl FELIA 77 5 144 #8 751] (organophosphate  esters, OPs)

5y, AR ASKIRE) OPs 16 G ISR, (U
KR TF KAES G BRI RA . SN AE
T 328 B B4 AN M S Y B I LA B A Y R YA T A8 Y
75 YLl A (Zeng et al., 2020). & 8B 1E N B AL 5
T ERE RN (Kang et al., 2010), 32 Hi7K
For B0 3 5 e 1) T 75 YL ) (Buerge et al., 2003;
Zeng et al., 2018). KFEF & SR A RGBS
FEG R AW DURR Y s e R, HATR
7 DR & B 5

Rk, FEASHIEGR h3RATTIEER 3 P L% 75 i 6 Fp
ZIEE N HAR G 3, WFoE & TR ) h
A B A ) i AR M 2S84y A, JF L HHCB Al
AHTN 1ER A 16 157K 946 75 P (Buerge et al., 2003),
TEAL B B B 8 1 36 6 T Wk Y WA e, 02 i
BEV5 Y Y AET I 7 1S B A% i AT R i

1 MBS IHE

1.1 HARREIERR

A GE DI T 5 VS VL R AT PE AR b IX (BT 1),
K 350 km, FE2 180 km, FHIKIEHN 60 m, REEX
BN 2 S A, T LRI,
T, & ARZE . IROKIW . KRR KALE AL
KIZEE, 2016 4E 7 A 22~24 H, e/ E ARSI
SPHCRAET 32 NRIZUVIBDI(0~5 eo)FE S o T AT A
B TR AN T, RIEEH TROMLE, R’fF
TUKF—20 CH&MH . B X BEAIN 202 UL Liao
et al. (2018),

E1 &EBETRYRES~EE
Fig.1 Illustration of sampling locations in the Taiwan
Strait
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1.2 XF EiREm

AT MG PEEE 6 FhEHIEE 3 Rt
B, ¥IWF LGC Promochem GmbH (Mercatorstrasse,
Wesel, Germany)A vl . Hrh, ZHEHFQFE I
(1,2,3,5,6,7-hexahydro-1,1,2,3,3-pentamethyl-4H-inden-
4-one, DPMI, 90%) . §*F|E 7 (4-acetyl-1,1-dimethyl-
6-tert-butylindan, ADBI, 98%). 45iii(5-acetyl-1,1,2,6-
tetramethyl-3-isopropylindan, ATII, 90%). M1 ER&
(6-acetyl-1,1,2,3,3,5-hexamethylindan, AHMI, 94.5%) .
HHCB(75%) 1 AHTN(98%); filf 3& B & 1 & MX
(98%) . MK(98.27%)Fl155F B (1-(tert-butyl)-2-methoxy-
4-methyl-3,5-dinitrobenzene, MA, 99%). WHr/sH
F£ 7K (hexamethylbenzene, HMB, 99.5%) 4 T i [
Ehrenstofer-Schiifer Bgm-Schlosser SZ5; % .

oK NaSO, g 1 I Ak 2732500 ), 4 i
fE 450 CTFHYLE 4 h JGfRAET TS D R
(70~230 HNAIEALES(100~200 H)H H Merck Co.
(Darmstadt, Germany)A Hl, 73 5I7E 120 ‘CH1 180 C
ARG 12 h, A 3%ZEIK L6 1L, IMAIED
LeORArs o SEg HNE . IEC ke . & Bl T
Merck Co. (Darmstadt, Germany)Z\ ), FrA %5544
Hggal.
1.3 BRALEYRI. #UE5EUEESHT

HARME G PR E . il LA RGE P e 25k
H Zeng et al. (2020)#: 37 9 /3T 771 o X HLfaT I an
DURRYIRE AV VR T 1 5 P 3 60 H T, EA (0 RS
HARIRORAF . PRI 10 g FEGh, 2R A — 5 H e
AR TR AUE A, H @R CH$E 72 h,
JE R PN AGE S TR AL S A B S SR IBURK £ e i
BRAGRAEE 1 mL, EEIERNIEC K. i
WA RE A ALE A o B Ak, WUR HARA Sy, 163
R4l Ny, FUW4EZE 0.2 mL, MIAPIARY)IAS H 3K
20 puL(250 pg/L), ¢ LML, [HEF, KA Vario EL
IIT Elementar 5T 28 73 A A0 & TR AT HLER (TOC)
Epie

H br A & W #9720 ol o B i 2010
GC-MS 521, 3%+ &y DB-5MS(30 mx0.25 mmx
0.25 pym, Thermo Scientific, Waltham, MA, USA),
ELJE, &7 IRIEE 250 °C, #EAE HFIHE IR 2 53 %)
280 "CAI 290 Co AR BERE, BEFER 1 pl.
#H SN He, Ji# 1 mL/min, & w1 R L # 5+
A (SIM) 70, THRFEF N PIERIRE 60 C(fR
B3 min), JELL 10 ‘C/min MBEEFE 160 C, K5

P 2 “C/min YR FF 2 200 °C, fizJ LA 5 “C/min 3
RIFE 295 C, £ 15 min,

S 3 ok R R O™ A Y o S ORI N B A A
Jiti o AR S A BT, A AR R T
£ A S A M SRR 24 h I PE 1 b,
WK B SRR L8 ok bk, B 5 TS m
450 ‘CKyke 4 ho fHFHATPRELLHH B . TEAATEC
e MG YE 3 W BRSPS E
(n=5). Z5HIMbR(n=3). FEFIMPR7H=3). Lk
M EH GRS (n=4) =5 s, Hirfb G 9y e
W25 P 47(92.544.94)%~(108+5.22) %, 5 BT o v,
HFrALA Py IR 2 (98.145.67)%~(113+2.76)%. Hit
il Ve BE KO HE I 25 A AR S, S ERE 7 4T,
PL 3 A5 bm i 22 5 SRS K B (limit of detection,
LOD), LA 2 ff LOD & SCAH B MRR . A5 h
HArfbA % LODs 4 0.413~1.65 pg, L 10 g YL
FTHEITVERBR N 8.26~33.0 pg/g. 25 FIREFRHG H Y
HHCB Fl AHTN ¥{XF LOD.

2 R 51He

2.1 AEEETRY P SMs D7

AT G A R i 2 ARG e B A (MIX
1 MA)FIHI b 2 31 B & (ATIL A1 DPMI)., K40 +E
ARG R B MK(<LOD), #F43FE 5 . ADBI
1 AHMI(<LOD), /D%l il 1 AR 5y (n C4 .
D4 F1 E1K H A 5E 7Y ADBI(0.0152 ng/g). FIFAFES
ikt HHCB(0.247~0.916 ng/g, “F-Y{H 0.541 ng/g) il
AHTN(0.194~0.589 ng/g, “F¥J{H 0.334 ng/g)(F 1),
SRR, DUBRPIEES,  SMs BLHk BE VA 0.450~
1.43 ng/g, i {E S0 THF5E X IR PG AL (F2 A1 F3).

x1 AEBHAIRYFENBEEIESNSH

Table 1 Concentration and distribution of SMs in
sediments of the Taiwan Strait

o He/MHE IEON] ¥MH Kt 45
(ng/g) (ng/g) (ng/g) (%)

ADBI LOD 0.0152 — 9.37

AHMI ND LOD — 3.13

HHCB 0.247 0.916 0.541 100

AHTN 0.194 0.589 0.334 100

MK ND LOD — 90.5

T ND. KA ih; LOD. {UESKFR; «—Fm AR5 .
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AU F 2 US4 ) HHCB
1 AHTN, 1 ADBI, AHMI 1 MK 7£ &80 RE A
o TR G 9T K B Bk = AR DURR W DA B = K
Arh FEAS AT Y RISy HHCB il AHTN
(Zeng et al., 2018; BIIFIESE, 2020), HAT, & EFHK
B BT Mk 3 BEES A H 9 5 BB A S HHCB Al
AHTN, FREEA T H G URT 75 00 21 80RF fiE B0z ke
T IR E H AR AR T A R A Al AR

KR A R A DR IE AR TS K, B
SMs & B FHAVEFE 78 A2 16 15 7K X5 7K AR ) 52 1 (Buerge et
al., 2003). AHFFT KR TURRY A BB A AT 9Z 43
A 7 R B A 35 X YT 0 A A k2 R

1 B ILHAE R, AT AR IR A R A
A9 8 B A w15 K LA ST P B A A
TR H44(Hu et al., 2011; Homem et al., 2015; Zeng
et al., 2018), TMIEF XA EE & B 7 A0 i
U o 3 2 B I JUAR [ P A T i X T
Y& B B A R . IRl LU, T
FE AT UL A 1 B2 R Y HHCB
AHTN, T1fii ADBI(LOD~2.49 ng/g)fl AHMI(LOD)
LW FH KT LOD. X545 FRERIT LS
UG A 08 A 7 A AR S — B, R BT R
DX BURE A AR 7 L A DL K G R TRORT I R A
DU e . AR5 G TR Y T SMs &
HOKFES E AN XA, SRS TR KR,
5 5f [F W5 i X (HHCB: ND~2.70 ng/g; AHTN:
ND~1.00 ng/g; Lee et al., 2014). &M ¥ (HHCB:
1.84~4.35 ng/g; AHTN: ND~10.9 ng/g; 3%, 2015).

I=A
n

*2 EAMNEOE

% [ 1H 42 11137 (HHCB: ND~27.0+2.00 ng/g; AHTN
ND~3.10+0.100 ng/g; Homem et al., 2017)JLF4)
TEREAY ., MAREE . Tk AR ANERITA
TR 1 (HHCB: 39.1~273 ng/g; AHTN: 21.8~125 ng/g;
Huang et al., 2016) . J&[ J77&E X (HHCB: 3.67~44.5 ng/g;
AHTN: 3.56~17.3 ng/g; Zeng et al., 2008). 35 [E# Il
FEAR S (HHCB A1 AHTN #4530 51°8 22.9 F112.2 ng/g;
Subedi et al., 2014)% LU H, SMs & &0 2.
ARG . FEMESEE N, FERILAM O
(0.35~2.42 ng/g; Huang et al., 2016)FIERTL A& ¥
#5(1.16~9.06 ng/g; Huang et al., 2016)LL M I Z
(6.90~10.9 ng/g; EARZ, 2015 Yh, ELEE
MK & /K2 5 T A58 (ND~LOD),
22 AZBERRYHRERBESESMIFME
T ADBI., AHMI Il MK & /K SEAR, AR5
SUEF X R 3 2 i B A5 4H 70 (HHCB Al AHTN)JF
AT . AHTN Fl HHCB 25 [8) 43 A 5 F I A 52
SARTE (A 2). I 3 KB A9 SR A 41 E1(0.589 ng/g) .
A1(0.395 ng/g) & A2(0.410 ng/g). 1% &% KT
A4(0.464 ng/g)FlIlE I &4 &1 E6(0.415 ng/g)iii
YIRESL T AHTN & 8m, S 17 KBl A6 5 1]
T AR, HHCB & 57 F A4(0.901 ng/g).
A3(0.743 ng/g)Fl B4(0.792 ngl/g), IR T &5 544
T AT 5 VS VDU Y T HHCB 431 152
£ 1S TP ALER (F1~F3) B i A4 HHCB #
AHTN & 5m, (2RI ATmAR I, X
VLI Z X ST R b SMs FF-AR VB -0 3t A4 BT RS A
T HHCB il AHTN Hi/KPEH 5 (log Kow=5.8~5.9),

FHNBRYFEHEE SMs 2855 % (ng/g)

Table 2 Global concentration and distribution of SMs in coastal sediment (ng/g)

a7

KA AL n piEp 3l
ADBI AHMI ATII HHCB AHTN MK
Bl Ress 7 — — — 1.84~4.35 ND~10.9 6.90~10.9 FEARLE, 2015
WRTV M X 3 2.49~2.90 LOD LOD  3.67~44.5 3.56~17.3 — Zeng et al., 2008
PRATAME 16 LOD LOD — 4.55~27.1 1.89~13.6  0.35~2.42 Huang et al., 2016
TRIT A 1 itk 6 0.480~4.11 0.20~2.87 — 39.1~273 21.8~125 1.16~9.06 Huang et al., 2016
i 25 — — — ND~2.70 ND~1.00 — Lee et al., 2014
ENRE RV A INIAHETS 16 — — —  ND~43800  ND~3500 — Dsikowitzky et al., 2019
2 [ D A 7k 10 — — — 22.9 12.2 — Subedi et al., 2014
ORI 48 34 45 11 11 — — — 11~17 2~10 — Sumner et al., 2010
I [ [H 4x 1L 14 ND~0.05:0.01 ND~0.09+0.01  — ND~27+#2  ND~3.120.1 ND~0.7+0.09  Homem et al., 2015
SRRV 32 LOD~0.0152 ND~LOD ND  0.250~0.960 0.193~0.464 ND~LOD AW
T ND. KA LOD. AUARGIFR; n. FEAR R “—RRRIMIE,
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2 AEESTIRY R HHCB #1 AHTN BIZ

i)

Fig.2 Spatial distribution of HHCB and AHTN in sediments from the Taiwan Strait

— B U B AT AR AT A B LA RO R ) DT R
] B 43 e E 2 2 45 TR MUY P i TOC
(Dsikowitzky et al., 2002; Huang et al., 2016), {HJ&,
R R R T B 1 T N i o N 0 S R R T
Yrrh HHCB(n=32, r=—0.116, p>0.5)F1 AHTN(n=32,
Fanépwwﬁ§m¥%mﬁ%10cﬁﬁ%ﬁm
Kotk X n] BB A AW 5E X ST AR I8 T AN )
%%m%ﬁ%%A B W ON =R
B BT AN, 2 ZREERSE A . KT
BRIBTLAR T A 5 T8 R Wi ) 3 2, A& 2232 ARl
NIRRT, s PR VLR R A, 2K &R
Qm7§¥@%ﬁ§%me&§%EMM)#m
HRRLY) . B IR 2 VIR T RS, H A
BT 0% JAL 04 OG0 Ot e 2 IR 55 5@%iﬁu
TS W i #5 A I KR 28 B T ML b, AE B Tk
KRR 4 (Liao et al., 2018; F# 45, 2020),
Liao et al. (2018)C &I UFSE, 7258 44K 8h 71 5% AF
T, B S A ML A BORL Y 32 BT AR 5 Mk v
AeH . Ik, FRATAT DAAED, W ey A R AT
K 7T.(Zhang et al., 2008; Wang et al., 2018) . [#T.(XI
B, 2016)35 45 it UKL #5H AN [R] 55 B 7K1 195 RS
A, R 3 SORN 15 V5 I8 I 485 45 BR VL 1 RN RS T (Zeng
et al., 2008; Huang et al., 2016)fJ& B F A G5
TR, TER 24K 3N I 5AE T, ASTRL R 6 Al st
RTTRE T2 XA A, IO Y H HHCB 1
AHTN &M EH,

2.3 HHCB/AHTN LbERIETREX

FH AN [ ] 5% IX 7 A5 A 4 o il AR X A 22
5+, HHCB/AHTN FCAE AT RAAI 25 48 75 AS ] [ 5% i X

i A B 1A (Zeng et al., 2018), FEARMFZEH,
LAY HHCB/AHTN WA 0.962~2.26, 53K [Eif
71(0.600~3.60; Hu et al., 2011). ¥¥(0.189~2.05;
Zeng et al., 2018) . BRVL = f(0.0200~1.25; Huang et
al., 2016; Zeng et al., 2018) KEUF 24, {55 #r k55
[ .3 A [ (Wang and Kelly, 2017), F#F58 28, 7Ei%
AWVERN, HHCB 85 & AERE R4k, H AHTN %5
Sy 7 URAR - (Zeng et al., 2008; Song et al., 2015).
B, ez frh, TR h HHCB/AHTN
FU(H 2535 Wi /N (Zeng et al., 2008, 2018; Huang et al.,
2016).fHIE, TEAHISE XL, W5 BRI s, Bf
SR h HHCB/AHTN L A5 F T 3
(K 3). Liao et al. (2018)& 3, TIAMyh4n ik -5
I ARAEWEIE KSR PEALTE, BhAbh, Bl B R R ik
ORI B oA g . X 5858 HHCB/AHTN
OB %S (Rl A REAE AL . AFFSE 25 S48 7 Hh AR TR T )

3 AEEESTIAY R HHCB/AHTN tHES E 2%
Fig.3 Spatial distribution of HHCB/AHTN ratio in
sediments from the Taiwan Strait
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R4 S HLW I A HLTS Y e 2 R RAE TR,
E 5 VE VW] 1196 2 (R E RS . AR R .
24 MREBENBYHEHRBENIERSEEXK
h T VA £ T TR A BB A TS YR B,
TR A PEFRATH4A T HHCB F1 AHTN () Jii & 17
fif(Zeng et al., 2020). WFFEHEFILZI AN 1.90x10° km?,
FRAE AL sSORF H XI5 A 32 ANEB4%, BNt —A
TURIRE S B 3R, R R (Dol L R A 205
1=>"kCAdp
Krp, GRS i A RFES T HHCB Al AHTN ¥R
(ng/g), A JEH i A RFES A HEE A (em?), & A 5
B, BUEM 1, dIEREERTUR YR BE (cm), TEARDFZE
Hh S em, p TR TULRIRE R, DL 1.20 g/em’
. (Zeng et al., 2020), R 15 1 SMs W EE, X
B3 E 0T e 4 HHCB I AHTN B 5843 591 K
6.15 t 1 3.76 t.
MOKAIREE R SMs it KR 3L fig
G, S RBUKEAS T E RN . s, 7ETTH
Y HHCB 5 AHTN 4 Fl il JG 250 07 ¥ i (predicted
no-effect concentration, PNEC)Z} %l &y 8.40x10° pg/kg
1 5.20x10° pg/kg(+ ) (Balk and Ford, 1999), #f5%
XU ) HHCB 5 AHTN MW B/ T
ZAE, AN R B ERZ XIS R Y b 2
T 5 e Wy I AE AR (Zeng et al., 2020), H HHCB #il
AHTN fig Pp R 2 AT A 4 AR5 42 oA 15 4L )
(Schnell et al., 2009), 35 HEFWIIERY 205 29
PR EIE T RGPS A6 P i e A A8 XU (B A5 G T

3 %45 i

(1) BV ¥R A S R, B
I R T RS E R AR T I R K AR DR Y R
Wi, AHFZE P Y.SMs JLFE A 0.448~1.43 ng/g, 16 [EHN
HMbF AR

(2) Mz fa oA B&, W98 K B i T 6 7
By« BRI AU 1155 W7 I & BT 8 R KR AR
B, AR5 25 S0 WA 7 HR K i R £ Y % )T
A 5 TS M W LR ) v A SRS A 0 A 1 BTk . IR Ab,
TEL R PR AL RIVE R, KR v 40 ok ol iz 2=
£ V5 W 02 VG AL R I DT RE Tk, W BT OB 04 A
Ji B BB 2 VLR T BEE VIR, X AT BRI X
BOF TR A, (HUURUY) B 55 R KA
A ) A

(3) VI HHCB/AHTN {728 fbto A 30
KA A R A AE I 5 X R I A s . el
WG, XTI E 4 T 6.15 t HHCB Al
3.76 t AHTN, 3% £64b & W% AT A= 0 04 V8 e XUS: LA
BF b 7K AR I 15 A 5 ) 5 B AR S G E

Buist: Boft P BAFR T N FA R L 2 A
KR Aeh — LB & FAEE RI B G ERA I

£ % 3 ik (References):

WBEE, thae, X2, GRS, TR, 2020. )N AR
TR I8 2 AR 2 TP 5 BB A 0 A1 L i TR XU 40 20 37
#r. BBEIRAE, 39(12): 3299-3305.

X 2016, AR KRBT IR h A HLBERR IR 5 5 il
B A RIS, TN T R AR TN R Ak
AT R 230 113-116.

ER, e, Jr W, A 2018, EETHY R RY R
L 149 2 5 R AU b JH X e 2R 96 925 1) S 0 O P ¥ R
AR, 37(1): 1-8.

THEFE, A, FAE. 20200 GBS BE RAELRRIE K AL
WRFTUERE. WEERLE, 44(5): 141-148.

EAR, B, EF, Rl A&, IR 2015, KN
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