‘. AY)
CH 50 woE o 530 B5 121 2020 4F 12 /]
Eco-Environmental ENVIRONMENTAL CHEMISTRY Vol. 39, No. 12 December 2020

Knowledge Web

DOI:10.7524/j.issn.0254- 6108.2019091501

IBRBE, TRSE, XU, AE T INTIAR R EREE 3 Y IR b B BB 7 3 A1 B AR R IXUB B0 45 340 [ 0] 3R 8584k, 2020, 39 (12)) :3299-3305.

HU Qiongpu, XU Liang, LIU Yi, et al. Occurrence and distribution of synthetic musks in indoor dust in Guangzhou and their potential human
health risk[ J].Environmental Chemistry,2020,39(12) ;:3299-3305.

M ARSI EZEAREFERBES TR
& R XU e 15 7 49

M’ o x o o gHAxE'T TEE

(1. ANUERAL A R A S 2, )R A SR USRI 5 P B S 30 2, PP I B2 B MHIER L 225 BT, TN, 510640,
2. PEPBREBERE LA, 100049, 3. T RAHIBRZEBI ARG, 1M, 510045)

 E OARSCRE T MNITARIMALE (8RR JVAE A2 B ST 56 = RS ) BN IRA 45 4, FF
ST T R 9 i B 7 (synthetic musks, SMs) B9 & 57010, KA th & R B Sk BE ( X SMs) Ju
17.6—1153 ng-g™" , FEE N ML F ALK, 240G Y 04 R B8R F (HHCB) 44 B & ( AHTN) FIER 53 77
(MK) AT 45 R B8, HHCB  AHTN F1 MK 1T 5845 AHIE AR IR AN AR B 3R 524 T A A RIBOR B H 1Y SMs
FEAE B 95 57 (P<0.05) , FEE KA H X SMs (49.6—1153 ng-g™") Fr it B0 35 5 T-HoAh 3 FhiRBE. (e HE U b7
G5 R F IR AR AX — R FER A4S, SMs WA RN 40 35 i B R XU A PR

K G RURAE, ERKA, TN, R TEA.

Occurrence and distribution of synthetic musks in indoor dust
in Guangzhou and their potential human health risk

HU Qiongpu'® XU Liang’ LIU Yi"“?  ZENG Xiangying' ™" YU Zhigiang'
(1. State Key Laboratory of Organic Geochemistry, Guangdong Key Laboratory of Environment and Resources,
Guangzhou Institute of Geochemistry, Chinese Academy of Sciences, Guangzhou,510640, China;

2. University of Chinese Academy of Sciences, Beijing,100049, China; 3. Guangdong Provincial Academy of

Environmental Science, Guangzhou,510045, China)

Abstract: From different micro-environments ( including residential rooms, offices, chemical
laboratories and instrumental rooms) in Guangzhou City, 45 indoor dust samples were collected and
analyzed for the occurrence and distribution of 9 synthetic musks, then human health risk via indoor
dust ingestion was assessed based on the measured concentrations. Total concentration of 9 synthetic
musks ( ¥ SMs) varied from 17.6 ng-g ' to 1153 ng-g™', being at low level worldwide. The 1,34,
6,7, 8-hexahydro-4, 6, 6, 7, 8, 8-hexamethylcyclopenta-( g ) 2-benzopyrane was the dominant
compound, followed by 7-acetyl-1,1,3,4,4, 6-hexamethyl-tetraline and 4-tert-Butyl-2, 6-dimethyl-
3, 5-dinitroacetophenone. Pearson correlation coefficients indicated their similar sources and
environmental behavior. The concentrations of SMs in household indoor dust were significantly higher

than those in other micro-environments ( P <0.05). The Hazardous Index values of individual
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synthetic musk were far lower than 1, suggesting limited human health risk via dust ingestion.

Keywords : synthetic musks, indoor dust, Guangzhou city, human health risk.

3 MUBH (synthetic musks,SMs) J&—J N T WA HLLA Y, KRTFI7 U ACBT IR H 43 4 0% 1)
RIRBEA T Z A IAEA R FAR T SRS 3P B R b e R BE  ( nitromusks ) PR G JAS A1 i 3 22
P83 7 i v T 2 PR B (polyeyclic musks ) 7 e 3 bt it T 4 A 58 22 B T 3 00 40 SR, K
M RERRRFIE R A BB A U R A SR 5 B & Fh SO MR, etk o BURE 4
?j’jﬁ{ﬁ@% , E‘éé%ﬂiﬁ\féﬂﬂ%ﬁ)—‘é@éfé%( emerging poﬂutants) ﬁ%)ﬁﬁﬁﬁ?%ﬂ% Ei(ﬁ t%ﬁﬂg%%%%
B0, 27 E S I A AR Ok < B S R AR L B AT A ER AR A R T I E ZR BR L 2 A o R At
HRAS ISR P B A, L DR HCARR B ) A, 988 23 (0 s A it P TS AT S IS8 1. e b, 22 3R B A i
ZHA R

U, BRARE v & RS (4 20 A1 5 1T R e AL LA S BRALN 5 | & 1 BRE SUBIE S N B3 32 G T:  (H K
(I 9E B T 15 B e K R PR35 Th (9 S0 A A S ST R R A, Li 45 WL TT e T B PRI 3T
AR FRT, 28 PR C R E K A G BB A A LA B H IR | A ) PR A i R XL, 0 5 AR 5 1 1 A5 Y
KU BN IRARIREAELUR I IR , AR A Wy gk iR SRR 507 JI0RE 49 LA B DA 28 S5 | B I
B b/ L SERURL A h T 3 N EREEAR O Be /NS P41tk = A /A AR W e gk A HABFE I 72w B T 4 B
A BILTS e AR AL i s DO —SE BUA B 35  PAOR YA 15 e an i A CBELAAGH) 7% N 3R S5 b SRR
Ja HS RKOP 2 TR AN REE S R X TR RS RO, & P Sl IR g o % A R
PN RIS 75 0t AT AR B 52 ) S (R QI X T /K P S i 3, IR AR B A e — P A AR 52 5
AR, U IR 4l L, G A T ik i A B O AR AL R, 0% T A N K A rp 2 R B R Tk
(PBDEs) " B BB " (TSR (PAHs) " SR 5E 5 2 ARVER S R 24 v 4 1B 7 119 3 A R BRE XL
I A BT TS S AR X A0 AN RIS EAUAE ) N T AN [R) %8 N BRoR SR 3 N R A WA BIFFE K 22 PP & R A 5
53 AT IR, FF 02Dl RN AL B A K 2 0 A B 9 A TR XU

1 MBS 5 ( Materials and methods)

L1 FRACREES SEg bk

2015 4 5 H % 2017 47 H , 2R Verein Deutscher Ingenieure( VDI) FrifEZ IR REDT I eI
HEREEREIE (n=11) JVAE (n=22) RIS (n=3) ISR (n=9) SRR 2 A
JRAFETT 45 A TR AL R ARFE AR TEAR AR JG BE BT PVC RS, IRAFAE-20°C KA h 25347

6 Fh Z BB bR i AL 45 1M 0 (6, 7-dihydro-1,1,2, 3, 3-pentamethyl-4 ( 5H ) indanone, DPMI, 4
£ 90% , F[A)) \BEH B (4-acetyl-1, 1-dimethyl-6-tert-butylindane , ADBI,98% ) 318 E5 7 ( 6-acetyl-1,1,
2, 3, 3, 5-hexamethyl-indane, AHMI, 94. 5%) . %F $i i ( 5-acetyl-1, 1, 2, 6-tetramethyl-3-iso-
propyldihydroindane, ATII,90% ) 4B 7 (1,3,4,6,7,8-hexahydro-4,6,6,7,8,8-hexamethylcyclopenta-
(g)2-benzopyrane, HHCB,75% ) Flit 4} 5 7 ( 7-acetyl-1,1,3,4, 4, 6-hexamethyl-tetraline, AHTN,98% ) ;
3 PRl FE RS A AL 35 — B 2K S A ((1-tert-Butyl-3, 5-dimethyl-2, 4, 6-trinitrobenzene, MX, 98%) . [l Ji§ 7
(4-tert-Butyl-2, 6-dimethyl-3, 5-dinitroacetophenone, MK, 98.27% ) Fl1%% ¥ % 7 ( 2, 6-dinitro-3-methoxy-4-
tert-butyltoluene, MA, 99%). It 5 & W 8§ 7 b5 E 5 2 1 F 8 E Promochem 72 . N #5 75 B 3 2K
(hexamethylbenzene, HMB,99.5% ) W T [% Ehrenstofer-Schiifer Bgm-Schlosser 5256 % . 5256 fiir FH PN il | 1E
Cht AN B THEE Merck A W), B2 CFRIATHEE CNW 2\, FrA 50 25 o0 (i 4k,
1.2 RSN ETAL B M B A

P A AT AL R FH IR ) 2 7 1 7 X LR AN T - TR SR MR AR &, 28 60 H AN 04 i s
Wik A& A Bk DL R 358 T %) 25 168 o S5 ) I 1R G 2 50 ER PR ZY 200 mg JRZE G0 H e 2% I il 44
72 hARBOR ATk 28 R WA 2 1 mL Ay, BRI EC Lt , FIVRAE 229 1 mLRA5 Wik e/ AR
(2:1) Z AR B AL, BAR & W) I TELH 53 G 4 08 25 Ja PN AR 7S S ZE (HMB) | FpA 3 17
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AR A Y5 M B 43 Al o 15 2010 GC-MS FE A (A3 4 4 DB-5(30 mx0.25 mmx0.25 wm,
J & W Scientific Co. Ltd.).EI J&, 275 HEFE FRTE R 5- 51128 220 °C 290 °C 1300 C R A
FEFCHERE AR R 1 pL; R ESE N 1 mLemin™  THEFEF H:60 CHEHE 3 min, UL 10 Comin” F+E
160 °C , LA 2 Comin™' FF 2 200 C ,FEFH LA S Comin” FFZE 295 °C %88 15 min. il i3 FRFE S FIARHE 5
(R RRAE B8 7 RN AR B 1), %) H AR Ak B W A7 1 20 AT
1.3 PR UE S o 4 il

S50 3 A SR IR A 104 O A T RO s e . S 6 B [ S0 A A e S A R TR,
A IR EN BRSPS S0 IR ELAE LIS T T A B8 A5 LA WUROR 75 E UE 1 h, 1
MUK A SR K FB ALK whdk , MET S5 7E 450 °C Sk ih Rbe 4 oy FH R P2 252 FH P I DR AL O e 2
G 3 UK. R  FE AR —HERAE S A oI AZS FURE S (n=8 T 7)) JEBTINFRFE 5 (n =4, 32U B K
AN 9 R BFRALSH) 200 ng) FIFEHL LR EEFE(n=4).

e i) B 42200 25 (B A s o o, R SRR 7 Ok, AR R AR v 25 (SD) THERE 45 LA W A AR R PR
(LOQ) 4 4.14—9.04 ng-mL™" 7EFTA 25 FAFE S R H TARTF LOQ ZKF- HHCB #1 AHTN, AK: H H A4y
Hirfb a9

2 25 578 (Results and discussion)

2.1 AFEITEE N KL SMs & 55010

JIT A it R B L PR B A ( MX T MA) R R 2 3885 7 (ATIL A1 DPMI) |, Hopfb G936
ANFEFREEARE R 1 S0 TORRITIOREE 2 R AR FE i FhoS: HH 9 SMs 7 iy LR TR (B AR 1 ATLUE R
Fh 4 3K % % HHCB (10.5—482 ng-g ™', F{H A 41.0 ng-g') Al AHTN (5.58—409 ng-g™', HF{i N
20.1 ng-g ") ZERTA AL PG B AP RN Z B EE A ADBI( ND—0.497 ng-g ™", % K 6.67% ) Fl AHMI
(ND—1.15 ng-g ™', K R K 4.44% ) (LAER /D B it P ARV B /KPS A AR PR R 02, 80. 2% K i
LR MK (ND—262 ng-g™', F{E N 9.76 ng-g ") BARATE, Ik A2 5 ol £ BB 7 o ok 38 31 6]
( XSMs) N 17.6—1153 ng-g ' (HF{HH 68.6 ng-g™") . KT Hi 4 2 Fn vk BE wh (8 4] By, HHCB , AHTN F0I
MK )M = N R A i E 2R Y.

HHCB F1 AHTN J& H A B R T Z (A E 52 &9, A5 95% DL Eig iy &) e
2007 4F, EIPR 3 AR S K R4 M 26 AR B0 HHCB A1 AHTN 81 7= Ak 2 0kt sl e
FE T ABATTAERREEA BT v ks R RN 5 B i AKOT oA TV AR R N B e U AR R T 4R BR
S E AR AR At S TP R IR RS SR BE A, D2 AT 0 AL o RS (H A — s
AE7= AT RS LS B IR NG 1 RIS v I R SR 1 2 R AR X — R Z TR TR 5 R AL
TS R AR R 2B v U 7 B A 32 ARG % N PR i 5 s At B I B et HH AR g A 35T Iy SR 3R B
PRI, AR5 P MK A s A0 15, 26 I 3R [ R4 s o ek P g R g

Pearson A G/ HT 45 2 W] HHCB Fl AHTN(r=0.899, P<0.01) % FE IFAHC, 1fif MK 1l HHCB(r=
0.660, P<0.01) MK il AHTN(r=0.563, P<0.01) AH5HAHXT3:55 , B E N K42 H 1) HHCB . AHTN FI
MK A REELAT AL AR IR A LA R B AT

M 1 IEAT LUF RO IR b b 25 B A 20 5 — B0 B & KO 2 57 W3 KEE N K
A Y SMs R, M 49.6—1153 ng-g™ (PN 287 ng-g ') ; Hidx 3 FhUIREE A& MUBR & & /K F K
HO Y INVAE AZETTAL IS % DL R AR By K2 T X SMs 7 i3 [ 4390 R 20.6—576 ng- g7 (TEH
68.3 ng-g ') ,32.2—169 ng-g ' (F{E N 54.6 ng-g") F1 17.6—138 ng-g ' ( F{EH N 52.9 ng-g™") iR AL
AV S, FEEE N KL HHCB 78 (P<0.01) (AHTN & (P<0.05) DL}z MK & (P<0.05) ¥ B 3%
1 T H AR TR ST T 1 A BB A LA KO

ZIBE) N T B AR S A A AL, K At i A A BN IR VR R K KA
G URL BRI T A A A e S e U R H R KT TR S, A U R M S A TS
IKHEATG K AL ZR G0 | ] sths 23 BECY B A 2 N BRBE. LA, o B H (o P 7 B o G ik o A A
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KI5, I A 5 7 R ) i 0 2 T T A R A S T PRSP IR 8™ i 25 S0 I 700 557 i I ok 26 7
R I IUNER N G RE TR N R o2 S sy NE & e U/ b LR

T ZFROR IR, 2262 28 N RS P & BUBS 7 5 0 1025 0 v 10 A MR BB Sk 8 LR AR Wy 3 i 47
BRI S0 2 FAL R P PG U 9 32 R IR B R G, A 28 23 [ R R R | N B R
B AR B LS TR B A (O T PRAEA AR R 2 AT RS T 45 28 AR (9 TRLEE AR E , 1338 55 1)
TR AR AL T MRS, 28 N BRI rh 5 OB AR AR MET B8 4 32 O 5 A2 AT Ak B S 6 2 7 s ol 0 FH 5 e R )
VRGeS A A A B0 2 2= B/ BN B2 22 (H R4 10 36 XU e B — i e JEE i & TN 36
B A RS S AR DRI A SRR rh A RS A R o TR AL A AL B SR

R1 IR E N RA S SMs & 5 5501 (ng-g ™)

Table 1 Concentrations and distribution of SMs in indoor dust from different micro—environments in Guangzhou (ng-g™")

n ADBI AHMI HHCB AHTN MK ¥ SMs
R K E 11 JEF Range ND—0.243 ND—1.15 31.4—482 10.5—409 7.53—262  49.6—1153
Residential rooms F{& Median ND ND 163 80.9 33.8 287
12 Delection ratio 9.09% 9.09% 100% 100% 100%
HVAZE Offices 22 {iEF Range ND—0.497  ND—0.494 13.3—340 5.58—109 ND—127 20.6—576
F{& Median ND ND 28.0 19.8 8.43 68.3
K Hi % Detection ratio 4.54% 4.54% 100% 100% 81.8%
& 9 il Range ND—0.0960 ND 10.5—95.9 7.11—20.1 ND—23.3 17.6—138
Instrumental rooms F{& Median ND ND 36.0 12.2 7.71 529
K Hi % Detection ratio 11.1% 0% 100% 100% 71.8%
fLEFRT AL B 3t Range ND ND 24.1—96.7 8.10—58.6 ND—13.6 32.2—169
Chemical laboratories F{ Median ND ND 41.0 13.6 ND 54.6
K Hi % Detection ratio 0% 0% 100% 100% 33.3%
£ Total 45 JE[H Range ND—0.497 ND—1.15 10.5—482 5.58—409 ND—262  17.6—1153
Hif Median ND ND 41.0 20.1 9.76 68.6
K13 Deltection ratio 6.67% 4.44% 100% 100% 82.2%

F:ND, AA L ND ,not detected.

22 FH T I TUAR [ P9 A0 SR HGE 12 N SBE K2 rh SMs 1915 i KSF N 38 2 W DU Y, 7244
FHIX KA E S Yy HHCB F AHTN 3 ATE AT 6 AR A 6 AR BFSE Hh HHCB &K
I A TR SE AR R0 P aE A N R R B Sk AHTN 1 S, A5
AHTN 25 5 [ N 5% S R KA A B A I 2 AHTN RECH S I3 2% T Rk Se 25 [ 02 i
FN KA MK S EACHIC T E PGP 5 H AR RAR S X T RE S ) [ R A e
Fas I AR IR O, -5 AR TR B R B A A S A [l g o6t
2.2 AR PEAG

JRAAEASEZRICEIR GRS Y Y M B R R 2 AR ST A5 4 55 H EPA XU PPAL A, 1
PUR 2200t M T e A N R AR 1 SMs B2 88 KBS 04T T 9045 3P4 4

C, xR xI
EDI = ——— (1)
BW
Hofr EDI 2 HEAR, NN ng- (kg-d) ™ C 2 KA KR T A BUBE A& S 5 B BN ng-g™' s R 2K
DHBAR AR g-d7 5 AR KA R 53314 20 mg-d ™ H1 50 mg-d™', @ 7K A
53518 50 mg-d ™ H1 200 mg-d "7 2K SMs AR BUE 100%.BW AT, B4 kg, AE
PR EEL 63 kg, 4L IR EHL 13.8 kg' ™.

TEMCEER b ARFFE 3T EDI(EH MR8 40 HI, Bl & M & H AR SHM SR 21,

TP i AU .



3303

SUERE 2 N KA R BB A 20 A1 B AREBR KBS A A A

Ly
2

f

4 AR

I

]

12

"PoIaIap 10w (NI AN

8°¢E an an 6°08 €91 aN aN aN ueIpay Hjch .
ruty)) ‘79 (| () h
AT 9T—€S°L an anN 60v—S"01 wsr—I¢ ST T—AN €¥T0—AN aN ofury [ Tt 1
T8 879 8¢ 61 an aN aN ueIpay Hjch .
eurq) I () [ oh
[81] 9bS—AN LL9—AN 00101—6°CS 0b6E—S+1 €0e—AN I'SI—AN 9'6c—AN ofury [ Tk 9¢
L€l 811 Ll 6'LE URIPOI i} i eury) [ o
[er] €0C—AN §'66—AN YI1—8L°0 LLS—L8'T ofury [ Tk 9 .
€6 an 6L ove URIpI H} ch —
[+1] 06§—AN an 07c—aN 0091—+8 oBuey |4 Tk o1
88 seel uRIpI H} ch T —
[¢T] €0€C—9¢v1 9'169—AN ofury [ Tk 3 4
6 an Sy 499 9.9 an an aN URTpI H} ch
ﬁﬁNEmU Vﬁmﬁ_mﬁ
[or] TLS—AN an T6v—LI 0661—80¢ 0006—6¢ 8L—(N THI—aN 81—AN oury [ Tt 4
00€ 006 00L aN aN aN URIpI H} ch ————
? o] )
[z2] 000Ly—AN 001€—AN 00¥1T—AN aN aN aN ofury [ Tk 0¢
0S¥ an 09¢ 069 065 an URTpI H} ch ———
? o] )
[12] 008¢—AN 0ObT—aN 00¥T—AN 000v6—0F€ 000LL—AN 0£S—AN oury [ Tk S¢
01y 086 URIpI H} ch ——
[61] 000c—AN 006v—(N oury [ Tk 0¢ )
143 L¥6 URIPOIN H} ch -
[oz] OLIT—LTL 081+—96¢ oury [ Tk L )
7oy SN VIN XI NLHY qOHH INHV 19av LV u

(,_8-8u) OpIMP[I0M ISNP I0OPUL [BIUSPISAT UT SYSNUW OPYIUAS Jo UOIINLUSIP PUEB SUONEIULOUOY) T J[qEL,

(330 {0 5 B SO G b T BEME g T%



3304 I 55 1k % 39 %

EDI
“Rid (2)
A, HHCB . AHTN #1 MK %) NOAEL {E 43 7l £ £ & 150 mg - (kg bw-d) ™' .5 mg+ (kg bw-d) ™" Fl
2.5 mg- (kg bw-d) "% ORHE T 1007

23 A T HEANE IR AR B A KT B 8 7 Xt 1 R &y B s B ) A 865 48 B30 7 3253 IR 2R 4 A
KR, AR HHCB F1 AHTN XU 435918 2.23%x107°—1.02x 107 F1 3.55%x 107 —2.59x 107 ; 4 # 1
b T B TE BT L A AR B A T 11 B2 Ml AT Ry 250 R 242 AR AR | RUBE A X B 8 (HHCB : 2.54 107 —
1.17x 107°; AHTN; 4.05 % 107'—2.96 x 107 ). B fifi 78 &5 K 28 5 A K S0 (i A 50 mg - d™', 4h %
200 mg-d™") , UG B A fERHE B /N T 1, RIIMUK D18 A X — B FE IR AR, & IR X i R4
B TR F R XU A PR T LAY NOAEL 18, i B A MK (e E XU 5 HHCB 735

JRA R E AT REHAA Y, W PBDES S BEFHIAR T PAHS" LA 2 A A A i
TR A [ Bt 35 A Z2 Bl Ak B ) 1 Y 3 o ) £ B DRSS AS T Z 000 A0, R R floh " AR i i A2 2 IR
LY E LR R IR, 22 Fh A AR [ % R i A1) B RS (A5 R R

£ 3 FWKAEH SMs TG AEEUH

Table 3 Hazard index values by estimated daily human exposure to synthetic musk reference doses

HI

SFE IR A4 AT IR AR A
(HI based on average exposure) (HI based on high exposure)
HHCB AHTN MK HHCB AHTN MK

HH{E Median 8.67x10™°  1.24x1077  1.24x1077  2.17x10™*  3.19x1077  3.10x1077
N Adults fe/IME Minimum 2.23x107°  3.55%107® 0 5.57x107°  8.86x107® 0

e RAH Maximum 1.02x1077  2.59x107°  3.33x107°  2.55x1077  6.48x107°  8.31x107°

H{H Median 9.89x107%  1.45x107°  1.41x10™®  3.96x1077  5.82x10°  5.66x107°
#h1JL Toddles /M Minimum 2.54x107%  4.05%1077 0 1.02x1077  1.62x107° 0

e RAE Maximum 1.17x107°  2.96x107>  3.80x10™  4.66x107°  1.18x107*  1.52x107*

3 252 ( Conclusion)

AWFFAET N R RFEE IMVAE AFRTE SR NS 4 FOR RO R AE 45 (= K
DR TE T A SR B K A B A R AR Y HHCB , AHTN Fl MK, X SMs & & 3 Fl 8 17. 6—
1153 ng- g, 7EE PAME FHAK- , B RARTF B AL B i RS8R [ 5 A 5% h HHCB |
AHTN F1 MK [8] 344 B30 AH 1 (r=0.563—0.899, P<0.01) , 70 3 Fir-& i 75 AT RE A AH I 148 IR A
AL EREEA T . T R BE BT b K H AL = i A4 B S 8, RBE K 2 i HHCB  AHTN F1 MK &5
HKOE 35 5 TINAE A 5 Rk 2 AL B S 00 28 KA rPoXE R A5 & KT 56 T 2 v H A s e
PSR R0 A S T e R H A R R HE U, I 98 45 R WIAUR A A X — R 87 iR 48, A iU
T b BN NG B 18 B4 R RS A7 PR
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