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Abstract; People spend about one third of life time on sleeping, and exposure to semi-volatile organic compounds
(SVOCs) in bedroom during the sleep may cause adverse health effects in humans. Dust is an important sink of in-
door SVOCs, while levels of the SVOCs and corresponding health risks in the indoor dust are still unclear. There-
fore, a comprehensive screening of the SVOCs is necessary to identify the dominant pollutants in indoor environ-

ment. In this study, settled dust samples were collected in bedrooms from 19 Chinese homes to investigate the oc-
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currence, potential sources and health risks of the indoor SVOCs. Gas chromatography-mass spectrometry was used
for high-throughput screening of 895 SVOCs in the indoor dust samples. Based on the health risk assessment meth-
od proposed by the United States Environmental Protection Agency, the health risks of the SVOCs with detection
frequencies >10% to infants and adults were assessed, considering ingestion, inhalation and dermal absorption from
dust. A total of 85 SVOCs were detected in the indoor dust samples, including 20 n-alkanes, 12 polycyclic aromatic
hydrocarbons, 6 phthalates, 8 organophosphate esters, 7 alcohols, 6 substituted benzenes, 9 phenols, 9 pesticides, 4
esters, 2 fatty acids and 2 others, with the total concentrations ranging from 92 pg-g™' to 14x10° pg-g™' (median
value: 43%10° pg-g™'). Among the 85 SVOCs, the phthalates were found to be the most abundant SVOCs in the
dust, with the mean contribution of (40.9+11.7)% to the total SVOCs concentrations. Bis(2-ethylhexyl) phthalate
(DEHP) was the predominant phthalate, accounting for (63.1+14.5)% of the total phthalate concentrations. The re-
sults of the health risk assessment indicated that the hazard index (HI) of SVOCs in the dust were negligible for a-
dults. However, 4 SVOCs, including styrenated phenol (HI=7.2x10*), DEHP (HI=3.8x10), myristic acid (HI=
2.2x107%) and stearyl alcohol (HI=1.1x107%), were found to pose low non-carcinogenic risks to infants via dust in-
gestion. In addition, the carcinogenic risks (CR) of fluoranthene (3.7x107°) and pyrene (2.8x10°®) were found to
exceed the acceptable risk level of 107, The present study clarified the current pollution status of the SVOCs in in-
door dust based on high-throughput screening method, and provided basic data for prevention and management of
SVOC:s risk in the indoor environment.

Keywords: indoor dust; semi-volatile organic compounds; high-throughput screening; human exposure; health risk
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1 ##157 % (Materials and methods)
1.1 FEahREE

2021 4E 8 AA9 A 4HZEEH R E 13
BT 19 PR E REERNE R T KA,
T3 A 5 A ARG RAE R BE A AR B A s .
16 F1 R BEAL T 2838 AN BT 1A 5 8 A Fib 2 A K 1Y 38
KRR 13 ~24 h,3 AR XSRS 7 ~ 12 h,
AR 38 KU ) AS 2 6 h T AT b2 RFE ] [a] 2 ok
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ER2Eis ge), R R 57.9% |, Hh AR EE 43
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THE Iy = EUE SR BRI T 30%
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Table 1 Performance of the GC-MS system
e wEy P B I 1) A% /s W37

No. Compound Retention-time shift/s Response

1 HH P} Captafol -0.10 0.94

2 MEER Tsoxathion -043 126

3 2 4- 4R 2 A-dichloroanilin 0.04 098

4 2 4-ZHH SR 2 A-dinitroaniline -0.03 114

5 TS Pentachlorophenol -0.11 035

6 PE¥LHEE Simazine -041 101

7 ABEHA Fenitrothion 0.54 0.70

8 + 9 =3 Decafluorotriphenylphosphine 1.10 0.83

9 2,6- "5 HH; 2,6-dichlorophenol 0.09 0.73

10 2,6- " H ELF W 2,6-dimethylaniline -0.77 1.10

11 A IfEmE Benzothiazole -036 0.96

12 A2 R T Butyl benzyl phtalate -0.10 1.09

13 4% — W12 — 2.1 Diethyl phthalate 032 099

14 W2 = T & Tributyl phosphate 035 0.80

15 WilR = Q-3 L F)BE Tris(2-chloroethyl) phosphate 048 055

16 FIRLEE A6 Chlorpyrifos-methyl 023 0.66

x2 AEEBITFMEXSH
Table 2 Parameters for human exposure assessment
28 CR X 4L LON E= BTN
Parameter Definition Unit Infants Adults Reference

IngR AR Ingestion rate mg-d”! 60 50 [1]
InhR % AR Inhalation rate m?-d™! 5.08 157 1
AF [ 78 B2 Bk B9 7K 28 Jfi i Amount of dust adhering to skin mg-cm™2-d”! 02 0.07 23]
ABS Sz BRI U H F Dermal absorption factor 24X 1 Dimensionless 0.03 0.001 24]
SA Jz Ik Hi A Skin surface area cm? 1 600 5700 [23-24]
BW {&)Fi & Body weight kg 8.88 60.6 1]

f [ib %S {55 BE B} [B] 5 43 [b Percentage of time spent in bedroom  #4¥°} 1 Dimensionless 0.544 0.342 [25-26]
ED TGRS 2ERTE] Exposure duration a 2 30 [24]
EF FFENR Exposure frequency d-a’! 350 350 24]
AT S-Y R FERTE] Average lifetime d EDx365 EDX365 24]
PEF ki ¥y i R F Particulate emission factor m® -kg™! 136x10° [23]
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1. PAHs /R 2] 5% ; OPEs F/n A HUBEFRR ; PAE /R 48K — I RER .
Fig. 1 Composition profile of semi-volatile organic compounds detected in indoor dust from different homes

Note: PAHs stands for polycyclic aromatic hydrocarbons; OPEs stands for organophosphate esters; PAEs stands for phthalates.

100 —r= —_——— e
= 1 S | O DnOP
|| — | | DMP
8ol ([ I L DEP
Ll DIBP
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2 W
= T fd
5 e
S 4of |
20f
0

T

Sampling sites

B2 FEFREZEHNR

CA F G H R SR = R ERBR A AR

{E: DEHP /R 884 — iR —(2-Z S T AR ; DBP R 48K IR — T ; DIBP R 44 R — 5 T T ;
DMP £/R 484 — iR — Ffig ; DEP /R4 K R — TR ; DnOP /4P K — iR — 1E £ TR .
Fig. 2 Composition profile of phthalates detected in indoor dust from different homes
Note: DEHP stands for bis(2-ethylhexyl) phthalate; DBP stands for dibutyl phthalate; DIBP stands for diisobutyl phthalate;
DMP stands for dimethyl phthalate; DEP stands for diethyl phthalate; DnOP stands for di-n-octyl phthalate.

TR RS HH R A 24535 A 45 2 2% HUR 8% U B
FNCELFE 3 FDLSR HL A T | s e R 5k 45 ), (B AR
R R T 50% 1Y G 44 g E@hﬂj%ﬁ%ﬂ

42.1% , Holp sk e A 29 pg- g™

K %) OPEs A9 a1 ik B 3 [l oy 0 11 ~4.8x10?

pg- g (HFfH:1.6 pg-g'), HH, TCIPP, TCEP,

TPHP . TDCIPP F1 EHDPP #J#% 100% 4 Hi |, & 13
[ BTk 1 19 (87.3+19.3)% , TCIPP J& /K2 rh
FE OPE, I TTHR A (33.5£214)%

A B R AR RE S RS H PAHS, SR BV IRl N
0.18 ~83 pg-g ' (h1l:2.0 pg-g™), MK PAHs £
R XA, 2-F AR ZR (2 BF,84.2% ) FEG 3F,
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78.9%)FIZE(2 ¥£,57.9%), HH{E HE BE 439 h 0.43 |
0.86 F10.18 pg-g™'. A& KA R EZ PAH, F
YITTHR M (36.6+21 4)% , 7K L R4S HY R f e Y HX
RIEB42%), TEWEE N 039 ug-g'
2.2 KM KA SVOCs f e R JXURS:
ARMFFEIET IR AFES TS 95 Sk B XA
HFE>10% 1Y 38 Fh SVOCs AT AR 52 5% Fl{d 5 K
B PEA . Al LA 2 B8 A WA N Rz JER I X
3 PR H B A RN 3 iR, 3 Figfs
o AR AT L A A 2 Rl ARG, n] Z20m%
At BREEEITRZEARY, 4 LAS AKX DEHP
B AR &5, k5] 7.5%10% ng-kg™ -d™' H1 50
ng-kg™-d” ., LA EEA R BB R, g
L2 5 Z B ZE W KR H SVOCs At g
EFXFixX 38 ' SVOCs, ASF 78 M 4% 55 1k B4 e
FISCHk BRI RID E, PP B TR AR B0 XU, 25
AR, SVOCs YRR KU (HD YR 2 0.1, A%
AR B0 KU i = AR 4.8x107°, K A 28 241k
KWy, AT 2T, 4 Fh SVOCs # &k Blasxf L s
TSR IR , AL 45 2 2 M AL 2R 5 (HT=7.2x 10 %) | DEHP
(HI=3.8x107) (A H R (HI =2.2x107*) Al i Ji5 B
(HI=1.1x107%), H UG T 22 A KR T30,
A5 WHO BYEUR )15 5, 78 KA o i 10
T R >10% 19 BO@ Y, TEAN T e A0 208 KR
(F4), Hr,2 F 4 35 PAHs, 2% B (3.7x 10 ) FItE
(2.8X107°) [ JXURG: Bl & B HE AT $2 32 K F-(107°), &
T BT A 1 50 XU, JE 380 DR () A 2 PR ALK
DSE . HAy SVOCs BYFUR XU 24 7] 20

3 1312 ( Discussion)

AMFFE B RO 3R B R BE = N K A2 T 895 A
SVOCs JF & T & i it i A, B B T Rip % ik 2k
SVOCs W5 4515 e MENL o 38 220 ¥ BE BTk 4307, AR
AR G G 85 A SVOCs T IR Y PAESs 2%
FEMTG Y, AR AT GRS L T AN [R] [ 5 1
X% N KA SVOCs W FEFE K-, I 4 A HOg 7E
3.1 MK SVOCs IIFETEK - B K P850 Hr

ARHFFE R PAEs (A H K- (TP B . 1.4%10% ug-
g ) RTIEME R (626 pg-g )™ KM (288 pg-
g ) [EIF, AHFSE PAESs Mk BE LA T o [ 4 1 b
X497 pg-g PR M T 241 wg-g )P EYHE H K
S (HE T TR E 6 > H P X (54 wg-g )M T

A HEFR X105 g - g )P 19 = 9K 2B i ik
., ABESE KA PAEs 85K E 6 A4~ X i (DE-
HP:49.5% ~ 89.4% , DBP.7.00% ~ 31.2% , DIBP:
320% ~23.8%)" 1K E 7 4~ X 3k (DEHP; 60.4% ,
DBP:28.0% ,DIBP:10.5% )"l 20 si AL, 3k [
ANEHLIX % N K2R d i) PAEs B MBI PR, DE-
HP ELATH 1F BE-25 S0 e R 8 (log K, = 12.56,
K F EPIWEB 4.1), 55 9K A2 W B, 2 kA vh e
W PAE, Bl ABUEEE JEE IR H AR
KK Z IR A £ F ) PAE®Y, DEHP Il DBP
I AVERA LB RHPVC) SR LT
BT H ST 2% 3 ¥ 5, i DEP Al DMP A H
VERG R FIVEA A i G BE RIS N3P B i v A T8
I k2 DEHP 1 DBP (45 K6 5% i e ik
JE 2 W HG 98 50) (9 AR 1 5 30 PAEs W % N
FEf) SVOCs,

BB IN R TE R e K M | AN ) kR
YIgIE  ASHESE iR Ek <23 B9 1A e R AE K TR G
PRI T 40% 1 S5 AE 1 HE Y 1E 48 Jot S8 ik 2
— 24, BB C,,,, W EPEHE R AR
LR, R HE I (%) 1E KA B SR ik B — <24,
HEAR Cp P o ARFFEHIN A Cc 7 Cyy
Cy, , X FBAAHI G ks Hh 0 IE A e K BH i 7 B AE )
TR, AN — Al BROBHER S 7= A 1) TE A e
JEI CPLAE 33T 1, 1M A 4 5 19 1E A8 Se )& CPI >
583 ARG T E A KRR CPI HE R 1.8 (0.9 ~
2.9), XUk B Ak A SRR 2 % N IE A o S T Y i) B

HHT, & P IREE BT Yo A s b, AR
WA R AR Pk s st ) A B 1- T B 7
BT, A WEIEAE Sk i ] BRI 1-T B
BRI ERE LA RN 2 1T 1 R A SN AE 4 Rl Ak
A iy FAS PP BRSD H (A KR R R Bk
TP A A S R 2 ) % N TS G ) R
T B — D TE

ZENFRES H Y ATBC FIER HE R P B 4G H SR A
L0k 63.2% 1 73.7% . AWFSEH ATBC f 4
BE(HE 6.1 png-g )i T7 X 7 B (2.68 pg -
g P HEE AR T3 AR v B 271 pg g
AR, 3200 2 B YR AE 5 N R A Hh i 2 AR R P I
ATBC J PAEs 1 = BRI A 705 A i Y i )
J& PVC FIAGEE v — o Ei 2 A0 R 700 A o 7507 %
JRAR K 2 FE T BE 322k F T AR AR R i
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Py AEAE PRI i AR AR AE—2F A
R EE R T AR 2R AR . I
12 FAAE B R A2 5 R 25 40 5 v ) 2 T 7
BT E AT A SR ] | 2 PR v g A S % M
WERY RN, AR5 TR R E 4.4 pe-
g KT T 52 K A0 358 49 Ml XA A T (4.9 pg -
g )M BT H A B RS H X AR R E (31 g -
g ™ HLE TR E 2013 43504 b X B 5 A G R
(3 ng-g HPIEH 1000 245, MHh, K IR R
B FAVEAR I B 2 700 (B 84k 7)), 2 W 2K Bl 2 710 v il
BT Z s A SR, BRGSO FE W Kok
IRACTR B 1) RIS | T Bk — W58 & N A 85
HZ R 5 YL K-

AMFFEH OPEs HAG H e (h{E: 1.6 pg-g ™)
=T HAERO.S wg-g )M R M (1.4 ng-g )P HLIX
JRAR PR E (BT EHE(11.5 pg-g )M K% Al
Q2S5 pg-g O LXK A Pk B, AR L LA
1k, OPEs (TCIPP , TCEP # TDCIPP)#il-F 5 fk OPEs
(TPHP FIl EHDPP)#S5 DEHP E.A5 i 2 HH K: (P<
0.05), CAWF RN, E 1k OPEs H 1F 4 R & i
K(PUF) T A BRI, iR S/ OPEs W% )3z HIE
PVC 1 PUF Hr 3888500t st ml 1, JK 22 v DE-
HP Fl OPEs A] fig B A L [R5, sh, TCEP H T
HEUmTEC % i g TCIPP Al TDCIPP #: 4%, 375 Kk

M S H XA (A e TR A R A HLE
BALME RS HES , ASHE 5T o e BT A R i R
TCEP, HHX} OPEs ¥ B 19 F- 44 STk ik 2] (15.6 =
18.5)% fEARHE—2 K,

AHFFE T PAHs BV E K (P E:2.0 pg-g™)
SN IX R B (2,17 pg- g )TAHY . ARBFSE R
B, KA ) PAHs LIAER 323X 57 M KA
AL X A T 25 R B — Bt R RGE AR
W, A AR AL AE ) Uk pe 2 PAHs 1Y 322K
U, 28 N AT LR R R % 20 W) 2 B i S G in ==
W PAHs 75 445 3 ¥ IFF PAHs (2 ~3 H)RIET
AT YRR G RS ARG P LB IR B, 1R 38 PAHSs
@ ~6 P) E BRI T AR = IR AREE . AT
FELE R R IK A P PAHs DU FR S 32, #E0 %5 14
JRZAEH PAHs FEOR H 2T HEE N,

3.2 BME R SVOCs Ao e XU PE

A 5T DG A HH ) 85 Flt SVOCs H, BEHX 38 F
K >10% B SVOCs #EAT T fa B KUS -, 25
B A SVOCs X it A 35 T8 35 B0 KU
SRIMXT Al LR 13, K 245 (L 2K 1y . DEHP | A 55 iR
FRE RS (Y R GR 23 0T 0 ~2 2 14N LT R — o P
AR XU (HI>0.01) . 4 JLAYAEBURE XU 3222
HENKAEBAIISE, 2LRET KT SVOCs
E0FE92 FFPN 5 N N N S8 e B ) B M- R VA NG

F4 FERMEENMOERZRET (CSF) MEBFEXE (CR)
Table 4 Carcinogenic slope factor (CSF) and carcinogenic risk (CR) of semi-volatile organic compounds

Cﬁjﬁd CSF/(kg-d-mg™")  CRy, CR g CRjy, CR a1
8K H R (-2 3 3G Bis(2-ethylhexyl) phthalate 0.014° 70x1077 56x107° 16x1071° 70x1077
B2 Biphenyl 0.008"° 57x1071° 46x10712 13x10713 58x1071°
3F Phenanthrene 0.828¢ 55%1077 44%x107° 13x1071° 55%1077
%% Naphthalene 0.12¢ 68x1078 54x10710 16x107" 69x1078
¢4 Fluoranthene 15¢ 36%x107° 29%x107¢ 84x10710 37%107°
EE Pyrene 135°¢ 2.8x107° 22x107% 64x1071° 2.8x107°
O R (2-4.3k T HE)E Bis(2-ethylhexyl) adipate 000122 19x107° 15%x107" 44x10713 19x107°
2,6- BT HX) F i Butylated hydroxytoluene 0.0036° 25x107° 20x107! 57x1071 25x107°
SA%Fs Permethrin 0.00957° 72x1078 58x107'° 1.7x107" 73x107
R = (2-5 L H5)MR Tris(2-chloroethyl) phosphate 0.02¢ 13x107 1.0x1071° 3.0%x10712 13x107

T : CSF FREUEARPR I T CR,,y FARBEABUEIE ; CR y, F7R BRI BRI 5 CRyy KR8 W ABU KU 5 CR o K78 SV XU 3 B
K A LA XURE BRGNS Bk B KT (5 B RSN s © Wignall 45 POV FF A 14 5 fk 4589195 140G SR AR R T

Note: CSF stands for carcinogenic slope factor; CR;,,

stands for carcinogenic risk via ingestion; CR . stands for carcinogenic risk via dermal absorption;

CR,,, stands for carcinogenic risk via inhalation; CR,, stands for total carcinogenic risk;* the data were from the Integrated Risk Information System!®J;

b the data were from the Risk Assessment Information System!'”); © the data were predicted using the quantitative structure-activity relationship model de-

veloped by Wignall et al.?"!
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MIFEA LE N 22 | HHAT AR A 00 I8 A 7 %0 1
AT R AR I IR B N IR EE TR 2 Jfk
z;:%%a‘}\ﬁ:ﬁ%@ifﬁii%fﬂﬁﬁo R IFARR AR
fEH R A AEE N IR R BT
S 6 B G | S S e R 4 € N i N
T HP 3% A QSAR i (19 RED {8, PFH T Hi3E B R
Wz , 3 AT g B A e A LR . Rt A b
UREE S 2 N K AR HR R 2 AR B ek A A i B A IR
W, AL, WF5E 2B DEHP ELA A58 Fl ok & #1E
JPHIZ#E T DEHP A fig 238 JLZ A7 R G 25 [0
A g LIEANFAE K R B ORI B, T Bt — 2
KHEZE N SVOCs K40 LI fa e AU

FENKA R 2 B PAHSs (94 T ) X AR 3
Je KUBS: BB T US EPA 72 1 B0 KRS 19 nl 32 37
K107, ARWFFEAE KR R I R EE J 2L
AU XS R IR, E T8 T = 25 PAHSs, B K,
SR R A B A IRIA PAHSs s 1 BUE
AR 7] Z W | {H 2% &3] PAHS 22 ] B B [ 7 IS | R
22t PAHs IR BURERS W RS M,
KT EE N PAHs 155

zlxﬁﬁﬁLﬁiE@Vq KA i Ay 895 Ff SVOCs
FIAFTE KRR XS, &L T 6 A SVOCs X Ak
A GE SR, A S A —E 1R
BRI AR AR B 5/, Tov 4 Ay 4 T b s e 3 [
FHE KL SVOCs 115 YR DL, AT 2 it —
Y KBEA R 564> SVOCs By RfD H1 CSF 2 i 1
QSAR FLRIFHIAG 2], \HEZEEE T SVOCs 1Y 5% gt
SRS T BB v il sl I AV A &5 ) SVOCs 114 fgie B
ARG s}, A 25 A 1) 52 3 75 Y ) 1) v A B A
TR A TR RN, KUBS: 285 A7 76 — 2 1R AN It
PRIt A7 5 32E— 20 SR B DG 25 N SVOCs 15 44Xt
PN N9 AN

BE—

BEEEEN . T {,(1980f) SR L SR YT
7 A R A A RS FRR 55 3R
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