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Background: Various types of semi-volatile organic compounds (SVOCs) exist in the public’s living Accepted April 1, 2022

environment. They occur in different forms in terms of their physical and chemical properties and partition
coefficients. As a consequence, indoor exposure to SVOCs occurs via various routes, including inhalation of
air and airborne particles, skin contact, and dust intake.

Objectives: To propose a method for assessing human exposure to the SVOCs occurring in the air of an

indoor environment, the concentrations of SVOCs in house dust and organic films measured in a real
Highlights:

residential environment were estimated in terms of gas-phase concentration using the partition coefficient.
- Exposure assessment of SVOCs in the

Assessment of inhalation exposure to SVOCs was performed using this method. .
air required.

Methods: Phthalates were collected from samples of house dust and organic films from 110 households in a . N .
L ) . o - Air phthalates were measured using
real residential environment. To perform an exposures assessment of the phthalates present in organic films, .
. . - . . . house dust and organic films.

gas-phase concentration was calculated using the partition coefficient. The airborne gas-phase concentrations .
> : - Preschool children were the most

of phthalates from the house dust and organic films were estimated and exposure assessment was performed .
. . . . exposed population.
based on the assumption of inhalation exposure from air. .
- Dust and organic film could be used

Results: As a result of the exposure assessment for gas-phase phthalates from house dust and organic films, as a proxy for SVOC exposure via

preschool children showed the highest level of inhalation of phthalates, followed by school children, adults, inhalation

and adolescents.

Conclusions: This study includes the limitation of not considering different SVOCs exposure pathways in the *Corresponding author:

health impact assessment, including those of phthalates in the indoor living environment. However, this study Department of Nano Chemical &

has the significance of performing exposure assessment based on exposure to SVOCs present in indoor air Biological Engineering, Seokyeong

that originated from organic films in the indoor residential environment. Therefore, the results of this study University, 124 Seogyeong-ro, Seongbuk-

should be useful as basic data for exposure and health risk assessments of SVOCs associated with organic gu, Seoul 02713, Republic of Korea
films in the indoor environment. Tel: +82-2-940-7614

Fax: +82-2-740-7616
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7V k7] S8 FRASH AHEEIL = ZEEolER
S aHFo] 7P @i, - 9] APAF oA FEH 2
2 @2 g7} o]F0i Di (2-ethylhexyl) phthalate (DEHP),
Dibutyl phthalate (DBP), Dimethyl phthalate (DMP), Diethyl
phthalate (DEP), Diisobutyl phthalate (DiBP), Butylbenzyl
phthalate (BBP), Di-n-octyl phthalate (DNOP), Di-n-hexyl
phthalate (DNHP) 8% 40 & 574 9 2415 AA[sISirt
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A 8 f7128F 5 ZEH°lE 242 EPA 8270E (SW-
846) X PSS TA] QFHERI Y BLIFSHAE Al
3 HA} 7180 ZABF] GC/MSD (Gas Chromatography/
mass selective detector, Agilent 5977B GC/MSD, Agilent 8890,
USA)E o} §3ko] BAjstgon], TedolE RS 942
(Column)2 DB-5 (Z°] 60 mXW7 0.32 mmxESFA 0.25
um, Agilent, USA)E AH&-513IT) Injector 280°CE F-AI5H3
on, A9 2k 70°ColA 123t FAIRR 120°C7HA] 29
25°CH AASAIX & Tl B 4°CTHA] AAS5A1A 150°CollAl
227 FASESIEE T ¥ 300°C7HA] £ 4°CH ASAIA 87
7+ SR8}t MS+= EI (Electron Ionization)9|A 70 eV AFE]
2 A5k

3. 49| Y|

£ AFoA = ZEFoIE 3]5E(Recovery) AT A
W3t 43 22YUL o8 2589 DCM
(Dichloromethane) 20% (in hexane v/v)E ©]-&35}o] &£&9 &=
Z ol 289 100 mLe} Wiperg @7 ¥ & 2408 &
&3 F351L 5 mL RuEA T HFsto] JeaS &
A5ttt SFE2 S5 TLE Aol T o E U
ol WiEgE AAbSIith &4 thid ZEE0lERY &
2 7 #8990 ® 33] HHEsto] S745Hglon, ZHTolE
H gt 3l4&2 27 DEHP 96.85%, DBP 101.87%, DMP
103.20%, DEP 109.15%, DiBP 91.78%. BBP 81.31%. DNOP
89.83%, DNHP 88.03%% UEFyith. Zeeo|EQ] njdd
HFH A 25 (Method Detection Limit, MDL)= EZFHA}
(Standard Deviation, S.D)°]| 3.145 &5}o] AASI O, HIH
AEIA = HAA B ZZF DEHP 22.03 ng/g, DBP 6.40
ng/g, DMP 4.80 ng/g, DEP 17.08 ng/g, DiBP 19.85 ng/g,
BBP 10.98 ng/g, DNOP 23.41 ng/g, DNHP 13.80 ng/g, 771
ZEof|4 ZZF DEHP 110.15 ng/m?, DBP 32.01 ng/m* DMP
23.99 ng/m*, DEP 85.40 ng/m’ DiBP 99.23 ng/m’ BBP
54.89 ng/m*, DNOP 117.05 ng/m*, DNHP 68.99 ng/m*Qtt.
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= mEolE (e, K= TR 7A Afole] Bl
F(m’/day), £, = 715 HE, K & SE2-37] BujAS,
e WA W (g/md)olch K, Fohe AL 4] ()9} Zos,
o 1, £, 022 ZFH50N, py 2X10° g/’ 715
o] AteSEh
Cy
= E <o <F 3
A G $7ME 5 THAIE BE(g/m), [ S
71& ¥]&, K = SE2-37] BilA4$ Fe 71259 54
()ole, 4] ()% A8 3l0] 971UE £ HYo|E ES £
o 7|4 TS SRS 219t o] i $7]% Blge
0492 71451908, §71BE BAE 1 um 7FESIH
E Ao A AH&E EufjA4=0] -2 tF2- Table 13} At
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A A & ZEHOIEY RU1EE
o &7 S5 HHA 3
o 2d s=5 A L& Agst] o= AT
Y &2 7PIolaL W7HE A en, EelEd
° AFA =EFE ASTIA =g AFl wet vl
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7he ARA 8 R71EECNA 7R ZEEOE 9= &

S5 wEAYE 9] HE wEAS §S Bl JLBF
Table 1. Parameter values in this study
Molecular 3
Pollutants weight LogK,, K, (m’/day)
DEHP 390.57 12.557 3.63E+05
DBP 278.4 8.631 4.27E+01
DMP 194.19 6.694 490E-01
DEP 222.24 7.023 1.58E+00
DiBP 278.35 8.412 2.57E+01
BBP 312.37 9.018 1.05E+02
DNOP 390.57 12.079 1.20E+05
DNHP 334.45 9.8 6.31E+02
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Table 2. Exposure factors in this study

Category Age Value Reference

Inhalation rate (m’/day) 0~6 9.94 Korean Exposure Factors Handbook for Children (MoE, 2019)*
7~12 11.84
13~18 14.68
19~ 14.62 Korean Exposure Factors Handbook (MoE, 2019)*”

Body weight (kg) 0~6 10.4 Korean Exposure Factors Handbook for Children (MoE, 2019)*”
7~12 36.9
13~18 59.9
19~ 64.5 Korean Exposure Factors Handbook (MoE, 2019)*”

Exposure frequency (day/yr) 0~6 350 This study
7~12
13~18
19~

Exposure duration (yr) 0~6 This study
7~12
13~18
19~ 70

Exposure time (hr/day) 0~6 18.10 Korean Exposure Factors Handbook for Children (MoE, 2019)2
7~12 15.93
13~18 13.47
19~ 15.86 Korean Exposure Factors Handbook (MoE, 2019

Average time (day) 0~6 2,100 This study
7~12 2,100
13~18 2,100
19~ 25,550

Table 3. Concentration distribution and detection rate in house dust

Concentration distribution (ug/g)

Pollutants N DR* (%)
Arithmetic mean S.D.! Min' Max® Median
DEHP 110 100.0 1,870.52 5,430.43 14.90 55,257.14 939.12
DBP 110 99.1 169.80 634.40 N.D.I 4,757.14 38.44
DMP 110 11.8 2.12 2.17 N.D. 714 1.09
DEP 110 45.5 3.60 8.73 N.D. 57.14 1.15
DiBP 110 93.6 56.83 289.89 N.D. 2,864.29 9.28
BBP 110 96.4 115.98 1,059.09 N.D. 10,914.29 6.33
DNOP 110 58.2 17.87 47.05 N.D. 311.73 4.54
DNHP 110 14.5 3.77 3.42 N.D. 10.01 2.24

*DR: detection rate.
*S.D.: standard deviation.
*Min: minimum.

SMax: maximum.

IN.D.: Not detected.
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Fig. 1. Distribution of concentration of phthalates in house dust

Table 4. Concentration distribution and detection rate in organic films

3 , Sh=Rle] AYEHg F FEoA MEEE A7k
< &85tk B9 E Wk Sh=elo] 1|7t AlujoA] W
FE2+= A 5535042 7Hgsto] B7HE Agskoict
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1. HHX| 2 RIIEE & ZEHY0|E sk EX

Table 3-2 WA & T O|EQ 5= I HEEo| gt
A AHE AEsto] Yehd Zolrh ZAFE 1107FollA F
WA = TEgo|EQ] A&SS 4w HEH DEHP 100%, DBP
99.1%, DMP 11.8%, DEP 45.5%, DiBP 93.6%, BBP 96.4%,
DNOP 58.2% 12|31 DNHP 14.5% 0.2 ZAIE Rt

AHA & DY olEY 5L E AHEH, DEHP7}
1,870.5245,430.43 pg/gC.& 7F} &2 =2 Yehfqle
o, & AR 2 24 AEH 82 DBPE 169.80+634.40 g/
gO & Uetth E3H DMP7} 2.1242.17 pg/g2 7P #
s Ut AHA 5 ZEY0|E 5% £X+= Fig. 1°]
el 92, DEHP>DBP>BBP>DiBP>DNOP>DNHP>DEP>
DMP 40 & LE}TY,

Table 4= 7|25 5 ZTEHC|IES 5= E HEEC| o
ot 2AF A3HE AEste] Yerd Zoloh 2ARE 1107FHollA
78S 5 ZEYo|EQ HEES ATHEH DEHP 100%,
DBP 100%, DMP 20%, DEP 54.5%, DiBP 96.4%, BBP
99.1%, DNOP 82.7% 18]l DNHP 12.7%% RAFE T

F712E & ZEEc|EY HHsLE AT HEH, DEHP=
124.99+193.77 pg/m’S2 7} &2 5 LEyiglon,
T HAZ 7 45" B2 DBPE 23.75+47.04 pg/m*2.
2 Yelgtth E3t, JHA)Q}F upzR 2 DMPZF 0.11+£0.09
ng/m’2 7Y W2 FE g Yepoith |79 E 5 ZEdo]
E 5% B3E Fig. 20 YER % 2n, DEHP>DBP>DiBP>DN
OP>BBP>DNHP>DEP>DMP <=0 & LE}T]H

Concentration distribution (pg/mz)

Pollutants N DR (%)
Arithmetic mean S.D. Min Max Median
DEHP 110 100.0 124.99 193.77 3.28 1,239.20 61.56
DBP 110 100.0 23.75 47.04 0.06 251.15 6.90
DMP 110 20.0 0.11 0.09 N.D. 0.31 0.07
DEP 110 54.5 0.52 0.65 N.D. 3.07 0.29
DiBP 110 96.4 9.90 22.04 N.D. 158.85 2.15
BBP 110 99.1 1.49 2.30 N.D. 15.08 0.58
DNOP 110 82.7 6.76 28.51 N.D. 216.26 0.39
DNHP 110 12.7 1.10 0.76 N.D. 2.34 1.27
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7 ZREO|E 5 g 745131 oH A= ThS Table 5
of] UrehfSiet.

A S ZHo]EQ] kel EHljASE o]&-o}
of =49 7|AY THo|E 59| S AT EH DMP
7} 2.22x10" pg/m’9] 7H 2 s 5 YA 1, DNOP
7} 3.78x107* pg/m*9] 7H @2 HE g YepIch E5,

3
104 ~
124991193.77  © - *

23.73£47.04

x
§ 0.11F0.09
10" 5 «
2

10’ T T T T T T T T
DEHP DBP DMP DEP DiBP BBP DNOP DNHP

1.1050.76
s

[
<
1

Organic film concentration (ug/m’)

Fig. 2. Distribution of concentration of phthalates in organic films

DEHPE 4.10x107~1.52x10" pg/m’2 714 W S
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£71880H 248 mTFo]E9] FRE HujASE o]
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@ DEP7} 6.76x107 pg/m’9] 7H & =5 HERH v,
DNOP7}8.17x107 pg/m’] 7 W2 s=5 UEHiglt &
3k DBPE 3.36x107~1.47x10" pg/m’E 7H4 W& 519
£ UehfiE 20 & 2AEIch
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3. 7|AIE TEY0|E E5HIL

HHA| 4 F71EFoA 7IRIgE 71414 ZE o] Eof s
AFdE Y eEof et BHLIeETF A A v
Table 63}, Fig. 30l YFERH ATk

AE 2AHE A 9 /7188 5 ZEYolE 59| F4f
EE A8E 593 23 Hlolel7t EZ0 2 AAYE= AL
2 ZAEO], ZEH0|EQ] &Y/t S Yk (median)S At
&5t &Y EFS AFESIelH AHA F THH0lE &
TE VAV ZEY0|E 5 E £ T AgE Y =29
et B ddeEF A4S 27 A7y L9=2<] DEHP,
DBP, DMP, DEP, DiBP, BBP, DNOP, DNHP W% u]¥|slo}
S04 Z+2} 1.86x107 pg/m’, 6.49%107 pg/m’, 1.60x10
pg/m’, 5.25x107 pg/m’, 2.60x107 pg/m’, 4.35x107 pg/m’,
2.73x107 pg/m?®, 2.56x107° pg/m’C.2 th2 AP o] B3|
=2 70 g Yehyith

AR A 7]Q1gE 7|A14 ZTE 0| EQ] B9 RAME HE

Table 5. The estimated gas—phase phthalate concentration using house dust and organic films

Concentration distribution (ug/mj)

Pollutants

Mean Min Max Median
House dust DEHP 5.15x107 4.10x10™* 1.52x10" 2.59%10
DBP 3.98x10" 3.27x107 1.11x107 9.00x10™"

DMP 4.32x10' 3.78x10™" 1.43x10" 2.22x10'

DEP 2.28x10' 1.49%x10™" 3.62x10" 7.28x10™"

DiBP 2.21x10" 2.82x107 1.11x10 3.61x10™

BBP 1.10x10' 5.37x10™ 1.04x10° 6.03x107

DNOP 1.49x107° 5.70x107° 2.60x107 3.78x10™*

DNHP 5.97x10 4.14x10™* 1.59x10™ 3.55x10°

Organic films DEHP 8.67x107° 2.27x10°° 8.59x10™" 4.27x107°
DBP 1.39x10™" 3.36x107* 1.47x10" 4.03x107
DMP 5.50x107 1.22x10°° 1.59x107" 3.50x107

DEP 1.24x107" 2.16x107 7.27x107" 6.76x10~
DiBP 9.58x10™ 1.03x10°° 1.54x10' 2.09%10°

BBP 3.57x10 1.35x107* 3.62x107 1.40x10°°

DNOP 1.41x10°° 2.52x107 4.51x10™* 8.17x10”

DNHP 4.37x10™ 4.95x107° 9.29x10™* 5.03x10™*

https://doi.org/10.5668/JEHS.2022.48.2.75



Table 6. The estimated phthalate inhalation exposure

Pollutants Age ADD (meg/kg/day)
Mean Min Max Median
House dust DEHP 0~6 3.71x107° 2.96x107 1.10x107° 1.86x107°
7~12 1.10x107° 8.74x10°* 3.24x107* 5.51x10°°
13~18 7.09%10°° 5.65x10™ 2.09x10™* 3.56x10°°
19~ 7.40%10°° 5.90x10°* 2.19x107* 3.72x10°°
DBP 0~6 2.87x107° 2.36x10°° 8.03x107 6.49x10™*
7~12 8.47x10™* 6.97x10°° 2.37x10 1.92x10°*
13~18 5.47x10™* 4.50x10°° 1.53x10™* 1.24x10™*
19~ 5.71x10™* 4.70x10°° 1.60x10™ 1.29x10™
DMP 0~6 3.12x107° 2.73x107* 1.05x107 1.60x107°
7~12 9.21x10™* 8.05x107° 3.10x10°° 472x10™*
13~18 5.95x10™* 5.20%x107° 2.01x107° 3.05x10™*
19~ 6.21x107* 5.43x10°° 2.09x107° 3.19x107*
DEP 0~6 1.64x107° 1.08x107* 2.61x107 5.25x10™*
7~12 4.85x10™ 3.18x107° 7.70x10"° 1.55x107*
13~18 3.13x107* 2.06x10° 497x107 1.00x10™*
19~ 3.27x10™ 2.15x10°° 5.19x107 1.05x107*
DiBP 0~6 1.59x10° 2.04x107° 8.03x10™ 2.60x10™*
7~12 4.71x10™* 6.01x10°° 2.37x107 7.69x10°°
13~18 3.04x107* 3.88x10°° 1.53x10™ 4.97x107°
19~ 3.18x107* 4.06x10°° 1.60x107 5.19x10°°
BBP 0~6 7.96x10™* 3.87x10°° 7.49x107 4.35x107°
7~12 2.35x107* 1.14x10°° 2.21x107 1.28x107°
13~18 1.52x107* 7.38x107 1.43x10™ 8.30x10°°
19~ 1.59x10™* 7.71x107 1.49x107 8.66x10°°
DNOP 0~6 1.07x10°° 4.11x10°* 1.87x107° 2.73x107
7~12 3.17x107 1.21x10°° 5.53%x10™° 8.06x10°°
13~18 2.05x107 7.87x107° 3.57x10°° 5.21x10™
19~ 2.14x107 8.19x10™° 3.73x10°° 5.44x10°
DNHP 0~6 4.30%x10°° 2.98x107 1.14x10°° 2.56x107°
7~12 1.27x10°° 8.81x10™ 3.38x10°° 7.57x10”
13~18 8.21x107 5.69x107° 2.18x10°° 4.89x107
19~ 8.57x10” 5.94x10°° 2.28x10°° 5.10x107
Organic films DEHP 0~6 6.25x10°° 1.64x10”° 6.19x107 3.08x10°°
7~12 1.85x10°* 4.84x107"° 1.83x107 9.09x10”°
13~18 1.19x10™ 3.13x107™" 1.18x107 5.87x10”
19~ 1.24x10°° 3.27x107° 1.23x107 6.13x10”°
DBP 0~6 1.00x10™* 2.42x107 1.06x10°° 291x107°
7~12 2.96x107° 7.17x10° 3.13x10™* 8.59x10°°
13~18 1.91x10°° 4.63x10°° 2.02x10™* 5.55x10™°
19~ 1.99x10°° 4.83x10°° 2.11x10™* 5.79x10°°
DMP 0~6 3.97x107° 8.82x10°° 1.15x10™* 2.52x107°
7~12 1.17x10°° 2.61x10°° 3.39x10°° 7.46x10°°
13~18 7.57x10°° 1.68x10°° 2.19x107° 4.82x10°°
19~ 7.90x10°° 1.76x10°° 2.28x107° 5.03x10°°
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Table 6. Continued

Pollutants Age ADD (mg/kg/day)
Mean Min Max Median
Organic films DEP 0~6 8.92x107° 1.56x107 5.24x107* 4.87x107
7~12 2.63%x107° 4.61x10°° 1.55x10™* 1.44x107°
13~18 1.70x10°° 2.98x10°° 1.00x10™* 9.30x10°°
19~ 1.78x10°° 3.11x10°° 1.04x10™* 9.71x10°
DiBP 0~6 6.91x10°° 7.42x107 1.11x107° 1.50x107°
7~12 2.04x107° 2.19x107 3.28x10°* 4.44x10°°
13~18 1.32x107° 1.42x107 2.12x10™* 2.87x10°°
19~ 1.38x10°° 1.48x107 2.21x107* 3.00x10°°
BBP 0~6 2.58x10™° 9.75x10°* 2.61x107° 1.01x10°°
7~12 7.61x107 2.88x10°* 7.71x10°° 2.98x107
13~18 4.92x107 1.86x10°° 4.98x10°° 1.92x107
19~ 5.13x10”7 1.94x10°* 5.20x10°° 2.01x10”
DNOP 0~6 1.02x10°° 1.82x107™" 3.25x107 5.89x107"
7~12 3.00x10”° 5.37x107" 9.60x10°* 1.74x107"
13~18 1.94x107° 3.47x10™" 6.20x10°° 1.12x107"°
19~ 2.02x10°° 3.62x107" 6.47x10"° 1.17x107"°
DNHP 0~6 3.15x107 3.57x10™° 6.69x107 3.63x107
7~12 9.31x10°* 1.05x10°* 1.98x107 1.07x10”
13~18 6.01x10™ 6.81x10”° 1.28x107 6.92x10°*
19~ 6.28x10°° 7.11x10~° 1.33x107 7.23x10°°
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