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ABSTRACT

Background: Few studies have evaluated the exposure to phthalates via inhalation of floor dust in children’s
living areas.

Objectives: This study evaluated the concentration and exposure level of phthalates emitted from indoor
floor dust in children’s living areas.

Methods: This study utilized the results of a survey conducted by the Ministry of Environment in 2019.
Indoor dust was collected from 150 households with children aged 3~7 and 67 daycare centers or local
children's centers by using vacuum cleaners. It was analyzed by gas chromatography mass spectrometry. Six
types of phthalates were analyzed: Bis (2-ethylhexyl) phthalate (DEHP), Dibutyl phthalate (DBP), Benzyl butyl
phthalate (BBP), Di-N-octyl phthalate (DNOP), Diisononyl phthalate (DINP), Di -isodecyl phthalate (DIDP).
Results: The medians of DEHP concentrations were 1,028 and 1,937 mg/kg in homes and daycare centers,
respectively. The median and maximum values of daily intake were calculated by applying the median and
95th percentile values (the upper 5% of the total concentration) in dust measured in the homes. The DEHP
median value was 1.6 pug/kg/bw/day, and a maximum A value of 7.8 pg/kg/bw/day was calculated. When
the childcare center values were applied, the median daily intake of DEHP was 3.1 pg/kg/bw/day and the
maximum value was 29.2 pg/kg/bw/day. As a result of calculating the daily intake by integrating the values of
home and childcare facilities, the median and maximum values of daily intake were 1.9 and 10.9 ug/kg/bw/day,
respectively.

Conclusions: This study derives phthalate concentrations among the floor dust in homes and childcare
facilities where children mainly spend time, and suggests their intake of phthalates through this. In particular,
it was newly suggested that the phthalate concentrations in homes and childcare facilities are different,

resulting in differences in intake.
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Highlights:

- Inhalation exposure to phthalates
in floor dust needs more data for
children’s health.

- Exposure amounts of phthalates in
floor dust via inhalation was assessed
in childrens living environments.

- There was a difference in phthalate
content between homes and daycare
centers, implying differing exposure

levels.
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O g FEE ACE dHAH o 59 & 75 RSt &
AA|, EetaE Sofl 7IRIgE ZE 0| E 9] Ro] F& T
Ho] Qe Zlo g HuHH”

offlo|5& thA 2 & ot= AU371d B9 5874 14l
A, ThgRt AUl E557H] RaiIA S8 W Sl
7PF +REIT si91e] e 57 oA 2 Age] AF
She AT = B A7 AT Ay} ofdo] o] A%
A= IRE k20| Y=} 7HE &0 Ao = HaE uf
kY AYHA S B3 THF0|E e L& EA5H=T),
w3l Hrjao Fop 22 7|AFORE EAftE DMP
(dimethyl phthalate), DEP (diethyl phthalate), DBP (di-n-bu-
tyl phthalate) 53 &2, £A5Fc] & DEHP (di(2-ethylhexyl)
phthalate)®] 7-¢- HAE G5 =& 7|9E7t &2 208 &
HAFE? I AN E ojglo] EF7ke] AdA &
DEHP9| w7t Az o2 &7 AEd A7 AH7E ok
ofglo] o]-gA[Ho A9l AuHA|e}t foiEd Edt s
J7F ot A5 A k. 1§ ZEEolEE Y
S LIS FT ASAA oA 2ol qlo] H&5F 5
A G2 Aol A BigHR] F ZHo] o] RojHt T B3,
FEuet ofdo]9] f-oll= ofdolgelu A HosAlE 9 2
2 BSAOA HE = ARME 47] o] AWl 9T
o] &k

Z12fu ofdo] o] gAY Bt 54 1Lt
7] W A2 w42 Fe & ofyzt ZE o] ERL
73 S48 7HE aste] BAlRh A= WAl @tk
golo] AW HHF2 20~200 mg/dayE 43Rl H
(0.56~100 mg/day) B &thal AFE v} Jrk!® o]zt
ZoIER E4ES YAl AU o FA=4E 5 A8
AR FFE 71T £ Q7] i) kg Fof gt
7F 2 a5tk

AU F7HoA TR Eo|ER E4o] A= Ed
< ERISE A2 = PVC (Polyvinyl Chloride) 2§21 2] H=HAfo]]
A DEHP7} AWHAIZ 184~485 pg/g 502 o|PHS &
AVstglom, s 255t W AWHAoA DEHPS} DINP
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(Diisononyl Phthalate) B-A1272 A5 AHYVE B 1E]Q]
ok Z12fu ofdo|7} $2 0|85t 7HET HEAHo A e &
HEO|E =& £35S AT Al BA] %2 Aol of
Holo] LFo|E &g Hesh] oAl miAA o g
go|E FERto & A [HIAE Teloks AET QA =
E5TE 12T QB 7HE B9 sl AEt o8 &
2 5 S v A AA7F D gsie = ofgle]9]
S0l Rt 3~7AI7IA] = oflo] BSAES & 0|85, 8
AIRE 137 = 258t Jet 9 B3} & 3hde 2 o]
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E b& 35 Ao HsiMe ol 8AEE At Bast

wehA, E AT U 3~747} 72 o] 85t
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24 g4 B2 T 0|E 6F0|H, DBP, BBP (benzyl
butyl phthalate), DEHP, DNOP (di-n-octyl phthalate)7} X
SHel EPA 506 Phthalate Mix (P/N:40077-U)+= SUPELCO
(Merck, Darmstadt, Cermany)oﬂlﬂ, DINPE TRC canada (P/
N:D455395, TRC, Toronto, Canada), DIDP (diisodecyl phthal-
ate)= TRC canada (P/N:D455385, TRC, Toronto, Canada)
oA FUsFALE WRHEFEZE AFEH Anthracene-d102
Sigma-Aldrich (P/N:176591, Merck, Daramstadt, Germany)
oA Yottt FE8 M2 A% Tetrahydrofuran<
J.T Baker (P/N:UN2056, Avantor, Radnor, PA, USA)oJ A,
Acetonitrile2 J.T Baker (P/N:9017-03, Avantor, Radnor, PA,
USA)oll A F+J53ie

2. A= ®F

A& AF = 20199 10~129714] B F 2ALof| oish =t
W 3~7A19] ofdo|7t AFst= 7HEA 150 Xk AW HiEA
£ PVC A E AHESl= ofdoly E= A[olsAlE F 673
< o= AHAE AFSHAE 4]t 242 =g
O]E (%°]H, DEHP, DBP, BBP, DNOP, DINP, DIDPZ 5}%
t}. 9], AlHAl = 3731 E40] 4t &A= of7lo]
7} o83k B AT 7P e TR AnE et &
A5t= Ao] 859l

AWHA] A= 3= AIFEA e Ao JFE 1
1A A PVC BIEA & A 40| thE 1L F1to] FEE
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of Sl 23014 AEE AFste] BADL Stk o4
7bg3t BEAH ) Bl AEBA7IS ol8stel A%
(2 mx15 m) W BAS 1587F FUstel AT £
9 B A2 FHEAE Aso] gol Wl -20°C o]
Sk2 % Hastel ABALE o5tk

HHUAR 0|3 HA AR F T o|E EA42 g4t
Q1 KS M 1991 (2016)% A3 Atoll A A8 S 3
Ik WR] AlZE 40 mesh2 JA AF & 3YE &
Hof| 941 -20°C=E Kottt B|lEgsto|lE=fd 59 &
tjof] 2 =4] %= Alme Y471 ol-8sto] Ak =27]
£ 0.5 mm °J5}2 E43}3ct.

A7) §&L Y5to] 40 mL Blo|dof AR 0.3 g& ¥l
10 mL Tetrahydrofurang #|5to] 40 mL Hfo|do] Y2 &
40°C=E 9 233 35710 YaL &5h0] 30+& 7+ A st
o] AlZE galI5tF} o719 20 mLY] AcetonitrileS 719
of EeAX] £ NS A20fA 308 FA5kL 300 mg/L &
9] Anthracene-d10 WHHE =8NS 0.1 mL 3] 42 Fof
AR SNE 0.45 um AAS W2 AZT 0.2 mL Hholet
2 &7 T 7tA A EuE e AFEA7I(GC/MY)E 4
5t9ich AAEH AlZ= GC/MS (5977B MSD, Agilent, USA)
SIM (Selected ion monitoring) REZ BA3519ch A8 DB-
5BS UI (30 mx0.250 mm, Agilent, USA)E A&ttt Y
T} QIEH|o] A k= 717} 280°C, O &4 2= 230°C
2 AR5tk A2 AE QE 255 80°ColA 28 FAl &
10°C/min2 & 280°C7H] &9 ¥ 825 FAISHAT =4t
A e AEZ AHESHloH, ER71A §5F 1.5 mL/min, A
2 YT 1.0 Lo 20 E A4S F3stelon, EAH
43&29] parameter+ Table 12} 2t}

BTG BEAI RS 41 ol AlZESHIeH, 0.5 mg/L
~5.0 mg/L HAt. 449 24 (linearity; R?)S]
= 0.995~0.999%1t}. 717] AL Stsre] AHHEEE

3. Mxf2| L 717|2A
A

K

-

Table 1. Summary of analytical parameters of GC/MS

Retention time (min)  Quantifier (m/z)

DBP 16.8 223
BBP 20.4 206
DEHP 21.9 279
DNOP 23.6 279
DINP 24.5 293
DIDP 26.0 307
*Anthracene-d,, 15.4 188

*Internal standard.
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7} 0% 2074 o5t AlZrtt g5}l om, HIRAIE g TR
= HEHA EAY A HETA (limit of detecion, LOD)
ojgte 2 AlREEo] G- uA|A] G £E0 R HEHIA
o} Al Adpo|F= 67 o4 2070 olst Almvith 4233 o
3]¢&9] 58227t £30% °IHRIA] Elstet. S78H Al
= 3 ohHel ARE 671 o4 2074 olst Alsritt ¥HE &7
Sto], 5]-8-2.27F £30% o HRIA] ¥HE-Ad-E SelotqiTh

4. AUHXIE Set TE0|E ST LA

AU viEHA] F T o|E A AnE
o] AYHAIE B3t ZEEolE
FoAE ekel 74] Slat k59| B9z Ahe] sheha
o] A3t S8% ZHHo|E k& 2olth w0 & Ao
A 3% 87 Sl 27 1=297hE Ssten?)

YA E B8 ZEH0|E A & AP 4159
SHEQHIAIA WY SHBE UA EUSIA LA} A
IA(2019)7 =< BfR(Bundesinstitut fiir Risikobewertung)2]
HIAE Q1-&5to] A F0oFEQEAA oA AAIRE 341 A&
srchA] (1))

CX IRy

ADD= "5 o)

ADD, average daily dose (mg/ kr, bw/day)

C, Concentration of phthalates in dust samples (mg/ kg)
IR, Ingestion rate (kg/day)

BW, body weight (kg)

WA & mgEolEe] 5EE ()9 OF & AFold 2%
g 23] FYg OSHAEY kg 27 A8l Axtela
o WX % ZgEo|Ee] 4282 vl BAH(US EPA)IA
AAIRE vhol wet 2~6A19) A WA A 30 mgo 2 A
B3 ATE? B ohE-E9) AS AyBAHAA AL 4
oY A= O 3~74 Fiol F15 19 kg& 283
%At

5. A=A

2 Aol ARt Abm s 7Y 9 HRAEoA 2 F %
A NE S ZEH0|E 659 58 ol 283t A&t
HEo|ES] AL HFFO R BT AEY Wl g
ot WA § ZEHCIES] Tk g2 Hrot H=Tt 4 30
102 2YsIPoBE PHEEE 7ME o qlo, Bt vl
Al 22 A8t ghE AHgSHTEY obg e, B4 A} HE
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Fhoz

SHA| wTke] skt =29 A9 HEAY 1/2 3 A&t
Art.

7W1t BSAA HAQ] TEEo]E L H|ws| f5}o]
Student’s t-testS $HF5IATE BAZ FYAHL 95% AlE ¢
SlofA] AAsIHoH, B4 2 13O Z = IBM SPSS version
23 (IBM Corp., Armonk, NY, USA)E AF-&-5}ct

n.Z& ot
1. 74 &1t OfElo] EFA|A ALY BIEIMX] Lf T
O|E Hlu 2

2AZ T 67 ZEE0lE & T EE AlRA A&
Al o] vL7t HEH F2 DEHP g Follor, 7t
HGAHoA 7t 60%2F 80%7F A& E DINPE AQlgH 1t
WA 47 F2 10% vTe] AEES UEIH oetA &
agt g FEEAret 39S et = 352 DEHP

9} DINPO|H, DEHPO| ZU%2 7H3 BSA oA zHzh
1,028, 1,937 mg/kge]L, DINPE 132, 112 mg/kgolith
(Table 2). 21 B}of] DBP, BBP, DNOP, DIDP:= & 0] A&
o & o} ZAYGS AHET 5= glolth

A WA A7 nEolE B F DEHPO| Bk H|E
2 7HYollA 67.3%, HEADA 65.2%S A5ttt SHH
DINPE= 7P} B8 oA 22} 30.7%, 31.8%F AHAI5HS
I YR FEES 1% U] HE-S BchFg. 1). 7T
HE 0] 7 TEHo|E 5k HE T2 BAFCR f9

3t 7ol 2 ek et

2. 7HEEIL Of2I0] AN MUY HISIHX| Lf TS
O|E 7|0ig 24
A BheeA) % 7H e 710182 ek DEHPY)
$Eg UTY 23} BEAHoIA DEHP 59| 7|SHETES
1,982 mg/kg© 2 7199 71582 1,092 me/kgel BI5te]

Table 2. Concentrations of phthalates in dust deposits in homes and daycare centers (mg/kg)

Area Variable DEHP DBP BBP DNOP DINP DIDP
Home N 150 150 150 150 150 150
25th 656.9 <LOD <LOD <LOD <LOD <LOD
Median 1,027.6 <LOD <LOD <LOD 131.5 <LOD
75th 1,966.2 <LOD <LOD <LOD 618.8 <LOD
95th 4,922.1 103.3 120.5 <LOD 3,436.4 119.1
Detection rate (%) 100.0 9.3 8.0 0.0 60.0 6.7
Daycare center N 67 67 67 67 67 67
25th 1,154.2 <LOD <LOD <LOD <LOD <LOD
Median 1,936.9 <LOD <LOD <LOD 112.0 <LOD
75th 3,201.9 108.2 <LOD <LOD 2,006.0 <LOD
95th 18,499.2 2277 155.6 <LOD 11,544.9 <LOD
Detection rate (%) 100.0 41.8 14.9 0.0 80.0 0.0
*LOD (Limit Of Detection): <50 mg/kg for all phthalate compounds.
0% 10%  20%  30%  40% 50% 60%  70%  80%  90% 100%

Home

Daycare center

mDEHFP DINP

Other 4 phthalates (DBP, BBP, DNOP, DIDP)

Fig. 1. Compositional profiles of individual phthalate analogue in homes and daycare centers
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BAACZ Fo5H =}Hp-value <0.01, Fig. 2).

100%2] A& 5 < Vel DEHPY] ZAZES o] 850 o}
=9 AU vigHA] T ZEYo|EQ] dY HFHFE dlSstal
t}. 7PgolA 4% WA] % DEHP 5= U7 955 Aletd
(HA 59 A9 5% 7)) 72 242 A-&sto] dd A=Y
FTUHT g ALt 23t S 1.6 pg/kg/bw/day,
|- 7.8 pg/kg/bw/day7t AFEE L. HSAH9] g5 A
&51%Z W, DEHPY] 2 AT U8 3.1 pg/kg/bw/day,
F|hZE2 29.2 pg/kg/bw/day= A= T 7T HSAH
oA AFEHE @ TSt YU HFES AMES 2 4
AHFY S99 Hdg-2> 242 1.9, 10.9 pg/kg/bw/day=
YELTH(Table 3).

v.u1

N
o,
A=)
H

2 7= obsEo] Aok 7 8%t a3t
SAAES o2 iR F ZEEolE 5k
BATE B LEFS ARSI 7 HEA
o] ob5EolA QMo oFF F tHEES AlS B
FAZ B Ao EE2H THY0|E 5t 4Y =EF9

HES A5t i gho] 2 5 S 2o & wud) &
Y o|E JEE F 7P B2 5% H[&S A5t DEHPY)
3% 2 A7olA AEH 559 v g2 7HY 1,008 mg/kg,
HEAA 1,937 mg/kgl 2, 7S A0 2 of= U A3
Aol A B 9l 1,394 mg/kgdt F-ARE =52 LERY
oy} 29

]_

(1o

~

lo 2]

e
= o
=2 R

wy W

=7

A

< A4

l-uO
H_a

o=

DEHP

Conc.
(mgrkg)

6000

5000

L]
4000 4 . T
3000 4 ~T
2000 4

| ; 1

04 *

Home
(n=150)

Daycare center
(n=B7)

Fig. 2. DEHP concentration in homes and daycare centers
*Means p-value < 0.01, p-value was calculated by Student’s t-test.
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St B o] 7Hg vig WA S 55 DEHP 49 HHFH
2 1.6 pg/kg/bw/dayE AFEE|Ql 0™, o]= Ao H1H
3~6A] ob&2] LA AFHTF 2.2 pg/kg/bw/day 7H8 W HAE
ti/d)oll vloto] kARl BEAEOA =& 3.1 pg/kg/bw/day
2 7]& Hi0] H]5le] &2 $F0Ink? Al B Qi
A BEAMEE DEHPE H| &S ZEH0|E & 5o &
Ato] 9], B2 A9 S9HY 108 Dot BEE Ko
£ 7 e ESAEE EA510E Y57t Feote] 4
Z 13 YA 7Ietsto] 95HANERY e o] 851 UY A
&2 S 108 7H7to] =okA|A Hrt

A g Hz] & ZEhEo|EQ] HE 4510l o]E B3t
L&Y AT AT QoA A B B AT 7
B3 HEAES FESo] £4E $YPolal o5 A= v us
A= A9 gloltt B3] B ATte] tiAfo] H AP BHEA]
A2 7MY BEAES 2ol 9lon o] QoA &
7] JE P2, =9 Artete] Arj#Ql Hlwe of# e AoR
=4

B ATFol|lA 7HY} BEAdo) vigz] F ZIEH0|E &
Z7t AR 2polE B, 55| A AlRolA AEH] 48
gt 5= UEhd DEHPO| == 7Hol| H|ste] BHEAH0
A oMl £ 55 KOtk DEHP+= ZEo|E & F
74 wol AHSE I 9l oA AH8FS] 97% 7heo] PVC-
polymer 7FAA| 2 ARG-HCE B8A)H0] 4L vie WiE, 7}
T W7ot &R SolA PVCTF 8% AR AHEE S A
AR B A7EAE AXT = k. o] 2 A9 =
o] 7He3t AL AAEon g |7} & o]F0iz|Z]|
oo} ThAh 2 Bt AEES THeAAE EAgtT) ofE
2], DBP, BBPS] A& E°] 71g7} ofdlo] oA xtol& Hl A
T 33 Aoy ofdlo] 87 HF Y B4 T
Trgol E8strth 1=y 7183 BEAIA W PVC AlE9] A
FE B AFoA A= EoHA, AlEE TS

r
i

Table 3. Average daily dose (ADD) of DEHP via dust deposits in
homes and daycare centers of children (ug/kg/day)

DEHP concentration

Area in dust deposit ADD (ug/kg/bw day)
Home Median 1.6
Max 7.8
Daycare center Median 31
Max 29.2
Total Median 1.9
Max 10.9

The median values of ADD applied the median concentration of
DEHP (1,028, 1,937, and 1,215 mg/kg respectively).

The max values of ADD applied the 95th concentration of DEHP
(4,922, 18,499 and 6,928 mg/kg respectively).
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60%2} 80%94 AEEES 5ol T2 ZHY0|E &0 H|5}o]
E2 AEES LAY &7 dugS PPl &
S 7= Ao 2 whdsto] 2 AroAs tEEll &
g0 E 352l DEHPYHS L& ™ S7gof 2ot

ofg] AghS 7HAAY, & AT obsEo] 2 Agote
7143 B&AE0] v R] § T 0lE FEE &SI,
o|§ Boto] T o|EQ HHFS AAHATH= H, 9] 7t
7t BEA] TEHO|E FE7t A2 TE1L 0|2 Qlsto]
AF=o] Apolg Mt S MEA AT 5 ot
/g Q= Fa kel =&t 9o B P astt
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N

v 2
258 v]Fst ofo]|3~7A)7F F2 HFEE= Y HEA]
Aoxe] ZEo|E =& #3S Ao, 9Jro~r°ﬂ*1 =
—ﬂo]-xA]-ﬁJ,].EH elo 2 TEHo|E &S B A5ty 0
U AFAH e Blaste ATFE SFATE 7T HSA|
Aol A 242 60%2}F 80%7t HEE DINPE A3t U] 474
T2 10% "ol AEES Uehdor |83t tia gHaE 9
o 34 Yeh= &2 DEHPSF DINPO|W, DEHP
9] FUH 7 BSAJ oA 242} 1,028, 1,937 mg/kgOl
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