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Evaluation and Analysis of Exposure Levels of Phthalate
- Focused on Indoor Playgrounds and Day-care Centers

Ji-Yeon Yang + Ho-Hyun Kim - Chung-Soo Lee * Sun-Duk Kim - Dong-Chun Shin" + Young-Wook Lim”

The Institute for Environmental Research, Yonsei University
DYonsei university college of medicine, preventive medicine department

Abstract

The indoor level of phthalates in children—facilities was assessed in this study. The samples of house dust
were collected at various children's facilities (40 day-care houses, 42 child-care centers, 44 kindergartens,
and 42 indoor playgrounds) in summer (Jul~Sep, 2007) and winter Jan~Feb, 2008) periods, and analyzed by
GC-MS. The DEHP was detected in almost every sample (detection rate : 99%) and the detection rate of
DnBP and BBzP was more than 80%. The average concentrations of DEHP, DEP, DnBP, and BBzP in house
dust were 388 ug/g dust, 37ug/g dust, 108ug/g dust and 349ug/g dust, respectively. The relationship
between construction period and DEHP level was statistically significant. But, other factors such as flooring
material, construction period and water leakage were not statistically significant relationship with phthalates
levels. The Phthalate levels were similar or more higher than other the European country.

Keywords - Phthalates, Indoor dust, Indoor Playgrounds, Children's Facilities
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1. M8
Y EYO| =5 (Phthalates)i= 1930 E] AR
ap7] Aldstol esdellE s Adth Al
25E gl SEA 2 7PE wiEAel o]=7]
7HA) wllg- LISt Aol AREITE U] el
E4% A7 DEHP & ZEHolERE WAt
o] A= WA7|FoR FEpAES HlFEsle] 2
7 Axel o277k gl A= SetedE
A ZepaEe] H7k Al v, e, 3
By =0 3RARA|7ITH
TeolEfE QAR E ARIAEA ARE
L, A% de] ARgetal qltk tlelgE
#o] E(DEHP), tF-E3ZE#Ho|E(DnBP),

AT O] E(BBP) s YT T ARat
ATk ARgEo] 71 W DEHPS] 74 A Al
ARoR oF 2uinkEo] wid AYikea glow,
2005 =] ZEHIOIE FAQTE URKEOR
] o] % DEHP(74%), DINP(14%), DIDP(13.0%),
DnBP(2.0%) =024 & 7k 2% 90% ©]
e AAEL §lom, Ak gzl e o]
EFY SAYTRT) T AR EE Jdntog: &
2e= B4o)E Btk

DEHPS] 739 UHFOZE  PVC(Poly-Vinyl-
Chloride) 9} 752 AliF 7FAA|(Plasticizer) = G2
g5 7 Qlek
A} A A oot Ajeo] okl 47
Holx] tpemE Aot o)F 34, AHG-E vl
AA A7 Al =Zo] 753 (Becker K, et al,
2004), 520U &, 7] Y ZEO|EE et
T AEEs BIME w32 4 9 (Siva MJ,
et al, 2007).

SHAOERY FHEHE e

=

e
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lﬂ—
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olelt THeol=E BekiEl ¥

—1r =

o]x]u >

v o

r’l

g duedetslA) Ao Al

B oA WMl ZoR 85 om (Becker
K, et al, 2004), URtH|weHEd = 2Hgslo] glo}
AP, 719, gkt 7k A, sRisEde] SiE

Ao = It} (Latini G, 2005). A35EolA 2

A oS Hold wjo] AT Hast AEE 7
2, A7) 718, A8 A7) Aol At 5] X
keIt (Wittassek M, et al, 2007).

71}_ oﬂ?_oﬂ 943}131 q]ﬁ;eo }\lq]gd z]o]
HJ3] = (HCHO) Y #1871 8F5ha+ (VOCs)
14 5 okEs) A% R BAZ s 2

AL, Hutter & (2006)2] A+ol| SJshd &
Aels| =gl T IsERe W 549
A, WA AR F TR ERE 5 5
A e= AVl

T A ZEERlERY A e VIE
off W A7} wof Fds| s SR
SHE Sl visl) AlF Sk & 4 Qi F2
AufEolefe] A4 AN o] 3RE Wil o]85
= A} PR, S407, S8 Sl
Sofohs TRAME TR, olefa ALE 7|
sxog ot glon, maAAE Folat

webd, 2 QoA )24 iete) wix)
o S5t % FsAe] %O Avfsole) ¥ BR
g hom WA § 2galelEs) i o
m@w el @
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i
71,
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o )y wu
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dol=F F 7Kg Aol B, Sl AHgege]
wowl AgedTo] FEACE FHH

Diethylhexylphthalate(DEHP), Diethylphthalate(DEP),
Di-n-butyl phthalate(DnBP) 2 Butyl benzyl phtha-
late(BBzP) 455 % F-43I%ith

zehefo| Bt ALY AviAlEelA
9] "k 9J3) oJ ko] =k 54 E EXMAF Z7)ok
o) i, & FHARE P Qo) A o
Fe 2 gk ARAOEE kel
(Bornehag CG, et al, 2005)°] Qe T+ rpd
o] = ofF 3 AEF AL ALE vlwsfol,
83 % wE PEE sk Gl A wA
(dust) & Zeo]EY] F BXE solsigitt.

ARSAAE, e, A7), A AR
SPATIASY) Bol 407, ofdlolH] 0T, £
4 4309} Aulsoly o3 thew 0%%
2007 7€~99) 7 AL (2008L4 1¥ —%)
3] i SAE %BH *‘141 W] T TEYO|ERF

o] 3)e]

00 EX 9l EMupH

Al e < Qe
A7 A7) BEAPeA £ 59 wAlel
A A (dust) AFEOZ S AR AL
(Vacuum cleaner)& ARE3l] X33 4a7| 2
(holder)ell ZE] (Whatman, 125mm)E % LS}O% el
HzolH 9 BSAAe] £9 g
=089 A vndsE, 5 *O] Z]HOJ
AT T ol ¥ A, BEAEY] F8

a9l =), 3, B vk ¥Ag 24

7] A3l At 52471 (Glass dish, 130mm)
of Hyksto] AT 1k Aol HysiSitt

WA 5 IO E $A S g8 dA = SlE
Alokgo] FAIE M $ 25mg ©) (Bornehag CG,
et al, 2004)9] GHF UAE &7 thy AlE
o] FAIE Aol AA A wAFE F=ISich
o1F 10m¢ vialll 27|15 vl UXm%— %OMM
DCM (Dichloromethane) 4m{= %]
T 3034 2502s AX § A4S 10m
vialo] A& o] &3l o Fslgltt. DCM & A
&5t 33| oAl =
3] ok 3087 $23 T GCEAE vial(1.5m0)°]
71930 AMgSlo] EF18einh e HiA]
AlO|E A oA vial& 24417 Bkst & o
RS ImlS A2 B packing3dlo] W% HESIATE
BE AAY A9 5 E2oAE 9 1FAES A
ot T

A8 AR I E B AY 87
= FEAES ARgelel AASIa, GC-MSD
(Gas Chromatograph/Mass Selective Detector)E ©]
goto] FAGISIE B8 ZAIE 218 Glass
tube = A wasing 3 5 glass tube®] DEHP, DEP,
DnBP, BBPE 77t Wlgheol Imgml & =0 3
THE WEo] 4T A F =S 10,
20, 50, 100, 200, 400, 800, 1000 pg/ml= 3]A 5o
4Col| A=iSit vo® 771RA S e A
2)(Column)>  25-m capillary ~column(HP 1C;

"
\
i

ﬂ
X

z

< evaporator § x| & ©]2

Agilent, Folsom, CA, USA; inner diameter, 0.2 mm;
stationary phase, polydimethyl siloxane)e AH3-511
1, Injector &54= 280 CE FAI8I90 Y, AH &
S 100 CellA 387 A1 5 300 C7HA)
8CH AAA 2027 T4 Total Ton
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Chromatogram=  ©]-83f] &4-&
Selective Ion Monitoring mode 2. 3% 1%
E"L#H] SIN rat10)§ SIAA TEYO|E

2315t 3]98& %71 Clausen 6{2003)2
sood?oﬂ AAE “Standard dustE ©]-&3}o] 3=
HolE EFEIE 999 FEE spiking $F
AR FUE A 9 7] Y 20 @%
glo] slegs Wlelgith EEL AIRRAME
Dibutyl phthalate-d45 10pge I8k UFES
H o g Aeksle] ke A A3} R? Z¥o] 0.970]
o veht AdeAae] dude gest At

—|—‘

w
ro
Of
ol
S4t4
> [

I

1o :m
LSO R

i

2 Yehiglth & Al A83 ZgolE
A W] 27, AES 2 3582 Table 1
7} 2t
2.3 SHEM
%Zé ¥ RE A= %ﬁ, EFAAE AN
R, K= AR] FAREAE SPSS 120

(Statistical package for the social science) &7
packageE ARMESISI1L, ANOVA-test, Kruskall-
Wallis, Mann-Whitney-U test 1215 ARE-510] A
598 B R sl

3. a4

3.1 A HX| T =Ek0|E E}

AR Al dfgt SEREE AFHY,
DEHPY] 7% =o|wollX it 398ugg dust® ©F
7HEA Jelow, AAd o vkl F5E
LRt

DEP?] A9+ HEEo] WA 2193} =]
whol| X Ht 52uglg dust, S0ugg dust® =7 LEF
WL, ofglolelA 71 v &5 SIek DnBP
o] A Adizoleleld thE Al nls) 2w
= vepton, AE8 7P =90tk BB E
AdRzolelel A 390ugg dust® A HEREIL A
Mt AR O] o)7L QIAIRE AA|F C.

Z AulsolE7t Tl ERS] ARl W A
o7 HriEe) Lok 7 AdEE Teyo|E
o] FE9} Bislo] TAHoR o3 Aol
AT} (Table 2).

Fromme 5 (2004)2] A7-elA 7Pdd] WA &
IEYo|ERS ¥+ DEHP7} AU EA &
thek 80% A=) A HlES A et Bt
otk ® AelA % DEHP7L 7PE 2 1A &
& 7HIARE A3 gl=iistA 3ol H]sl DnBP Y

74 vlgo] T 5t} (Fig 1),

Table 1. The phthalate dust, their respective retention times(RT) from GC-MS and Standard dust
Limits of Detection (LOD) and recoveries.

RT S LOD Recovery
Target Compound (min) Selective ion(m/z) (uglg dust)) %)
Diethyl phthalate 4.87 149, 177.05, 76, 150, 65 0.003 92
Di-n-butyl phthalate 7.08 149, 150, 76, 104, 56.1 0.657 125
Butyl benzyl phthalate 933 149, 91, 206, 103.9, 65 0.017 89
Di(2-ethylhexyl) phthalate 10.34 149, 57.1, 167, 71.1, 70 0.015 80

g duedetslA) Ao Al



Table 2. Concentration of phthalate in indoor dust(«g/g dust).

DEHP DEP DnBP BBzP
Compound”  MeantS.D Detection MeansS.D Detection MeansS.D Detection MeantS.D Detection
Min-Max) € Min-Max) € MinMax) € (MinMax)
(%) (%) (%) (%)
Day-care 398+102 50+89 90+88 349+364
Home (222~673) %7 (9~210) 66 (30~532) %60 (3~1431) 842
Child-care  386+105 1343 106+133 3324340
Center (8~624) 100 (11~17) 36 (30~909) 92 (3~1369) 807
Kinder 375491 52470 116+131 3334372
-garten (67~556) 100 (1~170) 89 (32~719) 924 (3~1422) 861
Indoor 389+121 19+29 119£120 3904378
Playground  (132~706) %7 (2~73) 66 (30~542) %7 (3~1400) 8.1
* Kruskal-Wallis test
(EIDEHP BSDEP IDnBP [1BBzP)
100%
80% --HEiiiii - - -ERRnRE - - -
60% |- - - EEEHEEEE — - - - - e - - - - - [ -
0% -|f=—=—12----FE=——1---- R - -
20% (- —|-----e=— - e == -] -
0% — =
Day-care home Kindergarten
Child-care center Interior palyground

Fig 1. Contribution of single phthalates to the total content in indoor dust.

3.2 Al Sdofl wE A M| F F=20f| &gt 71 A vpetA Fejel] whE AlAE Zeo]
Al X T ZE0|E It Ef79 B7hs 45 AlAelM= pVC v AR

sk 7397t oz A el AL Ao

A S0 0 W) F TRloERY S5 7k i) etk BAH0 Y pyC vt
PEZ A7) A9 v 9 A A, A5 A AM) Zeelol=fe foldt Aol glglet
AT 1909 Foltel A WS A (Table 3. R, whebAS} S5 Felel mE 25
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Table 3. Concentrations(zg/g dust) for different phthalate in settled dust from type floor.

Phthalate type floor N Mean + S.D p-value*

PVC 389 389.074102.15

DEHP No PVC $ 38110411394 338
DEP PVC 16 41.56+66.68
No PVC 4 24.25+32.66
PVC 194 107.65+121.68

DnBP No PVC 7 11081411535 147
PVC 220 346.28+365.19

BBzP No PVC 30 346.284365.19 346

* Mann-Whitney-U  test

Al 7FA] category = Lo] 7} g A3 A
0% s vlssa Uelstt (Fig 2).

Tol WE WA F YO ERS A%
T7F AE1AEEh, 2~10, 11 o] Al
2 o] B5E vwsoith DEHPS 3¢
2881glg dust, 2~10' 388ug/g dust, 113 ©]
395pglg dust® SAACE frolstAl (P<0.05)
Batato] 45k 2192 YeRT) DEP, DnBP,

L

i
A=

[‘E

o>~ > Mo
N =

ol

Conc. (ug/g dust
500 (ug/g )

400 --

300

200

100

DEP

DEHP

BBzP2] 739 FEl3t S HolA:= gkom
e FEIFE Aol 9
AT} (Table 4).

T 1A 7 ool et ZETo|E 5%
Az ARFH o 2 Aol E o
AR OZT ool MENo|ER
Zpo)7h §1SITt (Table 5).

EH}E} }\]/Htﬂ .E_}\Cq)oﬂ U:}E]r

== 71

oL

HolA]

offt

= A3k

1o,
<

o
T

WHS I et

1=

37HA

mPVC floor / product E&@PVC floor
EPVC product zEUnknown

BBzP

DnBP

Fig 2. Concentrations for different phthalates in settled dust from type of floor/product.
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Table 4. Concentrations (zg/g dust) for different phthalate in settled dust from construction period.

Phthalate Construction year N Mean + S.D P-value*
< lyear 9 288.44+98.61
DEHP 2~10year 231 388.02+105.43 014
> 10year 72 395.95+100.52
< lyear - -
DEP 2~10year 12 43.58+65.59 636
> 10year 8 29.87+56.85
< lyear 9 124.33+139.65
DnBP 2~10year 198 109.01+126.83 891
> 10year 59 104.56+90.48
< lyear 9 466.55+455.77
BBzP 2~10year 225 343.01£359.19 590
> 10year 66 361.79+£363.64

* ANOVA-test, ** <0.05

Table 5. Concentrations («g/g dust) for different phthalate in settled dust from water leakage

during previous 1 years.

Phthalate Water leakage N Mean + S.D P-value*
DEP o 2 38.10:61.06 s
Du? o o iliemos v
BBzP o o 554107 633

* Mann-Whitney-U test

o] ZEo|ERF 54 A¥E vl 3 & 2
DEHPDEPDnBPS| 7-9- 100% m|whellx] Z=5
A Ueba, AAe] wae] ALSGE 57}
o= A UERItE BBPE AR
& A WA mE Fod Aol gt
(Table 6).

o0 e B

1 4
=

7FaAlE PVC 54 UlellA ghebd o2 Aglst
oo} 8% 9l 3] 7hsAdo] Tk PVC At

Aoz ofdste}l sk HAE FAS
AL, B 7RAA| EAF el ekt 54
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Table 6. Concentrations {(xg/g dust) for different phthalate in settled dust from indoor area.

Phthalate Area N Mean £+ S.D P-value*
< 100m’ 100 390.93+124.78
DEHP 100~150m’ 131 387.63+90.12 818
> 150m’ 81 381.04£102.68
< 100m’ 4 54.75+103.50
DEP 100~150m’ 11 40.36+58.07 706
> 150m’ 5 19.80+23.13
< 100m’ 87 119.20+£121.17
DnBP 100~150m’ 111 109.96+134.62 351
> 1500m’ 68 92.92+88.58
< 100m’ 96 330.96+346.30
BBzP 100~150m’ 126 362.51+383.62 815
> 150m’ 78 359.23+352.66
* ANOVA-test
35 Hl AN v FEoR o] glof, T, 3ol ofgle] gl Frlele] Eelg-
PVCSE Al o SYRIL 1Mo AR ol AR kS wEsigln et

A Ha, 7HA9] w=4957) pve 219} PVC
BAe] 71244 58] pVC Aol dAS Hojat
A Ak (3P 2006).

DEHP] 7%~ UHHH 02 PVC Aol 71AaA|
2 2ol= g2 el E2lo]t) Mannsvillle Chemical
Products Corporation (1999)¢]] ™=, PVC AJ5%2]
TFaAZA 95%0]40] DEHPE A3t} k4]
QA AIFOFZ vpeA), njdwA|, glo]8H, njFE}
A, 7 AAE, AR AL S S B,
&, Az A o85d FE 9 gaEagT]
So] FEh w3 pVCE YBAY W FEE
A 9 5439 7Y SelE XEHERE QA
=Z0] 7Fs3It} (NTP, 1989).

R 2007 28 QB EE T HANY
MEFE7], ofdlo] 8% Y FoleE Ul
Eo]E AR AdH g Y RS wugle

Ql

R

ek

Q3
™
o]

[

aA R Ase Al

ARkl A A Wi o S Tl
AR ApLA Foks Adshs Zo® ﬁﬂl
thalsiolet ApLA ok A SAEE 3
o] fraf st e AAk e #17*’1
2 FARE TS AT

£ dAelxe Ay uie mAE 36t 4%
o Zeo|ERE #4813 om, DEHPE A4
o] 99.4%°x AEE O, DEPE AlLlsta:
80% oo AEES Hth A it Ao
A DEHP:= B 388ugg dust, DEP 37uglg dust,
DnBP 108g/g dust, BBzP+= 349ug/g dust® =73 %]
o}, DEHP> BBzP> DnBP> DEP <O UERstT)
DEHP?] 7% =olWellA 31t 398ug/g dust® =
Al YeREa, A8 07 w53t FEE eItk
5 (2003) €mEe] AR K n=23)°l14
O] 5= 858uglg DEHP dust®] 552 AlAl

Clausen &



FAD - A - o) - Y - AT - 495 23

_LL,

S}STE Bornehag & (2004) A1) AWb7g W
offlo]=2] A (n=346)01+1°] WA T DEHPC]
EEE T0ngg TEOE AASIAC
 (2004)8] AAolM 74 of WA F DEHP7}
ek 80% 48] A HlES AASal Bars)
itk ¥ dAollA = DEHPZ} 7FE & 79 WS
AASIAARL g Sl AT Aol wlE]
DnBP9] 4 Hl&o] tha A Yebtth dnbs
O DnBPY] 7% 7ke/de] Holut =2 ZTHE
93, REA, ARE, AE, AFTY 2 F2lA
5ol thekatA AHg-Ect 53] DnBPE= ] A
= 3, I dlolazlo), {3k, i ¢k}
Al "oyl AAA T SEE AREC
(CIR, 1985). ¥ 17-oj|4 DnBP2] 74 Bl&o] &
& AL g B uA X, 5 AT
o A 540l wE A F3l SR
A& Z13y3 AlFol,

A 56 wE A F ZTHYER $E5
A 337} A¥), PVC vitA] ARGl whE H7t A3
SAFCEE PVC v AR} ZEo|ER
= g alol7t itk i Al dsde
E A% (1d mh, 27101, 11d oo g
3o Ao R DEHPS - FAKCE frolst
Al (p<0.05) Ftgre] ek 2= ekt

ol thi-o] Qe PVC AlEel TeolER
= DEHP«] 61—61:0] h—_o]. 1/].2 @J/}E z;d%r/]_
(Bornehag et al., 2005)

H 17 Y A S of el mE e
o|E 54 A3t AAHoE & AJolE Ko|A|=
Es

w, Fromme

o 2

d

ook, BAKCRE ol ZERolE

= ot 2le]7h §ISAtE ‘Borehag 5 (2005) ©f
oJshd e FoE QlE 57] o= ]l

PVCHIF AN ] A543} (degradation) = 18t 7}
e R ENE R
S AT TRAOIER F BB B
FAHOR o5 B92S uusnt B
Folie ool the BgzAbd Ak
o) 7 A 9 Ae] T Ao|2 Wit 2
7h ANEA R Ao Ak
ATE 5(2008)2 Feehw Aumisia &
o) zARANE EA 0 §9
= AT PVC RS ARESHE 31t
xe) Yol ERe) FErh ok, AFd
o o AP G 2o muskr
2 AT BAE fOHE BRwA g9
1, A HE, B S PVC AR o7t
W % ol el JEe A Ao
B2, _L—c& T PVC A ARl B
& 557t 57H et 9%
T %5 9 71&94 ofe] 4] <Ja) 2
5t PVC vhebA) ALge ofsl A zeleo]
EFY w57t 57K 7 9l (Bortoli MD, et
al, 1993; Jann O, et al, 1997; Pleil and Whiton,

pacs

—|—’

oA e

SEo|ER

1990; Reitzig M, et al, 1998), A} &3+ F 1m/m'
o) o] v WAS A 5719 B A
270 WA HLIEA Tekelol =R} A

AZH A} (Wilkins CK, et al, 1993)

Ty o] ER+= 4] F(ingestion), S (inhalation),
Y55 (skin absorption)s-2] HEZ TE¥TIL
BuEuglon, ¢4 AH ARE Fol 71
Zo] W& 2252 7% DEHP maximal daily
intake 4.9-18 pgkgday (MAFF, 1999), oJ&hw-
(maximal daily intake 9.5 pgkgday, 2391 0.1 mgkg
/day, FroF 2.5 mgkgday &% 131, Ad]lel H]
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ol frob B oflole] kmF® Qg et WA T ZREUCIER $E s 2 e A
3L FDA (2001)0fM+= Barshar glek ewbo® v 5 ZEEO|ERS AR A, A

DEHP :=%9] 7} Fo3t k3¢S s4E0]H,
Meek and Chan (1994)52] <17¢lAli= DEHP]
AAw-EHS 10ugkg/day® B718IGich Azt
o7 Qlek w22 o] ] mouthing activity®l] &
& 5.7~44pgkgday L] wFS AsIich
909 T3t mpiAlE Adler] e Aud
AJole}, Ay AollA] tf7] % =& YT 1
nlet e T2 A WA 5 3
TYHOE Qg mE S i
T 5% (710l WL 2 F
) A7) & 7] s A
& FE] Aol gk FEARQ Ao
oIt} (Uhde E, et al, 2001). AL} €737(1994a,
) % "= NPT AﬂEi (CERHR, 2000)°l|4 % =
Ee O] F ZEHRIER 52wl Wo
o%%f‘fa et eolebal Bkt
TolAE 671 AR A7t dA=s o)

3 }Xl Fohe AEEAREA Y] SiAlelA e s
%E} EM NLHiOlEi 2L ErrAl*U 6

o

o

=5

_Em{n

AdEolelel BEAES tiboR A nie

g duedetslA) Ao Al

GeagtolMe] viedA] sEEEE 9541
Ao} FrAkehH, A A Alol= AEE A okoket

DEHP= AlA9] 99.4%¢<14] AEE]S).©H, DEP
£ AsletalE 80% o] AEES Btk A
A i Aol M DEHPE S+t 388ug/g dust, DEP
37ugg dust, DnBP 1081g/g dust, BBzP= 349ug/g
dust® Z7%|o], DEHP> BBzP> DnBP> DEP <=2
= et

AEelE|gl RSAAE Aol o3t 45 =
GO ERE] FHe % Aol gllon, o=
o H]3l| BBzP(Butyl benzyl phthalate)®] &% H]
o] 2 Ago] 9= Aol dist A7t AlE 5
A o F7PE7PF 2 asitt.

AFdze] w2 WA F DEHPY A9 A%
288ug/g dust, 2~10'd 388uglg dust, 11'd ] 395
gy dust® FAIZCE FEISH| (P<0.05) Btk
o] ‘F5dh= A0 WERTE SAA R frefs)
oAk A A% A 9 AE F PVC AL
7} A WA F ZEYO|E Fof o
A= 0w AEEQh webA, A v
o] =E7FsAd0] H& ok 9 ofdlo] =9

o

2 o oo X
9, o rir
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