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BBP - Butylbenzylphthalate

CE : personal daliy creatinine excretion rate normalized by individual
body weight,

DBP - Dibutylphthalate

DEHP - Di(2-ethylhexyl)phthalate
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EPA - Environmental Protection Agency
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KFDA : Korea Food and Drug Administration
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HPLC - High-Performance Liquid Chromatography
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ME : creatinine adjusted concentration of each phthalate monoester
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NTP - National Toxicology Program

PDE - Permitted daily exposure

PVC - Poly Vinyl Chloride

SCTEE - EU Scientific Committee for Toxicity, cotoxicity and the
Environment

TDI - Tolerable Daily Intake
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2.1. ZEHYOoERF 7 &

zayolES A= oln Sy HegEo gvh AFx7IHEYH d
AR ZE FealAdSE AHeste d7e AESdA EaEI JTHBUA,
1986, 1993, Youssef et al., 1998; IARC, 2000; Booker, 2001). A% % 2

foi )
1

=
T

o)
T

AEo A ZEYoE
Aurela, 1999; A.G. Renwick et al.,
23 YarEo] U mae ol ol

o g

2003; Ted, 2005)<} thA}A],
) 8+ biomarker?d E}TA

ol A9 (Albro and Moore,

Anderson et al.,, 2001) 3 HFAKEH HI7hx] ks A

wd, TgelEf AHAR

ol gt

PDE(Permitted daily exposure)/TDI(Tolerable Daily Intake)ZE
718 = ar

2006).

3} ?53

ATE A tH(Holger M, 2003; H. Fromme et

Koch et al,,

W7 gl

o3 U.S. EPAY siAH7} 7tol=
9l el A = 7t

g} o)

%

DEHP(Di(2-ethylhexyl)phthalate) 2]

1974; Schmid and Schlatter,

o1 A %3} #F(body  burden)

2 dol&ol W A (SCTEE, 1998; B.

Efﬂ 1=
= L=

=i
=

o AH&
1985,
.

ol
=

w7} sk=

al., 2004;

S e

g 3

hs

A (John et al,

1999)9} FH AT (EU)S FA 223 Technical Guidance Document(TGD)
o] “Morgin of Safety(MOS) ¥ 2o o3 ZeEgolEFo ajAH 7}
A% &sir,



FHoR AZ 2 ANEAH wE AU ZeolEF wmFo B3I A
T% A9 (Jouni et al, 1999, 2000). Fromme % (2004)2 dubAF33712l
olulE 9} fol W of@ol59 F mo]FIed frold ¥ FAHUS o=

I olER Au EAo wE ATy 2 wWA Fo ZEHoERFI
, Carl-Gustaf (20052 Aud WX
(dust) T ZEHOERE wAste] A ntatAl de, ¥ e, A5d
T, 87 Al B o HS 393y AT v5 XAMSto] TR ol ER{ 9
=z gid FoA U= HFEES dFsa Uk

20009t o] % HLol= o

frob 2 of
4 g qel=s] F4sel Aol UF =¥e] Fx BEHL I3

e

2 oA E 2 BEAde de

N

Fsd S A7lsta th(Sandra et al,

2001; Christian et al.,, 2005; Carl-Gustaf et al., 2004, Jane et al., 2004,

Ho

John et al,, 2004). Jaakkola 5(1999)2 Z@do]ER7 &4l & 1

ARG BES Ptk AlkE 8F3 AL, Bornehag T (2004)2 ZE o] ERF

off ol

FeEwd gy ol E(BBzP)9 toE A xayg ol E(DEHP) ¢ WA F
T g 2 HAYY AHAAAES THSAT. 2 9ol % Bornehag(2001),
Wargocki(2002), Schneider(2003), Christian(2005) 5 o] AW Z e o]EF

o =& A B dulzv)eke] Bl Ui Aol 2AT AdE



2.1.1.

o
2l
g
In
0x
0
>
0f0
0f0
kN

DEHPY ¢ dut# o2 PVC(polyvinyl chloride)® #Z& A|F= 7}A4A
(plasticizer)= 22 &&= v}, vpeA), Fi, AolE, AFAA T =
gl ER F b del AEHEE Edot. dA7tA ¢exl DEHPY
542 Ryuichi 5(2004)¢] A4 54 (Reproduction toxicity : NOAEL 14
mg/kg/day)¥} 1454l (Effect on Development : NOAEL 44 mg/kg/day)

S AFsta i, NTP(1982)¢F Sandra 5(2001)2 7FH(Rodent liver

carcinogen), ZFAIEZ, EdWolA, 713 (Hepatotoxin, mutagen and
Teratogen)5 2] S4¢] & Ao WxH Qv E9 v FHHTH

(U.S. EPA)A A= 24715 & 2 (Probable human carcinogen(B2))&® &5+

ol

}31 9lom, weol& (cancer potency factor, q*)& 1.41x10 “(mg/kg/day)
2 A¢tsta JATHEPA., 1987, 1989).

DEP9 749 2A=8& WA 2 v gddAFE 53] sHF 48 ol
Wol AMgE 3 9tk Sandra ©(2001)> kA (Carcinogennicity )=,
Marsman % (1994)2 DEP9] &= W o] (mutagen)S 53
DnBP9 7% 4wtz o g PVC(polyvinyl chloride)® Z& A& 7}A A

(plasticizer)= g &85 vt 2 ZHE A, HzA, aA/A 9

EE FJE, 25 3Y, FAAHF Tl 29t T3 DnBPE AW A
e AMEE 3 9 53] DEPS vhzZtA 2 &4 3 H A, 4% Y

FAstAl, EFAAA & FFEFAE dg AFEEHAL U AATMA L4

7 DnBPe 542 #9 9814 H 7HEU Risk Assessment, 2003)A} 5. o] A]



E ol o] Al /9ol = A (mutagen and Carcinogen)2 g3t 1, Gray

rr

and Gangolli(1986)2] oA &= & =4 (Reproduction toxicity)= A 7]
stal glem, LOAEL 52 mg/kg/day= Al AlstaL 3l

BBzPel 74 %% PVC(polyvinyl chloride) #|3% 7}aAl(plasticizer)® 7]
Hom AMGH A vy EY, M E, FA2A, AP, dEre= SUaY,
guld ofAH ol E B Z9-de Ad AFe EZIE T WHO(1999) ol A =
DnBP9 42 A=A (Reproduction toxicity), =-+%4 (Developmental
toxicity), ¥4 (Carcinogenicity), %154 (Genotoxicity) S o4l sl 9t}

2 w¥rol = DINP(Diisononyl phthalate), DIDP(Diisodecyl phthalate),
DNOP(Di-n-octyl phthalate) 5 °] HE&4 o2 A&5 5 3o} 2 Ao
ANe TEAYAA A 5Ae] g<d¥ DEHP, DEP, DnBP, BBzP ¥ =1

g AFA] (metabolite) WS ©hF7] 2 ghoh(3E 1,2,3).



Table 1. Physical chemical data of DEHP

Chemical name DEHP

Molecular formula C24H3304

Molecular weight 390.62

Boiling point 386C

Melting point -47C

Flash point 196C open cup

Vapor pressure 1% 10" mmHg at 25C

Water solubility 3 ug/l

appearance Colorless, oily liquid with a slight odor

Table 2. Physical chemical data of DnBP

Chemical name DBP

Molecular formula Ci6H2204

Molecular weight 278.34

Boiling point 340Cat 1,013 hPa

Melting point -69C

Water solubility 10 mg/l at 20C

appearance Colorless, oily liquid with a slight odor

Table 3. Physical chemical data of BBzP

Chemical name BBP

Molecular formula C19H2004

Molecular weight 312.35

Boiling point 370C at 1,010 hPa

Melting point -35C

Water solubility 2.8 mg/l

appearance Colorless, oily liquid with a slight odor

« Agrofert Norden A/S, 2002



2.1.2. =4 =

DEHPY ti7|=% 3 He &2 9% =52 vvsth(Huber & 1996).
Aurela(1999)5 2 A== ZgHolE i AF AFAYA HF

e FAEAAA =Fdva FAsa 3tk Schettler(2006)0] o] 5kd

4 AdF(ingestion)s 7Hd =% BE 24 =(food)® 74+ DEHP
maximal daily intake 4.9-18 pug/kg/day(MAFF, 1996), <] % (medical
device) maximal daily intake 9.5 ug/kg/day, 491 0.1 meg/kg/day, +°F 25 mg/
kg/day*=Z& ¥ a1 kil FDAQ00DON A= Barstar glvh. dwb4 o= DEHP
29 7 59 =292 32 Eo|H, Meek and Chan(1994)5 2] -0l
A& DEHPY dd>=%S 10pg/ke/day= 3715k

7 (toys) o2 9] =2 o]do]e mouthing activityel 9& 57 -
44pg/kg/day B =0 =F5 B7HeHA

+ 9 (inhalation)®] F8.3 A2 AW 7] = AU Ao, Sho) A
AFT wpel Zo] W7l FY =& ¥ vrdEr F2 AY WA =

§ %83ttt Rudel &
(2001)8] Hare] st ALFAY 7HAS AN 23 03 - 524 pg/gel

wEE HSlaL, Baker 5(2004)9 AolMe AdWWA 5 DEHPS 2547



o] oj¥lo] ¥ DEHPE =AY 23}, AWl WA sE ofdde] ng HE
¥ DEHP ] a2 10

zeoles $/19uE Eietn

wEA 2otk ae &4 o ZgdelE =Fo U@ FEAEE WS
dgsts odE A% gol @4 wdT £ 9k AFE Ak ARA

Bl
AT H7PA e ot DnBPY A 949 Hd A H F(maximal daliy
intake) 2 0.48ug/kg/day(MAFF, 1996), DEHP 4.9-18ug/keg/day(Meek &
Chan, 1994), BBzP 0.11-0.29ug/ke/day (MAFF, 1996)= 2138 <+ = Qi)
DEHP+ PVC(polyvinyl-chloride) 2 A ¥ ¢] 7] 7 (medical device)Z

b A% A3AR AHSdEY. FAHeR AUy FeiA e, +E, FFA

fs

=i

W AdE el =S EvdE2ol= (PVC)/DEHF ™ (bag)

el Ad fA4A= AFAsar PVC/DEHP FHE Sa Ao dAdyy
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o] th(Kavlock ., 2002). Koch %(2004a, 2005) DEHP®] 75%+=

A% HHAE o] FojAH nwE e A ¥ g

Table 4. Type of industries using DEHP-containing products

73

T=

abrasive products

adhesives and sealants
agricultural chemicals

asbestos products

boat building and repairing
cement

chemical preparations

coated fabrics (not rubberized)
crowns and closures
current-carrying wiring devices
custom compound purchased resins
electrical industrial apparatus
electromedical equipment
electronic capacitors

electronic components

fabric dress and work gloves
fabricated metal products
fabricated rubber products
gaskets

gray and ductile iron foundries
hand and edge tools

hard surface floor coverings
household laundry equipment
hydraulic

industrial inorganic chemicals
industrial organic chemicals
manufacturing industries
mattresses and bedsprings
meat packing plants

mechanical rubber goods
medicinals and botanicals

minerals (ground or treated)

motor vehicle parts and accessories
motor vehicles and car bodies
noncurrent-carrying wiring devices
nonferrous wire drawing and insulating
nonmetallic mineral products
packing and sealing devices

paints and allied products

paper (coated and laminated)
pharmaceutical preparations
photographic equipment and supplies
plastics foam products

plastics materials and resins
plastics pipe

plastics products

plating and polishing

refuse systems

rubber and plastic footwear

rubber and plastic hose and belting
sporting and athletic goods

surface active agents

surgical and medical instruments
tires and inner tubes

unsupported plastics film and sheet
unsupported plastics profile shapes
wood household furniture

wood products

Source : TRI(TRI9 2001)
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Table 5. Food products containing DEHP and their mean

DEHP concentrations obtained from Annex 2 of the EU RAR

Product DEHP(mg/kg)
cheese 2.2
butter(DEHP in wrap, 80%, fat) 75
margarine(DEHP in wrap, 50%, fat) 4.7

dairy products 0.05

cream 2.7

fish 0.5

bottled beer(seal of DEHP containing PVC)  0.06

soft drinks(seal of DEHP containing PVC) 0.055

eggs 0.6

tap water 0.011

grape juice 0.26
grapefruit juice 1.7

carcass meat 0.7

chicken 0.7

almonds 0.8

hazelnuts 0.08

muscat nuts 0.22

2.1.2.2. & (Inhalation)
EFd9 dHz 95 & (medical device)o] 92 DEHP »=%-2 PVCAH

37459

AU " A (indoor dust)?] FYo=z Qg =22 vl$ F8%% =29

o}, AWHx et F7](indoor air) TolE RHAA=ZE, AFE, 74, ZAd7
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%, HAALY B Asake] FAAE T THAAIA R os e o]l Eo
wEEY, ZeEgolES X33 37

T

¥ & (water), 2 WA (indoor dust)

il
of
:oé
b
it

>,
o

Rudel 5(2001)& AFF-A 3 744 Kol AWHEA oA 0.3-524pg/g 8 ¢ ol
)

=T 7S Rustgr. 27 & ZggolEe HE: 0.00528ug/cd H 9]

f
gk

A= ATt Becker 5(2004)2 2547 o] o]#lo]5 DEHPS & tAAE
wA ke AU WA Fo DEHPY #HaAE A7tk Aul wix o)A
DEHP®] H A= 508ug/g dust@ ow | AW Wz F DEHPO %43 o
o] 5ol A o] DEHP X thAbAI¢t= o) @& o]l 1ot

JE FY==° ¥ v& o

o
o)

o

Mele] -7 93 7] T LE{
Tl A% DEHPY AW37] 5 FE9 %= tAAd MEHPY 93 A3

A dEA okt 22y Zg¥ ol 5 DEP, DnBP % BBzPol A

= AulE7ieh o AR Al A fre Rk dEAdo]l SHHda, FUew A%
ZHYOERY =F2 EAF0] W ZHYER =50 FAT F=2e

rr
2,

A5 A osl 9 th(Adibi 5, 2003).
Oie 5(1997)2 w==24dole] UubrtA 387Ftol Aol H 960ug/g dust

o H (A 13072920pg/g dust)= W aLst o™, o] 5 DEHPO 4

jud

[ & W ZTH(E T 640pg/g dust; W $1:100-1610). A 1ol DEHP=

o

013t & Y (Inhalation) =% < 0.76pg/day = H 7}t 12, 4 3 (Ingestion) =

6401g DEHP/g dust x100mg dust A # /¥ & 64pg/day = AFE35S .
Otake 5(2004)> d¥ oA 277k AUlF 719 T olE F4

& 439t DEP, DnBP, BBzP¢ DEHP 9 F4ao = 0.10, 0.39, 0.01

I 011pg/m' o] gt& Hastdu. Al F¢ dd5EFES 20m/day= 7}
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AstAed, 2z 2, 78, 02, 1.4 9 22ug/kg/day R =EH = o B

A

(k. 71E AT AN AME 2EYolES £33 A

14
(ol
=
g
XN
lo,
EIO{t
jinss
Mo
EIO{t
jinss

=EoAMe Fad drda & Uk

DEHPE X &3 Zg#oER= PCV 7FAaAZ v 4d s+
of AF&% At ¥l(bags), AHH FrAlolsd, FEA, i Ao 4hst
b A4S ddll AHEE Y. DEHPY &2 AWAUE, 2%, Az

of g} g =EHH(E 6, 7).

Table 6. Test materials used in the testing

Average DEHP% DBP%

Material Phthalate
airflow (ml/s) (w/w) (w/w)
Vinyl-wallpaper ves 160 18 0
Polyolefine + wax No+yes 170 0+0 0+2
Electric cable ves 160 20 0
Refrigerator strip ves 160 No inform. 0
Electric wire ves 160 25 0
PVC flooring ves 150 17 0
Polyolefine NO 160 0 0
PVC flooring ves 160 185 0
PVC skirting ves 170 No inform. 0
PVC flooring ves 7.4 17 0
PVC flooring ves 7.75 17 0

? From Clausen et al(2002)

_15_



Table 7. Intravenous exposures to DEHP from select medical
procedures using medical devices made of PVC containing DEHP

(modified from FDA, 2001)

Adult Neonate
DEHP dose (mg/kg/day)
Crystalloid 1.v. solutions 0.005 0.03
Total parenteral nutrition
Without added lipid 0.03 0.03
With added lipid 0.13 25
Blood transfusion
Trauma patient 8.5
Transfusion/ECMO 3.0
Exchange transfusion 22.6
Replacement transfusion 0.3
Coronary artery bypassgraft 1
ECMO 14

EE ZEYolEE X X, IHFE, AdAad, Fdz, avtsi=) ¢
¥ (Munksgaard,

PN
~
2004). AVHOE, WNRE FF FFE FRA FE, TE BEA= F

T FEAES A9 dRTE SEY] dRrryg HFAo] WU (Scott T,

_16_
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=
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=
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=
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-
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Holger M(2004) 5 & Aol ¢ 3tH 2-64 Alo]eo] fofdAY, ofo]e] of
My B fobd AAEESAAAMY wd ZEEUJEF £4 A3 oyt
A wls) ofe]lSoAlAA Ful A= F=A H7AEAL, ol A=
mouthing behaviour &, 434S oz F+ 5, d€2& M d5 &
frob B oj™ol=9 SAA Pl o5 AF .

o] ¥ o] =9 mouthing behaviorel]l #3F oz o
(Consumer Product Safety Commission 2001; Juberg %. 2001).

Juberg 5(2001)¢] AFolA = 0-1871¢¥ FrolollA €d 23, 19-3671
frobe]l A dd 5% weot o7t F FYEY A = AR T2
AbEgt e AFZA el e o B AZHI-3A1%E) doeE A s
n o] A3E R gt (Health Canada 1998). 12fu} 2 Ao A <
A= ojdolge] stF A& ThE dFEe] Ao, TUNEA B
ANZbES et 0-1871€9 frofoll Al dY 48+, 19-3671€¥ fote 7

© 9o 4lEAORE AAE T3t Juberg 5(2001)2] A FolA

e
o

9t}
F A 22 (pacifier) & Al&3l= AT A 0-1871¢E frolel A% o
T O108:187TR(EFAA +1), 19-36719 Frobe] A% AU FF 126:246%
o7 Axteksl
Calafat(2004)] A& AF ol A= folE9 MEHP(129 ng/mL)x=%°] ¢
B3 Q12 7ng/mL) Bt froshAl =A ZARE AT dukl el Ao %
e AU FH ZF(Tolerably daily doses)e AZFH S 7HAS 4 i,

A4 AFHL Y= Asel kW ool L fopEe Ful oy wF

i
Rl
%2,
o

B2 ofud Yzl 3 G FFol UL & 9
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2.2. =(Urine) HAIA E 0|88 =& L&

-

22.1. ZEHHO|ER CHAIA ALEol st EIEH AS

ZeHolEfs AW Aol AA M wEA thALTE o] Fo

o
o
&
offt

A= S =1 T )| Ho|A ZTEg ol EFE= oxidative productset ZHz}
9] monoestersZ4 ALE o] x = wj A th(Alboro et al., 1982).

Sc(urine)oll WiALE o] U2 T olE tALA w2 EH L o] E 9]
AAA QA YF(dose)S AF=d ¥ 4 Adtk(David, 2000; Koch & 2003a;
Kohn ‘., 2000).

MEHP®| 7% % % DEHP %< 10%c°]st=Z diAtsm, w77k ol o
AbAl A B owe ARHES JHAR domm. oz wARLEE
(secondary oxidized metabolites)o] T2 = diAAZ & 5 Qdth
DEHP®] th4tA] & 5cx-MEPP 9} 2cx-MMHPE 71 w3715 744, AlzE

Ei

)7

e AA Ry =

v

< H7tst=d §elst™, 5OH-MEHP9

5 o

=
50xo-MEHP+ DEHP =59 @7/x=%& H7lste=d & olstth(Koch &,
2004¢, 2005b; Preuss %., 2005). 1@l 7]& A2 3 (Blount %, 2000;
Silva %,. 2004; Koch 5., 2003b, Barr %., 2003; Becker %. 2004; Kato
5., 2004)°1 A= S5OH-MEHP® 5oxo-MEHPE HEHA ¢ 44 2
omw AARUHAS g FHs PgFd AxZ(Koch ., 2006)9!

*

MEHPE &4 g (19 1, 2).
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Diester Phthalate monoester

(8] (8]
R
O-"'R metabolism -
— + ROH
O, OH
™R
(8] (8]
metabolism
¥
Other breakdown products Conjugate

¥
Urinary excretion

Figure 1. Metabolic excretion of phthalates

(source : Andeson et al, 2001)

oo e

e
HO—CHp-CH—{(CHg)z=CHa .
2-Ethylhexanol s

LN

HO~CHe GH—(CHeja-CHs
2-Ethylhexanol

e
! Ha
" 0—CHz-CH—{CHzla—CHy

ISES

OH
O CHo DH—(CHa)amCH —‘u’ on
B o i s
CHa (o] o
Di(2-ethylhexyl)phthalate Mono(2-ethylhexyl)phthalate Phthalic Acid
(DEHP) (MEHP)

— v - v
GHOH CHa G Ho &f
He HOH GHe F—CHa~CH—(CHale=CH-CHe e H-CHaC
F?“CI}—IE'E:H"((IHZ'B‘C:Hg R—CHy CH—(CHzlaCHa H‘C:F&’g:H*ICHze’CFb'C‘H e E,H ROy CH—CHy é: ChaCHy
2-(2-Hydroxyethyl)- 2-(1-Hydroxyethyl)- 2-Ethyl-6-hydroxy- 2-Ethyl-5-hydroxy- 2-Ethyl-4-hydroxy-
hexylphthalate hexylphthalate hexylphthalate Hexylphthalate hexyiphthalate
* * (50H-MEHP) ip
GHs GHa s GHa
b o] GHe pHe GHe
F~CHyCH(CHalg~CHs Fir-CH-GH—{CHala~CHs F—CHo-CH—(CHgja~COOH Fi=CHg CH—(CHglg ;- CH FrCHy CH—CHe-f CHz-CHg

2-Ethyl-40xy-
hexylphthalate

[2-(Carboxymethyl)- 2-(1-Oxyethyl)- 2-Ethyl-5-carboxy
hexyllphthalate hexylphthalate pentylphthalate
(2cx-MMHP) (5cx-MEPP)

2-Ethyl-5-0xy-
Hexylphthalate

\4 ks > \ GHe
focH He » oo
F=CHe-CH—(CHzla~CHy R~ CHe"CH—CHem COCH FCHe CH— [CHzlg~ C00H
2-Carboxyhexyl- 2-Ethyl-3-carboxy 2-Ethyl-4-carboxy
phthalate propylphthalate butylphthalate

Figure 2. Metabolism of do(2-ethylhexyl)phthalate(DEHP)
(source : Koch et al. 200b)
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Index(HI) WS &3t

22 A% Y AEES sepa

RIS MY

Step 1, 1 Indoor Dust and urine Phthalate
Phthalates Analysis| +———| Di(2-ethylhexyl) phthalate(DEHP)
Diethyl phthalate(DEP)

Indoor dust and Di-n-butyl phthalate(DnBP))
@ Butyl benzyl phthalate(BBzP)

human urine

Step 2-1. H Step 2-2. Exposure and Association assessment |

Environmental exposure <:> In-direct Exposure <:> | Parameter |

: Indoor dust : Urine(monoester) .
Demographic || age, sex, indoor dust
flooring and wall

Kidergarten(n=19) factors and
Primary School (n = 21) Children(n=161) dust material, ventilation,
Newly built apartment(n=17) Vs Buildi construction period,
Old house(n=22) Adult(n=73) Charu;ctgr?stics residency, leakage ...
Dust intake “ Daliy intake and Hazard Index | | Regression analyses

Il aus

Step 3. Phthalates exposure and association factor
* Dust vs Urine : Association assessment
* Children vs Adults : Difference assessment

Figure 3. Method of study
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a4
. HX &5 ZEY o ER H
(1) HPOHA BA 2 ChARRE] M
Holger 5(2004)¢] Aol A %= DEHPS $d1Foz JAalxe Sopa
g HolhE FOoRE odo] H AAEY w T ZHHYJERFE S
o ZEYoEE B FU|AY w22 FFASE JHA e WA 9
Zhol A FRETT o]y frofAl oA = PVC-Fdt 2 PVC AlFel
ofs] wpete] molg el oA WA T FUE F UtkBrock T,
2002)
Fromme 5(2004) 2 9ollA oldo]= ‘high risk'® &irste] A
A 2D F7] F ZHYJERE A
B AdToME ofde]et gQle] DEHP=Zcl dd H7tE 93
FAE0] Wi, 9 EAY AdiFU o, =F dg F
7ER F, ofdolep Aglo] & Fitel A AP FAES A
E A A7 AE 2 FALSE AR 1A 44
W AW WA F ey olEgte] RluE 98 x5,
ol9tEES Zh2y A ko] Blas v
A A4 TH1ES AT i A A 1970 7FX
- 23 -
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MZFobstE 2274 2 69 ol 4® WolshE 17RE EALeh

i OAAL B4 S 98 6-7AH Fol AL 16189 xE AFHGAL

s

TAAAAE 38% R AFolyES HolgEd A AFsh= Al 359

9] %(10-50mt) & 73% 2 mE HFT =438

Algd A= WA (dust) AFAEo=Z 55 AZHE A3 A A7) (vacuum
cleaner)& Alg3tdom, HFHAL7]  EY(holder)o] & E(Whatman,
125mm)E Fste] F-xU9U WAES HEGY. AR 2H1E FHE

ZEYolEY w=&& 37 Yl FEAAT glass dish(130mm)ol H &

Alekgol FAE W F 25mg o] (Carl-Gustaf &, 2004)¢] A7 =<
HAE &7 v AYFTo] FAE Ao dAeE A AAFS AFerh 10
m¢ vialel Zd7]E i WxE dojlltt. DCM(dichloromethane) 4ml =

o
HA S FE3] A4 S 30%7F sonication A ZIt}. sonication Al 71 XA
2 10ml vialdl oA S o] L3 FEY ANt DCME AL AFL3le] =X

8] oA F evaporatord A& o] &3 ¢F 30+ 7FH(Rotation 4-5, heating

- 24 -



r
ol
-
x2

Filter weighted before and after(dust > 25 mg

g

Extracte in pre-cleaned 10ml glass vial

-

Using 4ml dicloromethane

.

Sonication : 30min

.

Evaporator operating : 30min

.

Mass up : 1ml methanol

Figure 4. Generic method of dust sample preparation
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= AZ  Imeol internal standard=(50xl) 7Fg & ammonoum
acetate(250ul, 1M, pH 6.5)7}3} 3L, B-glucuronidase enzyme(250u0, 1M)ZE

A% Ag 3 ¥, incubating(37C, 90min) 3t} FEL g &

olf

o]

Hir

flo

Solid  Phase  Extraction(SPE) %W  §3 HLB  Extraction
Cartrige(Waters OASIS)E AF&38tA 3, WS 19 59 2o, HF F%
¥l A]E+E Zymark rapid-trace extraction system(Zymark center,
Hopkinton, MA, USA)°l 93] Ny7t2== dry(50TC)gtt. HEH o= 1:1
acetonitrile:water(Im¢) 7}8F¢] 103+ sonications}e] 4] gt}

F714d o2 E HLB 7}E&# A (hydrophilic-lipophilic water-wettable
reserved-phase) = 449 N-vinylpyrrolidone 2} 249

divinylbenzene ¢l

= WHolth 71E tFE9 A (Blount 5., 2000; Brock % ., 2002; Adibi

5., 2003) oA 2 TtEYAE AFEE W or AAHYE FH S
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Prepare Sample Solution

.

Condition/Equilibrate
1 ml methanol / 1 ml water

.

Load : 1ml spiked sample solution

.

Wash : 1 ml 5% methanol in water

.

Elute : 1ml methanol

.

Evaporate and Reconstitute

Figure 5. Generic method of urine sample preparation
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Ral
5
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o
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23
o
K
um
e’}
=)
Im
=

T8 AR FHHAdAAE e AF 8715 FHUAFE AHE5H

F8d A4S 9d Glass tubeE WA wasing ¢ F glass tubeol

E{l_

filo

DEHP, DEP, DnBP, BBzPE #t7} wWgt&o] Img/mb = 0] EF
=0] 4Co A#g. EFEAS 10, 20, 50, 100, 200, 400, 800, 1000 ug/
me = B4 sto] 4Tl A4,

7171248 93 A" (Column)E 25-m  capillary column(HP 1C;
Agilent, Folsom, CA, USA,; inner diameter, 0.2 mm; stationary phase,
polydimethyl siloxane)s AF-&3tth. Injector &%+ 280CE FAlst o

W, A9 =% 100CNA 323 748 5 300C7HA £ 8CTH A5 Al
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A4 AR EnAAAME BE AP &5 FHUAEFS ALY

A AsE o HPLC(Waters 2690, Detecter waters 2487)% o] &3}

Sh

R85 245 Y3 Glass tubeE WA wasing & $ glass tubedl

MEHP, MEP, MnBP, MBzPZ& acetonitrile®] 50ug/ml = o] EFHS 1+
So] 4Co] AAAT}. BEEAL 001, 05, 1,2, 5, 8 10 pe/mz 343

N
N
He
i
o
do

3 A2 (Column) Symmetry C18(5um, 3.9x150mm)<
AF43a1 UV detector? wave length 200nmell 4] detection %+t}. Column

LEE 30TE fAdAoH, AFLEE 20T AT
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3.22. 2l¥ 242 %t =2¢ F#4

= AR F ZgeeER GBe vAE adle] oE BAy B
2 98 BFAARIS FARI AW WEES A, 4E AFLY 5

o AT TA WE W A FR, UAEF, AFAE, B3

o
n
o

phthalates

age, sex, residency @
Vertilation rate

Figure 6. Exposure routes of DEHP

<:> flooring and wall meterial,
Construction period,
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0
[z

=
=

F=2 David 5(2000), Koch &

[¢)

HEH S ASART, 4G RAEES AW

98 AR %%, CE(g/
ke/day)E AFL BATE A L& 7 ZUYERY x

2 5@ QAES 47 A48

M

A 7zt Abgehrh

lL
FEZI_CXD(_/éfofa/Z)’ FU:F (l_exp(_’é/‘o/a/}))
total

where,

FE and FU : total and urinary fractions of the dose eliminated in

time t,

ktotal and ku : first-order rate constants for total elimination and

elimination of urinary monoester, respectively

Dalyyintake = I 8 X MW piatases
where,

ME : creatinine adjusted concentration of each phthalate monoester

CE : personal daliy creatinine excretion rate normalized by individual
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body weight,

F : molar fration of the urinary excreted monoester related to the

ingested diester

MWphthalates : molecular weights of the di and monoesters

Table 8. Total fractional excretion (FE) and fractional urinary excretion

of monoester (FU) during 24 hr after a single oral dose of diester

Monoester Diester FE FU Fue
MEHP DEHP 0.65' 0.069" 0.024°
MEP DEP - - 0.69°
MnBP DnBP - - 0.69°
MBzP BBzP - - 0.73°

'Peck and Albro. (1982), Kluwe. (1982)
*Schmid and Schlatter. (1985)

=

*Anderson 5. (2001)

324 SAHA=H

T Oage HuE YeidE t-test, Mann—-Whitney-U(Wilcoxon

Rank-Sum)test % t©+H
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A4 A+ 25

41, MZ A2 24 Z

41.1. &Y MX| MXe2l ¥ DEHP &4 =4 =&

B ool Ae giauae WA F zeeeE ¥3 Fad fAY W
ANE A Axe Wy 2 GCMS 77RAS 9 RAzAe IS

A& A7t (n=17) ¥ 2Al=Folg E(n=18)° A 2] 2 A (indoor dust)E

AFFA, 71E AFdAe AHEE W (Bornehag 5., 2004)% &85}
of AAHEE 453 F B4 AAsA

GC/MS(HP 6890 series, Hewlett Packard, USA)°e| Liquid Auto
Sampler(Hewlett Packard, USA)E A 3}o] AF83} 3t}

GCo 4 =& x27] &% 80TColA 53 HE=E% ki, 160C 7HA]
= 30CH, 320C7HA] &3 15TCTH 2 AZ T o] 2% R 9ol o &
o "ol EHH AT 9, 10).

Total Ion Chromatogram= °]83te] 245 913593, Selective Ion
Monitoring mode® Z 2713 3lo] AT /S0 (S/N ratio)S FHA|AH =
g ol EFE Attt DEHPY Z+8 A= 3 =44 A=ZnE
aRe a9 7, 83 Zow, EZW¥ LOD#S DEHP 12.1251¢/g, DEP

17.255¢8/g, DnBP 19.211ug/g 2 BBzP 13.998ug/g % t.
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Table 9. Target ion of Phthalates to SIM mode

Group  RT(min) Selective ion(m/z) Target Compound
1 4.87 149, 177.05, 76, 150, 65 Diethyl phthalate
2 7.08 149, 150, 76, 104, 56.1 Di-n-butyl phthalate
3 9.33 149, 91, 206, 103.9, 65 Butyl benzyl phthalate
4 10.34 149, 57.1, 167, 71.1, 70 Di(2-ethylhexyl) phthalate

Table 10. Analytical condition for GC/MSD analysis

Description condition
inject : Port temp 300C
volune 1.0u0
mode splitless
Inlet flow(pressure) 1.5 m¢/min, constant flow
Oven ! initial 80C for 0.5°min
1st step 80C - 160C at 30°/min
2nd step 160C - 320C at 15° /min
final 320C hold on 2min
Column DB-5ms

1.d. 0.18mm, 20m, 0.18um
Total run time 15.83 min

Ionization Energy 70 ev
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Figure 7. Calibration curve of phthalates for dust analysis
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Figure 8. Chromatogram of phthalates for dust analysis
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412 &= MXe2l & DEHP &4 =7 =&

ool Ade] WA ool Yo w F TUdeER A
2 BAR/9E A AAe Py L HPLC /1/1RAE B 2429
3P s g 379 ARE Fnsgu, /E ATelA AxeS

W (Blount 5., 2000, Sliva 5., 2003, Itoh &., 2005)& &&3te] 4 4

o] &4 (Mobile phase)®] %A, Retention time, SPE(HLB)7}E ] #] o]
ek sle&S 1 11, 129 2o 5294 SPEWH 9 HLB7FE 2 A A&
o3 Lo MY 89.1-1109% % %z o, DEHPY &89 7
F g2 24 ARvEafS a9 9, 103 Zow, LOD# <2 MEHP
0.9ug/ ¢ ATt

X % DEHPY UlAAlE AR 7et7] 98l =% =¥ olEd(Creatinine) 2]

L

o) ZrAom oFol Aol grf. AelolEe] FE WAL Aul(age)?} A

M

H(gender)oll old @E}d 4= Q0B R creatinine-standard value2] #|Al:= vl
T+ FasttHRemer 5. 2002). = F AdolEd FEHEAS $3 A olE
e A2 Mgt dFA(SCL) o=t AAjstdon, ADVIA
1650(A Z=AF © Bayer/AlZ==r @ US.A)7|7]|E o] &3t &4 AAAT. =

AW 9= 17-160 mg/dLo] T},
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Table 11. HPLC gradient program used to separate of MEHP

Time

Flow

Inject vol.
. ) % A % B Curve
(min) (ml/min) (ul)
0 1.00 100 0 6 20
1.0 - 18.0 1.00 50 50 6 20
20.0 1.00 100 0 6 20

% A : One ml acetic acid in one liter HPLC grade water

% B : One ml acetic acid in one liter HPLC grade acetonitrile

Table 12. HPLC gradient program used to separate of MEHP

) SPE Rec.
RT(min) S.D

(%)

Target Compound

Mono-2-ethylhexyl

16.51 94.8 1.4
phthalate(MEHP)

_38_



y = 116BRR - 1T4TE
AE = 0.BRAT

MEHP

1 300000
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220000
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Figure 9. Calibration curve of phthalates for urine analysis

Figure 10. Chromatogram of phthalates for urine analysis
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Figure 11. Distribution of phthalates in house dust

Table 13. Concentration of phthalate in house dust

Dfl)lhstt}zilga;; Mean Median Per9c5etr}11tile Minimum Maximum Dexsfitiion
DEHP 412 439 804 <LOD 1,053 241
DEP 1 - - <LOD 56 6
DnBP 241 143 844 <LOD 924 256
BBzP 105 45 610 <LOD 800 180
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Figure 12. Phthalates in dust histogram(continued)
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Figure 12. Phthalates in dust histogram
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422 A XY Ao HX & ZEYOER Z1

2AE 4350 WY FEZEE VR 544 FA9((n=19)¢ DEHP
o AF W FE+v 591ug/g DEHP dust(dE& 95%), %% ul(n=21)
418ug/g DEHP dust(H=+& 95%)th. dotatE(n=17)¢ Hts =+ 403

wg/g DEHP dust(HE&& 94%)clH, AlFoli3E(n=22)9 4% 259u8/g

DEHP dust(#l =& 85%) 2 ZAbE| o] FA>Z 5 tal>dof i E>A 5o}
3 E o DEHPO w&=7t 2 Ao= Z4HN, HEs B w2

DnBP9 4% fF x99 H T+ 216pg/g DnBP dust(F

FLHN'
N
©
X
B

S 181ug/g DnBP dust(fdZ& 86%), HolgES Hi v 226u8/g
DnBP dust(#&& 82%)c]™, 2 FotgtEe] %9 233ug/g DnBP dust(3 &
& T1%)E  ZAHOl AZFESHLGRESHFA A>T FOo R
DnBP9 F=7F & Aoz BA53,

npA et o 2 BBzPO A4 A9 W FET 189ug/g BBzP dust(A=
& 37%), 251 50ug/g BBzP dust(H &8 24%), dolutE ] HitF =
i+ 63ug/g DnBP dust(HE=& 88%)ol™, AlFolutEo]l 9 117ug/g
DnBP dust(&& 82%) = Z£AMH O] FAA>ASFoGESGIGES> R

Stal =02 Leht DnBPSl 4343 FUsHA $AHAGGE 14, 15),
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Figure 13. Contribution of single phthalates to the total content in

indoor dust
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Table 14. Concentration of phthalate in indoor dust(ug/g dust)

Kindergarten(n=19)

Primary school(n=21)

old Apt(n=17)

newly built Apt(n=22)

Detection Detection Detection Detection
Mean 95th Mean 95th Mean 95th ean 95th
(%) (%) (%) (%)
DEHP 5917 972 100 418 662 95 403 748 94 259 525 82
DEP <LOD <LOD <LOD <LOD <LOD <LOD 1 6 3 - 5
DnBP 216 719 79 181 476 86 226 686 82 233 766 77
BBzP 299 797 37 50 307 24 63 131 88 117" 638 82

"<0,0001, 7<0.01(Kruskal-Wallis test)
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Table 15. Comparison

of the indoor dust mean concentration of phthalates(ug/g dust)

Butte et al. Rudel et al. UBA Fromme et al.
Our study(2006)

(2001) (2001) (2002) (2004)

house house house house Kindergarten Primary old Apt new Apt

(n=286) (n=6) (n=199) (n=30) (n=19) school(n=21) (n=17) (n=22)
DEHP 740 315 416" 776 591 418 403 259
DEP - 2.2 3.3 45 <LOD <LOD 1.0 3.0
DnBP 49 27 42 56 216 181 226 233
BBzP 31 117 15 86 299 50 63 117

? Median values
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A A" Ay WA ZEY ol ERY Hitgk(mean)s AF§3e] AU

7hAsto] doltE o) 4l SolutE Y] Htghs AFE st

Hxe] dd 43 #H(daliy ingestion)= =Wl A57F glov=z Mg A+
HAJd o725 (Hawley, 1985)E Ab&at Attt 6419 ofol&o] A& w0l
o8 dustEs AFASe= ¥ 3mg/day o™, 25419 folEo] AuEEo <
3 dustg AFAsE ¢S 50mg/day(summer) 2 100mg/day(winter)o] t}.
Fromme 5(2004)9] Ao Ao F-¢ oldol=9 1/5& A=
A AR, & AFoARE ofdoele HA HAHAF 2 H 1565 A
HAst= As A6t A= "HHE A&

A5 (body weight)®] 4% AFALT 7EFZFLKATS) = <A
A FZAH2004) o A A=EFe = ZARE ool o] 22.65ke(6-741) 2 A
ol oA 56.01kg(25-454] o1 )7k= Ab&etdth & Ao dAEe B¢
ojdo] it 20.7kg(ZEFH A 3.6kg), A 52.7kg(GEFHAF 6.2kg) A

AW WA (indoor dust) HHE <3 DEHPO dAdHFHAZFS ofdo]9

73+ 0.08-19.70ug/kg/day o™, 7 <l 0.02-1.10ug/kg/day A tt.
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DnBPe] ddHdH ] A$ ojdolo A% 0.03-7.20ug/kg/dayel™, A
ol 0.01-0.76u8/kg/day g 2.1, wpx et o & DnBPe AU A9 old
ol9] A% 0.04-9.97ug/kg/dayol™, A9 0.005-0.30xg/kg/day = A&

o]
2AbE BE S oA of®lolrh Aelel mis] AW WA HHEZ Q1Y ZdE

i

ol Efeol 4% ol

Hie

< Aoz F7hE AT (R 16).

Table 16. Estimated intakes of phthalates compared with the

tolerable daily intake(TDI)(ug/kg/day)

Children Adult(woman)

DEHP DnBP BBzP DEHP  DnBP BBzP

(r;lgej‘g“) 591 216 299 331 229 90
Ingestion v 3~ 100 3~ 10
(mg/day)
Body
weight” 22.65 56.01
(kg)
I?Zl/ykg%t;‘;‘f 0.08-19.70 0.03-7.20 0.04-9.97 0.02-1.10 0.01-0.76 0.005-0.30
TDI 37 750 200 37 750 200

Ysource : Hawley, 1985, Ysource : KATS. 2004
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424, A EMo| 2 Phthalates s & &%

A 4ol WE WA F TGAClERY FEEZT Aus] 9
R H AR, AXN(NE 2 RAA), AFEE, A2 330 ol

W B71gel oW PIHE A,

-z

et A G ee] wE ZguoERe Hrh: doldEe} AFolnEs 7
S B PVCuiEAl @elolmz BN Adadr. §193% 2%t
o webal Ade] we mgdolERe] HEE AWuy DEHPY 4%
PVCAHA S A&35A & FaolA= H gk 423ug/g dust, PVCA A &
AR I QE Aol 583ue/g dust® EAFEC] EAMoz folsgth
(p<0.03). DnBP9] 7% PVC et S A ga4 9 4adA o 2
H7h¥ 93, BBZPY 2% PVC wgAIE Agstn e AaoA FAA

o2 FoetA= FARN " o A 2AEAH(E 17, 21" 14).

Table 17. Concentrations(ug/g dust) for different phthalates in
settled dust from type of floor

Kindergarten and Primary school(n)

Phthalate Type of floor(mean_ug/g dust)
NO PVC(n) PVC(n) p-value”
DEHP 423(17) 583(22) 0.03
DEP <LOD <LOD -
DnBP 359(15) 223(19) n.s
BBzP 110(17) 173(16) n.s

" Mann-Whitney-U(Wilcoxon Rank-Sum)test
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Figure 14. Concentrations(ug/g dust) for different phthalates in

settled dust from type of floor
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7+ 7} 63ug/g dust, 180ug/g dustz FAE O] BB A HJEES AL

FaolA Bagte o =4 UEEu(GE 18, 29 15).

Table 18. Concentrations(ug/g dust) for different phthalates in

settled dust from type of wall

Kindergarten and Primary school(n)

Phthalate Type of wall(mean_pg/g dust)
No Vinyl/paint(n) Vinyl/paint(n) p-value
DEHP 406(12) 561(27) 0.05
DEP <LOD <LOD -
DnBP 266(11) 292(23) n.s
BBzP 63(10) 180(22) n.s

" Mann-Whitney-U(Wilcoxon Rank-Sum)test
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Figure 15. Concentrations(ug/g dust) for different phthalates in settled

dust from type of wall
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Figure 16. Concentrations(ug/g dust) for different phthalates in

settled dust from indoor type of floor

Type of wall(mean_ug/g dust) (™DEHP EDnBP mBBzP)

700
600
500 |-
400 -
300 [
200
100

No vinyl/paint Vinyl/paint No vinyl/paint Vinyl/paint

Kindergarten Primary school

Figure 17. Concentrations(ug/g dust) for different phthalates in

settled dust from indoor type of wall
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vhebAl 2 H e 2 EFE A7EA categoryE Wrol B7F AA
Ebiaa

category 1& AA H7} A oA PVCoIEA % nlEdAgdyx/HAdE
E AFESHA B2 A 4o, category 2 PVCHEE A R ] A 2 X /3
NE T F7IAo MIFEHE A F-o]lH, category 3& HA HIF A Aol A
PVCHIE Al Z v d A A A /HJES BF AFEE Ao g ol

DEHP®] 7% category 1 376ug/g dust, category 2 354ug/g dust,
category 3 602ug/g dust= FAIHSZE {93 A (p<0.0003)F 7F= A AL,
BBzP9 7% category 1 56ug/g dust, category 2 109ug/g dust, category
3 185ug/g dust®= FAIA SR FoslA+= oy wE7F Frkste AAS

HATGE 19, 19 18).
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Table 19. Concentrations(ug/g dust) for different phthalate in settled

dust from indoor type of floor and wall

Type of floorswall(vinyl_paint)(mean_pug/g dust)

Phthalate Kindergarten*Primary school*Old and new apartment
category 1 category 2 category 3 p-value”’

DEHP 376(10) 354(49) 602(19) 0.0003
DEP n.a. n.a. n.a. -
DnBP 311(9) 285(45) 229(16) n.s.
BBzP 56(10) 109(47) 185(14) n.s.

category 1 : No PVC and vinyl/paint

category 2 : PVC and vinyl/paint wall one use

category 3 : PVC and vinyl/paint wall all use

* ANOVA-test

(™DEHP =DnBP mBBzP |
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Figure 18. Concentrations(ug/g dust)

PVC and vinyl/paint all u

Total site_Type of floor*wall(vinyl_paint)(mean_ug/g dust)

for different phthalate in

settled dust from indoor type of floor and wall
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S} BBzP9] ZA-%ole AlEA el Hla] mA A Gl HAg FaolA FAA

2 F95AI(DnBP p<0.02, BBzP p<0.009) =4 H7F= A& 20, 29 19).

Table 20. Concentrations(ug/g dust) for different phthalate in settled

dust from location

location(mean_ug/g dust)

Phthalate Kindergarten*Primary school*Old and new apartment
Rural Urban p-value*
DEHP 442(11) 342(67) 0.02
DEP n.a. n.a. -
DnBP 79(11) 225(59)" 0.02
BBzP 34(9) 129(62)" 0.009
" t-test
(mMDEHP =DnBP #BBzP |
500
400 |-
300
200
100
0

Rural Urban
Total site_location(mean_ug/g dust)

Figure 19. Concentrations(ug/g dust) for different phthalate in

settled dust from location

_56_



Asdze] g WA 5 ZeHYoERE A5dr=rE 2d 7w, 3-104,
AZdA 10d o] Al &/ FE viro] W7 AAsHA

DEHPY 74¢ dsdx=7 2d 7wk 287upg/g dust, 3-10d  385ug/g
dust, A=A 10 o] 538ug/g dustz= FAIH o= {9 3A (p<0.0001)
Hargtel AsstE o= HE A, DnBPY A4S FId AgAe ¢l
Ao BBzPo 4% A=dx=7F 2d vlwk 110pg/g dust, 3-10 96ug/g

dust, #A=3%# 103 o)A 130pg/g dust® FAHOZ {2344+ For}

v

2 mkol] wja) 10 ol el AW itel A Hatgho] ZEtbe AoR %

[e)

7hE ATH(E 210 1™ 20).

Table 21. Concentrations(ug/g dust) for different phthalate in settled

dust from construction period

Construction period(mean_pug/g dust)

Phthalate Kindergarten*Primary school*Old and new apartment

< 2year 3-10year > 10year p-value’

DEHP 287(29) 385(14) 538(35) 0.0001
DEP n.a. n.a. n.a. -
DnBP 282(27) 243(13) 284(30) n.s.
BBzP 110(28) 96(12) 130(31) n.s.

" ANOV A-test
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Figure 20. Concentrations(ug/g dust) for different phthalate in settled

dust from construction period
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Figure 21. Concentrations(ug/g dust) for different phthalate in

settled dust from water leakage during previous 3 years

(mDEHP =DnBP mBBzP

500

400

300

200

100

< 1st 2st ~ 3st > 3st
Total site_ Ventilation rate(mean_ug/g dust)

Figure 22. Concentrations(ug/g dust) for different phthalate in

settled dust from ventilation rate
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Table 22. Basic information and biochemical parameters in women

and children

Characteristics Children Adult(women)

Number of subjects 161 73

Age (years)

Mean 6.5+0.5 34.6+10.5

Range 6 -7 25 - 58
Body weight(kg)

Mean 20.7+3.6 52.7+6.2

Range 13 - 34 43 - 70
Creatinine(mg/dl)

Mean 79+37.7 111.2465.1

Range 8 - 196 17 - 300
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oA AE oRel(6-TA FHAAMSt (A wF Aol
Wz ZF ZggolES UAAES A5}

T 234W S EASAoH, of"o] 161W ¥ A 73W e AdE FE 23,

MEHP®] 4% AA FHF3E 6.63ug/g creatinine(FH &4 99.2%)0]H,
o] Y 0] (7.03ug/g creatine)”} A Q1(5.72ug/g creatinine)oll H| & EA A o2

403t = A ek,

PRE ¥ iu

[N
o a

E=]

FMEHP{ugfg creatine)_total

Figure 23. Distribution of phthalates metabolite in boxplot

140 0

&

MEHP{ug/g creatine)_Children MEHP{ug/g creatine)_adult

Figure 24. Phthalates in urine histogram
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Table 23. Results of the biological monitoring of phthalate metabolites in urine of children and adults adjusted to ug/g creatinine

Parameter Detection(%) Mean 95% Range SD
total
(n=234) 99.2 6.63 44.42 <LOD-113.77 17.10
children .
MEHP 99.4 7.03 55.46 0.10-113.77 18.96
(n=161)
adults
99.4 5.72 26.80 <LOD-79.33 12.00
(n=73)

" t-test(p<0.05)

Table 24. Comparison of the urinary mean concentration of phthalates ester in human adjusted by urinary creatinine

(ug/g creatinine)

U.S study”(2001-2002) Koch et al.(2004) KFDA"(2004) Our study(2006)
Children Adults Children Adult Adults(men) Children Adults(woman)
(6-11 years) (>20years) (4. 7years) (>20years) (>20years) (6-Tyears) (>20years)
5.02 3.96 8.70 8.60 9.00 7.03 572
MEHP
(n=328) (n=1638) (n=46) (n=15) (n=105) (n=161) (n=73)

* U.S, National Health and Nutrition Examination Survey.

> KFDA : Korea Food and Drug Administration.
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43, A E)E < FusE MEHP 0.024(Schmid and  Schlatter,
1985), ¥ 7}& A 2] Diester ¥ Monoester?] =A% DEHP 390, MEHP

2788 7247 A% A §3Y

ojdo] % Ao DEHPY dd HALFS 449 % 570ug/kg/day o=,
el A Aol %A wEHAeY, #9 TD(Tolerable Daily
Intake) 5 2ol = w1 A7 ekoreh. 71} g e A JAFES ¥ 25, 26
3} 7
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Table 25. Levels of phthalate metabolites in human urine(adjusted,

ug/g creatinine) and estimated daily intake

Intake(ug/kg/day) TDI(ug/kg/day)
Mean Range
MEHP Children 4.49 <LOD-73.15
48°
Adult 5.70 <LOD-73.15

“EU TDI=48ug/kg/day(SCTEE, 2004), "EU TDI(SCTEE, 1998)

Table 26. Comparison of the estimated daily exposure levels to

DEHP(ug/kg/day)
Koch et al. Blount Our results
(2003) et al(2000) (2006)
Female” Male® Adult* Children®  Adult'
DEHP* 12.5 16.9 0.71 45 5.7

*Mean value, "Females aged 18-40 years(n=34). median value
‘Males aged 18-40 years(n=25), median value

‘Females aged 20-40 years(n=192), median value

‘Children aged 6-7 years(n=163),

'Adult(woman)aged 25-45 years(n=73)
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23t Hazard Index(HI)

N
w
w
e
e
o>
ﬂ
o
[N
=
i
[}

AEE =E9S &850 Hazard index #< 2t=3hth

T AT F(NOAEL) 32 4.8mg/kg/day(Wolfe & Layton, 2003)<
Agstaa, BEaA 44 (UF)E 100(SCTEE, 1998)& 4 4-3ko 348 7t%

FAstRew, HF ofdolet A9 Hazard indexE Al
ool A% 0.09% 87 E = 1otz B A

dom Aol w3 0128 4EFo] Hazard Index +5& @& Aow
(3]

Table 27. Hazard index of MEHP in children and adults

Children Adult(woman)
Exposure level(ug/kg/day) 4.49 5.70
NOAEL"(mg/kg/day) 4.8
UF’ 100
TDI(rg/kg/day)” 48
HI 0.09(>1) 0.12(>1)

* Wolfe & Layton(2003), ECD(2004) : rat / reproduction toxicity.

" SCTEE(1998) : Uncertainty factor; interspecies extrapolation(10),
interindividual variability(10) in the human population.

“ NOAEL/UF.

¢ Exposure level/TDI

_65_
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gelolER tAAE ofdols o Al 9T TEE o 1ok
=

AFAE JHE wvt HHegomw 37 A

Aol gttt o]Ho] F ool 74 MEHP 8.69ug/g creatinine 3 A} 5.36ug

/g creatinineo| ™ S AAQl FolAd-e PUATH(LH 25).

10

8

™mMEHP

Female Male

Children_sex(mean_ug/g creatinine)

Figure 25. Concentrations(rg/g creatinine) of monoester phthalates by sex

ZgYolERF A 74T £ R A (AT R =AAL) 9
W FERES Avngr 4o A3 B AFAE 9 I8 AR
2 odd FrhlA As @k AT el T AolE B A%} BAA
o2 foBAE BAW ATY £ ALFE k F TPYIERY ¥
7 s AF40l Yon, AF A AFsE ool wAA
Gol AFeE ool nF ZheolEF Aol I FE Aol
9 g e et e ey 26, 20).
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Children_income(mean_ug/g creatinine)

Figure 26. Concentrations(ug/g creatinine) of monoester phthalates by income

(mMEHP

Rural

Urban

Children_location(mean_ug/g creatinine)

Figure 27. Concentrations(¢g/g creatinine) of monoester phthalates by location
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Hols zZEHoER x=Fol 9% HYwIe] #HEA (Hoppin &,
2004) = ofdolel Ao T&7] 4 H 1A FH(Jouni T, 1999, 2000)

c o ATl E o] ojylol s o] 47HA]

g o] o}o]lEL 6.69ug/g creatinine, YHUZ7]A FIS FHT 137 ALY

AEEGAY, ARFdo] U= otelE2 4% &= T MEHPO F:=7F 76

N}

ug/g creatinine, T+ ¥ T3] olo]EL2 6.89ug/g creatinine, A&

T 1dzE ofabe] A, A5ddoel e okolsd AF = T

i<}
/g creatinine. 2 <274 AIE GRS AY g AHFo] e oo

EoA ] =2 w52 YEyoy B4

>
rO
Ho
Lo
oX,
Mo
A
32
*
M
o
N
x

(™ No symptom i Symptom

Allergic conjunctivitis Eczema Rhinitis Asthma
Children_allergic diseases(mean_ug/g creatinine MEHP)

Figure 28. Concentrations(ug/g creatinine) of MEHP by atopy

diseases(four type)
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Ay WA F ZgeoEFe FEPLA o
WAA FEshel A4S W hshedn

$4 i F MEHPY $%t AF2ZAS ©27] 99 logghoz X3
P e AT BEe a9 299 2y

20
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Log MEHP{ug/g creatining)_Adults(women)

Log MEHP{Ug/g creatining)_Children

Figure 29. The fit of the normal curve to log MEHP data
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WA F DEHPY FX¢ logx3¥ = 5 MEHPY F3#4dS H71etA
ok 94 ofdole] AS HA U 591pg/g DEHP dust)? %5 (H

i 418ug/g DEHP dust)oll A1 2] w=Z&A|7te] o] B2 Ho=z 7MAS A, #4

A} 250 TEEEXE AEsAa, 4A9 A5 7HH WA w=EFA]
Fto] & Ao g 7pA3se] HolutE(H T 403xg/g DEHP dust) ¥ Al o}
S E(H o 259ug/g DEHP dust)d] v % +xX 85 27 4843t

AT Yd AA = F log MEHP ®%¢ 24 Wx % DEHP
0.02001 1, oJ&ole] % F log MEHP %9 2u wx % DEHP
0.034, 4219 = % log MEHP ¥ %9} 24 Wx % DEHP 0.0062% A

Aol Hlef ojdojolA Huf WA FHo=

2,
e

3 ek o]

m

FY x=Zo o

s

Aol o =L Aoz YeEti(2d 30, 31).

i

Log MEHP(ug/g creatinine)_ Total

DEHP in indoor dust(ug/g)_ Total

Figure 30. Correlations of Log MEHP in urine with DEHP in indoor

dust(total)

_70_



Log MEHP(ug/g creatinine)_ Children

DEHP in indoor dust(ug/g)_ Children
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|
N

|
w

DEHP in indoor dust(ug/g)_ Adults

Figure 31. Correlations of Log MEHP in urine with DEHP in indoor

dust(children vs adults)
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da BAAS RUAD WFES UHOZ FAT WERS A 97
4e 223AHE ).

oj7lolgl 4ele] 1w F DEHP@S F5WFE shel 874899 Ay
WA % DEHP, 44, A9, A%, vea 2 ¥ 442 wew s
9, ool N A4, Fe=s]ug, obETY U del=7] A%y

of HAHA W M4E Frietdia, AAdos FFFALE Al dE
Ll

TE F7Fste] 3 A E A (Multiple Regression)S 2 Al 8F 4
dHE HFEE FAGS HEdA ofdHolY = F MEHP+ -3.486x591

<¥# % DEHP %% <690-4.94(r"=0.20, p=0001), 0.729+W# % DEHP ‘%
=>690+2.04(1r°=0.20, p=0.04)°] 3] A4S FeATE 49 = F MEHPE
-0.145%281<®¥ 2 % DEHP ¥ % <580-0.31(r"=0.26, p=0.76), 1.060+H 7] %
DEHP % %=>580+1.75(r"=0.26, p=0.08)¢] 3] 74 < 3%

webA], ojdole]l A9 = F DEHPS #AWMFTE FAS oA o

A % DEHP9 X7} 590ug/g_dusto]dtol =% 7% Hv&] 690ug
3

k1
Y
Ho
Lo
_O‘L

/g_dusto] ol =EH A$AA = 5 MEHPY
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Table 28. Results of the regression analysis for phthalates and

various factors for children and adult

MEHP Variable Estimate SE p-value R
Children Intercept 5.591 1.628 0.008
Sex 0.195 0.259 0.451
Atopy diseases -0.163 0.357 0.539
Construction2 0.352 0.475 0.458
Construction3 0.247 0.452 0.584
Construction4 0.015 0.480 0.974 020
Floor*«Wall_1 0.237 0.351 0.500
Floor«Wall_2 0.618 0.494 0.213
DEHP_dust2 -3.486 0.706 0.001
DEHP_dust3 0.792 0.355 0.042
Adult Intercept -3.376 2.068 0.107
agel 0.584 0.490 0.238
age?2 0.193 0.501 0.701
Cosmetic 0.081 0.439 0.852
Construction2 -1.292 0.746 0.088
Construction3 -0.051 0.602 0.932 0.26
Construction4 -0.644 0.475 0.180
Floor*«Wall_1 -1.818 0.877 0.042
Floor«Wall_2 -2.517 1.230 0.045
DEHP_dust2 -0.145 0.477 0.761
DEHP_dust3 1.060 0.604 0.084
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A 5 & a1 #Z

HaAE PVC #AWAA HHos AgeA wob §F, Adel 7}
40 ¥tk PVC BA4E d/18om FAss At Add 4L
AAD Qa, E AhaA BA el FAstel SAsE @ FAN RS uF
§ RO so] gol, PVCS taAlE o FHNI AHow
A W3, Azedel WFAR PVC BAS PVC BAY 1AL W
PVC A6l A4S olstd BrH@73 Y, 2006).

Webd, PYC 7 uleld ZhaAs FAe Hetdon AgEA @e
A FAe) 2B FE el EAG, AF] FP0] GHET AHF ¥
S ooluAR AaAt AsHow gEAta v vk A A A5
oF) Agd A ARt ¥ Be Fo| ZaolEE YEATL
AR, AFol wHHWA FEHE Fol Z7) W FHAA FE A

o EfT(dnta B4, 2003).

[kl

rggolEt 22 A4EA0 i UY FAS FHOR AAHoR
FASE ek $eldeel e ZekelolE shaAe] AL 34 ol of

Rol 44

oN

Fuzkel 659 ZEg o] E(DEHP, BBP, DnBP, DINP,

A

DIDP, DNOP) AH&wA(FA 49 5 saddaay), 4587 % 24
o1 DEHP AHE-& A (AFA8M) st k. A 7Esisee] Wl
w2, 20068 AdghEs vRE 2E ofde] 8%l DEHP, BBzP,
DnBPojALgo] FA4= dgolry, g AFooFF Aol 20066 A

F47) 2 2l A8 & oAb A, 53 1AH0% PVC Adel AE
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o] &= B H5S TRY dAHe o, dF ZEYolEV XF

g Aoln. o= Ay, zEdoES M dAset

Al elsl ool Adzkel A DEHP, BBzP, DnBP, DINP, DIDP, DNOP A}

&

wAekaL v ey 2005 449 4L g AIbell A BBzPE A4 54

o

category 2% F7} EF3ba, 2006 12¢¥€ 149 FE(2005/84/EC)® HF
AAo A 2007 19 16€HE 144 o]t EE ofdo] $3Fo DEHP,
DnBP, BBzP AH&& w38tH, 34 o]t of7lo] 8 Awiteli= DEHP, BBzP,
DnBP, DINP, DIDP, DNOP®] A}-8&o] & A € th(37 5 2006).

DEHP®] 7% 4wtz o1 PVC(Polyvinyl chloride)#| 3ol 7}aA = 2
o]= thE A2 E Aoty Mannsville Chemical Products Corporation(1999)
o W=, PVCAIFY 7FAAZN 95%0]4S DEHPE Ab§stth. dRbH
ol AlF o2 "YYW XA (Vinyl-wall covering), Hl ¢|E X (Tablecloths), v}
E} A (floor-tiles), 77+ 7213 (furniture upholstery), Ak 7] €l(shower-
curtains), ¥ %8 &2 (garden hoses), W] % (rainwear), <13 (dolls), &7+
(toys), Al (shoes), A& 2k 2 W42 A & (automobile upholstery) &3], 2=
zy, 2, A8 Fol AHEHM, A B Alo]E €7l (sheathing), ¢ &§
2 (medical tubing) ¥ & 2 38 7](blood storage bags)el X g ¥} =
& PVCx 9g8AY 2 &8 A4 2 FHS £ =0 g5 ==
7} 3FHINTP, 1989).

DEHP+:= W] 7} A A (nonplasticizer) =29 AE%E H ¥ glow £

E2e daAAE EWE, w4AER

- R4

i
ol

SAe A, FFE, deHL

sl

’

ol

od, ZdA 8 (FE)vtaa ol ks A AFSE THHSDB 1990).



=% 5% Yeytkil, Bornehag 5(2005)2]
AToAM edid AEdss ZdoER7E A Asse 2949 #ds
A ZAFE T Clausen 5 (2001) wlwp= 9] AnWb7b-(n=23)0 A o] ¥ 5
=5 858ug/g DEHP dustd H%E AAdF 3L, Bornehag 5 (2004)2

gale] dukrttyg oldolE9 A (n=346)oA¢] WA F DEHPY %%
= T0pg/g o2 A8 AF3A . Fromme 5 (2004)2 UuWk7FA o A 2] A

W mA F EZ@ee|ER F DEHP/F thef 80%4 % AAwcha 95l

ki

ATH 2 ATl Ao 47 AW F bl = DEHPS A4 W&ol =
= At
DnBP9] 7% o=o] dut7byuje] WX F w=ARe & Aol A

B\
o

Alg AR (71 pg/g DBP dust) ¥ 2l%o}3E(113 pg/g DnBP dust) A} 9}
A}tk Pohner 5 (1997)2 87 ug/g DnBP dust, Mattulat(2002)+= 98 ug
/g DnBP dustZ #| A 3%

Fromme 5(2004)¢] AFolA 7FAU WA F ZEHoERFY

M
e
rlr

o

DEHP7} A7 dAE2 F g 0% A= T4 ¥H&S At B
SEATh Ao = DEHPZF 714 & 4 " &S 7HAA T Eold A
Holth

DnBP9] 4% 7hsdol Hojy F2 ZIE J3, 24, d¢E, Y

rr

< o=l ®a] DnBPY 4 Hl&o] tha =H

[t

2ASRSs AR, BEaY L FHG T GFHA A

jm
ol

DnBP+= 2H A T 33 3% (cosmetics)oll E2] AFSHTH o 24 g

)
2
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zxdo], &2, JF &spAl, vyl AAA Fol ATH(CIR, 1985)
AFoNME ZHE g, HFAA, AFE, HERAEZ S22 HUJE Fo

=Fo US Aow Rdy= FAAAAM 7HE =2 =239 pg/g DnBP

dust) 2 ZAFH AL, 53] 3AgFo| @Wo] 2:o]= DnBP= YWH7bA oA =

2 AFoA WA F ZEYoERF T BBzPY w7t thh @A A
At durx o7 BBzP(Butyl benzyl phthalate)e] EA L 7F&4, W

Aol Hojuth, AFAQ] AEE AT 7|E AT T4 BBzPv 7HHE
(Bayer., 1990), PVC H}=A] (Bremer %., 1993) % H]d ¥ X](Etkin, 1995)
Sol o3 =F"ch oI wEYL o oy FolME Ul

P

DEPe] 7% 84%Fe FUa2 AgHm, ¥ AFolAds £
Sud e AEAANGE AU, WA A E(AolsE
8296, Aok 9hE 18%) % Q1 ek.

AeA F zgeolERe AF Av: AFARe wmalAq Aurg

o7 fAbsAY thAa e A Yetda 9l

il
==
i
_?L
o
2
i
1o
5]

715 Aol v A g outg A T o 7hAaA
g ol EfF =Fo] g 7ts A Alvlskal o

2 W 27 (indoor environment)oll 4 PVC(Poly-Vinyl Chloride)® 7} W
o A w}Fu}le(floor-covering), ¥ A (wall-covering) % 7] #-*] (electronic

devices) T RAA o= ALG-Eh(Wensing, 1999). Aulel A ©wWz npg

ol
N

o AWFANA e EAAL AA e Fholv], Lgde]EFo

r|

=Y ol th(Salthammer 5., 1993). PVCA A ¥ X (wallpaper) ol &= 7} Al
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(plasticizer)d] @& o] g 30%°l¥, =2 DnBP(di-n-butyl-phthalate)
9} DEHP(di-(2-ethylhexyl)phthalate”} A}-& % T},

T oy AFAsel & ‘TEdolEF= PVC ube A ARGl ol
AU ZEYolERY =7 SIS & duEe A E AAsta
(Bortoli &., 1993; Jann &., 1997, Pleil and Whiton, 1990; Reitzig % .,

1998). AW F3F oF 1m/m'e WA uld 9 X (vinyl wallpaper)E& A}-&

ro

ek A AWl 2 AN fFosiA T oERIE =4 A

N
it

H(Wilkins %., 1993). ] £9¢] Z g o]ERF+= “black magic dust” #A

f
lo

71l 242 oAl oA 9dtH(Wensing and Salthammer, 1999). Saarela
5(1989)0l oJ&wl ZeeolEF+E DEHPE PVCY HldFZelo]l= £
of AbgHH, AFA A 7taA =F] Fo 9900 AFsha
Koo 5(2002)8] @ olAe ool s FAde] AlZA Rt =449
oA AFs= AAolAe wF DEHPO w27 oA =A vebyta,
Bornehag 5(2005)°] AW 715 EAo wa AY Wx F ZEYoERF
of wreoto] AR Aol A PVCuEEA S ALE, HlEdE X ALE Y ©Q
By AEA AU WA F ZEHEF vt FosA =2 o=
e ZAE QAT B AFME Ay WA F ZEYolERY Iy Wy
= % DEHPlA PVCHFH A O] ARG, HIEHA/FHQJESY ALE HHUE
2 oo WMo FoEA EA ZAEUCT. FuH oz PVCHY
Aol ApgoR A8 F2 =FYLS DEHP % BBzPUUul 2 AFoAy=

DEHP+= EA 4082 fFostA =

)

| ZAME 3, BBzP= SAIA 2 9
A= AW PVCHIE A S ALE314] = Ao vl A A5 A

Koo 5(2002)9] AFAE g mel Waol AZAdnet 24
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oA AFse AodMe xF DEHPO s%7F FoldA =4 verskt).
2 ATl = o] ¥ AL FTFsted AFAYY mAAGoR PR

ol
sto] #4 ¢ A3l DEHPS] Z4 AZALol, 7e2de w4 A

Hir

71E ATE T PVCAIF tisd ZeeolERY viE A% Ad4E
A3 wd Uhde %5(2000)& PVC7F =zZd"® 8% E5(PVC-coated
Wallcoverings)% DnBP, DEHPE #4& A3 149 Feteo A7zt
<t DnBPY A% HW¥ =7t 5lpg/m', DEHP 094ug/m' o2 + O &
AQEsrt A&, 1490 Ae To wlE 5= DEHP 60.4ug
/m' 2 EALE o] A7 Zko] At F DEHPO W& #=7F FogS W
skt wEkA, “PVC7E ZHE H
of Qlar, ¥ o] At A o] & A4 ZEHERVL Aol wiEdE
Attt AHE AA S

Afshari 5(2004)¢] FAFAF o= o2l T2 7taAlS AFEE vbe A,

Ao A% ARAL BE %ol L

A7 A R AlelE, PVC A 5 gAlFe] ZEeoE 5 DEHPY

e 285 sk & ATelAMs 695E 150¢ 7HA S A7 AT

= A#geslom, DnBPY 4% PVCuFEAolA 64 AEolA FHuls=

023pg/mE R AL, 69 o] FHE 0lpg/molstz ALEHom FHHAG,

EE dd AFE BEF 409 ol Fol= 0dpg/meolste] viEdS W
s

IL

= L, &+ A(boiling point)

DEHP®| 7% DnBPHEUY =2

fru
)\
o
i)

o] v+& DnBP¢ ¥ #+ FH(boiling point)e] ¥& DEHPY A% e



(CERHR,, 2000)9l A = ®+= E(drinking water) £+ 7] 5 ZEHolE
F e us vor sgadud SFolgtn B sk
Y olEFE vAA5AHY dF2 2 Holu, H ol A (fetotoxic) 2

= 134

filo
:{o
i3
ol
rlr
o
i)
fr
lo
jubad
i,
K
N

}_4
w)
fes)
T
)—U

713 2 A (teratogenic)
of ¢l EAo]t}(Uhde 5., 2001).

AA7EA Az FAe ot QAo ZEHolER w=FA ol g

drinking) % 3] %% Z(skin contact) T ol 2ste] o]Fojxm @S xAZA
A ao o8 2 g2 Eebd 5 du. 2149 a4 = dviy Bl
(how much), dvly 2 #Eok(how long), vt} A+ % o) HE=e=
Lhol whep Gepzich =3 A¥(age), A (sex), 2lolFH(diet), HEHH
(lifestyle) 2 A77dElel  <ofs] =Ako]7F Qb (U.S. Agency for Toxic

Substances and Disease Registry, 2002).
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e ojdoly el AolA &4 (food
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[e)
Y2

=

o

oMo mol Tom AF WA =& 4 o] tH(Kavlock

EIO{t

5., 2002). Koch %(2004a, 2005)> DEHPS 75%+ 747+= Q3 HH=Z
o) FoAn ww ARG AdE A WA, AT Aol A

Zgata vt A FE ZEste ofdols H folEL ZEYolER Qg

@ ool EY wE e A AT wANg g wFol Hugn ¥

W ool el
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Fole= A AxdEEt(Eigenberg %., 1986). ZEHNEFE I
E2o]7] wjEo(Leyder %. 1984) A W=xZ (fat)o =72 dt}
adEA v Ey, ol AW AsAE Y 2HdEe AHH R AW
of A= ¢ 9 A & 9 g T 3 (deposition) H
dolERE £ tl SA(polar) o2 djAlste] Z ek o] E {9
AR = wE A AL R R Ao wEe QA gom QA ud
de #FEZ (Koo ., 2002).

DEHP o445 DEHP QIR & 918 %453 §aa 2 wol
% MEHPY %E7b foehd 4 24995, ¥ A7 s 548 2
B} mEHAoE, wESE ED FAGT A A B A

= ool e Agsoe
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Abol= Rlodar, oJ”dolEo Aol o Aol itk Koch (2003c) ]
Aol A 85 (7-6441) ] Aol M Axa Aol 9% Ztol= AT
T F89 dIdAHATF A=Y Aol A Koch 5(2003)
3 TDIE Z¥3stA = Zor}, AAdeolA 125-169ug/kg/day o] HH&F =3
£ HS3, Koch 5(2003)2 857 dof(oldolEgholA  13.8ue/ke
/day(median), Blount % (2000)2] A7toll A= A A(olA 979, 20-404) 0.71
pg/kg/day(median) = AFE 5ol 2 A7ZAdno oo HHAZFS Hasglv.
F7HH o2 = T tARAIel MEP, MnBP % MBzP9 7% Blount %
(2000)¢]  AFAHANA  MEP  13pg/kg/day(median), MnBP  1.7xg/kg
/day(median) % MBzP 1.2uxg/kg/day(median), Koch % (2003)2] <172 3}
2 MEP 2.32ug/kg/day(median), MnBP 5.2ug/ke/day(median) 2 MBzP
0.60ug/keg/day(median)©] A# &S B, B Ao e A(oA) A
H= Ayl MEP 0.07¢g/kg/day(mean), MnBP 0.03ug/kg/day(median) =
MBzP 0.03ug/ke/day(median) o] & A &S el

o T tAME ol ol Efe A, A, dFd wel Aol gl

or mF fAtEe] Yot oA =@ thEcth(Anderson 5., 2001). E3
X

_]

23
nz

vUHYS 24

!

E 247 =59 4 Yth(Hauser % .,
2004; Hoppin ., 2002). & A7A° = 5 MEHPY sxe AfyA72
ol FAreEG o, 71 BEA o) TR 9o vlE v =& e
2 ATl A dAAES] Aol & ASHAY AMAE oA, By
271N A 49 B sdRE X9
Z} 7}

L

Foglow FAMez wEA RUHYS FF FA A I

¥
o

s},

fo

_82_



Ayl WA 5 DEHPY =& dAlolA e DEHPY A== g o
AMA 2o wjEFS B A o] FEEtH(Meek and Chan, 1994,; Kavlock %., 2002).
E AJo = WA F DEHPY T logx3d = 5 MEHP A3#4
S Hrbetgnh AT dad Y @A R=0.020, ol@o] R°=0.034 ¥ A
R*=0.0069] ##4< VEFW I, Becker 5(2004)0] A% o] @ o] R*=0.06(size
fraction of dust : 63um)e] ¥ TAAS e

Fulol A= DEHP<#ZE AW 5 98-2-2(1998. 6. 27)>9 BBP<#H 2 &
2 98-2-1 1998. 6. 27)>& #ZEA=Z A Ao glth DEHPE 20059 =

W 7baA e FAA AmCA AA ZFaA ARES 74%(179.1 kT)=

=R 2uA R AREFE 5O EBHA 23U 24 L GG o

o] Q1A BB o] o FolA o} F}.

_83_



A6 F 2 E

=2 T

e
)

Aol A

rr

o]

ol(1619)¢} AR1(73%)9] ZEHOJERF & F o
AbAlY] FR REES gofeta, SAES Addeta Fo =599 Ay A

5N

B
off
£
£l
Do
—_
S
)
=
%
[
—
g
H
o
i
°
j‘:_l,

AA, AA AdFre] Au WA F DEHPO A$ Hdih 412ue/g,
DEPY 7Z$ tiE LODolstgtoe =z #HE9Ux, DnBPY A HFg
241pg/g, "FAIRt O 2 BBzP A9 H gt 105pg/go = DEHPO 7H4 =
< AFE dErda, A F FAYe AW WA F DEHP/E f oA
A ZAEAGY. AU WA F ZgYolER ##H WSE T DEHPM
A PVCHEE A 9] ARG, Bl A]/FH A E 9] ALE-

AZFUE L o] ie

4

’

Aol A o st Al =A 2ARE A

EA, B Aol AAE ZgYolEFe gmAd Bt
MEHP®] 452 of#o] 7.03ug/g creatinine, 3 5.72ug/g creatinine . =

Agole] nlE) ool BEAAOZ FoleA(p<0.05) =A et A

AN

A&l 74 MEHPO 749 o]do] 4.49ug/kg/day, 4?1 5.70ug/ke/day 2 =

THATFEU)NA A ratar 9= 48ug/kg/dayel k& B 7hE At

_84_



Hazard Index(HD<] 745 of&o]e] 79 0.09%

7F5] 9l

3

hy2

=5 o] HI

0.122 4t

Kis

2

gl

’

al

O
A

—_
o

A, AW W T DEHP$ = ¥ thAbA Q] MEHP9] 7%

Al

Au WA F

!
MEHP

log_ MEHP

T ==
ar 5

A7 )

2

|

o)
Ak

T

A

ol

el
DEHPY]

ol

log_

T ==
a1l fe)

7, ojdolg

o3

0.020°]

ol

0

)

\AO

A

J 37

MEHP

ul sl o] ©loj ol A

9] &= 5 log

FIA L 000602 Al

—_—

pzel

A

0.034,

ol

pzel

e

\AO

A

J 37

% DEHPY

A

A A

% DEHPY

A

o2 ey

o)
M

0

s
&

ol

]
)

—_—

0

oy

olm

~,
ok

K
o

o)
B
O
X
o
o
™
)

A=, PVC

Sd=7F ogd

Eal

o
73

% MEHP<

-
a1l

3

g]

S QAE ] Ao

=1
=

et e AR, Wd AR

Fol & F thALAI St

H]

o] o},

) th

0

A7t

_85_



dnl= 3744, Survey of Chemical Substances in Consumer Products,
No. 34, 2003)

HENGFEAAY, TRl 2T AALUEY AT 2004

875, Zgeol e aAle A UA B AT 2006

Adibi, J, Perera, F, Jedrychowski, W, Camann, D, Barr, D, Jacek, R. &
Whyatt, R. Prenatal exposures to phthalates among women in New
York City and Krakow, Poland. Environmental Health Perspectives
2003 ; 111 : 1719-1722.

Anderson, W, A, Castle, L, Scotter, M, J, Massey, R, C, Springall, C.
A Dbiomarker approach to measuring human dietary exposure to
certain phthalate diesters. Food addifives and contaminants, 2001 ;
Vol 18 : No. 12 : 1068-1074.

ATSDR. Toxicological Profile for Diethylphthalate. Atlanta, GA
Agency for Toxic Substances and Disease Registry, 1995.
Toxicological Profile for Di—n-butyl Phthalate. Atlanta, GA
Agency for Toxic Substances and Disease Registry, 2001.

ATSDR. 1995. Toxicological Profile for Diethylphthalate. Atlanta,
GA:Agency for Toxic Substances and Disease Registry 1995.
Toxicological Profile for Di(2-ethylhexyl)phthalate. Registry, 2001.

Bayer, CW, Papanicolopoulos CD. Exposure assessments to volatile
organic compound emissions from textile products. In : Indoor air
'90. Proceedings of the 5th international conference on indoor air
quality and climate. Vol. 3. Toronto, Ontario, 29 July - 3 August
1990, 725-730.

Barr, DB, Silva, M]J, Kato, K, Reidy, JA, Malek, NA, Hurtz, D, Sadowski,
M, Needham, LL & Calafat, AM. Assessing human exposure to

phthalates wusing monoesters and their oxidized metabolites as

_86_



biomarkers. Environmental Health Perspectives 2003 ; 111 @ 1148-1151.

Becker, K, Seiwert, M, Angerer, J, Heger, W, Koch, H, Nagorka, R,
Rosskamp, E, Schluter, C, Seifert, B. & Ullrich, D. DEHP metabolites
in urine of children and DEHP in house dust. International Journal of
Hygiene and Environmental Health 2004 ; 207 : 409-417.

Blount, BC, Silva, M]J, Caudill, SP, Needham, LL, Pirkle, JL, Sampson,
EJ, Lucier, GW, Jackson, R]J] & Brock, JW. Levels of seven
urinary phthalate metabolites in a human reference population.
Environmental Health Perspectives 2000 ; 108 : 979-982.

Bortoli MD, Pecchio, E, Schauenburg, H, Schlitt, H. and Vissers, H.
Emission of formaldehyde, vinyl, chloride, VOCs and plasticizers
from different wallcoating materials. In: Proceedings of Indoor Air
93, Helsinki, Finland, International Conference on Indoor Air Quality
and Climate 1993 ; Vol. 2 : p. 413-418.

Bremer J, Witte E, Schneider D (1993) Measurement and
characterisation of emissions from PVC materials for indoor use.
In: Indoor air '93. Proceedings of the 6th international conference
on indoor air quality and climate. Vol. 2. Chemicals in indoor air,
material emissions. Helsinki, 4-8 July 1993, 419-424.

Brock JW, Caudill SP, Silva M]J, Needham LL, Hilborn ED. Phthalate
monoester levels in the urine of young children. Bull. Environ.
Contam. Toxicol, 2002 ; 68(3) : 309-314.

Bornehag Carl-Gustaf et al, The association between asthma and
allergic symptoms in children and phthalates in house dust: A
nested case-control study. Environ. health perspect, 2004 ; 112 : 14

Bornehag Carl-Gustaf et al. Phthalates in Indoor Dust and Their
Association with Building Characteristics. Environ. health perspect
2005 ; 113 : 10.

Butte, W, Hoffmann, W, Hostrup, O, Schmidt, A and Walker, G.

Endokrin wirksame Substanzen im Hausstaub: Ergebnisse eines

_87_



repra’ sentativen Monitorings. Gefahrsto.e-Reinhaltung der Luft,
2001 ; 61 : 19.23.

CEPA (Canadian Environmental Protection Act) Priority substances list
assessment report . Bis(2-ethylhexyl) phthalate. In: Environment
Canada and Health Canada, Ottawa, Canada, 1994.

CEPA (Canadian Environmental Protection Act) Priority substances list
assessment report . Dibutyl phthalate. In: Environment Canada and
Health Canada, Ottawa, Canada, 1994.

CERHR (NTP Center for the Evaluation of Risks to Human Reproduction)
NTP-CERHR expert panel report on Di(2-ethylhexyl) phthalate,
Research Triangle Park, NC, USA, 2000.

CIR (Cosmetic Ingredient Review Committee), "Final Report on the
Safety Assessment of Dibutyl Phthalate, and Diethyl Phthalate,”
Journal of the American College of Toxicology, 1985 ; 4 : 267-303.

Clausen PA, Hansen, V, Gunnarsen, L, Afshari, A, in preparation. 2002.

Consumer Product Safety Commission. 2001. Chronic Hazard Advisory
Panel on DiisononylPhthalate(DINP). http://www.cpsc.gov.

LIBRARY/FOIA/Foia0l/os/dinp.pdf. March 26, 2002.

CSTEE (Scienti.c Committee for Toxicity, Ecotoxicity and the
Environment), Opinion on phthalate migration from soft PVC toys
and child-care articles, sixth CSTEE Plenary Meeting, Brussels,
26/27 November 1998.

CSTEE, Opinion on the results of a second Risk Assessment of:
Bis(2-ethylhexyl) phthalate [DEHP]. Human Health Part, 41th
CSTEE Plenary Meeting of 8 January 2004.

David, RM, Moore MR, Cifone MA, Finney DC, Guest D. Chronic
peroxisome proliferation and heptomegaly associated with the
hepatocellular tumorigenesis of di(2-ethylhexyl)phthalate in human
urine samples. Int Arch Occup Environ Health 1999 ; 64 : 5555-560.

David, RM. Exposure to phthalate esters. Environ. Health Perspect. 2000 ; 108 : A440.

_88_



Eigenberg DA, Bozigian HP, Carter DE. Distribution, excretion, and
metabolism of butylbenzyl phthalate in the rat. J Toxicol Environ
Health 1986 ; 17 @ 445-456.

EPA (U.S. Environmental Protection Agency). Health Effects Assessment
for  Selected Phthalic Acid Esters. EPA-600/8-838-053.NTIS
PB88-178934, Washington, D.C, 1987.

EPA (U.S. Environmental Protection Agency). Ambient Water Criteria
Document  Addendum  for  Phthalate  Esters, Final Draft,
PB91-161653. Office of Health and Environmental Assessment,
Environmental Criteria and Assessment Office, Cincinnati, OH, 1989.

Etkin DS. Chemical contaminants and their health effects. Indoor air
quality in schools. In: Indoor air quality update: A guide to the
practical control of indoor air problems . Arlington, MA, Cutter
Information Corporation, 1995 ; 27-45.

FDA. Safety Assessment of di(2-ethylhexyl) Phthalate (DEHP) Released
from Medical Devices. US Food and Drug Administration, Washington
DC, 2001. Available at: http://www.fda.gov/cdrh/ost/dehp-pve.pdf.

Health Canada. Risk assessment on diisononyl phthalate in vinyl children’s products.
http://www.hc—sc.ge.ca/english/protection/warnings/1998/risk. html. March 19, 2002.

Hill, S. Analysis of contaminants in oxygen from PVC tubing in
respiratory therapy, chromatic components in electrochemical
sensors, and a model for the degradation of electrical cable
insulation. PhD Thesis, University of Connecticut, CT, USA, 1997.

Holger, M, Koch, Hans Drexler, Jurgen Angerer. Internal exposure of
nursery-school children and their parents and teachers to ©F
(2-ethylhexyl)phthalate(DEHP). Int. J. Hyg. Environ. Health 2004
; 207 1 15-22.

HSDB. Hazardous Substances Data Bank. National Library of Medicine,
National Toxicology Information Program, Bethesda, MD. July 18,
1990.

_89_



Jaakkola JJ, Oie L, Nafstad P, Botten G, Samuelsen SO, Magnus P.
Interior surface materials in the home and the development of
bronchial obstruction in young children in Oslo, Norway. Am ]
Public Health 1999 ; 89 : 188-192.

Jann, O, Wilke, O and Brodner, D. Procedure for the determination and
limitation of VOC emissions from furniture and coated wood based
products. In: Proceedings of Healthy Building 97, Washington, DC,
1997 ; 593-598.

Kato, K, Silva, MJ, Reidy, JA, Hurtz, D, 3rd, Malek, NA, Needham, LL,
Nakazawa, H, Barr, DB. & Calafat, AM. Mono(2-ethyl-5-hydroxyhexyl)
phthalate and mono-(2-ethyl-5-oxohexyl) phthalate as biomarkers for
human exposure assessment to di—(2-ethylhexyl) phthalate. Environmental
Health Perspectives 2004 ; 112 : 327-330.

Kavlock, R, Boeckelheide, K, Chapin, R, Cunningham, M, Faustman, E,
Foster, P. et al. : NTP Center for the Evaluation of Risks to
Human Reproduction : phthalates expert panel report on the
reproductive and developmental toxicity of di(2-ethylhexyl)phthalate.
Reprod. Toxicol, 2002 ; 16 : 529-653.

Kluwe, WM. Overview of phthalate ester pharmacokinetics in
mammalian species. Environ Health Perspect, 1982 ; 45 : 3-9.
Koch, HM, Gonzalez-Reche, LM, Angerer, J. Online cleanup by
multidimensional LC-ESI-MS/MS for high throughput quanti.cation
of primary and secondary phthalate metabolites in human urine. J.

Chromatogr, 2003 ; B 784 : 169-182.

Koch, HM, Rossbach, B, Drexler, H. & Angerer, J. Internal exposure of
the general population to DEHP and other phthalates -
determination of secondary and primary phthalate monoester
metabolites in urine. Environmental Research 2003 ; 93 : 177-185.

Koch, HM, Drexler H, Angerer J. : An Estimation of the Daily Intake
of Di(2-ethylhexyl)phthalate (DEHP) and Other Phthalates in the

_90_



General Population. Int. J. Hyg. Environ. Health 2003 ; 206 : 77-83.

Kohn, MC, Parham, F, Masten, SA, Portier, CJ, Shelby, MD, Brock, JW,
Needham, LL. Human exposure estimates for phthalates. Environ.
Health Perspect 2000 ; 108 : 440-442.

Koch, HM, Bolt, HM, Angerer, J. Di(2-ethylhexyl)phthalate (DEHP)
metabolites in human urine and serum after a single oral dose of
deuterium-labelled DEHP. Arch. Toxicol 2004 ; 78 : 123-130.

Koch, HM, Bolt, HM & Angerer, J. Di(2-ethylhexyl) phthalate (DEHP)
metabolites in human urine and serum after a single oral dose of
deuterium labelled DEHP. Archives of Toxicology 2004 ; 78 : 123-130.

Koch, HM, Mu'ller, J, Drexler, H, Angerer, ]J. Dibutylphthalat (DBP) in
Arzneimitteln: ein bisher unterschatztes Risiko fu'r Schwangere
und Kleinkinder Dibutylphthalate (DBP) in medications: are
pregnant women and infants at risk. Umweltmed. Forsch. Prax.
2005 5 10 @ 144-146.

Koch, HM, Bolt, HM, Preuss, R. & Angerer, J. New metabolites of
di(2-ethylhexyl)phthalate (DEHP) in human urine and serum after
single oral doses of deuterium labelled DEHP. Archives of
Toxicology 2005 ; 79 : 367-376.

K, JW, et al. The Association between Biomarker-Based Exposure
Estimates for Phthalates and Demographic Factors in a Human
Reference Population. Environmental Health Perspectives, 2002 ; 110.

Leyder, F, Boulanger P. Ultraviolet absorption, aqueous solubility and
octanol-water partition for several phthalates. Bull Environ Contam
Toxicol 1984 ; 30 : 152-157.

MAFF Food Surveillance Information Sheet - Phthalates in Food. Joint
Food Safety and Standards Group, Vol. 1999. MAFF, UK.

Martin F, inventor. Top nail coat composition containing cellulose
esters. Almell Limited, 04-30-96 : 5.

Mattulat, A. (SOFIA GmbH Berlin) Konzentration von mittel-und

_91_



schwer.u” chtigen organischen Verbindungen in Staub aus Innenra”
umen-Belastungssituation im Jahr 2001. Report.

Meek, M. & Chan, P. Bis(2-ethylhexyl)phthalate: evaluation of risks to
health from environmental exposure in Canada. Journal of
Environmental Science and Health 1994 ; Part C 12 : 179-194.

Munksgaard, E. Leaching of plasticizers from temporary denture soft
lining materials. Dental European Journal of Oral Science 2004 :
112 ; 101-104.

NRC. National Research Council. Pesticides in the diets of infants and
children. Washington, DC: National Academy Press, 1993.

NTP. National Toxicology Program. Fifth Annual Report on
Carcinogens: Summary 1989. National Institute of Environmental
Health Sciences, Research Triangle Park, NC.

Guzelian PS, Henry C]J, Olin SS, eds. 1992. Similarities and differences
between children and adults: Implications for risk assessment.
Washington, DC: International Life Sciences Institute Press.

Oie, L, Hersoug, L. & Madsen, ]J. Residential exposure to plasticizers
and its possible role in the pathogenesis of asthma. Environmental
Health Perspectives 1997 ; 105 : 972-978.

Peck, CC, Albro, PW, Toxic potential of the plasticizer Di(2-ethylhexyl)
phthalate in the context of its disposition and metabolism in
primates and man. Environ. Health Perspect, 1982 ; 45 : 11-17.

Pleil, JD. and Whiton, RS. Determination of organic emissions from new
carpeting, Appl. Occup. Environ. Hyg, 1990 ; 5 : 693-699.

Po"hner, A, Simrock, S, Thumulla, J, Weber, S. and Wirkner, T.
Hintergrundbelastung des Hausstaubes von Privathauhalten mit
mittel- und schwerflu” chtigen organischen Schadstoffen. Bericht
von AnBUS e.V. Fu'rth, 1997.

Poland, A. Reflections on risk assessment of receptor—acting xenobiotics.
Regul. Toxicol. Pharmacol, 1997 ; 79 : 246-256

_92_



Preuss, R, Koch, HM. & Angerer, J. Biological monitoring of the major
metabolites of di-(2-ethylhexyl)phthalate (DEHP) in human urine
using column-switching liquid chromatography-tandem  mass
spectrometry. Journal of Chromatography B, Analytical Technologies
in the Biomedical and Life Sciences , 2005 : 816 : 269-280.

Reitzig, M, Mohr, S, Heinzow, B. and Knoppel, H. VOC emissions after
building renovations: traditional and less common indoor air
contaminants, potential sources, and reported health complaints,
Indoor Air, 1998 ; 8 : 91.102.

Remer, T, Neubert, A. and Maser-Gluth, C.: Anthropometry-based
reference values for 24-h urinary creatinine excretion during
growth and their use in endocrine and nutritional research. Am. J.
Clin. Nutr, 2002 ; 75 : 561-569.

Rudel, R, Brody, ], Spengler, J, Vallarino, J, Geno, P, Sun, G. & Yau,
A. Identification of selected hormonally active agents and animal
mammary carcinogens in commercial and residential air and dust
samples. Journal of Air and Waste Management Association 2001 ;
51 1 499-513.

Saarela, K, Kaustia, K. and Kiviranta, A. Emissions from materials; the
role of additives in PVC. In: Bieva, CJ, Courtois, Y. and Covaerts,
M. (eds) Present and Future of Indoor Air Quality, Brussels, 1989 ;
329.326.

Salthammer, T, Schriever E. and Marutzky R. ''Emissions from wall
coverings: test procedures and preliminary results’’, Toxicological &
Environmental Chemistry, 1993 ; 40 @ 121-131.

Schmid P, Schlaltter C. Excretion and metabolism of di(2-ethyhlhexyl)phthalate
in man. Xenobiotica, 1985 ; 15(3) : 251-256.

Scott, R, Dugard, P, Ramsey, ]J. & Rhodes, C. In vitro absorption of some
o-phthalate diesters through human and rat skin. Environmental
Health Perspectives 1987 ; 74 : 223-227.

_93_



TRI9O. Toxic Chemical Release Inventory. December 2001.
http://www.rtk.net.

Uhde E, Bednarea M, Fuhrmann. Salthammer T. Phthalic Esters in the
Indoor Environment-Test Chamber Studies on PVC-Coated
Wallcoverings. Indoor air 2001 ; 11 : 150-155.

US EPA Dermal Exposure Assessment: Principles and — Applications.
EPA/600/8-91/011B. Available at: http://www.epa.gov/nceawwwl/pdfs/derexp.pdf.

U.S. Agency for Toxic Substances and Disease Registry. TOXICOLOGICAL
PROFILE FOR DI(2-ETHYLHEXYL)PHTHALATE, 2002.

Wensing M. '’'Determination of organic chemical emissions from
electronic devices’’. In: Proceedings 8th International Conference on
Indoor Air and Climate, Edinburgh, 1999 ; 5 : 87-92.

Wensing, M. and Salthammer, T. ''The phenomenon of '’'black magic
dust’’” in housings’’. In: Proceedings 8th International Conference
on Indoor Air and Climate, Edinburgh, 1999 ; 2 @ 824-829.

Wilkins CK, Wolkoff P, Gyntelberg F, Skov, P. and Valbjorn, O.
""Characterization of office dust by VOCs and TVOC release -
identifi-cation of potential irritant VOCs by partial least squares
analysis’’, Indoor Air, 1993 ; 3 : 283-290.

_94_



ABSTRACT

Exposure assessment of phthalate among

children and adults

Kim, Hohyun
Dept. of Public health
The Graduate School

Yonsei University

Phthalates, diesters of phthalic acid, are ubiquitous environmental
chemicals. Phthalates, diesters of phthalic acid, are ubiquitous
environmental chemicals. As components of many consumables,
phthalates are found in a wide range of products including
personal-care items(e.g., perfumes, lotions, cosmetics), paints, industrial
plastics, and certain medical devices and pharmaceuticals(ATSDR, 2001,
2002). Most of the current di(2-ethylhexyl)phthalate(DEHP) production
i1s used for PVC products, including PVC flooring, where it typically
constitutes 30% of PVC by weight(NTP 2003).

In humans, di(2-ethylhexyl)phthalate(DEHP), diethylphthalate(DEP),
di-n-butylphthalate(DnBP) and benzylbutylphthalate(BBzP) are metabolized

to the corresponding glucuronidated monoesters, monoethylhexyl(MEHP),
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monoethyl(MEP), monobutyl(MnBP) and monobenzyl(MBzP) phthalate,
which are excreted.

In this study, the major urinary phthalate metabolites were measured
by HPLC from children (n=161) and adults (n=73 women). In addition,
to predict possible human exposure to phthalates, indoor dust was
collected from various sites (19 Kindergarten sites, 21 Primary school
sites, 17 older apartment sites and 22 newly built apartment sites), and
the levels of DEHP, DEP, DnBP, and BBzP were determined by
GC-MS.

Concentrations of the secondary metabolite MEHP were significantly
higher in children than in adults (mean: 7.03 vs. 572 ug/g creatinine;
p<0.05). Of the phthalates, DEHP was found in the highest
concentrations in indoor dust, with a mean value of 591 ug/g dust in
the kindergarten sites. A significant relationship was found between
various items(e.g. flooring and wall material, house age and leakage)
and DEHP in indoor dust. No correlation was observed between the
levels of urinary DEHP metabolites and those of DEHP in indoor dust.

Daily exposure level of DEHP in children was estimated at 4.49
ug/kg/day and at 5.70 ug/kg/day in adults (women); these levels did
not exceed tolerable daily intake levels (TDI, 48 ug/kg/day). Hazard
index (HI) values were 0.09 (>1, above acceptable level) for children
and 0.12 (>1, above acceptable level) for adults(women).

Future studies should gather more precise exposure estimates,
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including high-risk groups from the general population such as

neonates, infants and patients undergoing medical procedures.

Key words : Phthalate, Urine, Indoor dust, Children, Adult, Exposure
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