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ABSTRACT : The United States Environmental Protection Agency (EPA) characterized the cancer hazard
of di(2-ethylhexyl)-phthalate (DEHP) as a B2 group (probable human carcinogen) and proposed “Guide-
lines for Carcinogen Risk Assessment”. This guidelines proposed alternative methods for analyzing carcin-
ogen dose-response data and for extrapolating the effects of observed at high dose to predict that might
occur at lower doses relevant to human exposure. This proposed guidelines state that “If in a particular
case, the evidence indicated a threshold, as in the case of carcinogenicity being secondary to another toxic-
ity that has a threshold, the margin of exposure analysis for toxicity is the same as is done for a non-cancer
endpoint”. DEHP is excellent candidate for reconsideration under the new guidelines for carcinogen risk
assessment (John Doull et al., 1998). This study is conducted about risk asssessment for infant exposure
on DEHP in powdered milk using methodology in EPA’s new guideline on carcinogenic risk assessment.
Estimated cancer risk of DEHP in powdered milk and cow milk is 2.83x10 * (using cancer potency: 1.4x10%
(mg/kg/day)} as mean and MOE is 12075 (using selected NOEL 20 mg/kg/day) as mean.
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v 92 ksl oSS S8l ot FHE v
= EPACIAME= 7|E9] nv|gx] Usk sl e Eubyg 2 g
A g gFe] veR-bs SA7He A8k 24 A
8 MOEE 283 HrpbgEd Akl o
(U.S.EPA, 1999).

EPACIAM Aj2o] AAISIL 3= A H 71X o] uf2

o, AGhS o)Ak s s Faleddke] Aol 1 8-
HhS-o] ¥R A ok A5 F, dsbeddel

WA dofibe 2 dxPHQl odske] Bk IAAM 5
X](thresholdy} &5 A4S, v]detodgkdrle} f-Alal
U 29l IX)7)3d-S 483 MOE(margin of exposure)
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(g/day) lifetime exposed

LADD =

Body Weight(kg)

x Average time(year)
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Fig. 1. Equation for estimation of lifetime average daily dose of DEHP and application of Monte-Carlo simulation.
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Fig. 2. Graphical presentation of data and extrapolation.
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DEHPE A m|5elA B2(ALS7FsEE)2 7
Eol olx EAIA, T B4 9wy #3t oy
AFZAA7}E dxE T glow olejgt FA47|Hel W 9
A7) 24wy Ee] AEA A=A lvk(Jonn Doll
et al., 1999). =3F, WHO/IARCH|AM = LA 2B(EE]
gk WA S et A7kl g ek e] F417)
FAHg EA)2 BREI eloh

DEHPE= zZHg 2 23l 548 d2v)= 832 84
AL w2 AR AHA e, A8 5o 5
DEHP?] 13] 7 7F-Fodol 2|3t LD & Al R 2 =olA
26~34 g/kg ©)Ak(Shaffer et al., 1945), PF¥-2=2} E7]o)|A]
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= 34 g/kgo]™ (Shaffer et al., 1945; Krauskopf, 1973). 7]
Yol 1| M 26 gkg®E B 15T §loh(Krauskopf, 1973).
EilEodo] 2)3k LDXE B 31~50 gkgoldeln,
ubg- Aol A= 38 = 14 g/kg®E VEPRdTH(Lawrence,
1975).

DEHP?] AJAl5A3ol| Asled= 100 mg/kg/day®] -8k
A B2 gk R0 pEle Aol @ Aol A
A5l WgE R S FrEAde] EuEH
(Lamb et al., 1987; Agarwal et al., 1989). =£3t, DEHP:=
AR =S} vprel] FoJa] 7P wESAde] w2 Y4l 7
AR wp2o DEHPE A7-Foidle] eix}e] AF3ta,
gzt AFE U 2 713l fAsAl e
(Singh, 1972; Nikonorow et al., 1973; Yagi et al., 1980;
Tomita et al., 1982), Z+2+2] LOEL- 50, 1003} 1000 mg/
kg/daye]$lvH(Yagi et al., 1980; Tomita et al., 1982,
Nakamura ez al., 1979). DEHPZ A A 94171754t AR
2 AFAAMA 75 iAol st T2 foEgaRe e
o} mpg-xol A 190 mg/ke/day Bl A EfALAAE
o] Z7}8}3L, 400 mg/kg/dayolMe 713 0] vehde, o)
o] NOELZ 70 mg/kg/dayel= X317} )ik (Shiota et
al., 1980). &= o1& Aol mh2ell A vz el REA
of ti&t LOELZ} NOEL2 Z+7} 913} 44 mg/kg/day®. 1}
el 2w (Tyl et al,, 1988), F H EF FAl o3t F-=}
o] Vel A ok 43klA giAEAd o] AlRbE%I

TASAALE A8 APAE B3l A7=d o A%
DEHPS} 1 JARFEEE A5 Vel A e A2
2 ¥7}1E$lem, DEHPS] A2 ZHEekol sle] 2
A= Z77F vebde, 19823 NTP Q7oA ei=s}
uh$-2of| A ZhEeko] FUE 2, A= A NOEL
50 mg/kg/day, "F2ollA4 100 mg/kg/daye]™], LOEL-S
R} oA BFoA 30 mg/kg/dayE HE| Gt

DEHP$} ©}2 phthalateS-& peroxisome proliferator=
A7 o] A=), o]23} peroxisome proliferationel] 28k 7+
FTPIY L P29} AT AAFA A "I
ehtbe Aoz odeA|3 QIEH(NTP, 1982).

DEHP?| <A=& AEAFV H7], 73 5 378l
< 53l =EHH, o33 H2E F3led &35 DEHP
+ AWAIE B8 Aoz FoEY, 2918 o8]
£ 58l g0z Ay FEUIE v Aol
DEHP:= w274 MEHP$} 2-ethylhexanol® E-&]Ew], 2]
A YR x3d A9 ol#lst vhse] =8Al vehd
o 229 EAEE 74 A1, 328, aela Xk
AgFe] FAEM, E4F T3 AR wigEH = I,

F-1.9] DEHP, MEHP, 2-ethylhexanok 24X|ZHfell X
o} g B8l &= KSchulz er al, 1973).

DEHPE HA=eA Aoz T3l of A14:3] 71,
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# 2 wRog B¥=uo(Schulz et al, 1973; Daniel et
al., 1974), 7412 F339E Z2 MEHPZ 7+ #
7)ol E3E31}(Pollak et al., 1985; Teirlynck et al., 1985).
A H2] & DEHP7F 0.5 ghkg olA}Y] LgS §F
oJ31312 wuk el A AEEE A F4 £ 9l
q2)7} EAFHe U5 UTHAlbro et al., 1982).
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H
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froll gt FRYLDxEFE T3laL, ool At Af=E
718 AAH7bE e A 2e] Ak MOE 3HE &
43t oS3
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Fig. 3. Exposure scenario and distribution of DEHP contamination level in milk and powdered milk.

Table 1. Lifetime average daily dose of DEHP by ingestion of powdered milk and cow milk (mg/kg/day)

1-2 yrs old exposure powdered milk

2-70 yrs old exsposure cow milk

Lifetime exposure (Total)

Forecast: Exposure Dose(powdered milk)
50,000 Trials Frequency Chart 1,216 Outliers

50,600 Trials

Forecast: Exposure Dose{total}
Frequency Chart 1,204 Qutliers
1

Forecast: Exposure Dose {milkj
Frequency Chart 957 Outhiers

50,000 Trials

025

08

Distribution % " é’: % - R % . S 2

2 006 E’ ;g 007+ — S~ T e e 13287 R 006~ S, < < T 5
E 50th percentile 1.77E-3
Xg(‘)’::re 95th percentile 3.88E-3
2.10E-3

mean
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=L, - 2 8] AdFel oE DEHP AU Udx=Z
e B °9Jr $~f%5 DEHP $5=4-¥e} dddm|zs &
45l Monte-Carlo simulation(Crystal Ball® #-&)2 4
ygroesy, 34/‘3%1%15‘—%&9] FEE dS3le FA,
HiZe] Mg HtIxsiele

Table 1 ¥ % +FAUFHE &% DEHP HAIUx
=% d5AAg ¥ REE A e Aoldh

3. E8-u39st

DEHPE U.S.EPACA =g} nhg-2e] $71 1 gl o
A et 885710l o ZREPRASUIE SR o
A7 sEAQl B2 202 BHE I 9lew, o]of ule}
s E 717 o] Foi R 22 qlet.

DEHPS] ¥}7]3 2 & peroxisome proliferationol] 2}3t
FFIYNAE FALE Fle] FrlslE, peroxisome
proliferation®] 73-%-, 9] o] 3l M= FAF3hig-o] Yof
WA o= Y SRS e E Ao E o
] 9)ex 2 Margin of Exposure W2 8o HAg
LR At

7122] 45T 9l YaiAdEr) w2 Saojx=
1k (cancer potency)e] AME-E3L ¢)=4], U.S.EPA|A]
14X 107 mg/kg/day® ASF=IL 9)0™, Table 29} 2o]
NTP(1982)%} AHFTEARE T3l oS5 S3Fiks
Aol 71&7lel g T2, Sl o uks
2] IAE vehd Zlolv} o] Zk2- linearized multistage
procedure2A] extra riskol] TH3led A&E Zholo}.

DEHP2| PBPK 2™ /el gl.ont, ob71A] ol
gt mlof gt Hrht A7) FE2 o] FoIXIRA] ¢
11 9)EHATSDR, 2000).

Forecast Cancer Risk[milk]

50,000 Triats Frequency Chart 957 Outtiers
28 "5
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Table 2. Cancer potency of DEHP induced from carcinogenic dose-
reponse data

Cancer potency : 1.4x10” mg/kg/day

Tumor Type : hepatocellular carcinoma and adenoma
Test Animals : Mouse/B6C3F1, male
Route : diet

Dose-response data

Administered dose Human equivalent Tumor incidence
(ppm) (mg/kg/day)
0 0 14/50
3000 32 25/48
6000 65 29/50

4. sl o=

1) 7|_7'._<_o| USEPAO‘”)\" il-R_l;_l OI: Hl-llzgéol I-IR

DEHP:= QAEstE2 B2E FREC] gloer ofF &
W2 e AEIE R ol S
TR 3le] HAEE oS3 Wi eln], DEHPS] It
22 NTP(1982)l4 A|A18kLL, EPA(1987, 1989))|A] 1
ol5e] FeFT gl 1.41X 10 (mg/kg/day)'S B85}
o}, o] F344 rats and B6C3F1 miceZ 3254 = 3}
Hepatocarcinogens endpoint® & o] -8zl ghol=}

A7l ARE QA=FZFRPEERT BAdL=F
FHe TEh A=t Fig 49 2o HAdY=ETF
2.1X10° mg/kg/day(3)ell Sl AAkE 2Fhdeksiss
E 2.83X10°4}

2) Margin of Exposure2| 7 &2

EPAS] "jHE-Ale]| d3t -‘n”]ﬁﬂ’“fﬂﬂ"]ﬁ"ﬂ*‘] 19993 A
7 A5k ¥ <l MOE w82 3| H]HJ"JE’QQ] A
45 W=t ARk el LED,((®=% NOELY} Z&
departure point®] -&)E F83l= HJ"ﬁ—i’ﬂ, £

Forecast: Cancer Riskftotal]

Probability

50,000 Trials
\ 028

Forecast: Cancer Risk(powdered milk}
50,000 Trials Frequency Chart

Probability

Probabitity

0134 ......
006 . ... } * !
i 1.216 Qutliers
{ i 000 il
AR L oaer
| | 7.198E-6
ol "

Frequency Chart 1,204 Qutliers
1261
» Percentile Value
ol | P L 9457 59 1.299E-05
! -
| Ht ............................. 6305 g %% 1.879E-05
L S oox oms
l “ H J il <o 315.2 3 75% 3405505
;Jli“fm] Il IJH it | o 95% 5.469E-05
1B4E-5 3.608E-5 5.0526-5 6.496E-5

Excess Cancer Risk = [Cancer Potency(mg/kg/day) ' |x[LADD(mg/kg/day)]

Fig. 4. Distribution of excess cancer risk induced by exposure of DEHP.
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Forecast MOE[powdered milk]

50,000 Trials Frequency Chart 1,300 Qutiiers
1254

Probability

Forecast MOE[total]

3
"""""" o2 50,000 Trials
s § 021

.016

010

/.ooo

Probability

Forecast MOE[mitk]

50,000 Trials Frequency Chart 587 Qutliers.

021 1026

Probability

Frequency Chart 879 Outfiers
e Percentile _ Value
7755 5% 5156.4
T 5% 8281.2
57 &
5§ 50% 11288.3
285 3 5% 15011.2
o 95% 21700.2

7416.4 194973 25637.8

MOE = [NOEL(mg/kg/day)])/{Human dose(LADD, mg/kg/day)]
Fig. 5. Distribution of estimated MOE base on peroxisome proliferation by DEHP.

S LA, QI ES TefEked o A e
L2 EPAYIA A= glet.

MOEEZ #4838 7P #3d $3FHbs3A 9 7]
<71, 8RRl 249 uhge] BA, AdSES
A 2] A Rololl A vehds A, 7Rl L}
Bl variability, Al Me] B3 2|E4A Sofl we} 12
25 oo} g}

DEHP?| 7% SEAHAANA Fofo] WA U=
o 2)-geFo) sl A vIAE S AREIAE VepE A2
E A3 glen, ol el QAo 43l 75 A
4% A HeEe SRR v Rde]
L=]ojof & Holt}. w3, DEHPE #d5A o] Yehix]
A 7oz A3 glew, DEHP 23t 7ke] Wkly]
%12 peroxisome proliferationel]] &J3F A o2 B TET 9]
o, o= A 3slE iAlA] MEHPS} cell proliferation®]
328l wE UskERE-2 2 DEHP: o)A ghEA
olgt & 4~ 9l

ol MEHP$} cell proliferation 2F-8-2- 23} u]A g
HE vehlie, ol HX|ol] A3 S ubeFAUE B
ofEo}. o83l 27 kel DEHP:= A28 method® A
ot=at 9l MOE whge] Mgt 7es gl

MOES #4831 H7lol| #-8317] 218+ “point of depar-
ture”2A] peroxisome proliferationel] ¥ NOELZLS o
=3 22 27| mel NOELRLS A sisdet.

71 Rz 55 vhAAlEE dslgl e, E v
HE2] 2482 peroxisome proliferatione] A|eA] v}e}
doh= 718 AAIE & o)t} Peroxisome prolifera-
tion= AJ35h AA] o33kS- vlel™ | tumorigenesisel]
Al2] NOEL Xx} of 5] A= v ¥ NOELe|c}.

£ o tollA= NOELZS peroxisome proliferations

endpoint®- 3}91-S9 20.0 mg/kg b.w/day(mouse)(David et
al., 19971 <73t MOEZ F-5}%ic}.

MOE:= Y¥HH 22 defaultE: 10022 3= o= &
Zkztol & IEE E3AA Alg 105} Q7A=Y A
2ol & Atejsle] RIZE gl Wit BEAAAS 108 £
FAIZ] ZrolHt.

E A7l &% MOE 7 024714717 EH-43
Al 34340C ), 2470 €olAM 700 APFRAIZER] $--Ad 37
F 19069CET), °ldt x=EAhte] Lo TAskq HA
DEHPe]| 4% #-fe} FA3H73-¢ MOE:= 12075(4
HE GE5FHAG. 5" F MOEES £X=2 vephid
Fig. 5¢} 2t}

Iv. D&y HE

ol 4=} Ze] fFAErI M2 o E HITHS F)
Tq% HAAAYATE v)Esle] B, 2E3AE] 20
wE HA =FA], 78] WS g -9 a8l
E= I 2.83X 107, 95th percentile Zte] 5.47 X10° 4=
Fo2 vepten, MOEZ Jeple dsisbde 37
12075, 5th percentile(3}3F3]) 5156 22 duizje =z 4
HE default 1002+ 500 A= of 2 kS ML
MOEE Hef= A3l4Ed dudes e85 7)E
2 1005 IR A3jsle £F0Z gkl He] 93] &
¥yl Aoz Fadst 4 glob. 22y peroxisome prolif-
erationl] g TET A wRSAFEd o] ME o)
ol TEA dehds ukgo] ARpAIM T FdsH
YehtA] ¢k& Aolgk= JARCY 7S B A7l A
431w o] 9] A =-g Hrhbgspde] 84S Al
o}
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Table 3. Tolerable Daily Intake (TDI) induced by animal toxicity data of DEHP

Hepatocarcinogenicity Peroxisome proliferation Teratogenicity
no NOAEL lowest effect level : 50 mg/kg 37.5 mg/kg

NOAEL (mgfkg bw) 3000 mg/kg (Chem. Manuf. Assoc.) (NTP)
Natural of toxicity 10 2.5 10
Adequacy of database 2.5 0.5 1
Trans species extrapolation

Dynamics 0.1 0.1 2.5

Disposion 4 4 4
Inter individual variability

Dynamics 2.5 2.5 2.5

Kinetics 4 4 4
Total safety factor 100 6.26 1000
TDI (mg/kg) <30 8 0.04

FrHeg dA AE Hste] ALHI )= DEHPY
TDI %8 Al#| ¥, Table 35} 7=} (Morgenroth, 1993).

H3EF 9l TDI 5 # 979 didsAldges g
peroxisome proliferation®] 9= 8 mgkgo 2], B o
T x=&97)} AAZk) 3 0.002(3HT) mgkg/days}
v|@shd, TDIY vl AR W& 58 Ve gld.

=S}, BUME A3 50 kgl) AFdollA] 1.85 mgo 2 A
A8k ¢l o], YR M= 0.04~0.14 mg/kg/day® A5}
3! e}, o] DEHP S| wh2 §EA97)E 27
Z 3 7oz DEHP? NOAELZA] $£7=9] Sertoli
cell wjeFA] A= 3.7 kg/kg/day(Poon et al., 1997)%} 1}
S-oflA] F2E 14 mgkg/dayS B E sl HAAAS
1008 A5k 73k Zloltt. o] i) B Qo] &3
QA =22 0.002 mg/kg/day( )} vl=shd TDI B
& " e a8 e AE o 5 sidh

#Atel 2

2 ATE B P ATANNGS AeE
Sasgl o, oo AR

o
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