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ABSTRACT : Phthalates are widely used as plasticizers to impart softness and flexibility to normally rigid
polyvinylchloride products. However, there are not much studies_for dermal and ocular irritation toxicity of
phthalates. So we investigated the skin or eye irritation effect of some phthalates which was not reported.
The primary skin irritation of diethyl phthalate (DEP), diisodecyl phthalate (DIDP), diisononyl phthalate
(DINP), dipropyl phthalate (DPP) and dipropyl phthalate (DPrP) was studied. The ocular irritation of dibutyl
phthalate(DBP), DIDE DINE DPP and DPrP was also studied. DER DIDE DINE DPE and DPrP were found to
be non-irritating to the skin of the test animals. DBE DIDE DINP and DPP were_found to be non-irritating to
the eye of the rabbits. DPrP caused the slight irritations to the eye in 1 or 2 days after treatment but irrita-

tion of the animals was soon recovered.
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Phthalatet= -$-2] AJ2H2t7]¢l] F4>49] polyvinyl chloride
(PVC) AlFe] FrAE FA8] AsiA A3 E-=
A ol e] Atz U318 A EAL, 88T, AE
7] 2 W&, 4F ALEF Fo2NE A -3 e= <l
Aol =FH 1 Q= EAel) ojeldt BAEE ot A
A7)l ks £ 5 Q& B ohEl 3ol A &H
22 x2d shsAde] ale] olo A A7l HA] &
F=h(Scott ef al.,, 1987; Elsisi et al., 1989; Wilkinson
and Lamb, 1999). Phthalate FollA] $-8] A&l =27}
SAo] e £FEE U4 & DEHP(di-2-ethylhexyl
phthalate), DEP(diethyl phthalate), DBP(dibutyl phthalate),
DINP(diisononyl phthalate), DIDP(diisodecyl phthalate),
DPrP(di-propyl phthalate), DPP(dipropyl phthalate), BBP
(butyl benzyl phthalate) 5°] 1}, ©] 5 oA vl
A 2 92]* & DEHP(Y™, DOP)= BIEAAF, HY
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W, o1%o] Azt Fol 2ol phihalate2 A H4E4 o]
213l TARC(International agency for research on cancer)
N AR bE o 4 e EAH(2B)E 15t
I 91.2r{(ATSDR, 1999; 1ARC, 2000), ©]15 EPAcIA=
DEHPE Aol ¢ 90707 B2t A(B2)S2 £73}
I )= diA-9ql phthalate ©]vH(Wilkinson and Lamb,
1999). DEHP: 2 &, 3] 522 Al AF= 7
5 B o F9E X YU e, E7)E o147
725 M DEHPE HA5& A do7]A] gste
| IREe bt FE AR, HHHAFAI A A <t
A8 A& doA A5E P2 Fdek(Scott et al.,
1987; Doull et al., 1999; NTP, 2000). ©}& phthalate®]
HASAIEE 8 A& Hyd, DBP2] -+ Aol 29
HHASE 42 4 IR SITHATSDR, 1999). 1
et 32148 DS FRAFIGlE phihalates] 33
54 %0 AYE & XL A9 ¢lon, DEHPL DBP
sl phthalateroll & 3|¥AFAGeI} FAHRTA
9< @ 2ae 9o,

wheb £ AT 7180 RTEA e B ol $
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A 283 39 7FsAe] & phthalates] i 3}ed
e s Bk e =i b o i B 5 L I o e
A13-& DEP, DIDP, DINP, DPP ¥ DPiP2 A 3}ed 3
7153 2m, oA ukxl=Al8]-e- DBP, DIDP, DINP, DPP
2 DPrPE AME3led A&

IL A2 ¥ 2y
1. Alg2F

Al&lol] A}£3F DEP(diethyl phthalate), DBP(dibutyl
phthalate), DINP(diisononyl phthalate), DIDP(diisodecyl
phthalate), DPrP(di-propyl phthalate), DPP(dipropyl phthalate)
9 Sodium fluorescein< Sigma(U.S.A)llA F43}ed A}
galsie

2. MESE

AREE-L 25-3.0ke2] New Zeland WhiteH] E7)5 2
FOeEPA AP STEARIAZNE FF e 157Ut
FIP|7ES Fol AREslsdct B Alae A A
F2 3900 &% 2340°C, HE 55+10%, 124]7}F HUF7)
o) AR S ARG, HRAFAIE S S 55 ¢
A% 2733 FF FolA - wwe] gl TERE AR
of A3l o, QAFAI S S8 T oA W
FEZA ohWe) gl FETS AAsk] Al

3. Al

1) TEXFAIH

)RR L OECD(2000) 7154l w2} Draize(1944)
S Hysle] Zhpwd smle]d Fol vhgd) o] AlA]
sl A Al of 2427k 6l] B7]9] 559 2& A7
A E7)(Oster, USA)E A7} YA A=S k48] A 73}
Ak AER 2719 SIRE FHE Y] FE T T
3 = 273, = A5 Y273 95 FojTyoed
shal, S8 di2T8e] ey me AxwRrl
ME AR RESTE FHE, 2.5x2.5 cm] A7
@A 25 viie} FA3) 53 VAE Tl AR
NAe} 77k 1Al Z2Fe] A|§1+%(DBP, DIDP,
DINP, DPP, DPrP)& 0.5 m/¥ 2447 =18 A Es)gict
AlRER =X 308, 1M7L 19, 24, 34, 74AlCl AlF
2 gJabEakel wEks s YA TA(1999) E
FERIARA ] o8l 3aF 2 71 gAY wer 29 43,
F5eAol wel 2o 44S T FFukgel 9% B
< WA 247)7F 2| 72AZHR|e] Ao R 1A} =] HA)

Table 1. Evaluation of primary skin irritation in rabbits

PII (primary irritation index) Classification

0.0~0.5 Non-irritant
0.6~2.0 Weak irritant
2.1~5.0 Moderate irritant
5.1~8.0 Severe irritant

Table 2. Scale for interpretation of ocular irritation evaluations

Values of indices

Classification

TAOI MIOI Day-7 HHOI
Non-irritant 0~5  Oafter 48 hr
Slightly irritant 5~15 < 5Safter48hr
Irritant 15~30 < Safier 4 days
<30 .
Veryimitant  30-60 < 20aflerTdays = o g

< 60 in all 6 rabbits

. N <
Severly irritant 60~80 < 40 after 7 days < 30 in at least 4/6

Extremely irritant  80~110

SX)4~(PIl, primary irritation index)E 3o Table 13}
2] rhekget

2) AHAXNTAH

PduA A P& OECD(2000) 715l w2}l Draize
(1944) WF-& W33l 3 ortely Fol 53 2ol
AAEIAE. AN 2719 55 0.5%2] Sodium
fluorescein §--& A kste] Zhake] LA E &3]
gt F ol £4}e] gl TES Ao E AR A
Alslsde}. 7+ 213922 (DBP, DIDP, DINP, DPP, DPrP)
0.1 me- £7)2} Aehd(conjunctival sac)oll Foidled 14]
719, 24, 3d, 74A) AF 2 kA H3lE 3
sl SR AT F2AAAA M| o5 ko] 7+
h3-E o 80, 3 wF-S FHd 104 28l A9
vhE-S FHd 208 Fol FXe] AW 110322 9t
25 -2 Hrlslnh S ] i Z7be] 1A
o 7z} vlg] £4[0~1104 W4, The Individual Index of
Ocular Trritation (IION}2] &5 vRlSE Ve I3F 74l
Mean Index of Ocular Irritation(MIOI), 2717+ MIOI
2} #h7ke]l The Index of Acute Ocular Irritation(IAOI)
2 Day-7 IIOI(Individual ocular irritation index : 745 2]
77 FEe 5A4) o 3R HAHREAY AxE
Table 28] PAURIF R 3] 783l 71513t

‘_

. & 1}
1. Phthalate0l] Ch&} D5 X2

Phthalate’ % DEP, DIDP, DINP, DPP, DPrPe}| d|&}e]



Table 3. Results of skin irritation test in New Zealand white rabbits treated with 5 phthalates
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Test

Scoring

Erythema

Edema

Average

. PII* Classification
chemical at Intact Abraded Intact Abraded score
30 min 0/0/0 0/0/0 0/0/0 0/0/0 0 0
1hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
24 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 .
DEP 48 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 Non-[rritant
72 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
7 day 0/0/0 0/0/0 0/0/0 0/0/0 0 0
30 min 0/0/0 0/0/0 0/0/0 0/0/0 0 0
1hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
24 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 4
DIDP 48 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 Non-lrritant
72 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
7 day 0/0/0 0/0/0 0/0/0 0/0/0 0 0
30 min 0/0/0 0/0/0 0/0/0 0/0/0 0 0
1 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
24 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 .
DINP 48 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 Non-Irritant
72 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
7 day 0/0/0 0/0/0 0/0/0 0/0/0 0 0
30 min 0/0/0 0/0/0 0/0/0 0/0/0 0 0
1hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
24 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 .
DPP 48 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 Non-Irritant
72 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
7 day 0/0/0 0/0/0 0/0/0 0/0/0 0 0
30 min 0/0/0 0/0/0 0/0/0 0/0/0 0 0
1hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
Dorp 24 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 NomIritant
P 48 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0 on-trtan
72 hr 0/0/0 0/0/0 0/0/0 0/0/0 0 0
7 day 0/0/0 0/0/0 0/0/0 0/0/0 0 0

*PII : Primary Irritation Index.

0k 5F 58 71EoE T HAT| wiste] et Aot
£ Table 39| AJA]5}%dc}. DEP, DIDP, DINP, DPP, DPrP
T B FN-EXe) 23 5] wskE #aE 4 ¢l
sem, A7t Fete] AFSAel sllM Flg ¥}
7} 41%l5}t. DEP, DIDP, DINP, DPP, DPrP o3 %o
Al A3t 9 v Z@AHE] oA Fodof]l Fsie] W I 5
k-2 e 5 glgle). Tl 30550, 74704 95
off g Wil 2w 5F o v 3R 25 vet
WA ekelbA 794 AlHS FE3I9.

o

2. Phthalate0i| CHgt o atxt=

Phthalate < DBP, DIDP, DINP, DPP, DPrP¢l| t3}e]
Zyake) Euf g zhwpe] W9, ETA)9] ukg, ZHupe] bz,
HE W wEE 555 VIR RS sl
H7}ek AFE Table 40 EA|319i}. DBP, DIDP, DINP,

(n=3)

DPP, DPrP# 27 AREA Fodof ofat dut 945439
H3E A 5 glslon, A%zt F]kel 557t
delA] 28t Wz} g1t DBP, DPP o FollA] 14]
2t Aol A ko] WhA o] eyt ont Azbe] A}
ol olet 3| EE oA HAHQ A5E H7FE 1AOK
74z 272 vt 245e] A gl Ao faAEgeh
DIDP, DINP 7oA 1A 7o) 1A]7H o] Z =)o
A} ofzhe] HWbH o] ypelyt ot A|7te] A gl ule} 35
oA HAHL ASE H7leHe IAOK: Z4H7F 2322
et zl5e] A9 gl o2 #EAESIE DPP F<
oA 147 9l)3= DBP, DIDP, DINP, DPP -]
vl Ao o] oy ot g 7 wmiEeA 1, 24, 3
A= Ate] whge] vehd 7971 it 2= 794
o Auihg->- 5 3EHe] A A5E HBR
IAOFE A7 0.67% Yeht zk5e] A9 gl 7Zlez &
ZEG A FZolA 794 R HRE-o] et
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Table 4. Results of eye irritation test in New Zealand white rabbits treated with 5 phtalates

Test chemical Scoring time Cornea Conjunctivae [ris or MIOI T1AQI Classification
1 hr 0/0/0/0/0/0 2/4/4/2/2/2 0/0/0/0/0/0 16 2.7
24 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
DBP 48 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 2.7 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1 hr 0/0/0/0/0/0 2/2/2/2/4/2 0/0/0/0/0/0 14 2.3
24 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
DIDP 48 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 23 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1 hr 0/0/0/0/0/0 2/4/2/2/2/2 0/0/0/0/0/0 14 23
24 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
DINP 48 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 23 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1 br 0/0/0/0/0/0 4/2/2/2/2/4 0/0/0/0/0/0 16 2.7
24 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
DPP 48 hr 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0 2.7 Non-Irritant
72 br 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0
1hr 0/0/0/0/0/0 0/0/2/2/0/0 0/0/0/0/0/0 4 0.67
24 hr 0/0/0/0/0/0 0/0/0/2/0/0 0/0/0/0/0/0 2 0.33
DprP 48 hr 0/0/0/0/0/0 0/0/0/2/2/0 0/0/0/0/0/0 4 0.67 0.67 Non-Irritant
72 hr 0/0/0/0/0/0 0/0/0/0/2/0 0/0/0/0/0/0 2 0.33
7 day 0/0/0/0/0/0 0/0/0/0/0/0 0/0/0/0/0/0 0 0

1101 : The Individual Index of Ocular Irritation, MIOI : Mean Index of Ocular Irritation, IAOI : The Index of Acute Ocular Irritation.
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Phthalatet= W7} 7H3, A1, AA7] 59 545 4ol
o2l B ) gl ot FRSA gk AR A ¢l

S (ATSDR, 1999; Wilkinson and Lamb, 1999; NTP,
2000), 53] IFA5A3 o} SRS AIE B} A
2] gle] ¥ A3-& AAJ5F A3} DEP, DIDP, DINP, DPP,
DPiPE I HATL °J_°71 I e A o 2 s
DEP: A&, A5t F-F, 3E, 2o fdA 3l
AREE | ol A °—F7J4 ﬂx}%‘ﬂ ool 2 w9l
A THATSDR, 1999; Wilkinson and Lamb, 1999; NTP,
2000), - ARAT} E7)e|A I]F2}F 0] FEHA] it
DIDP: &k FaAZ AMg-Hy 204, A4 47
Z7RRs Bt JgAEE A 2 ok RS 2

3= YSICHNTP, 2000). & AR E7]0lA 3545
2 oAl A ok o2 A gieh DINP
e, B, oF ol dE] 2ol kA
2A F=A Zc}%’u‘(zl ofHA7] F)lA W= diulz
oM Al #7]8F5L 3= phthalatee] oH(Wilkinson and
Lamb, 1999). DINPE= ZRA|22] vid), 71t 58 doz

(n=6)

4 Qe Ao E ¥ 3F T Q)= (NTP, 2000), ¥ AP A=}
B HFAT 9 PHIATS Rk e AL
2 FAFCl DPPe el ERAR 20 HAS $
3 TAAZ ARREE AARA 7ha, AAEA o] BT
=32 QEH (NTP, 2000), & AgAz} E7)oM 2525
2 kAT sl e o2 A DPP
= EEaE VAR zolu 7He] FAE FM7IE
o2 BTE T 9 (NTP, 2000), ¥ AFAT} E7]d
A FFAE A PHREE ] g eR 3
55t} DBPE PVC, SIQ1E Sof] ARSE T aje At o]
5 HEYRE AMEE SAZA AR 71|
Hx}—”‘-"— Jdoely B 3%l E2eld (ATSDR, 1999),
AgdAz 7oA FRATE A g AR
FE=
f3tede] IANEA4E FrR] 8k 1APHeE A
ke Aol A AFEFAHN el ARAFAY
19443 Draize?} 6ule]e] EVE AR-3le] Ad AHS
0.5g HAY A% 0.5 mie 22 % v]ET} I Fof
slod Zubn} B30 2 rlal ol Aol M AMEE F
BHe 22 AoldlE, I TEL o]AL ZdR wjHu}
sk it} (Bosshard, 1985; Gfeller et al., 1985;
Bagely et al., 1996). OECD 742 Z3} o vz} )4




T TESA 4T AR 9 WAH O 6em’)ell B T
F 1, 24, 48, 12A7F T FHE FEE ARIES H
i1, HTol SFEAY T4S Helatel APELe]
pH 2.0 o]3} & pH 115 o]412] Mg hslofc 1
AFAIRE A =F skl gleH, A2
Alge] st AAAQ] AT wbE AAIFL Aok (Sugai
et al., 1990; Golberg and Maibach, 1998). ©]&A sl=

o AL e ZvlEle] A s HAE 4o
717] “H:r"ﬂ ‘215754‘21 2ol A %?’Qbé'% A gkl gl
o, = 3O 2= 1960t HE] A A3 3Rs[Replacement
EEAENAD, ReductionAHFE, 717F 4), Refine-
menid B 2] £59) ABolT 7RI,
ol#H3 AHT upHe WA A|FERL] T2 E4(SAR,
Structure-activity relationshipys Fetdle] 24 o]t z}
=3 B0l AR E FR o] AN % 2
AJFEAL] pH7} 2.0 ©)3F == 11.5 o|A} QIAE sjets}
o A¥E TR 15} 76‘5’-7} e HA In vitro
¥ FRAI XA 3 (skin corrosion test)yS AA|SP | THA| - L.
2 [n vitro TR A (skin irritation test)S AA| 5=
AoZ Hof glt}. o] M & REm FeE|HsE
£5)5199 AHe) A1 (human patch tesnS A,

] oA & BE A= E7E o)43) mRAT. R

AYARE el Al*—hsh 71N 414 Bel oh]
A ez AT AR S BAA Al
A A= Atk ok (Goldberg and Maibach, 1998;
Gerner et al., 2000). & A2 TE5TE HAAHOZ Zo
A} she FAIHQ] el RE=F OECD 4ol &5l

3ol AR 719 SF el ALgste] At
ek FAATARE Aol 28 Aol At 3
4] 54 7o) e HEA 72 Draize
(1944)°l] 2J3}ed A|QFH o]zl Zb=o] mlejts AelslA|wt
E7|E o] &slod 78l Qloh(Bruner ef al., 1998; Balls
ef al., 1999). Draize®]& §7] 6u}e} i onje)2 7|2
A9 01lg JAA A9 0.1 miS Aol Foldje]
1,2, 3, 4, 796l 2%, 9, gz lees o
o] glvt. Y2 5354 (Japan-MAFF), ¥|=2] FHSA
(Federal Hazardous Substance ActellAE= 6712l 8 AREs}
o] AT A @S HUIEES Fe{3]2™, OECDe
e 3ne] o] A A3 =E- F]oJ9)oh(Chan and Hayes,
1994; OECD, 2000). ¥ Aol Draize 3 <A%<l
B3l st eulElE ARt P ERSAIEE Hoh
sldct.

2 A7 7|8l B3} ¢FE phthalate A DBP,
DEP, DIDP, DINP, DPP, DPrP®] E7|e]| o3t s]5-x}54]
= AHREAIES AR, B AdAds
phthalate®] 554 gjetol| digl 7|49l #jm=z T4

95

g 5 JozEar AlEdn

¥
r

Sl

ATSDR (1999}): ATSDR Toxicological Profiles on CD-ROM,
DBFE, DEE DEHP, CRC Press LLC, US Public Health
Servies.

Bagely, D.M., Gardner, J.R., Holland, G., Lewis, RW,
Regnier, J.F, Stringer, D.A. and Walker, A.P (1996}
Skin irritation : Reference chemicals data bank. Toxic.
In vitro, 10, 1-6.

Balls, M., Berg, N., Bruner, L.H., Curren, R.D., de Silva,
O., Earl, LK., Esdaile, D.J., Fentem, J.H., Liebsch, M.,
Ohno, Y., Prinsen, M.K., Spielmann, H. and Worth, A.P
(1999): Eye irritation testing : The way forward. ATLA,
27, 53-77.

Bosshard, E. (1985): Review on skin and mucous-
membrane irritation tests and their application. Fd.
Chem. Toxic., 23(2), 149-154.

Botham, PA., Earl, L.K., Fentem, J.H., Rouget, R. and van
de Sandt, J.J.M. (1998): Alternative methods for skin
irritation testing : the Current Status. ATLA, 26, 195-
211.

Bruner, L.H., de Silva, O., Earl, L.K., Easty, D.L., Pape, W.
and Spielmann, H. (1998): Report on the COLIPA
workshop on mechanisms of eye irritation. ATLA, 26,
811-820.

Chan, K.P and Hayes, A.W. (1994): Acute toxicity and eye
irritancy in principles and methods of toxicology.
Raven Press Ltd, New York, pp. 600-647.

Doull, J., Cattley, R,., Elcombe, C., Lake, B.G., Swenberg,
J., Wilkinson, C., Williams, G. and Gemert, M. (1999}:
A cancer risk assessment of Di(2-ethylhexyl)phthalate:
Application of the new U.S. EPA risk assessment
guidelines. Regul. Toxicol. Pharmacol., 29, 327-357.

Draize, J.H., Woodard, G. and Calvery, H.O. (1944):
Methods for the studying of irritation and toxicity of
substances applied topically to the skin and mucous
membranes. J. Pharmacol. Exper. Therap., 82, 377-
390.

Elsisi, A.E., CArter, D.E. and Sipes, 1.G. (1989): Dermal
absorption of phthalate diesters in rats. Fund. Appl.
Pharmacol., 12, 70-77.

Gerner, 1., Graetschel, G., Kahl, J. and Schlede, E. (2000):
Development of a decision support system for the
introduction of alternative methods into local irritancy/
corrosivity testing strategies. Development of a
relational database. ATLA, 28, 11-28.

Gfeller W,, Kobel, W. and Seifert, G. (1985): Overview of
animal test methods for skin irritation. Fd. Chem.
Toxic., 23(2), 165-168.

Goldberg, A.M. and Maibach H.I. (1998): Dermal Toxicity :
Alternative methods for risk assessment. Environ.



96

Health Perspect, 106(Suppl. 2), 493-496.

IARC (2000): Some Industrial Chemicals (Volume 77)
IARC Monographs on the Evaluation of Carcinogenic
Risks to Humans, IARC Press.

NTP (2000): Phthalates, NTP Publications.

OECD (2000): OECD Guidelines for the testing of
chemicals 404, 405, OECD Pulications service, Paris.

Scott, R.C., Dugard, PH., Ramsey, J.D. and Rhodes, C.
(1987): In vitro absorption of some o-phthalate
diesters through human and rat skin. Environ. Health
Perspect, 74, 223-227.

Sugai, S., Murata, K., Kitagaki, T. and Tomita, 1. (1990):
Studies on eye irritation caused by chemicals in
rabbits - A quantitative structure activity relationships
approach to primary eye irritation of chemicals in
rabbits. J. Toxicol. Sci., 15, 245-262.

Wilkinson, C.F. and Lamb, J.C. (1999): The potential
health effects of phthalate esters in children’s toys : a
review and risk assessment. Regul. Toxicol. Pharmacol,
30, 140-155.

SYFAHATA (1999): 34 - ofe] - 3e] BEAYAIA, 4F
oo 5T, pp. 493-501.



