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Maleficent Effects of Phthalates and Current States of
Their Alternatives: A Review

Woong Kim and Myung Chan Gye*

Department of Life Science and Insutitute of Natural Sciences, Hanyang University,
Seoul 04763, Republic of Korea

Abstract - Phthalates, known as typical endocrine disruptors, are plasticizers used to soften
plastics such as polyvinyl chloride (PVC). Because of their material properties, phthalates are used
extensively in the production of toys, flooring, wood processing, detergents, and even cosmetics
as lubricants and perfume solvents. Due to their endocrine disrupting effect and other adverse
health effects published, recently, phthalates have been regulated in many countries. Besides, in
an effort to replace phthalates, several chemical plasticizers such as trioctyltrimellitate (TOTM)
and dioctylterephthalate (DIOP) have been used instead of the existing harmful phthalates,
and novel alternatives are continuously being developed. Nonetheless, phthalates are still being
detected in several plastic products, and the safety of alternatives that are considered safe is being
questioned. In this review, we describe the adverse health effects of phthalates, their regulation

and the current status of their alternatives.
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Fig. 1. Scheme of the main route of exposure to phthalates and their adverse health effects. Phthalates can induce overstimulation of hor-
mone-mediated transcriptional activation and interfere with the endogenous hormone action including hormone-mediated transcrip-
tional activation (Latini e al. 2003; Silva et al. 2004, 2005; Main et al. 2006; Ghisari and Bonefeld-Jorgensen 2009; Ibhazehiebo and

Koibuchi 2014).

HAZ % th(Latini et al. 2003; Silva et al. 2004, 2005; Main et
al.2006). 0|9} 22 T o|E 32 A4 FY 283
T B2E E3] Ao AES=1 (Adibi ef al. 2003; Rudel et
al. 2003), ZEHo|Eo] A =ZEHE 9 - ok B5 Al
W7oy | g AR A I7E b s] AR EA] Fgt7] o
Rof| =Fof £3] F o3}t (Zhang er al. 2013; Wang et al.
2014).

Aol JFE = o|Ex oy 7Hx] HETE ads
L35HA Hed 53], 222 FAAIZA WEHA wg
S gttt A2 o AEZ A (estrogen)T} SFEZ A
(androgen)Z&-& AH 20| =4 229 GAH| B AAA|
2 HAAA 3228 FEstAY A4 s2EEt

< Walste WEH A 2HEZ (Endocrind Disruptors) 2
Z-g-3kth(Fig. 1). o] 2 % 7 AQ 2759 nee s
4} o BRRAA A FE Ashrt vetu=t @49
S AR A} (Rozati e al. 2002), A 0] AL Azxaz
1 27] AF27]E 938} (Chakraborty et al. 2012; Yum
et al. 2013), Y-S 23t} (Rozati et al. 2002; Tranfo et
al.2012). ZTHE 0| E= AT 2R 2H8-9] wek ¥ oyt 3t
A sz Rol 229 wEksty (Ibhazehiebo and Koibuchi
2014), oy 7t 55 frdshs AeEE dEA 9l
o} (Rusyn et al. 2006; Lépez-Carrillo et al. 2010). 0] ]| &=
YAl F ZEYolE k&2 JA7|7H e Hof Y
A v)R k. B 1= ch(Latini ef al. 2003; Swan 2008;
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Fig. 2. Major phthalates classified as endocrine disruptors and their structure.

Whyatt et al. 2009). -°17] ZEHO|E =Z3} Algwd 9
AsAst 99 49 B#YWF 5F (Attention Deficit/
Hyperactivity Disorder, ADHD)¥} -2 A% A
T F#3] A7I1E Jrh(Park e al. 2015). AAA A 2
A &2 A A7y Eoll EAshs ZEEOEE A
S ABA AR fA G W & gonz 4
249 G440 98e] B 4 o] THol= € g F
29 WEHA TABASL 0E2Fuy), P2t} ¢
A F8 SBHEAZ Fd] At (Henderson et al. 1993;
Gray ef al. 1998). 0|9} Z& S84 02 Qls) T o|E o
gl W3t FAZE ABEYO, f-E 19999 o] F A
7s¥ste] 2006458 frobE-Eol 0.1% o] 4 Zeol=
Fokm e A WS AT Y FheldE
di-2-ethylhexyl phthalate (DEHP), dibutyl phthalate (DBP),
benzyl butyl phthalate (BBP)&} 28 ZEH0]|ES 0.1% %
Hsto] Rkl e oldold FAEY At ¢ #wuj S
AT AcH(EFEEF 2 FAFEATY A 19242
). ofdo] FFE ot} s 59 R7|7] HA] =&
go|E 7taA 7} Wol ARG EER T 0|EY E Ths
de] 9ol 2015 7€ € DEHP, DBP, BBP7} 38 A

=
=
=
=

F9) A4S FAST YT YRATAABFE ATR
3, AIALE, G215, AL, A ol e 34
A2014-1783, 2014. 10. 31) (Fig. 2). Di-isobutyl phthalate
(DIBP), ditridecylphthalate (DTBP), diethyl phthalate (DEP)
5% DEHP, DBP, BBP 51} A &9 W&H4 =
2 280 Bl E ) O (Harris et al. 1997; Api 2001) ©]
ol A3 FA= AT Aot o|HH HFEES] Z= ol
E7F e HEHAY ZAE feidE 7] e
of ZEYo|ES {3de HstHAE taAzA Y 24
= FAISte thddt diA A o] Al=FH 7P B
o] 2ol ZHFo|E 7taA|Ql DEHPY HAA= 7Hde
trioctyltrimellitate (TOTM)3} dioctylterephthalate (DOTP),
di(2-ethylhexyl)terephthalate (DEHT)= W&H|A w3 a3}
7b QA g o|ERG v ThAaA|=A 9 S40] E
ojZ= @0l Stk 53], thkdt EAAE AE7E RES)
o, Ao wheh WiEH A g axrt vehg 7ol
Q1T} (Gray et al. 2000; Shehata et al. 2013). B A3 A =
Ze ol EQ fa gt oA W] A 2 AR A
o], I3 hAAESY 54 AE 2 & a 5y
of et HI7HA] A HRES st
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2 &

1. ZHo|EL o] ¢} 2R 2

DEHPE H|&3}o] DBP, BBP 52 t#2¢l ZetAE 7}
2A|2 fobgEY 87|75 ET PVCF AHEHE o
&gt S A Fol AHEEHIL it EAHFo] & DEHP+=
bR B ok Aol e AZAR, AE U &
7], olgole WU, Qlng B Zuluzia tokd A
of AH§¥/3 glonl, #A5e] 2 DBP, BBP, DEPS] 4%
AL S84 D F718 M ZFA| Soz 3] 2o
71 %= gt} (Swan 2008; Lowell 2011) (Table 2). 0]} Zo] &
X2 AHEE= I Ex e A2E B9
EZR BEA ] S WA Hoh = o] Eo
= TH A2 257], 97, Aotk gt ow
Zehgo o, 23l @714 &l T2 AANER
Aot As 1 o] WAl okt (Staples er al. 1997; Xie
et al. 2007; Rudel and Perovich 2009). L&t} A&7 of A
= 7ha% AR, WA Y] FEH R AR o2 HEE v Y
oo, 3gkA o] 733t DEP, DBP, DMP (dimethyl phthalate)2]
B 371 T 7129 FEE AddF oz fdAo] oFstal
EAo] & DEHP9} BBP= HAI&F YA FHj2 2 U
Ebdth (Heudorf et al. 2007; Rudel and Perovich 2009). &
go|E =& 2A AT} d Bt 26~T4pgkg ' day o] =
g o]Eo E2EL Aoz AR TH(Wang ef al. 2014).
E o2 Aol ) 19ugke day 7MY =2 4 9
20| EIE %It (Meek and Chan 1994). & A4 3%
How AFo| R I kEFO| F7I6ke 2= Ue
gt slael e FARAY gRE FHEE Aol £
d 3474RE 2350 § - fobo) ¢ WAE FYs
2 Ao Z Btk (Heudorf et al. 2007).

=
3z

23], £0lE BAL Qe 714 sl fot] $A4L BT
L=

m
e
ofd
2hs
Ko

DEHPS] 74 S8 $obg AUe 27U At 992
Ba A 85pgkg day 7HA] =2E S g0l HuHS]
TH(ASTDR 2002). 3P3& <A 9Fet 578 §3 =2
FolE &2 §Usl= 2 2¢lo]th (Koo and Lee 2004;
Koniecki er al. 2011). DEP, DBP, diisobutylphthalate (DiBP)
59 ZEolEL tsfolut 4 5 AAGES ko
SHA AR EH, o] AIFES ARt B CA 7Y H
HE =3 Zego]Eo] &% h(Koniecki ef al. 2011). =
H2E0lE &S 25719 A, RE F Y kE 0
Qo= 7HH A H=2E FA YEE 4 Stk DEHPE
33 ZEE ol ESS EetAE 1 ofyet thget Al

WA AHEE e 53], AF 28871 2 ZZA A H7t
A2 ARgEY. oA g o|E7t 23HE 2A-E7|f 4

oA & 2 & HEES1AL, DiBP, DBP, BBP 94| &=}

AZ = Atk (Fierens er al. 2012). Qut o2 Tetg)
4 (lipophilic)o] 22 A|"o] F73 549 7
< e ol E7t TR &7l g% o I g3l o 2
Al YebdtH (Wormuth et al. 2006; Dickson-Spillmann et al.
2009; Fasano et al. 2012). 2A}=Fo] 22 DBP, DiBP, BBP+=
AR Aoz g dojun, Holakes F3f A4
EZARZ AEF=o] HAE = ot (Wofford et al. 1981;
Staples et al. 1997; Gobas et al. 2003). TEHF|0|Eof =& H
AA 9 Ff W, B, Y g SHEFH (cord blood), ¥
529} B QoA Zetg o] E7} HEE T} (Latini ef al. 2003;
Silva et al. 2004, 2005; Main et al. 2006). &3] 4|7} Z&
golEo] =EHH A F e HEFHSE T8 EHw
2 B, 24 Foll= BRPRE Sl AdAel7tA
¥ = 4 UtH(Gray et al. 2000; Adibi et al. 2003; Latini et
al.2004).

(estrogen)¥} =2 Al (androgen)?] A (mimicker or
agonist) == Z3A| (antagonist)E 283} YEH]A I
TS Fukstch (Mylchreest et al. 1998; Picard et al. 2001;
Takeuchi et al. 2005). 2259 T 0|EE tiAfo2 Y&
v A 2gk 7h5AS 2AEE 23 42 7] Z AR (alkyl chain)
o] Zoj7} C3~C6¢ ZEH o|E = BBeP, DcHP, DiHP,
DiBP, DBP, DPeP, DHP, DEHP, DiHepP+= |AEZA 4
S-A &3} (human estrogen receptor o, hERa)E A 3HA]7]
™, DcHP, BBeP, DPeP, DiHP, DHP, DEHP, DiHepP+ o2
E=ZA 84 WEl(human estrogen receptor 3, hERB)S] 2
FAZ Z-L3tct, T3 =2 A 484 (Androgen receptor,
AR)9}O] A2 2HE AP oA 22F 9] T 0| E= ARS &
43} AI71A] ghgket 9% 9 =& o] E (DAP, DiBP, DBP,
DcHP, BBeP, DPeP, DiHP, DHP, DiHepP)”} AREAE A
35}tk (Takeuchi et al. 2005). YHtH oz A A&E9 74
o7} AU 71 T o]EE hERa, hERP, AR} 2H-8-3}
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Table 1. Characteristics and toxic effects of major phthalates
Molecular  Length T £ stud
Phthalate Source/Use weight of side Effects Jpe of Stucy Concentration Reference
-1 . (Animals)
(gmol ) chain
Dimethyl Rubber coating 194.19 C Aquatic toxicity In vivo 24 and 0.19 mg L Rhodes et al.
phthalate agents, pesticides, (decreased survival (rainbow trout) 1995
(DMP) lacquers, plastics in early life stage)
Diethyl Scents, cosmetics, 22224 C Reproductive In vivo 2000 mg kg_1 bw day_1 WHO 2003
phthalate industrial solvent, toxicity (ultra (Wistar rat)
(DEP) aerosol sprays structural alterations
of Leydig cells)
Di-n-butyl  Adhesives, 278.35 Cy Reproductive In vivo 500 mg kg_1 day_1 Barlow and
phthalate cosmetics, toxicity (significant (SD rat) Foster 2003
(DBP) caulk industrial reduction in
solvent, paints, anogenital distance)
ink, cosmetics
Butyl Adhesives, 312.39 C4,Cs  Reproductive In vivo 750 mgkg ' day ™’ Tyl et al.
benzyl artificial leather, toxicity (male (Wistar rat) (11,250 ppm) 2004
phthalate cosmetics, reproductive system
(BBP) caulk industrial malformations)
solvent
Di-2- Soft plastic, toys, 390.56 Cs Reduced fertilization  In vitro 1pg mL”™' Huang et al.
ethylhexyl  food containers, ability and the (mouse 2012
phthalate food packaging, resultant embryos spermatozoa
(DEHP) medical devices had decreased and embryos)
developmental
potential
Di(n-octyl)  Soft plastic, toys, 390.56 Cs Affects the liver, In vivo 5000 ppm Poon et al.
phthalate food containers, kidneys and thyroid  (SD rat) 1997
(DNOP) food packaging,
pesticides
Diisononyl  Soft plastic, 425 Cs Thyroid hormone In vitro 10°°M,107M Ghisari and
phthalate flooring tiles, disruption (Rattus Bonefeld-
(DINP) tarps, toys, norvegicus Jorgensen
coated fabrics, pituitary 2009
alternatives for tumor, GH3
DEHP cell line)
Diisodecyl  Soft plastic, 447 Co Affect fetal In vivo 200 and 1000 NTP-CERHR
phthalate artificial leather, development (Wistar rat) mg kg_l bw day_l 2003
(DIDP) covering on wires

and cables

A =t (Lovekamp-Swan and Davis 2003; Takeuchi et al.
2003). AL invitro D in vivo REE 0]-L3t 1o A DEP
of DINPE Zgale] 2 Al Lok A7 He g
go|E AA] oFFt F=o YEHA i o7|stH I &
A A A AFH AT (Harris et al. 1997; Mankidy et
al. 2013; Kumar et al. 2014) (Table 1). 0]} Z& As=2R
$A 9 AFREL W BRI A5 BohE 2
H Yo7t} (Meek and Chan 1994; Mylchreest et al. 1998;
Rozati et al. 2002; Heudorf et al. 2007; Kumar et al. 2014).
SEAYT Qet2AAT MBPYL Rte] 255 L A5t

A ZIth= Ba17F 1121 (Hauser et al. 2005), A &4 o)
A DEHP®} DEHPO] tiAtAo] =25 3S of F49 A
E YA 3E (Sertoli cell)&} HOJHHME (Leydig cell)d] =
o 7|52 M7= AR Uyt B3 FAFHE=E
2 (LH)Y} $8A9e] A Wefsto] ZaH oz gol]
rat®] FaoA AE|RO|E T 2RO S Wefist Ao
B 15 9]t} (Martinez-Arguelles et al. 2013). DBP+= StAR,
3B-HSD, CYP17, 178-HSD9] 7]5-& W3ll5}4] testosterone
I 22 AT 2R WS A A AP S At

o} (Barlow et al. 2003; Wang et al. 2016) (Fig. 3). AA|7]<]
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Fig. 3. Mechanism of adverse effects of phthalates on testosterone and sperm quality. Phthalates can cause direct damage to Leydig cells and
Sertoli cells and can inhibit testosterone synthesis by inhibiting its pathway including StAR, 33-HSD, CYP 17, and 173-HSD. StAR,
steroidogenic acute regulatory protein; 33-HSD, 3f3-hydroxysteroid dehydrogenase; CYP17A1, cytochrome P45017A1 (170-hydrox-
ylase); 173-HSD, 17p3-hydroxysteroid dehydrogenase; AROM, cytochrome P450 aromatase; AR, androgen receptor; ABP, androgen
binding protein; BTB, blood-testis barrier. Black arrow, activation; Dotted line arrow, inhibition (Rozati et al. 2002; Barlow et al.

2003; Wang et al. 2016).

LE2® ofzt Holr] e 4§ - frob] B8 ZEH0E =
28 A4S A W Welsel 4§71l 20
gt} Rat®] Hjolr]¢} 4 A% 15 %9 DEHP (750 mg
kg 'day )¢} DBP (500 mgkg 'day ) E =ZAAS wf ot
C2A oA AA7|HEEo] AstE, o &4 A
A 27152 o]Ato] EE I TH(Gray et al. 2000; Andrade et
al. 2006; Martino-Andrade and Chahoud 2010). A& 94
Hrh Zergo]E kEof tigt vitde] Rk gezlon,
mgdo|= wgo] oj4le] YekmAo] ol 2T 4 I
20] HE It} (Karaolis-Danckert et al. 2009). £3], o] g
AFolA Y olE A7t A4 HEEHE ootillA 2%
A o] W] Ueht= FEFo] glo] ZEH0)E kFo] oo}
o] Hz&Z7 ARE Aoz B IE AT Chou ef al. 2009;
Roy et al. 2009). ZEHIO|EQ] HFT2H GAZAEoZ 9]
3 =g AFo2 yehol & 22 4] dFAE
B ooflgt AR7] @R <l Aol A=, He A
Hks 2] ARG e $A4 e IFE A= AL
2 HUEQITH(Ha er al. 2015). ZHHO|E =& 2 I3t o

4 AA71E9] oot HHE dF= AE =9 DEHP (2000
mgkg ™ day el =ZE 4R F (ray AA NN BHFY) A
3} o 2EZ2A 9] a9 ujgdAo] EiE gl em (Corton
and Lapinskas 2005), 3% (500 mg kg~ day™', 1000 mg
ke 'day)] DBPE 47|18 A&H 02 =BA7 47
F7t dAletd Z2AAHE (progesterone) T | AEZ A 9]
¥stol Akl AolWtTh (Gray er al. 2006). 0|2 A1
QAkRe] s Welo| 4 WEEE DEHPS] o AL4] MEHPS}
PA7IZEe] AR A 23 MEHP7L HEE AHR O] YAl
7|17ko] G E o] TR o] ESE 24 Aol (A E T
(Latini ef al. 2003). ©]&Jo| = YA17|7t F ZEFYO|E =&
= Bjopo] TS Aststar ool A7) e 9 75 A
SIS ftsh= Aoz G FTH(Gray et al. 2000; Andrade
et al. 2006; Suzuki et al. 2012). A58 A3} o]Lojx =
2 olEY HATEE FARES AU A 22E
245 W AslLs 5 A94ES o1+ gler
(Kim et al. 2015), o] ~2EZA0] 2J&Z Q] Suret dyyle
Aol ok G F T} (Lépez-Carrillo et al. 2010).
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2) s 2R wet 3 gt st
oA e Y52 2o FetE
(Thyroid hrmone, TH)¢] Z4= W
23ttt (Ghisari and Bonefeld-Jorgensen 2009; Ibhazehiebo
and Koibuchi 2014). ZFAAE 2R o2 oz 243}
= F HoteAl {2 CH3 AlEZoflA T 0|E kZof o
2 M| EZFAE v W= T-screen A7 2T DBPE= 7HAFA
S 259 1/10000 &9 a¥E 2 o9, DEHP, DOP,
DBP, DINP= A S22 288 AA3}%h(Ghisari
and Bonefeld-Jorgensen 2009) (Fig. 1). A S 2248
Al (Thyroid hormone receprot, TR)E & dl+=
fibroblast-derived CV-1 A|3£ o]l DEHPE 24A|7F A2] & TR
4E 2ARE A7 AFE (107 M)9] DEHP7E TR 84S
30% #]3FA| F T} (Ibhazehiebo and Koibuchi 2014). 7}AHA
S2ROo AAAO] i Hido| 4R 0|2 (Koibuchi and
Chin 2000) 9JA17]17t 5 DEHPY] =22 AlRolol A el
= A TG 2 FAAS AE Ao FAHE
S OE &2 A% AT 2E wET X U AsHE

APAA AT A= PR, AR 3194 ==
o] E AAIE 43 7 Aol 3A17F =S o H4l
BP9k x| 4= (Psychomotor Development Index, PDI)2} &
A 2] 4= (Mental Development Index, MDDE 43t 2
I}, 2A oA I o]E hARAIQl mono-n-butyl phthalate
(MnBP), monobenzyl phthalate (MBzP), monoisobutyl
phthalate (MiBP)7} =& A< 21 o] PDI®} MDIZ} wgre.
o, Weka A H Gk (Whyatt et al. 2012). U 253
A i) gkl Ayt 2R olE =&y FATE o
ol Uett=tl, DBPS DEHPO] thAtA|7} =4 A&
obsEolA T4, YW F, EET, A5, v T P50l
A 4ys] HHE SAFRHE S5 g2 FAF ek
th ol ZHYOIE ko] AFAF(Q) ¥ ¥ e of
FFE E T Ues S, T 0E k&2 Y
= 38 9 A A#AES YEHT(Cho er al.
2010; Park et al. 2015). o] 9ol = B|qF, Ty} -2 hAHY
3 AR, M4 Fo] ZEEolEet AAATL Bl
%It} (Bornehag et al. 2004; Stahlhut et al. 2007; Desvergne
et al. 2009; Posnack 2014). 3t AF A di-(iso-nonyl)
phthalate (DNIP) *=Zo] d2x|4 HRES FEste 2L
2 B3 EQth(Kang et al. 2017).

monkey

[kl

3. ZEF0|E 4

g olEE I F84E S5t AAF - HA A %’4
7] 2ol A AAHeZ I ARGl AlRtEL

ool
ox |H

ol 2

CFEY A 19999 ol 2 FAIE HAt AFskste] 2006
HiE fobgES 23 S22y AEo] =2 olEY
= 0.1% o|st= Algtsta glom, njxa d& £33 F
b 712o 2 T o|EY AMS AgHstaLl Stk =<
do]§ FAHEol| DEHP, DBP, BBPQ} 7*% zehgo]
AHEE 0.1% o]3t2 Agsta Ueh(FEE Y 2 A
AT A9z A2dh. =77 (& OI%% &3
Aol T o|E =& 7HeAdo] 2 v FAA A A
< AAse] 2015ERE L T 0|EV} 95 9&7]7)
O] AHgE FAIskL ATk A=7|7IM ABHF2 A7 3
(Q&87]7] Azs7F @ Az Agh A1 A28, <9
72717] 8|7k, A2, AAF Foll BeE 78 [H2014-178%E, " 14.
10. 31]). o] Qo= AlZojekZ oA A A2010-24F, =
AA Y TA] A2010-65, FAE F31 A2007-24%
4 Al 2009-340%, 5ol 3 == o|EY ALE E HiE
= At ok =] == o|E A= DEHP, DBP,
BBPY| $3¥& F1 =4, DEPE 233 T2 FH =
g olE JA] fARRE 3 FFE L = e 7
o] Rugo wel 1 Aaio] =29 927} §lrt. DEHP,
DBP, BBP 359 ZEo|EL: 7P Wo| 2ol 7taA=
A 2 &40l HoUARE {4 A ALH R Ky
of @A= I AREol ARtEL glon, o5 tfAlste] ok
e hA7FeA S0l o] &I Utk ZHE0|E F A ti®
# ¢l DEHP= 9|&8§ AlFo| ol 2%+t §3] DEHP7}
AEE 88 A e HELE M KA
o] o] Z7|Hyte] [Fejsitt. o]Hg FH = Bl
DEHP7} Zt= R34 ool oJ2-8&FolA DEHPE Z3
ZE o] E ALg-o] AgtE|o] A& 2ho|z] gFow theFet o
A7 &R 78 20]3 It} (Simmchen et al. 2012). 1Y o]
= QAZIEAIEE B4 olA -8 TAE AL Q)
T} (Table 2).

2

Mmoo e moh pm L

RRAE S

4. =& 0| E UIH|7}4A] o] &

A ZZHolE TtaAle WEHA ndEd= A7)
Hi geoy ol 24| 2= 44 SAY w2 A &
7he 2 oldLe R ZE5h7] hie] s diAs = &
< olE&ol Utk AAR 38 7|EA] o] 20| ET}
HEH e AFS0l A7 E At - HofjE o] T&d A
7k ol #E 2= o] EQ A fof= o]& HAE &+ 3
© 243 773 EE 24 AA AL A ol |
AAES] FAAA Y ASol BRT Aol

1) Adipates|E 74|
7 AA Al=" giA| 74 A= di(2-ethyl hexyl)adipate
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Table 3. Citrate plasticizers and their characteristics

Citrates

Abbreviation

Characteristics

Alkylcitrates

Water soluble

Use
Food packaging, medical equipment, cosmetics and
toys
Resin

Celluosic resin

Vinyl resin, cellulose acetate, acetyl cellulose,
ethyl cellulose, benzyl butyrate cellulose
PVC, CTFE

Glue, pharmacy, polyethylene, PVC, CTFE, resin

Triethyl citrate TEC Oil resistance, light fastness and
mildew resistance

Triethyl 2-acetylcitrate ATEC High boiling point

Tributylcitrate TBC High boiling point

Tributyl O-acetylcitrate ATBC Heat resistance, cold resistance,
light resistance, water resistance

Trioctylcitrate TOC Cold resistance, light resistance,
water resistance

Acetyltrioctylcitrate ATOC Cold resistance, volatile tiny

Trihexylcitrate THC

Trihexyl O-acetylcitrate ATHC Cold resistance, volatile tiny

n-Butyryl-tri-n-hexyl citrate BTHC

Trimethylcitrate T™MC High melting point, combustible

PVC, ink

PVC, pharmacy

PVC, vinyl resin, cellulose acetate, acetyl cellulose,
ethyl cellulose, benzyl butyrate cellulose

PVC, vinyl resin, cellulose acetate, acetyl cellulose,
ethyl cellulose, benzyl butyrate cellulose

PVC, pharmacy

(DEHA)®} 22 adipatesA 22| diA|7taA2 g o|E
o= tE FRY erEdolt. 7|E ZEYolERY &
‘dol ATt adipates JA| FAo] Qlom, 7hao] Wo
o, v A z8]-g djZo] anAQl A 7taA= 2] o
Ht}(Ghisari et al. 2009; Nara et al. 2009; Simmchen et al.
2012). DEHA:= T-screeno| 4] ZHAFAZ 2 E9] 1/100002] <F
A=Y AT 2R fALRTE EARE o] = DBPRE
ot &2 &0|t}(Ghisari and Bonefeld-Jorgensen 2009). 5
=44 = DEHA =&0] F9 A48t de=Es
Z2dstE FAA granulin®t P1309] T oldE 427
2 A AT ] Astshs ARAL BT Lee er al.
2006). Di-isononyl adipate (DINA)= AR kel X {55
microsome EAHOIUAG AE, AF HZFAHE TK+/—-
A%, BALB A4 373 AZS} AeiRbaas wobHEe) in
vitro BAAT WA SASAOI} WLAS ek
A2 (McKee er al. 1986), 7HeF WA oA TF 9 415
Aol Uehgron] ehiAS sty ML O B B4
A&7} 4 Q 3}c}(Hirata-Koizumi et al. 2012).

2) Citrates7|Z 7tA|

CitratesA|E WA 7IAA|= F2 citric acid ester2 9]
o 9o WrE GHE] ol gEloigen] thre $714
24T AR oL A=Y vHEE 23E 4 o g x3F
9l citrates#A|g A 7}2A| = tributyl citrate (TBC)0]H, o]
£ YE2 tributyl O-acetylcitrate (ATBC)7} A|ZHt}. 0] €]
o= TBC® ZO] triethyl citrate (TEC)=E 7HAA| 2 AMHEE
4 9len, 53] TECY #$ FAREE AHgo] 7Hs6}t.

ATBCE XZ&3}9 triethyl 2-acetylcitrate (ATEC), trihexyl
O-acetylcitrate (ATHC), n-butyryl-tri-n-hexyl citrate (BTHC)
5°| DEHPE tj4lsto] ggg-&o] F2 ARS-HTh (Meyers
et al. 1964). Ol citratesA| @ 7tAAlE 7|E T o|E
ZhaA| BT F4do] wg Bt ofyzgt thAr F7|7F B &
3 & WEste BEE stk dA wol 201 Qe
citratesA|E A 7taA = ofel ZTh(Table 3). ATBCE]
A% AT B HeAR BT govt, HATE BE
3} 5go] DEHPYET} Wil 7} o] DEHPY| 3540 23
agAoln B7hAel Folug pVC ALARE T} 9L
T} (Li 2013) (Table 2). A H S 2 citratesA|E 7FaAE2
AAEA W BAER, FHEL, $H5A SHA v
SHAS Ao 2 HIEQTh(Chiellini er al. 2013). 1} W
SHIA nd 54 % okt 4 Al g ARV 5
] ko v oo thdt invivo ¥ in vitro AF-7} L 235}T)
Ao A ATBCE 7t 540] QI 5= ATBCE A4
] A EA-S B ot (Hirata-Koizumi et al. 2012). TBCO|
g S4AEE E5E O g2 5447 D43t
WA o] A AFEe] FAHEA LD50S ATBC7F >30cckg™
(Gold et al. 1998), ATEC7} 7 cc kg_l (Finklestein and Gold
1959)019, A F e A E7ZFFAF LD50-2 ATBC7} >4000 mg
kg™', ATEC7} 1150 mgkg '©& ATBC7} ATECH.t} ¢HA
3t Ao 2 HIEHATH Meyers et al. 1964). 13 14 1t
B 27 B0} A 1% E(900mgkg day ) ATBCE ¥
T 9 rF2Es=E ZAAFH T Johnson et al. 2002).
ATBCO| =29 70 WA AA4gAel wake 2y
ATh THEA AP AT ATBC (250 mgkg ) FollA 3

HI

w2 1Z Ae
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Al 4=, ZAguob & AL spof GRFo] GAIRE AbAbe] A|F T}
37] 9 gfukEgFo] £7}81th (Larionov and Cherkasova
1998). 4H2k8] A|F F7H7F A7) ohgFet A skt o
ARG 42 1T 1) ATBCY T4 o2t An
oo gteh. ¢hR AF oA ATBC (10mgkg 'day ) 149 =
E Al AA GE 5, GAGE 2 1,22 G 7 s
O} F1 AS58L Zo|7}h @191tk (Rasmussen ef al. 2016).
ATBCx= &3 wWiA o] A2gof ggko] ¢, G4z
2% Flox= E40] ¢l%th(Robbins 1994; Chase and
Willoughby 2002).

3) Trioctyltrimellitate, dioctyl terephthalate,
di(2-ethylhexyl)terephthalate, Di-(iso-nonyl)-
cyclohexane-1,2-dicarboxylate, 2,2,4-trimetyl-1,3-
pentanediol diisobutyrate

DEHPE djA3}3l Q& trioctyltrimellitate (TOTM) 7}
A9 EAL 7HAIHEA fafgdol Rol kA tiA A= 3
7t et DEHPO|| H]3l| 7haA|2A 9] g0 "ol
(Simmchen et al. 2012; Shehata et al. 2013). TOTM 2] &
AARs ZEEolEd Hg| gA F2d HEF A3A
ERa.2} ERBE SATAIFH 2 (ter Veld et al. 2006; Iwase et
al. 2014), in silico ¥4}l A sex hormone binding globulin
(SHBG)Zt 27737} 9lo] WaEHA 2t 7hHs4dol A
71591tk (Sheikh er al. 2016). TOTMe] o]o] Z}gur =
g o]E A AZ dioctylterephthalate (DOTP)2} di(2-
ethylhexyl)terephthalate (DEHT)7} $lth. DOTP+= Z &g 0]
Ey 71E9 A7t A S0l 2 WERA id avet &
3ol glomA ZEHo|E tiH] 80~90% +&9] 7tAE
&% Ho|2Z DEHPY DNIPE HAIT & Sl= X84 7t
2A2 JAA =G DOPTE HAZIAAZA 2 584
= Holn E4& YetfiA] dob SliolA= LG8t A
GL300 % GL500°|2h= AlFL2 24 7Adste] ik 2
T £ 32 Itk (Kim et al. 2014; LGchem 2014). 9714 9] o]
El#|o] 2~ (EDMON v1.2: Inverse Screening: NR_HUMAN)
£ 53 DOTP2} <484 (nuclear hormone receptors)o] 2
T 7HeA S FUs 23 F8 S2EFEAE(ER, AR,
RXR, PRGR, PPAR)Z} Ags}HA] ghol 7]&9] e ol
L A7k A o v A2 HAT Aoz HIMEHS
th. 2181} 22 DOTPS} SHBG 7+ A 7HsAdo] R ils]
ol invirro X invivo d@ATFE T AAAF AFo] 2aF
“&ef o]tk (Sheikh er al. 2016). oF2] &= T Tkt F79] W&
HA agh av 9 540 A3t A4S e s g

Di(2-ethylhexyl)terephthalate (DEHT)+&= WHAZ o2 =&

HH =3} Fof oA %83}, Di-(iso-nonyl)-cyclohexane-

1,2-dicarboxylate (DINCH)+= HjA| Ao A FAFA T Al
ol E4o] Qlth. vHE R ojo] w2 DINCHS NOAELZ
40 mg kg~' bw day '2 DEHT, DINA, ATBC®] H|3] @O
o, o}5&F 5ol AHEEE 2.2 4-trimetyl-1,3-pentanediol
diisobutyrate (TXIB)&= HHEFojo] @& NOAEL] 30 mg
kg 'bw day '& DEHT, DINA, ATBC®| H]3] won 749t
Aol A 7 W A=A o] YERSTE WAfofA] sk
TXIBE= A4 4 SHAE=AL H ) (Hirata-Koizumi et al.
2012).

5.7k2A1E ANSSHA] o= EEAE A2

1) MR 3tel= copolyester E2tAEINZ
EtAE Az Yo EE A5 {let o E U
2 7F2AE ofdl AMEEIA] Y= W EC] AlEEI 9
APEolt Eod U 2 AFIFEES 74
£ AHESHAl G dRolAl vtz et EA4S Ae &A
2 YEos zgolEY fejdoriE AfETi &
4 . AR Al =3 o A hydrogen chloride, hydrogen

sulfide, sulfuric acid, heavy metals, chlorofluorocarbons,

(T ol

>

polycyclic aromatic compounds, volatile organic compounds,
nitrogen, sulfur dioxides, 247}A 5 ttFslt 22 E0]
HEEHEE AT QA FadS 7Hth 2 A R3ket
& Al (ex. polystyrene, PS)9] ¢ EHA=E £RHIL ¢l
o] 243 AAE Bekstr|el ot (Lowel 2011: IARC
2015). Trimellitic anhydride (TMA)E $%A|%] copolyester
A 7F2A glo] faAE U] i 71Ee =
golE7F 21 24U RE T AEFE AT & Ut
(Zhou and Ritter 2011). 3}A|9F TMA] =&2 AL 3357
A WE, 93w 28 § ol Rl dFe] vEE 5
© ™ (Rivera et al. 1981), A oA 3&7]& 53 TMA =
Z Al g BRoA AERA ] ZHASHFTH(SDIS 2002).
w2tA copolyesterE ¢HAS AR R7|E= St}
Caprolactones 534171 copolyestere= 7FAAZ A ZE|
o|EZ A3 PVCE A4itst=d] A3t 84S Holx Q)
t}. 50°C9] n-hexane®| 2A|7F =EAZ] § £ A v
3to] o] (migration resistance)= &<¢1%t A3 DEHP
= AFE3 PVCY A A4S 10%°] 8|3 e-caprolactone
= AHERF PVCY A #agol 0.6% olt= Ueht w2
HolBAdS Hoh B3 w2 BEHS 7MY 5E24F
oA 4 9 AAEAo] UekA] ke (SDIS 2005; Choi
et al. 2014). 3FATF H& o] 65°CE w¥onz FaAS
ol7] SIAL THE ST EFHor s Bl Atk
(Avérous and Pollet 2012).
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Z2]7}H Y| o] E (polycarbonate)?] tA] &A1 Tritan™
2 FTHAE FAste TFA L AR 1 4-cyclohexane-
dimethanol (CHDM), dimethyl terephthalate (DMT), 2,2 4 4-
tetramethyl-1,3-cyclobutanediol (TMCD), terephthalic acid
(TPA)O|| T3t in silico 4 L A|EF Ao A o AEZA
U ERA B4 dehlA gt 208 Huse % y
Al AFE-E A TH(Osimitz et al. 2012; Ng et al. 2015). 13t

43 =RolA SUPAEMCEDOA ofF EEo] of
~E2A A} BT} Y A2 eht AR 2A e o
Ao & o] A7) = At (Bittner and Yaniger 2012). &
4] ol eulA AFo|K CHDME o] AE 270 23]
FEEE HolontASl vig2 mRNAS GE35193, TPAE
/\“i‘:—'ﬂ*g’“ g FAARI cypl9b, star, cypl7, cypl9a &
AL Z7HAIZ 0, ALghe] 3A13) 1 P E (H295R) in vitro
ARoA Lezo 3289 P& HIAIHT (Jang
and Ji 2015). WebA] Tritan™'9] Ao AHGEE DHAE
o] BPART o Z = mA4o] ¥ AL ARHo|A|T B g
& e 549 57 2 7 A7 w A ohekdt
=4 Bl s 74 A7 Basteh @ Aol
200°C o] Foz Fo} HatA g o 23t H3dEetaE
22 polyethersulfone (PES), polyphenylsulfone (PPSU)
So] fobg 29 % 27 Fo] ol§HT k. o]elel=
polyamide (PA)7} §0Hg ZHAAE o] 51 e}, 0|5
AR YEH) mE EAo] dER|A] geomZ okt £
TAL 7|FC = insilico, in vitro, in vivo A8 E38F Y&
vl ng 54 9 718 7)o nX= 4o g d+E 2
a2 gt}

Hop &R o) Hd diA] SSAg oz AEfd

43 Al E2tag o] A=EYT S5
S AEof|A &3 Foluk 2 U2l polylactic acid, starch-
derived plastics; thermoplastic starch, polyhydroxyalkanoate
(PHA), AEZ 2 cellulose acetate 5= Y&EE W= Zgka
82 AEsigo] Hojua, AAmgoA edEdes A9
HjEohA] gfone I o|Eo it 227t gle e
AFL2 AAEIL ek AT vlo| @ FetAE 8] 7] A A
=40l A7 daL, A7 8o, FAF ALt
< 918 hFHRe gEl AZA 5 BAEY A
wetel £4 % EFO @S 4od 4 YOHE ANH B
Aol A 27 2ol Ao Fafsirtar TAstr] A&t
(Gironi and Piemonte 2011). T3}, oFHAJ o] S-&7} X437
o2 A7HE U= FAFHAFAYE (genetically modified
organism, GMO)Z& AR&-517] Wil 27424 7248 digh

°¥lm

E913HS zh=t}(Alvarez-Chavez 2009).

g0l Es 244 54 gl Sk A, F3HA,

& 5 AT QREY AF A
&5 2 A sre el wek A
AAH R FA7F 3=l ot weha] I o ES of
A5l7] Qs o2 ALY HA 7R adipate, citrate 52
olg3tAY 7haA] glo] Yot Hpol e A Beps
g Aadste WY ol o]&Ha k. 22y ol HiA|
2 244 A w2 7HE oz A 7|E9] = o]
£ &3] dAskA Fatar ik E3F - o) E A7t
| 3 A SR E E2EA 2 B oA dside 3
AR oz YxZ3}t 4 gloma oA 3k X &F e A
o] Fasirt E3F iAol Hastd AEAdSTLE T2
A= SRt olES Aitshe A olA S |
Ae Y Y 1 Holof gt

i,
2
o
o
i
=
2hid
)
g
=]

)
rzim{

)

¥ 2

giE A0l YHu|A nFEZ0l Zedo]EL o]LAlH,
A, AAEZ & ol F WAt AMEE= dAI7kA 2
Az AT g S4E Hesict TedelE o
EHe YA Fl2d 3 2 A7 E= 5gT o
5 Sl Aol 5| oz 2R @ 4T = 1Y
HEERo| 248 WS ACE e} 53, Yot
e A, Ao BAeE Ak o i oleloe AR
@ A % HARWIAE TS 2T o] US

o] musYt 2F Fetay AF VR, HYE T LA
& 22 BAASA AT TAol=E FA ol

Aol wet o2 £39] YATIAASo] AHLE T glon 7}
2AE AR e ESAE diAlaA Sl AEEH 9
ot olE HAZkRA 9 AL ES] W'Y nd 9 98]
dol M=zo] A7|H1 o, T o|E thE FAHLR
orA A FHI ) o|FA|A] o g AF o}xqo};h—,_ 3F 2
ek B3 A7 taA L 2SS 2L oA
7t YL Aagfojof gtk & TN =
vivo 9 in silico N BL £ <23 Zeg o|E tiA|7}AA
el EHH]*ZH%Q A AEES AEste kAol gt
B A7 BA O oA A 22 9 Ttol
=elE AN stz s

_‘

in vitro, in
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Al Al

2 d7e 20159 % v ISHE - A A AR
EANEE A% AR AFARI Y A s ot +3E AT
< (2015M3C8A6A06012996).
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