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Phthalate

Name =g CAS No, 27
Dimethyl phthalate D e 131=11=3
Diethyl phthalate DEp ! Ba=gg=2
Diallyl phthalate DaP 131=17=-9
Di=n=propyl phthalate DPP 131=-16-8
REACH(SVHC Z &), CPSIA(DIR|
Di-n— alate DBP B4-T4-2 4HINAE SHENER), RoHS
Directive JB (2}
Cllsobutyl phthalate O Bpmaiad B4-§9-5
Butyl cyclohexyl phihalata BCP Bd=54=0
Di=n=pentyl phthalate DMPP 131=18=0
Dicyclohexyl phthalata oCP B4=61=7
REACH(SYHC E®), CPSIA
Eurtyl banrl phthalate oor 87 HDHSI Diractive J:IIEEEH!
Ci=n=hexyl chthalate DNHP B4=75=3
Dilsohexyl phthalate CHHx P 146=50=9
Dilsohaptyl phthalate DiHpP 41451=-28-5
Butyl dacyl phthalate BDP B9=19=0
REACH
Di{2-ethylhexyl) phthalate DEHP 17-81-7 mwl%aﬁh
Di{n—occtyl) phthalate DNOP™"* 117-84-0 CPEIA BR73
Dilsooctyl phihalate DIcP 27554=26=-3
n=0ctyl n=decyl phthalate ooP 1159=07=3
Dilsononyl phthalate DINP ™" 28553-12-0 CPSIA B3
Dilsodecyl phthalate DIDP'% 26761-40-0 CPSIA BRI73
Dlundecyl phthalate ouP 3648=20-2
' Dilsoundecyl phihalata DIJpP 85507=79=5
Ditrldecyl phthalate DTDP 119=-06=2
Diisotridecyl phthalate DIUP 68515=-47=-9
ZEHOE SHMN L0032 20
Polyethvlens teraphthalate PETE 25038=-59-0 FMIERN OS5, ZEHNEDN
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Toxicity

Development

Cardiotoxicity

* The acute toxicity of DEHP is low in animal models: 30 g/kg
in rats (oral) and 24 g/kg in rabbits (dermal). Concems
instead focus on its potential as an endocrine disruptor.

* Approximately 25% of US women have phthalate levels
similar to those in the study.However, the study author
cautioned that replication of these results are needed to
strengthen any links between phthalates and adverse
health outcomes.

* Astudy on CDC data, "revealed that American men with
abdominal obesity or insulin resistance (a precursor
to diabetes) were more likely to have high levels of [DEHP
and DBP] metabolites in their urine than men without
those problems.

* Aclinically relevant dose and duration of exposure to DEHP
has been shown to have a significant impact on the
behavior of cardiac cells in culture.
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Research | Children’s Health

Relationship between Environmental Phthalate Exposure and the Intelligence
of School-Age Children

Soo-Churl Cho,” Soo- Voung Bhang,? Yun-Chul Hong,’ Min-Sup Shin,” Boong-Nyun Kim,! Jae-Won Kim,"
Hee-Jung Yoo,* In Hee Cho,® and Hyo-Won Kim®

Division of Child and Adolescent Psychiatry, Department of Psychiatry and Institute of Human Behavi M Seoul National
University College of Medicine, Seoul, Republic of Korea; 2Department of Psychiatry, Ulsan University Hospltal University of Ulsan
College of Medicine, Ulsan, Republic of Korea; JDepartment of Preventive Medicine, Seoul National University College of Medicine
and Institute of Environmental Medicine, Seoul National University Medical Research Center, Seoul, Republic of Korea; ‘Department
of Psychiatry, Seoul National University Bundang Hospital, Seong-nam, Republic of Korea; sDemartment of Psychiatry, Gil Medmal
Center, Gachon University of Medicine and Science, Incheon, Republic of Korea; eDepartment of A psychiatry, D k Uni ity
International Hospital, Dongguk University College of Medicine, Goyang, Republic of Korea
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Association between phthalates and externalizing behaviors and cortical
thickness in children with attention deficit hyperactivity disorder.

SPark J-M Lee J-W Kim JH Cheong, HJ Yun ¥-C Hong, ¥ Kim. D H Han, HJ Yoo M-S Shin 5-C Cho
B-N Kim

goan

Background. Previous studies have implicated the relationship between environmental
phthalate exposure and attention deficit hyperactivity disorder (ADHD) symptoms of
childhood, but no studies have been conducted in children who have a confirmed
diagnosis of ADHD obtained through meticulous diagnostic testing. We aimed to
determine whether phthalate metabolites in urine would be higher in children with
ADHD than in those without ADHD and would correlate with symptom severity and
cortical thickness in ADHD children. Method. A cross-sectional examination of urine
phthalate metabolite concentrations was performed; scores for ADHD symptoms,
externalizing problems, and continuous performance tests were obtained from 180
children with ADHD, and brain-imaging data were obtained from 115 participants. For
the control group, children without ADHD (N = 438) were recruited. Correlations
between phthalate metabolite concentrations and clinical measures and brain cortical
thickness were investigated. Results. Concentrations of phthalate metabolites,
particularly the di(2-ethylhexyl) phthalate (DEHP) metaholite, were significantly higher
in boys with ADHD than in boys without ADHD. Concentrations of the di-n-butyl
phthalate (DBP) metabolite were significantly higher in the combined or hyperactive-
impulsive subtypes compared to the inattentive subtype, and the metabolite was
positively correlated with the severity of externalizing symptoms. Concentrations of the
DEHP metabolite were negatively correlated with cortical thickness in the right middle
and superior temporal gyri. Conclusions. The results of this study suggest an association
between phthalate concentrations and both the diagnosis and symptom severity of
ADHD. Imaging findings suggest a negative impact of phthalates on regional cortical
maturation in children with ADHD.
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Phthalate CH{A|Xl: Oliomeric Isosorbide Esters

Oligomeric Isosorbide Esters as Alternative Renewable

Resource Plasticizers for PVC

Bo Yin, Minna Hakkarainen

Department of Fiber and Polymer Technology, School of Chemical Science and Engineering,
Royal Institute of Technology (KTH), Stockholm S-100 44, Sweden

Received 10 March 2010; accepted 6 June 2010
DOI ]D.]ﬂUZ,/app.SZ‘Q]S

Published online 1 September 2010 in Wiley Online Library (wileyonlinelibrary.com).

ABSTRACT: Oligo(isosorbide adipate) (OSA), oligo(iso-
sorbide suberate) (0OSS), and isosorbide dihexanoate (SDH)
were synthesized and evaluated as renewable resource
alternatives to traditional phthalate plasticizers. The struc-
ture of the synthesized oligomers was confirmed by
nuclear magnetic resonance spectroscopy ("H- and
13C—N'M[{), and molecular weight was determined by size
exclusion chromatograph. The plasticizers were blended
with poly(vinyl chloride) (PVC), and the miscibility and
properties of the blends were evaluated by differential
scanning calorimetry, fourier transform infrared spectros-
copy, tensile testing, and thermogravimetry. Especially the

blends plasticized with SDH had almost identical proper-
tHes with PVC/diisooctyl phthalate (DIOP) blends. The
blends containing OSA and OSS plasticizers, based on
dicarboxylic acids, had somewhat lower strain at break
but higher stress at break and better thermal stability com-
pared to the PVC/DIOP or PVC/SDH blends. All the syn-
thesized isosorbide plasticizers showed potential as
alternative PVC plasﬁcizers. © 2010 Wiley Periodicals, Inc.
] Appl Polym Sci 119: 2400-2407, 2011

renewable

Key words: poly(vinyl chloride); PVC;

resources; blends; polyesters; isosorbide

xJournal of Applied Polymer Science 2010. 09. 01
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TECHNICAL BRIEFING

PHTHALATES AND THEIR ALTERNATIVES:
HEALTH AND ENVIRONMENTAL CONCERNS
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work gc and viable b that support a more sustainable world.




Alternative plasticizers

textile coatings, printing
inks[17]

animals after repeated eogpo-
sure. Blood and transitional
epithelium cells in urine was
also observed [22, 40].

Environmental
Function/Product Human Health Concerns Concerns

«  Primarily used as a plasti- «  Intravenous exposure affects | «  Can bioacoumulate
cizer in cosmetic products, the central nervous system and is inherently
toys, winyl, adhesives, and blood in aboratory bindegradable
medical devicas, pharma- animals. May have moderate {im an inherent
ceutical tablet coatings, irritation effects on ayes and bindegradation
food packaging, flavoring increase [iver weights [21]. test, 80 parcent
substance in foods, print- «  Studies show that it inhibits wias degraded).
ing inks and plastics in the proliferation of Lymph However ina non-
ComCrets, node T cells [16]. standard test asro-

«  Alsoused as a surface »  Exhibits fire and explosive bic degradation was
lubricant in the manufac- hazard in the presance of slow and no data
tura of metallic artides strong oxidizers and nitrates is availabde on an-
that contact food [14]. aerobic degrada-
[14,15, 17, 18, 21]. tion [21].

«  Primarily used as a plasti- «  Acute toxicity effect is low. » Mo data found
cizer in PVE medicl devices Howeaver an increase in regarding effects
{blood tubes or packaging testes weight, liver weight, of environmental
for nuirient solutions), thyroid weight, serum gamma- EXPOEUTRS.
toys, food packaging, glutamyl transferase and
cosmetics products, shoes, thyroid-stimulating hormone
exeroise mats and cushions, was observed in laboratory

These are being substituted in
products that traditionally

use phthalates, such as toys,
childcare articles and medical
devices

Most of these alternative
plasticizers are not well studied
with regard to their potential
effects on human health and the
environment



Application/Product

« Extensively used for
applications wheare
PVC or rubber are
usad [6]. Usad in foam
toys, fabirics (in furni-
ture garments and
upholstery), wheals,
insulators in kitchen
appliances, decoration
micldings (door frames,
windows, columns,
medallians), and

in construction as
saalants.

= Alsoused as adhe-

sive for woods and
invarnishes [45].

Petroleum-based plastics

Human Health Concerns

» Combustible. Produces

highly toxic hydrogen cyanide
in fires.

« Can cause mechanical irritation

to the eyes and lungs in dust
form

= Exposure to high levels of

methylene diphenyl isocyanate
and toluene disocyanate (sub-
stances used to produce PL)
causes severs lung and aye
damage, severs imtation to
mucous mambranss, suphions,
ataxia, mental aberrations, asth-
matic attacks, chest tightness,
coughing, breathlessnass, in-
flammiation of the bronchi, and
noncardiogenic pulmaonary
edema [49).

«  Toluene diisocyanate is classified

35 a possible human carcinogen
by IARC [52).

Environmental
Concemns

- Mathylene diphenyl

isocvanate and toluene
diisocyanate dagrade rap-
idly in the environmenit.

+ Noleffects have been ob-

served in landfill disposal
or after incineration [49].

Although all plastics require
the use of additives in
processing to improve
material properties, many
types of plastic require
fewer and less harmful
additives than those
required by PVC

Petroleum-based plastics are
produced from non-
renewable fossil fuel
resources.

The production of these
plastics poses a variety of
health and environmental
concerns.



Application/Product

«  Usad forhard resin for
fiood contziners, film
and fibers (apparel
and canpeting appli-
cations, clothing).
May replace themmo-
plastics in many sppli-
cations. Properties
are sirilar to poly-
atfnizne temphthalate.
palypropylene and
palystyrene [57].

Bio-based plastics

Human Health Concerns

»  Purification of lactic acid requires

sufffuric acid.

«  Uses tin octanoate as a catalyst

in processing. Tin ectanoate can
cause neurctomic and cytotoic
effects in animals. Organic tin
compounds can cause inmtation
of the skin and lungs, and also
masculinizztion of female or in-
fertifity in male aguatic animals.

« Emerging health comcems about

tin residwes in PLA usad in madi-
cal applications.

«  T-potanol used as a polymerization

initiztor is volatile and combust-

ble and can cause imitatibn to
tissues,

« E-coprolactone used to improve

propertiss cawses skin initation
and may cawse respiratory tract
irritation [57].

Environmental
Concems

« Concems about

envircnimentzl
impacts from use
of bicenginesred
MICTOCrganisms in
orop production.

= Can be completely

recycled to lactic
acid {but requirad
infrastructure for
recycling does
it exist].

= Will compost at tem-

peratures above 60
{must hydrolyze first
and neads commercial
comiposting infrastrc-
turz which it is not
widaly availzble)

and can be safaly
incinerated [57].

« T-octanol usad as

a polymerization
initiator is togc to
aquatic organisms

Alternatives to
petroleum-based
plastics.

Many of these plastics
are currently under
development for a wide
range of commercial
applications.



TOTM (Trioctyltrimellitate)
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Scientific Committee on Emerging and Newly-Identified Health Risks

SCENIHR

OPINION ON
THE SAFETY OF MEDICAL DEVICES CONTAINING DEHP-

PLASTICIZED PVC OR OTHER PLASTICIZERS ON NEONATES AND
OTHER GROUPS POSSIBLY AT RISK

‘ Scientific Committees

Adopted after public consultatisn by the SCENIHR

For o 5 ey of  remey 008 Medical device and other plastic products

The production volume in Japan is about 20.000 tonnes/year and there are 5 manufacturers in Japan. Estimated global
production is 40,000-100,000 tonnes/year. TOTM is mainly used as a plasticizer for PVC electrical cables and wire. In medical
devices TOTM is used as a PVC plasticizer in various infusion equipments.Trimellitate plasticizers are the alternative for
phthalate plasticizers when high temperature applications and low volatility are of importance. The end products include all
resistance products, gasoline hoses, rain shoes, gasketing, and vehicle engine wires. TOTM has unique low leaching properties
and extraction resistance properties that are required for dishwasher gaskets, medical tubing and photograph storage.
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Received: 25 March 2011 Accepted: 16 April 2011 Published online in Wiley Online Library:

(wileyonlinelibrary.com) DOl 10.1002/pi.3122

Copolyesters as non-toxic plasticizers

Jiawen Zhou and Helmut Ritter*

Abstract

Plasticized polymer materials have taken an enormous role in our everyday life. Most of the common plasticizers are aromatics,
esters of phthalic acid. Since they are not chemically bonded to the polymer matrix, they can be released from material while
being used. The concerns raised about toxicity led to a large demand for producing biodegradable and non-toxic plasticizers.
We investigated aliphatic copolyesters synthesized via ring opening polymerization of lactones as plasticizers for poly{vinyl
chloride). The material properties of the formulations, such as glass transition temperature and mechanical performance, were
studied.

(T} 2011 Society of Chemical Industry

Keywords: lactone; polyester; plasticizer; poly{vinyl chlaride)

-Polymer International 2011. 07. 14
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Tritan: Result of binding assay

The assay uses a sensitive polarographic detection system based on a fluorescent labeled ligand (Fluormone™) to form a
receptor-ligand complex with a subsequent high polarization value that is added to varying concentrations of test
compounds.

A reduction in the polarization signal will occur if a test compound has the ability to displace the Fluormone™ ligand
from the complex and to competitively bind to the receptor. The assay provides data on the absolute and relative
binding affinity and potency of test compounds.
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Log, Concentration (M) Fig. 2. In vitro Estrogen Receptor Alpha Binding Assay. Fig 3. In vitro Estrogen Receptor Beta Binding Assay (all test articles).

Fig 1. In vitro Androgen Receptor Binding Assay.

32, In vitro Androgen Receptor Binding Assay 3.3. In vitro Estrogen Receptor Binding Assay

MNone of the test articles {TMCD, CHDM, or DMT and its metab-

None of the test articles (TMCD, CHDM, DMT, and its metabo- olite TPA) resulted in a significant displacement of the ligand from
lite, TPA) resulted in a significant displacement of the ligand from the receptor. Thus, all four compounds tested were classified as
the receptor. Thus, all four compounds tested were classified as non-binders for both the estrogen alpha and beta receptors (Figs. 2

non-binders for the AR (Fig. 1). and 3).



Tritan: Lack of endocrine activity

Lack of androgenicity and estrogenicity of the three monomers used in Eastman’s

Tritan™ copolyesters

Thomas G. Osimitz®*, Melanie L. Eldridge ®, Eddie Sloter©, William Welsh®, Ni Ai¢9 Gary S. Sayler"*®,

FuMin Menn®, Colleen Toolef
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ABSTRACT

Eastman Tritan™ copolyester, a novel plastic from Eastman is manufactured utilizing three monomers,
di-methylterephthalate (DMT), 1 4-cyclohexanedimethanol {CHDM ), and 2 2 4 4-tetramethyl-1,3-cyclob-
utanediol (TMCD) in various ratios. As with most any polymer, the monomers along with the high molec-
ular weight olizomers, whose toxicity is most commonly represented by the monomers, make up the
predominate amount of free chemicals available for leaching into the environment and/or foods. In light
of the high level of public concem about the presence of endocrine (primarily estrogenic) activity
ascribed to certain plastics and chemicals in the environment, Tritan's™ monomers were evaluated using
QSAR for binding to the androgen receptor and estrogen receptors (alpha and beta) as well as a battery of
in vitro and in vive technigques to determine their potential androgenicity or estrogenicity. The findings
were universally negative. When these data are coupled with other in vive data developed to assess sys-
temic toxicity and developmental and reproductive toxicity, the data clearly indicate that these mono-
mers do not pose an androgenic or estrogenic nisk to humans, Additional data presented also support
such a conclusion for terephthalic acid (TPA). TPA is also a common polyester monomer and is the main
mammalian metabolite formed from DMT.

@ 2012 Elsevier Lid. All rights reserved.

-Food and Chemical Toxicology 2012. 02. 17



Endocrine dlsruptlon by Tritan

HOME ABOUT SUPPORT CONTACT WHAT'S NEW

New Review from TEDX: Common substitutes for bisphenol A (BPA)
are hormonally active

New Third-Party Test Results Confirm Eastmman Tritan
Copolyester is Free of Bisphenol A and Estrogenic
Activity

(B Thu, 05/13/2010 - 10:26am
& Dby Eastman

B Get today's news and top headlines for chemical processing professionals - Sign up now!

Rigorous material testing responds fo marketplace demand for product safety and reliability

Kingsport, Tenn. — May 13, 2010 — Eastman Chemical Company today released test results that
demonstrate Eastman Tritan™ copolyester is free from bisphenol A (BPA) and estrogenic activity
(EA). Tests were conducted by various third-party research laboratories using well-recognized
methods. The results of this research highlight Eastman's commitment to quality and dedication to
providing reassurance to original equipment manufacturers (OEM), suppliers and the public that
Tritan is free of endocrine disrupting chemicals (EDCs).

Eastman Tritan™ is a new-generation copolyester that provides a balance of properties to help
manufacturers and designers respond to consumer demand for safe, reliable products that offer
superior clarity, dishwasher durability, toughness and exceptional design potential.

-Chemo.info 2010. 05. 13
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Nonylphenol CHA|XH
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Nonylphenol CHA|XH: Styrenated phenol
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Formula

U
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cH, n=123
» Chemical Name »Molecular Weight 220(average)
Styrenated phenol »CAS NO. 61788-44-1
Product Properties
- Appearance Slight yellow Wiscous Liquid
- Color (G) <15
- OH value 230-260
- Water cont, % < 0.2%
- Wiscosity(cps) Max 300-600 at 25 + 0.2T

Characteristics

- Good Color

- Low Viscosity, Non Volatile Contents.

- High OHValue

- Non-Toxic

- Hi Performance: easy processing and application
- Excellent Adhesion

- Excellent Solubility for most solvents

jo

=5t7| #let

3000

—8— NP
—O—BPA
—&— BFF
—O—4cP
—A—4pP
—0— alkyl-P
—4—5sp

F-Galactosidase activity (U)

Concentration (mol L‘l)

Figure 2. Dose response curves of estrogenic activity of nonylphenol (4NP), bisphenol A (BPA) bis (4-hydroxyphenyl) methane (BPF),
4-cyclohexylphenol (4CP), 4-phenylphenol (4PP), 4,4-isopropylidenediphenol alkylphosphite (alkyl-p), styrenated phenol (mono 74%.,
SP), tris (nonylphenyl) phosphite (TNP), 2,2'-dihydroxy-4-methoxybenzophenone (DHMBE), 2-hydroxy-4-methoxybenzophenone (HMB)
and 2,4-Diphenyl-4-methyl-1-pentene (DPMP).

*2006 Food Additives & Contaminants ,Estrogenic activities of chemicals related to food contact
plastics and rubbers tested by the yeast twohybrid assay , Yuko Ogawa , et al
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