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Ex¢onMobil

Office of the Secretary Chemical
U.S. Consumer Product Safety Commission

4330 East West Highway

Bethesda, MD 20814

Cpsc-os@cpsc.gov

RE: CHAP on Phthalates

Dear Sir:

ExxonMobil Chemical Company (ExxonMobil) is heraimbmitting information to assist the
Chronic Hazard Advisory Panel (CHAP) on Phthalat#h its deliberations, in particular, with its
consideration of the cumulative effect of phthadaieed in children’s toys and childcare products.
Our comments focus on diisononyl phthalate (DINR) diisodecyl phthalate (DIDP), which are
produced by ExxonMobil, and we are providing in-thejoxicological information on those
phthalates as well as comments on cumulative sskssment methodology.

At the outset, we note that the purpose of the CEAB provide a report to the CPSC, which the
Commission can then use to inform its determinatibwhether to continue the interim

prohibition of DINP and DIDP in children’s produaad whether to regulate use of any children’s
products containing phthalates. Thus, while tli®gewide range of factors the CHAP is to
consider, its deliberations and report will be afsthuse to the Commission if focused on the
effects of phthalates and phthalate substitutélsegsare used in toys and childcare articles.

We further note that Congress’s charge to the Ci4AB considethe effect of cumulative
exposures to phthalates. This is not a mandatadertake a quantitative cumulative risk
assessment; rather, the CHAP has discretion tadmmtie cumulative effect in any manner
supported by the best available science, includiggalitative approach. Further, Congress did
not direct the CHAP to include chemicals besidabalhtes in its consideration of cumulative
effects.

Discussion at the CHAP meetings has focused opdhsibility of doing a cumulative risk
assessment based on the hypothesized “rat phtlsgtadeome.” As discussed in the attached
technical document, ExxonMobil is concerned that afsthis term in and of itself is problematic,
because the term is imprecise, potentially miskegdand not sufficiently supported to be used in
hazard assessment as a substitute for evaluatimor@ specific endpoints. ExxonMobil

guestions whether there is sufficient scientifiarfdation for using this “syndrome” as the basis
for a cumulative risk assessment of any set of ateds In any event, the existing data are clear
that DINP and DIDP should not be included in ansnalative assessment based on “rat phthalate



syndrome” (or on endocrine disruption in generBijis conclusion is strongly supported by the
robust databases for DINP and DIDP, as discuss#iattached technical document.
ExxonMobil urges that the CHAP carefully consides tnformation in that document.

Biomonitoring data demonstrate that aggregate expego DINP and DIDP are well below
conservatively-derived Acceptable Daily Intake \esu As demonstrated by the CPSC'’s studies
on migration of DINP from PVC and on mouthing timekildren’s exposures from mouthing
PVC objects containing DINP would be very low, evenler a worst-case scenario. Due to the
physical chemical properties of DIDP, exposureBW& objects plasticized with DIDP would be
yet lower. Therefore, these substances do notg@bsalth concern from use in children’s
products.

DINP and DIDP have unusually robust toxicology dates. They also have something that very
few other industrial chemicals have — both robustionitoring data and the means to convert that
biomonitoring data to estimated exposures usindnoatiogy that has been widely accepted.
Thus, we are able to do for DINP and DIDP whatroftannot be done in risk assessment —
compare actual population exposure data to the A@drived from the robust toxicological data,
giving us high confidence that human exposurebésd two compounds are well below health
benchmarks. Many alternative plasticizers do @meetthe robust toxicology databases nor the
biomonitoring data which is available for DINP abDtDP.

For this reason, it is important that the CHAP’semsment be grounded in clearly supported
science. It is also important that each phthdlatevaluated individually, and that DINP and
DIDP not be presumed to pose concerns demonsti@tedy other phthalates simply because
they share the name “phthalate.” The extensiva demonstrate that high molecular weight
phthalates such as DINP and DIDP have distinctwagical profiles. The CHAP must consider
these differences in order to provide sound guidaot¢he CPSC.

If you have any questions or wish further inforroatiplease contact Angela Rollins at 281-870-
6439.

Sincerely,

Attachment

cc: Commissioner Robert (Bob) Adler
Michael Babich, CPSC Chemical Hazards Program Goatar
Mary Ann Danello, Directorate for Health Sciencesséciate Executive Director
Cheryl Falvey, General Counsel
Commissioner Thomas Moore
Commissioner Nancy Nord
Commissioner Anne Northup
Chairman Inez Tenenbaum
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INTRODUCTION

THE ROLE OF DINP AND DIDP IN THE CHAP ASSESSMENT
AND THE SIGNIFICANCE OF THEIR DATABASES

These comments are submitted by ExxonMobil Chen@cathpany and focus on DINP and DIDP
— two phthalates that are subject to an interimdyanse in any children’s toy or childcare article
that can be placed in the mouth. The informatiothe attached technical document supports four
key points.

1. A primary objective of the CHAP is to providaentific support for the CPSC’s determination
whether to maintain the interim prohibition on us€®INP and DIDP in toys and childcare
articles Toward that end, the CHAP should conduct a stpavaluation of each of these
compounds, determine what effects relevant to hgraags seen in laboratory studies at what doses,
and compare adverse effect levels to likely expestnom toys and other childcare products.
Considerable work product is already available fromor assessments by the CPSC and other
agencies. Cumulative risk assessments pertaioiddNP and DIDP, if any are conducted, should
focus on effects observed in studies of these comg® and should include other phthalates only
to the extent they cause the same effects. A ativalrisk assessment that focuses on effects
seen in studies of phthalates that are alreadyaently banned from toys and other childcare
articles will be of questionable utility to any d&ons the CPSC must make to meet its obligations
under the Consumer Product Safety Improvement BBS|A).

2. Extensive biomonitoring data gathered by theCGihow that children’s, pregnant women'’s
and general population exposures to DINP and DHoR fall sources are very low, and far below
their most conservative acceptable daily intake IjAalues that have been calculated by the
CPSC for each compoundReliable methods have been developed for usiadpibmonitoring

data to estimate exposures, with no adjustmentatkéxg. for fasting) (Aylwardt al, 2010).
These exposures can then be compared to the dalt@d®I. The most conservative ADIs
derived by CPSC are based on liver and kidney &sftbat are of doubtful relevance to humans,
but exposures from biomonitoring are well belowretteese very conservative ADIs. Further, the
CPSC has previously calculated potential expogor€NP from mouthing soft plastic toys and
found that reasonably anticipated exposures aretders of magnitude below the most
conservative ADI, leading to the conclusion thgtesures to DINP from mouthing soft plastic
toys and from other children’s products aatlikely to present a health hazard to children
(Babichet al.,2004). DIDP, which did not have significant useags and other children’s
products that might be mouthed, was not assessethdsame conclusion would be expected,
given DIDP’s low toxicity profile and physical amtiemical properties.

3. Extensive developmental and reproductive toxdata are available for DINP and DIDP, and
for each the findings are very different from what been reported in studies of other phthalates
Neither compound has been shown to cause cryptisahi hypospadias, or gross reproductive
tract malformations. There is no strong evideieg €ither compound affects sperm.
Additionally, neither affected fertility in definite multi-generation studies. AGD and nipple
retention were examined and found to be unaffeiciélde DIDP two-generation reproduction




study. Some equivocal, transient, high dose figslimave been reported in some DINP studies
with respect to AGD, nipple retention, and fetatttsterone levels, but the biological and
toxicological significance of these findings is gtienable in light of other studies that have not
found similar effects, and the absence of othallerwe of adverse effects on male reproductive
tract development and reproductive performanceo Tange DINP studies are being conducted at
the Hamner Institutes and were designed speckitalbddress these and other male reproductive
tract development and performance endpoints; rebiduld be available for consideration by the
CHAP before its final report is due, and will adgngficantly to the available weight of the
evidence. However, this much is clear now: Theemnily available data for DIDP and DINP
present very different toxicity profiles comparedother phthalates that have been associated with
the so-called “rat phthalate syndrome.” The awdlalata do not provide a sound scientific basis
for including either compound in a cumulative regsessment based on the vague and imprecise
“rat phthalate syndrome.”

4. At the July CHAP meeting, recognition was giverthe critical importance of problem
formulation at the outset of any cumulative riskemsment exercise and the need specifically to
incorporate that step into the CHAP deliberatiof&is is indeed very important here for two
reasons. First, problem formulation can help deitee whether cumulative risk assessment
(quantitative or qualitative) is needed in thisecéw any combination of phthalates. Second,
problem formulation can help in determining how aoynulative risk assessment that might be
deemed necessary should be conducted. As alreaely,the CPSC’s most immediate
responsibility under the CPSIA is to determinén# tnterim ban on DINP, DIDP (and DnOP)
should be continued, and thus the utility of a clative risk assessment focusing on phthalates
that are subject to a permanent ban is uncleagsit IMoreover, screening-level cumulative risk
assessments that have been conducted thus fat dapport the need for more refined cumulative
risk assessments of any phthalates (Benson, 2af¥®%ehcamp and Faust, 2010). In each case, the
Hazard Index was well below 1. Further, DINP wasreignificant contributor in each case

(DIDP was not included). Thus, these screeningagses do not demonstrate concern for any
combination of phthalates, and certainly not foNBlor DIDP, and do not demonstrate a need for
an actual cumulative risk assessment. If the CiH&Wertheless persists in considering approaches
to conducting a cumulative risk assessment thativeg DINP and/or DIDP, it should focus on
endpoints observed in studies of those compoumtds. CHAP should not include either

compound in a cumulative risk assessment baseox@ity endpoints that have not been
demonstrated for DINP and DIDP or that have nontst®wn to result in adverse outcomes.
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The CHAP’s Charge to Consider Cumulative Effects oPhthalates

Section 108(a) of the Consumer Product Safety Irgrent Act of 2008 (CPSIA) banned three
phthalate5— DBP, BBP and DEHP — from any children’s toy bildcare article in commerce in
the United StateS.

CPSIA §108(b) places an interim restriction on ¢hoéher phthalatés- DnOP, DINP and DIDP —
in any child care article or children’s toy thandae placed in the mouth.

Congress delegated to the Consumer Product Safetyrssion (CPSC) the task of deciding
whether this interim prohibition should be madenpenent through rulemaking. CPSIA
8108(b)(3). To inform the Commission’s decisiomn@ress directed that the CPSC appoint a
Chronic Hazard Advisory Panel (CHAP) “to study #ftects on children’s health of all phthalates
and phthalate alternatives as used in childrerys &md child care articles”. CPSIA 8108(b)(2)(A).

Congress spelled out the elements of the chartieet@HARP, stating that it was “to complete an
examination of the full range of phthalates thatwased in products for children” and lists factors
to be considered as part of that examination. 8RB30D8(b)(2)(B). Among these, the CHAP is
to:

= “consider the potential health effects of eachhee phthalates both in isolation
and in combination with other phthalates”;

and

= “consider the cumulative effect of total exposwrehthalates, both from children’s
products and from other sources, such as persarapcoducts”.

CPSIA §108(b)(2)(B)(ii) & (iv).

Of note, Congresdid notrequire the CHAP to conduct a quantitative cunivgatisk assessment.
The CPSIA does not define the word “consider”, thetfirst dictionary definition of that word is
“to think about carefully® This provides a wide berth for the nature of @#AP’s examination.
At one end, after consideration, the CHAP couldchaate that the science is not yet at a point to
enable an assessment of the nature and exterg ofithulative effect of exposure to phthalates.
At the other end, the CHAP could attempt an intengiletailed, quantitative cumulative risk
assessment. There are numerous possibilitiestineka, including a qualitative determination
that one or more phthalates are unlikely to contglio a cumulative effect with other phthalates.
Another possibility is that the CHAP could determgxposures to phthalates are low and, even

! Di-Butyl Phthalate (DBP), Butyl Benzyl PhthalaBBP), Di-2EthylHexyl Phthalate (DEHP)

2 The three prohibited phthalates may be presemaee levels — up to 0.1%. A children’s toy iog tlesigned or
intended for a child 12 years or under; a chileecaticle is a product designed or intended tdifatg sleep or
feeding of children age 3 and under or to helpdebih 3 and under with sucking or teething. CPSIA&#)(1)(B)-(C).
% Di-n-octyl Phthalate (DnOP), Di-IsoNonyl PhthalgENP), Di-IsoDecyl Phthalate (DIDP).

* The phthalates may be present at levels up to.0N®te that DnOP is not a commercial productfiat reason, we
do not further refer to it in this document.

® Online Merriam-Webster Dictionary, at http://wwaerriam-webster.com/dictionary/consider.
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with some degree of cumulative effect, are unlikgbge a risk to human health in children’s toys
and childcare articles. This could be accomplidgheaugh use of conservative screening
methodologies as opposed to a full cumulative aisdessment.

Another point to note regarding the charge to thAR is that the two items directing
consideration of cumulative effects — quoted abeaee limited to phthalates only. The CHAP is
charged to generally “consider possible similadthesffects of phthalate alternatives used in
children’s toys and child care articles”, CPSIA 8@)(2)(B)(viii), but it is not charged to include
any chemicals that are not phthalates in its eviali@f cumulative effects.

In its discussions to date, the CHAP has expresgerkest in performing a cumulative risk
assessment based on the hypothesized “rat phtisgtadeome” (or “androgen insufficiency
syndrome”). This document discusses the sciene®dstrating that neither DINP nor DIDP
causes “rat phthalate syndrome” and therefore the®lates should not be included in a
cumulative risk assessment based on that outcémeher, data for aggregate exposures to DINP
and DIDP shows that those exposures are far bedowervative acceptable daily intake values.

Because a primary purpose of the CHAP is to infirenCommission’s determination of whether
to continue the interim prohibition of DIDP and CRNit may be suboptimal to start by
considering an effect common to several phthal@gsecially phthalates banned from children’s
products). The best approach might be to firstmheine what effects, of relevance to humans,
DINP and/or DIDP causes in laboratory studies, thed ask whether other phthalates exhibit
those same effects. If so, the CHAP could conglieecumulative effect of such phthalates for
that endpoint.

It is important for the CHAP to understand that ith@usion of DINP and DIDP in the CPSIA was
not an indication of a Congressional determinatiat these phthalates pose a risk to human
health when used in children’s products. They weackided because of an amendment introduced
by Senator Feinstein of California, based on legjish enacted in California in 2067.The
California legislation was adopted to mirror legt#n enacted in the European Union in 2005.
That legislation reflected a political decisioriniclude DINP and DIDP on a precautionary b&sis;
even though comprehensive EU risk assessmentsudmacthere was no concern from existing
uses of DINP (including toys) and DIDPLn each set of legislation, the restrictions dhBP and
DIDP have been less than those for DBP, BBP and®Eeflecting their low toxicity profile¥’

In the CPSIA, Congress chose to include DINP arfdfbdn an interim basis, following the
California and EU legislation. However, it als@pided for the convening of the CHAP to

® See, e.gremarks of Senator Diane Feinstein, 154 Cong. B&611 (daily ed. March 4, 2008); remarks of
Representative Joe Barton, 154 Cong. Rec. H758% @th July 30, 2008).

" See, e.gF. Ma, 2007 Legislative Summaries,
http://democrats.assembly.ca.gov/members/al2/lamial2007/default.aspx

8 Directive 2005/84/EC of the European Parliansent of the Council, whereas clause 12, 2005 O3%4) 40-43
(regarding phthalates in toys and childcare asighttp://eur-
lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:3(814:0040:0043:en:PDF

® Summaries of the risk assessments are ava#abtep://ecb.jrc.ec.europa.eu/documents/Existing-
Chemicals/RISK_ASSESSMENT/SUMMARY/dinpsumO046.paifd http://ecb.jrc.ec.europa.eu/documents/Existing
Chemicals/RISK_ASSESSMENT/SUMMARY/didpsum041.pdf.

10 See, e.gDirective 2005/84/EC, whereas clause difpranote 8.
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investigate, in part, whether DINP and DIDP in factuld pose a risk if used in children’s
products.

For the reasons below, ExxonMobil believes thersmestrongly shows that DINP and DIDP pose
very little risk to human health, whether consideirgividually or in conjunction with other
phthalates. As these phthalates are far bettdiestuhan any alternatives, it makes good public
health sense to discontinue the interim prohibibartheir use.

Human Exposures to DINP and DIDP Are Low

Both DINP and DIDP have been included in the bioitasimg work of the Centers for Disease
Control and Prevention (CDC), as well as work d¢feotinvestigators. The largest body of data
consists of urinary concentrations in samples ctélé under the US National Health and Nutrition
Examination Survey (NHANES) (CDC, 2009; 2011). Wmilic data is also available that enable
conversion of these urinary concentrations to aexposures. These data are very valuable in
assessing the potential for health effects from®&wd DIDP exposures.

In addition, the NHANES data provides exposure @tatather phthalates. This enables
answering the initial question for deciding whetheumulative risk assessment is warranted:
whether there are co-exposures to chemicals. Etipte phthalates, there is sufficient evidence
of widespread human exposure due to their usenild@ range of consumer products (CDC 2009;
2011).

The following summarizes the biomonitoring data@dNP and DIDP, focusing on populations of
interest for the CHAP’s evaluation.

The Physical and Chemical Properties of DINP an@BILimit their Exposures

The primary use of DINP and DIDP is as plasticiZergolyvinyl chloride (PVC), for products
such as floor tile, wire and cable insulation, attier applications where there is a need for a
flexible plastic that is tough and durable. Phibed as plasticizers are intrinsically bound within
the PVC polymer matrix and only severe conditiang.(solvent extraction) will lead to

significant migration from the PVC. Migration addpersion of high molecular weight phthalates
such as DINP and DIDP is further limited by theitremely low water solubilities and vapor
pressures. In practice, migration occurs only\arg low rate; hence phthalates such as DINP
and DIDP have a low potential for exposure. Witmgicant advances in analytical techniques
for the analysis of urinary concentrations of platemetabolites, and mathematical techniques
for estimating intake, uncertainties about expastogphthalates have been greatly reduced.
However, it is critical to consider that the measnent of an environmental chemical in a person’s
blood or urine does not by itself mean that thengbal causes or is associated with disease. At
face value, risk cannot be inferred from metabadacentrations measured in biologic media,
such as urine. The concentrations must be tramefbwvith mathematical calculations to exposure
estimates so that appropriate comparisons withtpoihdeparture, derived from laboratory animal
studies can be made. Only then can the interpyataf exposure data be put into the context of
risk.

As discussed below, exposures estimates for DINFDADP in women of reproductive age,
pregnant women and children are low and well balmvowest acceptable daily intakes (ADI)
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calculated by the CPSC: 120 pg/kg/day for DINdhd 150 pg/kg/day for DID® These ADIs
are based on liver effects: CPSC ADIs based orodeptive/developmental effects are higher.

Converting Urinary Metabolite Data to Exposure BEstites

Two calculation methods can be used for estimddidfP and DIDP exposure; given urinary
concentrations of metabolites. In one calculatdaily intake is calculated as a function of
creatinine corrected urinary metabolite, Equatiqbdavid, 2000; Kohn et al., 2000):

Equation 1: DI = [UC x CE / (fz x 1000)] x [MWd/MWm]

Dl is daily intake (pg/kg/day), UC is the creatimicorrected urinary metabolite concentration
(ng/kg), CE is the creatinine excretion rate (mg@lkg) for adults (Tietz, 2006) and children
(Remeret al, 2002) and is used to account for differencegimeudilution (Preau et al., 2010),

Fue is the fractional urinary excretion rate of thetatlite (unitless) (Anderson et al., 2011; Koch
and Angerer, 2007F MWd and MWm are the molecular weights of DINP #mel metabolite,
respectively (David, 2000; Kohn et al., 2000).

A second equation for calculating exposure estigiatesed when spot urine samples are not
creatinine corrected, Equation 2 (Wittasselal, 2007).

2 An ADI of 120 pg/kg/day was calculated for DINPsbd on the effect of spongiosis hepatis observéakichronic
toxicity studies. Spongiosis hepatis is of doubtélévance to humans, and therefore, the ADI bagetlis endpoint
is overly conservative. Karbe and Kerlin (2002)d AmacSweeret al (2003) provide evidence that spongiosis hepatis
is a spontaneous is a degenerative change segim@rats without a counterpart in human hepattbgagy.

Careful review of rodents over the last twenty arenyears by the National Toxicology Program hdgdeonly a rare
incidence of neoplasms arising from stellate daelimice (13 cases from more than 90,000 mice)thmge lesions
differ morphologically from spongiosis hepatis. Td&as no evidence of a lesion resembling sporgylospatis in a
review of 163 human livers (St al, 1997). Indeed, in the chapter on liver neopl&sim a definitive text on human
liver disease, Pathology of the Liver edited by RINMacSween et al (2003)., the authors state:ttieobest of our
knowledge no human counterpart of the spongioticpema [spongiosis hepatis] has ever been de=trillReports
of lesions with similar characteristics in humanson-human primates are also not found in theditee. This lesion
or lesions with similar appearances are not desdrib any of a number of standard texts on nealarssystemic
pathology in domestic animals, and there are nortef this lesion in dogs. The only other spetieshich this
lesion has been reported is the teleost fish (Col@®l). Given the large number of laboratory dagd primates that
have been exposed to a broad variety of chemiwalisaoconsiderable number of years, the absendesafiptions of
this lesion would support the view that spongitsipatis observation in male rats and teleostdismot relevant to
human hazard assessment.

12 An ADI of 150 pg/kg/day was calculated for DIDPsbd on a 13-week dietary exposure study in Beaugs.d
However, for risk characterization purposes thislgtit not appropriate due to its severe limitasioAs described in
the study report, gross necropsy examinations diideveal any consistent compound-related altarationly minor
microscopic changes were noted and there was afaignificant dose-response in severity and nurobanimals
affected for these effects. More significantlyistetudy was not conducted to a standardized pobtoot conducted
according to Good Laboratory Practice (GLP), halg Branimals per sex per dose, and the results n@reubjected
to statistical analysis. As assessed using theitimcriteria for study reliability, this study ses a 3 — Not Reliable
(Klimisch et al, 1997).

13 The fractional urinary excretion rates,gFof several DINP metabolites have been determimetlunteer studies
(Andersonet al, 2011; Koch and Angerer, 2007). Ng:=Fvalues are currently available for DIDP. Howethgy are
anticipated to be similar to those for DINP, andgarposes of the calculations presented heregsdhr DINP are
used.
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Equation 2: DI = [UGm X UV24/ (Fug X BW)] x [MWp]

Dl is daily intake (ng/kg/day), U is the urinary metabolite concentration (umoldy/ .4 is the
24-hour urine volume (l/day), E is the fractional urinary excretion rate of thetatelite
(unitless) (Anderson et al., 2011; Koch and Ange2807), BW is body weight (kg) and MWp is
the molecular weight of the parent compound.

Exposure Estimates in Women of Reproductive Agéesghant Women

In the United States, the NHANES database contites on urinary concentrations of various
phthalate metabolites, including those of DINP BYAP, in a cross-sectional sampling cohort
representative of the US population (Cal&faal, 2011; Centers for Disease Control and
Prevention, 2009, 2011). When the data are pdrgseéx and age, three different stages for
female reproductive potential can be identifiea-pFproductive age (6-11), reproductive age (12-
40) and post-reproductive age (40+). Utilizing étpral, exposure estimates can be determined
for these groups, Tables 1 and.2

For women of reproductive age (12-40), regardlésshmicity, DINP exposure estimates average
1 pg/kg/day (95% 7.8 pg/kg/day). DIDP exposurareses are slightly lower; mean 0.5
pno/kg/day (95% 2.5 pg/kg/day). These values andagito those calculated for the total
population (males/females aged 6-60) (e.g. 1-2g/d4y). Additionally, there is no difference in
exposure estimates for the cohorts of younger jGafhd older (40 +) women, although exposures
to DIDP in females aged 6-11 were slightly higher

Table 1 - DINP Exposure estimates in the 2005/2008HANES dataset (ug/kg-bw/day)

2005/2006 NHANES Dataset Non-Hispanic White Hispanic Non-Hispanic Black Tota

Age (Reproductive Stage) Mean 95% Mean 95% Mean 95% Mean 95%
6-11 (pre-reproductive age) 1.82 7.47 0.18 7.30551. 8.03 1.77 7.64
12-40 (reproductive age) 1.02 6.78 1.16 10.33 0.89 6.25 1.03 7.86
40+ (post-reproductive age) 1.27 6.98 1.32 10.4@86 0. 4.50 1.20 7.28
Total US population (M/F, aged 6-60)

(2005/2006) 1.53 9.09 1.44 9.68 1.18 7.09 1.46 293

1 The data used for the tables are for the 2005466y period (CDC, 2009). The CDC recently releabe data
tables with concentrations measured in samples 2@07/2008 survey (CDC, 2011). Within the mardiewor, the
DINP and DIDP urinary metabolite concentrations20607/2008 are comparable to those for 2005/200&lated
exposure estimates will be provided in a futurensigsbion.

150n a relative basis, i.e., that ratio of the eatis for the two groups, the difference could berpreted as large.
On an absolute basis, however, given the margiesrof, they are essentially equivalent. For eXenthe 95%
confidence interval for the geometric mean is agipnately 1-2 pg/kg/day, so that a value of 1.08dsentially
equivalent to a value of 1.77.
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Table 2 - DIDP Exposure estimates in the 2005/2008HANES dataset (pg/kg-bw/day)

2005/2006 NHANES Dataset Non-Hispanic White Hispanic Non-Hispanic Black Tot&

Age (Reproductive Stage) Mean 95% Mean 95% Mean 95% Mean 95%
6-11 (pre-reproductive age) 1.30 6.27 1.02 5.07010. 7.04 1.27 5.99
12-40 (reproductive age) 0.61 2.95 0.52 1.70 0.47 2.13 0.56 2.56
40+ (post-reproductive age) 0.73 3.07 0.76 4.05 105 2.84 0.71 3.03
Total US population (M/F, aged 6-60)

(2005/2006) 0.71 3.66 0.71 3.66 0.71 3.66 075 237

Several studies are available that have examindiiPhetabolite urinary concentrations in
pregnant women. Exposure estimates calculated tihese data also average approximately 1
pna/kg/day, similar to the estimates women of repotide age, Table 3. A single study reported
DIDP urinary metabolite concentrations in pregn&omen, Table 4. Collectively, pregnant
women have DINP and DIDP exposure estimates teat@different than the general population.

Table 3 - DINP Exposure estimates in pregnant womel§

DINP (ug/kg-bw/day)

Reference Sampling year n (age) Mean 95%
(Ye et al, 2008) 2002-2006 99 Pregnant Women (18-41) 1.18  .4813
(Ye et al, 2009) 2004-2006 11 Pregnant Women (15-53) 1.75 . n
(Suzukiet al, 2009) 2005/2006 50 Pregnant Women 0.06 4.38
(Bermanet al, 2009) 2006 19 Pregnant Women (24-41) 0.74 n.r.
(Lin et al, 2011) 2001/2002 100 Pregnant women (25-35) 0.05 0.20

Table 4 - DIDP Exposure estimates in pregnant women

DIDP (ug/kg-bw/day)
Reference Sampling year n (age) Mean 95%

(Bermanet al, 2009) 2006 19 Pregnant Women (24-41) 0.41 n.r.

Exposure Estimates in Children (Aged 2 — 18)

Compared to data for the general population, taegdewer biomonitoring data available for
estimating exposures of infants and young childHowever, several studies have examined
DINP and DIDP urinary metabolites in children beéwe and 18 years of age, Tables 5 and 6.
Similar to adults, children’s exposure estimate<ftNP and DIDP from all sources are low and
well below the ADIs calculated by CPSC.

% n.r. = not reported
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Table 5 - DINP Exposure estimates in children

DINP (ug/kg-bw/day)
Reference Sampling year n (age) Mean 95%
(Beckeret al, 2009) 2003-2006 137 (3-5) 3.95 18.14
2003-2006 145 (6-8) 3.62 16.15
2003-2006 149 (9-11) 3.38 18.47
2003-2006 168 (12-14) 2.63 11.18
(Boaset al, 2010) 2006/2007 342 Female children (4-9) 2.13 033.
2006/2007 503 Male children (4-9) 2.25 3.41
(Calafatet al, 2011) 2005/2006 356 (6-11) 2.35 8.16
2005/2006 702 (12-19) 1.58 9.15
(Lin et al, 2011) 2003/2004 30 children (2-3) 1.92 2.00
2006/2007 59 children (5-6) 0.95 3
(Kochet al, 2011) 2007 108 children (5-6) 2.4 9.5
Table 6 - DIDP Exposure estimates in children
DIDP (ug/kg-bw/day)
Reference Sampling year n (age) Mean 95%
(Kochet al, 2011) 2007 108 children (5-6) 0.3 1.20

Understanding Exposures from Toys

Urinary biomonitoring data represent the aggregétal sources of exposure. Since the CHAP is
charged with determining risks posed to childremfitoys and childcare articles that can be
placed in the mouth, understanding DINP and DIDposure from toys is necessary.

In 2002, the CPSC completed a detailed assessrhpatemtial children’s exposure to DINP from
mouthing of plastic toys (United States ConsumerdBcts Safety Commission, 2002). A
comprehensive observational study of child moutliatyity (United States Consumer Products
Safety Commission, 2002, Tabs F and G) and a efdtee-art study of migration of DINP from
toys (United States Consumer Products Safety Cosmonis2002, Tabs | and J) were performed;
these enabled significantly refined exposure esamfor children from the mouthing of toys. As
documented, “The staff concluded that oral exposu2INP from mouthing soft plastic toys,
teethers and rattles is not likely to present dthémzard to children. Since children mouth other
children’s products less than they do toys, testhed rattles, and since dermal exposure is
expected to be minimal, staff does not believe ¢tia¢r children’s products are likely to present a
health hazard to children”; subsequently publishedBabichet al, 2004; United States Consumer
Products Safety Commission, 2002).

The migration extraction study utilized 41 plastigldren’s products, containing 133 articles
which could be mouthed by small children. Of tieaBticles that contained soft plastic, 36 were
found to contain DINP (42% of the articles). Usthg “head-over-heels” method, migration rates
ranged from 1.0 to 11.1 pg/10 &min, with a mean of 4.1 ug/10 émThis value was then
calibrated to previously reported data forimnivo “chew-and-spit” DINP migration rate of a
standard 10 cfAdisk so that the need for vivo data for each product containing DINP was
eliminated.
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The observational study represents one of the $aagal most comprehensive mouthing studies to
date. The survey included 169 children aged 3-86ths. Trained observers watched each child
for 12 twenty minute periods over 2 days. Itemathed were placed into one of 13 categories,
with soft plastic toys a specific category. Téigdy found that the largest single non-pacifier
category was anatomy (fingers, hands, skin). dafitic toys represented only a small part of
mouthing time. Further, the results of the obagonal study indicated a mean mouthing time for
soft plastic toys of 1.3 minutes/day for the 3-1@nthh age group and 1.9 minutes/day for the 12-
24 month age group (the age group with the higmestthing time) (Table 7).

Based on the migration data and the comprehensisereation mouthing study, the estimated oral
exposure to DINP from the mouthing of soft plastigs is 0.07, 0.08, and 0.03 pg/kg/day for
children aged 3 to <12, 12 to <24 and 24 to <36thmmrespectively (Table 7). Therefore, CPSC
concluded “that oral exposure to DINP from mouthsadt plastic toys, teethers and rattles is not
likely to present a health hazard to children” (Batet al, 2004).

Table 7 - DINP Exposure estimates from the mouthingf toys

Basic Case — Soft Plastic Hypothetical Case — Soft Mouthing Time in
. Toys, 42% with DINP - Plastic Toys, 100% with ;
Age in Months Mean (95" percentile) DINP - Mean (95" mlnutes_/lday —Mean (95
(ug/kg-bw/day) percentile) (ug/kg-bw/day) Percentile)
3t0< 12 0.07 (0.44) 0.17 (0.94) 1.3(7.1) N=54
12to <24 0.08 ( 0.53) 0.22 (1.11) 1.9(8.8) =6
2410 < 36 0.03(0.12) 0.07 (0.27) 0.8 (3.3)48=

Current Methodologies for Estimating Exposures Aceurate

At recent CHAP meetings, there has been discusdianether the equations used to estimate
exposures from biomonitoring data yield accurasellts. Based on data for various media,
researchers have concluded that exposures to DINP P likely come primarily from dietary
sources (Clarlet al, 2011). Because of this exposure pattern, themebe significant variability
in metabolite urinary concentrations throughoutdbg (Hildenbranekt al, 2009; Preaet al,
2010; Wittasselet al, 2010). Since there is rapid elimination of DIBR] DIDP metabolites, and
the dietary pathway appears to be the predomingitesere route, it was hypothesized that
concentrations of metabolites in urine a few hdallewing last food consumption might be
higher than concentrations in individuals who réfood consumption at a time greater than the
metabolite half-live (10-12 hours for DINP and DIDP

In the 2005/2006 NHANES dataset, participants witirning appointments older than the age of
12 were requested to fast beginning at 11:00 pnptéeéous night. Participants in the afternoon
and evening sessions were not directed to fastreputted fasting times reflect typical times since
the previous meal. In a submission to the CHARHerDecember 2-3, 2010 meeting, Dr.

Aylward reported that approximately 50% of partanps reported a fasting time of 6 hours or less;
25% reported a fasting time of more than 12 hoAgxard et al.,2011)*’ Thus, fasting times

are either relatively short (representing time lestwmeals) or fairly long (reflecting an overnight
fast). Using DEHP as a case-study, Dr. Aylward olestrated that urinary DEHP metabolite
levels were related to fasting times in the NHANEX®5-2006 data set in a complex fashion, with
urinary concentrations increasing with increasiasgfihg time up to approximately 8 hours, and

7 http://www.cpsc.gov/about/cpsia/chap/urinaryDEH®.p
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decreasing with longer fasting times. This metdbgiattern does not support application of a
simplistic “correction” factor related to fastinigne in order to account for the rapid eliminatidn o
these compounds in interpretation of urinary bioitwimg data. Further, Dr. Aylward showed that
the distributions of summed metabolite levels wesesignificantly different between individuals
reporting short and long fasting times (<= 8 vshe8rs). Levels of MEHP, which is more
transient than the other DEHP metabolites, do detnate a statistically significant difference by
category of fasting time. However, MEHP represantery minor fraction of the total excretion of
DEHP metabolites. Therefore, reliance on the summetébolites, including those with longer
urinary excretion half-lives, provides a more stabldicator of exposure levéiscussion by

CHAP members at the December 2-3, 2010 meetingdenes! the possibility of arbitrarily adding
a 2 or 3 fold adjustment factor to account forifegt There is no reason to use such an arbitrary
adjustment factor because quality data and anadysiavailable to accurately determine exposure
with and without fasting. When data is availalalgjustment factors are not scientifically justified

Conclusion on Exposures

The CHAP is charged with “examining the likely lé&vef children’s, pregnant women’s, and
others’ exposure to phthalates based on a reasoastiination of normal and foreseeable use and
abuse of such products.” Based on the currentijlahle data, for every segment of the
population, exposures estimates for DINP converga mean of 1-2 pg/kg/day; estimates for
DIDP are slightly less. When these exposures@mgared to the most conservative ADIs
calculated by the CPSC (120 pg/kg/day for DINP &6d 1 g/kg/day for DIDP ), it is clear that
DINP and DIDP are likely not posing risk to humasalth, including that of adults, children, and
developing fetuses. Additionally, current methadpés to estimate exposures are sufficient and
do not required the arbitrary inclusion of unceraifactors to account for fasting. Specific tgdo
and child care articles, the conclusion of the 20BfAP is still accurate, “...oral exposure to

DINP from mouthing soft plastic toys, teethers aattles is not likely to present a health hazard to
children. Since children mouth other children’sdqurcts less than they do toys, teethers and rattles
and since dermal exposure is expected to be minstadf does not believe that other children’s
products are likely to present a health hazardildien” (Babichet al, 2004).

Do Exposures Contribute to Common Adverse Outcomes?

The CHAP is charged with considering the poteritedith effects of the full range of phthalates.
Based on CHAP discussions, it appears the hypatbsiat phthalate syndrome” may be chosen
as the “common endpoint” to focus their review é&mdonduct a cumulative risk assessment

The term “rat phthalate syndrome” was coined tmemngass a group of adverse health effects
observed in male rats from exposures during thieariwindow of male reproductive tract
development (Gray and Foster, 2003). However, #sgstfor classifying this group of effects as a
“syndrome” specifically attributable to phthalatesa class is weak and imprecise. There are
significant differences in toxicity between the lowlecular weight phthalates and the high
molecular weight phthalates, such as DINP and DIBen these differences in toxicity are
appropriately taken into consideration, it is clegwat the inclusion of DINP and DIDP in a
cumulative risk assessment based on the “rat gthayndrome” is not warranted, since neither
substance induces the adverse outcomes of malgevefd of the male reproductive tract that are
observed with low molecular weight phthalates.
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Phthalate Differentiation - Definition of Low Molglar Weight (LMW) Phthalates and High
Molecular Weight (HMW) Phthalates

For phthalate plasticizers, there are two main liasmdifferentiated according to their structure
and molecular weight: LMW and HMW. Substantialitmogy data exist for most phthalates
which demonstrates that a subset of phthalatesisdlogically differentiated by their effects on
reproductive and/or developmental parameters. 8paty, significant adverse
reproductive/developmental effects are associatddlMW phthalates and not with HMW
phthalates.

LMW phthalates are those with alkyl side chains séhalcohol carbon backbones range from C3
— C6. Members of this group include DEHP, DBP, BBR|soButyl Phthalate (DIBP), Di-Pentyl
Phthalate (DPP) and Di-IsoHeptyl Phthalate (DIHPhese LMW phthalates are classified as
reproductive and developmental toxins (CategoryfBer the UN Globally Harmonized System
and the European Union (EU) Classification, Lalgelnd Packaging Regulation) due to
significant adverse health effects observed inmodaudies.

HMW phthalates are those with alkyl side chains seéhalcohol carbon backbones are C7 or
greater. Members of this group include DINP, DIDM ®i-(2-PropylHeptyl) Phthalate (DPHP).
Based on comprehensive data and evaluations thbstaaces are not classified in the EU or
under the Globally Harmonized System as reprodecid developmental toxins as they do not
produce adverse reproductive or developmentaltsffadaboratory animal studié¥.

Because of these toxicological differences amoriggdates, it is important that each phthalate’s
hazard profile be fully evaluated separately.

“Rat Phthalate Syndrome” — A Hypothesis for LMW Hiate-Induced Male Reproductive Tract
Effects

The suite of effects induced by LMW phthalates,chittias led to a conclusion that they are
endocrine disruptors, has collectively been desdritny some researchers as the “rat phthalate
syndrome”. The suite of adverse effects, as défineGray and Foster (2003) includes: decreased
anogenital distance, nipple retention, infertildgcreased sperm count, cryptorchidism,
hypospadias, and other reproductive tract malfaonatsuch as testicular, epididymal, and
gubernacular cord agenesis. The validity of thigdtlgesized syndrome for use in a phthalate
cumulative risk assessment is questionablé. control incidence of this syndrome has nevarbe
established and the threshold for inclusion baseiti@dence and severity of each effect has never
been defined, though it has been suggested thaftewt or merely a proposed sentinel event is
enough to warrant inclusion. In addition, a numtifemon-phthalate compounds induce one or
more of the included effects which belies the dp®@ty of this description to “phthalates” only.

18 The very low molecular weight (VLMW) phthalates-Bliethyl Phthalate (DMP — carbon side chains of caon)
and Di-Ethyl Phthalate (DEP — carbon side chainsvofcarbons) are used in cosmetics and toiletiiesiot
classified for reproductive effects, unlike phttietawith C3-C6 backbones.

19 For this reason we put quote marks around the ternphthalate syndrome”. Another term that hasrbproposed
is androgen insufficiency syndrome, which has tlegitnof not being overbroad with respect to phttedand
underbroad with respect to other chemicals. Howeagediscussed below, each effect is not necéssealdted to
androgen levels.
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Furthermore, while these effects are observed WV phthalates, a weight of the evidence
review of all available data indicates that DINFRI &1DP do not induce the effects characteristic
of the “rat phthalate syndrome”. As evidence, L\NWthalates (DiBP, DBP, BBP, and DEHP)
which clearly induce the effects characterizechas'tat phthalate syndrome”: hypospadias,
cryptorchidism, decreased anogenital distance |aiggtention, changes in androgen sensitive
tissue weight and infertility, are classified iretBU as reproductive and developmental toxins
(European Chemicals Bureau, 2004, 2007, 2008)deAsonstrated below, this is not true for
DINP or DIDP which are not classified in the EU (&pean Chemicals Bureau, 2003a, b). Thus,
it is inappropriate to name this group of effe@saasyndrome attributable to phthalates as a class.

Moreover, the mode(s) of action leading to the ol effects included in the hypothesized “rat
phthalate syndrome” is not known. In addition, @eunular target(s) of the phthalates has not been
identified and likely differs based on the phthaléte. pharmacodynamic differences).
Nonetheless, a reduction of fetal testosteronecardieduction in insulin-like 3 peptide hormone
biosynthesis (insl3) during the critical windowrokle reproductive tract development have been
hypothesized to be critical contributors or comrkeg events predictive of the “rat phthalate
syndrome”; each is discussed in more detail belBwever, a number of non-overlapping
disrupted pathways may result in the varied andptexresponses. This complexity highlights

the need to carefully examine the specific toxicagverse health effects, and associated events for
each individual phthalate.

Given the differences noted between the LMW and HbMhalates, it is plausible that multiple
modes of action may be at play; observation ohglsiprecursor event (e.g. reduced testosterone)
may not be predictive of the suite of effects diéset above, as exemplified by the data available
for DINP. Moreover, there is no data availablsuggest that DIDP triggers any of the proposed
sentinel events or any of the downstream effectsapfphthalate syndrome”. Thus, there is no
justification for classifying DIDP as a substanbattinduces the “rat phthalate syndrome”.

Role of insI3 in “Rat Phthalate Syndrome”

Insulin-like hormone 3 (insl3) is a peptide horm@neduced by the Leydig cells of the testes
which has been shown to be associated with gubelaradefects and cryptorchidism when
reduced (Adhanet al, 2000; Nef and Parada, 1999; Zimmermanhal, 1999). Specifically, insl3
induces the gubernacular cord to differentiate mature, thus facilitating the first phase of testes
descent from the kidney area to the inguinal regiarng fetal life (Zimmermanet al, 1999).

Mice without a functional insI3 gene display crytaod testes and normal androgen levels.
Androgen also plays a role in testis descent byp@tod regress the cranial suspensory ligament
during the first phase of testis descent. In thteeated (control) female rodent fetus, the
gubernacular cord involutes in the absence of iastBthe cranial suspensory ligament develops
in the absence of testosterone to maintain thdiposif the ovaries near the kidneys (Howdeshell
et al, 2008a).

Two studies have examined the effect of DINP oiBinsRNA levels. In one study, an increase in
insl3 MRNA was observed 2 days following the lasted(i.e. GD 19.5) of DINP. However, the
authors suggested that the increase may have beeo d “rebound effect” from the low
testosterone production at the time dosing wamted (i.e. GD 13.5) (Adamssat al, 2009).
Results of a second study were presented in arpestently at the 2011 Society of Toxicology
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meeting; preliminary data suggested DINP did nfecafins|3 mRNA levels (Lambrigtdt al,
2011). Therefore, consistent with data from thiendteze 2-generation study and developmental
toxicity studies where cryptorchidism was not obedr(see below), DINP likely does not affect
insl3. While not yet examined, DIDP is also n&ely to affect insI3 levels since cryptorchidism
is not observed in the definitive 2-generation &sé&nd developmental toxicity studies (Husbka
al., 2001).

Role of Fetal Testosterone in “Rat Phthalate Synubd

In order to assess the role of altered fetal témtose as a critical contributor or common key éven
predictive of the “rat phthalate syndrome”, currknowledge of the role of testosterone in the
developing male fetus needs to be understood. i8tgenesis in the fetal rodent and human testis
has been reviewed in detail (Scettal, 2009), and key events are described here.

Altered testosterone levels in the rat fetus magiugeto growth and differentiation factors
(paracrine factors)

Beginning at gestational day (GD) 14.5 to 15.5jdakar testosterone production is initiated in the
rat (Habert and Picon, 1984; Warretnal, 1972). The mechanism for initiation is somewhat
unclear as luteinizing hormone (LH) secretion, impry stimulatory hormone, does not start until
embryonic day 17.5 (Aubeet al, 1985). This suggests that testosterone produiditamgely
regulated either autonomously or by paracrine faaiaring embryonic days 15.5 — 17.5 (Seott
al., 2009). This time period has been termed the Colaszation programming window” and is
thought to be the critical window for androgen uigihce necessary for morphological
differentiation of the male genitalia (e.g. epiditig, vas deferens, seminal vesicles, prostatespeni
scrotum and perineum) (Scettal, 2009). Following this programming window andeaf in

fetal testosterone on approximately embryonic da{liveraet al, 2006), LH levels begin to rise
and influence gonadotropic function. Based on tleesats and given the most common dosing
regimen (i.e. single or repeated dose during GIsD-21) in short ternm vivorat studies, altered
testosterone levels may be a result of disrupteacpae factor action and or influence (Scattal,
2009). This hypothesis has been largely untested.

Humans differ from rats in aspects of testicul&rstdogenesis

Fundamental control of steroidogenesis in the fetiails not identical to that of a human fetus.
This point is important since it is frequently chedd that the pathway (sexual differentiation) that
phthalates disrupt in the fetal male rat is higtoyserved in all mammals and is known to be
critical for human reproductive development. Indle@mmonalities exist between humans and
rodents during the period of sexual differentiatfoe. the time when a fetus can be
morphologically distinguished as being male) anddme extent masculinization. However, a
clear difference is noted in the stimulatory medsias for testicular steroidogenesis during the
critical period when masculinization of the reprotive tract is being programmed. As described
for the rat, the 2 day time period (GD 15.5-17 8y which testosterone is produced and
masculinization occurs is largely LH-independertaofBet al, 2009). Human fetal testosterone
production begins around gestational week 8 anabisly controlled by chorionic gonadotropin
(hCG), a hormone not produced by rodents. By gjestaveek 12, hCG begins to decline and LH
levels are seen to rise, although hCG is two tdisigs more potent than LH on a weight basis and
may continue to strongly stimulate steroidogen@sisugh week 20 (Dufaet al, 1972; Lee and
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Ryan, 1973). Unlike rodents, paracrine factorsljikeave a secondary or supporting role in human
testosterone secretion and are not seen to ingratiuction.

Basic differences in the steroidogenic cascadalacenoted. The principle form of circulating
cholesterol differs between rats and humans. HOhegprimary source taken up by the SRB-
1/HDL receptor on the Leydig cell in rats and LBlthe primary source taken up by the LDL
receptor on the Leydig cell in humans. In addititre preferred steroid biosynthetic pathway
converting cholesterol to testosterone differs;Algathway (i.e. progesterone and its
intermediate 1d-hydroxyprogesterone) predominates in rats whigeAth pathway (i.e.
pregnenolone and its intermediatesy-hgdroxypregnenolone and DHEA) is the predominant
mechanism of testosterone synthesis in humanseTdi#fsrences must be considered when
characterizing the relevance of reported rodemricesfand their extrapolation to human hazard
characterization and risk assessment.

Existing data do not support relevance to humaneadiced fetal testosterone in rats

Species differences in response to phthalatesltec@me more apparent in the recent literature.
In uteroexposure of mice and rats to DBP results in mudiisated germ cell formation and an
increase in seminiferous tubule diameter, yetaatg exhibit suppression of fetal Leydig cell
steroidogenesis (Gaido et al., 2007). This diffeeecould be a species specific effect of DBP
exposure on fetal Leydig cell SREBP2 activity; hoemethe underlying mechanism is unknown
(Johnson et al., 2011).

Limited data have been reported from studies irctvieiffects of phthalates have been tested on
human fetal testes. Lambrot et al., 2008 investidj#tte effect of MEHP on human fetal testes
recovered during the first trimester (7-12 weekg)estation. MEHP had no effect on basal or
LH-stimulated testosterone and did not affect fecdition and apoptosis of Sertoli cells. Reduced
MRNA expression of anti-Millerian hormone was répdrand a reduced number of germ cells
(via increased apoptosis) were also seen. Similddlimarket al (2007) reported no effect on
human fetal testis explants cultured with®MOMBP for up to 48hrs. This included measurement
of intratesticular testosterone levels and cytosted450 side chain cleavage enzyme expression
as well as Leydig cell aggregation. However, thinars questioned the utility and validity of the
in vitro system. Human fetal testes have also been x@&splented within the renal subcapsular
space of a nude rat host followed by three dayssxe to DBP (Hegest al, 2010, 2011).

Results, presented in abstract form, indicate DiBfhdt affect steroidogenic gene expression. An
increase in multinucleated gonocytes (MNGSs) pal totmber of germ cells was reported
although the significance of this effect is not umo Therefore, limited data using human tissue
has not indicated any effect by phthalates on #hellg cell or suppression of testosterone. This
highlights the need for further research but altsento question the relevance of testosterone
reduction in rats by phthalates for human heattk aissessment.

DINP and DIDP Do Not Induce “Rat Phthalate Syndrédme

The following section reviews the available datarirstudies which have specifically investigated
DINP and DIDP, including data on a suggested alittontributor, testosterone reduction, and
each of the effects proposed to be within the Hypsized “rat phthalate syndrome”. Infertility, the
most severe outcome of disruption of male repradedtact development, is also discussed.
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We also note that, because of the hypothesizedfdital testosterone in “rat phthalate
syndrome”, coupled with designation of low molecweight phthalates as “endocrine disruptors”,
there is a tendency to assume all phthalates a@cene disruptors and therefore capable of
inducing “rat phthalate syndrome”. Attachment Aalisses the data pertinent to an analysis of
whether a chemical is an endocrine disruptor aaccthresponding data for DINP and DIDP. The
weight of the evidence demonstrates that neithénede high molecular weight phthalates is an
endocrine disruptor.

In addition to the data discussed below for DINdust developmental studies of DINP,
consisting of a gavage study using 144 pregnastarad a dietary study using 100 pregnant rats,
are being conducted by the Hamner Institutes. dbkasglies were designed to provide strong
statistical power for analyzing, collectively, tki@etics and fetal testes effects of DINP and post-
natal effects including nipple retention and AGDaagl as any malformations of the male
reproductive tract including hypospadias, cryptadigm, and epididymal malformations, both
gross and histological and the endpoints attribtaetie hypothesized “rat phthalate syndrome.”
The in-life portions of the studies are completetl analysis is nearing completion, and a report
is being prepared. ExxonMobil anticipates thatrdsailts from the study will be available to the
CHAP in time for incorporation into its report. Vdek that the CHAP carefully consider the study
results at that time, as these data will be immoitiathe overall weight of the evidence and
conclusions for DINP.

DINP Induces a Transient Decrease in Fetal TestosteLevels in High Dose Gavage Studies
Several short ternm vivo studies have been conducted (as discussed im fittachment A) in

rats that specifically evaluated the potentialDdKP-induced effects on plasma/testicular
testosterone production or content (Adamsstoal, 2009; Boberget al, 2011; Borchet al, 2004;
Grayet al, 2000; Leeet al, 2006a; Leest al, 2006b). For comparison, the results of thosdistu
are summarized (Table 8). Of those, two studies,examined only a single dose of DINP, and in
the other, effects were observed only in one dosein the middle of the dose range (Bobetrg
al., 2011; Borchet al, 2004). The four remaining studies reported riect$ for various
testosterone measurements at multiple time pantitsfing exposure (Adamssagt al, 2009;
Boberget al, 2011; Grayet al, 2000; Leeet al, 2006a; Leest al, 2006b).

While two studies have reported an effect on figtstiosterone levels at GD 21, limitations of the
studies should be taken into consideration. Btttiss that saw an effect used high doses of
DINP (e.g. 750 mg/kg/day). In addition, a cleaseleesponse was not demonstrated (Boberg
al.,, 2011). Attime points post-GD 21, no effectsfetal testosterone levels were observed,
indicating the effects observed at the early timiafare transient.

As described above, there is an ongoing gavage stitd DINP at the Hamner Institutes; it
includes an evaluation of fetal testicular testaste at GD 19. As these data will be important to
the overall weight of the evidence and conclusion®INP, the CHAP should carefully consider
this robust study when it becomes available.
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Table 8 - Studies that examined DINP effects osmktesticular testosterone production or
content

Testosterone Concentrations
Route/Strain Dose Expos_ure Testosterone | Blood Blood Intratesticular conten Test|cu_|ar
(mg/kg) Duration Measurement | Serum | Plasma production
(Grayet al, GD 14 - No
2000) G/SD 750 PND 3 PND 90 offect n.d. n.d. n.d.
. +)
(Borchet al, GD7- No (+) approximately ( .
G/W 750 GD 21 n.d. . approximately
2004) GD 21 effect 60% reduction 60% reduction
5
(Leeet al, GD 15 - No
2006a) D/W 50 500 PND 21 PND 140 effect n.d. n.d. n.d.
1100
5
(Leeet al, GD 15 - No
2006b) D/W 50 500 PND 21 PND 7 effect n.d. n.d. n.d.
1100
(Adamsson GD 13.5-
etal, 2009) G/SD 250 750 GD 175 GD 19.5 n.d. n.d. No effect n.d.
_ (+)approximately
g?oggrlgle)t G/W 328 888 F?I\?D7l7 GD 21 n.d. ef’\f‘é)ct 40% reduction No effect
’ (600 mg/kg only)

(Boberget 300 600 GD7-
al, 2011) G/W 750 900 PND 17 PND 90 n.d. n.d. No effect n.d.

G: Gavage, D: Diet, SD: Sprague-Dawley, W: Wistiadl,: no data

There is No Direct Measure of Fetal Testosteronaywever, Existing DIDP Data Demonstrate a
Lack of Concern for Determining Effects on Fetadtdsterone

Data are not available concerning fetal testictdatosterone levels following administration of
DIDP during the critical window of susceptibilithpwever, the lack of any evidence for adverse
male reproductive tract development or associateip@nts such as nipple retention and AGD
suggests that, even if testosterone levels weeetafd, the significance of that event would be
guestionable and clearly would not impact fertibtydevelopment of the male reproductive tract.
As fertility has not been affected at doses upad0-mg/kg/day, determining the effect of DIDP

on testosterone levels at doses at or above tlitedose (i.e. 1000 mg/kg/day or greater) would not
be informative.

DINP and DIDP Do Not Induce Permanent Changes ingemital Distance

Anogenital distance is a sexually dimorphic traitadboratory rodents and humans; rodent males
exhibit a distance 2 — 2.5 fold greater than fesialkndrogens are responsible for normal AGD
elongation in neonatal males (Clementsl, 1978; Hotchkisgt al, 2007; Imperato-McGinlegt

al., 1985). In laboratory animals, agents that atk@gen receptor antagonists will induce a
decrease in AGD in maléS.

Anogenital distance was reported to be unaltereéd/anstudies in which: a single dose of 750
mg/kg/day DINP was administered by gavage (Gatagl, 2000), doses up to ~2500 mg/kg/day
were administered via the diet (Masutashial, 2003).

Boberget al.(2011) reported a small (6%) but statistically #figant decrease in anogenital
distance in males exposed to DINP at 900 mg/kgdmegyost natal day 13. However, the authors

20 As described in Attachment A, DINP is not an ag@mreceptor antagonist (Takeuehal., 2005).
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reported there was no difference between treatedadgrand controls on post natal day 90,
suggesting the effect was transitory.

Leeet al.(2006b) reported a significant decrease in anogkedistance at all doses tested (0, 40,
400, 4000, or 20000 pm in the diet on GD 15 throBYD 21) on post natal day 1. However,
these results are suspect because of the very diffi@ence between the control (2.5) and the
treated (< 0.1 below 2.5) normalized values fodale groups. This finding was reported as
being statistically significant in each dose groygt, with a unit number potentially as low as 16
animals, the statistical findings seem suspectdaad into question whether this is a reporting
error, especially since potent anti-androgenswlggie also studied in this report exhibited no dffec
and this measurement. As pointed out by FosteMuaidtyre (2002), “a 2 to 3% change in
anogenital distance although measurable is unlikeehe biologically of importance and in
isolation would not necessarily be considered asb/er

As described above, there are ongoing dietary amdge studies with DINP at the Hamner
Institutes; those studies include evaluation of AG&IED 19, PND 2, 14, and 49. As these data
will be important to the overall weight of the egitte and conclusions for DINP, the CHAP
should carefully consider this comprehensive rostsly when it becomes available.

Anogenital distance was specifically examined as gfahe two-generation reproductive toxicity
study protocol used for DIDP (Hushkaal, 2001). DIDP (0.02, 0.06, 0.2 or 0.4% diet) dad n
affect AGD in the [ror F, pups when examined on post natal day 0.

DINP and DIDP Do Not Induce Permanent Nipple Retant

Nipple retention in males is thought to be a seresgndpoint downstream of a reduction in fetal
testosterone and has been assessed in severabstédi discussed earlier, further studies are
warranted to determine if fetal reductions in testone are necessary and sufficient to produce
this effect. The development of the rodent nippleexually dimorphic (Kratochwil, 1971;
Kratochwil and Schwartz, 1976). Although mammamngl development begins similarly in both
male and female rodent fetuses, offspring femdteaad mice have nipples but males do not. In
the developing rodent fetus, di-hydroxy testosterproduced locally from fetal testosterone
causes regression of the nipple anlagen (ImperatGiMeyet al, 1986; Kratochwil, 1977, 1986).
This process can be disrupted, and these offsgribgequently display nipples. However, further
studies are warranted to determine if fetal redunstin testosterone are necessary and sufficient to
produce this effect.

As reported in Gragt al.(2000), data for DINP indicated that at 13 dayagé, infant males with
areolas were observed at an incidence of 22% cadpeith controls (0%). At approximately 5
months of age, 2/52 male pups displayed permangpless where the number of nipples equaled
1 and 6 for each of the two males. This effect emssidered to be a malformation and was
reported collectively with 2 other malformationssaatistically significant, although the endpoint
on its own was not statistically significant. Tlaage of historical control values is important for
understanding the low incidence effects. In thislgtthe control incidence for areola retention was
reported to be zero, but in a subsequent study fhr@nsame lab using the same rat strain, control
values are reported as 14% (Os#byal, 2001a) which confounds interpretation of the itssof

the earlier study.
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Boberget al.(2011) reported a significant increase in nippfemales exposed to DINP at 750 and
900 mg/kg/day (average of 3 nipples in each dosepjras compared to controls (average of 2
nipples) on post natal day 13. However, there neadifference in the number of nipples in males
between control and treated animals on post naaP@. Since nipple retention was not observed
on post natal day 90, the utility of this endpdorthazard assessment is questionable.

The biological and/or toxicological significancerapple retention observed in early postnatal
male rats is questionable. Studies examining tfeetsfof in utero exposure to finasteride pa5
reductase inhibitor, demonstrated that finastegxjgosure induced nipple/areola retention in
perinatal male rats, but the effects were tempadi@tgrk et al, 1990), similar to the finding of
Boberget al.(2011) and Carruthers and Foster (2005). Furtbegnunlike rats, human males do
not lose their nipples, significantly challengitg trelevance of this endpoint for use in human
hazard assessment or by extension to cumulatik@ssessment.

As referenced above, there is an ongoing dietaigysivith DINP at the Hamner Institutes; it
includes evaluation of nipple retention at PND hd ND 49. As these data will be important to
the overall weight of the evidence and conclusion®INP, the CHAP should carefully consider
this robust study when it becomes available.

Nipple retention was specifically examined as pathe two-generation reproductive toxicity
study protocol used for DIDP (Hushkaal, 2001). DIDP (0.02, 0.06, 0.2 or 0.4% diet) dad n
induce male nipple retention in thedf F, pups when examined on post natal day 12-13.

DINP and DIDP Do Not Induce Cryptorchidism, Hypod@s or General Reproductive Tract
Malformations

Gross male reproductive tract malformations, swcbrgptorchidism or hypospadias, have not
been reported in any studies for DINP or DIDP;udahg, the definitive two-generation
reproductive toxicity studies (Hushkaal, 2001; Watermaset al, 2000), and a number of other
in vivostudies previously mentioned (Adamssidral, 2009; Boberget al, 2011; Borclet al,
2004; Grayet al, 2000; Hellwiget al, 1997; Kwacket al, 2009; Lee and Koo, 2007; Letal,
2006a; Leeet al, 2006b; Masutomet al, 2004; Masutomet al, 2003; Watermaet al, 1999).

Reported in Gragt al.(2000), four of 52 adult males (from three litteegposed perinatally to
DINP exhibited a malformation: one displayed ad#illed testis, a second displayed paired
testicular and epididymal atrophy, the third digplhbilateral testicular atrophy and the fourth
displayed unilateral epididymal agenesis with hyomatogenesis and scrotal fluid-filled testis
devoid of spermatids. The low incidence of repog#dcts was without any dose response, using
a small number of rats, and effects are of undapnificance. The collective incidence of effects
in DINP treated animals was 7.7% (compared to 828 BEHP treated animals). No endpoint
on its own was significantly different from contralues; rather, different effects were pooled to
produce the 7.7% incidence. This type of data mdaijon is not routinely performed in
toxicological safety evaluations, nor is it consategood statistical practice. Based on the above
points (historical control data and pooling of datachieve significance), the significance of the
reported findings is questionable.
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Likewise, DINP does not induce general reprodudtiget malformations manifested as decreased
weights in androgen sensitive tissues: levatobatbbcavernosus muscles (LABC), seminal
vesicles, ventral prostrate, glans penis, bulboalrgtand, and epididymis (Adamssenal, 2009;
Boberget al, 2011; Grayet al, 2000). These findings are not unexpected sexdjscussed

above, DINP only induces transient effects on fetsiosterone.

Some effects in androgen sensitive tissue weight weported by Lee and Koo (2007) in which a
study similar in design to the Hershberger assag/wtidized. However, both DINP and DIDP did
not induce consistent changes in these androgesitigertissues. A significant decrease in
seminal vesicle weight was observed in all DINPedgoups while a significant decrease in
LABC weight was only observed in the high dose groGeminal vesicle weight and ventral
prostrate weight were significant decreased irCtH2P high dose group. Regardless of control
group, the weights of the sex accessory tissues fine administered groups showed no consistent
or dose-related significant differences from tretdsterone-only animals. In both of these cases,
the data do not meet the Organisation for Econ@oioperation and Development (OECD) or
Environmental Protection Agency (EPA) criteria baing classified as having a positive results
since not all tissues were effected and no dogeerse was observed.

As referenced above, there is an ongoing dietaigyswvith DINP at the Hamner Institutes; it
includes evaluation of phallus malformation, preglgeparation, a full suite of reproductive organ
weights at PND 49 and a comprehensive review ¢é$emnd epididymal histopathology at PND 2
and PND 49. As these data will be important todterall weight of the evidence and conclusions
for DINP, the CHAP should carefully consider thadust study when it becomes available.

There Is No Strong Evidence DINP or DIDP Advergdfgcts Sperm

Two studies have examined sperm counts in maleexgssed to DINP (Bobergt al, 2011;

Kwack et al, 2009). Bobergt al.(2011) reported that on post natal day 90, a Sl

significant (p = 0.048increasein sperm count was observed in male offspring foams that

were exposed to 900 mg/kg/day DINP between gestdfdy 7 and post natal day 17; however,
based on an increase in sperm counts measureeéras ger gram cauda epididymis and a slight
decrease in epididymis weight, the authors conclubdat “these data may indicate that DINP does
not affect testicular sperm production”. Conveys#&wacket al.(2009) reported a reduction in
sperm count (~25%) in adult males exposed to 50Bgdpy DINP for 4-weeks beginning at 28
days of age. Kwackt al.(2009) also noted no effect on sperm quality orilitypt

Kwacket al.(2009) also examined sperm parameters in animaissexi to DIDP. No effect on
sperm count was observed. The authors reportéststaly significant decreases in sperm
motion/quality parameters such as: straight-lineaity, curvilinear velocity, straightness, and
linearity.

The reductions observed in Kwaekal.(2009) are of questionable relevance since highsesl of
DINP and DIDP were used in the definitive two-gextien reproductive toxicity studies where no
effects on fertility were reported in males thatebhave been exposed to each substance for a
longer period of time, including both the P andjEnerations. Fertility is dependent not only on
having adequate sperm count, but also on havinga@perm quality. When sperm quality is
good, (i.e. normal motility as demonstrated for PIM Kwacket al.(2009), then a significant
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reduction in sperm count is required to affectiligrt(Parker, 2006). Furthermore, Kwaek al.
(2009) did not assess reproductive performancleasd animals, critical to the interpretation of
their findings.

DINP and DIDP Do Not Affect the Onset of PubertyMale Mating Behavior

DINP exposure during gestation had no effect oratieof prepupital separation in male rats
(Grayet al, 2000; Masutomet al, 2003). Furthermore, as reported by keal.(2006a; 2006b),
the frequency of copulatory behaviors in post nattk 20 animals was unaffected by DINP at
doses of 400 or 4000 ppm (number of mountings, murabintromissions, number of ejaculations,
and post ejaculation interval). These observatsupport the findings of the definitive two-
generation reproductive and developmental toxilitgy in which there are no adverse effects
reported for male fertility parameters (Waternedral.,2000).

As referenced above, there is an ongoing dietaigyswvith DINP at the Hamner Institutes; it
includes evaluation of preputial separation at RMDASs these data will be important to the
overall weight of the evidence and conclusionditMP, the CHAP should carefully consider this
robust study when it becomes available.

Similar to DINP, DIDP did not affect the age of putial separation in;for F, animals examined
in the comprehensive two-generation reproductixecity test (Hushkaet al, 2001).

DINP and DIDP Do Not Impair Fertility

Both DINP and DIDP have not been shown to altererfidtility in laboratory animals in the
definitive two-generation reproductive and develeptal toxicity study (Hushkat al, 2001,
Watermaret al, 2000)*! Impaired fertility would be considered the decisdoncern and ultimate
result of the collective effects described for thale reproductive tract and termed “rat phthalate
syndrome”. As previously described, there wereffects on male fertility parameters or
reproductive performance in either the parentab{Hirst filial (F;) generation. These studies
demonstrate that adult males (P) exposed to DINPIBP prior to mating are successfully able to
reproduce. More importantly, the reproductive catyaof the ki generation males, which were
exposed to both chemicals throughout their lifefimeainaltered. Therefore, it is clear that DINP
and DIDP do not impair fertiliy7.

Conclusion: DINP and DIDP Do Not Induce “Rat Phtatd Syndrome”
There has been speculation or an assumption thabthbination of phenomena associated with
exposure to low molecular weight phthalates in tatmyy rodents, “rat phthalate syndrome,” can

L Conducted according to EPA Health Effects Test@line OPPTS 870.3800 and in accordance with tineiptes
of Good Laboratory Practices.

22 For its monographs of seven phthalates, the NaltiGoxicology Program Center for Evaluation of&iso Human
Reproduction (NTP-CERHR) created a scale rangiog ftlear, some, or limited evidence of adversectffto
insufficient evidence for a conclusion to limitesdme or clear evidence of no adverse effects. cbhelusion with
respect to reproductive toxicity was “limited evide of ncadverse effects” for DINP and “some evidence of no
adverse effects” for DIDP. In contrast, the cosimn for BBP for male reproductive toxicity was fse evidence of
adverse effects” and for DBP and DEHP the conctufio reproductive toxicity was “clear evidenceanfverse
effects.” The NTP-CERHR evaluations can be acckaséttp://cerhr.niehs.nih.gov/evals/.
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be extended to include high molecular weight plattes and is relevant to humans. Proposed key
events critical to the induction of the hypothedizeat phthalate syndrome” include a decrease in
fetal testosterone and insI3 (Gray and Foster, 2R@8onal Research Council, 2008). Itis
important to again emphasize that the mechanismerlying these effects remained ill-defined.

A decrease in fetal testosterone levels has beseredd in two studies with DINP (Bobeggal,
2011; Borchet al, 2004); however, it appears to be a transientefi&oberget al, 2011).
Furthermore, there is a strong disconnection betvieis observed hormone change and the lack
of predicted adverse phenotypes. The most seagitienotypic endpoints for the identification of
“rat phthalate syndrome” are decreased anogengtdrte and nipple retention (Carruthers and
Foster, 2005; Gragt al, 2009; National Research Council, 2008; Wilsbral, 2007). While
Boberget al.(2011) reported a significant decrease in anodetiggance in males gestationally
exposed to DINP (900 mg/kg/day) on post natal dagapproximately 6%), there was no
difference between treated animals and controlsast natal day 90; the effect was transitory.
Additionally, there was no effect on nipple retentiat either time point. No effects on AGD or
nipple retention were observed in the definitive{generation reproductive toxicity test on DIDP
(Hushkaet al, 2001).

Additionally, both DINP and DIDP have been shown teonduce hypospadias, cryptorchidism,
or alter the androgen sensitive tissues. Furthexno the definitive two-generation reproductive
toxicity tests, DINP and DIDP had no effect onifgytor developmental parameters.

Overwhelmingly, the data clearly indicate that bDiNP and DIDP do not induce the adverse
effects hypothesized to be part of “rat phthalgtedsome”. Therefore, the applicability of the
“syndrome” for hazard assessment is not suppodedither substance. Limited research suggests
that DINP induces a reduction in fetal testostersyr@hesis. However, use of decreased
testosterone as the sentinel event predictive wérae effects is problematic as DINP does not
induce the effects consistent with the hallmarkthef“rat phthalate syndrome.” In addition,
species specific differences in sensitivity to jaiite induced disruption in testosterone are clear.
Recent and developing evidence indicates that harmsnmore similar to mice in that both seem

to be refractory to phthalate induced testosteredactions. Therefore, the relevance of this
endpoint for human hazard or cumulative risk assessis highly questionable.

Should a Cumulative Risk Assessment be Conducted @nVill It Increase Accuracy
Concerning Risk?

Cumulative risk typically refers to the accumulatiaf risk from multiple chemical and/or non-
chemical stressors that may interact to producadaiitive, synergistic, or antagonistic effect. This
concept is different from aggregate risk assessmhbith refers to the sum of the risks resulting
from exposures to the same chemical via multipleses and multiple routes. Chemical mixtures
risk assessment is encompassed within cumulasketwo or more chemicals are involved which
may cause the same or different effects to a targedtlation (e.g., different organophosphates
with the same mode of action, tailpipe exhaust witlitiple chemicals having similar and
different effects, etc.). Cumulative risk may atsodefined broadly to refer to accumulation of
risk from multiple unrelated sources (e.g., combBinbemical and non-chemical risks).
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Cumulative risk assessment (CRA) requires extersiantific knowledge and currently has
significant uncertainty. Expert testimony at thebFuary 4, 2010 hearing of the Senate
Environment and Public Works Committee's Subconemitin Superfund, Toxics, and
Environmental Health on "Current Science on PuBkposures to Toxic Chemicals" supported
this view?® For example, the National Institute of Environtaiealth Sciences (NIEHS)
Director, Linda Birnbaum, recognized that the sceeaf cumulative risk from multiple chemical
exposures is only beginning to develop and thabnrajsearch in this area is needéd.

The CHAP has discussed the National Academy ofnSet (2008) recommendation that
phthalates and other chemicals that affect maledetive development in animals, including
compounds that affect testosterone productionpbeidered in a CRA. These approaches would
be all encompassing, highly complex assessment®utiprecedent. While this type of
assessment would provide a complete understandimgvoall chemical and non-chemical
stressors contribute to an individual’s risk, tla¢addevelopment and methodological validations
would be vast, complex and time intensive. As dised below, considerable planning would be
required to conduct such an assessment which &aees the CPSIA §108(b)(2)(B) charge to the
CHAP which stated the CHAP is to “consider the pbo& health effects of each of these
phthalates both in isolation and in combinatiorhvather phthalates” and “consider the
cumulative effect of total exposure to phthalabegh from children’s products and from other
sources, such as personal care products.”

EM believes conservative assumptions built intovialdial chemical risk assessments (the current
regulatory approach) in most cases will accounpfiential risks from chemicals in combination
at low exposure. In addition, given the statehefscience in cumulative risk assessment, there
exists no methodology at present to incorporateprehensive cumulative risk, including
chemical and non-chemical stressors, as a rowtimpaonent of chemical analysis. The scientific
community has proposed several different approatchegmulative risk, including those of World
Health Organisation’s (WHO) International ProgramoneChemical Safety, US National
Research Council, and EPA; however, a number ofdses are still being debated. Assessing
when a cumulative risk assessment is necessaigjrdgivhich chemicals should be included and
extrapolating to relevant exposures are all ciligzgos in the current knowledge for assessing
cumulative risk.

Critical Consideration to Problem Formulation Ha®t\Been Conducted

The first step when considering any risk assessstenild be problem formulation in which the
development of the objectives and scope help cteiae the problem. The U.S. EPA Framework
for Cumulative Risk Assessment (2002) recommenaisglanning and scoping the risk
assessment should begin with a dialogue amongg#tiblsolders. As cumulative risk assessments
may be very complex, involving several chemicald atiher stressors and/or responses, a detailed

2 \Written statements and archived webcast are at
http://epw.senate.gov/public/index.cfm?FuseActioratihgs.Hearing&Hearing ID=8a722315-802a-23ad-4e9a-
b8477139e63f

%4 Testimony given to US Senate Committee on Enviremrand Public Works Subcommittee on SuperfundjcBox
and Environmental Health hearing on Current SciemcBublic Exposures to Toxic Chemicals Februa304,0
(minute 56.10 of archived flash video at
http://epw.senate.gov/public/index.cfm?FuseActioratihgs.Choose&Hearing id=8a722315-802a-23ad-4e9a-
b8477139e63f
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plan is required at the onset of the assessmeaaemify all of the issues that need to be addigksse
The problem formulation needs to consider the goflke risk management, the purpose of the
assessment, the scope and depth of the analysian#hytical approach, and the resources
available for the assessment. This problem fortimras usually an iterative process during
which data gaps are identified and addressed an#ri@vledge is refined to a level that allows
the risk assessment to proceed with the requirgcedeof certainty. The process of problem
formulation has largely been missing from recestdssions concerning the necessity and impact
of any cumulative assessment of phthalates.

In the case of the CPSIA phthalates, problem foatah has largely been bypassed; however, this
becomes a key consideration for the CHAP. In féwting the July CHAP meeting, the statement
was made “..generally that [problem formulation] is terribijportant and often neglected and
the process starts with a state of problem formanand defining the context, | think that we’re
about to do that and we’re very near to that poirtat step is so important. That helps us to
decide what kind of information we actually neeck Wéed to define the context and the
problem.” This point should not be forgotten, asijpem formulation helps focus goals and define
the scope and depth of the analysis. We note dlgainultimately, information obtained from the
CHAP’s evaluation needs to help inform the CPS@®mination of whether to continue the
interim ban on DINP, DIDP and DnOP ¢hildren’s toys and childcare articles that cangiaced

in the mouth Therefore, the CHAP’s efforts should be focusedstimates of cumulative effects
for children, versus other subpopulations, andxgosures from children’s products.

Although the scope and underlying rationale forithmediate need to conduct a quantitative
cumulative risk assessment of phthalates is natrclee CHAP has discussed the following as
perhaps a loose justification. First, evidenceafcurrent exposure to phthalates, in general, is
supported by biomonitoring data (Centers for Disgasntrol and Prevention, 2009; 2011).
Second, some phthalates have been described asng@uspectrum of effects described as the
“rat phthalate syndrome” (see above discussiorjse@ation of any one of, or just a proposed
critical contributor to, this collection has beerggested as enough evidence to describe an agent
as inducing the “rat phthalate syndrome;" even gihoeach effect, singly, may arise through the
disruption of multiple pathways. Third, a numbéstudies report an increased incidence or
response of phthalate-induced toxicity when adrtengsl together as opposed to administered
singly (Howdeshelet al, 2007; Howdeshekt al, 2008a; Howdeshedt al, 2008b; Jarfelet al,
2005; Martino-Andradet al, 2008; Rideet al, 2008; Ridert al, 2009). These studies are
largely conducted with doses at or slightly belbw dbservable response range and conclude that
the combined effects are consistent with dose mdditimportantly, no data have been generated
to support interaction at doses orders of magnitoer than the rat NOAEL, or exposures close
to that estimated for humans. A discussion on #iielity of dose addition for human-relevant
exposures is included below. The usefulness o€tHAP’s report to CPSC would be enhanced
by carefully considering the uncertainties, assumngt and gaps associated with conducting a
cumulative risk assessment, if one is undertaked fally characterizing each in the context of
any conclusions reached.

Transparent Criteria for Establishing a Chemicaldap Have Not Been Proposed

The National Academy of Sciences report (2008) meuended that phthalates and other
chemicals that induce the general “androgen-insieficy syndrome” in animals be considered in
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a CRA. Given the previous discussion concerningctbar toxicological differences between
LMW and HMW phthalates, and the inability to fubupport the identification of a relevant
predictive marker for human risk; broadly groupfpbthalates” for the purpose of estimating
human risk is of questionable practice. As indgidaabove, a number of non-overlapping
disrupted pathways may result in the varied andpexresponses observed among different
phthalates and other chemicals known to affectrthke reproductive tract. This complexity
highlights the need to carefully examine the spetifxicity, adverse health effects, and associated
events for each individual chemical. By basingimuglative risk assessment on broad criteria
such as “adverse health outcomes”, “the same phemalggical effect” or even having the same
family name, the assessment not only becomes noonplex but less accurate for estimating
human risk.

As discussed above, the selection of DBP, BBP, DEHMOP, DINP and DIDP for inclusion in
the CPSIA was based on historical political proessaot on a scientific judgment. In addition,
the CPSIA charge to the CHAP does not require atifative cumulative risk assessment. We
believe that neither DINP nor DIDP qualifies foclusion in a cumulative risk assessment based
on male reproductive tract effects or hypothesgattinel effects of the “syndrome”. However,
even where screening assessments have included @ittt basis, they show that the
contribution of DINP to risk is negligible. Thellimving discusses these studies.

Conservative Screening Approaches Demonstrate ibdes Low Rigk

If problem formulation identifies a need to considenducting a cumulative risk assessment, then
proposed cumulative risk methodologies can be asqafactical screening tools to confirm or
disprove the concern identified during problem falation. As described, the HI approach can
provided useful information pertaining to the lesékconcern for phthalates as a mixture and help
identify which phthalates in the mixture likely dei the concern. The published literature (Benson,
2009; Kortenkamp and Faust, 2010) suggests tha¢weéof concern for adverse effects as a

result of current exposures to a mixture of phtteslas very small and does not approach the point
at which additional analysis is needed, bearingiimd that these screens are designed to represent
an overly conservative estimate and a worst casessio.

The Hazard Index (HI) approach was developed by in the early 1980’s and has primarily
been used as a screening method which enabled &&#sistently compare risks and alternative
remedial strategies, but not to accurately desailEharacterize risk. Using this approach, an Hi
is calculated for a mixture, irrespective of eabkroical’s target organs, by taking the sum of the
hazard quotients for the individual compounds presethat mixture. A hazard quotient (HQ) is
the ratio of the estimated exposure to the acceptabel of exposure (e.g., reference dose RfD).
The HI approach has the advantage of being a dkftrensparent methodology where extensive
data are not needed and uncertainty is well ingatpd. No appreciable concern is assumed if the
sum of the hazard quotients does not exceed a wéllLie If the HI exceeds the value of 1, an
adjusted HI (HA) can be calculated by combining hazard quotientg for chemicals with similar
target organ toxicity. The approach overcompessateuncertainty and hence is highly
inaccurate when it is used to characterize risk g®duces excessively high estimates of toxicity
and risk.

% Likely, DIDP would exhibit hazard indices simil® or less than DINP due to its low exposureslandpotential
for toxicity.
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Three significant layers of conservatism inhererthe HI approach are as follows.

1. Dose-addition (DA) — Dose addition is basedhanitiea that all components in a mixture
behave as if they are simple dilutions of one a@tiDA implies that every toxicant in the
mixture contributes, in proportion to its toxic yrio the overall mixture toxicity. This
oversimplification introduces a high degree of @matism and uncertainty.

2. No Observed Effect Level (NOAEL)/Lowest Obserdtect Level (LOAEL) to describe
dose-response data — Point estimates, such as NO&#kL L OAELS, neither represent effect
concentrations nor effect levels. Both are emallychased on experimental design and are not an
accurate representation of the intrinsic hazardevaf a chemical. Since point estimates do not
represent equi-effective doses, the use of theanGRA introduces an additional layer of
conservatism and uncertainty into the HI approach.

3. Modified Points of Departure (MPOD) — Adjustmfanicertainty factors used in the
calculation of the MPOD are quantitative judgmesftgualitative deficiencies in the database and
are typically based on default values. The uséede¢ uncertainty factors results in the
conservative estimate of an MPOD, and by extensi@onservative HI value.

Two initial phthalate cumulative risk screens hawgployed a hazard index approach where the
critical “effect” included multiple developmentah@points, as summarized in Table 2 (Benson,
2009; Kortenkamp and Faust, 2010). Benson (2009)arad a hazard index (Hl)/relative
potency factor (RFP) approach for six phthalatedBRPDiBP, BBP, DEHP, DPP, and DINP). A
reference dose for each of the phthalate estersl@rased, based purportedly on adverse male
reproductive and/or developmental effects, andtarmy factor relative to DEHP was assigned.
Using exposure data from (Wittassek and Angeréd82and (Kohret al, 2000) for EU and US
populations, respectively, hazard quotients weleutated and then summed to determine the HI.
This screening exercise indicated that humansilaky Inot suffering adverse developmental
effects from current environmental exposures tosthghthalates as a mixture.

Kortenkamp and Faust (2010) also utilized the Hirapch for the examination of phthalates

(DBP, DiBP, BBP, DEHP and DINP) and other chemiguilsclozolin, prochloraz, procymidone,
linuron, fenitrothion, p,p’-DDE). For each of tleeshemicals, a reference dose was defined based
on a point of departure based on adverse maledegptive and/or developmental effects. Using
exposure data from US and EU populations, hazaotienis and the hazard index was calculated.
Like the findings of Benson (2009), Kortenkamp &aaist (2010) demonstrated that the
contribution of phthalates to the overall risk vgasall and suggested that concern for adverse
reproductive effects from current environmental@syres to humans from the six phthalates as a
mixture is low. In addition this study indicatést reduction in phthalate exposure would not
significantly reduce the risk of the total mixtwae they are of low toxicity and low exposure.

In both of these examples, the hazard index apprbelped to highlight which phthalates in the
mixture are most likely to drive the toxicity ofetlmixture. Consistent with each individual
chemical’s ability to induce developmental and oeloictive effects in rodents, the hazard
quotients for DEHP and DBP were much larger thaDidP which indicates that DINP does not
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significantly contribute to the overall “phthalateiixture toxicity due to its low toxicity for the
chosen endpoint and low exposure. Therefore,sase®ning exercise the HI serves as a first step
to evaluate a mixture of chemicals in a highly @wmative manner; however, it does not
accurately determine a risk metric for humans ro@sdt serve as an adequate assessment with
which to base regulatory restrictions.

The HI is dependent on the availability of compéedibgh quality hazard and exposure data for
each component of the mixture. DIDP was not inetlioh the published HI screens, for good
reason. In each approach, data available on hthigtate syndrome” effects or a decrease in
testosterone was used as the basis for derivingdified point of departure. There is no evidence
to suggest DIDP induces any of the effects chaselnding nipple retention, decreased AGD, or
decreased testosterone. Therefore, inclusioriDPbased on any male reproductive tract effect,
or any “rat phthalate syndrome” effect, or a deseegia testosterone is unjustifiable.

Table 9 - Phthalate Cumulative Risk Screens Indicata Hazard Index < 1

(Benson, 2009) (Kortenkamp and Faust, 2010)
Hazard Quotient Hazard Quotient

DBP 0.02 DBP 0.06

DiBP 0.001 DiBP 0.008

BBP 0.004 BBP 0.012

DEHP 0.01 DEHP 0.12

DINP* 0.002 DINP* 0.001

Hazard Index 0.037 Hazard Index 0.201

* The point of departure chosen in these studie®fblP was a reduction in testosterone observedsatigle high dose (750
mg/kg) (Borchet al, 2004). Use of decreased testosterone as thiaeemtent predictive of adverse male reprodudiiset

effects or as a surrogate effect for the “rat platiessyndrome” is not supported by the studies BFDwhich show no evidence of
adverse health effects in association with thersvke reduction in testosterone (observed at biglhgavage doses). In addition,
species specific differences reported in the liteeaquestion the relevance of this endpoint fonam hazard or cumulative risk
assessment.

Current Assumptions and Data Gaps Require Scrutiny
Discussions concerning how a cumulative risk assesscould be conducted have led to some
proposals and assumptions which need tedpetinized

Assumption 1: A cumulative risk assessment couttbbducted on a group of phthalates as
indicated in the CPSIA based on evidence of thaiityato similarly disrupt male sexual
differentiation in reproductive toxicity modelsrits (i.e. exhibited effects characteristic of the
androgen insufficiency syndrome).

As discussed in the introduction above, the sixalates named in the CPSIA were not originally
grouped based on any toxicological similarities.contrast, the six were included as a result of a
historical political process that had included DIail DIDP despite comprehensive risk
assessments indicating no unacceptable risk frem ¢hrrent uses.

At approximately the same time as the passageesd€BSIA, the NAS 2008 recommended that

“Accordingly, the cumulative risk assessment ofhaltdtes should consider any chemical that
leads to disturbance of androgen action and is¢hpable of inducing any of the effects on the
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development of the male reproductive system tretharacteristic of phthalate exposure.” The
statement implies that disturbance of androgemmdtidicates capacity for inducing hypospadias,
cryptorchidism, reproductive tract malformationslexrease in Leydig cell function, a decrease in
AGD and or a decrease in fertility.

The weight of the evidence suggests for DINP tltabagh testosterone is transiently reduced late
in gestation, effects on the development of theemgbroductive system are not observed at doses
below the commonly accepted limit dose of 1000-20@@kg/day. Therefore, a number of non-
overlapping disrupted pathways may result in théedsand complex responses induced by the
LMW phthalates. This complexity highlights the dee carefully examine the specific toxicity,
adverse health effects, and potentially associetedts for each individual phthalate. Given the
differences noted between the LMW and HMW phthalatas plausible that multiple modes of
action may be at play; observation of a single ymsar event (e.g. reduced testosterone) may not
be predictive of the capacity for “inducing anytbé effects on the development of the male
reproductive system that are characteristic of glate exposure.”

Assumption 2: Combination effects of phthalatek wiher anti-androgens can be approximated
by using dose addition.

Mixtures assessments have been conducted primatii. MW phthalates to determine if effects
on the developing male rat reproductive tract aditave in nature, specifically if they display
dose addition at doses well above estimated huxposare<® A single study has been conducted
in vivowhich tested the interaction effect of DINP andHMEoN testicular testosterone production
(Borchet al, 2004). Thirty-two dams were dosed with eithed 8ty DEHP/kg bodyweight per
day, 750 mg DINP/kg bodyweight per day, or a coraban of these doses. Male fetuses were
examined on gestation day 21, and blood and testes collected for hormone analysis. The
authors reported that a factorial statistical asialyevealed no statistically significant interanti
between the effects of DEHP and DINP. In contithgt,assumption of dose-addition appears to
be supported by the mixtures studies with LMW plates, again testing doses at or near the
observable effect region (Ghisari and Bonefeld-dosgn, 2009; Howdesheit al, 2007;
Howdeshellet al, 2008a; Howdeshedt al, 2008b; Jarfelet al, 2005; Martino-Andradet al,

2008; Rideret al, 2008; Rideet al, 2009).

The assumption of dose addition as the basis fodwcting a cumulative risk assessment for
humans is highly conservative (i.e. dose-addittoassumed at levels below a threshold of
response) and not well supported in the publishedhture. As stated by Borget al (2004),

dose addition may be a conservative assumptiors{fore effects] of chemicals when they are
present at concentrations at or above their NOABUsthat independence becomes more
predictive when the concentrations of the componbamicals are well below their individual
NOAELs. Itis important to point out that the reasow dose mixtures may be less than additive
is that the mode of action could be different betbes NOAEL.

% For mixtures of components that are determineattahrough a common mode of action, the likelihobtbxicity
associated with a mixture is determine by addirgdbses of the components, where the conceptesthhbid is
applied to the dose of the complete mixture, rathan to the doses of the individual componentse dssumption for
dose addition is that components are essentiallgatogical “clones” of one another such that thkative proportions
of each in a mixture are treated as dilutions & another.
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Borgertet al. (2004) also indicates that it is premature to emesdose addition for chemicals that
appear to be mechanistically similar and to asstiasgonse addition models only for chemicals
that appear to be mechanistically dissimilar. Beeahese simple models were developed for
binary mixtures, their applicability to more complmixtures is uncertain. Dose addition should be
correlated with specific mechanistic features fartigular toxic effects before the approach is
generalized.

Gap: Additional Justification Is Needed for Aspexft&Exposure Estimates Being Considered by
the CHAP

Inherent in the extrapolation of cross-sectionatga data to the population are uncertainty and
variability. Uncertainty represents a lack of krnedge about factors affecting exposure whereas
variability arises from true heterogeneity acrossple, places or time (United States
Environmental Protection Agency, 1997). More siygihted, uncertainty can lead to inaccurate
or biased estimates whereas variability can affexiprecision of the estimates and the degree to
which they can be generalized. Therefore, it ipasBmount importance that when addressing
phthalate exposure estimates, the CHAP provides st@entific justification for its choices,
particularly when distinguishing and correctingighility and uncertainty. Rigorous quantitative
analysis is of little value for use in the decisimaking process if results are not clearly preskente

There have been discussions at the CHAP meetingshimh population exposure estimates
should be used in a cumulative risk assessment) me@5th%. Some support for use of the
95th% estimate for each phthalate has been expresXmsideration must be given on whether or
not this is a realistic scenario or if it substaltyi overestimates exposure. For example, it is
unlikely that an individual in the population woulé in the upper echelon of exposure estimates
for all phthalates simultaneously. Therefore,uke of these high exposure estimates could
significantly overestimate cumulative exposurdss fealistic to use the mean exposure estimates
for purposes of the cumulative risk assessment.

A preliminary illustration of a cumulative risk €aming for the phthalates in the NHANES
database was presented at the December 2010 CHatihg)yavhere a hazard index was
calculated per individual. All individuals witheasubpopulation (e.g. children ages 6-11) were
plotted so that the number of individuals whoseekiteeded 1 could be identified. Drawbacks of
the methodology as presented include: 1) estimsid exposure for DINP assumed exposure at
the limit of detection for all “below the limit afetection” values, resulting in overestimation; and
2) the assessment was limited to those phthalatdsdied in the NHANES database. Assessment
of the statistical validity of the method is notspible on the basis of the information presented at
the meeting, as the underlying calculations weteclearly conveyed. If the CHAP pursues this
methodology, we request that a thorough explanatidghe methodology be publicly provided so
that any issues can be raised for the CHAP’s censiithn earlier rather than later in the process.
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Conclusions

The two hazard index screens further support theipusly discussed observation that all
phthalates are not toxicologically equivalent. Ewehen an inappropriate endpoint is ed

DINP has been shown to be a minimal contributarny cumulative assessment on phthalates due
to its low toxicity and very low exposure wheredd\l phthalates are seen to drive the risk
associated with phthalate-induced effects on thie neproductive tract.

The published screening assessments described based the points of departure on various
effects on the male reproductive tract, or effecesumed to presage male reproductive tract
effects, which is an overly conservative approathe point of departure used in both published
assessments for DINP was a reduction in testosterDetailed analysis of the full manifestation
of the “rat phthalate syndrome” indicates a muttifsial basis; therefore, a mere reliance on
decreased testosterone synthesis as a predictikemnislikely simplistic and inaccurate for the
purposes of estimating human risk. In additioecsgs specific differences in sensitivity to
phthalate-induced disruption in testosterone aarclHumans are more similar to mice in that
both seem to be refractory to the androgen modulatimherefore, the relevance of this endpoint
for human hazard or cumulative risk assessmentgstgpnable and should not be used to include
DINP in a cumulative risk assessment based on repleductive effects. DIDP has not and
should not be included in a cumulative risk assesdétinased on any “rat phthalate syndrome”
effects or a decrease in testosterone as thereasidence to suggest DIDP induces any of these
effects. Therefore, inclusion of DIDP based on ar&fe reproductive tract effect (i.e. any “rat
phthalate syndrome” effect) or a decrease in testmse is unjustifiable.

Areas of limited evidence need to be highlighted excorporated into any conclusions regarding
cumulative risk. Cumulative risk assessment baseadverse health outcomes is a new area for
risk assessors and screening methodologies helpatacterize “worst case scenarios”. However,
these methodologies incorporate a number of urdesteumptions including dose addition at
human relevant doses, steady state exposure lanelthe absence of additional interactions
which either increase the effects (synergy) or dighi the effects (antagonism) of a single
chemical. In addition, factors such as the abilitpdapt and compensate for as well as repair
damage are largely ignored in current cumulatisessments. Without consideration of these data
gaps, the characterization of risk is largely inaate and does not serve to inform rationale and
scientific decisions regarding regulation of praguc

2" The point of departure chosen in these studieBP was a reduction in testosterone observedsatgle high dose (750
mg/kg) (Borchet al, 2004). Use of decreased testosterone as thiaelemtent predictive of adverse male reprodudiiset

effects or as a surrogate effect for the “rat platiessyndrome” is not supported by the studies bFDwhich show no evidence of
adverse health effects in association with thersibie reduction in testosterone (observed at bigihgavage doses). In addition,
species specific differences reported in the liteeaquestion the relevance of this endpoint fonam hazard or cumulative risk
assessment.
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Attachment A: DINP is not an Endocrine Disruptor

Because of the hypothesized role of fetal testostem “rat phthalate syndrome”, coupled with
designation of low molecular weight phthalatesesdocrine disruptors”, there is a tendency to
assume all phthalates are endocrine disruptorstemdfore capable of inducing “rat phthalate
syndrome”. This attachment discusses the datapasttto an analysis of whether a chemical is an
endocrine disruptor and the corresponding dat®fhiP and DIDP. The weight of the evidence
demonstrates that neither of these high molecudéght phthalates is an endocrine disruptor.

Definition of an Endocrine Disruptor

Endocrine disruption is not a toxicological endrggaer se, but a functional change that leads to
an adversdealth effect. One of the earliest consensus itiefis was developed during a multi-
stakeholder conference in Weybridge, England dut®@6. This led to further conferences and
considerations within respected scientific prograuonsh as the World Health Organization’s
International Programme on Chemical Safety (IP@®8)jch also developed a consensus definition.

The definitions are:

«  Weybridge definition (1996} "An endocrine disruptor is an exogenous substémate
causes adverse health effects in an intact orgamwisits progeny, secondary to changes in
endocrine function.”

« IPCS definition (20025% “An endocrine disruptor is an exogenous substanagixture
that alters function(s) of the endocrine system@msequently causes adverse health
effects in an intact organism, or its progeny,sut( populations.”

Each of these definitions contains two critical @aments. First, and intuitively, is the recogmitio
that an endocrine disruptor modulates the endosgetem. Second, and critical to the definition,
is that this modulation leads to an adverse hedidtt. Each day the population undertakes a
variety of activities that modulate the endocrigstem, for example, exercising or use of
contraceptives, and is exposed to chemicals thdufate the endocrine system, such as fructose.
While these activities and chemicals modulate tidoerine system, they are not and should not
be considered endocrine disruptors; they do nat teadverse health effects.

The same tenet must be upheld for xenobioticsewety substance that causes endocrine
modulation within the range of homeostatic or (an@) physiological responses should be
considered an endocrine disruptor. Within the rasfgehysiological responses, substances may
also act or be suspected to act on the endocrsterayia endocrine mechanisms for which no
relationship to an adverse health effect can kebéshed. These substances should be
discriminated from those that result in changeth@endocrine system leading to clear adverse

2 European Commission, European workshop on thedtmgda@ndocrine disruptors on human health andliféld
Weybridge, UK, Report No. EUR 17549, Environmerd &iimate Research Programme, DG XXI. Brussels,
Belgium. 1996.

International Programme on Chemical Safety - Wetd@lth Organization, Global Assessment of the Siftbe-
Science of Endocrine Disruptors. 2002.
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health effects, consistent with the above defingi®nly substances that cause adverse effects on
functionality or composition of tissues, organspggan systems via endocrine modes of action
should be categorized as having ‘endocrine disryptaperties’ and characterized as endocrine
disruptors. Using the previously established IPEfhdion of endocrine disruption, the OECD
developed a conceptual framework for identifying@erine disruptors. This is discussed below.

OECD Conceptual Framework for Identifying Endocridisruptors

The OECD conceptual framework for identifying endloe disruptors was developed to provide a
framework for the identification, testing and asseent of potential endocrine disruptdtst is
intended to apply to both new and existing substs@s well as different chemical sectors such as
pharmaceuticals, industrial chemicals and pesticide

The conceptual framework agreed by the EBHiA 2002 is not a testing scheme, but rather a tool
box in which various tests can contribute inforratior the detection of the hazards of endocrine
disruption. Organized into five levels each cormegpng to a different level of biological
complexity, study data are identified and organiz&te end result is a weight of evidence
assessment in the context of the ICPS definitioanoéndocrine disruptor; i.e. a substance that
modulates the endocrine system in a manner thds eeadverse health effects.

DINP and DIDP are not Endocrine Disruptors

There are sufficient data to conclude that both ®&hd DIDP do not modulate the endocrine
system in a manner that leads to adverse heat#thteffTherefore, DINP and DIDP are not
endocrine disrupting substances when evaluateddogao the OECD Conceptual Framework
and using the commonly recognized definitions oéadocrine disruptor. The following
summarizes the data for DINP and DIDP, following @ECD flow from in vitro to short-term in
vivo studies to definitive one- and two-generattudies.

In vitro Study Reports on DINP and DIDP

Availablein vitro studies with DINP and DIDP have examined bindmgath the androgen and
estrogen receptors as well as the ability to madidative iodide uptake in the thyroid. No
significant responses were observed with either®>X DIDP in any of thén vitro assays.In

vitro data needs to be evaluated carefully as to whétlegrprovide meaningful data; in some
cases the test substance of interest was not alvaysined. Both DINP and DIDP are rapidly
metabolized to the monoester which is likely thad@ntity. As discussed, extensivevivo data
support the conclusion that DINP and DIDP do ntarict with the androgen or estrogen receptor
and have no effect on the thyroid function.

In vitro Studies - DINP

Harriset al. (1997) screened a series of phthalate estersidimg) DINP, for estrogenic activity
using a recombinant yeast screen. The recombirgst gcreen utilized the human estrogen
receptor integrated into the main yeast genomeeaptessed in a form capable of binding to
estrogen response elements, controlling the expres§the reporter gene lac-Z. DINP was
tested at concentrations ranging fron¥ M to 5x10° M and produced inconsistent results. DINP

30 http://www.oecd.org/document/58/0,3343,en_26497342348794 1 1 1 1,00.html
31 Sixth meeting of the task force on endocrine diiets testing and assessment
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was also tested for the ability to stimulate peskition of human breast cancer cells (MCF-7 and
ZR-75 cells). DINP had no effect in the MCF-7 asdaythe ZR-75 cells, DINP induced
proliferation to a significantly greater extentnhthe control. Undein vivo conditions, DINP is
rapidly metabolized to MINP (Koch and Angerer, 20PcKeeet al, 2002); therefore testing the
diesterin vitro is not representative of tle vivo response.

Zacharewsket al.(1998) examined the estrogenic activities of egithalates, including DINP,

in bothin vitro andin vivotest systems. DINP did not induce displacemeiffittéifestradiol in rat
uterine cytosol. Additionally, in a estrogen semsituciferase reporter gene assay in MCF-7 and
HeLa cells, DINP did not induce any measureablpaese at any of the doses tested (up t 10
M). Finally, no significant growth db. cervisiaestrain PL3 transformed with human estrogen
receptor cDNA in selective medium with DINP. Theteors also examined the effects of the eight
phthalates, including DINP, in twia vivo assays; an uterotrophic assay and vaginal cell
cornification assay. Mature ovariectomized ratsendgwsed with 1, 20, 200, or 2000 mg/kg/day
DINP for 4 consecutive days with assessment octgion day 5. In two separate experiments,
DINP caused a minimal yet significant decreaseémnine weight in the 2000 mg/kg/day dose
group. No effects were observed in vaginal calhdation assay for DINP. Based on these
results, a NOAEL of 200 mg/kg/day can be inferreddecreases in uterine weight. As stated
previously, undein vivo conditions DINP is metabolized to MINP (Koch andggrer, 2007,
McKeeet al.,2002).

Akahoriet al.(2005) used combined quantitative structure-agtnatationship (QSAR) models
from discriminant and multi-linear regression as@yto predict the binding potency to human
estrogen receptor alpha (EERand compared these results taramitro human ER binding assay.
In thein vitro assay, DINP exhibited minimal human &Rnding; reported as the relative binding
affinity (logRBA = -3.49). When examined in thengputer models, weak binding was predicted
for DINP.

Breouset al. (2005) investigated possible effects of DINP omtifanscriptional activity of
sodium/iodide symporter (NIS) which mediates th@vadransport of iodine in the thyroid. PC
C13 cells were transfected with the human NIS repan a luciferase expression vector along
with a vector containing the NIS promoter and wgestn enhancer and cultured with test material
for 48 hours. No effect was observed with DINPtloa transcriptional activity of NIS.

Takeuchiet al.(2005) characterized the activities of the human,BERman ERR and human
androgen receptor (AR) using a reporter gene asdaliinese Hamster Ovary (CHO) cells. CHO
cells were transfected with plasmids containing &nrBRy, ER(3, or AR along with a luciferase
reporter plasmid. As compared to the controlsadgtt and dihydroxy-testosterone, DINP did not
show any estrogenic/anti-estrogenic or androgemiegndrogenic activity at the tested
concentrations (up to Tov).

Wenzelet al. (2005) investigated the potential of six phthadtemodulate basal iodide uptake
mediated by the sodium/iodide symporter (NIS) natathyroid cell line, FRTL-5. Results
indicated that DINP showed no cytotoxicity at levelL0°M but at high concentrations (1®1),
enhanced basal iodide uptake by these cells.
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Mlynarcikovaet al. (2007) investigated the effects of DINP on progeste and estradiol
production in primary cultures of porcine ovariaamulosa cells. Cells were incubated in the
presence or absence of 3 phenols, 3 phthalates (L M) or human recombinant Follicle
Stimulating Hormone (hFSH, 1g/ml). Steroid levelsregmeasured by radioimmunoassay (RIA).
DINP did not induce any significant effect on basiahFSH stimulated progesterone production.
Further, DINP did not induce any significant effeatbasal estradiol production. A decrease in
hFSH stimulated estradiol production was associaiddDINP at all dose levels.

Akahoriet al.(2008) examined a series of chemicals in a humanlgRling assay and compared
the results to observations fromiarvivo uterotrophic assay performed according to the OECD
guideline 440 and in compliance with good labonagmactices (GLP). DINP exhibited minimal
human ER binding in thein vitro assay; reported as the relative binding affinigRBA = -3.49).

Krugeret al (2008) tested DINP in two chemically activatedifierase gene expression (CALUX)
bioassays, one in recombinant mouse Hepal.l2cRtoassess the AhR function and the other in
CHO cells to assess AR function. DINP had no ¢if&cAhR or AR activity in the tested dose
range (10° — 10°M).

Ghisari and Bonefeld-Jorgensen (2009) investigtiteghotentialn vitro thyroid hormone-like and
estrogenic activities of a range of widely usedptazers, including DINP. Thyroid hormone
disrupting potential was determined by the effectlee TH-dependent rat pituitary GH3 cell
proliferation (T-screen). Estrogenicity potentisasvassessed using MVLN cells, stably transfected
with an estrogen receptor (ER) luciferase repareetor. DINP did not induce a significant effect
on GHa3 cell proliferation, indicating that it didhmediate thyroid receptor activity. Further,

DINP did not induce any effects in the ER assajoses up to 5x10M.

In vitro Studies - DIDP

Harriset al.(1997): A series of phthalate esters, including B]Were screened for estrogenic
activity using a recombinant yeast screen. Thembaoant yeast screen, a gene for a human
estrogen receptor was integrated into the maintypa®me and was expressed in a form capable
of binding to estrogen response elements, compthe expression of the reporter gene lac-Z
(when receptor is activated, lac-Z is expressetDFDwas tested at concentrations ranging from
10° M to 5x10” M. DIDP showed no effects in any of these scregméormed. It should be noted
that thesen vitro assays have investigated one mechanism of actigntbe ability of phthalates
to act as estrogen agonists. More importanthjhaitd also be noted that these were tests of
phthalate diesters.. Undiervivo conditions, DIDP is rapidly metabolized to its mester MIDP
(General Motors Research Laboratory 1983); theegiesting the diesteén vitro is not
representative of the vivoresponse.

Zacharewsket al.(1998) examined the estrogenic activities of egtthalates, including DIDP,

in bothin vitro andin vivotest systems. DIDP did not induce displacemeiffittéifestradiol in rat
uterine cytosol. Additionally, in an estrogen séwsiluciferase reporter gene assay in MCF-7 and
HeLa cells, DIDP did not induce any measureablpaese at any of the doses tested (up t 10

M). Finally, there was no significant growth $f cervisiaestrain PL3 transformed with human
estrogen receptor cDNA in selective medium with BIDThe authors also examined the effects of
the eight phthalates, including DIDP, in twovivo assays; an uterotrophic assay and a vaginal cell
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cornification assay. Mature ovariectomized ratsendsed with 1, 20, 200, or 2000 mg/kg/day
DIDP for 4 consecutive days with assessment ocuyion day 5. In two separate experiments,
DIDP caused a minimal yet significant decreaseémnine weight in the 1 mg/kg/day dose group
only. No effects were observed in vaginal celinification assay for DIDP. Undén vivo
conditions the diesters are metabolized to monoestiich are not estrogen receptor agonists
(Koch and Angerer, 2007; McKest al.,2002).

Breouset al (2005) investigated possible effects of DIDP loa transcriptional activity of
sodium/iodide symporter (NIS) which mediates thiévadransport of iodine in the thyroid. PC
C13 cells were transfected with the human NIS riepan a luciferase expression vector along
with a vector containing the NIS promoter and wgestn enhancer and cultured with test material
for 48 hours. A slight effect was observed witlbPlon the transcriptional activity of NIS but the
biological relevance of this weak effect is notagcldue to the artificial nature of reporter assays.

Takeuchiet al.(2005)characterized the activities of the humamERuman ERR and human
androgen receptor (AR) using a reporter gene @sdaliinese Hamster Ovary (CHO) cells. CHO
cells were transfected with plasmids containing &nr&Rx, ER(3, or AR along with a luciferase
reporter plasmid. As compared to the controlsaestt and dihydroxy-testosterone, DIDP did not
show any estrogenic/anti-estrogenic or androgemiefadrogenic activity at the tested
concentrations (up to Tov).

Wenzelet al. (2005) investigated the potential of six phthaddtemodulate basal iodide uptake
mediated by the sodium/iodide symporter (NIS) natathyroid cell line, FRTL-5. Results
indicated that DIDP showed no cytotoxicity at levell0°M. At high concentrations (1),
DIDP enhanced basal iodide uptake by these cdils.blological relevance of these effects is
unclear due to the artificial nature of the cebdd assay.

Mlynarcikovaet al. (2007) investigated the effects of DIDP on progeste and estradiol
production in primary cultures of porcine ovariaamulosa cells. Cells were incubated in the
presence or absence of 3 phenols, 3 phthalates (LG M) or human recombinant Follicle
Stimulating Hormone (hFSH, 1g/ml). Steroid levelsregmeasured by radioimmunoassay (RIA).
DIDP did not induce any significant effect on basiahFSH stimulated progesterone production.
Further, DIDP did not induce any significant effeatbasal estradiol production.

Akahori et al (2008) investigated the relationship betweennhetro ER binding andn vivo
uterotrophic assays. The authors compared thetsdsuin these assays for 65 chemicals spanning
a variety of chemicals classes. The DIDP bindirigpigy (log RBA) value of -3.46 was one of the
lowest reported and far below the cut-off level§3) that could induce estrogenic/ anti-estrogenic
activities in the uterotrophic assay, indicatingttBIDP does not have estrogenic/ anti-estrogenic
properties.

Krugeret al (2008) tested DIDP in two chemically activatedifierase gene expression (CALUX)
bioassays, one in recombinant mouse Hepal.l2cRtoassess the AhR function and the other in
CHO cells to assess AR function. DIDP had a slejféct on AhR in the highest dose group, but
no effect or AR activity in the tested dose ran@'¢ — 10%M).
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Ghisari and Bonefeld-Jorgensen (2009) investigatettro the potential for thyroid hormone-like
and estrogenic activities of a range of widely ugkedticizers. The TH disrupting potential was
determined by the effect on the TH-dependent taitpry GH3 cell proliferation (T-screen). The
estrogenic activities of the compounds were asdaaddVLN cells, stably transfected with an
estrogen receptor (ER) luciferase reporter ve&esults were variable with DIDP being reported
as causing a small increase in GH3 proliferatioongt concentration only. DIDP did not have an
effect on ER transactivation.

In vivo Study Reports on DINP and DIDP

In vivo data examining the effects of DINP and DIDP onrttede reproductive tract is robust.

DINP and DIDP show no significant adverse effentthe Uterotrophic Assay and no consistent
significant adverse effects in the Hershberger \ssanon-validated research studies for anti-
androgenic effects, DINP showed none, minor ormsegient effects at high doses, with no or
limited evidence of a dose response. While one anstady shows no effects on fetal testicular
testosterone, one study shows variable effectswattiose response, and one study shows reduced
fetal testicular testosterone at a single high dobes effect on testosterone appears to be

occurring at high doses only and without adversdtheffects being seen in animals

In vivo Studies - DINP

In vivo data examining the effects of DINP on the maleadpctive tract is robust. A number of
short termin vivo studies have been performed although protocols takied as have endpoints
of interest making comparisons and conclusionsamsistency difficult. DINP shows no
significant adverse effects in the Uterotrophic #ssand no consistent significant adverse effects
in the Hershberger Assay. In non-validated resesitaflies for anti-androgenic effects, DINP
showed none, minor or inconsistent effects at kigges, with no or limited evidence of a dose
response. While one animal study shows no effactetal testicular testosterone, one study
shows variable effects with no dose response, ardstudy shows reduced fetal testicular
testosterone at a single high dose. This effetéstosterone appears to be occurring at high doses
only and without adverse health effects being se@mimals.

In general, the short-term exposure studies acernmdtive and have identified particular endpoints
of interest including testosterone synthesis, mpptention, AGD, and epididymal malformations,
but do not invalidate the conclusions from the coehpnsive 2-generation reproductive toxicity
study. It has been proposed by Carruthers etD8I5Pthat there is a critical window of
susceptibility for the developing male fetal reprotive system for LMW phthalates in rodent
studies (gestation day 16 — 19). This critical vawds fully assessed in the 2-generation
reproductive studies. The 2-generation study dessgesses the effects of continuous exposure in
the F1 and F2 generations. Both a 1-generatioraarmprehensive 2-generation reproductive
toxicity study have been performed where rats vegposed to DINP in the feed at various doses.
No significant differences in male mating, malifity, female fertility, female fecundity, or
female gestational indices were noted. Mean dagestation were unaffected by treatment as
well as the mean sex ratio of the treated offspwhgn compared with controls. While the
parameters of anogenital distance and nipple/aretgation were not specifically part of the test
protocol (not included in the test guidelines ifeef at the time of the study), these study data
indicate that DINP does not adversely affect mapgaductive development or fertility at doses up
to approximately 1000 mg/kg/day (the highest desestl).
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In Vivo Studies — Short Term Exposure -- DINP

Hellwig et al. (1997) administered DINP by gavage at 0, 40, 26@,1000 mg/kg/day to 8-10
sperm-positive Wistar females/group on gestatign&through day 15. The dams were sacrificed
on day 20 and implantation sites were examinedusés were weighed and examined for external
malformations; half of the fetuses were examinedkeletal malformations and the other half for
visceral malformations. Maternal toxicity at thglmidose consisted of reduced food consumption
and increased relative liver and kidney weighteer€ were no treatment-related effects on the
number of live fetuses/dam or fetal weight. Thé/detal effects were evident at the highest dose
by a statistically significant increase in percitises per litter with variations. These variasio
consisted of rudimentary cervical and/or accessdfyribs. A modest increase in dilated renal
pelves in the high-dose group was also noted. elWwere no maternal or fetal effects at 40 or 200
mg/kg/day. A maternal and fetal NOAEL of 200 mgday was determined.

Watermaret al. (1999) using Crl:CDBR mated female rats, DINP @&dministered by gavage at
doses of 0, 40, 200, 500 or 1000 mg/kg/day on gestday 6 through day 15. Overt signs of
maternal toxicity were not apparent at any doselleV¥ransient signs of maternal toxicity at 1000
mg/kg/d, as indicated by slight reductions in bagyrght gain and food consumption were
observed; however, normal weight and food conswnpiatterns were observed during the late
gestation period, after exposure ceased, possitllgating a recovery effect. A significant
increase in fetuses with skeletal lumbar rudimsniidns and with visceral (dilated renal pelves)
variations at 1,000 mg/kg/d on a per litter basas wbserved. Therefore, the maternal and fetal
NOAELs were determined to be 500 mg/kg/day.

Grayet al (2000) treated pregnant rats with DINP via gavatge dose of 750 mg/kg/day from
gestation day 14 thru post natal day 3. There werieatment related effects on fetal body
weight or anogenital distance (AGD) on post natggl 8. As infants, males in the DEHP, BBP and
DINP groups were reported as displaying areolas{8,/22% respectively and reported as
statistically significant). There were no treatmeziated effects reported in androgen sensitive
tissue weights: testes, LABC, seminal vesiclestra¢prostrate, glans penis, and epididymis.
Four of 52 adult males (from three litters) expopednatally to DINP exhibited malformation:
one displayed a fluid-filled testis, a second digpll paired testicular and epididymal atrophy, the
third displayed bilateral testicular atrophy and tburth displayed unilateral epididymal agenesis
with hypospermatogenesis and scrotal fluid-fillestis devoid of spermatids. The incidence of
effects in DINP treated animals was 7.7%, comp&red2% with DEHP treated animals. No other
single endpoint (nipple retention, epididymal agasiefluid filled testes, and testes weight) on its
own was significantly different from control valués addition different effects were pooled to
produce the 7.7% incidence. Only by pooling of éheésferent effects was statistical significance
demonstrated. This type of data manipulation israotinely performed in toxicological safety
evaluations, nor is it considered good statisficattice. There were no effects on testosterone
levels. Two of 52 animals displayed permanent mpjgit 3 months of age (number of nipples = 1
and 6 for each of the two males). The range dbhaal control values is important for
understanding the low incidence of observed efféotthis study the control incidence for
areola/nipple retention was reported to be zerbirba subsequent study, control values are
reported as 14% (Ostlst al, 2001b). Based on the above points the signifiearfiche reported
findings is questionable.
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Ostbyet al (2001a) (an abstract that was not peer-reviewedjed pregnant rats with DINP via
gavage at a dose of 1000 or 1500 mg/kg/day frortaties day 14 thru post natal day. At post
natal day 2, males exposed to 1500 mg/kg/day DIiplaled reduced anogenital distance. On
post natal day 13, there was an increase in treeptges of males with areolas; the control group
exhibited a 14% incidence rate for this endpoint.

Masutomiet al.(2003) exposed pregnant rats to DINP at doses@f4@00, or 20,000 ppm
(approximately 30-66, 307-657, and 1100-2657 mglkg) via the diet between gestation day 15
and post natal day 10. Maternal body weight, ac@mgal by decreased food consumption, was
reduced in the 20,000 ppm dose group on gestaéip2d and post natal day 10. Fetal body
weight gain was significantly decreased in the @0,0pm dose group males on post natal days 10
and 21. No effect was observed on AGD at post data2. Post natal day 27 absolute and
relative testis weight was decreased in the 20§00 dose group. DINP treatment had no effect
on the onset of puberty in male or female animals.treatment related effects were noted in
androgen-sensitive tissue weight; testis or prtest@ome histopathological changes in males were
noted in the 20,000 ppm dose group; degeneratiomedftic spermatocytes, vacuolar
degeneration of Sertoli cells and scattered debepididymal ducts.

Masutomiet al.(2004) exposed pregnant rats to DINP at doses@f41@00, or 20,000 ppm
(approximately 30-66, 307-657, and 1100-2657 mglkg) via the diet between gestation day 15
and post natal day 10. At both post natal weekd31dn DINP had no effect on pituitary cells
positive for luteinizing hormone, follicle stimulag hormone, or prolactin in male and female
animals. Additionally, there was no effect on gauy weight in either sex at this time point.

Borchet al (2004)Maternal exposure to DINP at 750 mg/kg on gestadeys 7-21 induced
reduced ex vivo testicular testosterone produdimhin vivotestosterone levels in testes and
plasma of male fetuses at ED 21. However, thetyibli this study for hazard identification and
risk assessment is limited by several factorst,Ring study utilized only one very high dose of
DINP. Second, there were no adverse phenotypictsffeported in the study, therefore it is
unclear if the observed decrease in testosteromeebis in-fact a toxicologically significant
response. Finally, the authors measured the testost levels on gestation day 21, a time point
after the developmental surge of testosteronedt@irs during gestation day 16-18 in the rat.
After gestation day 18, plasma testosterone lemelsraturally declining in the fetal rat, thus,
conclusions regarding reductions in testosteronéhggis are unreliable when assayed at this time
point.

Leeet al.(2006a; 2006b) Pregnant rats were fed DINP (0480, 4000 ppm) from gestation day
15 through weaning (PND21). On post natal daydlemdisplayed significantly decreased body
weight, anogenital distance and bodyweight norredli@nogenital distance. On post natal day 7,
serum estradiol was significantly decreased irdthe@pm females. No effects were observed on
serum testosterone levels in male and femalestiadésl levels in males. Relative mRNA levels
of granulin precursor gene were significantly dasesl in 40, 400, and 20000 ppm the female
hypothalamus on PND7. Relative mRNA levels of pt@0e significantly increased in all male
dose groups on PND7. On post natal week 21, weganiiale rats in the 40 ppm exposure group
displayed a significant decreased in mating belmawimunts, ejaculations, and intromissions. No
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other effects in mating behavior were observedhéndther male dose groups. DINP did not have
any effect on serum luteinizing hormone, serumdi@Istimulating hormone or serum testosterone
at post natal week 20 in both male and female faggnale rats exhibited a significant dose-
dependent decrease in lordosis during post natak &€”.

Lee and Koo (2007) reported a study designed sirtdléthe Hershberger bioassay screen to test
the anti-androgenic properties of a series of chalsi DINP was administered at concentrations
of 20, 100 and 500 mg/kg by oral gavage to castnatts for 10 days. No effects were observed
on animal bodyweight, liver weight, kidney weightamrenal weight. DINP did not induce
consistent changes in the androgen sensitive §ssiisignificant decrease in seminal vesicle
weight was observed in all dose groups while aiiggmt decrease in levator ani/bulbocavernosus
muscles (LABC) weight was only observed in the hdglse group.

Kwack et al.(2009) reported a reduction in sperm count (~25%gdult males exposed to 500
mg/kg/day DINP for 4-weeks beginning at 28 dayag#. The reduction observed in Kwaatlal.
(2009) is of questionable relevance since highsedof DINP were used in the definitive two-
generation reproductive toxicity study where n@eff§ on fertility were reported in males that
would have been exposed to DINP for a longer peasfddne, including both the P and F
generations. Fertility is dependent not only onitig adequate sperm count, but also on having
normal sperm quality. When sperm quality is gaasl formal motility as demonstrated in Kwack
et al.(2009)), then a significant reduction in sperm dasmequired to affect fertility (Parker,
2006). Furthermore, Kwaakt al. (2009) did not assess reproductive performanclease animals,
critical to the interpretation of their findings.

Adamssoret al (2009) maternal exposure to DINP at 250 or 75¢kmgn embryonic days (EDs)
13.5-17.5 did not down-regulate the activity ofsidogenesis in ED 19.5 male rat fetus. Protein
expression levels of testicular and adrenal StA®0Bcc, B-HSD and androgen receptor (AR)
did not show any changes. Further no morphologicahge in the testis was noted. Therefore, no
effect on testosterone synthesis, or expressidineofienes and proteins associated with
testosterone synthesis were observed in this study.

Boberget al.(2011) reported a study in which pregnant rats veepmosed to DINP at

concentrations of 0, 300, 600, 750 and 900 mg/kgthédween gestation day 7 to post natal day 17.
On gestation day 21, at dose600 mg/kg/day, DINP produced a significant inceeias
multinucleated gonocytes in male pups. No effeatplasma testosterone levels, plasma
luteinizing hormone levels or testicular testosterproduction was observed in male pups on
gestation day 21. A significant decrease in takdictestosterone content was only observed in the
600 mg/kg/day dose group. As assessed on postiagtd 3, male perinates in the 900 mg/kg/day
dose group displayed significantly decreased bodyht®, anogenital distance and anogenital
distance normalized to the cubed root of body weidgterinatal males in the 750 and 900

#nterpretation of these studies is uncertain foesal reasons: 1) perinatal data was analyzedpet andividual
basis versus the more accepted methods that adoouhe correlations of outcomes among pups froensame litter
(Ryan, 1992; Milliken and Johnson, 1994); 2) thenbers of examined pregnant dams and litters areepotted,
confounding assessment of the statistical anal@diters were culled to 8 pups at PND 5, a covdrsial practice in
developmental toxicology (Palmer and Ulbrich, 199Wich may have affected the results, and 4) eeights and
food consumption were not reported, making caloutedf the dose uncertain, particularly for a depehental study
in which body weight and food consumption vary tigb pregnancy.
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mg/kg/day dose group displayed a significant ineeda the number of retained nipples. No
effects were observed in female perinates atitimis point. As assessed on post natal day 22,
DINP did not produce any effects on androgen seedissue weights: right testis, left testis, left
epididymis, prostrate, LABC, bulbouretral glandseminal vesicle. Additionally, at this time

point, no effects on anogenital distance were ofeskr On post natal day 90, there were no effects
on the histology of the male reproductive orgaesisal vesicles, prostate and testis (including no
instances of mononuclear gonocytes). Also, themewo effects on testis testosterone. Sperm
parameters were also examined on post natal daj?éftent of motile sperm, an assessment of
sperm quality, was significantly decreased in t068,&50 and 900 mg/kg/day dose groups. No
effects were observed on an additional parametep@&fm quality, velocity. A significant increase
in sperm count was observed in the 900 mg/kg/dag dooup. The authors concluded that “these
data may indicate that DINP does not affect tektrcsperm production”. In a series of behavioral
studies, no effects were noted in motor activityels in young and adult offspring. Additionally,
radial arm maze performances were unaffected in lale and female rats exposed to DINP.
Based on these results, the NOAEL for gestation2dagnd post natal day 90 animals was 300
mg/kg/day.

In Vivo Studies — Definitive Two-Generation Repidaun Toxicity Study -- DINP
Watermaret al. (2000) describes both a one generation and a éwergtion reproductive toxicity
study.

In the one generation study, groups of 30 malewrale Crl:CDBR, VAF Plus rats were
administered DINP in the feed at doses of 0, 0%, dr 1.5% w/w for 10 weeks prior to mating.
The females were exposed throughout mating, gestand lactation until post natal day (PND)
21. The males were killed immediately after theingaperiod. Parental effects included a
statistically significant lower mean body weighg,vaell as suppression in body weight gain,
primarily observed in the mid and high-dose groupke greatest decrease from controls was
observed during the postpartum period. Similaidyistically significant lower mean food
consumption was observed primarily in the mid aigthftlose groups. Statistically significant
increases in the mean and absolute and/or medivediaer and kidney weights of both male and
female animals at all dose levels tested were gbderMales in the high dose group exhibited a
statistically significant increase in the mean &ltgoand relative right testis weight, left testisl
right epididymis weights and the mean relative ¢gfididymis and seminal vesical weights. High
dose females showed a significant decrease in darabsolute and relative right ovarian and
mean absolute left ovarian weights.

No significant differences in male mating, maldiligr, female fertility, female fecundity, or
female gestational indices were noted. Mean dagestation were unaffected by treatment as
well as the mean sex ratio of the treated offspvitgn compared with control®ffspring effects
were noted for a number of parameters. The mearblith index, day 4 survival index, day 14
survival index and lactation index of the high-do$ispring were statistically significantly
decreased. Dose related decreases in mean offsdy weight were observed during the
postnatal period (PND 0-21). There were statilyicagnificant lower mean body weights in the
high-dose males and females, mid dose female$aemghing intervals and in mean offspring
body weight of the mid dose males on PND 0, 147add 21. Statistically significant lower mean
body weights in the low-dose males on PND 0, 1 aibd, 21 and low-dose females at all weighing
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intervals was also observed. Based on increadeemand kidney weights from 0.5%, no

NOAEL could be determined for parental systemiddibx No effect was observed on fertility
parameters indicating a reproductive NOAEL of 18@@kg/day; however, a decrease of live birth
and survival indices occurred at 1.5% which led tdOAEL of 1% (622 mg/kg/day for parental
males during pre-mating).

A two generation study was designed based on gudtseof the one generation range finding
study. Crl:CDBR VAF Plus rats (30/group) were feldNP in the diet at 0.2, 0.4, or 0.8% (w/w)

for 10 weeks prior to mating, and through gestatiod lactation. There were no treatment-related
deaths and no clinical signs which were judgedetdlipectly related to treatment with DINP in P1
and P2 animals. During gestation, significantly édowvinean food consumption in the P2 high-dose
females compared with controls was noted withoudssociated decrease of the body weight
change during gestation days 0-21. During thegao&im period, parental toxicity was limited to
a lower mean body weight in the high dose P1 fesnatepost partum days 14 and 21 which
corresponded to significant body weight gain suggite during the overall postpartum interval
and was associated with decreased mean food cotisnmpower mean body weights were
observed in the P2 high-dose females with an astsatdecrease of mean food consumption but
without an associated decrease of the body wegght &tatistically significant increases in the
mean absolute and mean relative liver weights iaflLP2 in both sexes at 0.4% and 0.8% were
observed. Microscopic hepatic changes were noted 0.2% in P1 and P2 animals. High-dose
males exhibited a statistically significant increas relative right and left epididymal weights in
P2 animals with a concurrent increase (not ste#ibyi significant) of absolute epididymis weight.
There were no statistically significant differena@snale mating, male fertility, female fertility,
female fecundity or female gestational indices Ing@neration. A slight decrease, not statistically
significant, of male mating, male fertility, fem&éstility, and female fecundity indices was
observed in P2 generatioMean days of gestation of the P1/P2 treated antta animals were
equivalent. No treatment-related clinical findiraggd no biologically significant differences in the
F1 or F2 offspring survival indices were observetineen the treated and control offspring or
gross post-mortem findings. There were statisficgtynificant, dose-related, lower mean
offspring bodyweights in all treatment groups coneplawith controls during the F1 or F2
generations. However, when the litter size wasrtak® account, effects were significant only in
high-dose males on PND 0, in males and femaldseoirtid and high-dose levels on PND 7 and 14
and in all treated animals on PND 21. In addititwe, weights of all F1 and F2 treated offspring
were within the historical control range of thedadtory with the exception of the F2 high-dose
males and females on PND 0 and the F2 high-dosesnoal PND 1 (considering litter size). These
findings were considered by the laboratory to lbesalt of maternal stress and/or direct effects of
DINP via exposure through lactation. Studies witheo phthalates concluded that these decreases
were apparently due to decreased food consumpyidineodams and changes in the quality or
guantity of milk. Thus the laboratory concludedtttiee lower body weights in the pups might
have resulted from decreased milk consumption.

Based on the microscopic liver changes observed 2%, the NOAEL for parental systemic
toxicity is considered to be lower than 0.2% (14895 mg/kg bw/day depending on the period
considered). No NOAEL can be derived from this gtumit a LOAEL for offspring is 0.2%,
emphasizing a trend observed similarly in malesfanthles, based on the dose dependent reduced
mean body weights of the treated offspring. The ERAs approximate since pups switched diet
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from milk to solid food between PND 14 and 21, imaty be estimated to be 159 mg/kg/d, the
lowest dose of the maternal estimated range (B®%ng/kg/d) during post-partum. No
statistically significant differences were obseruedeproductive indices indicating a reproductive
NOAEL of 0.8% (1000 mg/kg/day)Together, these robust one- and two-generationystiati
indicate that DINP does not affect male reproduetievelopment or fertility at doses up to
approximately 1000 mg/kg/day (the highest dosedgst

In vivo Studies - DIDP

Lee and Koo (2007) reported a study designed sirtdléthe Hershberger bioassay screen to test
the anti-androgenic properties of a series of chalsi DIDP was administered at concentrations
of 20, 100 and 500 mg/kg by oral gavage to castnatts for 10 days. No effects were observed
on animal bodyweight, liver weight, kidney weightamrenal weight. DIDP did not induce
consistent changes in the androgen sensitive §ssiissignificant decrease in seminal vesicle
weight and ventral prostrate weight was observey iarthe 500 mg/kg dose group. No other
effects were reported.

Watermaret al.(1999) performed a guideline developmental toxisttydy with DIDP conducted

at doses of 100, 500, and 1000 mg/kg between gastddys 6-15. Evidence of slight and
transient signs of maternal toxicity at 1,000 mgdk@ignificant reversible decrease of body
weight gain and food consumption) was observedgssting a conservative NOAEL of 500
mg/kg/d for maternal toxicity. The only statistigesignificant changes observed in the fetus were
skeletal variations (supernumerary cervical andnnedtary lumbar ribs) on a per litter basis in the
high dose group. Rudimentary ribs are a commonrfaih rat fetuses and should not be regarded
as associated with malformations since they amdlikelated to transient maternal stress (Hood
and Miller, 2006). It should be noted that supematary ribs were located in the cervical region
which is less common, but the biological significamf cervical supernumerary ribs is uncertain
(Hood and Miller, 2006). A NOAEL of 500 mg/kg/d snbe assumed for skeletal variations.

Hellwig et al.(1997) administered DIDP by gavage at 0, 40, 26d,1000 mg/kg/day to 8-10
sperm-positive Wistar females/group on gestation(@D) 6 through day 15. On GD 20, dams
were terminated and uteri removed and examinediwlifetuses were weighed, sexed, and
examined externally for morphologic abnormalitiglaternal toxicity at the high dose consisted of
reduced food consumption and increased relaties And kidney weights. There were no
treatment-related effects on the number of livades/dam or fetal weight. The only fetal effects
were evident at the highest dose by a statistisijgificant increase in percent fetuses per litter
with variations. These variations consisted of mehtary cervical and/or accessory 14th ribs. A
modest increase in dilated renal pelves in the-digge group was also noted. There were no
maternal or fetal effects at 40 or 200 mg/kg/daye Taternal and fetal NOAELs were 200
mg/kg/day. There were no changes observed inreigbhology or maternal response indicative
of endocrine mediated toxicity.

Hushkaet al.(2001) reported a two-generation study in whichr fgnoups of Crl:CDBR, VAF

Plus rats (30 rats/sex/group) were administerely dathe diet DIDP (assumed 100% pure) at
doses of 0-0.2-0.4 and 0.8%. In addition to thea@§/'sex/groups, satellite groups of 20 female rats
each were treated with the control diet and thé-digse diet during theiBeneration. Offspring

from these animals were utilized in cross-fosteand switched diet experiments to determine if
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removal of exposure to DIDP would permit recovepni the expected body weight effects. In the
cross fostering study,1generation pups from 10 satellite group 1 (contitirs and 10 satellite
group 4 (0.8%) litters were switched on PND 0.He switched diet satellite study, all the
surviving pups of the Fgeneration not selected for thegeneration were allowed to become
adults. On PND 21, all pups from group 4 were fedtiol diet and the pups from group 1 were
fed group 4 diet. These animals received switchets dor the duration of theeBremating period.

Parental toxicity was limited to increased lived&dney weights in males and females and a
statistically significant reduction of body weigldin and/or decreased food consumptioniiarig
P2high-dose females during the postpartum perioderdkwvere no changes in reproductive organ
weightin R or B.. In PLand B, there were no statistically significant differesdn

homogenization resistant spermatid counts, totadl@agperm counts or progressive sperm motility
between the treated and control males.ilth&e were no statistically significant differenaes

male mating, male fertility, female fertility orrfeale fecundity indices between treated and control
animals.There were no statistically significant treatmealated changes in reproductive organ
weights as well as in reproductive indicésr parental systemic toxicity, based on minogdiv
changes from the lowest dose, no NOAEL can be éted and a LOAEL of 0.2% (103 to 361
mg/kg bw/d given that received doses are widelyeddpnt on the period considered) can be
assumed. No overt signs of reproductive toxicityaweported; therefore the NOAEL for parental
reproduction toxicity was 0.8%, the highest doséeid:

There were dose-related decreases in the live &ndhDay 4 survival indices (number of live pups
at day 4100/number of live pups at day 0) during thgé&neration. In thedoffspring, reduced
survival was again on day 1 and 4 in several groligbiould be noted that in the follow-up two-
generation reproduction toxicity study in rat cootgia at doses of 0, 0.02, 0.06, 0.2, 0.4% DIDP in
diet, the decrease in pup survival was confirmeteaease in survival indices (day 1 and day 4)
was observed at 0.2% and higher and no effecedbther doses of 0.02% and 0.06%. irb&dy
weights of the high dose male and female offspwege reduced on PDN 0 (4-6% lower than
control); reduced body weight gain continued dutimg postnatal period (up to 23%) lower than
controls, but recovered following weaning (0-7%daty O of B). In i, body weights of the high-
dose male and female offspring were reduced on PIEN9% lower than control); reduced body
weight gain continued during the postnatal perigatp 22% lower than controls). There were no
statistically significant differences for preputsaparation between treated and control males
measured in foffspring. In the females, the mid (33.5 days) high (34.2 days) dose groups
exhibited a statistically significant later matuoatfor vaginal patency (opening) compared with
controls (32.2 days). InzFfour (out of 123) high-dose male offspring weogat with

undescended testes at 21 d&ys. offspring survival a decrease in survival ingsc(day 1 and day
4) from the lowest dose ire eneration leads to a LOAEL of 0.2%. For decredsaffspring body
weight in K and 2generations observed following maternal exposur@ 8%, a NOAEL of 0.4%
(253 to 761 mg/kg bw/d given that received doseswadely dependent on the period considered)
can be assigned for developmental effects.

Satellite studies

In the cross fostering satellite study, offsprirgrbto high-dose dams and cross-fostered to control
dams on PND 0 exhibited body weights which weredii¢rent from main study control

offspring throughout the postnatal phase. Conversieé mean body weights of the offspring
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cross-fostered to the high-dose dams were staliistisignificant lower (up to 19%) than the main
study control offspring of both sexes on PND 14 ahdThis indicates that DIDP may be
transferred through the milk but at a low levelidewnced by a low decrease of body weight; a
statistical level of significance was obtained wiestation exposure effects and direct toxicity via
feed (solid food is absorbed by pups from PND l1djercombined.

In the switched diet phase, weaning from high-doseals was given control diet, while weaning
from control animals was given high-dose diet. Tilgh-dose offspring of both sexes switched to
control diet displayed signs of recovery in bodygheimmediately after weaning and displayed
normal growth patterns. However a trend toward lowggly weight similar to the main study
high-dose males was observed after day 42.

Hushkaet al.(2001) also reported a follow-up two-generatiorroepctive toxicity study in which
five groups of Crl:CDBR, VAF Plus rats (30 rats/ggrup) were administered daily in the diet
DIDP (assumed 100% pure) at doses of 0, 0.02, 0.2Gnd 0.4%.

In the Rand R generations, there were statistically significauatréases in the mean absolute and
relative liver and kidney weights. The majorityfafand R animals throughout the groups were
free of observable abnormalities at postmortem éxaton. There were no statistically significant
differences in male mating, male fertility, femggility, female fecundity, or female gestational
indices between treated and control animals inRbher P2generationFor parental systemic
toxicity, based on liver and kidney changes inRhmales a NOAEL (0.06%) can be determined
(33 to 76 mg/kg bw/d, given that received dosesnadely dependent on the period considered).
Up to the highest dose tested no overt signs abdetive toxicity were reported and no effect
was observed on fertility parameters.

There were no biologically significant differengad= survivorship between the treated and
control offspring and all survival indices were liit the historical control range. In the F
generation, there was a dose-related decrease Day 1 and Day 4 survival indices, with
statistically significant decreases being obsemdte 0.2% dose group (4% and 10%,
respectively) and 0.4% dose group (6% and 13%euntsiely) compared with controls. There
were no treatment-related clinical signs observeitié & or F2 offspring of any group and the
majority of offspring in all groups were free ofsgrvable abnormalities from PND 0-21 and
during the post weaning periodere were no statistically significant differenae$1or F2
offspring mean PND 0 AGD between treated and coationals of either sex. Nipple retention
was similar between treated and control offsprifigpath sexes: the majority of females in all
groups had six nipples retained on PND 13/14, wallenales in all groups had zertn the k
animals, there were no statistically significarifetiences in age or weight at preputial separation
between treated and control male offspring. Theeeewo statistically significant differences in
age or weight at vaginal patency between treatdccantrol female offspring. For offspring
toxicity, a decrease in survival indices (day 1 dagl 4) in Egeneration leads to a NOAEL of
0.06% (33 mg/kg bw/d, lowest estimated dose foB%@IDP in diet). No effect was observed on
development landmarks assessed at any dose tested.
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Conclusion

In general, the short-term exposure studies acernmdtive and have identified particular endpoints
of interest including testosterone synthesis, mipptention, AGD, and epididymal malformations,
but do not invalidate the conclusions from the coehpnsive 2-generation reproductive toxicity
studies. It has been proposed by Carruthers(208b) that there is a critical window of
susceptibility for the developing male fetal reprotive system for LMW phthalates in rodent
studies (gestation day 16 — 19). This critical vawds fully assessed in the 2-generation
reproductive studies (Hushled al, 2001; Watermaset al, 2000). The 2-generation study design
assesses the effects of continuous exposure if ted F, generations. A 1-generation and a
comprehensive 2-generation reproductive toxicitglgthave been performed for each of DINP
and DIDP. No significant differences in male mgtimale fertility, female fertility, female
fecundity, or female gestational indices were nokéelan days of gestation were unaffected by
treatment as well as the mean sex ratio of theégteaffspring when compared with controls. The
parameters of anogenital distance and nipple/aretgation were not specifically part of the test
protocol used at the time of the DINP study (nctuded in the test guidelines in effect at the time
of the study); however, they were examined asgfdtie DIDP experimental protocol. DIDP did
not induce nipple retention, affect AGD, induce dgpadias or cryptorchidism or induce gross
male reproductive tract malformations (Huslekal., 2001).

Based on the comprehensive one-generation and éwergtion reproductive studies and the
developmental toxicity studies conducted on DINB BIDP, it can be concluded that neither
DINP nor DIDP are endocrine disruptors. The advlesdth effects mediated via an endocrine
mechanism (e.g. cryptorchidism, hypospadias, agrifgiant testicular pathology) which are seen
with LMW phthalates in laboratory animals are seen with DINP or DIDP.

*k%

As referenced in this submission, robust develogatatudies consisting of a gavage study using
144 pregnant rats and a dietary study using 10§nard rats are being conducted by the Hamner
Institutes. These studies were designed to praatidag statistical power for analyzing,
collectively, the kinetics and fetal testes effedft®INP and the endpoints attributed to the
hypothesized “rat phthalate syndrome.” DIDP watsimcuded in this study since its
comprehensive two-generation reproductive toxisitydy studied endpoints attributed to the
hypothesized “rat phthalate syndrome,” in which effects were reported for those endpoints (e.qg.
nipple retention, AGD, hypospadias, cryptorchid@ngross male reproductive tract
malformations (Hushkat al, 2001). The in-life portions of the studies aoenpleted, final

analysis is nearing completion, and a report iagpprepared. ExxonMobil anticipates that the
results from the study will be available to the GPik time for incorporation into its report. We
ask that the CHAP carefully consider the studyltesat that time, as these data will be important
to the overall weight of the evidence and conclosifor DINP.
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