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Preface

This assessment was carried out under the National Industrial Chemicals Notification and Assessment Scheme
(NICNAS). This scheme was established by the Industrial Chemicals (Notification and Assessment) Act 1989
(the Act), which came into operation on 17 July 1990.

The principal aim of NICNAS is to aid in the protection of the Australian people and the environment by
assessing the risks of industrial chemicals and providing information to promote their safe use.

NICNAS assessments are carried out by staff employed by the Australian Government Department of Health in
conjunction with the Australian Government Department of the Environment.

NICNAS has two major assessment programmes: the assessment of human health and safety and environmental
effects of new industrial chemicals prior to importation or manufacture; and the assessment of chemicals already
in use in Australia to address specific concerns about their health and/or environmental effects.

There is an established mechanism within NICNAS for prioritising and assessing the many thousands of
existing chemicals in use in Australia. Chemicals selected for assessment are referred to as Priority Existing
Chemicals (PECs).

This PEC report has been prepared for the Director of NICNAS, in accordance with the Act. Under the Act,
manufacturers and importers of PECs are required to apply for assessment. On completing a PEC assessment,
the Director of NICNAS, in accordance with the Act, causes a draft report of the assessment to be prepared and
makes it available to the applicants for factual corrections and to the public (including applicants and other
interested parties) for comments. This consultation process for PECs thus includes two stages: each allows a
statutory 28-day timeframe for the applicants to notify the Director of any errors and the public to submit any
requests for variations of the draft report. Where variations are requested, the Director’s decision concerning
each request is made available to each respondent and to other interested parties (for a further period of 28
days). Notices in relation to public comment, and decisions made, are published in the Commonwealth
Chemical Gazette.

In accordance with the Act, publication of the final report revokes the declaration of the chemical as a PEC;
therefore, manufacturers and importers wishing to introduce the chemical in the future need not apply for
assessment. However, manufacturers and importers need to be aware of their duty under section 64 of the Act to
provide any new information to NICNAS, including any additional information that becomes available as to an
adverse effect of the chemical on occupational health and safety, public health or the environment.

PEC assessment reports are available on the NICNAS website at www.nicnas.gov.au. Hard copies are available
(free) by contacting NICNAS at:

GPO Box 58 Sydney NSW 2001 AUSTRALIA
Freecall: 1800 638 528
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Glossary

NICNAS uses the International Programme on Chemical Safety risk assessment terminology (IPCS 2004), which
includes:

e Partl: IPCS/OECD Key Generic Terms used in Chemical Hazard/Risk Assessment; and
e Part2: IPCS Glossary of Key Exposure Assessment Terminology.

The IPCS risk assessment terminology can be accessed at:
http://www.who.int/ipcs/methods/harmonization/areas/terminology/en/.
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Overview

Background and scope of the assessment

The chemical 1,2-benzenedicarboxylic acid, butyl phenylmethyl ester (CAS No. 85-68-7), also known as butyl
benzyl phthalate (BBP), was declared a Priority Existing Chemical (PEC) for public health risk assessment under
the Industrial Chemicals (Notification and Assessment) Act 1989 (the Act) on 7 March 2006. The decision for the
declaration was based on:
e the ubiquitous use of phthalates as solvents and plasticisers in industrial and consumer products;
e consumer products being potentially significant sources of repeated and long-term exposure of the public to
BBP both directly and indirectly through migration and leaching from products;
e concerns regarding potential adverse health effects, particularly reproductive and developmental effects,
from BBP exposure; and
e overseas regulatory activities involving restrictions and reviews of the health risk of phthalates, including
BBP, in certain consumer products.

The purpose and scope of this PEC assessment is to determine the health risks to adults and children from BBP
being used in consumer products such as cosmetics, children’s toys and childcare articles, particularly from
repeated or prolonged exposure.

Manufacture and importation

Data collected through calls for information specific to the assessment of BBP indicate that BBP is not
manufactured in Australia. It is introduced into Australia both in finished products (or articles) and in mixtures
for local formulation and processing. No information on the import volume of BBP is available.

Uses

Information about specific concentrations of BBP in toys is not available. The information collected by
NICNAS indicates that BBP might be used as a plasticiser (a substance added to make another substance more
pliable) for toys, including play and exercise balls. In children’s toys and childcare articles made from polyvinyl
chloride (PVC), BBP is unlikely to be found as the dominant (primary) phthalate plasticiser, as its molecular
weight is similar to that of dibutyl phthalate (DBP), acommonly used secondary plasticiser. Therefore, the
chemical might be used as a secondary plasticiser (in conjunction with another plasticiser) or occur as a minor
contaminant of other phthalates, including diethylhexyl phthalate (DEHP) or diisononyl phthalate (DINP).
Specific concentrations of BBP in toys used in Australia are not available, and the types of non-PVC articles
used as toys (play and exercise balls) in which BBP is reported to be used are not typical mouthing articles. In
the absence of data on the use of BBP in children’s toys, assumptions need to be made in modelling exposures
that BBP completely substitutes for DBP in a mixed phthalate plasticiser, ata maximum concentration of 0.5 %
w/w, with a total plasticiser concentration (DINP+BBP) in the PVC of 43 %.

Cosmetic uses of BBP were not reported in Australia. However, substitution of BBP for other phthalates
subsequently prohibited in cosmetics in Australia (e.g. DBP) cannot be ruled out.

There is no current overseas information available on the use of BBP in children’s toys and cosmetics. BBP is
prohibited for use in cosmetics in the European Union (EU), Southeast Asia and China. The use of BBP in
children’s toys and childcare articles is restricted to 0.1 % by weight in the EU, the United States of America
(USA) and Canada.

BBP has been reported to have a number of industrial uses in Australia, including in the manufacture of
adhesives, sealants, coatings, paints and inks. It serves as a specialty plasticiser in P\VVC compounds, vinyl and
acrylic lacquers, nitrocellulose lacquers and polyurethane wheels for forklifts.

Health effects

BBP is rapidly and almost completely absorbed following oral administration. The bioavailability of BBP from
oral exposure is assessed as 100 % for both adults and children. Bioavailability from dermal absorption is
unlikely to exceed 5 % of the applied dose in humans. Data on absorption of inhaled BBP are limited; therefore,

1



a default bioavailability of 100 % is considered appropriate for this route of exposure for the purposes of this
assessment.

Following absorption, BBP is widely distributed into tissues, including the placenta, but there is no evidence of
accumulation in the body. BBP is also rapidly metabolised and excreted in the urine, predominantly as
metabolites, particularly monobenzyl phthalate (MBzP) and monobutyl phthalate (MBP).

BBP exhibits low acute toxicity in animals and is not expected to have significant acute toxicity in humans.
BBP is not expected to be a potential eye or skin irritant, or skin sensitiser in humans.

Based on the weight of evidence, the available data do not support a mutagenic, genotoxic or carcinogenic
potential for BBP in humans.

Toxic effects related to repeated BBP exposure that are regarded as relevant to a human health risk assessment
include systemic toxicity (increased liver and/or kidney weight), fertility (mediated by testicular toxicity) and
developmental toxicity (antiandrogenic effects, reduced birth weight, embryolethality and teratogenicity,
particularly in male rats).

The available data indicate that BBP, as well as DEHP and DBP, are antiandrogens with a mode of action that
involves alterations of steroidogenesis and gene expression critical for the male reproductive development.
Although there are uncertainties regarding the exact mechanism by which BBP affects fertility, foetal hormonal
levels, and growth and development in rodents, this plausible mode of action for phthalates is considered
relevant to humans if the exposure to antiandrogenic phthalates, including BBP, is high and within a critical
window of human development.

For the systemic effects, the no observed adverse effect level (NOAEL) of 151 mg/kg bw/day, derived from a
90-day oral study and based on histopathological changes in the pancreas and gross pathological changes in the
liver of Wistar rats, is considered most appropriate for risk characterisation.

For fertility-related and developmental effects, the highest NOAEL of 50 mg/kg bw/day is derived from the
collective results of the three multi-generation studies, based on reduced birth weight in both sexes at
100 mg/kg bw/day.

Public exposure and health risk

In this assessment, public health risks from modelled BBP exposure are assessed based on a margin of exposure
(MOE) approach for children using toys and childcare articles only.

For the scenario involving children using toys, routes of exposure that were considered included dermal
exposure during normal handling of toys and childcare articles, and oral exposure during inadvertent or
intentional mouthing, sucking and chewing these products. The leaching (migration) rates of BBP as a
component of a mixed phthalate plasticiser (DINP+BBP) under mouthing conditions are based on those
measured in human volunteers for DINP—a common primary plasticiser found in toys. The migration rates of
BBP from plasticised PVC through the human skin are estimated using the rates of DEHP (another common
primary plasticiser) migrating from PVC film through rat skin, given the lack of available migration rate data
from plasticised PVC or quantitative dermal absorption data for DINP or mixed phthalate plasticisers.

Studies conducted overseas indicated that children’s mouthing behaviour, and hence the potential for oral
exposure, is highest between 6-12 months of age with a reasonable typical and worst-case mouthing time of
0.8 hours/day and 2.2 hours/day, respectively. These are also considered applicable to the time a child spends
handling toys.

The risk of adverse acute effects for children arising from handling and mouthing toys is low for BBP given the
low acute toxicity of the chemical, its low skin and eye irritation potential and the absence of skin sensitising
potential.

The long-term health risks for children include potential liver and kidney effects, fertility-related and
developmental effects associated with repeated combined handling and mouthing of toys containing 0.5 % BBP
and 42.5 % DINP. This risk assessment, which compares the BBP dose at which there is no observed adverse
effect on target organs and/or systems in laboratory animals (i.e. NOAEL) with the estimated human dose
(EHD) of BBP for children, results in MOEs above 24000 (see Table 7.1) in both typical and worst-case
scenarios of toy use, indicating an adequate safety margin, i.e. a negligible risk of these adverse health effects
occurring in children.



Cumulative risks can arise from exposure to multiple phthalates, acting on the same biological targets, from a
range of sources (e.g. simultaneous use of cosmetics and children’s toys and childcare articles). Determining
risk from combined exposure to multiple phthalates takes into account any risk mitigation measures
recommended in the PEC assessment for each phthalate. The estimated cumulative MOEs for the critical
developmental effects of phthalates, including BBP, indicate an adequate safety margin for children’s exposure
to toys and childcare articles.

Given the uncertainties regarding the market availability, possibilities for substitution, the severe and
irreversible (fertility-based and teratogenic) health effects and exposure levels of BBP in different population
groups, a cautious approach to managing the potential risks associated with BBP is warranted. It is
recommended that BBP be considered for listing in Schedule 10/Appendix C of the Poisons Standard (Standard
for the Uniform Scheduling of Medicines and Poisons (SUSMP)) to limit potential public exposure, including
young children, to BBP from its possible use in cosmetics.



Recommendations

This section provides the recommendations arising from the assessment of 1,2-benzenedicarboxylic acid, butyl
phenylmethyl ester (CAS No. 85-68-7), also known as butyl benzyl phthalate (BBP). The recommendation will
be directed to the appropriate regulatory body with responsibility for regulating chemicals in consumer
products.

Recommendation 1

It is recommended that BBP be referred to the Delegate for Chemicals Scheduling to consider listing it in
Schedule 10/Appendix C of the Poisons Standard (Standard for the Uniform Scheduling of Medicines and
Poisons (SUSMP)) to limit potential public exposure, including young children, to BBP from its possible use in
cosmetics.

Recommendation 1 is based on the following findings of the PEC assessment:

The assessment conclusions support the current hazard classification of BBP in the Hazardous Substances
Information System (HSIS) (Safe Work Australia) as a Reproductive Toxicant Category 2 with the risk
phrase R61 ‘May cause harm to the unborn child’ and as a Reproductive Toxicant Category 3 with the risk
phrase R62 ‘Possible risk of impaired fertility.’

BBP represents a hazardous phthalate for reproductive (testicular toxicity) and developmental toxicity
(reduced birth weight, embryolethality and teratogenicity), and is considered to have a toxicity profile
equivalent to dibutyl phthalate (DBP)—a phthalate of similar molecular weight and sharing the same
monoester metabolite, monobutyl phthalate (MBP). DBP also has the same hazard classification as BBP in
the HSIS.

While there is no current indication of BBP being used in cosmetics in Australia, BBP may be considered as
a possible substitute for other phthalates that are subject to regulation (e.g. DEHP and DBP), based on its
properties, functions and uses. In this case, exposure to BBP, which is currently low, may increase. Possible
substitution of BBP for hazardous phthalates should be prevented by imposing a similar regulatory measure
on all phthalates classified as toxic to reproduction (e.g. DEHP, DBP and BBP).

Reproductive toxicity induced by BBP might have serious long-term effects and affect the development and
reproduction of future populations if the exposure occurs within a critical window of human development.
A cautious approach to managing the potential risks associated with BBP is warranted, given the
uncertainties regarding the market availability, possibilities for substitution, the severe and irreversible
(fertility-based and teratogenic) health effects and exposure levels in different population groups.



Secondary Notification

Under section 64 of the Industrial Chemicals (Notification and Assessment) Act 1989 (the Act), the Secondary
Notification of a chemical that has been assessed under the Act may be required where change of any
circumstances that may warrant a reassessment of its hazards, exposures or risks occurs.

In the case of BBP, specific circumstances include:

e additional information becoming available on the adverse health effects of BBP;

e BBP being used in toys and childcare articles at a concentration of >0.5 %;

e additional sources of potentially high public exposure to BBP other than toys and childcare articles being
identified;

e additional information or events that change the assumptions in estimating the cumulative risks in this
assessment.

The Director of NICNAS must be notified within 28 days of the introducer becoming aware of any of the above
or other circumstances prescribed under section 64(2) of the Act. A person who fails to comply with these
secondary notification requirements would be committing an offence under this Act.



1 Introduction

1.1 Declaration

The chemical 1,2-benzenedicarboxylic acid, butyl phenylmethyl ester (CAS No. 85-68-7), also known as butyl
benzyl phthalate (BBP), was one of nine phthalate chemicals declared a Priority Existing Chemical (PEC) under
the Industrial Chemicals (Notification and Assessment) Act 1989 (the Act) on 7 March 2006 (Chemical Gazette
2006) for assessment of the public health risk from its use in children’s toys, childcare articles and cosmetics.
The basis for the declaration was the actual and potential use of BBP in children’s toys, childcare articles and
cosmetics.

1.2 Objectives

The objectives of this assessment are to:

e characterise the properties of BBP;

e determine the use and function of BBP in Australia in the specific consumer applications of children’s toys,
childcare articles and cosmetics;

e determine the extent of exposure of adults and children to BBP from these applications;

e determine any adverse health effects associated with exposure to BBP;

e characterise the risks to humans posed by exposure to BBP from use in these applications;

e determine the extent to which any risk is capable of being reduced; and

e recommend appropriate risk mitigation measures.

These consumer applications are defined below from directives, regulations and amendments from the Official

Journal of the European Union (various dates):

e Toys—products or materials designed or clearly intended for use in play by children of less than 14 years of
age.

e Childcare articles—articles designed for use by children to facilitate sleep, relaxation, hygiene, feeding, the
teething process or sucking on the part of children, e.g. dummies, teething rings, teats, and feeding bottles.

e Cosmetics—substances or preparations intended for placement in contact with any external part of the
human body including the mucous membranes of the oral cavity and teeth, with a view to altering the odours
of the body, or changing its appearance, or cleansing it, or maintaining it in good condition or perfuming it,
or protecting it, e.g. soaps, shampoos, face creams, masks, mascara, and nail polish.

1.3  Sources of information

Information for this assessment was obtained from various sources including Australian industry, governments,
overseas regulatory agencies and publicly available literature sources.

1.3.1  Industry
In August 2004, information was requested from industry in Australia regarding the import and/or manufacture
of phthalates either as raw materials or in products.

In March 20086, as part of the declaration of certain phthalates (including BBP) as PECs, importers and
manufacturers of BBP as a raw material for use in children’s toys, childcare articles and cosmetics, and
importers of finished cosmetic products containing BBP, were required to apply for assessment and supply
information on the use of BBP in Australia. Unpublished information on the health effects of phthalates
(including BBP) was also sought.

This call for information was followed in July 2006 by a voluntary call for information to importers of toys and
childcare articles containing phthalates (including BBP). Similarly, unpublished information on health effects
and exposure to phthalates from migration and leaching from these articles was requested.

Information provided to NICNAS by the Australian industry is mainly on uses of phthalates, including BBP.

1.3.2  Literature review
For this assessment, the following key documents were reviewed:



Assessments by NICNAS:

e Existing Chemical hazard assessment report on butyl benzyl phthalate (BBP) (NICNAS 2008a);

e Phthalates hazard compendium—A summary of physicochemical and human health hazard data for
24 ortho-phthalate chemicals (NICNAS 2008b);

e PEC assessment report on diethylhexyl phthalate (DEHP) (PEC No. 32; NICNAS 2010);

e PEC assessment report on diethyl phthalate (DEP) (PEC No. 33; NICNAS 2011);

e PEC assessment report on diisononyl phthalate (DINP) (PEC No. 35; NICNAS 2012);

e PEC assessment report on dibutyl phthalate (DBP) (PEC No. 36; NICNAS 2013); and

e PEC assessment report on dimethyl phthalate (DMP) (PEC No. 37; NICNAS 2014);

Assessments by international bodies:
e Concise International Chemical Assessment Document (CICAD) 17 on butyl benzyl phthalate (WHO 1999);

e Monographs on the evaluation of carcinogenic risks to humans, volume 73: Some chemicals that cause
tumours of the kidney or urinary bladder in rodents and some other substances by the International Agency
for Research on Cancer (IARC 1999);

e Monograph on the potential human reproductive and developmental effects of butyl benzyl phthalate by the
National Toxicology Program—Center for the Evaluation of Risks to Human Reproduction (NTP-CERHR
2003);

e European Union Risk Assessment Report (EU RAR) on benzyl butyl phthalate by the European Chemicals
Bureau (ECB 2007);

e Review of new available information for benzyl butyl phthalate by the European Chemicals Agency (ECHA
2010);

e Toxicity review of benzyl-n-butyl phthalate by the United States Consumer Product Safety Commission staff
(US CPSC 2010).

Information from these documents was supplemented with new, relevant data identified from literature searches

on PubMed, TOXNET®, ScienceDirect and SciFinder. The most recent searches were conducted in April 2015.
For more details, refer to the References section of this report.

All citations, except those marked with an asterisk (*), were reviewed for the purposes of this assessment. Those
citations marked with an asterisk were quoted from the key documents as secondary citations.

1.4 Peerreview

The report has been subjected to internal peer review within NICNAS during all stages of preparation.

1.5  Applicants

Following the declaration of BBP as a PEC, the organisations applying for assessment of this chemical are listed
below:

Brenntag Australia Pty Ltd Sigma Aldrich Pty Ltd
260-262 Highett Road 12 Anella Avenue

Highett VIC 3190 CASTLE HILL NSW 2154
Ferro Corporation (Australia) Pty Ltd Vinyl Council of Australia
21-23 South Link 65 Leakes Road

Dandenong VIC 3175 Laverton North VIC 3026

NSW Environment Protection Authority
Level 14, 59-61 Goulburn Street
SYDNEY NSW 2000

In accordance with the Act, NICNAS makes a draft report of the assessment available to the applicants for
comment during the correction and variation stages of the PEC consultation process.



2 Background

2.1  International perspective

BBP is a member of the group of esters of phthalic acid commonly known as phthalates, used ubiquitously as
solvents and plasticisers worldwide.

The Phthalate Esters Panel of the American Chemistry Council (ACC 2006 revised) derived three categories of
phthalates based on use, physicochemical and toxicological properties. Low molecular weight (LMW)
phthalates are defined as those produced from alcohols with carbon side-chain lengths of <C3. High molecular
weight (HMW) phthalates are those produced from alcohols with straight or ring-structured carbon chain
lengths of >C7. A similar definition of HMW phthalates is used by the Organisation for Economic Co-operation
and Development (OECD 2004). Transitional phthalates were defined as those produced from alcohols with
straight or branched carbon chain lengths of C4-6.

Structurally, BBP is an asymmetric diester, consisting of one linear and one ring-structured ester side chain. On
the basis of the ester side-chain length (butyl C4 and benzyl C5), BBP belongs to the transitional C4-6 phthalate
group.

The physicochemical properties of phthalates that impart usefulness as plasticisers also permit their migration
and leaching from polymer matrices. Some phthalates such as DEHP and DINP can be present in high
concentrations (up to approximately 40-50 % w/w) in polymer materials. The potential for leaching from
plastics and the widespread use in a variety of consumer products including cosmetics, together with the
reproductive toxicity profile of phthalates in general, have led to concerns over the potential health impacts of
phthalates, including BBP. Particular concerns exist when there is the potential for exposure to phthalates of
young children from use of toys and childcare articles, or for prolonged exposure of the general population
through cosmetic use.

Historically, studies of the health effects of certain phthalates have identified reproductive toxicity, especially to
the testes and testicular hormones, to be of particular concern. Accordingly, overseas jurisdictions have taken
regulatory action on a number of phthalates, particularly transitional phthalates (DEHP, DBP and BBP), and
HMW phthalates (DINP, DIDP (diisodecyl phthalate) and DnOP (di-n-octyl phthalate)), for particular uses.

In the EU, BBP is banned in all children’s toys, childcare articles and in cosmetics, including nail polish, on the
basis that BBP is classified as toxic for reproduction (i.e. Reprotoxic Substances Category 1B ‘Evidence of
effects in animals’).

In particular, BBP is currently listed in the:

e European Commission (EC) Cosmetic Ingredients and Substances (Cosing) Annex Il (List of substances
prohibited in cosmetic products);

e Registration, Evaluation, Authorization and Restriction of Chemicals (REACH) Annex XIV (List of
substances subject to authorisation, <http://echa.europa.eu/addressing-chemicals-of-concern/authorisation>);
and

e Entry 51 in the REACH Annex XVII (List of restrictions on the manufacture, placing on the market and use
of certain dangerous substances, preparations and articles, <http://fecha.europa.eu/eu/addressing-chemicals-
of-concern/restrictions/list-of-restrictions>): BBP (together with DEHP and DBP) 'shall not be used as
substances or in mixtures, in concentrations greater than 0.1% by weight of the plasticised material, in toys
and childcare articles. Toys and childcare articles containing these phthalates in a concentration greater than
0.1% by weight of the plasticised material shall not be placed on the market.'.

BBP is also listed on the Cosmetic Directive Annex Il (List of substances which must not form part of the
composition of cosmetic products) regulated by the Association of Southeast Asian Nations (ASEAN), as well
as on China’s list of banned substances for cosmetic uses (Galleria Chemica).

In the USA, the Congress has prohibited the use of BBP (together with DEHP and DBP) in any amount greater
than 0.1 % in children’s toys and childcare articles (Consumer Product Safety Improvement Act 2008,
<http://www.cpsc.gov//PageFiles/113865/cpsia.pdf>).

A similar restriction on the three phthalates in children’s toys and childcare articles has been issued by the
Canadian Government (Canada Gazette 2010).



The chemical is also a candidate for further restrictions as it is listed in the:

e EC Endocrine Disruptors priority list with Category 1 classification (i.e. Evidence of endocrine disrupting
activity in at least one species using intact animals; EC 2015).

e US Environmental Protection Agency's Phthalates Action Plan (US EPA 2012a revised), which is an
initiative to address the manufacturing, processing, distribution in commerce, and/or use of eight phthalates,
including BBP.

e US EPA's Universe of Chemicals list for potential endocrine disruptor screening and testing (US EPA,
2012Db).

2.2 Australian perspective

In 1999, concern over the potential adverse health effects of phthalates, including reproductive and
developmental toxicity, led to phthalates being nominated for inclusion in the NICNAS Candidate List (from
which chemicals may be selected and recommended to the Minister for declaration as PECs).

As a result of literature searches and calls for information by NICNAS to industry in 2004 and 2006, one
terephthalate and 24 ortho-phthalates, including BBP, were identified as currently or potentially in industrial use
in Australia. The chemical BBP, together with eight other phthalates, was also identified to be in actual or
potential use in cosmetics, children’s toys and childcare articles in Australia.

In 2008, following industry and public comment, NICNAS released a series of hazard assessments on 25
phthalates (available at http://nicnas.gov.au/). NICNAS also released a phthalates compendium in which the
uses and hazards associated with 24 ortho-phthalates were summarised and compared (NICNAS 2008b).

BBP is currently listed in the Hazardous Substances Information System (HSIS) (Safe Work Australia) as:
e a Reproductive Toxicant Category 2 with the risk phrase R61 ‘May cause harm to the unborn child’; and
e a Reproductive Toxicant Category 3 with the risk phrase R62 ‘Possible risk of impaired fertility’.

e cut-offs: concentration >5 %: Toxic; R61; R62
>0.5 % concentration <5 %: Toxic; R61.

BBP is not listed in the current Poisons Standard (Standard for the Uniform Scheduling of Medicines and
Poisons (SUSMP, <http://www.comlaw.gov.au/Details/F2015L.00128>).

At the time of this PEC assessment, no other restrictions on the introduction (manufacture and/or import) or use
of this chemical were identified in Australia. The chemical BBP could, however, be potentially substituted for
already regulated phthalates (e.g. DEHP and DBP), and hence there is potential for widespread use of BBP in a
variety of consumer products, including children’s toys, childcare articles and cosmetics (See Section 4.3).


http://www.comlaw.gov.au/Details/F2015L00128

3 ldentity and properties

BBP is listed on the Australian Inventory of Chemical Substances (AICS).

3.1  Chemical identity

Chemical name: 1,2-benzenedicarboxylic acid, butyl phenylmethyl ester
CAS No.: 85-68-7
Synonyms: BBP

butyl benzyl phthalate

benzyl butyl phthalate

benzyl n-butyl phthalate

phthalic acid, benzyl butyl ester

1,2-benzenedicarboxylic acid, 1-butyl 2-(phenylmethyl) ester

Molecular formula: C19H2004

Molecular weight (MW): 312.36

Purity: >098.5 %

Impurities: <1.0 % dibenzyl phthalate (CAS No. 523-31-9),

<0.5 % benzyl benzoate (CAS No. 120-51-4),
<0.5 % dibutyl phthalate (CAS No. 84-74-2),
<2 ppm a-clorotoluene (CAS No. 100-44-7),
<2 ppm o,0-diclorotoluene (CAS No. 98-87-3)

Additives: <0.5 ppm pentaerythritol tetrakis (3-(3,5-di-tert-butyl-4-hydoxypheny!l)
propionate) (CAS No. 6683-19-8)

Structural formula:

o

i,

8

CH
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3.2  Physical and chemical properties
Table 3.1: Summary of physicochemical properties (adopted from ChemlID plus, ECB 2007)

Properties Value

Physical state Colourless aily liquid
Boiling point 370 °C

Melting point <-35°C

Density, kg/m3 (25 °C) 1116

Vapour pressure, kPa (25 °C) 1.10 x 10-8

Water solubility, g/L (25 °C) 2.69 x 10

Partition co-efficient octanol/water (log Kow) 4.73-4.84

Henry’s Law constant, kPa m3/mol (25 °C) 1.28 x 104

Flash point 198 °C

Conversion factors are based on 25 °C and 1 atmosphere:

BBP (MW 312.36)
1 ppm = 12.78 mg/m?®
1 mg/m3 = 0.08 ppm
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4 Manufacture, importation and use

4.1 Manufacture and importation

BBP is introduced into Australia through importation both in finished products and in mixtures for local
formulation and processing. There are no data from NICNAS calls for information that indicate the chemical is
manufactured in Australia.

In addition, there is no current information available on the volume of BBP imported for industrial uses.

4.2 Usesof BBP

4.2.1 Uses in Australia

The following Australian industrial uses of BBP were reported under NICNAS mandatory and/or voluntary calls

for information (including recent correspondence with the applicants):

e The main use of BBP is in industrial applications such as for manufacturing adhesives (parquetry floors,
automotive filters), construction sealants, automotive and marine coatings, road-marking paints and textile
printing inks (mostly for T-shirts). It serves as a specialty plasticiser in PVVC compounds, vinyl and acrylic
lacquers, nitrocellulose lacquers and polyurethane wheels for forklifts. BBP is also used in military-specified
topcoats for metal substrates.

e BBP is used as a plasticiser in imported PVC consumer products, including gumboots, toys, play and
exercise balls.

e Small quantities of BBP are used for research and analytical purposes.
No cosmetic uses were reported.

In children’s toys and childcare articles made from PVC, BBP is unlikely to be found as a dominant (primary)
phthalate plasticiser, as its molecular weight is similar to that of DBP, a commonly used secondary plasticiser.
Therefore, the chemical might be used as a secondary plasticiser in conjunction with another plasticiser, or
occur as a minor contaminant of other phthalates, including DEHP or DINP (see Section 4.3). Specific
concentrations of BBP in toys used in Australia are not available, and the types of non-PVC articles used as toys
(play and exercise balls) in which BBP is reported to be used are not typical mouthing articles.

Given that no data on BBP levels in children’s toys found in Australia were provided for the assessment,
modelling and overseas data are used to estimate exposure.

4.2.2 Uses overseas

Worldwide annual production and/or import volumes of BBP were 1000-10000 tonnes in the EU (REACH
Dossier) and 90000-180000 tonnes in the USA (US EPA Chemical Data Reporting 2012). No further
information on the specific volumes of BBP for either industrial or consumer applications is publicly available.

Currently, the chemical is listed in the Chemical Book (<http://www.chemicalbook.com>), and offered for sale
by 116 suppliers globally, including 61 companies in China, 32 in the US, and nine in Europe. According to
VinylPlus (2014), the use of BBP was expected to be phased out in the EU by 21 February 2015 since ECHA
received no applications for the REACH authorisation.

The following uses or functions of BBP have been identified in:

¢ the Personal Care Products Council’s International Nomenclature Cosmetic Ingredient (INCI) dictionary:
nail polish and enamels;

e the US National Library of Medicine’s Household Products database: arts and crafts, auto products, home
maintenance products, landscape and yard pastes;

e the REACH BBP Dossier: for manufacturing and formulating substances and preparations; in industrial,
professional and consumer coatings for vehicles, electrical batteries, fabrics, textiles, rubber and plastic
articles; as well as uses in toys and food packaging; and

e the US National Library of Medicine’s Haz-Map Database: as an organic intermediate and a plasticiser for
PVC-based flooring products (vinyl floor tiles, vinyl foams and carpet backing), polyvinyl acetate emulsion
adhesives, and polyvinyl and cellulose resins.
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Although listed in the INCI database, BBP is prohibited for use in cosmetics, including nail polishes, in the EU
(Coslng), China and ASEAN countries (see Section 2.1). A review of statements/data from the cosmetics
industry and Food and Drug Administration (US) by the US Cosmetic Ingredient Review (CIR) Expert Panel
indicated that BBP is not currently being used in cosmetic products (Andersen 2011). Consistently, BBP is not
found in the Personal Care Products Council’s Compilation of Ingredients Used in Cosmetics in the United
States (CIUCUS 2011).
e INCI provides a comprehensive international reference of descriptive and technical information about
substances that have been identified as potential cosmetic ingredients;

e Coslng is a database of chemicals either known to be in use in cosmetics in the EU or subject to restrictions
including prohibition for such use; and

e CIUCUS is the compilations of ingredients that have documented use in cosmetics in the US.

There is no current information available on BBP use in cosmetics overseas.

4.3  Uses of phthalates and possibilities for substitution

Phthalates can be substituted for each other in certain applications. However, given the existing range of
phthalate chemicals, there are likely to be limits to substitutability for any particular application. Information on
use-patterns of phthalates generally indicates that lower molecular weight phthalates are used as solvents, whilst
higher molecular weight phthalates are used as plasticisers (NICNAS 2008b).

The physicochemical factors expected to affect the choice of a specific phthalate for a particular use include
viscosity, water solubility and vapour pressure/boiling point. These properties alter with increasing molecular
weight and side chain length. As the side-chain length increases (1-13 carbons), phthalates exhibit a number of
orders of magnitude increase in the octanol-water partition coefficient (Kow) and a 10-order of magnitude
decrease in vapour pressure. Water solubility is also inversely related to molecular weight and side-chain length
(NICNAS 2008b). Viscosity varies from 9 mPa-s for DEP, 15 mPa-s for DBP, 52 mPa-s for DINP and up to
190 mPa:-s for ditridecyl phthalate (Eastman 2006).

Thus, a HMW phthalate ester (e.g. DINP) will be quite different from a LMW phthalate ester such as DBP.
However, the difference in properties between two phthalates of similar molecular weight, such as BBP and
DBP, is expected to be much less. To the extent that these are the key considerations, substituting a particular
phthalate for another phthalate of similar molecular weight for any given application—for example, substituting
BBP for DBP as a cosmetic ingredient—is more probable than substituting a phthalate of a very different
molecular weight, such as DINP.

Minimal information is available in the published literature about the substitutability of phthalates. A number of
phthalates and their functions are listed in the INCI database, e.9g. DMP, DEP, DBP and DEHP, all of which
have listed functions as fragrance ingredients, plasticisers and solvents. However, the Scientific Committee on
Consumer Products (SCCP) opinion on phthalates in cosmetic products concluded that among the phthalates
found in a study of 36 perfumes (Greenpeace International 2005), only DMP (0.3 %) and DEP (up to 2.23 %)
are likely to have been deliberately added, while DBP and DEHP are likely to be present as traces and/or
impurities leaching from plastic materials used during production or storage (SCCP 2007). This information
relates to phthalate use in perfume samples and there is no information available that allows extrapolating from
perfumes to other cosmetics.

Among the phthalate plasticisers, DINP is largely used in PVC and PVC/polyvinyl acetate co-polymers due to
its high binding affinity, good solvation and the ability to maintain low temperature flexibility. DBP is ‘not
convenient’ as the primary plasticiser for PVC due to its high volatility (although it can be used as a secondary
plasticiser) and is normally used for cellulose nitrate (Chanda & Roy 2006).

Therefore, while it is clear that phthalates with similar properties can be substitutable, there are likely to be
limits on the extent to which dissimilar phthalates can be used. The chemicals BBP and DBP (which share the
same monoester metabolite monobutyl phthalate (MBP)) have a similar molecular weight and structure, and
thus BBP is likely to substitute for DBP in any of its applications, but is not likely to substitute for DINP, which
is a HMW phthalate commonly used in PVC toys and childcare articles.

Given the lack of data on the use of BBP in children’s toys, assumptions need to be made for modelling
exposures. In this report, for example, migration or leaching rates reported for DINP are used to undertake an
exposure assessment for BBP as a secondary plasticiser in a mixed phthalate plasticiser (DINP+BBP) in relation
to uses in children’s toys and childcare articles.
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5 Public exposure

Although BBP was declared a PEC for assessment of its use in children’s toys, childcare articles and cosmetics,
there is no evidence to suggest that BBP is currently used in cosmetic products in Australia or overseas (see
Sections 2.1 and 4.2). However, there is a potential for BBP to be used in cosmetics as a substitute for other
phthalates (such as DBP, an already regulated phthalate) that have similar physical and toxicological properties.
It is less likely that phthalates that have a carcinogenic, mutagenic, or toxic for reproduction (CMR) hazard
classification would be substituted for safer or less potent phthalates such as DEP—a common cosmetic
ingredient.

Thus, cosmetic use of BBP is likely to be rare to non-existent. Consequently, assessment of public exposure to
BBP from use of cosmetics is not considered in this assessment. It should be emphasised that cosmetic use,
were it to occur, may give rise to a significant risk and the restrictions proposed in this report are intended to
address this issue.

This report will consider public exposure to BBP only for its use in children’s toys and childcare articles.
Exposure estimates are derived to allow characterisation of the risks associated with this application of BBP.

5.1 Methodology for assessing exposure

It is acknowledged that there are always uncertainties in deriving exposure estimates. The use of measured data
is always preferred; however, modelled data may be used if measured data are not available. Australian data are
also preferred. However, if Australian data are not available, overseas data may be used, provided that the
scenarios represented by the overseas data are equivalent to Australian exposure scenarios. The uncertainties in
the exposure assessment are further discussed in the context of risk characterisation (see Section 7).

In this assessment of specific exposure pathways, the ‘reasonable worst-case’ approach is used, in which
estimates are based on worst-case, but plausible, exposure scenarios to consider exposures of all individuals
within the target population. In addition, a ‘typical’ exposure estimate is performed, if information is available
to determine a use-pattern that represents an average for the target population.

Children’s exposure to BBP from toys and childcare articles was estimated for both oral and dermal routes.
Dermal exposure may occur during normal handling and oral exposure through chewing, sucking and biting of
these products, regardless of whether the products are intended to be mouthed. Inhalational exposure to BBP
from these products is considered negligible due to its low vapour pressure.

Information on the BBP content in toys is insufficient; therefore, the exposure estimate is based on the usage
and concentration of an alternative phthalate, DBP, which has a similar molecular weight, higher vapour
pressure and lower viscosity than the phthalates typically used in PVC. The chemical DBP is reported to have
uses in children’s toys and childcare articles in Australia. These estimates are considered valid for BBP because
of the possibilities for phthalate substitution as discussed in Section 4.3.

Oral exposure was modelled by:

e estimating the highest plausible concentration of BBP as a component of a mixed plasticiser in children’s
toys and childcare articles in Australia;

e estimating children’s mouthing time of toys and childcare articles based on overseas data that are not
expected to be markedly different from Australian children’s mouthing activities and behaviours;

e estimating the migration rate of the mixed plasticiser from a PVVC matrix into saliva based on experimental
studies on the extractability of phthalate plasticisers under various mouthing conditions;

e estimating the oral bioavailability of BBP (see Section 6.1); and

e using default values for children’s body weight and exposed surface area.

Dermal exposure was modelled by:
e estimating the highest plausible concentration of BBP as a component of a mixed plasticiser in children’s
toys and childcare articles in Australia;
e estimating children’s dermal contact time with toys and childcare articles;
e estimating the migration rate of the mixed plasticiser from a PVVC matrix through the skin, based on
experimental studies; and
14



e using default values for children’s body weight and exposed surface area.

5.2  Exposure estimates for children from use of toys and childcare articles

The calculation of exposures to BBP is based on the assumption that the chemical completely substitutes for
DBP (known to be used as a secondary plasticiser) in a mixed phthalate plasticiser ata maximum concentration
of 0.5 % wi/w. This concentration was determined based on a literature review of analytical studies of toys, as
well as the reported maximum DBP level of 0.45 % in children’s toys by the Australian industry. The PEC
assessment of DBP has a detailed calculation for this scenario, explaining the derivation of all relevant
parameters (NICNAS 2013).

5.2.1  Oral exposure

The daily internal oral doses for the reasonable typical and worst-case scenarios for total phthalate content (i.e. a
mixed phthalate plasticiser of DINP+BBP) and for BBP alone are calculated using Equation 1 and shown in
Table 5.1, based on the following assumptions:

e The exposure estimates are made for a six-month-old infant who has the lowest body weight among the
group; that demonstrates the maximum mouthing behaviour with a reasonable typical and worst-case
mouthing time of 0.8 hours/day and 2.2 hours/day, respectively (for a review of children’s mouthing time
studies, refer to the PEC assessment of DINP, NICNAS 2012).

e Based on the weight of evidence, the mean and highest in vivo migration rates of DINP from chewing and/or
mouthing of toys and articles determined by Chen (1998) are regarded as applicable for the typical and
worse-case exposure estimates for BBP, i.e. 26.03 and 57.93 pg/cm2/hour, respectively.

e The extractability data for DINP (measured at 43 % w/w of the articles by Chen (1998)) are also applicable
for a mixed phthalate plasticiser comprising 0.5 % BBP and 42.5 % DINP, i.e. 43 % of a mixed phthalate
consisting of 1.16 % BBP and 98.84 % DINP. It is assumed that this mixed phthalate is extracted under
mouthing conditions without a change in composition. In addition, the phthalate migration rate from articles
appears largely determined by the magnitude of the mechanical force applied to an article and the properties
of the PVC grade comprising the article, and less affected by the physicochemical characteristics or
concentration of a particular phthalate (NICNAS 2012).

e The child’s mean body weight is 7.5 kg based on the 50th percentile value for males and females combined.

e The surface area of a child’s open mouth or the surface of an article available for mouthing at any one time is
approximately 10 cm?.

e Phthalate bioavailability from oral exposure is 100 % (Section 6.1).

M xS xtxnxB
Equation 1 Dint.oral = mouth orl

BW
Where:
Dint,oral = Internal dose by the oral route, png/kg bw/d
M = Migration rate of the phthalate from toys, pg/cm?hr
Smouth = Surface area of a child’s open mouth, cm?
t = Mouthing time, hours
n = Frequency per day
Boral = Bioavailability by the oral route, % (expressed as a decimal)
BW = Body weight, kg

Table 5.1: Estimated daily internal doses for total phthalate content and BBP from oral exposure to toys
and childcare articles in children

Total phthalate BBP?
Dintoral (ng/kg bw/d) Dint,oral (ug/kg bw/d)
Typical exposure scenario 27.77 0.32
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Worst-case exposure scenario 169.93 1.97

@ Estimates for BBP are derived by multiplying the internal doses for total phthalate by the proportion of BBP (1.16 %) in the mixed phthalate.

5.2.2  Dermal exposure

The daily internal dermal doses for the typical and worst-case scenarios for total phthalate content (i.e. a mixed
phthalate plasticiser of DINP+BBP) and for BBP alone are calculated using Equation 2 and shown in Table 5.2,
based on the following assumptions:

e The exposure estimates are made for a six-month-old infant who has the highest surface of exposure to body
weight ratio, and therefore the combined dermal and oral exposure is expected to be highest for this age
group.

e A reasonable typical time the child spends handling toys is 0.8 hours/day and a reasonable worst-case contact
time is 2.2 hours/day.

e Based on the weight of evidence, the mean dermal absorption rate of 0.24 ug/lcm?hour, determined by
Deisinger et al. (1998) for DEHP migrating from sheets of PVC film through the rat skin, is regarded as
applicable for the mixed plasticiser (DINP+BBP) given the lack of available migration rate data from
plasticised PVC or quantitative dermal absorption data for DINP or mixed phthalate plasticisers (for a review
of dermal absorption studies, see the PEC assessment of DINP (NICNAS 2012)).

e The invivo dermal absorption rate data for DEHP (measured at 40.4 % wi/w of the articles by Deisinger et al.
(1998)) are also applicable for a mixed phthalate plasticiser comprising 0.5 % BBP and 39.9 % DINP, i.e.
40.4 % of a mixed phthalate consisting of 1.24 % BBP and 98.76 % DINP. It is assumed that this mixed
phthalate migrates from the toys and is absorbed through the skin without a change in composition.

e The child’s mean body weight is 7.5 kg based on the 50th percentile value for males and females combined.

e The body parts of a child likely to be exposed while handling toys and childcare articles are the hands and
lips, the surface area of which is approximately 100 cm?.

Equation 2 Dint,dermal = R X Sdermal X1 1
BW
Where:
Dint,dermai = Internal dose by the dermal route, ug/kg bw/day
R = Dermal absorption rate of the phthalate from toys, pg/cm?hour
Sdermal = Surface area of a child’s hands and lips, cm?
t = Time of dermal contact, hours
n = Frequency per day
BW = Body weight, kg

Table 5.2: Estimated daily internal doses for total phthalate content and BBP from dermal exposure to
toys and childcare articles in children

Total phthalate BBP?

Dintdermal (M9/kg bw/d) Dintgermal (Mg/kg bw/d)
Typical exposure scenario 2.56 0.03
Worst-case exposure scenario 7.04 0.09

@ Estimates for BBP are derived by multiplying the internal doses for total phthalate by the proportion of BBP (1.24 %) in the mixed phthalate.

The combined exposures arising from both oral and dermal contact with children’s toys and childcare articles
are presented in Table 5.3.
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Table 5.3: Estimated total daily internal doses for children

Route of exposure Typical Dint, oral+dermal Worst-case Dint, oral+dermal
(Hg/kg bw/d) (Hg/kg bw/d)
Oral 0.32 1.97
Dermal 0.03 0.09
Combined 0.35 2.06

5.3  Human biomonitoring data

Human biomonitoring (HBM) data for a particular chemical or its metabolites represent exposure to the
chemical from all sources and pathways. Population estimates of specific phthalate levels may differ by age,
gender, and race/ethnicity (Silva et al. 2004; CDC 2015). The analytical approaches, uncertainty and variability
associated with HBM limit their use in exposure and human health risk assessment (Albertini et al. 2006). It is
not possible to identify the relative contribution of different exposure sources or routes directly from HBM data.
Furthermore, HBM data for BBP exposures in the Australian general population or specific subpopulations are
not available. For the purpose of this assessment, modelling is the most suitable approach to estimating BBP
exposures. The assumptions made in the scenarios used to calculate exposures to DBP (NICNAS 2013) are also
considered reasonable and applicable to BBP, on the basis that the related phthalate DBP is assumed to
sometimes be used at a maximum concentration of 0.5 % in children’s toys in a mixed phthalate plasticiser with
DINP.

However, HBM data can be useful in determining whether the exposures calculated from modelling are within
the observed range of exposure and comparable with the integrated exposure of the population. Table 5.4
summarises representative international HBM investigations in recent years, which provide exposure estimates
for BBP (vs DBP), as determined from their urinary metabolite concentrations, MBzP and MBP, respectively.

Generally, the biomonitoring levels of MBzP are lower than those of MBP, possibly because of the lesser
likelihood of BBP being present in various products compared with DBP, as well as MBP being a common
metabolite of both BBP and DBP. Children had higher urinary levels of MBzP and MBP than mothers or total
females (see Table 5.4). Based on the analysis of the National Health and Nutrition Examination Survey
(NHANES) 2001-2002 through 2009-2010 (a large, nationally representative sample of the US population),
Zota et al. (2014) noted pronounced temporal trends in phthalate exposure. Urinary metabolite concentrations of
DEHP, DBP and BBP declined approximately 20-50 %, whereas urinary metabolite concentrations of
diisobutyl phthalate (DiBP) and DINP increased by more than 100 %, which provides an evidence for the
occurrence of substitutions between phthalates.

There are a number of studies that use HBM data to estimate daily BBP (vs DBP) intakes for mothers and

children, expressed in an ascending order of medians followed by 95th percentile or P95 values. They include,

but are not limited to:

e BBP 0.23-1.30 pg/kg bw/day vs DBP 1.82-5.86 ug/kg bw/day (465 German children aged 8-10 years;
Kasper-Sonnenberg et al. 2014);

e BBP 0.42-1.73 pg/kg bw/day vs DBP 2.38-7.25 pg/kg bw/day (52 Belgian children aged 1-12 years;
Dewalque et al. 2014);

e BBP 0.42-2.57 png/kg bw/day vs DBP 4.07-14.9 pug/kg bw/day (creatinine-based), and BBP 0.77—
4.48 ng/kg bw/day vs DBP 7.61-30.50 ug’kg bw/day (volume-based model) (239 children aged 2-14 years;
Koch et al. 2007; Wittassek et al. 2011);

e BBP 0.50-2.47 pug/kg bw/day vs DBP 0.84-2.33 pg/kg bw/day (214 mothers of male infants exhibiting
reduced anogenital distance (AGD); Marsee et al. 2006);

e BBP 0.70-3.40 pug/kg bw/day vs DBP 0.90-3.50 ug’kg bw/day (742 US children aged 6-11 years from
NHANES 2005-2008; Christensen et al. 2014).

Overall, there is close agreement between the calculated exposures from use of BBP in children’s toys and

childcare articles through modelling (Table 5.3) and the BBP intake estimates from HBM data. This

substantiates that the assumptions made in the scenarios used to calculate the exposures are reasonable and

applicable to BBP, despite variations in children’s ages and sources of exposure. The biomonitoring results are
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considered consistent with the basis of the exposure modelling for BBP, as they indicate that the general
exposure of children (corresponding to means and medians) can be several times lower than the highest
individual exposures, which can arise from specifically high exposure scenarios (corresponding to P95 values).
The modelled worst-case exposure scenario considered in this assessment is thus applicable to highly exposed
individuals among the population of children.

Table 5.4: Biomonitoring data for urinary MBzP vs MBP metabolites (ug/g creatinine for adjusted values,
otherwise specified as unadjusted, pg/L urine)

Study Population Mean Median 95th Percentile
(sample size, age) MBzP MBP MBzP MBP MBzP MBP
Kasper-Sonnenberg  Germany Duisburg 200608 /Mothers 6.602  32.802 6.302  30.90@ 24.502 139.002
etal. 2012 (103, 29-49 years)
Germany Duisburg 2006-08 /Children 12,502 48.102  11.702  54.20@ 62.902 148.002
(104, 6-8 years)
Saravanabhavan Canada /Females 14.20 30.70  13.10 2770 7520 127.90
etal. 2013 CHMS 2007-09
(1604, 6-49 years)
Canada /Children 32.40 50.80  31.60 4590 147.30 213.40
CHMS 2007-09
(1034, 6-11 years)
Larssonetal. 2014  Sweden /Mothers 12.07 59.36  10.83 5849 7416 161.19
(95, <45 years)
Sweden /Children 22.49 86.83  22.37 83.24 96.58 236.58
(97,6-11 years)
DenHond etal. 2015 European values 2011-12 /Mothers 4.50 23.90 NR NR 17.70° 66.20°
(1800, 24-52 years)
European values 2011-12 /Children 7.10 34.80 NR NR 27.80°  95.50P
(1816, 5-11 years)
CDC 2015 US NHANES 2007-08 /Females 8.07 23.10 8.37 2280 48.30 89.80
updated tables (1310, 26 years)
US NHANES 2007-08 /Children 19.00 33.10  20.70 3420 118.00 109.00
(389, 6-11 years)
US NHANES 2009-10 /Females 7.29 17.80 6.90 17.60 38.80 70.60
(1350, =6 years)
US NHANES 2009-10 /Children 15.10 28.30  14.60 26.70 9220 130.00
(415, 6-11 years)
US NHANES 2011-12 /[Females 5.87 9.81 5.65 10.30 2870 44.80
(1229, =6 years)
US NHANES 2011-12 /Children 12.50 1590  11.90 17.70  81.00 73.30

(395, 6-11 years)

a = unadjusted values; b = 90th percentile or P90 values; CHMS = Canadian Health Measures Survey; NHANES = National Health and Nutrition
Examination Survey; NR = notreported.
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6 Human health hazard characterisation

This section provides a brief overview of the main features of the toxicological data, identifies the critical
toxicity endpoints and the NOAELSs, and discusses the relevance to humans of the effects observed in animal
studies. The hazard characterisation of BBP is based on the collective results of all available studies through
analysing the weight of evidence and deducing conclusions drawn from previous national and international
reviews.

Given that there is limited information available from human studies on the potential health effects associated
with exposure to BBP, the hazard profile is based principally on animal data. In addition, for those toxicological
endpoints where the data are incomplete or unavailable, information from structurally similar chemicals was
used to examine the potential toxicity. The assessment information was obtained from NICNAS assessment
reports, international reviews and journal articles on BBP, and relevant analogue chemicals, published up to
April 2015. References marked with an asterisk (*) were not reviewed, but were quoted as secondary citations
from the key documents listed in Section 1.3 of this report.

The NICNAS Phthalates hazard compendium (NICNAS 2008b) contains a comparative analysis of toxicity
endpoints across 24 ortho-phthalates, including BBP. Structurally, BBP is an asymmetrical diester, consisting of
a benzyl ring and a butyl group on side chains. The chemical BBP belongs to the transitional C4—6 phthalate
group and shares a monoester metabolite, monobutyl phthalate (MBP), with DBP—a known potent
antiandrogenic phthalate (NICNAS 2013).

6.1  Toxicokinetics
6.1.1  Absorption

Absorption from oral exposure

Orally administered BBP is readily absorbed and hydrolysed both in the gastrointestinal (Gl) tract and the liver,
based on excretion data in animal and human studies (Anderson et al. 2001; Eigenberg et al. 1986; Nativelle et
al. 1999; WHO 1999).

The absorption can become saturated and limited at high doses or after repeated dosing. In rats, total urinary
recovery of the chemical decreased from 56 % at 150 mg/kg bw/day to 30 % at 1500 mg/kg bwi/day after three
consecutive doses (Nativelle et al. 1999). Twenty-four hours after single doses, faecal excretion increased with
the increasing dose, from 13-19 % at 2-200 mg/kg to 57 % at 2000 mg/kg (with concomitant decreases in
urinary excretion from 61-74 % to 16 %) (Eigenberg et al. 1986). In beagle dogs dosed at 5000 mg/kg, the
absorption was only up to 10 % based on the recovery of unchanged BBP in the faeces of 88-91 % and in the
urine of 4 %; this could be also attributable to pharmacokinetic differences between species (ECB 2007,
Erickson 1965*; NTP-CERHR 2003). In human volunteers, the urinary monoester metabolites of BBP
represented 67-84 % (on a molar basis) of the administered doses of 0.253-0.506 mg/kg bw/day (Anderson et
al. 2001).

The chemical BBP is also excreted in the bile (as monoesters) and undergoes enterohepatic recirculation, which
could result in extended bioavailability (Eigenberg etal. 1986). No information on the total excretion via all
routes and/or the extent of faecal excretion (whether as the result of biliary elimination or incomplete
absorption) is available. In addition, there is limited information available comparing the oral absorption and
bioavailability of BBP between adult and immature animals, or between animals and humans. The oral
bioavailability of the most studied phthalate, DEHP, appears to be higher in young rats compared with adult rats
(Sjoberg et al. 1986). The higher proportion of intestinal tissue in relation to body weight (Younoszai &
Ranshaw 1973) and the relatively higher blood flow through the Gl tract (Varga & Csaky 1976*) have been
suggested as the likely factors causing an increased absorption in young animals. For the purposes of this
assessment, the bioavailability of BBP via the oral route is assumed to be 100 % for both adults and children.

Absorption from dermal exposure

BBP is considered to be slowly absorbed through the skin, given that the excretion following a single occlusive
application to male rat skin was relatively constant over seven days at 3-6 % of the applied dose (30—-40 mg/kg
over 5-8 mg/cm?) (Elsisi et al. 1989). Although BBP—probably due to its higher molecular weight—was less
absorbed than DBP, it had a higher cumulative tissue concentration of ~5 % (cf. 3 % for DBP) of the applied
dose (Elsisi etal. 1989).
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Considering this limited information, the EBC (2007) worst-case estimate of 5 % is used for the dermal
bioavailability of BBP in humans.

Absorption from inhalational exposure

Quantitative information on inhalational absorption of BBP is not available. Inhaled phthalate esters will not be
subject to first-pass metabolism in the liver and so a significant inhaled proportion is likely to be available
systemically. On this basis, a default bioavailability of 100 % is considered appropriate for this route of
exposure.

6.1.2  Distribution

When a single dose of **C-BBP was applied to the skin of male rats, very little radioactivity was detected in the
tissues seven days after exposure. The observed distribution of radioactivity ranged from 4.6 % in muscle,
0.17 % in adipose tissue, and down to <0.5 % being the summation of dose found in the brain, lung, liver,
spleen, small intestine, Kkidney, testis, spinal cord and blood (Elsisi etal. 1989). In humans, BBP metabolites
were found in foetal serum, breast milk and semen (Lashley et al. 2004; Main et al. 2006; Rozati et al. 2002).

Based on review of the literature and comparative studies on phthalate kinetics (ECB 2007; Eigenberg et al.
1986; Elsisi etal. 1989; Kluwe 1982; NICNAS 2008b) and findings from the previous NICNAS PEC
assessments for DMP (LMW), DBP and DEHP (transitional) and DINP (HMW phthalate) (see Section 1.3),
phthalates in general or BBP in particular are assumed to be distributed widely into the tissues, including the
placenta, after exposure. The metabolites have short half-lives and there is no evidence of accumulation.

6.1.3 Metabolism

Following oral exposure, BBP is rapidly metabolised by intestinal and hepatic esterases to monoesters
(monobutyl phthalate (MBP) and monobenzyl phthalate (MBzP)), which are absorbed, further metabolised and
glucuronidated for excretion (ECB 2007; IARC 1999; NTP-CERHR 2003; WHO 1999).

In rat studies, urinary “C was found as 1042 % monoesters and 2—21 % monoester-glucuronide conjugates at a
dose of 2-2000 mg/kg. The ratio of monoesters MBP:MBzP was 3:1 (44 % vs 16 % after single doses or 34 %
vs 12 % after three consecutive doses) (Eigenberg et al. 1986; Nataville et al. 1999). Hippuric acid (the main
metabolite of benzoic acid) was another major metabolite of BBP, while phthalic acid, benzoic acid and a o-
oxidised metabolite of MBP were recovered in small quantities (Nataville etal. 1999).

In contrast, MBzP was the predominant metabolite of the ingested BBP in humans with an excretion fraction of
67-78 %, compared with MBP at only 6%, on a molar basis. Therefore, MBzP was suggested to be used as a
biomarker for measuring human exposure to BBP (Anderson et al. 2001).

Consistently, Takahara et al (2014) has recently demonstrated the in vitro hydrolysis pattern of BBP in
mammalian liver microsomes that MBzP>MBP for humans and dogs, and MBP>MBzP for monkeys, rats and
mice.

6.1.4 Elimination and excretion

Elimination of intact BBP and its metabolites after oral exposure is rapid and almost complete (84-93 % in
24 hours), based on excretion data in animal and human studies (Anderson et al. 2001; Eigenberg et al. 1986;
Nativelle et al. 1999; WHO 1999). In rats, low doses are excreted mainly in the urine while at high doses the
chemical is also excreted in faeces. Monoester metabolites may be excreted in the bile, reabsorbed and
ultimately eliminated in the urine (Eigenberg et al. 1986).

The rate of excretion after dermal exposure was much slower, possibly due to the rate-limiting nature of dermal
absorption. Urine was the major route of excretion (Elsisi et al. 1989).

6.2  Acute toxicity

6.2.1  Acute oral and dermal toxicity
The available animal data indicate that BBP has low acute oral and dermal toxicity with median lethal doses as
follows:

LD50 oral >2000 mg/kg bw in rats, mice, and guinea pigs.
LD50 dermal >2000 mg/kg bw in rats, mice, and rabbits.

Target organs include the haematological and central nervous systems (refer to ChemIDplus, NICNAS 2008a;
REACH; WHO 1999 for review).
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6.2.2  Acute inhalational toxicity
The available animal data provide inadequate evidence concerning the acute inhalational toxicity of BBP.

Four male rats survived after being exposed for six hours to a saturated atmosphere of BBP vapour (doses not
specified) with three-day observation (REACH).

6.3 Irritation and sensitisation

6.3.1  Skin irritation
The available data suggest that BBP causes minimal skin irritation in rabbits and humans.

A 24-hour application of undiluted BBP showed no irritant effects on intact or abraded skin of six albino
rabbits. It was not irritating in 200 human volunteers in a repeated-dose patch test (refer to ECB 2007; NICNAS
2008a; REACH for study details).

6.3.2  Eye irritation
The available data suggest that BBP causes minimal eye irritation in rabbits.

A 24-hour application of undiluted BBP showed a slight irritant effect to the eyes of six albino rabbits, but this
subsided within 48 hours (refer to ECB 2007; NICNAS 2008a; REACH for study details).

6.3.3  Sensitisation
The available data suggest that BBP is not likely to be a skin sensitiser in humans.

The chemical BBP had a slight skin sensitising effect in an old study in rabbits. It was negative in various tests
for sensitising potential in mice and guinea pigs, including areliable guinea pig maximisation test (GPMT)
registered under REACH. Antibody formation tests in mice showed equivocal results for BBP. When assayed
with bovine serum albumin, BBP did not form the hapten-protein complexes necessary for inducing immune
hypersensitivity. No sensitisation was reported with BBP in two human patch tests (refer to ECB 2007,
NICNAS 2008a for study details).

Epidemiological studies were inconclusive for skin or respiratory sensitising effects of BBP. For associations
between indoor dust concentrations of BBP and allergic symptoms, BBP was found associated with rhinitis and
eczema (but not with asthma) in a Swedish nested case-control study; however, this was not replicated in
Bulgarian children (Bornehag et al. 2004; Kolarik et al. 2008; US CPSC 2010). The differences between median
concentrations of BBP in dust among cases of allergic children and healthy controls in the Bornehag study were
considered small (0.15 vs 0.12 mg/g dust, measured from 175 vs 177 cases, respectively) (ECB 2007). There
were reports of significantly higher BBP indoor intakes among sensitised children with atopic dermatitis or
asthma than the non-sensitised ones, although a direct association between BBP exposure and the case subjects
was inconclusive (Beko etal. 2015; Hsu et al. 2012).

In one study, the child’s risk of asthma was associated with urinary concentrations of a BBP metabolite (MBzP)
in mothers (300 pregnant Columbian women; Whyatt et al. 2014). In other studies, the asthma risk was not
associated with urinary MBzP concentrations in children (623 Norwegian children aged 10 years or 440 Danish
children aged 3-5 years; Bertelsen et al. 2013; Callesen et al. 2014). Among the National Health and Nutrition
Examination Survey (NHANES) 2005-2006 participants, MBzP was not found to be correlated with asthma in
children of 6-17 years (n = 779), although it was positively associated with allergic symptoms in adults

(n = 1596) (Hoppin et al. 2013). Results for an association between prenatal exposure to MBzP and the risk of
developing eczema in early childhood were also inconsistent (Just et al. 2012; Gascon et al. 2015). Gascon et al.
(2015) observed a moderate increased risk of wheeze and asthma in children from birth to seven years of age
per doubling of exposure (measured as maternal urinary MBzP during the first and third trimesters of
pregnancy), whilst Beko et al. (2015) reported no significant associations between MBzP in urine and allergic
sensitisation, in a cohort of 3-5 years old Danish children (200 cases with asthma, rhinoconjunctivitis or atopic
dermatitis vs 300 healthy controls).

6.4 Repeated dose toxicity

The repeated dose toxicity of BBP in laboratory animals has been well investigated. Key studies identified by
international reviews are briefly summarised below (refer to ECB 2007; NICNAS 2008a; NTP-CERHR 2003;
WHO 1999 for review).
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6.4.1 Repeated dose oral and dermal toxicity

Key oral studies were primarily in rats and used dose ranges suitable for characterising dose-response effects of
BBP. The reported effects in mice and dogs consisted of decreases in body weight observed at relatively higher
doses than the effects in the rat (ECB 2007; WHO 1999).

In short-term studies, dietary treatment of male Fischer 344 (F344) rats with BBP for 14 days significantly
increased relative liver and kidney weights at >312 mg/kg bw/day (the lowest dose tested), while total body,
thymus, testis, epididymis, prostate and seminal vesicle weights were reduced at 1250-2500 mg/kg bw/day.
Histological evaluation showed dose-dependent atrophy of the testes, prostates and seminal vesicles and
necrosis of the epididymal epithelium at these high doses. The chemical BBP at >1250 mg/kg bw/day also
reduced bone marrow cellularity in a dose-related manner (Agarwal et al. 1985; ECB 2007).

In 90-day feeding studies (10/sex/group), Wistar rats received BBP doses of 0, 151, 381, or 960 mg/kg bw/day;
and Sprague-Dawley (SD) rats doses of 0, 188, 375, 750, 1125, or 1500 mg/kg bw/day. For Wistar rats, the
NOAEL was 151 mg/kg bw/day and the LOAEL 381 mg/kg bw/day, based on increased kidney weight,
decreased urinary pH, histopathological changes in the pancreas, and gross pathological changes in the liver. At
960 mg/kg bwi/day, body weight decreased, liver weight increased and slight anaemia was observed. For less
sensitive SD rats, the NOAEL was 375 mg/kg bwi/day, based on increases in kidney (male) and liver (female)
weights at >750 mg/kg bw/day. No histopathological changes in the liver, pancreas or testes were reported
(Hammond et al. 1987; ECB 2007).

In a 26-week dietary study with male F344 rats (0, 30, 60, 180, 550, 1660 mg/kg bw/day), observations included
increased haemoglobin (Hb) and relative liver weight at >550 mg/kg bw/day, decreased body, testis and
epididymis weights and sperm concentrations, together with histopathological changes in reproductive organs
and kidneys, at 1660 mg/kg bw/day. Thus, the NOAEL for systemic toxicity was 180 mg/kg bw/day (NTP
1997; ECB 2007).

Overall, the NOAEL of 151 mg/kg bw/day from the 90-day oral study in Wistar rats (identified by ECB 2007)
is considered most appropriate for risk characterisation because it is based on histopathological changes, rather
than on organ and/or body weight changes or slight haematological changes, at the higher doses.

International reviews of the earlier literature indicated that there is evidence of BBP-induced peroxisome
proliferation in the liver of both male and female rats after repeated oral exposure (ECB 2007; WHO 1999). Its
potency was lower than that for longer chain and/or branched phthalate esters such as DEHP, based on the 21-
day feeding study (Barber et al. 1987). From a recent two-generation reproductive study, histopathological
lesions in the liver were also found consistent with hepatomegaly (hepatocyte hypertrophy) due to induction of
peroxisome proliferation from exposure to BBP (Tyl et al. 2004).

There was only one poorly reported dermal study available (Statsek 1974*; cited in ECB 2007), and thus no
NOAEL value is derived for repeated dermal exposure to BBP.

6.4.2 Repeated dose inhalational toxicity

Data on the toxicity of BBP following repeated inhalational exposure were limited to two 4-week and one 13-
week studies, all conducted in SD rats (refer to ECB 2007; NICNAS 2008a; WHO 1999 for review).

Collectively, the lowest observed adverse effect concentration (LOAEC) for decreased body weight was

526 mg/mS. Atrophy of spleen and testes was seen at 2100 mg/m?® in the short-term studies (Hammond et al.
1987; Monsanto 1981*; cited in ECB 2007). In the 13-week study (0, 51, 218, 789 mg/m?), significant increases
in kidney and liver weight in both sexes and marked decreases in serum glucose in males were seen at

789 mg/m3. At 218 mg/m?, although there was a significant increase in kidney weight in male rats, it was
reported at interim sacrifice only. No dose-related histopathological changes were observed in any group.
Therefore, the no observed adverse effect concentration (NOAEC) was determined as 218 mg/m® (Monsanto
1982*; cited in ECB 2007).

6.5 Genotoxicity and carcinogenicity

The genotoxicity and carcinogenicity of BBP have been well investigated and reviewed (ECB 2007; IARC
1999; NICNAS 2008a; WHO 1999). The National Toxicology Program (NTP) conducted genotoxicity and
long-term carcinogenicity studies for BBP and presented a Testing Status summary
(<http://ntp.niehs.nih.gov/testing/status/agents/ts-10422-e.html>).

22


http://ntp.niehs.nih.gov/testing/status/agents/ts-10422-e.html

6.5.1  Genotoxicity

The chemical BBP was negative in bacterial reverse mutation assays (Kozumbo et al. 1982; Monsanto 1976*;
NTP 1997; Zeiger et al. 1982).

In vitro, BBP did not increase gene mutations in mouse lymphoma cells (Monsanto 1976*; Myhr & Caspary
1991*; NTP 1997). It did not induce sister chromatid exchanges or chromosome aberrations in Chinese hamster
ovary cells (Galloway et al. 1987*). Morphological cell transformation was detected with BBP in Syrian
hamster embryo cells (le Boeuf et al. 1996%*), but not in mouse Balb/3T3 cells (Monsanto 1985*; Barber et al.
2000).

In vivo, there was no induction of micronucleus in rats or mice (Ashby et al. 1997*; NTP Testing Status of
BBP). Following a single intraperitoneal injection of 1250-5000 mg/kg bw BBP in one study (NTP 1997), bone
marrow tests for sister chromatid exchanges showed a weak positive response, while tests for chromosomal
aberrations gave conflicting results (i.e. a positive trend observation at 17 hours, but negative at 36 hours post
injection). Sex-linked recessive lethal mutations were not seen in Drosophila melanogaster (Valencia et al.
1985*), nor dominant lethal mutations in mice (Bishop et al. 1987* (abstract only)),

On the basis of available data, BBP is not considered likely to be a mutagen in humans.

6.5.2  Carcinogenicity

The chemical BBP was tested for carcinogenicity in rats (three studies) and in mice (one study) via oral route
only. For rats, a feed-restricted protocol (NTP 1995*) was also used, where the animals were fed BBP-
containing diet in amounts that restricted mean body weights to approximately 85 % of the mean ad libitum
control body weights (i.e. standard protocol; NTP 1982; 1997).

There is no evidence of carcinogenicity for BBP in mice based on a two-year standard dietary study (NTP
1982).

In female rats, mononuclear cell leukaemia (MCL) was observed; however, the increased incidence was either
within the historic control range, similar to incidences found in the control groups, or not replicated in later
studies in which a higher concentration was tested (NTP 1982; 1995*; 1997; ECB 2007). In addition, MCL is
not regarded as relevant to humans on the basis that MCL has not been found in other mammalian species and
has no directly comparable manifestations in humans (NICNAS 2008b).

There were marginal increases (~4 %) in pancreatic adenomas (observed in a standard protocol only; NTP
1997), and in bladder papillomas (in both standard and feed-restricted protocols; NTP 1995*; 1997). There was
also a non-significant increase in bladder carcinomas at 1200 mg/kg bw/day after 32 months of dietary
restriction (NTP 1995%), but not in any of the two-year standard or feed-restricted protocol (NTP 1995*; 1997).
In male rats, an increased incidence of benign pancreatic tumours (adenomas) was seen after conventional
dosing, but not after dietary restriction for either 24 or 36 months (NTP 1995*; 1997). At two years, increased
incidences of focal pancreatic hyperplasia in male rats and of bladder transitional-cell hyperplasia in female rats,
compared with the controls, were also reported (NTP 1997).

In separate short-term studies in rats, treatment of BBP for seven days was shown to inhibit mammary DNA
adduct formation and mammary carcinogenesis, that was induced by prior administration of 7,12-
dimethylbenz[a]anthracene (Singletary et al. 1997). Prenatal, neonatal, or prepubertal exposure to BBP was
found to induce modifications in gene expression, either associated with mammary gland maturation or with an
increased susceptibility to carcinogenesis (Moral et al. 2007; 2011). However, these results are considered
preliminary.

Overall, IARC (1999) and ECB (2007) considered that on the weight of evidence, the available data do not
provide adequate evidence of carcinogenicity for BBP in humans.

6.6  Reproductive toxicity

The reproductive and developmental toxicity of BBP, and its monoester metabolites MBP and MBzP, have been
well characterised and reviewed (ECB 2007; NICNAS 2008a; NTP-CERHR 2003; US CPSC 2010; WHO
1999).

6.6.1  Effects onfertility and reproductive organs

Impaired fertility has been reported after oral exposure to BBP, particularly at doses causing systemic toxicity,
in a number of animal studies (including two out of three well-conducted multi-generation studies). The
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mechanism of toxicity involves overt effects on the male reproductive system (e.g. reduced testis and accessory
organ weight, increased testicular pathology and sperm abnormality).

Pregnancy rates were significantly reduced when unexposed female rats were mated to male rats administered
BBP at 2200 mg/kg bw/day for 10 weeks or 1650 mg/kg bw/day for 26 weeks in the diet (NTP 1997; ECB
2007). Reduced sex organ weights and degenerative changes in the testes, epididymides and/or seminiferous
tubules were noted at >1250 mg/kg bw/day (Agarwal et al. 1985; Hammond et al. 1987; NTP 1997). Dose-
dependent reductions in spermatozoal concentration were seen from BBP doses as low as 200 mg/kg bw/day in
the absence of systemic toxicity. Concentrations were 87 %, 70 % and 0.1 % of control at 20, 200, and

2200 mg/kg bw/day, respectively (NTP 1997). Since the reduction of 30 % in the sperm count at

200 mg/kg bwi/day (10-week exposure) was not replicated at 550 mg/kg bw/day (26-week exposure),
interpretation of this result should be viewed accordingly (NTP 1997; NTP-CERHR 2003).

In another study, 4-week administration of BBP (500 mg/kg bw/day) was shown to decrease sperm count and
sperm motility, along with increased liver weight, decreased body weight, and no change in food consumption
(Kwack et al. 2009).

In an OECD 421 reproductive toxicity screening protocol, BBP at 1000 mg/kg bw/day had adverse effects on
body weight gain and food consumption, on testis and epididymis weight, spermatogenesis, time to conception,
pregnancy rate, postimplantation survival, litter size and weight, but it had no effects on ovaries. Testicular
degeneration along with significantly increased Leydig cell hyperplasia and cellular debris was seen (Piersma et
al. 1995).

Results from multi-generation reproductive toxicity studies were similar although the reproductive capacity was
unaffected in the FO parental generation.

Dietary administration of BBP to SD rats (30/sex/dose) for two offspring generations, one litter per generation,
resulted in adult F1 (but not FO) reproductive toxicity. At 750 mg/kg bwi/day, together with systemic toxicity
(such as reduced body weights, increased liver weights with histopathological evidence of peroxisome
proliferation), F1 parents showed reductions in mating and fertility indices, in implantation sites, total and live
pups per litter at birth, sperm motility and concentrations, as well as showing male reproductive tract
malformations and both gross and histopathological lesions in testes, epididymides, and prostates. Reproductive
organ weights (testis, epididymis, prostate, seminal vesicle, ovary and uterus) were significantly reduced in the
F1 generation at 750 mg/kg bwi/day. There were dose-dependent increases in epididymis and testis
histopathological changes (3—4 and 15-23 vs 2-3/28 F1 controls, at 250 and 750 mg/kg bw/day, respectively)
and fluid-filled uterus (1 and 3 vs 0/30 F1 controls, at 250 and 750 mg/kg bwi/day, respectively) (Tyl et al.
2004).

In another two-generation study in SD rats (24/sex/dose), F1 animals with perinatal exposure to a gavage dose
of 400 mg/kg bwi/day showed reduced fertility index, delayed preputial separation, and small size of testes and
epididymides. There were histopathological findings of diffuse atrophy of seminiferous tubules and hyperplasia
of Leydig cells in the testes (statistically significant at 400 mg/kg bw/day), and of decreased spermatozoa and
residual germ cells in the epididymal lumina, together with autopsy findings of dose-dependent softening of the
testes at >100 mg/kg bw/day, i.e. doses lower than those inducing effects on kidney and liver (=200 mg/kg
bw/day) (Aso et al. 2005).

Although no dose-related changes in either FO or F1 reproductive performance of SD rats (25/sex/dose) were
observed in a two-generation reproductive study conducted by Nagao et al. (2000), the characteristic effects of
BBP on reproductive organs were reported at 500 mg/kg bw/day. These included reduced sex organ weights
(testis, epididymis, prostate, and seminal vesicle in adult F1 male rats, as well as ovary in FO and F1 female rats)
with increased incidences of histopathological changes (seminiferous tubular atrophy and germinal epithelial
loss), and decreased numbers of spermatogonia and spermatocytes in the epididymis.

A one-generation study (OECD TG 415) showed no effects on implantation, fertility or fecundity in Wistar rats
at the highest dose tested of 418-446 (m-f) mg/kg bw/day (Monsanto 1993*; NTP-CERHR 2003).

In earlier animal studies, testicular atrophy was noted after a 14-day gavage exposure at >480 mg/kg bw/day
(1/6 animals) for SD rats, and at 1600 mg/kg bw/day for Wistar rats. Atrophic changes of the testes in SD rats
after a 4-day exposure were reported for BBP at >800 mg/kg bw/day (3/6 animals). Similar effects were seen for
MBP at 855 mg/kg bw/day, and MBzP at 985 mg/kg bw/day (Lake et al. 1978*; ECB 2007).
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In a dominant lethal test—where male mice after subcutaneous injections of BBP at doses up to 3200—

4560 mg/kg bwi/day on days 1, 5, and 10 were mated for 4-day intervals sequentially to three untreated
females—no damage to fertility or foetal deaths were observed in either strain of mice (B6C3F1 or CD-1)
(Bishop etal. 1987* (abstract only); ECB 2007; NTP-CERHR 2003). No effects on the testes of mice or dogs
were observed after three months of dietary exposure to BBP at 3750 mg/kg bw/day or 1852 mg/kg bw/day,
respectively (Hammond et al. 1987). Sensitivities of the reproductive system to BBP exposure might be
different between species as seen for repeated dose toxicity. However, the limited available information and
different study designs precluded a conclusive comparison.

In human studies, statistically significantly higher levels of mixed phthalate esters (including BBP) were
identified in the semen samples of 21 infertile men, compared with 32 fertile men (Rozati et al. 2002). Non-
significantly higher MBzP was reported in the urine samples of 56 couples requiring assisted reproduction,
compared with 56 control couples (Tranfo et al. 2012). Urinary MBP and MBzP levels were higher in the
subjects with >1.5 mL semen volume (n = 39) than in those <1.5 mL (n = 2) (Toshima et al. 2012). There was a
dose-response relationship between MBP and MBzP and low sperm concentration in a cohort of 168-463 male
partners of subfertile couples (Duty et al. 2003; Hauser et al. 2006). Although not statistically significant, MBP
and MBzP were reported to be associated with an overall trend in the decline of sperm motion parameters,
analysed from another subfertile cohort of 187 subjects (Duty et al. 2004). In contrast, there was no clear pattern
of association between urinary MBP or MBzP, collected from 234 young Swedish men, with any of the
reproductive biomarkers (i.e. semen volume, sperm concentration, motility or reproductive hormones) (Jonsson
et al. 2005). The null associations were also found with MBP and MBzP, collected from 268 men attending an
infertility clinic and having normal semen volumes. Among the measured semen quality parameters and
reproductive hormone levels, MBP was significantly associated only with computer-aided semen analysis
(CASA) parameters, which were used to measure sperm progression, sperm vigour, and swimming pattern
(Jurewicz et al. 2013).

Overall, human studies are limited by questions concerning small sample sizes, the reliability of single spot
urine/semen samples, and other confounding factors such as the measured presence of other phthalates and
monoester metabolites. However, there is sufficient evidence in appropriate animal studies that BBP causes
testicular toxicity and/or fertility, and these are more marked after perinatal exposure (i.e. F1 generation).
Testicular toxicity induced by BBP is manifested reproducibly as statistically significant reductions in testis
weights, testicular and accessory sex organ atrophy, as well as dose-dependent decreases in spermatozoal
concentration. Although the deleterious effects of BBP on the testes and/or fertility were sometimes observed at
the higher or the same dose levels as other toxic effects, they are not considered secondary non-specific
consequences of the systemic toxicity (ECB 2007; NTP-CERHR 2003). On this basis, the current classification
of BBP as a Reproductive Toxicant Category 3 with the risk phrase R62 ‘Possible risk of impaired fertility’ in
HSIS (Safe Work Australia) is supported.

6.6.2  Effects ondevelopment

The developmental toxicity of BBP, and its monoester metabolites MBP and MBzP, has been sufficiently
explored in both rats and mice, in a wide range of study designs.

Embryo-foetal toxicity and teratogenicity

In well-conducted NTP studies, BBP was shown to cause marked maternal and developmental/foetal effects
following dietary exposure of dams during GD 6-15. For SD rats, an increased percentage of foetuses with
variations and malformations (per litter) were observed at maternally toxic doses of >1100 mg/kg bw/day,
together with increased resorptions per litter (40 % vs 4 % in controls), increased malformed foetuses per litter
(53 % vs 2%), and decreased average foetal body weight per litter (20 %) at 1640 mg/kg bw/day. The maternal
and developmental NOAELs were 420 mg/kg bw/day (NTP 1989*). For CD-1 mice, at 910 mg/kg bw/day,
where maternal effects were limited to a 15 % reduction in body weight gain, increases in non-live implants per
litter (resorptions plus late foetal deaths, 15 % vs 8 % in controls) and in malformed foetuses per litter (14 % vs
4 %) were observed. At maternally toxic doses of >2330 mg/kg bw/day, prenatal mortalities and foetal
malformations were significantly increased (93 % vs 8 % and 89 % vs 4 % in controls, respectively); also,
average foetal weight per litter was reduced by 17 %. The maternal and developmental NOAELs were

182 mg/kg bw/day (NTP 1990*). Given the wide dose spacing in mice (182, 910, 2330 mg/kg bw/day)
compared with rats (420, 1100, 1640 mg/kg bw/day), it is not possible to compare sensitivity between the two
species quantitatively (NTP-CERHR 2003).
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Ema and colleagues reported embryolethality (or prenatal mortality) and teratogenicity associated with BBP in a
series of dietary and gavage studies with Wistar rats. Following GD 7-15 exposure, high maternal lethality and
100 % resorption of implanted embryos in all surviving dams (6/10) were observed at 1000 mg/kg bw/day.
Increased embryo-foetal deaths, increased foetal malformations, and decreased foetal weight were found at

750 mg/kg bwi/day, along with reductions in maternal body weight gain and food consumption (Ema et al.
1992a). The maternal and developmental NOAELs were 500 mg/kg bw/day, comparable to those for SD rats.

The dose and exposure time dependency of BBP prenatal effects were also examined in Wistar rats. Dams given
BBP for an extended exposure period (i.e. GD 0-20) had reduced foetal weight (by sex per litter) at >654 mg/kg
bw/day, and live litter size at >375 mg/kg bw/day, resulting in a developmental NOAEL of 185 mg/kg bw/day
(Ema et al. 1990; NTP-CERHR 2003). Complete resorption was observed in dams given BBP at 974 mg/kg
bwi/day after GD 0-20 or 0-11 exposure, and higher postimplantation loss was found after GD 0-7 or 7-16, but
not after GD 16-20 exposure (Ema etal. 1992b; 1992c). Although no increase in postimplantation loss was
found in dams after GD 11-20 exposure, marked teratogenicity was detected in the foetuses (Ema et al. 1992b).
While food consumption was decreased in treated animals, absence of complete resorptions and slightly
increased postimplantation loss were found in pair-fed controls, which received the same amount of diet and had
comparable reductions in maternal adjusted weight gain (i.e. body weight gain excluding gravid uterus).
Therefore, the embryotoxic and teratogenic effects in the BBP group were considered related to treatment rather
than to the maternal malnutrition from decreased food consumption (Ema etal. 1991; Ema et al 1992b; ECB
2007; NTP-CERHR 2003).

In a study evaluating the effects of BBP (at 974 mg/kg bw/day) during early pregnancy (GD 0-7, 0-9, and 0-11
exposures), postimplantation loss on day 11 was markedly higher than that in the control and pair-fed groups.
Regardless of the day of sacrifice (7, 9, or 11), uterine and ovarian weights and plasma progesterone levels,
except for the ovarian weight on day 7, were significantly lower than those in the control and pair-fed groups
(Ema et al. 1994). In another study using GD 0-8 exposure and evaluating the pregnancy outcome on GD 20,
BBP significantly increased postimplantation loss in females having implantations at >750 mg/kg bw/day, and
significantly increased preimplantation loss in females successfully mated at 1000 mg/kg bw/day. Applying the
same dose and time exposure regime in pseudopregnant rats (induced decidual cell response on days 0-8 of
pseudopregnancy), BBP at 750 mg/kg bw/day significantly decreased uterine decidual growth (Ema et al. 1998).
Taken together, it was suggested that the early embryonic loss due to the BBP may be mediated via the
reduction in plasma progesterone levels (an impairment of luteal function) and, at least in part, via the
suppression of uterine decidualisation (an impairment of uterine function) (Ema et al. 1994; Ema et al. 1998).

In similar prenatal study design as for BBP (see Ema et al. 1992a), the monoester metabolites of BBP (MBP and
MBzP) and a related phthalate (DBP, for which MBP is the active metabolite), following GD 7-15 exposure via
gavage, induced developmental toxicity effects (including resorption, postimplantation loss or embryo-foetal
death, foetal malformation, and decreased foetal weight), comparable to BBP (Ema et al. 1995a; 1995b; 1996a).
In addition, there were similarities in the time dependence of gestational exposure (GD 7-9, 10-12, and 13-15)
on the manifestation of foetal toxicity and on the spectrum of foetal malformations between these compounds,
leading to a conclusion that both metabolites may have similar mechanisms of action, and hence may contribute
to the developmental toxicity of the parent compounds BBP and DBP (Ema et al. 1995b; 1996b; 1996¢; NTP-
CERHR 2003). Observed malformations included deformity of the vertebral column and ribs (frequently after
treatment on GD 7-9), and cleft palate and fusion of sternebrae (predominantly after treatment on GD 13-15)
(Ema et al. 1995b; 1996b; 1996¢). Dilation of the renal pelvis was also observed following both MBP and
MBzP treatment (Ema et al. 1995a; 1996b).

Comparative embryotoxicity of BBP and its metabolites was evaluated both invivo and in vitro. After a single
gavage dose, both OF1 mice (GD 8) and SD rats (GD 10) were susceptible to the toxic effects of BBP, although
the incidence of external malformations and embryonic deaths was far greater in mice than in rats. The
chemicals MBP and MBzP were embryolethal and teratogenic in mice (in the absence of maternal toxicity) at
>0.9-1.8 mmol/kg, while no significant developmentally toxic effects were observed in rats at <5.4 mmol/kg
(maternally toxic doses). In both mice and rats, MBzP tended to be more maternally toxic than MBP, as
evidenced by a higher incidence of mortality and a decrease in body weight gain at the high doses. In contrast,
MBzP was less embryolethal than MBP in mice, causing 47 % vs 82% post-implantation loss at 5.4 mmol/kg.
However, 46-hour cultures of GD 8 mouse embryos did not appear intrinsically more sensitive to MBP or
MBzP than cultures of GD 10 rat embryos. Collectively, the authors concluded that the species’ sensitivity to
BBP, MBP and MBzP observed in vivo during early organogenesis might be due to maternal metabolic and
pharmacokinetic factors (Saillenfait et al. 2003).
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Effects on birth weight, offspring development and sexual differentiation

In a low-dose exposure study, male rats exposed to BBP (at a single dose level of 1000 pg/L drinking water
during foetal and neonatal life until PND 22) showed statistically significant reductions in mean testicular size
(5-13 %) and in mean daily sperm production (10-20 %) in adulthood (PND 90-95), without any recorded
changes in body, kidney or ventral prostate weight. The effects on sperm were found to be proportionately
similar to the decrease in testis weight (relative to body or kidney weight). Based on water consumption
(mL/48-h), nominal intakes of BBP were estimated as 0.126, 0.274, and 0.366 mg/kg bw/day on PND1-2, 10—
11, and 20-21, respectively. They were presumed to be an overestimate of actual exposure levels because the
calculations take no account of spillage, adsorption, or instability of BBP in drinking water (Sharpe et al. 1995).

However, none of these effects were reproducible in BBP pups following similar treatment, at doses up to
0.674 mg/kg bw/day, in four subsequent studies by other laboratories (Ashby etal. 1997*; Bayer AG 1998*;
TNO 1998a*; 1998b*). Therefore, ECB (2007) judged that exposure of dams to low doses of BBP during
gestation and lactation caused no impairment to the development of reproductive system in their male offspring.

In addition to reproducing the foetotoxic effects previously reported (such as increased resorptions, reduced
foetal weights, increased skeletal anomalies), Piersma et al. (2000) observed adverse effects of BBP on foetal
testis weight in the presence of retarded testicular descent in Harlan Cpb-WU rats (examined on GD 21).
Foetotoxicity appeared more sensitive after long exposure (GD 5-20) than short exposure (GD 5-16). On the
basis of critical effect doses (CEDs) derived from a fitted dose-response model (using ten dose groups between
270 and 2100 mg/kg bw/day, together with the benchmark approach vs the NOAEL approach), the
developmental effects of BBP generally occurred at lower levels than the maternal effects. Except for foetal
weight where its CED of 415 mg/kg bw/day was in the range of CEDs for increases in maternal liver and kidney
weights, the other four foetotoxic indicators were associated with CEDs in the range of 95-280 mg/kg bw/day
for long exposure.

Ema and colleagues reported increased incidences of undescended testes in GD 21 foetuses of dams given BBP
(=500 mg/kg bw/day) or the metabolite MBzP (>250 mg/kg bw/day) during late pregnancy (GD 15-17). In
male (but not female) foetuses, decreases in anogenital distance (AGD) and in the ratio of AGD to cube root of
body weight were also observed at the above doses for BBP and MBzP (Ema & Miyawaki 2002; Ema et al.
2003).

BBP (together with DBP and DEHP) at 500 mg/kg bw/day significantly reduced AGD in male foetuses
following in utero exposure from GD 12-19. The results for BBP were in agreement with the Ema and
Miyawaki study reported above, although limited data were presented from this study (Liu et al. 2005).

Gestational exposure (GD 15-18) to the metabolite MBP (1000 mg/kg bw/day) was reported to induce
transabdominal ascent of the foetal testes prenatally (in GD 20 foetuses), while causing either bilateral or
unilateral cryptorchidism (84.6 % vs 0 % in controls) postnatally (in PND 30-40 offspring) (Imajima et al.
1997). The findings were confirmed in a later similar study at lower doses between 492-922 mg/kg bw/day,
where MBP was reported to significantly increase transabdominal testicular ascent in GD 19 foetuses, and cause
bilateral or unilateral undescended testes (54.5 %) in adult rats on PND 60. Gene expression of insulin-like
hormone 3 (insI3), a foetal Leydig cell product critical for testicular descent, was significantly decreased in the
MBP-treated testes (Shono et al., 2005).

In a study using a range of phthalates in rats (Gray et al. 2000), after perinatal exposure (GD 14 — PND 3,
claimed as the period of sexual differentiation) to DEHP and BBP (750 mg/kg bw/day), male offspring showed
shortened AGDs (~30 %) and reduced paired testis weights (~35 %) on PND 2. Males in the DEHP and BBP
groups displayed female-like areolas/nipples on PND 13 (87 % and 70 % vs 0 % in controls, respectively), as
well as reproductive tract malformations at 3—4 months of age (82% and 84% vs 0 % in controls, respectively).
They included cleft phallus, hypospadias, undescended testes, and agenesis/atrophy of testes, epididymides,
ventral prostates, seminal vesicles and/or bulbourethral glands. Therefore, DEHP and BBP were considered
equivalently potent in altering male sexual differentiation, and producing male reproductive tract
malformations; these appeared to be characteristic of an androgenic disturbance during the critical window of
development (Foster 2006; Gray et al. 2006). Although pup weight reductions at birth (15 %) were seen in both
sexes after DEHP or BBP treatment, they were reversible at weaning (PND 28) or later in life (Gray et al. 2000).
This profile of androgen-dependent malformations from DEHP and BBP exposure was almost identical to that
for DBP seen from arange of studies (Mylchreest et al. 1998; 2000; Wolf et al. 1999; see Foster 2006; NICNAS
2013 for review).
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In a recent study, albino pregnant rats were treated by gavage with DBP (2, 10, 50 mg/kg bw/day) or BBP (4,
20, 100 mg/kg bw/day) from GD 14 to parturition. Maternal body weight gain was significantly lower in all
treated groups, compared to controls. Male pup weights on PND 1 and PND 21were decreased (DBP >10 mg/kg
bw/day vs BBP >4 mg/kg bw/day). On PND 75 (adulthood), there were reductions in body weight (BBP

>20 mg/kg bw/day), kidney weight, reproductive organ weight (epididymis and prostate, but not testis), as well
as decreases in sperm quality and serum testosterone concentration (BBP at 100 mg/kg bw/day). The chemical
DBP showed similar effects on F1 adult male rats; however, only at the highest dose tested (50 mg/kg bwi/day)
(Ahmad et al. 2014). The lack of testis weight effects and the LOAELs from this study were considered
inconsistent with those reported from other well-conducted studies, and thus this study is not included in the
derivation of NOAEL for risk assessment of BBP.

In the following three multi-generation reproductive studies, compatible findings concerning the pup weight, the
antiandrogenic effects and testicular toxicity (discussed above) of BBP were reported. In particular, the effects
on birth weight and AGD were seen in the absence of maternal toxicity in two out of three studies.

After oral administration in SD rats, BBP caused a decrease in serum testosterone concentration (FO and adult
F1 at 500 mg/kg bw/day). While an increase in follicle-stimulating hormone (FSH, a regulator of components of
the seminiferous tubules via Sertoli cells) was observed in FO (>100 mg/kg bw/day), a decrease was observed in
F1 weaning male rats (500 mg/kg bw/day). At 500 mg/kg bw/day, AGD at birth was decreased in male pups and
increased in female pups; preputial separation was delayed and macroscopic and microscopic changes of the
testes were seen after puberty. Female reproductive tract development was less susceptible. Birth weights in
both sexes were reduced (>100 mg/kg bw/day), with the decrease at 500 mg/kg bw/day sustained throughout the
study (from weaning on PND 21 until 13 weeks of age). Therefore, the NOAEL was determined to be 20 mg/kg
bw/day for developmental effects, as well as for maternal effects, based on increases in kidney weight of both
sexes at 100 mg/kg bw/day (Nagao et al. 2000).

In the study of Tyl et al. (2004), the developmental NOAEL was 50 mg/kg bw/day (based on reduced AGD in a
dose-dependent manner at >250 mg/kg bw/day in F1 and F2 males), while the maternal NOAEL was 250 mg/kg
bw/day (based on reduced body weights (F1) and increased liver (FO) and kidney (FO and F1) weights of both
sexes at 750 mg/kg bwi/day). Other signs of offspring toxicity at 750 mg/kg bw/day included retention of nipples
and/or areolae on PND 11-13 and reproductive system malformations (males, F1 and F2), delayed puberty
(males-females, F1), and reduced pup weights (per litter) during lactation (F1 and F2).

In a two-generation reproductive study by Aso et al. (2005), the developmental effects reported at the maternal
NOAEL of 100 mg/kg bw/day were reduced AGD in males, increased AGD in females, and decreased birth
weight in males (F1) and in both males and females (F2). At 400 mg/kg bw/day, delayed preputial separation
and pup weight reduction were reported.

Taken together, the lowest LOAEL is 100 mg/kg bw/day, based on reduced birth weight in both sexes (Aso et
al. 2005; Nagao et al. 2000), while the highest NOAEL selected for risk characterisation in this review will be
50 mg/kg bw/day from the Tyl et al. (2004) study.

Overall, there are sufficient reports of BBP-induced developmental toxicity, including prenatal, neonatal and
postnatal endpoints. They commonly included resorption, postimplantation loss or embryo-foetal death, foetal
malformation, teratogenicity, decreased foetal weight and birth weight. For reproductive development, females
seem less susceptible than males to the adverse effects of BBP. In males, there were reports of reduced foetal
testosterone levels, altered neonatal AGDs and infant areolae (see Section 6.6.3 for mode of action below),
delayed puberty, and after puberty there were decreases in testosterone, impaired sexual differentiation and
malformed reproductive organs (including hypospadias and cryptorchidism), and altered reproductive functions
(including increased testicular pathology, sperm abnormality, and reduced fertility in F1 generation, see Section
6.6.1).

These are clear results in appropriate animal studies, where effects have been observed in the absence of marked
maternal toxicity (mainly reduced body weight gain accompanied by a decreased food consumption), or at
around the same dose levels as other toxic effects (mainly increased kidney and/or liver weight). The findings
are not considered secondary non-specific consequences of the maternal toxic effects. On this basis, the current
classification of BBP as a Reproductive Toxicant Category 2 with the risk phrase R61 ‘May cause harm to the
unborn child” in HSIS (Safe Work Australia) is supported.
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Developmental effects of BBP in humans

In human studies, maternal urinary concentrations of monoethyl phthalate (MEP), monoisobutyl phthalate
(MiBP), MBP, and MBzP were found inversely related to AGI (AGI = ratio of AGD to body weight), analysed
from 85 mother-son pairs. The corresponding odds ratios were 4.7, 9.1, 10.2, and 3.8, respectively. Association
between MBzP and AGD was of borderline significance (p = 0.055) (Swan et al. 2005). This study was
criticised by McEwen & Renner (2006) from Cosmetic Toiletry and Fragrance Associations of America and
Europe. They were of an opinion that AGD is likely to be proportional to infant body length (or height) rather
than weight, and that maternal phthalate urinary concentrations were not normalised for urine volume.

Swan subsequently replicated and extended the study. In a cohort of 106 mother-son pairs, MBzP was no longer
associated with AGI or AGD (Swan 2008). Similar results were reported by Huang et al. (2009) and Suzuki et
al. (2012).

There was no association between phthalate monoester levels in the breast milk (including monoethylhexyl
phthalate (MEHP), MBP and MBzP) and cryptorchidism in a Danish-Finnish cohort (62 cryptorchid vs 68
healthy boys). For levels of reproductive hormones measured in the serum of 96 boys three months of age with
and without cryptorchidism, MBP showed positive correlations with sex hormone-binding globulin (SHBG) and
luteinizing hormone (LH): free testosterone ratio (a measure of Leydig cell function), and negative correlation
with free testosterone. There was a tendency, although not reaching statistical significance, toward an increase
in inhibin B (a measure of Sertoli cell function) with increasing concentration of MEHP and MBzP (Main et al.
2006).

In a multi-ethnic cohort of 352 mother-infant pairs in New York City, maternal urinary MBzP concentrations
were found to be positively correlated with birth length and infant head circumference, but not with birth weight
or gestational age (Wolff et al. 2008). The extent to which these associated parameters were related to maternal
anthropometry was not known.

Meeker et al. (2009) reported a positive association between maternal urinary MBP and MBzP with preterm
birth in a Mexican birth cohort (30 cases of preterm vs 30 controls). In contrast, MBP and MBzP were not
associated with preterm birth or any of the maternal sex hormones (e.g. oestradiol, progesterone, or SHBG),
measured from 106 pregnant women in Northern Puerto Rico (Johns et al. 2015).

Urinary levels of phthalate metabolites (including MEHP, MBP and MBzP) were not associated with age at
pubertal onset, serum testosterone concentrations or presence of pubertal gynaecomastia, based on a
Copenhagen puberty study of 555 healthy boys aged 6.07-19.83 years (Mieritz et al. 2012).

In a cohort of 295 volunteer men recruited from Massachusetts General Hospital, MBzP was found associated
with a decrease (10 %) in FSH. However, the authors indicated that it was unclear whether the association
presented a physiological relevance as the hormone concentration did not change in an expected pattern (Duty et
al. 2005).

Overall, the human data on the developmental effects of BBP are limited and provide insufficient evidence for
risk characterisation.

6.6.3 Mode of action for reproductive and developmental endpoints and relevance to humans

Historically, human health impacts associated with phthalates have been linked most strongly to reproductive
effects. The majority of data on the mode of action for phthalates in inducing reproductive effects comprise
studies of C4-6 or transitional phthalates such as DEHP, DBP, and to a lesser extent, BBP. These studies
support the characterisation of transitional phthalates as antiandrogens, involving alterations of steroidogenesis
and gene expression critical for development of the reproductive system, particularly in male rats (reviewed by
Foster 2006; Howdeshell et al. 2008a; Kay et al. 2014; NICNAS 2010; 2013).

Available mechanistic studies for BBP (including those in parallel with DEHP and DBP) are discussed below.

After exposure to DEHP (750 mg/kg/day), DBP (1000 mg/kg bw/day) or BBP (1000 mg/kg bw/day) in utero
during sexual differentiation (GD 14-18), rat foetal testes showed a significant decrease in both ex vivo
testosterone production and insl3 gene expression. This concurrent inhibition was noted to happen only with the
three studied phthalates, and not with known androgen receptor (AR) antagonists and/or inhibitors of foetal
testosterone (such as vinclozolin, prochloraz and linuron) (Wilson et al. 2004).

During in utero exposure from GD 14-18, although acting by different mechanisms, two “antiandrogens”
linuron (75 mg/kg bw/day) and BBP (500 mg/kg bw/day) were shown to decrease testosterone production and
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alter reproductive development of male foetuses in a dose-additive fashion. Changes to neonatal AGD and
infant areolae relating to BBP were found significantly correlated with adult AGD, nipple retention, reduced
reproductive organ weights and malformations. Therefore, AGD and areolae measurements were considered
useful biomarkers of antiandrogenic action, and they may not ‘necessarily be transient and in many cases are
reflective of permanent changes in adult phenotype or physiology’ (Hotchkiss et al. 2004). As a consequence,
after prenatal exposure to this binary mixture, the characteristic spectrum of androgen-dependent malformations
was observed in the adult male rat, while such malformations were nearly absent with either linuron or BBP
alone at this dose level. Externally, they included cleft prepuce, cleft phallus, hypospadias, exposed penile bone,
vaginal pouch, and incomplete preputial separation; and internally they included undescended-ectopic or fluid
filled testes, agenesis of epididymides, prostates, and seminal vesicles. Unlike the effects of BBP on androgen-
dependent tissues, gubernacular agenesis (mediated by insl3) was not enhanced by the co-administration,
although linuron did induce undescended, free-floating testes and cryptorchidism (mediated by both testosterone
and insl3) (Hotchkiss et al. 2004; Wilson et al. 2004).

In a similar study design, a mixture of seven antiandrogenic chemicals with diverse structures (DEHP, DBP,
BBP, procymidone, vinclozolin, prochloraz, and linuron) was found to alter the androgen signalling pathway via
diverse mechanisms, disrupting male reproductive tract differentiation and inducing malformations
(hypospadias or epididymal agenesis) in a cumulative, dose-additive manner (Rider et al. 2008).

Howdeshell et al. (2008b) reported a cumulative, dose-additive inhibition of foetal testicular testosterone
production (following GD 8-18 exposure) from a mixture of five phthalate esters of the same C4-6 carbon
chain length (i.e. BBP, DEHP, DBP, DIBP (300 mg/kg bw/day per chemical), and dipentyl phthalate (DPP,
100 mg/kg bw/day)), confirming a hypothesis that they act via a similar mechanism of action. The mixture ratio
was selected such that each phthalate would contribute equally, in terms of potency, to the testosterone
reduction. Comparing individual dose-response effects of the phthalates indicated that BBP, DBP, and DiBP
were of equivalent potency to DEHP at reducing foetal testosterone, whereas DPP was three times as potent as
DEHP.

The findings were later reviewed and confirmed with more studies using both binary mixtures (e.g. DBP+BBP,
DBP+DEHP, etc.) and multi-component mixtures (e.g. seven chemicals above plus DiBP, DPP, and diisohepty!l
phthalate (DiHP)). According to the authors, increasing the number of chemicals allowed for the use of lower
concentrations of individual chemicals, and hence increasing the certainty around their mode of action (i.e. to
ascertain that the chemicals act on a common target), given that the chemicals present below their NOAELSs can
contribute to mixture toxicity in a cumulative, dose-additive manner when the chemicals are in combined (Rider
et al. 2010).

By using a fixed-ratio mixture of nine phthalates (BBP, DEHP, DBP, DiBP, DPP, DiHP, diheptyl-, dihexyl-,
and dicyclohexyl phthalate) corresponding to their relative potencies, Hannas et al. (2011) reported a similar
observation that the phthalates reduced foetal testosterone production in a dose-dependent manner best predicted
by dose addition, following in utero exposure of rats on GD 14-18. In the second study, by comparing the
sensitivity of the affected genes to testosterone production, Hannas et al. (2012) found that the antiandrogenic
phthalates (i.e. those reduced testosterone production) act through a similar mode of action in the foetal testes,
due to the consistency in dose-related reduction of expression of a subset of genes involved in steroid transport
and synthesis.

Overall, exposure of rats to BBP has been shown to impair fertility (reduce testis and accessory organ weight,
increased testicular pathology and sperm abnormality) (see Section 6.6.1), reduce foetal testosterone, disrupt
male reproductive tract differentiation, and produce prenatal and postnatal malformations (including
hypospadias and cryptorchidism) (see Section 6.6.2 and 6.6.3). The chemical BBP also induced downregulation
of insI3 gene expression, which is critical for gubernacular development and testicular descent. The observed
effects were consistent with those of DEHP and BBP (the well-studied potent phthalates), supporting the mode
of antiandrogenic action that involves alterations of steroidogenesis and gene expression critical for male
reproductive development. This is consistent with the inclusion of BBP (together with DBP, DEHP and others)
in the endocrine disruptor priority lists for further evaluation, screening and testing (EC 2015; US EPA 2012b)
(see Section 2.1).

Therefore, although the cellular and molecular mechanisms remain uncertain, this plausible mode of action for
phthalates is considered comparable between rats and humans if the exposure to antiandrogenic phthalates,
including BBP, is high and within a critical window of human development. In addition, given the severity of
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harm from exposure to BBP, the adverse effects of BBP on fertility and development observed in animal studies
are regarded as relevant to a human risk assessment.

6.7  Non-reproductive effects

Several human studies suggest some statistical correlations between urinary MBzP (either alone or in
combination with metabolites of other antiandrogenic phthalates such as DEHP) and possible adverse changes
such as:

e increased pre-pregnancy body mass index (BMI) (382 New York City women with an average maternal age
of 24; Wolff et al. 2008);

e increased biomarker levels of inflammation and/or oxidative stress during pregnancy (130 cases of preterm
birth vs 352 controls; Ferguson etal. 2011; 2015);

e increased risk of diabetes (2350 women aged 2079 years participating in the US National Health and
Nutrition Examination Survey (NHANES) 2001-2008; James-Todd et al. 2012);

e increased insulin resistance and waist circumference (1443 adult men from NHANES 1999-2002; Stahlhut
et al. 2007);

e increased body mass index (BMI) and waist circumference (4369 adult men aged 20-59 from NHANES
1999-2002; Hatch et al. 2010);

e decreased Orientation and Quality of Alertness scores on the Brazelton Neonatal Behavioral Assessment
Scale (BNBAS) for neurodevelopment in girls (but not boys) within five days of birth (205 mother-child
pairs; Engel etal. 2009);

e increased scores in the clinical range for withdrawn and internalising behaviours at age three (277 mother-
child pairs; Whyatt et al. 2012);

o decreased overall intelligence quotient (IQ) at age three and perceptual reasoning at age seven; the
association appeared stronger among boys than girls (328 mother-child pairs; Factor-Litvak et al. 2014).

Overall, these findings are preliminary and provide insufficient evidence for risk characterisation. Furthermore,
there were reports of null associations (Sun et al. 2014; Swan et al. 2010; Teitelbaum et al. 2012), resulting in
questions concerning the repeatability and reproducibility of the epidemiological results; however, they are not
examined in this review.

6.8 Summary

BBP is rapidly and almost completely absorbed following oral administration. The bioavailability by the oral
route is assessed as 100 % for both adults and children. Bioavailability from dermal absorption is unlikely to
exceed 5 % of the applied dose in humans. Data on BBP absorption by the inhalational route are limited;
therefore, a default bioavailability of 100 % is considered appropriate for this route for the purposes of this
assessment.

Following absorption, distribution of BBP is widespread into tissues, including the placenta, but there is no
evidence of accumulation in the body. The chemical BBP is also rapidly metabolised and excreted in the urine,
predominantly as metabolites such as MBzP and MBP monoesters.

The chemical BBP exhibits low acute toxicity in animals and is not expected to have significant acute toxicity in
humans. In addition, BBP is not expected to be an eye or skin irritant, or have skin sensitising potential in
humans.

Based on the weight of evidence, the available data do not support a mutagenic, genotoxic or carcinogenic
potential for BBP in humans.
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Toxic effects related to repeated BBP exposure that are regarded as relevant to a human health risk assessment
include systemic toxicity (increased liver and/or kidney weight), fertility (mediated by testicular toxicity) and
developmental toxicity (antiandrogenic effects, reduced birth weight, embryolethality and teratogenicity,
particularly in male rats).

The available data indicate that BBP, as well as DEHP and DBP, are antiandrogens with the mode of action that
involves alterations of steroidogenesis and gene expression critical for the male reproductive development.
Although there are uncertainties regarding the exact mechanism by which BBP affects fertility, foetal hormonal
levels, and growth and development in rodents, this plausible mode of action for phthalates is considered
comparable between rats and humans if the exposure to antiandrogenic phthalates, including BBP, is high and
within a critical window of human development.

For the systemic effects, the NOAEL of 151 mg/kg bw/day from the 90-day oral study, based on
histopathological changes in the pancreas and gross pathological changes in the liver of Wistar rats, is
considered most appropriate for risk characterisation.

For fertility-related and developmental effects, the highest NOAEL of 50 mg/kg bwi/day is selected from the
collective results of the three multi-generation studies, based on reduced birth weight in both sexes at 100 mg/kg
bw/day.

Table 6.1 lists the critical effects for BBP, the specific effects observed and the effect levels selected for risk
characterisation.

Table 6.1: Endpoints selected for risk characterisation of BBP

NOAEL .
. LOAEL Species and age
Toxicity (mg/kg (mg/kg bw/day) and effects at treatment Reference
bw/day)
Systemic effects 151 381: T kidney weight, Rat, Hammond etal. 1987;
(kidney and liver) histopathological changes in the pancreas Adults ECB 2007
gross pathological changes in the liver
Developmentaleflects 502 100: ¥ birth weight in both sexes Rat, Aso et al. 2005;
(reduced birth weight) Adults Nagao etal. 2000;
Tyletal. 2004

{ = decreased; T = increased; BBP = butylbenzyl phthalate; NOAEL = no observed adverse effect level; LOAEL = low observed adverse effect level.

On the basis of mode of action studies (Section 6.6.3), BBP is expected to be equivalent to DBP in reducing
foetal testosterone. However, the foetal hormonal change has not been well characterised at the high doses used
in the available studies for BBP. Given MBP is a common metabolite of both BBP and DBP and occurs as a
major monoester metabolite in rodents, the NOAEL of 10 mg/kg bw/day for foetal testosterone reduction
derived from the DBP PEC assessment (NICNAS 2013) is considered relevant to the MBP-based toxicity of
BBP. This NOAEL will be taken forward for cumulative risk assessment.
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7 Human health risk characterisation

7.1  Methodology

A margin-of-exposure (MOE) methodology is frequently used in international assessments to characterise risks
to human health associated with exposure to chemicals (ECB 2003). The risk characterisation is conducted by
comparing quantitative information on exposure to the NOAEL and deriving a MOE as follows:

e ldentifying critical health effect(s);

¢ ldentifying the most appropriate/reliable NOAEL (if available) for the critical health effect(s);

e Where appropriate, comparing the measured or estimated human dose or exposure (EHD) to provide a MOE:
MOE = NOAEL/EHD; and

e Characterising risk, by evaluating whether the MOE indicates a concern for the human population under
consideration.

The MOE provides a measure of the likelihood that a particular adverse health effect will occur under the
conditions of exposure. As the MOE increases, the risk of potential adverse effects decreases. To decide
whether the MOE is of sufficient magnitude, expert judgement is required. Such judgments are usually made on
a case-by-case basis and should take into account uncertainties arising in the risk assessment process, such as
the completeness and quality of the data, the nature and severity of effect(s) and intra/interspecies variability.

In this assessment, the MOE methodology is used to characterise the public health risks from BBP exposure
through use of toys and childcare articles for children.

7.2  Risk estimates for children from use of toys and childcare articles

Risk estimates take into account the likelihood for adverse effects on kidney and/or liver and
reproduction/development at future life stages related to long-term exposure through repeated handling and
mouthing of toys. Table 7.1 provides the MOE calculated from the internal BBP dose in children (see Table 5.3)
and the dose at which no adverse effect is observed for the critical health endpoints in laboratory animals, i.e.
the NOAEL (see Table 6.1).

Table 7.1: Calculated MOE in children for the critical health effects of BBP from use of toys and
childcare articles

MOE for typical MOE for worst-case
exposure scenario exposure scenario
Toxicity NOAEL Typical Dint, oral+dermal Worst-case Dint, oral+dermal
(mg/kg bw/day) (0.35 pg/kg bwid) (2.06 pg/kg bwid)
Systemic effects 151 431000 73000
(kidney and liver)
Developmental effects 502 142000 24000

(reduced birth weight)

Dint, orar+dermal = EStimated daily internal dose by oral and dermal routes of exposure.

The risk estimates for the toxicity effects of BBP on systemic and reproductive/developmental systems for both
typical and worst-case exposure scenarios for toys used by children derive MOEs >24000 (Table 7.1) and hence
indicate a low risk of these adverse health effects under these conditions of exposure.

An MOE of greater than 100 in risk characterisation is usually regarded as an indication of low concern as it
encompasses the conservative default uncertainty factors of 10 each for intraspecies and interspecies variability
(ECETOC 2003; IPCS 1994).
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Uncertainties in the risk estimate

Uncertainties in any risk characterisation process arise from inadequate information, assumptions made during
the process and variability in experimental conditions. The uncertainties inherent in the characterisation of risk
for BBP arise mainly from inadequate data and include the:

e absence of Australian-specific data on BBP content in toys and childcare articles;

e absence of Australian-specific data on children’s mouthing behaviours;

e absence of specific information on the migration rate of BBP from plastic matrices through the skin;

e significance of the observed toxicity in animals, particularly the reproductive/developmental effects, to the
human population; and

e lack of adequate epidemiological studies for determining the health effects of BBP in children following
repeated exposure.

Areas of concern

The risk estimates above do not indicate particular areas of concern from exposure of children to BBP by
handling and mouthing of toys or childcare articles. If BBP is used as a sole plasticiser in toys under the same
conditions as DINP (NICNAS 2012), the MOE for the worst-case exposure scenario would be 283, which is still
above 100.

It should be noted that BBP is not found in toys in isolation, but generally with other primary and secondary
plasticisers such as DINP, DBP or DEHP (at maximum 1 %; ACCC 2011). The estimation of cumulative risks
is discussed in Appendix A. This takes into consideration the combined exposures to BBP together with
multiple phthalates acting on the same biological targets as follows:

e using children’s toys and childcare articles containing DINP and DEHP;
e using cosmetics containing DEP or DMP; and
e the combination of the two exposure scenarios considered in this assessment.

Based on its properties, functions and uses, BBP may be considered as a possible substitute for other phthalates
(e.g. DBP or DEHP). In this case, exposure to BBP, which is currently low, may increase. Possible substitution

of BBP for hazardous phthalates should be prevented by imposing a similar regulatory measure on all phthalates
classified as toxic to reproduction.
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8 Public health risk management

This section discusses current regulatory controls and risk management measures in Australia for protection of
the public from the adverse health risks of BBP.

8.1  Public health risk standards—children’s toys and childcare articles

There are currently no restrictions on the use of BBP in children’s toys and childcare articles in Australia. The
Australian/New Zealand Standard AS/NZS 1SO 8124 Safety of toys does not specify any labelling or testing
requirements for BBP content in children’s toys.

In Australia, BBP was identified as being in use, or with the potential for use, in children’s toys and childcare
articles including toys, play and exercise balls, although these are not typical mouthing articles.

8.2  Public health risk standards—cosmetics
There are currently no restrictions on the use of BBP in cosmetics in Australia.
There is no available information indicating that BBP is used in cosmetics in Australia.

Labelling

There are currently no specific labelling requirements for consumer goods that contain BBP. However,
disclosure of the presence of cosmetic ingredients is required on the packaging or on the product itself for
cosmetics and toiletries in accordance with the Trade Practices (Consumer Product Information Standards)
(Cosmetics) Regulations 1991. This legislation prescribes the mandatory standard for cosmetics and toiletries—
ingredients labelling, which sets out the standards, the supplier and retailer responsibilities, and the Australian
Competition & Consumer Commission (ACCC)'s role in enforcing cosmetic and toiletries ingredients labelling
(ACCC 2008).

8.3 Recommendation

It is recommended that BBP be considered for listing in Schedule 10/Appendix C of the Poisons Standard
(SUSMP) to limit the potential exposure of the public, including young children, to BBP from possible use in
cosmetics (refer to the Recommendation section of this report).
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Appendix A: Cumulative risk estimates from
combined exposures to multiple phthalates

Cumulative risks can arise due to combined exposures from use of cosmetics and/or use of children’s toys and
childcare articles containing multiple phthalates acting on the same biological targets, through simultaneous
exposures or from multiple sources.

The determination of risk from combined exposures to multiple phthalates will take into account any risk
mitigation measures recommended in the individual PEC assessments for each phthalate. The cumulative risk
estimates will be then considered to determine if further risk mitigation measures are required for a particular
phthalate of concern.

The cumulative risk calculation is undertaken according to the WHO/IPCS Framework for risk assessment of
combined exposure to multiple chemicals (Meek et al. 2011). The assumption is made that phthalates operate by
a similar mode of action for developmental effects considered relevant to BBP without antagonising or
synergising each other’s effects. Accordingly, dose additivity with adjustment for the potency of each of the
phthalates (Tier 1 of the framework) was used. Under Tier 1 of the framework, the hazard index (HI), which is
the ratio of the exposure (EHD) to the toxicity reference value (e.g. NOAEL) for each of the chemicals, can be
added and a cumulative MOE determined. It should be noted that the hazard index for an individual chemical
calculated in this way is the inverse of the MOE (i.e. HI = 1/MOE, refer to Section 7.1 Methodology).
Equations for calculating the cumulative MOE are provided in Appendix 4 Mixture risk assessment
methodology—evaluating the health risk due to exposure to mixtures of chemicals in the Sixth Framework
Programme of the Health and Environment Integrated Methodology and Toolbox for Scenario Development
(HEIMTSA) (Sarigiannis et al. 2010). This includes a number of different equations for determining cumulative
risks; the choice of the most appropriate equation depends on the available input data. For the current
calculations, the equation used is:

MOE cumulative = 1/(1/MOE; + 1/MOE> + ... + 1/MOEp)

The cumulative risk calculations are undertaken for the following scenarios (Table A.1):

e The combined exposure to a mixed phthalate plasticiser (DINP 42.5 % + BBP 0.5 %) in toys and DEP 0.5 %
(or DMP 0.5 %) in cosmetics.

e The combined exposure to a mixed phthalate plasticiser (DINP 41.5% + BBP 0.5 % + DEHP 1 %) in toys
and DEP 0.5 % (or DMP 0.5 %) in cosmetics.

Given the cumulative effects of phthalates on developmental toxicity (reduced testosterone and reduced birth or
pup weight) are best predicted by dose addition model (Hannas et al. 2011; Howdeshell et al. 2008b; Rider et al.
2010), the calculations for toys using Equation A.1 are based on the MOE for each phthalate as a primary
plasticiser, regardless of whether it is actually used in this way. Hence, the MOE for DEHP and BBP (each
calculated at 43 % in toys) is 27 and 57 for reduced testosterone endpoint, respectively. For the reduced birth
weight endpoint, both DINP and BBP share the same NOAEL (50 mg/kg bw/day) and are more potent than
DEP (NOAEL = 197 mg/kg bw/day). Hence, the MOE for DINP or BBP (in toys) is 283, compared with 1113

(in toys) and 1021 (in cosmetics) for DEP, using the relevant exposure estimates or daily internal doses (Dint)
for a six-month-old infant (see below).

e Dint, oral+dermal = 169.93 + 7.04 = 176.97 pg/kg bw/day (Tables 5.1 and 5.2) for the total phthalate content of
43 % from combined oral and dermal exposure.

¢ Dint, dermal = 96.43 x 2 =192.86 ug/kg bw/day (Table 5.5 from PEC assessment of DMP, NICNAS 2014) for
DEP or DMP at 0.5 % from dermal exposure to body lotion.

The relevant cumulative MOEs are calculated from the equations:

e For ‘use of toys’ scenario:

Equation A.1  MOE cumulative = 1/[(42.5/MOE of DINP + 0.5/MOE of BBP)/43] or
1/[(41.5/MOE of DINP + 0.5/MOE of BBP + 1/MOE of DEHP)/43].
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e For ‘use of cosmetics’ scenario:

DEP and DMP are currently allowed to be used in body lotion at maximum 0.5 % in Australia (SUSMP) and
they share the same NOAEL, hence

Equation A.2 .
MOE cumulative = NOAEL/EHD.

e For combined scenario:

Equation A.3  MOE cumulative = 1/[1/MOE of a mixed phthalate plasticiser (in toys) + 1/MOE of DEP
or DMP (in cosmetics)].

The estimated cumulative MOEs for the critical developmental effects indicate an adequate safety margin for
children (Table A.1). These MOEs are specifically calculated for a six-month-old infant, the youngest age that
demonstrates the maximum mouthing behaviour, because newborn babies are unlikely to use teethers or
childcare articles, while the MOEs for older babies (e.g. 12-month-old infants) are expected to be higher, based
on their lower surface area to body weight (SA/BW) ratio (DMP PEC Report Table 5.5, NICNAS 2014).
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Table A.1: Calculated cumulative risks (MOE) in children (6-month-old) for the critical health effects of phthalates from combined exposures

Developmental

Use of multiple phthalates? in children’s toy and childcare articles

(each phthalate calculated at maximum 43 %°)

Use of DEP¢ (or DMP¢)
in body lotion
(at maximum 0.5 %od)

Cumulative MOE

Toxicity (Combined scenarios)
NOAEL MOE NOAEL MOE NOAEL MOE Cumulative MOE NOAEL MOE
DINP 42.5 % BBP 0.5% DEP 0.5 % (or DMP 0.5 %)
Reduced testosterone 50 283 10 57 270 40 207 117
Reduced birth weight 50 283 50 283 283 197 1021 221
DINP 41.5% BBP 0.5% DEHP 1% DEP 0.5 % (or DMP 0.5 %)
Reduced testosterone 50 283 10 57 4.8 27 223 40 207 108
Reduced birth weight 50 283 50 283 46 260 282 197 1021 221

NOAEL = no observed adverse effect level, derived from PEC assessments of DEHP, DEP, DINP and BBP (NICNAS 2010; 2011; 2012; 2015); MOE =margin of exposure (i.e. NOAEL/EHD) (Section 7.1).

2 DINP = primary plasticiser; BBP (as for DBP) = secondary plasticisers with the concentration assumed at maximum 0.5 %; DEHP at >1 % is banned from use in plastic products intended to be placed in the mouth by children
aged <36 months (ACCC 2011 <http://www.productsafety.gov.au>). The calculations for toys are based on the MOE for each phthalate as a primary plasticiser, regardless of whether it is actually used in this way.

® For ‘use of toys’ scenario, the estimated human dose (EHD) or daily internal dose Ding, oral+germal = 169.93+7.04 = 176.97 pg/kg bw/day (Tables 5.1 and 5.2) for the total phthalate content of 43 % from combined oral and dermal
exposure. Cumulative MOE = 1/[(42.5/MOE of DINP + 0.5/MOE of BBP)/43] or 1/[(41.5/MOE of DINP + 0.5/MOE of BBP + 1/MOE of DEHP)/43].

¢ DEP and DMP at >0.5 % are excluded from use in body lotion; DEHP is excluded from cosmetic use (SUSMP <http://www.comlaw.gov.au/Series/F2015L.00128>). BBP are recommended for exclusion from cosmetic use,

similarly to DEHP and DBP, based onthe NICNAS PEC assessment of BBP.

? For ‘use of cosmetics’ scenario, the EHD or D germa = 96.43 x 2=192.86 pg/kg bw/day (Table 5.5 from the PEC assessmentof DMP, NICNAS 2014 ) for DMP or DEP at 0.5 % from dermal exposure to body lotion.

38



References

ACC. 2006. High Production Volume (HPV) Chemical Challenge Program Test Plan for the phthalate esters
category. Revision to Test Plan dated December 10, 2001. Prepared by ExxonMobil Biomedical Sciences, Inc.
for the Phthalate Esters Panel, HPV Testing Group of the American Chemistry Council. Accessed April 2015,
http://www.epa.gov/hpv/pubs/summaries/benzene/c1346 7rt3.pdf

ACCC. 2008. Cosmetics—ingredients labelling. Canberra: Australian Competition & Consumer Commission.
Accessed April 2015, http://www.productsafety.gov.au/content/index.phtml/item1d/971654/fromitemld/971652

ACCC. 2011. DEHP in children’s plastic items. Canberra: Australian Competition & Consumer Commission.
Accessed April 2015, http://www.productsafety.gov.au/content/index.phtml/item1d/978240/fromltemId/978222

Agarwal DK, Maronpot RR, Lamb JC 1V, Kluwe WM. 1985. Adverse effects of butyl benzyl phthalate on the
reproductive systems of male rats. Toxicology 35:189-206.

Ahmad R, Gautam AK, Verma Y, Sedha S, Kumar S. 2014. Effects of in utero di-butyl phthalate and butyl
benzyl phthalate exposure on offspring development and male reproduction of rat. Environmental Science and
Pollution Research International 21:3156-3165.

AICS. 1,2-Benzenedicarboxylic acid, butyl phenylmethyl ester, CAS No. 85-68-7. The Australian Inventory of
Chemical Substances. Sydney, NSW: National Industrial Chemicals Notification and Assessment Scheme.
Available: http://www.nicnas.gov.au/regulation-and-compliance/aics

Albertini R, Bird M, Doerrer N, Needham L, Robison S, Sheldon L, Zenick H. 2006. The use of biomonitoring
data in exposure and human health risk assessments. Environmental Health Perspectives 114:1755-1762.

Andersen FA. 2011. Annual review of cosmetic ingredient safety assessments: 2007-2010. International Journal
of Toxicology 30:735-1275.

Anderson WA, Castle L, Scotter MJ, Massey RC, Springall C. 2001. A biomarker approach to measuring
human dietary exposure to certain phthalate diesters. Food Additives and Contaminants 18:1068-1074.

Ashby J, Tinwell H, Lefevre PA, Odum J, Paton D, Millward SW, Tittensor S, Brooks AN. 1997. Normal
sexual development of rats exposed to butyl benzyl phthalate from conception to weaning. Regulatory
Toxicology and Pharmacology 26:102-118.

Aso S, Ehara H, Miyata K, Hosyuyama S, Shiraishi K, Umano T, Minobe Y. 2005. A two-generation
reproductive toxicity study of butyl benzyl phthalate in rats. The Journal of Toxicological Sciencies30:39-58.

Barber ED, Astill BD, Moran EJ, Schneider BF, Gray TJ, Lake BG, Evans JG. 1987. Peroxisome induction
studies on seven phthalate esters. Toxicology and Industrial Health 3:7-24.

Barber ED, Cifone M, Rundell J, Przygoda R, Astill BD, Moran E, Mulholland A, Robinson E, Schneider B.
2000. Results of the L5178Y mouse lymphoma assay and the Balb/3t3 cell in vitro transformation assay for
eight phthalate esters. Journal of Applied Toxicology 20:69-80.

Bayer AG. 1998. Butyl benzyl phthalate (BBP): developmental reproduction study in Wistar rats with
application in the diet or drinking water. Report No. 28215. Wuppertal, Germany.

Beko G, Callesen M, Weschler CJ, Toftum J, Langer S, Sigsgaard T, Hgst A, Kold Jensen T, Clausen G. 2015.
Phthalate exposure through different pathways and allergic sensitization in preschool children with asthma,
allergic rhinoconjunctivitis and atopic dermatitis. Environmental Research 137:432-439.

Bertelsen RJ, Carlsen KC, Calafat AM, Hoppin JA, Haland G, Mowinckel P, Carlsen KH, Lgvik M. 2013.
Urinary biomarkers for phthalates associated with asthma in Norwegian children. Environmental Health
Perspectives 121:251-256.

Bishop JB, Teaf CM and Bhooshan B. 1987. Assessment of fetal death rate among in utero progeny of B6C3F1
and CD-1 mice after subcutaneous injections of males with butyl benzyl phthalate (BBP). Environmental
Mutagenicity Society (EMS) 9:S15 (abstract only).

Bornehag CG, Sundell J, Weschler CJ, Sigsgaard T, Lundgren B, Hasselgren M, Hagerhed-Engman L. 2004.
The association between asthma and allergic symptoms in children and phthalates in house dust: a nested case-
control study. Environmental Health Perspectives 112:1393-1397.

39



Callesen M, Bekd G, Weschler CJ, Langer S, Brive L, Clausen G, Toftum J, Sigsgaard T, Hgst A, Jensen TK.
2014. Phthalate metabolites in urine and asthma, allergic rhinoconjunctivitis and atopic dermatitis in preschool
children. International Journal of Hygiene and Environmental Health 217:645-652.

Canada Gazette. 2010. Part Il Vol. 144 No. 26. Phthalates Regulations. 22 December: 2535-2556. Ottawa: the
Government of Canada. Accessed April 2015, http://gazette.gc.ca/rp-pr/p2/2010/2010-12-22/pdf/g2-14426.pdf

CDC. 2015. Updated tables (February 2015) from the Fourth National Report on Human Exposure to
Environmental chemicals 2009. Atlanta, GA: Centers for Disease Control and Prevention, US Department of
Health and Human Services. Accessed April 2015, http://www.cdc.gov/exposurereport

Chanda M, Roy SK. 2006. Plastics Technology Handbook: Plastics Engineering Series. 4th ed. Boca Raton:
CRC Press.

Chemical Book. Butyl benzyl phthalate, CAS No. 85-68-7. Available:
http://www.chemicalbook.com/Productindex EN.aspx

Chemical Gazette. 2006. Declaration of certain phthalate chemicals used in toys, childcare articles and
cosmetics as Priority Existing Chemicals. 7 March: 9-13. Commonwealth of Australia.

ChemIDplus. Butyl benzyl phthalate, CAS No. 85-68-7. ChemIDplus database. US National Library of
Medicine. Available: http://chem.sis.nlm.nih.gov/chemidplus

Chen SB. 1998. Appendix A Migration of DINP from polyvinyl chloride (PVC) children’s products. US
Consumer Product Safety Commission.

Christensen KL, Makris SL, Lorber M. 2014. Generation of hazard indices for cumulative exposure to
phthalates for use in cumulative risk assessment. Regulatory Toxicology and Pharmacology 69:380-389.

CIUCUS. 2011. Compilation of Ingredients Used in Cosmetics in the United States. Washington DC: Personal
Care Products Council.

Cosling. Butyl benzyl phthalate, CAS No. 85-68-7. Cosmetic Ingredients & Substances database. European
Commission. Available: http://ec.europa.eu/consumers/cosmetics/cosing/index.cfm?fuseaction=search.simple

Deisinger PJ, Perry LG, Guest D. 1998. In vivo percutaneous absorption of [L4C]DEHP from [L4C]DEHP-
plasticized polyvinyl chloride film in male Fischer 344 rats. Food and Chemical Toxicology 36:521-527.

Den Hond E, Govarts E, Willems H, Smolders R, Casteleyn L, Kolossa-Gehring M, Schwedler G, Seiwert M,
Fiddicke U, Castafio A, Esteban M, Angerer J, Koch HM, Schindler BK, Sepai O, Exley K, Bloemen L, Horvat
M, Knudsen LE, Joas A, Joas R, Biot P, Aerts D, Koppen G, Katsonouri A, Hadjipanayis A, Krskova A, Maly
M, Mgrck TA, Rudnai P, Kozepesy S, Mulcahy M, Mannion R, Gutleb AC, Fischer ME, Ligocka D,
Jakubowski M, Reis MF, Namorado S, Gurzau AE, Lupsa IR, Halzlova K, Jajcaj M, Mazej D, Snoj Tratnik J,
Lopez A, Lopez E, Berglund M, Larsson K, Lehmann A, Crettaz P, Schoeters G. 2015. First steps toward
harmonized human biomonitoring in Europe: demonstration project to perform human biomonitoring on a
European scale. Environmental Health Perspectives 123:255-263.

Dewalque L, Charlier C, Pirard C. 2014. Estimated daily intake and cumulative risk assessment of phthalate
diesters in a Belgian general population. Toxicology Letter 231:161-168.

Duty SM, Calafat AM, Silva MJ, Brock JW, Ryan L, Chen Z, Overstreet J, Hauser R. 2004. The relationship
between environmental exposure to phthalates and computer-aided sperm analysis motion parameters. Journal
of Andrology 25:293-302.

Duty SM, Calafat AM, Silva MJ, Ryan L, Hauser R. 2005. Phthalate exposure and reproductive hormones in
adult men. Human Reproduction 20:604-610.

Duty SM, Silva MJ, Barr DB, Brock JW, Ryan L, Chen Z, Herrick RF, Christiani DC, Hauser R. 2003.
Phthalate exposure and human semen parameters. Epidemiology 14:269-277.

Eastman. 2006. Eastman Plasticizers—Selector chart. Eastman Chemical Company.

EC. 2015. Endocrine Disruptors priority list (last updated 25/03/2015). Brussels, Belgium: European
Commission. Accessed April 2015,
http://ec.europa.eu/environment/chemicals/endocrine/strategy/substances_en.htm

40



ECB. 2003. Technical Guidance Document on Risk Assessment Part | in support of Commission Directive
93/67/EEC on Risk Assessment for new notified substances, Commission Regulation (EC) No 1488/94 on Risk
Assessment for existing substances, Directive 98/8/EC of the European Parliament and of the Council
concerning the placing of biocidal products on the market. Luxembourg: Office for Official Publications of the
European Communities, European Chemicals Bureau.

ECB. 2007, European Union Risk Assessment Report (EU RAR) on benzyl butyl phthalate (BBP), Volume 76.
European Chemicals Bureau, European Commission. Luxembourg: Office for Official Publications of the
European Communities.

ECETOC. 2003. Derivation of assessment factors for human health risk assessment. Technical Report No. 86.
Brussels: European Centre for Ecotoxicology and Toxicology of Chemicals.

ECHA. 2010. Review of new available information for benzyl butyl phthalate (BBP). Helsinki: European
Chemicals Agency.

Eigenberg DA, Bozigian HP, Carter DE, Sipes 1G. 1986. Distribution, excretion, and metabolism of butylbenzyl
phthalate in the rat. Journal of Toxicology and Environmental Health 17:445-456.

Elsisi AE, Carter DE, Sipes 1G. 1989. Dermal absorption of phthalate diesters in rats. Fundamental and Applied
Toxicology 12:70-77.

Ema M, Harazono A, Miyawaki E, Ogawa Y. 1996a. Developmental toxicity of mono-n-benzyl phthalate, one
of the major metabolites of the plasticizer n-butyl benzyl phthalate, in rats. Toxicology Letters 86:19-25.

Ema M, Harazono A, Miyawaki E, Ogawa Y. 1996b. Characterization of developmental toxicity of mono-n-
benzyl phthalate in rats. Reproductive Toxicology 10:365-372.

Ema M, Itami T, Kawasaki H. 1991. Evaluation of the embryolethality of butyl benzyl phthalate by
conventional and pair-feeding studies in rats. Journal of Applied Toxicology 11:39-42.

Ema M, Itami T, Kawasaki H. 1992a. Teratogenic evaluation of butyl benzyl phthalate in rats by gastric
intubation. Toxicology Letters 61:1-7.

Ema M, Itami T, Kawasaki H. 1992b. Embryolethality and teratogenicity of butyl benzyl phthalate in rats.
Journal of Applied Toxicology 12:179-183.

Ema M, Itami T, Kawasaki H. 1992c. Effect of period of exposure on the developmental toxicity of butyl benzyl
phthalate in rats. Journal of Applied Toxicology 12:57-61.

Ema M, Kurosaka R, Amano H, Ogawa Y. 1994. Embryolethality of butyl benzyl phthalate during early
pregnancy in rats. Reproductive Toxicology 8:231-236.

Ema M, Kurosaka R, Amano H, Ogawa Y. 1995a. Developmental toxicity evaluation of mono-n-butyl phthalate
in rats. Toxicology Letters 78:101-106.

Ema M, Kurosaka R, Amano H, Ogawa Y. 1995b. Comparative developmental toxicity of n-butyl benzyl
phthalate and di-n-butyl phthalate in rats. Archives of Environmental Contamination and Toxicology 28:223-
228.

Ema M, Kurosaka R, Harazono A, Amano H, Ogawa Y. 1996¢. Phase specificity of developmental toxicity after
oral administration of mono-n-butyl phthalate in rats. Archives of Environmental Contamination and
Toxicology 31:170-176.

Ema M, Miyawaki E, Hirose A, Kamata E. 2003. Decreased anogenital distance and increased incidence of
undescended testes in fetuses of rats given monobenzyl phthalate, a major metabolite of butyl benzyl phthalate.
Reproductive Toxicology 17:407-412.

Ema M, Miyawaki E, Kawashima K. 1998. Reproductive effects of butyl benzyl phthalate in pregnant and
pseudopregnant rats. Reproductive Toxicology 12:127-132.

Ema M, Miyawaki E. 2002. Effects on development of the reproductive system in male offspring of rats given
butyl benzyl phthalate during late pregnancy. Reproductive Toxicology 16:71-76.

Ema M, Murai T, Itami T, Kawasaki H. 1990. Evaluation of the teratogenic potential of the plasticizer butyl
benzyl phthalate in rats. Journal of Applied Toxicology 10:339-343.

41



Engel SM, Zhu C, Berkowitz GS, Calafat AM, Silva MJ, Miodovnik A, Wolff MS. 2009. Prenatal phthalate
exposure and performance on the Neonatal Behavioral Assessment Scale in a multiethnic birth cohort.
Neurotoxicology 30:522-528.

Erickson NG. 1965. The metabolism of diphenyl phthalate and butylbenzyl phthalate in the beagle dog.
Dissertation Abstracts 26:3014-3015.

Factor-Litvak P, Insel B, Calafat AM, Liu X, Perera F, Rauh VA, Whyatt RM. 2014. Persistent associations
between maternal prenatal exposure to phthalates on child 1Q at age 7 years. PL0S One 9:¢114003.

Ferguson KK, Loch-Caruso R, Meeker JD. 2011. Urinary phthalate metabolites in relation to biomarkers of
inflammation and oxidative stress: NHANES 1999-2006. Environmental Research 111:718-726.

Ferguson KK, McElrath TF, Chen YH, Mukherjee B, Meeker JD. 2015. Urinary phthalate metabolites and
biomarkers of oxidative stress in pregnant women: a repeated measures analysis. Environmental Health
Perspectives 123:210-216.

Foster PM. 2006. Disruption of reproductive development in male rat offspring following in utero exposure to
phthalate esters International Journal of Andrology 29:140-147; discussion 181-5.

Galleria Chemica. Butyl benzyl phthalate, CAS No. 85-68-7. Available: https://jr.chemwatch.net/galleria/

Galloway SM, Armstrong MJ, Reuben C, Colman S, Brown B, Cannon C, Bloom AD, Nakamura F, Ahmed M,
Duk S, et al. 1987. Chromosome aberrations and sister chromatid exchanges in Chinese hamster ovary cells:
evaluations of 108 chemicals. Environmental and Molecular Mutagenesis 10:1-175.

Gascon M, Casas M, Morales E, Valvi D, Ballesteros-Gémez A, Luque N, Rubio S, Monfort N, Ventura R,
Martinez D, Sunyer J, Vrijheid M. 2015. Prenatal exposure to bisphenol A and phthalates and childhood
respiratory tract infections and allergy. The Journal of Allergy and Clinical Immunology 135:370-378.

Gray LE Jr, Ostby J, Furr J, Price M, Veeramachaneni DN, Parks L. 2000. Perinatal exposure to the phthalates
DEHP, BBP, and DINP, but not DEP, DMP, or DOTP, alters sexual differentiation of the male rat.
Toxicological Sciences 58:350-365.

Gray LE Jr, Wilson VS, Stoker T, Lambright C, Furr J, Noriega N, Howdeshell K, Ankley GT, Guillette L.
2006. Adverse effects of environmental antiandrogens and androgens on reproductive development in
mammals. International Journal of Andrology 29: 96-104; discussion 105-108.

Greenpeace International. 2005. An investigation of chemicals in 36 eaux de toilette and eaux de parfum.
Amsterdam, the Netherlands: Greenpeace International. Accessed April 2015,
http://www.greenpeace.org/international/Global/international/planet-2/report/2005/2/perfume-an-investigation-
of.pdf

Hammond BG, Levinskas GJ, Robinson EC, Johannsen FR. 1987. A review of the subchronic toxicity of butyl
benzyl phthalate. Toxicology and Industrial Health 3:79-98.

Hannas BR, Lambright CS, Furr J, Evans N, Foster PM, Gray EL, Wilson VS. 2012. Genomic biomarkers of
phthalate-induced male reproductive developmental toxicity: a targeted RT-PCR array approach for defining
relative potency. Toxicological Sciences 125:544-557.

Hannas BR, Lambright CS, Furr J, Howdeshell KL, Wilson VS, Gray LE Jr. 2011. Dose-response assessment of
fetal testosterone production and gene expression levels in rat testes following in utero exposure to diethylhexyl
phthalate, diisobutyl phthalate, diisoheptyl phthalate, and diisononyl phthalate. Toxicological Sciences
123:206-216.

Hatch EE, Nelson JW, Stahlhut RW, Webster TF. 2010. Association of endocrine disruptors and obesity:
perspectives from epidemiological studies. International Journal of Andrology 33:324-332.

Hauser R, Meeker JD, Duty S, Silva MJ, Calafat AM. 2006. Altered semen quality in relation to urinary
concentrations of phthalate monoester and oxidative metabolites. Epidemiology 17:682-691.

Hoppin JA, Jaramillo R, London SJ, Bertelsen RJ, Salo PM, Sandler DP, Zeldin DC. 2013. Phthalate exposure
and allergy in the U.S. population: results from NHANES 2005-2006. Environmental Health Perspectives
121:1129-1134.

42



Hotchkiss AK, Parks-Saldutti LG, Ostby JS, Lambright C, Furr J, Vandenbergh JG, Gray LE Jr. 2004. A
mixture of the "antiandrogens™ linuron and butyl benzyl phthalate alters sexual differentiation of the male rat in
a cumulative fashion. Biology of Reproduction 71:1852-1861.

Howdeshell KL, Rider CV, Wilson VS, Gray LE Jr. 2008a. Mechanisms of action of phthalate esters,
individually and in combination, to induce abnormal reproductive development in male laboratory rats.
Environmental Research 108:168-176.

Howdeshell KL, Wilson VS, Furr J, Lambright CR, Rider CV, Blystone CR, Hotchkiss AK, Gray LE Jr. 2008b.
A mixture of five phthalate esters inhibits fetal testicular testosterone production in the sprague-dawley rat in a
cumulative, dose-additive manner. Toxicological Sciences 105:153-165.

Hsu NY, Lee CC, Wang JY, Li YC, Chang HW, Chen CY, Bornehag CG, Wu PC, Sundell J, Su HJ. 2012.
Predicted risk of childhood allergy, asthma, and reported symptoms using measured phthalate exposure in dust
and urine. Indoor Air 22:186-199.

Huang PC1, Kuo PL, Chou YY, Lin SJ, Lee CC. 2009. Association between prenatal exposure to phthalates and
the health of newborns. Environment International 35:14-20.

IARC. 1999. Some chemicals that cause tumours of the kidney or urinary bladder in rodents and some other
substances, Volume 73. Lyon, France: International Agency for Research on Cancer. Accessed April 2015,
http://monographs.iarc.frfENG/Monographs/vol73/

Imajima T, Shono T, Zakaria O, Suita S. 1997. Prenatal phthalate causes cryptorchidism postnatally by inducing
transabdominal ascent of the testis in fetal rats. Journal of Pediatric Surgery 32:18-21.

INCI. Butyl benzyl phthalate, CAS No. 85-68-7. International Nomenclature Cosmetic Ingredient Dictionary &
Handbook. Washington DC: Personal Care Products Council. Available:
http://webdictionary.personalcarecouncil.org/jsp/Home.jsp

IPCS. 1994. Environmental Health Criteria 170. Assessing human health risks of chemicals: Derivation of
guidance values for health-based exposure limits. Geneva: International Programme on Chemical Safety.
Accessed April 2015, http://www.inchem.org/documents/ehc/ehc/ehc170.htm

IPCS. 2004. IPCS risk assessment terminology. Geneva: International Programme on Chemical safety.
Accessed April 2015, http://www.who.int/ipcs/methods/harmonization/areas/terminology/en/

James-Todd T, Stahlhut R, Meeker JD, Powell SG, Hauser R, Huang T, Rich-Edwards J. 2012. Urinary
phthalate metabolite concentrations and diabetes among women in the National Health and Nutrition
Examination Survey (NHANES) 2001-2008. Environmental Health Perspectives 120:1307-1313.

Johns LE, Ferguson KK, Soldin OP, Cantonwine DE, Rivera-Gonzalez LO, Del Toro LV, Calafat AM, Ye X,
Alshawabkeh AN, Cordero JF, Meeker JD. 2015. Urinary phthalate metabolites in relation to maternal serum
thyroid and sex hormone levels during pregnancy: a longitudinal analysis. Reproductive Biology and
Endocrinology 13:4.

Jonsson BA, Richthoff J, Rylander L, Giwercman A, Hagmar L. 2005. Urinary phthalate metabolites and
biomarkers of reproductive function in young men. Epidemiology 16:487-493.

Jurewicz J, Radwan M, Sobala W, Ligocka D, Radwan P, Bochenek M, Hawuta W, Jakubowski L, Hanke W.
2013. Human urinary phthalate metabolites level and main semen parameters, sperm chromatin structure, sperm
aneuploidy and reproductive hormones. Reproductive Toxicology 42:232-241.

Just AC, Whyatt RM, Perzanowski MS, Calafat AM, Perera FP, Goldstein IF, Chen Q, Rundle AG, Miller RL.
2012. Prenatal exposure to butylbenzyl phthalate and early eczema in an urban cohort. Environmental Health
Perspectives 120:1475-1480.

Kasper-Sonnenberg M, Koch HM, Wittsiepe J, Briining T, Wilhelm M. 2014. Phthalate metabolites and
bisphenol A in urines from German school-aged children: results of the Duisburg birth cohort and Bochum
cohort studies. International Journal of Hygiene and Environmental Health 217:830-838.

Kasper-Sonnenberg M, Koch HM, Wittsiepe J, Wilhelm M. 2012. Levels of phthalate metabolites in urine
among mother-child-pairs - results from the Duisburg birth cohort study, Germany. International Journal of
Hygiene and Environmental Health 215:373-382.

43



Kay VR, Bloom MS, Foster WG. 2014. Reproductive and developmental effects of phthalate diesters in males.
Critical Reviews in Toxicology 44:467-498.

Kluwe WM. 1982. Overview of phthalate ester pharmacokinetics in mammalian species. Environmental Health
Perspectives 45:3-10.

Koch HM, Becker K, Wittassek M, Seiwert M, Angerer J, Kolossa-Gehring M. 2007. Di-n-butylphthalate and
butylbenzylphthalate—urinary metabolite levels and estimated daily intakes: pilot study for the German
Environmental Survey on children. Journal of Exposure Science and Environmental Epidemiology 17:378-387.

Kolarik B, Naydenov K, Larsson M, Bornehag CG, Sundell J. 2008. The association between phthalates in dust
and allergic diseases among Bulgarian children. Environmental Health Perspectives 116:98-103.

Kozumbo WJ, Kroll R, Rubin RJ. 1982. Assessment of the mutagenicity of phthalate esters. Environmental
Health Perspectives 45:103-109.

Kwack SJ, Kim KB, Kim HS, Lee BM. 2009. Comparative toxicological evaluation of phthalate diesters and
metabolites in Sprague-Dawley male rats for risk assessment. Journal of Toxicology and Environmental Health
A 72:1446-1454.

Lake BG, Harris RA, Grasso P, Gangolli SD. 1978. Studies on the metabolism and biological effects of n-butyl
benzyl phthalate in the rat. BIBRA Report No. 232/78, Project No. BB-76-312. Monsanto study BB-76-032.

Larsson K, Ljung Bjorklund K, Palm B, Wennberg M, Kaj L, Lindh CH, Jonsson BA, Berglund M. 2014.
Exposure determinants of phthalates, parabens, bisphenol A and triclosan in Swedish mothers and their children.
Environment International 73:323-333.

Lashley S, Calafat A, Barr D, Ledoux T, Hore P, Lake M, Robson M, Smulian J. 2004. Endocrine disruptors in
the maternal and fetal compartments. American Journal of Obstetrics and Gynaecology 191:5140 (abstract

only).

Le Boeuf RA, Kerckaert GA, Aardema MJ, Gibson DP, Brauninger R, Isfort RJ. 1996. The pH 6.7 Syrian
hamster embryo cell transformation assay for assessing the carcinogenic potential of chemicals. Mutation
Research 356:85-127.

Liu K, Lehmann KP, Sar M, Young SS, Gaido KW. 2005. Gene expression profiling following in utero
exposure to phthalate esters reveals new gene targets in the etiology of testicular dysgenesis. Biology of
Reproduction 73:180-192.

Main KM, Mortensen GK, Kaleva MM, Boisen KA, Damgaard IN, Chellakooty M, Schmidt IM, Suomi AM,
Virtanen HE, Petersen DV, Andersson AM, Toppari J, Skakkebaek NE. 2006. Human breast milk
contamination with phthalates and alterations of endogenous reproductive hormones in infants three months of
age. Environmental Health Perspectives 114:270-276.

Marsee K, Woodruff TJ, Axelrad DA, Calafat AM, Swan SH. 2006. Estimated daily phthalate exposures in a
population of mothers of male infants exhibiting reduced anogenital distance. Environmental Health
Perspectives 114:805-8009.

McEwen GN Jr, Renner G. 2006. Validity of anogenital distance as a marker of in utero phthalate exposure.
Environmental Health Perspectives 114:A19-20; author reply A20-21.

Meek ME, Boobis AR, Crofton KM, Heinemeyer G, van Raaij M, Vickers C. 2011. Risk assessment of
combined exposure to multiple chemicals: A WHO/IPCS Framework. Regulatory Toxicology and
Pharmacology 60:S1-S14.

Meeker JD, Hu H, Cantonwine DE, Lamadrid-Figueroa H, Calafat AM, Ettinger AS, Hernandez-Avila M,
Loch-Caruso R, Téllez-Rojo MM. 2009. Urinary phthalate metabolites in relation to preterm birth in Mexico
city. Environmental Health Perspectives 117:1587-1592.

Mieritz MG, Frederiksen H, Sgrensen K, Aksglaede L, Mouritsen A, Hagen CP, Skakkebaek NE, Andersson
AM, Juul A. 2012. Urinary phthalate excretion in 555 healthy Danish boys with and without pubertal
gynaecomastia. International Journal of Andrology 35:227-235.

Monsanto. 1976. Mutagenicity plate assay: Santicizer 160. Project No. LF-76-124C.

44



Monsanto. 1981. Sub-acute inhalation toxicity of Santicizer 160 as an aerosol-vapour administrated for four
weeks to Sprague-Dawley rats. Project No. ML-79-016/790047. Report No. MSL 1497.

Monsanto. 1982. Thirteen-week inhalation toxicity of Santicizer 160 plasticizer aerosol-vapour to Sprague-
Dawley rats. Project No. ML-79-114/790179. Report No. MSL-2713.

Monsanto. 1985. Evaluation of Santicizer 160 in the in vitro transformation of Balb/3T3 cell assay, Final
Report. Project No. XX-85-069.

Monsanto. 1993. Dietary one-generation reproduction study with butyl benzyl phthalate in rats. Report xx-93-
9101. TNO Report v92.570.

Moral R, Santucci-Pereira J, Wang R, Russo IH, Lamartiniere CA, Russo J. 2011. In utero exposure to butyl
benzyl phthalate induces modifications in the morphology and the gene expression profile of the mammary
gland: an experimental study in rats. Environmental Health 10:5.

Moral R, Wang R, Russo IH, Mailo DA, Lamartiniere CA, Russo J. 2007. The plasticizer butyl benzyl phthalate
induces genomic changes in rat mammary gland after neonatal/prepubertal exposure. BMC Genomics 8:453.

Myhr BC, Caspary WJ. 1991. Chemical mutagenesis at the thymidine kinase locus in L5178Y mouse
lymphoma cells: results for 31 coded compounds in the National Toxicology Program. Environmental and
Molecular Mutagenesis 18:51-83.

Myichreest E, Cattley RC, Foster PM. 1998. Male reproductive tract malformations in rats following gestational
and lactational exposure to Di(n-butyl) phthalate: an antiandrogenic mechanism? Toxicological Sciences 43:47—
60.

Mylchreest E, Wallace DG, Cattley RC, Foster PM. 2000. Dose-dependent alterations in androgen-regulated
male reproductive development in rats exposed to di(n-butyl) phthalate during late gestation. Toxicological
Sciences 55:143-151.

Nagao T, Ohta R, Marumo H, Shindo T, Yoshimura S, Ono H. 2000. Effect of butyl benzyl phthalate in
Sprague-Dawley rats after gavage administration: a two-generation reproductive study. Reproductive
Toxicology 14:513-532.

Nativelle C, Picard K, Valentin 1, Lhuguenot JC, Chagnon MC. 1999. Metabolism of n-butyl benzyl phthalate in
the female Wistar rat. Identification of new metabolites. Food and Chemical Toxicology 37:905-917.

NICNAS. 2008a. Existing Chemical hazard assessment report—Butyl phenylmethyl phthalate (BBP). Sydney,
NSW: National Industrial Chemicals Notification and Assessment Scheme. Accessed April 2015,
http://www.nicnas.gov.au/chemical-information/other-assessment-reports/phthalates-hazard-assessment-reports

NICNAS. 2008b. Phthalates hazard compendium—A summary of physicochemical and human health hazard
data for 24 ortho-phthalate chemicals. Sydney, NSW: National Industrial Chemicals Notification and
Assessment Scheme. Accessed April 2015, http://www.nicnas.gov.au/chemical-information/other-assessment-
reports/phthalates-hazard-assessment-reports

NICNAS. 2010. Priority Existing Chemical (PEC) assessment report—Diethylhexyl phthalate (DEHP). Sydney,
NSW: National Industrial Chemicals Notification and Assessment Scheme. Accessed April 2015,
http://www.nicnas.gov.au/chemical-information/pec-assessments

NICNAS. 2011. Priority Existing Chemical (PEC) assessment report—Diethyl phthalate (DEP). Sydney, NSW:
National Industrial Chemicals Notification and Assessment Scheme. Accessed April 2015,
http://www.nicnas.gov.au/chemical-information/pec-assessments

NICNAS. 2012. Priority Existing Chemical (PEC) assessment report—Diisononyl phthalate (DINP). Sydney,
NSW: National Industrial Chemicals Notification and Assessment Scheme. Accessed April 2015,
http://www.nicnas.gov.au/chemical-information/pec-assessments

NICNAS. 2013. Priority Existing Chemical (PEC) assessment report—Dibutyl phthalate (DBP). Sydney, NSW:
National Industrial Chemicals Notification and Assessment Scheme. Accessed April 2015,
http://www.nicnas.gov.au/chemical-information/pec-assessments

NICNAS. 2014. Priority Existing Chemical (PEC) assessment report—Dimethyl phthalate (DMP). Sydney,
NSW: National Industrial Chemicals Notification and Assessment Scheme. Accessed April 2015,
http://www.nicnas.gov.au/chemical-information/pec-assessments

45



NTP. 1982. Carcinogenesis bioassay of butyl benzyl phthalate in F344/N rats and B6C3F1 mice (feed study).
National Toxicology Program Technical Report Series No. 213. NTP-80-25, NIH publication no. 82-1769.
Research Triangle Park, NC: U.S. Department of Health and Human Services, Public Health Service, National
Institutes of Health.

NTP. 1989. Developmental toxicity of butyl benzyl phthalate administered in feed to CD rats on gestational day
6 to 15. National Toxicology Program Report No. 89-246, TER88025. Accessed April 2015,
http://ntp.niehs.nih.gov/testing/types/dev/abstracts/pages/ter88025/index.html

NTP. 1990. Developmental toxicity of butyl benzyl phthalate in CD-1-Swiss mice. National Toxicology
Program Report No. 90-114, TER89026. Accessed April 2015,
http://ntp.niehs.nih.gov/testing/types/dev/abstracts/pages/ter89026/index.html

NTP. 1995. Effect of dietary restriction on toxicology and carcinogenesis studies in F344/N rats and B6C3F1

mice. National Toxicology Program Technical Report Series No. 460. NIH publication no. 95-3376. Research
Triangle Park, NC: U.S. Department of Health and Human Services, Public Health Service, National Institutes
of Health.

NTP. 1997. Toxicology and carcinogenesis studies of butyl benzyl phthalate in F344/N rats (feed studies).
National Toxicology Program Technical Report Series No. 458. NIH publication no. 97-3374. Research
Triangle Park, NC: U.S. Department of Health and Human Services, Public Health Service, National Institutes
of Health.

NTP-CERHR. 2003. Monograph on the potential human reproductive and developmental effects of butyl benzyl
phthalate (BBP). National Toxicology Program Center for the Evaluation of Risks to Human Reproductive.

OECD. 2004. SIDS Initial Assessment Profile—High molecular weight phthalate esters. SIAM 19, 19-22
October. Paris: Organisation for Economic Co-operation and Development.

Official Journal of the European Union. Various dates. Directive 2005/84/EC (childcare articles); Directive
2009/48/EC (toy safety); Regulation (EC) No. 1223/2009 (cosmetic products). Available:
http://ec.europa.eu/growth/single-market/european-standards/harmonised-standards/index_en.htm

Piersma AH, Verhoef A, Dortant PM. 1995. Evaluation of the OECD 421 reproductive toxicity screening test
protocol using butyl benzyl phthalate. Toxicology 99:191-197.

Piersma AH, Verhoef A, te Biesebeek JD, Pieters MN, Slob W. 2000. Developmental toxicity of butyl benzyl
phthalate in the rat using a multiple dose study design. Reproductive Toxicology 14:417-425.

REACH Dossier. Butyl benzyl phthalate, CAS No. 85-68-7. Available: http://echa.europa.eu/information-on-
chemicals/registered-substances

Rider CV, Furr J, Wilson VS, Gray LE Jr. 2008. A mixture of seven antiandrogens induces reproductive
malformations in rats. International Journal of Andrology 31:249-262.

Rider CV, Furr JR, Wilson VS, Gray LE Jr. 2010. Cumulative effects of in utero administration of mixtures of
reproductive toxicants that disrupt common target tissues via diverse mechanisms of toxicity. International
Journal of Andrology 33:443-462.

Rozati R, Reddy PP, Reddanna P, Mujtaba R. 2002. Role of environmental estrogens in the deterioration of
male factor fertility. Fertility and Sterility 78:1187-1194.

Safe Work Australia. Hazardous Substances Information System (HSIS). Butyl benzyl phthalate, CAS No. 85-
68-7. Canberra: Safe Work Australia. Available: http:/hsis.safeworkaustralia.gov.au/HazardousSubstance

Saillenfait AM, Sabaté JP, Gallissot F. 2003. Comparative embryotoxicities of butyl benzyl phthalate, mono-n-
butyl phthalate and mono-benzyl phthalate in mice and rats: invivo and in vitro observations. Reproductive
Toxicology 17:575-583.

Saravanabhavan G, Guay M, Langlois E, Giroux S, Murray J, Haines D. 2013. Biomonitoring of phthalate
metabolites in the Canadian population through the Canadian Health Measures Survey (2007-2009).
International Journal of Hygiene and Environmental Health 216:652-661.

Sarigiannis DA, Hansen U & Karakitsios SP. 2010. Appendix 4 Mixture risk assessment methodology—
evaluating the health risk due to exposure to mixtures of chemicals. In: Methodologies for quantifying health
effects of exposure by multiple routes and the effects of mixtures in the light of the case studies, including a

46



report on suitable indices of exposure (Sarigiannis DA, ed). Sixth Framework Programme—T hematic Priority
6.3, Health and Environment Integrated Methodology and Toolbox for Scenario Development (HEIMTSA).

SCCP. 2007. Opinion on phthalates in cosmetic products, SCCP/1016/06. Brussels, Belgium: Scientific
Committee on Consumer Products, European Commission. Accessed April 2015,
http://ec.europa.eu/health/ph_risk/committees/04_sccp/docs/sccp_o_106.pdf

Sharpe RM, Fisher JS, Millar MM, Jobling S, Sumpter JP. 1995. Gestational and lactational exposure of rats to
xenoestrogens results in reduced testicular size and sperm production. Environmental Health Perspectives
103:1136-1143.

Shono T, Shima Y, Kondo T, Suita S. 2005. In utero exposure to mono-n-butyl phthalate impairs insulin-like
factor 3 gene expression and the transabdominal phase of testicular descent in fetal rats. Journal of Pediatric
Surgery 40):1861-1864.

Silva MJ, Barr DB, Reidy JA, Malek NA, Hodge CC, Caudill SP, Brock JW, Needham LL & Calafat AM.
2004. Urinary levels of seven phthalate metabolites in the US population from the National Health and Nutrition
Examination Survey (NHANES) 1999-2000. Environmental Health Perspectives 112:331-338.

Singletary K, MacDonald C, Wallig M. 1997. The plasticizer benzyl butyl phthalate (BBP) inhibits 7,12-
dimethylbenz[a]anthracene (DMBA)-induced rat mammary DNA adduct formation and tumorigenesis.
Carcinogenesis 18:1669-1673.

Sjoberg P, Lindgvist NG, Ploen L. 1986. Age-dependent response of the rat testes to di(2-ethylhexyl) phthalate.
Environmental Health Perspectives 65:237—-242.

Stahlhut RW, van Wijngaarden E, Dye TD, Cook S, Swan SH. 2007. Concentrations of urinary phthalate
metabolites are associated with increased waist circumference and insulin resistance in adult U.S. males.
Environmental Health Perspectives 115:876-882.

Statsek NK. 1974. Hygienic studies of some phthalic acid esters and of polyvinylchloride materials plasticized
with them. Gigiena i Sanitariia 6:25-28 [in Russian].

Sun Q, Cornelis MC, Townsend MK, Tobias DK, Eliassen AH, Franke AA, Hauser R, Hu FB. 2014.
Association of urinary concentrations of bisphenol A and phthalate metabolites with risk of type 2 diabetes: a
prospective investigation in the Nurses' Health Study (NHS) and NHSII cohorts. Environmental Health
Perspectives 122:616-623.

SUSMP. Butyl benzyl phthalate. The Poisons Standard (the Standard for the Uniform Scheduling of Medicines
and Poisons). Commonwealth of Australia. Accessed April 2015,
http://www.comlaw.gov.au/Details/F2015L00128

Suzuki Y, Yoshinaga J, Mizumoto Y, Serizawa S, Shiraishi H. 2012. Foetal exposure to phthalate esters and
anogenital distance in male newborns. International Journal of Andrology 35:236-244.

Swan SH, Liu F, Hines M, Kruse RL, Wang C, Redmon JB, Sparks A, Weiss B. 2010. Prenatal phthalate
exposure and reduced masculine play in boys. International Journal of Andrology 33:259-2609.

Swan SH, Main KM, Liu F, Stewart SL, Kruse RL, Calafat AM, Mao CS, Redmon JB, Ternand CL, Sullivan S,
Teague JI. 2005. Decrease in anogenital distance among male infants with prenatal phthalate exposure.
Environmental Health Perspectives 113:1056-1061.

Swan SH. 2008. Environmental phthalate exposure in relation to reproductive outcomes and other health
endpoints in humans. Environmental Research 108:177-184.

Takahara Y, Kinashi Y, Takahara Y, Hichiya H, Okada K, Murata M, Shigeyama M, Hanioka N. 2014.
Butylbenzyl phthalate hydrolysis in liver microsomes of humans, monkeys, dogs, rats and mice. Biological and
Pharmaceutical Bulletin 37:703-706.

Teitelbaum SL, Mervish N, Moshier EL, Vangeepuram N, Galvez MP, Calafat AM, Silva MJ, Brenner BL,
Wolff MS. 2012. Associations between phthalate metabolite urinary concentrations and body size measures in
New York City children. Environmental Research 112:186-193.

TNO. 1998a. Oral developmental reproduction study with butyl benzyl phthalate in Wistar rats; 1899 Initial
study. Report VV98.408 final. Central Institute for Nutrition and Food Research.

47



TNO. 1998b. Oral developmental reproduction study with butyl benzyl phthalate in Wistar rats; 1975 follow up
study. Report VV98.408 final. Central Institute for Nutrition and Food Research.

Toshima H, Suzuki Y, Imai K, Yoshinaga J, Shiraishi H, Mizumoto Y, Hatakeyama S, Onohara C, Tokuoka S.
2012. Endocrine disrupting chemicals in urine of Japanese male partners of subfertile couples: a pilot study on
exposure and semen quality. International Journal of Hygiene and Environmental Health 215:502-506.

Tranfo G, Caporossi L, Paci E, Aragona C, Romanzi D, De Carolis C, De Rosa M, Capanna S, Papaleo B, Pera
A. 2012. Urinary phthalate monoesters concentration in couples with infertility problems. Toxicology Letters
213:15-20.

Tyl RW, Myers CB, Marr MC, Fail PA, Seely JC, Brine DR, Barter RA, Butala JH. 2004. Reproductive toxicity
evaluation of dietary butyl benzyl phthalate (BBP) in rats. Reprodutive Toxicology 18:241-264.

US CPSC. 2010. Toxicity review for benzyl-n-butyl phthalate (benzyl butyl phthalate or BBP). Bethesda, MD:
United States Consumer Product Safety Commission.

US EPA Chemical Data Reporting. 2012. Butyl benzyl phthalate, CAS No. 85-68-7 (Access CDR Data).
Available: http://www.epa.gov/oppt/cdr/pubs/guidance/basic.html

US EPA. 2012a. Phthalates Action Plan. Revised 03/14/2012. United States Environmental Protection Agency.
Accessed April 2015,
http://www.epa.gov/oppt/existingchemicals/pubs/actionplans/phthalates_actionplan_revised_2012-03-14.pdf

US EPA. 2012b. Endocrine disruptor screening program, Universe of chemicals for potential endocrine
disruptor screening and testing. United States Environmental Protection Agency. Accessed April 2015,
http://www.epa.gov/endo/pubs/edsp_chemical_universe_list 11 12.pdf

US Haz-Map Database. Butyl benzyl phthalate, CAS No. 85-68-7. US National Library of Medicine. Available:
http://hazmap.nlm.nih.gov/index.php

US Household Products Database. Butyl benzyl phthalate, CAS No. 85-68-7. US National Library of Medicine.
Available: http://householdproducts.nim.nih.gov

Valencia R, Mason JM, Woodruff RC, Zimmering S. 1985. Chemical mutagenesis testing in Drosophila. 111.
Results of 48 coded compounds tested for the National Toxicology Program. Environmental Mutagenesis
7:325-348.

Varga F, Csaky TZ. 1976. Changes in the blood supply of the gastrointestinal tract in rats with age. Pflligers
Archiv: European Journal of Physiology 364:129-133.

VinylPlus. 2014. Progress report 2014: Reporting on 2013 activities. Brussels, Belgium: VinylPlus. Accessed
April 2015, http://www.vinylplus.eu

WHO. 1999. Concise International Chemical Assessment Document (CICAD) 17. Butyl benzyl phthalate.
Geneva: World Health Organization. Accessed April 2015,
http://www.inchem.org/documents/cicads/cicads/cicad17.htm

Whyatt RM, Liu X, Rauh VA, Calafat AM, Just AC, Hoepner L, Diaz D, Quinn J, Adibi J, Perera FP, Factor-
Litvak P. 2012. Maternal prenatal urinary phthalate metabolite concentrations and child mental, psychomotor,
and behavioral development at 3 years of age. Environmental health perspectives 120:290-295.

Whyatt RM, Perzanowski MS, Just AC, Rundle AG, Donohue KM, Calafat AM, Hoepner LA, Perera FP, Miller
RL. 2014. Asthma in inner-city children at 5-11 years of age and prenatal exposure to phthalates: the Columbia
Center for Children's Environmental Health Cohort. Environmental Health Perspectives 122:1141-1146.

Wilson VS, Lambright C, Furr J, Ostby J, Wood C, Held G, Gray LE Jr. 2004. Phthalate ester-induced
gubernacular lesions are associated with reduced insl3 gene expression in the fetal rat testis. Toxicology Letters
146:207-215.

Wittassek M, Koch HM, Angerer J, Briining T. 2011. Assessing exposure to phthalates — The human
biomonitoring approach. Molecular Nutrition and Food Research. 55:7-31.

Wolf C Jr, Lambright C, Mann P, Price M, Cooper RL, Ostby J, Gray LE Jr. 1999. Administration of potentially
antiandrogenic pesticides (procymidone, linuron, iprodione, chlozolinate, p,p'-DDE, and ketoconazole) and
toxic substances (dibutyl- and diethylhexyl phthalate, PCB 169, and ethane dimethane sulphonate) during sexual

48


http://www.inchem.org/documents/cicads/cicads/cicad17.htm

differentiation produces diverse profiles of reproductive malformations in the male rat. Toxicology and
Industrial Health 15:94-118.

Wolff MS, Engel SM, Berkowitz GS, Ye X, Silva MJ, Zhu C, Wetmur J, Calafat AM. 2008. Prenatal phenol
and phthalate exposures and birth outcomes. Environmental Health Perspectives 116:1092-1097.

Younoszai MK, Ranshaw J. 1973. Gastrointestinal growth in the fetus and suckling rat pups: effects of maternal
dietary protein. The Journal of Nutrition 103:454-461.

Zeiger E, Haworth S, Speck W, Mortelmans K. 1982. Phthalate ester testing in the National Toxicology
Program's environmental mutagenesis test development program. Environmental Health Perspectives 45:99—
101.

Zota AR, Calafat AM, Woodruff TJ.2014. Temporal trends in phthalate exposures: findings from the National
Health and Nutrition Examination Survey 2001-2010. Environmental Health Perspectives 122:235-241.

49



