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Synopsis

Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA), the
Minister of the Environment and the Minister of Health have conducted a screening
assessment of seven substances referred to collectively as the Parabens Group.
Substances in this group were identified as priorities for risk assessment as part of the
Identification of Risk Assessment Priorities (IRAP) approach’s 2015 review on the basis
of human health concerns. The Chemical Abstracts Service Registry Numbers (CAS
RN"), their Domestic Substances List (DSL) names and their common names are listed
in the table below.

Substances in the Parabens Group

CAS RN DSL name Common name
94-13-3 Benzoic acid, 4-hydroxy-, propyl ester Propylparaben
94-18-8 Benzoic acid, 4-hydroxy-, phenylmethyl Benzylparaben

ester
94-26-8 Benzoic acid, 4-hydroxy-, butyl ester Butylparaben
99-76-3 Benzoic acid, 4-hydroxy-, methyl ester Methylparaben
120-47-8 Benzoic acid, 4-hydroxy-, ethyl ester Ethylparaben
4191-73-5 Benzoic acid, 4-hydroxy-, 1-methylethyl iso-Propylparaben
ester
4247-02-3 S:tr;mc acid, 4-hydroxy-, 2-methylpropyl iso-Butylparaben

According to information submitted in response to a survey under section 71 of CEPA,
methylparaben was reported to be manufactured and imported in Canada in 2011 in
volumes of 981 kg and 563 000 kg, respectively. In a separate survey, ethylparaben,
propylparaben, butylparaben, iso-propylparaben, and iso-butylparaben were not
reported to be manufactured in Canada above the reporting threshold of 100 kg, but
were reported to be imported into Canada in 2016 at volumes of 4 000 kg, 8 500 kg,
100 to 1 000 kg, 280 kg, and 230 kg, respectively. Benzylparaben was not reported to
be imported or manufactured above threshold values in 2016.

' The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical
Society, and any use or redistribution, except as required in supporting regulatory requirements and/or for
reports to the Government of Canada when the information and the reports are required by law or
administrative policy, is not permitted without the prior written permission of the American Chemical
Society.



Parabens are widely used as preservatives and fragrance ingredients in cosmetic
products, such as moisturizers, make-up, toothpaste, hair/shaving products, and are
used as antimicrobial preservatives, fragrance ingredients and flavour enhancers in
natural health products (NHPs). Parabens are also used in pest control products,
consumer products, and in prescription and non-prescription drugs. Methylparaben and
propylparaben are permitted for use as preservatives in certain foods and beverages
sold in Canada. Parabens are also naturally present in foods, such as berries, fruit, wine
and vanilla.

The ecological risks of the substances in the Parabens Group were characterized using
the ecological risk classification of organic substances (ERC), which is a risk-based
approach that uses multiple metrics for both hazard and exposure, with weighted
consideration of multiple lines of evidence for determining risk classification. Hazard
profiles are based principally on metrics regarding mode of toxic action, chemical
reactivity, food-web-derived internal toxicity thresholds, bioavailability, and chemical and
biological activity. Metrics considered in the exposure profiles include potential emission
rate, overall persistence and long-range-transport potential. A risk matrix is used to
assign a low, moderate or high level of potential concern for substances based on their
hazard and exposure profiles. According to the outcome of the ERC analysis,
substances in the Parabens Group are considered unlikely to be causing ecological
harm.

Considering all available lines of evidence presented in this draft screening assessment,
there is low risk of harm to the environment from methylparaben, ethylparaben,
propylparaben, butylparaben, benzylparaben, iso-propylparaben, and iso-butylparaben.
It is proposed to conclude that methylparaben, ethylparaben, propylparaben,
butylparaben, benzylparaben, iso-propylparaben, and iso-butylparaben do not meet the
criteria under paragraphs 64(a) or (b) of CEPA as they are not entering the environment
in a quantity or concentration or under conditions that have or may have an immediate
or long-term harmful effect on the environment or its biological diversity or that
constitute or may constitute a danger to the environment on which life depends.

Animals exposed to methylparaben in a repeat dose study showed clinical signs of ill-
health, stomach erosion, spleen and thyroid atrophy, and mortality at the highest dose.
Adverse effects were not reported in reproductive and prenatal developmental toxicity
studies or in a study of male reproductive development. Predominant sources of
exposure of the general population of Canada to methylparaben include cosmetics,
NHPs, and prescription and non-prescription drugs. Margins of exposure based on
biomonitoring data from the general population aged 3 to 79 years were considered
adequate. Margins of exposure between the critical effect level and estimates of
exposure to certain NHPs are considered potentially inadequate to account for
uncertainties in the health effects and exposure databases.

Repeated exposure to ethylparaben at high doses resulted in depression, decreased
motor activity and mortality in animal studies. Gestational exposure to ethylparaben



resulted in enlargement of brain ventricles and hydronephrosis in fetuses. Prenatal
development of the male reproductive system and male pubertal development were not
affected by ethylparaben exposure. The general population of Canada is predominantly
exposed to ethylparaben via cosmetics, NHPs, and non-prescription drugs. Margins of
exposure based on biomonitoring data from the general population were considered
adequate to address uncertainties in the health effects and exposure databases.

Propylparaben did not demonstrate significant adverse effects in repeat dose dietary
toxicity studies. Adverse effects were not reported in a reproduction and developmental
toxicity screen, or in studies of male and female pubertal and reproductive development.
Predominant sources of exposure of the general population of Canada to propylparaben
include cosmetics, NHPs, and prescription and non-prescription drugs. Margins of
exposure based on biomonitoring data from the general population were considered
adequate to address uncertainties in the health effects and exposure databases.
Margins of exposure between the critical effect level and estimates of oral exposure to
certain NHPs (at the highest dose and frequency recommended in the directions of use)
are considered inadequate to address uncertainties in the health effects and exposure
databases.

The critical effect for butylparaben was prenatal development of the reproductive
system. Gestational exposure to butylparaben was associated with delayed onset of
puberty, altered morphology of reproductive organs and reduced sperm count and
motility in offspring. The general population of Canada is predominantly exposed to
butylparaben via cosmetics, NHPs, and non-prescription drugs. Margins of exposure
based on biomonitoring data from the general population aged 3 to 79 years were
considered adequate. Margins of exposure between critical effects and estimated of
exposure to certain cosmetics, non-prescription drugs and NHPs are considered
potentially inadequate to account for uncertainties in the health effects and exposure
databases.

The health effects database for benzylparaben is limited. A read-across approach was
employed to select a critical effect of prenatal reproductive development based on
butylparaben. No sources of exposure of the Canadian population to benzylparaben
were identified. However, a biomonitoring study reported that benzylparaben was
identified in the urine of pregnant Canadian women. Margins of exposure based on
biomonitoring data from Canada, the United States and Europe are considered
adequate to address uncertainties in the health effects and exposure databases.

Repeated exposure to iso-propylparaben resulted in changes in serum histochemistry,
as well as renal and hepatic effects. The predominant source of exposure to iso-
propylparaben is via the use of cosmetics, NHPs, and non-prescription drugs. Margins
of exposure between the critical effect level and estimates of exposure to iso-
propylparaben are considered adequate to address uncertainties in the health effects
and exposure databases.



The critical effect identified for iso-butylparaben was reduced sperm motility and
reduced epididymal sperm count in young males after maternal dosing (gestational and
postnatal). The predominant source of exposure to iso-butylparaben is via use of
cosmetics, NHPs and non-prescription drugs. Margins of exposure between the critical
effect level and estimates of exposure to cosmetics, non-prescription drugs and NHPs
containing iso-butylparaben are considered potentially inadequate to address
uncertainties in the health effects and exposure databases.

On the basis of the information presented in this draft screening assessment, it is
proposed to conclude that methylparaben, propylparaben, butylparaben and iso-
butylparaben meet the criteria under paragraph 64(c) of CEPA as they are entering or
may enter the environment in a quantity or concentration or under conditions that
constitute or may constitute a danger in Canada to human life or health.

On the basis of the information presented in this draft screening assessment, it is
proposed to conclude that ethylparaben, benzylparaben and iso-propylparaben do not
meet the criteria under paragraph 64(c) of CEPA as they are not entering the
environment in a quantity or concentration or under conditions that constitute or may
constitute a danger in Canada to human life or health.

It is therefore proposed to conclude that methylparaben, propylparaben, butylparaben
and iso-butylparaben meet one or more of the criteria set out in section 64 of CEPA and
that ethylparaben, benzylparaben and iso-propylparaben do not meet any of the criteria
set out in section 64 of CEPA.

It is also proposed that methylparaben, propylparaben, butylparaben, and iso-
butylparaben do not meet the persistence or bioaccumulation criteria as set out in the
Persistence and Bioaccumulation Regulations of CEPA.
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Draft Screening Assessment — Parabens Group

1. Introduction

Pursuant to section 68 of the Canadian Environmental Protection Act, 1999 (CEPA)
(Canada 1999), the Minister of the Environment and the Minister of Health have
conducted a screening assessment of seven substances referred to collectively as the
Parabens Group to determine whether they present or may present a risk to the
environment or to human health. The substances in this group were identified as
priorities for risk assessment in the Identification of Risk Assessment Priorities (IRAP)
2015 review because of human health concerns (ECCC, HC 2015).

The ecological risks of substances in the Parabens Group were characterized using the
ERC approach (ECCC 2016a). The ERC describes the hazard of a substance using key
metrics, including mode of toxic action, chemical reactivity, food web-derived internal
toxicity thresholds, bioavailability, and chemical and biological activity, and considers
the possible exposure of organisms in the aquatic and terrestrial environments on the
basis of such factors as potential emission rates, overall persistence, and long-range
transport potential in air. The various lines of evidence are combined to identify
substances as warranting further evaluation of their potential to cause harm to the
environment or as having a low likelihood of causing harm to the environment.

This draft screening assessment includes consideration of information on chemical
properties, environmental fate, hazards, uses and exposures, including additional
information submitted by stakeholders. Relevant data were identified up to April 2018.
Empirical data from key studies as well as results from models were used to reach
proposed conclusions. When available and relevant, information presented in
assessments from other jurisdictions was considered.

This draft screening assessment was prepared by staff in the CEPA Risk Assessment
Program at Health Canada and Environment and Climate Change Canada and
incorporates input from other programs within these departments. The human health
portions of this assessment have undergone external review and/or consultation.
Comments on the technical portions relevant to human health were received from Dr.
Philippa Darbre (University of Reading, UK), Dr. Kurunthachalam Kannan (State
University of New York at Albany, N.Y.), Dr. Po-Chin Huang (National Institute of
Environmental Health Sciences, Taiwan), and Chris Kirman and Dr. Sean Hays (both
from Summit Toxicology). The ecological portion of this assessment is based on the
ERC document (published July 30, 2016), which was subject to an external review as
well as a 60-day public comment period. While external comments were taken into
consideration, the final content and outcome of the screening assessment remain the
responsibility of Health Canada and Environment and Climate Change Canada.

This draft screening assessment focuses on information critical to determining whether
substances meet the criteria as set out in section 64 of CEPA by examining scientific
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information and incorporating a weight of evidence approach and precaution.? This draft
screening assessment presents the critical information and considerations on which the
proposed conclusions are based.

2. Identity of substances

The Chemical Abstracts Service Registry Numbers (CAS RN3), Domestic Substances
List (DSL) names and common names for the individual substances in the Parabens
Group are presented in Table 2-1.

Table 2-1. Substance identities

. Molecular
CAS RN DSL name Chemical structure and weight
(common name) molecular formula
(g/mol)
Benzoic acid, 4-hydroxy-, s R
94-13-3 | propyl ester ) 180.20
(propylparaben) s
C10H1203
Benzoic acid, 4-hydroxy-,
94-18-8 | phenylmethyl ester /\© 228.25
(benzylparaben) v
C14H1203

2A determination of whether one or more of the criteria of section 64 of CEPA are met is based on an
assessment of potential risks to the environment and/or to human health associated with exposures in the
general environment. For humans, this includes, but is not limited to, exposures from ambient and indoor
air, drinking water, foodstuffs, and products available to consumers. A conclusion under CEPA is not
relevant to, nor does it preclude, an assessment against the hazard criteria specified in the Hazardous
Products Regulations, which are part of the regulatory framework for the Workplace Hazardous Materials
Information System for products intended for workplace use. Similarly, a conclusion based on the criteria
contained in section 64 of CEPA does not preclude actions being taken under other sections of CEPA or
other acts.

3 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical
Society, and any use or redistribution, except as required in supporting regulatory requirements and/or for
reports to the Government of Canada when the information and the reports are required by law or
administrative policy, is not permitted without the prior written permission of the American Chemical
Society.
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. Molecular
CAS RN DSL name Chemical structure and weight
(common name) molecular formula
(g/mol)
94-26-8 Benzoic acid, 4-hydroxy-, " 19423
butyl ester (butylparaben)
HO
C11H1403
Benzoic acid, 4-hydroxy-, P
99-76-3 | methyl ester 152.15
(methylparaben) HO
CsHsOs3
o]
. , o N
Benzoic acid, 4-hydroxy-, CHs
120-47-8 ethyl ester (ethylparaben) /O)L 166.17
HO
CoH1003
0 CH,
4191-73- Benzoic acid, 4-hydroxy-, 1- o)\m
5 methylethyl ester (iso- ' : 180.20
propylparaben) i
C10H1203
Benzoic acid, 4-hydroxy-, 2- £
methylpropyl ester (iso- CH,
4247-02- | putylparaben) C'/Y 194 23
3 CH,
HO
C11H1403

3. Physical and chemical properties

A summary of physical and chemical properties of the substances in the Parabens
Group is presented in Table 3-1 and Table 3-2. Additional physical and chemical
properties are reported in ECCC 2016b.
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Table 3-1. Physical and chemical properties for methylparaben, ethylparaben,
propylparaben, and butylparaben

Propert Methyl- Ethyl- Propyl- Butyl- Key
perty paraben paraben | paraben | paraben reference(s)
Grant et al.
Melting point 127-128 | 116-117 | 96-97 | 68-69 | 2o Dymicky
(°C), exp. and Hutanen
1979
Boiling point 275 EPI Suite
(°C), exp. (decompn.) | 2975 N/A N/A 1 :2000-2012
Vapour pressure _ .
9.29 x 10 5.55 x 1.86 x | EPI Suite
° -4
g;‘t”; Hg, 25°C), | 2.37 %10 5 104 104 | c2000-2012
Henry’s law
constant 293 x 10-9 479%x10~ | 6.37 % 8.45 x | EPI Suite
(atm-m3/mol, 25 ' 9 1079 10° | c2000-2012
°C), est.P
Water solubility Dymicky and
(g/L, 25 °C), exp. 25 0.75 0.50 0.17 Hutanen 1979
log Kow
(dimensionless), 1.96 2.47 3.04 3.57 Hansch 1995
exp.
pKa :
. . Dymicky and
(ec:(lrr)nenswnless), 8.17 8.22 8.35 8.37 Hutanen 1979

Abbreviations: N/A, Not available; decompn., decomposition; est., estimated; exp., experimental.

a Calculated estimates of vapour pressure for the specified parabens are obtained using MPBPWIN
software (EPISuite).

b Calculated estimates of Henry’s law constant are obtained using the HENRYWIN program (EPISuite)
based on the bond contribution method of Meylan and Howard (1991).

Table 3-2. Physical and chemical properties for benzylparaben, iso-
propylparaben and iso-butylparaben

Property (unit), Benzviparaben iso- iso- Key
type yip Propylparaben| Butylparaben | reference(s)
orepant |y . no (S,
Boiling point ChemSpider
(°C), est.2 355 276 291 2017a,b.c
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Property (unit), Benzvlparaben iso- iso- Key
type yip Propylparaben| Butylparaben | reference(s)
Vapour pressure .
EPI Suite
0 -6 -3 4
g;\trr; Hg, 25 °C), 3.37 x 10 1.16 x 10 3.81 x10 c2000-2012
Henry’s law
constant 10 9 o |EPI Suite
(atm'm¥mol, 25 | 292*10 6.37 %10 8.45x10% | :2000-2012
°C), est.P
Water solubility .
EPI Suite
o 2 2 2
g:ﬂL, 25 °C), 1.07 x 10 6.90 x 10 2.24 x 10 ¢2000-2012g
log Kow EPI Suite
(dimensionless), 3.56 (exp.) 2.91 3.4 c2000-2012;
est.d Lehner 1993

Abbreviations: est., estimated; exp., experimental

a Calculated estimates of boiling point and vapour pressure for the specified parabens are obtained using
MPBPWIN program (EPISuite).

b Calculated estimates of Henry’s law constants are obtained using the HENRYWIN program (EPISuite)
based on the bond contribution method of Meylan and Howard (1991).

¢ Calculated estimates of water solubility are obtained using the WSKOWWIN program (EPISuite) based
on the method of Meylan et al. (1996).

d Estimated values unless otherwise noted. Calculated estimates of log octanol-water partition coefficient
are obtained using the KOWWIN program (EPISuite) based on the atom/fragment contribution method of
Meylan and Howard (1995).

d Calculated estimates of log soil adsorption coefficient are obtained using the PCKOCWIN program
(EPISuite).

4. Sources and uses

All of the substances in the Parabens Group have been included in surveys issued
pursuant to a CEPA section 71 notice (Canada 2012, 2017). Table 4-1 presents a
summary of information reported on the total manufacture and total import quantities for
the Parabens group. No Canadian manufacturing or import of benzylparaben was
reported above the reporting threshold of 100 kg.
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Table 4-1. Summary of information on Canadian manufacturing and imports of
substances in the Parabens Group submitted pursuant to a CEPA section 71

survey
Total Total imports® | Reporting Survey
Common name | manufacture? k f

(kg) (kg) year reference
Methylparaben 981 563 190 2011 Canada 2012
Ethylparaben Not reported® 4029 2016 Canada 2017
Propylparaben Not reported® 8 526 2016 Canada 2017
Butylparaben Not reported® 100-1 000 2016 Canada 2017
iso-Propylparaben | Not reported® 284 2016 Canada 2017
iso-Butylparaben Not reported® 232 2016 Canada 2017

@ Values reflect quantities reported in response to the surveys conducted under section 71 of CEPA (Canada 2012,
2017). See surveys for specific inclusions and exclusions (schedules 2 and 3).
b Not reported above the reporting threshold of 100 kg.

Table 4-2 presents a summary of the major uses of the substances in the Parabens
Group according to information reported pursuant to a CEPA section 71 surveys
(Canada 2012, 2017).

Table 4-2. Summary of the major uses of substances in the Parabens Group in
Canada (on the basis of consumer and commercial DSL codes reported by the
stakeholder, pursuant to a CEPA section 71 surveys)

Common name Personal | Natural Drugs? Food and | Reporting

care? health? beverage? year
Methylparaben Yes Yes Yes No 2011
Ethylparaben Yes No Yes No 2016
Propylparaben Yes Yes Yes Yes 2016
Butylparaben Yes No Yes No 2016
iso-Propylparaben Yes No No No 2016
iso-Butylparaben Yes No No No 2016

@ Non-confidential uses reported in response to the surveys conducted under section 71 of CEPA (Environment
Canada 2013, 2017). See surveys for specific inclusions and exclusions (schedules 2 and 3).

Parabens are used in a wide variety of products. Members of this group may be used in
Canada in food (additives), food packaging materials, prescription and non-prescription
drugs, NHPs, cosmetics, products available to consumers and pest control products.
Methylparaben, ethylparaben, propylparaben, and butylparaben are listed in the
Personal Care Products Council Ingredient Database with reported functions of
preservative and fragrance in a wide range of products; iso-propylparaben and iso-
butylparaben have reported functions of preservative in a wide variety of products
(PCPC 2018). Currently, there are no concentration restrictions for the use of parabens
in cosmetic products in Canada. However, according to the European Commission
Directive, methylparaben and ethylparaben are allowed to a maximum concentration of
0.4% (w/w) as single esters and a total maximum concentration of 0.8% for mixtures of

6
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esters (w/w). Butylparaben and propylparaben are allowed to a maximum concentration
of 0.14% for the sum of the individual concentrations, and 0.8% for mixtures of
methylparaben, ethylparaben, propylparaben and butylparaben. Benzylparaben, iso-
propylparaben and iso-butylparaben are prohibited in cosmetics, in the EU (Cosling
2019). Parabens are restricted in Canada in NHPs to an oral upper limit of 10 mg/ kg
bw/day exposure of the sum of methylparaben, ethylparaben, and propylparaben.
Ethylparaben is also restricted to a total of 0.4% in topical products, and up to 0.8% for
parabens in mixture. Methylparaben and propylparaben are listed in the Natural Health
Products Ingredients Database (NHPID) with non-medicinal purposes of fragrance
ingredient and preservative antimicrobial; butylparaben is listed with non-medicinal
purposes of flavour enhancer and preservative antimicrobial; ethylparaben,
benzylparaben, iso-propylparaben, and iso-butylparaben are listed with the non-
medicinal ingredient purpose of preservative antimicrobial (NHPID 2019).

Based on notifications submitted under the Cosmetic Regulations to Health Canada
from 2014 to 2017, methylparaben, ethylparaben, propylparaben, butylparaben, iso-
propylparaben and iso-butylparaben are used in cosmetic products in Canada.
Methylparaben, ethylparaben, propylparaben, butylparaben, and iso-butylparaben are
used in a wide range of products including lotions, make-up, cleansers, oral care
products, hair conditioner and shampoo. iso-Propylparaben is used in products
including lotions, make-up, cleansers, hair colour, conditioner and shampoo.
Methylparaben is the most prevalent in cosmetics, followed by propylparaben,
ethylparaben, butylparaben, iso-butylparaben, and iso-propylparaben (internal data,
Consumer Product Safety Directorate, Health Canada, dated August 18, 2017;
unreferenced).

Methylparaben, ethylparaben, propylparaben, butylparaben, iso-propylparaben, and iso-
butylparaben are reported as non-medicinal ingredients in non-prescription drug
products. Methylparaben, ethylparaben, and propylparaben are also reported as non-
medicinal ingredients in prescription drug products. Methylparaben is reported in
prescription and non-prescription drug products including oral medications,
intravenous/intramuscular medications, sunscreen, creams and ointments.
Ethylparaben is reported in prescription and non-prescription drug products including
oral medications, anti-infective wipes, sunscreen, medicated shampoo, balms and
creams. Propylparaben is reported in prescription and non-prescription drug products
including oral medications, intramuscular/intravenous medications, anti-infective wipes,
sunscreen, medicated creams and ointments. Butylparaben is reported in non-
prescription drug products including oral medications, anti-infective wipes, sunscreen,
and medicated creams. iso-Propylparaben is reported in non-prescription drug products
such as moisturizer and facial make-up that contain sunscreen. iso-Butylparaben is
reported in non-prescription drug products, including acne treatments, sunscreen and
medicated balms (personal communication, email from Therapeutic Products
Directorate, Health Canada, to Consumer Product Safety Directorate, Health Canada,
dated May 25, 2017; unreferenced).
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Methylparaben, ethylparaben, propylparaben, butylparaben, iso-propylparaben, and iso-
butylparaben are also reported as non-medicinal ingredients in NHPs, Methylparaben is
reported in licensed NHPs, including oral medications and supplements, toothpastes,
and sunscreen. Ethylparaben is reported in NHPs including oral traditional medicines,
supplements, sunscreen, cleansers, medicated creams and ointments. Propylparaben
is reported in NHPs including oral medications, supplements, oral care products,
sunscreen, medicated creams and ointments. Butylparaben is reported in NHPs
including cough medicines, traditional medicines, sunscreen, acne treatments,
medicated creams and ointments. iso-Propylparaben is reported in one licensed NHP,
an acne treatment. iso-Butylparaben is reported in licensed NHPs, including acne
treatments, chemical peels, sunscreen and medicated creams (personal
communication, emails from Natural and Non-Prescription Health Products Directorate,
Health Canada, to Consumer Product Safety Directorate, Health Canada, dated
February 20, 2017 and March 20, 2019; unreferenced).

Products available to consumers that contain methylparaben include cleaning wipes
and children’s arts and craft supplies (washable markers and glue stick) (SDS 2010,
2008a, 2008b). Propylparaben was also identified in cleaning wipes (SDS 2010). No
other parabens in this assessment were identified in products available to consumers.

Methylparaben has been identified as a component in the manufacture of food
packaging materials, with no direct food contact, and as a component in incidental
additives* used in food processing establishments with potential food contact.
Propylparaben has been identified as a component in the manufacture of food
packaging materials, with and without direct food contact, and as a component in
incidental additives used in food processing establishments with potential food contact.
Methylparaben and propylparaben may also be used as a component in hand cleaners
and skin products used by employees in food processing establishments followed by a
potable water rinse treatment; therefore, contact with food is not expected.
Ethylparaben and iso-butylparaben may be used as a component in hand cleaners used
by employees in food processing establishments followed by potable water rinse
treatment; therefore, contact with food is not expected.

Parabens are naturally occurring in foods, including berries, fruits, wine and vanilla
(Soni et al. 2005). Methylparaben and propylparaben are included in the

ListType equation here. of Permitted Preservatives and are each permitted as a
preservative at up to 1 000 ppm in certain foods (personal communication, email from
Food Directorate, Health Canada, to Consumer Product Safety Directorate, Health
Canada, dated March 13, 2017; unreferenced).

4 While not defined under the Food and Drugs Act (FDA), incidental additives may be regarded, for
administrative purposes, as those substances which are used in food processing plants and while not
used directly on food, may potentially become adventitious residues in foods (e.g., cleaners, sanitizers).
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Methylparaben, ethylparaben, propylparaben, and butylparaben are formulants in pest
control products regulated under the Pest Control Products Act. They are used in
Canada in a wide range of pest control products (personal communication, email from
Pest Management Regulatory Agency, Health Canada, to Consumer Product Safety
Directorate, Health Canada, dated March 13, 2017; unreferenced).

Benzylparaben is included in the NHPID, but is not present in licensed NHPs (personal
communication, email from Natural and Non-Prescription Health Products Directorate,
Health Canada, to Consumer Product Safety Directorate, dated February 20, 2017;
unreferenced). According to notifications submitted under the Cosmetic Regulations to
Health Canada from 2014 to 2017, benzylparaben is not present as an ingredient in
cosmetic products in Canada. No other uses for benzylparaben were identified in
Canada.

Table 4-3. Additional uses in Canada for methylparaben, ethylparaben,
ropylparaben, and butylparaben

Use Methyl- Ethyl- Propyl- Butyl-
paraben paraben paraben paraben
Food additive? Yes No Yes No
Food packaging materials® Yes No Yes No
Incidental additives® Yes Yes Yes No

Internal Drug Product Database
as medicinal or non-medicinal
ingredients in disinfectant, Yes Yes Yes Yes
human or veterinary drug
products in Canada®

Natural Health Products

Ingredients Database® Yes Yes Yes Yes

Licensed Natural Health
Products Database as medicinal
or non-medicinal ingredients in Yes Yes Yes Yes
natural health products in
Canada®

Notified to be present in
cosmetics, on the basis of
notifications submitted under the Yes Yes Yes Yes
Cosmetic Regulations to Health
Canada®

Formulant in pest control
products registered in Canada’

Yes Yes Yes Yes

a Personal communication, email from Food Directorate, Health Canada, to Consumer Product Safety
Directorate, Health Canada, dated March 13, 2017; unreferenced.

®DPD 2017.

¢NHPID 2019.

dLNHPD 2018.

¢ Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017;
unreferenced



Draft Screening Assessment — Parabens Group

f Personal communication, email from Pest Management Regulatory Agency, Health Canada, to
Consumer Product Safety Directorate, Health Canada, dated March 13, 2017; unreferenced.

Table 4-4. Additional uses in Canada for benzylparaben, iso-propylparaben, and

iso-butylparaben

Use Benzylparaben 1S0- IS0
Propylparaben | Butylparaben

Food additive® No No No
Food packaging materials® No No No
Incidental additive?® No No Yes
Internal Drug Product Database
as medicinal or non-medicinal
ingredients in disinfectant, No Yes Yes
human or veterinary drug
products in Canada®
Natural Health Products
Ingredients Database® Yes Yes Yes
Licensed Natural Health
Products Database as medicinal
or non-medicinal ingredients in No Yes Yes
natural health products in
Canada“
Notified to be present in
cosmetics, on the basis of
notifications submitted under the No Yes Yes
Cosmetic Regulations to Health
Canada®
Formulant in pest control No No No

products registered in Canada’

@ Personal communication, email from Food Directorate, Health Canada, to Consumer Product Safety

Directorate, Health Canada, dated March 13, 2017; unreferenced.

®DPD 2017.
¢NHPID 2019.
4LNHPD 2018.

¢ Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017;

unreferenced.

f Personal communication, email from Pest Management Regulatory Agency, Health Canada, to
Consumer Product Safety Directorate, Health Canada, dated March 13, 2017; unreferenced.

5. Environmental fate and behaviour

5.1 Environmental persistence

According to models used in ERC (ECCC 2016b), substances in the Parabens Group
are expected to degrade and not be persistent in water, air, sediment or soil.
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5.2 Potential for bioaccumulation

Given their low Kow and low bioconcentration factors (ECCC 2016b), substances in the
Parabens Group are not expected to significantly bioaccumulate in organisms.

6. Potential to cause ecological harm
6.1 Characterization of ecological risk

The ecological risks of the substances in the Parabens Group were characterized using
the ecological risk classification of organic substances (ERC) approach (ECCC 2016a).
The ERC is a risk-based approach that considers multiple metrics for both hazard and
exposure, with weighted consideration of multiple lines of evidence for determining risk
classification. The various lines of evidence are combined to discriminate between
substances of lower or higher potency and lower or higher potential for exposure in
various media. This approach reduces the overall uncertainty with risk characterization
compared to an approach that relies on a single metric in a single medium (e.g., median
lethal concentration [LCso]) for characterization. The following summarizes the
approach, which is described in detail in ECCC (2016a).

Data on physical-chemical properties, fate (chemical half-lives in various media and
biota, partition coefficients, and fish bioconcentration), acute fish ecotoxicity, and
chemical import or manufacture volume in Canada were collected from the scientific
literature, from available empirical databases (e.g., OECD QSAR Toolbox), and from
responses to surveys conducted under section 71 of CEPA, or they were generated
using selected quantitative structure-activity relationship (QSAR) or mass-balance fate
and bioaccumulation models. These data were used as inputs to other mass-balance
models or to complete the substance hazard and exposure profiles.

Hazard profiles were based principally on metrics regarding mode of toxic action,
chemical reactivity, food web-derived internal toxicity thresholds, bioavailability, and
chemical and biological activity. Exposure profiles were also based on multiple metrics,
including potential emission rate, overall persistence, and long-range transport potential.
Hazard and exposure profiles were compared to decision criteria in order to classify the
hazard and exposure potentials for each organic substance as low, moderate, or high.
Additional rules were applied (e.g., classification consistency, margin of exposure) to
refine the preliminary classifications of hazard or exposure.

A risk matrix was used to assign a low, moderate or high classification of potential risk
for each substance on the basis of its hazard and exposure classifications. ERC
classifications of potential risk were verified using a two-step approach. The first step
adjusted the risk classification outcomes from moderate or high to low for substances
that had a low estimated rate of emission to water after wastewater treatment,
representing a low potential for exposure. The second step reviewed low risk potential
classification outcomes using relatively conservative, local-scale (i.e., in the area
immediately surrounding a point-source of discharge) risk scenarios, designed to be

11
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protective of the environment, to determine whether the classification of potential risk
should be increased.

ERC uses a weighted approach to minimize the potential for both over- and under-
classification of hazard, exposure and subsequent risk. The balanced approaches for
dealing with uncertainties are described in greater detail in ECCC 2016a. The following
describes two of the more substantial areas of uncertainty. Error with empirical or
modeled acute toxicity values could result in changes in classification of hazard,
particularly metrics relying on tissue residue values (i.e., mode of toxic action), many of
which are predicted values from (Q)SAR models (OECD QSAR Toolbox 2016).
However, the impact of this error is mitigated by the fact that overestimation of median
lethality will result in a conservative (protective) tissue residue value used for critical
body residue (CBR) analysis. Error with underestimation of acute toxicity will be
mitigated through the use of other hazard metrics, such as structural profiling of mode of
action, reactivity and/or estrogen binding affinity. Changes or errors in chemical quantity
could result in differences in classification of exposure as the exposure and risk
classifications are highly sensitive to emission rate and use quantity. The ERC
classifications thus reflect exposure and risk in Canada based on what is considered to
be the current use quantity and may not reflect future trends.

Critical data and considerations used to develop the substance-specific profiles for the
substances in the Parabens Group, as well as the hazard, exposure and risk
classification results, are presented in ECCC (2016b).

The hazard and exposure classifications for the seven substances in the Parabens
Group are summarized in Table 6-1.

Table 6-1. Ecological risk classification results for the substances in the
Parabens Group

Substance ERC.h.aza.rd ERC exposure ER.C. risl_(
classification | classification classification
Methylparaben low low low
Ethylparaben low low low
Propylparaben low low low
Butylparaben low low low
Benzylparaben low low low
iso-Propylparaben low low low
iso-Butylparaben low low low

12
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On the basis of low hazard and low exposure classifications according to information
considered under ERC, methylparaben, ethylparaben, propylparaben, butylparaben,
benzylparaben, iso-propylparaben, and iso-butylparaben were classified as having a
low potential for ecological risk. According to structural alerts from the OECD Toolbox,
propylparaben, butylparaben, benzylparaben, and iso-propylparaben are identified as
being potential endocrine receptor binders. Endocrine disruption is further considered in
some health effects sections, and Appendix C provides a review of some of the
estrogenic effects of parabens. The potential effects and how they may manifest in the
environment were not further investigated due to the low exposure of these substances.
It is therefore unlikely that these substances will result in concerns for the environment
in Canada.

7. Potential to cause harm to human health

7.1 Methylparaben
7.1.1 Exposure assessment

Methylparaben is naturally occurring in some foods and has been identified in
environmental media. Methylparaben is also present in a number of products, including
cosmetics, prescription and non-prescription drugs, NHPs, limited products available to
consumers, and pest control products. It may also be used as a food additive or as a
component in food packaging materials. Many of these sources contribute to total daily
exposure to methylparaben. Urinary concentrations and estimated exposures of
Canadians to methylparaben are presented in the following section.

Biomonitoring

Biomonitoring data collected in Cycle 4 (2014-2015) of the Canadian Health Measures
Survey (CHMS) indicated a geometric mean urinary concentration of 17 pg/L (95%
confidence interval of 13 to 22 ug/L) of methylparaben in Canadians aged 3 to 79 years,
based on spot sampling (n =2 564) (Health Canada 2017a). Females (3 to 9 years; n =
1 289) had a higher geometric mean urinary concentration of 30 pg/L (95% confidence
interval of 21 to 43 pg/L) compared to males (3 to 79 years, n =1 275) with 9.4 ug/L
(geometric mean, 95% confidence interval 6.9 to 13 pg/L). Among the different age
groups, the group with the highest urinary concentration was adults aged 40 to 59 years
(n=312), with a geometric mean urinary concentration of 21 ug/L (95% confidence
interval of 11 to 38 pg/L).° The age group with the lowest urinary concentration was
children aged 6 to 11 years (n =514), who had a geometric mean urinary concentration
of 7.6 pg/L (95% confidence interval of 6.4 to 9.1 ug/L) (Health Canada 2017a). In the

5 The geometric mean estimate for adults aged 40 to 59 years was associated with high sampling
variability (i.e., coefficient of variation between 16.6% and 33.3%). Health Canada recommends that this
data be used with caution (Health Canada 2017a).

13



Draft Screening Assessment — Parabens Group

whole population (aged 3 to 79 years), 8.39% of samples were below the limit of
detection (1.3 ng/mL; Health Canada 2017b); the highest proportion of samples below
the limit of detection was 11.22%, was in adults aged 40 to 59 years. In two other,
smaller scale Canadian studies, a mean urinary concentrations in females of 101.3 pg/L
(n =28 including 9 pregnant patients) and a geometric mean of 94.86 pg/L in pregnant
females (n =31 females); the medians were 25.45 and 27.21 ug/L, respectively (Genuis
et al. 2013; Fisher et al. 2017). The mean urinary concentration in males (n =11),
reported by Genuis et al. (2013) was 95.53 pg/L (median of 25.95 pg/L). The difference
in adult concentrations (either mean or geometric mean) reported by CHMS versus
Genuis et al. (2013) and Fisher et al. (2017) may be due to differences in the population
assayed (i.e., small local populations and a population of pregnant women versus a
large nationally representative sample of the general population).

Methylparaben was detected at a median concentration of 97.0 pg/L (free plus
conjugated paraben, 25 to 75 percentile range of 39.9 to 272.3 pg/L) in urine collected
from Korean infants (n = 46) within 48 hours of delivery (Kang et al. 2013). Forty-one low
birth weight neonates in the NICU had a geometric mean urinary concentration of

203 pg/L total methylparaben (Calafat et al. 2009), this geometric mean is higher than
that reported for the youngest child populations in the CHMS (geometric mean (GM) of
12 pg/L total methylparaben for children aged 3 to 5 years) or NHANES (GM of

33.5 ug/L total methylparaben for children aged 6 to 11 years) (Health Canada 2017a;
Calafat et al. 2010).

Methylparaben was detected in breast milk at a median concentration of 0.22 ug/L in

56 Canadian women (GM =0.0672 ug/L, 95" percentile =6.792 ug/L), 3 months post-
partum (Fisher et al. 2017). Methylparaben was detected in placenta samples of 12
women from Barcelona (maximum =11.77 ng/g fresh weight) and in amniotic fluid in 40
pregnant women in a study in India (GM =8.01 pg/L) (Valle-Sistac et al. 2016; Shekhar
et al. 2017). Methylparaben was detected in cord blood at a mean of 0.037 ug/L in

50 mother-child pairs in the United States (Towers et al. 2015). In a study by Mulla et al.
(2015), 181 neonates who received medicines containing methylparaben as an
excipient had a median blood concentration of 12 ug/L.

Age-specific biomonitoring equivalents for parabens were derived on the basis of
previously published acceptable daily intakes (ADIs) (Aylward et al. 2017a). Using a
similar methodology, estimated daily intakes were derived from CHMS biomonitoring
data for the general population, pregnant females and neonates (Health Canada 2017a;
Fisher et al. 2017; Kang 2017). In each of the three biomonitoring studies, total
methylparaben (i.e., free and conjugated species) was measured in urine by HLPC,
after treatment with 8 -glucuronidase and sulfatase. Neonates were included because
the detection of methylparaben in cord blood, placenta and amniotic fluid indicates that
methylparaben passes through the placenta and that exposure may occur in utero
(Shekhar et al. 2017; Valle-Sistac et al. 2016; Towers et al. 2015). Urinary
concentrations from Korean neonates were used in the absence of data from a
Canadian population; this is considered a conservative choice because the 95"
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percentile urinary concentrations of methylparaben in the general Korean population
exceed those of the general Canadian population (Honda et al. 2018).

In a study of human pharmacokinetics in response to oral exposure to methylparaben,
butylparaben and iso-butylparaben, three adults (two males and one female) ingested
10 mg each (0.12 to 0.19 mg/kg bw) of radiolabelled paraben (Moos et al. 2016). The
elimination half-life of methylparaben was 6.9 hours, and 83.4% of the applied dose was
eliminated in urine in 24 hours as methylparaben, ring-hydroxylated methylparaben,
para-hydroxybenzoic acid (PHBA) and para-hydroxyhippuric acid (PHHA, a glycine
conjugate of PHBA). After 48 hours, 17.4% of the orally administered dose was
recovered as total methylparaben (free, plus conjugated species; Moos et al. 2016).
High recovery of the radiolabelled administered dose in urine indicates that this is the
primary mode of excretion for methylparaben, conjugates and metabolites.
Methylparaben administered via the oral route has a short half-life and is not the major
metabolite recovered. PHBA (and PHHA) was detected as the main metabolite of all
three parabens tested. However, PHBA is an unsuitable biomarker as it is produced by
the hydrolysis of all parabens and does not reflect differences in the toxicokinetics of
each compound (Ye et al. 2006; Wang et al. 2013b). Methylparaben, in contrast, is a
specific biomarker of exposure, and the fractional urinary excretion (FUE) values
reported among study participants showed little variation (ranging from 0.155 to 0.192).
The use of an oral fractional urinary excretion value may under- or over-estimate dermal
exposure, and the use of the parent paraben as a biomarker provides a less robust
measure of exposure as it is not the major metabolite. Due to the widespread use of
methylparaben, the use of the parent compound as a biomarker may be also be
susceptible to contamination during sampling and analysis, which may over-estimate
exposure (Aylward et al. 2017a).

Estimated daily intake values were calculated using the following equation
(Saravanabhavan et al. 2014):

EDI = UER/ FUE
and;
UER = [UCcr * CER]/ BW;

where EDI is the estimated daily intake in pg/kg bw/day, UER is the urinary excretion
rate in ug/kg bw/day, FUE is the fractional urinary excretion based on oral exposure,
UCcr is the creatinine-adjusted urinary concentration in pg/g creatinine, CER is the
creatinine excretion rate in mg/day, and BW is body weight in kg. The fractional urinary
excretion value of 0.174, or 17.4%, for methylparaben was reported in Moos et al.
(2016), and creatinine excretion rate was calculated using the Mage equation
(Saravanabhavan et al. 2014).

Urinary concentration values used to calculate estimated daily intake were the 95t
percentile 95% confidence interval values (or highest available values) for creatinine-
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adjusted urinary concentration (ug/g Cr) for each age group presented. Methylparaben
was below the limit of detection in 8% of all samples. However, fully validated methods
were used to measure methylparaben. A high level of variability was associated with
CHMS biomonitoring data for methylparaben in age-stratified groups at the 95t
percentile and, in some cases, for the geometric mean (Health Canada 2017a). This
may be due to the use of spot sampling, which is subject to variability based on time of
sampling or variations in methylparaben exposure (e.g., due to variations in personal
care product usage) and may underestimate exposure due to the short half-life of
methylparaben (Fisher et al. 2017). These uncertainties were addressed by selecting
the upper bound of the 95" percentile 95% confidence interval as a conservative upper
bound value for deriving estimated daily intake. This is considered a conservative
estimate that addresses the variation inherent in spot sampling, as it has been
demonstrated that spot sample concentrations of methylparaben at the 95 percentile
were similar to the 95" percentile of the distribution of 24-hour composite void
concentrations, and this principle is considered to be generally applicable to spot
samples of parabens (Aylward et al. 2017b). Where this value was not reported for an
age group, the upper bound value of the 95% confidence interval for the highest
available value was used in its place. The use of CHMS biomonitoring data allows
increased confidence in the estimated daily intakes as it is based on a large, nationally
representative population.

Estimated daily intakes and key parameters are presented in Table 7-1. The values
calculated here for the Canadian population are similar to daily intakes of
methylparaben calculated at the 95" percentile for an adult German population (ranging
from 26.9 to 56.5 pg/kg bw/day), reported in Moos et al. (2017). See Appendix A for
further details of the derivation of estimated daily intake values.
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Table 7-1. Estimated daily intake of methylparaben based on biomonitoring data

EDI, P95 (Cl)
Source, location (y':fri)a (mgligy)b U‘f;;lzgé’rgf )| FuEe (ng/kg
bw/day)
CHMS (Cycle 4,
2014-2015)¢, 3-5 130 430 (200-660)¢ | 0.174 | 21 (10-32)
Canada
CHMS (Cycle 4,
2014-2015)¢, 6-11 418 620 (340-890)" | 0.174 | 48 (26-69)
Canada
CHMS (Cycle 4,
2014-2015)¢, 12-19 1182 370 (100-640)¢ | 0.174 | 42 (11-73)
Canada
CHMS (Cycle 4,
2014-2015)°, 20-599 1248 310 (130-490)¢ | 0.174 | 31 (13-50)
Canada
CHMS (Cycle 4,
2014-2015)¢, 60-79 1017 620 (340-890) |0.174 | 50 (28-72)
Canada
Fisher et al. 2017, | Pregnant i 403 0.174 46
Canada women
Eangeta"zm& Neonates | 9.6 106 0.174 14
orea

Abbreviations: CER, creatinine excretion rate; UCc:, creatinine-adjusted urinary concentration; P95, 95t
percentile; Cl, confidence interval; FUE, fractional urinary excretion; EDI, estimated daily intake.

a Age groups are defined on the basis of the age groups reported by CHMS (Health Canada 2017a).

b Creatinine excretion rate was calculated using the Mage equation [0.993%1.64 [140 — Age] (Wt*1.5
Ht*0.5)/1000]. See Appendix A for values used for age weight and height.

¢ Health Canada 2017a.

4 Moos 2016.

¢ These values were associated with high sampling variability (i.e., coefficient of variation between 16.6%
and 33.3%). Health Canada recommends that this data be used with caution (Health Canada 2017a).

f CHMS data for the 95t percentile in this age stratum was suppressed due to high variability and “Age 60
to 79 years” was used as a surrogate. Although the 95" percentile value for this group is not known, this
approach is considered conservative because the value used to estimate daily intake is the highest
reported 95t percentile value for methylparaben.

9 The “20-39” and “40-59” year age groups are presented together. The higher reported 95" percentile
value of the two groups is presented here.

h This value is the specific gravity-adjusted urinary paraben concentration (ug/L) at the 95t percentile;
creatinine-adjusted values were not reported in Fisher et al. 2017. Confidence intervals were not
reported. EDI was calculated using the following equation: EDI = (UC*UFR)/FUE (Saravanabhavan et al.
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2014), where UC is the urinary concentration, UFR is the urinary flow rate (0.20 L/kg bw/day, Aylward et
al. 2015) and FUE is the fractional urinary excretion.

i This value is the 75 percentile creatinine-adjusted urinary paraben concentration; the 95" percentile
was not reported (Kang et al. 2013). Confidence intervals were not reported.

Environmental media

Methylparaben has been identified in agricultural soil and house dust in Canada (Viglino
et al. 2011; Fan et al. 2010), and in drinking water (Blanco et al. 2009), agricultural,
industrial and forestry soil (Perez et al. 2011; Nunez et al. 2008), outdoor air (Moreau-
Guigon et al. 2016; Ramirez et al. 2010), indoor (residential) air (Laborie et al. 2016;
Alliot et al. 2014; Moreau-Guigon et al. 2016) and house dust (Wang et al. 2012;
Ramirez et al. 2011; Tran et al. 2016; Canosa et al. 2007) in other countries. Average
estimates of daily intake of methylparaben by the general population based on
international studies range from 0.002 to 0.011 ug/kg bw/day for all age groups from
infants to adults over 60 years.

In the absence of Canadian monitoring data, exposure from water, soil and air was
modelled using ChemCAN (ChemCAN 2003). Methylparaben was found to partition
primarily to water and sediments. Modelled data indicate that general population
exposure due to environmental media in Canada is negligible.

Food

Methylparaben (identified as methyl paraben, methyl-p-hydroxy benzoate) and its
sodium salt (identified as sodium salt of methyl-p-hydroxy benzoic acid) are
permitted for use as food additives (preservatives) in foods sold in Canada. The
foods to which they may be added and their maximum levels of use in those foods
are set out in Part 2 of the List of Permitted Preservatives (personal communication,
email from the Food Directorate, Health Canada, to the Consumer Product Safety
Directorate, Health Canada, dated April 18, 2018; unreferenced). However, these uses
were approved many years ago, and the results of a 2017 Health Canada survey of
current uses of methylparaben by the food industry suggest that use in food is limited.
The main use in foods as a preservative is currently in certain colouring preparations or
dispersions, which are subsequently incorporated into a limited number of food
products, such as certain confectionery products, marinades and unstandardized
beverages, including some flavoured and carbonated or concentrated (including frozen)
beverages. Additionally, methylparaben and its sodium salt are currently used in
enzyme preparations as preservatives and as antimicrobial agents to destroy the
production organisms used to produce various enzymes, after fermentation. Any
methylparaben levels present in the finished enzyme preparation would be low, such
that it would have no function in the finished food (personal communication, email from
the Food Directorate, Health Canada, to the Consumer Product Safety Directorate,
Health Canada, dated April 18, 2018; unreferenced). For the general public (aged 1 to
over 71 years), conservative estimates of dietary exposure to methylparaben from its
use in certain colour preparations range from 0.013 to 0.073 mg/kg bw/day at the 90
percentile. Estimates of dietary exposure from its use in certain enzyme preparations
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range from 0.053 to 0.240 mg/kg w/day at the 90" percentile. Biomonitoring data
(Fisher et al. 2017) indicate that breastfed infants are expected to be exposed to 98.04
ng methylparaben/kg bw/day (0.000098 mg/kg bw/day) via breast milk.®

Cosmetics and products available to consumers

Methylparaben has been identified in a wide variety of cosmetics, including lotions,
make-up, cleansers, oral care products, hair conditioner and shampoo as well as in
cleaning wipes (SDS 2010), washable markers (SDS 2008a), and glue sticks (SDS
2008b). Exposures from daily use of cosmetics and products available to consumers
were considered to be addressed by biomonitoring data. Due to the use of spot
sampling and the short metabolic half-life of methylparaben, exposures from products
with intermittent uses were potentially not addressed by biomonitoring data. Exposure
estimates for intermittent uses that result in the highest levels of potential exposure to
methylparaben by the dermal route, hereinafter referred to as sentinel scenarios, are
presented in Table 7-2.

For potential exposure by the dermal route, experimentally determined dermal
absorption and metabolism coefficients from an in vitro study of dermal absorption and
metabolism in human skin were used to estimate an internal dose (Charles River
Laboratories 2018). The mean (plus two standard deviations) for each parameter
(percent absorption or amount absorbed) was used to estimate the systemic dose
resulting from dermal exposure to each paraben. If the mean plus two standard
deviations exceeded the maximum measured value for that parameter, then the
maximum was used to estimate dermal exposure. The proportion of applied paraben
identified by HPLC in the receptor fluid fraction (pooled from fresh and frozen samples)
was used to conservatively estimate the amount of applied paraben that remains after
hydrolysis to PHBA in the skin. Further details of the study and of how results were
applied to the modelling of systemic dose due to exposure by the dermal route are
available upon request (Health Canada 2018b).

Potential exposures were estimated using conservative assumptions and default values.
See Appendix B for details on default values and models used for generating exposure
estimates. Exposure estimates for each scenario are expressed on a per-event and/or
daily basis, depending on exposure frequency (see section 7.1.3, Characterization of
risk to human health).

6 Breast milk-fed infants (age Oto 6 months) are assumed to weigh 7.5 kg and to consume 0.742 L of breast milk per
day (Health Canada 1998), and breast milk is assumed to be the only dietary source. The average concentration
measured in breast milk of 56 Canadian women was 0.991 pg/L (GM=0.0672 ug/L, 95" percentile=6.792 ug/L),

3 months post-partum (Fisher et al. 2017).
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Table 7-2. Estimated potential dermal exposures to methylparaben from the use

of cosmetics with intermittent use patterns on an age group-specific basis

Product Concentration ':‘35 (D e'}?na‘lzll;:ﬂ Systemic exposure
scenario in product (%) &earg) Hg ) (mgl/kg bw/day)

Hair perm/ Child

straightener 1-32@ (5-11) 124-372 0.44—1.33bc

(per event)

Hair perm/ Adult

straightener 1-32 (>20) 125-376 0.21-0.62°¢

(per event)

2@ Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017; unreferenced.
b Calculated using 40.80% dermal absorption.
¢ Calculated using a metabolism refinement of 44.97% methylparaben.

Drugs and NHPs

Methylparaben is present as a non-medicinal ingredient in prescription and non-
prescription drugs and NHPs administered by multiple routes. Exposures from daily use
of prescription and non-prescription drugs and NHPs are considered to be addressed by
biomonitoring data. Sentinel scenarios from non-prescription drugs and NHPs with
intermittent use patterns are presented in Table 7-3. Oral and dermal exposures to
methylparaben in prescription drugs were not addressed in this assessment as the level
of methylparaben in Canadian-approved pharmaceutical products is within standard use
and is considered in the risk-benefit paradigm of the Therapeutic Products Directorate.
Default values and models used in exposure scenarios are presented in Appendix B.

Table 7-3. Estimated potential oral exposure to methylparaben from the use of
non-prescription drugs and NHPs with intermittent use patterns on an age group-
specific basis

. Dermal load .
Product Amount in | Age group (Mg/cm?2/24 h Systemic exposure
scenario product?® (years) Hg ) (mg/kg bw/day)

Anti-diarrheal Toddler
medication? 1.5%°¢ (0.5-4) N/A 50.81
(oral, per day) '

Anti-diarrheal Teen
medication? 3.0%° N/A 106.1
(oral, per day) (12-19)
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Cough lozenge® 5 mg/ Child

(oral, per day) lozenge® (5-11) N/A 1.61
Heartburn

medication® 1.14% (A>d2“(;t) N/A 51
(oral, per day)

Motion sickness

medication® 0.15%¢ Ig%‘i'j)r N/A 24
(oral, per day) '

Radiological Infants 14.0
contrast media® 0.05%° (0-0.5) N/A

(oral, per event) '

Radiological

contrast media® 0.05%° -{00 %Cilf)r N/A 29.0
(oral, per event) '

Radiological

contrast media® 0.05%¢ ?f;g? N/A 6.35
(oral, per event)

Sunscreen?? o/ c.d Toddler of
(dermal, per day) 0.44% (0.5-4) 17.16 1.21
Sunscreen?? o/ c.d Adult of
(dermal, per day) 0.44% (>20) 17.16 0.91

a@Natural health product.

b Non-prescription drug.

¢ Personal communication, email from Natural and Non-Prescription Health Products Directorate, Health Canada, to
Consumer Product Safety Directorate, Health Canada, dated February 20, 2017; unreferenced.

d Personal communication, email from Therapeutic Products Directorate, Health Canada, to Consumer Product
Safety Directorate, Health Canada, dated May 25, 2017; unreferenced.

€ Calculated using a maximum dermal amount of 8.50 ug/cm?/24 h.

f Calculated using a metabolism refinement of 44.97% methylparaben.

7.1.2 Health effects assessment

Methylparaben has been extensively reviewed, and key risk assessments have been
conducted by the Cosmetics Ingredient Review (CIR) (Andersen 2008), the EU
Scientific Committee for Consumer Safety (SCCP 2005a, 2005b, 2006, 2008; SCCS
2010, 2011, 2013), the European Food Safety Authority (EFSA 2004), the European
Medicine Agency (EMA 2015), the Australian National Industrial Chemicals Notification
and Assessment Service (NICNAS 2016), and independent scientists (Soni et al. 2005).
The literature published until March 2017 was searched for relevant information to
supplement the data used in the international reviews and assessments.
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Toxicokinetics

Methylparaben is highly metabolized in animals by oral and dermal routes of exposure
(Jones et al. 1956; Kiwada et al. 1979, 1980; Tsukamoto and Terada 1964; Aubert et al.
2012). In rats, methylparaben is absorbed at a higher level than propylparaben and
butylparaben when administered by oral and dermal routes. A single radiolabeled dose
of 100 mg/kg methylparaben was administered to rats by oral and dermal routes (Aubert
et al. 2012). Maximum plasma concentrations (Cmax) were achieved in less than 1 hour
and 8 hours, respectively, with oral and dermal dosing. All administration routes
produced a single peak in the plasma, corresponding to that of PHBA, and
methylparaben was not detected. Over 70% of the oral dose was excreted in 24 hours,
with <1% detected in feces and <1% in tissues. Approximately 50% of the applied
dermal dose of methylparaben was not absorbed after 24 hours, 14% to 26% was
excreted in urine and <2% was excreted in feces; the remainder was thought to be in
external tissues (e.g., hair, nails) (Aubert et al. 2012). When a single dose of
methylparaben was administered orally (1 g/kg) or intravenously (50 mg/kg) to dogs, the
parent compound was not detected in plasma, and PHBA was detected within 1 hour
(Jones et al. 1956). The majority of the applied dose (66.1%) was excreted within 24
hours as PHBA and other metabolites; the parent compound was nearly undetectable
(0.014%). As observed in rats, shorter-chain parabens were metabolized more rapidly
and completely than longer-chain species (methylparaben > ethylparaben >
propylparaben > butylparaben). Urinary excretion increased to 96% after 24 hours when
dogs were fed 1 g/kg bw/day of methylparaben daily for 1 year. At sacrifice, small
amounts of methylparaben were detected in the brain and spleen; PHBA was detected
in all tissues (Jones et al. 1956).

In humans, parabens are eliminated rapidly in urine and recovered predominantly as
hydrolyzed and conjugated isoforms. Methylparaben was not detected in the urine or
plasma of a single male volunteer following oral administration of 70 mg/kg
methylparaben; 50% of administered methylparaben was recovered within 12 hours,
11% was recovered as free PHBA (Jones et al. 1956). Moos et al. (2016) reports the
ingestion of 10 mg of methylparaben by 3 adult volunteers (equivalent to 0.12 to 0.19
mg/kg bw). The elimination half-life was 6.9 hours, with 83.4% of the administered dose
recovered in urine 24 hours. After 48 hours, 17.4% of the administered dose was
recovered in urine as free and conjugated methylparaben. Approximately 64% of the
administered dose was recovered as PHHA, the main metabolite. Ye et al. (2006), who
reported on the urinary concentration of free and conjugated parabens in 100 adults,
and Wang and Kannan (2013) and Wang et al. (2013), who reported similar results in
children and adults, found that 95% to 98% of parabens recovered from urine were in
conjugated form. The major isoform was sulphate-conjugated paraben, which
accounted for 67% of recovered methylparaben (Ye et al. 2006). Although the majority
of parabens appears to be rapidly eliminated from the body, methylparaben has been
detected at low levels in tumorous breast tissue, human adipose tissue, and in the brain
(Barr et al. 2012; Wang et al. 2015; van der Meer 2017). It was not reported whether the
parabens were free or conjugated. In a human study, methylparaben was shown to
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accumulate in the stratum corneum of the forearm with daily application, but did not
persist 48 hours after application ceased (Ishiwatari et al. 2007).

Ex vivo studies have shown that parabens are metabolized by carboxylesterases in
human liver, skin, keratinocytes, subcutaneous fat, and blood, and by UDP-
glucuronosyltransferases in liver microsomes. Hydrolysis in human liver cells is
significantly greater than in skin cells, by approximately 2 orders of magnitude (Jewell et
al. 2007b; Harville et al. 2007), but both are more efficient than plasma (Prusakiewicz et
al. 2006). In human liver and skin subcellular fractions, methylparaben is hydrolyzed 2
to 10 times faster than propylparaben and butylparaben (Jewell et al. 2007a, 2007b;
Harville et al. 2007; Lobemeier et al. 1996; Abbas et al. 2010; Prusakiewicz et al. 2006).
In human plasma, methylparaben was stable after 24 hours. In contrast, propylparaben
was reduced to 47% after 6 hours, and butylparaben and benzylparaben were reduced
to half within 1 hour. Hydrolysis of methylparaben in liver microsomes is more rapid than
in blood, with a half-life of 22 minutes, compared to 87 minutes for butylparaben (Abbas
et al. 2010).

Unlike human kinetics, rat skin and liver cell fractions hydrolyze parabens at roughly the
same rate in in vitro studies (Harville et al. 2007). However, rat skin cells hydrolyze
parabens at a rate of 2 to 3 orders of magnitude higher than that of human skin cells,
which is consistent with overall rates of hydrolysis by carboxylesterases in these
species (Harville et al. 2007; Prusakiewicz et al. 2006). In these assays, hydrolysis in rat
tissue also increases with increasing chain length, unlike humans. Shorter chain
parabens (methylparaben and ethylparaben) are metabolized in human liver cell
fractions at a rate comparable to that in rat liver. However, butylparaben was
metabolized in rat liver at a rate 10 times greater than that in human liver (Harville et al.
2007).

Repeat dose studies

In a study compliant with OECD guideline 407 and Good Laboratory Practices (GLP),
Wistar rats (5/sex/dose) were exposed to 0, 50, 250 and 1 000 mg/kg bw/day of
methylparaben in propylene glycol by gavage for 28 days. An additional 5 animals in the
control and high-dose groups were allowed 14 days of recovery. Two animals in the
high-dose group were sacrificed due to ill health and showed slight erosion to the
stomach and atrophy of the spleen and thymus. Additional signs in the sacrificed
animals included lethargy, hunched posture, laboured respiration, rales, swelling of the
abdomen, piloerection, diarrhea, ptsosis, hypothermia, dehydration and a lean
appearance. Surviving animals in the high-dose group demonstrated piloerection and
hunched posture. Animals in the high-dose group and one female in the mid-dose group
also showed laboured respiration, rales and gasping. Spleen-to-body-weight ratio,
and/or spleen weight were higher for all methylparaben-treated males at the end of
treatment. These changes resolved by the end of the recovery period and were not
supported by related histopathological findings. No other toxicologically significant
changes were noted in observed parameters or functional observations,
ophthalmoscopy, body weight, organ weight, food consumption, hematology
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parameters, estrous cycle and spermatogenesis (Beerens-Heijnen 2009; REACH
2018a). A no observed adverse effect level (NOAEL) of 250 mg/kg bw/day was selected
for this study based on clinical signs and systemic toxicity at 1 000 mg/kg bw/day.

Similar effects were not reported in studies of dietary administration of methylparaben.
Sixteen male Wistar rats per dose were administered methylparaben in diet at 0, 100,

1 000 or 10 000 ppm per day (equivalent to 11.2 £ 0.5, 110.0 £3.3, 1141.1 + 58.9 mg/kg
bw/day, based on animal consumption and body weight) for 8 weeks beginning at
postnatal day (PND) 22. Parameters evaluated included clinical signs, feed
consumption, body weight, organ weights, and gross pathology of the thoracic,
abdominal and pelvic viscera. None of the parameters evaluated showed compound- or
dosage-dependent adverse effects. A statistically significant increase in mean relative
liver weight was observed in the 10 000 ppm methylparaben group, although absolute
liver weight was not significantly increased. One rat in the 10 000 ppm methylparaben
exposure group was found dead on study day 31. Urine-stained abdominal fur occurred
in 3 rats in the 10 000 ppm methylparaben exposure group (Hoberman et al. 2008). In a
similar repeat dose study, 8 Crj:Wistar rats per group were administered methylparaben
in diet at 0%, 0.1%, and 1.0% per day (102 £ 2.75 and 1 030 + 38.0 mg/kg bw/day,
calculated on the basis of food consumption) for 8 weeks starting at PND 25. No
statistically significant differences in body weights were reported, and food consumption
values were similar among all test groups (Oishi 2004). The NOAEL in each of the 8-
week studies was the highest dose tested, 10 000 ppm or 1% (1 030 to 1 141 mg/kg
bw/day).

Twelve weanling albino rats per dose were fed 2% or 8% methylparaben (equivalent to
900 to 1 200 and 5 500 to 5 900 mg/kg bw/day) in diet for 96 weeks. Animals receiving
8% methylparaben showed a slower weight gain than negative controls in early stages
of the experiment. The effect was greater in males and diminished by the end of the
experiment. At 2%, no signs of toxicity were observed in treated animals compared to
controls. The NOAEL in this study was 2% (900 to 1 200 mg/kg bw/day; Matthews et al.
1956).

In a 13-week dermal toxicity study, albino rats (10/dose) were exposed to daily topical
doses of 0.7% methylparaben in a medicated cream on anterior dorsal shaved skin that
comprised 10% to 15% of total body surface area (equivalent to 4.12 g/kg bw of cream
or 288 mg/kg bw methylparaben). A significant decrease in body weight was observed
in males in the test group, and significant gross and histopathological changes were
noted at the application site. Slight changes to hematologic and blood chemistry were
not considered toxicologically significant, and the authors concluded that there were no
cumulative systemic toxicity effects (CFTA 1981f, as cited in Andersen 2008). In a 3-
month dermal toxicity study, a cosmetic product formulation containing 0.2%
methylparaben was administered to groups of 5 male and 5 female rabbits at 6.6 or 11
mg/cm? over 8.4% of the body surface area. The product caused erythema, edema and
desquamation at the application site, but body weight gain, food consumption,
hematologic and blood chemistry values, urinalysis values, and organ weights were

24



Draft Screening Assessment — Parabens Group

negative for toxicologically significant changes, and there was no mortality in the test
groups (CTFA 1980g, as cited in Andersen 2008).

Genotoxicity

Methylparaben is not mutagenic in Ames assays, with or without metabolic activation
(REACH 2018a; Andersen 2008; Ishidate et al. 1984; Prival et al. 1982, 1991; Blevins
and Taylor 1982; Kawachi and Yahagi 1980; Morita et al. 1981), but induced a
significant number of chromosomal aberrations in Chinese hamster ovary (CHO) cells at
0.5 to 1.0 mg/mL (REACH 2018a; Ishidate et al. 1978). In human dermal fibroblasts,
methylparaben had low cytotoxicity, but induced apoptosis and necrosis at a
concentration of 1% (Carvalho et al. 2012). However, methylparaben was negative in in
vivo genotoxicity assays (REACH 2018a; Andersen 2008; Kawachi and Yahagi 1980).
Overall, the weight of evidence indicates that methylparaben is not likely to be genotoxic
in vivo (EFSA 2004; Andersen 2008).

Carcinogenicity

Male Fischer 344 rats (8/group) were exposed to methylparaben at 4% in diet
(approximately 4 000 mg/kg bw/day) for 9 days. Methylparaben did not induce any
changes in histopathology or methyl-3[H]thymidine-labeling in the forestomach
epithelium. (Rodrigues et al. 1986). The NOAEL for methylparaben was 4%

(~4 000 mg/kg bw/day), the highest tested dose.

In a carcinogenicity assay, Fischer 344 rats (80/high dose, 60/high mid-level dose,
40/low mid-level dose, 20/low dose, 100/control group) were injected subcutaneously
twice a week for 52 weeks with 0.6, 1.1, 2.0, and 3.5 mg/kg bw/day methylparaben.
Weight gain and mortality in the methylparaben groups was similar to vehicle and
negative control groups, and no test substance-related organ pathology was reported.
The total number of tumour-bearing animals in the methylparaben groups was also in
the same range as in control groups (methylparaben: 5/100 males, 17/100 females;
negative control: 10/50 males, 12/50 females; vehicle control: 6/50 males, 14/50
females). In females treated with methylparaben (all doses) tumours were found at the
injection site (1/100), mammary tissue (8/100), uterus (9/100) and other sites (7/50). In
males, tumours were found at the injection site (2/100) and other sites (3/100). In the
negative and vehicle controls, tumours were found in females at the injection site (0/50,
1/50, respectively), mammary tissue (1/50, 3/50, respectively), uterus (5/50, 5/50,
respectively) and other sites (7/50, 8/50, respectively). The total tumour-bearing animals
in the methylparaben-treated groups, from highest to lowest dose, was 11%, 18%, 8%
and 25%, indicating a lack of dose-dependence (Mason et al. 1971). No statistical
analysis was reported in this study, but the authors stated that tumour incidence in the
treatment groups was not significantly different from the control group.

Reproductive and developmental effects

Potential estrogenic effects of parabens are reviewed in Appendix C.
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A series of studies similar in design to OECD Test Guideline 414 (Prenatal
Developmental Toxicity Study) were performed in rabbits, hamsters, rats and mice
(REACH 2018a). Although similar to OECD TG 414, these studies predate GLP and
OECD guidelines and did not include statistical analysis. Mated female Dutch-belted
rabbits (9 to 11 animals per group) and mated female Golden hamsters (21 to 22
pregnant animals per group) were administered methylparaben by gavage at 0, 3, 14,
65 and 300 mg/kg bw/day from gestational day (GD) 6 to GD 18 (rabbits) and from GD
6 to GD 10 (hamsters). Mated female Wistar rats (22 to 24 pregnant animals per group)
and mated female CD-1 mice (21 to 25 pregnant females per group) were administered
methylparaben at 0, 5.5, 25.5, 118 and 550 mg/kg bw/day from GD 6 to GD 15. No
effects on body weight, clinical signs, mortality or the genital tract of dams were
observed at any dose in any of the studies. The number of corpora lutea, implantation
sites per dam, resorption sites and live and dead fetuses were also not affected by the
treatment. Sex ratio in pups and fetal body weight were not significantly altered by
treatment; skeletal or soft tissue abnormalities were not observed in pups. The NOAEL
for maternal and developmental effects for all four studies is the highest dose tested,
300 or 550 mg/kg bw/day.

In a study of female pubertal development, pre-pubertal Sprague Dawley rats (10
animals per group) were orally administered 0, 62.5, 250, 1 000 mg/kg bw/day of
methylparaben in corn oil from PND 21 to 40. Ethinylestradiol (EE, 1 mg/kg bw/day) was
administered as a positive control. A statistically significant delay in vaginal opening was
observed in animals in the high-dose methylparaben group (PND 36.8 + 1.96),
compared to the vehicle control group (PND 33.6 £ 3.23); vaginal opening occurred at
PND 21.4 £ 0.53 in the ethinylestradiol group (Vo et al. 2010). The biological
significance of this effect is not clear, as historical controls have been reported to range
from PND 33.0 to PND 36.6 (Stump et al. 2014). Vo et al. (2010) also reported that
serum thyroxine (T4) levels were significantly reduced to 1.38 £ 0.07 ng/mL in the
methylparaben high-dose group compared to 3.00 + 0.32 ng/mL in the vehicle control
and 2.73 £ 0.50 ng/mL in the EE control. A significant decrease in the number of 4-day
estrous cycles was observed in the high-dose group, but the number of days of each
stage in the 4-day cycle (proestrus, estrus, metestrus, and diestrus) was not
significantly different. Significantly decreased ovary and increased adrenal, thyroid and
liver weights were also observed in the high-dose methylparaben group. Qualitative
histopathological changes occurred in the methylparaben mid-dose group, but were not
observed at the high dose. No significant changes were observed in mean body weight
between methylparaben and the vehicle control. However, a high level of variation was
observed in body weight at the 1 000 mg/kg bw/day dose (110.3 £ 20.59 g, compared to
118.69 £ 6.4 g in the vehicle control; Vo et al. 2010). The sample size (10 animals per
dose) is less than the number (15 per dose) recommended in the EPA Guideline for
Female Pubertal Assays (2009). It has been reported elsewhere that in feed restriction
studies, reductions of 9% and 12% in female body weight have resulted in alterations of
the number of 4-5 day estrous cycles, significant reductions in ovary weights and a
significant decrease in T4 levels (Stump et al. 2014). Differences in T4 levels may also
be related to stage of the estrous cycle. Considering the variation in animal weight at
the highest dose of methylparaben in combination with the reduced sample size, it is
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unclear whether the reported effects are secondary to reduced body weight or variation
in a small sample. Furthermore, if the date of initiation of monitoring of the estrous cycle
occurred at vaginal opening day, per the EPA Guideline for Female Pubertal Assays
(2009), or if monitoring began mid-cycle, there would not have been sufficient
monitoring time to observe two full estrous cycles before animal sacrifice on PND 41. It
is also within normal variation for young animals to cycle abnormally and require up to 8
weeks for normal cycles to occur, leading the EPA to comment that estrous cyclicity
may not be established within the duration of the pubertal assay, even in control
animals.

Vo et al. (2010) reports a significant decrease in serum T4 level in pubescent female
rats at 1 000 mg/kg/d methylparaben, yet the authors did not report a dose-dependent
effect on T4 level with other parabens tested in the same study. This finding is
inconsistent with two other studies of paraben effects on thyroid function. In an in vitro
study, Taxvig et al. (2011) reported that methylparaben, ethylparaben and butylparaben
were agonists of the thyroid receptor and, based on T3-induced proliferation of GH3
cells in an in vitro study, and determined that butylparaben and ethylparaben were more
potent than methylparaben. In an epidemiological study, Koeppe et al. (2013) reported
that methylparaben did not demonstrate a statistically significant association with thyroid
hormone levels in the NHANES 2007-2008 population (although some associations in
adult females neared significance). Ethylparaben, propylparaben and butylparaben
each demonstrated statistically significant inverse associations with T3 and T4, yet their
urinary concentrations were 1 to 2 orders of magnitude lower than that of
methylparaben. The available evidence indicates that methylparaben has the least
potent effect of any of the parabens tested, thus the absence of a dose-dependent
effect on T4 levels in the other parabens tested in Vo et al. (2010) is problematic. Due to
the concerns detailed here regarding the effects reported in this study (Vo et al. 2010), a
NOAEL was not selected.

Two studies of male pubertal development were identified for methylparaben.
Methylparaben was administered in diet to male Crj:Wistar rats (8 animals per group) at
0%, 0.1% and 1.0% (equivalent to 102 £ 2.75, and 1030 + 38.0 mg/kg bw/day) for 8
weeks starting at PND 25 to 27. Treatment-related effects were not observed for
reproductive organ weights (testes, epididymides, prostates, seminal vesicles and
preputial glands) in any of the dose groups. Changes in testosterone, luteinizing
hormone (LH) and follicle-stimulating hormone (FSH) levels relative to controls were not
observed at any dose level. Sperm counts in cauda epididymis and testis were normal,
as were distribution of spermatogonia, spermatocytes, round spermatids and elongated
spermatids in stage VII-VIII tubules. The NOAEL for this study was 1030 mg/kg bw/day,
the highest dose tested (Oishi 2004). It should be noted that the SCCS (SCCP 2008;
SCCS 2011) has expressed doubt as to the quality of this and other studies produced
by the Oishi laboratory, which reported (i) mean values for some parameters that fell far
outside the historical control ranges and (ii) standard deviations for parameters
including epididymal sperm concentrations and testosterone levels that were far less
than the normal biological variability that has been observed by other groups. The
SCCS has concluded that the quality of the Oishi studies cannot be properly assessed
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as the full test description and the complete raw data packages were no longer
available.

In a subsequent study, methylparaben was administered in the diet to male Wistar rats
(15 to 16 animals per dose) at 0, 100, 1 000 and 10 000 ppm (equivalent to 0, 11.2 £
0.5, 110.0 £ 3.3, and 1141.1 + 58.9 mg/kg bw/day) for 8 weeks, from PND 22.
Parameters evaluated included organ weights and histopathology of reproductive
tissues, as well as sperm production, motility, and morphology. None of the parameters
evaluated showed significant effects in the treatment groups compared to the control
diet. No effect was observed on reproductive organ weights (testes, epididymides,
ventral prostate, and seminal vesicles). A statistically significant increase was observed
in mean relative liver weight in the 10 000 ppm group, although absolute liver weight
was not significantly increased. No effect was observed on sperm motility, cauda
epididymal or testicular sperm concentration, or daily sperm production. Methylparaben
exposure resulted in a significantly higher incidence of abnormal sperm in the

1 000 ppm and 10 000 ppm exposure groups of 5.0 £ 3.1% and 4.0 + 1.7%, compared
to 2.3 £ 1.5% in the control group. These were mostly composed of sperm with no head.
The authors stated that they did not consider the effect to be treatment-related, given
the low incidence of these effects, lack of dose-dependence and the fact that no other
reproductive parameters were altered by methylparaben (Hoberman et al. 2008). A
NOAEL of 1 141 mg/kg bw/day, the highest dose tested, was identified for this study.

Epidemiology

A literature search was conducted to identify epidemiological data for methylparaben,
with a focus on reproductive and endocrine effects. Studies were evaluated and scored
for quality using the Newcastle-Ottawa Quality Assessment Scale (NOS) and the
Quality Assessment Tool for Observational Cohort and Cross-sectional Studies from the
National Heart, Lung, and Blood Institute of the National Institutes of Health (RSI 2018).
Urinary concentrations of methylparaben have been assessed in epidemiology studies
addressing fertility, reproductive health, hormone levels, child and adolescent growth
and development, allergic sensitization and body weight. The majority of studies did not
find an association between methylparaben levels and the endpoints of interest. Weak
positive associations were identified for increased time-to-pregnancy, lower odds of live
birth in intrauterine insemination, select hormone levels in pregnant females, growth
rates in male neonates and toddlers, and allergic sensitization (Smarr et al. 2017,
Dodge et al. 2015; Aker et al. 2016, 2018; Wu 2017; Philippat et al. 2014; Guo et al.
2017; Savage et al. 2012; Spanier et al. 2014; Lee-Sarwar et al. 2017; Vernet et al.
2017). A weak inverse association with body mass index (BMI) and body weight was
detected in adolescents, pregnant women, and adults (Den Hond et al. 2013; Smith et
al. 2012; Kang et al. 2016; Polinski et al. 2018), and a weak inverse association was
found between methylparaben levels in cord blood and fetal testosterone levels
(Kolatorova et al. 2018). Other than growth rates in neonates and toddlers and fetal
testosterone levels, different studies of similar quality gave conflicting results for these
or similar endpoints. More detail is provided in Health Canada (2018a).
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7.1.3 Characterization of risk to human health

A NOAEL of 250 mg/kg bw/day was reported for oral (gavage) exposure to
methylparaben in a 28-day repeat dose study based on clinical signs of ill-health,
stomach erosion, spleen and thyroid atrophy, and mortality at 1 000 mg/kg bw/day
(Beerens-Heijnen 2009). Similar effects were not reported in dietary repeat dose studies
with dosing up to 1 140 mg/kg bw day (Hoberman et al. 2008; Oishi 2004; Matthews et
al. 1956). The weight of evidence indicates that methylparaben is not genotoxic. A
carcinogenesis study (Mason et al. 1971) indicated that methylparaben is not
carcinogenic. However, the dose level of 3.5 mg/kg bw/day may have been too low to
detect an effect.

Vo et al. (2010) have reported several effects on female pubertal development at 1 000
mg/kg/d methylparaben. As discussed above, the reported effects are problematic for
several reasons. A high level of variation was reported in the body weight of the high-
dose group, and the sample size per dose (n = 10) was lower than that recommended
by the EPA Guideline for Female Pubertal Assays (2009). As it has been reported that
many of the effects reported for methylparaben at the high dose are also associated
with reduced body weight, the biological relevance of these effects was not clearly
established. In addition to this, the lack of similar effects reported for other parabens,
particularly with respect to serum thyroid hormone levels contradicts the prevailing trend
identified in other studies. Results from in vitro and epidemiology studies indicate a
gradient of effect of parabens on thyroid function, where effects seen in response to
methylparaben exposure are of a significantly lower magnitude than exposure to longer
chain parabens, such as butylparaben (Taxvig et al. 2011; Koeppe et al. 2013). Other
jurisdictions have reported mixed opinions on this study. The European Medical
Association (EMA 2015) concluded that no consistent effects were observed with
methylparaben up to the highest dose tested. The SCCS has noted the key results
related to methylparaben are effects on organ weights, and concluded that this study
could not be used to determine a NOAEL as it is not a guideline study and effects were
not dose related (SCCS 2010, 2013). RIVM selected a NOAEL of 250 mg/kg bw/day
based on delayed vaginal opening, estrous cycle length and organ weights (RIVM
2017), but states that it partially agrees with the SCCS and further study of the reported
effects are needed. Health Canada concurs with the SCCS and the EMA that this study
does not provide an appropriate endpoint for selection of a quantitative point of
departure.

In a series of prenatal developmental toxicity studies, gestational exposure of
methylparaben up to the highest tested dose of 550 mg/kg bw/day did not result in
adverse effects (REACH 2018a). Two studies of male pubertal development also did
not identify any effects of methylparaben up to the highest tested dose (Oishi 2004;
Hoberman et al. 2008). However, the SCCS has identified significant concerns with the
results of the Oishi study. The NOAEL for male reproductive effects is therefore 1141
mg/kg bw/day, the highest tested dose from the higher quality study. Hoberman et al.
(2008) also reported toxicological endpoints of a repeat dose study (clinical signs, feed
consumption, body weight, organ weights, and gross pathology of the thoracic,
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abdominal and pelvic viscera) and found no significant effects at the highest dose. A
point of departure of 250 mg/kg bw/day, based on systemic toxicity in a repeat dose
study, was selected for methylparaben and is expected to be protective of reproductive
effects.

The Canadian population is exposed to methylparaben via cosmetics, prescription and
non-prescription drugs, NHPs, food, and limited products available to consumers.
Monitoring data available for some environmental media sources and worldwide data
suggest that Canadians are also exposed to methylparaben via these sources.

The assessment of general population exposure to methylparaben is based on
biomonitoring data from the CHMS, the Plastics and Personal-Care Product Use in
Pregnancy (or P4) Study, and a study of Korean neonates within 48 hours of birth
(Health Canada 2017a; Fisher et al. 2017; Kang et al. 2013). Biomonitoring data provide
actual internal measures of exposure because they include specific measurements of
methylparaben in urine. They are considered reliable estimates of urinary concentration
of methylparaben resulting from multiple routes and sources, including most products
used by consumers that contain methylparaben. Urine is the major route of excretion for
methylparaben and the biomarker (free and conjugated methylparaben) is specific to
the parent compound. Methylparaben has a relatively short half-life and a low fractional
urinary excretion. To address the uncertainty associated with the robustness of the use
of methylparaben as a biomarker and the use of spot sampling, the upper bound of the
95% confidence interval of the 95™ percentile urinary concentration (or highest available
general population value) for each age band was used to estimate daily intake and are
therefore considered a conservative scenario. The use of CHMS biomonitoring data
allows increased confidence in the estimated daily intakes as it is based on a large,
nationally representative population. Margins of exposure resulting from estimated daily
intakes are presented in Table 7-4.

Table 7-4. Estimated daily intake of methylparaben derived from biomonitoring
data, with margins of exposure, for determination of risk

Upper-bound
Age group | estimated daily
(years) intake at P95
(mg/kg bw/day)

Critical effect
level? MOE
(mg/kg bw/day)

Source, Location

CHMS (Cycle 4,

2014-2015), Canada 3-5 0.032 NOAEL 250 7 866
CHMS (Cycle 4,

2014-2015), Canada | o 1 0.069 NOAEL 250 3 629
CHMS (Cycle 4, 12-19 0.073 NOAEL 250 3415

2014-2015), Canada
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CHMS (Cycle 4,

2014-2015), Canada | 207°° 0.050 NOAEL 250 5043
CHMS (Cycle 4,

2014-2015), Canada | °0~7° 0.072 NOAEL 250 3 461

Fisher et al. 2017, Pregnant 0.046 NOAEL 950 5 305
Canada women

Kang et al. 2013, Neonates 0.014 NOAEL 250 | 17785
Korea

Abbreviations: NOAEL, no observed adverse effect level
a Critical effect: clinical signs of ill-health, stomach erosion, spleen and thyroid atrophy, and mortality.

On the basis of conservative parameters used to model estimated daily intake, the
margins of exposure are considered adequate to address the risk to populations aged 3
to 79 years, pregnant women and neonates. Biomonitoring data were not available to
address children under 3 years (other than neonates). With the exception of breast milk
consumption, exposure for this group is not expected to differ significantly from the
youngest age group surveyed by CHMS or from the neonatal group presented here.
Breast milk consumption was modelled using Canadian data and is not expected to
pose a risk. Therefore, the reported urinary concentrations and estimated daily intakes
across all age groups indicate that exposure in children under 3 years is not expected to
pose a risk.

Due to the short half-life of methylparaben administered by the oral route and the spot
sampling methodology employed in biomonitoring studies, it is not clear that
biomonitoring data adequately addresses high exposures to cosmetics, NHPs and non-
prescription drugs with intermittent use patterns (i.e., which are not used daily). Sentinel
scenarios are presented in Table 7-5.

Table 7-5. Relevant oral and dermal exposure and hazard values for
methylparaben from products with intermittent use patterns, as well as margins
of exposure, for determination of risk

. Critical effect
Age Systemic level?
Exposure scenario group exposure (mg/kg MOE
(years) | (mg/kg bw/day) bw/day)
Hair perm/ Child
straightener® (5-11) 0.44-1.33 NOAEL 250 188-568
(dermal, per event)
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Hair perm/ Adult
straightener® (> 20) 0.21-0.62 NOAEL 250 403-1 190
(dermal, per event)

Anti-diarrheal Toddler
medication® 50.81 NOAEL 250 5
(oral, per day) (0-5-4)

Anti-diarrheal Teen
medication® 106.1 NOAEL 250 2

(oral, per day) (12-19)
Cough lozenge® Child
(oral, per day) (5-11) 1.61 NOAEL 250 155
Heartburn
ot Adult
[}
medication (> 20) 51 NOAEL 250 5

(oral, per day)

Motion sickness Toddler
medication? 24 NOAEL 250 104

(oral, per day) (0.5-4)
Radiological contrast Infants
media® 14.0 NOAEL 250 18
(oral, per event) (0-0.5)
Radiological contrast Toddler

media® 29.0 NOAEL 250 9

(oral, per event) (0.5-4)

Radiological contrast Adult

media’ (> 20) 6.35 NOAEL 250 39
(oral, per event)

Sunscreen® Toddler

(dermal, per day) (0.5-4) 1.21 NOAEL 250 207
Sunscreen® Adult

(dermal, per day) (> 20) 0.91 NOAEL 250 275

Abbreviations: NOAEL, no observed adverse effect level.

a Critical effect: clinical signs of ill-health, stomach erosion, spleen and thyroid atrophy, and mortality.
b Cosmetic.

¢Natural health product.

4 Non-prescription drug.
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The margins of exposure for oral exposure to anti-diarrheal medication, heartburn
medication, and radiological contrast media are potentially inadequate to address
uncertainties in the health effects and exposure databases.

7.2 Ethylparaben
7.2.1 Exposure assessment

Ethylparaben is naturally occurring in some foods and has been identified in
environmental media. Ethylparaben is present in a number of products, including
cosmetics, prescription and non-prescription drugs, NHPs, and pest control products;
and may be used as a component in incidental additives used in food processing
establishments. All of these sources may contribute to total daily exposure to
ethylparaben. Urinary concentrations and estimated exposures of Canadians to
ethylparaben are presented in the following section.

Biomonitoring

Ethylparaben has been measured by CHMS and in other Canadian biomonitoring
studies. In biomonitoring data collected in Cycle 4 of the CHMS, 64.86% of Canadians
tested had a urinary concentration of ethylparaben that was below the level of detection.
The 95™ percentile urinary concentration of ethylparaben in Canadians aged 3 to 79
years was 73 ug/L’ (n=2564, 95% confidence interval 33 to 110 ug/L). The highest
frequency of detection was reported in adults aged 40 to 59 years, in which
ethylparaben was below the limit of detection in 52.56% of samples and the 95
percentile was 98 ug/L” (n =312, 95% confidence interval 44 to 150 ug/L). The lowest
frequency of detection was reported in children aged 6 to 11 years (n =514, in which
78.79% of samples had urinary concentrations below the level of detection and the 95
percentile was 3.4 pg/L” (95% confidence interval of 1.3 to 5.5 ug/L) (Health Canada
2017a). In regional studies conducted in Canada, the geometric mean urinary
concentration of ethylparaben in pregnant females was 15.13 pg/L (n =31) and the
mean urinary concentration in adult females was 24.4 ug/L (n =28 including 9 pregnant
patients, median =10.17 pg/L). The mean urinary concentration in males (n=11) was
12.87 pg/L (median =10.37 ug/L; Genuis et al. 2013).

Ethylparaben was detected in breast milk at a geometric mean concentration of
0.0023 pg/L in 56 Canadian women (95" percentile =0.614 pg/L), 3 months post-
partum (Fisher et al. 2017). Ethylparaben has also been detected in placenta, amniotic
fluid and cord blood. The geometric mean in amniotic fluid was 1.87 ug/L (India,
Shekhar et al. 2017), the mean detected in cord blood was 0.68 ug/L (United States,

7 The 95" percentile estimate for Canadians aged 3 to 79 years was associated with high sampling
variability (i.e., coefficient of variation between 16.6% and 33.3%). Health Canada recommends that this
data be used with caution (Health Canada 2017a).
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Geer et al. 2017) and in the maximum detected in placenta was 0.62 ng/g fresh weight
(Spain, Valle-Sistac et al. 2016). Ethylparaben was detected at a median concentration
of 2.9 ug/L (free plus conjugated paraben, range of 1.0 to 8.0 pg/L) in urine collected
from Korean infants within 48 hours of delivery (Kang et al. 2013).

Using a methodology similar to that described for methylparaben (see section 7.1.1),
daily estimated intakes were derived for the general population, pregnant females and
neonates, based on biomonitoring data (CHMS, Health Canada 2017a; Fisher et al.
2017; Kang 2017). In each of the three biomonitoring studies, total ethylparaben (i.e.,
free and conjugated species) was measured in urine by HLPC, after treatment with 3-
glucuronidase and sulfatase. Neonates were included because the detection of
ethylparaben in cord blood, placenta and amniotic fluid indicate that ethylparaben
passes through the placenta and exposure may occur in utero (Shekhar et al. 2017,
Geer et al. 2017; Valle-Sistac et al. 2016). Urinary concentrations from Korean
neonates were used in the absence of data from a Canadian population. This is
considered an appropriate choice because the 95" percentile urinary concentration of
ethylparaben in the general Korean population is roughly equivalent to that of the
general Canadian population (Honda et al. 2018).

Data from a human pharmacokinetics study of methylparaben, butylparaben, and iso-
butylparaben (Moos et al. 2016) was used to model the fractional urinary excretion of
ethylparaben (Moos et al. 2017). The authors observed that in a previous study (Moos
et al. 2016), the fractional urinary excretion of methylparaben, butylparaben, and iso-
butylparaben decreases with increasing length of the alkyl chain; conversely, the log
Kow increases with increasing alkyl chain length. A fractional urinary excretion value for
ethylparaben (and other parabens, including propylparaben) was derived using linear
regression of the log Kow against the experimentally derived fractional urinary excretion
values for methylparaben, butylparaben and iso-butylparaben. A fractional urinary
excretion of 0.137 was thus calculated for ethylparaben and is used here to calculate
estimated daily intake. As with methylparaben, ethylparaben is a specific biomarker of
the parent compound, but is not expected to be the major metabolite in urine. Although
there are no human studies of ethylparaben metabolism, in a study of oral and
intravenous exposure in dogs, 64% of the applied dose was excreted in urine within 24
hours as PHBA and other metabolites (Jones et al. 1956). This is consistent with a
relatively low fractional urinary excretion of ethylparaben in humans. The use of an oral
fractional urinary excretion value may under- or over-estimate dermal exposure, and the
use of the parent paraben as a biomarker provides a less robust measure of exposure
as it is not the major metabolite. As with methylparaben, the use of the parent
compound as a biomarker may be susceptible to contamination during sampling or
analysis due to its widespread use as a preservative (Aylward et al. 2017a).

Estimated daily intake values were calculated using the 95™ percentile 95% confidence
interval values (or highest available values) for creatinine-adjusted urinary concentration
(ug/g Cr) for each age group, as described for methylparaben (section 7.1.1). A high
level of variability was associated with CHMS biomonitoring data for ethylparaben in
age-stratified groups at the 95 percentile, and the geometric mean was not calculated
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for the whole population or for age-stratified groups because almost 65% of samples
were below the limit of detection® (Health Canada 2017a). The prevalence of samples
below the limit of detection may be due to rapid metabolism or to low exposure.
According to data submitted to Health Canada, ethylparaben is used in approximately
75% fewer products (i.e., cosmetics, NHPs and drugs) than methylparaben and is not
permitted for use as a food additive, indicating that low exposure can be expected to
account for some, if not all, of the lower detection levels of ethylparaben. As with
methylparaben, variability may be due to variations in use patterns of products that
contain ethylparaben or to the use of spot sampling, which is subject to variability based
on the time of sampling and may underestimate exposure of substances with short half-
lives. Both variability and potentially rapid metabolism were addressed by selecting
upper bound of the 95" percentile 95% confidence interval as a conservative upper
bound value for deriving estimated daily intake. This is considered a conservative
estimate that addresses the variation inherent in spot sampling. The use of CHMS
biomonitoring data allows increased confidence in the estimated daily intakes as it is
based on a large, nationally representative population. The fractional urinary excretion
value of 0.137 or 13.7% for ethylparaben was extrapolated in Moos et al. (2017), and
creatinine excretion rate was calculated using the Mage equation (Saravanabhavan et
al. 2014).

Estimated daily intakes and key parameters are presented in Table 7-6. The values
calculated here for the Canadian population are similar to daily intakes of ethylparaben
calculated at the 95" percentile for an adult German population (ranging from 3.4 to
17.4 ug/kg bw/day), as reported in Moos et al. (2017). See Appendix A for further details
of the derivation of estimated daily intake values.

Table 7-6. Estimated daily intakes of ethylparaben based on biomonitoring data

. Age CER UCcr, P95 (CI) d EDI, P95 (Cl)
Source, location | ears)s | (mgiday)® | (ugigCr)° | TUE | (uglkg bwiday)
CHMS (Cycle 4,
2014-2015)¢, 3-5 130 120 (54-90)° | 0.137 7.4 (3.4-12)
Canada
CHMS (Cycle 4,
2014-2015)°, 6—11 418 4.6 (2.2-7.1)" | 0.137 | 0.46 (0.22-0.71)
Canada
CHMS (Cycle 4,
2014-2015)¢, 12-19 1182 120 (54-90)° | 0.137 18 (8.0-28)
Canada

8 Geometric means were not calculated as part of CHMS reporting if >40% of results were below the limit
of detection (Health Canada 2017a).
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CHMS (Cycle 4,
2014-2015)°, 20-599 1248 120 (54-90)® | 0.137 16 (7.0-25)
Canada

CHMS (Cycle 4,

2014-2015)¢, 60-79 1017 70 (29-110)" | 0.137 7.3 (3.0-12)
Canada

Fisher et al. 2017, | Pregnant ) 84h 0.137 12
Canada women

Kang et al. 2013, Neonates 96 15i 0.137 0.32

Korea

Abbreviations: CER, creatinine excretion rate; UCc:, creatinine-adjusted urinary concentration; P95, 95t
percentile; Cl, confidence interval; FUE, fractional urinary excretion; EDI, estimated daily intake

a Age groups are defined based on age groups reported by CHMS (Health Canada 2017a).

b Creatinine excretion rate was calculated using the Mage equation [0.993%1.64 [140 — age] (Wt*1.5
Ht*0.5)/1000]. See Appendix A for values used for age weight and height.

¢ Health Canada 2017a.

4 Moos et al. 2017.

€ CHMS data for the 95t percentile in this age stratum was suppressed due to high variability and
“females 3 to 79” was used as a surrogate. Although the 95" percentile value for this group is not known,
this approach is considered conservative because the value used to estimate daily intake is the highest
reported 95t percentile value for ethylparaben.

f These values were associated with high sampling variability (i.e., coefficient of variation between 16.6%
and 33.3%). Health Canada recommends that this data be used with caution (Health Canada 2017a).
9The “20-39” and “40-59” age groups are presented together. When 95 percentile values were reported
for both age groups, the higher value is presented here; when one value was suppressed, the value from
the other group is presented here.

h This value is the specific gravity-adjusted urinary paraben concentration (ug/L) at the 95t percentile;
creatinine-adjusted values were not reported in Fisher et al. 2017. Confidence intervals were not
reported. EDI was calculated using the following equation: EDI = (UC*UFR)/FUE (Saravanabhavan et al.
2014), where UC is the urinary concentration, UFR is the urinary flow rate (0.20 L/kg bw/day, Aylward et
al. 2015) and FUE is the fractional urinary excretion.

i This value is the 75% percentile creatinine-adjusted urinary paraben concentration; the 95t percentile
was not reported (Kang et al. 2013). Confidence intervals were not reported.

Environmental media

Ethylparaben has been identified in agricultural soil and house dust in Canada (Viglino
et al. 2011; Fan et al. 2010). In other countries, it has been identified in drinking water
(Carmona et al. 2014), agricultural and forestry soil (Perez et al. 2011; Nunez et al.
2008), outdoor air (Ramirez et al. 2010; Moreau-Guigon et al. 2016), residential indoor
air (Laborie et al. 2016; Alliot et al. 2014; Moreau-Guigon et al. 2016), and house dust
(Wang et al. 2012; Ramirez et al. 2011; Tran et al. 2016; Canosa et al. 2007). Average
estimates of daily intake of ethylparaben by the general population based on
international studies range from <0.001 to 0.013 pg/kg bw/day for all age groups from
infants to adults over 60 years.
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In the absence of Canadian monitoring data, exposure from water, soil and air was
modelled using ChemCAN (ChemCAN 2003). Ethylparaben was found to partition
primarily to sediments and water. Modelled data indicate that general population
exposure due to environmental media in Canada is negligible.

Food

Ethylparaben exposure from food is expected to be negligible (personal communication,
email from the Food Directorate, Health Canada, to the Consumer Product Safety
Directorate, Health Canada, dated April 18, 2018; unreferenced). Biomonitoring data
(Fisher et al. 2017) indicate that breastfed infants are expected to be exposed to 12.17
ng ethylparaben/kg bw/day (0.000012 mg/kg bw/day) via breast milk.°

Cosmetics

Ethylparaben was identified in a wide variety of cosmetics, including lotions, make-up,
oral care products, cleansers, and hair care products. Exposures from daily use of
cosmetics were considered to be addressed by biomonitoring data. Due to the use of
spot sampling and the short metabolic half-life of ethylparaben, exposures from
products with intermittent uses were potentially not addressed by biomonitoring data.
Sentinel scenarios from products with intermittent use patterns are presented in Table
7-7.

For potential exposure by the dermal route, experimentally determined dermal
absorption and metabolism coefficients from an in vitro study of dermal absorption and
metabolism in human skin were used to estimate an internal dose, as described in
section 7.1.1, and further details are available on request (Charles River Laboratories
2018; Health Canada 2018b).

Potential exposures were estimated using conservative assumptions and default values.
See Appendix B for details on default values and models used for generating exposure
estimates. Exposure estimates for each scenario are expressed on a per-event and/or
daily basis, depending on exposure frequency (see section 7.2.3, Characterization of
risk to human health).

9 Breast milk-fed infants (age 0 to 6 months) are assumed to weigh 7.5 kg, consume 0.742 L of breast milk per day
(Health Canada 1998), and breast milk is assumed to be the only dietary source. The average concentration
measured in breast milk of 56 Canadian women was 0.123 pg/L (GM=0.0023 pg/L, 95" percentile=0.614 ug/L), 3
months post-partum (Fisher et al. 2017).
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Table 7-7. Estimated potential dermal exposures to ethylparaben from the use of
cosmetics with intermittent use patterns on an age group-specific basis

p . Dermal load .
roduct Concentration | Age group (Mglcm?/24 h Systemic exposure
scenario in product (%)? (years) Hg ) (mg/kg bw/day)
Face Paint B Toddler . B b
(per event) 0.1-0.3 (0.5-4) 2.99-8.97 0.04-0.12
Face Paint Adult b.c
(per event) 0.1-0.3 (> 20) 2.98-8.94 0.013-0.038

2@ Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017; unreferenced.
b Calculated using the product dermal load as the maximum dermal amount.
¢ Calculated using a metabolism refinement of 47.93% ethylparaben.

Drugs and NHPs

Ethylparaben is present as a non-medicinal ingredient in prescription and non-
prescription drugs and NHPs administered by multiple routes. Exposures from daily use
of prescription and non-prescription drugs and NHPs are considered to be addressed by
biomonitoring data. Sentinel scenarios from products with intermittent use patterns are
presented in Table 7-8. Default values and models used in exposure scenarios are
provided in Appendix B.

Table 7-8. Estimated potential oral and dermal exposures to ethylparaben from
the use of NHPs with intermittent use patterns on an age group-specific basis

Product scenario Amount in ?3: (D erlr:I:IZII;: ?1 Systemic exposure

product (%) group Hg (mg/kg bw/day)
(years) )

Traditional

Chinese medicine | 10 Mg/capsule (A>d2“(;t) N/A 169

(oral, per day)

Hand sanitizer . Toddler ab

(dermal, per event) 62% (0.5-4) | 12400 5.42

Hand sanitizer . Adult be

(dermal, per event) | 2% (>20) | 19830 344

Sunscreen o/ ab p

(dermal, per day) 0.4%* Toddler 15.60 1.54¢

Sunscreen o/ ab p

(dermal, per day) 0.4%* Adult 15.60 1.17¢
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aPersonal communication, email from Natural and Non-Prescription Health Products Directorate, Health Canada, to
Consumer Product Safety Directorate, Health Canada, dated February 20, 2017; unreferenced.

b Calculated using 40.38% dermal absorption.

¢ Calculated using a metabolism refinement of 47.93% ethylparaben.

d Calculated using a maximum dermal amount of 10.18 pug/cm?/24 h.

7.2.2 Health effects assessment

Ethylparaben has been extensively reviewed, and key risk assessments have been
conducted by the CIR (Andersen 2008), the EU SCCS (SCCP 2005a, 2005b, 2006,
2008; SCCS 2010, 2011, 2013), EFSA (2004), NICNAS (2016), and independent
scientists (Soni et al. 2005). The literature published until March 2017 was searched for
relevant information to supplement the data used in the international reviews and
assessments.

Toxicokinetics

A single dose of ethylparaben was administered orally (1 g/kg) or intravenously (50
mg/kg) to dogs. The parent compound was not detected in plasma at any time, and
PHBA was detected within 1 hour (Jones et al. 1956). The maijority of the applied dose
(64%) was excreted within 24 hours as PHBA and other metabolites; only 0.034% of the
parent compound was excreted. At sacrifice, small amounts of all ethylparaben were
detected in the brain and pancreas (Jones et al. 1956). Ethylparaben has also been
detected at low levels in tumorous breast tissue, human adipose tissue and in the brain
(Barr et al. 2012; Wang et al. 2015; van der Meer 2017).

In ex vivo studies, ethylparaben is metabolized in human liver, skin, subcutaneous fat
and blood. Hydrolysis in human liver cells is significantly greater than in skin cells
(Jewell et al. 2007b; Harville et al. 2007), but both are more efficient than in plasma
(Prusakiewicz et al. 2006). In liver and skin subcellular fractions, ethylparaben was
hydrolyzed 2 to 10 times faster than propylparaben and butylparaben (Jewell et al.
2007a, 2007b; Harville et al. 2007; Lobemeier et al. 1996; Abbas et al. 2010;
Prusakiewicz et al. 2006). In human plasma, ethylparaben was stable after 24 hours
compared to propylparaben, butylparaben and benzylparaben, which were reduced to
half within 1 to 6 hours. Ethylparaben hydrolysis in liver microsomes is more rapid than
in blood, with a half-life of 35 minutes (Abbas et al. 2010). Esterases identified in
keratinocytes and subcutaneous fat act on ethylparaben, but with less efficiency than on
longer-chain parabens (Lobemeier et al. 1996).

Unlike human kinetics, rat skin and liver cell fractions hydrolyze parabens at roughly the
same rate in in vitro studies (Harville et al. 2007). However, rat skin cells hydrolyze
ethylparaben at a rate 2 to 3 orders of magnitude higher than that of human skin cells
(Harville et al. 2007; Prusakiewicz et al. 2006). In these assays, hydrolysis in rat tissue
also increases with increasing chain length, unlike humans. Ethylparaben is
metabolized in human liver cell fractions at a rate 2- to 3-fold slower than in rat liver
(Harville et al. 2007).
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Repeat dose studies

In a 25-week oral toxicity study, SD-JCL rats (5/sex/test dose, 12/control) were fed
0.2%, 1.0% and 2.0% ethylparaben in their diet (equivalent to approximately 120, 600
and 1 200 mg/kg bw/day). Decreases were observed in male body weight in the mid-
and high-dose groups during weeks 19 to 25 and 22 to 23, respectively, while increased
male body weight was observed in the low-dose group from week 22 to 25.
Alkaliphosphatase was significantly increased in males in all treatment groups, but was
not dose-dependent and was not considered by the authors to be biologically
significant. No significant differences were noted in clinical signs, food consumption,
hematological effects, serum protein, cholesterol alkaliphosphatase levels (in females),
organ weights, or pathological or histological findings. A NOAEL of 1 200 mg/kg bw/day
(the highest dose tested) was identified (Sado 1973, as cited in Soni et al. 2005 and
REACH 2018b).

Twelve weanling albino rats per dose were fed 2% or 8% ethylparaben (equivalent to
900 to 1 200 and 5 500 to 5 900 mg/kg bw/day) in diet for 12 weeks. Animals receiving
8% ethylparaben showed a slower weight gain than negative controls in early stages of
the experiment. Signs of toxicity- such as depression and decreased motor activity as
well as mortality were also observed in this group. Kidneys, liver, heart, lung, spleen
and pancreas of all rats surviving the study were normal. The only significant finding
was mortality in the high-dose group. These animals had extensive pulmonary
consolidation and pneumonia, which was also observed in control animals. At 2%, no
signs of toxicity were observed in treated animals compared to controls. The NOAEL in
this study was 2% ethylparaben (900 to 1 200 mg/kg bw/day), based on effects
observed at 8% (Matthews et al. 1956).

Genotoxicity

Ethylparaben is not mutagenic in Ames assays, but is positive in chromosomal
aberration assays in Chinese hamster lung fibroblasts at 0.25 mg/mL and in mouse
lymphoma and micronucleus assays, with and without metabolic activation (Finot et al.
2017; Ishidate et al. 1978, 1984, Ishidate and Yoshikawa 1980; Kawachi and Yahagi
1980). Ethylparaben was negative in in vivo assays including a chromosome aberration
assay in mouse bone marrow (Kawachi and Yahagi 1980). Overall, the weight of
evidence indicates that ethylparaben is not likely to be genotoxic in vivo (EFSA 1994;
Andersen 2008).

Carcinogenicity

Male Fischer 344 rats (8/group) were exposed to PHBA, methylparaben, ethylparaben,
propylparaben, and butylparaben at 4% in the diet (approximately 4 000 mg/kg bw/day)
for 9 days. Ethylparaben caused a 2.9-fold increase in methyl-3[H]thymidine-labeling in
the forestomach epithelium, indicating cell proliferation. Treatment with all parabens
resulted in lesions visible under light microscopy (mucosal thickening, rete pegs and
papillae) that increased in severity with increasing chain length (Rodrigues et al. 1986).
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The lowest observed adverse effect level (LOAEL) in this study was 4%, based on cell
proliferation and lesions in the forestomach epithelium.

Reproductive and developmental effects
Potential estrogenic effects of parabens are reviewed in Appendix C.

Pregnant Wistar rats (8 to 12/group) were fed 0%, 0.1%, 1.0% or 10% ethylparaben
(equivalent to 54—-63, 517-658 and 2 970-3 260 mg/kg bw/day) from GD 8 to 15. At GD
21, dams were sacrificed and 305 fetuses were divided into two groups and prepared
for observation of visceral features and osseous features. Bleeding of the parietal brain
area was observed in 12/64 fetuses in the high-dose group, in 13/40 fetuses in the mid-
dose group and in 1/44 fetuses in the low-dose group, as compared to 2/32 fetuses in
the control group. Abnormal enlargement of the lateral and third ventricles of the brain
was present in 2/32 control fetuses and in 8/64 fetuses in the high-dose group.
Hydronephrosis was observed in 4/64 fetuses at the high dose, 1/40 at the mid-dose,
1/44 at the low dose and 1/32 in the control group. Bone malformations were observed
in the high- (18/61) and low-dose groups (27/46) as well as in the control (8/32).
However, only 4/44 animals in the mid-dose group showed osseous effects, suggesting
that the effect was not specific to the test substance. Maternal body weight was lower in
all treatment groups, particularly in the high-dose group, (363.8 £ 50.1, 363.2 + 41.5,
and 326.6 + 39.5 g, respectively in low, mid- and high-dose groups) at PND 20, as
compared to control (412.0 £ 36.2 g). In a second stage of the study, 6 pregnant rats in
two groups were given 0.1% or 10% of ethylparaben in feed from GD 8 to GD 15; they
were allowed to deliver spontaneously, and neonates were nursed for approximately

1 month. The authors report that no cases of teratogenesis were observed at 1 month in
98 pups from dams treated with ethylparaben in the second stage of the experiment,
and there were no apparent differences from controls in pup sex ratio and body weight.
The offspring of mothers treated with ethylparaben were reported to have a normal
growth rate and normal behaviour. The proportion of live births was greater in the test
groups than in the control, and there was no difference in maternal body weight after
delivery (Moriyama et al. 1975; REACH 2018b). Statistical analysis was not conducted
in this study. The authors concluded that ethylparaben did not cause any significant ill
effects. This position was supported by the CIR (Andersen 2008). NICNAS (2016)
determined that on the basis of bone malformations, hydronephrosis and enlargement
of the third ventricle of the brain, a NOAEL of 517 to 658 mg/kg bw/day was determined
for developmental toxicity and a NOAEL of 517 to 658 mg/kg bw/day was determined
for maternal toxicity. A NOAEL of 517 to 658 mg/kg bw/day was selected for this study
on the basis of enlargement of the lateral and third ventricle of the brain and
hydronephrosis.

In a study of early reproductive development, pregnant Wistar rats (14/test group) were
subcutaneously administered 0 or 400 mg/kg bw/day ethylparaben from GD 7 to GD 21.
No effect was observed on maternal toxicity or reproductive parameters, including
number of implantations, number of fetuses, post-implantation loss, resorptions, or sex
ratio. No significant toxic effect was observed in fetuses, and no effect was observed on
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birth weight or anogenital distance in pups. Testes, adrenals, and ovaries from exposed
fetuses were histologically similar to controls. Fetal (progesterone, testosterone,
thyroxine) and maternal (triiodothyronine, thyroxine, progesterone, 17a-
hydroxyprogesterone) serum, fetal testicular (testosterone, progesterone) and fetal
ovary (estradiol) hormone levels were also unchanged in the test group (Taxvig et al.
2008). The NOAEL of this study is 400 mg/kg bw/day, the highest dose tested.

Ethylparaben was administered in the diet to male Crj:Wistar rats (8 animals per group)
at 0%, 0.1% and 1.0% (equivalent to 102 £ 2.75 and 1 030 £ 38.0 mg/kg bw/day) for 8
weeks starting at PND 25 to 27. Treatment-related effects were not observed for
reproductive organ weights (testes, epididymides, prostates, seminal vesicles and
preputial glands) in any of the dose groups. Changes in testosterone, LH and FSH
levels relative to controls were not observed at any dose level. Sperm counts in cauda
epididymis and testis were normal, as were distribution of spermatogonia,
spermatocytes, round spermatids and elongated spermatids in stage VII-VIII tubules.
The NOAEL for this study was 1 030 mg/kg bw/day, the highest dose tested (Oishi
2004). As described in the methylparaben section, the SCCS (2008, 2011) has
expressed doubt as to the quality of this and other studies produced by the Oishi
laboratory, which reported (i) mean values for some parameters that fell far outside the
historical control ranges and (ii) standard deviations for key parameters including
epididymal sperm concentrations and testosterone levels that were far less than the
normal biological variability that has been observed by other groups. The SCCS has
concluded that the quality of the Oishi studies cannot be properly assessed as the full
test description and the complete raw data packages were no longer available.

Epidemiology

A literature search was conducted to identify epidemiological data for ethylparaben, with
a focus on reproductive and endocrine effects. Studies were evaluated and scored for
quality using the Newcastle-Ottawa Quality Assessment Scale (NOS) and the Quality
Assessment Tool for Observational Cohort and Cross-sectional Studies from the
National Heart, Lung, and Blood Institute of the National Institutes of Health (RSI 2018).
Epidemiology studies were identified that address the relationship between urinary
concentration of ethylparaben and fertility, reproductive health, serum hormone levels,
growth and development in children and adolescents, body weight, allergic sensitization
and respiratory health in children. The majority of studies did not report an association
between ethylparaben and the endpoint of interest. Weak positive associations were
identified between ethylparaben levels and abnormal sperm morphology among
patients of a fertility clinic, birth weight and height in male neonates, and allergic
sensitization (Jurewicz et al. 2017a; Philippat et al. 2014; Guo et al. 2017; Savage et al.
2012; Spanier et al. 2014; Vernet et al. 2017). A weak inverse association was identified
between ethylparaben concentration and serum thyroid hormone levels in adult females
(Koeppe et al. 2013) and BMI in pregnant women (Polinski et al. 2018). Other than
growth rates in neonates and toddlers and serum thyroid hormone levels, different
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studies of similar quality gave conflicting results for these or similar endpoints. More
detail is provided in Health Canada (2018a).

7.2.3 Characterization of risk to human health

Ethylparaben demonstrated low toxicity in repeat dose studies, with reported NOAELs
of 900 to 1 200 mg/kg bw/day (Sado 1973; Matthews et al. 1956). A NOAEL of 900
mg/kg bw/day was reported for dietary exposure to ethylparaben in a 12-week repeat
dose study based on depression, decreased motor activity, and lethality at 5 500 mg/kg
bw/day (Matthews et al. 1956). The weight of evidence indicates that ethylparaben is
not genotoxic, and in vivo studies indicate that ethylparaben is not carcinogenic.

Ethylparaben administered in the diet at up to 1 030 mg/kg bw/day did not result in
observed effects on male pubertal development in rats (Oishi 2004). However, the
SCCS has expressed significant concerns about the quality of studies performed by the
Qishi lab. In a study of prenatal reproductive development, no effects were observed on
reproductive endpoints in pups after gestational subcutaneous dosing up to 400 mg/kg
bw/day (Taxvig et al. 2008). In an older study of prenatal developmental toxicity,
ethylparaben exposure resulted in enlargement of the lateral and third ventricles of the
brain and hydronephrosis at the highest dose tested (2 970 to 3 260 mg/kg bw/day
(Moriyama et al. 1975). Bleeding of the parietal brain was also noted in the mid- and
high-dose groups, but was not dose-dependent as the effect was observed in 13/40
fetuses at the mid dose, and in 12/64 fetuses at the high dose. Maternal body weight
was notably decreased at the high dose; however, the effect on fetal brain ventricles is
considered to be independent of maternal body weight. A NOAEL of 517 mg/kg bw/day
was therefore selected as a point of departure for ethylparaben, based on prenatal
developmental toxicity. A NOAEL of 900 mg/kg bw/day was selected as a point of
departure for general toxicity, based on repeat dose studies.

The Canadian population is exposed to ethylparaben via cosmetics, prescription and
non-prescription drugs and NHPs. Monitoring data available for some environmental
media sources and worldwide data suggest that Canadians are also exposed to
ethylparaben via these sources.

The assessment of general population exposure to ethylparaben is based on
biomonitoring data from the CHMS, the Plastics and Personal-Care Product Use in
Pregnancy (or P4) Study, and a study of Korean neonates within 48 hours of birth
(Health Canada 2017a; Fisher et al. 2017; Kang et al. 2013). These data encompass
exposures to ethylparaben from multiple sources and routes, reflecting the integrated
exposure due to use of most products used by consumers that contain ethylparaben.
Biomonitoring data are therefore considered reliable estimates of exposure of the
general population in Canada to ethylparaben. Urine is the major route of excretion for
ethylparaben, and the biomarker (free and conjugated ethylparaben) is specific to the
parent compound. However, ethylparaben has a relatively low fractional urinary
excretion and the majority of samples were below the limit of detection. To address the
uncertainty associated with the robustness of the use of ethylparaben as a biomarker,
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estimates of daily intake were based on the upper-bound of 95" percentile (or highest
available) exposure value for each age band and are therefore considered a
conservative scenario. Margins of exposure resulting from estimated daily intakes are
presented in Table 7-9.

Table 7-9. Estimated daily intake of ethylparaben derived from biomonitoring
data, with margins of exposure, for determination of risk

Upper-bound .
. Age group | estimated daily Critical effect
Source, Location - level MOE
(years) intake at P95
(mg/kg bw/day) (mg/kg bw/day)
CHMS (Cycle 4,
2014-2015), Canada 3-5 0.012 NOAEL 900° | 76322
CHMS (Cycle 4,
2014-2015), Canada | © 1 0.00071 NOAEL 9002 | 1270 729
CHMS (Cycle 4, X
2014-2015), Canada | 12719 0.028 NOAEL 517 18 458
CHMS (Cycle 4, X
2014.2015) Canada | 20759 0.025 NOAEL 517 20 866
CHMS (Cycle 4,
2014-2015), Canada | 0079 0.012 NOAEL 9002 | 78212
(F;gz:;:t al. 2017, Pvf,i?r:‘::t 0.012 NOAEL 517° | 41466
ﬁi;‘egaet al. 2013, Neonates 0.00031 NOAEL 9002 | 2827 403

Abbreviations: NOAEL, no observed adverse effect level.
a Critical effects: depression, decreased motor activity, and mortality.
b Critical effects: fetal hydronephrosis and enlargement of the lateral and third ventricles of the fetal brain.

On the basis of conservative parameters used to model estimated daily intake, the
margins of exposure are considered adequate to address the risk to populations aged 3
to 79 years, pregnant women and neonates. Biomonitoring data were not available to
address children under 3 years (other than neonates). With the exception of breast milk
consumption, exposure for this group is not expected to differ significantly from the
youngest age group surveyed by CHMS or from the neonatal group presented here.
Breast milk consumption was modelled using Canadian data and is not expected to
pose a risk. Therefore, the reported urinary concentrations and estimated daily intakes
across all age groups indicate that exposure in children under 3 years is not expected to
pose a risk.
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Due to the short half-life of ethylparaben administered by the oral route and the spot
sampling methodology employed in biomonitoring studies, it is not clear that
biomonitoring data adequately addresses high exposures to cosmetics and NHPs with
intermittent use patterns. Sentinel scenarios are presented in Table 7-10.

Table 7-10. Relevant oral and dermal exposure and hazard values for
ethylparaben from products with intermittent use patterns, as well as margins of
exposure, for determination of risk

Age Systemic Critical effect
Exposure scenario group exposure level MOE
(years) | (mg/kg bw/day) | (mg/kg bw/day)
Face paint® Toddler b 7 500—-
(dermal, per event) (0.5-4) 0.04-0.12 NOAEL 900 22 500
Traditional Chinese Ad
C ult a
medicine 1.69 NOAEL 517 306
(> 20)
(oral, per day)
Hand sanitizer® Toddler b
(dermal, per event) (0.5-4) 5.42 NOAEL 900 166
Hand sanitizer® Adult s
(dermal, per event) (> 20) 3.44 NOAEL 517 150
Sunscreen? Toddler b
(dermal, per day) (0.5-4) 1.54 NOAEL 900 584
Sunscreen? Adult s
(dermal, per day) (> 20) 1.17 NOAEL 517 442

Abbreviations: NOAEL, no observed adverse effect level

a Critical effects: fetal hydronephrosis and enlargement of the lateral and third ventricles of the fetal brain
b Critical effects: depression, decreased motor activity, and mortality.

¢ Cosmetic

d Natural health product

The margins of exposure of all products are considered adequate to address
uncertainties in the health effects and exposure databases.

7.3 Propylparaben
7.3.1 Exposure assessment

Propylparaben is naturally occurring in some foods and has been identified in
environmental media. Propylparaben is also present in a number of products, including
prescription and non-prescription drugs, NHPs, cosmetics, pest control products, and
limited products available to consumers. It may be used as a food additive or a
component in food packaging materials. Many of these sources contribute to total daily
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exposure to propylparaben. Urinary concentrations and estimated exposures of
Canadians to propylparaben are presented in the following section.

Biomonitoring

Biomonitoring data collected in Cycle 4 of the Canadian Health Measures Survey
indicated a geometric mean urinary concentration of 2.5 pg/L (95% confidence interval
of 1.8 to 3.5 pg/L) of propylparaben in Canadians aged 3 to 79 years (n =2 564). Key
values from Canadian biomonitoring studies are presented in Table 7-18. Females had
a higher geometric mean urinary concentration of 4.9 ug/L'® (95% confidence interval of
3.21t0 7.6 pg/L, n=1 289) compared to males, with 1.3 pg/L (95% confidence interval of
0.96 to 1.8 pg/L, n=1 275). Among different age groups, the group with the highest
reported exposure was adults aged 60 to 79 years, with a geometric mean urinary
concentration of 3.0 pg/L8 (95% confidence interval of 2.0 to 4.6 pg/L). Children aged 6
to 11 years had the lowest reported exposure with a geometric mean urinary
concentration of 1.2 pg/L (95% confidence interval of 0.99 to 1.6 ug/L) (Health Canada
2017a). In the whole population (aged 3 to 79 years), 20.83% of samples were below
the limit of detection; the highest proportion of samples below the limit of detection was
26.39% in adults aged 60 to 79 years. In two smaller scale Canadian studies, the mean
urinary concentration in females was 26.45 pg/L (n =28 including 9 pregnant patients,
median = 2.8 ug/L) and the geometric mean urinary concentration in pregnant females
was 25.50 yg/L (n=31) (Genuis et al. 2013; Fisher et al. 2017). The mean urinary
concentration in males (n=11), reported by Genuis et al. (2017), was 61.9 ug/L (median
of 3.09 ug/L). The difference in mean and geometric mean urinary concentration levels
reported by CHMS versus Genuis et al. (2013) and Fisher et al. (2017) may be due to
differences in the population assayed (i.e., small local populations and a population of
pregnant women versus a large nationally representative sample of the general
population).

Propylparaben was detected at a median concentration of 4.0 pg/L (free plus
conjugated paraben, range of 0.84 to 15.2 ug/L) in urine collected from Korean infants
within 48 hours of delivery (Kang et al. 2013). Low-birth-weight neonates in the NICU
(n=41 aged < 4 weeks) had a urinary concentration of 2.6 ug/L free propylparaben and
16.8 pg/L total paraben (GMs reported; Calafat et al. 2009), a level higher than the
youngest child populations reported by CHMS or NHANES (Health Canada 2017a;
Calafat et al. 2010).

Propylparaben was detected in breast milk at a geometric mean concentration of
0.0277 pg/L in 56 Canadian women (95" percentile = 1.320 pg/L), 3 months post-
partum (Fisher et al. 2017). Propylparaben was detected in placenta in a sample of 12
women (Barcelona, maximum = 1.28 ng/g fresh weight) and in amniotic fluid in 40

0 The geometric mean estimate was associated with high sampling variability (i.e., coefficient of variation
between 16.6% and 33.3%). Health Canada recommends that this data be used with caution (Health
Canada 2017a).
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pregnant women (India, GM =7.84 pg/L) (Valle-Sistac et al. 2016; Shekhar et al. 2017).
Propylparaben was detected in cord blood at a mean of 5.59 ug/L in 34 samples in the
United States (Geer et al. 2017). Propylparaben was undetectable in the blood of 73.9%
of neonates (n=181) that received medicines containing propylparaben as an excipient;
the maximum detected in blood was 147 pg/L (Mulla et al. 2015).

Estimated daily intakes of propylparaben were calculated for the general population,
pregnant females and neonates, based on biomonitoring data and according to the
method described for methylparaben in section 7.1.1 (CHMS, Health Canada 2017a;
Fisher et al. 2017; Kang 2017). In each of the three biomonitoring studies, total
propylparaben (i.e., free and conjugated species) was measured in urine by HLPC, after
treatment with B-glucuronidase and sulfatase. The fractional urinary excretion value of
0.097 or 9.7% for propylparaben was extrapolated in Moos et al. (2017) based on
measured values for methylparaben and butylparaben in adults. Creatinine excretion
rate was calculated using the Mage equation (Saravanabhavan et al. 2014). Neonates
were included because the detection of propylparaben in cord blood, placenta and
amniotic fluid indicate that propylparaben passes through the placenta and exposure
may occur in utero (Shekhar et al. 2017; Geer et al. 2017; Valle-Sistac et al. 2016).
Urinary concentrations from Korean neonates were used in the absence of data from a
Canadian population; this is considered a conservative choice because the 95"
percentile urinary concentrations of propylparaben in the general Korean population
exceed those of the general Canadian population (Honda et al. 2018).

As described for ethylparaben (see section 7.2.1), Moos et al. (2017) used a linear
regression of fractional urinary excretion values from a human pharmacokinetics study
(Moos et al. 2016) of methylparaben, butylparaben and iso-butylparaben and log Kow to
model the fractional urinary excretion of propylparaben as 0.097 (Moos et al. 2017). A
low recovery of propylparaben in urine is consistent with other studies. In human studies
in which 20 mg/kg bw/day of propylparaben was administered orally, PHBA is detected
in blood within 60 minutes, but the parent paraben is not detected at any point (Heim
1960, as cited in Andersen 2008). In another study, a single volunteer ingested 2 g of
propylparaben per day for 5 days and excreted 17.4% as PHBA in urine. Only
conjugated-propylparaben was identified in urine; unmetabolized paraben was not
detected (the majority of the dose was unaccounted for) (Sabalitschka and Neufeld-
Crzelliter 1954, as cited in Soni et al. 2005). See section 7.3.2 for further discussion of
propylparaben toxicokinetics. The value of 9.7% was therefore used as the fractional
urinary excretion value in the calculation of biomonitoring equivalents and estimated
daily intake for propylparaben. As with other parabens, propylparaben is a specific
biomarker of the parent compound and is primarily excreted in urine, but is not the
major metabolite. The use of an oral fractional urinary excretion value may under- or
over-estimate dermal exposure, and the use of the parent paraben as a biomarker
provides a less robust measure of exposure as it is not the major metabolite. Due to its
widespread use as a preservative, the use of the parent compound as a biomarker may
be susceptible to contamination during sample collection and analysis (Aylward et al.
2017a).
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Estimated daily intake values were calculated using the 95™ percentile 95% confidence
interval values (or highest available values) for creatinine-adjusted urinary concentration
(Mg/g Cr) for each age group, as described for methylparaben (section 7.1.1).
Propylparaben was below the limit of detection in approximately 20% of all CHMS
samples. However, fully validated methods were used to measure propylparaben, and
human biomonitoring data provide realistic exposure in the general population. The
number of samples with undetectable levels of propylparaben may be due to rapid
metabolism or to low exposure. According to data submitted to Health Canada,
propylparaben is used in approximately 35% fewer products (i.e., cosmetics, NHPs and
prescription and non-prescription drugs) than methylparaben, indicating that lower
exposure may account for some, if not all, of the lower detection levels of
propylparaben. A high level of variability (based on the coefficient of variation) was
associated with CHMS biomonitoring data for propylparaben in age-stratified groups at
the 95" percentile, and in some age groups, the geometric mean. Variability was
addressed by selecting the lower and upper bounds of the 95" percentile 95%
confidence interval as conservative lower and upper bound values for deriving
estimated daily intake. The use of CHMS biomonitoring data allows increased
confidence in the estimated daily intakes as they are based on a large, nationally
representative population.

Estimated daily intakes and key parameters are presented in Table 7-11. The values
calculated here for the Canadian population are similar to daily intakes of propylparaben
calculated at the 95" percentile for an adult German population (ranging from 9.8 to
26.9 ug/kg bw/day), reported in Moos et al. (2017). See Appendix A for further details of
the derivation of estimated daily intake values.

Table 7-11. Estimated daily intakes of propylparaben based on biomonitoring data

EDI, P95 (Cl)

Source, Location (ygagl?s)a (mglsilzy)b U((:I(J:; /Zgé)r§? )| Fues (Mg/kg

bw/day)

CHMS (Cycle 4,

2014-2015)°, 3-5 130 68 (20-120)° 0.097 | 5.9 (1.7-10)

Canada

CHMS (Cycle 4,

2014-2015)°, 6-11 418 190 (110-280)" | 0.097 26 (15-39)

Canada

CHMS (Cycle 4,

2014-2015)°, 12-19 1182 85 (42-130)° 0.097 17 (8.6-27)

Canada

CHMS (Cycle 4,

2014-2015)°, 20-59¢ 1248 96 (29-160)° 0.097 17 (5.3-29)

Canada
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CHMS (Cycle 4,

2014-2015)¢, 60-79 1017 190 (110-280)¢ | 0.097 28 (16—-41)
Canada

Fisher et al. 2017, | Pregnant ) 111h 0.097 23
Canada women

Kang et al. 2013, Neonates 9.6 37 3 0.097 1.1

Korea

Abbreviations: CER, creatinine excretion rate; UCc:, creatinine-adjusted urinary concentration; P95, 95t
percentile; Cl, confidence interval; FUE, fractional urinary excretion; EDI, estimated daily intake.

a Age groups are defined based on age groups reported by CHMS (Health Canada 2017a).

b Creatinine excretion rate was calculated using the Mage equation [0.993%1.64 [140 — Age] (Wt*1.5
Ht*0.5)/1000]. See Appendix A for values used for age weight and height.

¢ Health Canada 2017a.

4 Moos et al. 2016.

¢ These values were associated with high sampling variability (i.e., coefficient of variation between 16.6%
and 33.3%). Health Canada recommends that this data be used with caution (Health Canada 2017a).

f CHMS data for the 95t percentile in this age stratum was suppressed due to high variability and "Age 60
to 79” was used as a surrogate. Although the 95t percentile value for this group is not known, this
approach is considered conservative because the value used to estimate daily intake is the highest
reported 95t percentile value for propylparaben.

9 The “20-39” and “40-59” age groups are presented together. The 95" percentile value for age 20-39
years was suppressed due to high variability; the 95" percentile value for Age 40-59 years is presented
here.

h This value is the specific gravity-adjusted urinary paraben concentration (ug/L) at the 95t percentile;
creatinine-adjusted values were not reported in Fisher et al. 2017. Confidence intervals were not
reported. EDI was calculated using the following equation: EDI = (UC*UFR)/FUE (Saravanabhavan et al.
2014), where UC is the urinary concentration, UFR is the urinary flow rate (0.20 L/kg bw/day, Aylward et
al. 2015) and FUE is the fractional urinary excretion.

i This value is the 75t percentile creatinine-adjusted urinary paraben concentration; the 95" percentile
was not reported (Kang et al. 2013). Confidence intervals were not reported.

Environmental media

Propylparaben has been identified in agricultural soil and house dust in Canada (Viglino
et al. 2011; Fan et al. 2010). In other countries, it has been identified in drinking water
(Carmona et al. 2014), garden, agricultural, industrial and forestry soil (Ferreira 2011;
Perez et al. 2011; Nunez et al. 2008), outdoor air (Moreau-Guigon et al. 2016),
residential indoor air (Laborie et al. 2016; Alliot et al. 2014; Moreau-Guigon et al. 2016),
and house dust (Wang et al. 2012; Ramirez et al. 2011; Tran et al. 2016; Canosa et al.
2007). Average estimates of daily intake of propylparaben by the general population of
Canada based on these studies range from 0.004 to 28 pg/kg bw/day for all age groups
from infants to adults over 60 years.

In the absence of Canadian monitoring data, exposure from water and air was modelled
using ChemCAN (ChemCAN 2003). Propylparaben was found to partition primarily to
sediments and water. Modelled data indicate that general population exposure due to
environmental media is negligible.
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Food

Propylparaben (identified as propyl paraben, propyl-p-hydroxy benzoate) and its sodium
salt (identified as sodium salt of propyl-p-hydroxy benzoic acid) are permitted for use as
food additives (preservatives) in foods sold in Canada. The foods to which they may be
added and their maximum levels of use in those foods are set out in Part 2 of the List of
Permitted Preservatives (personal communication, email from the Food Directorate,
Health Canada, to the Consumer Product Safety Directorate, Health Canada, dated
April 18, 2018; unreferenced). However, these uses were approved many years ago,
and the results of a 2017 Health Canada survey of current uses of propylparaben by
the food industry suggest that use in food is limited. The main use in foods as a
preservative is currently in certain colouring preparations or dispersions, which are
subsequently incorporated into a limited number of food products such as certain
confectionery products, marinades and unstandardized beverages, including some
flavoured and carbonated or concentrated (including frozen) beverages (personal
communication, email from the Food Directorate, Health Canada, to the Consumer
Product Safety Directorate, Health Canada, dated April 18, 2018; unreferenced). For the
general public (age bands from 1 to over 71 years), conservative estimates of exposure
to propylparaben from its use in certain colour preparations range from 0.013 to 0.073
mg/kg bw/day at the 90™" percentile. Biomonitoring data (Fisher et al. 2017) indicate that
breastfed infants are expected to be exposed to 33.04 ng/kg bw/day (0.000033 mg/kg
bw/day) via breast milk.

Cosmetics and products available to consumers

Propylparaben was identified in cleaning wipes (SDS 2010), and a wide variety of
cosmetics, including lotions, make-up, cleansers, and hair care products. Exposures
from daily use of cosmetics and products available to consumers were considered to be
addressed by biomonitoring data. Due to the use of spot sampling and the short
metabolic half-life of propylparaben, exposures from products with intermittent uses
were potentially not addressed by biomonitoring data. Sentinel exposures from
cosmetics with intermittent use patterns are presented in Table 7-12.

For potential exposure by the dermal route, experimentally determined dermal
absorption and metabolism coefficients from an in vitro study of dermal absorption and
metabolism in human skin were used to estimate an internal dose, as described in
section 7.1.1, and further details are available on request (Charles River Laboratories;
Health Canada 2018b).

Potential exposures were estimated using conservative assumptions and default values.
See Appendix B for details on default values and models used for generating exposure
estimates. Exposure estimates for each scenario are expressed on a per-event and/or a
daily basis, depending on exposure frequency (see section 7.3.3, Characterization of
risk to human health).
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Table 7-12. Estimated potential dermal exposures to propylparaben from the use
atterns on an age group-specific basis

of cosmetics with intermittent use

. Age Dermal load .
Product Concentration 2 Systemic exposure
- . o group | (Mg/cm?/24 h

scenario in product (%) (years) ) (mg/kg bw/day)
Face Paint (A 2a Toddler . B b
(per event) 0.1-0.3 (0.5-4) 2.99-8.97 0.031-0.93
Face Paint e Adult . B b
(per event) 0.1-0.3 (> 20) 2.98-8.94 0.0099-0.030

@ Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017; unreferenced.
b Calculated using the product dermal load as the maximum dermal amount.
¢ Calculated using a metabolism refinement of 36.97% propylparaben.

Drugs and NHPs

Propylparaben is present as a non-medicinal ingredient in prescription and non-
prescription drugs and NHPs administered by multiple routes. Exposures from daily use
of prescription and non-prescription drugs and NHPs are considered to be addressed by
biomonitoring data. Sentinel scenarios from products with intermittent use patterns are
presented in Table 7-13. Default values and models used in exposure scenarios are
provided in Appendix B.

Table 7-13. Estimated potential oral exposures to propylparaben from the use of
non-prescription drugs and NHPs with intermittent use patterns on an age group-

specific basis

Concentration Age Dermal load Systemic exposure
Product scenario | . o group | (ug/cm?/24 h

in product (%) (mg/kg bw/day)

(years) )
Heartburn
medication® 0.65° Adult N/A 29.33
(>20)

(per day)
Fluoride treatment? Child
(per event) 0.2° (5-11) N/A 0.52
Fluoride treatment? Adult
(per event) 0.2¢ (> 20) N/A 0.23
Sunscreen® d Infant eg
(dermal, per day) 01 (0-0.5) 4.59 1.84
Sunscreen? c Toddler dfh
(dermal, per day) 0.4 (0.5-4) 15.6 0.78
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Sunscreen? . Adult fh
(dermal, per day) 0.4 (>20) 15.6 0.58

Abbreviations: N/A, not applicable.

aNatural health product.

b Non-prescription drug.

¢Personal communication, email from Natural and Non-Prescription Health Products Directorate, Health Canada, to
Consumer Product Safety Directorate, Health Canada, dated February 20, 2017; unreferenced.

d Personal communication, email from Natural and Non-Prescription Health Products Directorate, Health Canada, to
Consumer Product Safety Directorate, Health Canada, dated February 20, 2017; unreferenced.

¢ Calculated using the product dermal load as the maximum dermal amount:

f Calculated using a maximum dermal amount of 8.23 pg/cm?/24 h.

9 A metabolism refinement was not applied to the infant age group.

h Calculated using a metabolism refinement of 29.86% propylparaben.

7.3.2 Health effects assessment

Propylparaben has been extensively reviewed, and key risk assessments have been
conducted by the CIR (Andersen 2008), the EU SCCS (SCCP 2005a, 2005b, 2006,
2008; SCCS 2010, 2011, 2013), EFSA (2004), EMA (2015), NICNAS (2016), and
independent scientists (Soni et al. 2005). The literature published until March 2017 was
searched for relevant information to supplement the data used in the international
reviews and assessments.

Toxicokinetics

A single radiolabeled dose of 100 mg/kg propylparaben was administered to rats by oral
and dermal routes (Aubert et al. 2012). Maximum plasma concentrations (Cmax) was
achieved in less than 1 hour and 8 hours, respectively with oral and dermal dosing. All
administration routes produced a single peak in the plasma, corresponding to that of
PHBA, and parent paraben was not detected. Over 70% of the oral dose was excreted
in 24 hours, with <4% detected in feces and <1% in tissues. Approximately 60% of the
applied dermal dose was not absorbed after 24 hours, 17% to 20 % was excreted in
urine and <2% in feces, the remainder was thought to be in external tissues (e.g., hair,
nails) (Aubert et al. 2012). When a single dose of propylparaben was administered
orally (1 g/kg) or intravenously (50 mg/kg) to dogs, the parent compound was not
detected in plasma at any time, and PHBA was detected within 1 hour (Jones et al.
1956). Fifty-three percent of the applied dose was excreted within 24 hours as PHBA
and other metabolites; the parent compound was excreted at 0.042%. Urinary excretion
increased to 96% after 24 hours when dogs were fed 1g/kg bw/day of propylparaben
daily for 1 year. At sacrifice, small amounts of all propylparaben were detected in the
brain (Jones et al. 1956).

When human subjects were orally administered up to 20 mg/kg bw propylparaben in a
single dose, the parent compound was not detected in blood, but PHBA was detected
within 60 minutes (Heim 1960, as cited in Andersen 2008). A single volunteer orally
administered 2 g of propylparaben for 5 days excreted 17.4% as PHBA. Fifty-five
percent of excreted propylparaben was conjugated with sulfuric acid but the parent form
was not detected in urine. In this study, the majority of the administered dose was
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unaccounted for (Sabalitschka and Neufeld-Crzelliter 1954, as cited in Soni et al. 2005).
These findings are consistent with those of Ye et al. (2006) who reported that parabens
in urine were found predominantly in a conjugated form (95% t098% of detected
parabens). The major isoform was sulphate-conjugated paraben, which accounted for
55% of recovered propylparaben. Although the maijority of propylparabens appears to
be rapidly eliminated from the body in humans, propylparaben have been detected at
low levels in tumorous breast tissue, adipose tissue, and in the brain (Barr et al. 2012;
Wang et al. 2015; van der Meer 2017). It was not reported whether the parabens were
free or conjugated.

In liver and skin subcellular fractions, propylparaben is metabolized up to an order of
magnitude less efficiently than methyl paraben and ethylparaben (Jewell et al. 2007a,
2007b; Harville et al. 2007; Lobemeier et al. 1996; Abbas et al. 2010; Prusakiewicz et
al. 2006). In human plasma, propylparaben was reduced to 47% after 6 hours.
Propylparaben had a half-life of 67 minutes in human liver microsomes (Abbas et al.
2010). Esterases identified in keratinocytes and subcutaneous fat demonstrate a
preference for longer chain parabens (i.e., propylparaben, and butylparaben) with
decreasing affinity for parabens with decreasing chain length (Lobemeier et al. 1996).

Unlike human kinetics, rat skin and liver cell fractions hydrolyze parabens at roughly the
same rate in in vitro studies (Harville et al. 2007). However, rat skin cells hydrolyze
propylparaben at a rate 3 orders of magnitude greater than that of human skin cells,
consistent with overall rates of hydrolysis by carboxylesterases in these species
(Harville et al. 2007; Prusakiewicz et al. 2006). Hydrolysis in rat tissue also increases
with increasing chain length, unlike humans. Unlike shorter chain parabens,
propylparaben was metabolized in rat liver at a rate approximately 10 times greater than
that in human liver (Harville et al. 2007).

Repeat dose studies

In an OECD TG 422-compliant study (Combined Repeat Dose Toxicity and
Reproduction/Developmental Toxicity Screening Test), Wistar rats (11/sex/group) were
administered 0, 1 500, 4 500 or 15 000 ppm propylparaben in the diet (corresponding to
59.3-98.0, 178.3-305.1, and 605.0-980.9 mg/kg bw/day for the males and 116.0—
137.3, 341.9-431.8, and 1 076.4—1 380.0 mg/kg bw/day for females) for up to 7 weeks.
Male rats were treated for 28 days, and female rats were treated for 14 days prior to
pairing, through the pairing and gestation periods until first filial (F1) PND 4. No signs of
adverse toxicity were observed in the treated males and females at any dose. Reduced
body weight gain was observed in males of the high-dose group, but there was no
statistically significant change in the resulting body weights. In the high-dose group,
there was also an increase in serum triglyceride concentration, with no further related
changes (REACH 2018c). Reproductive effects are discussed in another section, below.
Full details for this study were not available in the REACH dossier. A NOAEL of

1 076 mg/kg bw/day is identified for chronic toxicity.
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Twelve weanling albino rats per dose were fed 2% or 8% propylparaben (equivalent to
900 to 1 200 and 5 500 to 5 900 mg/kg bw/day) in the diet for 96 weeks. Animals
receiving 8% propylparaben had slower weight gain than negative controls in early
stages of the experiment. The effect was greater in males and diminished by the end of
the experiment. At 2%, no signs of toxicity were observed in treated animals compared
to controls. The NOAEL identified for this study is 2% propylparaben (900 to 1 200
mg/kg bw/day, Matthews et al. 1956).

Genotoxicity

Propylparaben was negative in Ames assays and negative in chromosomal aberration
assays in Chinese hamster lung fibroblasts at concentrations up to 0.45 mg/mL
(REACH 2018c; McCann et al. 1975; Andersen 2008; Kier et al. 1986; Morita et al.
1981; Kawachi and Yahagi 1980; Odashima 1976). Propylparaben induced cytotoxicity
and apoptosis/necrosis at 1% in human dermal fibroblasts and diminished cell
proliferation and induced DNA breaks in Vero cells at 500 yM, and induced sister
chromatid exchanges, chromosomal aberrations and positive comet assays at 1to 1.5
mM in CHO-K1 cells (Tayama et al. 2008; Carvalho et al. 2012; Martin et al. 2010).
Propylparaben was negative in in vivo genotoxicity assays, including a dominant lethal
assay (Ayar and Uysal 2013; Odashima 1976; EFSA 2004 ). Overall, the weight of
evidence indicates that propylparaben is not likely to be genotoxic in vivo (EFSA 1994;
Andersen 2008).

Carcinogenicity

Male Fischer 344 rats (8/group) were exposed to PHBA, methylparaben, ethylparaben,
propylparaben, and butylparaben at 4% in diet (approximately 4 000 mg/kg bw/day) for
9 days. Propylparaben a 6.7-fold increase in methyl-3[H]thymidine-labeling in the
forestomach epithelium, indicating cell proliferation. Propylparaben caused a thickening
of mucosa and treatment with all parabens resulted in lesions visible under light
microscopy (mucosal thickening, rete pegs and papillae) that increased in severity with
increasing chain length (Rodrigues et al. 1986).

Male Fischer 344 rats (5/group) were treated with 0%, 1% or 4% propylparaben in diet
(approximately 1 000 and 4 000 mg/kg bw/day) for 9 days. A 1.5-fold increase in
labeling in the prefundic region of the forestomach was observed in the 1% group and a
2.5-fold increase in the 4% treatment group. Histologically, hyperplasia and lesions
were observed in both groups, with increased severity in the 4% group (Nera 1984). In
contrast to these results, male Fischer 344 rats (5/group) were fed 3% propylparaben in
diet for 8 weeks and did not show any labeling or hyperplastic effects in the forestomach
or glandular stomach (Shibata et al. 1990). Likewise, male Golden hamsters
administered 3% propylparaben in the diet for 20 weeks did not cause proliferative
lesions, hyperplasia or increase in labeling indices in the forestomach (Hirose et al.
1986). Taken together, the results from cell proliferation studies suggest that there is a
threshold effect at greater than 3% propylparaben exposure in diet.
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Reproductive and developmental effects
Potential estrogenic effects of parabens are reviewed in Appendix C.

In an OECD TG 422-compliant study (Combined Repeat Dose Toxicity and
Reproduction/Developmental Toxicity Screening Test), Wistar rats (11/sex/group) were
administered 0, 1 500, 4 500 or 15 000 ppm propylparaben in the diet (corresponding to
59.3-98.0, 178.3-305.1, and 605.0-980.9 mg/kg bw/day for the males and 116.0—
137.3, 341.9-431.8, and 1 076.4—-1 380.0 mg/kg bw/day for females) for up to 7 weeks.
Male rats were treated for 28 days and female rats were treated for 14 days prior to
pairing, through pairing and gestation periods until F1 PND 4. Signs of general toxicity
were discussed in a previous section. No effect was observed in the parental generation
on reproductive parameters (sperm motility, morphology and sperm count, estrus cycle,
mating performance, fertility, duration of gestation, corpora lutea count, implantation
rate, post implantation and postnatal loss and litter size) and no test substance-related
findings were observed in the offspring, either in the first 4 days post-partum, or at
necropsy (REACH 2018c). Full details for this study were not available in the REACH
dossier. A NOAEL of 1076 mg/kg bw/day is identified for reproductive effects.

In a study of male and female pubertal development and reproduction, juvenile Crl:CD
rats (25/sex/dose) were treated by gavage with 0, 10, 100 or 1 000 mg/kg bw/day
propylparaben from PND 4 to 90. At approximately PND 100, treated males and
females were mated with untreated females/ males The F1 generation were sacrificed
on PND 91 (end of dose) or following a treatment-free recovery period by PND 132 (25—
27 days after cohabitation for males and on lactation day 5 to 7 for females). The F2-
generation pups were evaluated for survival, sex, gross external dysmorphology, and
body weight and euthanized thereafter on PND 4 to 6. In the F1 generation, no adverse
effects were observed on body weights, body weight gains, food consumption, clinical
pathology parameters, organ weights, or gross or histopathologic findings in
reproductive tissues (ovaries, uterus testes, epididymides, prostate and seminal
vesicles) at any dose level. No effects were noted on age of sexual development,
estrous cycling, mating and fertility indices, mean number of days to mating, conception
rate, gestation index, or length of gestation. At PND 24, uterine weights were examined
in 6 animals per dose. No treatment-related gross uterine observations and no changes
absolute or relative uterine weight were observed at any dose. In comparison, all rats
treated with E2 (1 pg/kg bw/day) had a fluid filled uterus at necropsy and statistically
significant increase in absolute and relative uterine weights, compared to control (4.3-
and 4.2-fold, respectively). At the end of dosing (PND 91) there was a significantly
increase in relative uterine weight in the 1 000 mg/kg bw/day group. This group also had
an increased number of animals in proestrus and estrus (4/10 and 2/10, respectively)
compared to controls (3/10 and 1/10) which increased the endometrial and luminal fluid
(a natural feature of these stages of estrus) and thus contributed to the increased
weight. Estrous data indicates that these animals were cycling normally at PND 89 and
no differences were identified in the durations of estrous cycles, the duration of
proestrus and estrus, or the mean numbers of cycles relative to those in control
females. Early vaginal opening was observed in the high-dose group (day 31.2) when

55



Draft Screening Assessment — Parabens Group

compared with controls (day 33.9), but was within the range of historical controls for the
test facility (29 to 33.9 days). In the control group, 7/25 females displayed late
development (35 to 43 days) that was outside of the range of historical controls resulting
in a high control mean value. Small, soft testes were observed in 3/75 animals (1/25 at
10, 2/25 at 100 and 0/25 at 1 000 mg/kg bw/day), but were considered unrelated to
treatment, as they are known to occur spontaneously in this animal strain. A single case
of mammary adenocarcinoma in 1 female at 1 000 mg/kg bw/day at end of dose
necropsy was considered incidental due to no observation of precursor lesions in end of
recovery group, within historical range for testing facility, known to occur spontaneously
in juvenile and adult rats. In treated females mated to naive males, no effects were
observed on the sex ratio of offspring, number of live and dead pups at birth, number of
implantations, and live births. In naive females mated with treated males, the number of
corporea lutea, implantation sites, live embryos, dead embryos, early resorptions, pre-
and post-implantation losses were not different in treatment groups compared to
controls. In the offspring of treated/naive pairings, no clinical signs, malformations,
effects on viability, or body weight were observed (Sivaraman et al. 2018; Pouliot 2013).
The NOAEL identified for this study is 1 000 mg/kg bw/day.

In a study of male pubertal development, Wistar rats (20 per group) were administered
0, 3, 10, 100 or 1 000 mg/kg bw/day propylparaben by gavage for 8 weeks starting at
PND 21. Ten animals per group were sacrificed at the end of treatment, and the
remaining 10 were sacrificed after a 26-week washout period. Hypersalivation was
observed in the high-dose animals through the end of the treatment period. No other
treatment-related clinical signs and no effect on mean body weight were observed. No
effects were observed on the date of onset of puberty (as measured by balanopreputial
separation) the weight of the male reproductive organs (epididymis, prostate and
seminal vesicle, and testis), epididymal sperm parameters, hormone levels (LH, FHS
and testosterone), or histopathology at the end of treatment or the recovery period.
Propylparaben did not affect mean testicular spermatid counts nor epididymal sperm
counts or mean motility parameters in any group at the end of either treatment or
recovery. Reduced sperm counts were noted between the end of treatment (77 days)
and the end of recovery (258) in 1/10 animals given 10 mg/kg bw/day and 1/10 animals
given 1 000 mg/kg bw/day. The same animals exhibited severe testicular
atrophy/hypoplasia or hypospermatogenesis. These effects were considered sporadic
occurrences and at the end of the recovery period, the mean testicular spermatid count
was not significantly different from control (Gazin et al. 2013). A NOAEL of 1 000 mg/kg
bw/day, the highest dose tested, was identified for this study.

Immature male Crj:Wistar rats (8 animals per group) were treated with 0%, 0.01%, 0.1%
and 1.0% propylparaben administered in diet (equivalent to 12.4 £3.04, 125 +30.0, and
1290+ 283 mg/kg bw/day) for 4 weeks starting on PND 19 to 21. A significant reduction
in body weight was observed at the highest dose. Treatment-related effects on the
testes, epididymides, ventral prostates, seminal vesicles and preputial glands (either
absolute or relative to body weight) were not observed. Cauda epididymal sperm
reserves (number of sperm/cauda epididymis) and sperm concentrations (number of
sperm/g cauda epididymis) decreased in a dose-dependent manner, significant at 0.1%
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and above. Daily sperm production and its efficiency in the testis also decreased dose-
dependently and the decrease was significant in all treated groups. Serum testosterone
concentration decreased in a dose-dependent manner. The decrease was significant at
a dose of 1.00% and the testosterone concentration at this dose was 64.6% of the
control value (Oishi 2004). The SCCS (2008, 2011) has expressed doubt as to the
ability of the QOishi laboratory to evaluate the parameters measured and has concluded
that the quality of the Oishi studies could not be properly assessed as the full test
description and the complete raw data packages were not available. Specifically, in this
and other studies, the Oishi laboratory has reported (i) mean values for some
parameters that fell far outside the historical control ranges and (ii) standard deviations
for parameters including epididymal sperm concentrations and testosterone levels that
were far less than the normal biological variability that has been observed by other
groups. Furthermore, the effects described by Oishi (2004) were not observed in
Sivaraman et al. (2018) or Gazin et al. (2013) each of which considered a larger group
size for a longer dosing period; furthermore, the sperm-related parameters observed
were less precise than those reported in Gazin et al. (2013) and historical controls were
not reported. The reproductive success reported in Sivaraman et al. (2018) also
indicates that the effects reported here were not biologically significant.

In a study of female pubertal development, pre-pubertal Sprague Dawley rats (10
animals per group) were orally administered 0, 62.5, 250, 1 000 mg/kg bw/day of
propylparaben in corn oil from postnatal day 21 to 40. Ethinylestradiol (1 mg/kg bw/day)
was administered as a positive control. Treatment-related effects were not observed in
body weight, organ weights (with the exception of adrenal) vaginal opening day, or
estrous cycling. A significant increase in adrenal weight was observed at the highest
dose. Serum T4 levels were significantly reduced in the mid-dose group, but not the
high or low dose. Myometrial hypertrophy and a significant increase in thickness of the
uterine wall were observed in the high-dose group, although there was no
corresponding increase in uterine weight (Vo et al. 2010). The estrous day of animals at
sacrifice was not reported and no effect was reported for relative uterine weight. As
noted by Stump et al. (2014) and Sivaraman et al. (2018), estrous stage at termination
correlates with uterine histological effects and the natural variability of estrous stage at
terminal stage imparts variability on uterine weight, therefore, it is not clear that the
change in uterine wall thickness is test substance-related.

Epidemiology

A literature search was conducted to identify epidemiological data for propylparaben,
with a focus on reproductive and endocrine effects. Studies were evaluated and scored
for quality using the Newcastle-Ottawa Quality Assessment Scale (NOS) and the
Quality Assessment Tool for Observational Cohort and Cross-sectional Studies from the
National Heart, Lung, and Blood Institute of the National Institutes of Health (RSI 2018).
Epidemiology studies were identified that addressed exposure to propylparaben in
relation to fertility, reproductive health, serum hormone levels, growth and development
in children, allergic sensitization, and respiratory health. The maijority of studies did not
report an association between propylparaben and the endpoint of interest. Positive
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associations were reported between propylparaben concentrations and decreased odds
of live birth in intrauterine insemination, birth weight in males, and allergic sensitization
(Dodge et al. 2015; Philippat et al. 2014; Savage et al. 2012; Spanier et al. 2014). An
inverse association was identified between propylparaben concentrations and serum
thyroid hormone levels in adult females (pregnant and general population), BMI in a
general population and pregnant women (Koeppe et al. 2013; Kang et al. 2016; Aker et
al. 2018; Smith et al. 2012; Polinski et al. 2018), and between propylparaben levels in
cord blood and fetal testosterone levels (Kolatorova et al. 2018). For all endpoints with
an identified association, other than fetal testosterone levels, different studies of similar
quality gave conflicting results for these or similar endpoints. More detail is provided in
Health Canada (2018a).

7.3.3 Characterization of risk to human health

Propylparaben demonstrated low toxicity in repeat dose studies in which dietary doses
in the range of 900 to 1 200 mg/kg bw/day did not result in adverse effects (REACH
2018c; Matthews et al. 1956). Weight of evidence indicates that propylparaben is not
genotoxic or carcinogenic.

In a study of male and female pubertal development and reproduction, oral (gavage)
doses of propylparaben up to 1 000 mg/kg bw/day did not induce effects on a wide
range of reproductive development and fertility endpoints in male and female rats
(Sivaraman et al. 2018; Pouliot 2013). An OECD TG 422 study reported in the REACH
dossier supports these results (REACH 2018c). No effects were observed on male
pubertal development and sperm parameters in an additional study, at doses of up to
1 000 mg/kg bw/day (Gazin et al. 2013). Two studies (Oishi 2004 and Vo et al. 2010)
reported effects on male and female pubertal development. However, the reports by
Sivaraman et al. and Pouliot effectively refute these findings and, as discussed
elsewhere, multiple concerns with the Oishi papers have been reported by the SCCS.
Considering the totality of evidence, a NOAEL of 1 000 mg/kg bw/day, the highest dose
tested in Sivaraman et al. (2008), was selected as a point of departure for
propylparaben.

The Canadian population is exposed to propylparaben via food, products available to
consumers, cosmetics, prescription and non-prescription drugs and NHPs. Monitoring
data available for some environmental media sources and worldwide data suggest that
Canadians are also exposed to propylparaben via these sources.

The assessment of general population exposure to propylparaben is based on
biomonitoring data from the CHMS, the Plastics and Personal-Care Product Use in
Pregnancy (or P4) Study, and a study of Korean neonates within 48 hours of birth
(Health Canada 2017a; Fisher et al. 2017; Kang et al. 2013). These data encompass
exposures to propylparaben from multiple potential sources and routes, and are
considered reliable estimates of exposure of the general population in Canada to
propylparaben. Biomonitoring data provide an internal measures of exposure, because
they include specific measurements of propylparaben in urine, and because they reflect
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the integrated exposure to propylparaben from multiple sources, including
propylparaben-containing products used by consumers. Urine is the major route of
excretion for propylparaben and the biomarker (free and conjugated propylparaben) is
specific to the parent compound. However, propylparaben has a low fractional urinary
excretion and a short half-life. To address the uncertainty associated with the
robustness of the use of propylparaben as a biomarker, estimates of daily intake were
based on the upper-bound of 95" percentile (or highest available) exposure value for
each age band and are therefore considered a conservative scenario. Margins of
exposure resulting from estimated daily intakes are presented in Table 7-14.

Table 7-14. Estimated daily intake of propylparaben derived from biomonitoring
data, with margins of exposure, for determination of risk

Upper-bound Critical effect
. Age group | estimated daily
Source location - level® MOE
(years) intake at P95 (mglkg bw/day)
(mg/kg bw/day) g’kg y
CHMS (Cycle 4, NOAEL 1 000
2014-2015), Canada 3-5 0.010 (HDT) 96 476
CHMS (Cycle 4, NOAEL 1 000
2014-2015), Canada 6-11 0.039 (HDT) 25725
CHMS (Cycle 4, NOAEL 1 000
2014-2015), Canada 12-19 0.027 (HDT) 37493
CHMS (Cycle 4, B NOAEL 1 000
2014-2015), Canada 20-59 0.029 (HDT) 34 436
CHMS (Cycle 4, NOAEL 1 000
2014-2015), Canada | 009 0.0541 (HDT) 24 530
Fisher et al. 2017, Pregnant NOAEL 1 000
Canada women 0.023 (HDT) 43 668
Kang et al. 2013, NOAEL 1 000
Korea Neonates 0.0011 (HDT) 895 645

Abbreviations: HDT, Highest dose tested; NOAEL, no observed adverse effect level.

a Critical effect: no effect on reproduction, reproductive development, or prenatal development.

On the basis of conservative parameters used to model estimated daily intake, the
margins of exposure are considered adequate to address the risk to populations aged 3
to 79 years, pregnant women and neonates. Biomonitoring data were not available to
address children under 3 years (other than neonates). With the exception of breast milk
consumption, exposure for this group is not expected to differ significantly from the
youngest age group surveyed by CHMS or from the neonatal group presented here.
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Breast milk consumption was modelled using Canadian data and is not expected to
pose a risk. Therefore, the reported urinary concentrations and estimated daily intakes
across all age groups indicate that exposure in children under 3 years is not expected to
pose a risk.

Due to the short half-life of propylparaben administered by the oral route and the spot
sampling methodology used in biomonitoring studies, it is not clear that biomonitoring
data adequately addresses high exposures to cosmetics, prescription and non-
prescription drugs and NHPs with intermittent use patterns. Sentinel scenarios are
presented in Table 7-15.

Table 7-15. Relevant oral and dermal exposure and hazard values for
propylparaben from products with intermittent use patterns, as well as margins of
exposure, for determination of risk

Age Systemic Critical effect
Exposure scenario group exposure level® MOE
(year) (mg/kg bw/day) | (mg/kg bw/day)
Face Paint® Toddler 0.031-0.93 NOAEL 1 000 1075-
(dermal, per event) (0.5-4) ' ' (HDT) 32 258
Heartburn
medication® Adult 29.33 NOAEL 1 000 34
(>20) (HDT)
(oral, per day)
Fluoride treatmentc Child NOAEL 1 000
(oral, per event) (5-11) 0.52 (HDT) 1923
Fluoride treatment® Adult NOAEL 1 000
(oral, per event) (>20) 0.23 (HDT) 4348
Sunscreend Infant NOAEL 1 000
(dermal, per day) (0-0.5) 1.84 (HDT) 544
Sunscreen® Toddler NOAEL 1 000
(dermal, per day) (0.5-4) 0.78 (HDT) 1282
Sunscreen® Adult NOAEL 1 000
(dermal, per day) (>20) 0.58 (HDT) 1724

Abbreviation: HDT, Highest dose tested; NOAEL, no observed adverse effect level.

a The critical effect was no effect on reproduction, reproductive development, or prenatal development.
b Cosmetic

¢Natural health product.

4 Non-prescription drug.
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The margins of exposure for oral exposure to heartburn medication are considered
potentially inadequate to address uncertainties in the health effects and exposure
databases.

Data from an in vitro study of cutaneous metabolism of propylparaben suggested that
propylparaben may be hydrolyzed to ethylparaben and methylparaben in the skin
(Health Canada 2018b). This potential exposure is incorporated into biomonitoring data
for methylparaben and ethylparaben. Potential risk from this putative route of exposure
is addressed in Sections 7.1.3 and 7.2.3.

7.4 Butylparaben
7.4.1 Exposure assessment

Butylparaben is naturally occurring in some foods and has been identified in
environmental media. It is also present in a number of products, including non-
prescription drugs, NHPs, cosmetics, and pest control products. All of these sources
may contribute to total daily exposure to butylparaben. Urinary concentrations and
estimated exposure of Canadians to butylparaben are presented in the following
section.

Biomonitoring

Biomonitoring data collected in Cycle 4 of the CHMS indicated over 83% of Canadians
tested had a urinary concentration of butylparaben that was below the level of detection
(0.30 ng/mL). The 95" percentile urinary concentration in Canadians aged 3 to 79 years
was 4.3 pg/L'" (95% confidence interval of 2.0 to 6.6 ug/L, n =2 564) of butylparaben.
Butylparaben was more frequently detected in females than in males, with 76.26% of
samples below the level of detection compared to 90.12%. Among different age groups,
the group with the highest frequency of detection was adults aged 60 to 79 years, in
which 80.0% of samples had butylparaben concentrations below the level of detection
and the 95" percentile was 6.8 ug/L (95% confidence interval of 4.4 to 9.1 ug/L). The
age group with the lowest frequency of detection was children aged 6 to 11 years, in
which 90.08% had urinary concentrations below the level of detection and the 95t
percentile was 1.1 ug/L® (95% confidence interval of 0.3 to 1.8 ug/L) (Health Canada
2017a). In Canadian regional studies, the mean urinary concentration of butylparaben in
females was 2.08 ug/L (n =28 including 9 pregnant patients, median =0.3 ug/L) and the
geometric mean in pregnant females (n =31) was 3.28 pg/L The mean urinary
concentration in males (n=11) was 0.36 pg/L (media n=0.35 ug/L; Genuis et al. 2013).

" These values were associated with high sampling variability (i.e., coefficient of variation between 16.6%
and 33.3%). Health Canada recommends that this data be used with caution (Health Canada 2017a).
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Butylparaben was detected at a maximum concentration of 1.4 ug/L (free plus
conjugated paraben, median was “not detectable”) in urine collected from Korean
infants within 48 hours of delivery (Kang et al. 2013). Butylparaben was not detected in
breast milk in 56 Canadian women (LOD 0.1 ug/L), 3 months post-partum (Fisher et al.
2017). Butylparaben was detected in placenta in a sample of 12 women (Barcelona,
maximum = 0.90 ng/g fresh weight) and in amniotic fluid in 40 pregnant women (India,
GM =1.79 ug/L) (Valle-Sistac et al. 2016; Shekhar et al. 2017). Butylparaben was
detected in cord blood at a mean of 0.033 ug/L in 50 mother-child pairs and at a mean
of 0.07 pg/L in 34 samples in two studies in the United States (Towers et al. 2015; Geer
et al. 2017).

Using the methodology described for methylparaben (section 7.1.1), estimated daily
intakes were derived for the general population, pregnant females and neonates, based
on biomonitoring data (CHMS, Health Canada 2017a; Fisher et al. 2017; Kang 2017). In
each of the three biomonitoring studies, total butylparaben (i.e., free and conjugated
species) was measured in urine by HLPC, after treatment with B-glucuronidase and
sulfatase. Neonates were included because the detection of butylparaben in cord blood,
placenta and amniotic fluid indicate that butylparaben passes through the placenta and
exposure may occur in utero (Shekhar et al. 2017; Valle-Sistac et al. 2016; Towers et al.
2015; Geer et al. 2017). Urinary concentrations from Korean neonates were used in the
absence of data from a Canadian population; this is considered a conservative choice
because the 95" percentile urinary concentrations of butylparaben in the general
Korean population exceed those of the general Canadian population (Honda et al.
2018).

In a study of pharmacokinetics in response to oral exposure to methylparaben,
butylparaben and iso-butylparaben in humans, three adults (two males and one female)
ingested 10 mg each of radiolabelled paraben (Moos et al. 2016). The elimination half-
life of butylparaben was 3.7 hours, and 80.8% of the applied dose was eliminated in
urine in 24 hours as butylparaben, ring-hydroxylated butylparaben, PHBA and PHHA.
After 48 hours, 5.6% of the administered dose was recovered as total butylparaben
(free, plus conjugated species; Moos et al. 2016). High recovery of the administered
dose in urine indicates that this is the primary mode of excretion for butylparaben.
However, butylparaben has a short half-life and is not the major metabolite recovered.
Nevertheless, butylparaben is a specific biomarker of exposure and the fractional
urinary excretion values reported among study participants showed little variation
(ranging from 0.052 to 0.064). The value of 5.6% was used as the fractional urinary
excretion value in the calculation of biomonitoring equivalents and estimated daily
intake for butylparaben, based on the results of Moos et al. (2016). The use of an oral
fractional urinary excretion value may under- or over-estimate dermal exposure, and the
use of the parent paraben as a biomarker provides a less robust measure of exposure
as it is not the major metabolite. As with other commonly used parabens, the use of the
parent compound as a biomarker may be susceptible to contamination during collection
and analysis, which could further inflate the estimate (Aylward et al. 2017a).
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Estimated daily intake values were calculated using the 95™ percentile 95% confidence
interval values (or highest available values) for creatinine-adjusted urinary concentration
(Mg/g Cr) for each age group, as described for methylparaben (section 7.1.1). A high
level of variability was associated with CHMS biomonitoring data for butylparaben in
age-stratified groups at the 95" percentile and the geometric mean was not calculated
for the whole population, or for age-stratified groups because over 83% of samples
were below the limit of detection’? (Health Canada 2017a). Given the short half-life of
butylparaben (Moos et al. 2016), the preponderance of samples below the limit of
detection may be due to rapid metabolism or to low exposure. According to data
submitted by Health Canada, butylparaben is used in approximately 85% fewer
products (i.e., cosmetics, NHPs and non-prescription drugs) than methylparaben and is
not permitted for use as a food additive, indicating that low exposure can be expected to
account for a portion of the lower detection levels of butylparaben. Uncertainty due to
variability and potential rapid metabolism were addressed by selecting the lower and
upper bounds of the 95" percentile 95% confidence interval as a conservative lower
and upper bound values for deriving estimated daily intake, a conservative estimate that
addresses the variation inherent in spot sampling. The fractional urinary excretion value
of 0.056 or 5.6% for butylparaben was reported in Moos et al. (2016) and age group-
specific values for 24-hour urinary volumes were estimated in Aylward et al. (2015).

Estimated daily intakes and key parameters are presented in Table 7-16. The values
calculated here for the Canadian population are similar to daily intakes of butylparaben
calculated at the 95" percentile for an adult German population (ranging from 2.2 to
7.6 pg/kg bw/day), as reported in Moos et al. (2017). See Appendix A for further details
of the derivation of estimated daily intake values.

2 Geometric means were not calculated as part of CHMS reporting if >40% of results were below the limit
of detection (Health Canada 2017a).
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Table 7-16. Estimated daily intakes of butylparaben based on biomonitoring data

EDI, P95 (CI)
Source, Location (y?a?;)a (mgligy)b U((:;; /ch?r;cc )| FuEe (Mg/kg
bw/day)
CHMS (Cycle 4, _
2014-2015)°, 3-5 130 3.1 (<LOD-5.1)® | 0.056 0.46 (NC
0.8)
Canada
CHMS (Cycle 4,
2014-2015), 6-11 418 0.8 (03-1.3) | 0.056 | 0-19(0.07-
0.31)
Canada
CHMS (Cycle 4,
2014-2015)°, 12-19 1182 9.2 (<LOD-15)" | 0.056 | 3.3 (NC-5.3)
Canada
CHMS (Cycle 4, 2.9 (NC-
2014-2015)¢, 20-599 1248 9.2 (<LOD-15)" | 0.056 :
4.72)
Canada
CHMS (Cycle 4, 17 (0.53—
2014-2015)°, 60-79 1017 6.7 (2.1-11)° 0.056 ' :
2.8)
Canada
Fisher et al. 2017, | Pregnant i 12.20h 0.056 4.4
Canada women
Kang etal 2013, | Noonates | 9.6 3.4 0.056 0.18
Korea

Abbreviations: CER, creatinine excretion rate; UCc:, creatinine-adjusted urinary concentration; P95, 95t
percentile; Cl, confidence interval; FUE, fractional urinary excretion; EDI, estimated daily intake; NC, not
calculated.

a Age groups are defined based on age groups reported by CHMS (Health Canada 2017a).

b Creatinine excretion rate was calculated using the Mage equation [0.993%1.64 [140 — Age] (Wt*.5
Ht*0.5)/1000]. See Appendix A for values used for age weight and height.

¢ Health Canada 2017a.

4 Moos et al. 2016.

¢ These values were associated with high sampling variability (i.e., coefficient of variation between 16.6%
and 33.3%). Health Canada recommends that this data be used with caution (Health Canada 2017a).

f CHMS data for the 95t percentile in this age stratum was suppressed due to high variability and
“females 3 to 79” was used as a surrogate. Although the 95t percentile value for this group is not known,
this approach is considered conservative because the value used to estimate daily intake is the highest
reported 95t percentile value for ethylparaben.

9 The “20-39” and “40-59” age groups are presented together. When 95t percentile values were reported
for both age groups, the higher value is presented here; when one value was suppressed, the value from
the other group is presented here.

h This value is the specific gravity-adjusted urinary paraben concentration (ug/L) at the 95t percentile;
creatinine-adjusted values were not reported in Fisher et al. 2017. Confidence intervals were not
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reported. EDI was calculated using the following equation: EDI = (UC*UFR)/FUE (Saravanabhavan et al.
2014), where UC is the urinary concentration, UFR is the urinary flow rate (0.20 L/kg bw/day, Aylward et
al. 2015) and FUE is the fractional urinary excretion.

i This value is the 75 percentile creatinine-adjusted urinary paraben concentration; the 95" percentile
was not reported (Kang et al. 2013). Confidence intervals were not reported.

Environmental media

Butylparaben has been identified in agricultural soil and house dust in Canada (Viglino
et al. 2011; Fan et al. 2010). In studies carried out in other countries, it has been
identified in drinking water (Carmona et al. 2014), agricultural, industrial and forestry soil
(Perez et al. 2011; Nunez et al. 2008), outdoor air (Moreau-Guigon et al. 2016),
residential indoor air (Laborie et al. 2016; Moreau-Guigon et al. 2016), and house dust
(Wang et al. 2012; Ramirez et al. 2011; Tran et al. 2016; Canosa et al. 2007). Average
estimates of daily intake of butylparaben by the general population of Canada based on
these studies range from <0.001 to 0.003 pg/kg bw/day for all age groups from infants
to adults over 60 years.

In the absence of Canadian monitoring data, the total reported import volume of
butylparaben in Canada (up to 1 000 kg) was used as conservative input to estimate
theoretical environmental concentrations of butylparaben using the level Il fugacity
model ChemCAN version 6.00 (ChemCAN 2003). The theoretical environmental
concentrations derived from this approach were used to estimate potential exposures
from environmental media for the general population of Canada. This results in an
estimated intake of 0.342 ng/kg bw/day from air, water and soil. This approach indicates
that general population exposure due to environmental media in Canada is potentially
negligible.

Food

Butylparaben exposure from food is expected to be negligible (personal communication,
email from the Health Canada Food Directorate, Health Canada, to the Health Canada
Consumer Product Safety Directorate, Health Canada, dated April 18, 2018;
unreferenced). According to biomonitoring data (Fisher et al. 2017), butylparaben was
not detected in breast milk in 56 Canadian women (LOD 0.1 pg/L), 3 months post-
partum; breastfed infants are therefore not expected to be exposed to butylparaben via
breast milk.

Cosmetics

Butylparaben was identified in a variety of cosmetics including lotions, shaving products,
hair care products, oral care products, and cleansers. Exposures from daily use of
cosmetics and products available to consumers were considered to be addressed by
biomonitoring data. Due to the use of spot sampling and the short metabolic half-life of
butylparaben, exposures from products with intermittent uses were potentially not
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addressed by biomonitoring data. Sentinel scenarios from products with intermittent use
patterns are presented in Table 7-17.

Experimentally determined dermal absorption and metabolism coefficients from an in
vitro study of dermal absorption and metabolism in human skin were used to estimate
an internal dose from potential exposure by the dermal route, as described in section
7.1.1, and further details are available on request (Charles River Laboratories 2018;
Health Canada 2018b).

Potential exposures were estimated using conservative assumptions and default values
as outlined in Appendix B. Exposure estimates for each scenario are expressed on a
per-event and/or a daily basis, depending on exposure frequency (see section 7.4.3,
Characterization of risk to human health).

Table 7-17. Estimated potential dermal exposures to butylparaben from the use of
cosmetics with intermittent use patterns on an age group-specific basis

Product scenario Concentration ':‘33 (D e'}';:g,';:ﬂ Systemic exposure
in product (%)? (3ear2) Hg ) (mg/kg bw/day)

Hair dye Teen

(permanent, per 1-3 (12-19) 137.0-411.0 0.36-1.09b:c

event)

Hair dye Adult

(permanent, per 1-3 (> 20) 156.9—-470.59 0.30-0.91b.c

event)

2 Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017; unreferenced.
b Calculated using 54.71% dermal absorption.
¢ Calculated using a metabolism refinement of 39.35% butylparaben.

Non-prescription drugs and NHPs

Butylparaben is present as a non-medicinal ingredient in non-prescription drugs and
NHPs administered by multiple routes. Exposures from daily use of non-prescription
drugs and NHPs are considered to be addressed by biomonitoring data. Sentinel
scenarios from products with intermittent use patterns are presented in Table 7-18.
Default values and models used in exposure scenarios are provided in Appendix B.

Table 7-18. Estimated potential oral and dermal exposures to butylparaben from
the use of non-prescription drugs and NHPs with intermittent use patterns on an
age group-specific basis

Concentration Age Dermal load | Systemic exposure

in product (%) (ggoal:sp) (ug/lcm?/24 h) | (mg/kg bw/day)

Product scenario
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Herbal cough Teen
medicine? 0.02¢ (12-19) N/A 0.14
(oral, per day)
Herbal cough
medicine® 0.02° (éd;(')t) N/A 0.12
(oral, per day)
Children’s
232;)%?12;nb 0.13¢ {8‘;‘1’2{ N/A 2.10
(oral, per day)
Antacid® d Teen
(oral, per day) 0.033 (12-19) N/A 0.44
Antacid® d Adult
(oral, per day) 0.033 (> 20) N/A 0.37

. a .
gﬁﬁif";gﬁg‘) 0.0088-0.044° (gﬂ'f) 0.16-078 |  0.012-0.060°
Analgesic cream? Adult £
(dermal, per day) 0.0088-0.044¢ (> 20) 0.16-0.78 0.011-0.053¢
Medicated hand Child
cream? 0.06° (5-11) 3.36 0.020ef
(dermal, per day)
Medicated hand
creams 0.06° (ﬁd;(')t) 3.36 0.017¢f
(dermal, per day)
Sunscreen? Toddler h
(dermal, per day) 0.4¢ (0.5-4) 15.6 0.449
Sunscreen? Adult h
(dermal, per day) 0.4° (> 20) 15.6 0.339

@Natural health product
b Non-prescription drug

¢ Personal communication, email from Health Canada Natural and Non-Prescription Health Products Directorate,
Health Canada, to Consumer Product Safety Directorate, Health Canada, dated February 20, 2017; unreferenced.

d Personal communication, email from Therapeutic Products Directorate, Health Canada, to Consumer Product
Safety Directorate, Health Canada, dated May 25, 2017; unreferenced.

¢ Calculated using the product dermal load as the maximum dermal amount.

f Calculated using a metabolism refinement of 47.93% ethylparaben.

9 Calculated using a maximum dermal amount of 3.94 ug/cm?/24 h.

h Calculated using a metabolism refinement of 35.33% butylparaben.
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7.4.2 Health effects assessment

Butylparaben has been extensively reviewed, and key risk assessments have been
conducted by the CIR (Andersen 2008), the EU SCCS (SCCP 2005a, 2005b, 2006,
2008; SCCS 2010, 2011, 2013), EFSA (2004), NICNAS (2016) and independent
scientists (Soni et al. 2005). The literature published until March 2017 was searched for
relevant information to supplement the data used in the international reviews and
assessments.

Toxicokinetics

Butylparaben is highly metabolized in animals by oral, dermal and subcutaneous routes
of exposure (Jones et al. 1956; Kiwada et al. 1979, 1980; Tsukamoto and Terada 1964;
Aubert et al. 2012). A single radiolabeled dose of 100 mg/kg butylparaben was
administered to rats by oral, dermal and subcutaneous routes (Aubert et al. 2012).
Maximum plasma concentrations (Cmax) were achieved in less than 1 hour, 8 hours, and
2 to 4 hours, respectively with oral, dermal and subcutaneous dosing. All administration
routes produced a single peak in the plasma, corresponding to that of PHBA, and
parent parabens were not detected. Over 70% of the oral dose was excreted in urine in
24 hours, with <3% detected in feces and a negligible amount in tissues. More than
50% of the applied dermal dose was not absorbed after 24 hours, approximately 25%
was excreted in urine and <2% in feces, the remainder was thought to be in mainly in
external tissues (e.g., hair, nails) (Aubert et al. 2012). When a single doses of
butylparaben was administered orally (1 g/kg) or intravenously (50 mg/kg) to dogs, the
parent compound was not detected in plasma for any of the parabens tested, and PHBA
was detected within 1 hour (Jones et al. 1956). The majority of the applied dose (40% to
47%) was excreted within 24 hours as PHBA,; less than 1% of the applied compound
was excreted as butylparaben. At sacrifice, small amounts of butylparaben was
detected in the brain, pancreas, and spleen (Jones et al. 1956). In rats, <1% of oral
doses of butylparaben remained in the tissues at 24 or 72 hours post-dosing (Mathews
1956).

Moos et al. (2016) report the ingestion of 10 mg of butylparaben by 3 adult volunteers
(equivalent to 0.12-0.19 mg/kg bw). The elimination half-life was 3 to 4 hours, with 80%
of administered dose recovered in urine in 24 hours. After 48 hours, 5.6% of free and
conjugated butylparaben was recovered in urine. PHHA, the main metabolite,
comprised 62% of the applied dose recovered in urine. 26 healthy males received a
whole body application of 2 mg/cm? of a standard cream containing 2% butylparaben
(approximately equivalent to 11 mg/kg bw/day), as well as 2% each of diethyl phthalate
and dibutyl phthalate. The mean recovery of butylparaben in urine was 0.32% of the
applied dose, of which the majority was conjugated to glucuronate and sulphate and
2.1% was free paraben. Butylparaben has been detected at low levels in tumorous
breast tissue and in human adipose tissue, although it was not reported whether the
parabens were free or conjugated (Barr et al. 2012; Wang et al. 2015).
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In human liver and skin subcellular fractions, butylparaben is hydrolyzed 2 to 10 times
less efficiently than shorter-chain parabens (Jewell et al. 2007a, 2007b; Harville et al.
2007; Lobemeier et al. 1996; Abbas et al. 2010; Prusakiewicz et al. 2006). In ex vivo
experiments using human plasma, the half-life of butylparaben was approximately 1
hour. In liver microsomes, butylparaben has a half-life of 87 minutes (Abbas et al.
2010). Esterases identified in keratinocytes and subcutaneous fat demonstrate a
preference for butylparaben with decreasing affinity for parabens with decreasing chain
length (Lobemeier et al. 1996).

Unlike human kinetics, rat skin and liver cell fractions hydrolyze butylparaben at roughly
the same rate in in vitro studies (Harville et al. 2007). However, rat skin cells hydrolyze
butylparaben at a rate approximately 3 orders of magnitude higher than that of human
skin cells (Harville et al. 2007; Prusakiewicz et al. 2006). Hydrolysis in rat tissue also
increases with increasing chain length, unlike humans. Shorter chain parabens
(methylparaben and ethylparaben) are metabolized in human liver cell fractions at a rate
comparable to that in rat liver. However, butylparaben was metabolized in rat liver at a
rate 10 times greater than that in human liver (Harville et al. 2007).

Repeat dose studies

In a 6-week study, ICR/Jcl mice (10/sex/group) were exposed to 0%, 0.6%, 1.25%,
2.5%, 5% or 10% butylparaben in the diet (corresponding to approximately 900, 1 875,
3 750, 7 500 or 15 000 mg/kg bw/day). All rats in the two highest dose groups died
within 2 weeks, and weight gain in the next two highest doses was less than 10% that of
the control group. All doses higher than 0.6% lead to marked atrophy of lymphoid tissue
in organs including the spleen, thymus and lymph nodes and multifocal degeneration
and necrosis in the liver parenchyma. No significant changes in the visceral organs
were observed in the 0.6% dose group or the controls (Inai et al. 1985). Statistical
analysis was not reported. The NOAEL identified in this study was 0.6% (approximately
900 mg/kg bw/day).

Twelve weanling albino rats per dose (6 male and 6 female) were fed 2% or 8%
butylparaben (equivalent to 900 to 1 200 and 5 500 to 5 900 mg/kg bw/day) in diet for
12 weeks. Animals receiving 8% butylparaben showed a slower weight gain than
negative controls in early stages of the experiment. Signs of toxicity such as depression
and decreased motor activity as well as mortality were also observed in this group. All
males in the 8% group died before the end of the 12-week treatment. Similar, but less
severe effects were seen in females. At 2%, no signs of toxicity were observed in
treated animals compared to controls. Statistical analysis was not reported. The NOAEL
in this study was 2% butylparaben (900 to 1 200 mg/kg bw/day), based on effects
observed at 8% (Matthews et al. 1956).

Genotoxicity

Butylparaben was negative in Ames assays and in chromosomal assays up to 0.06
mg/mL, but induced positive responses in a sister chromatid exchange, chromosome
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aberration and comet assay at 0.4 to 0.75 mM (Ishizaki 1978; Ishidate et al. 1978, 1984;
Tayama et al. 2008; Morita et al. 1981; Kawachi and Yahagi 1980). Butylparaben was
not genotoxic in in vivo assays, including dominant lethal and in vivo chromosome
aberration assays (EFSA 2004; Kawachi and Yahagi 1980). Overall, the weight of
evidence indicates that butylparaben is not likely to be genotoxic in vivo (EFSA 1994,
Andersen 2008).

Carcinogenicity

Male Fischer 344 rats (8/group) were exposed to PHBA, methylparaben, ethylparaben,
propylparaben, and butylparaben at 4% in diet (approximately 4 000 mg/kg bw/day) for
9 days. Butylparaben caused an 11.3-fold increase in methyl-3[H]thymidine-labeling in
the forestomach epithelium, indicating cell proliferation. Butylparaben caused a
thickening of mucosa and treatment with all parabens resulted in lesions visible under
light microscopy (mucosal thickening, rete pegs and papillae) that increased in severity
with increasing chain length (Rodrigues et al. 1986).

ICL/Jcr mice (50/group) were fed 0%, 0.15%, 0.3% or 0.6% butylparaben in diet for 102
weeks (equivalent to approximately 235, 494 and 964 mg/kg bw/day in males and 172,
373 and 772 mg/kg bw/day in females). High numbers of animals died in all groups
(control and test groups) before 78 weeks. Tumour incidences were similar in test
groups compared with the control, and there were no significant differences between
dose groups. Twenty-one total neoplasms were observed in the control group; 21, 19
and 33 in the butylparaben low-, mid-, and high-dose groups, respectively. The authors
report that there were no apparent differences in incidence or time-to-death from
neoplasms between test and control groups (Inai et al. 1985). Statistical analysis was
not reported. The NOAEL identified for this study is 772 mg/kg bw/day, the highest dose
tested.

Reproductive and developmental effects
Potential estrogenic effects of parabens are reviewed in Appendix C.

In a study of early male and female reproductive system development, pregnant Wistar
rats (18 dams/group; 12 to 18 pups/group) were orally administered 0, 10, 100 or 500
mg/kg bw/day butylparaben from GD 7 to PND 22. Exposure to butylparaben did not
affect maternal reproductive parameters, including maternal body weight gain, gestation
length, litter size, pre-, or perinatal offspring survival, or pup body weight either at birth
or in the postnatal period. Reduced anogenital distance in newborns of both sexes,
reduced ovary weight and increased mammary gland growth were observed in the mid-
and high-dose groups; effects demonstrated dose-dependence. Epididymal sperm
count in males was significantly reduced at 10 mg/kg bw/day and higher. Prostate
histology was altered at pre-puberty and adult prostate weights (at PND 90) were
reduced in the high-dose group. The testicular expression of markers of steroidogenesis
CYP 19a1 (aromatase) and Nr5a1 were reduced at all doses in prepubertal and adult
animals, respectively (Boberg et al. 2016). The NOAEL identified for this study was 100
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mg/kg bw/day based on reduced anogenital distance in both sexes, reduced ovary
weight and mammary gland growth. Epididymal sperm count was altered in male
offspring of the 10 mg/kg bw/day group, but no other effect was observed on sperm or
reproductive tissues at this dose.

In a study of early male reproductive system development, pregnant Sprague Dawley
rats (6-8 dams/group) were injected subcutaneously with 0, 100 or 200 mg/kg bw/day
butylparaben from GD 6 to PND 20. In the high-dose group, the number of pups born
alive and the proportion surviving to weaning was significantly reduced. The weights of
testes, seminal vesicles and prostate glands were significantly decreased in the male
offspring of the 100 mg/kg bw/day group at PND 49. Sperm count and motility in the
epididymis, and the number of round and elongated spermatids in the seminiferous
tubule at stage VIl were significantly decreased in offspring of both test groups. In
offspring of the high-dose group, testicular expression of ER-a and ER-f mRNA were
significantly increased at PND 90 (Kang et al. 2002). The LOAEL identified in this study
was 100 mg/kg bw/day based on reduced reproductive organ weights and reduced
sperm count and motility.

Pregnant Wistar rats (7 to 8 dams per group) were orally administered 0, 64, 160, 400
or 1 000 mg/kg bw/day butylparaben from GD 12 to PND 21. Pups were observed until
day 180 (n=1 pup per litter, 7-8 litters).No effects were observed on maternal toxicity,
fertility parameters (number of pups, pups per litter, live birth rate, pup gender
proportion). Maternal serum FSH and LH levels were higher than controls and alanine
aminotransferase and aspartate aminotransferase were significantly increased at 400
and 1 000 mg/kg bw/day. In pups, significant decreases in body weight were observed
in the 400 mg/kg bw/day group from PND 0 to PND 49 and in the 1 000 mg/kg bw/day
group from PND 0 to PND 77. Reduced anogenital distance and delayed preputial
separation were observed in male F1 at 400 and 1 000 mg/kg bw/day. Reduced testes
weight at PND 21-90, reduced epididymis weight at all time points except PND 35, and
reduced seminal vesicle weights at PND 21, were observed at the mid and high dose.
Altered testicular histopathology was observed in the 400 and 1 000 mg/kg bw/day
groups, characterized by reduced and loosely arranged germ cells, and reduced layers
of seminiferous tubules. Dose dependent reductions in epididymal cauda sperm counts
and daily sperm production were observed and were statistically significant at 400 and
1 000 mg/kg bw/day. In pups, serum testosterone, estradiol, progesterone, LH and FSH
levels were significantly altered on 1 to 3 observation days (PND 21, 35, 49, 90 and
180) in the 400 mg/kg bw/day group and on 2 to 5 observation days in the 1 000 mg/kg
bw/day, but were not altered below these levels. The LOAEL identified in this study is
400 mg/kg bw/day, based on delayed onset of puberty, altered testicular morphology
and reduced epididymal cauda sperm counts and production (Zhang et al. 2014).

In two studies of male reproductive development, butylparaben was administered in diet
to male Wistar rats (8 animals per group) at 0%, 0.01%, 0.1% and 1.0% (equivalent to
10.4 £ 3.07, 103 £ 31.2, and 1 026 £ 310 mg/kg bw/day) for 8 weeks starting at
approximately PND 21 and to Crj:CD-1 mice (8 animals per group) at 0%, 0.01%, 0.1%
and 1.0% (equivalent to 14.4 + 3.60, 146 + 35.9, and 1 504 £ 357mg/kg bw/day) for 10
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weeks starting at approximately PND 28. In rats, no significant changes in body weight
were noted at any dose. The absolute and relative weights of epididymides were
significantly decreased at the high, and mid and high doses, respectively; the absolute
weights of the seminal vesicles were significantly decreased at the high dose. No
changes were noted in the weights of the testes, ventral prostate, or preputial glands.
The cauda epididymal sperm reserve (number of sperm/cauda) of all treated groups
was significantly decreased, and the sperm count (number of sperm/g) of the group
receiving the highest dose was significantly lower than control values (91.8 + 29.4 x
107/g, compared to 169.8 + 91.4 x 107/g). The daily sperm production (DSP) and
efficiency (DSP/g testis) in the testis was also significantly lower in all treated groups
when compared to controls. Serum testosterone concentration was reduced dose-
dependently and was significant at 0.1% or more (Oishi 2001). In mice, no treatment-
related effects were observed at any dose on body weight or the weight of the liver,
ventral prostate, seminal vesicles, or preputial glands. However, the absolute and
relative weights of the epididymides were significantly higher than control in the high-
dose group. A decrease of both round spermatid counts in stages VII-VIII seminiferous
tubules was observed in the high-dose group, and elongated spermatid counts were
decreased in all of the treated groups, in a dose-dependent manner. Serum
testosterone concentration significantly decreased at the highest dose (Oishi 2002). The
LOAEL for each of these studies is 0.01% in diet (equivalent to 10.4 mg/kg bw/day in
rats and 14.4 mg/kg bw/day in mice). As discussed in the methylparaben, ethylparaben,
and propylparaben sections, the SCCS (2008, 2011) has expressed doubt as to the
ability of the Oishi laboratory to evaluate the parameters measured in this and other
studies. Specifically, the Oishi laboratory has reported (i) mean values for some
parameters that fell far outside the historical control ranges and (ii) standard deviations
for parameters including epididymal sperm concentrations and testosterone levels that
were far less than the normal biological variability that has been observed by other
groups. The SCCS has concluded that the quality of the Oishi studies could not be
properly assessed as the full test description and the complete raw data packages were
not available.

In another male reproductive development study, butylparaben was administered in diet
to male Wistar rats (15 to 16 animals per dose) at 0, 100, 1 000 and 10 000 ppm
(equivalent to 0, 10.9 £ 0.4, 109.3 £ 8.2, and 1087.6 + 67.8 mg/kg bw/day) for 8 weeks,
from PND 22. Eye lesions secondary to orbital bleeding were observed in the
butylparaben groups, likely as a result of blood collection from the orbital sinus.
Parameters evaluated included organ weights, and histopathology of reproductive
tissues, as well as sperm production, motility, and morphology. None of the parameters
evaluated showed significant effects in the treatment groups, compared to the control
diet. No effect was observed on reproductive organ weights (testes, epididymides,
ventral prostate, and seminal vesicles). No effect was observed on sperm moaotility,
cauda epididymal or testicular sperm concentration, daily sperm production, or the
number of abnormal sperm. Serum testosterone levels were significantly reduced in the
mid- and high-dose groups at week 3, and in the high-dose group at week 9; FSH level
was increased in the high-dose group at week 9 and LH was reduced in the high- and
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low-dose groups at week 5. The authors reported a NOAEL of 1087.6 mg/kg bw/day,
the highest dose tested (Hoberman et al. 2008).

Epidemiology

A literature search was conducted to identify epidemiological data for butylparaben, with
a focus on reproductive and endocrine effects. Studies were evaluated and scored for
quality using the Newcastle-Ottawa Quality Assessment Scale (NOS) and the Quality
Assessment Tool for Observational Cohort and Cross-sectional Studies from the
National Heart, Lung, and Blood Institute of the National Institutes of Health (RSI 2018).
Epidemiology studies were identified that address the relationship between urinary
butylparaben concentration and fertility, reproductive health, serum hormone levels,
growth and development in children, body weight, allergic sensitization and respiratory
health. The maijority of studies did not report an association between butylparaben and
the endpoint of interest. Positive associations between butylparaben and reduced
sperm motility, abnormal sperm morphology, select hormones in pregnant women
(decreased estradiol and increased thyroid hormone, T4), male birth weight, and allergic
sensitization (Jurewicz et al. 2017a; Aker et al. 2016; Philippat et al. 2014; Savage et al.
2012; Spanier et al. 2014). An inverse association was identified between butylparaben
concentration and menstrual cycle length in young women, and serum thyroid hormone
(T3) level in adult females (pregnant and general population), and BMI in pregnant
women (Nishihama et al. 2016; Koeppe et al. 2013; Aker et al. 2018; Polinski et al.
2018). For all endpoints with an identified association, different studies of similar quality
gave conflicting results for these or similar endpoints. More detail is provided in Health
Canada (2018a).

7.4.3 Characterization of risk to human health

In repeat dose studies, dietary dosing of butylparaben did not lead to adverse effects at
doses ranging from 900 to 1 200 mg/kg bw/day, but doses of 1 875 mg/kg bw/day and
higher were associated with organ atrophy, necrosis, and mortality at higher doses (Inai
et al. 1985; Matthews et al. 1956). The weight of evidence indicates that butylparaben is
not genotoxic and not carcinogenic.

Young male rats administered up to 1 087 mg/kg bw/day for 8 weeks starting at PND 22
did not demonstrate effects on reproductive organ weights or on sperm quality
(Hoberman et al. 2008). However, when butylparaben was administered to dams during
gestation (GD 6 or 7 to PND 20 or 21), exposure was associated with effects on male
and female reproductive development in offspring, including delayed onset of puberty,
altered reproductive organ morphology and growth, and reduced sperm count and
morphology (Boberg et al. 2016; Kang et al. 2002; Zhang et al. 2014). Reduced sperm
count was observed at 10 mg/kg bw/day in Boberg et al. (2016). However, in the
absence of accompanying effects on reproductive tissues or reproductive success, this
effect was not considered adverse. A point of departure of 100 mg/kg bw/day, the
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LOAEL identified in the studies conducted by Boberg et al. (2016) and Kang et al.
(2002), is considered to be protective of these effects.

The Canadian population is exposed to butylparaben via cosmetics, non-prescription
drugs and NHPs. Monitoring data available for some environmental media sources and
worldwide data suggest that Canadians are also exposed to butylparaben via these
sources. Exposure from food is expected to be negligible.

The assessment of general population exposure to butylparaben is based on
biomonitoring data from the CHMS, the Plastics and Personal-Care Product Use in
Pregnancy (or P4) Study, and a study of Korean neonates within 48 hours of birth
(Health Canada 2017a; Fisher et al. 2017; Kang et al. 2013). Biomonitoring data provide
actual internal measures of exposure because they include specific measurements of
butylparaben in urine. They are considered reliable estimates of urinary concentration of
butylparaben resulting from multiple routes and sources, including most products used
by consumers that contain butylparaben. Urine is the major route of excretion for
butylparaben and the biomarker (free and conjugated butylparaben) is specific to the
parent compound. Butylparaben has a short half-life and a low fractional urinary
excretion. To address the uncertainty associated with the robustness of the use of
butylparaben as a biomarker, estimates of daily intake were based on the upper-bound
of 95" percentile (or highest available) exposure value for each age band and are
therefore considered a conservative scenario. Margins of exposure resulting from
estimated daily intakes are presented in Table 7-19.

Table 7-19. Estimated daily intake of butylparaben derived from biomonitoring
data, with margins of exposure, for determination of risk

Upper-bound oy
, Age group | estimated daily Critical effect
Source location : level MOE
(years) intake at P95
(mg/kg bw/day) (mg/kg bw/day)
CHMS (Cycle 4,
2014-2015), Canada 3-5 0.00076 LOAEL 100 131 053
CHMS (Cycle 4,
2014-2015), Canada | o | 0.00031 LOAEL 100 | 319875
CHMS (Cycle 4,
2014-2015), Canada 12-19 0.0053 LOAEL 100 18 759
CHMS (Cycle 4,
2014-2015), Canada | 2029 0.0047 LOAEL 100 | 21206
CHMS (Cycle 4,
2014-2015), Canada | 2079 0.0028 LOAEL 100 | 36048
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Fisher et al. 2017, Pregnant 0.0044 LOAEL 100 22 950
Canada women
ﬁipgaet al. 2013, Neonates 0.00018 LOAEL 100 | 567 260

Abbreviations: LOAEL, lowest observed adverse effect level.
a Critical effect: Reduced anogenital distance in both sexes, reproductive organ morphology, sperm count
and motility.

On the basis of conservative parameters used to model estimated daily intake, the
margins of exposure are considered adequate to address the risk to populations aged 3
to 79 years, pregnant women and neonates. Biomonitoring data were not available to
address children under 3 years (other than neonates). With the exception of breast milk
consumption, exposure for this group is not expected to differ significantly from the
youngest age group surveyed by CHMS or from the neonatal group presented here.
Based on Canadian biomonitoring data, infants are not expected to be exposed to
butylparaben via breast milk. Therefore, the reported urinary concentrations and
estimated daily intakes across all age groups indicate that exposure in children under 3
years is not expected to pose a risk.

Butylparaben is present in environmental media at negligible levels in all age groups,
other than formula-fed infants. In this age group, exposure is estimated to be 3.34 ng/kg
bw/day, which results in a margin of exposure of 2.99 x 10”. The margin of exposure is
considered adequate to address the potential risk.

Due to the short half-life of propylparaben administered by the oral route and the spot
sampling methodology used in biomonitoring studies, it is not clear that biomonitoring
data adequately address high exposures to cosmetics, non-prescription drugs and
NHPs with intermittent use patterns (i.e., products that are not used daily). Sentinel
scenarios are presented in Table 7-20.

Table 7-20. Relevant oral and exposure and hazard values for butylparaben from
products with intermittent use patterns, as well as margins of exposure, for
determination of risk

Age Systemic Critical effect
Exposure scenario group exposure level® MOE
(years) (mg/kg bw/day) | (mg/kg bw/day)

Hair dye® Teen

(permanent, dermal, (12-19) 0.36-1.09 LOAEL 100 92-276
per event)

Hair dye® Adult

(permanent,dermal, (> 20) 0.30-0.91 LOAEL 100 110-330
per event)
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Herbal cough Teen

medicine® 0.14 LOAEL 100 691
(12-19)

(oral, per day)

Herbal cough Adult

medicine® 0.12 LOAEL 100 4122
(> 20)

(oral, per day)

Children’s analgesic

suspension® Toddler 2.10 LOAEL 100 48
(0.5-4)

(oral, per day)

Antacid® Teen

(oral, per day) (12-19) 0.44 LOAEL 100 225

Antacid® Adult

(oral, per day) (> 20) 0.37 LOAEL 100 269

Analgesic cream® Child 5015-

(dermal, per day) (5-11) 0.012-0.060 LOAEL 100 25072

Analgesic cream® Adult 5 686—

(dermal, per day) (> 20) 0.011-0.053 LOAEL 100 8 431

Medicated hand Child

cream¢ 0.020 LOAEL 100 14 644
(5-11)

(dermal, per day)

Medicated hand Adult

cream® 0.017 LOAEL 100 17 667
(> 20)

(dermal, per day)

Sunscreen® Toddler

(dermal, per day) (0.5-4) 0.44 LOAEL 100 227

Sunscreen® Adult

(dermal, per day) (> 20) 0.33 LOAEL 100 303

Abbreviations: LOAEL, lowest observed adverse effect level.

a Critical effect: Reduced anogenital distance in both sexes, reproductive organ morphology, sperm count
and motility.

b Cosmetic

¢Natural health product

4 Non-prescription drug
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The calculated margins of exposure to hair dye, herbal cough medicine, children’s
analgesic suspension, antacid, and sunscreen are considered potentially inadequate to
address uncertainties in the health effects and exposure databases.

Data from an in vitro study of cutaneous metabolism of butylparaben suggested that
butylparaben may be hydrolyzed to ethylparaben and methylparaben in the skin. This
potential exposure is incorporated into biomonitoring data for methylparaben and
ethylparaben. Potential risk from this putative route of exposure is addressed in
Sections 7.1.3 and 7.2.3.

7.5 Benzylparaben
7.5.1 Exposure assessment

Benzylparaben has been identified in environmental media and biomonitoring studies
outside of Canada, and other exposures have not been identified in Canada. Potential
concentrations of benzylparaben in Canadians are presented in the following section.

Biomonitoring

Benzylparaben was not a target of the Canadian Health Measures Survey. In a large
scale study in Germany (n =660 adults), the detection rate was 1.4% (limit of
quantification (LOQ) = 0.5 pg/L), with a maximum urinary concentration of 1.2 pg/L
(Moos et al. 2015). In a small scale, regional study in the United States (n =100 adults),
benzylparaben was detected in 39% of participants, with a 95™ percentile urinary
concentration of 0.5 pg/L (Ye et al. 2006). Benzylparaben was detected in the urine of
40.96% pregnant women ((LOD =0.2 pg/L, n=31 women, 532 samples) in a Canadian
study, with a 95" percentile urinary concentration of 0.57 ug/L (Fisher et al. 2017). In
the same study, benzylparaben was not detectable (LOD =0.1 pg/L) in the breast milk
of 56 women at 3 months post-partum. In a Danish study of mother-child pairs (n =143),
benzylparaben was detected in 2.1% of mothers and 4.2% of children (aged 6 to 11
years), with maximum detection levels of 1.1 and 0.65 ug/L, respectively (Frederiksen et
al. 2013). In a regional study in the United States, benzylparaben was detected

(LOQ =0.03 pg/L) in the urine of 15% of children aged 3 to 10 years (n =40); the 95
percentile was 0.42 pg/L (Wang et al. 2013). Benzylparaben was detected in placenta at
a maximum level of 0.12 ng/g fresh weight (Spain, n =12) (Valle-Sistac 2016).

Daily estimated intakes were derived for the populations represented by key
biomonitoring data (Fisher et al. 2017; Moos et al. 2015; Ye et al. 2006; Frederiksen et
al. 2013; Wang et al. 2013). In the absence of Canadian data for general populations,
data from US and European sources were used to estimate daily intake. Urinary
concentrations from Canadian pregnant women were also modelled. In each of the
propylparaben studies, total benzylparaben (i.e., free and conjugated species) was
measured in urine by HLPC, after treatment with B -glucuronidase and sulfatase.
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As with other parabens, the use of benzylparaben as a biomarker is specific to the
parent compound. Benzylparaben is less widely used than other parabens (e.g., no
uses were reported in Canada), thus the risk of contamination during sample collection
and analysis is considered minimal or negligible. A fractional urinary excretion of 1% of
the applied dose was estimated by Aylward (2017a), based on the log Kow of 3.56 and
the regression equation reported by Moos et al. (2017). However, based on the
structural differences between benzylparaben and paraben species with measured
fractional urinary excretion (on which the linear regression was based), Aylward et al.
(2017a) report very low confidence in the estimated value for benzylparaben.

Estimated daily intake values were estimated using the 95" percentile or highest
available values for creatinine-adjusted urinary concentration (ug/g Cr) or urinary
concentration (ug/L) for each population, as described for methylparaben (section
7.1.1). In all populations reported here, the concentration of benzylparaben was below
the limit of detection in the majority of samples. The prevalence of samples below the
limit of detection (ranging from 0.1 to 0.5 ug /L) may be due to rapid metabolism, low
exposure, or both. The use of the 95™ percentile or highest available value was based
on data availability and is considered a conservative estimate that addresses the
variation inherent in spot sampling.

Estimated daily intakes and key parameters are presented in Table 7-21.

Table 7-21. Estimated daily intake of benzylparaben based on biomonitoring data

% | LOD | UFR | pp EDI, P95
Source, Age <LOD | or | (L/kg (mg/ uc FUE® (CI)
Location (years) or LOQ | bw/ da g)b (ng/kg
LOQ | (ug/L) | day)? | 9@ bw/day)
Moos et al. Adults 3.1 ua/
2015, (20-30) | 986 | 05 | N/A | 1440 | 2" M99 | 01 6.3

Germany | (n=660) Cr (max)

Frederiksen | Children 1.0 ua/
etal. 2013, | (6-11) | 958 | 0.18 | N/A | 418 | 2" H99 | g1 1.3

Denmark (n=143) Cr (max)

2017 | women | 5909 | 020 | 0.020| NIA et 001 | 1re
Canada (n=31)

3006, UsA | (eion | 610 | 010 (0020 | N | P28 T 001 | 10
2018 USA ?’iﬁj’g: 85.0 | 0.03 0030 | NA | %E08h] 001 | 13
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Abbreviations: LOD, limit of detection; LOQ, limit of quantification; CER, creatinine excretion rate; UFR,
urinary flow rate; UC, urinary concentration; FUE, fractional urinary excretion; EDI, estimated daily intake;
N/A, not applicable; max, maximum reported value; P95, 95t percentile

@ Aylward et al. 2015

b Creatinine excretion rate was calculated using the Mage equation [0.993%1.64 [140 — Age] (Wt*.5
Ht*0.5)/1000].

¢ Aylward et al. 2017a

4%<LOD is based on 542 samples from 31 subjects (Fisher et al. 2017).

¢ When creatinine-adjusted concentrations were not reported, EDI was calculated based on urinary
concentration (ug/L) using the following equation: EDI = (UC*UFR)/FUE (Saravanabhavan et al. 2014),
where UC is the urinary concentration (ug/L), UFR is the urinary flow rate (L/kg bw/ day) and FUE is the
fractional urinary excretion.

Environmental media

Benzylparaben was below the limit of detection in house dust (8 ng/g) and agricultural
soil (2.8 ng/g) in Canadian monitoring studies (Fan 2010; Viglino 2011). In studies
carried out elsewhere, benzylparaben has been identified in drinking water (Azzouz and
Ballesteros 2014) and house dust (Wang et al. 2012; Ramirez et al. 2011; Tran et al.
2016; Canosa et al. 2007). In the absence of Canadian monitoring data, as no import or
manufacture in Canada was reported in a Section 71 survey, an upper bound release
value of 100 kg was used as a conservative input to estimate theoretical environmental
concentrations of benzylparaben using the level lll fugacity model ChemCAN version
6.00 (ChemCAN 2003). The theoretical environmental concentrations derived from this
approach were used to estimate potential exposures from environmental media for the
general population of Canada. This results in an estimated intake of 0.034 ng/kg bw/day
from air, water and soil. This approach indicates that general population exposure due
to environmental media in Canada is potentially negligible, which is supported by data
from international monitoring studies.

Food

Benzylparaben exposure from food is expected to be negligible (personal
communication, email from the Health Canada Food Directorate, Health Canada, to the
Health Canada Consumer Product Safety Directorate, Health Canada, dated April 18,
2018; unreferenced).

According to biomonitoring data (Fisher et al. 2017), benzylparaben was not detected in
breast milk in 56 Canadian women (LOD 0.1 ug/L), 3 months post-partum; breastfed
infants are therefore not expected to be exposed to benzylparaben via breast milk.

7.5.2 Health effects assessment

Benzylparaben has been addressed in several reviews and key risk assessments of
parabens, including those conducted by the CIR (Andersen 2008), the EU SCCS (2010,
2011), EFSA (2004) and independent scientists (Soni et al. 2005). The literature
published until March 2017 was searched for relevant information to supplement the
data used in the international reviews and assessments.
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Toxicokinetics

Two human volunteers administered 2 g of benzylparaben per day for 5 days excreted
in urine approximately 6% as unchanged parent compound, 87% as a sulphate
conjugate and small quantities as forms of PHBA and benzoic acid (Sabalitschka and
Neufeld-Crzelliter 1954, as cited in Andersen 2008). In a report of the urinary
concentration of parabens in 100 adults, Ye et al. (2006) has reported that free
benzylparaben was below the limit of detection in all subjects, but conjugated
(glucuronidated and sulfated) benzylparaben was detected at low levels in 39% of
samples. Benzylparaben has been detected at low levels in humans in tumorous breast
tissue, adipose tissue, and in brain, although it was not reported whether benzylparaben
was free or conjugated (Barr et al. 2012; Wang et al. 2015; van der Meer 2017).

The rate of hydrolysis of benzylparaben in human skin and liver cells has been reported
to be either similar to that of butylparaben (Jewell et al. 2007a, 2007b) or intermediate
to the rates of short and long chain parabens (Abbas et al. 2010). In human liver cells,
benzylparaben is hydrolyzed at a rate 5 to 10 times slower than methylparaben; in
human skin cells, benzylparaben is metabolized at a rate roughly 5-fold slower than
methylparaben (Jewell et al. 2007a, 2007b). In another in vitro assay, benzylparaben
had a hydrolysis half-life of 43 minutes in human liver microsomes, approximately
double that of methylparaben (Abbas et al. 2010).

Repeat dose studies

The CIR reports that guinea pigs fed 1 g of benzylparaben per day for 19 days showed
no signs of toxicity (Ishizeki 1955, as cited in Andersen 2008).

Genotoxicity

Benzylparaben was estimated to be negative in an Ames assay, with and without
metabolic activation, based on QSAR prediction (REACH 2018d).

Reproductive and developmental effects
See Appendix C for a review of in vitro estrogenic effects of benzylparaben.

Benzylparaben was administered to female Sprague Dawley rats by gavage at 0.0064,
0.032, 0.16, 0.8, 4, 20, and 100 mg/kg bw/day from PND 21 to 23. Estradiol was
administered as a positive control at 1, 5, 25, 100, 400 ug/kg bw/day. No effect was
observed on mortality, physiological stress or body weight in animals at any dose.
Relative uterine weight was significantly increased in a dose dependent manner to
107% to 136% of control weights at 0.16 mg/kg bw/day benzylparaben and above.
Administration of 5 to 400 ug/kg bw/day estradiol induced at 155% to 440% increase in
relative uterine weight, compared to control. The NOAEL identified for this study is
0.032 mg/kg bw/day, based on uterotrophic effects at 0.16 mg/kg bw/day (Hu et al.
2013).
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Epidemiology

Epidemiology studies were identified addressing the relationship between
benzylparaben and fertility, body weight and growth in children. No association was
identified between benzylparaben concentration and time-to-pregnancy, growth in
toddlers, or BMI in obese children and adolescents (Smarr et al. 2017; Guo et al. 2017;
Xue et al. 2015). More detail is provided in Health Canada (2018a).

7.5.3 Characterization of risk to human health
Read-across hazard data

There is a lack of reliable studies for benzylparaben, particularly for reproductive
endpoints. Based on similar physical chemical properties, toxicokinetics and
functionality in in vitro assays (see Appendix F), butylparaben was selected as an
appropriate analogue for benzylparaben, with respect to this endpoint. Therefore, as a
point of departure, a LOAEL of 100 mg/kg bw/day for butylparaben based on effects on
early reproductive system development (i.e., reduced anogenital distance in both sexes,
reproductive organ weight and morphology, sperm count and motility) was applied to
benzylparaben (Boberg et al. 2016; Kang et al. 2002; Zhang et al. 2014).

Benzylparaben was not identified in products available to consumers, cosmetics,
prescription or non-prescription drugs, NHPs, or pesticides. Exposure from food and
environmental media is expected to be negligible. Benzylparaben was detected in the
urine of pregnant women in a Canadian biomonitoring study and has been detected in
adults and children in biomonitoring studies in Europe and the United States. These
data encompass exposures to benzylparaben from multiple potential sources and
routes, known or unknown, and may be considered reliable estimates of exposure of the
general population. Urine is expected to be the major route of excretion for
benzylparaben as it is for other parabens, and the biomarker (free and conjugated
benzylparaben) is specific to the parent compound. There is uncertainty associated with
the use of the modelled fractional urinary excretion factor, and the half-life in humans is
unknown. To address the uncertainty associated with the robustness of the use of
benzylparaben as a biomarker, estimates of daily intake were based on the upper-
bound of 95" percentile (or highest available) exposure value for each age band and
are therefore considered a conservative scenario. Margins of exposure resulting from
estimated daily intakes are presented in Table 7-22.
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Table 7-22. Estimated daily intake of benzylparaben derived from biomonitoring
data, with margins of exposure, for determination of risk

Estimated daily

Critical effect

Source location Ag(jeega:g;m intake at P95 level? MOE
y (mgl/kg bwiday) | (mg/kg bw/day)

Moos et al. 2015, Adults
Germany (20-30) 0.0063 LOAEL 100 15 875
Frederiksen et al. Children
2013, Denmark (6=11) 0.0013 LOAEL 100 74 257
Fisher et al. 2017, Pregnant 0.0011 LOAEL 100 87 719
Canada women
Ye et al. 2006,
United States Adults 0.001 LOAEL 100 100 000
Wang et al. 2013, Children
United States (3-10) 0.0013 LOAEL 100 79 365

Abbreviations: LOAEL, lowest observed adverse effect level.
a Critical effect: Reduced anogenital distance in both sexes, reproductive organ weight, sperm count and

motility.

On the basis of conservative parameters used to model estimated daily intake, the

margins of exposure are considered adequate to address the risk to adults, pregnant
women and children. The reported urinary concentrations and estimated daily intakes
across all age groups indicate that exposure in children under 3 years is not expected to

pose a risk.

7.6 iso-Propylparaben

7.6.1 Exposure assessment

iso-Propylparaben has been identified in environmental media and in biomonitoring
studies outside of Canada. iso-Propylparaben is present in non-prescription drugs,
NHPs, and cosmetics. All of these sources may contribute to total daily exposure to iso-
propylparaben. Urinary concentrations and estimated exposure of Canadians to iso-
propylparaben are presented in the following section.

Biomonitoring

iso-Propylparaben was not a target of the Canadian Health Measures Survey. In a large
scale study in Germany (n =660 adults), the detection rate was 4%, with a maximum
urinary concentration of 99.5 ug/L (Moos et al. 2015). In another, smaller study of adults
and children in Germany (n =59 females, 39 males and 59 children aged 6 to 8 years),
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the detection rate in urine was 3% and the maximum concentration was 175 ug/L (Moos
et al. 2014). In a Danish study of mother-child pairs (n = 143), iso-propylparaben was
detected in 15% of mothers and 3% of children (aged 6 to 11 years), with mean
detection levels of 0.63 and 0.13 ug/L, respectively (Frederiksen et al. 2013). In a study
of Greek children aged 4.24 +0.24 years (n =500), iso-propylparaben was detected in
3.8% of participants with a maximum detection of 15.0 ug/L (Myridakis et al. 2016).

Environmental media

No Canadian monitoring studies were identified for iso-propylparaben. In studies carried
out in other countries, iso-propylparaben has been identified in drinking water (Azzouz
and Ballesteros 2014), agricultural and forestry soils (Nunez 2008), and house dust
(Ramirez et al. 2011). In the absence of Canadian monitoring data, the total reported
import volume of iso-propylparaben in Canada (284 kg) was used as a conservative
input to estimate theoretical environmental concentrations of iso-propylparaben using
the level Il fugacity model ChemCAN version 6.00 (ChemCAN 2003). The theoretical
environmental concentrations derived from this approach were used to estimate
potential exposures from environmental media for the general population of Canada.
This results in an estimated intake of 0.097 ng/kg bw/day from air, water and soil. This
approach indicates that general population exposure from environmental media in
Canada is potentially negligible, which is supported by data from international
monitoring studies.

Food

iso-Propylparaben exposure from food is not expected (personal communication, email
from the Health Canada Food Directorate, Health Canada, to the Health Canada
Consumer Product Safety Directorate, Health Canada, dated April 18, 2018;
unreferenced). No Canadian studies were identified reporting iso-propylparaben
concentration in breast milk.

Cosmetics

iso-Propylparaben was identified in cosmetics, including lotions, cleansers and hair care
products. Exposure estimates for the oral and dermal routes based on sentinel
scenarios associated with the use of cosmetics containing iso-propylparaben were
evaluated, and sentinel scenarios are presented in Table 7-23 and Table 7-24,
respectively. Potential exposures were estimated using conservative assumptions and
default values as outlined in Appendix B. Exposure estimates for each scenario are
expressed on a per-event and/or a daily basis, depending on exposure frequency (see
section 7.6.3, Characterization of risk to human health).
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Table 7-23. Estimated potential oral exposures to iso-propylparaben from the use
of cosmetics on an age group-specific basis

Product scenario Concentration in Age group Systemic exposure
product (%)? (years) (mg/kg bw/day)
Lip balm (per day) 0.1-0.2 (1T23_e1”9) 0.00040-0.00081

a Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017;

unreferenced

Experimentally determined dermal absorption and metabolism coefficients from an in
vitro study of dermal absorption and metabolism in human skin were used to estimate
and internal dose from potential exposure by the dermal route, as described in section
7.1.1, and further details are available on request (Charles River Laboratories 2018;
Health Canada 2018b). Exposure estimates from the dermal route are presented in
Table 7-24. Default values and models used in exposure scenarios are provided in

Appendix B.

Table 7-24. Estimated potential dermal exposures to iso-propylparaben from the

use of cosmetics on an age group-specific basis
Product Concentration Age Dermal2 load Systemic exposure
scenario in product (%)>? group | (kglcm*/24 h (mg/kg bw/day)

(years) )

Body lotion B Toddler . B b.d

(per event) 0.05-0.1 (0.5-4) 0.42-0.84 0.11-0.22

Sunless tanning Adult

product 0.3-1 0.78-2.60 0.16-0.54P¢
(>20)

(per event)

Body scrub Teen b,

(per event) 0.3-1 (12-19) 0.57-1.89 0.14-0.47°¢

Hair dye Teen

(permanent, per 0-0.01 13.70 0.12¢e
(12-19)

event)

Face moisturizer _ Teen . bd_A 11c.d

(per day) 0.3-1 (12-19) 8.88-29.59 0.089°¢-0.11

Body cleanser B Toddler 5 5 b.e

(liquid, per day) 3-10 (0.5-4) 0.06-0.19 0.016-0.052

2@ Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017; unreferenced.
b Calculated using the product dermal load as the maximum dermal amount.
¢ Calculated using a maximum dermal amount of 11.09 pg/cm?/24 h.
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d Calculated using a metabolism refinement of 81.98% iso-propylparaben (based on moisturizer formulation).
¢ Calculated using a metabolism refinement of 86.98% iso-propylparaben (based on non-moisturizer formulation).

Non-Prescription Drugs and NHPs

iso-Propylparaben is present as a non-medicinal ingredient in non-prescription drugs
and NHPs, primarily in make-up with sun protection claims. Sentinel scenarios via the
oral and dermal routes are presented in Table 7-25. Default values and models used in
exposure scenarios are provided in Appendix B.

Table 7-25. Estimated potential dermal exposures to iso-propylparaben from the
use of non-prescription drugs on an age group-specific basis

Product Concentration g’:;q:p Dermal load expgg:::r?:glkg
: . 0 2
scenario in product (%)* (years) (ng/cm?/24 h) bw/day)
Face make-up Teen b.c
(per day) 0.12 (12-19) 122 -

a Personal communication, email from Therapeutic Products Directorate, Health Canada, to Consumer
Product Safety Directorate, Health Canada, dated May 25, 2017; unreferenced.

b Calculated using the product dermal load as the maximum dermal amount.

¢ Calculated using a metabolism refinement of 86.98% iso-propylparaben.

7.6.2 Health effects assessment

iso-Propylparaben has been addressed in several reviews and key risk assessments of
parabens, including those conducted by the CIR (Andersen 2008), the EU SCCS
(SCCP 2005b; SCCS 2010, 2011), and independent scientists (Soni et al. 2005). The
literature published until March 2017 was searched for relevant information to
supplement the data used in the international reviews and assessments.

Toxicokinetics

iso-Propylparaben is detected in human biomonitoring samples primarily in conjugated
form, suggesting that it is metabolized by the same pathways as other parabens. iso-
Propylparaben was detected primarily in conjugated form in human urine and breast
milk (Azzouz et al. 2016). In urine samples from 14 human volunteers, free iso-
propylparaben was detected, in only 2 samples, at 0.15 to 0.18 pg/L, but iso-
propylparaben conjugated to glucuronic acid was detected in 7 samples (total paraben
range of 0.21 to 2.1 pg/L). In breast milk samples from 7 human volunteers, free iso-
propylparaben was detected, in only 1 sample, at 0.73 ug/L; iso-propylparaben
conjugated to glucuronic acid was detected in 2 samples (total paraben range of 0.90 to
1.22 ug/L).

Repeat dose studies
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Fischer 344 rats (10/sex/group) were fed 0%, 0.25%, 1.25%, 2.5% or 5% iso-
propylparaben (corresponding to approximately 0, 128, 640, 1 280 and 2 560 mg/kg
bw/d) in diet for 13 weeks. Reduced weight was observed in males at 2.5 and 5.0%,
and in females at 1.25% and above. Increases in serum gamma-GTP and total
cholesterol were reported in males at 2.5% or more and increases in gamma-GTP, ALP
and BUN in females at 1.25% or more. Centrilobular hepatocellular swelling and
hepatocytes filled with vacuoles were observed in the liver in males in the two highest
treatment groups and in females in the highest treatment group. Renal histological
effects (increased severity of intracytoplasmic eosinophilic globule formation in the renal
proximal tubular epithelia) were also reported in males in the highest dose group. The
NOAEL selected for this study was 1.25% (corresponding to approximately 640 mg/kg
bw/day) (Onodera 1994).

5-week-old Sprague Dawley rats (10/group) were treated dermally with 0, 50, 100, 300
or 600 mg/kg bw/day of either iso-propylparaben or iso-butylparaben daily for 28 days in
an OECD 410 repeat dose study. The test article was dissolved in ethanol and applied
in cream to shaved dorsal skin at 50 uL/cm?on 10% of the body surface area. No
effects were observed on body weight, organ weight, or serum levels of triiothyronine,
thyroid-stimulating hormone, insulin, estrogen, follicle-stimulating hormone, or
testosterone. The iso-propylparaben groups did not show any specific application site
lesions in either male or female rats (Kim 2015). The NOAEL identified for this study is
600 mg/kg/d, the highest dose tested.

Genotoxicity

iso-Propylparaben was negative in Ames assays, as well as in chromosomal aberration
assays and sister chromatid exchange assays in Chinese hamster and human embryo
fibroblasts (REACH 2018e; Ishidate and Odashima 1977; Ishidate et al. 1984; Kawachi
and Yahagi 1980; Sasaki 1980). It was also negative in an in vivo chromosomal
aberration assay in silkworms (Kawachi and Yahagi 1980). iso-Propylparaben is not
expected to be genotoxic in vivo.

Reproductive and developmental effects
See Appendix C for a review of in vitro estrogenic effects of iso-propylparaben.

In a modified uterotrophic assay, immature female Sprague-Dawley rats (8 animals per
group) were subcutaneously administered iso-propylparaben at 0, 62.5, 250, and 1 000
mg/kg bw/day for 3 days starting at PND 14. Significantly increased uterine wet weight
relative to body weight was observed at the 1 000 mg/kg/d dose of iso-propylparaben.
This effect was reduced, although still significantly different from the vehicle control, with
the addition of ICI 182,780, an antagonist of the estrogen receptor (Vo and Jeung
2009). The NOAEL identified for this study is 250 mg/kg bw/day, based on uterotrophic
effects at 1 000 mg/kg/d.
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In a study of female pubertal development, pre-pubertal Sprague Dawley rats (10/
group) were orally administered 0, 62.5, 250, 1 000 mg/kg bw/d of iso-propylparaben in
corn oil from postnatal day 21 to 40. Ethinylestradiol (1 mg/kg bw/day) was administered
as a positive control. A statistically significant decrease in body weight was not reported,
although at the highest dose, body weight is 102.45 + 4.38 g, compared to the control
group values of 118.69 £ 6.4 g. A statistically significant delay in vaginal opening was
observed in animals in the mid- and high-dose iso-propylparaben groups (PND 36.2 +
1.03 and 36.7 £ 0.71), compared to the control group (PND 33.6 + 3.23); vaginal
opening occurred at PND 21.4 + 0.53 in the ethinylestradiol group. The vaginal opening
dates in the mid- and high-dose groups are within the range of historical controls (PND
33.0 to 36.6, Stump et al. 2014). A significant decrease in the number of 4-day estrous
cycles was also observed in the high-dose group, but the number of days of each stage
in the 4-day cycle (proestrus, estrus, metestrus, and diestrus) were not significantly
different. Serum estradiol levels were significantly reduced in the high dose-group
(16.23 £ 6.86 pg/mL, compared to 47.07 + 14.72 pg/mL in the control) and T4 was
reduced in the mid-dose group (1.73 + 0.34 ng/mL compared to 3.00 £ 0.32 ng/mL in
the control), but not in the high-dose group. Significantly decreased ovary and kidney
weights were observed in the high-dose iso-propylparaben group. Histopathological
changes in the ovaries and uterus were also observed at the high dose of iso-
propylparaben (Vo et al. 2010). As discussed in the methylparaben section, some
effects described here have been shown to result from body weight reductions of 9% to
12% (Stump et al. 2014). The reported mean body weight of animals in the highest dose
group is reduced by 13.7% compared to the control group, suggesting that the changes
in estrous cycling, reduction in organ weights, as well as uterine histology may be
secondary to reduced body weight. Due to the problematic nature of several results
reported in this study, and a lack of dose-dependent effects, a NOAEL was not
selected.

Epidemiology
No epidemiological studies addressing iso-propylparaben were identified.
7.6.3 Characterization of risk to human health

In a 13-week study, dietary exposure to iso-propylparaben resulted in changes in serum
histochemistry and renal and hepatic organ effects at 2.5% (approximately 1 280 mg/kg
bw/day) and higher (Onodera 1994). Dermal exposure to iso-propylparaben up to 600
mg/kg bw/day for 28 days did not result in application site effects or effects on organ
weight or serum hormone levels (Kim 2015). A NOAEL of 640 mg/kg bw/day was
therefore selected as a point of departure for exposure to iso-propylparaben, based on
serum histochemistry and organ effects in a 13-week study.

The Canadian population is exposed to iso-propylparaben via cosmetics, non-

prescription drugs and NHPs. Exposure from food and environmental media is expected
to be negligible. To address the potential risk associated with exposure to iso-
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propylparaben from products, margins of exposure resulting from modelled exposures
in sentinel scenarios are presented in Table 7-26.

Table 7-26. Relevant oral and dermal exposure and hazard values for iso-
propylparaben, as well as margins of exposure, for determination of risk

Age Systemic Critical effect
Product scenario réqu exposure level® MOE
9roup | mglkg bw/day) | (mg/kg bwiday)

Lip balm® Teen 7.9 x10° -
oral, per day - e 6 X
(oral day) (12-19) 0.00040-0.00081 NOAEL 640 1.6 x106
Body lotion® Toddler 2909-

ermal, per even 5— e
(d | f) (0.5-4) 0.11-0.22 NOAEL 640 5318
Sunless tanning
product? Adult 0.16-0.54 NOAEL 640 1185

(>20) 4 000
(dermal, per event)
Body scrubP Teen 1 362—
(dermal, per event) (12-19) 0.14-0.47 NOAEL 640 4 571
Hair dye® Teen
(permanent, per 0.12 NOAEL 640 5333
(12-19)

event)
Face moisturizer® Teen 5818—
(per day) (12-19) 0.089-0.11 NOAEL 640 7191
Body cleanser® Toddler 12 300-
(liquid, per day) (0.5-4) | 00160052 1 NOAEL®4O | 45000
Face make-up® Teen
(per day) (12-19) 0.01 NOAEL 640 64 000

Abbreviations: NOAEL, no observed adverse effect level.

a Critical effect; Changes in serum histochemistry, renal and hepatic organ effects.
b Cosmetic.

¢ Non-prescription drug.

The calculated margins of exposure are considered adequate to address uncertainties
in the health effects and exposure databases.
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7.7 iso-Butylparaben
7.7.1 Exposure assessment

iso-Butylparaben has been identified in environmental media outside of Canada and in
biomonitoring studies both in Canada and elsewhere. iso-Butylparaben is present in
non-prescription drugs, NHPs, and cosmetics, and it has been identified as a
component in incidental additives used in food processing establishments. Many of
these sources contribute to total daily exposure to iso-butylparaben. Urinary
concentrations and estimated exposure of Canadians to iso-butylparaben are presented
in the following section.

Biomonitoring

iso-Butylparaben was not a target of the Canadian Health Measures Survey. In
Canadian regional study, the mean urinary concentrations of iso-butylparaben was

0.22 pg/L in females (n =28 including 9 pregnant patients) and 0.29 pg/L in males
(Genuis et al. 2013). In a Canadian study of pregnant females (n = 31), iso-butylparaben
was detected in 38.93% of samples and had a 95" percentile concentration in urine of
2.96 ug/L. In the same study, iso-butylparaben was not detected in breast milk in 56
Canadian women, 3 months post-partum (Fisher et al. 2017). In a large scale study in
Germany (n =660 adults), the detection rate was 24%, with a 95" percentile urinary
concentration of 3.1 pg/L (Moos et al. 2015). In a Danish study of mother-child pairs
(n=143), iso-butylparaben was not detected in mothers or children (aged 6 to 11 years)
(Frederiksen et al. 2013). However, in a study of Greek children aged 4.24 + 0.24 years
(n=500), iso-butylparaben was detected in 10% of participants with a maximum
detection of 50.4 ug/L (Myridakis et al. 2016).

Environmental media

iso-Butylparaben has been identified in drinking water (Azzouz and Ballesteros 2014)
and agricultural soil (Perez 2011) in other countries. Canadian monitoring studies were
not identified for iso-butylparaben.

In the absence of Canadian monitoring data, the total reported import volume of iso-
butylparaben in Canada (232 kg) was used as a conservative input to estimate
theoretical environmental concentrations of iso-butylparaben using the level Il fugacity
model ChemCAN version 6.00 (ChemCAN 2003). The theoretical environmental
concentrations derived from this approach were used to estimate potential exposures
from environmental media for the general population of Canada. This results in an
estimated intake of 0.079 ng/kg bw/day from air, water and soil. This approach indicates
that general population exposure due to environmental media in Canada is potentially
negligible, which is supported by data from international monitoring studies.

Food
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iso-Butylparaben exposure from food is not expected (personal communication, email
from the Health Canada Food Directorate, Health Canada, to the Health Canada
Consumer Product Safety Directorate, Health Canada, dated April 18, 2018;
unreferenced). Biomonitoring data (Fisher et al. 2017) indicate that iso-butylparaben
was not detected in breast milk in 56 Canadian women (LOD 0.1 pg/L), 3 months post-
partum; breastfed infants are therefore not expected to be exposed to iso-butylparaben
via breast milk.

Cosmetics

iso-Butylparaben was identified in cosmetics, such as lotions, cleansers, make-up and
hair care products. Sentinel scenarios for exposure to cosmetics by the oral and dermal
routes are presented in Table 7-27 and Table 7-28, respectively. See Appendix B for
details on assumptions and default values used for generating exposure estimates.
Exposure estimates for each scenario are expressed on a per-event and/or a daily
basis, depending on exposure frequency and the critical health effects (see section
7.7.3, Characterization of risk to human health).

Table 7-27. Estimated potential oral exposures to iso-butylparaben from the use

of cosmetics on an age group-specific basis
. Concentration in Age group Systemic exposure
Product scenario | 4\ et (%)? (years) (mglkg bwlday)
Lip balm (per event) 0-0.1 Ig%‘i'j)r 6.5x10
Lipstick (per day) 0.1-0.3 ( 1Tze_e1r;3) 1.2x103-4.0x10*

a Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017;
unreferenced

Experimentally determined dermal absorption and metabolism coefficients from an in
vitro study of dermal absorption and metabolism in human skin were used to estimate
an internal dose from potential exposure by the dermal route, as described in section
7.1.1, and further details are available on request (Charles River Laboratories 2018;
Health Canada 2018b). Exposure estimates from the dermal route are presented in
Table 7-28Table 7-28. Estimated potential dermal exposures to iso-butylparaben from
the use of cosmetics on an age group-specific basis. Default values and models used in
exposure scenarios are provided in Appendix B.
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Table 7-28. Estimated potential dermal exposures to iso-butylparaben from the
use of cosmetics on an age group-specific basis

Age

Product Concentration rou Dermal load | Systemic exposure

scenario in product (%)? (?,earﬁ) (uglcm?/24 h) | (mg/kg bw/day)
Body lotion Toddler b,
(per event) 0.3-1 (0.5-4) 2.51-8.35 0.46-1.54°¢
Body oil Adult b,
(per event) 1-3 (>20) 2.23-6.68 0.26-0.79°
Body scrub Teen b,
(per event) 0.3-1 (12-19) 0.57-1.89 0.094-0.31°¢
Face make-up Teen b d
(per day) 0.1-1.5 (12-19) 1.02-15.26 0.0064°°-0.0799¢
Facial Teen
moisturizer 1-3 29.59-88.77 0.090%e—-0.15¢¢
(per day) (12-19)
Eye lotion Teen ,
(per day) 3-10 (12-19) 54-180 0.0061-0.020¢°¢
Sunless tanning
product 0-0.1 Adult 0.26 0.036b
(per event) (>20)
g;”;g?;’ 0.1-0.5 ('idzugt) 0.12-0.59 | 0.0011-0.0053b*
Hair conditioner Toddler
(rinse-off, per 0.3-1 0.61-2.05 0.010-0.033P¢
event) (0.5-4)
Body cleanser Infant bf
(liquid, per day) 0.1-0.5 (0-0.5) 0.0031-0.016 | 0.0012-0.0062

a Internal data, Consumer Product Safety Directorate, Health Canada, dated August 18, 2017;

unreferenced.

b Calculated using the product dermal load as the maximum dermal amount.
¢ Calculated using 23.18% dermal absorption.

d Calculated using a maximum dermal amount of 12.64 ug/cm2/24 h.
¢ Calculated using a metabolism refinement of 58.25% iso-butylparaben.
f A metabolism refinement was not applied to the infant age group.

91




Draft Screening Assessment — Parabens Group

Non-Prescription Drugs and NHPs

iso-Butylparaben is present as a non-medicinal ingredient in non-prescription drugs and
NHPs, primarily in acne therapy products, make-up with sun protection claims, and
sunscreen. With the exception of the products in Table 7-29, these exposures are
exceeded by cosmetic exposures for lotions, makeup and cleansing products,
presented in Table 7-28. Sentinel scenarios via the oral and dermal routes are
presented in Table 7-28. Default values and models used in exposure scenarios are
provided in Appendix B.

Table 7-29. Estimated potential dermal exposures to iso-butylparaben from the

use of non-prescription drugs and NHPs on an age group-specific basis
Product Concentration ':‘35 Dermal load | Systemic exposure
scenario in product (%) group (ug/cm?/24 h) (mg/kg bw/day)
(years)
Sunscreen? Infants ;
(per day) 0.0115¢ (0-0.5) 0.45 0.18¢
Analgesic creamP d Adult ,
(per day) 0.015 (12-19) 0.27 0.027e9
Acne spot Teen
treatment® 0.01¢ 0.17 0.00026°9
(12-19)
(per day)

aNatural health product.

b Non-prescription drug.

¢ Personal communication, email from Therapeutic Products Directorate, Health Canada, to Consumer Product
Safety Directorate, Health Canada, dated May 25, 2017; unreferenced.

d Personal communication, email from Health Canada Natural and Non-Prescription Health Products Directorate,
Health Canada, to Consumer Product Safety Directorate, Health Canada, dated February 20, 2017; unreferenced.
¢ Calculated using the product dermal load as the maximum dermal amount.

f A metabolism refinement was not applied to the infant age group.

9 Calculated using a metabolism refinement of 48.95% iso-butylparaben.

7.7.2 Health effects assessment

iso-Butylparaben has been addressed in several reviews and key risk assessments of
parabens, including those conducted by the CIR (Andersen 2008), the EU SCCS
(SCCP 2005a, 2005b; SCCS 2010, 2011), EFSA (2004), NICNAS (2016) and
independent scientists (Soni et al. 2005). The literature published until March 2017 was
searched for relevant information to supplement the data used in the international
reviews and assessments.

Toxicokinetics

Moos et al. (2016) report the ingestion of 10 mg of iso-butylparaben by 3 adult
volunteers (equivalent to 0.12-0.19 mg/kg bw). The elimination half-life for all
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participants was 3 to 4 hours, with 85% of the administered dose recovered in 24 hours.
After 48 hours, 6.8% of free and conjugated iso-butylparaben was recovered in urine.
PHHA was the main metabolite, comprising 57% of the applied dose recovered in urine.
iso-Butylparaben was detected primarily in conjugated form in human urine, blood, and
breast milk, although to a lesser extent than other parabens (Azzouz et al. 2016). In
urine samples from 14 human volunteers, free iso-butylparaben was detected in only 1
sample, at 0.13 pg/L, but iso-butylparaben conjugated to glucuronic acid was detected
in 9 samples (total paraben range of 0.13 to 0.99 ug/L). In breast milk samples from

7 human volunteers, free and conjugated iso-butylparaben was detected in only one
sample, free paraben at 0.15 pg/L and total paraben (free +conjugated) at 0.75 pg/L. In
blood samples from 8 human volunteers, free paraben was not detected in any
samples, but conjugated paraben was detected in two samples (total paraben range of
0.14 to 0.29 ug/L).

Repeat dose studies

In a 6-week study, ICR/Jcl mice (10/sex/group) were exposed to 0%, 0.6%, 1.25%,
2.5%, 5% or 10% iso-butylparaben in the diet (corresponding to approximately 900,
1875, 3 750, 7 500 or 15 000 mg/kg bw/day). All rats in the two highest dose groups
died within 2 weeks, and weight gain in the next two highest doses was less than 10%
that of the control group. All doses higher than 0.6% lead to marked atrophy of lymphoid
tissue in organs, including the spleen, thymus and lymph nodes and multifocal
degeneration and necrosis in the liver parenchyma. No significant changes in the
visceral organs were observed in the 0.6% dose group or the controls (Inai et al. 1985).
The NOAEL identified for this study is 0.6% (approximately 900 mg/kg bw/day).

Five-week-old Sprague Dawley rats (10/group) were treated dermally with 0, 50, 100,
300 or 600 mg/kg bw/day iso-butylparaben daily for 28 days in an OECD 410 repeat
dose study. The test article was dissolved in ethanol and applied in cream to shaved
dorsal skin at 50 pyL/cm? on 10% of the body surface area. No effects were observed on
body weight, organ weight, or serum levels of triiothyronine, thyroid-stimulating
hormone, insulin, estrogen, follicle-stimulating hormone, or testosterone. Epidermal
hyperplasia and other local dermal effects were observed in animals from the 100
mg/kg bw/day and higher iso-butylparaben group (Kim 2015). The NOAEL identified for
this study is 50 mg/kg bw/day based on epidermal hyperplasia observed at 100 mg/kg
bw/day.

Genotoxicity

iso-Butylparaben was negative in Ames assays and in chromosomal aberration assays
in Chinese hamster and human embryo fibroblasts (Kawachi and Yahagi 1980, Ishidate
et al. 1984). It was also negative in an in vivo chromosomal aberration assay in
silkworms, but had equivocal results in an in vivo chromosome aberration assay in rat
bone marrow (Kawachi and Yahagi 1980). iso-Butylparaben is not expected to be
genotoxic in vivo.
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Carcinogenicity

ICL/Jcr mice (50/group) were fed 0%, 0.15%, 0.3% or 0.6% iso-butylparaben in the diet
for 102 weeks (equivalent to 259, 470 and 940 mg/kg bw/day in males and 223, 372
and 887 mg/kg bw/day in females). High numbers of animals died in all groups (control
and test groups) before 78 weeks. Tumour incidences were similar in test groups
compared with the control, and there were no significant differences between dose
groups. Twenty-one total neoplasms were observed in the control group, and 26, 22,
and 27 were observed in iso-butylparaben low-, mid-, and high-dose groups,
respectively. There were no significant differences in incidence or time-to-death from
neoplasms between test and control groups (Inai et al. 1985). Statistical analysis was
not reported. The NOAEL identified for this study is 0.6% (887 mg/kg bw/day), the
highest dose tested.

Reproductive and developmental effects
See Appendix C for a review of in vitro estrogenic effects of iso-butylparaben.

iso-Butylparaben administered subcutaneously caused an increase in uterine weight in
ovariectomized Crj:CD mice at 250 mg/kg bw/day (Koda et al. 2005). However, in a
female pubertal assay, the same effect was not observed when assayed slightly later in
development. In a study of female pubertal development, pre-pubertal Sprague Dawley
rats (10/group) were orally administered 0, 62.5, 250, and 1 000 mg/kg bw/day of iso-
butylparaben in corn oil from PND 21 to 40. No significant effects were observed in
organ weights, vaginal opening day, or estrous cycling. No significant differences in
uterine weight were observed on PND 41 at any tested dose, relative to vehicle control.
A significant increase in uterine wall thickness was observed in animals treated with all
doses of iso-butylparaben. However, the significance of this effect is not clear as the
estrous cycle at termination was not reported. Significant changes were also observed
in the number of corpora lutea and cystic follicles, at all doses (Vo et al. 2010).

Pregnant Sprague Dawley rats (3 dams/group; 8 pups/group) were administered 0 or
2.5 mg/kg bw/day iso-butylparaben by gavage from GD 5 to PND 21. No effect was
reported on key developmental events in pups (pinna detachment, eruption of the
incisors, separation of the eyelids, nipple retention, descent of the testis, and separation
of the prepuce), pup body weight, relative testis or epididymis weight, or serum
hormone levels (173-estradiol, testosterone, and follicle stimulating hormone). Male
offspring had significantly reduced sperm motility and epididymal sperm count (Yang
2016). The LOAEL identified for this study was 2.5 mg/kg bw/day, the only dose tested.

Epidemiology
In a cross-sectional study of male patients at a fertility clinic, urinary iso-butylparaben

concentration was positively associated with high DNA stainability, indicative of DNA
damage. No association was observed with other semen quality parameters, such as
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morphology, motility and concentration, nor with serum levels of FSH, testosterone or
estradiol (Jurewicz et al. 2017).

7.7.3 Characterization of risk to human health

In a 6-week study, dietary doses of iso-butylparaben at greater than 0.6%
(approximately equal to 900 mg/kg bw/day) resulted in organ atrophy and necrosis (Inai
et al. 1985). Dermal exposure of up to 600 mg/kg bw/day did not result in effects on
organ weight or serum hormone levels. Epidermal hyperplasia was observed at the
application site at 100 mg/kg bw/day (Kim 2015). No evidence was identified to suggest
that iso-butylparaben is genotoxic or carcinogenic.

In a study of female reproductive development, significant changes in the number of
ovarian corpora lutea and cystic follicles and in uterine wall thickness were observed at
all doses (Vo et al. 2010). When administered to dams from GD 5 to PND 21, no
significant effect was observed on several developmental endpoints in pups; however
significantly reduced sperm motility and epididymal sperm count was observed in male
pups (Yang 2016). This effect is consistent with the finding that urinary iso-butylparaben
concentration is positively associated with DNA stainability in male patients at a fertility
clinic (Jurewicz et al. 2017). This study shares a similar dosing regimen and
investigated similar endpoints as Boberg et al. (2016) and Kang et al. (2002), which
were the key studies used to determine the point of departure for butylparaben.
However, only one dose level of iso-butylparaben was administered in Yang (2016) and
it was lower than the lowest dose of butylparaben (10 mg/kg bw/day) administered in
Boberg et al. (2016). Several in vitro studies have shown that iso-butylparaben exhibits
estrogenic activity that is equivalent or greater than that of butylparaben (Terasaki et al.
2009; van Meeuwen et al. 2008) suggesting that similar effects may be expected in
vivo. Taken together, this analysis suggests that, although reduced sperm concentration
and motility are not clearly adverse in the absence of other effects on reproductive
organs and development, in this case, they may be considered a critical effect for
determining a point of departure. Therefore, a point of departure of 2.5 mg/kg bw/day,
the LOAEL from Yang et al. (2016) was selected for iso-butylparaben.

The Canadian population is exposed to iso-butylparaben from cosmetics, non-
prescription drugs and NHPs. Exposure from food and environmental media is expected
to be negligible. To address the potential risk associated with exposure to iso-
butylparaben from products, margins of exposure resulting from modelled exposures in
sentinel scenarios are presented in Table 7-30.
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Table 7-30. Relevant oral and dermal exposure and hazard values for iso-
butylparaben, as well as margins of exposure, for determination of risk

Age Systemic Critical effect
Product scenario group exposure level® MOE
(years) (mg/kg bw/day) | (mg/kg bw/day)
i b
Lip baim Toddler 6.5x104 LOAEL 2.5 3846
(oral, per event)
Lipstick® 1.2x1072- 2083
(oral, per day) Teen 4.0x10 LOAEL 2.5 6250
H b
Body lotion Toddler 0.46-1.54 LOAEL 2.5 1.6-5.4
(dermal, per event)
11b
Body oil Adult 0.26-0.79 LOAEL 2.5 3.2-95
(dermal, per event)
b
Body scrub Teen 0.094—0.31 LOAEL 2.5 8-27
(dermal, per event)
b
Face make-up Teen 0.0064 —0.079 LOAEL 2.5 32-393
(dermal, per day)
H b
Face lotion Teen 0.090 —0.15 LOAEL 2.5 17-28
(dermal, per day)
i b
Eye lotion Teen 0.0061-0.020 LOAEL 2.5 122-407
(dermal, per day)
Sunless tanning
product® Adult 0.036 LOAEL 2.5 69
(dermal, per event)
b
Shampoo Adult 0.0011-0.0053 LOAEL 2.5 | 469-2344
(dermal, per day)
Hair conditioner®
(rinse-off, dermal, per | Toddler 0.010-0.033 LOAEL 2.5 75-249
event)
Body cleanser®
(liquid, dermal, per Infant 0.0012—0.0062 LOAEL 2.5 | 401-2005
day)
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Sunscreen® (dermal, Infant 0.18 LOAEL 2.5 14
per day)

; d
Analgesic cream Adult 0.027 LOAEL 2.5 94
(dermal, per day)

d

Acne spot treatment Teen 0.00026 LOAEL 2.5 9442
(dermal, per day)

Abbreviations: LOAEL, lowest observed adverse effect level
a Critical effect: Reduced sperm count and motility

b Cosmetic

¢ Natural health product

4 Non-prescription drug

The calculated margins for exposure to body lotion, body oil, body scrub, face make-up,
face lotion, eye lotion, sunless tanning product, shampoo, hair conditioner, body

cleanser (infant exposure), sunscreen and analgesic cream are considered potentially
inadequate to address uncertainties in the health effects and exposure databases.

7.8 Uncertainties in the evaluation of risk to human health
The key sources of uncertainty are presented in the table below.

Table 7-31. Sources of uncertainty in the risk characterization

Substance Key source of uncertainty Impact
Methylparaben, | Biomonitoring data used to estimate exposures to
ethylparaben, parabens is based on spot urine samples, which reflect
propylparaben, | recent exposures and may not be not accurate
butylparaben reflections of longer-term average exposures. Use of the +
and upper confidence limit of the 95" percentile of urinary
benzylparaben concentration among spot urine samples is a
conservative approach to characterize longer-term
average exposures.
Methylparaben, | The fractional urinary excretion used to estimate daily
ethylparaben, intake from biomonitoring data is based on oral
propylparaben, | exposure and may not accurately address dermal -
butylparaben exposure.
and
benzylparaben
Benzylparaben | No biomonitoring data for benzylparaben levels in urine +/-
or plasma in the general population of Canada were
found.
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Substance Key source of uncertainty Impact

Methylparaben | The human fractional urinary excretion used to calculate

and daily intake from biomonitoring data was based on a +

butylparaben small sample size, addressed by additional
consideration of uncertainty in the MOE.

Ethylparaben The human fractional urinary excretion used to calculate

and daily intake from biomonitoring data was extrapolated

propylparaben from human pharmacokinetics data for other parabens, +
addressed by additional consideration of uncertainty in
the MOE.

Benzylparaben | There is low confidence in the estimated fractional +/-
urinary excretion of benzylparaben.

Ethylparaben Approximately 65% of CHMS samples contained
ethylparaben at a concentration below the limit of -
detection.

Propylparaben | Approximately 20% of CHMS samples contained
propylparaben at a concentration below the limit of -
detection.

Butylparaben Approximately 83% of CHMS samples contained
butylparaben at a concentration below the limit of -
detection.

Propylparaben | CHMS sample analysis did not differentiate n- and iso-

and forms of propyl and butylparaben +

butylparaben

Propylparaben Toxicokinetic studies indicate that humans may )
metabolize propylparaben less efficiently than rats.

Methylparaben | Chronic animal studies for oral or dermal exposure to
methylparaben were not identified. Reliable studies for -
female pubertal development were not identified for
methylparaben.

Ethylparaben Chronic animal studies for oral or dermal exposure to +/-

ethylparaben were not identified. Reliable studies for
male/female pubertal development were not identified
for ethylparaben.
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Substance

Key source of uncertainty

Impact

Propylparaben

Chronic animal studies for oral or dermal exposure to
propylparaben were not identified.

Butylparaben

Chronic animal studies for oral or dermal exposure to
butylparaben were not identified. Reliable studies for
female pubertal development were not identified for
butylparaben.

Benzylparaben

There is a limited database of hazard studies for all
endpoints for benzylparaben.

+/-

iso-
Propylparaben

Chronic animal studies for oral or dermal exposure to
iso-propylparaben were not identified. Reliable studies
for male/female pubertal development, reproduction or
prenatal development were not identified for iso-
propylparaben.

+/-

iso-
Butylparaben

Chronic animal studies for oral or dermal exposure to
iso-butylparaben were not identified. Reliable studies for
male/female pubertal development, reproduction or
prenatal development in females were not identified for
iso-butylparaben.

+/-

All parabens

Confirmed concentrations in cosmetics indicate that
exposure modelling based on notifications made to
Health Canada may overestimate exposure to parabens
from cosmetics.

+ = uncertainty with potential to cause over-estimation of exposure/risk;
- = uncertainty with potential to cause under-estimation of exposure risk;
+/- = unknown potential to cause over or under estimation of risk.

8. Conclusion

Considering all available lines of evidence presented in this draft screening assessment,

there is low risk of harm to the environment from methylparaben, ethylparaben,

propylparaben, butylparaben, benzylparaben, iso-propylparaben, and iso-butylparaben.

It is proposed to conclude that methylparaben, ethylparaben, propylparaben,

butylparaben, benzylparaben, iso-propylparaben, and iso-butylparaben do not meet the
criteria under paragraphs 64(a) or (b) of CEPA as they are not entering the environment
in a quantity or concentration or under conditions that have or may have an immediate

or long-term harmful effect on the environment or its biological diversity or that

constitute or may constitute a danger to the environment on which life depends.
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On the basis of the information presented in this draft screening assessment, it is
proposed to conclude that methylparaben, propylparaben, butylparaben and iso-
butylparaben meet the criteria under paragraph 64(c) of CEPA as they are entering or
may enter the environment in a quantity or concentration or under conditions that
constitute or may constitute a danger in Canada to human life or health.

On the basis of the information presented in this draft screening assessment, it is
proposed to conclude that ethylparaben, benzylparaben and iso-propylparaben do not
meet the criteria under paragraph 64(c) of CEPA as they are not entering the
environment in a quantity or concentration or under conditions that constitute a danger
in Canada to human life or health.

It is therefore proposed to conclude that methylparaben, propylparaben, butylparaben
and iso-butylparaben meet one or more of the criteria set out in section 64 of CEPA and
that ethylparaben, benzylparaben and iso-propylparaben do not meet any of the criteria
set out in section 64 of CEPA.

It is also proposed that methylparaben, propylparaben, butylparaben and iso-

butylparaben do not meet the persistence or bioaccumulation criteria as set out in the
Persistence and Bioaccumulation Regulations of CEPA.
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Appendix A. Estimated daily intake of parabens from
biomonitoring data

The estimated daily intake of parabens was calculated from biomonitoring data using
the following equation:

Estimated daily intake (ug/kg bw/day) = UER (ug/kg bw/day)/FUE
where UER is the urinary excretion rate and FUE is the fractional urinary excretion.
UER was calculated using the following equation (Saravanabhavan et al. 2014):

UER (pg/kg bw/day) = [UCcr (ug/g Cr) x CER (mg/day)]/ BW (kg)

where UCcris the creatinine-adjusted urinary concentration, CER is the creatinine
excretion rate and BW is body weight.

CER was calculated using the Mage equation:
CER =1[0.993%1.64 [140 — Age] (Wt*.5 Ht*0.5)/1000]
Default values used to calculate CER are presented in Table A-1.

Table A-1. Default values used to calculate creatinine excretion rate

Age band from source? | Age (year)® | Weight (kg)¢ | Height (cm)¢
3-5 25 15.5 90
6-11 8 31 127
12-19 15.5 59.4 162
20-59 39.5 70.9 163
60-79 60 72 163
Neonates 0 3.3¢ 50¢

@ Health Canada 2017a, Kang et al. 2013.

b With the exception of neonates, ages were selected to align age bands reported in literature with CMP
default age bands.

¢ With the exception of neonates, weights were based on CMP exposure scenario defaults.

d Heights are the 50t percentile from WHO height-for-age growth Child Growth Standards
(bttp://www.who.int/childgrowth/standards/en/).

¢ Neonatal height and weight are the 50t percentile from WHO Child Growth Standards
(http://www.who.int/childgrowth/standards/en/).
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Table A-2. Estimated daily intake of parabens based on CHMS Cycle 4

biomonitoring data
Methylparaben | 2.25 | 130 | GM 21(16-27) | 0.18(0.13-0.23) | 0.174 | 1.0(0.77-1.3)
Methylparaben | 2.25 | 130 | P95 | 430(200-660) | 3.6(1.7-55) | 0174 | 21 (10-32)
Methylparaben | 8 418 | GM 8.4 (7.1-9.8) | 0.11(0.10-0.13) | 0.174 | 0.65 (0.55-0.76)
Methylparaben | 8 418 | P95 | 620(340-890) | 8.4 (4.6-12) | 0.174 | 48 (26-69)
Methylparaben | 155 | 1182 | GM 9.9 (6.7-15)° | 0.20 (0.13-0.30) | 0.174 | 1.1(0.77-1.7)
Methylparaben | 155 | 1182 | P95 | 370 (100-640)° | 7.4(2.0-13) | 0174 | 42 (11-73)
Methylparaben | 39.5 | 1248 | GM 19 (10-35)¢ | 0.33(0.18-0.62) | 0.174 | 1.9 (1.0-3.54)
Methylparaben | 39.5 | 1248 | P95 | 310(130490) | 5.5(2.3-86) | 0174 | 31 (13-50)
Methylparaben | 60 | 1017 | GM 20 (16-23) | 0.28(0.23-0.32) | 0.174 | 1.6 (1.3-1.9)
Methylparaben | 60 | 1017 | P95 | 620(340-890) | 8.8(4.8-13) | 0.174 | 50 (28-72)
Ethylparaben | 2.25 | 130 | GM NCe NC 0.137 NC
Ethylparaben | 225 | 130 | P95 120 (54-90)" | 1.0 (0.45-1.6) | 0137 | 7.4(3.4-12)
Ethylparaben 8 418 | GM NCe NC 0.137 NC
Ethylparaben 8 418 | P95 | 46(22-7.1)%° | 0.06(0.03-0.10) | 0.137 | 0.46 (0.22-0.71)
Ethylparaben 155 | 1182 | GM NCe NC 0.137 NC
Ethylparaben 155 | 1182 | P95 120 (54-90)" | 2.4(1.1-38) | 0137 | 18(8.0-28)
Ethylparaben 395 | 1248 | GM NCe NC 0.137 NC
Ethylparaben 395 | 1248 | P95 120 (54-90)» | 2.1(0.95-3.3) | 0.137 | 16 (7.0-25)
Ethylparaben 60 | 1017 | GM NCe NC 0.137 NC
Ethylparaben 60 | 1017 | P95 | 70(29-1100° | 0.99 (0.41-1.6) | 0.137 | 7.3 (3.0-12)
Propylparaben | 225 | 130 | GM 26(20-34) | 0.02(0.02-0.03) | 0.097 | 0.22 (0.17-0.29)
Propylparaben | 225 | 130 | P95 | 68(20-120 | 0.57(0.17-1.0) | 0.097 | 5.9 (1.7-10)
Propylparaben 8 418 | GM 14(11-1.7) | 0.02(0.01-0.02) | 0.097 | 0.19 (0.15-0.24)
Propylparaben 8 418 | P95 | 190(110-280) | 2.6(1.5-3.8) | 0.097 | 26 (15-39)
Propylparaben | 155 | 1182 | GM 17 (12-2.4) | 0.03(0.02-0.05) | 0.097 | 0.35 (0.25-0.49)
Propylparaben | 155 | 1182 | P95 | 85 (42-130) 17(08-26) | 0.097 | 17 (8.6-27)
Propylparaben | 39.5 | 1248 | GM 5.1 (3.0-8.5) 0'090_(2);505‘ 0.097 | 0.93 (0.54-1.5)
Propylparaben | 39.5 | 1248 | P95 | 96 (29-160) 17(05-28) | 0.097 | 17 (5.3-29)
Propylparaben | 60 | 1017 | GM | 29(2.0-42) | 0.04(0.03-0.06) | 0.097 | 0.42 (0.29-0.61)
Propylparaben | 60 | 1017 | P95 | 190 (110-280) | 2.7 (1.6-4.0) | 0.097 | 28 (16-41)
Butylparaben 2.25 130 GM NC9 NC 0.056 NC
Butylparaben | 225 | 130 | P95 | 3.1(<LOD-5.1)* | 0.03 (NC-0.04) | 0.056 | 0.46 (NC-0.8)
Butylparaben 8 418 | GM NCe NC 0.056 NC
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Butylparaben 8 418 P95 0.8 (0.3—-1.3)° 0.01 (0.00-0.02) | 0.056 | 0.19 (0.07-0.31)
Butylparaben 15.5 1182 GM NC? NC 0.056 NC
Butylparaben 15.5 1182 P95 9.2 (<LOD-15)" | 0.18 (NC-0.30) | 0.056 3.3 (NC-5.3)
Butylparaben 39.5 1248 GM NC9 NC 0.056 NC
Butylparaben 39.5 1248 P95 9.2 (<LOD-15)" | 0.16 (NC-0.26) | 0.056 | 2.9 (NC—4.72)
Butylparaben 60 1017 GM NC? NC 0.056 NC
Butylparaben 60 1017 P95 6.7 (2.1-11)° 0.09 (0.03-0.16) | 0.056 1.7 (0.53-2.8)

Abbreviations: CER, creatinine excretion rate; UCc;, creatinine-adjusted urinary concentration; UER, Urinary excretion rate; FUE,
fractional urinary excretion; EDI, estimated daily intake; GM, geometric mean; P95, 95" percentile; Cl, confidence interval; NC, not
calculated; LOD, limit of detection.

@ Age used to calculate creatinine clearance was the midpoint of the age bands used in exposure scenarios.

® Creatinine excretion rate was calculated using the Mage equation [0.993%1.64 [140 — Age] (Wt*.5 Ht*0.5)/1000].

¢Urinary concentration values for GM and P95 values (Health Canada 2017a) were from age groups reported in CHMS that closely
matched the age groups for UFR estimates.

4 Moos et al. 2016, 2017.

¢ These values were associated with high sampling variability (i.e., coefficient of variation between 16.6% and 33.3%). Health
Canada recommends that this data be used with caution (Health Canada 2017a).

f CHMS data for the 95th percentile in this age stratum was suppressed due to high variability and “Age 60 to 79” was used as a
surrogate. Although the 95th percentile value for this group is not reported, this approach is considered conservative because the
value used to estimate daily intake is the highest reported 95th percentile value for this substance.

9 Geometric means were not calculated as >40% of samples were below the limit of detection (Health Canada 2017a).

" CHMS data for the 95th percentile in this age stratum was suppressed due to high variability and “females 3 to 79” was used as a
surrogate. Although the 95th percentile value for this group is not known, this approach is considered conservative because the
value used to estimate daily intake is the highest reported 95th percentile value for this substance.

i. CHMS data for the geometric mean in this age stratum was suppressed due to high variability and 'Females, 3 to 79 years' was
used as a surrogate. Although the geometric mean value for this group is not known, this approach is considered conservative
because the value used to estimate daily intake is the highest reported geometric mean for this substance.

Table A-3. Comparison of estimated daily intake of parabens based on worldwide
biomonitoring data

Sample Methyl- Ethyl- Propyl- Butyl-

Population year(s) paraben* paraben* paraben* paraben* n Source
Eg;i?agggf’ggs 22%%67' 165.5 16.7 88.6 16.7 26 H°”2d§1 zt al.
géiﬁ%?;ir,aégs e 112.0 8.5 62.9 7.0 2548 Ca'azfgﬁ stal
Sgt | W0 | ws | se | w2 | oo | 4 | Pome®
Canada general
of P95
gg:e? gg—fg[)n ;allee:rs, 12%9152' 52.7 10.1 26.9 7.0 330 Mo‘z’g e al.
Egerggfgt;’f‘,’ome” N 2011 51.9 30.0 13.8 0.2 46 Kag% s al.
Forean neonates, 2011 46.9 1.8 47 0.9 46 Kang et
Frean daarjtF‘,"g’sme” in 22%(1%' 46.4 12.3 22.9 44 31 Fisg%rﬁt al.
gt | W0 | we | e | wr | o7 | w | me®

Abbreviations: P95, 95" percentile; Cl, confidence interval; P75, 75™ percentile.
* Estimated daily intake (ug/kg bw/day)
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Appendix B. Parameters for estimating oral and dermal
exposures to products

Exposure to products was estimated using ConsExpo Web (2016) combined with
specific parameters obtained from published literature. Exposure estimates were
calculated using default body weights of 70.9 kg for adults (20 years and older), 59.4 kg
for adolescents (12 to 19 years old), 15.5 kg for toddlers (6 months to 4 years old), and
7.5 kg for infants (Health Canada 1998). The estimated inhalation and dermal exposure
parameters for cosmetics and other products available to consumers are described in
Table A-3. Unless specified otherwise, the parameter values are taken from the relevant
ConsExpo Fact Sheet (Bremmer et al. 2006) for the scenario presented.

Table B-1. Oral and dermal exposure parameter assumptions

Exposure Assumptions

scenario

Lipstick/ Lip balm | Toddler:

(oral) Frequency of use: 4.1/week (Wu et al. 2010)

Amount per use: 0.01 g (Loretz et al. 2005)

Teen/Adult:
Frequency of use: 2.4/day (Loretz et al. 2005)
Amount per use: 0.01 g (Loretz et al. 2005)

Ingestion factor: 1.0

Body lotion Toddler:

(dermal) Frequency of use: 0.8/day (Ficheux et al. 2015)
Amount per use: 4.1 g (Ficheux et al. 2015)
Exposed area: 4 910 cm? (Health Canada 1995)

Adult:

Frequency of use:1/day (Ficheux et al. 2015)
Amount per use: 10 g (Ficheux et al. 2015)
Exposed area: 16 925 cm? (Health Canada 1995)

Retention factor: 1.0

Hair Child:
perm/straightener | Frequency of use: 0.1/month (Wu et al. 2010)
(dermal) Amount per use: 75 g (surface area adjustment from adult value)

Exposed area: 605 cm? (Health Canada 1995)

Adult:

Frequency of use: 0.5/month (Wu et al. 2010)
Amount per use: 80 g

Exposed area: 637.5 cm? (Health Canada 1995)
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Retention factor: 0.1

Facial moisturizer
(dermal)

Teen:

Frequency of use: 1.8/day (Loretz et al. 2005)
Amount per use: 1.2 g (Loretz et al. 2005)
Exposed area: 730 cm? (Health Canada 1995)

Adult:

Frequency of use: 1.8/day (Loretz et al. 2005)
Amount per use:1.2 g (Loretz et al. 2005)
Exposed area: 637.5 cm? (Health Canada 1995)

Retention factor: 1.0

Eye lotion
(dermal)

Teen:

Frequency of use: 1.8/day (facial moisturizer, Loretz et al. 2005)
Amount per use:0.09 g (surface area adjustment from facial
moisturizer, Loretz et al. 2005)

Exposed area: 50 cm? (Health Canada 1995)

Adult:

Frequency of use: 1.8/day (facial moisturizer, Loretz et al. 2005)
Amount per use:0.09 g (surface area adjustment from facial
moisturizer, Loretz et al. 2005)

Exposed area: 50 cm? (Health Canada 1995)

Retention factor: 1.0

Face make-up
(dermal)

Teens and Adults:

Frequency of use: 1.2/day (Loretz et al. 2006)
Amount per use: 0.54 g (Loretz et al. 2006)
Exposed area: 637 cm? (Health Canada 1995)

Retention factor: 1.0

Hair conditioner
(rinse-off,
dermal)

Toddler:

Frequency of use:13.5/month (Wu et al. 2010)

Amount per use: 8.9 g (surface area adjustment from Loretz et al.
2008)

Exposed area: 605 cm? (Health Canada 1995)

Adult:

Frequency of use: 33/month (Loretz et al. 2008)
Amount per use: 13.1 g (Loretz et al. 2008)
Exposed area: 1 092.5 cm? (Health Canada 1995)

Retention factor: 0.01

Hair dye
(permanent,
dermal)

Teen:
Frequency of use: 0.3/month (Statistics Canada 2012)
Amount per use: 100 g
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Exposed area: 730 cm? (Health Canada 1995)

Adult:

Frequency of use: 0.67/month (Statistics Canada 2012)
Amount per use: 100 g

Exposed area: 637.5 cm? (Health Canada 1995)

Retention factor: 0.1

Body cleanser
(liquid, dermal)

Infant:

Frequency of use: 0.85/day (Ficheux et al. 2015)
Amount per use: 4.6 g (Ficheux et al. 2016)
Exposed area: 3 350 cm? (Health Canada 1995)

Toddler:

Frequency of use: 0.85/day (Ficheux et al. 2015)
Amount per use: 4.6 g (Ficheux et al. 2016)
Exposed area: 4 910 cm? (Health Canada 1995)

Adult:

Frequency of use: 1.4/day (Loretz et al. 2006)
Amount per use: 11 g (Loretz et al. 2006)
Exposed area: 16 925 cm? (Health Canada 1995)

Retention factor: 0.01

Body oil (dermal)

Adult:

Frequency of use: 1/day or less (professional judgement)
Amount per use: 3.2 (same as massage oil, Ficheux et al. 2016)
Exposed area: 14 380 cm? (Health Canada 1995)

Retention factor: 1.0

Shampoo
(dermal)

Infant:

Frequency of use: 3.0/month (CTFA 1983)
Amount per use: 0.5 g (CTFA 1983)

Exposed area: 330 cm? (Health Canada 1995)

Adult:

Frequency of use: 33/month (Loretz et al. 2006)
Amount per use: 11.8 g (Loretz et al. 2006)
Exposed area: 1 092 cm? (Health Canada 1995)

Retention factor: 0.01

Face Paint
(dermal)

Toddler:

Frequency of use: 12/year (Bremmer et al. 2006)
Amount per use: 1.3 g (Bremmer et al. 2006)
Exposed area: 435 cm? (Health Canada 1995)
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Adult:

Frequency of use: 6/year (Bremmer et al. 2006)
Amount per use: 1.9 g (Bremmer et al. 2006)
Exposed area: 638 cm? (Health Canada 1995)

Retention factor: 1.0

Sunless tanning
product (dermal)

Adult:

Frequency of use: 1.4/week (professional judgement)
Amount per use: 4.4g (body lotion, Loretz et al. 2005)
Exposed area: 16 925 cm? (Health Canada 1995)

Retention factor: 1.0

Body scrub
(dermal)

Teen:

Frequency of use: 2/week (face exfoliation, ConsExpo)
Amount per use: 28 g (surface area adjustment from facial
exfoliant, ConsExpo)

Exposed area: 14 740 cm? (Health Canada 1995)

Adult:

Frequency of use: 2/week (face exfoliation, ConsExpo)
Amount per use: 32 g (surface area adjustment from facial
exfoliant, ConsExpo)

Exposed area: 16 925 cm? (Health Canada 1995)

Retention factor: 0.1

Anti-diarrheal
medication (oral)2

Toddler:
Dose: 7.5 mL
Frequency: up to 7 times per day

Teen:
Dose: 30 mL
Frequency: up to 7 times per day

Cough lozenge
(oral)@

Child:
Dose: 1 lozenge
Frequency: 1 to 10 per day

Heartburn
medication (oral)
a

Adult:
Dose: 10 to 20 mL
Frequency: up to 16 times per day

Motion sickness
medication (oral)®

Toddler:
Dose 8.3 mL (25 mg of 15 mg/5 mL solution)
Frequency: up to 3 times per day

Radiological
contrast media
(oral)@

Infant:
Dose: 180-210 mL
Frequency: once
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Toddler:
Dose: 900 mL
Frequency: once

Adult:
Dose: 900 mL
Frequency: once

Antiviral agent
(oral)be

Toddler:
Dose: 20 mL
Frequency: 4 times daily

Anticonvulsant
(oral)Pc

Chilld:
Dose: 80 mL (maximum daily dose)
Frequency: 1

Respiratory
smooth muscle
relaxant (oral)°¢

Child:
Dose: 87.19 mL
Frequency: 1

Antitussive
solution (oral)¢

Teen :
Dose: 30 mL
Frequency: 6 times daily (maximum dose)

Traditional
Chinese
medicine (oral)?

Adult:
Dose: 3 to 4 capsules
Frequency: 3 times per day

Fluoride
treatment (oral) @

Child:
Dose: 8 mL
Frequency: 1/year

Adult:
Dose: 8 mL
Frequency: 1/year

Herbal cough
medicine (oral)?

Teens and Adults:
Dose:5-10 mL
Frequency: 1 to 5 times per day

Children’s Toddler:

analgesic Dose: 5 mL

suspension Frequency: up to 5 times per day
(oral)®

Antacid (oral)°

Adult:
Dose: 10-20 mL
Frequency: up to 4 times per day

Sunscreen
(dermal)

Infant:

Frequency of use: 3/day (professional judgement)
Amount per use: 3.9 g (1.3 mg/cm?, Petersen 2014)
Exposed area: 3 020 cm? (Health Canada 1995)
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Toddler:

Frequency of use: 3/day (professional judgement)
Amount per use: 6.8 g (1.3 mg/cm?, Petersen 2014)
Exposed area: 4 910 cm? (Health Canada 1995)

Adult:

Frequency of use: 3/day (professional judgement)
Amount per use: 22.0 g (1.3 mg/cm?, Petersen 2014)
Exposed area: 16 925 cm? (Health Canada 1995)

Retention factor: 1.0

Antibacterial/

Infant (diaper cream scenario):

antifungal Frequency of use: 1.1/day (Gomez-Berrada et al. 2013)
treatment Amount per use: 3.5 g (Gomez-Berrada et al. 2013)
(dermal)® Exposed area: 258 cm? (Health Canada 1995)

Hand sanitizer Toddler:

(dermal) Frequency of use: 0.8/day (Wu et al. 2010)

Amount per use: 0.7 g (Health Canada 2015)
Exposed area: 350 cm? (Health Canada 1995)

Adult:

Frequency of use:2.9/day (Wu et al. 2010)
Amount per use: 0.7 g (Health Canada 2015)
Exposed area: 910 cm? (Health Canada 1995)

Retention factor: 1.0

Analgesic cream
(dermal)@®

Child:

Frequency of use: up to 3 times per day

Amount per use: 3.6 g (extrapolated from body lotion, Wu et al.
2010)

Exposed area: 6 035 cm? (trunk and legs, Health Canada 1995)

Adult:

Frequency of use: up to 3 times per day

Amount per use: 7.2 g (surface area adjustment from body lotion,
Ficheux et al. 2016)

Exposed area: 12 190 cm? (trunk and legs, Health Canada 1995)

Retention factor: 1.0

Medicated hand
cream (dermal)®

Child:

Frequency of use: up to 3 times per day

Amount per use: 0.9 g (surface area adjustment from hand
cream, Loretz et al. 2005)

Exposed area: 480 cm? (Health Canada 1995)
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Adult:

Frequency of use: up to 3 times per day
Amount per use: 1.7 g (Loretz et al. 2005)
Exposed area: 910 cm? (Health Canada 1995)

Retention factor: 1.0

Acne spot Teen:
treatment?® Frequency of use: 2 times per day
(dermal) Amount per use: 0.14 g (surface area adjustment from face

make-up, Loretz et al. 2006)
Exposed area: 159 cm?(1/4 face, Health Canada 1995)
Retention factor: 1.0

@ Personal communication,

email from Health Canada Natural and Non-Prescription Health Products Directorate,

Health Canada, to Consumer Product Safety Directorate, Health Canada, dated February 20, 2017; unreferenced.
b Personal communication, email from Therapeutic Products Directorate, Health Canada, to Consumer Product
Safety Directorate, Health Canada, dated May 25, 2017; unreferenced.
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Appendix C. Review of estrogenic effects of parabens
In vitro assays

Several reviews have suggested that estrogenic activity is a common mode of action for
parabens (Soni et al. 2005, Boberg et al. 2010). Parabens have been shown to bind to
the estrogen receptor in vitro, to activate transcription of estrogen-dependent genes,
and estrogen-dependent cell proliferation. Paraben estrogenic potency ranges from 3 to
6 orders of magnitude lower than 17-3-estradiol and increases with chain length, such
that methylparaben<ethylparaben <propylparaben <butylparaben <iso-propylparaben
=jso-butylparaben =benzylparaben (Byford et al. 2002; Routledge et al. 1998; Terasaki
et al. 2009; Okubo 2001; van Meeuwen et al. 2008), as summarized in Table C-1.
Methylparaben potency is the lowest of parabens when tested in parallel and is
frequently undetectable in assays. In MCF7 human breast cancer cells, at 1 000 000-
fold molar excess, parabens competitively inhibited 21% (methylparaben) to 86%
(butylparaben)17- estradiol from binding to ER-a (Byford et al. 2002). However, in a
transcriptional assay in HELN reporter cell lines, methylparaben was unable to activate
ER-mediated transcription (Gomez 2005). Methylparaben was also inactive in yeast-2-
hybrid and ELISA assays of ER-binding, in which other tested parabens had the relative
potency of ethylparaben <propylparaben <butylparaben =iso-propylparaben =iso-
butylparaben =benzylparaben, ranging from 2.0 x 10-° to 3.5x 10-3 —fold lower affinity
than 17-B-estradiol (Terasaki et al. 2009). In a cell proliferation study in MCF 7 cells,
iso-propyl- and iso-butylparaben induced the highest level of proliferation, with a relative
proliferative potency that was 170 000 lower than that of 17-B-estradiol; the relative
proliferative potency of methylparaben was 6 000 000 times lower than 17-B-estradiol
(Okubo 2001) In a similar assay in MCF7 cells, all parabens except for methylparaben,
were able to induce 100% cell proliferation relative to 17-B-estradiol. In this study, the
relative potencies of parabens ranged from 10-° for butylparaben, benzylparaben, iso-
propylparaben and iso-butylparaben, 10 for ethylparaben and propylparaben and to
1077 for methylparaben (van Meeuwen et al. 2008). para-Hydroxybenzoic acid (PHBA),
the major metabolite of parabens, has been shown to produce weak estrogenic effects
in human breast cancer cell lines, including binding to the estrogen receptor, inducing
gene expression and cell proliferation. However, these effects were of equal or lower
magnitude than those of methylparaben (Pugazhendhi et al. 2005). In multiple binding
assays, PHBA binding to the estrogen receptor is low to absent, and generally
considered to be <1 000 000 times less potent than estradiol (Routledge et al. 1998,;
Lemini et al. 2003; Soni et al. 2005).

Table C-1. Potencies of parabens relative to estrogen in in vitro assays

Paraben Estrogen receptor | MCF7 Cell

binding assay? proliferation assay®
Methylparaben <107 10”7
Ethylparaben <10 106
Propylparaben 105 to 10 106
Butylparaben 10-5to 103 106 to 10
Benzylparaben 104 to0 103 10
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iso-Propylparaben 10%to 103 10°
iso-Butylparaben 10 to 103 10°
a Routledge et al. 1998; Terasaki et al. 2009

b Okubo 2001; van Meeuwen et al. 2008

Uterotrophic assays

In uterotrophic assays performed in immature (PND 18 to 23) rats or ovariectomized
rats and mice, all parabens administered orally and subcutaneously were positive
(Table C-1). However, the effective dose for methylparaben, ethylparaben,
propylparaben and butylparaben varies widely in different studies. Methylparaben
induced a statistically significant increase in absolute and relative uterine weights in
immature Sprague Dawley rats at 20 mg/kg bw/day administered orally (Sun 2016), but
also induced no effect at oral doses up to 800 mg/kg bw/day in immature rats
(Routledge et al. 1998). Similarly, when administered subcutaneously, a dose of 165
mg/kg bw/day induced uterine weight changes in ovariectomized CD1 mice (Lemini et
al. 2003), but a dose of up to 800 mg/kg bw/day did not induce an effect in
ovariectomized rats (Routledge et al. 1998). Ethylparaben induced uterotrophic effects
at 4 mg/kg bw/day (oral) in immature Sprague Dawley rats (Sun 2016), but caused no
effect with oral doses up to 1 000 mg/kg bw/day in ovariectomized mice (Ohta et al.
2012). When administered subcutaneously to ovariectomized mice, ethylparaben
induced uterotrophic effects at 18 mg/kg bw/day (Lemini et al. 2003) and failed to
induce effects at 1 000 mg/kg bw/day (Ohta et al. 2012). Propylparaben induced
increased uterine weights in ovariectomized CD1 mice at a subcutaneous dose of 20
mg/kg bw/day (Lemini et al. 2003) and had no effect at up to 1 000 mg/kg bw/day
administered orally or subcutaneously to ovariectomized mice (Ohta et al. 2012).
Butylparaben induced a statistically significant increase in uterine weight in
ovariectomized CD1 mice at 21 mg/kg bw/day (subcutaneous dose) (Lemini et al. 2003)
and failed to induce an effect in the same model at 300 mg/kg bw/day (Ohta et al.
2012). Butylparaben has induced uterotrophic effects in immature rats at subcutaneous
doses ranging from 70 to 600 mg/kg bw/day (Lemini et al. 2003; Routledge et al. 1998;
Hossaini et al. 2000) and in ovariectomized rats at 800 mg/kg bw/day (Routledge et al.
1998) and had no effect in immature rats at oral doses up to 1 200 mg/kg bw/day
(Routledge et al. 1998). PHBA, the major metabolite of parabens, induced a dose-
dependent increase in uterine weight in ovariectomized CD1 mice at 5 mg/kg bw/day
(subcutaneous dose) (Lemini et al. 1997), but did not induce uterotrophic effects in
immature Wistar rats at subcutaneous doses of up to 150 mg/kg bw/day in two separate
studies (Lemini et al. 2003; Hossaini et al. 2000), suggesting a species-specific effect.
Uterotrophic assay results are summarized in Table C-2.

Table C-2. Uterotrophic Assay (OECD TG 440) results for methylparaben,
ethylparaben, propylparaben, and butylparaben

Uterotrophic | Route of LOAEL NOAEL

Paraben model exposure (mg/kg (mg/kg Reference
bw/day) | bw/day)

Methylparaben | Immature rat Oral 20 4 Sun 2016
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Methylparaben | Immature rat Oral N/A 800 (HDT) Routliggg etal.
Methylparaben | Immature rat SC 55 16.5 Lemzlgbgt al.
Methylparaben | Immature rat | SC N/A | 80 (HDT) RO“t"jggg etal.
Methylparaben | OVX mice SC 165 55 Lemzlgbgt al.
. 55 Lemini et al.
Methylparaben | OVX mice SC (LDT) N/A 2004
Methylparaben | OVX rats sC N/A | 800 (HDT) | Routege etal
Ethylparaben Immature rat Oral 4 0.8 Sun et al. 2016
Ethylparaben Immature rat SC 180 60 Lemini et al.
2003
Ethylparaben OVX mice Oral N/A (1H%O.I.O) Ohta et al. 2012
. Lemini et al.
Ethylparaben OVX mice SC 18 6 2003
. 60 Lemini et al.
Ethylparaben OVX mice SC (LDT) N/A 2004
Ethylparaben OVX mice SC N/A (1H%O.I.O) Ohta et al. 2012
Propylparaben | Immature rat SC 65 20 Lemzlglogt al.
Propylparaben | OVX mice Oral N/A (1H%OT°) Ohta et al. 2012
Propylparaben OVX mice SC 20 6.5 Lemzlglogt al.
. 65 Lemini et al.
Propylparaben | OVX mice SC (LDT) N/A 2004
Propylparaben OVX mice SC N/A (1H%q|.0) Ohta et al. 2012
1200 Routledge et al.
Butylparaben Immature rat Oral N/A (HDT) 1998
Lemini et al.
Butylparaben Immature rat SC 70 21 2003
Butylparaben Immature rat SC 400 200 Routliggg etal.
Butylparaben Immature rat SC 600 400 Hossza(;gloet al.
Butylparaben OVX mice Oral N/A (1H%O.I.O) Ohta et al. 2012
: Lemini et al.
Butylparaben OVX mice SC 21 7 2003
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Butylparaben OVX mice SC (L7IZ§)T) N/A Lemzigi)zt al.
Butylparaben | OVX mice sC 1,000 300 | Ohta etal. 2012
Butylparaben |  OVXrat SC 800 N | Routiecge etal
PHBA OVX mice SC 5 0.5 '-e”qigig‘;t al.
PHBA Immature rat SC N/A 5 (HDT) Hossani 2000
PHBA Immature rat | SC N/A | 150 (HDT) | emietal

Abbreviations: OVX, ovariectomized; SC, subcutaneous; HDT, highest dose tested; LDT, lowest dose

tested

In a female pubertal assay, uterotrophic effects were not observed when assayed
slightly later in development. In a study of female pubertal development, pre-pubertal
Sprague Dawley rats (10/group) were orally administered 0, 62.5, 250, 1 000 mg/kg
bw/day of methylparaben, ethylparaben, propylparaben, butylparaben, iso-
propylparaben, or iso-butylparaben in corn oil from PND 21 to 40. Although no
significant differences in uterine weight were observed on PND 41 in animals exposed
to parabens at any tested dose relative to vehicle control, a significant increase in
uterine wall thickness was observed in animals treated with 1 000 mg/kg bw/day
propylparaben, 1 000 mg/kg bw/day iso-propylparaben, and all doses of butylparaben
and iso-butylparaben (Vo et al. 2010). However, it is not clear that the effect on uterine
wall thickness is treatment related, as Sivaraman et al. (2018) has shown that uterine
histology and weight vary with natural variations in estrous cycle, which was not
reported by Vo et al. (2010).

In a reflection paper on the development of OECD Test Guideline 440 for uterotrophic
assay, Kanno et al. (2003) noted that there was significant variation in the dose required
to produce a statistically significant effect, depending on the laboratory performing the
assay. Interpretation of these studies is further hindered by deficiencies in study
protocol and reporting of key factors that impact assay outcome. Very low effect levels
were reported for all parabens tested in Lemini et al. (2003, 2004) and Sun et al. (2016).
However, Lemini et al. (2003) and Sun et al. (2016) failed to report body weight,
particularly of control animals, which is critical to interpretation of results in immature
animals where uterine weight and body weight are interdependent (OECD 2007). In
addition, Lemini et al. (2003, 2004) failed to report whether ovariectomized animals had
ceased estrus, which is critical to interpretation of assay results in ovariectomized
animals. Much higher NOAELSs, frequently at the highest doses tested, were reported by
Routledge et al. (1998), Hossaini et al. (2000) and Ohta et al. (2012). However, these
authors also did not report body weights, and Ohta et al. (2012) did not report uterine
weight (only effect levels) and used a longer dosing regime than recommended by the
OECD test guideline (OECD 2007). Given these limitations, uterotrophic assays were
not considered quantitative endpoints for methylparaben, ethylparaben, propylparaben
and butylparaben. Uterotrophic assays were considered in the hazard and risk
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characterization of benzylparaben, iso-propylparaben and iso-butylparaben due to a
lack of other endpoints.

Estrogenicity of PHBA

PHBA was evaluated in the ECHA Community Rolling Action Plan (CoRAP) (2016). The
CoRAP evaluation concluded that concerns about the potential endocrine activity and
the systemic, reproductive, and developmental toxicity of PHBA are unjustified.
Although some data indicate that PHBA can exert a trace level of estrogenic activity and
receptor binding, this level is as low, or lower than that of methylparaben and did not
result in measurable effects in an OECD 422-equivalent study (Combined Repeated
Dose Toxicity Study with the Reproduction/Developmental Toxicity Screening Test), at
doses of up to 1 000 mg/kg bw/day. As noted by the SCCS (2013), PHBA is a common
metabolite of all parabens addressed in this assessment, yet these substances have
different levels of estrogenic receptor binding and activity. Such differential effects
would not be possible if PHBA exerted a significant estrogenic effect.
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