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Synopsis

Pursuant to sections 68 and 74 of the Canadian Environmental Protection Act, 1999
(CEPA), the Minister of Environment and the Minister of Health (the ministers) have
conducted a screening assessment of chlorhexidine and its salts, including (but not
limited to) the salts listed in the table below. These substances were identified as
priorities for assessment as they met categorization criteria under subsection 73(1) of
CEPA or were considered a priority based on other concerns. A draft screening
assessment for chlorhexidine diacetate was published in July 2013 (then referred to as
chlorhexidine acetate), proposing that it was not harmful to human health, but was
harmful to the environment. Significant new information subsequently became available
regarding other potential sources of exposure to the chlorhexidine moiety. As a result,
the scope of the assessment was revised to assess the chlorhexidine moiety to
consider potential impacts on the environment and human health with respect to
exposure from other potential sources of chlorhexidine.

The Chemical Abstracts Service Registry Numbers (CAS RNs?), the Domestic
Substances List (DSL) names or chemical names, and the common names are listed in
the table below.

Chlorhexidine and its salts

CAS RN DSL name or chemical name Common name

2,4,11,13-Tetraazatetradecanediimidamide,

a,b .y
55-56-1 N,N"-bis(4-chlorophenyl)-3,12-diimino- Chiorhexidine
2,4,11,13-Tetraazatetradecanediimidamide,
56-95-1 N,N"-bis(4-chlorophenyl)-3,12-diimino-, Chlorhexidine diacetate

diacetate

2,4,11,13-Tetraazatetradecanediimidamide,

3697-42-5° | N,N"-bis(4-chlorophenyl)-3,12-diimino-, Chlorhexidine

dihydrochloride dihydrochloride
D-Gluconic acid, compound with N,N"-bis(4-
18472-51-0% | chlorophenyl)-3,12-diimino-2,4,11,13- Chlorhexidine digluconate

tetraazatetradecanediimidamide

 This substance was not identified under subsection 73(1) of CEPA but was included in this assessment as it was
considered a priority based on other concerns.

® This substance is on the Revised In Commerce List of the Food and Drugs Act substances. Chlorhexidine
dihydrochloride is not on the DSL or the Non Domestic Substances List.

Chlorhexidine and its salts do not occur naturally. Surveys have been conducted under
section 71 of CEPA for chlorhexidine (reporting year 2011), chlorhexidine diacetate

! 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.




(reporting years 2005, 2006 and 2011), and chlorhexidine digluconate (reporting year
2011), with voluntary information being submitted for chlorhexidine dihydrochloride for
2013. None of these substances were reported to be manufactured in Canada for the
years reported. Chlorhexidine diacetate and chlorhexidine dihydrochloride were
reported to be imported into Canada in quantities of 100 to 1000 kg, while imports of
chlorhexidine digluconate were reported to be in the range of 10 000 to 100 000 kg. No
data on measured concentrations in the Canadian environment have been identified for
any of these substances. Chlorhexidine and its salts are used in Canada as broad-
spectrum antiseptics and antimicrobial preservatives in such products as prescription
and non-prescription drugs for human or veterinary uses, hard-surface disinfectants,
skin disinfectants, natural health products, and cosmetics.

Releases of chlorhexidine and its salts to the Canadian environment come from
consumer use and formulation of chlorhexidine-based products. Releases are expected
to be diffuse (i.e., down-the-drain from use of products containing chlorhexidine), as well
as from point sources (e.g., from sites formulating products containing chlorhexidine).
When released to the aquatic environment, chlorhexidine salts dissociate in water to
release chlorhexidine. Information on the fate and behaviour in the environment of
chlorhexidine indicates that this substance tends to persist in water, sediment and soil,
but it has a low potential to bioaccumulate in aquatic organisms. Experimental acute
and chronic toxicity data for chlorhexidine and its salts show that chlorhexidine has the
potential to cause adverse effects to aquatic organisms at low concentrations.
Ecological exposure scenarios were developed for down-the-drain releases from uses
of products containing these substances, as well as for releases from industrial sites
formulating products containing these substances. Risk quotient analyses were
conducted to compare aquatic concentrations of chlorhexidine to adverse effect
concentrations in aquatic and benthic organisms. The results indicate that chlorhexidine
and its salts pose a risk to aquatic and benthic organisms when released as a result of
industrial use, but not from the down-the-drain use of products containing these
substances.

Considering all available lines of evidence presented in this updated draft screening
assessment, there is risk of harm to organisms, but not to the broader integrity of the
environment from chlorhexidine and its salts. It is proposed to conclude that
chlorhexidine and its salts meet the criteria under paragraph 64(a) of CEPA as they are
entering or may enter 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. However, it is proposed to conclude that chlorhexidine and its
salts do not meet the criteria under paragraph 64(b) of CEPA as they are not entering
the environment in a quantity or concentration or under conditions that constitute or may
constitute a danger to the environment on which life depends.

General population exposure to chlorhexidine and its salts from environmental media is
expected to be low. Exposure is not expected from the diet based on current use
patterns. Exposure to the general population can occur from use of cosmetics, natural
health products and non-prescription drugs containing chlorhexidine or one of its salts.



No evidence of carcinogenicity or genotoxicity was observed in the available health
effects database for chlorhexidine and its salts. The margins between estimates of
exposure from environmental media and from use of products available to consumers
and levels associated with effects in laboratory studies are considered adequate to
address uncertainties in the health effects and exposure databases. Based on available
information for human health considerations, it is proposed to conclude that
chlorhexidine and its salts 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.

Therefore, it is proposed to conclude that chlorhexidine and its salts meet one or more
of the criteria set out in section 64 of CEPA.

The chlorhexidine moiety is proposed to meet the persistence criteria, but it does not

meet the bioaccumulation criteria as set out in the Persistence and Bioaccumulation
Regulations of CEPA.
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1. Introduction

Pursuant to sections 68 and 74 of the Canadian Environmental Protection Act, 1999
(CEPA) (Canada 1999), the Minister of Environment and the Minister of Health have
conducted a screening assessment of chlorhexidine (CAS RN? 55-56-1) and its salts to
determine whether these substances present or may present a risk to the environment
or to human health. The salts include, but are not limited to, chlorhexidine diacetate
(CAS RN 56-95-1), chlorhexidine digluconate (CAS RN 18472-51-0), and chlorhexidine
dihydrochloride (CAS RN 3697-42-5). Chlorhexidine, chlorhexidine diacetate and
chlorhexidine digluconate are on the Domestic Substances List (DSL). Chlorhexidine
and chlorhexidine dihydrochloride are on the Revised In Commerce List (ICL) of the
Food and Drugs Act (F&DA) substances (Canada 1978). These substances were
identified as priorities for assessment as they met categorization criteria under
subsection 73(1) of CEPA or were considered a priority based on other concerns
(ECCC, HC [modified 2007]). Chlorhexidine and its salts are being assessed as a group
because they dissociate in water to release chlorhexidine, the moiety of toxicological
concern.

A draft screening assessment for chlorhexidine diacetate was published in July 2013
(then referred to as chlorhexidine acetate) (Environment Canada, Health Canada 2013).
It proposed that the substance was harmful to the environment and met the criteria
under paragraph 64(a) of CEPA, but it was not harmful to human health. No public
comments were received on that draft assessment. However, significant new
information subsequently became available regarding other potential sources of
exposure to chlorhexidine. This information included quantities of chlorhexidine salts in
commerce, presence in products sold in Canada, and elucidation of industry details
related to the formulation of chlorhexidine-based products. The scope of the
assessment was revised and as a result, this updated draft screening assessment on
the chlorhexidine moiety considers potential impacts on the environment and human
health with respect to exposure from all potential sources of chlorhexidine.

This updated draft screening assessment includes consideration of information on
chemical properties, environmental fate, hazards, uses and exposure, including
additional information submitted by stakeholders. Relevant data that were available
were reviewed and evaluated up to June 2016. Empirical data from key studies as well
as some results from models were used to reach proposed conclusions. When available
and relevant, information presented in assessments from other jurisdictions was
considered.

% 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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This updated 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 ecological
and human health portions of this updated assessment have undergone external review
and/or consultation. Comments on the technical portions relevant to the environment
were received from Dr. Jules Blais (University of Ottawa) and Dr. Connie Gaudet
(consultant). Comments on the technical portions relevant to human health were
received from scientific experts selected and directed by Toxicology Excellence for Risk
Assessment (TERA)/University of Cincinnati, including Dr. Cynthia Bearer from
University of Maryland School of Medicine (US), Dr. Simeon West from University
College Hospital (UK), Dr. Micheal Jayjock from The Lifeline Group (US), and Dr.
Bernard Gadagbui from TERA/University of Cincinnati (US). 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 updated 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 information and incorporating a weight of evidence approach and precaution®.
The draft screening assessment presents the critical information and considerations
upon which the proposed conclusion is made.

2. ldentity of Substances

The CAS RNs, DSL names (or chemical names) and common names for chlorhexidine
and certain chlorhexidine salts are presented in Table 2-1.

Table 2-1. Substance identity information for chlorhexidine and certain
chlorhexidine salts

CAS RN Common name DSL name or chemical name
2,411,13-

55-56-1%° Chlorhexidine Tetraazatetradecanediimidamide, N,N"-
bis(4-chlorophenyl)-3,12-diimino-

% A determination of whether one or more of the criteria of section 64 of CEPA are met is based upon 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 used by 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.
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CAS RN Common name DSL name or chemical name

2,4,11,13-
Tetraazatetradecanediimidamide, N,N"-

56-95-1 Chlorhexidine diacetate bis(4-chlorophenyl)-3,12-diimino-.
diacetate
2,4,11,13-
3697-42-5P Chlorhexidine Tetraazatetradecanediimidamide, N,N"-
dihydrochloride bis(4-chlorophenyl)-3,12-diimino-,
dihydrochloride

D-Gluconic acid, compd. with N,N"-
bis(4-chlorophenyl)-3,12-diimino-
2,4,11,13-
tetraazatetradecanediimidamide

18472-51-0% | Chlorhexidine digluconate

% This substance was not identified under subsection 73(1) of CEPA but was included in this assessment as it was
considered a priority based on other concerns.

® This substance is on the Revised ICL of the F&DA substances. Chlorhexidine dihydrochloride is not on the DSL or
the Non Domestic Substances List.

As a cationic broad-spectrum antimicrobial substance, chlorhexidine belongs to the
bis(biguanide) family (Sigma Aldrich 2015). Its functional groups include guanidines,
anilines, secondary aromatic amines, and aliphatic amines. Its structural configuration is
a significant contributor to its bactericidal properties (Tanzer et al. 1977). In a review of
cationic antiseptics, the structure of chlorhexidine contains cationic phospholipid binding
sites and a hydrophobic hexamethylene group (Gilbert and Moore 2005), which
contribute to its mode of action as a biocide.

Table 2-2 presents the chemical structure information for chlorhexidine and certain
chlorhexidine salts.

Table 2-2. Chemical structures of chlorhexidine and certain chlorhexidine salts

. ) Molecular
Chlorhexidine structure, counterion i
Substance weight
and molecular formula
(g/mol)

ST | s

Chlorhexidine /Q/HY“Y”

C22H30CloN10
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Substance Chlorhexidine structure, counterion M\(l)vleeiCL;]Itar
and molecular formula 9
(g/mol)
Chlorhexidine YY /*/KQ I -
dihydrochloride '
szHgoC|2N10'2(HC|)
Chlorhexidine YY )\)\/C/ 7 6256
diacetate c./©/ e :
C22H30Cl2N10°2(C2H402)
AT
C_hlorheX|d|ne c 897.8
digluconate W W
C22H30Cl2N10°2(CsH1207)

3. Physical and Chemical Properties

Chlorhexidine salts dissociate in water to produce the associated counterions and
chlorhexidine. Chlorhexidine is a strong base (pKa = 11.3) and is predicted to ionize in
water as a base whereby protons are attracted to the amine groups (ACD/Percepta
c1997-2012). It is expected to protonate in water at pH 4 to 9, such that virtually all (98-
100%) of the substance will exist with two of its amine groups positively charged. The
speciation of chlorhexidine in biological fluids will also be dependent on pH. Because
the chlorhexidine (i.e., free base) is of toxicological concern its physical and chemical
properties are important to this assessment.

Table 3-1 presents experimental and modelled data on the physical and chemical
properties of chlorhexidine. Detailed substance-specific information for the chlorhexidine

4
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salts is available in ECCC (2016). Models based on quantitative structure-activity
relationships (QSARS) were used to generate data for vapour pressure, Henry’'s Law
constant, and log Kq.. These models are mainly based on fragment addition methods
(i.e., they rely on the structure of the chemical) and accept only the neutral (i.e., un-
ionized) form of a chemical as input (in SMILES form or simplified molecular-input line-

entry system).

Table 3-1. Physical and chemical

properties for chlorhexidine

Property Type Value Descriptor Reference

. 3 Estimation via o ChemSpider
Density (g/cm®) calculation 1.39 20°C 2011
Vapour Pressure Modelled
(Pap) (Modified 2.6 x 1012 - MPBPWIN 2010

Grain Method)
Water Solubility | £, o rimental 800° 20°C O'Neil 2013
(mg/L)
Henry's Law Modelled HENRYWIN
constant (VP/WSol 1.7 x 102 - 2008
(Pa-m*mol) estimate)
Log Dow .
(Distribution (ELﬁpgerém(.ental 0.08° (ionized pH 5) Hansch et
coefficient; o al.1995
) . octanol-water)
dimensionless)
Colooene | ovelea
oy (Log Koc; MCI 5.9 - KOCWIN 2010

partition :

e estimate)
coefficient)

1.1
Deffective (NM) Calculated (average) - CPOPs 2014
2.1

Dmaximum (NM) Calculated (average) - CPOPs 2014
pKa Strongest pKa | ACD/Percepta
(dimensionless) Modelled 113 (base) €1997-2012

% Values selected in modelling with EPI Suite (c2000-2010). The SMILES for chlorhexidine is used in this model
along with the experimental water solubility and log Kow values shown here, and experimental melting point 134°C
(HSDB 1983-2016), as user inputs.

® The distribution coefficient or log D takes into account the presence of the ionic species; it represents the net

amount of the neutral and ionic forms expected to partition into lipid and water at a given pH.
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The ionic nature of chlorhexidine is an important consideration in interpreting its
physical and chemical properties as they relate to environmental fate and behaviour
(see the Environmental Fate and Behaviour section for further discussion). As
chlorhexidine is ionic, it has a negligible vapour pressure and Henry’s Law constant.
Experimental data for chlorhexidine indicate a high solubility in water (800 mg/L; O’Nell
2001), as do data for the salts. Experimental water solubility values of 1.0 x 10* to 3.3 x
10® mg/L at pH 4 to 7 (Anusavice et al. 2006) and 1.9 x 10* mg/L at 20°C and unknown
pH (O’Neil 2001) are reported for chlorhexidine diacetate. The water solubility of
chlorhexidine digluconate has been documented as >70% wi/v at 20°C (Senior 1973).
Chlorhexidine diacetate and chlorhexidine digluconate have also been found to be
soluble to some degree in other solvents (O’Neil 2001; US EPA 1996; US EPA 2011b).
The experimental log K, value for chlorhexidine (0.08 at pH 5) is low, and accounts for
the ionizing characteristics of the substance. The modelled data for chlorhexidine
indicate a very high log Ko (5.9). However, it is recognized that there is uncertainty in
modelling such parameters for ionizing substances and that electrostatic interactions
may be more important than organic carbon in determining partitioning characteristics.

Additionally, chlorhexidine may have surface-acting characteristics. Its surface tension
(approximately 50 dynes/cm; ECHA c2007-2015a) is below the 60 dynes/cm threshold
indicative of surface active properties (European Union 1998-2016). It has been
reported that chlorhexidine diacetate forms micelles in solution with a critical micellar
concentration of 6256-6882 mg/L (molar critical micellar concentration of 0.010 — 0.011)
at 25°C (Block 2001; Heard and Ashworth 1968), while another study found it does not
(Attwood and Natarajan 1979). A critical micellar concentration of 5925 mg/L (molar
critical micellar concentration of 0.0066) has also been reported for chlorhexidine
digluconate (Heard and Ashworth 1968).

4. Sources and Uses
Chlorhexidine and its salts do not naturally occur in the environment.

Surveys have been conducted under section 71 of CEPA for chlorhexidine (reporting
year 2011), chlorhexidine diacetate (reporting years 2005, 2006 and 2011), and
chlorhexidine digluconate (reporting year 2011), with voluntary information being
submitted for chlorhexidine dihydrochloride for 2013 (Canada 2006; Canada 2009;
Canada 2012; Environment Canada 2015). None of these substances were reported to
be manufactured in Canada above the 100 kg per year threshold for the years reported.
All of the chlorhexidine salts (diacetate, digluconate and dihydrochloride) were imported
into Canada during one or more of the reporting years, and were also identified as being
used in products available to consumers. Less than five companies reported importing
chlorhexidine diacetate into Canada in 2005 (Environment Canada 2007), as well as in
2006 (Environment Canada 2010). All reported import quantities were 100 to 1000 kg
for each company. For the 2011 reporting year (Environment Canada 2015), the total
guantity of chlorhexidine diacetate imported in a product or for processing/formulation

6
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(pure salt) was 100 to 1000 kg. Nine companies reported importing chlorhexidine
digluconate in 2011 (including imports of a product and pure salt for
processing/formulation), with total imports in the range of 10 000 to 100 000 kg. There
were no imports of chlorhexidine above the 100 kg per year threshold in 2011. Less
than five companies reported importing 100 to 1000 kg of chlorhexidine dihydrochloride
in 2013 (for processing/formulation in the form of pure salt), which was voluntarily
submitted in conjunction with information on the 2011 reporting year.

Chlorhexidine is included on the 2007 Organisation for Economic Co-operation and
Development (OECD)'’s list of High Production Volume (HPV) chemicals (OECD 2009),
indicating that it is produced or imported at levels greater than 1000 tonnes per year in
at least one member country or region. The annual consumption of chlorhexidine in the
European Union was reported to be 10 000 to 50 000 tonnes in 2000, while the
estimated use of the digluconate salt was 7.9 tonnes in 2009 in Sweden (SWECO
Environment 2011). Certain chlorhexidine substances have since been registered as
part of the Registration, Evaluation, Authorisation and Restriction of Chemicals
(REACH) program. In particular, chlorhexidine has been registered for intermediate use
only, and the digluconate salt has been registered for manufacturing and/or importation
(10 to 100 tonnes per year; ECHA 2016).

Chlorhexidine and its salts are broad spectrum antiseptics used for sterilization,
cleaning skin and hands, disinfecting wounds, and oral health, and are generally
effective against a wide variety of bacteria, viruses and yeasts (Chemicalland21 2010,
Cheminfo Services Inc. 2014). In Canada, they are used as broad-spectrum antiseptics
and antimicrobial preservatives in such products as prescription and non-prescription
drugs for human or veterinary uses, hard-surface disinfectants, skin disinfectants,
natural health products, and cosmetics. Permitted uses are further described as per the
relevant lists and databases administered in Canada.

Chlorhexidine digluconate and chlorhexidine diacetate are listed in the Drug Product
Database (DPD) as active ingredients in prescription and non-prescription drugs for
human or veterinary use and hard-surface disinfectants (DPD [modified 2015]).
Chlorhexidine digluconate is listed as a nhon-medicinal ingredient (NMI) in non-
prescription drugs, including face and hand moisturizers, skin cleansers, barrier wipes
and disinfectants used in food premises and health care facilities (personal
communication, emails from the Risk Management Bureau, Health Canada to the
Existing Substances Risk Assessment Bureau, Health Canada, dated January 2015;
unreferenced). Within dairy applications, chlorhexidine is mainly used for the prevention
of mastitis in cows and is manufactured as teat dips and wipes as well as udder washes
(DPD [modified 2015]; Westagro Canada 2014a,b). Chlorhexidine diacetate is the
dominant salt utilized, with very few products registered that are based on the
digluconate salt (DPD [modified 2015]; Cheminfo Services Inc. 2014). When
chlorhexidine digluconate and chlorhexidine diacetate are listed as approved medicinal
ingredients in prescription and non-prescription drugs, human exposure to chlorhexidine
as the active ingredient from use of these products is addressed under the F&DA and is
not considered further in this screening assessment.
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Chlorhexidine, chlorhexidine digluconate and chlorhexidine diacetate are listed in the
Natural Health Products Ingredients Database (NHPID) as non-natural health product
substances; thus, they cannot be used as medicinal ingredients in natural health
products (NHPID [modified 2016]). Chlorhexidine, chlorhexidine digluconate and
chlorhexidine diacetate are listed in the NHPID with a non-medicinal role for use as
antimicrobial preservatives in natural health products and are associated with upper
limits of 0.14, 0.19, and 0.20% (calculated as chlorhexidine free base), respectively, in
topical products. They are also associated with an upper limit of 0.01% (calculated as
chlorhexidine free base) when used in ophthalmic products. A search of the Licensed
Natural Health Products Database (LNHPD) found that chlorhexidine or one of its salts
are used as a NMI in licensed natural health products, including medicated skin care
products, sunscreens, mouthwashes, hemorrhoid-related products, acne treatments
and antiseptic skin cleansers (LNHPD [modified 2016]).

Chlorhexidine and its salts are not listed in the Lists of Permitted Food Additives as
approved food additives (Health Canada 2013) under the F&DA and associated
Marketing Authorisations, nor have they been identified as being used or present in
formulations of food packaging materials. Chlorhexidine digluconate is the only salt
considered as an incidental additive due to its presence in very few products, such as
hand soaps and sanitizers used in food preparation facilities (personal communication,
emails from the Food Directorate, Health Canada to the Existing Substances Risk
Assessment Bureau, Health Canada, dated June 2016; unreferenced). No potential for
direct food contact was identified for this use and no exposure is expected.

Chlorhexidine and some of its salts are included on the List of Prohibited and Restricted
Cosmetic Ingredients, which is an administrative tool that Health Canada uses to
communicate to manufacturers and others that products containing certain substances
are unlikely to be classified as a cosmetic under the F&DA, and in addition, that certain
substances, when present in a cosmetic at certain concentrations, may contravene the
general prohibition found in section 16 of the F&DA, or may contravene one or more
provisions of the Cosmetic Regulations. The entries displayed on this list are:
concentrations equal to or less than 0.14%, calculated as chlorhexidine free base;
0.19%, calculated as chlorhexidine diacetate; 0.20%, calculated as chlorhexidine
digluconate; and 0.16%, calculated as chlorhexidine dihydrochloride (Health Canada
2011). Based on notifications submitted under the Cosmetic Regulations to Health
Canada, chlorhexidine digluconate and to a lesser extent chlorhexidine dihydrochloride
are used in certain cosmetics in Canada, such as make-up, hair products, skin care
products, and aftershaves (personal communication, emails from the Consumer Product
Safety Directorate, Health Canada, to the Existing Substances Risk Assessment
Bureau, Health Canada, dated June 2016; unreferenced).

Chlorhexidine and its salts are not listed on the Pest Management Regulatory Agency
(PMRA) Pesticide Formulants List or on PMRA'’s List of Active Pesticide Ingredients.
Chlorhexidine diacetate has been identified as a component of footwear baths for farm
visitors in Canada (OMAFR 2009).
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Chlorhexidine digluconate is used in eyewash stations as a bacteriostatic additive at a
concentration of 53 ppm or 0.53% (as reported in Encon Safety Products Inc. 2015).

5. Environmental Fate and Behaviour

Given the sources and uses of chlorhexidine and its salts, there is the potential for these
substances to be released to the environment. The following sections focus on the
environmental fate and behaviour of chlorhexidine, as the moiety of concern. As the
cationic form of chlorhexidine dominates at environmentally relevant pH, its
environmental mobility and fate will be strongly dependent on its sorption to suspended
particulates in water and air, and to sediment and soil particles (Droge and Goss 2012).

5.1 Environmental Distribution

Chlorhexidine is not expected to be released to air given its intended uses and physical-
chemical properties. Chlorhexidine has a very low vapour pressure and Henry’'s Law
constant, high water solubility, and existence in a protonated form in the environment
indicate that volatilization would be negligible from either dry or moist soil surfaces, or
surface waters.

If released to the aquatic environment, chlorhexidine salts will dissociate, releasing
chlorhexidine and the associated counterions. Chlorhexidine will have an affinity for
negatively charged particles in the water column (e.g., humic and fulvic acids, clay
materials). The sorption processes would be dominated by electrostatic interactions as
a result of the negatively charged sorption sites on dissolved organic carbon and
suspended solids, although organic carbon may also play a small role (Kah and Brown
2006; Droge and Goss 2012, 2013). Suspended solids may eventually settle to bed
sediment, where the sorbed chlorhexidine is likely to remain unless mixing and transport
of the bed sediment occurs. Considering its persistence (see section 5.2), chlorhexidine
may be present in water and sediment both near and far from source.

Although no direct releases to soil are anticipated, indirect releases may result from the
application to land of biosolids from wastewater treatment systems* (WWTSs) receiving
wastewater that contains chlorhexidine. The characteristics of the WWTS and
chlorhexidine’s affinity for negatively charged suspended solids will determine the

* In this assessment, the term “wastewater treatment system” (WWTS) refers to a system that collects
domestic, commercial and/or institutional household sewage and possibly industrial wastewater (following
discharge to the sewer), typically for treatment and eventual discharge to the environment. Unless
otherwise stated, the term WWTS makes no distinction of ownership or operator type (municipal,
provincial, federal, aboriginal, private, partnerships). Systems located at industrial operations and
specifically designed to treat industrial effluents are identified by the terms “on-site WWTSs” and/or
“industrial WWTSs".
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degree to which chlorhexidine is removed from the wastewater, but it is expected to be
associated with dissolved and suspended solids to a large degree.

The fate of chlorhexidine in soils will be dictated by its cationic nature. While cation-
exchange is complex and not fully understood (Droge and Goss 2012, 2013), it is
expected that chlorhexidine would have an affinity for negatively charged particles and
may or may not be mobile depending on the moisture content and soil type (e.g., it
would likely be less mobile in soils with high organic matter or high clay content) (Droge
and Goss 2012, 2013), and soil erosion or runoff. In addition, for organic cations such
as chlorhexidine, the sorption affinity further depends on competition with other organic
cations present in soils (Droge and Goss 2012). Both positive and negative
relationships between adsorption and ionic strength (electrolyte composition and
concentration) have been reported in the case of ionic pesticides, and results suggest
that application of large amounts of phosphorus and lime to agricultural fields could
decrease sorption and increase pesticide concentration in solution, particularly in
weathered soils (Kah and Brown 2006). Addition of lime to a field could result in
considerable increase in bioavailability of organic cations (Droge and Goss 2012). In
addition to ionic strength, other factors influencing adsorption of ionisable compounds in
soils include soil properties, water content and, to a minor degree, temperature (Kah
and Brown 2006).

5.2 Environmental Persistence

Abiotic degradation of chlorhexidine is not expected to be significant. Chlorhexidine
does not contain functional groups expected to undergo hydrolysis (HYDROWIN 2010).
Although it is not expected to be released to air or reside in air if released to it, reactions
with hydroxyl radicals would be the most important fate process in the atmosphere
(estimated half-life of 25 minutes; AOPWIN 2010). The substance is not expected to
react appreciably with other photo-oxidative species in the atmosphere (such as Os;
AOPWIN 2010). Some studies indicate chlorhexidine salts (diacetate and digluconate)
undergo photodegradation (Revelle et al. 1993; Freitag et al. 1985; Zong and Kirsch
2012).

Several ready and inherent biodegradation studies are available investigating the
microbial degradation of chlorhexidine and its salts. Many of the studies show limited or
no biodegradation, and results are consistent with model results. This result is also
consistent with a study on river microbial biofilm development, where no mineralization
of chlorhexidine was observed after 120 days of incubation with [**C]chlorhexidine
(Lawrence et al. 2008). A few studies using activated sludge report some
biodegradation as a result of resistant strains of bacteria. However, environmental
conditions would be quite different compared to laboratory test conditions (i.e., lower
bacterial concentrations, varying temperatures, other environmental conditions), and
would limit bioaccessability. Thus microbial degradation is not anticipated to be a
dominant degradation pathway for chlorhexidine and its salts in the environment.

10
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No degradation was observed in an activated sludge die-away experiment conducted
using freshly collected activated sludge dosed with 50 pg/L **C chlorhexidine
dihydrochloride (Study Submission 2010). A second test was conducted using
acclimated activated sludge continuously exposed to wastewater amended with 200
Mg/L chlorhexidine dihydrochloride for a 31-day period. Both tests were conducted
according to the test procedures of OECD 314B (for determining rates of primary and
ultimate degradation rates), and used test concentrations of 50 pg/L **C chlorhexidine
dihydrochloride and a biosolids concentration of 2500 mg/L. The results from both die-
away experiments showed no significant primary degradation of the test material (Study
Submission 2010).

A closed bottle test using an activated sludge inoculum (1.5 mg/L) and chlorhexidine
(5.35 ppm) resulted in 0% chemical oxygen demand (COD) after 28 days (De Waart
and Van der Most 1986, as cited in HSDB 1983-2016). In another test, **C-labelled
chlorhexidine was incubated at 0.05 ppm in an activated sludge for 5 days, with results
of 0.1% CO evolution, 94.3% non-extractable residues (amount retained in sludge),
and 0.2% volatilization (Freitag et al. 1982).

Kodama et al. (1988) evaluated the effect of treatment by activated sludge on
chlorhexidine concentrations in hospital and domestic wastewaters before and after
pretreatment with hydrochloride and celite. Results by colorimetric and high-
performance liquid chromatography (HPLC) methods show comparable chlorhexidine
concentrations in both the inflow and outflow of treatments systems, indicating low
removal rates.

Sugio and Kojima (1992) investigated the characteristics of chlorhexidine digluconate-
resistant activated sludge acclimatized to wastewater containing the substance, by
isolating strains of the resistant bacteria and inoculating acclimated activated sludge
with 100 ppm chlorhexidine digluconate. Biological oxygen demand (BOD) results
showed that both the un-acclimated and acclimated sludge could not degrade
chlorhexidine or chlorhexidine digluconate.

In a biodegradation study of chlorhexidine (12 mg/L) in wastewater, no degradation was
observed after 21 days in OECD minimal media tests for detergents in both aerobic and
anaerobic conditions (Voets et al. 1976). Meanwhile, the OECD activated sludge
organic medium test showed no degradation under anaerobic conditions, but 60-100%
degradation was reported in aerobic conditions.

A few studies indicate chlorhexidine may be biodegraded in activated sludge (Sakagami
and Yokoyama 1983), including Kido et al. (1988), who suggest 2 out of 7 bacterial
strains isolated from activated sludge utilize chlorhexidine as a sole nitrogen source for
growth in aerobic conditions. In more recent studies, Tanaka et al. (2005, 2006) have
reported microbial degradation of chlorhexidine digluconate, by a particular strain of
bacteria under laboratory conditions conducive to its growth (i.e., 37°C). Although
degradation was not quantified, the authors reported “significant” degradation of
chlorhexidine within 7 days based on the results of the HPLC chromatograms. These

11
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findings indicated a possible resistance mechanism of some bacterial strains to
disinfectants via biodegradation.

Biodegradation was modelled using EPI Suite (c2000-2010; see ECCC 2016 for
modelling results). Results for the primary biodegradation model (Sub-model 4; BIOWIN
2008) and the three ultimate biodegradation models (Sub-models 3, 5 and 6; BIOWIN
2008) indicate that biodegradation is slow. The extrapolated half-life in water is
predicted to be more than 182 days. Using an extrapolation ratio of 1:1:4 for a water:
soil: sediment biodegradation half-life (Boethling et al. 1995), the ultimate
biodegradation half-life in water is used to extrapolate the half-lives in these other
media. The estimated ultimate degradation half-life in aerobic soil is therefore expected
to be greater than or equal to 182 days and the half-life in aerobic sediment is expected
to be greater than or equal to 365 days.

A potential degradation product of chlorhexidine is p-chloroaniline. Different routes of
chlorhexidine degradation to p-chloroaniline have been reported under laboratory
conditions, including as an intermediate product in bacterial degradation (Ogase et al.
1992), upon heating (IPCS 2003; Revelle et al. 1993), in acidic and alkaline conditions
when subjected to high temperatures (Zong and Kirsch 2012; Revelle et al. 1993), and
as a result of hydrolysis and decarboxylation reactions (Sigma Aldrich 2003; Revelle et
al. 1993). Residual p-chloroaniline content in chlorhexidine is reported to be less than
500 mg/kg (<0.05%), but may reach 2000 mg/L (0.2%) if chlorhexidine solutions are
stored for 2 years or more at high (tropical) ambient temperatures, or if inadvertently
heat sterilized (IPCS 2003). A national screening program that investigated the
occurrence of chlorhexidine and p-chloroaniline in Sweden did not measure p-
chloroaniline in any of the environmental samples collected (SWECO Environment
2011). It is unlikely that p-chloroaniline will be formed in the Canadian environment,
given the low potential for biodegradation of chlorhexidine and the fact that conditions
necessary for p-chloroaniline to be formed are not environmentally relevant.

In summary, the available information indicates that chlorhexidine tends to persist in
water, sediment and soil. Half-lives in water and soil are greater than 182 days, and are
greater than 365 days in sediment. As a result of its persistence, there is a potential for
prolonged exposure to chlorhexidine both near and far from points of discharge to the
environment. There is also the potential for increased spatial exposure in the aquatic
environment as a result of its affinity to negatively charged particles and transport via
suspended solids and sediment. However, its persistence may allow more time for
chlorhexidine to associate with negatively charged particles and therefore become less
bioavailable.

5.3 Potential for Bioaccumulation

The molecular weight of chlorhexidine (505.5 g/mol) and calculated cross-sectional
diameters (Deffective @Nd Dmaximum Of 1.1 Nnm and 2.1 nm, respectively; CPOPs 2014)
indicate that it is a relatively large molecule. Investigations on fish bioconcentration
factors (BCFs) and molecular size parameters show that the probability of passive
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diffusion via the gills decreases appreciably when the effective diameter of a chemical is
greater than 1.1 nm and when the maximum diameter of a chemical is greater

than about 1.5 nm (and much more so for molecules having a maximum diameter
greater than 1.7 nm) (Dimitrov et al., 2002, 2003; Sakuratani et al. 2008).

There were a few studies that investigated the potential for the bioconcentration of
chlorhexidine in aquatic organisms. Two studies evaluated the bioconcentration
potential of chlorhexidine in golden eye (Leuciscus idus melanotus), exposing fish to
chlorhexidine at 0.05 mg/L for 3 days (Freitag et al. 1982, 1985). Evaluation of the
concentration of chlorhexidine in fish compared with the concentration in water resulted
in BCFs of 42 and 40, indicating low bioconcentration potential. Details on the methods
used were limited in these studies, but results are consistent with what would be
expected given the low experimental log Ko, of 0.08 (ionized pH 5) and Log D (0.47) of
chlorhexidine. The same study (Freitag et al. 1985) derived a BCF from the distribution
of chlorhexidine between algae and water. Green algae (Chlorella fusca var. vacuolata)
were exposed to chlorhexidine at 0.05 mg/L for 24 hours, and a moderate BCF of 2560
was determined.

A study using soft X-ray scanning transmission X-ray microscopy to map chlorhexidine
relative to major biochemical components in natural river biofilms observed the
bioaccumulation of chlorhexidine in the lipid rich regions of diatoms and bacteria after
an 8 week exposure to chlorhexidine digluconate (Dynes et al. 2006). This method
showed chlorhexidine was sorbed or chemically associated with lipids in the diatoms
and bacteria. The community composition of the river biofilms studied was also altered
in the presence of chlorhexidine, with the most significant observation being the
suppression of grazers. Given the cationic nature of chlorhexidine, it is likely to interact
with the negatively charged, phospholipid bilayer of cell membranes.

As chlorhexidine has structural alerts for potential protein binding (OECD QSAR
Toolbox 2015), it could bioaccumulate through this route. Princz et al. (2014) studied
the bioaccumulation potential of Phloxine B, an ionic substance that, similar to
chlorhexidine, would be expected to have a low potential to bioaccumulate. However,
Phloxine B is ionized at environmentally relevant pH and was shown to bind to dermal
and internal protein tissues within earthworms, resulting in high observed biota-to-soll
accumulation factors (BSAFs). In their review of cationic antiseptics, Gilbert and Moore
(2005) report that, like quaternary ammonium compounds (QACSs), the biguanide
groupings of bisbiguanide antiseptics associate strongly with exposed anionic sites on
the cell membrane and cell wall of bacteria, particularly acidic phospholipids and
proteins. However, unlike QAC biocides, the hydrophobic six-carbon-long regions of
chlorhexidine do not become solubilized within the hydrophobic core of the cell
membrane, as it is somewhat inflexible and incapable of folding to interlock into the
bilayer. Instead, chlorhexidine bridges between pairs of adjacent phospholipid head-
groups (Gilbert and Moore 2005).

Considering the above information, chlorhexidine is expected to have a low potential to
bioaccumulate based on its high water solubility, low experimental log Ko, and predicted
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log Dow, and the results of experimental BCF studies. Modelled data (BCFs and
bioaccumulation factors or BAFs) are consistent with experimental results (ECCC
2016). Chlorhexidine and its salts could potentially bioaccumulate through protein
binding, similar to Phloxine B; however no empirical data on this was found. Overall, the
chlorhexidine moiety likely has a low potential to bioaccumulate.

6. Potential to Cause Ecological Harm
6.1 Ecological Effects Assessment

Known as a membrane disruptor, the toxic mode of action for chlorhexidine has been
studied in bacteria, and is due to the strong association of biguanide groupings to
exposed anionic sites on the cell membrane and cell wall (particularly to acidic
phospholipids and proteins) (Broxton et al. 1984; Fraud et al. 2003; Gilbert and Moore
2005). Using scanning transmission X-ray microscopy, Dynes et al. (2006)
demonstrated that chlorhexidine was sorbed or perhaps chemically associated with the
lipids in diatoms and bacteria. Chlorhexidine has been reported in some studies to
cause cellular leakage, inhibition of respiration and solute transport, and loss of
structural integrity through damage to the cellular envelope (Gilbert and Moore 2005;
O’Driscoll et al. 2014). The Profiler function of the OECD QSAR Toolbox (2015)
identified structural alerts for protein binding, suggesting that chlorhexidine exerts
adverse effects beyond a baseline narcotic mode of action. In assessing the potential
for ecotoxicity, physical-chemical properties and the bioavailability of chlorhexidine were
considered, as well as its mode of action in bacteria and predicted reactive mode of
action.

Key empirical aquatic and terrestrial toxicity data are summarized below for
chlorhexidine and its salts. Detailed information on all available studies is tabulated in
ECCC (2016). Since chlorhexidine is the moiety of concern, experimental toxicity data
have been expressed in chlorhexidine equivalent values, through application of a
molecular weight ratio with the associated salt.

6.1.1 Water
Key experimental data for acute (or short-term) and chronic (or long-term) aquatic

toxicity are summarized in Table 6-1 and Table 6-2, respectively. Studies are listed in
increasing order of chlorhexidine equivalent effect concentrations.
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Table 6-1. Key acute aquatic toxicity studies

Chlorhexidine

Test organism Test Endpoint equivalent Reference
compound a.
value®; mg/L
?Srfg:e":‘j'gsarius Chlorhexidine | 72 h ECsp 0.0062* ECHA
subspicatus) digluconate (biomass) (0.011) c2007-2015b
Green algae Chlorhexidine 72 h ECsp 0.021 ECHA
(S. subspicatus) digluconate (biomass) (0.038) c2007-2015b
Pseudokirchneriella | Chiorhexidine Z?QPOEI%‘O 0.0233 | Jesus etal.
subcapitata digluconate inhibition) (0.0413) 2013
Daphnia maana Chlorhexidine 48 h ECs 0.025 Jesus et al.
P 9 digluconate | (immobilization) (0.045) 2013
D. maana Chlorhexidine 48 h ECs 0.05 Murphy and
-mag diacetate (immobilization) (0.06) Smith 1991a
D. maana Chlorhexidine 48 h ECs 0.049 ECHA
-mag digluconate (immobilization) (0.087) c2007-2015b
Chlorhexidine 0.24 US EPA
D. magna digluconate 48 h ECso (0.42) 2011b
Bluegill sunfish -
Lepoms | Corlesdne | gonic, | 02 |GSEA
macrochirus) '
Zebrafish embryos | Chlorhexidine 96 h LC 0.453 Jesus et al.
(Danio rerio) digluconate %0 (0.804) 2013
Bluegill sunfish Chlorhexidine 96 h LC 0.5 Murphy and
(L. macrochirus) diacetate %0 (0.6) Smith 1991b
Zebrafish Chlorhexidine 96 h LC 1.17 ECHA
(D. rerio) digluconate >0 (2.08) c2007-2015b
Rainbow trout -
Chlorhexidine 1.3 US EPA
(Oncorhynchus digluconate 96 h LCso (2.3) 2011b
myKiss)
. . . 1.4 ECHA
Zebrafish (D. rerio) | Chlorhexidine 96 h LCsp (1.4) c2007-2015a
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Test Chlorhexidine
Test organism Endpoint equivalent Reference
compound a.
value®; mg/L
Rainbow trout Chlorhexidine 96 h LC 1.5 Murphy and
(O. mykiss) diacetate %0 (1.9) Smith 1991c

#Values in parenthesis are original values reported for the corresponding test compound.

LCso — The concentration of a substance that is estimated to be lethal to 50% of the test organisms.

ECso — The concentration of a substance that is estimated to cause some effect on 50% of the test organisms.
" Critical toxicity value

Table 6-2. Key chronic aquatic toxicity studies

Test Chlorhexidine
Test organism Endpoint equivalent Reference
compound a.
value®; mg/L
Green algae Chlorhexidine 72 h ECyp 0.002 ECHA
(S. subspicatus) digluconate (biomass) (0.003) c2007-2015b
Green algae Chlorhexidine 72 h NOEC 0.0042 ECHA
(S. subspicatus) digluconate (biomass) (0.0075) c2007-2015b
- 24 h ECy
: Chlorhexidine 0.0116 Jesus et al.
P. subcapitata digluconate : (gr O.V\.'th (0.0206) 2013
inhibition)
D. magna Chlorhexidine 21 d NOEC 0.0116 ECHA
-mag digluconate (mortality) (0.0206) c2007-2015b
Monoraphidium Chlorhexidine 10d ICyo 0.29 ECHA
griffithii digluconate (growth rate) (0.52) c2007-2015b

#Values in parenthesis are original values reported for the corresponding test compound.

ECi10 — The concentration of a substance that is estimated to cause some effect on 10% of the test organisms.
EC20 — The concentration of a substance that is estimated to cause some effect on 20% of the test organisms.
NOEC — No observable effects concentration

IC10 — Inhibitory concentration

Acute toxicity data for chlorhexidine and its salts indicate that chlorhexidine is toxic to
aquatic organisms at low concentrations, with adverse effects reported in key studies
below 0.1 mg/L chlorhexidine. Jesus et al. (2013) reported acute toxicity for
chlorhexidine digluconate to algae (ECs0=0.0233 mg/L) and Daphnia magna
(ECs50=0.025 mg/L). This is consistent with algae studies submitted to ECHA (c2007-
2015b) for chlorhexidine digluconate, and for D. magna studies submitted to the US
EPA (2011b) and ECHA (c2007-2015b) for chlorhexidine digluconate and chlorhexidine
diacetate. Toxicity data for chlorhexidine and its salts also indicate that chlorhexidine
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causes acute adverse effects in fish, including bluegill sunfish, zebrafish, and rainbow
trout (US EPA 2011b; ECHA ¢c2007-2015b; US EPA 2011b, respectively). Fish appear
to be less sensitive to the effects of chlorhexidine than are algae and daphnids, with the
exception of the more sensitive life stage of zebrafish embryos, as indicated by the LCs
of 0.453 mg/L reported by Jesus et al. (2013). Original studies submitted to the US EPA
and ECHA were not available for review in the context of the current assessment.

Chronic toxicity data for chlorhexidine salts also indicate that algae are particularly
sensitive to the effects of chlorhexidine, likely due to its mode of action as a membrane
disruptor, binding to anionic sites on cell surfaces. Values of 0.002 mg/L (EC1p) and
0.0042 mg/L (NOEC) for Scenedesmus subspicatus have been reported in two studies
submitted to ECHA (c2007-2015b). Jesus et al. (2013) reported an EC,, of 0.0116 mg/L
for Pseudokirchneriella subcapitata when exposed to chlorhexidine digluconate, raising
concerns about its potential effects in aquatic food webs. In a long-term study, microbial
community composition was shown to be sensitive to the presence of low levels of
chlorhexidine (10 pg/L and 100 ug/L treatments) over an 8 week period (Lawrence et al.
2008). The introduction of chlorhexidine at 100 ug/L resulted in the elimination of
protozoans and metazoans in the biofilms, in addition to significant changes in algal,
cyanobacterial, and bacterial biomass, and carbon utilization. Alteration in community
composition of river biofilms was also observed by Dynes et al. (2006) in the presence
of chlorhexidine, with suppression of grazers. These studies provide useful community-
level effects data, providing insight on changes to community population and dynamics
that might be seen in the natural environment beyond individual toxicity to the
organisms, in the presence of chlorhexidine at these concentrations.

The lowest acute effects concentration of 0.0062 mg/L chlorhexidine for S. subspicatus
was identified as the critical toxicity value (CTV) to be used in deriving a predicted no-
effects concentration (PNEC). This value was divided by an assessment factor of 30,
considering the need to estimate a long-term no-effects concentration. The acute data
available for 6 species representing 3 taxonomic groups (primary producers,
invertebrates, and vertebrates) is considered to account for inter-species and intra-
species variability in sensitivity. No additional assessment factor has been applied for a
potential reactive mode of action, as the large dataset is considered to accurately
represent the toxicity of chlorhexidine to aquatic organisms. The resulting PNEC value
is 0.21 pg/L (0.00021 mg/L), indicating that chlorhexidine has the potential to cause
adverse effects in aquatic organisms at low concentrations. Neither of the two lower
chronic effects concentrations reported was chosen as the CTV because they would
have resulted in a less sensitive PNEC once an assessment factor of 3 was applied
(this factor accounts for inter-species and intra-species variability considering there is
long-term, chronic data for 4 species representing 2 taxonomic groups).

6.1.2 Sediment
Only one sediment toxicity study was available as a submission to ECHA (the original

study was not available for review in the context of this assessment). The chronic 28
day study tested the effects of chlorhexidine digluconate on the harlequin fly
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(Chironomus riparius), with a reported chlorhexidine equivalent NOEC value of 2.44
mg/kg sediment dry weight (2% organic carbon content as set by the guidelines
followed), based on emergence rate (ECHA c2007-2015b).

This chronic study was used to derive a PNEC for sediment. An assessment factor of
100 was applied to account for inter- and intra-species variation as well as its predicted
reactive mode of action (OECD QSAR Toolbox 2015), given the lack of effects data for
benthic organisms. After standardizing to an organic carbon (OC) content of 4% (a
typical OC content in bottom sediment for rivers and lakes used in characterizing risk;
see the Characterization of Ecological Risk section), the resulting PNEC is 0.049 mg/kg
dry weight (dw).

6.1.3 Soil

One soll toxicity study has been submitted to ECHA (the original study was not available
for review in the context of this assessment). The results indicate that chlorhexidine
digluconate has a low potential to adversely affect terrestrial plants (Brassica napus,
Avena sativa, Glycine max) with respect to seedling growth (ECHA ¢2007-2015b).
Table 6-3 summarizes these key soil toxicity studies for chlorhexidine digluconate. In
another study, no mortality was reported for the redworm, Eisenia fetida, after 14 days
of exposure to a single chlorhexidine digluconate test concentration of 21000 mg/kg soil
dw (ECHA c2007-2015b). A dose-response relationship was not demonstrated.

Table 6-3. Key soil toxicity studies considered in choosing a critical toxicity value
for soil

Test Test Chlorhexidine
. Endpoint equivalent value® Reference
organism compound (ma/kg soil dw)
Brassica Chlorhexidine (Zsigoltllgr)eEsi 35.2 ECHA c2007-
napus digluconate . (62.5) 2015b
weight)
Avena sativa Chlorhexidine | 21 d NOEC 70 ECHA c2007-
digluconate (shoot height) (125) 2015b
Ghveine max | Chiorhexidine (Zslhgo':'gfsi 281 ECHA c2007-
y digluconate weight) (500) 2015b

#Values in parenthesis are original values reported for the corresponding test compound.
NOEC — No observable effects concentration

The 21-d NOEC of 35.2 mg/kg soil dw (1.18% OC content) for B. napus was chosen as
the chronic CTV and an assessment factor of 100 was applied to account for inter- and
intra-species variation (as there are only 3 species from 1 taxonomic group) as well as
its predicted unknown reactive mode of action (OECD QSAR Toolbox 2015) given a
lack of effects data for soil organisms. After standardizing to an OC content of 3.1% (OC
content used in the BASL4 model to characterize risk; see the Characterization of
Ecological Risk section), the resulting PNEC is 0.93 mg/kg dw.
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6.1.4 Wildlife

Toxicological data on avian species (including the northern bobwhite and mallard) for
chlorhexidine diacetate and chlorhexidine digluconate, show that chlorhexidine has low
toxicity to these species (Campbell et al. 1991; OPP Pesticide Ecotoxicity Database
1991; Long et al. 1991a,b; US EPA 2011b). The lowest subacute dietary NOEL value is
1438 mg/kg chlorhexidine (OPP Pesticide Ecotoxicity Database 1991) and the lowest
acute (single dose, oral) effect value is 1627 mg/kg chlorhexidine (Campbell et al.
1991). These data indicate that dietary exposure to chlorhexidine is not likely to result in
adverse effects in avian species.

Mammalian toxicity studies on chlorhexidine and its salts are discussed in detail in the
Health Effects Assessment section. Various studies have been conducted (including
oral, dermal, inhalation, dietary studies) on rats, mice, dogs, rabbits, marmosets, and
rhesus monkeys. A lowest observed effect level of 5 mg/kg bw per day was reported in
oral chronic studies when rats were exposed to chlorhexidine digluconate through
drinking water and diet (Case 1977; Block 2001; ECHA c2007-2015b). The US EPA
review of the toxicology data (US EPA 1996) concluded that chlorhexidine diacetate is
mildly to moderately toxic to mammals when administered by inhalation, oral or dermal
routes.

Although there is the potential for birds and animals to be exposed to chlorhexidine in
environmental media via their drinking water, diet or dermal contact, they are not likely
to be exposed to levels that would result in adverse effects. There is also evidence that
chlorhexidine is poorly absorbed through skin and the gastrointestinal tract (see the
Health Effects Assessment section). Therefore, this pathway is not considered further in
exposure analyses.

6.2 Ecological Exposure Assessment
6.2.1 Measured concentrations in environmental media and wastewater

Data concerning concentrations of chlorhexidine in the Canadian environment have not
been identified. Other jurisdictions have identified chlorhexidine as a potential concern
in the environment due to its widespread use and have noted the need for further
information on environmental concentrations (Boxall et al. 2005).

Chlorhexidine was selected for inclusion in a national screening program to measure
and report on its occurrence in Sweden (SWECO Environment 2011). WWTSs were
chosen as sampling locations because of their general potential to release household
chemicals into the aquatic environment. Only one WWTS was identified as receiving
wastewater from a pharmaceutical company using chlorhexidine. The study did not find
chlorhexidine (nor its potential degradation product, p-chloroaniline) in any of the
samples taken, including from influent, effluent and sludge at WWTSs; surface waters,
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sediment and fish in streams receiving effluents from WWTSs; wastewater from
hospitals; or in agricultural soils that had received sludge amendment. The limits of
guantification for chlorhexidine were 0.010 pg/L for influent and effluent at WWTSs,
recipient water, and background water, 0.010 mg/kg for sewage sludge (dry weight),
sediment, and agricultural soil receiving sludge, and 0.10 mg/kg (wet weight, muscle)
for fish. Detailed descriptions of the analytical methods were not provided (including
whether total or dissolved fractions were measured).

Chlorhexidine has been measured in wastewaters in Japan. Kodama et al. (1988)
reported a range of 1.62 to 10.30 mg/L (originally reported as pg/ml) for chlorhexidine
concentrations in wastewater. Matsushima and Sakurai (1984) reported chlorhexidine
concentrations in wastewater from a medical wastewater treatment plant ranging from
0.085-1.94 mg/L. The same authors cited another study (Yamayoshi et al. 1981) that
reported concentrations of chlorhexidine in medical wastewater in the range of
hundreds of pg/L. Based on an analysis of results, the authors reported concentrations
of chlorhexidine in wastewater samples of approximately 2—7 mg/L (originally reported
as pg/mL)(Kido et al. 1988).

6.2.2 Releases to the environment

Releases of substances to the environment depend upon various losses occurring
during the manufacture, industrial use, consumer or commercial use, service life and
disposal of a substance. Releases of chlorhexidine and its salts to the Canadian
environment may result from the consumer use and formulation of chlorhexidine-based
products. Releases are expected to be diffuse (i.e., down the drain from use of products
containing chlorhexidine), as well as from point sources (e.g., from sites formulating
products containing chlorhexidine).

Releases of chlorhexidine and its salts are expected to occur primarily to municipal and
industrial wastewater. Since treatment technologies may only partially remove
chlorhexidine, it may be released to surface water, but may also be released to soill
through the application of biosolids (from WWTSSs) to agricultural and pasture lands.
Chlorhexidine contained in products and manufactured items that are disposed of in
landfills may leach out of these materials and end up in landfill leachate. No
chlorhexidine landfill leachate data have been reported to date, but such data could help
interpret end of life releases. Whether released to water or soil, chlorhexidine will
eventually partition to negatively charged particulates, due to its cationic nature.

6.2.3 Exposure scenarios and predicted environmental concentrations

As no data on measured chlorhexidine concentrations in environmental media or
WWTS effluent in Canada have been identified, environmental concentrations were
estimated from available information on quantities of chlorhexidine and its salts
imported and used in Canada. Quantitative exposure characterization is typically
focused on scenarios representing the greatest and/or most representative exposure
situation(s) for the substance being released. In general, the magnitude of release is a
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direct function of the quantity of a substance manufactured or used in industrial
applications or the quantity used in products for consumer/commercial use (along with
product use patterns and its disposal).

The focus of this exposure assessment is on the estimated releases of chlorhexidine
and its salts as a result of the industrial formulation of products containing chlorhexidine,
as well as the consumer/commercial use of products containing this substance (i.e.,
releases down the drain). Releases as a result of veterinary products containing
chlorhexidine used on dairy farms across Canada are not considered, as total quantities
used during any given period at a farm and resultant exposure concentrations are
expected to be lower than those releases evaluated in the key exposure scenarios
presented below.

6.2.4 Exposure scenario 1 — Industrial formulation of products containing
chlorhexidine

The aquatic exposure of organisms to chlorhexidine is expected due to release of the
substance during its industrial use. The formulation of chlorhexidine-based products
generates wastewater during the cleaning of mixing and packaging equipment. The
chlorhexidine containing wastewater is discharged to a WWTS that removes a certain
fraction of the chlorhexidine and the chlorhexidine that is not removed is subsequently
released to a receiving water body via wastewater effluent. The concentration of the
substance in the receiving water body near the discharge point of the WWTS is used as
the predicted environmental concentration (PEC). It can be calculated using the
following equation:

~1000xQxLx(@—-R)

Cuater-ing = NxFxD
Where:
Cuwater-ind: aquatic concentration resulting from industrial releases,
1000 gg{ér combining conversion from kg to mg and m® to L
Q: total substance quantity used annually at an industrial site,
kglyr

loss to wastewater, fraction (% shown in table)
WWTS removal rate, fraction (% shown in table)
number of annual release days, days/yr

WWTS effluent flow, m*/day

receiving water dilution factor, dimensionless

oOmnmzxor

Predicted aquatic environmental concentrations (PECaquatic industrial) Were calculated for a
number of industrial sites that formulate chlorhexidine-based products and its salts in a
guantity above 100 kg per year. These sites were identified following analysis of

information submitted from mandatory and voluntary surveys conducted with respect to
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the manufacture, import and use of chlorhexidine and its salts (Environment Canada
2007; Environment Canada 2010; Environment Canada 2015). A summary of input
values used in estimating these PECs is provided in Table 6-4.

Table 6-4. Input values used for scenarios estimating aquatic environmental
concentrations resulting from the industrial formulation of chlorhexidine-based

products

Input description

Value

Justification

Yearly quantity of
chlorhexidine (kg/yr)
used at each site

Q = <10 000 kglyr

Total quantity used at each formulation
site. Data for salts were converted to a
chlorhexidine equivalent quantity®.

Loss to wastewater
(%)

L =0.426%

Calculation based on results of voluntary
sampling of waste storage tanks
conducted in 2015 by one of the
formulators of chlorhexidine-based
products®. Assumption is that this loss to
wastewater would be the same for other
formulators.

WWTS removal
rate® (efficiency; %)

R =
56.8% (primary)
81.1% (secondary)
86.4% (lagoon)

Estimated using the ASTreat Model
(c1997). Removal rate for primary level
treatment, secondary level treatment, and
lagoon? is chosen based on the type of
treatment used at the WWTS to which
the industrial facilities are connected.

Number of annual
release days (d/yr)

Days per year that the substance is
released to wastewater. As reported
during a voluntary survey of importers

N'= 1210350 and formulators of chlorhexidine and
chlorhexidine-based products for the
reporting years of 2011 and 2013.
WWTS effluent flow = Site specific data for the WWTS that

(m3/d)

2 500 to 2 240 000

receive wastewater from industrial
facilities.
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Input description Value Justification

Receiving water Assuming an instantaneous dilution of
dilution factor the effluent, the dilution factor of a
(unitless) receiving water course was calculated by

dividing the flow of the WWTS effluent
(connected to the facility) by the 10th
percentile of the annual distribution of the
D=10 flow of the receiving water course. When
this dilution factor was greater than 10, a
maximum default value of 10 was used.
In all cases the dilution factor was above
10 and capped at 10. This dilution factor
represents exposures near the discharge
point of the effluent.

#Based on information received from formulators and their customers as a result of mandatory surveys conducted
under CEPA, as well as follow-up voluntary surveys (Environment Canada 2015).

® Removal rate for the lagoon is used in the consumer release scenario and is estimated using the STP-EX (c2000-
2013) model.

The calculated PECs in water (PECaguatic industrial) fOr facilities formulating chlorhexidine-
based products range from 0.0200 to 2.63 pg/L. Consideration was given to situations
where formulators were discharging to the same WWTS, and in these cases the PECs
in the receiving water body were summed. These PECs are used in risk quotient
analyses for water (see the Characterization of Ecological Risk section).

An equilibrium sediment-water partitioning approach was used to estimate the
concentration of chlorhexidine in bottom sediment. This approach is based on a
partitioning principle described by the European Chemicals Agency (ECHA 2010) and
incorporates two additional calculation methods. The first method is to estimate the
substance’s concentration in the agueous phase (truly dissolved) of the overlying water
from its total concentration, according to studies by Gobas (2007 and 2010). The
second method is to estimate a substance’s concentration in bottom sediment from its
concentration in the aqueous phase of the overlying water based on an equilibrium
partitioning assumption between bottom sediment and overlying water, as described by
the US EPA’s National Center for Environmental Assessment (US EPA 2003). At
equilibrium, the predicted environmental concentration (PEC) in bottom sediment can
linearly correlate with the concentration in the aqueous phase of the overlying water.
Sediment exposure scenarios were developed as an extension of the industrial aquatic
release scenarios described above to determine equilibrium sediment exposure
concentrations, standardized to 4% OC (a typical OC content in bottom sediment for
rivers and lakes). The resulting concentrations in bottom sediment (PECsediment) Were
0.0134 to 2.88 mg/kg dw. These PECs are used in risk quotient analyses for sediment
(see the Characterization of Ecological Risk section).

Indirect releases to soil may result from the application of biosolids from WWTSs

receiving wastewater that contains chlorhexidine. As has been reported in the case of
ionic pesticides, the application of large amounts of phosphorus and lime to agricultural
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fields could decrease sorption and increase concentration in solution, particularly in
weathered soils (Kah and Brown 2006). When the dissolved electrolytes of lime added
to fields are considered, the bioavailability of organic cations may be considerably
decreased (Droge and Goss 2012). To be conservative, it has been assumed that the
maximum soil concentration calculated (PEC) is 100% bioavailable, even though this
may not be the case if lime has been applied to the fields. The BASL4 model (2011), a
fugacity-based model, was used to estimate a PEC in soil. Soil exposure scenarios
were developed as an extension of the aquatic release scenarios described above,
using a chlorhexidine concentration in biosolids (0.0005-0.03 g/kg) and biosolids
production rates (400-321 000 kg/day) based on information from specific WWTSs.
Assumptions included an application rate of 8300 kg/ha, with an application frequency
of one time per year, over a 10 year period, and a half-life in soil of 8640 hours (360
days; EPI Suite c2000-2010). The maximum soil concentration (PECsj piosolids) Was
estimated to be 0.377 mg/kg dw (0.299 mg/kg ww), with an organic carbon content of
3.1%. This PEC is used in a risk quotient analysis for soil (see the Characterization of
Ecological Risk section).

6.2.5 Exposure scenario 2 — Down-the-drain releases from commercial and
consumer uses of chlorhexidine-based products

Chlorhexidine may be released to WWTSs through the commercial and consumer uses
of chlorhexidine-based products (see the Sources and Uses section for further details).
PECs for sediment and soil were not calculated for the down-the-drain scenario
because they are expected to be lower than the industrial scenario.

In order to estimate the level of aquatic exposure resulting from these down-the-drain
releases, a probabilistic approach based on per capita use and information on Canadian
WWTSs was used. Distribution information including dilution factors (derived from the
10" percentile flow of the receiving water body), WWTS treatment levels and per capita
water discharge were used. Other parameters such as per capita consumption of
products containing chlorhexidine are considered deterministically. A summary of input
values is presented in Table 6-5.

Table 6-5. Input values used to estimate aquatic environmental concentrations
resulting from the commercial and consumer uses of chlorhexidine-based
products?®

Input description Value Justification

Yearly quantity of Total chlorhexidine in products (excluding
chlorhexidine (kg/yr) _ products used on farms). Data for salts
used in products Q = <10000 kglyr were converted to a chlorhexidine
equivalent quantity®.

Loss to wastewater Conservative assumption is that the total
(%) L = 100% guantity of a substance containing
chlorhexidine is sent to a WWTS
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Input description Value Justification

Receiving water Assuming an instantaneous dilution of
dilution factor the effluent, the dilution factor of a
(unitless) receiving water course was calculated by

dividing the flow of the WWTS effluent
(connected to the facility) by the 10"
D=1-10 percentile of the annual distribution of the
flow of the receiving water course. When
this dilution factor was greater than 10, a
maximum default value of 10 was used.
This dilution factor represents exposures
near the discharge point of the effluent.

®WWTS removal rates are the same as those used in Exposure scenario 1 — Industrial formulation of products
containing chlorhexidine (see Table 6-4).

®Based on information received from formulators and their customers as a result of mandatory surveys conducted
under CEPA, as well as follow-up voluntary surveys (Environment Canada 2015).

The total mass of chlorhexidine (including the proportion from its salts) in various
products was estimated using data received from surveys and follow up with importers
and formulators of chlorhexidine and chlorhexidine-based products for the year 2011
and 2013. It was conservatively assumed that this total mass (excluding 10% of the total
mass representing products used on farms) would ultimately be released down the
drain. Aquatic PECs were estimated for water bodies receiving effluent from each
WWTS. The 95" percentile of this probabilistic distribution of PECs is 0.126 ug/L and
was selected as a realistic worst-case scenario of exposure. This scenario can be
interpreted as follows: if surface water was sampled close to a random WWTS
discharge point in Canada, 95% of the time the concentration of chlorhexidine in this
sample is estimated to be lower than or equal to 0.126 pg/L.

6.3 Characterization of Ecological Risk

This ecological screening assessment presents conclusions based on a weight-of-
evidence approach and using precaution as required under CEPA. Various lines of
evidence have been considered for chlorhexidine and its salts. The importation volumes
of chlorhexidine and its salts into Canada, along with information on its uses, indicate
potential for both periodic and continual releases into the Canadian environment.
Chlorhexidine is expected to be persistent in environmental media (water, sediment and
soil). Half-lives are greater than 182 days for water and soil, and are greater than 365
days for sediment. Thus, the potential for organisms to be exposed both spatially and
temporally to this moiety in the environment is increased. Chlorhexidine salts released
to the aquatic environment will dissociate to release chlorhexidine, the moiety of
concern. Chlorhexidine will partition to negatively charged, dissolved and suspended
solids in the aquatic environment, may settle in bed sediment, or be transported far from
sources of release to the environment. Indirect release of chlorhexidine to soils may
occur through the application of biosolids, where biosolids contain chlorhexidine.
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Chlorhexidine and its salts are used as broad-spectrum antiseptics and antimicrobial
preservatives in a wide range of products. The structure of chlorhexidine contains
cationic phospholipid binding sites and a hydrophobic group that contribute to its mode
of action as a biocide. It is known to act as a membrane disruptor in bacteria, due to the
strong association of the biguanide groupings to exposed anionic sites on the cell
membrane and cell wall (particularly to acidic phospholipids and proteins).
Chlorhexidine’s structural characteristics also explain its strong binding to skin and
mucosa, which results in its poor absorption through skin and the gastrointestinal tract
in mammals. Although the available information indicates that chlorhexidine has a low
potential to bioaccumulate in aquatic organisms, the toxicity data demonstrate that
chlorhexidine has the potential to cause adverse effects in aquatic organisms (including
benthic organisms) at low concentrations. Algae are particularly sensitive to the effects
of chlorhexidine, likely due to its mode of action as a membrane disruptor. Alteration in
community composition of river biofilms has also been observed, with suppression of
grazers and elimination of protozoans and metazoans in the community.

Risk quotient analyses were performed by integrating realistic worst-case estimates of
exposure (PECs) with ecological toxicity information (PNECSs) to determine whether
there is potential for ecological harm in Canada. Based on the key ecotoxicity studies
presented (see the Ecological Effects Assessment section), risk quotients (RQs) were
calculated by dividing the PEC by the PNEC for the associated environmental
compartment. Table 6-6 shows resulting risk quotients (RQs) for exposure scenarios
developed for industrial uses (including aquatic, sediment and soil biosolids) and down-
the-drain uses.

Table 6-6. Summary of risk quotients calculated for different media and exposure
scenarios for chlorhexidine 2

Efg]zﬁggsure PEC range PNEC PEC 3?]?,[SPNEC RQ range
PECaquatic: industrial 0.0200 - 2.63 0.21 po/L 0.1-13
PECsediment 0.0134 — 2.88 0.049 mg/kg dw 0.3-59
PECsoil biosolids 0.377 (maximum) 0.93 mg/kg dw <0.4
z;caquaﬂc; R e géﬁgnme) 0.21 Ho/L 0.6

#PECs for sediment (pecsediment) have been standardized to 4% OC (a typical OC content in bottom sediment for rivers
and lakes) and PECs for soil (PECsoi biosolias) have been modelled at 3.1% OC content. Therefore, PNECs for
sediment and soil have been standardized to the corresponding OC contents for comparison with calculated PECs to
determine risk.

b PE Caguatic industrial, PECsediment, and PECsil biosolids have been estimated from the scenario for industrial formulation of
chlorhexidine-based products.

The results indicate that chlorhexidine and its salts pose a risk to aquatic and benthic
organisms. An analysis of predicted concentrations in soil indicates that the potential for
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risk to soil-dwelling organisms is low (RQs less than 1). The exposure scenario from
down-the-drain releases through the commercial and consumer uses of chlorhexidine-
based products indicates that chlorhexidine does not pose a risk to the aquatic
environment (RQ less than 1) at current levels of use.

In summary, this information indicates that chlorhexidine and its salts have the potential
to cause ecological harm in Canada, but not to the broader integrity of the environment.
The chlorhexidine moiety is proposed to meet the criteria for persistence but it does not
meet the criteria for bioaccumulation as set out in the Persistence and Bioaccumulation
Regulations (Canada 2000).

6.3.1 Consideration of the lines of evidence and uncertainties

As the cationic form of chlorhexidine dominates at environmentally relevant pH, its
environmental fate and behaviour will be strongly dependent on its sorption to dissolved
organic carbon and suspended solids in the water column, or to sediment and soil
particles. These sorption processes will be dominated by electrostatic interactions with
negatively charged sorption sites, with organic carbon playing a role. However, cation-
exchange is complex and difficult to predict in the environment given the various factors
that can influence sorption. Therefore, there is uncertainty in determining the degree to
which chlorhexidine would be sorbed or desorbed, particularly with respect to removal
during wastewater treatment. Specific information on the removal efficiencies of
chlorhexidine in WWTSs was not available. It is expected that chlorhexidine will strongly
sorb to sludge during wastewater treatment. The removal rates used in this assessment
(to estimate the fraction of chlorhexidine that may be removed from wastewater) are
based on estimated removal rates for total suspended solids.

There is no information on environmental concentrations (e.g., monitoring data) of
chlorhexidine in the Canadian environment. Therefore, exposure concentrations in
water, sediment, and soil were estimated using models. Quantities of substances in
commerce reflect imported quantities reported in response to surveys for certain
years/substances, and may not reflect actual quantities of the substances in Canada,
particularly given the use of chlorhexidine in various products. Although there is always
some uncertainty with the use of models when there is limited data to use for input
parameters, conservative approaches or realistic worst-case scenarios were chosen.

Toxicity studies for chlorhexidine and its salts were limited for sediment and soil
species. While the toxic mode of action for chlorhexidine as a cellular membrane
disruptor in bacteria has been well studied, there is also the potential for a reactive
mode of action, including possible protein binding. Assessment factors have been
applied to the sediment and soil critical toxicity values to address these sources of
uncertainty. However, there is uncertainty in the degree to which chlorhexidine would be
bioaccessible to organisms living in soil or sediment environments, due to its sorption
characteristics. There is also some uncertainty in the risk quotients derived for soil and
sediment, as it is assumed that the predicted environmental concentrations of
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chlorhexidine are 100% is bioavailable, thus providing protective estimates of risk for
these media.

7. Potential to Cause Harm to Human Health

7.1 Exposure Assessment
Environmental Media and Food

Empirical data on concentrations of chlorhexidine and its salts in environmental media
or food in Canada were not identified. However, chlorhexidine digluconate is the only
salt considered as an incidental additive due to its presence in a limited number of
products for use in food preparation facilities and dietary exposure from these uses is
not expected.

Chlorhexidine is not expected to be released to air given its very low vapour pressure
and high water solubility, and existence in a protonated form in the environment indicate
that volatilization would be negligible from either dry or moist soil surfaces, or surface
waters.

While there are no available data on environmental concentrations of chlorhexidine in
Canada, chlorhexidine has been measured in wastewaters in Japan (see Ecological
Exposure Assessment section).

Chlorhexidine can be released into water as a result of its use as a disinfectant as well
as its use as an antimicrobial preservative in a number of products, including cosmetics,
natural health products and drugs (prescription and non-prescription). A down-the-drain
scenario was used to derive a concentration in surface water for potential contaminant
ingestion through water.

In the Ecological Exposure Assessment section, an exposure scenario for the
commercial and consumer uses of chlorhexidine-based products released down-the-
drain was presented and aquatic PECs for water bodies receiving effluent from the
WWTS were estimated. The scenario uses a probabilistic approach based on per capita
use and information on Canadian WWTSs. The 95™ percentile of this probabilistic
distribution of PECs is 0.126 pg/L and was selected as a realistic worst-case scenario of
ecological exposure. This PEC value was used to generate intake estimates from
drinking water that range from 2.67 x10° mg/kg bw per day for adults (20-59 years) to
5.69 x10® mg/kg bw per day for toddlers (0.5-4 years).

Products Available to Consumers

Chlorhexidine, as the digluconate, and to a lesser extent, as the dihydrochloride salt, is
found in a variety of cosmetics in Canada, including, but not limited to, make-up, hair
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products (e.g., dyes, conditioners, and hair grooming products), skin care products
(e.g., moisturizers, cleansers, and exfoliants) and aftershaves. This is based on
notifications submitted under the Cosmetic Regulations to Health Canada (personal
communication, emails from the Consumer Product Safety Directorate, Health Canada
to the Existing Substances Risk Assessment Bureau, Health Canada, dated June 2016;
unreferenced).

A search of the DPD and the Therapeutic Products Directorate's internal NMI Database
revealed that chlorhexidine, as the digluconate salt, is listed as NMI in non-prescription
drugs that have a Drug ldentification Number (DIN), such as antiseptic skin cleansers,
barrier wipes and moisturizers (DPD [modified 2015]).

Chlorhexidine, as the digluconate and diacetate salts, is also present as NMI used as
an antimicrobial preservative in licensed natural health products, such as sunscreen
lotions, medicated skin care products, mouthwashes, antiseptic skin cleansers, acne
treatments and hemorrhoid-associated products (personal communication, emails from
the Natural and Non-prescription Health Products Directorate, Health Canada to the
Existing Substances Risk Assessment Bureau, Health Canada, dated June 2016;
unreferenced; LNHPD [modified 2016]).

Cosmetics considered for a per application exposure scenario are listed in Table 7-1,
while products (cosmetics, natural health products and chlorhexidine as NMI in non-
prescription drugs) considered to contribute to daily exposure are listed in Table 7-2.
The generic default parameters applied to each of the exposure scenarios are provided
in Tables A-1 and A-2 (Appendix A). Dermal absorption was not factored into the
exposure estimates because these estimates will be compared to a dermal toxicity
study (see the Characterization of Risk to Human Health section).

Table 7-1. Summary of estimated dermal exposure to chlorhexidine from per
application use of cosmetic products in adults

. . . b,c
Exposure scenario from a per Concentration?® (%) Per application exposure
application use of cosmetics (mg/kg bw)

Hair dye (permanent) 0.1 0.122

Genitalia lubricant 0.2 0.158

#Based on notifications submitted under the Cosmetic Regulations to Health Canada (personal communication,
emails from the Consumer Product Safety Directorate, Health Canada to the Existing Substances Risk Assessment
Bureau, Health Canada, dated June 2016; unreferenced) and the maximum permitted concentrations of chlorhexidine
and its salts on the List of Prohibited and Restricted Cosmetic Ingredients (Health Canada 2011).

® Dermal deposition

¢ Estimated daily exposure expressed as chlorhexidine equivalent.

Table 7-2. Summary of estimated oral and dermal exposure to chlorhexidine from
daily use of cosmetics, natural health products, and non-prescription drugs

: b
Exposure scenario for | Concentration?® Daily exposure
: Source Route (mg/kg bw per
daily use (%) day)
Body moisturizer 0.2 NCR Dermal | 0.0788
(adults)
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; b
Exposure scenario for | Concentration® Daily exposure
. Source Route (mg/kg bw per
daily use (%) day)
Body moisturizer 0.2 NCR Dermal | 0.355
(infants)
Hand moisturizer 0.25 DPD Dermal | 0.0732
(adults)
Antiseptic skin cleanser 05 NNHPD Dermal | 0.0788
(adults)
Antiseptic skin cleanser 05 NNHPD Dermal | 0.107
(toddlers)
Leave-in hair conditioner | o ; _ g 5 NCR Dermal | 0.0113 - 0.023
(adults)
Lipstick (adults) 0.1 NCR Oral 0.000191
Lip balm (toddlers) 0.1 NCR Oral 0.000214
Mouthwash (adults) 0.12-0.2° NNHPD Oral 0.0163 — 0.0270
Mouthwash (children) 0.12-0.2° NNHPD Oral 0.0186 — 0.0310
Sunscreen lotion 0.25 DPD, Dermal | 0.24
(adults) NNHPD
Sunscreen lotion 0.25 DPD, Dermal | 0.27
(toddlers) NNHPD

Abbreviations: NCR, Notifications submitted under the Cosmetic Regulations; DPD, Drug Product Database; NNHPD,
Natural and Non-prescription Health Products Directorate (personal communication, emails from the Natural and
Non-prescription Health Products Directorate, Health Canada to the Existing Substances Risk Assessment Bureau,
Health Canada, dated June 2016; unreferenced)

& Cosmetic concentrations are based on notifications submitted under the Cosmetic Regulations to Health Canada
(personal communication, emails from the Consumer Product Safety Directorate, Health Canada to the Existing
Substances Risk Assessment Bureau, Health Canada, dated June 2016; unreferenced) and the maximum permitted
concentrations of chlorhexidine and its salts on the List of Prohibited and Restricted Cosmetic Ingredients (Health
Canada 2011).

® Estimated daily exposure (based on dermal deposition) expressed as chlorhexidine equivalent.

¢ Concentration based on products with a Natural Product Number in Oraldent 2015.

7.2 Health Effects Assessment

Health effects information on chlorhexidine and its salts, including chlorhexidine
diacetate, chlorhexidine digluconate and chlorhexidine dihydrochloride, were taken into
consideration in the assessment of the health effects of the chlorhexidine moiety. The
speciation of the chlorhexidine moiety in biological fluids is dependent on pH, but
independent of the original form. The anion component of the chlorhexidine salts, i.e.,
diacetate, dihydrochloride, and digluconate, are considered to be of low concern and
pose no unreasonable risk to human health (NICNAS 2014). Therefore, the
chlorhexidine moiety is expected to be responsible for the health effects of these
substances.

Multiple toxicology studies on chlorhexidine as the digluconate salt not otherwise
identified in the public domain were cited from the Registration, Evaluation,
Authorisation and Restriction of Chemicals’ dossier on this substance (ECHA ¢2007-
2015b).
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Long-term studies in rats and mice did not identify any treatment-related increases in
neoplasms when animals were exposed to chlorhexidine as the digluconate salt up to
the maximum tolerated dose, in either their feed or drinking water (Case 1977; ICI 1992,
ECHA c2007-2015b).

Overall, in vitro and in vivo genotoxicity data indicate that chlorhexidine and its salts are
not genotoxic (Suessmuth et al. 1979; Farrow 1983; Myhr 1983; Cifone 1984; COLIPA

1984; Sakagami et al. 1986; Ribeiro et al. 2004; Hikiba et al. 2005; Miyachi and Tsutsui
2005; Grassi et al. 2007; McEvoy 2010; Li et al. 2012; ECHA ¢c2007-2015b).

The acute toxicity of chlorhexidine is considered to be low by the oral and dermal routes
of exposure based on the high lethal dose (LDsp) of different formulations of
chlorhexidine in various species (Miller 1993a,b; Shapiro 1993; ECHA c2007-2015b;
NICNAS 2014).

Chlorhexidine was not irritating to the skin of rabbits in acute skin irritation studies
(Greener et al. 1985; ECHA c2007-2015b).

The toxicokinetics of chlorhexidine and its salts have been investigated in humans and
in a number of laboratory animals (Magnusson and Heyden 1973; Winrow 1973; Case
1977; Willis 1993; EMEA 1996; Block 2001; Xue et al. 2009, 2012; US FDA 2013).
Owing to their cationic nature, the chemicals bind strongly to skin and mucosa; thus,
they are poorly absorbed through the skin and the gastrointestinal tract (EMEA 1996;
US FDA 2013). The oral bioavailability was reported to be approximately 1% in a recent
human health tier 1l assessment of chlorhexidine by NICNAS (2014). Similarly, dermal
absorption was reported to be less than 1 to 4% in in vitro, animal and human studies
for chlorhexidine and its salts (Chow et al. 1978; Cowen et al. 1979; Case 1980; O’Neill
et al. 1982; Gongwer et al. 1980; Willis 1993; EMEA 1996; Lafforgue et al. 1997;
Karpanen et al. 2008)

Appearance of giant cells in the cortical and paracortical areas of the mesenteric lymph
nodes were observed in Wistar rats exposed to 5, 25 or 40 mg/kg bw per day of
chlorhexidine as the digluconate salt in drinking water for two years. They were also
observed in an earlier study of the same duration where rats were exposed to 125 or
158 mg/kg bw per day of chlorhexidine as the digluconate salt in drinking water and in a
90-day study where rats received 50, 100 or 200 mg/kg bw per day of chlorhexidine in
their drinking water (Case 1977, Block 2001). These changes were described as
reactive, non-progressive and reversible and were attributed to local effects in the
intestine from the uptake of the substance (Case 1977; ECHA c2007-2015b). Pigment-
laden macrophages (grade Il severity) were also observed in the mesenteric lymph
nodes of Wistar rats exposed to 5, 25 and 50 mg/kg bw per day of chlorhexidine as the
digluconate salt in their feed for two years (ECHA ¢c2007-2015b). In a rat developmental
study whose main focus was to detect effects in the developing lymph nodes, mild to
moderate histocytosis in the mesenteric lymph nodes of dams and offspring were
observed at 0.5 mg/kg bw per day when dams were exposed to chlorhexidine as the
digluconate salt for 50 days from gestational day 15 and the pups from post-natal day
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21 to 14 weeks or 6 months of age by gavage. The severity increased with exposure
duration, with pups appearing to be less susceptible than the dams (ECHA c2007-
2015b). These effects were not observed in the long-term oral studies in mice and dogs
(ECHA c2007-2015b).

Hepatic damage following oral exposure to chlorhexidine was observed in beagle dogs
administered chlorhexidine as the digluconate salt in capsules at doses of 0.5, 5 or 25
mg/kg bw per day for up to one year (ECHA ¢c2007-2015b). A no-observed adverse
effect level (NOAEL) of 0.5 mg/kg bw per day and a lowest observed adverse effect
level (LOAEL) of 5 mg/kg bw per day were derived based on hepatic centrilobular
fibrosis. Focal degeneration, irregular areas of liver necrosis, loss of hepatocytes and
increased serum levels of liver enzymes were observed at the high dose. There was,
however, no histological evidence of liver toxicity in the long-term studies in rats and
mice (NICNAS 2014; ECHA c2007-2015b).

In a subchronic dermal study, a systemic NOAEL of 250 mg/kg bw per day was derived
based on increased liver enzyme activity and degenerative changes in the liver that
were observed at the next dose when rabbits were topically exposed to 250, 500 or
1000 mg/kg bw per day, under occlusive dressing, for 13 weeks. Liver necrosis,
however, was graded as minimal in all treated animals. This dose is also considered a
dermal lowest observed effect level (LOEL) based on skin irritation (Henwood 1988).
There was no treatment-related effect in newborn rhesus monkeys exposed daily to a
skin cleanser containing 8% chlorhexidine digluconate for five minutes over a three
month period (Gongwer et al. 1980).

No significant treatment-related effects were reported in inhalation repeated dose
studies with the digluconate salt or diacetate salt of chlorhexidine (Andrews and Paul
1977; Willis 1993).

In a reproductive study reported by EMEA (1996), an oral NOAEL of 4.9 mg/kg bw per
day and a LOAEL of 44.4 mg/kg bw per day were identified based on decreased pup
weight at postpartum day 4, decreased maternal body weight gain and decreased
number of viable foetus when female rats were gradually exposed to 0, 4.9 and 44.4
mg/kg bw per day of chlorhexidine for two weeks and then treated with the intended
doses for 14 days prior to mating with untreated males. The intended doses of 0, 5 and
50 mg/kg bw per day were not reached due to a dose-related decrease in water
consumption caused by the substance. Another reproductive study that tested a number
of related compounds reported that chlorhexidine reduced the number of litters by half
in mice that were exposed to the test substances at 400 mg/kg bw per day for a week
(information on maternal toxicity of chlorhexidine was not provided) (Cutting et al. 1964).

In an oral developmental toxicity study, a developmental NOAEL of 30 mg/kg bw per
day and a developmental LOAEL of 100 mg/kg bw per day were identified based on a
significant increase in the incidence of delayed skeletal development at the highest
dose when pregnant rats were exposed by gavage to 0, 10, 30 or 100 mg/kg bw per day
of chlorhexidine as the digluconate salt from gestational days 6 to 19. Other effects at
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this dose included increases in early, late and total resorptions and decreased number
of fetuses. The NOAEL for maternal toxicity in this study is 10 mg/kg bw per day (ECHA
c2007-2015b). No treatment-related embryotoxic effects were observed when pregnant
Wistar rats were exposed to 0, 0.1, 0.5 and 5 mg/kg bw per day of chlorhexidine as the
digluconate salt from gestational day 15 through lactation and to their offspring (0-2.5
mg/kg bw per day) from weaning for periods up to six months. There were also no
treatment-related effects on the number, litter size, sex ratios or growth rate of the F1
pups (ECHA c2007-2015b). Similarly, no adverse effects were reported in the fetuses of
pregnant rats that were exposed to a dose of 68.5 mg/kg bw per day by gavage on
gestation days 6-15 or to those orally exposed to 10, 25 or 50 mg/kg bw per day of
chlorhexidine as the digluconate salt (Case 1977; Gilman and De Salva 1979). A
developmental study on chlorhexidine as the diacetate salt did not identify adverse
developmental effects in rats that were exposed orally to 0, 15.63, 31.26 or 62.5 mg/kg
bw per day on gestation day 6 through 15 (Lamb 1991). Maternal toxicity including
dose-related reduced body weight gain, rales and increased salivation were observed at
31.25 mg/kg bw per day (Lamb 1991).

A number of human studies on mouthwashes containing chlorhexidine digluconate were
described in the Cosmetic Ingredient Review, including a six month study in school
children (10 to 12 year olds) exposed to up to six times per week up to a 1% solution, a
six month study in adults exposed to 0.12% solution, a nine month study in adults
exposed to 0.12% solution and long-term studies (1 to 2 years) in adults exposed to
0.12% and 0.2% solution (Willis 1993). Only reversible effects, such as change in taste
perception, minor irritation, superficial desquamation of the epithelium of the oral
mucosa and teeth staining were observed. No allergic reactions were reported.
Following long-term exposure, no significant treatment-related effects were reported in
either blood parameters or oral mucosa.

Several cases of sensitization were reported in humans in patch or prick tests with
chlorhexidine (Broeckx et al. 1987; Nagendran et al. 2009; ECHA c2007-2015a),
chlorhexidine diacetate (Andersen and Brandrup 1985, Reynolds and Harman 1990;
Evans 1992; Wong et al. 1990; Leow and Goh 1999) and chlorhexidine digluconate
(Roberts et al. 1981; Bechgaard et al. 1985; Bergovist-Karlsson 1988; Okano et al.
1989; Osmundsen 1982; Liippo et al. 2011). However, these sensitization cases were
mostly observed in individuals with pre-existing skin disorders or when applied to
mucous membranes. In a study investigating cosmetic intolerance, only 15 out of 5202
patients (0.3%) tested for contact dermatitis using computer analysis of medical
histories and epicutaneous patch tests showed an allergic contact dermatitis caused by
chlorhexidine (Broeckx et al. 1987). Garvey et al. (2003) investigated the prevalence of
sensitization and allergy to chlorhexidine in health care workers. None of the 104
doctors, nurses and auxiliary staff had any reactions to skin patches containing
chlorhexidine diacetate (1%) and chlorhexidine digluconate (1%) in water (Garvey et al.
2003). In another two studies involving health care workers; however, 3 to 4% were
diagnosed with IgE-mediated chlorhexidine allergy following serological or skin prick
tests or showed positive reactions to patch test with 0.5% chlorhexidine diacetate or
0.5% chlorhexidine digluconate (Nagendran et al. 2009; Toholka and Nixon 2013).
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Similarly, as part of a retrospective study, 82 out of 8497 patients (1%) patch tested with
chlorhexidine during 2003-2013 at the Department of Dermato-Allergology at the
Copenhagen University Hospital were positive. Of these 82 patients, 43 (0.5%) had a
positive test reaction to chlorhexidine diacetate, 11 (0.1%) had a positive test reaction
to chlorhexidine digluconate, and 28 (0.3%) had positive test reactions to

both chlorhexidine salts. Known causes of the allergy were reported by 19 patients
(40%) and were mainly attributed to products used in the healthcare setting (Opstrup et
al. 2016). In a multicenter, cluster-randomized study evaluating daily bathing with
chlorhexidine impregnated washcloths on the acquisition of multidrug-resistant
organisms and the incidence of hospital-acquired bloodstream infections, the overall
incidence of skin reactions among patients assigned to chlorhexidine bathing was 2.0%
(78 of 3970 patients), as compared with 3.4% (130 of 3842) among those assigned to
bathing with the control product (Climo et al. 2013).

7.3 Characterization of Risk to Human Health

No evidence for carcinogenicity or genotoxicity was observed in the available empirical
data for chlorhexidine and its salts. Therefore, characterization of risk in this draft
screening assessment is based on non-cancer effects.

There is no significant absorption when chlorhexidine is applied to intact skin and,
similarly, the oral bioavailability was reported to be approximately 1% in a recent human
health tier 1l assessment of chlorhexidine by NICNAS (2014). These properties have led
to the development of chlorhexidine principally as a topical antiseptic.

Chlorhexidine can be released into water as a result of its use as disinfectant as well as
its use as an antimicrobial preservative in a number of products, including cosmetics,
natural health products and non-prescription drugs. A down-the-drain scenario was
used to derive a concentration in surface water for potential contaminant ingestion
through water and resulted in intake estimates from drinking water that range from 2.67
x10"° mg/kg bw per day for adults (20-59 years) to 5.69 x10°® mg/ kg bw per day for
toddlers (0.5-4 years).

A LOEL of 5 mg/kg bw per day based of the appearance of giant cells in the mesenteric
lymph nodes were derived from two oral chronic studies when rats were exposed to
chlorhexidine as the digluconate salt through drinking water and diet. These effects
were described as reactive, non-progressive and reversible and were attributed to
localized effects in the intestine from the uptake of the substance (Case 1977; Block
2001; ECHA c2007-2015b).

Comparison of intake estimates from drinking water (5.69 x10°® mg/ kg bw per day for
children 0.5-4 years) and the chronic oral critical effect level (LOEL of 5 mg/kg bw per
day based on localized effects in the intestine in rats exposed to chlorhexidine for two
years) results in margin of exposure (MOE) of 880 000. This margin of exposure is
considered adequate to address uncertainties in the health effects and exposure
databases.
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Exposure of the general population in Canada to chlorhexidine and its salts occurs
predominantly through products by the dermal route. No chronic dermal toxicity study
was identified for chlorhexidine and its salts. A systemic NOAEL of 250 mg/kg bw per
day was derived based on liver effects when rabbits were topically exposed, under
occlusive dressing, to chlorhexidine as the diacetate salt for 13 weeks (Henwood 1988).
This dose is also considered a dermal LOEL based on minimal skin irritation. No
treatment-related effects were observed in another subchronic study where newborn
rhesus monkeys were exposed daily to a skin cleanser containing 8% chlorhexidine as
the digluconate salt (Gongwer et al. 1980).

Estimates of risk associated with daily use of cosmetics, non-prescription drugs and
natural health products that resulted in the greatest exposure to chlorhexidine are
presented in Table 7-3.

Comparison of the estimates of dermal exposure to chlorhexidine and its salts from the
daily use of cosmetics, non-prescription drugs and natural health products that resulted
in the greatest exposures to chlorhexidine with the critical effect level (subchronic
systemic NOAEL of 250 mg/kg bw per day) results in MOEs of 704 to 22 100, which are
considered adequate to address uncertainties in the health effects and exposure
databases. Although a study of shorter duration is used and a MOE of less than 1 000
was obtained for the infant body moisturizer scenario, the MOE is still considered
protective. This is based on the use of conservative default values and algorithms in
estimating exposures and the use of a systemic NOAEL as the point of departure for a
dermal exposure. In addition, given that minimal skin irritation was also observed in
some animals at that dose, exposure is expected to be self-limiting.

Table 7-3. Margins of exposure for dermal exposure to chlorhexidine from daily
use of products (cosmetics, natural health products and as NMI in non-
prescription drugs) that result in the greatest exposure to chlorhexidine

Exposure eDf”c))/sure Critical effect

posu Source P levels MOEs
scenario (mg/kg bw (mg/kg bw per day)

per day) 9/kKg P y

(Ba%cli}ftgostunzer NCR 0.0788 gggtemlc NOAEL = 3170
(Eiar?%%trg)olsturlzer NCR 0.355 gggtemlc NOAEL = 204
I(—(I;’;(tjrlljtljtsr?0|sturlzer DPD 0.0732 gggtemlc NOAEL = 3410
Antiseptic skin NNHPD | 0.0788 Systemic NOAEL = 3170
cleanser (adults) 250
Antiseptic skin Systemic NOAEL =
cleanser (toddlers) NNHPD | 0.107 250 2330
Leave-in hair . _
conditioner NCR | 0.0113-0.023 g%’gtem'c NOAEL = 1 55 100 - 10 900
(adults)
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Exposure eDf”c))/sure Critical effect

posu Source P levels MOEs
scenario (mg/kg bw K

per day) (mg/kg bw per day)

Sunscreen lotion Systemic NOAEL =
(adults) NNHPD | 0.24 250 1040
Sunscreen lotion Systemic NOAEL =
(toddlers) NNHPD | 0.27 250 930

Abbreviations: MOE, margin of exposure; LOEL, lowest-observed-effect level; NCR, Notifications submitted under
the Cosmetic Regulations; DPD, Drug Product Database; NNHPD, Natural and Non-prescription Health Products
Directorate.

Although concurrent or sequential use of products containing chlorhexidine and its salts
may occur, simultaneous exposure from a number of products containing these
substances would not be of concern based on the conservatism nature of the exposure
scenario and the very low dermal absorption (less than 1 to 4%) consistently observed
for these substances (Chow et al. 1978; Case 1980; EMEA 1996; Lafforgue et al. 1997,
Karpanen et al. 2008; NICNAS 2014).

Exposure of the general population in Canada to chlorhexidine and its salts also occurs
through a per application use of cosmetics by the dermal route. Exposure scenarios for
the use of permanent hair dyes and genitalia lubricants resulted in the greatest
exposure to chlorhexidine. Estimates of risk associated with a per application use of
permanent hair dye and genitalia cream are presented in Table 7-4.

Comparison of estimates of dermal exposure to chlorhexidine and its salts from the per
application use of permanent hair dyes and genitalia lubricants with the critical effect
level (subchronic systemic NOAEL of 250 mg/kg bw per day) results in MOEs of greater
than or equal to 2 050 and of greater than or equal to 1 600, respectively, which are
considered adequate to address uncertainties in the health effects and exposure
databases.

Table 7-4. Margins of exposure for dermal exposure to chlorhexidine from a per
application use of permanent hair dye and genitalia lubricants

Per application .
. Critical effect levels
Exposure scenario exposure MOEs
(mg/kg bw) (mg/kg bw per day)
Hair dye (permanent) 0.122 Systemic NOAEL = 2 050
(adults) ' 250
Genitalia lubricant 0.158 Systemic NOAEL = 1600
(adults) ' 250

Abbreviations: MOE, margin of exposure; NOAEL, no-observed-adverse-effect level

Exposure to chlorhexidine and its salts can also occur orally through use of a limited
number of cosmetics (i.e., lipsticks and lip balms) and natural health products (i.e.,
mouthwashes). These product types only encompass very few products each (LNHPD
[modified 2016]; personal communication, emails from the Natural and Non-prescription
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Health Products Directorate, Health Canada to the Existing Substances Risk
Assessment Bureau, Health Canada, dated June 2016, unreferenced; personal
communication, emails from the Consumer Product Safety Directorate, Health Canada
to the Existing Substances Risk Assessment Bureau, Health Canada, dated June 2016,
unreferenced). Similarly, chlorhexidine is listed as a NMI in only a few mouthwashes
that are available to the general population (DPD [modified 2015]; LNHPD [modified
2016]). Given the limited number of products available to the general population and the
small market share of these products, exposure of the general population of Canada to
chlorhexidine and its salts is therefore limited through the oral route

Estimates for oral exposure are 1.91 x 10 mg/kg bw per day for lipstick (adults) and
2.14 x 10™* mg/kg bw per day for lip balm (toddlers), respectively. Exposure to
mouthwashes in adults and children resulted in the highest exposure by the oral route;
estimates are 0.0270 mg/kg bw per day and 0.0310 mg/kg bw per day for adults and
children, respectively.

A number of human studies on mouthwashes containing chlorhexidine digluconate were
described in the Cosmetic Ingredient Review, including a 6-month study in school
children (10 to 12 years old) and long-term studies (1 to 2 years) in adults exposed to
up to a 1% solution (Willis 1993). Only reversible effects, such as change in taste
perception, minor irritation, superficial desquamation of the epithelium of the oral
mucosa and teeth staining were observed. No allergic reactions were reported and
following long-term exposure, no significant treatment-related effects were reported in
either blood parameters or oral mucosa.

Given that the estimates for oral exposure to mouthwash is higher than those from the
lipstick and lip balm scenarios and no critical effect level was identified from the
mouthwash studies carried out in humans, risk to human health is expected to be low at
current levels of exposure.

7.4 Uncertainties in Evaluation of Risk to Human Health

There is uncertainty regarding the estimation of exposure due to the lack of
representative measured concentrations of the chlorhexidine moiety in Canadian
surface water or drinking water and the use of a model for estimating risk to human
health. However, confidence is high that actual exposures to chlorhexidine in Canadian
drinking water would be lower than the exposures estimated using the model. The
uncertainty in the human risk estimates could be reduced significantly by the use of
measured concentration data.

The confidence in the health effects assessment for chlorhexidine and its salts is
considered moderate to high. The modes of action of chlorhexidine and its salts for the
induction of the health effects observed in animals have not been fully elucidated.
Empirical data has been identified for the relevant toxicological endpoints. Many of the
toxicity studies identified were based on unpublished study reports described through
secondary sources, including ECHA (c2007-2015b), Willis (1993) and EMEA (1996).
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According to ECHA (c2007-2015b), however, many of those studies, including those on
chronic toxicity, were conducted according to guidelines that are similar or equivalent to
OECD guidelines and were based on Good Laboratory Practices. Furthermore, given
chlorhexidine’s clinical use as an antiseptic and disinfectant for over 50 years, human
empirical data is available for adults, children and infants (EMEA 1996; Willis 1993).

There is uncertainty associated with the hazard characterization regarding the duration
of the study selected to characterize the risks following daily use of cosmetics, non-
prescription drugs and natural health products. As no chronic dermal toxicity study was
identified, a subchronic dermal toxicity study was used to derive MOEs for chronic
dermal exposures.

It is recognized that chlorhexidine and its salts may have sensitization potential for
some individuals as was reported following patch and prick tests with the substances;
however, these tests were mostly done on workers in an occupation setting and were
mostly observed in individuals with pre-existing skin disorders or when applied to
mucous membranes (see the Health Effects Assessment section).

8. Conclusion

Considering all available lines of evidence presented in this updated draft screening
assessment, there is risk of harm to organisms, but not to the broader integrity of the
environment from chlorhexidine and its salts. It is proposed to conclude that
chlorhexidine and its salts meet the criteria under paragraph 64(a) of CEPA as they are
entering or may enter 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. However, it is proposed to conclude that chlorhexidine and its
salts do not meet the criteria under paragraph 64(b) of CEPA as they are not entering
the environment in a quantity or concentration or under conditions that constitute or may
constitute a danger to the environment on which life depends.

Based on the information currently available on its potential to cause harm to human
health, it is proposed to conclude that chlorhexidine and its salts 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 chlorhexidine and its salts meet one or more of
the criteria set out in section 64 of CEPA. The chlorhexidine moiety is proposed to meet
the criteria for persistence but does not meet the criteria for bioaccumulation as set out
in the Persistence and Bioaccumulation Regulations of CEPA.
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Appendix A. Estimated Human Exposures from Use of
Products

Exposures were estimated for different age groups based on body weights from Health
Canada’s exposure factors for the general population of Canada (Health Canada 1998):

Infants (0—6 months): 7.5 kg
Toddlers (0.5—4 years): 15.5 kg
Children (5-11 years): 31.0 kg
Adults (20-59 years): 70.9 kg

All assumptions are listed below for dermal exposure parameters (including exposure
scenarios for cosmetics, natural health products, and use of NMI in non-prescription
drugs) and were ConsExpo default assumptions (RIVM 2006b) unless otherwise noted.
An overall retention factor of 1 was used unless otherwise stated. Exposures were
estimated for an adult unless otherwise specified.

Body moisturizer (infant): Exposure frequency: 1.7 per day (Wormuth et al. 2006)
Product amount: 1.4 g per application (Wormuth et al. 2006)

Body moisturizer: Exposure frequency: 1.13 per day (Loretz et al. 2005)
Product amount: 4.4 g per application (mean) (Loretz et al.
2005)

Genitalia lubricant: Exposure frequency: 0.005 per day (personal

communication, email from the New Substances
Assessment and Control Bureau, Health Canada to the
Existing Substances Risk Assessment Bureau, Health
Canada, dated July 5, 2016; unreferenced)
Product amount: 10 g per application (US EPA 1997)

Hair dye (non-spray/wash-in; permanent):
Exposure frequency: 0.02 per day (7.99 per year) (Statistics
Canada 2012)
Product amount: 100 g per application
Overall retention factor: 0.10 (SCCS 2015)

Hand moisturizer: Exposure frequency: 2.1 per day (Loretz et al. 2005)
Product amount: 1.7 g per application

Antiseptic skin cleanser:  Exposure frequency: 2.9 per day (Wu et al. 2010)
Product amount: 0.7 g per application (Health Canada
2015)

Antiseptic skin cleanser (toddler):
Exposure frequency: 0.8 per day (Wu et al. 2010)
Product amount: 0.7 g per application (Health Canada
2015)

Leave-in hair conditioner. Exposure frequency: 1.1 per day
Product amount: 13.1 g per application
Overall retention factor: 0.1 (professional judgment)
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Sunscreen lotion: Product amount: 12.3 g per day based on 177 use days
(ESRAB 2017)

Sunscreen lotion (toddler): Product amount: 3 g per day based on 177 use days
(ESRAB 2017)

All assumptions listed below are for oral exposure parameters for cosmetics and natural
health products, and were ConsExpo default assumptions (RIVM 2006b) unless
otherwise noted. All product scenarios are for adults unless otherwise indicated.

Lip balm (toddler): Exposure frequency: 0.59 per day (Wu et al. 2010)
Product amount: 0.01 g per application

Lipstick: Exposure frequency: 2.4 per day (Loretz et al. 2005)
Product amount: 0.01 g per application

Mouthwash (child): Exposure frequency: 0.85 per day (Ficheux et al. 2015)

Product amount: 10 g per application (Product labels on
children’s mouthwash recommend children between 6 and
12 years old consume 10 ml per use. Assuming a density of
1 g/ml).
Overall retention factor: 0.1 (SCCS 2015)

Mouthwash: Exposure frequency: 1.0 per day (Ficheux et al. 2015)
Product amount: 17 g per application (Ficheux et al. 2016)
Overall retention factor: 0.1 (SCCS 2015)
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