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Synopsis

Pursuant to sections 68 and 74 of the Canadian Environmental Protection Act, 1999
(CEPA), the Minister of Environment and Climate Change and the Minister of Health
have conducted a screening assessment of five substances referred to collectively as
the Poly(bios) Group. Substances in this group 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 human health concerns. The Chemical Abstracts
Service Registry Numbers (CAS RN%), their Domestic Substances List (DSL) names
and their acronyms are listed in the table below.

Substances in the Poly(bios) Group

CAS RN ® | Domestic Substances List name Acronyms
1401-55-4% Tannins -
1415-93-6° Humic acids -
65996-62-5 Starch, oxidized -
56780-58-6* | Starch, 2-hydroxy-3-(trimethylammonio)propyl ether, SEGAC

chloride
65497-29-2* | Guar gum, 2-hydroxy-3-(trimethylammonio)propyl ether, GEGAC
chloride

4 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 human health concerns.

These five substances were previously evaluated under the Second Phase of Polymer
Rapid Screening, which identified tannins, humic acid and oxidized starch as having low
potential to cause ecological harm, and SEGAC and GEGAC as having low potential to
cause harm to human health. However, they were identified as requiring further
assessment for potential human health or ecological risks on the basis of structural
alerts and/or uses associated with significant consumer exposure. The present
assessment further elaborates on the potential for tannins, humic acid, and oxidized
starch to cause harm to human health, and for SEGAC and GEGAC to cause ecological
harm, in order to reach an overall conclusion under section 64 of CEPA as to whether
they pose a risk to the environment or human health.

Tannins occur naturally in the environment. In Canada, they are reported to be used in
the food, pharmaceutical, cosmetic, fabric, and textile industries. It has been reported
that volumes between 100-1000 kg of tannic acid (the most commonly used tannin)
were either imported or manufactured in Canada in 2014. Tannins do not contain any
reactive functional groups or other structural features associated with human health

! 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.



concerns. The toxicological information available indicates that it has a low hazard
profile for human health. Tannins are naturally occurring in a number of botanical
sources and tannic acid can be used as a food additive. Therefore, direct exposure is
expected; however, indirect exposure through drinking water is negligible.

Humic acid occurs naturally in the environment. In Canada, it is reported to be used in
cosmetics and natural health products. Import volumes of up to 100 000 kg of humic
acid have been reported for the year 2014. Humic acid does not contain any reactive
functional groups or other structural features associated with human health concerns.
The toxicological information available indicates that it has a low hazard profile for
human health. Humic substances are naturally occurring in the environment; however,
both direct and indirect exposure to humic acid is expected to be negligible.

Oxidized starch does not occur naturally in the environment. In Canada, it is reported to
be used in the paper and textile industries. It has been reported that greater than 10
million kilograms of oxidized starch were either imported or manufactured in Canada in
2014. The reactive aldehyde groups present in oxidized starch are found to be at very
low amounts and do not present a human health hazard. No other toxicological
concerns were identified therefore oxidized starch has a low hazard profile for human
health. Oxidized starch is used as a food ingredient and, therefore, direct exposure from
the diet is expected.

SEGAC is a cationic modified starch compound that does not occur naturally in the
environment. According to available information, SEGAC, is used in the pulp and paper
industries and between 100 000 and 1 000 000 kilograms were imported into Canada in
2014. Based on the use pattern, and exposure pattern, SEGAC is not expected to pose
a risk to the environment.

GEGAC is manufactured by modifying guar gum with cationic functionality. It does not
occur naturally in the environment. Up to 100 000 kilograms of GEGAC were imported
into Canada in 2014 and reported to be used in personal care products. Considering the
use patterns and hazard profile, GEGAC is not expected to pose a risk to the
environment.

Considering all available lines of evidence presented in this assessment, there is low
risk of harm to organisms and the broader integrity of the environment from tannins,
humic acid, oxidized starch, SEGAC, and GEGAC. It is proposed to conclude that
tannins, humic acid, oxidized starch, SEGAC, and GEGAC do not meet the criteria
under paragraphs 64(a) or (b) of CEPA as they are not entering the environment in a
guantity or concentration or under conditions that have or may have an immediate or
long-term harmful effect on the environment or their biological diversity or that constitute
or may constitute a danger to the environment on which life depends.

Based on the information presented in this screening assessment, it is proposed to
conclude that tannins, humic acid, oxidized starch, SEGAC, and GEGAC 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 tannins, humic acid, oxidized starch, SEGAC,
and GEGAC do not meet any of the criteria set out in section 64 of CEPA.
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Draft Screening Assessment — poly(bios)

1. Introduction

Pursuant to sections 68 and 74 of the Canadian Environmental Protection Act, 1999
(CEPA) (Canada 1999), the Minister of Environment and Climate Change and the
Minister of Health have conducted a screening assessment of five substances referred
to collectively as the Poly(bios) Group to determine whether these substances present
or may present a risk to the environment or to human health. The substances in this
group 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 human
health concerns (ECCC, HC 2007).

While the five substances considered in this assessment are collectively referred to as
the Poly(bios) Group, they lack similarities that would support a group approach to
exposure, hazard and risk characterization; thus, their exposure and hazard profiles
were independently assessed for risk. The assessment of each substance forms its own
chapter.

The substances considered in this assessment have been previously evaluated using a
rapid screening approach. The approach and results of its application, are presented in
the document “Second Phase of Polymer Rapid Screening: Results of the Draft
Screening Assessment” (ECCC, HC 2017). The ecological and human health rapid
screening approaches are summarized in the Appendix of this screening assessment.
Application of these approaches identified tannins, humic acid and oxidized starch as
having low potential to cause ecological harm, and identified SEGAC and GEGAC as
having low potential to cause harm to human health. These results, in conjunction with
any other relevant information that became available after the publication of the report
on the second phase of polymer rapid screening, are considered in support of the
conclusions made under section 64 of CEPA in this screening assessment.

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

This 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.

This screening assessment focuses on information critical to determining whether
substances meet the criteria as set out in section 64 of CEPA, by examining scientific
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information and incorporating a weight of evidence approach and precaution®. The
screening assessment presents the critical information and considerations upon which
the proposed conclusion is made.

2. Tannins
2.1 Substance ldentity

Tannins (CAS RN 1401-55-4) are primarily polyphenolic substances. Tannins are gallic
acid derivatives found in nutgalls, bark and other plants parts (SciFinder). They are
considered to be of unknown or variable composition, complex reaction products or
biological materials (UVCBSs). Tannins may be divided into 2 groups: (a) condensed
tannins (mostly derivatives of flavonols) and (b) hydrolysable tannins which are esters of
a sugar (glucose) with one or more trihydroxybenzene-carboxylic acids (Merck Index
1989). The majority of the literature considers ‘Tannic acid’ as a synonym for tannins
(specifically hydrolyzed tannins). The CAS RN 72401-53-7 for tannic acid has also been
indicated in some references as a synonym for tannins (EFSA 2014). Accordingly, the
more defined substance, i.e. tannic acid, will be preferably used in this assessment
report. The representative structure of tannic acid is presented in Figure 2-1. A list of
additional chemical names (e.g., trade names) is available from the National Chemical
Inventories (NCI 2015).

%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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Figure 2-1. Representative structure of tannic acid

2.2 Physical and Chemical Properties

A summary of physical and chemical properties for tannic acid is presented in Table
2-1.

Table 2-1. Physical and chemical property values (at standard temperature) for
tannic acid

Property Tannic acid Key reference(s)
Physical state solid Canada 2015, ECCC 2015
Mw= Weight-average molecular Merck Index 1989
: 1701.2

weight (Da)

Melting point (°C) 210-215 decomp. | Merck Index 1989

pH® ~3.5 Perez/Perez 2000,

Vapour pressure (Pa) < 0.0001 Canada 2015, ECCC 2015
Water solubility soluble Merck Index 1989

") Tannic acid is a weak organic acid (pH~ 3.5 for 1% solution) despite lacking the carboxylic acid functional group.
This is due to having multiple phenolic groups (Perez and Perez 2000).

2.3 Sources and Uses

Tannic acid is available from a variety of botanical sources. It is obtained by solvent
extraction of nutgalls or excrescences that form on the young twigs of Quercus
species. Tannic acid is also obtained by solvent extraction of the seed pods of Tara
(Caesalpinia spinosa) or the nutgalls of various sumac species (Burdock 2010, Smith
and Hong-Shum 2003).

Tannic acid has been included in a voluntary survey (ECCC 2015) as well as a
mandatory survey conducted under section 71 of CEPA (Canada 2015).
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Table 2-2 below presents a summary of the total manufacture, total import and total use
guantities for the substance in 2014. These sources indicate that the primary uses for
tannic acid in Canada are in food, pharmaceutical, cosmetic, fabric, and textile
industries.

Table 2-2. Summary of information on Canadian manufacturing, and import
guantities of tannic acid in 2014 submitted pursuant to a voluntary survey and to
a section 71 survey of CEPA

Total manufacture?® (kg) Total imports® (kg) Survey reference
0 100-1000 Canada 2015, ECCC 2015

*Values reflect quantities reported in response to a voluntary survey (ECCC 2015) and a mandatory survey
conducted under section 71 of CEPA (Canada 2015). See surveys for specific inclusions and exclusions (schedules
2 and 3).

Globally, tannic acid is used in the food industry as a food enhancer, clarifying agent,
colour modifier, pH adjuster, boiler water additive; in the manufacturing industry it is
used as a mordant in dying, printing fabrics, inks, tanning, coagulant, analytical reagent,
photography; in the pharmaceutical industry it is used as an astringent, hemostatic
agent; in the animal feeding industry it is used as a flavoring agent; and in the pesticide
industry as a dispersing agent (Chung et al. 1998, EPA 2006).

A number of domestic government databases were searched to determine if tannic acid
is registered and/or approved for uses in Canada. These uses for tannic acid are listed
in Table 2-3.
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Table 2-3. Additional uses in Canada for tannic acid

Use Tannic acid
Food additive® Yes
Food packaging materials® No
Internal Drug Product Database as medicinal or non-medicinal
ingredients in final Pharmaceutical, Disinfectant or Veterinary drug Yes
products in Canada®
Natural Health Products Ingredients Database® Yes

Licensed Natural Health Products Database as medicinal or non-

medicinal ingredients in natural health products in Canada® Yes

List of Prohibited and Restricted Cosmetic Ingredients’ No

Notified to be present in cosmetics, based on notifications

submitted under the Cosmetic Regulations to Health Canada® ves
Formulant in pest control products registered in Canada” No
Known toy use' No

Health Canada (modified 2013)

® Food Directorate, Health Canada, to the Risk Management Bureau, Health Canada; unreferenced

¢ DPD (modified 2015)

¢ NHPID (modified 2016)

¢ LNHPD (modified 2016)

" Health Canada (modified 2015)

9 Consumer Product Safety Directorate, Health Canada, to the Risk Management Bureau, Health Canada;
unreferenced

" PMRA (2010)

' Toy Industry Spreadsheet (2016)

2.4 Potential to Cause Ecological Harm

Critical data and considerations used during the second phase of polymer rapid
screening to evaluate the substance-specific potential to cause ecological harm are
presented in ECCC (2016).

Tannins were identified as not containing any reactive functional groups associated with
increased ecological concern. Therefore, this substance was characterized as having a

low potential for ecological risk. It is unlikely that this substance results in concerns for
organisms or the broader integrity of the environment in Canada.

2.5 Potential to Cause Harm to Human Health

2.5.1 Exposure Assessment

2.5.1.1 Direct Exposure

The majority of human exposure to tannic acid comes from its natural occurrence and
its use as a food additive in numerous food and beverage products. The U.S. Food and

Drug Administration (FDA) allow the use of tannic acid as a flavouring agent and

5
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adjuvant, and a processing aid at levels up to 400 ppm in various foods (FDA, CFR). By
estimation, the individual consumption of tannic acid through food from its use as a food
flavouring agent is 1.51 mg/kg/day or around 105 mg/day for a 70 kg-adult (Burdock
2010).

In Canada, tannic acid is permitted for use as a food additive in: chewing gum to reduce
adhesion at a level of use in accordance with Good Manufacturing Practices; in cider,
honey wine and wine as a fining agent at a maximum level of use of 200 ppm; and in
beer as a fining agent at a maximum level of use of 10 ppm; as set out in the List of
Permitted Food Additives with Other Generally Accepted Uses (Health Canada
2016/Food and Nutrition). Based on the limited foods to which the food additive tannic
acid is permitted to be added and its purpose of use in wine and beer, exposure to
tannic acid when used as a food additive is expected to be negligible.

Although tannic acid has been used in cosmetics, dermal absorption is not expected
due to its high molecular weight. Exposure to tannic acid through inhalation is not
expected to be a human health concern due to its low vapour pressure.

In Canada, tannic acid is listed as both a medicinal (anti-diarrheal, max. 650 mg/day for
adults) and non-medicinal ingredient (as clarifying agent, emulsifying agent, flavour
enhancer, gelling agent, stabilizing agent, thickening agent) in the Natural Health
Products Ingredients Database (NHPID (modified 2016)). It is used in 4 licensed NHPs
(1 as medicinal and 3 as non-medicinal ingredient). Tannic acid as an active drug
ingredient is found in 29 products; 12 for human use (anti-diarrhea, anti-infective,
keratolytic, astringent, antipruritic, anesthetic, and homeopathic) and 17 for veterinary
use.

Based on notifications submitted under the Cosmetic Regulations to Health Canada,
tannic acid is used in certain cosmetic products [59 cosmetics contain this substance at
levels up to 30% (but mostly below 1%)] in Canada such as bath/fragrance product,
cleanser, conditioner, hair color, lubricant, massage product, moisturizer, shaving
product, shampoo, and hair/styling product (personal communication, emails from the
Consumer Product Safety Directorate, Health Canada, to the Existing Substances Risk
Assessment Bureau, Health Canada, December, 2016; unreferenced). As mentioned
above, dermal absorption for the substance is not expected due to its large molecular
weight.

2.5.1.2 Indirect Exposure

In the event of an unforeseen environmental release of tannic acid, it is expected to
become widely distributed in the aquatic environment based on its high water solubility.
However, tannic acid is a hydrolyzable tannin that yields mostly gallic acid and glucose
as hydrolysis products when released to water. Consequently, the indirect exposure of
the general population to tannic acid through environmental media such as drinking
water is expected to be minimal.
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2.5.2 Health Effects Assessment

During evaluation under the second phase of polymer rapid screening, tannins was
identified as requiring further assessment as a result of possible subchronic toxicity or
thyroid effects. The substance does not contain any reactive functional groups or
structural features which are known to be associated with adverse human health
effects.

The focus of the information provided is on tannic acid which has more information and
is a representative for tannins.

Tannins are considered to be of low nutritive value and reduce the absorption of
proteins; however, the toxicological information on tannic acid does not suggest any
specific toxicity at dietary levels below 5% (Chung et al.1998). Tannic acid is poorly
absorbed in the digestive tract (Nakamura et al., 2003) but can be degraded in the gut,
by bacteria or enzymes, to gallic acid or ellagic acid, both of which are also naturally
found in food. These degradation products can be absorbed in the digestive tract. In
vitro studies carried out in ruminal fluid collected from cattle showed that tannic acid
was converted to gallic acid, pyrogallol and resorcinol (Singh et al. 2001). Its
metabolites in target species, experimental animals and humans are very similar and
appear to be efficiently excreted (Singh et al. 2001).

Both gallic and ellagic acid have been associated with health benefits as they possess
antioxidant activity (Chung et al.1998). Gallic acid did not show any subchronic toxicity
in mice (Rajalakshmi et al., 2001) but did cause hematological and liver effects in rats,
which is likely the subchronic toxicity identified during the polymer rapid screening
process, triggering further assessment. In addition, these flavonoids (gallic acid, ellagic
acid) may inhibit thyroid peroxidase and have anti-thyroid effects (de Souza Dos Santos
et al., 2011); however no studies were found associating these effects with tannic acid.
As such, the concerns based on degradation products of tannic acid were not deemed
relevant to tannic acid itself. Therefore, tannic acid is expected to have a low hazard.

Tannic acid is not classified as carcinogenic to humans by the International Agency for
Research on Cancer (IARC) (group 3).

2.5.3 Characterization of Risk to Human Health

In this assessment, the human health risks were established through consideration of
both the hazard and the direct and indirect exposure of the substance for current uses
identified from a survey under section 71 of CEPA.

The human health hazard associated with subchronic exposure to tannic acid is
considered low. It is present at low concentrations in a limited number of food sources
and is not well absorbed in the Gl tract. Therefore, it is not anticipated to pose a human
health risk through dietary exposure. Tannic acid is poorly absorbed through the dermal
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route. Taking into consideration the direct and indirect exposure, as well as low hazard,
associated with tannic acid, the human health risk has also been determined to be low.

3. Humic Acid
3.1 Substance Identity

The substance humic acid consists of a mixture of complex macromolecules resulting
from the decomposition of organic matter, particularly dead plants (Merck index). It is
found in soils, coals, peats, and water ecosystems. The composition of humic is variable
and may contain polyphenolics, heterocyclics, sugars, and amino acids/peptides with
functional groups such as carboxyl, hydroxyl, ketone, and amine as well as others. The
chemical (elemental) composition of humic acid varies considerably depending on its
source, extraction method, and conditions. In other words, it is considered a UVCB. The
CAS RN for humic acid is 1415-93-6. There is no defined structure for humic acid.
Regardless of their origin, the building blocks of humic acid appear to be mostly small
phenolic units. To represent a humic acid structure, these units are rearranged into a
combination of structural moieties. Therefore, Figure 3-1 is a structural model showing
molecular components thought to be present in natural humic substances (Tan 2014,
Kosobucki and Buszewski 2014, Pena-Mendez et al. 2005). A list of additional chemical
names (e.g., trade names) is available from the National Chemical Inventories (NCI
2015).

R =alkyl or aryl

Figure 3-1. Representative structure of humic acid
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3.2 Physical and Chemical Properties

A summary of physical and chemical properties for humic acid is presented in Table
3-1.

Table 3-1. Physical and chemical property values (at standard temperature) for
humic acid

Property Humic acid Key reference(s)
Physical state solid Canada 2015, ECCC 2015
Mw= Weight-average | _ i Tan 2014, Perminova 2003,
molecular weight (Da) 5 000-30 000 Kosobucki/Buszewski 2014
Mn= Number-average | _ ;43 1094 Tan 2014
molecular weight (Da)
pH® 3.5-4.0 Hewlett 2003
Vapour pressure (Pa) | negligible Canada 2015, ECCC 2015
Water solubility negligible to low Tan 2014
Octanol/water partition
coefficient (10g Koy)™ -2.3 10 -2.86 Badun 2004
Biodegradation 12.7% (1y) t1. = 10y | Qualls 2004
Density (g/cm?3) 1.6-1.8 Canada 2015, ECCC 2015

" The values indicated for humic acid are, in fact, toluene/water partition coefficient (instead of octanol/water) as log
Kw (Badun et al. 2004).

3.3 Sources and Uses

Soil contains 1-5% humic acids (humic acid and fulvic acid). Other main sources include
peat (10-40%), manure (5-15%), and compost (2-5%). Leonardite, a coal originating
from plant matter, may contain up to 80% humic acids (Davies 2001).

Humic acid has been included in a voluntary survey (ECCC 2015) as well as a
mandatory survey conducted under section 71 of CEPA (Canada 2015). Table 3-2
below presents a summary of the total manufacture, total import and total use quantities
for the substance in 2014.

Table 3-2. Summary of information on Canadian manufacturing, and import
guantities of humic acid in 2014 submitted pursuant to a voluntary survey and to
a section 71 survey of CEPA

Total manufacture?® (kg) Total imports? (kg) Survey reference

0 10 000-100 000 Canada 2015, ECCC 2015

#Values reflect quantities reported in response to a voluntary survey (ECCC 2015) and a mandatory survey
conducted under section 71 of CEPA (Canada 2015). See surveys for specific inclusions and exclusions (schedules
2 and 3).
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The primary uses for humic acid in Canada, according to information reported in a
voluntary survey (ECCC 2015) and a mandatory survey conducted under section 71 of
CEPA (Canada 2015), are in cosmetics as well as natural health products.

Globally, humic acid is used as a component in fertilizers. It has been used in industry
(building, woodworking, ceramic, plastics, paper, etc.), in environmental chemistry (to
remove toxic metals, anthropogenic organic chemicals and other pollutants from water),
and in veterinary and human medicine (Pena-Mendez et al. 2005).

A number of domestic government databases were searched to determine if humic acid

is registered and/or approved for uses in Canada. These uses for humic acid are listed
in Table 3-3.

Table 3-3. Additional uses in Canada for humic acid

Use Humic acid
Food additive® No
Food packaging materials® No
Internal Drug Product Database as medicinal or non-medicinal
ingredients in final Pharmaceutical, Disinfectant or Veterinary No
drug products in Canada®
Natural Health Products Ingredients Database® Yes
Licensed Natural Health Products Database as medicinal or
non-medicinal ingredients in natural health products in Yes
Canada®
List of Prohibited and Restricted Cosmetic Ingredients’ No
Notified to be present in cosmetics, based on notifications Yes
submitted under the Cosmetic Regulations to Health Canada®
Formulant in pest control products registered in Canada” No
Known toy use' No

@ Health Canada (modified 2013)

Food Directorate, Health Canada, to the Risk Management Bureau, Health Canada; unreferenced

DPD (modified 2015)

NHPID (modified 2016)

LNHPD (modified 2016)

Health Canada (modified 2015)

Consumer Product Safety Directorate, Health Canada, to the Risk Management Bureau, Health Canada;
unreferenced

" PMRA (2010)

' Toy Industry Spreadsheet (2016)

Q@ - o o o T

3.4 Potential to Cause Ecological Harm

Critical data and considerations used during the second phase of polymer rapid
screening to evaluate the substance-specific potential to cause ecological harm are
presented in ECCC (2016).
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Humic acid was identified as not containing any reactive functional groups associated
with increased ecological concern. Therefore, this substance was characterized as
having a low potential for ecological risk. It is unlikely that this substance results in
concerns for organisms or the broader integrity of the environment in Canada.

3.5 Potential to Cause Harm to Human Health

3.5.1 Exposure Assessment

3.5.1.1 Direct Exposure

The majority of exposure to humic acid comes from its natural occurrence in soil. The
mobility of chemicals in soil is assumed to be much less than the mobility of chemicals
in water and air (EPA 1992). For humic acid, dermal absorption is not expected due to
its high molecular weight and expected very low octanol/water partition coefficient.

Inhalation exposure to humic acid is not expected to be a human health concern due to
its negligible vapour pressure.

In Canada, humic acid is listed as both a medicinal ingredient [(a) anti-pain, max. 1.8
g/day for adults in the form of potassium salt), (b) detoxification (cadmium, lead, heavy
metals)] and a non-medicinal ingredient (as chelating agent and skin-conditioning
agent) in the Natural Health Products Ingredients Database [NHPID (modified 2016)].
Humic acid is used in 19 licensed NHPs (17 as medicinal and 2 as non-medicinal
ingredient). These uses for humic acid in NHPs, however, are considered short-
term/temporary.

Based on notifications submitted under the Cosmetic Regulations to Health Canada,
humic acid is used in certain cosmetic products (8 cosmetics contain this substance at
levels up to 0.1%) in Canada such as cleanser, exfoliant, moisturizer, and makeup
(personal communication, emails from the Consumer Product Safety Directorate, Health
Canada, to the Existing Substances Risk Assessment Bureau, Health Canada,
December, 2016; unreferenced). As mentioned above, dermal absorption for the
substance is not expected due to its large molecular weight.

3.5.1.2 Indirect Exposure

Humic acid has low water solubility. Humic substances (humic acid, fulvic acid,
humates, humins, etc.) are present in natural waters up to 4 mg/L (Thurman 1985).
Canadian municipalities supply approximately 86% of the Canadian population with
drinking water obtained from surface water sources (Statistics Canada, 2015). The
blackish to yellowish colour of surface water is predominantly due to organic substances
of natural origin, specifically humic and fulvic acids (Health Canada 1979; Stevenson,
1982). There is no specific water quality test for humic acids. As such, there is no
drinking water guideline for this parameter. Colour is a partial indicator (for presence of
humic acid) but it is also associated with the presence of iron which is frequently

11
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present (Black and Christman,1963) and thus confounds the exact colour source. In
addition, natural organic matter (NOM) carbon is also sometimes a surrogate for humic
acid. The regulatory agencies (i.e., provinces & territories) are aware of colour and
organic carbon-related issues associated with water and monitor these through drinking
water facilities (personal communication, email from Water and Air Quality
Bureau/Water Quality and Science Division to New Substances Assessment and
Control Bureau, Health Canada, dated December 6, 2016; unreferenced).

3.5.2 Health Effects Assessment

During evaluation under the second phase of polymer rapid screening, humic acid was
identified as requiring further assessment as a result of a flag for potential
carcinogenicity. However, humic acid was not carcinogenic in mice based on data
available in the Carcinogenicity Potency Project (CPDB 2011). Claims for
carcinogenicity likely arise from products generated as a result of the chlorination of
humic acid which can contribute to the formation of trihalomethanes (THMs) and not
from the substance itself (Meier et al, 1986, McDonald and Komulainen, 2005).
Chlorinated by-products of humic acid are not considered with this evaluation.

Humic acid does not contain any reactive functional groups or structural features which
are known to be associated with adverse human health effects, and has low acute oral
toxicity as well as a low subchronic toxicity. It was not mutagenic in vitro (Bernacchi et

al. 1996, AGDH 2010). Unmodified humic acid is expected to have a low hazard.

3.5.3 Characterization of Risk to Human Health

In this assessment, the human health risks were established through consideration of
both the hazard and the direct and indirect exposure of the substance for current uses
identified from a section 71 survey.

The human health hazard associated with the carcinogenicity potential of humic acid is
considered low for this substance. Taking into consideration the direct and indirect
exposure, as well as low hazard associated with humic acid, the human health risk has
also been determined to be low.

4. Oxidized Starch

4.1 Substance ldentity

Oxidized starch is considered a UVCB. The Chemical Abstracts Service Registry
Number (CAS RN) for oxidized starch is 65996-62-5 and Figure 4-1 shows the
synthesis and representative structure of this polymeric substance. A list of additional
chemical names (e.g., trade names) is available from the National Chemical Inventories
(NCI 2015). Oxidized starch stems from the partial modification of starch using various
oxidizing agents, such as hypochlorite, hydrogen peroxide, persulfate, periodate, ozone
as well as others. Under controlled conditions of temperature, pH, pressure and time,

12
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the oxidizing agent reacts with the starch to cleave the polymeric chains and/or cause
oxidation of hydroxyl groups on the glucose units to carbonyl (aldehyde, ketone) or
carboxyl groups. Depending on the type of oxidizing agent used, the resulting oxidized
starch may contain different functional groups. For instance, oxidized starch for food
use (referred to as E 1404) is mainly produced by the reaction of starch with sodium
hypochlorite (Lewicka et al.2015). Importantly, oxidation only modifies up to 1.5% (w/w)
of native starch. The resulting oxidized starch contains < 0.9% carboxyl group (COOH)
and < 0.4% carbonyl group (C=0, ketone:aldehyde = 2:1) (Lewicka et al. 2015, Horton
2004). In comparison to the native starch, the oxidized starch has better water solubility,
lower viscosity, and lower retrogradation (rearrangement of polymeric chains) tendency
(Sangseethong et al. 2006, Xie et al. 2005).

OH HO

o Oxidation
HO —— and/or
n

o)
R
Starch OH ﬂ/[%/o
o
" cho oHC %
1

and/or ...

Oxidized Starch (~ 1.5% wi/w)

R =CH,0OH or COOH

Figure 4-1. Synthesis and representative structure of oxidized starch

4.2 Physical and Chemical Properties

A summary of physical and chemical properties for oxidized starch is presented in Table
4-1.

13
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Table 4-1. Physical and chemical property values (at standard temperature) for
oxidized starch

Property Oxidized starch Key reference(s)
Physical state solid Canada 2015, ECCC 2015
Mw= Weight-average 6 1 8 Chan 2011, Berski 2011

) o ~10°-10

molecular weight (Da)
Mn=Number-average =~ | _ 144 106 Chan 2011, Berski 2011
molecular weight (Da)
pH 4.0-6.2 Takizawa 2004
Vapour pressure (Pa) negligible Canada 2015, ECCC 2015
Water solubility negligible to low Merck Index
Density (g/cm?3) 1.5 Canada 2015, ECCC 2015

“In one study, the weight average molecular weight (Mw) and number average molecular weight (Mn) for oxidized

starch using ozone (as the oxidizing agent) have been reported to be ~ 3,300,000 and ~ 330,000 daltons,
respectively (Chan et al. 2011). Another study, this time using sodium hypochlorite as the oxidizing agent, found the
Mw and Mn values of ~ 44,000,000 and ~ 90,000 daltons, respectively (Berski et al. 2011).

4.3 Sources and Uses

Although oxidized starch does not occur naturally in the environment, the native starch
is widely distributed in nature, specifically in plants.

Oxidized starch has been included in a voluntary survey (ECCC 2015) as well as a
mandatory survey conducted under section 71 of CEPA (Canada 2015). Table 4-2
presents a summary of the total manufacture, total import and total use quantities for
the substance in 2014.

The primary use for oxidized starch in Canada, according to information reported in the
above mentioned surveys is as a plating agent, adhesive, sealant, and in paper and
textile industries. It is also used in the toy industry as a viscosity reducer. In Canada,
modified starch (including oxidized starch) can be used as a food ingredient in food
products as long as the starch has been prepared from permitted starch-modifying
agents as listed in the List of Permitted Starch-Modifying Agents. It has also been
identified as a component in the manufacture of certain food packaging materials
(personal communication, emails from Food Directorate, Health Products and Food
Branch, Health Canada, dated December, 2016; unreferenced).

Globally, the primary use of oxidized starch is as a food additive (emulsifier, binder,

thickening agent, and stabilizer) (FAO-WHO). Oxidized starch is also used globally in
paper and textile industries.

14
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Table 4-2. Summary of information on Canadian manufacturing, and import
guantities of oxidized starch in 2014 submitted pursuant to a voluntary survey

and to a section 71 survey of CEPA

Total manufacture ® (kg) | Total imports ? (kg)

Survey reference

10,000,000-100,000,000 100 000-1 000 000 Canada 2015, ECCC 2015

“Values reflect quantities reported in response to a voluntary survey (ECCC 2015) and a mandatory survey

conducted under section 71 of CEPA (Canada 2015). See surveys for specific inclusions and exclusions (schedules

2 and 3).

A number of domestic government databases were searched to determine if oxidized
starch is registered and/or approved for uses in Canada. These uses for oxidized starch

are listed in Table 4-3.

Table 4-3. Additional uses in Canada for oxidized starch

Use Oxidized Starch
Food additive® No
Food packaging materials® Yes
Internal Drug Product Database as medicinal or non-
medicinal ingredients in final Pharmaceutical, Disinfectant or No

Veterinary drug products in Canada®

Natural Health Products Ingredients Database®

Yes (non-medicinal

ingredient)

Licensed Natural Health Products Database as medicinal or
non-medicinal ingredients in natural health products in No
Canada®
List of Prohibited and Restricted Cosmetic Ingredients’ No
Notified to be present in cosmetics, based on notifications
submitted under the Cosmetic Regulations to Health No
Canada®
Formulant in pest control products registered in Canada” No

Yes

Known toy use'

(viscosity reducer)

Health Canada (modified 2013)

DPD (modified 2015)

NHPID (modified 2016)
LNHPD (modified 2016)

Health Canada (modified 2015)

Q@ - o o o T 9

unreferenced
" PMRA (2010)
' Toy Industry Spreadsheet (2016)
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4.4 Potential to Cause Ecological Harm

Critical data and considerations used during the second phase of polymer rapid
screening to evaluate the substance-specific potential to cause ecological harm are
presented in ECCC (2016).

Oxidized starch was not identified as containing any reactive functional groups
associated with increased ecological concern. Therefore, this substance was
characterized as having a low potential for ecological risk. It is unlikely that this
substance results in concerns for organisms or the broader integrity of the environment
in Canada.

45 Potential to Cause Harm to Human Health
4.5.1 Exposure Assessment

4.5.1.1 Direct Exposure

The industrial use of oxidized starch in food packaging (as component in paper and
paperboard products), toys, papermaking, and textile industries is not expected to result
in direct consumer exposure to the substance since the substance forms a stable matrix
from which it is not expected to be readily released. Therefore, oral (e.g. mouthing by
children) and dermal exposure of the general population to oxidized starch is not
expected when used in the food packaging, toys, paper and textile products.

In Canada, modified starch (including oxidized starch) can be used as a food ingredient
in food products as a food ingredient as long as the starch has been prepared using
permitted starch-modifying agents (Health Canada 2016). Therefore, oral exposure to
oxidized starch through food products is expected based on the level of use.

Oxidized starch has been globally approved and used as a food additive in a variety of
foods including beverage, dairy, baking, and other products at levels of use in
accordance with Good Manufacturing Practices. The only restriction found for oxidized
starch as food additive is the maximum level of 5% (i.e. safe limit of 50,000 mg/kg of
food provided by the Codex Alimentarius Commission- International food standards) for
‘Complementary foods for infants and young children’ (FAO-WHO).

Although it is listed as a non-medicinal ingredient in the natural health products
ingredients database, oxidized starch is currently not found in any licensed natural
health products.

Inhalation exposure to oxidized starch is not expected to be a human health concern

due to the inherent very low vapour pressure for these substances (based on their very
high molecular weight).
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4.5.1.2 Indirect Exposure

Products containing oxidized starch (such as food and paper) may be disposed of in
landfills; however, leaching from landfills would not be expected based on the
substance’s low water solubility. In addition, in the event of an unforeseen
environmental release of oxidized starch, it is not expected to become widely distributed
in the aquatic environment based on its low water solubility.

4.5.2 Health Effects Assessment

During evaluation under the second phase of polymer rapid screening, oxidized starch
was identified as requiring further assessment as a result of the presence of aldehyde
reactive functional groups which are associated with adverse human health effects. The
substance does not contain any other reactive functional groups or structural features
which are known to be associated with adverse human health effects.

Starch is a naturally occurring substance with very low toxicity (Boyd and Liu, 1968),
however, since starch can be modified through oxidation, an assessment of the health
hazard of oxidized starch is warranted to ensure the chemical modification does not
significantly increase the toxicity associated with the substance.

Aldehydes have long been known as genotoxic and cytotoxic molecules, and are
implicated in the pathogenesis of various human diseases such as diabetes,
atherosclerosis and neurological disorders (Xie et al., 2016). They are produced in cells
as a consequence of lipid peroxidation and autoxidation or metabolic activation of pre-
cursors. In addition, exposure to anthropogenic aldehydes and intake of dietary
aldehydes increases further the aldehyde burden in cells (O’'Brien et al., 2005). The
general mechanism of aldehyde toxicity involves adduct formation with biomolecules
such as DNA and proteins, resulting in the inactivation of the function of these
molecules (Xie et al., 2016).

The majority of the functional groups generated as a result of the oxidation process are
carboxyls which are not known to be associated with adverse human health effects. A
smaller quantity of carbonyl (ketone: aldehyde 2:1) groups are generated. Therefore,
only a small proportion of the oxidized starch will contain reactive aldehyde groups
(Lewicka et al. 2015, Horton 2004).

A USA Food and Drug select committee on Generally Recognized As Safe (GRAS)
substances (US FDA, 2016) indicated that the digestibility and caloric value of starch
oxidized with the maximum permitted level of sodium hypochlorite, as determined in rat
feeding tests, were similar to those for unmodified starch (Til and Kuper, 1993).
However, starch treated with about eight times the permitted level of hypochlorite
caused diarrhea and marked growth depression and cercal enlargement in rats in 21-
day feeding studies, demonstrating the adverse effects of starches containing high
levels of oxidized groups. High dose groups fed 30% oxidized starch also noted
treatment related changes in the kidney and urothelial epithelium associated with
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mineralization (Til and Kuper, 1993). No specific toxicity was noted in other organs or
systems and the primary effects were limited to the gastrointestinal system. When
oxidizing starch according to manufacturing guidelines and used at the permitted
concentrations, the toxicological profile for oxidized starch is not expected to be
significantly different than that of native starch.

In addition, the degradation product of the substance, which is primarily glucose, has
low human health toxicity. Given the very low presence of aldehydes in oxidized starch
(when the starch has been prepared from permitted starch-modifying agents as listed in
the List of Permitted Starch-Modifying Agents), toxicity associated with oxidized starch
is expected to be very low.

4.5.3 Characterization of Risk to Human Health

In this assessment, the human health risks were established through consideration of
both the hazard and the direct and indirect exposure of the substance for current uses
identified from a survey under section 71 of CEPA.

The human health hazard associated with the presence of reactive aldehyde groups in
oxidized starch is considered low due to the negligible concentration of this reactive
functional group. Consumption through food sources at permitted concentrations does
not significantly increase the body burden of aldehyde groups and is not anticipated to
significantly increase the human health risk. Also, taking into consideration the direct
dermal exposure to products intended for consumer use, the human health risk has
been determined to be low for non-food related applications.

5. SEGAC
5.1 Substance ldentity

The substance, starch, 2-hydroxy-3-(trimethylammonio)propyl ether, chloride (CAS RN
56780-58-6), hereafter referred to as SEGAC, is represented by the structure shown in
Figure 5-1. SEGAC may be obtained through a chemical reaction by the activation of a
polysaccharide with an organic base, followed by etherification with quaternary
ammonium compounds bearing glycidyl groups as cationizing agents (Sasano 1994).

SEGAC is a poly(saccharide) with an expected number average molecular weight (Mn)
greater than 3 000 daltons and low oligomeric content (ECCC 2017). The monomers
and reactants of SEGAC and their expected Mn or molecular weight (MW) are
summarized in Table 5-1.
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Cl-—

Figure 5-1. Representative structure of SEGAC

Table 5-1. Monomers and reactants of SEGAC

a
Monomer/Reactant CAS RN Mn or MW Source
(daltons)
Starch 9005-25-8 >3000 ° ECCC 2017
1-Propanaminium, 2,3- 44814-66-6 ¢ 134.20 NCI 2015
dihydroxy-N,N,N-trimethyl-

#Number average molecular weight (Mn), Molecular weight (Mw).

® MW obtained from New Chemicals Evaluation Section (NCES) database for a starch based substance.

© CAS RN 44814-66-6 is structurally identical to CAS RN 34004-36-9, ‘1-Propanaminium, 2,3-dihydroxy-N,N,N-
trimethyl-, chloride’, but without chloride ion in the representative structure and CAS name.

The exact composition and the degree of substitution for this polymer were not provided
through information submitted through a voluntary survey (ECCC 2015), nor a
mandatory survey under section 71 of CEPA (Canada 2015). However, the degree of
substitution is known to vary depending on the needs for different applications, therefore
representative information from various sources was considered for the purpose of this
assessment.

5.2 Physical and Chemical Properties of SEGAC

Table 5-2 contains physical and chemical data obtained for SEGAC through surveys
mentioned earlier. All information reflects summary data provided in Safety Data Sheets
(SDS).
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Table 5-2. Physical and chemical data of SEGAC

Property Value Source
Physical State Powder® SDS 2007
Physical State Liquid™® SDS 2006; SDS 2014a
Water solubility Insoluble @ 20 °C® SDS 2007
Water solubility Soluble up to 150 g/L @ 90 °C? SDS 2007
Water solubility Completely soluble in water™ SDS 2006; SDS 2014a
Density (g/cm®) 0.55 kg/L? SDS 2007
Density (g/cm®) 1.1-1.2 g/mL® SDS 2014a

#The product was reported to contain 60-100% by weight SEGAC.

®The product was reported to contain 10-30% by weight of SEGAC.

 Reported physical and chemical information for Bufloc 5567 containing SEGAC. Concentration reported is
proprietary.

The water solubility reported for SEGAC in various SDSs have shown significant
variability. This variability could be attributed to the degree of substitution on the
polymeric starch component. According to the Merck Index (1989), unmodified starch is
not soluble in cold water; however, substitution with cationic segments purportedly will
increase cold water solubility (Quab 2017). Insoluble SEGAC is therefore anticipated to
have a low degree of substitution, whereas for water soluble SEGAC is it expected to be
much higher. Furthermore, the solubility of cationic starch may also be dependent on
the source or origin of the starch. For example, cationic potato starch having a similar
degree of substitution as cationic wheat starch has significantly lower water solubility
(Zidtkowska and Shyichuk 2011). For the purpose of this assessment, SEGAC is
considered to be a water soluble amine functionalized polymeric starch.

Properties of SEGAC were not modelled using any predictive software, since it is
expected to have a number average molecular weight of greater than 1000 daltons,
which is out of the range where modelling software are considered reliable.

5.3 Sources and Uses

SEGAC does not occur naturally in the environment. It is produced by the etherification
of a starch substrate with quaternary ammonium compounds as described by Sasano
(1994).

Table 5-3 presents a summary of the total reported manufacturing and import quantities
for the SEGAC in 2014 (Canada 2015, ECCC 2015). According to information gathered
through the surveys, import quantities in 2014 were reported to be less than 1 000 000
kg. SEGAC is only imported into Canada to be used primarily in the pulp and paper
industry where it may be used in different stages of paper manufacturing. Minor uses of
SEGAC have also been reported for hair and skin care products.
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Table 5-3. Summary of Canadian manufacturing and import quantities of SEGAC
in 2014 submitted pursuant to a voluntary survey and to a section 71 survey of
CEPA

Total manufacture® (kg) | Total imports @ (kg) Survey reference
0 100 000 — 1 000 000 Canada 2015, ECCC 2015

#Values reflect quantities reported in response to a voluntary survey (ECCC 2015) and a mandatory survey
conducted under section 71 of CEPA (Canada 2015). See survey[s] for specific inclusions and exclusions
(schedules 2 and 3).

5.4 Releases to the Environment

Cationic starch is used in paper manufacturing as a retention aid to enhance the
sedimentation of pulp fibers (Ginebreda et al. 2011, OECD 2009). Furthermore, cationic
polymers may also be added as wet or dry strength agents to enhance the strength of
the paper (OECD 2009). Depending on when SEGAC is introduced into the paper
manufacturing process, the release rate to effluent is between 5 and 10 % (OECD
2009). The majority of the substance will be retained on finished products and sludge
generated within mill effluent (OECD 2009).

Small quantities (less than 100 kg per year) of SEGAC are also used in hair and skin
care products in Canada. Considering the low volumes involved in products available to
consumers use, their overall ecological concern is expected to be significantly lower
than environmental exposures for uses in pulp and paper applications. Therefore,
guantitative estimation of the release of SEGAC was performed for pulp and paper
applications only.

5.5 Environmental Fate and Behaviour
5.5.1 Environmental Distribution

SEGAC is a cationic substituted polysaccharide, with molecular weight greater than
3000 daltons, and considered to be water soluble (available) for the purpose of this
assessment. During industrial use of SEGAC, it is expected to be primarily adsorbed
onto finished paper products and sludge as mentioned above. Less than 10 percent is
expected to be released into the environment after wastewater treatment® (WWT). Once

% In this assessment, the term “wastewater treatment system” 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 wastewater treatment system makes no distinction of ownership or operator type (municipal,
provincial, federal, indigenous, private, partnerships). Systems located at industrial operations and
specifically designed to treat industrial effluents will be identified by the terms “on-site wastewater
treatment systems” and/or “industrial wastewater treatment systems”.
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released to the environment, SEGAC is not expected to volatilize into the air
compartment as it has high molecular weight and a low expected vapour pressure.
Considering the cationic nature of SEGAC, it is anticipated that it will adsorb onto
suspended organic matter in rivers or lakes and settle out of the water column to
sediments.

If released to soil, the resulting polymer would be expected to adsorb onto soil matter
and have limited mobility in the soil compartment. Solubilization of the polymer into soil
pore water is expected to be limited, as SEGAC is expected to strongly bind to soll
particles via electrostatic interaction.

Considering the properties and use of SEGAC, if it released to the environment it is
anticipated that the polymer will bind to organic matter. Thus, SEGAC is anticipated to
be primarily retained in the soil and sediment compartments.

5.5.2 Environmental Persistence

The biodegradation information gathered through surveys (ECCC 2015, Canada 2015)
indicates that SEGAC is likely to be biodegradable in the environment. This is also
supported by an OECD emission scenario document (2009), where cationic starch is
considered biodegradable.

The biodegradation potential of SEGAC in sediments is not available; however, it is
generally expected to be slower than biodegradation in soil or water, where aerobic
conditions favour biodegradation. As such, it is anticipated that SEGAC will have lower
biodegradation in sediments.

According to the Merck Index (1989), pure starch is resistant to hydrolysis in cold water,
as well as hydrolysis through naturally occurring enzymes. Thus, SEGAC is expected to
have similar hydrolysis resistance.

Based on available information, SEGAC is expected to be biodegradable in the soil and
water compartments, but stable in sediments. Considering the available information, the
substance is expected to have a half-life of less than 6 months in water and soil and
greater than 1 year in sediments.

5.5.3 Bioaccumulation Potential

SEGAC is a cationic polymer, which is expected to strongly adsorb to anionic surfaces,
such as fish gills, algal cells and negatively charged components of organic particles.
This will limit the uptake of SEGAC, as well as passage of SEGAC through biological
membranes, but sorption may lead to toxic reactions with dermal tissues. As such,
bioaccumulation potential of SEGAC is expected to be limited. Furthermore, SEGAC
has an expected molecular weight greater than 1000 daltons (i.e., large molecular
dimensions) and no significant percentage of low molecular weight constituents. This
will further reduce the uptake rate across biological membranes, and this is expected to
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result in a low bioconcentration potential (Arnot et al., 2009). Overall, SEGAC is
expected to have a low bioaccumulation potential benchmarked against a halogenated
organic molecule of smaller molecular dimensions and higher lipophilicity.

5.6 Potential to Cause Ecological Harm

5.6.1 Ecological Effects Assessment

SEGAC is a cationic amine derivatized starch and, according to the US EPA (2010),
substances containing cationic amine or potentially cationic amine functional groups
may be associated with adverse effects to fish, invertebrates, and algae. Empirical
ecotoxicity data for SEGAC were reported in response to voluntary and section 71
surveys (see Table 5-4) (ECCC 2015; Canada 2015). The data extracted from SDS and
summary information provided by stakeholders suggests that SEGAC could have low to
moderate ecotoxicity for fish and low toxicity for Daphnia. Similar ecotoxicity trends can
be seen from a data compilation for cationic polymers published by Boethling and
Nabholz (1997). However, ecotoxicity data from Wang et al. (2016) indicates that
cationic starch could have high ecotoxicological effects for Daphnia and moderate
effects towards fish and algae (See Table 6-6). An analogue polymer with a high degree
of structural similarity that was submitted to the New Substances Notification program
also exhibited high toxicity towards algae. Available ecotoxicity data for SEGAC and
various analogs are summarized in Table 5-5.

Table 5-4. Ecotoxicity data available for SEGAC

Common Name Organism Effect @ Result Sources
(mg/L)
Water flea D. magnha 48h ECs, | 100 (WAF)°? | Canada 2015°
Water flea D. magna 48h ECs > 100° ECCC 2015°
Rainbow Trout O. mykiss 96h LCsp > 100 Canada 2015°
Rainbow Trout O. mykiss 96h LCso < 101 ECCC 2015°

#ECso is the Effect Concentration for 50 percent of the population; LCso is the Lethal Concentration for 50 percent of
the population; I1Csg is the Inhibition Concentration for 50 percent of the population.

®Water Accommodated Fraction (WAF). The effect concentrations were higher than the concentrations in the filtrate
of a 100 mg/L loading rate. The product tested was 100% by weight SEGAC; test methods were not reported.

¢ Data reported for SEGAC through voluntary survey and survey under section 71 of CEPA.

“To protect confidential business information, exact toxicity values are not reported.
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Table 5-5. Ecotoxicity data available for other cationic starches

Common Organism Effect @ Result Sources
Name (mg/L)
Algae NR 96h ECsp > 1000 Polymer 71 — Boethling
and Nabholz 1997°
Fish NR 96h LCs > 850 Polymer 71, 72, 73, 74 —
Boethling and Nabholz
1997°
Daphnid NR 48h ECsp 177 Polymer 72, 73, 74 —
Boethling and Nabholz
1997°
Fish NR 96h LCsp | 0.37-1.18 | Polymer 75 — Boethling
and Nabholz 1997°
Daphnid NR 48h ECsp 130 Polymer 76 — Boethling
and Nabholz 1997°
Green S. 72h ICsp <1° ECCC 2017
Algae Carpricornutum

NR = Not Reported

#ECso is the Effect Concentration for 50 percent of the population; LCso is the Lethal Concentration for 50 percent of
the population; I1Csg is the Inhibition Concentration for 50 percent of the population.

bToxicity data reported by Boethling and Nabholz 1997 for 6 cationic starches with varying degree of percent amine
nitrogen content, molecular weight, location of cation, and amine type (tertiary or quaternary). The specific species
tested and the specific molecular structures were unknown.

¢ Analogue identified through New Substances Notification Program.

The biodegradation of SEGAC may yield smaller cationic molecules and non-cationic
molecules, the latter of which are not expected to be of ecological concern as starch is
metabolized by different organisms. However, molecules with cationic functionality and
free cationic moiety derived from the reactant, 1-Propanaminium, 2,3-dihydroxy-N,N,N-
trimethyl- (CAS RN 44814-66-6), may present increased ecological hazard. However,
ecological effects data for CAS RN 34004-36-9, which is structurally similar to CAS RN
44814-66-6, indicates low toxicity towards fish and daphnid (ECJRC 2008). Considering
the low ecological hazard for free cationic moiety (CAS RN 34004-36-9), and degraded
molecules with cationic functionalities, the ecological concern for the degradants is not
expected to be significant, and is not considered further in this assessment.

SEGAC has an expected number average molecular weight greater than 1000 daltons
and is therefore out of the range where modelling software are considered reliable.
Thus, ecotoxicity modelling was not conducted. According to Boethling and Nabholz
(1997), ecotoxicity for polycationics increases exponentially with increasing cationic
charge and could explain the discrepencies in toxicity observed in Table 5-5 and Table
5-6. For example, higher toxicity is observed for substances with higher cationic charge
density or percent amine-Nitrogen (%a-N). Furthermore, the solubility of the cationic
starch may also explain toxicity differences for SEGAC. Zidtkowska and Shyichuk
(2011) showed that two cationic starches with similar degrees of cationicity have
significantly different water solubility. This was attributed to the source of starch that
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was used (potato starch versus wheat starch). If SEGAC is derived from potato starch,
its water solubility is expected to be lower, which will reduce its bioavailability and hence
lower potential ecological effects.

It is known that the ecotoxicity of polycationic polymers can be mitigated through the
presence of organic matter present in the environment (Boethling and Nabholz, 1997).
According to the authors, toxicity reduction is known to occur by the reaction of
polycationics with organic carbon and/or the suspended solids in water to form neutral
insoluble complexes (i.e., floc). As such, these authors and several others have
proposed that ecotoxicity testing of polycationic polymers using clean laboratory water
without the addition of organic carbon may not be representative of the substance’s
bioavailability in natural environments (Boethling and Nabholz 1997, Cary et al. 1987,
Goodrich et al. 1991). Boethling and Nabholz (1997) have shown that the addition of
approximately 10 mg/L of humic acid to laboratory ecotoxicity tests (to simulate
environmental organic carbon levels) caused a 7- to 65-fold reduction in ecotoxicity, for
polymers with %a-N less than 3.5 %. Cary et al. (1987) have reported toxicity reduction
for four polycationic polymers, with mitigation factors ranging from 37 to 94 for Daphnia
magna, and from 14 to 40 for fish, all based on addition of 10 mg/L humic acid.
Similarly, Goodrich et al. (1991) reported mitigation factors ranging from 7 to 16 for five
polycationics tested using Rainbow trout and 5 mg/L humic acid. An even higher toxicity
reduction was observed at 50 mg/L humic acid (33- to 75-fold toxicity reductions).

A more recent unpublished study on polycationic polymer mitigation demonstrated that
even at low concentrations of humic acid (approximately 1.5 mg/L to 3 mg/L), toxicity
towards Daphnia magna was reduced two fold (Salinas et al. 2016). A reduction in
toxicity was also observed by Wang et al. (2016) where cationic starch was premixed
with soil (source of organic carbon) prior to aquatic toxicity testing. Table 5-6
summarizes the toxicity data from this study.

A toxicity mitigation factor determined through ecotoxicological testing can be used to

correct for the expected reduction in toxicity in the environment due to the presence of
organic matter (e.g., humic and fulvic acids). This is done by multiplying the ecological
endpoints determined using clean laboratory water by the expected mitigation factor in
order to adjust or reduce the values to reflect actual ecological effects expected under
environmental conditions.
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Table 5-6. Cationic starch ecotoxicity with mitigation by soil (Wang et al. 2016)

Common Organism Effect @ Result Result Mitigation
Name (No Soil; | (With Soil; Factor®
mg/L) mg/L)
Algae C. Vulgaris 72h 1Csp 1.8 113.2 63
Water flea D. magna 48h ECsg 0.9 90.2 100
Worm L. hoffmeisteri | 96h ECsgg 3.7 248.7 67
Carp C. Carpio 96h LCs 1.4 173.1 124

#ECso is the Effect Concentration for 50 percent of the population; LCso is the Lethal Concentration for 50 percent of
the population; ICsg is the Inhibition Concentration for 50 percent of the population.
b Mitigation ratio, estimated based on toxicity with and without soil.

As the %a-N could vary significantly for SEGAC, a mitigation factor of 7 was selected
because SEGAC is anticipated to have low to moderate cationic charge density. For
SEGAC with %a-N on the higher end of the charge density range, the mitigation is
anticipated to be greater than 20 times. Therefore, a mitigation factor of 7 is considered
to be a reasonable worst case. Based on toxicity data in Table 5-4, Table 5-5 and Table
5-6, SEGAC is anticipated to have moderate toxicity towards algae, low to moderate
toxicity towards daphnid and fish after considering seven-fold mitigation.

No sediment ecotoxicity data were provided for SEGAG, or were available for other
cationic starches. However, Wang et al. (2016) reported toxicity for worms exposed to
solutions of cationic starch (see Table 5-6) where the cationic starch solution, without
premixing with soil, was moderately toxic towards worms. Significant toxicity mitigation
was observed for cationic starch premixed with soil. Although the test results are not for
sediments or soil adsorbed with cationic starch, the results indicate that such polymers
are expected to have moderate toxicity towards sediment dwelling species and lower
sensitivity than with other aquatic species.

Overall, SEGAC is expected to show moderate to low toxicity to aquatic organisms, and
low toxicity towards sediment dwelling species in natural environments. Based on
available data, the lowest mitigated ecotoxicity end point reported for SEGAC (O.
mykiss: 96h LCs less than 10mg/L) was selected to be the critical toxicity value (CTV),
and is used to estimate the aquatic Predicted No Effect Concentration (PNEC). A PNEC
is not considered necessary for sediment species, as the toxicity is anticipated to be
greater than 100 mg/L after mitigation.

The aquatic PNEC is derived from the critical toxicity value (CTV), which is divided by
an assessment factor (AF) as shown:

Aquatic PNEC (mg/L) = CTV / AF
An AF of 100 is selected to estimate the aquatic PNEC. The AF selected represents 10
for extrapolation from acute to chronic toxicity, 5 for species sensitivity, and 2 for mode

of action for cationic polymers. Considering the available ecotoxicity data for SEGAC (3
categories and over four species), a factor of 5 was selected to represent species
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sensitivity. As the ecotoxicity of cationic polymers depends strongly on the %a-N, and
that the studies reviewed in this assessment lack details on the polymer and the %a-N,
the factor of 2 was selected to represent the uncertainty of the %a-N for the polymers
reviewed.

5.6.2 Ecological Exposure Assessment

SEGAC has reported use as a processing aid (wet strength agent) for the pulp and
paper industry according to the data collected under voluntary and regulatory surveys
(ECCC 2015, Canada 2015). The combined annual use quantity reported in the surveys
was in the range of 100 000-1 000 000 kg in 2014. Most of the responses from the
survey are from importers, and few to none were reported by the users of the polymers.
Therefore, the number of paper mills that utilize SEGAC is unknown.

A generic paper mill scenario is used to calculate the exposure for SEGAC. This
scenario represents the release and exposure conditions of Canadian paper mills,
based on information from approximately 60 mills derived from internal ECCC
databases. These mills are equipped with on-site secondary treatment or equivalent
and release treated effluent directly to natural receiving waters.

The predicted environmental concentration (PEC) of SEGAC in receiving water is
estimated from the amount released to the on-site WWT facility, the effluent volume and
the dilution factor of the receiving watercourse.

10°xQxEx(1-R)
FxDxN

PEC =

Where:

PEC: predicted environmental concentration in receiving water near discharge
point, pg/L

Q: Total quantity of SEGAC used per year, kgly

E: emission factor to untreated wastewater, unitless

R: overall wastewater treatment removal, unitless

F: daily wastewater flow rate, L/d

D: receiving water dilution factor near discharge point, unitless

N: number of operation days per year, d/y

10°%: conversion factor from kg to pg, pg/kg

The total quantity (Q) used at a single facility is conservatively estimated to be 17 000

kgl/y based on the upper end of the total reported import quantity (1 000 000 kg/y) from
the surveys and the number of paper mills (about 60 according to an internal database
of Environment and Climate Change Canada).
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Paper mills operate continuously throughout a year and the typical number of operation
days (N) per year is 350 d/y.

According to the OECD emission scenario document for the Pulp, Paper, and Board
Industry (2009), cationic starch can be used at two different stages of paper
manufacturing. Firstly, it may be used as a coagulant to aid drainage and retention of
paper fibers, or secondly as a wet or dry strength agent to strengthen paper. Depending
on use, the fixation rate may vary from 90 to 95 percent. This is equivalent to an
emission factor of between 5 and 10 percent to untreated wastewater. As a
conservative assumption, an emission factor of 10 % is assumed for the purpose of this
assessment.

SEGAC is a cationic starch with a molecular weight greater than 3000 daltons and is
expected to have high affinity for organic matter, which tends to carry an anionic charge.
SEGAC is therefore expected to be mostly removed from wastewater through solids
removal. According to Boethling and Nabholz (1997), cationic polymers with molecular
weight greater than 1000 daltons and with minimal oligomeric constituents (components
with molecular weight less than 1000 daltons), are expected to have a removal rate of
90 percent during on-site WWT. For the purpose of this assessment, a removal rate of
90 percent is assumed.

A 10-fold dilution factor is used to estimate the level of exposure near the discharge
point of each mill and this near-discharge-point exposure is taken as the aquatic PEC
for SEGAC.

As the range of wastewater flow rate varies between facilities, it is given as a
probabilistic distribution from 0.23 to 2 238 million L/d based on operation data of
Canadian paper mills (internal database of Environment and Climate Change Canada).
This distribution then yields a probabilistic PEC distribution (Table 5-7).

Table 5-7. Probabilistic PEC distribution: Wastewater flow rate and estimated
PECs for paper mills in Canada

Percent of mills with given Wastewater flow rate (million PEC (ug/L)
wastewater flowrate or less (%) L/d)
100 2238 0.022
90 130 0.37
80 79 0.62
70 63 0.77
60 47 1.0
50 33 1.5
40 25 1.9
30 12 4.1
20 6.8 7.1
10 2.2 22
0 0.23 211
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5.6.3 Characterization of Ecological Risk

The approach taken in this ecological risk assessment was to examine direct and
supporting information and develop conclusions based on a weight-of-evidence
approach. Lines of evidence considered include information on sources and fate of the
substance, persistence, bioaccumulation, estimated exposure to the substance, and
ecological hazard properties. SEGAC is a cationic starch that is used in the pulp and
paper industry for fiber retention and strength enhancement. Based on available
information, between 100 000 kg and 1 000 000 kg of SEGAC was imported into
Canada in 2014.

Water solubility data reported for SEGAC varies depending on the nature and type of
product to which it is added. Some reported values indicate SEGAC is completely water
soluble, while some others indicate low water solubility in cold water, but high water
solubility at higher water temperature. The variability in water solubility could be
attributed to two possible sources. First, solubility may increase with increasing cationic
charge (Quab 2017). Second, the origin of the starch used in the synthetic process may
also affect the overall water solubility of cationic starches (Zidtkowska and Shyichuk,
2011). Based on available information, SEGAC was considered fully water soluble for
the purpose of this assessment.

When SEGAC is released into the environment, it is expected to be solubilized in water.
Once there, partitioning into the air compartment is not expected due primarily to the
high molecular weight and affinity for water. Furthermore, significant amounts of
SEGAC are anticipated to adsorb onto organic matter and settle to sediments, with
residual amounts remaining in the water column.

Biodegradation information for SEGAC suggests that it is a biodegradable polymer,
whilst other information suggests it is not hydrolyzable. Degradants of SEGAC are not
expected to pose an ecological risk and therefore were not considered further in this
assessment.

Information in the form of BAF or BCF test data which could be used to assess the
bioaccumulation potential of SEGAC were unavailable as is the case for most polymers,
as they are generally unsuitable for such testing. However, based on the high molecular
weight of SEGAC, it is expected to have low bioconcentration potential.

In natural environments, the ecotoxicity of cationic polymers is expected to be mitigated
in the presence of organic matter. Based on a conservative estimation for SEGAC, the
reported ecotoxicity is expected to be mitigated by 7 times. According to the ecological
hazard profile of SEGAC, this polymer could have low to moderate ecotoxicity towards
fish and daphnid, and moderate ecotoxicity for algae after mitigation. The lowest
reported mitigated toxicity for SEGAC was chosen to estimate the PNEC.

A series of risk quotients was estimated based on the varying PECs from paper mills in
Canada and a conservative PNEC, and are presented in Table 5-8.
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Table 5-8. Probabilistic PEC distribution: Estimated risk quotients for SEGAC
from paper mills in Canada

Percent of mills Risk Quotient @
with given Wastewater flow rate (PEC/PNEC)
wastewater flow (million L/d)
rate or less (%)
100 2238 <1
90 130 <1
80 79 <1
70 63 <1
60 47 <1l
50 33 <1
40 25 <1
30 12 <1
20 6.8 <1
10 2.2 <1
0 0.23 >1

% To protect confidential business information provided, exact risk quotient values are not reported.

Based on Table 5-8, releases of SEGAC from all paper mills in Canada are not
expected to result in any environmental concern, as calculated risk quotients are less
than one. One exception is the site with the lowest wastewater flow rate at 0.23 million
L/d. However, considering that conservative values, use quantity (17 000 kg/y) of
SEGAC in particular, were used to estimate the PEC, it is considered that this exception
site is overestimated for its potential risk. Overall, SEGAC is not expected to result in
ecological concern based on available information and conservative estimation of the
PEC and PNEC.

5.7 Potential to Cause Harm to Human Health

Classification of the hazard data and exposure profiles used to develop the potential for
human health risks associated with SEGAC are presented in the document ‘Supporting
documentation: Final Risk Matrix Location of Polymers’ (Health Canada, 2017).
Although exposure was established as high, the human health hazard for the substance

was determined to be low for SEGAC. Therefore, taking into consideration the available
data, it is unlikely that exposure to the substance will pose a human health risk.
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6. GEGAC
6.1 Substance Identity

The substance, Guar gum, 2-hydroxy-3-(trimethylammonio)propy! ether, chloride (CAS
RN 65497-29-2 ) hereafter referred to as GEGAC, is represented by the structure
shown in Figure 6-1. GEGAC is synthesized through a chemical reaction by activation
of guar gum with an organic base, followed by etherification with quaternary ammonium
compounds bearing glycidyl groups as cationizing agents (Sakakibara 2010, Sasano
1994).

GEGAC is a polysaccharide polymer with an expected number average molecular
weight (Mn) greater than 220,000 daltons and low oligomeric content (Merck Index
1989). Its monomers, reactants, and their expected Mn or molecular weight (MW) are
summarized in Table 6-1.

Figure 6-1. Representative structure of GEGAC (Barry et al., 2005)

Table 6-1. Monomers and reactants of GEGAC

a
Monomer/Reactant CAS RN Mn or Mw Perce'n.t Source
(daltons) | composition
Guar gum 9000-30-0 220 000" 20-90 ECCC 2015
1-Propanaminium, 2,3- | 44814-66-6° 134.20 10-80 ECCC 2015
dihydroxy-N,N,N-
trimethyl-

#Number average molecular weight (Mn), Molecular weight (Mw)

® Merck Index 1989

© CAS RN 44814-66-6 is structurally identical to CAS RN 34004-36-9, ‘1-Propanaminium, 2,3-dihydroxy-N,N,N-
trimethyl-, chloride’, but without chloride ion in the representative structure and CAS name.
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6.2 Physical and Chemical Properties

Table 6-2 contains physical and chemical data obtained for GEGAC through a voluntary
survey (ECCC 2015) and a mandatory survey under section 71 of CEPA (Canada
2015). All information reflect summary data provided in Safety Data Sheets (SDS) and
so could not be verified with respect to test methods employed, conditions used or the
interpretation of the experimental data.

Table 6-2. Physical and chemical data for GEGAC

Property Value Source
Physical State Powder? SDS 2015
Water solubility (mg/L) 100 000 SDS 2015
Density (g/cm®) 0.6° SDS 2014b

%The product tested is N-Hance CG13 which contains 90 to 100% GEGAC by weight
®The product tested is Jaguar C17 which contains more than 90% GEGAC by weight

The water solubility reported for GEGAC indicates that the polymer is highly water
soluble. This is also supported by the fact that unmodified guar gum is completely
soluble in cold and hot water (Merck Index 1989).

GEGAC was not modelled using any predictive software, since it is expected to have a
number average molecular weight of greater much greater than 1000 daltons, which is
out of the range where modelling software are considered reliable.

6.3 Sources and Uses

GEGAC does not occur naturally in the environment. It is produced by the etherification
of guar gum substrate with quaternary ammonium compounds as described in various
patents (Sakakibara 2010; Sasano 1994).

Table 6-3 presents a summary of the total reported manufacture, and import quantities
for the substance in 2014 (ECCC 2015, Canada 2015). Based on the surveys, the
primary use for GEGAC in Canada is in products related to hair and skin care based on
the conditioning and protective properties of the substance. GEGAC also functions as a
viscosity modifier in various applications, like shampoo (PDS 2017). No other uses were
identified through the surveys. Furthermore, GEGAC is not manufactured in Canada
based on the responses to the surveys (ECCC 2015, Canada 2015).
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Table 6-3. Summary of information on Canadian manufacturing, and import
guantities of GEGAC in 2014 submitted pursuant to a voluntary survey and to a
section 71 survey of CEPA

Total manufacture ? (kg) | Total imports ? (kg) Survey reference
0 10 000 -100 000 Canada 2015, ECCC 2015

#Values reflect quantities reported in response to a voluntary survey (ECCC 2015) and a mandatory survey
conducted under section 71 of CEPA (Canada 2015). See survey[s] for specific inclusions and exclusions
(schedules 2 and 3).

Globally, GEGAC is also used in the cosmetic industry, paper industry, and in the textile
industry (Quab 2017). However, uses in either the paper industry or textile industry were
not reported in either survey. Therefore, uses in these two industries are considered to
be minimal.

6.4 Releases to the Environment

According to available information, between 10 000 kg and 100 000 kg of GEGAC was
imported into Canada to be used in hair and skin care products. Depending on use and
function, cationic guar gum is added to product formulations at concentrations ranging
from 0.15 % to 1.5 % by weight of final formulations (PDS 2017, Jingkun 2017).

Based on the function of GEGAC in hair and skin care products, it is expected that the
polymer would adsorb to the surface of negatively charged hair or skin. Some of the
polymer would be released into wastewater during application, while the remaining
portions would be washed off prior to the next application. Overall, 100 percent release
of the polymer through hair and skin care products into wastewater system is expected.
Wastewater containing hair and skin care products are expected to be treated through
WWT systems and discharged into the environment.

There are no reported uses in Canada of GEGAC in either the paper industry or textile
industry based on government surveys. As such, it would be expected that if GEGAC is
used in either industry, the quantity would be low as the reporting threshold for both
surveys was greater than 100 kg per year. Therefore, quantitative estimation of the
release of GEGAC through paper or textile industry was not performed.

6.5 Environmental Fate and Behaviour
6.5.1 Environmental Distribution

GEGAC is a cationic substituted polysaccharide, with molecular weight greater than
220 000 daltons and is considered to be highly water soluble. Based on its use in hair
and skin care products, 100 percent release of the polymer to WWT systems is
expected. Considering the high molecular weight and cationic charge of GEGAC,
significant removal through adsorption to sewage sludge is expected (Boethling and
Nabholz, 1997). Less than 10 percent is expected to be released into the environment
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after WWT via effluent. Once release to the environment, GEGAC is not expected to
volatilize into the air compartment as it has high molecular weight and low expected
vapour pressure. GEGAC is anticipated to adsorb to suspended organic matter in rivers
and lakes and settle out of the water column to sediments.

If released to soil, the resulting polymer would be expected to adsorb to soil matter and
have limited mobility in the soil compartment. Solubilization of the polymer into soil pore
water is expected to be limited as GEGAC is expected to bind to soil particles via
electrostatic interaction.

6.5.2 Environmental Persistence

Biodegradation data provided through voluntary and mandatory government surveys
are summarized in Table 6-4.

Table 6-4. Ready biodegradation data for GEGAC

Result (%) Test Method Source
18-29°2 EEC C.6 Canada 2015
51° OECD 302 SDS 2014b
o° OECD 301 SDS 2014b
73.4° OECD 302B SDS 2010
95¢ OECD 301D SDS 2015

%The product tested was Dehyquart Guar TC which contains 75 to 100% GEGAC by weight
®The product tested was Jaguar C17 which contains more than 90% GEGAC by weight
“The product tested was Activsoft which contains 60 to 100% GEGAC by weight

9The product tested was N-Hance CG13 which contains 90% GEGAC by weight

GEGAC has a varied data set of biodegradability data ranging from 0 to 95 percent. The
highest value of 95% was reported in the SDS of the product N-Hance CG13, which
also contains fumaric acid (CAS RN 110-17-8). It is possible that this acid may be
contributing to the higher biodegradability value. The overall trend indicates that the
polymer is biodegradable.

Although there is no available information to assess the biodegradation potential of
GEGAC in sediments, it is generally expected to be slower than in soil or water, where
aerobic conditions favour biodegradation. As such, it is anticipated that GEGAC will
have lower biodegradation in sediments.

Hydrolysis information for GEGAC was not provided. However, GEGAC is used in
shampoo and other products where it would be formulated with water, thus, hydrolytic
stability could be expected.

Based on available information, GEGAC is expected to be biodegradable in the soil and
water compartments, but stable in sediments.
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6.5.3 Bioaccumulation Potential

GEGAC is a cationic polymer, which is expected to strongly adsorb to anionic surfaces,
such as fish gills, algal cells and negatively charged components of organic particles.
This will limit the uptake of GEGAC, as well as passage of GEGAC through biological
membranes, but sorption may lead to toxic reactions with dermal tissues. As such,
bioaccumulation potential of GEGAC is expected to be limited. Furthermore, GEGAC
has an expected molecular weight greater than 1000 daltons (i.e., large molecular
dimensions) and no significant percentage of low molecular weight constituents. This
will further reduce the uptake rate across biological membranes, and this is expected to
result in a low bioconcentration potential (Arnot et al., 2009). Overall, GEGAC is
expected to have a low bioaccumulation potential benchmarked against a halogenated
organic molecule of smaller molecular dimensions and higher lipophilicity.

6.6 Potential to Cause Ecological Harm

6.6.1 Ecological Effects Assessment

Empirical ecotoxicity data for GEGAC were reported in response to government surveys
mentioned previously (ECCC 2015, Canada 2015). The results of ecological studies are
summarized in Table 6-5. The data were extracted from SDS and Summary information
provided by stakeholders and suggests that GEGAC could have low to moderate
toxicity toward both daphnid and fish, and low toxicity toward algae. One exception is
observed for rainbow trout reported in the SDS of the product “Jaguar C-17", where high
toxicity is reported. GEGAC is a cationic polymer, and therefore its ecotoxicity is
expected to be primarily driven by cationic charge density (Boethling and Nabholz,
1997). This could be observed in the reported ecotoxicity for the products “N-Hance
CG13” and “Jaguar C-17", where according to the product data sheets, the former is
considered to have medium %a-N, and the latter to have high %a-N (PDS 2017, PDS
2013). The toxicity difference could also be due to variations in inter-species sensitivity.

Table 6-5. Experimental ecotoxicity data for GEGAC

Common Name Organism End Point® | Value (mg/L) Reference
Zebra fish B. rerio 96h LCsp >100 Canada 2015
Zebra fish B. rerio 96h LCsp <100 Canada 2015
Water flea D. magna 48h ECsg >100 Canada 2015

Carp C. carpio 96h LCso >100 SDS 2015
Water flea D. magna 48h ECsp 54 SDS 2015

Blue-green algae | A. flos-aquae 72h NOEC >100 SDS 2015

Water flea D. magnha 48h ECsp 100 SDS 2014b
Rainbow trout O. mykiss 96h LCsg 0.2-0.8 SDS 2014b

*ECso is the Effect Concentration for 50 percent of the population; LCso is the Lethal Concentration for 50 percent of
the population; NOEC is the No Observed Effect Concentration.
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The biodegradation of GEGAC may yield smaller molecules of a cationic and non-
cationic nature. Non-cationic molecules are not expected to be of ecological concern as
starch is metabolized by different organisms. However, molecules with cationic
functionality and free cationic moiety due to the reactant, 1-Propanaminium, 2,3-
dihydroxy-N,N,N-trimethyl- (CAS RN 44814-66-6), may present increased ecological
hazard. Ecological effects data for CAS RN 34004-36-9, which is structurally similar to
CAS RN 44814-66-6, indicate low toxicity toward fish and daphnid (ECJRC 2008).
Considering the low ecological hazard of CAS RN 34004-36-9, low ecological hazard is
expected for degraded molecules with cationic functionalities. Thus, ecological concern
for the degradants is not expected to be significant, and is not considered further in this
assessment.

GEGAC has an expected number average molecular weight much greater than 1000
daltons and is therefore out of the range where modelling software are considered
reliable. Thus, ecotoxicity modelling was not conducted.

Cationic starch, such as SEGAC, is considered to be a suitable analogue for GEGAC
even though the two polymers have compositional differences (See Table 5-4, Table
5-5, and Table 5-6). Although both polymers are polysaccharides, SEGAC is a starch
based polymer while GEGAC is a guar gum based polymer. Guar gum is composed of
a D-mannose repeating saccharide units with D-galactose bound to every other D-
mannose unit, whereas starch is composed of two polymers: amylose and amylopectin
(Merck Index, 1989). Amylose is a linear polymer composed of glucose repeating units,
and amylopectin is a branched polymer composed of glucose repeating units (Merck
Index 1989). SEGAC or other cationic starch based polymers are considered to be
suitable analogues considering that the hazard from GEGAC likely arises from the
presence of the cationic functionality. Thus, the ecotoxicity observed for cationic
starches is expected to be indicative of the potential toxicity of GEGAC. Section 6.6.1
above summarizes the ecotoxicity data available for various cationic starches.
Comparing the ecotoxicity between cationic starch and GEGAC, it can be seen that
there is no clear trend in ecotoxicity. However, ecotoxicity data reported for both types
of polymers indicates that the ecological effects could vary significantly for the same
species.

As mentioned in the Ecological Effects Assessment for SEGAC (Section 6.6.1),
ecotoxicity of polycationic polymers are mitigated through the presence of organic
matter present in natural environment. Considering that GEGAC is a polycationic
polymer, similar mitigation of ecotoxicity would be expected. As the %a-N could vary
significantly for GEGAC, a conservative mitigation factor of 7 was selected because that
polymer is anticipated to have low to moderate cationic charge density. However, for
GEGAC with a higher expected %a-N, the mitigation is anticipated to be more than 20
times. As there is insufficient information on the composition of GEGAC and on the %a-
N, a mitigation factor of 7 is considered to be a reasonable worst case to account for
mitigation of GEGAC with lower %a-N. Based on toxicity data in Table 6-5, GEGAC is
anticipated to have low toxicity for daphnid and algae, and low to moderate toxicity
towards fish after application of the mitigation factor.
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No sediment ecotoxicity data were provided for GEGAC, or were available for other
cationic guar gum. However, Wang et al. (2016) reported low to moderate toxicity for
worms exposed to solutions of cationic starch (See Table 5-6). Considering that the
ecological hazard of cationic starch and GEGAC arises from the presence of cationic
functionality, GEGAC is expected to have similar toxicological effect towards sediment
dwelling species.

Overall, GEGAC is expected to show moderate to low toxicity to aquatic organisms, and
low toxicity towards to sediment dwelling species in natural environments. Based on
available data, the lowest ecotoxicity end point with mitigation for GEGAC was selected
to be the critical toxicity value (CTV), and is used to estimate the aquatic Predicted No
Effect Concentration (PNEC). A PNEC is not considered necessary for sediment
species, as the toxicity value is anticipated to be greater than 100 mg/L after mitigation.

The aquatic PNEC is derived from the critical toxicity value (CTV; 0.2 mg/L O. mykiss,
see Table 7.5), which is divided by an assessment factor (AF) as shown:

Aquatic PNEC (mg/L) = CTV / AF
Aquatic PNEC (mg/L) = (0.2 mg/L x 7) / 100
Aquatic PNEC (mg/L) = 0.014

An AF of 100 is selected to estimate aquatic PNEC. The AF selected represents 10 for
extrapolation from acute to chronic toxicity, 5 for species sensitivity, and 2 for mode of
action for cationic polymers. Considering the available ecotoxicity data for GEGAC and
SEGAC (3 categories and over four species), a factor of 5 was selected to represent
species sensitivity. As the ecotoxicity of cationic polymers depends strongly on the %a-
N, and that the studies reviewed in this assessment lack details on the polymer and the
%a-N, the factor of 2 was selected to represent the uncertainty of the %a-N for the
polymers reviewed.

6.6.2 Ecological Exposure Assessment

GEGAC has reported use as a thickener and conditioning agent in different products
available to consumers, including shampoo, and hair conditioners. The combined
reported annual quantities are between 10 000 kg and 100 000 kg in 2014 (ECCC 2015,
Canada 2015). All of the reported quantities were from importers of products containing
the substances and not from formulators or users; thus the number of formulation sites
that utilize GEGAC is unknown. Considering that there are a number of importers, it is
likely that the total number of formulators would be greater than two. As a conservative
assumption, the maximum quantities in the import quantity range are used to estimate
the predicted environmental concentration (PEC). Furthermore, it is assumed that only
two formulators will use GEGAC, and that the total volumes are equally distributed
between the two facilities.
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The PEC of GEGAC in the receiving water close to the discharge points of formulating
facility is estimated from the amount released to the WWT system, the effluent volume,
the daily flow rate of the receiving water, and using the following equation.

10°xQxEx(1-R)
FxN

PEC =

where

PEC: predicted environmental concentration in receiving water near discharge
point, mg/L

Q: Total quantity of SEGAC used per year, kgly

E: emission factor to untreated wastewater, unitless

R: overall wastewater treatment removal, unitless

F: daily flow rate, L/d

N: number of operation days per year, dly

10°: conversion factor from kg to mg, mg/kg

Information regarding the number of operation days at a formulation facility is unknown.
However, based on OECD Emission Scenario Document for Blending of fragrance oils
into commercial and consumer products (2010), the maximum number of operations
days per year that involves the use of GEGAC is assumed to be 250.

Information regarding the emission factor from formulators is unknown. For a
conservative scenario, 10 percent emission of GEGAC is assumed, with two
formulators, and a maximum quantity (Q) of 100 000 kg per year is used.

According to Boethling and Nabholz (1997), cationic polymers with molecular weight
greater than 1000 daltons with minimal oligomeric (components with molecular weight
less than 1000 daltons), are expected to adsorb on to organic matter and thus removed
from wastewater. Median removal rate of solids from secondary WWT systems is
approximately 95 percent (internal wastewater database). Considering that GEGAC is a
high molecular weight cationic polysaccharide, similar high removal rates are expected.
For the purpose of this assessment, a removal rate of 90 percent is assumed.

Wastewater will be discharged from formulation facility into WWT systems, where
treated waste water will be discharged into various water courses. As the range of water
courses varies significantly in size, a reasonable watercourse with a daily flow rate (F)
of 159 million litres is assumed. The associated formulation PEC is then calculated from
the equation above and is estimated to be 0.0126 mg/L.

Consumer release of GEGAC during its use in hair and skin care products is expected
to occur throughout Canada. As such, the consumer PEC is estimated using the
Consumer Release Aquatic Model (CRAM; Environment and Climate Change Canada
Internal Model). CRAM is a Canadian population-based probabilistic model used to
estimate environmental exposure resulting from down-the-drain release of chemicals
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present in products available to consumers. The estimation is based on the worst case
assumption that GEGAC is present in all shampoo and released throughout Canada.
The conservative base case scenario obtained from CRAM produced PECs of 5.5 x 10/
mg/L for the 10" percentile low flow events.

6.6.3 Characterization of Ecological Risk

The approach taken in this ecological risk assessment was to examine direct and
supporting information and develop conclusions based on a weight-of-evidence
approach. Lines of evidence considered include information on sources and fate of the
substance, persistence, bioaccumulation, estimated exposure to the substance, and
ecological hazard properties. GEGAC is a cationic polysaccharide that is used in
various hair and skin care products. Based on available information, between 10 000 kg
and 100 000 kg of GEGAC was imported into Canada in 2014.

Water solubility information reported for GEGAC, indicates that it is completely water
soluble. When GEGAC is released into the environment, it is expected to be solubilized
in water. Due primarily to the high molecular weight and cationic charge, partitioning into
the air compartment is not expected. Furthermore, significant amounts are anticipated
to adsorb onto organic matter and settle to the sediments.

Biodegradation data for GEGAC suggest that it will be biodegradable in the
environment, and other information suggests it is unlikely to be hydrolyzable.
Degradants of GEGAC are not expected to pose an ecological concern and were
therefore, not considered further in this assessment.

Adequate data which could be used to assess the bioaccumulation potential of GEGAC
were not available. However, based on the high molecular weight of GEGAC, it is
expected to have low bioconcentration potential.

Reported information on the current use patterns for GEGAC indicates that it is
imported for use in hair and skin care products. It is expected that products containing
GEGAC will be distributed to different formulators across Canada for use in various
products (hair shampoos and conditioners for example). Release of GEGAC into WWT
systems from consumer use is anticipated to occur on a daily basis. Conservative
exposure estimation for the formulation of GEGAC generated the PEC shown in Table
6-6.

During the use of hair and skin care products, GEGAC is expected to be completely
released into WWT systems. The conservative consumer PEC was estimated using
CRAM and the estimated PEC is summarized in Table 6-6.

According to the ecological hazard profile of GEGAC, it generally has low to moderate
toxicity towards fish and daphnid, and low toxicity towards algae. However, GEGAC
could be highly toxic towards rainbow trout (SDS 2014b). The toxicity difference
observed for carp and rainbow trout fish may be due to variations in species sensitivity
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or it could be attributed to the potential differences in cationic charge density. For the
purpose of this assessment, the highest toxicity value (0.2 mg/L) was selected as the
CTV.

In natural environments, the toxicity of cationic polymers is expected to be mitigated in
the presence of organic matter (Boethling and Nabholz, 1997). Based on a conservative
estimation, the selected CTV is expected to mitigated by 7 times. The mitigated CTV for
GEGAC was used to estimate the PNEC.

The risk quotient was estimated based on the conservative PEC and PNEC. Table 6-6
summarizes the risk quotients calculated.

Table 6-6. Estimated risk quotient for release of GEGAC based on formulation and
consumer release scenarios

. PNEC Risk Quotient
Scenario (mg/L) PEC (mg/L) (PEC/PNEC)
Formulation 1.4x 107 1.3x 107 0.92
Consumer release with 10" | 1.4 x 10 5.5x 107 3.9x107
percentile flow event

Based on Table 6-6, neither the formulation scenario nor the consumer use scenarios
for GEGAC are expected to result in environmental concern (i.e., risk quotients are less
than 1). The risk quotient for formulation is approaching 1. However, considering that
conservative values, such as the high emission factor, volumes, number of sites and
flow rates, were used to estimate the PEC, it is anticipated that the risk quotient are an
over estimation of the potential risk. For example, it is anticipated that there would be
greater than two formulators in Canada that would use GEGAC, and that the emissions
from formulators would be significantly less than 10 percent. Furthermore, the mitigation
factor chosen is on the lower end, which would increase the hazard potential of GEGAC
or lower the PNEC. Overall, GEGAC is not expected to result in ecological concern
based on available information and conservative estimation of PEC and PNEC values
for several exposure scenarios.

6.7 Potential to Cause Harm to Human Health

Classification of the hazard data and exposure profiles used to develop the potential for
human health risks associated with GEGAC are presented in the document ‘Supporting
documentation: Final Risk Matrix Location of Polymers’ (Health Canada, 2017).
Although exposure was established as high, the human health hazard for the substance

was determined to be low for GEGAC. Therefore, taking into consideration the available
data, it is unlikely that exposure to the substance will pose a human health risk.
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7. Uncertainties in Evaluation of Ecological Risk

SEGAC and GEGAC are polymeric substances. It is recognized that a given CAS RN
can describe polymers that have different Mn, composition, and %a-N; and hence, a
different range of physical-chemical properties and hazard properties. However,
considering that conservative assumptions were used to determine the hazard potential
for SEGAC and GEGAC, changes in molecular weight, composition or %a-N are not
expected to result in a significant increase in ecological effects.

8. Uncertainties in Evaluation of Risk to Human Health

Oxidized starch, tannins and humic acid are considered UVCBs. Consequently, there
are uncertainties in the size and composition of the substances. There are some
limitations with the available physical-chemical data, but given the sources, uses and
known general properties of the substance, there is sufficient information to determine
gualitative exposures. There is limited toxicological information on oxidized starch and
there are uncertainties in the hazard associated with tannins and humic substances as
there is data presenting opposing toxicological effects; some studies indicate beneficial
properties to human health, other studies suggest potential health risks.

9. Conclusion

Considering all available lines of evidence presented in this screening assessment,
there is low risk of harm to organisms and the broader integrity of the environment from
oxidized starch, tannins (tannic acid), humic acid, SEGAC, and GEGAC. It is proposed
to conclude that oxidized starch, tannins (tannic acid), humic acid, SEGAC, and
GEGAC do not meet the criteria under paragraphs 64(a) or (b) of CEPA as they are not
entering the environment in a quantity or concentration or under conditions that have or
may have an immediate or long-term harmful effect on the environment or its biological
diversity or that constitute or may constitute a danger to the environment on which life
depends.

Based on the information presented in this screening assessment, it is proposed to
conclude that oxidized starch, tannins (tannic acid), humic acid, SEGAC, and GEGAC
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 oxidized starch, tannins (tannic acid), humic

acid, SEGAC, and GEGAC do not meet any of the criteria set out in section 64 of
CEPA.

41



Draft Screening Assessment — poly(bios)

References

Arnot JA., Arnot MI., Mackay D., Couillard Y., MacDonald D., Bonnelle M., Doyle P. 2009. Molecular Size
Cutoff Criteria for Screening Bioaccumulation Potential: Fact or Fiction? Integrated Environmental
Assessment and Management. 6(2). P210-224

[AGDH] Australian Government Department of Health. 2010.Humic acids, sulfomethylated, sulfonated,
potassium salts. Sydney (AU): Department of Health, National Industrial Chemicals Notification and
Assessment Scheme (NICNAS). Priority Existing Chemical (PEC) Assessment Report No. LTD/1462
[accessed 2016-12-14]

Badun GA., Pozdnyakova VU., Chernysheva MG., Tyasto ZA., Perminova IV. 2004. Use of tritium labeled
preparations for direct measurements of humic substances hydrophobicity and their interfacial adsorption
in toluene-water system. Humic Substances and Soil and Water Environment. Structural aspects and
characterization of humic substances. p. 251-253.

Barry SM., Beznik F., Francesco De F., Matteo L., Gualco P. Inventor: The Proctor and Gamble
Company. Assignee. 2005 April 19. Unit dose detergent product comprising silicone oil. Europen Patent.
Patent No. EP1595939.

Bernacchi,F., Ponzaneli,l., Minunni,M., Falezza,A. Loprieno,N., and Barale,R. 1996. In vivo cytogenic
effects of natural humic acid. Mutagenesis. 11(5): 467- 469.

Berski W., Ptaszek A., Ptaszek P., Ziobro R., Gowalski G., Grzesik M., Achremowicz B. 2011. Pasting
and rheological properties of oat starch and its derivatives. Carbohydrate Polymers. 83: 665-671.

Boethling, RS. and Nabholz JV. 1997. Environmental Assessment of polymers under the U.S. Toxic
Substances Control Act. In Hamilton J.D. and Sutcliffe R. Ecological Assessment of Polymers. United
States of AmericaVan Nostrand Reinhold. p.187-234.

Boyd E. and Liu S.J. 1968, Toxicity of starch administered by mouth. Canadian Medical Association
Journal. 98:492-499.

Burdock GA. 2010. Fenaroli's Handbook of Flavor Ingredients. 6" Edition. Taylor & Francis/CRC Press.
Boca Raton (FL): USA.

Canada. 1999. Canadian Environmental Protection Act, 1999. S.C. 1999, c.33. Canada Gazette Part lll,
vol. 22, no. 3. http://laws-lois.justice.gc.ca/eng/acts/C-15.31/.

Canada. 2005. Canadian Environmental Protection Act, 1999: New Substances Natification Regulations
(Chemicals and Polymers), P.C. 2005-1484, 31 August, 2005, SOR/2005-247. http://laws-
lois.justice.gc.ca/eng/regulations/SOR-2005-247/.

[Canada] Canada, Dept. of the Environment. 2015. Canadian Environmental Protection Act, 1999: Notice
with respect to certain polymers on the Domestic Substances List. Canada Gazette, Part |, vol. 146, no.
30, Supplement. http://gazette.gc.cal/rp-pr/pl/2015/2015-07-25/html/notice-avis-eng.php#na2.

Canada, Dept. of the Environment. 2012. Canadian Environmental Protection Act, 1999: Notice with
respect to certain substances on the Domestic Substances List. Canada Gazette, Part |, vol. 146, no. 48,
Supplement. http://www.gazette.gc.ca/rp-pr/p1/2012/2012-12-01/pdf/g1-14648.pdf.

42


http://gazette.gc.ca/rp-pr/p1/2015/2015-07-25/html/notice-avis-eng.php#na2
http://www.gazette.gc.ca/rp-pr/p1/2012/2012-12-01/pdf/g1-14648.pdf

Draft Screening Assessment — poly(bios)

Cary GA., McMahon JA., Kuc WJ. 1987. The Effect of Suspended Solids and Naturally Occurring
Dissolved Organics in Reducing the Acute Toxicities of Cationic Polyelectrolytes to Aquatic Organisms.
Environmental Toxicology and Chemistry. 6. p.469-474.

Chan HT., Leh CP., Bhat R., Senan C., Williams PA., Karim AA. 2011. Molecular structure, rheological
and thermal characteristics of ozone-oxidized starch. Food Chemistry. 126: 1019-1024.

Chung,K.T., Wong,T., Wei,C., Huang, Y.W. and Lin,Y. 1998. Tannins and human health: A review.
Critical reviews in Food Science and Nutrition. 38(6):421-464.

[CPDB]J Carcinogenicity Potency Database [database on internet]. 1980-2005. Bethesda (MD) National
Library of Medicine (US) [Updated 2011-09-01; accessed 2016-12-14]
https://toxnet.nIm.nih.gov/cpdb/index.html

De Souza Dos Santos, M., Gongalves,C., Vaisman,M., Ferreira,A, and de Carvalho,D. 2011. Impact of
flavonoids on thyroid function. Food Chem. Toxicol. 49(10):2495-2502.

[DPD] Drug Product Database [database]. [modified 2015 Jul 17]. Ottawa (ON): Health Canada.
[accessed 2016 Oct 20]. http://webprod5.hc-sc.gc.ca/dpd-bdpp/index-eng.jsp.

[ECCC] Environment and Climate Change Canada. 2015. Data collected from Follow up on your
submission for certain polymers under DSL 1U2 (February 2015). Data prepared by ECCC, Health
Canada; Existing Substances Program.

[ECCC] Environment and Climate Change Canada. 2016. Gatineau (QC): ECCC. Information on the
decision taken at each step for the second phase of polymer rapid screening.

[ECCC] Environment and Climate Change Canada. 2017. Gatineau (QC): ECCC. Information obtained
from New Substances Notification (NSN) database.

[ECCC, HC] Environment and Climate Change Canada, Health Canada. [modified 2007 Apr 20].
Categorization. Ottawa (ON): Government of Canada. [accessed 2016 Oct 20].
http://www.chemicalsubstanceschimiques.gc.ca/approach-approche/categor-eng.php.

[ECCC, HC] Environment and Climate Change Canada, Health Canada. 2017. Second Phase of Polymer
Rapid Screening: Results of the Screening Assessment. Ottawa (ON): Government of Canada.
[Accessed 2017 April 11]. http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=AEB2C55B-1

[ECJRC] European Commission Joint Research Centre. 2008. European Union risk assessment report:
CAS RN 3033-77-0: 2,3-EPOXYPROPYLTRIMETHYLAMMONIUM CHLORIDE . Luxembourg: Office for
Official Publications of the European Communities. EINECS No0.221-221-0. [Accessed 2017 April 11].
https://echa.europa.eu/documents/10162/ad2b9958-d74b-42cf-9¢cb1-521f017737el

EPA 1992. Dermal Exposure Assessment: Principles and Applications. United States Environmental
Protection Agency. Washington DC. p. 1-388.

[EFSA] European Food Safety Authority. 2014. Scientific opinion on the safety and efficacy of tannic acid
when used as feed flavouring for all animal species. EFSA Journal. 12(10): 3828, p.1-18.

[FAO-WHO] Codex general standard for food additives (GSFA) [database]. Oxidized Starch. [accessed
206 Oct 24].
http://www.fao.org/gsfaonline/additives/details.htm|?id=69&d39888760=2&d3988876s=3&print=true

43


https://toxnet.nlm.nih.gov/cpdb/index.html
mailto:substances@ec.gc.ca
mailto:substances@ec.gc.ca
http://www.chemicalsubstanceschimiques.gc.ca/approach-approche/categor-eng.php
http://www.ec.gc.ca/ese-ees/default.asp?lang=En&n=AEB2C55B-1
http://www.fao.org/gsfaonline/additives/details.html?id=69&d3988876o=2&d3988876s=3&print=true

Draft Screening Assessment — poly(bios)

[FDA, CFR] Code of federal regulations title 21. Direct food substances affirmed as generally recognized
as safe (GRAS); Tannic acid. 2016. Silver Spring (MD): USA. [accessed 2016 Nov. 1].
https://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/fCFRSearch.cfm?fr=184.1097

Ginebreda A., Guillén D., Barcel6 D., Darbra RM. 2011. Additives in the Paper Industry. In Biltewski B.
Darbra RM., Barcelo6 D. Global Risk-Based Management of Chemical Additives I. Germany: Springer-
Verlag Berlin Heidelberg. P.11-34

Goodrich, MS., Dulak LH., Friedman MA., Lech JJ. 1991. Acute and Long-Term Toxicity of Water-Soluble
Cationic Polymers to Rainbow Trout (Oncorhynchus mykiss) and the Modification of Toxicity by Humic
Acid. Environmental Toxicology and Chemistry. 10. p. 509-515.

Health Canada 1979. Guidelines for Canadian Drinking Water Quality: Guideline Technical Document-
Colour [accessed 2016 Dec. 2]. http://healthycanadians.gc.ca/publications/healthy-living-vie-saine/water-
colour-couleur-eau/index-eng.php?page=text

Health Canada. [modified 2015 Dec 14]. Cosmetic ingredient hotlist: list of ingredients that are prohibited
for use in cosmetic products. Ottawa (ON): Health Canada, Consumer Product Safety Directorate.
[accessed 2016 Oct 20]. http://www.hc-sc.gc.ca/cps-spc/cosmet-person/hot-list-critique/hotlist-liste-

eng.php.

Health Canada. [modified 2016 June 29]. List of permitted starch-modifying agents (lists of permitted food
additives). Ottawa (ON): Health Canada, Food Nutrition. [accessed 2016 Dec 30]. http://www.hc-
sc.gc.calfn-an/securit/addit/list/13-starch-modif-amidon-eng.php

Health Canada. 2017. Supporting documentation: Final Risk Matrix Location of Polymers. Ottawa (ON):
Health Canada. Information in support of the Second Phase of Polymer Rapid Screening — Results of the
Screening Assessment.

Hewlett P. 2003. Lea’s Chemistry of Cement and Concrete. 4™ Edition. Elsevier Butterworth Heinemann.
p. 325.

Horton D. 2004. Advances in Carbohydrate Chemistry and Biochemistry, Volume 59. Academic Press.
p.204.

[Jingkun] In Cosmetics Product Brochure. Jingkun Chemistry Co. Accessed 2017 April 10. https://www.in-
cosmetics.com/__novadocuments/2610

Kosobucki P., Buszewski B. 2014. Natural organic matter in ecosystems- A review. Nova Biotechnologica
et Chimica. 13-2: 109-129.

Lewicka K., Siemion P., Kurcok P. 2015. Chemical modifications of starch: Microwave effect. International
journal of polymer science. 2015: 1-10.

[LNHPD] Licensed Natural Health Products Database [database]. [modified 2016 Aug 10]. Ottawa (ON):
Health Canada. [accessed 2016 Oct 26]. http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/index-eng.jsp.

McDonald TA., Komulainen H. 2005. Carcinogenicity of the chlorination disinfection by-product MZ. J.
Environ Sci Health C Environ Carcinog Ecotoxicol Rev. 23(2)163-214.

Meier,J., Ringhand,H., Coleman,W., Schenck,K., Munch,J., Streicher,R., Kaylor,W. and Kopfler,F. 1986.
Mutagenic by-products from chlorination of humic acid. Environmental health perspective. 69:101-107.

44


http://www.hc-sc.gc.ca/cps-spc/cosmet-person/hot-list-critique/hotlist-liste-eng.php
http://www.hc-sc.gc.ca/cps-spc/cosmet-person/hot-list-critique/hotlist-liste-eng.php
http://www.hc-sc.gc.ca/fn-an/securit/addit/list/13-starch-modif-amidon-eng.php
http://www.hc-sc.gc.ca/fn-an/securit/addit/list/13-starch-modif-amidon-eng.php
https://www.in-cosmetics.com/__novadocuments/2610
https://www.in-cosmetics.com/__novadocuments/2610
http://webprod5.hc-sc.gc.ca/lnhpd-bdpsnh/index-eng.jsp

Draft Screening Assessment — poly(bios)

[Merck Index] Budavari S. Editor. 1989. Merck Index. 11" Ed. Rahway (NJ): Merck & Co. Inc.

[NCI] National Chemical Inventories ™ [Database on a CD-ROM]. 2015. Issue 2. Columbus (OH):
Chemical Abstract Services. [Accessed 2017 April 1]. http://www.cas.org/products/other-cas-products/nci-
on-cd.

[NHPID] Natural Health Products Ingredients Database [database]. [modified 2016 Apr 18]. Ottawa (ON):
Health Canada. [accessed 2016 Oct 26]. http://webprod.hc-sc.gc.ca/nhpid-bdipsn/search-
rechercheReq.do.

O'Brien, P., Siraki. A., and Shangari, N. 2005. Aldehyde Sources, Metabolism, Molecular toxicology
mechanisms, and possible effects on human health. Critical Reviews in Toxicology. 35:609-662

[OECD] Organisation for Economic Co-operation and Development. 2009. Emission Scenario Document
on pulp, paper and board industry. Paris (FR): OECD, Environment Directorate. (Series on Emission
Scenario Documents No. 23; Report No.: ENV/IM/MONO(2009)25, JT03267839. [accessed 2017 April
11]. http://www.oecd.org/chemicalsafety/risk-assessment/emissionscenariodocuments.htm

[OECD] Organisation for Economic Co-operation and Development. 2010. Emission Scenario Document
on the blending of fragrance oils into commercial and consumer products. Paris (FR): OECD,
Environment Directorate. (Series on Emission Scenario Documents No. 26; Report No.:
ENV/IM/MONO(2010)38, JT03287706. [accessed 2017 April 11].
http://www.oecd.org/chemicalsafety/risk-assessment/emissionscenariodocuments.htm

Pena-Mendez EM., Havelm J., Patocka J. 2005. Humic substances- compounds of still unknown
structure: applications in agriculture, industry, environment, and biomedicine. Journal of Applied
Biomedicine. 3: 13-24.

Perez GV., Perez AL. 2000. Organic acids without a carboxylic acid functional group. Journal of Chemical
Education. 77(7): 910-915.

Perminova IV., Frimmel FH., Kudryavtsev AV., Kulikova NA., Abbt-Braun G., Hesse S., Petrosyan VS.
2003. Molecular weight characteristics of humic substances from different environments as determined by
size exclusion chromatography and their statistical evaluation. Environmental Science & Technology. 37:
2477-2485.

Quab Chemicals. Quab Cationization of Polymers. [Accessed 2017 April 7]
http://www.quab.com/docs/QUAB_Brochure.pdf

Qualls RG. 2004. Biodegradability of humic substances and other fractions of decomposing leaf litter. Soil
Science Society of America Journal. 68: 1705-1712.

Sakakibara, M. Inventor; Kao Corp, Assignee. 2010 Jan. 1. Manufacture of cationized galactomannan
polysaccharides with good whiteness and transparency. Japan Patent. Patent JP 2010143977.

Salinas E., Bozich J., Peters L., Lukas R. Assessing the influence of part per billion variation of natural
organic carbon levels on cationic polymer acute toxicity to D.magna. In Proceedings of SETAC EU 26"
Annual Meeting. 2016 May. Nantes (Fr).

Sangseethong K., Lertpanit S., Siroth K. 2006. Hypochlorite oxidation of cassava starch. Starch-Strake
lectures of the 57th Starch convention. 9 p. [accessed 2016 Oct 26].
http://www.agfdt.de/loads/st06/kunruede.pdf

45


http://www.cas.org/products/other-cas-products/nci-on-cd
http://www.cas.org/products/other-cas-products/nci-on-cd
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/search-rechercheReq.do
http://webprod.hc-sc.gc.ca/nhpid-bdipsn/search-rechercheReq.do
http://www.oecd.org/chemicalsafety/risk-assessment/emissionscenariodocuments.htm

Draft Screening Assessment — poly(bios)

Sasano, T. and lkushima K., Inventor; Shikibo Ltd. Assignee. 1994 Jan 11. Method for cationization of
nongranulated polysaccharides.Japan Patent. Patent JP 06001801.

SciFinder [database]. 2016. Columbus (OH): Chemical Abstract Services. [accessed 2016 Jul 13].
https://www.cas.org/products/scifinder

SDS. Material Safety Data Sheet. 2006. December 7. CAS RN 56780-58-6. Quebec (CA).

SDS. Material Safety Data Sheet. 2007. May 18. CAS RN 56780-58-6. Quebec (CA).

SDS. Material Safety Data Sheet. 2010. July 23. Activsoft C-14. North Carolina (US). Innospec.

SDS. Material Safety Data Sheet. 2014a. August 14. Bufloc 5567. Quebec (CA). Buckman.

SDS. Material Safety Data Sheet. 2014b. November 12. Jaguar C17. Canada. Solvay.

SDS. Safety Data Sheet. 2015. November 25. N-Hance CG13 Cationic Guar Derivative, USA, Ashland.

Singh B, Bhat TK and Sharma OP, 2001. Biodegradation of tannic acid in an in vitro ruminal system.
Livestock Production Science, 68, 259-262.

Smith J., Hong-Shun L. 2003. Food additives Data Book. Blackwell Science/Wiley.

Takizawa FF., de Oliveira da Silva G., Konkel FE., Demiate IM. 2004. Characterization of tropical
starches modified with potassium permanganate and lactic acid. Brazilian Archives of Biology and
Technology. 47(6): 921-931.

Tan KH. 2014. Humic matter in soil and the environment- Principles and Controversies. 2" Edition. Taylor
& Francis Group/CRC. p.1-475.

[PDS] Product Datasheet. N-Hance CG13 Cationic Guar. [2017] Rev 3-11. No. 4240-3. Ashland.
[PDS] Product Datasheet. Jaguar C-17. December 2013. No. NO0O0713.Solvay.

Thurman EM. 1985. Organic Geochemistry of Natural Waters. Martinus Nijhoff/Dr W. Junk Publishers.
Vol. 2. p. 105-106.

Til, H.P. & Kuper, C.F. (1993) Range-finding (14-day) and sub-chronic (90-day) feeding studies with
Perfectamyl GEL45 in rats (final report). Unpublished report number V 93.537 from TNO Nutrition and
Food Research, Zeist, Netherlands, dated December 1993. Submitted to WHO by AVEBE Research &
Development, Product Regulation, Foxhol, Netherlands.

US EPA. 2010. TSCA New Chemicals Program (NCP) Chemical Categories. Office of Pollution
Prevention and Toxics. U.S. Environmental Protection Agency. Washington, D.C.

[US FDA], US Food and Drug Administration 2016. SCOGS (Select Committee on GRAS Substances)
Database. Accessed 2017-06-02) https://www.accessdata.fda.gov/scripts/fdcc/?set=SCOGS

Wang Z., Zang H., Pan G. 2016. Ecotoxicological Assessment of Flocculant Modified Soil for Lake
Restoration using an Integrated Biotic Toxicity Index. Water Research. 97. P.133-141

46


https://www.cas.org/products/scifinder

Draft Screening Assessment — poly(bios)

Xie SX., Liu Q., Cui SW. 2005. Starch maodification and applications (chapter 8). In: Cui SW. editor. Food
carbohydrates: chemistry, physical properties, and applications. Taylor & Francis Group/CRC. p.1-50.

Xie MZ., Shoulkamy MI., Salem AM., Oba S., Goda M., Nakano T., Ide H. 2016. Aldehydes with high and
low toxicities inactivate cells by damaging distinct cellular targets. Mutation Research. 786: 41-51.

Ziotkowska D., Shychuk A. 2011. Flocculation abilities of Industrial Cationic Starches. Polimery. 56(3).
P.244-246

a7



Draft Screening Assessment — poly(bios)

Appendix - Assessment Approaches Applied during the
Second Phase of Polymer Rapid Screening

The approaches applied during the second phase of polymer rapid screening are
outlined in this section. The detailed analyses, as well as the results of the second
phase of polymer rapid screening for the individual substances, are presented in
Chapter 3to 7.

Characterization of Ecological Risk for Tannins, Humic Acid and Oxidized Starch

The ecological risks of tannins, humic acid, and oxidized starch were characterized
using the approach outlined in the report; “Second Phase of Polymer Rapid Screening:
Results of the Screening Assessment” (ECCC, HC 2017). The approach consisted of
multiple steps that addressed different factors related to the potential for a polymer to
cause ecological harm. At each step in the rapid screening process, any substance that
appeared to present a potential for harm was identified as requiring further assessment.
The approach was intended to be pragmatic, protective of the environment, and fairly
rapid, largely making use of available or easily obtainable data. This section
summarizes the approach, which is described in detail in the report; “Second Phase of
Rapid Polymer Screening, Results of the Draft Screening Assessment” (ECCC, HC
2017).

The ecological component of the second phase of polymer rapid screening approach
consisted of four main steps to identify polymers that warrant further evaluation of their
potential to cause harm. The first step involved identifying polymers which are not likely
to be of ecological concern based on low reported import and manufacture quantities
according to Phase Two of the Domestic Substances List Inventory Update (Canada
2012), a voluntary survey (ECCC 2015) and a mandatory survey conducted under
section 71 of CEPA (Canada 2015). Polymers with import and/or manufacture volumes
less than 1000 kg per year are not likely to be of ecological concern. This is consistent
with the notifying trigger quantity of 1000 kg for polymers under section 7 of the New
Substances Notification Regulations (Chemicals & Polymers) [NSNR (C&P)] (Canada
2005).

The second step involved determining whether the polymer will likely have water
extractability greater than 2% by weight. Water extractability greater than 2% by weight
indicates that the polymer may be more bioavailable to aquatic organisms. The
increased potential for exposure to aquatic organisms may present higher ecological
risk. Literature, online safety data sheet (SDS) databases, the internal New Substances
database for polymers, data gathered through a voluntary survey (ECCC 2015) and a
mandatory section 71 survey under CEPA (Canada 2015), and other reliable sources
and databases (e.g. QSAR toolbox, ECHA chemical database) were searched for water
extractability and solubility information.
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The third step in the ecological component involved identifying polymers with reactive
functional groups (RFGs). RFGs are groups with chemical functionality that are
considered to be reactive and may have damaging effects on the biological community.
These groups are well described in Schedule 7 of the NSNR (C&P) (Canada 2005) and
polymers containing RFGs may be of increased ecological concern, and require further
screening. The RFGs include, among others, potentially cationic or cationic
functionalities, alkoxy silanes, and phenols with unsubstituted ortho or para positions.
To determine the presence of RFGs, structural information was gathered through a
voluntary (ECCC 2015) and a mandatory section 71 survey of CEPA (Canada 2015).
For polymers where no representative structures were provided, structural
representations were derived from information available for similar polymers: 1)
obtained from the internal New Substances program database; 2) from the Chemical
Abstract Services (CAS) name; or 3) based on professional knowledge on likely
polymerization mechanisms.

The final step for ecological considerations involved applying environmental release
scenarios to estimate environmental exposure. Two generic aguatic exposure scenarios
were applied to identify potential concerns near the point of discharge of a polymer into
the environment. These scenarios involved comparing conservative (i.e., ecologically
protective) estimates of exposure in receiving waters [predicted environmental
concentrations (PEC)] with an effects threshold [predicted no-effect concentration
(PNEC)] in order to evaluate whether a polymer is likely to cause harm to the local
aquatic environment. The approaches made use of quantity information from each
reporting company gathered through Phase Two of the DSL Inventory Update (Canada.
2012), and import and/or manufacture volumes through a voluntary survey (ECCC
2015) and a mandatory survey conducted under section 71 of CEPA (Canada 2015).
The aquatic PNEC for each of the scenarios was derived from the critical toxicity value
(CTV), which was divided by an assessment factor (AF) as shown:

Aquatic PNEC (mg/L) = CTV / AF

CTVs were based on empirical or modelled data (where appropriate). Experimental
ecotoxicity data were gathered through the voluntary survey and polymer survey under
section 71 of CEPA, literature information, as well as read-across data from polymers
which have been assessed by the New Substances program. If the scenarios indicated
a low likelihood of harm to aquatic organisms (i.e., ratio of PEC/PNEC is less than one),
the polymer is anticipated to present low ecological concern.

It is recognized that conclusions resulting from the use of the second phase of polymer
rapid screening have associated uncertainties, including commercial activity variations.
However, the use of a wide range of information sources (relating to both exposure
potential and hazard concerns identified for a polymer), as well as the use of
conservative exposure scenarios increase confidence in the overall approach that the
polymers identified as not requiring further assessment are unlikely to be of concern.
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Information on the decision taken at each step for each polymer is presented in a
document titled “Information on the Decision Taken at Each Step for Rapid Screening Il
of Polymers” (ECCC 2016).

Based on available information, tannins, humic acid, and oxidized starch were identified
in “Second Phase of Polymer Rapid Screening: Results of the Screening Assessment”
(ECCC, HC 2017), as being unlikely to cause ecological harm.

Characterization of Risk to Human Health for SEGAC and GEGAC

The human health risks of SEGAC and GEGAC were characterized using the approach
outlined in the report; “Second Phase of Polymer Rapid Screening: Results of the
Screening Assessment” (ECCC, HC 2017). This process consisted of determining the
location of each polymer in a health risk matrix, assigning a low, moderate or high level
of potential concern for substances based on their hazard and exposure profiles. The
matrix has three exposure bands that represent different exposure potentials which
increase from band 1 to 3 and three hazard bands representing different hazard
potentials which increase from band A to C.

The first step involved identifying the degree of direct and indirect exposure for each
polymer based on its human exposure potential derived through its use pattern, import,
manufacture or use quantity and water extractability. To determine if a polymer is used
in or is present in a product available to Canadians, numerous additional sources of
information related to both domestic and international use and product information were
searched and consulted.

The highest exposure band (3) is designated for polymers which are expected to have
high direct exposure resulting from their use in products available to consumers that are
intended for consumption or application to the body, such as cosmetics, drugs and
natural health products. The middle exposure band (2) is designated for polymers
which are anticipated to have moderate direct or indirect exposure resulting from the
use of polymers in household products that are not intended to be applied to the body or
consumed, such as cleaning products, household paint and sealants. The lowest
exposure band (1) is designated for polymers which are anticipated to have low direct
or indirect exposure. This exposure band includes polymers which are used in the
industrial sector to form manufactured articles and which are often contained within or
reacted into a cured or hardened polymer matrix during industrial manufacturing.

The second step involved identifying the hazard potential, and corresponding hazard
band, for each polymer based on the presence of reactive functional groups (RFGs) and
available toxicological data. Identification of a hazard band was performed
independently of the identification of an exposure band. The highest hazard band (C)
is associated with polymers which are known or suspected to have a RFG or metals of
concern to human health. The highest hazard band is also assigned to polymers for
which toxicological data on the polymer or a structurally-related polymer shows or
suggests that the polymer may pose a human health risk. The middle hazard band (B)
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is associated with polymers which do not contain any RFGs or metals of concern to
human health but may contain other structural features such as ethylene glycol,
aliphatic and aromatic amines or maleic acid anhydrides which may be associated with
human health effects. The lowest hazard band (A) is associated with polymers which
do not contain a RFG or other structural feature or metals which are known to be
associated with human health concerns and available toxicological data indicates a low
concern for human health.

The final step combined the exposure and hazard potentials to determine the overall

risk potential as represented by the location in the risk matrix. Polymers which have a
moderate-to-high exposure potential and the highest hazard potential (cells 2C or 3C)
are identified as requiring further assessment to determine their risk to human health.

Polymers that are placed in all other cells of the risk matrix are considered unlikely to
cause harm to human health at current levels of exposure. As a result, these polymers
are not identified as requiring further human health assessment.

It is recognized that conclusions resulting from the use of this polymer rapid screening
approach have associated uncertainties, including commercial activity variations and
limited toxicological information. However, the use of a wide range of information
sources (relating to both exposure potential and hazard concerns identified for a
polymer), as well as the use of conservative exposure scenarios, increase confidence in
the overall approach that the polymers identified as not requiring further assessment are
unlikely to be of concern.

Information on the decision taken at each step for the substances in this assessment is
presented in Health Canada (2017).

Based on available information, SEGAC and GEGAC are not anticipated to result in
significant direct or indirect exposure or pose a health hazard as a result of exposure. It
is therefore unlikely that SEGAC and GEGAC result in a human health risk for the
general population.
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