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Synopsis

Pursuant to sections 68 or 74 of the Canadian Environmental Protection Act, 1999
(CEPA 1999), the Ministers of the Environment and of Health have conducted a
Screening Assessment on 33 Monoazo Pigments. These substances constitute a
subgroup of the Aromatic Azo and Benzidine-based Substance Grouping being
assessed as part of the Substance Groupings Initiative of the Government of Canada’s
Chemicals Management Plan (CMP) based on structural similarity and applications.
Substances in this Grouping were identified as priorities for assessment as they met the
categorization criteria under subsection 73(1) of CEPA 1999 and/or were considered as

a priority based on other human health concerns.

The Chemical Abstracts Service Registry Number (CAS RN)*, Domestic Substances
List (DSL) name, Colour Index (C.I) name or acronym of the 33 substances are
presented in the following table.

Identity of 33 Monoazo Pigments in the Aromatic Azo and Benzidine-based
Substance Grouping

CAS RN DSL name Colour Index | Chemical
name (Colour | acronym
Index
number)

1103-38-4 1-Naphthalenesulfonic acid, 2-[(2- Pigment Red PR49:1
hydroxy-1-naphthalenyl)azo]-, barium 49:1
salt (2:1) (C.I. 15630:1)

2425-85-6 * | 2-Naphthalenol, 1-[(4-methyl-2- Pigment Red 3 | PR3
nitrophenyl)azol- (C.I. 12120)

2512-29-0° Butanamide, 2-[(4-methyl-2- Pigment PY1
nitrophenyl)azo]-3-oxo-N-phenyl- Yellow 1

(C.1. 11680)

2786-76-7 2-Naphthalenecarboxamide, 4-[[4- Pigment Red PR170
(aminocarbonyl)phenyl]lazo]-N-(2- 170
ethoxyphenyl)-3-hydroxy- (C.I. 12475)

2814-77-9* | 2-Naphthalenol, 1-[(2-chloro-4- Pigment Red 4 | PR4
nitrophenyl)azol- (C.1. 12085)

! The Chemical Abstracts Service Registry Number 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 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.



CAS RN DSL name Colour Index | Chemical
name (Colour | acronym
Index
number)

3468-63-1% | 2-Naphthalenol, 1-[(2,4- Pigment PO5
dinitrophenyl)azo]- Orange 5

(C.1. 12075)

5160-02-1 Benzenesulfonic acid, 5-chloro-2-[(2- Pigment Red PR53:1
hydroxy-1-naphthalenyl)azo]-4-methyl-, | 53:1
barium salt (2:1) (C.I. 15585:1)

6372-81-2 Benzoic acid, 2-[(2-hydroxy-1- Pigment Red PR50:1
naphthalenyl)azo]-, barium salt (2:1) 50:1

(C.1. 15500:1)

6407-74-5% | 3H-Pyrazol-3-one, 4-[(2- Pigment PY60
chlorophenyl)azo]-2,4-dihydro-5- Yellow 60
methyl-2-phenyl- (C.l. 12705)

6410-09-9 % | 2-Naphthalenol, 1-[(2-nitrophenyl)azo]- | Pigment PO2

Orange 2
(C.1. 12060)

6410-13-5% | 2-Naphthalenol, 1-[(4-chloro-2- Pigment Red 6 | PR6
nitrophenyl)azol- (C.1. 12090)

6410-41-9% | 2-Naphthalenecarboxamide, N-(5- Pigment Red 5 | PR5
chloro-2,4-dimethoxyphenyl)-4-[[5- (C.1. 12490)
[(diethylamino)sulfonyl]-2-
methoxyphenyllazo]-3-hydroxy-

6417-83-0° 2-Naphthalenecarboxylic acid, 3- Pigment Red PR63:1
hydroxy-4-[(1-sulfo-2- 63:1
naphthalenyl)azo]-, calcium salt (1:1) (C.1. 15880:1)

6486-23-3° Butanamide, 2-[(4-chloro-2- Pigment PY3
nitrophenyl)azo]-N-(2-chlorophenyl)-3- | Yellow 3
0XO- (C.I. 11710)

6535-46-2"° 2-Naphthalenecarboxamide, 3- Pigment Red PR112
hydroxy-N-(2-methylphenyl)-4-[(2,4,5- | 112
trichlorophenyl)azo]- (C.l. 12370)

7023-61-2° 2-Naphthalenecarboxylic acid, 4-[(5- Pigment Red PR48:2
chloro-4-methyl-2-sulfophenyl)azo]-3- 48:2
hydroxy-, calcium salt (1:1) (C.I. 15865:2)

12236-62-3° | Butanamide, 2-[(4-chloro-2- Pigment PO36
nitrophenyl)azo]-N-(2,3-dihydro-2-oxo- | Orange 36
1H-benzimidazol-5-yl)-3-o0xo- (C.1.11780)

12236-64-5 2 | 2-Naphthalenecarboxamide, N-[4- Pigment PO38
(acetylamino)phenyl]-4-[[5- Orange 38
(aminocarbonyl)-2-chlorophenyllazo]-3- | (C.I. 12367)
hydroxy-

12238-31-2 Pigment Red 52:2 Pigment Red PR52:2

52:2




CAS RN DSL name Colour Index | Chemical
name (Colour | acronym
Index
number)
(C.1. 15860:2)
13515-40-7"° | Butanamide, 2-[(4-chloro-2- Pigment PY73
nitrophenyl)azo]-N-(2-methoxyphenyl)- | Yellow 73
3-0xo0- (C.1.11738)

13824-00-5 2-Naphthalenecarboxamide, 3- Not available NAPMPA
hydroxy-N-(4-methoxyphenyl)-4-[(4-
methylphenyl)azo]-

16403-84-2 2-Naphthalenecarboxamide, 4-[[5- Pigment Red PR268
(aminocarbonyl)-2-methylphenyllazo]- | 268
3-hydroxy-N-phenyl- (C.l. 12316)

17852-99-2° | 2-Naphthalenecarboxylic acid, 4-[(4- Pigment Red PR52:1
chloro-5-methyl-2-sulfophenyl)azo]-3- 52:1
hydroxy-, calcium salt (1:1) (C.I. 15860:1)

17947-32-9 2-Naphthalenecarboxamide, 3- Not available NAPPA
hydroxy-N-(4-methoxyphenyl)-4-

(phenylazo)-

36968-27-1 2-Naphthalenecarboxamide, 4-[[4- Pigment Red
(aminocarbonyl)phenyllazo]-3-hydroxy- | 266 PR266
N-(2-methoxyphenyl)- (C.l. 12474)

43035-18-3 % | Benzenesulfonic acid, 4-[[3-[[2- Pigment Red PR247:1
hydroxy-3-[[(4- 247:1
methoxyphenyl)amino]carbonyl]-1- (C.I. 15915)
naphthalenyljazo]-4-
methylbenzoyllamino]-, calcium salt
(2:1)

49744-28-7 2-Naphthalenol, 1-[(4-methoxy-2- Not available NONPA
nitrophenyl)azol-

59487-23-9 2 | 2-Naphthalenecarboxamide, 4-[[5-[[[4- | Pigment Red PR187
(aminocarbonyl)phenyl]amino]carbonyl] | 187
-2-methoxyphenyl]azo]-N-(5-chloro-2,4- | (C.I. 12486)
dimethoxyphenyl)-3-hydroxy-

71832-83-2 2-Naphthalenecarboxylic acid, 4-[(5- Pigment Red PR48:5
chloro-4-methyl-2-sulfophenyl)azo]-3- 48:5
hydroxy-, magnesium salt (1:1) (C.1. 15865:5)

74336-60-0 2 | 9,10-Anthracenedione, 1-[(5,7-dichloro- | Pigment Red PR251
1,9-dihydro-2-methyl-9- 251
oxopyrazolo[5,1-b]quinazolin-3-yl)azo]- | (C.I. 12925)

83249-60-9 1-Naphthalenesulfonic acid, 2-[(2- Not available NSNAC
hydroxy-6-sulfo-1-naphthalenyl)azo]-,
calcium salt (1:1)

85005-63-6 2-Naphthalenecarboxamide, 4-[(2,4- Not available NANPAP

dinitrophenyl)azo]-3-hydroxy-N-phenyl-

\




CAS RN DSL name Colour Index | Chemical
name (Colour | acronym
Index

number)

94199-57-2 2-Naphthalenecarboxamide, N-(2- Not available NAPNPA
ethoxyphenyl)-3-hydroxy-4-[(2-
nitrophenyl)azo]-

% This substance was previously assessed and concluded under the Challenge Initiative of the CMP.
® This substance was not identified under subsection 73(1) of CEPA 1999 but was included in this assessment as it
was considered as a priority based on other human health concerns.

Assessments to determine whether 11 of the Monoazo Pigments (PR3, PR4, PR5, PR6,
PR187, PR247:1, PR251, PO2, PO5, PO38 and PY60) met one or more criteria under
section 64 of CEPA 1999 were previously conducted under the Challenge Initiative of
the CMP. Among them, one substance (Pigment Red 3) was concluded to meet the
criteria as set out in paragraph 64(c) of CEPA 1999. As outlined in the Notice of Intent
for the Aromatic Azo and Benzidine-based Substance Grouping?, it was recognized that
assessments and conclusions pertaining to some of the substances in the grouping may
be subsequently updated as part of the current subgroup assessment. Specifically,
significant new information has been identified to inform the ecological assessment of
the Monoazo Pigments subgroup and the assessments for the 11 substances have
been updated accordingly. Similarly, significant new information pertaining to human
health has been identified for 10 of the 11 substances, excluding Pigment Red 3,
therefore the human health risk assessment for these 10 substances has been updated.

These 33 Monoazo Pigments are not expected to be naturally occurring in the
environment. Twenty-one of the 33 Monoazo Pigments are reported as being either
manufactured and/or imported into Canada at levels above the reporting threshold of
100 kg/year. Some of the 33 Monoazo Pigments were also identified as being used in
products available to consumers. No measured concentrations in the Canadian
environment have been identified for any of these substances.

Environment

The Monoazo Pigments exist principally as particles in the sub- or low-micron range,
and the pigment powder is typically composed of primary particles (i.e. the crystal lattice

Canada, Dept. of the Environment, Dept. of Health. 2010. Canadian Environmental Protection Act, 1999: Notice of
intent to assess and manage the risks to the health of Canadians and their environment posed by aromatic azo
substances which may break down to certain aromatic amines, substances which may break down to certain
benzidines, and the corresponding aromatic amines or benzidines. Canada Gazette, Part |, vol. 144, no. 23. Available
from: http://canadagazette.gc.ca/rp-pr/p1/2010/2010-06-05/html/notice-avis-eng.html#d101
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of a pigment), aggregates, and agglomerates. These 33 Monoazo Pigments have very
low solubility in water (sub- to low-microgram per litre) and low solubility in octanol
(below 20 mg/L); because of this, it is proposed that a quotient logarithm of the molar
solute concentrations in octanol and water would reasonably represent the octanol-
water partition coefficient for these pigments. Physical-chemical properties and the
particulate nature of these substances suggest that soil and sediments are expected to
be the two major environmental media of concern for the Monoazo Pigments.

Experimental data indicate that under aerobic conditions, Monoazo Pigments are
expected to be persistent in water, soil, and sediments. Bioavailability of Monoazo
Pigments is expected to be low based on particulate character of these substances and
low solubility in water. As a result, a potential to bioaccumulate in pelagic organisms is
expected to be low, which is confirmed by the results of bioconcentration studies.

Due to limited bioavailability of Monoazo Pigments, in chronic soil toxicity studies, no
effects were found at the concentration of 1 000 mg/kg soil (dry weight). These
pigments also showed “no effect at saturation” in acute and chronic aquatic
ecotoxicological studies where solvents were not used. The results of these studies
allowed for a conclusion that Monoazo Pigments are not expected to be harmful to
aquatic and soil-dwelling organisms at low (environmentally relevant) concentrations.

To evaluate potential exposures to Monoazo Pigments in the environment,
environmental concentrations (PECs) were estimated; the industrial release scenario
was chosen to evaluate the potential exposure to these substances. Predicted no-effect
concentrations (PNECSs) for water and soil were calculated based on the experimental
critical toxicity values. Calculated risk quotients (PEC/PNEC) were lower than one,
indicating that harm to organisms in water and soil is not expected.

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
the 33 Monoazo Pigments evaluated in this assessment. It is concluded that these
Monoazo Pigments do not meet criteria under paragraph 64(a) or 64(b) of CEPA 1999,
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.

Human Health

With respect to human health, this Screening Assessment addresses 32 of 33
substances in the Monoazo Pigments subgroup, including substances previously
assessed for which significant new information has become available. The remaining
substance, Pigment Red 3, was previously assessed and concluded on under the
Challenge Initiative of the CMP. As significant new information relevant to the health
assessment was not identified for Pigment Red 3, the previous conclusion on human
health for this substance has not been updated. However, Pigment Red 3 was
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considered to support a read-across approach for the 3-naphthol pigments subset in the
health assessment.

For the health assessment, most of the substances were evaluated as part of structurally-
related subsets; B-naphthol pigments (PO2, PO5, PR4, PR6 and NONPA), B-naphthol
pigment lakes (PR49:1, PR50:1 and PR53:1), BONA pigment lakes (PR48:2, PR48:5,
PR52:1, PR52:2 and PR63:1), monoazo yellow pigments (PY1, PY3 and PY73), or
napththol AS pigments (NANPAP, NAPMPA, NAPNPA, NAPPA, PO38, PR5, PR112,
PR170, PR187, PR266 and PR268). The remaining five substances (NSNAC, PO36,
PR247:1, PR251 and PY60) were evaluated as individual substances.

A range of data availability was identified across the subsets; while a number of health
effects studies were identified for the B-naphthol pigment subset, B-naphthol pigment
lake subset and BONA pigment lake subset, limited health effects studies were
identified for monoazo yellow pigment subset and naphthol AS pigment subset. No
studies were identified for the other individual Monoazo Pigments in this assessment.

The B-naphthol pigments and B-naphthol pigment lakes exhibited similar toxicity in
repeated-dose animal studies with target organs including the hematopoetic system,
liver and kidney. While the B-naphthol pigments demonstrated mutagenic potential, the
B-naphthol pigment lakes were predominantly negative in genotoxicity assays. Evidence
for carcinogenicity was observed for both the B-naphthol pigment subset (liver tumours)
and the B-naphthol pigment lake subset (liver and spleen tumours). In repeated-dose
animal studies, the kidney was identified as the primary target organ for the BONA
pigment lakes while these substances did not generally show the same hemolysis and
liver toxicity observed for the B-naphthol pigments and B-naphthol pigment lakes. The
BONA pigment lakes were generally negative in genotoxicity assays and, based on
results from studies with the analogue PR57:1 did not exhibit carcinogenic potential.
The available short-term toxicity data indicate a low hazard potential for the monoazo
yellow pigment subset and naphthol AS pigment subset. For the five substances
considered as individuals (NSNAC, PO36, PR247:1, PR251 and PY60), only limited
empirical data were identified; hence their critical health effects cannot be conclusively
determined.

Exposure to the 32 Monoazo Pigments via environmental media is not expected to be a
significant source of exposure to the general population of Canada, therefore the risk to
human health is considered to be low from environmental media.

For 19 Monoazo Pigments (NONPA, PO5, PO36, PO38, PR4, PR5, PR48:2, PR49:1,
PR52:1, PR52:2, PR53:1, PR63:1, PR112, PR170, PR187, PR266, PY1, PY3 and
PY73), they were identified to be used in certain products available to consumers in the
Canadian marketplace (e.g. face paint, finger paint, face mask, lipstick, and natural
health products) and the exposure to these substances for the general population of
Canada has been characterized. Margins between the estimates of exposures and
critical effect levels from animal studies were considered adequate to address
uncertainties in the exposure and health effects databases.
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For two Monoazo Pigments, (PR247:1 and PR268), limited uses in Canada were
identified, however exposure for the general population of Canada is not expected from
these uses, therefore the risk to human health is not expected.

For the other 11 Monoazo Pigments (NANPAP, NAPMPA, NAPNPA, NAPPA, NSNAC,
PO2, PR6, PR48:5, PR50:1, PR251 and PY60), no uses of these substances in
products in the Canadian marketplace were identified. Therefore, based on available
information for exposure in Canada, the risk to human health is not expected for these
13 Monoazo Pigments.

Some of the Monoazo Pigments in this assessment have effects of concern based on
potential carcinogenicity. While available information does not indicate a risk to human
health for Canadians at current levels of exposure, there may be a concern if exposures
were to increase.

Based on the information presented in this Screening Assessment, it is concluded that
the 32 Monoazo Pigments evaluated in this assessment for human health do not meet
the criteria under paragraph 64(c) of CEPA 1999 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. In addition, there are no updates
to the conclusion made with respect to paragraph 64(c) for Pigment Red 3, previously
assessed by the Government of Canada under the Challenge Initiative of the CMP.

Overall Conclusion

It is concluded that 32 Monoazo Pigments evaluated in this assessment do not meet
any of the criteria set out in section 64 of CEPA 1999.

The conclusion previously made under the Challenge Initiative that Pigment Red 3
meets the criteria set out in paragraph 64(c) of CEPA 1999 remains unchanged.
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1. Introduction

Pursuant to sections 68 or 74 of the Canadian Environmental Protection Act, 1999
(CEPA 1999) (Canada 1999), the Minister of the Environment and the Minister of Health
conduct screening assessments of substances to determine whether these substances
present or may present a risk to the environment or to human health.

The Substance Grouping Initiative is a key element of the Government of Canada’s
Chemicals Management Plan (CMP). The Aromatic Azo and Benzidine-based
Substance Grouping consists of 358 substances that were identified as priorities for
assessment as they met the categorization criteria under section 73 of CEPA 1999
and/or were considered as a priority based on human health concerns (Environment
Canada and Health Canada 2007). Some substances within this Substance Grouping
have been identified by other jurisdictions as a concern due to the potential cleavage of
the azo bonds, which can lead to the release of aromatic amines that are known or
likely to be carcinogenic.

While many of these substances have common structural features and similar functional
uses as dyes or pigments in multiple sectors, diversity within the substance group has
been taken into account through the establishment of subgroups. Subgrouping based
on structural similarities, physical and chemical properties, and common functional uses
and applications accounts for variability within this substance grouping and allows for
subgroup-specific approaches in the conduct of screening assessments. This Screening
Assessment considers substances that belong to the Monoazo Pigments subgroup.
Consideration of azo bond cleavage products (aromatic amines) is a key element of
human health assessment in each subgroup. Some aromatic amines, commonly
referred to as EU22 aromatic amines®, as well as associated azo dyes are restricted in
other countries (EU 2006). Information on the subgrouping approach for the Aromatic
Azo and Benzidine-based Substance Grouping under Canada’s CMP, as well as
additional background information and regulatory context, is provided in a separate
document prepared by the Government of Canada (Environment Canada, Health
Canada 2013b).

The 33 substances considered in this Screening Assessment (Table 2-1) constitute a
subgroup of the Monoazo Pigments. Eleven substances in this subgroup have been
previously assessed by the Government of Canada under the Challenge Initiative of the
CMP. Among these, Pigment Red 3 (Chemical Abstracts Service Registry Number
[CAS RN] 2425-85-6) was previously assessed and concluded to meet paragraph 64(c)
under CEPA 1999 (Environment Canada, Health Canada 2009b). No significant new

3 Twenty-two aromatic amines listed in Appendix 8 of Regulation (EC) No. 1907/2006.



information was identified with respect to human health risk characterization for Pigment
Red 3, therefore the previous conclusion on human health has not been updated for this
substance in this Screening Assessment. However, Pigment Red 3 is used for read-
across purposes in the human health assessment of the other 32 Monoazo Pigments. In
contrast, Pigment Red 3 was assessed as part of the ecological risk characterization for
all 33 Monoazo Pigments in this Screening Assessment. Similarly, two of the
substances considered in this Screening Assessment, NANPAP (CAS RN 85005-63-6)
and NAPNPA (CAS RN 94199-57-2), were previously included as part of a screening
assessment, in April 2008, of 145 persistent, bioaccumulative, and inherently toxic
(PBIT) substances that were considered not to be in commerce. These two substances
are considered in this Screening Assessment of Certain Monoazo Pigments because
significant new information has been identified since the previous assessment of 145
PBIT substances.

Screening assessments focus on information critical to determining whether substances
meet the criteria as set out in section 64 of CEPA 1999, by examining scientific
information to develop conclusions by incorporating a weight of evidence approach and
precaution.?

This Screening Assessment includes consideration of information on chemical
properties, environmental fate, hazards, uses and exposure, including additional
information submitted by stakeholders. Relevant data were identified up to May 2014.
Empirical data from key studies as well as some results from models were used to
reach conclusions. When available and relevant, information presented in assessments
from other jurisdictions was considered.

The Screening Assessment does not represent an exhaustive or critical review of all
available data. Rather, it presents the most critical studies and lines of evidence
pertinent to the conclusion.

The Screening Assessment was prepared by staff in the Existing Substances Programs
at Health Canada and Environment Canada and incorporates input from other programs
within these departments. The ecological and human health portions of this assessment
have undergone external written peer review and consultation. Comments on the

*A determination of whether one or more of the criteria in section 64 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 the
use of consumer products. A conclusion under CEPA 1999 is not relevant to, nor does it preclude, an assessment
against the hazard criteria specified in the Hazardous Products Regulations and the Controlled 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 1999 does
not preclude actions being taken under other sections of CEPA 1999 or other Acts.



technical portions relevant to the environment were received from Dr. Harold Freeman
(North Carolina State University, USA) and Dr. Gisela Umbuzeiro (University of
Campinas, Brazil). Comments on the technical portions relevant to human health were
received from Dr. Harold Freeman (North Carolina State University, USA), Dr. David
Josephy (University of Guelph, Canada), Dr. Michael Bird (University of Ottawa,
Canada), and Dr. Kannan Krishnan (Université du Montréal, Canada). Additionally, the
draft of this Screening Assessment was subject to a 60-day public comment period.
While external comments were taken into consideration, the final content and outcome
of the Screening Assessment remain the responsibility of Health Canada and
Environment Canada.

The critical information and considerations upon which the Screening Assessment is
based are given below.



2. ldentity of Substances

This Screening Assessment focuses on 33 substances that belong to the subgroup of
Monoazo Pigments that is part of the Aromatic Azo and Benzidine-based Substance
Grouping. The identities of the individual substances in this Screening Assessment are
presented in Table 2-1. The CAS RNs, Domestic Substances List (DSL) names, Colour
Index (C.I.) generic names, C.l. constitution numbers and chemical acronyms are
presented in Table 2-1. Chemical acronyms are derived from the C.I. generic names
when available; otherwise, they are based on the DSL names. A list of additional
chemical names (e.g., trade names) is available from the National Chemical Inventories

(NCI 2007).
Table 2-1: Identity of the 33 monoazo pigments
C.l. generic Chemical

CAS RN DSL name name(C.l. number) | acronym
1-Naphthalenesulfonic acid, 2-[(2- . .

1103-38-4 hydroxy-1-naphthalenyl)azo]-, (Péglmlegégl’?ogg)w.l PR49:1
barium salt (2:1) " '

oF_pa 2-Naphthalenol, 1-[(4-methyl-2- Pigment Red 3
2425-85-6 nitrophenyl)azol- (C.I. 12120) PR3
Ha. Butanamide, 2-[(4-methyl-2- Pigment Yellow 1

2512-29-0 nitrophenyl)azo]-3-oxo-N-phenyl- (C.I. 11680) PY1
2-Naphthalenecarboxamide, 4-[[4- .

2786-76-7 (aminocarbonyl)phenyl]azo]-N-(2- (PéglmlegZI??Se)d 170 PR170
ethoxyphenyl)-3-hydroxy- o

" 2-Naphthalenol, 1-[(2-chloro-4- Pigment Red 4
2814-77-9 nitrophenyl)azol- (C.1. 12085) PR4
_pn b 2-Naphthalenol, 1-[(2,4- Pigment Orange 5

3468-63-1 dinitrophenyl)azo]- (C.I. 12075) POS
Benzenesulfonic acid, 5-chloro-2- Piament Red 531

5160-02-1 [(2-hydroxy-1-naphthalenyl)azo]-4- (Cgl 15585:1) ' PR53:1
methyl-, barium salt (2:1) o '

Benzoic acid, 2-[(2-hydroxy-1- : .

6372-81-2 naphthalenyl)azo]-, barium salt (Péglmlegftscl)?oeg)SO.l PR50:1
(2:1) 1 :
3H-Pyrazol-3-one, 4-[(2- ,

6407-74-5" chlorophenyl)azo]-2,4-dihydro-5- (Pcl:glmleg;gge)llow 60 PY60
methyl-2-phenyl- o

_o.ob 2-Naphthalenol, 1-[(2- Pigment Orange 2
6410-09-9" | itrophenylyazo)- (C.I. 12060) PO2
1a.cb 2-Naphthalenol, 1-[(4-chloro-2- Pigment Red 6

6410-13-5" | Litrophenylyazo)- (C.I. 12090) PRE
11.0b 2-Naphthalenecarboxamide, N-(5- | Pigment Red 5

6410-41-9" | thioro-2,4-dimethoxyphenyl)-4-[[5- | (C.I. 12490) PRS

4




C.l. generic Chemical

CASRN DSL name name(C.l. number) | acronym
[(diethylamino)sulfonyl]-2-
methoxyphenyl]lazo]-3-hydroxy-
2-Naphthalenecarboxylic acid, 3-

an. hydroxy-4-[(1-sulfo-2- Pigment Red 63:1 .

6417-83-0 naphthalenyl)azo]-, calcium salt (C.1. 15880:1) PR63:1
(1:1)

Butanamide, 2-[(4-chloro-2- ,

6486-23-3 nitrophenyl)azo]-N-(2- (Péglmle?;l((()e)llow 3 PY3
chlorophenyl)-3-oxo- "
2-Naphthalenecarboxamide, 3- :

6535-46-2 | hydroxy-N-(2-methylphenyl)-4- F(':glmlegé%e)d 12 Tpvir2
[(2,4,5-trichlorophenyl)azo]- o
2-Naphthalenecarboxylic acid, 4-

a1 [(5-chloro-4-methyl-2- Pigment Red 48:2 .

7023-61-2 sulfophenyl)azo]-3-hydroxy-, (C.1. 15865:2) PR48:2
calcium salt (1:1)

Butanamide, 2-[(4-chloro-2- Pigment Orange 36

12236-62-3 nitrophenyl)azo]-N-(2,3-dihydro-2- (C.I. 11780) PO36
0x0-1H-benzimidazol-5-yl)-3-oxo- w
2-Naphthalenecarboxamide, N-[4-

_aa.cb | (@acetylamino)phenyl]-4-[[5- Pigment Orange 38

12236-64-5 (aminocarbonyl)-2- (C.1. 12367) PO38
chlorophenyl]azo]-3-hydroxy-

12238-31-2 | Pigment Red 52:2 féglmlegégo?g)&:z PR52:2
Butanamide, 2-[(4-chloro-2- .

13515-40-7 | nitrophenyl)azo]-N-(2- (P(':glmff;g;"o"" 3 | py73
methoxyphenyl)-3-oxo- "
2-Naphthalenecarboxamide, 3-

13824-00-5 hydroxy-N-(4-methoxyphenyl)-4- Not available NAPMPA
[(4-methylphenyl)azo]-
2-Naphthalenecarboxamide, 4-[[5-

s (aminocarbonyl)-2- Pigment Red 268

16403-84-2 methylphenyl]azo]-3-hydroxy-N- (C.I. 12316) PR268
phenyl-
2-Naphthalenecarboxylic acid, 4-

Q0. [(4-chloro-5-methyl-2- Pigment Red 52:1 )

17852-99-2 sulfophenyl)azo]-3-hydroxy-, (C.1. 15860:1) PR52:1
calcium salt (1:1)
2-Naphthalenecarboxamide, 3-

17947-32-9 hydroxy-N-(4-methoxyphenyl)-4- Not available NAPPA

(phenylazo)-




nitrophenyl)azol-

CAS RN DSL name C.l. generic Chemical
name(C.l. number) | acronym
2-Naphthalenecarboxamide, 4-[[4- .
36968-27-1 (aminocarbonyl)phenyllazo]-3- (P(lzglmle;;f? 4e)d 266 PR266
hydroxy-N-(2-methoxyphenyl)- "
Benzenesulfonic acid, 4-[[3-[[2-
hydroxy-3-[[(4-
b | methoxyphenyl)amino]carbonyl]-1- | Pigment Red 247:1 .
43035-18-3 naphthalenyl]azo]-4- (C.I. 15915) PR247:1
methylbenzoylJamino]-, calcium
salt (2:1)
49744-28-7 | 2:Naphthalenol, 1-{(4-methoxy-2- |\ o ailable NONPA
nitrophenyl)azol-
2-Naphthalenecarboxamide, 4-[[5-
[[[4-
b | (@minocarbonyl)phenyllamino]carb | Pigment Red 187
59487-23-9 onyl]-2-methoxyphenyl]azo]-N-(5- | (C.l. 12486) PR187
chloro-2,4-dimethoxyphenyl)-3-
hydroxy-
2-Naphthalenecarboxylic acid, 4-
[(5-chloro-4-methyl-2- Pigment Red 48:5 .
71832-83-2 sulfophenyl)azo]-3-hydroxy-, (C.l. 15865:5) PR48:5
magnesium salt (1:1)
9,10-Anthracenedione, 1-[(5,7-
b | dichloro-1,9-dihydro-2-methyl-9- Pigment Red 251
74336-60-0 oxopyrazolo[5,1-b]quinazolin-3- (C.l. 12925) PR251
yl)azo]-
1-Naphthalenesulfonic acid, 2-[(2-
83249-60-9 | droxy--sulfo-1-- Not available NSNAC
naphthalenyl)azo]-, calcium salt
(1:1)
2-Naphthalenecarboxamide, 4-
85005-63-6° | [(2,4-dinitrophenyl)azo]-3-hydroxy- | Not available NANPAP
N-phenyl-
2-Naphthalenecarboxamide, N-(2-
94199-57-2° | ethoxyphenyl)-3-hydroxy-4-[(2- Not available NAPNPA

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number

& Pigment Red 3 was previously concluded as meeting s64(c) under CEPA 1999 as part of an assessment under the
Challenge Initiative of the CMP. No significant new information related to the health effects of Pigment Red 3 were
identified, therefore the previous conclusion on human health for Pigment Red 3 has not been updated in this
Screening Assessment. However, significant new information on ecological risk of Pigment Red 3 were identified
since the previous assessment under the Challenge Initiative, therefore Pigment Red 3 is considered for ecological
risk in this Screening Assessment.
® These substance were previously assessed and concluded under the Challenge Initiative of the CMP. Significant
new information were identified for these substances and therefore the conclusions were updated for both the human
health and ecological risk in this Screening Assessment.




¢ These substances were previously included as part of a screening assessment, in April 2008, of 145 persistent,
bioaccumulative, and inherently toxic (PBIT) substances that were considered not to be in commerce. Significant new
information were identified for these substances and therefore the conclusions were updated for both the human
health and ecological risk in this Screening Assessment.

The subgroup of 33 Monoazo Pigments was further divided into smaller, structurally
related “subsets” for the purposes of read-across (OECD 2007). Each of the Monoazo
Pigment subsets is based on well-defined synthetic organic pigment classes that are
defined by related structures, including common coupling components, similar physical-
chemical properties and application classes. This approach is based on stakeholder
input on grouping of azo substances (Environment Canada and Health Canada 2012)
and is consistent with general principles for building categories, as outlined in
Organisation for Economic Co-operation and Development (OECD) guidance
documents (OECD 2007). The Monoazo Pigment subsets considered in this
assessment are described below.

2.1 Monoazo Yellow Pigments (3 Substances: PY1, PY3, PY73)

This subset is defined by the following structure with a common acetoacetanilide
coupling component, where R represents substituents such as CHsz, OCHgz, NO,, Cl and
other moieties (Herbst and Hunger 2004):

PY60 is typically included with monoazo yellow pigments according to the industry
classification (Herbst and Hunger 2004). However, it is not considered as a close
structural analogue to the other members of the monoazo yellow pigments subset as
represented by the above-mentioned structure. Therefore, PY60 is not included in the
monoazo yellow pigments subset in this Screening Assessment and is instead treated
as an individual pigment.

2.2 B-Naphthol Pigments (6 Substances: PR3, PR4, PR6, PO2, PO5,
NONPA)

The B-naphthol pigments subset is defined by the following general chemical structure

with a common B-naphthol coupling component, where R; and R, represent
substituents such as CHs, OCHgz, NO,, Cl and other moieties (Herbst and Hunger 2004):

Ry Ry
"
OH



2.3 B-Naphthol Pigment Lakes (3 Substances: PR49:1, PR50:1,
PR53:1)

Lake pigments are manufactured by precipitating water-soluble dyes on inert binders,
usually salts of calcium, magnesium, barium or strontium (e.g., BaSO,). The B-naphthol
pigment lakes are characterized by the general structure below, including the same
common [-naphthol coupling component as for the B-naphthol pigments subset.
However, in contrast, this subset also contains ionizable groups (e.g., —-SO3 , -COQ")
on the ring(s) opposite the B-naphthol moiety, with additional substitutions, where A
typically stands for a benzene or a naphthalene ring, R represents CHs, C,Hs or COOM,
n is a number from 0 to 2 and M is usually an alkaline earth metal (Herbst and Hunger
2004):

N SOM

OH

2.4 BONA Pigment Lakes® (4 Substances: PR48:2, PR48.5, PR52:1,
PR63:1)

The BONA pigment lakes subset is characterized by the following general chemical
structure including a common BONA coupling component, where Rp usually stands for
H, Cl or CH3 and M is usually an alkaline earth metal (Herbst and Hunger 2004):

Ro

O0C,

QO

PR52:2, belonging to the BONA pigment lakes class according to the industry
classification, was not considered as a close structural analogue to the other members
of this subset having the general chemical structure shown above. Based on the
chemical name of this substance and its structure presented in the National Chemical

®> BONA stands for a beta-oxynaphthoic acid (2-hydroxy-3-naphthoic acid); CAS RN 92-70-6.



Inventories, this substance is a manganese complex (having manganese—nitrogen and
manganese—oxygen bonds) and is not considered part of this subset for most of this
assessment, except in the human health effects characterization section. Given the
limited health effects data available for this substance, read-across was considered for
human health effects within BONA pigment lake subset.

2.5 Naphthol AS Pigments (or “Naphthol Reds”) (11 Substances:
PR5, PR112, PR170, PR187, PR266, PR268, PO38, NAPNPA,
NANPAP, NAPMPA, NAPPA), Lakes (PR247:1)

The naphthol AS pigments subset is defined by the following general chemical structure
including a common coupling component based on derivatives of the naphthol AS
moiety, where Rk represents substituents such as CHz, OCHj3, NO,, Cl and others, and
Rp represents R, COOCHj3, CONHCgHs, or SO,N(C2Hs),, and m and n are numbers
between 0 and 3 (Herbst and Hunger 2004):

Rm
° OH
Rn
@ NH\OS “

There is only one substance identified for each of the following three subsets.

2.6 Naphthol AS Pigment Lakes (PR247:1)

There is no common structural principle to these pigments beyond the basic naphthol
AS pigment skeleton. However, Herbst and Hunger (2004) indicated some general
structure that can represent a variety of representatives of pigments in this class (where
Rp? usually stands for CHs and/or SOs™; Rp* for H and/or CH3; Rp® for H, Cl or
CONHCgH4SO3™; Ri? for H and/or OCHs; Ri” for H, SOs™ or OCHs; and M for barium or
calcium):



2.7 Benzimidazolone Pigments (PO36)
Orange and yellow benzimidazolone pigments are derived from the following general

structure, where Rp usually stands for ClI, Br, CHsz, NO,, OCH3, COOH, CONH, and
other functional groups (Herbst and Hunger 2004):

0. _CH,
Rp A Ns j;(“ NH
@ " o \©:Nb-2=o
2.8 Pyrazologuinazolone Pigments (PR251)

PR251 is obtained by coupling 1-aminoanthraquinone (1) onto pyrazolo-(5,1b)-
guinazolone, with the general structure (2):

) @)

As a result, the following general structure can represent pyrazoloquinazolone
pigments, where R; usually represents Cl and R, usually represents CHgs:

o
H
zZ | N—"
Ry—1— R,
N N/‘\%i O,

N=N

No analogues with available experimental data have been identified for these
substances. In addition, one substance (CAS RN 83249-60-9) that is not a close
structural analogue to any other substances within the group of 33 pigments (and which
has neither a C.l. name nor a C.l. number) was also not part of a subset.

Further information on the chemical structures, molecular formulas and molecular
weights of all 33 Monoazo Pigments is presented in Appendix 1.
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2.9 Selection of Analogues and Use of (Q)SAR Models

Guidance on the use of read-across approaches has been prepared by various
organizations, such as the Organisation for Economic Co-operation and Development
(OECD 2014). It has been applied in various regulatory programs, including the
European Union’s (EU) Existing Substances Programme. The general method for
analogue selection and the use of (quantitative) structure—activity relationship ((Q)SAR)
models is provided in Environment Canada and Health Canada (2013a). For
characterization of human health effects, the basis for the use of analogues and/or
(Q)SAR modelling data is documented in the Health Effects Assessment section of this
report.

Analogues used to inform the ecological assessment were selected based on the
availability of relevant empirical data pertaining to physical-chemical properties,
persistence, bioaccumulation and ecotoxicity. Such data were used as read-across data
for those Monoazo Pigments that lacked empirical data, where appropriate, or to
support the weight of evidence of existing empirical information. Although analogue data
are used preferentially to fill data gaps for the substances in this assessment, the
applicability of (Q)SAR models to the Monoazo Pigments is determined on a case-by-
case basis.

All Monoazo Pigments within the given subsets (including identified analogues) are
considered to have reasonably similar physical-chemical properties, environmental fate,
bioavailability and ecological effects. Analogues for a given subset were selected that
generally met the structural applicability domain for the subset (see previous section)
and that had empirical data applicable for read-across purposes. In this assessment
report, the analogues are presented with an asterisk (e.g., PY74*) as shown on Table 2-
2. Additional considerations for use of these analogues in terms of absorption, potential
for azo bond cleavage and mammalian toxicity are discussed in the Human Health
Effects Assessment section. The physical-chemical properties of the Monoazo
Pigments subsets, including the selected analogues, are discussed in the following
section.

Table 2-2: Structural analogues for the given subsets used in read-across of
physical-chemical properties and endpoints in the ecological and/or human
health effects assessment

Chemical
C.I. generic structure,
Subset Substance néhe molecular Read-across
(CAS RN) (C.I. number) formula usage
o (molecular
weight)

11



Chemical

C.1. generic structure,
Substance -9 molecular Read-across
Subset name
(CAS RN) formula usage
(C.I. number)
(molecular
weight)
R-aphthol Para Red* Pigment Red 1* ) human health
pigments (6410-10-2) | (C.1. 12070) ij@' effects
C16H11N303
(293 g/mol)
Physical-chemical
Monoazo PY74* Pigment Yellow \@[ ﬁ]@ properties,
yellow (6358-31-2) 74* ecological effects,
pigments (C.1. 11741) C18H18N406 human health
(386 g/mol) effects
- _R* = = oy i -
Monoazo | 80675-49-6% |\, \ (no C.1. g J;', » Human health
yellow (80675-49- ff
igments | 6) name) effects
P C18H18N4Os
(386 g/mol)
BONA | ppgg.qx | PigmentRed | = \ﬁ Physical-chemical
blament | (7585-41-3) 4g'|1 158651 - properties
akes (C.I. 1) | C1gH11CIN,06SBa
(556 g/mol)
BONA PR48:3* Pigment Red Q o .
pigment | (15782-05- | 48:3* Prk:)ysgcr;;l(le;:hemlcal
lakes 5) (C.l. 15865:3) C18H11C|N20688r prop
(506 g/mol)
Physical-chemical
properties,
persistence and
BONA PR57:1* Plgrrlent Red @ bioaccumulation
pigment (5281-04-9) 57:1 potential,
lakes (C.I. 15850:1) C18H12NZOGSC3- ecological effects,
(424 g/mol) human health

effects
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Chemical

C.1. generic structure,
Substance -9 molecular Read-across
Subset name
(CAS RN) formula usage
(C.I. number)
(molecular
weight)
Egphtho' PR2* Pigment Red 2* n Eﬂ)y;éﬁggshemlcal
pigments (6041-94-7) | (C.I. 12310) (O ecological effects
C23H15CI2N302
(436 g/mol)
Xgphthol PR22* ;'Z%me”t Red Lk Human health
pigments | (644895-9) | | 12315) oL effects
C24H18N4O4
(426 g/mal)
Naphthol PR23* Pigment Red " Q Human health
AS 23* () e
iaments (6471-49-4) (C.I. 12355) 4 effects
Y i C24H17NsO7
(487 g/mol)
Naphthol . Pigment Red o Physical-chemical
AS (ngégiss_z) 146* n . properties,
pigments (C.1. 12485) 1 ‘@[ ecological effects
Cs3H27CIN4Og
(611 g/mal)
2
Naphthol | PR253* Pigment Red A Physical-chemical
AS (85776-13- | 253* OO properties,
pigments | 2) (C.1. 12375) l ]@ ecological effects
C25H20C|2N404S
(543 g/mal)
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3. Physical and Chemical Properties

A summary of experimental data for the specific physical and chemical properties that
play a critical role in determining the environmental fate and biological effects of
Monoazo Pigments is presented in Table 3-1. Detailed substance-specific information
(with references) on these pigments and their analogues can be found in Appendix 2 of
this report. Importantly, the properties of pigments depend strongly on the manner in
which they have been prepared by the manufacturers.

Experimental data on vapour pressure and Henry’s Law constant are not available for
most of the pigments. However, since many Monoazo Pigments are similar in molecular
size and complexity to disperse dyes, they can be expected to have vapour pressures in
the same range as values reported for disperse dyes (i.e., 107" to 10~° Pa; Baughman
and Perenich 1988). Similarly, all Monoazo Pigments are expected to have very low
Henry’s Law constants. Therefore, a scenario involving exposure to Monoazo Pigments
in air is expected to be environmentally irrelevant for this group of substances.

However, airborne exposure to Monoazo Pigments as dusts or particulates may be
possible, especially from some products for which inhalation exposure may be relevant
(e.g., spray paints).

The B-naphthol pigment lakes and BONA pigment lakes contain ionizable sulfonate
and/or carboxylate groups; therefore, dissociation of the metal counter-ion may be
possible. However, based on empirical evidence of low toxicity from ecotoxicity studies,
any dissociation is expected to be limited and is considered less relevant to the
environmental fate and ecotoxicity of these pigments. In contrast, based on observed
toxicity following oral exposure in rodent studies, it is clear that some degree of
dissociation and/or bioavailability of the pigment lakes must occur in the gastrointestinal
tract (see the Health Effects Assessment section for more discussion). The other
Monoazo Pigments subsets do not contain ionizable groups, and therefore discussion of
dissociation is not relevant for these subsets. Also, Monoazo Pigments decompose
before boiling, so a boiling point is not applicable for these substances.

Table 3-1: Summary of experimental data on physical-chemical properties (at
room temperature) of Monoazo Pigments and their analogues

Property (acronym) and
units

Subset Substance Range or values

No melting point
(endothermic effect
in the temperature
Monoazo range 260-290°C
yellow PY1; PY3; PY74* | Melting point (MP), °C directly followed by
pigments spontaneous
exothermal
decomposition in the
temperature range
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Property (acronym) and

Subset Substance Units Range or values
290-390°C)
Monoazo Decomposition
yellow PY1; PY3; PY74* o 249; 290
bigments temperature (DT), °C
Monoazo Particle size distribution:
yellow PY1; PY3; PY74* | mass median diameter 1.96
pigments (Dso), pm
Monoazo
yellow PY1; PY3; PY74* | Density, g/lcm® 1.43
pigments
Monoazo .
yellow PY1: PY3; PY74* W";‘Eer solubility (WS, Sw). | § 53. 75 76
pigments Hg
Monoazo Solubility in n-octanol
yellow PY1; PY3; PY74* 740; 5960-9530
pigmentS (SOCt)l l-’-g/L
The quotient logarithm of
Monoazo the molar solute
yellow PY1; PY3; PY74* | concentrations in n- 2.0;2.9;4.6
pigments octanol and water (log
(Soct/Sw)), dimensionless
The quotient logarithm of
Monoazo the organic carbon—water
yellow PY1; PY3; PY74* | partition 5.5
pigments coefficient (Kqc),
dimensionless
No melting point (the
BONA - s substance
pigment Egjgjg;_PpRé';_ll; Melting point (MP), °C evaporates and
lakes e ' decomposes before
melting); 357.5°C
E’igrﬂg\nt PR48:2; PR48:1*; | Decomposition 310-370
lakes PR48:3*; PR57:1* | temperature (DT), °C
BONA . e Particle size distribution:
pigment ggjgé;-PPng#ﬁ mass median diameter 1.7-17.1
lakes T ' (Dsp), pm
BONA ”. %
pigment igjgéi-Ppng}-lli Density, g/cm® 1.20
lakes T '
BONA PR48:2; PR48:1*; | Water solubility (WS, Sy), | < 25; 100-280; 500—
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Property (acronym) and

Subset Substance Units Range or values
pigment PR48:3*; PR57:1* | pg/L 1300; 8900
lakes
BONA e
. PR48:2; PR48:1*; | Solubility in n-octanol ,
PNt | PRA8:3* PRS7:1* | (Sac), HOIL 31-70; 4600-6000
The quotient logarithm of
BONA PR48:2; PR4g:1*, | € molar solute o
pigment PRA4S-3% PR57-1* concentrations in n- =), dimension
lakes T ' octanol and water (log
(Soct/Sw)), dimensionless
B-Naphthol | PR3; PR4; PO2; . . R _ B
pigments POS Melting point (MP), °C 212; 270-302
B-Naphthol | PR3; PR4; PO2; . . ~
pigments PO5 Average particle size, um | 0.26-0.37
B-Naphthol | PR3; PR4; PO2; . 3
pigments POS Density, g/cm 1.37-1.50
gi-é\lrﬁgmgol E(F;g PR4; PO2; \Li\g;llt_er solubility (WS, Sy), 3.3-6.8: 800
B-Naphthol | PR3; PR4; PO2; Solubility in n-octanol , .
nigments PO5 (Sow). UG/L 1760; 9400-17 900
The quotient logarithm of
) ) ) the molar solute
B-Naphthol | PR3; PR4; PO2; concentrations in n- 2.4;3.5-3.7
pigments PO5
octanol and water (log
(Soct/Sw), dimensionless
No melting point
(endothermic effect
in the temperature
Naphthol PR5; PR112; range 260-270°C
PR187; PR266 : . o directly followed by
Aisments PO38: PR2*: Melting point (MP), °C | < ontaneous
Pig PR146* PR253* exothermal
decomposition in the
temperature range
270-290°C); 306°C
PR5; PR112;
nghtho' PR187; PR266 | Decomposition 270
iaments PO38; PR2%; temperature (DT), °C
Pig PR146* PR253*
PR5; PR112;
Naphthol . ’
PR187; PR266 . .
Sigments PO38: PR2* Average particle size, um | 0.10-0.17

PR146*, PR253*
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Property (acronym) and

Subset Substance Units Range or values
Naphthol ggissR;ég% Particle size distribution:
AS PO38: iDRZ*' mass median diameter 4.56
pigments | pp146+: pros3+ | (Pso)s M
PR5; PR112;
Naphthol . ’
AS Eg%ﬁ?bizf,% Density, g/cm® 1.40-1.48
pigments | pr146% PR253*
Naphthol PR5; PR112;
Asp PR187: PR266 Water solubility (WS, Su), | 5 5 4 g
iaments PO38; PR2*; ug/L ' '
PIg PR146* PR253*
Naphthol PR5; PR112;
ASp PR187; PR266 Solubility in n-octanol 22.1; 100-202;
iaments PO38; PR2*; (Soct), Hg/L 3310-8630
PIg PR146* PR253*
aphiol | PROLPRILZ | 1 duetentcgarim o
ASp PR187; PR266 concentrations in n- 0.4-1.1;1.2-1.7;
) PO38; PR2*; 2.5-3.2
pigments PR146* PR253* octanol and water (log
' (Soct/Sw)), dimensionless
B-Naphthol Melting under
pigment PR53:1 Melting point (MP), °C decomposition at
lakes 330°C
B-Naphthol .
pigment PR53:1 Decomposition o 343-345
lakes temperature (DT), °C
B-Naphthol
pigment PR53:1 Density, g/lcm® 15
lakes
B-Naphthol -
pigment | PR53:1 Water solubility (WS, Sw). | 1300_3400
lakes ho/L
The quotient logarithm of
B-Naphthol the molar solute
pigment PR53:1 concentrations in n- -),d
lakes octanol and water (log
(Soct/Sw)), dimensionless
Benzimida .
Zolone PO36 Water solubility (WS, S), 14: < 20.6
) ug/L
pigments
Benzimida PO36 Solubility in n-octanol 86.1: > 137
zolone (Soct), MO/L
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Subset Substance E:lci)tzerty (acronym) and Range or values

pigments
The quotient logarithm of

Benzimida the molar solute

zolone PO36 concentrations in n- 0.8

pigments octanol and water (log
(Soct/Sw)), dimensionless

Naphthol

A.S PR247:1 Average particle size, um | 0.18

pigment

lakes

Naphthol

AS PR2471 Water solubility (WS, Sy), 112

pigment Mg/l

lakes

Naphthol

AS PR247:1 Solubility in n-octanol 178

pigment (Soct), HO/L

lakes

Naphthol The quotient logarithm of

AS the molar solute

. PR247:1 concentrations in n- 0.2

pigment

lakes octanol and' wate( (log
(Soct/Sw)), dimensionless

3.1 Particle Size Distribution and Density

The majority of organic pigments generally do not exist as individual molecules but are
principally particles in the sub- or low-micrometre size range. The pigment powder is
typically composed of primary particles (i.e., the crystal lattice of a pigment), aggregates
and agglomerates. Manufacturers usually provide the physical specifications of their
pigments, which include the particle size distribution (mass median diameter, Dsp) or the
average patrticle size of the pigment powder. Users can thereby determine which
pigment is the most appropriate to colour their products, since performance is chiefly
controlled by the particle size distribution (Herbst and Hunger 2004).

In terms of the particle size distribution, reported data on mass median diameter (Ds)

for these substances were taken from the Registration, Evaluation, Authorisation and
Restriction of Chemical Substances (REACH) registration dossiers for these
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substances, available from the European Chemicals Agency (ECHA).® The particle size
distribution data, presented in Table 3-1, indicate that for this group of pigments, the Dsg
values vary within the range of 1.7-17.1 um (i.e., 50% of the total mass of particles are
smaller than 1.7-17.1 pm).

In terms other than mass-dependent particle size distribution, some authors have
reported particle sizes for monoazo pigments to be very small, often below 1 um. Data
presented in Table 3-1 indicate that naphthol AS pigments and naphthol AS pigment
lakes have average particle sizes of only 0.10-0.18 um (i.e., 100-180 nm). The
particles of the B-naphthol pigments are a bit larger, but their average size is still below
1 pm (0.26—-0.37 um).

Baumler et al. (2000) also reported particle sizes of azo pigments in tattoo inks, ranging
from only 20 to 900 nm. In another study, Hagsberg et al. (2011) demonstrated tattoo
inks containing red and yellow azo pigments of the monoazo class and disazo
dichlorobenzidine-based pyrazolone class exhibiting particle size ranges from less than
100 to 1 000 nm. Therefore, it should be considered that Monoazo Pigments have a
broad range of particle sizes, (Canada 2007; Health Canada 2011a). that may be a
factor in potential uptake and absorption of the insoluble particulate form (which is
discussed further in the respective sections on ecological and human health
assessment).

The density of Monoazo Pigments varies within a relatively narrow range, from 1.2 to
1.5 g/cm?, which is higher than the density of water. Therefore, when released to water,
the Monoazo Pigments, being relatively heavy particles, are expected to precipitate and
reside in sediments.

3.2 Melting and Decomposition Temperatures

Results indicate that for many Monoazo Pigments, melting points are very close to the
decomposition temperatures; in some studies, the substances evaporated and
decomposed before melting. In some tests, melting points are reported, but data
variation is very significant (e.g., from 212 to 270-302°C for a subset of B-naphthol
pigments) (Table 3-1). For some substances, melting points could not be reported
because of the occurrence of an endothermic effect (at 260—-290°C), followed by
spontaneous exothermal decomposition (at 270-390°C) (see Appendix 2 for more
details).

® The ECHA database of REACH registration dossiers is available from: http://echa.europa.eu/information-on-
chemicals/registered-substances
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Data indicate that compared with the pigments, the decomposition temperatures of the
pigment lakes are higher. For example, decomposition temperatures of monoazo yellow
pigments and naphthol AS pigments vary within the range of 249—-290°C, compared with
310-370°C for BONA pigment lakes and B-naphthol pigment lakes. Therefore, it may be
concluded that within this subgroup of 33 substances, the thermostability of monoazo
pigment lakes is greater than that of non-lake pigments.

3.3 Solubility in Water and n-Octanol

Overall, Monoazo Pigments in this Screening Assessment are characterized by low
water solubility. At the same time, some substances are significantly less soluble in
water than others (Table 3-1; Appendix 2). Within some subsets of pigments (e.g.,
BONA pigment lakes), variation in water solubility values is significant.

The low solubility of organic pigments is a result of the inherent design of colourants,
which have strong interactive forces between molecules, achieved by the introduction of
substituents like —CONH- in the molecule (Lincke 2003; Herbst and Hunger 2004). The
resulting intermolecular bonding, in turn, generates a crystal structure that lends stability
to the organic pigments (Lincke 2003). Panina (2009) emphasized that due to their
molecular structure features, organic pigments tend to form highly crystalline solids;
very typical structural motifs are 1r-11 stacking of conjugated rings and intermolecular
hydrogen bonds C=0...H-N. Such strong intermolecular interactions inside the crystal
structure lead to a high lattice energy and, often as a consequence, a very low solubility.
(It should, however, also be mentioned that all azo pigments exist in crystal form as
solid particulate with hydrogen bonding, yet there might be substantial differences in
solubility in water and octanol between diarylide and some monoazo pigments;
therefore, some major differences in apparent stability of the crystal also have to be
taken into account. Such differences in water and octanol solubilities have been
observed for azo pigments of different structural classes [e.g., Anliker and Moser 1987,
Environment Canada and Health Canada 2013b]).

Importantly, the non-lake pigments in this subgroup of 33 substances are less soluble in
water than the pigment lakes. For example, the subsets of monoazo yellow pigments, 3-
naphthol pigments, naphthol AS pigments and benzimidazolone pigments are
characterized by very low water solubility values of 0.2—-25 pg/L (with only one outlier
result of 800 ug/L), while BONA pigment lakes, B-naphthol pigment lakes and naphthol
AS pigment lakes are, in general, slightly more water-soluble (100-8 900 pg/L; see
Table 3-1 and Appendix 2).

Overall, the solubility of both non-lake pigments and pigment lakes in n-octanol is
relatively higher than their water solubility, with octanol solubility values reaching the
milligram per litre range (Table 3-1). For this parameter, similar to some water solubility
values, data variation within the subsets may also be very high (see Table 3-1 and
Appendix 2). These significant variations of water and octanol solubility values may be
explained by the different purities of the pigments tested (e.g., pure pigment vs. final
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products). For example, the presence of additives such as dispersing agents in a given
commercial pigment product will impact the apparent solubility. Other factors, such as
solubility testing method as well as test conditions (e.g., pH), can also contribute to the
high variability.

In the case of the pigment lake subsets, the effect of the different counter-ions may
contribute to the variability of solubility values. Some subsets of pigment lakes are the
salts of different metals—for example, BONA pigment lakes are the salts of calcium,
barium and strontium, and different solubility values may, to some extent, reflect the
properties of the counter-ions (Ca**, Ba**, Sr*").

3.4 Octanol-Water and Organic Carbon—Water Partition Coefficients

No reliable experimental data on octanol-water partition coefficient (Koy) are generally
available for the Monoazo Pigments. Modelled data cannot be considered reliable; for
example, the Ko, values derived from fragment-based models such as KOWWIN (2010)
often overestimate the actual Ko, of sparingly soluble substances such as pigments. At
the Environment Canada—sponsored Quantitative Structure—Activity Relationship
(QSAR) Workshop in 1999, invited modelling experts identified many structural classes
of pigments and dyes as “difficult to model” using most QSARs (Environment Canada
2000). The physical and chemical properties of many of the structural classes of
pigments and dyes are often not amenable to model prediction because they are
typically considered “out of the model domain of applicability” (e.g., structural and/or
property parameter domains).

According to Guidance on Information Requirements and Chemical Safety Assessment
(ECHA 2008), in order to overcome the difficulties in measuring the Koy, the solubility in
n-octanol and the solubility in water may be determined in separate tests. With these
solubilities, the quotient logarithm of solubilities in n-octanol and in water (log (Soct/Sw))
can be calculated. Although ECHA (2008) admits that this quotient is not identical to log
Kow, as the latter is related to the partitioning of the substance in water-saturated n-
octanol and n-octanol-saturated water, it is recommended that this method be
considered for sparingly soluble substances. Therefore, it is considered that a log
(Soct/Sw) parameter would reasonably represent the octanol-water partition coefficient
(Kow) for organic pigments. This approach has been used in previous screening
assessments on pigments (e.g., Environment Canada and Health Canada 2009a, b)
and is also used in this report.

Within the entire group of 33 Monoazo Pigments, the log (Soc/Sw) values, based on
experimental solubility values in water and in n-octanol, vary in a wide range, from < 0.2
to 4.6 (see Table 3-1 and Appendix 2). Data comparison between the subsets of
substances indicates that, overall, the log (Soc/Sw) values of pigment lakes are very low;
for example, four of five pigment lakes have log (Soct/Sw) values of < 0.2, and only one
pigment lake (PR57:1*) has higher organic carbon—water partition coefficient values of
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0.65-0.94 (see Appendix 2). In contrast, monoazo yellow pigments have log (Soct/Sw)
values of 2.0-4.6, and B-naphthol pigments, 2.4-3.7 (Table 3-1; Appendix 2).

Similar to melting points, data variability for a log (Soc/Sw) parameter might also be
significant; for example, within the group of naphthol AS pigments, the log (Soc/Sw)
values vary from 0.4 to 3.2 (Table 3-1; Appendix 1).

Only one experimental study on organic carbon—water partition coefficients (Kqc) is
available, indicating that PY1 is characterized by a quite high log K¢ value of 5.5.

Since octanol-water (Kow) and organic carbon—water (Koc) partition coefficients are
important parameters in terms of bioaccumulation of the substances, they will be
discussed in more detail in the Potential for Bioaccumulation section of this report.

3.5 Calculated Cross-sectional Diameters

The particulate nature and low water solubility of organic pigments lead to their very
limited bioavailability. At the same time, the water-soluble fraction of a pigment, even if it
is a very small proportion of the substance, may theoretically pass through biological
membranes. Permeability across most biological membranes depends on a variety of
factors, one of them being the molecular diameter of the substance.

In terms of cross-sectional diameters of molecules of Monoazo Pigments, they have
average effective diameters (Deff) of 0.9—1.2 nm; average maximum diameters (Dmax)
vary within the range 1.4-1.8 nm, and average minimum diameters (Dn,n) are 0.8 nm or
less (see Table 5-2 in the section, 5.2 Potential for Bioaccumulation). Since these
parameters are important in terms of the permeation of substances through biological
membranes and the process of bioaccumulation, more detailed discussion on the cross-
sectional diameters of these pigments is presented in the Potential for Bioaccumulation
section of this report.

3.6 Impurities

Some substances, such as resins, rosins, aliphatic amines and other compounds, such
as surfactants, dispersing agents and coupling agents, are common additives used in
pigment preparations, depending on the application of the pigments. It is impossible to
remove such impurities by pigment filtration and intensive washing, and even the effect
of hot extraction procedures tends to be slow and unsatisfactory (Herbst and Hunger
2004). 1t is possible that certain amounts of these substances were present in some
pigments that were tested. If so, this could cause data variability and inconsistency
between studies (e.g., biodegradability or water solubility studies).

In most cases, the impurities in the pigments are not specified. However, for one

substance from this subgroup of 33 Monoazo Pigments, namely PR112, information on

purity and impurities is available. According to ECHA (2012), purities of 96—-100% and
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90-100% for this pigment are reported, and an impurity component is the substance 3-
hydroxy-2'-methyl-2-naphthanilide (CAS RN 135-61-5), having the structure:

oo

There is some uncertainty as to whether the purity data reported in different sources of
information fully represent the range of available grades of Monoazo Pigments used in
products in Canada. It is therefore possible that lower-quality grades may result in
exposure to these and other potential impurities at higher values than reported here.
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4. Sources and Uses
4.1 Sources

All 33 Monoazo Pigments are anthropogenically produced; they are not expected to
occur naturally in the environment.

In recent years, the 33 Monoazo Pigments have been included in industry surveys
issued pursuant to section 71 of CEPA 1999. These surveys aimed to collect
information on manufacturing and import activities in Canada based on a 100 kg/year
reporting threshold. Sixteen substances were surveyed for the reporting year 2005
(Canada 2006), and 11 of these substances were resurveyed as part of Canada’s
Challenge Initiative for the reporting years of 2006 and 2007 (Canada 2007, 2008).
Twenty substances were included in a survey conducted for the 2010 calendar year that
focused on the Aromatic Azo and Benzidine-based Substance Grouping (Canada
2011).

The results of the surveys showed that 21 Monoazo Pigments are imported or
manufactured in quantities greater than 100 kg/year in Canada. Among them, 14
Monoazo Pigments were identified with manufacture or import activity in the calendar
year 2010 (Canada 2011), and 7 pigments were identified from other recent surveys
(Environment Canada 2006, 2007b, 2008), indicating that the total manufacture and
import quantity for these substances is in the range of 100 000—1 000 000 kg/year.
These activities were reported in the following sectors, listed from highest to lowest
volume: Paints and Coatings; Basic Chemical Manufacture; Ink, Toner, and Colourants;
Plastic and Rubber; Agricultural; Food Packaging; Textile and Leather; Building
Materials; Adhesives and Sealants; and Cleaning and Furniture (Environment Canada
2006, 2007b, 2008, 2012).

Table 4-1: 21 Monoazo Pigments that have been identified with an annual import
or manufacturing quantity above the 100 kg/year reporting threshold in Canada in
a section 71 survey since 2005

Years 2006—
Monoazo Substance Year 2005 2007 Year 2010
Pigment subset (Canada 2006) | (Canada (Canada 2011)
2007a,2007b)
B_—Naphthol PR3 X
pigments
B_—Naphthol PR4 X X
pigments
B_—Naphthol PO5 X X
pigments
B-Naphthol NONPA X
pigments
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Years 2006—

Monoazo Substance Year 2005 2007 Year 2010

Pigment subset (Canada 2006) | (Canada (Canada 2011)
2007a,2007b)

B-Naphthol PR49:1 X

pigment lakes

B'-Naphthol PR53:1 X

pigment lakes

BONA pigment PR48:2 X

lakes

BONA pigment PR52:1 X

lakes

BONA pigment PR52:2 X

lakes

BONA pigment PR631 X

lakes

Monoazo yellow PY1 X

pigments

Monoazo yellow PY3 X

pigments

Monoazo yellow PY73 X

pigments

N'aphthol AS PR5 X

pigments

N'aphthol AS PR112 X

pigments

N'aphthol AS PR170 X

pigments

N'aphthol AS PR187 X X

pigments

N'aphthol AS PR266 X

pigments

N'aphthol AS PO38 X X

pigments

Benz- X

imidazolone PO36

pigments

Naphthol AS PR247:1 X X

pigment lakes

4.2 Uses

Monoazo Pigments are used in a wide variety of sectors, identified in the previous
section. These uses, as well as uses identified outside of section 71 of CEPA 1999,
include the following: cosmetics, paints and coatings, textile and leather, food
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packaging, colouring agents in drugs and natural health products (NHPs), formulants in
pest control products, military applications, and in tattoo inks. These uses are discussed
further below.

Cosmetics

Based on notifications submitted under the Cosmetic Regulations to Health Canada,
PY1, PY3, PY73, PR4, PR49:1, PR53:1, PR63:1 and PR112 are used in certain
cosmetic products in Canada (2011 and 2013 emails from the Consumer Product
Safety Directorate, Health Canada, to the Existing Substances Risk Assessment
Bureau, Health Canada; unreferenced ). Cosmetic products containing these
substances include facial makeup; body cream, lotion or moisturizers; hair conditioners;
hair dyes; fragrances; shaving cream; soaps; bath products; nail polish; face paints; and
lipstick (refer to Appendix F for more details).

PR3 and PO5 are included on the List of Prohibited and Restricted Cosmetic Ingredients (more
commonly referred to as the Cosmetic Ingredient Hotlist or simply the Hotlist), an administrative tool
that Health Canada uses to communicate to manufacturers and others that products containing certain
substances are unlikely to be classified as a cosmetic under the Food and Drugs Act (FDA), and in
addition, that certain substances, when present in a cosmetic, may contravene the general prohibition
found in section 16 of the Food and Drugs Act or a provision of the Cosmetic Regulations (Health

Canada 2011b).
Paints and Coatings

Nineteen Monoazo Pigments (3-napthhol pigments PR3, PR4, PO5, NONPA; 3-
napthhol pigment lakes PR49:1, PR53:1; BONA pigment lakes PR48:2, PR52:1,
PR52:2, PR63:1; monoazo yellow pigments PY1, PY3, PY73; napthol AS pigments
PO38, PR5, PR112, PR170, PR266; other PO36) were identified for use in paints and
coatings in Canada based on the information submitted pursuant to section 71
(Environment Canada 2006, 2007b, 2008, 2012). Based on the information submitted
pursuant to section 71, a number of Monoazo Pigments used in paints and coatings
were also identified to be used in a product or manufactured item intended for use by or
for children although specific product information was not provided (Environment
Canada 2012). However, while limited details were available on the specific products for
the paints and coatings uses submitted under the section 71 notifications, other
information sources were also considered to determine reasonably foreseeable
products nd concentrations for these substances. Rather than an exhaustive list of all
potential products associated with use in paints and coatings, this section focusses on
the uses most relevant for children (finger paints, other arts and crafts materials
including poster paints, face paints, paints in children’s toys) and additional uses for the
general population (spray paint) (see Appendix G)

e Finger paints: The use in finger paints in the United States was identified for
some substances in the subsets of 3-napthhol pigments (PR4, PO5), B-napthhol
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pigment lakes (PR49:1), BONA pigment lakes (PR48:2), monoazo yellow
pigments (PY1, PY3, PY73), and Naphthol AS pigments (PR5, PR112, PR170)
(personal communication, email from Duke University Toxicology Program to the
Existing Substances Risk Assessment Bureau [Health Canada], dated 2013;
unreferenced). Recent product testing in Europe also identified PY1, PY3, PRA4,
PO5, PR5 and PR112 in finger paints (Hauri 2006, 2008, 2009a, 2010a, 2011a).
The European Standard EN71-7 (Safety of Toys, Part 7: Finger paints —
requirements and test methods) also lists PY1, PY3, PR5, PR170, PO38, PR48:2
and PR63:1 as colourants allowed for use in finger paints in the European Union
(EV) (BS 2002). Therefore, based on the information above, these monoazo
pigments are considered to have reasonable foreseeable use in finger paints in
the Canadian market (Appendix G, Table G-1).

Face paints: Based on notifications submitted under the Cosmetic Regulations to
Health Canada, PR4 and PY1 are used as ingredient in face paint products
(body makeup) in Canada (personal communication, emails from the Consumer
Product Safety Directorate [Health Canada] to the Existing Substances Risk
Assessment Bureau [Health Canada], dated 2011 and 2013; unreferenced).
However, since face paint is considered as a cosmetic covered under the
Cosmetic Regulations, it is assumed that other monoazo pigments notified for
uses in cosmetics may also have reasonable foreseeable uses in face paints in
Canada (see Cosmetics section above: PY1, PY3, PY73, PR4, PR49:1, PR53:1,
PR63:1 and PR112). In addition to the concentration ranges for PR4 and PY1 in
face paints notified under the Cosmetic Regulations to Health Canada, evidence
from international material safety data sheets (MSDS) indicates that pigments in
general are found in face and body paints at a concentration range of 1-15%
(Derivan 2012; Mont Marte International Ltd. 2012a). (Appendix G, Table G-2)

Other arts and crafts materials: In addition to finger paints above, the available
information indicates uses of monoazo pigments in various arts and crafts
materials. Product testing by the Danish EPA found PR3 in acrylic poster paints a
concentration of 10% (Hansen et al. 2008) while evidence from material safety
data sheets (MSDS) indicates that PR63:1, PY1 and PY3 are also used in
children’s acrylic and water colour paint products (Mont Marte International Ltd.
2009a, 2009b). Another source indicated several of the monoazo pigments to be
“recommended” and/or “suitable” for application in art, creative and school
materials including oil paints, aquarelle and gouache paints, acrylic paints, pencil,
wax crayons and chalk (Clariant 2011). Product testing testing in Switzerland
also found PY1, PY112, PR5 and PR53 in children’s paly dough (Hauri 2009b).
Collectively, the above information supports the reasonable foreseeable use of
monoazo pigments in these types of arts and crafts materials (see Appendix G,
Table G-4)

Paints in children’s toys: Several sources indicate the potential use of other Monoazo
Pigments in toy paints. PR49:1 is listed as being used in toys in Hawley’s
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Condensed Chemical Dictionary (Lewis 2007), and the supplier of this substance
stated that its organic pigments are widely used, including in toys (LookChem
2008). An industry MSDS indicates the use of 3-naphthol pigment lakes for
paints on toys (Siegwerk 2012). A North American pigment industry monograph
also indicates several Monoazo Pigments that may be used for paints on toys
including PR3, PO5 and PR112 (Clariant 2013).

e Spray Paint: For the purposes of this Screening Assessment, it is assumed that
all nineteen Monoazo Pigments identified for use in paints and coatings in
Canada based on the information submitted pursuant to section 71 may be used
in spray paints. Generic concentrations of azo pigments in paints and coatings
have been reported to range from 3% to 60% (IARC 2010b), however the actual
pigment concentration is expected to be dependent on the specific paint and
coating use. Available information indicates that some Monoazo Pigments
(PR170 and PY73) are used in spray paint at a concentration of 5% (Household
Products Database 1993— ; Rust-Oleum Corp. 2006).

Food Packaging

In Canada, food colouring agents are regulated as food additives under the Food and
Drug Regulations (Canada [1978]). Colours that are permitted for use in food are
included in the List of Permitted Colouring Agents, incorporated by reference in the
Marketing Authorization for Food Additives that May be Used As Colouring Agents,
issued under the authority of the Food and Drugs Act (Canada 1985). None of the
monoazo pigments in this Screening Assessment are included on the List of Permitted
Colouring Agents as a permitted food colouring agent.

Eight substances (PO5, PO38, PR53:1, PR112, PR170, PR187, PR266 and PR268) in
this Screening Assessment were identified for use in food packaging materials in
Canada (personal communication, email from the Food Directorate [Health Canada] to
the Risk Management Bureau [Health Canada], dated 2011; unreferenced). A summary
of the uses of Monoazo Pigments in food packaging is given in Table 4-2.

Table 4-2: Summary of use information for Monoazo Pigments used in food
packaging in Canada

Substance | Use information
POS5 Used in the manufacture of printing inks and coatings with no direct food
contact. No exposure is expected.
Used in one ink system for food packaging materials with no food
PO38 .
contact. No exposure is expected.
Component in polyolefin base colour concentrates, which may be used
PR187 ir! the manufactl_Jre of containers, closures,_ films_and resins and ha_lve
direct contact with all types of food, excluding milk. The exposure is not
expected to be significant.
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Generally used in inks with no direct food contact. One application with
PR170 minimal direct food contact for use in the formulation of plastic casing
for packaging sausages. The exposure is not expected to be significant.
Component of inks with no direct food contact and colour concentrates
PR53:1 with few applications in direct contact with food. The exposure is not
expected to be significant.

Component of inks and paints with no direct food contact. No exposure

PR112

is expected.

Component of inks with no direct food contact. No exposure is
PR268

expected.

Component of inks with no direct food contact. No exposure is
PR266

expected.

Colouring Agents in Drugs and Natural Health Products (NHPS)

Colouring agents permitted to be used in drugs in Canada are regulated under Part C,
Division 1, of the Food and Drug Regulations (Canada [1978]). PR4 (identified as
FLAMING RED (D & C Red No. 36; C.I. No. 12085) is listed in the Food and Drug
Regulations as a colouring agent permitted in drugs for internal and external use; and
PR63:1 (identified as DEEP MAROON (D&C Red No. 34; C.I. No. 15880:1) is listed in
the Food and Drug Regulations as a colouring agent permitted in drugs for external use.
None of the Monoazo Pigments in this Screening Assessment were identified as being
present in human pharmaceuticals, veterinary drugs or biologics in Canada (DPD 2010;
personal communication, email from the Therapeutic Products Directorate [Health
Canada] to the Risk Management Bureau [Health Canada], dated 2011, unreferenced;
personal communication, email from the Biologics and Genetic Therapies Directorate
[Health Canada] to the Risk Management Bureau [Health Canada], dated 2011,
unreferenced).

PR5, PR63:1 (listed as D&C Red No. 34) and PR4 (listed as D&C Red No. 36 or
Flaming Red) are listed in the Natural Health Products Ingredients Database (NHPID)
with a non-medicinal ingredient role in natural health products as colour additives
(NHPID 2011). The NHPID listing for PR4 also specifies that it is permitted for use in
oral products, up to 1.0 mg/day, unless additional evidence for safety is submitted; while
PR5 and PR63:1 are listed as for topical use (NHPID 2011). PR4 and PR63:1 are listed
in the Licensed Natural Health Products Database (LNHPD) as being present as non-
medicinal ingredients in currently licensed natural health products. PR5 was not found
in any currently licensed natural health products (LNHPD 2008).

Formulants in Pest Control Products

Nine Monoazo Pigments are used as formulants in pest control products registered in
Canada under the Pest Control Products Act (XXXX) a CEPA equivalent legislation
(personal communication, emails from the Pest Management Regulatory Agency
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[Health Canada] to the Risk Management Bureau [Health Canada], dated 2011 and
2013; unreferenced), as shown in Table 4-3 are not further considered in this
assessments.

Table 4-3: List of pest control products containing Monoazo Pigments as
formulants

Substance | Use Concentration (%)
PR3 Antifouling paint 0.965-3.39
PR63:1 Fungicides for plant disease control 0.027-0.34

PR112 Antifouling paint 1.692

Fungicides, seed treatments, insecticides,

PR48:2 .y 0.015-10.33
rodenticides

PO36 Antifouling paint, wood preservatives 1.25-1.47

PY73 Antifouling paint, fly baits, wood preservatives 0.0746-1.25

PR247:1 Flea and tick collars 0.3

NONPA Antifouling paint 0.018

PR187 Antifouling paint 1.9-3.9
Tattoo Inks

Based on notifications submitted under the Cosmetic Regulations to Health Canada,
PR4, PR112 and PY3 are used in permanent tattoo inks (personal communication,
email from the Consumer Product Safety Directorate [Health Canada] to the Existing
Substances Risk Assessment Bureau [Health Canada], dated 2011 and 2013;
unreferenced). The monoazo pigments PR63:1, PR170, and PY3 are also listed as
ingredients in the MSDS sheets of two brands of tattoo inks available internationally
including in Canada (SkinCandy 2013a, 2013b; Starbrite 2013). The Color Pigment
Manufacturers Association (CPMA), representing importers and manufacturers of azo
pigments in Canada, have indicated that in Canada, their members do not knowingly
supply these substances for use in tattoo inks (CPMA 2013).

In studies from Europe, the uses in tattoo inks of several monoazo pigments from this
assessment (PR3, PR4, PR5, PR49:1, PR53:1, PR63:1, PR112, PR170, PO5, PO36,
PY1, PY3) have also been reported (Baumler et al. 2000; NVWA 2008; De Cuyper and
D’hollander 2010; Hauri 2010b, 2010c, 2011b; Hagsberg et al. 2010; Danish EPA 2012)
(see Appendix 6, Table F-6).

Other Uses

Five Monoazo Pigments (PY3, PR4, PR112, PR187, and PO5 are identified as being
used in textiles and leather, based on a recent section 71 survey (Environment Canada
2012a).

Two Monoazo Pigments were identified for use in military applications in Canada:
PR49:1 is used as part of a corrosion prevention compound, and PR170 is used in an
30



enamel for resistance to fire, corrosion and dirt (2011 email from the Department of
National Defence to the Risk Management Bureau, Health Canada; unreferenced).

NONPA was identified as being used in Canada based on information submitted by the
Ecological and Toxicological Association of Dyes and Organic Pigments Manufacturers
(ETAD) (2010 email from ETAD to Environment Canada; unreferenced). The end use
product was not confirmed.
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5. Environmental Fate and Behavior

The environmental fate and behavior of chemicals describes the processes by which
they move and are transformed in the environment. Environmental fate processes that
are usually addressed include persistence of the substances in environmental
compartments, their degradation, their distribution among media, their migration in
groundwater, their removal from effluents by standard wastewater treatment methods
and their bioaccumulation in organisms.

However, the combination of variability between chemicals and between environments
creates such complexity that it is challenging to readily survey the set of properties of
the chemical and forecast how a specific chemical is likely to behave (Mackay et al.
2001). While certain attributes of chemicals in the environment (e.g., concentrations)
can be measured directly, other attributes (e.g., evaporation rates or distance travelled)
cannot be measured directly and can only be estimated using models. However,
present models do not always satisfactorily address some chemicals, such as pigments
(Mackay et al. 2009).

It must also be emphasized that the majority of organic pigments generally do not exist
as individual molecules but are principally particles in the sub- or low-micrometre size
range. The pigment powder is typically composed of primary particles (i.e., the crystal
lattice of a pigment), aggregates and agglomerates.

Therefore, taking all this information into account, it was proposed not to use fugacity
modelling for describing the distribution of pigments between environmental
compartments. It was also believed that reasonably reliable conclusions on the
environmental fate of these pigments could be made taking into consideration available
experimental information on the physical-chemical properties of Monoazo Pigments.

As has already been mentioned, Monoazo Pigments have very low water solubility, in
the sub- or low-microgram per litre range (see Table 3-1). Also taking into account that
these pigments are principally particles in the sub- or low-micrometre size range, it may
be supposed that when released into water, these substances would be mostly present
as particles or adsorbed to other suspended solids and therefore would eventually sink
to bed sediments.

Direct releases of Monoazo Pigments to air are not expected to be significant; however,
even when such releases occur, these substances are not expected to reside in this
environmental compartment. Indeed, even in a theoretical worst-case scenario (i.e., if
pigments are released as molecules, not as particles), the pigments can be expected to
have very low vapour pressures. While experimental data on vapour pressure are not
available for most of the pigments, these substances can be expected to have vapour
pressures in the range typical of the structurally similar disperse dyes (i.e., from 107" to
107° Pa, as indicated by Baughman and Perenich 1988).
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Another reason for volatilization to be unlikely for the uncharged pigments is that the
escaping tendency or fugacity that drives volatilization is also the driving force for both
sorption and bioconcentration (Baughman and Perenich 1988).

The particulate character of Monoazo Pigments should have a key influence on their
fate in the environment; together with their density (higher than the density of water),
their high chemical stability and their extremely low aqueous solubility, this suggests
that Monoazo Pigments will partition by gravity to sediments if released to surface
waters and will tend to remain in soils if released to terrestrial environments.

Therefore, for this subgroup of Monoazo Pigments, soil and sediments are expected to
be the two major environmental media of concern.

Because of their low solubility in water, Monoazo Pigments may be considered not
available for uptake by organisms and not available for biodegradation. In addition,
when incorporated into the materials they are destined to colour, these pigments are
probably no longer in a form easily available to biota (Jllgaard et al. 1998; Herbst and
Hunger 2004).

It should also be noted that, based on the information on the physical-chemical
properties and uses of Monoazo Pigments, air emissions of these substances are not
expected to occur. Therefore, long-range atmospheric transport potentials of these
substances from their emission sources were not calculated.

5.1 Persistence and Bioaccumulation Potential

5.1.1 Environmental Persistence

In order to evaluate the environmental persistence of the substances in the Monoazo
Pigments subgroup, empirical data, modelled data and information available for
structural analogues were considered.

It was expected that the characteristics imparted to pigments would result in Monoazo
Pigments being persistent in the environment. For example, the Color Pigments
Manufacturers Association (CPMA 2003) has indicated that pigments are designed to
be durable or persistent in the environment in order to provide colour to finished
products (e.g., coatings, inks, paints and others).

5.1.2 Biodegradation in the Aquatic Environment
The results of several biodegradation studies are available for some of the substances

in this subgroup of Monoazo Pigments. These are summarized in Table 5-1 (see
Appendix 3 for the detailed, substance-specific information).
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The results of five studies (Appendix 3) indicate that the biodegradation values of
monoazo yellow pigments and BONA pigment lakes are quite low—from 0% to 14%.
The results of the biodegradation studies on PR53:1, representing the subset of 3-
naphthol pigment lakes, are somewhat contradictory—0% and 33% (Table 5-1;
Appendix 3).

Table 5-1: Summary of biodegradation data on Monoazo Pigments and their
analogues

Subset Biodegradation gﬁf;tion Type of Reference
(substance) value (%) (days) biodegradability

Monoazo

yellow Study Submission
pigments 14 28 Inherent 20124

(PY1)

BONA

pigment lakes | MITI 1992; ECHA
(PR48:2: 0-12.9 28 Ready 2012

PR57:1%)

B-Naphthol , ]

pigment lakes | 0; 33 14; 21 Ready 0); MITI 1992.’ European
(PR53:1) inherent (33) Commission ©2000a

The relatively high biodegradation values (12.9%; 14%; 33%) could probably be
attributed to the biodegradation of organic impurities or additives in the pigment rather
than to the pigment component itself. Indeed, resins, rosins, aliphatic amines and other
compounds, such as surfactants, dispersing agents and coupling agents, are common
additives used in pigment preparations, depending on the application of the pigments
(Herbst and Hunger 2004). Importantly, azo pigments are very difficult to purify; in
particular, it is almost impossible to remove some impurities by pigment filtration and
intensive washing, and even the effect of hot extraction procedures tends to be slow
and unsatisfactory. Considerable amounts of such soluble species may remain within
the pigment even after hours of refluxing and repeated filtration with freshly distilled
water (Herbst and Hunger 2004). In most cases, the impurities in the pigments are not
specified; however, for PR112, the substance 3-hydroxy-2'-methyl-2-naphthanilide is
reported as an impurity component, while the purity of the pigment is reported as 90—
100% (ECHA 2012).

Therefore, biodegradation of impurities/additives—not the pigment components—in the
biodegradability studies could result in higher than expected biodegradation values.

However, the purity of the pigments may not be the only reason for the relatively high
biodegradation values in some studies. For example, the two highest biodegradation
values (14% and 33%; see Table 5-1) are reported in the inherent biodegradation
studies, while ready biodegradability protocols were used in all other tests (lower
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biodegradation values). Therefore, the differences in the test procedures of these two
types of biodegradability tests may explain the differences in the data obtained.

Indeed, the ready biodegradability tests are stringent screening tests, conducted under
aerobic conditions, in which the inoculum should not have been pre-adapted to
degradation of the test substance by previous exposure to the test substance or
structurally related chemicals. On the contrary, inherent biodegradability tests allow
prolonged exposure of microorganisms to the test substance and a low ratio of test
substance to biomass, which offers a better chance to obtain a positive result compared
with tests for ready biodegradability. Some of these tests may be conducted using
microorganisms that have previously been exposed to the test substance, which
frequently results in adaptation, leading to a significant increase in the degradation rate
(OECD 2005). As a result, biodegradation values from inherent biodegradability studies
are usually higher (and sometimes much higher) than values from ready biodegradation
tests.

Therefore, it may be supposed that in the inherent biodegradation studies (i.e., under
the most favourable conditions) with the Monoazo Pigments, organic impurities or
additives may degrade, resulting in higher than expected biodegradation values, which
do not reflect the “actual” degradability of the pigment component in the natural
environment.

Adsorption of pigments on sludge (used as inoculum, i.e., the source of microorganisms
in the test) could be another explanation for the relatively high biodegradation value of
33%, not typical for the pure pigments. Indeed, the study with PR53:1 contained the
important statement that in the test, 10% of dissolved organic carbon (DOC) elimination
occurred due to adsorption onto sludge (see Appendix 3 for more details).

Therefore, the presence of organic impurities/additives and their further biodegradation,
the type of biodegradation test (i.e., inherent vs. ready biodegradability) and the
adsorption of DOC on the inoculum (sludge) would be the major factors explaining the
higher than expected biodegradation values in some biodegradation tests with the
Monoazo Pigments in the water compartment. As a consequence, such studies are not
considered as key studies, and their results were not used in the risk assessment of
Monoazo Pigments.

Results of biodegradability tests are not available for all of the subsets of pigments (or
individual pigments) in the subgroup of 33 Monoazo Pigments. However, considering
that the results of ready biodegradability studies with the pure pigments are very low
(usually less than 10-13%, and often 0%) for three subsets of this Monoazo Pigments
subgroup (see Table 5-1 and Appendix 3), as well as for a group of diarylide yellow
pigments that have been previously assessed by Environment Canada and Health
Canada (2014c), it may be assumed that all Monoazo Pigments are not readily
biodegradable.
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Thus, considering all this information, it may be concluded that under aerobic
conditions, Monoazo Pigments are expected to be not readily biodegradable in water..

The environmental persistence of Monoazo Pigments in anoxic environments is an
important area of uncertainty because of a lack of data for the pigments. While some
azo dyes are reported to be biodegradable in anoxic waters via anaerobic reduction of
the azo bond (—N=N-), which results in potentially harmful aromatic amines (Jligaard et
al. 1998), almost no documentation has been found regarding the potential for the
anaerobic degradation of azo pigments in aqueous environments. In principle, the
pigment crystals would have to dissolve first, which would release their constituent
molecules to the aqueous medium and make the azo bonds available for biotic
reduction (Qllgaard et al. 1998). However, it may be expected that only a small
proportion of the Monoazo Pigments may be reduced in this manner, given their unique
physical state—pigments are typically composed of primary patrticles (i.e., the crystal
lattice of a pigment), as well as aggregates and agglomerates—along with their low
water solubility, which would limit the availability of the molecules for biotic reduction.

5.1.3 Biodegradation in Soil and Sediments

No studies on the biodegradation of Monoazo Pigments in soil and sediments have
been identified. However, approximate soil and sediment half-lives can be derived using
the recommended values for water multiplied by scaling factors. Scaling factors are
numbers that, when multiplied by a degradation rate constant or half-life for one set of
environmental or test conditions, yield a rate for a second, different set of conditions
(US EPA 2000).

Boethling et al. (1995) collected measured half-life data for a wide variety of chemicals
that had been tested in both soil and water samples collected from the environment and
then calculated mean ratios of half-life in water to half-life in aerobic surface soil for 20
chemicals. It was suggested that for screening purposes, it is valid to assume that
biodegradation in aerobic surface water is about as fast as degradation in aerobic
surface soil and that sediment half-lives may be assumed to be 3—4 times longer (US
EPA 2000).

Therefore, in terms of biodegradation half-life, using a water-to-soil-to-sediment
extrapolation ratio of 1:1:4 (Boethling et al. 1995) and the ultimate biodegradation half-
life in water of 2 182 days, based on experimental biodegradation values of 0—13% (for
pure Monoazo Pigments).

In anaerobic sediment conditions, solubility-limited azo reduction may occur. However,
given the unique physical-chemical characteristics of Monoazo Pigments (particulate
nature, low water solubility), it is expected that only a very small proportion of these
pigments may be available to microorganisms for biotic reduction.
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Therefore, taking into account that Monoazo Pigments generally do not exist as
individual molecules but are principally particles in the sub- or low-micrometre size
range and that the water solubility of these pigments is low (sub- to low micrograms per
litre), the bioavailability of these substances to microorganisms for biotransformation
(biotic reduction) is expected to be very limited. This is confirmed by the results of
multiple ready biodegradability studies with the pigments from the three subsets of this
Monoazo Pigments subgroup (see Table 5-1 and Appendix 3), as well as substances
representing a group of diarylide yellow pigments (see Environment Canada and Health
Canada 2014c). In soil and sediments, these substances are also expected to be not
readily biodegradable.

5.1.4 Abiotic Degradation

No experimental data have been found for the photodegradation of Monoazo Pigments
in air. The predictions using the AOPWIN model from EPISuite v.4.10 (AOPWIN 2010)
indicate that the calculated half-lives (indirect reaction with hydroxyl radicals based on a
12-hour day) of most pigments were relatively short, only 0.6—-11.5 hours; only three
substances (PY3, PR52:2 and NSNAC) have slightly longer half-lives of 24—26 hours.

Monoazo Pigments are expected to be hydrolytically stable. For example, in a study on
PR57:1* (analogue, representing the subset of BONA pigment lakes), the pigment was
not hydrolyzed at pH 4, 7 and 9 (MITI 1992).

5.1.5 Summary of Persistence in the Environment

Based on empirical data (Table 5-1 and Appendix 3) and the above-mentioned
considerations, it is expected that the 33 Monoazo Pigments are persistent in water, soll
and sediment, but not in air (due to reactions with hydroxyl radicals).

The particulate character and unique physical-chemical properties of Monoazo
Pigments (low solubility, chemical and hydrolytic stability, low ready biodegradability)
suggest that they will partition to sediments (if released to surface waters), and will have
limited bioavailability. As a result, their bioaccumulation in aquatic organisms and
aquatic toxicity are expected to be relatively low.

5.2 Potential for Bioaccumulation

In order to evaluate the bioaccumulation potential of substances in the subgroup of
Monoazo Pigments, only empirical data were considered, given that the lack of
structural coverage of pigments in current bioaccumulation models results in a high
level of uncertainty associated with model predictions. A weight of evidence approach,
involving the intrinsic properties of the substances, and the available empirical
bioaccumulation data were used to determine the overall bioaccumulation potential of
this pigment subgroup.
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5.2.1 Physical and Chemical Factors

5.2.1.1 Particulate Nature of Pigments

Monoazo Pigments exist principally as particles in the sub- or low-micrometre size
range, and the pigment powder is typically composed of primary patrticles (i.e., the
crystal lattice of a pigment), aggregates and agglomerates. This suggests limited
bioavailability of these substances to organisms.

5.2.1.2 Water Solubility

The water solubility of Monoazo Pigments is very low, only sub- to low micrograms per
litre. Therefore, the bioavailability of these substances to organisms is expected to be
very limited.

5.2.1.3 Octanol-Water and Organic Carbon—Water Partition Coefficients

As indicated in the Physical and Chemical Properties section of this report, a Soc/Sw
parameter would more or less reliably represent the octanol-water partition coefficient
for organic pigments.

For all subsets of pigment lakes (i.e., BONA pigment lakes, B-naphthol pigment lakes
and naphthol AS pigment lakes) and the only benzimidazolone pigment, PO36,
representing 9 out of the 33 substances, the log (S.c/Sw) values, based on experimental
solubility values in water and in n-octanol, vary within a reasonably narrow range of
-0.75 t0 0.94 (see Table 3-1 and Appendix 2). These values are significantly lower than
the criterion of Ky, for bioaccumulation (log Koy = 5) when neither the bioaccumulation
factor (BAF) nor the bioconcentration factor (BCF) of the substance can be determined
in accordance with a method referred to in section 5 of the Persistence and
Bioaccumulation Regulations (Canada 2000). Therefore, based on the experimental log
(Soct/Sw) values for these nine substances, they have a low potential to bioaccumulate in
organisms.

In contrast to the pigment lakes, non-lake pigments have, overall, higher log (Soct/Sw)
values, which, at the same time, are still lower than the above-mentioned criterion of Kqy
for bioaccumulation (log Koy = 5). For example, PR5, PR187, PR266 and PO38,
representing the subset of naphthol AS pigments, have log (Soc/Sw) values of 0.4-1.7,
while log (Soct/Sw) values for PO5, PR112 and PY3, representing three different subsets
of the 33 Monoazo Pigments, are a bit higher, from 2.4 to 2.9 (Appendix 2).

Only three pigments have relatively high values of the quotient logarithm of the molar
solute concentrations in n-octanol and water: PR3 and PR4 (subset of 3-naphthol
pigments), having log (Soc/Sw) values of 3.5-3.7, and PY1 (subset of monoazo yellow
pigments), characterized by quite a high log (Soc/Sw) value of 4.6 (Appendix 2). Even
so, these results are lower than the criterion of K, for bioaccumulation (log Kow = 5).
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Only one experimental study on organic carbon—water partition coefficients (Kqc) is
available, indicating that PY1 (subset of monoazo yellow pigments) is characterized by
a quite high log Ko value of 5.5 (see Table 3-1). According to the results of the study,
the calculated log K¢ value is outside the calibrated range, which means that the result
can be regarded only as an order of magnitude value instead of an absolute value.
Even so, considering the order of magnitude range, both values (i.e., l0g (Soct/Sw) = 4.6
and log Ko = 5.5) are in good agreement, showing that both partition coefficients are
close to the criterion of Ko, for bioaccumulation (log Ko = 5) when neither the BAF nor
the BCF of the substance can be determined.

Therefore, based on the experimental log (Sect/Sw) values, it is expected that all
Monoazo Pigments except PY1 (subset of monoazo yellow pigments) have a low
potential to bioaccumulate in organisms.

5.2.1.4 Molecular Size and Cross-sectional Diameters

In terms of bioaccumulation, it is also useful to consider molecular size and cross-
sectional diameters, which are commonly used by international jurisdictions in the
weight of evidence for conclusions on bioaccumulation potential. For example, ECHA
(2008), describing “Indicators for limited bioaccumulation,” showed that some additional
indicators of low bioaccumulation potential, in particular, an average Dnax Of greater
than 1.7 nm, might be applicable for substances with low solubility in n-octanol and
water.

Investigations relating fish BCF data and molecular size parameters (Dimitrov et al.
2002, 2005) suggest that the probability of a molecule crossing cell membranes as a
result of passive diffusion declines significantly with increasing Dmax: the probability
decreases appreciably when Dpax is greater than ~1.5 nm, and much more so when
Dmax is greater than 1.7 nm. Sakuratani et al. (2008) also investigated the effect of
cross-sectional diameter on passive diffusion in a BCF test set of about 1 200 new and
existing chemicals. They observed that substances that do not have a very high
bioconcentration potential (i.e., BCF < 5 000) often have a Dnax Of greater than 2.0 nm
and a Deg of greater than 1.1 nm. Anliker et al. (1988) proposed that a second largest
cross-sectional diameter of more than 1.05 nm with a molecular weight of greater than
450 g/mol would suggest a lack of bioconcentration for organic colourants. Therefore,
Dett values of greater than 1.05-1.1 nm and Dnax values of greater than 1.5-1.7 nm can
be considered indicators for the potential for a reduced rate of uptake from water. A
reduced rate of uptake allows other internal elimination processes, such as metabolism
and fecal egestion, to reduce the overall burden of chemical in the tissues of organisms,
reducing bioaccumulation on a whole-body basis.

It is acknowledged that synthetic organic pigments have a particulate nature; in general,
they are characterized by very low water solubility and therefore by very limited
bioavailability. At the same time, the water-soluble fraction of a pigment, even though it
constitutes a very small proportion of the substance, may theoretically pass through
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biological membranes. Therefore, molecular diameters of pigments can be related to
their permeability across most biological membranes.

Table 5-2 presents estimates of average Deft, Dmax and Dp,in of some Monoazo
Pigments, calculated by the BCF,ax model with mitigating factors (Dimitrov et al. 2005).
The calculations of cross-sectional diameters of Monoazo Pigments include the analysis
of up to 30 conformers.

Table 5-2: Calculated molecular diameters of some of the 33 Monoazo Pigments

Subset (number of pigments) Average Degs Average Dpax Average Dnin
(nm) (nm) (nm)
:I\a/;onoazo yellow pigments (n = 1.0 15 0.7
B-Naphthol pigments (n = 6) 0.9 1.4 0.6
Naphthol AS pigments (n =11) | 1.2 1.8 0.8
?)enzmldazolone pigments (n = 11 16 0.7
BONA pigment lakes (n = 1) 1.1 1.5 0.7
(Pnyr:ai;)loqumazolone pigments 11 18 0.7

Abbreviations: Des;, effective diameter; Dmax, maximum diameter; Dmin, minimum diameter

Data show that cross-sectional diameters of molecules of naphthol AS pigments, BONA
pigment lakes, benzimidazolone pigments and pyrazoloquinazolone pigments have
average Des Of greater than 1.05 nm. Average Dnax Of all subsets of pigments except B-
naphthol pigments are = 1.5 nm, while naphthol AS pigments and pyrazoloquinazolone
pigments have Dnax Of > 1.7 nm (Table 5-2). Therefore, from the cross-sectional
diameter viewpoint, it can be supposed that monoazo yellow pigments (including PY1,
which is characterized by high log (Soc/Sw) and log Ky values) and B-naphthol
pigments, whose diameter values do not exceed the threshold values recommended by
Dimitrov et al. (2002, 2005) and Sakuratani et al. (2008), will not likely experience
restricted uptake from steric effects at the gill surface of fish.

It should, however, be noted that according to Arnot et al. (2010), there are some
uncertainties associated with the thresholds proposed by Dimitrov et al. (2002, 2005)
and Sakuratani et al. (2008), since the bioaccumulation studies used to derive them
were not always critically evaluated. Arnot et al. (2010) pointed out that molecular size
influences solubility and diffusivity in water and organic phases (membranes), and
larger molecules may have slower uptake rates. However, these same kinetic
constraints apply to diffusive routes of chemical elimination (i.e., slow uptake = slow
elimination). Thus, significant bioaccumulation potential may remain for substances that
are subject to slow absorption processes, if the substances are slowly biotransformed or
slowly eliminated by other processes. However, if the rate of gill uptake is sufficiently
mitigated by steric hindrance to the point that the rate of elimination exceeds uptake,
bioconcentration will be lowered.
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Other physiological parameters and processes such as metabolism are important to
consider, along with information on K, (indeed, the substance may be characterized by
a high K, and, at the same time, can be quickly metabolized/biotransformed in the
organism). Therefore, Ko, data ideally have to be considered along with other
information related to the bioaccumulation of these substances.

5.2.2 Bioconcentration Factor (BCF)

For the subgroup of Monoazo Pigments, two experimental BCF studies have been
identified. Results of these studies are presented in Table 5-3.

Table 5-3: Experimental BCF data for Monoazo Pigments and analogues in
studies with common carp (Cyprinus carpio)

Substance | Subset BCF (L/kg) Test conditions Reference
Test duration: 6
. B-Naphthol 0.9-1.8 (at 700 weeks;
PR53:1 pigment lakes Mg/L) lipid content in fish: MITI 1992
3.4%
Test duration: 6
. B-Naphthol 8.5-15 (at 70 weeks;
PR53:1 pigment lakes Mg/L) lipid content in fish: MITI 1992
3.4%

Test duration: 6
BONA pigment | <0.7-1.8 (at 300 | weeks;

PRS7:1 lakes Mg/L) lipid content in fish: MITI 1992
3.7%
Test duration: 6
. BONA pigment weeks;
PR57:1 lakes < 6.9 (at 30 pg/L) lipid content in fish: MITI 1992
3.7%

Data show that for the pigments PR53:1 and PR57:1*, representing the subsets of 3-
naphthol pigment lakes and BONA pigment lakes, respectively, all available BCF values
do not exceed 15 L/kg in common carp, indicating that these two subsets of Monoazo
Pigments have a low potential to bioconcentrate in fish from water. These data are in
good agreement with the above-mentioned log (Soc/Sw) values, which are very low for
these subsets of pigments.

No experimental data on BCFs for other subsets of the 33 Monoazo Pigments (or their
analogues) in aquatic organisms have been identified. At the same time, BCF data
available for other groups (classes) of pigments suggest that those pigments also have
a low potential to bioconcentrate in fish from water (in fact, no experimental studies with
high BCF values—for any pigment—have been located). For example, the results of
several BCF studies on diarylide yellow pigments indicate that all available BCF values
do not exceed 6.2 L/kg in common carp, which confirms that diarylide yellow pigments
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have a low potential to bioconcentrate in fish from water (for more details, see
Environment Canada and Health Canada 2013d).

ECHA (2008) presented a weight of evidence approach for one of the diarylide yellow
pigments—Pigment Yellow 12. Based on low solubility in n-octanol and low log
(Soc/Sw), as well as on pharmacokinetic data (**C pharmacokinetic rat study showing no
uptake from feed and complete excretion of Pigment Yellow 12 through feces), it was
concluded that Pigment Yellow 12 is not a bioaccumulative substance (ECHA 2008).

In the scientific literature and recommendations from international jurisdictions, there
are some other data regarding the bioaccumulation of pigments. For example, Anliker
and Moser (1987) studied the limits of bioconcentration of azo pigments in fish and their
relation to the partition coefficient and solubility in water and n-octanol. Despite a high
calculated log Koy, for two pigments, the experimentally determined log BCFs were low.
The explanation for this apparent inconsistency is the very limited fat (lipid) storage
potential of these pigments, as indicated by their low solubility in n-octanol (< 1 and

< 0.1 mg/L) and their large molecular size (cross-sectional diameters of 0.97 and 1.68
nm).

In another study, Anliker et al. (1988) assessed different dyes and pigments, including
two organic pigments, for which the experimental BCFs in fish were known (16
halogenated aromatic hydrocarbons were included for comparison). None of the
disperse dyestuffs, even the highly lipophilic colourants with log Ko, > 3, accumulated
significantly in fish. The authors indicated that the large molecular size of colourants
prevents their effective permeation through biological membranes (i.e., gill tissues) and
thus limits their uptake during the period of exposure.

Therefore, the experimental results of BCF and pharmacokinetic studies indicate that
pigments have limited potential for bioaccumulation in organisms.

5.2.3 Considerations on Other Possible Mechanisms of Pigment Uptake
and Bioaccumulation

Another aspect of the bioavailability and bioaccumulation of pigments in non-human
organisms may also be considered. Many pigments have a particle size in the
nanometre to micrometre range, therefore potentially falling partially within the
nanoscale size range (i.e., 1-100 nm) (Canada 2007; Health Canada 2011a). Lynch et
al. (2006), Rothen-Rutishauser et al. (2006), Smart et al. (2006) and others indicate that
nanoparticles can be taken up by different types of mammalian cells and are able to
cross the cell membrane and become internalized. Importantly, the interaction of
nanoparticles with the cells and their uptake are size dependent (Limbach et al. 2005;
Chithrani et al. 2006) and shape dependent (Pal et al. 2007), and uptake occurs via
endocytosis or by phagocytosis in specialized cells.
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Passive diffusion is considered the predominant mechanism for the transport of
substances across epithelia for most pharmaceuticals and environmental organic
contaminants, although facilitated, active, paracellular and phagocytosis (pinocytosis
and endocytosis) transport mechanisms can be important for certain substances
(DeVito 2000). Passive diffusion rather than a facilitated process controls the absorption
of hydrophobic persistent organic pollutants (Kelly et al. 2004).

At the same time, bioaccumulation studies, where endocytosis or phagocytosis
mechanisms would be reliably confirmed, could not be identified for the Monoazo
Pigments. If these mechanisms were typical (or significant) for pigments, the results of
bioaccumulation studies, namely high (or relatively high) BCF values, would reflect the
existence of this phenomenon in terms of the pigments’ uptake. However, all available
experimental BCF values show that some Monoazo Pigments—in particular, -naphthol
pigment lakes and BONA pigment lakes—as well as diarylide yellow pigments (see
Environment Canada and Health Canada 2013d) have a very low potential to
bioconcentrate in fish from water.

The results of ecotoxicological studies, which are discussed in the next section of this
report, indicate that aqueous dispersions of high-purity Monoazo Pigments do not cause
noticeable biological effects. This indicates that the bioavailability of these substances is
limited; most likely, phagocytosis does not play a significant role in the uptake of
Monoazo Pigments.

5.2.4 Summary of Bioaccumulation Potential

Based on the consistency of various lines of evidence, including low experimental log
(Soct/Sw) values (< 3) for most Monoazo Pigments (for which experimental solubility data
are available), average Des values of = 1.1 for some pigments and very low
experimental BCF values (< 15 L/kg), in general, the substances in the Monoazo
Pigments subgroup are not expected to bioaccumulate in aquatic organisms.
Importantly, no studies showing high BCF values for any pigments have been identified
to date.

At the same time, based on high log (Soc/Sw) and log K, values (4.6 and 5.5,
respectively), PY1 may theoretically be expected to have relatively high
bioaccumulation potential; however, the measurement of these properties is itself
uncertain, and extrapolation from partitioning properties to a bioaccumulation result
within an organism without consideration of the organism’s physiology is also highly
uncertain.

Therefore, based on the particulate nature of Monoazo Pigments, their low water
solubility, their generally low log (Soc/Sw) values, the relatively high cross-sectional
diameters of many of the pigments and the very low experimental BCF values for some
of them, it may be expected that Monoazo Pigments have low potential for
bioaccumulation in aquatic organisms.
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It may also be mentioned that the low potential of Monoazo Pigments to bioaccumulate
in fish due to their low bioavailability indicates that low toxicity is expected for this group
of substances. This is confirmed by the ecotoxicity data (see next section) and by the
lack of significant adverse effects observed in any of the bioconcentration tests.
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6. Potential to Cause Ecological Harm

6.1 Ecological Effects Assessment

In order to provide the best possible weight of evidence for assessing the ecological
effects of substances in the Monoazo Pigments subgroup, only empirical data were
considered, given the high level of uncertainty associated with modelling the ecotoxicity
of this substance subgroup.

6.1.1 Aquatic Environment

Both acute and chronic aquatic toxicity studies are available for a group of Monoazo
Pigments. Table 6-1 presents a summary of available empirical ecotoxicity data for this
group of substances and their structural analogues, while Appendix 4 contains more
detailed, substance-specific information on the particular studies. The studies have
been conducted with different test systems (static, semi-static and flow-through) at
different test durations (acute and chronic tests) using different organisms: fish
(zebrafish Brachydanio rerio; medaka Oryzias latipes; common carp Cyprinus carpio),
water flea (Daphnia magna) and algae (Desmodesmus subspicatus and
Pseudokirchneriella subcapitata, formerly known as Selenastrum capricornutum).

Table 6-1: Summary of empirical data on aquatic toxicity of Monoazo Pigments

and their analogues

Subset Test . dooi
(substan type Organis | Endpoint, Details Reference
ce) (durati | m value
on)

%?Igsvazo _ Semi-static. _ Study
pigments Acute Zebraf_lsh LCo = 1 mgl/L; S.aturated solution of Submissio
(PY1: (96 h) (B. rerio) | LCso>1 mg/L pigment (1 mglL; n 2012b
PY3)' purity 99.7%).

Semi-static.

Saturated solution

(2 mg/L; purity
Monoazo 99.7%). Effects:
yellow Chronic | Water NOEC = 1 mortality; Study
pigments | (21 flea (D. ma/L reproduction rate; Submissio
(PY1; days) magna) 9 body weight and n 2012c
PY3) length; appearance

of first brood;

number of broods;

other.
Monoazo | Chronic | Alga NOEC =1 Static. Saturated Study
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Subset

Test

(substan type Organis | Endpoint, Details Reference
ce) (durati | m value
on)

yellow (72 h) D. mg/L solution (1 mg/L; Submissio
pigments subspicat purity 99.7%). n 2012d
(PY1; us Effects: growth
PY3) rate/yield.
Monoazo Static. Saturated
yellow Water solution (100 mg/L; | Study
pigments ,a%u:]e) flea (D. ’Ilgoe:;e(/{s at purity 99.8%). Submissio
(PY1; magna) 9 Effects: h 2012e
PY3) immobilization.
Benzimida Semi-static.
zolone Acute Zebrafish | LCpo =1 mg/L; | Saturated solution of gtjubdr)rﬁissio
pigments | (96 h) (B. rerio) | LCso>1mg/L |1 mg/L of pigment n 2012f
(PO36) (purity 99.5%).

Semi-static.

Saturated solution

(2 mg/L; purity
Benzimida . 99.5%). Effects:
zolone Chronic | Water NOEC =1 adult body Study. :

) (21 flea (D. ; , Submissio
pigments days) magna) mg/L weight/length; n 2012
(PO36) y g reproduction rate; 9

appearance of first
brood; number of
broods.
B- Static. Five nominal
Naphthol concentrations (7—

i ‘r’nem Acute | Zebrafish | LCso > 500 180 mg/L), DMSO | CPMA
&Ees 96 h) | (B.rerio) | mg/L control (0.5 mg/L) | 2006a
(PR53:1) S(r)\gt:i:)oratory water

) LCso > 420
Niafnhéu?l Acute ?/loedaka mg/L; Semi-static CPMA

; 50 > a
{;Ees (48h) | |jines) | LCso> 500 ' 2006
(PR53:1) i mg/L

i No effects at Saturated solution.
. Pigment purity:
N_aphthol Acute Water satura_tlon 98 1%, No adverse Europe_an_
pigment (48 h) flea (D. (ECp=2.2 effects at saturation Commissio
lakes magna) mg/l; ECo = 3.4 n ©2000a
(PR53:1) mal) (at2.2 and 3.4
' mg/L).

B- Acute Water No effects at Static. Saturated Study
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Test

Subset type Organis | Endpoint
(substan ﬁp . 9 | P ’ Details Reference
ce) Emu)ratl m value
Naphthol | (48 h) flea (D. saturation (at solution; pigment Submissio
pigments magna) 0.9and 1.6 concentration n 2007e
(PR3) mg/L) measured by DOC.
No adverse effects
(immobilization) at
saturation.
Semi-static.
Naphthol Saturated solution
AS ) (1 mg{L). Effecgs: f
pigments | Chronic | Water _ mortality; number o
(PR112; (21 flea (D. r’\rllO/ELC =1 juveniles; EgﬂA
PR2%; days) magna) 9 appearance of first
PR253%, brood; intrinsic rate
PR146%) of natural increase;
growth.
Naphthol
AS Static. 1 mg/L
pigments Alga D. _ saturated solution.
(PR112; '(5‘7(;“:]6) subspicat r’\rllO/ELC =1 Effects: rate-related EgﬂA
PR2*; us g inhibition; inhibition
PR253%, of yield.
PR146%*)
Naphthol Static. Saturated
AS solution (100 mg/L).
pigments Water No significant Study
(PR112; ,a%u:]e) flea (D. E]C;f > 100 effects Submissio
PR2%; magna) 9 (immobilization) n 2007a
PR253%; observed at
PR146%) saturation.
Naphthol Static. Six test
AS concentrations (not
pigments Common _ measured). No toxic | Study
(PR112; ,(0\9c6u:]e) carp (C. lr_ncj(l)__ 172 responses recorded | Submissio
PR2*; carpio) g uptoa n 2007b
PR253%; concentration of 90
PR146%) mg/L.
Naphthol Static. Seven
AS Water _ concentrations; 10% | Study
pigments ,(Azczu:]e) flea (D. E}Z?E =990-7 limmobilization Submissio
(PR112; magna) observed up to 500 | n 2007c
PR2%; mg/L.
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Test

Subset type Organis | Endpoint :
(substan (durati | m value ’ Details Reference
ce) on)
PR253%;
PR146%)
Naphthol Static. Saturated
AS solution (100 mg/L).
pigments Water No significant Study
(PR112; ,a%u:]e) flea (D. E}C;’E > 100 effects Submissio
PR2*; magna) 9 (immobilization) n 2007d
PR253%; observed at
PR146%) saturation.
Semi-static and
flow-through. Five
nominal
Biomént Acute Medaka LCsp values: concentrations (7— EA Japan
gges (24-96 | (O. 33: 44 50: 98; | 180 mg/L: purity 1907 P
, h) latipes) and 170 mg/L | 87%), DMSO control
(PR57:1%)
' (0.5 mg/L) and
laboratory water
control.
Static. Five nominal
concentrations (90—
BONA Water 940 mg/L; purity
pigment Acute flea (D ECso = 280 87%), control of EA Japan
lakes (24 h) ' mg/L DMSO to HCO-40 = | 1992
magna)
(PR57:1%) 9 9:1 (100 mg/L) and
laboratory water
control.
BONA . N
: Acute Water _14.10. | Semi-static. Five
pigment (24 h— | flea (D. LC_5° =13:18 | inal
lakes 7 43; 210 mg/L .
(PR57:1%) ays) | magna) concentraﬂons (3—
300 mg/L; purity
BONA hroni o | of
igment Chronic | Water LCeo = 9.7: 10 87%), control o EA Japan
f;kes (14-21 | flea (D. ma/L o DMSO to HCO-40 = 1992
(PR57:1%) days) magna) 9 9:1 (100 mg/L) and
BON A. laboratory water
iament Chronic | Water ECso =4.4; 9.1 | control. Effects:
{;Ees (1421 |flea(D. |mg/L; NOEC = | mortality,
(PR57:1%) days) magna) 3 mg/L immobilization.
BONA Chronic Alga (P. NOEC =5.8 Static. ECso from 13 EA Japan
pigment (72 h) subcapita | mg/L; LCso = nominal 1992 P
lakes ta) 190 mg/L concentrations (1—
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Subset tTeSet Organis | Endpoint
(substan (ﬁﬁrati m 9 val uF()a ’ Details Reference
ce) on)
(PR57:1%) 1000 mg/L; purity
87%) and control.
Effects: biomass.

Abbreviations: DMSO, dimethyl sulfoxide; DOC, dissolved organic carbon; ECsg, the concentration of a substance at
which there is a sub-lethal effect observed on 50% of the test organisms within the test duration; HCO-40,
polyethylene glycol 40 hydrogenated castor oil; LCso, the concentration of a substance at which there is a lethal effect
observed on 50% of the test organisms within the test duration; NOEC, no-observed-effect concentration

Importantly, the results of all these studies are based on loading rates, and no studies
with nominal concentrations or measured concentrations have been identified. For
aguatic tests, the nominal concentration is the concentration that would exist if all test
material added to the test solution were completely dissolved and did not dissipate (US
EPA 1996). Although many of the studies shown in Table 6-1 refer to “nominal
concentrations,” they appear to be using this terminology as a synonym for “loading
rate” or “non-measured concentration,” which, strictly speaking, is not necessarily the
same as nominal concentration. For example, in studies where solvents or dispersants
were not applied, the reported toxicity values were several orders of magnitude above
the water solubility limits of the tested pigments (e.g., ECso of 990 mg/L vs. water
solubility of 0.008 mg/L for PR253*; see Appendices 4 and 2, respectively), suggesting
that the test solution was not completely dissolved and that these were, in fact, loading
rates rather than “traditional” nominal concentrations.

Consequently, in studies where the loading rates exponentially exceeded the water
solubility limits of the pigments (when solvents/dispersants were not applied), the
endpoints probably should have been more accurately reported as ELs, (loading rate
causing adverse effect in 50% of exposed organisms) instead of ECsy (concentration
causing adverse effect in 50% of exposed organisms), LLso (loading rate causing
mortality of 50% of exposed organisms) instead of LCsy (concentration causing mortality
of 50% of exposed organisms) and NOELR (no-observed-effect loading rate) instead of
NOEC (no-observed-effect concentration). However, there appear to be differing
opinions in the literature. The Guidance Document on Aquatic Toxicity Testing of
Difficult Substances and Mixtures (OECD 2000), in which the water accommodated
fractions (WAF) protocol is discussed, indicates that “WAFs may be thus considered
analogous to the term “nominal concentration” used for typical test substances, with all
the limitations inherent to that term.” It is further stated that “LLso or ELsg values are
comparable to LCsp or ECs values determined for pure substances tested within their
solubility range.”

Another problem with the tests in which the WAF protocol is applied is whether only
water-soluble fractions of pigments are indeed present in test water after undissolved
particles are removed using membrane filtration. In some studies, despite the use of
membrane filtration, pigment particles are probably still present in the test water. In
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some tests, there are statements that undissolved particles were removed by
membrane filtration using filters with a pore size of 0.45 um. However, some pigments
have average particle sizes much less than 0.45 pm. For example, in the Challenge
assessment on PR5 (see Environment Canada and Health Canada 2009c), the study
on PR146* (analogue for PR5) is discussed, and it is mentioned that particulate matter
of PR146* may pass through the filter because the mean particle size of PR146* is only
110 nm, whereas the pore size of the filter used was 0.45 um (i.e., 450 nm). It is
understood that a 0.45 um filter actually means that 0.45 um is the size of the biggest
pore; however, since the pigment particles are significantly smaller than the 0.45 pm
(450 nm) pore size, there is a high possibility that undissolved pigment particles can be
present in the test water.

In aquatic tests where the concentrations are exponentially higher than the water
solubility limits for pigments, a significant amount of uncertainty exists regarding the
actual exposure concentration in the test water. Therefore, in all aquatic tests with the
Monoazo Pigments where solvents/dispersants were not applied (see Table 6-1 and
Appendix 4) and where the toxicity values were far above the water solubility values of
the substances, the results are interpreted here as “not toxic at saturation” or “no effect
at saturation” (i.e., at water solubility limits).

It must also be mentioned that in aquatic tests where solvents or dispersants were
used, very significant biological effects (such as ECsg or LCso) have been reported, and
some toxicity values are at relatively low concentrations (e.g., ECso of 4.4 mg/L or LCs
of 9.7 mg/L for PR57:1*; see Table 6-1 and Appendix 4), which, according to some
ecotoxicity classification schemes, indicates that the tested pigments can be considered
as moderately toxic (i.e., ECsp or LCsp values from 1 to 100 mg/L). Unfortunately, similar
to the above-mentioned studies without solvents, no measured concentrations were
reported in these studies.

There are different reasons for such pronounced biological effects in the studies with
solvents or dispersants. One is that Monoazo Pigments might be potentially moderately
toxic substances; that is, when their solubility limits are substantially increased to certain
levels (by using solvents and/or dispersants), these substances can cause adverse
effects.

Herbst and Hunger (2004) indicated that although, according to definition, the ideal
pigment is practically insoluble in its medium of application, organic pigments may, in
reality, deviate more or less from this postulate of insolubility. Since a pigment that is to
a certain extent soluble in its carrier is expected to perform poorly and may even
recrystallize, bleed or bloom, it is important to prevent pigment dissolution. There are
even certain accepted tests used to determine the extent to which a given organic
pigment tolerates solvents (Herbst and Hunger 2004).

Therefore, it is possible that the solubility of pigments in aquatic toxicity tests using
dispersants and solvents (see Table 6-1 and Appendix 4) may have increased
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significantly (e.g. from the low microgram per litre range to the low milligram per litre
range).

It has also been expressed that even non-toxic dispersants may have a pronounced
effect on the physical form of the hydrophobic test substances in the test medium and,
consequently, may influence their bioavailability (Rufli et al. 1998). Thus, results from a
test involving a dispersant may be specific for a defined substance—dispersant system,
and it may be difficult to extrapolate to other exposure conditions. Rufli et al. (1998)
believed that controls containing dispersant can only identify dispersant-related effects,
but not dispersant—substance interactions.

In addition, test concentrations far above the water solubility of the test substance can
contain more soluble impurities whose effects might also confuse the interpretation of
true substance toxicity (Weyman et al. 2012). Indeed, the substance PR57:1%*,
characterized by quite low acute toxicity values (low milligrams per litre), had a very low
purity of only 87% (see Table 6-1 and Appendix 4). Therefore, impurities whose
proportion in the pigment was quite significant (13%), dissolved in the solvent that was
used in the tests, could cause significant adverse biological effects.

Weyman et al. (2012) also indicated that when solvent is used, but the tested substance
is not completely dissolved, undissolved material present in the test medium has the
potential to exert adverse (physical) effects on test organisms, such as blocking of fish
gill membranes, encapsulation/entrapment of daphnids, or the reduction of light intensity
(and, therefore, inhibition of photosynthesis rates) in algal tests.

Regarding the low milligram per litre experimental toxicity values in aquatic tests where
solvents and dispersants are used to enhance the apparent water solubility above the
maximum thermodynamic equilibrium solubility in water, it should be emphasized that it
is unlikely that such high concentrations (in molecular form) of Monoazo Pigments
would be reached in the Canadian environment. It is acknowledged that water solubility
values will rarely be identical in the aquatic environment and in laboratory studies.
Indeed, laboratory tests are conducted under conditions that often do not take into
account the various co-solvents that exist in the near-field environment, which may
ultimately affect the solubility and bioavailability of a substance close to the emission
source. Temperature, pressure and surfactants (which may be present in aquatic
environments) are other important factors that may affect the solubility of the chemicals
in the environment. At the same time, water solubility enhancement in the environment
is not likely to be as high as 3—-6 orders of magnitude over solubility limits measured
under laboratory conditions.

Accordingly, studies without strong solvents or dispersants are regarded as more
environmentally relevant and thus allow for a higher strength of inference on the toxicity
potential of pigments in the aquatic environment. In these studies, no effects at
saturation occurred due to the low bioavailability of Monoazo Pigments in water and
tissues. Therefore, it is unlikely that Monoazo Pigments will be harmful to aquatic
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organisms under realistic environmental conditions due to the limited bioavailability of
these substances.

Finally, it should be noted that for the risk assessment of substances, chronic studies
are often preferred over acute studies, because the absence of effects in short-term
studies does not necessarily mean that the substance would not be toxic during long-
term exposure. For the subgroup of 33 Monoazo Pigments, three no-solvent chronic
studies with Daphnia magna are available (see Appendix 4). In these studies, multiple
endpoints have been studied, including (but not limited to) reproduction, mortality and
immobilization of organisms, as well as body weight and body length. Reported NOEC
(NOELR) values were 1 mg/L. In addition, three chronic studies with algae are also
available. In two chronic studies, NOEC (NOELR) values were 1 mg/L, and in another
one, 5.8 mg/L. In all cases, the results may be interpreted as “no effects at saturation.”

Therefore, the available information suggests that “no effects at saturation” situations in
both acute and chronic studies occurred due to the low bioavailability of the pigments.
Lack of observed adverse effects in water saturated with the pigments has been
recorded consistently in many tests and agrees with the results of little to no
bioconcentration. These results suggest that critical internal toxicity thresholds are not
achieved at and above maximum thermodynamic equilibrium concentrations in water.

Unfortunately, no data are available to address dietary exposures in aguatic organisms
(i.e., via the food web), so the potential for effects from this exposure route remain
uncertain.

6.1.2 Soil and Sediments

In order to link toxicity with the potential fate of the 33 Monoazo Pigments in the
environment, empirical data for soil were also considered. This environmental
compartment is critical because, when emitted to soil (e.g., via biosolids application),
the substances from this subgroup are expected to reside almost solely in soils (i.e.,
little degradation or advection).

Three studies on soil toxicity are available for the subsets of monoazo yellow pigments
and naphthol AS pigments (Table 6-2). Data show that at a loading rate of 1 000 mg/kg
of soil, no adverse effects (e.g., mortality, reproduction and biomass of organisms for
earthworms; shoot height/weight, emergence rate and visual phytotoxic effects for
plants) were observed in chronic toxicity studies.

Table 6-2: Empirical data for soil toxicity of some Monoazo Pigments

Subset Endpoint

(substance | Testtype | Organism val uF()e ' | Details Reference
)

Monoazo Chronic Earthworm NOEC = OECD Test Study
yellow (56 days) | (Eisenia 1000 Guideline 222. | Submissio
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Subset Endpoint
(substance | Test type | Organism value ' | Details Reference
)
pigments fetida) mg/kg soil | High-purity n 2012b
(PY1) (dry pigment
weight) (99.7%).
Effects:
mortality;
reproduction;
body weight.
OECD Test
Oat (Avena Guideline 208.
sativa); rape | NOEC = High-purity
L\//Ietljlr(])(\jvazo Chronic (Brassica 1000 _ pigment Study_ _
pigments (21 days) napus); mg/kg soil | (99.7%). Submls'sm
(PY1) soybean (dry Eff_ects: shoot n 2012i
(Glycine weight) height and
max) weight;
emergence rate.
OECD Test
Oat (Avena Guideline 208.
sativa); rape | NOEC = Natural soil.
Naphthol (Brassi’ca 1000 E;‘fects: nudmber
AS Chronic .| of emerge ECHA
pigments (21 days) napus); mg/kg soil seedlinggs and 2012
(PR112) soybean (dry dead plants;
(Glycine weight) . '
max) visual .
phytotoxic
effects.

Abbreviations: NOEC, no-observed-effect concentration; OECD, Organisation for Economic Co-operation and
Development

Therefore, based on these data, it may be concluded that at low concentrations,
Monoazo Pigments are not expected to be harmful to soil-dwelling organisms. This
most likely can be explained by the low bioavailability of these substances in the various
phases that comprise bulk soil (solids, water and air).

Although these dense water-insoluble pigments are expected to reside predominantly in

sediments, no sediment toxicity studies are available for this subgroup of 33 Monoazo
Pigments. Therefore, conclusions on sediment toxicity could not be made.
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6.1.3 Derivation of Predicted No-Effect Concentrations (PNECSs)

6.1.3.1 Aquatic PNEC Values

Multiple experimental toxicity data from aquatic acute and chronic ecotoxicity studies
are available for Monoazo Pigments (see Table 6-2 and Appendix 4). The range of
empirical acute toxicity values from these studies is quite significant: from 4.4 mg/L to
almost 1 000 mg/L. It has already been noted that in most studies, loading rates were
reported, and very often the acute toxicity data were expressed as ranges, not as
definitive values (e.g., LCso > 100 mg/L). For chronic studies, NOEC values were
reported; in most cases, the reported value was 1 mg/L.

For deriving PNEC values for different subsets of Monoazo Pigments, critical toxicity
values (CTVs) had to be selected. Aquatic PNEC values were then calculated as
follows:

PNEC (mg/L) = CTV / AF
where AF is an assessment factor.

Table 6-3 contains the rationale for selecting the CTVs as well as the CTVs themselves,
assessment factors and derived PNEC values. The following principles were used when
choosing an assessment factor. For the same substance (or subset of substances),
chronic studies were preferred over acute studies. An assessment factor of 10 was
applied for chronic studies where relatively low (e.g., 1 mg/L) toxicity values (e.g., a
NOEC) were reported. Since no biologically or statistically significant effects (including
sensitive endpoints, such as reproduction rate) were found (compared with controls) for
some substances in both acute and chronic studies with invertebrates, an assessment
factor of 10 was used, even in acute studies. When “no effects at saturation” were
reported, an assessment factor of 10 was used. In the acute study with fish (subset of
BONA pigment lakes), an assessment factor of 100 was applied.

For some pigment subsets or individual pigments, PNEC values could not be derived
due to the absence of experimental toxicity values. For these substances, the lowest
available PNEC value from the entire group of 33 pigments was chosen as a surrogate
(in Table 6-3, these PNEC values are marked with an asterisk).

Table 6-3: Aquatic CTVs and PNEC values for the subgroup of 33 Monoazo
Pigments

Subset Aquatic CTV gscstgfsment Aguatic PNEC?
Monoazo vellow 1 mg/L (lowest NOEC
iaments y value from a chronic 10 0.1 mg/L
b9 test within the subset)
BONA pigment lakes | Fish: 33 mg/L (lowest Fish: 100; Fish: 0.33 mgl/L;
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Subset

Aquatic CTV

Assessment
factor

Aquatic PNEC?

acute toxicity value);
invertebrates: 3 mg/L
(NOEC from a chronic
study); algae: 5.8 mg/L
(NOEC from a chronic
study)

invertebrates
and algae:10

invertebrates: 0.3
mg/L; algae: 0.58
mg/L. Final PNEC: 0.3
mg/L (lowest from all
organisms tested)

B-Naphthol pigment

2.2 mg/L (lowest ECy

individual (NSNAC)

lakes value from acute test) 10 0.22 mg/L
0.9 mg/L (lowest acute
B-Naphthol pigments | toxicity value within the | 10 0.09 mg/L
subset)
1 mg/L (lowest NOEC
N_aphthol AS value from a chronic 10 0.1 mg/L
pigments
test)
B_en2|m|dazolone 1 mg/L (NQEC value 10 0.1 mg/L
pigments from chronic test)
B_ONA_plgment lakes Not available Not available | 0.09 mg/L*
— individual
N_aphthol AS Not available Not available | 0.09 mg/L*
pigment lakes
Pyrazoloqumazolone Not available Not available | 0.09 mg/L*
pigments
Monoazo yellow
pigments — Not available Not available | 0.09 mg/L*
individual
Other pigments — Not available Not available | 0.09 mg/L*

For pigment subsets or individual pigments for which PNEC values could not be derived due to the absence of
experimental toxicity values, the lowest available PNEC value from the entire group of 33 pigments was chosen as a
surrogate. These PNEC values are marked with an asterisk (*).

6.1.3.2 Soil and Sediment PNEC Values

Three studies on soil toxicity are available for the subgroup of 33 Monoazo Pigments
(see Table 6-2). These studies have been considered as key, high-quality studies, and
the toxicity value (NOEC) of 1 000 mg/kg soil (dry weight) was selected as the CTV.

Taking into account that in the two studies with plants, CTVs were based on NOEC
values in long-term studies, where no lethal or sub-lethal adverse effects (or visual
phytotoxic effects in the tests with different plants) were found at the loading
concentration of 1 000 mg/kg soil, an assessment factor of 10 was used to account for
interspecies and intra-species variability in sensitivity only.
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One soll toxicity study was conducted with earthworms, which are excellent model
organisms in ecotoxicity studies due to their exposure to soil contaminants via both
ingestion and passive absorption through the skin. Since no adverse biological effects
(including sensitive endpoints such as reproduction) were observed in this long-term
study in a sensitive species, it was thought that an assessment factor of 100 would be
overly conservative for calculation of a PNEC value, so an assessment factor of 10 was
applied.

The resulting PNEC value for soil can therefore be calculated as:
Soil PNEC = (1000 mg/kg dry weight) / 10 = 100 mg/kg soil (dry weight)

As no sediment toxicity studies were located for the subgroup of 33 Monoazo Pigments,
PNEC values for sediments, based on experimental CTVs, could not be derived.

6.1.4 Ecological Effects Summary

Based on various lines of evidence involving empirical ecotoxicity data in various
environmental compartments (water and soil), it may be concluded that the 33 Monoazo
Pigments are not expected to cause harm to aquatic or soil-dwelling organisms at low
concentrations. Empirical data allowed derivation of PNEC values for water and soil for
further characterization of the ecological risk (i.e., PEC vs. PNEC values) of Monoazo
Pigments in different environmental compartments. No conclusion on the ecological
effects of the 33 Monoazo Pigments on sediment-dwelling organisms can be made due
to the lack of ecotoxicological data.

6.2 Ecological Exposure Assessment
6.2.1 Measured Environmental Concentrations

6.2.1.1 Canada

No data on measured environmental concentrations (in water, soils or sediments) of the
33 Monoazo Pigments in Canada have been identified, and environmental
concentrations were therefore estimated from available information.

6.2.1.2 Other Countries

During 2007-2008, the Swedish Environmental Protection Agency developed analytical
methods and performed a “screening study” of some pigments (Lilja et al. 2008). In this
monitoring study, four monoazo pigments (PY1, PR53:1, PR170 and PO5) were
analyzed in various environmental samples. The results of this study are summarized
below.
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6.2.1.2.1 Background Areas

None of the four pigments was found in soil, surface water, sediment or fish samples
from the background areas (i.e., concentrations of all four were below their detection
limits).

6.2.1.2.2 Diffuse Sources

PY1, PR53:1 and PR170 were detected in sludge from wastewater treatment plants.
The highest concentrations were 100 000 pg/kg dry weight (dw) and 88 000 ug/kg dw
(PR170, two consecutive months at a wastewater treatment plant), which were
approximately 1 000 times higher than the levels at other wastewater treatment plants.
Levels of PY1 reached approximately 70—-360 pg/kg dw (three sites; data are
extrapolated from diagrams), while concentrations of PR53:1 reached approximately
50-200 pg/kg dw (four sites; data are extrapolated from diagrams).

All four pigments were found in wastewater treatment plant influent. PY1 was found at
three wastewater treatment plants at the highest concentrations of 0.13-0.38 pg/L.
Concentrations of PR53:1 were 0.007-0.027 ug/L (four STPs), and PR170, 0.068—
0.090 pg/L (three STPs), whereas PO5 was found at concentrations of 0.027—-0.067
Mg/L. Importantly, for PY1, PR53:1 and PR170, 100% of the content in the influent was
found in the particulate phase. For PO5, a small fraction, 7.5% of the content, was
found in the water phase.

Concentrations of pigments in effluent are lower than in influent: PY1, < 0.013 ug/L;
PR53:1 and PO5, < 0.003 pg/L; and PR170, < 0.053 pg/L. The authors suggested that
the lack of pigments in effluent indicates that removal of these pigments takes place
during the wastewater treatment process.

None of the pigments was detected in the surface water samples, but both PR53:1 and
PR170 were found in the sediment samples. Interestingly, the concentrations were
slightly higher upstream compared with downstream of the effluent outlet (3.9 and 1.4
pg/kg dw, respectively, for PR53:1, and 96 and 65 ug/kg dw, respectively, for PR170),
which suggests that the pigments do not reachthe receiving watervia only discharges
from wastewater treatment plants.

6.2.1.2.3 Point Sources

All four pigments were detected in the sample of effluent from one public laundry at the
following concentrations: 0.19 ug/L (PY1), 0.085 pg/L (PR53:1), 1 ug/L (PR170) and
0.098 ug/L (PO5). This sample was taken before treatment at a wastewater treatment
plant. In effluent from a second laundry, sampled after passage through a municipal
wastewater treatment plant, only PR53:1 was found (at 0.013 pg/L). Interestingly, most
of the PR53:1 detected in these two samples was found in the water phase (85% and
100%, respectively). This is opposite to the distribution in the wastewater treatment
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plant influent , where 100% of the pigment was found in the particulate phase, but
relatively similar to effluent water from a wastewater treatment plant, where 38% was
found in the water phase. The other pigments were detected only in the particulate
phase of the laundry effluent samples.

All four pigments were found in process water from the deinking operations of recycled
paper at a paper mill at the following concentrations: 27—61 pg/L (PY1), 160-450 ug/L
(PR53:1), 6-9 pg/L (PT170) and 3—-10 pg/L (PO5).

High levels of all four pigments were also found in sludge from the deinking operations
of recycled paper at a paper mill: 370-800 pg/kg dw (PY1), 1 100—4 200 pg/kg dw
(PR53:1), 420-1 600 pg/kg dw (PT170) and up to 650 pg/kg dw (PO5).

Since spring preparation of boats, including sanding, painting and polishing, often takes
place in the open air, resulting in the spread of dust containing pigments, a soil sample
from a marina was analyzed. Concentrations of 0.13 pg/kg dw and 0.007 pg/kg dw were
found for PR170 and PO5, respectively, while concentrations of PR53:1 and PY1 were
below the detection limits.

6.2.1.2.4 Urban Environment
In surface waters, only PR53:1 was found (0.005 pg/L; one sample).

All four pigments were found in stormwaters from the city of Stockholm. Concentrations
were below the detection limits in one sample , whereas high concentrations (in the
same range as or even higher than in wastewater treatment plant influent ) were found
at two other sites, where 100% of the detected pigments were found in the particulate
matter of stormwater. Levels of PY1 reached 0.75 pg/L (one sample), PR53:1, 0.21 and
0.37 pg/L (two samples), and PR170, 0.39 and 2.8 pg/L (two samples), while the levels
of PO5 were around 0.06 pg/L (two samples).

In sediments, PR53:1 was found in three samples (5.9-13 pg/kg dw), while PR170 was
detected in two samples (190 and 330 pg/kg dw).

None of the four pigments was found in fish samples.

Considering all this information, the authors concluded that the presence of the
pigments in wastewater treatment plant sludge and waters, effluent from public
laundries, stormwater, sediments, surface water and soil indicates that diffuse
emissions of the pigments occur. Importantly, the authors also indicated that since none
of the pigments could be detected in the samples from background areas, the emissions
in and transport to rural areas seem to be minor.

Elsewhere, PR53:1 was also detected in a sample of a wastewater treatment plant
effluent at a deinking plant in Germany (OECD 1999). The arithmetic mean
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concentration (three runs) was 3.4 pg/l; using a dilution factor of 30, a PEC,ecq Value of
0.11 ug/l was derived.

6.2.2 Releases to the Environment

Since no data on measured environmental concentrations of the 33 Monoazo Pigments
in Canada have been identified, environmental concentrations were estimated from
available information.

Anthropogenic releases of a substance to the environment depend upon various losses
that occur during the manufacture, industrial, consumer and commercial’ use and
disposal of a substance. In order to estimate releases to the environment occurring at
different stages of the life cycle of Monoazo Pigments, Environment Canada compiled
information on the relevant sectors and product lines as well as emission factors® to
wastewater, land and air at different life cycle stages in order to identify the life cycle
stages that are the largest contributors to environmental concentrations. Recycling
activities and transfer to waste disposal sites (landfill, incineration) were also
considered. However, releases to the environment from disposal were not quantitatively
accounted for unless reliable specific information on the rate of (or potential for) release
from landfills and incinerators was available.

Factors relevant to the life cycle of these substances have been considered,
uncertainties have been recognized and assumptions have been made, subject to the
availability of information. Exposure scenarios for the uses and media of concern have
been developed, including the determination of applicable predicted environmental
concentrations (PECSs). Further, risk quotient (RQ) analyses compare the estimated or
measured environmental concentrations with the appropriate PNEC values in order to
evaluate potential risks.

" commercial use is the use of a chemical substance, or the use of a mixture, product or manufactured item
containing a chemical substance, in a commercial enterprise providing saleable goods or services.

8 An emission factor is generally expressed as the fraction of a substance released to a given medium such as
wastewater, land or air during a life cycle stage such as manufacture, processing, industrial application or
commercial/consumer use. Sources of emission factors include emission scenario documents developed under the
auspices of the OECD, data reported to Environment Canada’s National Pollutant Release Inventory, industry-
generated data, monitoring data, etc.
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6.2.3 ldentification of the Most Important Exposure Scenarios in Canada

Exposure characterization focuses on the most important exposure scenarios. These
scenarios represent major environmental releases and relatively high levels of
exposure. In general, the magnitude of release is a direct function of the quantity of a
substance manufactured or used and its applicable emission factors. In cases where
industrial releases are similar in quantity to consumer and/or commercial releases, the
former normally result in higher levels of environmental exposure than the latter. This is
because industrial releases are concentrated at a limited number of sites, while
consumer and/or commercial releases are dispersed across the country.

Three scenarios were identified as potentially having the highest environmental
releases from the sectors identified from the CEPA 1999 section 71 surveys (see
Sources section of this report). These scenarios were pigment manufacture,
paint/coating formulation and deinking, as summarized in Table 6-4. The quantity of the
Monoazo Pigments manufactured in Canada accounted for more than 40% of the net
Monoazo Pigments in Canadian commerce. The site visits conducted by Environment
Canada in 2010 found that the emission factors to wastewater at pigment manufacturing
facilities were high, at more than 1% (Environment Canada 2010). The 40% weight for
the manufacturing sector and the more than 1% emission factor translated into a
relatively high release to wastewater, at more than 0.4% of the net Monoazo Pigments
in Canadian commerce. Pigment manufacture was therefore selected as the first
important exposure scenario.

Table 6-4: Releases of Monoazo Pigments to wastewater from various sectors in
Canada

. Emission Release to
Sector weight as % % of
Sector of net 33 Monoazo factor to wastewater as % o
Pigments wastewater ngt 33 Monoazo
(%) Pigments
Pigment 40 >1 > 0.4 (high)
manufacture
Paint/coating 65 0.3 0.2 (high)
formulation
Ink/toner 12 0.1 0.01 (low)
formulation
Deinking 8.3 20 1.7 (high)
Printing 12 0.036 0.004 (low)
Plastics and 11 0.05 0.006 (low)
rubber
Agricultural 4 2 0.08 (low)
products
Others 1 2 0.02 (low)
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The quantity of Monoazo Pigments used in paints and coatings was the highest of all
uses. This use amounted to 65% of the net Monoazo Pigments in Canadian commerce.
Paint/coating formulation was identified as the major industrial activity from the survey
data. The emission factor to wastewater from paint/coating formulation was found to be
moderate, at 0.3% (Environment Canada 2012b). When the moderate emission factor
was combined with the large quantity of Monoazo Pigments used in paint/coating
formulation, the environmental releases were expected to be significant. In other words,
the 65% weight for the paint/coating formulation sector and the 0.3% emission factor
translated into a significant release to wastewater, at 0.2% of the net Monoazo
Pigments in Canadian commerce. For this reason, paint/coating formulation was
selected as the second important exposure scenario. The consumer and/or commercial
uses of paints and coatings were not considered as important as the industrial
formulation activity on a per site basis due to the dispersive nature of the releases from
consumer and/or commercial use. For this reason, consumer and/or commercial uses
were not selected for quantitative exposure analysis.

For the ink/toner formulation sector, the emission factor to wastewater was unknown,
while the quantity used in the sector was moderately high, at 12% of the net Monoazo
Pigments in Canadian commerce. Companies indicated that there was no release to
wastewater for Monoazo Pigments from its formulation operations (2013 email to
Environment Canada; unreferenced), while no release data were available for other
ink/toner formulators. Due to the lack of these data for ink/toner formulation as a whole,
the emission factor of 0.1% for the emission of pigments from ink formulation to
wastewater reported by US EPA (2012a) was used to estimate the potential release of
the Monoazo Pigments. This potential release was determined to be relatively low, at
0.01% of the net Monoazo Pigments in Canadian commerce, based on the 12% sector
weight and the 0.1% emission factor. Ink/toner formulation was therefore not considered
to be an important exposure scenario and was excluded from quantitative exposure
analysis.

There are, however, two downstream sectors of ink/toner formulation: printing and
recycled paper deinking. The Monoazo Pigments identified for use in printing inks were
used for printing on both paper and plastic film, according to information provided by
industry (2013 emails from industry to Environment Canada; unreferenced). It was
therefore induced that the entire quantity of the Monoazo Pigments formulated into inks
and toners ended up on printed paper and plastic film. Although the proportions of these
pigments between the two substrates were unknown, a substantial quantity was
expected for the paper substrate. Considering this and a large recycled portion of
printed paper, it was expected that a significant quantity of the ink/toner-destined
Monoazo Pigments was subject to deinking. Furthermore, the emission factor to
wastewater from deinking was estimated to be high, at 20% (2013 telephone
discussions between a pulp and paper expert of an industry association and
Environment Canada; unreferenced). The 12% sector weight for the ink/toner
formulation yielded an 8.3% sector weight for deinking when the ink/toner-destined
Monoazo Pigments were conservatively assumed to end up on paper, and paper
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recycling in Canada was at 69% in 2010 (2012 e-mail from Marketing Strategy and
Sustainability Consulting, Kitchener, Ontario, to Ecological Assessment Division,
Environment Canada; unreferenced). The 8.3% sector weight and the 20% emission
factor translated into a significant release to wastewater, at 1.7% of the net Monoazo
Pigments in Canadian commerce. The deinking operations scenario was therefore
selected as the third important exposure scenario.

Compared with the deinking scenario, the printing scenario had a much lower release to
wastewater. According to US EPA (1995), lithography, gravure, flexography, letterpress
and screen were five basic technologies used for printing, and only screen printing
generated wastewater and released it to the sewer system. The source of this
wastewater was cleaning operations for screen reclamation. Thus, the emission factor
to wastewater from screen printing was used to represent the worst-case aquatic
release for the printing scenario.

The emission factor to wastewater from screen printing was estimated at 0.036% as
follows. The amount of residual ink left on a screen after a printing job was determined
to be 0.039 kg for an average screen size of 0.0137 m?, based on an amount of ink
remover used of 0.227 kg (US EPA 1994b) and a ratio of ink to ink remover of 1:5.8 (US
EPA 1998) (0.227 kg x 1/5.8 = 0.039 kg). The maximum amount of residual ink ending
up in wastewater from cleaning operations was therefore 0.039 kg. In contrast, the
volume of ink required for a printing job was calculated to be 102 L for the same screen
size, according to a method described by Screen Web (2000). This volume was
converted to 109 kg for a screen printing ink density of 1.07 kg/L obtained from 3M
(2007) (102 L x 1.07 kg/L = 109 kg). The maximum amount of residual ink ending up in
wastewater was therefore 0.036% of the amount of ink used (0.039 kg/109 kg x 100% =
0.036%). This percentage was used as an estimate for the emission factor to
wastewater from screen printing or a conservative estimate for the printing scenario.

The 0.036% emission factor combined with the 12% sector weight for printing yielded a
relatively low release to wastewater, at 0.004% of the net Monoazo Pigments in
Canadian commerce. For this reason, the printing scenario was not selected for
guantitative exposure analysis.

The quantities of the Monoazo Pigments reported for all other uses were 16% of the
total quantity used in Canada; these uses included “Plastics and Rubber” at 11%,
“Agricultural Products” at 4% and all remaining categories at 1%. The emission factors
to wastewater associated with these other uses were 0.05% for the plastics and rubber
manufacturing industry and 2% for the agricultural industry and the remaining
categories (European Commission 2003). These sector weights and emission factors
translated into relatively low releases to wastewater, at 0.006% of the net Monoazo
Pigments in Canadian commerce for plastics and rubbers, 0.08% for agricultural
products and 0.02% for all remaining categories. Compared with the three important
scenarios identified above, these other uses had much lower releases to wastewater
and were therefore not selected for quantitative exposure analyses.
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The deinking sector represented an important exposure scenario not only for water, but
also for soil. In the soil exposure analysis conducted for this sector, it was assumed that
all pigments contained in recycled paper were removed from deinking operations and
captured in sludge. As a result, the quantity entering soil via sludge land application
represented 8.3% of the net Monoazo Pigments in Canadian commerce, since the
sector weight for deinking was conservatively estimated at 8.3%. In comparison,
agricultural products accounted for much less, at 4%, and their contribution to soil
exposure would be limited to 4%. The deinking scenario was therefore conservative
enough for a screening-level soil exposure analysis, and a soil exposure analysis for the
use of agricultural products was not pursued.

6.2.4 Estimated Predicted Environmental Concentrations (PECs)

Exposure to the Monoazo Pigments was quantified in the form of PECs for each of the
three important exposure scenarios identified. These concentrations were based on
available information on the quantities of the Monoazo Pigments, sector-specific
emission factors, the characteristics of the wastewater treatment systems involved and
the characteristics of the receiving environment.

PECs were estimated for the aquatic, sediment and soil compartments. This was
because the Monoazo Pigments were primarily present in these compartments as a
result of their release to receiving water from wastewater treatment systems, their
partitioning from water to sediment and the land application of wastewater sludge.
Aquatic and sediment PECs were estimated for each of the three scenarios, while one
conservative soil PEC was provided for the deinking scenario only, as it was the largest
contributor to soil exposure. This soil PEC was estimated as 10.8 mg/kg and is
expected to represent an upper limit for all other scenarios. A discussion of these PECs
is provided below. Detailed calculations can be found in Appendix 5.

6.2.4.1 Aquatic PECs from Pigment Manufacture

Fewer than five pigment manufacturers were identified from CEPA 1999 section 71
surveys (Canada 2006, 2007, 2008, 2011). One large pigment manufacturing facility
was selected to estimate the level of aquatic exposure for the pigment manufacture
scenario.

The Monoazo Pigments were anticipated to enter the aquatic environment through
wastewater treatment systems. Environment Canada learned from a number of site
visits in 2010 that pigment production equipment was cleaned with water on a regular
basis (Environment Canada 2010). The wastewater generated was subsequently
treated on site for solids removal and then discharged to the sewer system. Any
residual pigments following the on-site and off-site treatment were therefore expected to
be released to receiving water in the effluent fromthe wastewater treatment system.
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The aquatic PEC was estimated from a number of parameters based on the above
understanding of the aquatic release of the Monoazo Pigments from the pigment
manufacturing facility. These parameters included the daily quantity of the Monoazo
Pigments produced, their emission factor to wastewater, the removal efficiencies of both
on-site and off-site wastewater treatment systems, the flow of the off-site wastewater
treatment system and the dilution of the receiving water. The aquatic PEC of the
Monoazo Pigments derived was 29.7 pg/L.

The aquatic PEC derived was considered conservative. Firstly, the emission factor to
wastewater was assumed to be 10% of the quantity of the Monoazo Pigments
produced. Environment Canada learned that the products lost during equipment
cleaning varied over a wide range but did not exceed 10% of production or equipment
holding volume, based on various site visits, including those to a pigment manufacturing
facility (Environment Canada 2010), latex paint formulation facility (Environment
Canada 2013a), powder coatings manufacturing facility (Environment Canada 2013b),
cosmetics manufacturing facility (Environment Canada and Health Canada 2010) and
tank truck cleaning facility (Environment Canada 2009b). This 10% value was used as
the highest emission factor to wastewater from the cleaning of the pigment production
equipment. Secondly, the estimated removal of the off-site wastewater treatment
system varied from 0.5% to 49.2% due to the variability in the hydrophobicity of the
Monoazo Pigments. The lowest value, 0.5%, was used in the calculations, so that the
estimated aqueous release of the Monoazo Pigments from the off-site wastewater
treatment system represented the maximum quantity entering the aquatic compartment.
The combination of the highest emission factor with the lowest wastewater treatment
removal was expected to yield a conservative estimate of the aquatic PEC.

6.2.4.2 Aquatic PECs from Paint and Coating Formulation

Seventy-five paint and coating formulation facilities were identified as industrial users of
the Monoazo Pigments from CEPA 1999 section 71 surveys (Canada 2006, 2007,
2008, 2011), and eight of them were determined to be the largest users. On average,
these eight facilities used 5 000—10 000 kg/year per pigment for one or more Monoazo
Pigments. The eight facilities were therefore selected to determine the level of aquatic
exposure for the paint and coating formulation sector. In comparison, the other facilities
used quantities below 5 000 kg/year per pigment on average. Less than five of these
other facilities were initially identified among the largest users based on the CEPA 1999
section 71 surveys (Canada 2006, 2007, 2008, 2011), but follow-up questions (2013
emails from facilities to Environment Canada; unreferenced) showed each of these
facilities to use less than 5 000 kg/year for all Monoazo Pigments combined.

One or more Monoazo Pigments were anticipated to enter the aquatic environment
through wastewater treatment systems. A number of site visits to paint and coating
formulation facilities revealed that wastewater was generated from equipment cleaning
and discharged to the sewer system following on-site solids removal (Crechem
Technologies 2005). It was therefore assumed that wastewater was generated from
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each of the eight facilities selected as a result of formulation equipment cleaning. The
wastewater was first treated on site for solids removal and further treated by an off-site
wastewater treatment system. The treated wastewater was finally discharged to a water
body.

The aquatic PEC for each facility was estimated from a number of parameters. These
parameters included formulation batch size, pigment content in paints and coatings,
emission factor to wastewater, removal efficiencies of both on-site and off-site
wastewater treatment systems, off-site wastewater treatment flow and receiving water
dilution factor. The aquatic PECs derived for the eight facilities were in the range of
0.51-25.9 pg/L.

The aquatic PECs derived for the eight facilities were all conservative estimates. In
these estimates, the largest formulation batch size, at 19 000 kg of paints and coatings,
was found from an analysis of industry data (Environment Canada 2012) and used to
determine the loss of the Monoazo Pigments to wastewater from the cleaning of the
formulation equipment. Since the range of the batch size spanned over more than one
order of magnitude, from 1 000 kg to 19 000 kg, according to the analysis of industry
data, the loss to wastewater determined represented an upper limit. The level of aquatic
exposure resulting from the formulation of paints and coating was therefore not
expected to exceed the PECs derived.

6.2.4.3 Aquatic PECs from Deinking Operations

Seventeen facilities were identified as sites that perform recycled paper deinking
operations from three reference sources: the Pulp and Paper Canada Directory (2013),
the Lock-wood Post Directory (2011) and FisherSolve™ Platform (2013). Of these 17
facilities, sufficient information to permit aquatic exposure analyses was available for
only 13 facilities. Nevertheless, these 13 facilities were judged to be a good
representation of the Canadian deinking sector.

Aquatic PECs were estimated for the 13 recycled paper deinking facilities. These
facilities generated and treated their respective wastewaters on site and subsequently
discharged them directly to the receiving water. The parameters used in the derivation
of the PECs included the total quantity of the Monoazo Pigments used for printing, the
guantity of the Monoazo Pigments entering each facility, the emission factor to
wastewater, wastewater volume, on site wastewater treatment removal efficiency and
receiving water dilution factor. The aquatic PECs derived were in the range of 0.09-7.67
Mg/L . They were considered conservative, since the total quantity of the Monoazo
Pigments used for printing was assumed to end up on paper only, without correction for
the quantity used for plastic film.
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6.2.4.4 Sediment PECs from Pigment Manufacture, Paint and Coating
Formulation, and Deinking Operations

An equilibrium sediment—water partition approach described by ECHA (2010) was used
to estimate the PECs of the Monoazo Pigments in sediment. This approach assumes
that the concentration in bottom sediment is in equilibrium with the concentration in the
overlying water. According to Gobas (2007), the concentration in the overlying water
should pertain to the concentration in the aqueous phase and should not include
guantities adsorbed to suspended sediment. The concentration in the aqueous phase
can be estimated from the aquatic PEC, which is the total concentration in water. Thus,
the sediment PECs for the sites of pigment manufacture, paint/coating formulation and
deinking were derived from their respective aquatic PECs and standardized to an
organic carbon (OC) content of 3% for bottom sediment. ,

The sediment PECs were conservative, because the concentrations in the aqueous
phase were conservatively estimated. In the water column, the total concentration of the
Monoazo Pigments or the aquatic PEC at a given site was a fixed value. It was split
between the aqueous phase and the solids phase (suspended sediment). The
concentration in the solids phase depended upon the OC content of the solids phase,
and the latter varied from a low value of 0.1 kg OC/kg to a high value of 0.2 kg OC/kg
(Gobas 2010). By selecting the low value of 0.1 kg OC/kg, the minimum concentration
in the solids phase resulted, thereby yielding the maximum concentration in the
agueous phase. This maximum concentration then resulted in the maximum sediment
PEC value at each site.

6.2.4.5 Soil PEC from Pigment Manufacture, Paint and Coating Formulation, and
Deinking Operations

Soil exposure to the Monoazo Pigments was estimated under a conservative scenario.
This scenario was represented by the recycled paper deinking scenario. The deinking
scenario yielded the highest release to soil through sludge land application, since the
entire quantity of the Monoazo Pigments used for printing was assumed to end up in
sludge. In addition, the land application was assumed to occur at an average rate
without any degradation, volatilization, soil runoff or leaching losses over a long period.
This conservative scenario yielded a soil PEC of 10.8 mg/kg, which is expected to
represent an upper limit for all other scenarios (see Appendix 5).

6.2.5 Predicted Environmental Concentrations (PECs) versus Measured
Environmental Concentrations (MECs)

Measured environmental concentrations (MECs) of monoazo pigments in Sweden were
compared with the PECs derived for Canada. Direct comparisons of the Canadian
PECs with MECs from other countries must be treated with caution, given that there are
various factors that could account for differences, such as differences in the use
patterns of the substances, use volumes, conditions in the receiving environments,
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industrial process operations, mitigation measures, treatment methods at wastewater
treatment systems, etc. However, many similarities can be drawn between Canada and
Sweden. In both countries, monoazo pigments are used for relatively similar purposes.
The volumes of the four monoazo pigments covered in the Swedish study (PY1,
PR53:1, PR170 and PO5) are also similar: in Sweden, 122—-180 t/year (2001-2005); in
Canada, within 100-200 t/year (recent surveys). In addition, both Sweden and Canada
are northern countries with similar climates and environmental conditions; therefore,
certain similarities in the environmental fates and biological effects of substances can
be expected. Therefore, in this case, some qualitative analysis of the data from Sweden
was deemed appropriate as an additional line of evidence. As described below, the
Swedish monitoring data provide support that the PEC values derived for certain
Monoazo Pigments for the Canadian environment are not underestimated.

The MEC (Sweden) and PEC (Canada) results indicate that all sediment PEC values
calculated for the Canadian environment are higher than the measured concentrations
of some monoazo pigments in sediments reported by Lilja et al. (2008) in Sweden:
0.04-14 mg/kg estimated in Canada compared with 0.001 4—-0.096 mg/kg (diffuse
sources) and 0.005 9-0.330 mg/kg (urban environment) measured in Sweden. In
background areas in Sweden, measured concentrations of monoazo pigments in
sediments were below the detection limits (i.e., < 0.000 7-0.077 pg/kg).

For the water compartment, aquatic PEC values for Canada vary from 0.1-8 pg/L
(deinking operations scenario) to 30 ug/L (pigment manufacture scenario), whereas
measured concentrations of the four monoazo pigments in surface water in both
background and diffuse source areas in Sweden were below the detection limits (i.e.,
< 0.001 1-0.015 pg/L for PY1, PR53:1 and PO5 and < 0.048-0.085 ug/L for PR170).

In terms of the soil compartment, the PEC value derived for Canadian soils was 10.8
mg/kg, whereas the highest measured concentration of one of the monoazo pigments
(PR170) in Sweden was remarkably lower, only 0.13 pg/kg, while concentrations of the
other pigments (PY1, PR53:1 and PO5) were below the detection limits.

In summary, data indicate that MECs of some monoazo pigments in Sweden are lower
(and sometimes significantly lower) than PECs derived for the Canadian environment.
Given similar overall expected use patterns, this information provides indirect
confirmation that the PEC values derived for Monoazo Pigments in the Canadian
environment should represent conservative scenarios and will result in risk quotients
that can be considered protective.

6.3 Characterization of Ecological Risk

The approach taken in this ecological screening assessment was to examine various
supporting information and develop conclusions based on a weight of evidence
approach and using precaution as required under CEPA 1999. Lines of evidence
considered include information on physical and chemical properties, environmental fate,
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ecotoxicity and sources of the substances, as well as results from conservative risk
guotient analyses, which are outlined below.

The Monoazo Pigments are substances that have a particulate nature, have very low
solubility, are chemically and hydrolytically stable and are not readily biodegradable.
They are expected to partition by gravity to suspended solids and bed sediments if
released to surface waters. When considering potential releases to soll, it is expected
that the physical and chemical properties of these pigments will be a driving force
behind their ultimate partitioning to soil particles.

Empirical data indicate that the 33 Monoazo Pigments are expected to be persistent in
water, soil and sediment but not in air (due to reactions with hydroxyl radicals). In
anaerobic sediment conditions, solubility-limited azo reduction may occur. However,
given the unique physical-chemical characteristics of Monoazo Pigments (particulate
nature, very low water solubility), it is expected that only a very small proportion of these
pigments will be available to microorganisms for biotic reduction.

Based on the particulate nature of Monoazo Pigments, their very low water solubility,
their generally low log (Soct/Sw) values, the relatively high cross-sectional diameters of
many of these pigments, and the very low experimental BCF values, available for some
of the pigments, it is expected that the group of 33 Monoazo Pigments will not
bioaccumulate in organisms.

Available acute and chronic aquatic toxicity studies showed no adverse effects “at
saturation” (i.e., at water solubility limits) due to the low bioavailability of the pigments.
The lack of observed adverse effects in water saturated with the pigments agrees with
the findings of little to no bioconcentration of these substances in aquatic organisms.
These results suggest that critical internal toxicity thresholds are not achieved at and
above maximum thermodynamic equilibrium concentrations in water.

Chronic soil toxicity studies show no adverse effects (e.g., mortality, reproduction and
biomass of organisms for earthworms; shoot height/weight, emergence rate and visual
phytotoxic effects for plants) at a loading rate of 1 000 mg/kg of soil.

It may be concluded that at low concentrations, Monoazo Pigments are not expected to
be harmful to aquatic or soil-dwelling organisms.

For deriving PNEC values in water and soil, most of the CTVs have been chosen from
chronic studies; when multiple studies were available, the lowest values were used.
Assessment factors were also applied.

To assess the risk associated with the 33 Monoazo Pigments, the most important
exposure scenarios were identified based on the manufacture, import and use of these
substances in Canada. Three aquatic exposure scenarios (pigment manufacture,
paint/coating formulation and deinking operations) as well as sediment and soill
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exposure scenarios were considered. The potential releases of the Monoazo Pigments
to the aquatic and terrestrial environment were also estimated.

The PEC value for aquatic exposure from pigment manufacture was 29.7 pg/L. For the
other two aquatic exposure scenarios—from paint and coating formulation and from
deinking operations (based on a variety of industrial sites)—the PEC values ranged
from 0.51 to 25.9 pg/L and from 0.09 to 7.67 ug/L, respectively.

A risk quotient analysis was conducted by comparing these PEC values with the aquatic
PNEC values (which ranged from 90 to 300 pg/L for different subsets of the Monoazo
Pigments). This analysis indicates that even if a conservative approach is used—i.e.,
when the highest aquatic PEC values representing the three exposure scenarios (29.7
Mg/L, 25.9 ug/L, and 7.67 ug/L) are compared with the lowest aquatic PNEC value (90
pg/L)—the resulting risk quotients are in the range of 0.085-0.33. These calculated
conservative (i.e., the highest possible) risk quotients (for each of the three exposure
scenarios based on the available information) are below 1, which indicates that harm to
aguatic organisms is not expected.

A risk quotient analysis was also conducted for the soil compartment. Comparing a
conservative soil PEC value of 10.8 mg/kg with the soil PNEC value of 100 mg/kg (dry
weight), the derived risk quotient is only 0.1, which indicates that harm to soil-dwelling
organisms is not expected.

Although PEC values (ranging from 0.04 to14.0 mg/kg for various industrial sites and
different types of exposure) are available for sediments, a risk quotient analysis was not
conducted for this environmental compartment, because no sediment toxicity studies
were located for the group of 33 Monoazo Pigments. Therefore, PNEC values for
sediments, based on experimental CTVs, could not be derived. Monoazo Pigments may
be hazardous to sensitive sediment-dwelling organisms at low concentrations in
sediment. There is also the potential for the breakdown products of some of these
substances to be genotoxic or carcinogenic to aquatic organisms.

Considering all available lines of evidence with respect to the physical-chemical
properties, persistence, potential bioaccumulation, ecotoxicity, industrial uses and
potential releases of these substances, it is expected that the 33 Monoazo Pigments
have low potential to cause ecological harm in Canada.

6.3.1 Uncertainties in the Evaluation of Ecological Risk

There were some uncertainties associated with the assessment of this group of 33
Monoazo Pigments. For example, experimental concentrations reported in aquatic
toxicity tests may be uncertain due to the use of dispersants or solvents to increase the
solubility of pigments in test water. Some acute experimental studies using
dispersants/solvents indicated pronounced biological effects at relatively low
concentrations (e.g., low milligrams per litre), which may be attributed to toxic effects
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caused by impurities contained in the tested low-purity (e.g., 87% in some studies)
pigments, different additives contained in the pigment products, and dispersant—pigment
(or solvent—pigment) interactions.

There may also be uncertainty associated with aquatic toxicity studies that did not use
solvents, since only loading rates were reported, and no information on measured
concentrations was provided. In some tests, it was indicated that undissolved pigment
particles were removed by membrane filtration using filters with a pore size of 0.45 um.
However, some pigments have average particle sizes much less than 0.45 pm.
Therefore, pigment particles could easily pass through the filter. Therefore, membrane
filtration in some studies does not necessarily mean that only water-soluble fractions of
pigment are present in the test water.

There is also uncertainty associated with the absence of sediment toxicity studies,
which does not allow the derivation of PNEC values for sediments and the calculation of
a risk quotient for the sediment exposure scenario. This information is relevant, as
sediment and soil represent the environmental media in which Monoazo Pigments are
expected to reside.

The purity of Monoazo Pigments is a source of uncertainty, as many types of
substances (e.g., resins, rosins, different surfactants, dispersing agents, coupling
agents) are used in pigment preparation. It is impossible to completely remove such
impurities, which can change some properties of the pigments.

Another area of uncertainty relates to the degradation of Monoazo Pigments. Due to a
lack of experimental data, there is uncertainty as to the rate and extent to which
degradation of Monoazo Pigments occurs in anaerobic environments and whether those
degradation products (e.g., aromatic amines) could ever become biologically available.
It is expected that the unique physical state of Monoazo Pigments (particles) along with
their quite low water solubility would limit the availability of the molecules for biotic
reduction, so the formation of degradation products will be limited.

In terms of bioavailability and bioaccumulation of pigments from an ecotoxicological
perspective, there is also some uncertainty. Since many pigments have patrticle sizes in
the nanometre to micrometre range, they fall partially in the “nanoparticle domain.”
Some nanoparticles can be taken up by different types of cells and are able to cross the
cell membrane and become internalized. Importantly, the interaction of nanopatrticles
with the cells and their uptake can occur by, for example, endocytosis or by
phagocytosis in specialized cells. It should be noted, however, that no bioaccumulation
studies with Monoazo Pigments (or other classes of organic pigments) where these
mechanisms could be reliably confirmed have been identified.

One more area of uncertainty is the use of partition coefficients to predict the
bioaccumulation potential of pigments when BAF/BCF data are not available. For
example, based on high log (Soc/Sw) and log Ky values (4.6 and 5.5, respectively), PY1
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may theoretically be expected to have relatively high bioaccumulation potential,
however, the measurement of these properties is itself uncertain, and extrapolation from
partitioning properties to a bioaccumulation result within an organism without
consideration of the organism’s physiology is also highly uncertain.

Another area of uncertainty is data extrapolation across the subsets of Monoazo
Pigments, when the substances from different subsets (pigment classes) could not
always be considered close structural analogues.

Finally, uncertainties are also associated with the lack of information on environmental
concentrations of Monoazo Pigments in Canada. It is also recognized that releases from
waste disposal sites are possible, although difficult to quantify due to the lack of data,
and would contribute to overall environmental concentrations. However, it is anticipated
that the proportions of these substances released to the various environmental media
would not be significantly higher than those estimated here, given that conservative
assumptions were used in the exposure analysis.
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7. Potential to Cause Harm to Human Health

The potential to cause harm to human health for the Monoazo Pigments Subgroup is
characterized for each of the subsets as summarized in Table 7-1 with the focus on
substances to which the exposure for the general population of Canada is expected. As
Monoazo Pigments are generally used in a variety of products available to consumers,
exposure assessment focuses on the products that lead to the most conservative
estimates of exposure for each route (oral, dermal and inhalation). Additional
information on the health effects from structurally-related substances within a given
subset (denoted by “*” in Table 7-1 below) was used for read-across in some cases.

Table 7-1: Overview of the exposure potential and health effects data availability
for the substances considered in assessment of subsets of the Monoazo
Pigments

Exposure
Monoazo potential for
P Substance® | the general | Health effects data availability®
igment subset population
of Canada”
Short-term toxicity; subchronic
B-Naphthol PR4 Yes toxicity; chronic toxicity/
pigments : o -
carcinogenicity; genotoxicity
Short-term toxicity; subchronic
i toxicity; chronic toxicity/
Bi Nrﬁgmzm PO5 Yes carcinogenicity; genotoxicity;
Pig absorption (in vitro dermal);
microbial azo reduction (other)
B-Naphthol NONPA Yes i
pigments
B_—Naphthol PR6 No i
pigments
B-Naphthol PO2 No genotoxicity
pigments
Short-term toxicity; subchronic
i i toxicity; chronic toxicity/
Bi Nrﬁggtzo' PR3* :(/zﬁ)gse)ad carcinogenicity; genotoxicity;
Pig absorption/metabolism (oral);
microbial azo reduction (fecal)
B-Naphthol . N/A (read- genotoxicity; metabolism (oral);
: Para Red . : .
pigments across) microbial azo reduction (fecal)
B-Naphthol PR49:1 Yes i
pigment lakes
B_—Naphthol PR53 1 Yes Shpr_t-tferm toxicity; _sybchronlc
pigment lakes toxicity; chronic toxicity/
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Monoazo

Exposure

potential for

. Substance® | the general | Health effects data availability®
Pigment subset )
population
of Canada”
carcinogenicity; genotoxicity;
absorption/metabolism (oral);
absorption (in vitro dermal);
microbial azo reduction (fecal)
B_—Naphthol PR50:1 No genotoxicity; microbial azo
pigment lakes reduction (fecal)
Short-term toxicity; subchronic
B_—Naphthol PR49* N/A (read- toxicity; chronic toxicity/
pigment lakes across) . L -
carcinogenicity; genotoxicity
El %\ISA pigment PR48:2 Yes Short-term toxicity; genotoxicity
BONA pigment PR631 Yes SL_chhr_onlc toxicity; genotoxwlty;_
lakes microbial azo reduction (fecal, skin)
BONA pigment | ppes.q Yes i
lakes
BONA pigment | ppes. Yes i
lakes
BONA pigment PR48'5 No i
lakes
Short-term toxicity; subchronic
BONA pigment , N/A (read- toxicity; chronic toxicity/
PR57:1* : o o
lakes across) carcinogenicity; genotoxicity;
absorption (in vitro dermal)
Monoazo yellow PY1 Yes Short-term toxicity; genotoxicity
pigments
Monoazo yellow PY3 Yes Short-term toxicity; genotoxicity
pigments
Monoazo yellow PY73 Yes genotoxicity;microbial azo reduction
pigments (fecal)
Short-term toxicity; subchronic
Monoazo yellow . N/A (read- toxicity; genotoxicity; absorption/
) PY74 . 11, GUST
pigments across) metabolism (oral); microbial azo
reduction (other)
Monoazo yellow | CAS RN NIA (read- | g ort-term toxicity; genotoxicit
pigments 80675-49-6* | across) Y. 9 y
Nlaphthol AS PR5 Yes i
pigments
Nlaphthol AS PR112 Yes Short-tferm toxicity; genotoxmlty;
pigments microbial azo reduction (other)
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Exposure
Monoazo potential for
Pi Substance® | the general | Health effects data availability®
igment subset :
population
of Canada”
N_aphthol AS PR170 Yes Short-term toxicity; genotoxicity
pigments
Naphthol AS | pp; g7 Yes :
pigments
Naphthol AS | ppoge Yes :
pigments
Nlaphthol AS PR2683 No® genothmlty; microbial azo
pigments reduction (fecal)
Nlaphthol AS PO38 Yes i
pigments
Naphthol AS | \apnpA | No :
pigments
Naphthol AS | yAnpaP | No :
pigments
Naphthol AS | \apmpa | No :
pigments
Nlaphthol AS NAPPA No i
pigments
Others PR247:1 No® -
Others PO36 Yes -
Others PR251 No -
Others PY60 No -
Others NSNAC No -

Abbreviations: N/A, not applicable; “-” indicates no data identified

* Structurally-related substances used only for read-across of the health effects are denoted by an asterisk “*”. This
approach included salts (e.g. PR49* is the Na+ salt and PR49:1 is the Ba2+ salt of the same organic moiety).

% The potential to cause harm to human health was considered for 32 of the 33 substances from the Monoazo
Pigments Subgroup. Pigment Red 3 (PR3) was previously concluded for human health in a Challenge assessment.
No significant new information was identified for PR3, therefore this substance is used only for read-across purposes
for health effects assessment within the B-Naphthol pigments subset.

® For the 32 monoazo pigments considered in the human health risk assessment, general population exposure was
expected for 19 substances, while the presence in the Canadian marketplace was not identified for 11 of the
substances. Two other substances (PR268, PR247:1) were only identified as being in commerce in Canada in limited
ueses for which the exposure to the general population was not considered to be significant (see superscripts “b and
“*" below).

¢ Based on health effects data on short-term, subchronic, and chronic toxicology studies, as well as absorption and/or
metabolism studies, where one or more studies are identified.

4 PR268 was identified for use in food packaging in Canada as a component of inks with no direct food contact. No
exposure is expected (see Table 4-2).

¢ PR247:1 was identified as a formulant in pest control products in Canada for use in flea and tick collars. Exposure
to the general population is not expected to be significant (see Table 4-3).

74



7.1 Exposure Assessment
7.1.1 Environmental Media and Food

Empirical data on concentrations of the 32 Monoazo Pigments in environmental media
in Canada or elsewhere were not identified.

Due to the very low vapour pressures of these substances, inhalation of the volatile
fraction via air is not expected to be a significant route of exposure (refer to
Environmental Fate section). Similarly, due to the very low volatility and water solubility
of Monoazo Pigments, these substances are expected to be adsorbed onto soil and
sediments when released to water. In addition, the soil PECs values were derived from
biosolids land application considering that Monoazo Pigments may be present in
wastewater biosolids after wastewater treatment. However, exposure of the general
population to Monoazo Pigments through environmental media is not expected to be
significant.

A number of Monoazo Pigments are used in food packaging and as a result may
potentially be present in food (see Table 4-2 of the Uses section). However, based on
the minimal potential for direct food contact, exposure from this use is either not
expected or is not considered to be significant .

7.1.2 Products

Among the substances considered in this assessment, potential exposure of the general
population from use of products was identified for 19 substances from various subsets
of B-naphthol pigments (PR4, PO5, NONPA), B-naphthol pigment lakes (PR49:1,
PR53:1), BONA pigment lakes (PR48:2, PR63:1, PR52:1, PR52:2), monoazo yellow
pigments (PY1, PY3, PY73), naphthol AS pigments (PR5, PR112, PR170, PR187,
PR266, PO38) and other (PO36).

A variety of exposure scenarios were considered, based on the expected uses of
Monoazo Pigments, including finger paint and cosmetic products such as face paint.
Both finger paints and face paints were considered as sentinel products for per event
oral and dermal exposure based on uses identified in the paints and coatings sector
(see Uses section). In addition, face mask, body cream, lotion or moisturizer and lipstick
were identified as sentinel products for the cosmetics uses. Exposure estimates were
derived based on either substance specific information or generic estimates (refer to
Appendices —F and G for detalils).

For incidental mouthing of certain products by a child, finger painting is considered to
result in higher exposure compared with face paint, due to the higher likelihood of
ingestion during the activity. For dermal exposure from finger painting and face painting,
the pigment content in paint determines which activity results in higher exposure
estimates (see Appendix 7). While some face paints are notified to Heath Canada
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(Health Canada, 2011c) at a range of 0.3—10%, a concentration range of 10-15%
(Derivan 2012) was used as a generic default for pigments in face paints where
Canadian data was unavailable. For finger paints, substance-specific concentrations
were used when available which generally did not exceed concentrations of 5%
(personal communication, email from Duke University Toxicology Program to the
Existing Substances Risk Assessment Bureau [Health Canada], dated 2013;
unreferenced). Otherwise, a concentration range of 1-3% (Delta Creative 2008) was
used for finger paints where substance-specific information was not available. Since the
concentration of 15% pigment in face paints exceeds that of finger paints, only the face
paint scenario was used to cover off the most conservative short-term dermal exposure
estimate.

Estimates resulting in the highest exposure across the identified products are
summarized for each route of exposure in the following sections for each subset of
Monoazo Pigments. Details of estimated exposure are available in Appendices —F and
G.

B-Naphthol Pigments (PR4, PO5 and NONPA)

The oral and dermal exposure to the B-naphthol pigments is shown in Table 7-2. The
oral per event exposure from the use of finger paint estimated for B-naphthol pigments
range from 0.15 to 0.45 mg/kg-bw per event. The oral daily exposure estimate of 0.0102
mg/PR4 /kg-bw per day was based on 3% (w/w) PR4 lipstick (personal communication,
emails from the Consumer Product Safety Directorate [Health Canada] to the Existing
Substances Risk Assessment Bureau [Health Canada], dated 2013-2014;
unreferenced) The per event dermal exposure to PR4 was estimated to be up to 0.054
mg/kg-bw in children’s face paint and up to 0.136 mg/kg-bw per day in finger paints,
while the dermal daily exposure estimate to PR4 in adult face mask is 0.005 mg/kg-bw
per day. For inhalation exposure to PR4, PO5 and NONPA from wall painting with an
airless sprayer and sanding paint, a weight fraction of 5% pigment in the paint was used
(Household Products Database 1993- ; Rust-Oleum Corp. 2006). The per event
exposure was estimated to be 0.00037 and 0.00055 mg/kg-bw respectively from these
uses.

Table 7-2: Summary of estimates of oral and dermal exposure to B-naphthol
pigments via use of finger paint, face paint, face mask, lipstick, and natural health
products

Concen- Oral Oral Dermal Dermal
Product tration per daily per event daily
(age Substance range (% event (mg/kg- (mg/kg- (mg/kg-
group) wiw) (mg/kg- | bw per bw)? bw per

bw) day) day)“

Finger paint a i i
(child) PO5 0.57 0.15 0.042
Finger paint | PR4 1.75% 0.45 - 0.129 -
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(child)
Face paint PR4 0.1-1° 0.0136 | 0.0054- |

(child) —0.136 0.054

I(:aa:jclit;nask PR4 <1° - - <0.017 <0.0049

Lipstick

C - - -
(adult) PR4 <3 0.0102

natural
health e 0.032 —
products PR4 N/A ) 0.065'

(child)

natural
health
products PR4 N/A® - 0.017 - -
(adolescent

)

natural
health
products
(adult)

PR4 N/AS - 0.014' - -

Abbreviations: kg-bw, kilograms of body weight; w/w, weight per weight

& personal communication, email from Duke University Toxicology Program to the Existing Substances Risk
Assessment Bureau [Health Canada], dated 2013; unreferenced

b personal communication, email from the Consumer Product Safety Directorate [Health Canada] to the Existing
Substances Risk Assessment Bureau [Health Canada], dated 2013; unreferenced.

¢ personal communication, emails from the Consumer Product Safety Directorate [Health Canada] to the Existing
Substances Risk Assessment Bureau [Health Canada], dated 2013-2014; unreferenced

4A dermal absorption value of 6% was applied (refer to the Health Effects Assessment section for more details)
° no concentration information were identified for NHPs, intake is based on permitted for oral use PR4 up to 1.0
mg/day (LNHPD 2008; NHPID 2011)

" and body weights for adults ages 20-59 (70.9kg), adolescents ages 12-19 (59.4kg) and children (15.5kg for ages
0.5-4 and 31.0kg for ages 5-11)

PR4 is identified as a non-medicinal ingredient under the name D&C Red No. 36 in
several types of licensed natural health products intended to be taken by the oral route
and is permitted for oral use up to 1.0 mg/day (LNHPD 2008; NHPID 2011). Based on
the use of PR4 in multi-vitamin/mineral supplements for which daily exposure would be
expected, oral exposure to PR4 from this use corresponds to conservative exposure
estimates of 0.014, 0.017, and 0.032-0.065 mg/kg-bw per day for adults, adolescents,
and children respectively(Table 7-2).

B-Naphthol Pigment Lakes (PR49:1 and PR53:1)

The oral and dermal exposure to the B-naphthol pigment lakes is shown in Table 7-3.
For PR49:1 and PR53:1, finger paint and face paint were identified as sentinel exposure
scenarios. The oral exposure estimate from B-naphthol pigment lakes is 0.52 mg/kg-bw
per event from finger paint. The dermal exposure estimate from (3-naphthol pigment
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lakes is 0.14 mg/kg-bw per event for PR53:1 in children’s face paint. For inhalation
exposure to PR53:1 from wall painting with an airless sprayer and sanding paint, a
weight fraction of 5% pigment in the paint was used (Household Products Database
1993- ; Rust-Oleum Corp. 2006). The per event exposure was estimated to be 0.00037
and 0.00055 mg/kg-bw respectively from these uses.

Table 7-3: Summary of oral and dermal estimates of exposure to -naphthol

pigment lakes via use of finger paint and face paint

Product (age b Concentration Oral per E)ermal per event
roup) Substance range (% wiw) event

9 (mglkg-bw) | (mg/kg-bw)

Finger paint . a i

(child) PR49:1 2 0.52

Face paint PR53:1 10-15° : 0.09-0.14

(child)

Abbreviations: kg-bw, kilograms of body weight; w/w, weight per weight

& personal communication, email from Duke University Toxicology Program to the Existing Substances Risk
Assessment Bureau [Health Canada], dated 2013; unreferenced

®Derivan (2012).

°A dermal absorption value of 1% was applied (refer to the Health Effects Assessment section for more details).

BONA Pigment lakes (PR48:2, PR52:1, PR52:2 and PR63:1)

The oral and dermal exposure to the BONA pigment lakes is shown in Table 7-4. The
oral exposure estimate for BONA pigment lakes is 0.8 mg/kg-bw per event for PR63:1 in
finger paint. The dermal exposure estimate is 0.14 mg/kg-bw per event for PR48:2,
PR52:2 and PR63:1 in children’s face paint. For inhalation exposure to PR48:2, PR52:1
and PR63:1 from wall painting with an airless sprayer and sanding paint, a weight
fraction of 5% pigment in the paint was used (Household Products Database 1993—;
Rust-Oleum Corp. 2006). The per event exposure was estimated to be 0.00037 and
0.00055 mg/kg-bw respectively from these uses.

Table 7-4: Summary of oral and dermal estimates of exposure to BONA pigment
lakes via use of finger paint and face paint

Product (age Concentration Oral per Dermal per
9€ | substances event (mg/kg- | event ¢(mg/kg-

group) range (% wiw) bw) bw)

. : PR48:2,
Finger paint | ppso.o 0.7-32 0.2-0.8 i
(child) PR63:1

. PR48:2,

Face paint | ppgyio. 10-15" : 0.09-0.14
(child) PR63:1

Abbreviations: kg-bw, kilograms of body weight; w/w, weight per weight
& 2013 personal communication from Duke University Toxicology Program to Health Canada (unreferenced).
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®Derivan (2012).
°A dermal absorption value of 1% was applied (refer to the Health Effects Assessment section for more details).

Monoazo Yellow Pigments (PY1, PY3 and PY73)

The oral and dermal exposure to the monoazo yellow pigments is shown in Table 7-5.
The oral exposure estimate for monoazo yellow pigments range from 0.21 to 0.34
mg/kg-bw per event from finger paint. The dermal exposure estimate is 0.81 mg/kg-bw
per event for children’s face paint. For inhalation exposure to PY1, PY3, and PY73 from
wall painting with an airless sprayer and sanding paint, a weight fraction of 5% pigment
in the paint was used (Household Products Database 1993 ; Rust-Oleum Corp. 2006).
The per event exposure was estimated to be 0.00037 and 0.00055 mg/kg-bw
respectively from these uses.

Table 7-5: Summary of oral and dermal estimates of exposure to monoazo yellow
pigments via use of face paint and finger paint

C

Product (age Concentration Oral per Dermal
roup) Substance range (% wiw) event per event
group g (mg/kg-bw) | (mg/kg-bw)
Face paint PY1, PY3,

€ P PY73 0.3-152 - 0.016-0.81
(child)
Finger paint PY1, PY3,

gerp PY73 0.8-1.3" 0.21-0.34 |-
(child)

Abbreviations: kg-bw, kilograms of body weight; w/w, weight per weight
®Health Canada (2011c); Derivan (2012).
b personal communication, email from Duke University Toxicology Program to the Existing Substances Risk

Assessment Bureau [Health Canada], dated 2013; unreferenced
A dermal absorption value of 6% was applied (refer to the Health Effects Assessment section for more details).

Naphthol AS Pigments (PR5, PR112, PR170, PR187, PR266 and PO38)

The oral and dermal exposure to the Naphthol AS pigments is shown in Table 7-6. The
oral exposure estimate for naphthol AS pigments range from 1.4 to 6.1 mg/kg-bw per
event for PR5, PR112 and PR170 in finger paint. The dermal exposure estimate is 0.81
mg/kg-bw per event for PR5, PR112, PR170, PR266 and PO38 in children’s face paint.
For inhalation exposure to PR112, PR170 and PR266 from wall painting with an airless
sprayer and sanding paint, a weight fraction of 5% pigment in the paint was used
(Household Products Database 1993— ; Rust-Oleum Corp. 2006). The per event
exposure was estimated to be 0.00037 and 0.00055 mg/kg-bw respectively from these

uses.

Table 7-6: Summary of oral and dermal estimates of exposure to naphthol AS
pigments via use of face paint and finger paint
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, Oral per Dermal per
g:gsg)‘:t (age Substance ?aonrg:ee(r(l;oravl&ll\cl)vr)l event event® (mg/kg-
(mg/kg-bw) | bw)
Face paint PRS, PR112, a
(child) PR170, 10-15 - 0.54-0.81
PR266, PO38
Finger paint PR5, PR112, b
(child) PR170 1.1-5 0.28-1.29 |-

Abbreviations: kg-bw, kilograms of body weight; w/w, weight per weight

éDerivan (2012).

bpersonal communication, email from Duke University Toxicology Program to the Existing Substances Risk
Assessment Bureau [Health Canada], dated 2013; unreferenced

A dermal absorption of 6% was applied (refer to the Health Effects Assessment section for more details).

PO36 (Benzimidazolone Pigment)

For PO36, exposure was determined for the following sentinel products: face paints,
and spray paint. The dermal exposure estimate is 0.81 mg/kg-bw per event in children’s
face paint. A dermal absorption of 6% was applied to the dermal exposure estimates
(refer to the Health Effects Assessment section for more details). For inhalation
exposure to PO36 from wall painting with an airless sprayer and sanding paint, a weight
fraction of 5% pigment in the paint was used (Household Products Database 1993—;
Rust-Oleum Corp. 2006). The per event exposure was estimated to be 0.00037 and
0.00055 mg/kg-bw respectively from these uses.

Exposure to Monoazo Pigments in Tattoo Inks

PR4, PR112 and PY3 were identified as being present in permanent tattoo inks in
Canada (personal communication, email from the Consumer Product Safety Directorate
[Health Canada] to the Existing Substances Risk Assessment Bureau [Health Canada],
dated 2011 and 2013; unreferenced). In addition, PR63:1, PR170, and PY3 are also
listed as ingredients in the MSDS sheets of two brands of tattoo inks available
internationally including in Canada (SkinCandy 2013a, 2013b; Starbrite 2013).
Therefore, the exposure potential to monoazo pigments from use in tattoos is
considered.

Permanent tattoos are a potential source of exposure, as they are injected into the
dermis, below the epidermal-dermal junction at a depth of 1-2 mm (Lea and Pawlowski
1987; Sperry 1992). Therefore, in contrast to dermal exposures to monoazo pigments,
where dermal absorption is expected to be lower (estimated 6% for monoazo pigments
and 1% for pigment lakes), intradermal injection of tattoo ink is considered to be a route
of systemic exposure to these substances.

After injection of tattoo ink into the dermis, the fate of the pigment particles is expected
to follow one of three paths (Danish EPA 2012). First, injected pigment may migrate
upward through the individual needle tracts into the epidermis where it is sloughed off
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(epidermal removal)(Lea and Pawlowski 1987). Second, removal of the injected
pigment can occur over the short-term (first few weeks after injection) by macrophages
into the lymphatic system due to the dermal inflammatory response (Sperry 1992).
Finally, the injected tattoo pigment which is retained in the dermis forms the stable
tattoo by which the pigment is sequestered into secondary lysosomes after being
engulfed by dermal fibroblasts and macrophages (Baumler et al. 2000). The fractions of
injected pigment making up the short-term removal and the stable tattoo are together
considered potential sources of systemic exposure from a single tattoo.

For the fraction of the tattoo subject to lymphatic removal over the short-term, a short-
term exposure estimate for the monoazo pigments in tattoo inks was based mainly on
the results of Engel et al. (2009), an in vivo study of mice that were injected with
monoazo Pigment Red 22 into their dermis. The short-term daily systemic exposure
was estimated to range from 0.12 mg/kg-bw per day - 1.1 mg/kg-bw per day for an adult
(refer to Appendix H for details).

For the fraction of injected tattoo pigment forming the stable tattoo, the long-term in vivo
fate of this injected material is largely unknown. While fading of tattoos over time is
known to occur (Lehner et al. 2011), several mechanisms may be responsible including:
ongoing phagocytosis and translocation via the lymphatic system (Gopee et al. 2005,
Jemec 2010), photodegradation of the pigment at the tattoo site (Doll et al. 2008,
Kuramoto et al. 1996, Engel et al. 2007, 2009; Cui et al. 2004; Vasold et al. 2004,
Baumler et al. 2000, 2004; Hauri 2013), in vivo metabolism, and removal via venous
drainage (Danish EPA 2012). The Danish EPA (2012) stated that regarding tattoo
exposure, “the current knowledge is considered as being insufficient for a valid
guantitative exposure assessment”. Accordingly, an estimate of long-term systemic
exposure from monoazo pigments in permanent tattoo inks has not been derived.

7.1.3 Uncertainty In Exposure Estimates

Uncertainty is recognized pertaining to the specific types of paint products that contain
some of the Monoazo Pigments presented in this assessment. As a result, because
conservative inputs were selected in deriving exposure estimates, the exposure
estimates for finger paint, face paint and spray paint have varying levels of uncertainty
including the lack of specific pigment content information for the respective types of
paint. Where data was available from North American sources, exposure estimates
were based on substance-specific concentrations. However, where this information was
unavailable, exposure estimates incorporated generic pigment content obtained from
non-North American sources. There is uncertainty with respect to the use of generic
assumptions for pigment content in finger paints, face paints and spray paints.

7.2 Health Effects Assessment

The health effects assessment of Monoazo Pigments focuses on those substances for
which there is current information indicating potential exposure to the general Canadian
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population (refer to the Exposure Assessment section). The health effects for the
various monoazo pigments subsets are presented in Table 7-1 in descending order of
confidence (highest to lowest) based on the availability and quality of the health effects
data identified.

A key consideration in characterizing the potential hazard of Aromatic Azo and Benzidine-based
Substances is the potential generation of aromatic amine metabolites following reduction of the azo
bond under anaerobic conditions. While biological azo bond cleavage is generally considered
an important metabolic reaction for more soluble azo substances, it is not applicable to
the same magnitude to poorly soluble azo pigments such as diarylide pigments, for
which the available data from experimental animal studies indicate low to negligible
bioavailability and corresponding limited systemic toxicity (Golka et al. 2004;
Environment Canada and Health Canada 2013d). In the case of Monoazo Pigments
however, the observation of toxicity following oral exposure in several animal studies
indicates that some of the monoazo pigments considered in this assessment are
sufficiently bioavailable by the oral route. For these substances they are likely to
undergo azo bond cleavage in the gastrointestinal tract to some extent to aromatic
amine metabolites that may be further converted to reactive electrophilic intermediates
through metabolic activation. However, due to the degree of lipophilicity of some of the
monoazo pigments (e.g. B-naphthol pigments), these substances may also be absorbed
as the parent pigment with azo bond intact. Therefore, another activation pathway of the
absorbed parent pigment (oxidative cleavage of the azo bond to which releases
benzenediazonium and other reactive electrophilic metabolites) may also potentially
exist for some of these substances (Moller and Wallin 2000). General considerations for
absorption/metabolism and read-across for health effects are outlined for each subset.

The similarity in physical chemical properties and potential health effects within subsets
is considered to be primarily due to the common coupling component for each
respective subset while differences between substances in a subset is expected to be
due to the unique chemical structures for each substance (e.g., PR4 and PO5 share the
1-amino-2-naphthol coupling component in common to all B-naphthol pigments,
however the azo bond is to 2-chloro-4-methylaniline for PR4 and to 2,4-dinitroaniline for
PO5). The various monoazo pigment subsets in this Screening Assessment are further
subdivided between the uncharged subsets (B-naphthol pigments, Naphthol AS
pigments, monoazo yellow pigments) and those pigment “lake” subsets containing
ionizable groups (B-naphthol pigment lakes, BONA pigment lakes) Due to the presence
of ionizable groups (e.g. -SO3-, —COO-) and dissociation potential, the pigment lake
subsets are considered separately from the other non-laked pigment subsets with
respect to oral and dermal bioavailability routes.

For the pigment lake subsets (3-naphthol pigment lakes and BONA pigment lakes), a
reasonably high degree of oral bioavailability and azo bond cleavage potential is
indicated based on an oral absorption/metabolism study on PR53:1 (a 3-naphthol
pigment lake), together with several in vitro anaerobic fecal incubation studies on
PRS53:1 and PR50:1 (B-naphthol pigment lakes) as well as PR63:1 (a BONA pigment
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lake). In contrast, for the pigment subsets, only limited empirical bioavailability data
were identified. Based on the collective data for the non-lake Monoazo Pigments, some
degree of oral bioavailability of the parent pigment and/or potential azo bond cleavage
metabolites is indicated for the B-naphthol pigments subset, while a relatively lower
anticipated bioavailability is assumed for the monoazo yellow pigments and naphthol AS
pigments subsets by virtue of the lower oral toxicity observed for the latter two subsets.

Absorption for these substances following dermal exposure is anticipated to be much
lower than that following oral exposure. Based on available data (Platzek 1999; Stingley
et al. 2010; BRI 2012) and taking into consideration the potential for azo bond cleavage
by skin bacteria, a dermal absorption value of 1% is considered appropriate for the two
pigment lake subsets (i.e. BONA pigment lakes, B-naphthol pigment lakes). Overall the
pigments are considered to have higher dermal absorption than the lake pigments,
though for both, absorption is still considered to be considerably lower than
gastrointestinal (oral) absorption. Based on the available dermal absorption data for
POS5 (a B-naphthol pigment) and Solvent Red 23 (a disazo dye containing the lipophilic
B-naphthol moiety, with a molecular weight similar to that of PO5 but with greater
lipophilicity), a conservative value of 6% dermal absorption is considered for the non-
lake pigment subsets.

In the following sections, a health effects assessment that contains a summary of critical
health effect levels is presented for each subset.

7.2.1 B-Naphthol Pigments (PR4, PO5, NONPA, PR6, PO2)

Health effects information is available primarily for two of the five B-naphthol pigments
(PR4 and PO5) in this subset. Repeated-dose animal studies are also available for
PR3, however this substance was previously assessed under the Challenge Initiative
(Environment Canada, Health Canada 2009b) and is used for read-across purposes
only. All six substances are structurally related by containing a nitro-substituted aniline,
which is azo coupled to a B-naphthol moiety (Table 7-7). Reductive cleavage of the azo
bond is expected to generate the respective nitro-substituted aniline (Table 7-7) along
with the 1-amino-2-naphthol moiety below (CAS RN 2834-92-6, MW 159.2 g/mol). Since
1-amino-2-naphthol is a common structural feature and potential azo cleavage product
for all the B-naphthol pigments it is shown below, while the substance-specific parent
structures and corresponding azo cleavage metabolites are shown in Table 7-7:

NH,

OH

Table 7-7: B-Naphthol pigments and their potential azo bond cleavage products
Parent B-naphthol pigment chemical | Potential azo bond cleavage products®
identity® and structure chemical identity and structure
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Parent B-naphthol pigment chemical

identity® and structure

Potential azo bond cleavage products®
chemical identity and structure

PR3

CAS RN 2425-85-6
(D&C Red No. 35)
MW 307.3 g/mol

CHy

O
RS
|
o N
~
N

OH

2-Nitro-4-methylaniline
CAS RN 89-62-3
MW 152.2 g/mol

CH;

PR4

CAS RN 2814-77-9
(D&C Red No. 36)
MW 327.7 g/mol

D
\H‘/

9

2-Chloro-4-nitroaniline
CAS RN 121-87-9
MW 172.6 g/mol

0. .0
Ty

%

NH,

PO5

CAS RN 3468-63-1
(D&C Orange No. 17)
MW 338.3 g/mol

o (o}

S

2,4-Dinitroaniline
CAS RN 97-02-4
MW 183.1 g/mol

et

NONPA
CAS RN 49744-28-7
MW 323.3 g/mol

2-Nitro-4-methoxyaniline
CAS RN 96-96-8
MW 168.2 g/mol

e
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Parent B-naphthol pigment chemical | Potential azo bond cleavage products®

identity® and structure chemical identity and structure
PR6 2-Nitro-4-chloroaniline

CAS RN 6410-13-5 CAS RN 89-63-4

MW 327.7 g/mol MW 172.6g/mol

E-.VI\VT "L’ I\IH2

PO2 2-Nitroaniline

CAS RN 6410-09-9 CAS RN 88-74-4

MW 293.3 g/mol MW 138.1 g/mol

= Q o
>~
| ~ W

= |

. o° NH.,

Para Red* 4-Nitroaniline
(PR1 or C.I. Pigment Red 1) CAS RN
CAS RN 6410-10-2 MW 138.1 g/mol

MW 293.3 g/mol

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.1., Colour Index; MW, molecular weight
#“D&C” names are shown where available. Presence of an asterix “*” in chemical name denotes an analogue used
for read-across in the subset

b 1-amino-2-naphthol (not shown) would also be an azo cleavage product common to all the B-naphthol pigments

0_\\‘}”_/0

Absorption and Azo Bond Cleavage Potential

For oral absorption/metabolism, one study on PR3 was identified, in which male F344
rats (three per sample period) received a single oral PR3 dose of 11.8 mg/kg-bw by
gavage, with gut contents, feces, urine, blood and other tissues sampled at 1, 4, 24 and
48 hours post-dosing (El Dareer et al. 1984). It should be noted that PR3 dose was not
radiolabelled in this study and the recovery analysis in feces, urine and tissues only
measured unmodified parent PR3. Consequently, total recovery was based only on
unmodified parent PR3 and did not include PR3 metabolites or potential azo cleavage
products. Recovery of unmodified PR3 from feces and all sampled tissues was
incomplete; 50.0% (= 10.1%) and 72.4% (x 10.1%) of the administered PR3 dose were
recovered at the 24- and 48-hour sampling times respectively.
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The majority of the PR3 dose was recovered in the gut contents and feces, with small
amounts (< 1%) detected in the 24- and 48-hour urine samples. Limited amounts of
PR3 (< 2%) were also detected in “tissues directly in contact with the compounds,” while
no PR3 was detected in other sampled tissues (plasma, whole blood, liver, kidneys,
lung) at a reported dose of 10 times higher (data not presented in the study). Although
the study was limited (i.e. PR3 conjugates and azo cleavage metabolites not included in
measurement, large standard deviations in recovery of PR3), some information on oral
absorption of PR3 can be interpreted. First, the presence of detectable levels of
unmodified PR3 in the urine, although low (<1%) provides evidence for absorption of the
intact parent PR3. This observation is consistent with more lipophilic azo $-naphthol
substances such as Sudan | which was excreted unmodified in small amounts in the
urine of rats and rabbits following oral exposure while much larger fraction of the dose
was excreted as Sudan | conjugates and azo cleavage metabolites (Environment
Canada, Health Canada 2014a). The presence of unmodified PR3 in the urine of rats in
this study together with the incomplete recovery of the administered PR3 dose suggests
that some fraction of the PR3 dose was either absorbed intact and subsequently
metabolized in vivo and/or underwent azo cleavage to aromatic amines by intestinal
microflora in the gastrointestinal tract (NTP 1992).

Information on in vivo metabolism and microbial azo reduction is available for the
structurally-related substance Para Red* and is used for read-across to the other -
naphthol pigments in this subset. Para Red* is a B-naphthol pigment with the name C.I.
Pigment Red 1 (C.I. 12070) (Herbst and Hunger 2004) and is a positional isomer of
PO2 with the mononitro-substitution in para- vs ortho- position respectively (Table 7-7).
In a study using F344 rats (8 males/group), “free amines” (specific chemical identity not
investigated) were detected in the feces following a single oral dose of 15mg Para Red*
(Goldin and Gorbach 1984). Additional Para Red* treatment groups were also exposed
to antibiotics to reduce the level of azo reductase activity of the intestinal microflora and
subsequently lower amounts of total amines were detected in the feces in these groups.
Although this study did not distinguish which “free amines” were detected, the authors
interpreted the results as evidence for azo cleavage of Para Red* and that the
antibiotics reduced the level of azo cleavage of this substance (Goldin and Gorbach
1984). In two separate in vitro studies using a human fecal suspension or with cultured
human intestinal bacteria, Para Red* was also found to undergo near complete azo
cleavage to the predicted metabolite 4-nitroaniline after 1-2 days of incubation under
anaerobic conditions (Xu et al. 2007; Xu et al. 2010).

Further support for the microbial azo bond cleavage potential of 3-naphthol pigments
comes from a study on PO5 with the environmental bacterium Shewanella strain J18
143 under anaerobic conditions (Pearce et al. 2008). Azo bond cleavage was measured
as a reduction in the PO5 absorption by ultraviolet—visible spectroscopy. This study also
demonstrated that the reduction was efficient for the pigment dispersion form, while it
was much more limited for the pigment powder, in part due to the lower solubility in the
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culture medium. An in vitro incubation of PR3 in culture medium with a human fecal
homogenate showed similar results due to its low solubility (BRI 2013).

The above studies, together with the empirical observations of toxicological effects in
animals dosed orally with PR3, PR4 and POS5 (refer to the following Health Effects
section), suggest that some amounts of these 3-naphthol pigments and/or their azo
cleavage metabolites are absorbed at levels sufficient to elicit biological responses.
However, a quantitative estimate of absolute oral absorption for the 3-naphthol
pigments and relative fraction of moiety absorbed (parent pigment vs azo cleavage
products) cannot be determined due to the limited data available.

For dermal absorption, one in vitro dermal penetration study identified for PO5 reported
that most of the PO5 was recovered from skin washes, while some radioactivity was
found in all skin preparations. The daily absorption of the dose applied to skin was
estimated to be 0.005% for creams and oil formulations and 0.001% for talc; however,
these estimates were based only on concentrations in the receptor fluid (Hart et al.
1986; US FDA 1986; BG Chemie 2000a). From a more recent in vitro study with a
lipophilic azo solvent dye, Solvent Red 23, similar recovery was obtained in the receptor
fluid when it was applied to human skin in a hydrophobic suntan oil formulation; up to
6% of the applied dose was found in the human skin epidermis (excluding stratum
corneum) and dermis (Yourick et al. 2007). B-Naphthol pigments and Solvent Red 23
have similar molecular weights (approximately 300—350 g/mol) and both contain the
lipophilic B-naphthol moiety, and exhibit extremely low water solubility (3.3-6.8 pg/L for
B-naphthol pigments (Appendix B), 13.7 pg/L for Solvent Red 23 (Environment Canada,
Health Canada 2014a)), although Solvent Red 23 is much more lipophilic than the -
naphthol pigments (estimated log Koy > 7 for Solvent Red 23 vs. log (Soct/Sw) of 2.4-3.7
for B-naphthol pigments). The absolute lipid solubility of Solvent Red 23 (“soluble” in
oils; IARC 1975) is far greater than that of the B-naphthol pigments (1.8-18 mg/L in
octanol); therefore, the fraction dissolved in a hydrophobic formulation available for
dermal absorption would be much lower for the 3-naphthol pigments than for Solvent
Red 23. Nonetheless, the B-naphthol pigments are considered to have some degree of
lipid solubility, leading to potential dermal absorption. Consequently, application of 6%
dermal absorption from Solvent Red 23, based on the recovery from skin layers and
receptor fluid, is considered as appropriate.

Health Effects

A summary of critical effect levels for the B-naphthol pigments is presented in Table 7-8.
The available toxicity data have largely been reviewed in previous evaluations of PR3
(NTP 1992; Environment Canada, Health Canada 2009b), PR4 (US FDA 1988) and
POS5 (Hart et al. 1986; US FDA 1986; SCC1993; BG Chemie 2000a). Genotoxicity data
on these three substances were also reviewed by Moller and Wallin (2000). For PR3, a
point of departure for carcinogenicity has been derived since the previous evaluation by
Environment Canada, Health Canada (2009b) (refer to Appendix | for details of
benchmark dose (BMD) calculation for PR3).
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Table 7-8: Summary of critical effect levels for the B-naphthol pigments ?

Short-term

Subchronic

Chronic Cancer Point of
LOAEL/ LOAEL/
Substance | NOAEL NOAEL LOAEL/NOAEL ) Departure
(mg/kg-bw per (mg/kg-bw per
(mg/kg-bw (mg/kg-bw day) day)
per day) per day) y y
LOAEL = LOAEL = LOAEL =272 (MR) | BMDL3o =911
541-542 125-183 (MR) | 1 liver and spleen Liver adenoma
(MR, FR) 1 liver wt, wt, (FR)
1 liver wt histopathology | histopathological 0/50 (0%) control
T ALT of spleen + changes in spleen
1 SDH bone marrow | + liver + bone 0/50 (0%) 321
| Hb | hematocrit marrow + kidney mg/kg-bw per day
| hematocrit | 1 reticulocytes | | hematocrit + Hb | (6000ppm diet)
(NTP 1992) | 1 serum + RBCs
PR3 creatinine 1 serum and urine | 1/50 (2%) 682
1 urine bilirubin mg/kg-bw per day
bilirubin (NTP 1992) (12,500ppm diet)
(Graham and
Davis 1968; BMDL,o = 11-15 10/50° (20%)
NTP 1992) (MR) 1389 mg/kg-bw
Liver cystic per day
degeneration and (25,000ppm diet)
eosinophilic foci (NTP 1992)
(NTP 1992)
Read-across | Read-across | LOAEL =50 Read-across from
from PR3 from PR3 and | NOAEL =12.5 PR3 and PO5
and PO5 PO5 (MR/FR) Supporting data
Histopathological from PRA4:
PR4 changes in spleen, | liver neoplastic
hemolytic anemia | nodules and cystic
(US FDA 1988) cholangioma in
female rats
(Kupradinun et al.
2002)
LOAEL = _ tumorigenic dose
100 (L(f)g)EL =75 || OAEL = 50 - 500 (FR)
(MR/FR) t urine (MR/FR) Liver adenoma
| Hb and bilirubin 1 liver wt and carcinoma
PO5 RBCs (Hazleton | hematocrit + Hb | combined
| body wt 1964a: SCC + RBCs
. ) : o 0
gain 1993° BG 1 urine bilirubin 3/52 (6%) control
(Hoechst Cherﬁie (Hazleton 1964b;
1973; BG 2000 Biodynamics 1982) | 21/59° (36%) 500
. a)
Chemie mg/kg-bw per day
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Short-term Subchronic

Chronic Cancer Point of
LOAEL/ LOAEL/

Substance | NOAEL NOAEL LOAEL/ NOAEL | Departure
(mg/kg-bw | (mg/kg-bw (mg/kg-bw per (mg/kg-bw per
per day) per day) day) day)
2000a) (10,000ppm diet)

(Biodynamics
1982; BG Chemie
2000a; Hart et al.
1986; US FDA
1986)

Abbreviations: ALT, alanine aminotransferase; BMDLo, lower confidence limit on the benchmark dose for a 10%
response; FR, female rats; Hb, hemoglobin; kg-bw, kilograms of body weight; LOAEL, lowest-observed-adverse-
effect level; MR, male rats; NOAEL, no-observed-adverse-effect level; RBC, red blood cell; SDH, sorbitol
dehydrogenase; wt, weight
& All critical effect levels are from oral studies unless otherwise indicated. NOAELs are shown if identified in the
Erimary or secondary source; otherwise, only the LOAEL is identified.

Statistically significant difference from concurrent control (p<0.001, Fisher exact test). Historical control incidence for

liver adenomas in FR reported to be 3/800 (0.4%) with a range of 0-6% (NTP 1992).

¢ Liver tumour incidence counts reported in BG Chemie (2000a) by Biodynamics (1982); additional tumour incidence
counts by FDA also reported in BG Chemie (2000a) included the control and treated animals from the interim
sacrifice (control 3/70, 500mg/kg/d 21/70). Limited details on tumour incidence or non-neoplastic effects were
provided for the lower dose groups (200-1000ppm or 10-50mg/kg-bw per day).

d Reported as being highly statistically significant (p=0.0001, prevalence analysis, US FDA 1986) from the concurrent
control group. Historical controls incidence for FR of this strain in this lab was reported to be 9.4% from control
groups in 12 studies (BG Chemie 2000a)

Genotoxicity

In vitro genotoxicity assays were identified for PR3, PR4,P0O2, PO5, and Para Red*,
while some in vivo assays were also identified for PR3 and PO5 (BG Chemie 2000a,;
Moller and Wallin 2000; Environment Canada, Health Canada 2009b).

For Salmonella in the standard Ames assay, the mutagenic potency appears to be
strongest for PO5, followed by PR4, then PR3, which demonstrated a weakly positive
response in one study. PO5 was reported to be consistently positive in strain TA98, with
a much stronger response without metabolic S9 activation, compared to with S9.
Positive results were also observed for strains TA100, TA1537 and TA1538, but results
varied among the different studies (BG Chemie 2000a; Moller and Wallin 2000). PR4
demonstrated a mutagenic response, the strongest of which was also in TA98, but
generally only after S9 activation; responses in other strains were mixed or negative
(Moller and Wallin 2000). PR4 was also positive in TA98 with and without S9 when the
flavin mononucleotide (FMN) Prival modification was included in the assay (ILS 2011).
PR3 appeared to be much less mutagenic than either PR4 or PO5, with only a weak
positive response observed in TA98 and TA100 with metabolic S9 from hamster rather
than rat (Mortelmans et al. 1986) and negative in other strains with or without S9 in
other studies (Moller and Wallin 2000; Environment Canada, Health Canada 2009b).
PO2 was only tested in one study in which it was reported to be positive for
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mutagenicity in TA98 without S9 activation (Matsushima et al.1978). The positional
isomer of PO2, Para Red* was also positive for mutagenicity in strains TA98 and
TA1538 only with S9 activation, and was negative in TA1535 with and without activation
(Milvy and Kay 1978).

In a more recent study, Para Red* and a more lipophilic B-naphthol azo dye Sudan |
were tested for their comparative genotoxic potential following oxidative metabolism in
human B lymphoblastoid immortal cell lines AHH-1 and MCL-5, designed to express
high levels of P450 activity (Johnson et al. 2010). The AHH-1 cell line expresses
inducible CYP1A1 while the cell line MCL-5 cell exhibits activity for additional five other
CYP enzymes along wth higher levels of CYP1Al compared to AHH-1. Since Sudan | is
known to be activated to benzenediazonium and other DNA-reactive electrophiles
following microsomal and peroxidase mediated oxidation (Stiborova et al. 2009), dose-
response analysis of its genotoxicity following oxidation was investigated in AHH-1 and
MCL-5 cells while Para Red* was also included to determine if the common (-napthol
azo structure conferred a genotoxic potential similar to Sudan I (Johnson et al. 2010). In
this study, Para Red* induced forward mutations in vitro at the hprt locus of both AHH-1
and MCL-5 with higher mutagenicity observed in the MCL-5 line correlating to relatively
higher levels of of P450 activity expressed in MCL-5 cells (Johnson et al. 2010). A
similar correlation between the micronuclei and P450 activity was observed for Para
Red* with a greater response seen in the MCL-5 cells due to higher P450 activity. In this
study the dose-response for mutagenicity and mincronuclei were identical for Para Red*
and Sudan I, however with a lower relative potency for Para Red*. This study provides
evidence that a 3-naphthol monoazo pigment, Para Red*, with nitro-substitution on
benzene ring and lower water solubility and lipophilicity, nonetheless exhibited similar
genotoxic potential comparable to the more lipophilic Sudan I. Based on these
observations, the study authors proposed that like Sudan I, Para Red* was similarly
oxidized to benzenediazonium ion and/or other DNA reactive electrophiles following
oxidation by microsomal enzymes. Similarly, other studies have also demonstrated that
oxidation of Sudan | and another low solubility B-naphthol azo dye NDY3® by
peroxidases also form reactive electrophilic metabolites via a similar pathway (Stiborova
et al. 2009; Spadaro and Renganathan 1994). Although data is limited, the information
above suggests that besides Sudan I, other related B-naphthol azo substances may
also be similarly oxidized as the parent azo structure to reactive metabolites (Moller and
Wallin 2000). However, it is uncertain the degree to which this potential mechanism
occurs for the B-naphthol pigments considered in this assessment and whether it
contributes to the toxicity and genotoxicity observed for these substances.

o B-naphthol azo derivative of Disperse Yellow 3 (CAS RN 87563-41-5, 1-(4'-Acetamidophenylazo)-2-
naphthol)
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Other evidence of genotoxicity of the B-naphthol pigments comes from the comet assay
in vitro (PO5) and in vivo (PR3). PO5 was positive in the comet assay in exposed rat
hepatocytes (Moller et al. 1998), while oral exposure of male ddY mice to PR3 showed
increased deoxyribonucleic acid (DNA) damage in colon tissue 24 hours after exposure
(Tsuda et al. 2000), thus indicating a potential for DNA damage by these substances.
Conversely, all other in vitro genotoxicity tests were negative for PR3 and PO5.
Mutagenicity in in vitro mammalian cells was tested only for PO5, which showed a
negative response in mouse lymphoma L5178Y cells and Chinese hamster V79 cells
(BG Chemie 2000a). No increase in chromosomal aberrations was reported from
studies on Chinese hamster cells in vitro for PR3 (Chinese hamster ovary [CHO] cells;
Environment Canada, Health Canada 2009b) or PO5 (V79 cells; BG Chemie 2000a),
and PR3 was also negative for sister chromatid exchanges (SCEs) in CHO cells
(Environment Canada, Health Canada 2009b). PO5 was also reported as negative in
the unscheduled DNA synthesis (UDS) assay in primary rat hepatocytes (BG Chemie
2000a). The only identified in vivo genotoxicity studies were negative for chromosomal
aberrations in bone marrow of Chinese hamsters exposed to PO5 by gavage (Hoechst
1990; BG Chemie 2000a) or for micronuclei in the bone marrow or spleen of mice
following intraperitoneal injection (Baranski et al. 1992; Environment Canada, Health
Canada 2009b).

Data on several B-naphthol pigments (PR3*, Para Red*, PR4, PO5, PO2) indicate some
genotoxic potential via mutagenicity and DNA damage although a range of potency was
observed across the tested substances (e.g. qualitative ranking of mutagenic potency in
Salmonella was highest for PO5, intermediate for PR4, and weak for PR3). No
genotoxicity studies were identified for two B-naphthol pigments in this subset (NONPA,
PR6). However, there is some evidence from a comparative study on Para Red* and
Sudan | (Johnson et al. 2010) that both of these B-naphthol containing azo substances
are activated via a similar pathway, via formation of reactive metabolites after
microsomal oxidation. If true, this activation pathway for mutagenicity may apply to other
B-naphthol pigments in this subset. This is consistent with the opinions by the
European Food Safety Authority (EFSA) and the UK Committee on Toxicology (UK
COT), that based on structural similarities to Sudan | and in the absence of data, Para
Red* was assumed to be potentially genotoxic (EFSA 2005; UK COT 2005). Overall,
there appears to be some evidence of mutagenic potential for the 3-naphthol pigments.

Carcinogenicity

Carcinogenic effects were observed in chronic rodent studies for PR3 (NTP 1992) and
POS5 (Hart et al. 1986; US FDA 1986; BG Chemie 2000a) with an increase in liver
tumours in female rats as the common effect seen for both these substances. In
addition to liver tumours in female rats, additional tumours were reported to be related
to exposure to both these substances including a higher incidence of tumours of the
adrenal medulla in male rats and renal tubule adenomas in male mice for PR3 (NTP
1992) and an increased incidence of hepatocellular adenoma and carcinomas of male
CD-1 mice exposed to PO5 (Hart et al. 1986; US FDA 1986; BG Chemie 2000a). The
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details of observations for neoplastic effects from PR4 and PO5 can be found in other
references, however, since the liver tumours in female rats were the consistent
observation between PR3 and PO5, this effect is discussed in more detail (below and
Table 7-8) along with supporting evidence of a similar effect in female rats exposed to
PRA4.

PR3 was tested in a chronic feeding study in F344 rats (NTP 1992) and the results from
this study were previously described in the screening assessment for this substance as
part of the Challenge Initiative (Environment Canada, Health Canada 2009b). A
statistically significant increase in hepatocellular adenomas was observed in the high
dose group females compared to concurrent controls (Table 7-8). Other non-neoplastic
effects in the liver of exposed females were also observed starting at the lowest test
dose including histopathologic changes (eosinophilic foci, mixed-cell foci) and increased
liver weights (NTP 1992; Environment Canada, Health Canada 2009b) supporting the
liver as a target organ for PR3 in this study. Hepatocellular adenoma was reported as
an uncommon tumour type in historical control female rats of this strain and therefore
the increased incidence observed in exposed females was considered by the NTP to be
attributed to PR3 exposure (NTP 1992). A cancer point of departure (BMDL 3o =
911mg/kg-bw per day) for PR3 was derived for the hepatocellular adenoma data (Table
7-8, details provided in Appendix ). Additional effects observed in female and male rats
from this study are provided elsewhere (NTP 1992; Environment Canada, Health
Canada 2009b).

For PO5, several unpublished chronic feeding studies in rats and mice were reported in
secondary sources (Hart et al. 1986; US FDA 1986; SCC1993; BG Chemie 2000a). The
critical study was in rats (Charles River albino (CD) strain, 70/sex/dose) exposed
through the dams during gestation and lactation and then via feed until study
termination at 30 months or 130 weeks (Biodynamics 1982; BG Chemie 2000a). A
statistically significant increase in combined incidence of hepatocellular adenomas and
carcinomas was observed in the high dose females (10,000ppm or 500mg/kg-bw per
day) compared to the concurrent control group (Table 7-8). Similar to the chronic PR3
study, additional non-neoplastic effects in the high-dose females exposed to PO5
included increased liver weights and histopathological changes in the liver also at the
high dose (focal vacuolation, subacute-nonsuppurative hepatitis, zonal
necrosis/degeneration). Besides increased liver weights which were also observed at
the next lower dose (1000ppm or 50mg/kg-bw per day), limited details were provided in
the secondary source for the incidence or tumours or non-neoplastic effects in the liver
at the lower doses in this unpublished study (BG Chemie 2000a). Other details on
effects from the chronic POS5 studies are provided in the secondary sources (Hart et al.
1986; US FDA 1986; SCC 1993; BG Chemie 2000a).

For PR4, a secondary source reported that several unpublished chronic oral studies on
PR4 had been conducted in the rat and mouse (US FDA 1988). However, these original
data were not available, and only very limited details were provided in the secondary
source for the non-neoplastic and carcinogenic effects in the liver for these studies.
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Therefore, for comparison to the female rat liver carcinogenicity observed for PR3 and
PO5, in the absence of details for the unpublished PR4 chronic rat studies, a more
recent published chronic rat study for PR4 is also considered here (Kupradinun et al.
2002). Briefly, this study exposed Wistar rats (50/sex/dose) to PR4 in the feed (control,
1000ppm or 50mg/kg-bw per day, 2000ppm or 100mg/kg-bw per day) for 78 weeks with
the terminal sacrifice at 98 weeks. A weakly dose-dependent increased incidence in
liver tumours (combined incidence of benign tumours: hyperplastic nodules and cystic
cholangiomas) in the female rats (control 3/50 or 6.0%, 1000ppm 6/47 or 12.8%,
2000ppm 8/50 or 16.0%, p=0.059, Cochrane-Armitage Trend Test) was reported to be
related to PR4 exposure (Kupradinun et al. 2002). No other details on liver effects
(clinical chemistry, liver weights, non-neoplastic histopathology) were provided in this
study.

While the Kupradinun et al. study demonstrated some potential for carcinogenicity of
PR4 in female rat liver at doses much lower than the doses tested for either PR3 or
PO5, the tumour response above the concurrent control group seen for PR4 was
relatively weaker than that observed for either PR3 or PO5 (Table 7-8). The exposure
duration for PR4 in Kupradinun et al. (2002) was shorter (78 weeks) compared to the
studies conducted with either PR3 (102 weeks, NTP 1992) or PO5 (130 weeks,
Biodynamics 1982). Therefore, although the terminal necropsy for PR4 occurred at 98
weeks in Kupradinun et al. (2002), the relatively shorter exposure and termination
periods in this study may have resulted in a tumour incidence for PR4 if the tumours
were late developing. Besides the shorter exposure duration, other limitations of the
Kupradinun et al. study included small dose spacing between the high and low doses,
limited reporting of non-cancer effects in the liver or other tissues, and lack of historical
liver tumour incidence for female Wistar rats from this laboratory’®. However, based on
consideration of read-across of observed liver tumours in female rats for PR3 and PO5,
similar expected active metabolites for PR4, PR3 and POS5 (i.e., nitroaniline derivatives
and 1-amino-2-naphthol, Table 7-7) and the supporting evidence of a tumour response
for PR4 in the liver of female rats from Kupradinun et al. (2002), it is considered that
PR4 may also pose a carcinogenic potential similar to PR3 and PO5.

The overall evidence for PR3, PR4 and PO5, principally from observed liver tumours in
female rats, indicates a carcinogenic potential for these substances. No empirical
cancer studies were identified for the other B-naphthol pigments (NONPA, PO2, PR,
Para Red*). The potential for read-across on carcinogenicity to the untested -naphthol
pigments is discussed in a following section (Section 7.2.1 Summary and
Considerations for Read-Across).

19 Historical control data was not presented in Kupradinun et al. (2002) however liver tumour incidence for both the
low (12.8%) and high dose females (16.0%) from this study were above the upper range of control liver tumour
incidence reported for female Wistar rats (liver adenomas, range 0-10%, N=2509), Tennekes et al. 2004).
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Other Repeated-dose Toxicity Studies

For PR3, PR4 and PO5, similar non-cancer effects were noted, the most common being
hemolysis, red blood cell regeneration, and increased weights of and histopathological
changes in the spleen and liver in short-term, subchronic and chronic studies (Table 7-
8). For PR3, the hemolysis observed in the hematology findings (decreases in
hematocrit, hemoglobin and/or red blood cells, increased reticulocytes) was observed in
rats and/or mice following 2-week and 90 day exposure durations and at the 15-month
interim sacrifice for the chronic portion of these studies (NTP 1992). These hemolytic
effects were typically associated with corresponding histopathologic changes in the
spleen (increased hematopoietic cell proliferation and pigment/hemosiderin) in the
short-term and sub-chronic studies, however this effect was no longer clearly observed
in the chronic portion of the study. Histopathologic changes in the liver were also
observed in the rat following PR3 exposure with increased liver weight at all exposure
durations, clinical chemistry findings after 2 weeks (increased ALT and SDH), and
histopathologic liver changes in the interim and terminal sacrifice of the chronic study
(focal cellular changes, cystic degeneration). While the liver toxicity was observed in
both sexes of rats exposed to PR3, only the females demonstrated exposure-related
increase in hepatocellular adenomas (NTP 1992, see previous section). For PO5, while
the original toxicity studies were unpublished, details from secondary sources indicated
similar observations of hemolysis and associated regenerative responses in the spleen,
along with increased weights and histopathologic changes in the liver observed in mice,
rats and dogs (BG Chemie 2000a). For PR4, all available data on non-neoplastic effects
was unpublished and came from limited reporting in a secondary source (US EPA
1988). However, the available information indicated hemolysis and associated
histopathologic changes in the rat spleen (parenchymal fibrosis, capsular thickening,
capsular fibrous tags, extramedullary hematopoiesis, pigmentation) was also observed
for this substance (Table 7-8) while observations of non-neoplastic effects in the liver
were not reported in the secondary sources.

Additional effects in the kidney in both rats and mice were also noted for PR3, including
increased incidence and severity of chronic progressive nephropathy, hyperplasia of
tubules and renal papillary transitional cell epithelium, in addition to renal tubule
cytomegaly and adenomas in male mice (NTP 1992). Since the kidney was not clearly
identified as a target organ for toxicity in studies on the other B-naphthol pigment PO5
or PRA4, it is uncertain whether this effect is substance specific or may be expected
following exposure to the other B-napthol pigments.

No repeated-dose toxicity studies were identified for the other B-naphthol pigments
(NONPA, PO2, PR6, Para Red*)

94



Summary and Considerations for Read-Across

Toxicity data were not identified for all the substances in the 3-naphthol pigment subset,
therefore a read-across approach is used to inform the health effects for substances in
this subset based on the following lines of evidence.

Based on the available data for oral absorption (PR3), microbial azo reduction (Para
Red*, PO5), and similar toxicity in animal studies for the B-naphthol pigments tested (i.e.
PR3, PR4, PO5), it is considered that some amount of these substances are
systemically absorbed by the oral route either as the parent 3-naphthol pigment and/or
azo cleavage metabolites (1-amino-2-naphthol, various nitroanilines). Since the other
members of the B-naphthol pigment subset share the same parent -naphthol azo
structure, similarity of the azo cleavage metabolites, and are expected to have similar
physical-chemical properties including water and octanol solubility, it is considered that
comparable oral bioavailability can be expected for all substances in this subset.

While limited mechanistic data is available for these substances, based on the existing
body of literature on health effects of azo substances in general, it is understood that
the observed toxicity for azo substances is considered due to the aromatic amine
metabolites following azo cleavage (prior to absorption or in vivo following absorption)
and/or by activation of the absorbed parent azo substance (Environment Canada,
Health Canada 2013b). For other azo substances sharing the same 3-naphthol azo
structure as the B-naphthol pigments, it is known that activation of the parent azo may
contribute as much or more to the toxicity than their corresponding aromatic amine
metabolites. For example, the principle adverse effect of Sudan I in rodents is a dose-
dependent increase of hepatic tumours in the livers of rats following chronic oral
exposure at relatively low doses (Environment Canada, Health Canada 2014a), an
effect not observed for aniline, one of the dominant azo cleavage metabolites of Sudan
l. Since Sudan | is known to be absorbed in part as the parent structure with intact azo
bond (Environment Canada, Health Canada 2014a), and since electrophilic metabolites
of Sudan | parent structure following enzymatic oxidation have been demonstrated to
cause DNA adducts of rat livers in vivo (Stiborova et al. 2009), it is considered that the
activated parent structure of Sudan | contributes to the liver tumours observed in
rodents. A similar observation is observed in genotoxicity studies of Sudan I, with
observed in vitro mutagenicity of Sudan I in the Ames test being eliminated under
reductive test conditions (Environment Canada, Health Canada 2014a), indicating that
the parent Sudan |, and not its aromatic amine metabolites are mutagenic in this assay.
This is supported in part by a mutagenicity study of both Sudan | and Para Red* which
showed elevated mutagenicity conditions favoring increased oxidation by CYP1A1 and
other P450 isozymes (Johnson et la. 2010), rather than reductive azo cleavage, and
therefore it is the oxidation of the parent structures that is responsible for the observed
mutagenicity of Sudan | and Para Red* in these studies. Therefore, with the premise
that the toxicity of a B-naphthol azo substance may be due to both the parent and/or the
aromatic amine metabolites, and since the B-naphthol pigments are also expected to be
absorbed in part as the parent pigment as well as the azo cleavage metabolites, both
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the parent structures and metabolites are considered to help inform the read-across
within the B-naphthol pigments subset.

All parent B-naphthol pigment structures share the common 1-amino-2-naphthol (3-
naphthol) joined to aniline by an azo bond, and with at least one nitro-substituent on the
benzene ring of aniline in ortho- and/or para- position as well as additional substitutions
(methyl-, chloro-, methoxy-) in some cases (Herbst and Hunger 2004, Table 7-7). In the
case of the specific B-naphthol pigments tested in chronic animal studies, substances
with nitro in both ortho- (PR3, PO5) and para- (PR4, PO5) positions have shown similar
toxicity including damage to erythrocytes, as well as toxicity in spleen and liver, and
hepatic tumours (see sections above and Table 7-8). Therefore while some apparent
differences in potency were observed in these studies (e.g. the point of departure for
liver tumours was lower for PO5 compared to PR3), the tested substances appeared to
gualitatively demonstrate similar toxicity irrespective of the position of nitro substitution.
Similarly, the presence of additional electron withdrawing (chloro- in PR4) or electron
donating (methyl- in PR3) substitutions, did not appear to dramatically alter the types of
effects observed in animal studies for these substances. It is of note that another -
naphthol azo substance, Sudan | (no substitutions on benzene ring of aniline) was also
associated with liver toxicity and increased hepatic tumours in oral exposed rats
(Environment Canada, Health Canada 2014a) similar that observed for the 3-naphthol
pigments PR3 and PO5. The structural similarity of B-naphthol pigments with Sudan |
was in fact the basis for the opinions of EFSA and the UK COT to assume that Para
Red* may be potentially genotoxic and carcinogenic (EFSA 2005; UK COT 2005).
Therefore, despite the differences in position and substitution of nitro- and other
substitutions in the B-naphthol pigment subset (Table 7-7), there is nothing obviously
apparent in the structures of these substances which would lead to the expectation of
gualitative difference in potential toxicity across these substances. However different
toxicological potencies would be expected as was observed for the available data on
PR3, PR4 and PO5.

This assertion of read-across for the 3-naphthol pigments is supported by the available
data on toxicity of the corresponding aromatic amine metabolites of the B-naphthol
pigments: 1-amino-2-naphthol, and the various nitroaniline derivatives (Table 7-7). The
health effects for these azo cleavage metabolites is discussed below as it relates to
read-across within the B-naphthol pigments subset.

The aromatic amine 1-amino-2-naphthol is common to all the B-napthol pigments, as
well as a common moiety in the B-napthol pigment lakes, Sudan dyes, and some
soluble azo dyes such as Acid Orange Il and has been detected as a metabolite
following oral exposure to those substances (Environment Canada, Health Canada
2014a; SCCS 2011). Although no adequate repeated-dose toxicity studies were
identified for 1-amino-2-naphthol, this substance formed covalently bound adducts in
erythrocytes of rats in vivo and was considered to be the metabolite most likely
responsible for the hemolysis, spleen and liver toxicity observed for the 3-napthol
pigment lakes (section 7.2.2) and Acid Orange Il (SCCS 2011), since the other
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sulfonated aromatic amines released from these substances are not associated with
this type of toxicity. Significantly stimulated liver regeneration in partially
hepatectomized rats was also observed following dietary exposure to 1-amino-2-
naphthol (Gershbein 1982). 1-Amino-2-naphthol was also shown to generate reactive
oxygen species (Nakayama et al. 1983) and be cytotoxic to bacteria (Pan et al. 2012).
1-Amino-2-naphthol may be oxidized to a N-hydroxylamine and subsequent nitroso, but
this substance may also be converted to an intermediate 1,2-naphthoquinoneimine and
then rapidly hydrolyzed to 1,2-naphthoquinone (Gregory 1986). The formation of
naphthoquinone/ quinoneimines is well characterized for many substances containing
aromatic amine and aromatic amide structures and is speculated to be another
important mode of action for the observed toxicity of these types of substances via
generation of reactive oxygen species (ROS) and/or as reactive electrophiles (Kumagai
et al. 2012; Skipper et al. 2010). Since exposure to any of the B-naphthol pigments
would result in release of some amount of 1-amino-2-naphthol, this moiety could
contribute in part to potential health effects for all the B-naphthol pigments providing
further support for read-across among these substances.

Besides 1-amino-2-naphthol, the other azo cleavage metabolites of 3-naphthol
pigments are all nitroanilines or derivatives with additional methyl, chloro, or methoxy
substitutions (Table 7-7). Qualitatively similar types of health effects have been
observed for these nitroanilines where empirical data are available with effects
frequently observed in erythrocytes/spleen, liver and kidney. For 2-nitro-4-methylaniline
(from PR3), a 28-day oral study in rats reported evidence of hemolysis, increased liver
and kidney weights, and clinical chemistry revealed increased serum urea (males) and
serum GGT (females) at levels of 200 and 1000 mg/kg-bw per day in females and
males respectively (BG Chemi 2000b). Genotoxicity for this substance displayed mixed
mutagenicity in vitro (positive in mouse lymphoma cells, mixed in Salmonella, negative
hamster V79 cells), and was negative for unscheduled DNA synthesis in vitro and
micronuclei in mice in vivo. For 2-nitro-4-chloroaniline (from PR6), unpublished short-
term and subchronic oral studies by the NTP in rats and mice were reported in a
secondary source (BUA 2004). In rats, 2-nitro-4-chloroaniline demonstrated target
organs effects in the spleen (hemosiderosis), erythrocytes (hemolysis), liver (increased
weights), and kidneys (increased weight) with lowest effects observed as low as 50 and
100 mg/kg-bw per day in females and males respectively. Short-term toxicity studies in
rats from Japan (CHRIP ©2008a; Sakuratani et al. 2013) also reported effects in liver
(increased weight, focal inflammation) and spleen (extramedullary hematopoiesis)
confirming the NTP results in rats. In mice, liver appeared to be the main target organ
(increased weight, serum liver enzymes, centrilobular hepatic hypertrophy,
multinucleated hepatocytes) with mild hemosiderosis in spleen also observed; effects
were observed as low as 75 and 300 mg/kg-bw per day in females and male mice
respectively (BUA 2004). Both male rats and mice showed some reproductive toxicity in
these studies with reduced sperm motility in male mice and decreased weights of testes
and epididimyis in male rats (BUA 2002). 2-Nitro-4-chloroaniline was predominantly
positive for mutagenicity in Salmonella, demonstrted clastogenicity in mammalian cells
in vitro (SCEs, CAs), while negative for micronucleus assay in mice in vivo (BUA 2004).
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For 2-nitroaniline (from PO2), studies in rats showed increased methemoglobin from 28-
day inhalation exposure (US EPA 2009), however limited toxicity other than decreased
body weights was observed during short-term and sub-chronic oral studies; genotoxicity
data were larger negative for 2-nitroaniline (OECD 2001). However, the US EPA
considered effects observed in 4-nitroaniline (from Para Red*) to conservatively apply in
read-across to 2-nitroaniline (US EPA 2009). Toxicity studies on 4-Nitroaniline (from
Para-Red*) reported methemoglobin, spleen pigmentation, liver hemosiderin, bone
marrow hyperplasia, extra-medullary hematopoiesis in spleen and liver, and increased
weights of spleen and liver (Environment Canada, Health Canada 2014b). The NTP
reported “equivocal” evidence for carcinogenicity of 4-nitroaniline in rats based on
increased incidence of liver hemangiosarcoma and the combined incidence of
hemangioma and hemangiosarcoma at all sites, while evidence for genotoxicity was
largely negative for this substance (Environment Canada, Health Canada 2014b). For 2-
chloro-4-nitroaniline (from PR4), available toxicity studies were summarized from an
industry submitted IUCLID dataset which reported acute exposure increased
methemoglobin in rats following acute exposure, while dietary exposure to rats for 118
days was reported to be associated with degenerative changes in the spleen, kidney,
liver and testes with effects starting at 300 mg/kg-bw per day (European Commission
©2000b). This substance was reported to be positive for mutagenicity in Salmonella and
E.coli, but negative for mutagenicity in hamster V79 cells, negative for unscheduled
DNA synthesis in vitro, and did not increase micronuclei in hamsters in vivo (European
Commission ©2000b). For 2,4-dinitroaniline (from PO5), an industry submitted [UCLID
dataset reported anemia and extramedullary hematopoiesis starting at 20 mg/kg-bw per
day and testicular effects at higher doses in a 28-day oral rat study (European
Commission ©2000c). This substance was reported to be mostly positive for in vitro
mutagenicity in Salmonella (European Commission ©2000c; Assman et al. 1997) and
also positive for chromosome aberrations in human lymphocytes (Huang et al. 1995),
but negative for other in vitro and in vivo clastogenicity and mutagenicity assays
(European Commission ©2000c). For 2-nitro-4-methoxyaniline (from NONPA), no
animal toxicity data were identified, however repeated-dose studies were available for
two nitro-methoxyaniline isomers 2-methoxy-4-nitroaniline (CAS RN 97-52-9) and 2-
methoxy-5-nitroaniline (CAS RN 99-59-2) (NTP 2006). For 2-methoxy-4-nitroaniline,
hemolysis, increased reticulocytes, extramedullary hematopoiesis, increased spleen &
liver weights, increased serum liver enzymes were reported at 300mg/kg-bw per day in
a 28-day oral study in rats (NTP 2006). For 2-methoxy-5-nitroaniline, chronic dietary
exposure resulted in increased tumours in male rats (skin, Zymbal gland), female rats
(Zzymbal gland, clitoral gland), and in both sexes of mice (liver). Both methoxy-
nitroaniline isomers were positive for mutagenicity in Salmonella (NTP 2006). It is
uncertain if 2-nitro-4-methoxyaniline (from NONPA) which is untested would display
similar toxicity to these two isomers.

An adverse outcome pathway (AOP) for erythrocyte/splenic toxicity and liver toxicity for
a nitroaromatics category has been developed including nitroanilines in its structural
(Sakuratani et al. 2013). Both AOPs for hemolysis and liver toxicity are based on
proposed on oxidation of aromatic amine group or reduction of the nitro group to a
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hydroxylamine which can be further metabolized to the electrophilic nitroso group and/or
nitrenium ion resulting in protein and DNA binding respectively (Sakuratani et al. 2013;
Neumann 2005), while ring hydroxylation and subsequent formation of a reactive
guinone-imine has also been proposed as an additional mechanism for protein binding
nitroanilines (Matthews et al. 2012). Therefore, the qualitatively similar empirical toxicity
data on the nitroanilines expected to be released from azo cleavage of the 3-naphthol
pigments is substantiated mechanistically by the common activation pathway for these
substances. Similar tissue pharmacokinetics and metabolism following oral exposure
has also been observed for several of these nitroanilines (Chopade and Matthews 1983;
Chopade and Matthews 1984; Matthews et al. 1986; Mathews et al. 2012). As such,
read-across for potential health effects of the B-naphthol pigments subset is supported
by the qualitatively similar toxicity,pharmacokinetics, and common AOP expected from
the various nitroaniline metabolites of the B-naphthol pigments.

In summary, based on the available health effects data for some of these substances
(PR3, PR4, and PO5), qualitatively similar toxicity was observed in animals primarily
manifesting as hemolysis and organ toxicity in spleen and liver (Table 7-8). There was
also an increased incidence of liver tumours in female rats from studies on PR3 (NTP
1992) and PO5 (Hart et al. 1986; US FDA 1986) with supporting data from PR4
(Kupradinun et al. 2002). The another B-naphthol pigment Para Red* was assumed to
have potential carcinogenicity based on structural similarity to the B-naphthol azo dye
Sudan | (EFSA 2005; UK COT 2005) which was also associated with increased liver
tumours in rats (Environment Canada, Health Canada 2014a). Despite limited data,
there was also some demonstration of mutagenic potential for the B-naphthol pigments
tested (PR3, PR4, PO5, PO2, Para Red*) although with varying potency. No repeated-
dose toxicity studies were identified for the other B-naphthol pigments considered here
(NONPA, PO2, PR6). However, based on comparable physical-chemical properties,
structural similarity of the B-naphthol pigments, azo bond cleavage potential, similar
expected toxicokinetics and toxicodynamics, and common health effects for expected
metabolites (summarized above), all the B-naphthol pigments in this subset are
expected to have a qualitatively similar toxicity including potential carcinogenicity (Table
7-8).

7.2.2 B-Naphthol Pigment Lakes (PR53:1, PR49:1 and PR50:1)

All substances in the B-naphthol pigment lakes subset have the same [3-naphthol
moiety as found in the B-naphthol pigments subset. However, the key difference with
the B-naphthol pigment lakes is that they are all barium salts (pigment lakes) of either
sulfo- or carboxyl-substituted anilines (PR50:1, PR53:1) or naphthylamine (PR49:1)
(Table 7-9). Since 1-amino-2-naphthol is a common structural feature and potential azo
cleavage product for all the B-naphthol pigment lakes, its structure is shown below,
while the substance specific parent structures and corresponding azo cleavage
metabolites are shown in Table 7-9:
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Table 7-9: B-Naphthol pigment lakes and potential azo bond cleavage products

Parent B-naphthol pigment lake
chemical identity® and structure

Potential azo bond cleavage products®

chemical identity and structure

PR53:1

CAS RN 5160-02-1

(D&C Red No. 9)
chxj//'k

A
SN

Red Lake C amine
CAS RN 88-53-9

Cl

H,C

4

NH, HO
2

PR49:1
CAS RN 1103-38-4
(D&C Red No. 12)

Tobias acid
CAS RN 81-06-1
(2-amino-1-naphthalene sulfonic acid)

PR50:1

Anthranilic acid
CAS RN 118-92-3

Q-

NH, OH
2

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.1., Colour Index
&Ba2+ ion not shown; “D&C” names are shown where available.
b 1-amino-2-naphthol (not shown) would also be an azo cleavage product common to all the B-naphthol pigment

lakes

Absorption and Azo Bond Cleavage Potential

An in vivo absorption/metabolism study was identified for PR53:1. In this study, groups
of four male F344 rats were fed **C-labelled PR53:1 (called “Red No. 9”) for 24 hours in
the diet at a concentration of 3 000 parts per million (ppm) (equivalent to a dose of 150
mg/kg-bw) followed by a 24-hour recovery period (Chadwick et al. 1984). The PR53:1
was labelled on either the benzene or the naphthol ring in order to distinguish between
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two azo bond cleavage products on either side of the azo bond, **C-benzene for Red
Lake C amine and **C-naphthol for 1-amino-2-naphthol. Urine, feces and blood samples
were taken during the 0- to 48-hour study period. Substantial metabolism was noted, as
the majority of the applied dose was recovered in urine as Red Lake C amine (35%)
and 1-amino-2-naphthol (54%), while only a small fraction of the dose (< 1%) was
recovered as unchanged PR53:1. Very little accumulation of Red Lake C amine was
observed in blood erythrocytes, which is supported by an earlier 10-day dietary
absorption study reported by the same authors while the data was not presented
(Chadwick et al. 1984). However, 1-amino-2-naphthol was detected in blood samples at
24 and 48 hours at 2% of the administered dose, a quarter of which was covalently
bound to the erythrocytes. Overall, the results of this study suggest that a large fraction
of PR53:1 and/or its azo bond cleavage products is absorbed by the oral route, with
substantial azo bond cleavage occurring either by bacteria of the gastrointestinal tract or
by tissue enzymes in vivo. The lack of full recovery also suggests possible distribution
to other tissues that were not analyzed, and therefore the ultimate oral absorption as
either the parent or azo bond cleavage products is likely greater than indicated in the
study. It is expected that a similar potential for oral absorption also applies to the other
two B-naphthol pigment lakes.

In an in vitro study, substantial (~99%) azo bond cleavage of PR53:1 was observed
following an overnight incubation with a rat fecal preparation (Dillon et al. 1994, while
another study demonstrated gradual but consistent azo bond cleavage of PR50:1 in a
24-hour anaerobic culture with a human fecal homogenate (BRI 2013). These in vitro
studies support the above oral study suggesting that azo bond cleavage of the [3-
naphthol pigment lakes can occur, and likely occurs, in the mammalian gastrointestinal
tract, based on the similar structures and physical-chemical properties among these
substances.

With respect to the Ba** counter-ion, which is expected to dissociate upon absorption
and/or intestinal azo cleavage of the organic component, a wide range of oral
absorption of Ba** has been reported in experimental animals (7—85% for rodents and
dogs) with greater absorption in younger animals (SCHER 2012, CCME 2013). The
gastrointestinal absorption of Ba®* ion in humans has been estimated to be 20% in
adults, 30% in children (1-15 years old) and 60% in infants (SCHER 2012, CCME
2013); therefore, oral exposure to B-naphthol pigment lakes is expected to result in
some bioavailable fraction of the dissociated Ba** ion. The instability of B-naphthol
pigment lakes under simulated gastric conditions is suggested in the paints and
coatings literature (Lewis 1995), which includes caution with respect to applications of
these colourants in coatings that could result in oral exposure, such as toys, due to
potential release of the Ba®" ion (Siegwerk 2012). Other azo pigment Ba** lakes coupled
to B-oxynaphthoic acid (BONA) have also been shown to be capable of releasing Ba**
ions under simulated gastric conditions (Rastogi and Pritzle 1998). The dissociated
organic azo moieties of the p-naphthol pigment lakes following oral absorption are likely
more soluble in gastrointestinal tract contents than expected from the measured water
and octanol solubilities for the parent B-naphthol pigment lakes. Therefore, the
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dissociated B-naphthol pigment lakes from the oral route are more analogous to their
respective soluble salts/acid dyes. The same assumption was applied to PR53:1 and its
corresponding soluble sodium salt (D&C Red No. 8, CAS RN 1658-56-6) by the US
Food and Drug Administration (FDA) to consider that oral exposure to either salt would
be essentially equivalent in the acidic conditions of the stomach, and therefore the two
salts could be expected to have similar toxicities (Hart et al. 1986).

The only available dermal absorption study identified was an in vitro skin penetration
study using human skin, reporting a maximum of 0.06% of **C-benzene-labelled
PR53:1 detected in the receptor fluid (Franz 1983). Due to the paucity of dermal
absorption data, in vitro data for a BONA pigment lake analogues, PR57:1* (Ca** salt)
and PR57* (Na" salt), are considered for this subset. Therefore, a conservative estimate
of 1% dermal absorption is applied for the -naphthol pigment lakes (refer to the section
on BONA pigment lakes for details). Both the B-naphthol pigment lakes and BONA
pigment lakes exhibit close structural similarity, with common naphthol and benzene
rings opposite the azo bond. Both types of pigment lakes are insoluble salts of ionizable
sulfonate and/or carboxyl groups, the difference being that the BONA pigment lakes
also contain a carboxyl group on C3 of the 1-amino-2-naphthol moiety and are therefore
1:1 salts of divalent cations, compared with 2:1 for the -naphthol pigment lakes.

Collectively, the B-naphthol pigment lakes are considered to be bioavailable by the oral
route and to undergo metabolism, including azo bond cleavage, in the gastrointestinal
tract, with some degree of dissociation of the Ba®* ion expected to occur. Therefore, the
health effects data from related soluble salts of B-naphthol pigment lakes were
considered for read-across of this subset.

Health Effects

Data for all study durations were identified for PR53:1, while only repeated-dose toxicity
data for subchronic and chronic durations were identified for PR49* the Na* analogue of
PR49:1. Read-across for PR49:1, PR50:1 and other -naphthol pigment lakes is based
on the range of critical effects and associated lowest-observed-adverse-effect levels
(LOAELSs)/no-observed-adverse-effect levels (NOAELS) from PR53:1 and PR49*
(sodium salt). A summary of the critical effect levels for the B-naphthol pigment lakes is
presented in Table 7-10.

Table 7-10: Summary of critical effect levels for the B-naphthol pigment lakes ?

fchItE-E?rm Subchronic Chronic Cancer Point of
Substance | NOAEL LOAEL/ NOAEL | LOAEL/NOAEL | Departure
(ma/kg-bw | (Ma’kg-bw per | (mg/kg-bw per | (mg/kg-bw per
J day) day) day)
per day)
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Short-term

LOAEL/ Subchronic Chronic Cancer Point of
s LOAEL/ NOAEL | LOAEL/NOAEL | Departure
ubstance | NOAEL
(mg/kg-bw per (mg/kg-bw per (mg/kg-bw per
(mg/kg-bw 1 4%y day) day)
per day) y y y
LOAEL = LOAEL =30 LOAEL =50 BMDL3, = 44
300 (MR/FR) | NOAEL = 4.5 (MR/FR) (MR)
Gross (dog) Histopathological | Liver neoplastic
pathological | Splenomegaly, changes in liver | nodules
changes in anemia (basophilic 0/50 (0%) control
spleen (CTFA 1983a; cytoplasm) and
(enlarged, BIBRA 1989) spleen 6/50° (12%) 50
dark red), (hemorrhage, mg/kg-bw per day
liver and LOAEL =125- fibrosis) (ppm diet)
kidney (dark | 150 (MR/FR) (NTP 1982)
PR53:1 red) Spleen 7/49° (14%) 150
(NTP 1982) | enlargement and mg/kg-bw per day
colour change, (ppm diet)
liver (NTP 1982)
hemosiderosis,
pigment in renal
tubule
(Davis and
Fitzhugh 1962;
NTP 1982)
d
Read-across | Re2d-across Read-across (l\:\/oA carcinogenic
PR49:1 f , from PR53:1 and | from PR53:1 and .
rom PR53:1 PRAO* PRAG* effects reported in
studies on PR49%)
Read-across LOAEL = 125 N/A
from PR53:1 | LOAEL =125 NOAEL =25 (no carcinogenic
(MR/FR) (MR/FR) effects reported in
Splenomegaly, Splenic studies on PR49%)
hemolytic hemosiderosis
anemia and
. (Davis and hematopoiesis
PR49 Fitzhugh 1963)
(Na” salt) LOAEL = 25
NOAEL =5
(MR/FR)
Bone marrow
hyperplasia
(Davis and

Fitzhugh 1963)
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Abbreviations: BMDL;, lower confidence limit on the benchmark dose for a 10% response; FR, female rats; kg-bw,
kilograms of body weight; LOAEL, lowest-observed-adverse-effect level; MR, male rats; N/A, not applicable ; NOAEL,
no-observed-adverse-effect level

®NOAELSs are presented if clearly indicated from the full study report or secondary source; otherwise, only the LOAEL
is presented.

® No specific cancer point of departure is presented for the splenic sarcomas observed in male rats exposed to
PR53:1 (NTP 1982) since the tumour response appeared to be non-linear (0/50 at 50mg/kg-bw per day and 26/48
(54%) at next dose of 150mg/kg-bw per day) and considered likely secondary to significant splenic toxicity similar to
aniline. Therefore, the LOAEL for non-neoplastic toxicity of the spleen at lower dose of 50mg/kg-bw per day is
considered as a more appropriate point of departure for PR53:1 toxicity in the spleen.

¢ Statistically significant difference from concurrent control (p<0.013 and p<0.006 in low and high dose respectively,
Fisher exact test). Historical control incidence for neoplastic nodules of the liver for both sexes of strain in this rat
from this lab was reported to be 5/140 (3.6%), no range was reported. Considered as “positive” evidence of
carcinogenicity in male rats (NTP 1982).

4 There is uncertainty the liver tumours seen in PR53:1 are applicable to PR49:1 or PR49* (see Section 7.2.2
Summary and Considerations for Read-Across)

PR53:1

The health effects characterization for PR53:1 is based primarily on data summarized in
secondary reviews (Hart et al. 1986; LSRO-FASEB 1984; IARC 1993; OECD 19994, b;
SCC 2000). For genotoxicity potential, a review by BIBRA (1989) was also considered
and is briefly summarized below.

Genotoxicity

PR53:1 was generally reported as negative in most in vivo and in vitro studies, with
some weak and/or equivocal responses reported in a few in vitro tests (Salmonella
mutagenicity following incubation with a fecal preparation, in vitro chromosomal
aberrations, in vitro cell transformation assay). The other positive response was
observed for in vivo SCEs in bone marrow of mice.

Results from the standard Ames assay in Salmonella in the identified studies were
almost entirely negative (Brown et al. 1979; Muzzall and Cook 1979; Miyagoshi et al.
1983; Longstaff et al. 1984; BUA 1993; Zeiger et al. 1988; Dillon et al. 1994), and
weakly positive or equivocal responses were reported in strains TA97 and TA98 only at
doses resulting in precipitation of the test material (Zeiger et al. 1988). A reverse
mutation assay in Escherichia coli was also reported as negative (Hoechst AG 1985). In
Prival modified Ames assays with FMN where azo bond reduction is facilitated, PR53:1
was also reported as negative in TA98, TA100, TA1535 and TA1537 (BUA 1993; Dillon
et al. 1994) and either negative or weakly positive/equivocal in Salmonella strain TA100
(Dillon et al. 1994). However, positive and weakly positive responses were observed in
TA100 and TA98, respectively, after overnight anaerobic incubation of PR53:1 with a rat
fecal preparation. The study authors speculated that previous negative results from
FMN modified Ames tests were likely due to insufficient azo bond cleavage and that
PR53:1 does possess some mutagenic potential in Salmonella based on the
mutagenicity of one or more of its azo bond cleavage products (Dillon et al. 1994).
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In vitro genotoxicity tests in mammalian cells were also primarily negative, including the
tk locus mutation assay in mouse lymphoma L5178Y cells (Myhr and Caspary 1990),
chromosomal aberrations and SCEs in CHO cells (Ivett et al. 1989) and UDS in primary
rat hepatocytes (Kornbrust and Barfnecht 1985; Williams et al. 1989). Results for
chromosomal aberrations in Chinese hamster lung (V79) cells (BUA 1993) were
reported as positive (SCC 2000) and negative (OECD 1999b) in secondary sources;
however, insufficient details were provided to allow an evaluation of this study. PR53:1
was also reported as positive in a cell transformation assay using Balb/c 3T3 cells
(Tennant et al. 1986) and BHK21/C13 cells (Longstaff et al. 1984); however, both
studies were considered by other reviews as being either too insufficiently reported
(SCC 2000) or too unreliable (OECD 1999a) to evaluate.

For in vivo genotoxicity studies, following intraperitoneal injection of PR53:1 at doses of
500-2000 mg/kg-bw, no statistically significant increase in UDS was observed in rat
hepatocytes or in micronuclei of the bone marrow (Westmoreland and Gatehouse
1992). This result confirms an earlier negative result for UDS in rat hepatocytes at a
lower dose of 500 mg/kg-bw (Kornbrust and Barfnecht 1985). A negative result was
reported for chromosomal aberrations in bone marrow following intraperitoneal injection
(1250-5000 mg/kg-bw) in mice, whereas positive results for SCEs in bone marrow were
reported from the same study (NTP 2013). PR53:1 was also reported as negative for
mutagenicity in Drosophila (Foureman et al. 1994).

Carcinogenicity

The carcinogenicity of PR53:1 was tested in several chronic studies in rats and mice
(NTP 1982; CTFA 1982; Davis and Fitzhugh 1962; OECD 1999a), however the studies
from the US National Toxicology Program (NTP) are the most recent with details
available in published reports, therefore these studies are summarized here. Briefly, the
chronic assay by the NTP (1982) included 2yr exposure of PR53:1 in the diet to F344
rats (50/sex/dose, control, 1000ppm or 50mg/kg-bw per day, 3000ppm or 150mg/kg-bw
per day) and B6C3F1 mice (50/sex/dose, 1000ppm or 130mg/kg-bw per day, 2000ppm
or 260mg/kg-bw per day)**.

An increased incidence of spleen sarcomas were observed only in high-dose male F344
rats (primarily fiborosarcomas and osteosarcomas: 0/50 control, 0/50 at 50mg/kg-bw/day,
26/48 (54%) at 150mg/kg-bw per day). Spleen tumours were considered uncommon in
F344 rats with a very low historical control incidence reported in the NTP program at the
time of this study (3/2960 or 0.1% splenic fibrosarcomas reported in NTP 1982). Based

! Dose conversions from diet (ppm) to units of mg/kg-bw per day for rat (ppm x 0.05) and mouse (ppm X
0.13) (Health Canada 1994)
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on the malignancy of the splenic sarcomas and their tendency to metastasize to extra-
splenic tissues, combined with the extensive non-cancer spleen toxicity observed in all
repeated-dose studies, the NTP considered the association of PR53:1 exposure with
the spleen sarcomas to be unequivocal and “positive” evidence for the carcinogenicity
of PR53:1 (NTP 1982). Similar types of spleen tumours were observed in Sprague-
Dawley rats in the high-dose group (10 000 ppm = 500 mg/kg-bw per day) of another
chronic dietary study with PR53:1 (4/70 males, 1/70 females, 0/70 controls of either
sex); the tumours were considered as likely exposure related, although their incidence
was not statistically significant (OECD 1999a). This additional study is therefore
considered as supportive evidence of the carcinogenicity of PR53:1 in the male rat
spleen by the oral route. However, no spleen tumours were observed in the exposed
female F344 rats from the NTP study (NTP 1982), and other chronic oral studies in mice
(CTFA 1982; NTP 1982) and Osborne-Mendel rats (Davis and Fitzhugh 1962) did not
demonstrate an observable tumorigenic response to PR53:1 exposure. The reason for
the apparent sex and species sensitivity of this tumour type is not known.

In the chronic oral NTP studies in mice and rats, the incidence of hepatic neoplastic
nodules observed in the liver of male F344 rats was statistically significant at both test
doses (0/50, 6/50 p = 0.013, and 7/49 p = 0.006, for control, 50 and 150 mg/kg-bw per
day, respectively) and considered as “positive” evidence for carcinogenicity. These
effects were also associated with non-neoplastic liver effects in male rats (basophilic
cytoplasm changes, centrilobular necrosis), while a statistically significant trend (p =
0.039) for neoplastic nodules of the liver (1/50, 1/50 and 5/50 for control, 50, 150 mg/kg-
bw per day groups, respectively) was also observed for female rats and considered
“equivocal” evidence for carcinogenicity (NTP 1982). A secondary source reported a
follow-up micro-slide analysis by the US FDA that suggested the revised incidence of
neoplastic liver nodules was below statistical significance in both male and female rats
in the NTP study (cited in LSRO-FASEB 1984; BIBRA 1989). However, in the absence
of the primary source for the FDA analysis and limited details provided in the secondary
source, neoplastic nodules observed are considered as indicative of a carcinogenic
effect of PR53:1 exposure as per conclusions by the NTP (1982).. In the mouse study, a
statistically significant increase in hepatocellular carcinomas of male mice was also
reported in the NTP study (4/50, 9/50 and 11/50 for control, low dose and high dose,
respectively); however, the incidences were within or below the range of historical
controls for this laboratory (65/297) and were not considered exposure related by the
NTP. The other available chronic studies in mice and rats did not report an increased
incidence of exposure-related liver tumours (NTP 1982).

A lack of carcinogenicity of PR53:1 by the dermal exposure route was reported based

on results from two skin painting studies in mice (Carson 1984a; Hart et al. 1986). In
one study, ICR Swiss Webster mice (50 of each sex in the treatment and control
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groups) were exposed on the clipped dorsal skin (6 cm?) twice weekly for 18 months to
either water vehicle control or 1 mg of PR53:1 in 0.1 mL water (approximately 33 mg/kg-
bw per application dose?). Histological examination did not reveal any obvious
differences in tumours of the skin or other tissues between the control and PR53:1
exposure groups (Carson 1984a; IARC 1993). Limited details of another skin painting
study on CF-1 Carworth mice also reported no carcinogenic effects from weekly
exposure to a 0.1 mL solution of 1% PR53:1 for 26 months (as cited in Hart et al. 1986).
Although these studies were rather limited (i.e., single dose tested, dose lower than oral
LOAELS), the data provide some evidence of a lack of carcinogenic potential of PR53:1
directly applied to the skin of mice for the given test doses. Due to the relatively low
solubility of PR53:1 in the vehicle in these studies (water), its limited dermal penetration
observed in vitro (1%) and the low dose tested relative to the oral LOAELSs for mice
(external applied dose of 33 mg/kg-bw twice weekly vs. daily oral LOAEL in mice of

= 130 mg/kg-bw per day), the systemic dose from these dermal studies is expected to
be negligible, which helps to explain the observed lack of carcinogenicity.

A clear statistically significant decrease in the incidence of lymphocytic leukemia in both
sexes of rats and a decrease of tumours in the preputial gland of males were observed
in the chronic NTP study (NTP 1982). A similar decrease in lymphocytic leukemia was
observed in other chronic NTP studies of azo dyes that are lipophilic (Sudan I, Solvent
Yellow 77) or hydrophilic (Acid Red 14, Acid Orange 10) (Haseman and Johnson 1996).
While the majority of tested NTP substances that reduced the incidence of leukemia
also showed toxicity to the spleen, this was not observed in all cases, including with the
water-soluble azo dyes above. The mechanism of the apparent reduction of
spontaneous leukemia incidence in the F344 rat by these substances is unclear.

Other Repeated-dose Toxicity Studies

The repeated-dose oral toxicity studies available for PR53:1 demonstrate some
common non-cancer effects, with the spleen, blood, liver and kidney as the primary
target organs or tissues in the tested species in the following general order of sensitivity:
dog greater than rat, greater than mouse. The most consistent reported observations
across the studies involved spleen toxicity (i.e., congestion, hemorrhage, fibrosis,
hyperplasia, hemosiderosis, fatty changes) and were observed in both sexes of several
strains of rat from short-term, subchronic and chronic studies (Davis and Fitzhugh 1962;
CTFA 1982; NTP 1982). Splenic toxicity was also observed in studies in dogs (CTFA
1983a) as well as in short-term and subchronic studies in mice (NTP 1982). In the
chronic mouse studies that did not report splenic toxicity, the maximum tolerated dose
was likely not reached, and therefore test doses may have been insufficient to elicit this

2 Mouse body weight of 0.030 kg (Health Canada 1994).
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effect, supporting the lower sensitivity of mice compared with rats and dogs for this
effect (NTP 1982). Overall, spleen toxicity was observed at LOAELs of 30 mg/kg-bw per
day in the 2-year dog study (CFTA 1983), 50 mg/kg-bw per day in the chronic rat study
(NTP 1982) and 163 mg/kg-bw per day in the 13-week mouse study (NTP 1982). The
spleen toxicity is likely associated with, or secondary to, splenic clearance following
primary toxicity on the red blood cells; this was similarly reported following exposure of
dogs, rats and mice to aniline. Doses similar to those at which spleen toxicity was
observed included effects in red blood cells (anemia, decreased hemoglobin and red
blood cell volume, Heinz bodies, increased reticulocytes) as well as
hemosiderosis/pigmentation in liver and kidneys, which are indicative of increased red
blood cell destruction following primary red blood cell toxicity resulting from exposure to
PR53:1 or its azo bond cleavage products. The association of toxicity in the spleen with
toxicity in red blood cells observed in this study has also been reported for several other
aromatic amines (aniline, p-chloroaniline, o-toluidine) (NTP 1982; Goodman et al. 1984;
Weinburger et al. 1985).

Other common non-cancer observations involved effects in the liver and kidney. Liver
toxicity in rats (Davis and Fitzhugh 1962; CTFA 1982; NTP 1982) and dogs (CTFA
1983a) involved increased liver size/weight and hemosiderosis as well as additional
effects (basophilic cytoplasm changes and centrilobular necrosis) in male rats (NTP
1982). Observations in the kidneys included increased pigmentation in both sexes of
rats following short-term, subchronic and chronic exposure and kidney tubule
regeneration in female rats after chronic exposure (NTP 1982). Other less common
effects were reported in studies in rats by the NTP (testes tubule degeneration,
dilatation of mammary acini, hyperplasia of bronchiolar lymph nodes; NTP 1982) and
the US FDA (bone marrow hyperplasia; Davis and Fitzhugh 1962) and a study in mice
(chronic inflammation of the stomach; CTFA 1982).

PR49:1%2

There were no repeated-dose toxicity or absorption/metabolism studies identified for
PR49:1. However, based largely on similar assumptions as for PR53:1, it is considered
that some degree of bioavailability and dissociation of PR49:1 occurs following oral
exposure. Therefore, as dissociation of the Ba** ion and organic azo anion is likely to
occur, oral toxicity studies on the sodium salt, PR49* (D&C Red No. 10), are considered
here to inform the oral toxicity of PR49:1. Similar assumptions for the dermal route of
exposure are also considered to apply to PR49:1.

13 Other related salts—Pigment Red 49* (PR49* 1:1 Na" salt; CAS RN 1248-18-6; D&C Red No0.10) and Pigment Red
49:2* (PR49:2* 2:1 ca” pigment lake; CAS RN 1103-39-5; D&C Red No.11) are also used for read-across.
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Genotoxicity

Several salts of PR49, including the barium salt PR49:1, have been reported as
negative in the standard Ames assay (reviewed in Combes and Haveland-Smith 1982),
whereas PR49* (sodium salt) was reported as positive in Salmonella strain TA1538 with
and without S9 (Chung et al. 1981). PR49* was also reported to be negative in a Prival
modified Ames assay in strain TA98 (Zhou et al. 1987). The sodium salt would be
expected to be more soluble and available for facilitated azo cleavage in this assay;
therefore, a negative response suggests that the azo cleavage products were not
mutagenic in strain TA98 under the test conditions. PR49:1 was also reported as
inconclusive and negative for mutagenicity without and with S9 activation, respectively,
in the mouse lymphoma assay (Seifried et al. 2006). No other genotoxicity data were
identified for PR49:1 or its related salts; however, the available in vitro data do not
suggest a strong mutagenic potential.

Carcinogenicity

In a chronic skin painting study, ICR Swiss Webster mice (50 of each sex in exposure
group and 25 of each sex in control group) were exposed on the clipped dorsal skin (6
cm?) twice weekly for 18 months to either water vehicle control or 1 mg “Red No. 10"
(D&C Red No. 10 or PR49* sodium salt) in 0.1 mL water (approximately 33 mg/kg-bw**
per application dose). Histological examination did not reveal any obvious differences in
tumours of the skin or other tissues between the control and the exposure groups
(Carson 1984). As in the case of PR53:1, these data provide some evidence for a lack
of carcinogenic potential of PR49* sodium salt when applied directly to the skin of mice
for the given test doses. However, due to the limited dermal penetration expected for
the large soluble ionized substance as well as the low dose tested relative to the oral
LOAELSs for rats and dogs (external dermal dose of 33 mg/kg-bw biweekly vs. daily oral
LOAEL in rats and dogs greater than or equal to 25-30 mg/kg-bw per day with
significant expected absorption), the systemic dose from these dermal studies is
expected to be negligible, which helps to explain the lack of carcinogenicity observed.

Other Repeated-dose Toxicity Studies

The results of a 20-week subchronic feeding study conducted by the US FDA, in which
five Osborne-Mendel rats of each sex were exposed to a dietary concentration of 0%,
0.25%, 0.5%, 1% or 2% (equivalent to doses of 0, 125, 250, 500 and 1 000 mg/kg-bw
per day) of PR49*, indicated no changes in mortality, growth or other gross signs of
toxicity. However, a slight effect on hematological parameters (decreased hemoglobin

4 Mouse body weight of 0.030 kg (Health Canada 1994).
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and hematocrit, increased circulating blood normoblasts) as well as moderate
splenomegaly were observed in the test groups compared with the control group,
suggesting a subchronic LOAEL of 125 mg/kg-bw per day, the lowest dose tested
(Davis and Fitzhugh 1963). In the chronic 2-year feeding study also conducted by the
US FDA, 25 rats of each sex were exposed to a dietary concentration of 0%, 0.01%,
0.05%, 0.25% or 1% (equivalent to doses of 0, 5, 25, 125 and 500 mg/kg-bw per day)
for 103 weeks. The only exposure-related effects reported were a statistically significant
enlargement of the spleen in the 0.25% and 1% groups (125 and 500 mg/kg-bw per
day) with associated splenic hemosiderosis and erythropoiesis confirmed by histology,
while the spleens of the 0.05% group (25 mg/kg-bw per day) were not histologically
different from those of the control group. Moderate bone marrow hyperplasia was also
observed at 0.05% and above (= 25 mg/kg-bw per day). Blood samples throughout the
study period from five rats of each sex in each group showed no apparent effects on
hemoglobin, hematocrit or white cell counts; however, test groups did show
“polychromasia, target cells, and occasional normoblasts in peripheral blood.” No other
obvious differences in effects such as organ weights or tumour incidences were
reported between the exposure and control groups (Davis and Fitzhugh 1963). The
chronic LOAELSs are considered to be 125 mg/kg-bw per day for the spleen effects
(NOAEL = 25 mg/kg-bw per day) and 25 mg/kg-bw per day for bone marrow
hyperplasia (NOAEL = 5 mg/kg-bw per day).

In a dietary study in Beagle dogs (six of each sex per group) fed PR49* at a
concentration of 0%, 0.015%, 0.1% or 5% (equivalent to doses of 0, 4.5, 30 and 150
mg/kg-bw per day) for 2 years, no exposure-related changes in body weight, feed
consumption or behaviour were reported. Hematological parameters were reportedly
affected in dogs fed at and above 0.1% (30 mg/kg-bw per day), with decreases in
hematocrit, hemoglobin and erythrocyte counts, which increased in severity at the 5%
dose. Urine bilirubin was also increased at and above 0.1%. A dose-dependent
increased incidence of splenomegaly was shown at and above 0.1%, while liver weights
increased in the 5% group. Evidence of red blood cell destruction was reported at and
above 0.1%, based on histological findings of increased hemosiderosis and
erythropoiesis of the spleen, as well as pigmentation of the liver, bone marrow and renal
tubules. Severe acute hyperemia was found in tissue sections of all dogs in the 5%
group. A more limited 90-day subchronic study (one Beagle of each sex per group) in
the same dose range also demonstrated some evidence of effects on the blood
(bilirubinuria, splenomegaly, hemosiderosis of spleen/liver/kidney, increased nucleated
red blood cells) and supports the findings from the chronic study (US FDA 1972). Based
on these data, the chronic LOAEL is considered to be 30 mg/kg-bw per day, with a
NOAEL of 4.5 mg/kg-bw per day.

PR50:1

No empirical repeated-dose toxicity studies were identified for PR50:1. Consistent with
azo bond cleavage data for PR53:1, PR50:1 showed gradual but consistent azo bond
cleavage over the 24-hour incubation by a human fecal homogenate under anaerobic
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conditions (BRI 2013). Also consistent with PR53:1 (Dillon et al. 1994), PR50:1 was
negative for mutagenicity in Salmonella strains TA98 and TA100 with S9 activation and
the FMN Prival modification (ILS 2011). However, Dillon et al. (1994) suggested that
FMN alone may be insufficient to promote azo bond cleavage for PR53:1, as it showed
a mutagenic response in TA98 and TA100 after overnight anaerobic incubation of
PR53:1 with a rat fecal preparation. Therefore, it is uncertain whether the negative
modified Ames test results for PR50:1 are because the metabolites are not mutagenic
or due to insufficient azo bond cleavage by the FMN modification.

Summary and Considerations for Read-Across

Limited mechanistic data are available for the substances in the 3-naphthol pigment
lakes subset. However, based on similar physical-chemical properties, structures and
expected azo bond cleavage metabolites, read-across for health effects within this
subset is considered reasonable. Since the B-naphthol pigment lakes are expected to
undergo dissociation of the Ba®" ion and also azo cleavage to some degree, the health
effects of the potential azo cleavage metabolites are also considered here.

Besides 1-amino-2-naphthol which is common to all the B-naphthol pigment lakes
(potential health effects of 1-amino-2-naphthol are discussed in Section 7.2.1, Summary
and Considerations for Read-Across), the other corresponding metabolites are all sulfo-
or carboxyl-substituted anilines (PR50:1, PR53:1) or naphthylamine (PR49:1) (Table 7-
9) along with Ba** ion. The potential contribution of Ba** ion and the other metabolites of
the observed toxicity of their parent 3-naphthol pigment lakes is based on a comparison
to data on these metabolites focussing only on the most common critical effects for the
B-naphthol pigment lakes from Table 7-10, namely hemolysis and corresponding effects
in spleen (splenomegaly, increased weight, hemosiderosis, degenerative changes) as
well as liver toxicity (for PR53:1).

The toxicity of Ba®" ion has been summarized in several recent reviews indicating the
kidney to be the target organ in both mice, rats, and guinea pigs with evidence of
pigmentation, increased kidney weights, and nephropathy (SCHER 2012; CCME 2013).
In the available studies on Ba?* ion, no clear exposure-related effects were apparent in
hematology parameters or in either the spleen or liver (organ weight, histopathology) at
doses much higher than where hemolysis and spleen/liver toxicity was observed for
PR53:1 studies. For example, clear effects were observed in the spleen of both rats and
mice in the 13wk study of PR53:1 at doses of 150 and 163 mg/kg/d respectively,
corresponding to equivalent doses of Ba®" ion to be 23 and 25 mg/kg-bw per day for rat
and mice (assuming 100% of PR53:1 dissociates to release free Ba** ion). No similar
effects were observed in the subchronic component of a barium chloride drinking water
study t (NTP 1994) at Ba** ion doses 10-20x higher in rat and mouse respectively
(200mg Ba*" ion /kg-bw per day in rat, 495mg Ba®" ion /kg-bw per day mouse).
Therefore any PR53:1 related effects in the blood or spleen seem unrelated to the
contribution of Ba®* ion. Similar analysis supports the conclusion that Ba®* ion is
unlikely to be contributing to the PR53:1 related liver lesions. Therefore, these observed
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effects in PR53:1 are likely due to the organic moiety of this substance as either the
parent azo dye and/or the azo cleavage products. Since animal studies of PR49* (Na*
salt) did not include exposure to Ba** ion, the effects observed in these studies (e.g.
hemolysis, splenomegaly, hemosiderosis, bone marrow hyperplasia, urine bilirubin)
support that the common organic moieties of both PR53:1 and PR49* are responsible
for the effects observed in erythrocytes, spleen and liver for these substances.

The moiety 1-amino-2-naphthol is common to both PR53:1, PR49:1, and PR50:1 would
be expected to be contributing similarly to the toxicity of both substances. Therefore the
potential toxicity of the unique azo cleavage metabolites of these substances are
considered first. For both these substances, the unique azo cleavage metabolites
contain solubilizing groups by virtue of either sulfonate substitution (Red Lake C amine
from PR53:1, or Tobias acid from PR49:1) or carboxyl substitution (anthranilic acid from
PR50:1) (see Table 7-9).

For Red Lake C amine, a 28day oral study in rats did not report any exposure related
changes in hematology, clinical chemistry, organ weights, or in gross/microscopic
changes in tissues at doses up to 1000mg/kg-bw per day (Environment Canada, Health
Canada 2014b). In comparison, the short-term component of the NTP study on PR53:1
in rats reported grossly observable changes in the spleen (2-5x size increase, dark red)
as well as the liver and kidneys (dark red /reddish tan colour) at a dose of 300mg-kg-bw
per day, corresponding to a maximum theoretical dose of 148mg/kg-bw per day Red
Lake C amine®®. Since Red Lake C Amine did not show any toxic effects at the highest
tested dose of 1000mg/kg-bw per day in a longer study (28day vs 14day for short-term
component of NTP study on PR53:1), it is unlikely that the much lower corresponding
dose of Red Lake C Amine was responsible for the PR53:1-related changes in the
spleen. For Tobias acid (from PR49:1 and PR49%*), a similar lack of clear toxicity was
observed at orally dosed rats up to 1000mg/kg-bw per day in a reproductive/
developmental toxicity screening study (exposure duration 49 and 39 days for males
and females respectively) although a decrease in liver weights was reported at the high
dose (JECDB 2013a). A chronic dietary study in mice for Tobias acid did not report any
changes in mortality, survival or in tumour incidence at doses up to 1300 mg/kg-bw per
day, however other effects were not reported (Della Porta and Dragani 1982). ). In
comparison to the toxicity of PR49:1, studies on the sodium salt PR49* indicated effects
in rats as low as 25-125mg/kg/d (bone marrow hyperplasia, hematologic changes
indicating RBC destruction, splenomegaly) which correspond to maximum theoretical
Tobias acid doses of approximately 14-70mg/kg/d*®. Since these types of effects were

'* based on 49.2% molecular weight fraction of Red Lake C amine in PR53:1, assuming complete
dissociation and 100% azo cleavage to Red Lake C amine and 1-amino-2-naphthol

'® hased on 63% molecular weight fraction of Tobias acid in PR49 sodium salt, assuming also 100% azo
cleavage to Tobias acid and 1-amino-2-naphthol
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not observed in the short-term study of Tobias acid in rats at much higher doses (up to
1000 mg/kg-bw per day, JECDB 2013a) it is unlikely that the Tobias acid moiety had
contributed to the hemolysis and regenerative response observed in the PR49* studies.
The low toxicity observed for both Red Lake C amine (from PR53:1) and Tobias acid
(from PR49:1 and PR49%*) are consistent with general observations for sulfonated
amines as a class that are not expected to have carcinogenic potential and would
generally be associated with lower systemic toxicity (Jung et al. 1992).

For PR50:1, the unigue azo cleavage product is anthranilic acid (Table 7-9) which is
found endogenously from metabolism of tryptophan and for which low toxicity is inferred
from chronic dietary study in rats and mice on anthranilic acid that did not demonstrate
exposure related increases in survival or tumour incidence at dietary concentrations up
to 30,000ppm in rat (equivalent to 1500 mg/kg-bw per day) and 50,000ppm in mice
(equivalent to 6500 mg/kg-bw per day)*’ while some slight increase in hematopoiesis
was observed in both male and female rats (NCI 1978). Therefore, any exposure to
PR50:1, would not expect to have significant toxicity contributed by the anthranilic acid
moiety following azo cleavage.

Based on the data identified for the Ba®* ion and the azo bond cleavage products of
PR53:1 (Red Lake C amine) and PR49:1 (Tobias acid), there is little evidence that
these substances contributed significantly to the target organ toxicity observed for
PR53:1 and PR49:1 (data based on PR49*) — namely, evidence for hemolytic anemia
and histopathological changes in the spleen (and liver for PR53:1). However, similar
toxicities for both PR53:1 and PR49:1 (tested as PR49*) were observed at reasonably
similar doses, suggesting that the metabolite common to both of these substances, 1-
amino-2-naphthol, is responsible for these effects. Although no adequate repeated-dose
toxicity studies were identified for 1-amino-2-naphthol, mechanistic data suggest that
while it may be theoretically activated to an N-hydroxylamine, but more likely to a
reactive naphthoquinoneimine, supporting the role 1-amino-2-naphthol plays in the
observed toxicity of PR53:1 and PR49:1 (tested as PR49*). The formation of
naphthoquinone/ quinoneimines is well characterized for many substances based on an
aromatic amine and aromatic amide structure and is speculated to be another important
mode of action for the observed toxicity of these substances (Skipper et al. 2010). Other
substances that could generate 1-amino-2-naphthol have demonstrated similar target
organ toxicity in blood, spleen and liver, including the Sudan-type dyes, p-naphthol
pigments (Section 7.2.1) and water soluble acid dyes such as Acid Orange 1l (CAS RN
633-96-5). In the case of Acid Orange IlI, potent hemolytic effects were demonstrated by
the oral route along with evidence of substantial azo bond cleavage to sulfanilic acid

' dose conversions in ppm feed to mg/kg-bw per day for rat (ppm x 0.5) and mouse (ppm x 0.13) based
on Health Canada (1994)
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and 1l-amino-2-naphthol (SCCS 2011). Based on a lack of blood/spleen/liver toxicity
expected for sulfanilic acid (Jung et al. 1992), the target organ toxicity observed in Acid
Orange Il also points to the contribution from 1-amino-2-naphthol. Also, the observation
of covalent binding of the **C-naphthol label to red blood cells in the oral
absorption/metabolism study for PR53:1 (see Section 7.2.2 Absorption and Azo Bond
Cleavage Potential) provides evidence that the hemolytic effects of PR53:1 are most
likely due to 1-amino-2-naphthol.

In summary, the available health effects data for some of these substances (PR53:1,
PR49%), qualitatively similar toxicity was observed in animals primarily manifesting as
hemolysis and associated effects in the spleen (Table 7-10). These substances were
largely negative in the available genotoxicity studies. There was an increased incidence
of spleen tumours in male rats from studies on PR53:1, which similar to that observed
for aniline (Environment Canada, Health Canada 2011) and in the absence of strong
genotoxicity of PR53:1 is considered to be secondary to the non-neoplastic splenic
toxicity (Westmoreland and Gatehouse 1992; Weinburger et al. 1985). Since hemolysis
and spleen toxicity was also observed for PR49*, it is reasonable to assume a similar
potential for spleen tumours in PR49:1 and the other B-naphthol pigment lakes if tested
under the same conditions as for PR53:1. The more significant liver toxicity observed for
PR53:1 was not replicated to the same degree in the studies on PR49* and no liver
tumours were reported in chronic studies of PR49*, therefore it is uncertain whether the
liver tumours seen in rats for PR53:1 are a universal effect applicable to the other -
naphthol pigment lakes. No repeated-dose toxicity studies were identified for the other
B-naphthol pigment lake, PR50:1, however the potential toxicity contributed by the
anthranilic acid moiety following azo cleavage would be low. However, based on
comparable physical-chemical properties, structural similarity of the -naphthol pigment
lakes, azo bond cleavage potential, similar expected toxicokinetics and toxicodynamics,
and common health effects for expected metabolite (with toxicity to erythrocytes
conferred by the common 1-amino-2-naphthol moiety), all the B-naphthol pigment lakes
in this subset are expected to have a qualitatively similar toxicological potential.
Therefore, in the absence of health effects data for all substances in this subset, a
conservative read-across is considered with the critical health effects identified for these
substances (Table 7-10) applying to all substances in this subset, excluding liver
carcinogenicity for PR53:1. There is uncertainty whether the liver tumours observed for
PR53:1 can be extrapolated to the other B -naphthol pigment lakes.

7.2.3 BONA Pigment Lakes (PR48:2, PR63:1, PR52:1, PR52:2 and PR48:5)

The BONA pigment lakes subset consists of PR63:1 (Ca*"), PR48-based figment lakes
(PR48:2 Ca**, PR48:5 Mg**) and PR52-based pigment lakes (PR52:1 Ca**, PR52:2
Mn?"); the free acid forms are presented in Table 7-11. Although PR52:2 was not
considered as part of this subset in the previous sections, it is included here to inform
the human health effects characterization of this subset, given the limited data available
for the entire subset. Similarly, PR57:1* is included as an analogue for this subset, and
any health effects data identified for other related salts of PR48, PR52, PR63 and
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PR57* (D&C Red No. 6, Lithol Rubine B) are also included. All the BONA pigment lakes
substances are relatively low solubility metal salts of an o-sulfonate group on the phenyl
(PR48-based, PR52-based) or naphthyl ring (PR63:1) opposite a common azo bonded
BONA moiety. Azo bond cleavage of all these substances would yield the common 1-
amino derivative of BONA, 1-amino-2-naphthol-3-carboxylic acid (abbreviated 1-amino-
2-naphthol-3CA).

The BONA pigment lakes and analogue all share common structural features, where o-
sulfonated aniline derivatives (PR48-based, PR52-based, PR57*) or sulfonated amino-
naphthalene (i.e. Tobias acid in PR63:1) is azo coupled to a BONA moiety. They share
common physical-chemical properties and solubilities and therefore are expected to
behave similarly following oral and dermal exposure in terms of absorption and potential
for azo bond cleavage. Azo bond cleavage would result in similar o-sulfo-substituted
aniline derivatives or Tobias acid along with the common moiety, 1-amino-2-naphthol-3-
carboxylic acid (1-amino-2-naphthol-3CA, CAS RN 13065-86-6). CA. Since 1-amino-2-
naphthol-3CA is a common structural feature and potential azo cleavage product for all
the BONA pigment lakes, its structure is shown below, while the substance specific
parent structures and corresponding azo cleavage metabolites are shown in Table 7-11.:

Table 7-11: BONA pigment lakes and potential azo bond cleavage products

Parent BONA pigment lake chemical
identity® and structure

Potential azo bond cleavage products®
chemical identity and structure

PR48:2
(Ca®)
CAS RN 7023-61-2

PR48:5

(Mg™)
CAS RN 71832-83-2

Red 2B acid

CAS RN 88-51-7
(2-amino-4-chloro-5-
methylbenzenesulfonic acid)

CHy

Cl
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Parent BONA pigment lake chemical
identity® and structure

Potential azo bond cleavage products®
chemical identity and structure

CAS RN 6417-83-0
(D&C Red No. 34)

PR52:1 Red Lake C amine
(Ca?" CAS RN 88-53-9
CAS RN 17852-99-2 (2-amino-5-chloro-4-
methylbenzenesulfonic acid)

PR52:2 ¢
(Mn*")
CAS RN 12238-31-2 7

A
L\\_,J\_,,A\r.
PR63:1 Tobias acid
(Ca?" CAS RN 81-16-3

(2-amino-1-naphthalene sulfonic acid)

CAS RN 5281-04-9
(D&C Red No. 7, Lithol Rubine BK)

PR57*

(Na")
(D&C Red No. 6, Lithol Rubine B)

@ o

L, S
X y
PR57:1* Red 4B acid
(Ca?") CAS RN 88-44-8

(2-amino-5-methylbenzenesulfonic acid)

CH,

& US FDA “D&C” names are shown where available. counter-ion is shown in parentheses.

Presence of an asterix “*” in chemical name denotes an analogue used for read-across in the subset
b 1-amino-2-naphthol-3-CA (not shown) would also be an azo cleavage product common to all the BONA pigment

lakes

Absorption and Azo Bond Cleavage Potential

Based on the limited data on oral metabolism and bioavailability, the BONA pigment
lakes are expected to behave similarly to the B-naphthol pigment lakes in terms of their
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oral and dermal bioavailability due to their similar physical and chemical properties.
Therefore, some degree of oral bioavailability is expected, such as dissociation of the
counter-ion (Ca?*, Mg®*, Mn?*) and absorption of the parent free acid component of the
BONA pigment molecule and/or the azo bond cleavage products. PR63:1 is expected to
go through substantial azo bond cleavage, as indicated by an in vitro study
demonstrating rapid and extensive azo bond cleavage with a half-life of 0.54 hour under
anaerobic conditions in a human fecal homogenate (BRI 2013). Therefore, PR63:1 and
the other BONA pigment lakes are expected to go through azo bond cleavage following
oral exposure, with subsequent absorption of the metabolites. Other clear evidence of
oral bioavailability of the BONA pigment lakes comes from the empirical observation of
toxicological effects observed in experimental animal studies following oral exposure to
these substances, clearly indicating absorption of the parent pigments or their
metabolites. Although no precise value for oral absorption can be determined, a
conservative estimate of 100% oral absorption of either the parent azo structure or azo
cleavage metabolites is assumed, in line with the substantial oral absorption observed
for the related B-naphthol pigment lakes (> 35-54% from **C-labelled urinary
metabolites following oral exposure to PR53:1).

In vitro dermal absorption studies for PR57* used porcine skin from the back and trunk
or ear (SCCS 2012) The former study did not detect any PR57* in a 72-hour sample
from receptor fluid or skin layers and reported < 0.07% estimated dermal absorption
based on the limits of detection (high-performance liquid chromatography, limits of
detection of 9-21 ng/mL). The latter study reported that 0.091% of the applied dose
(presumably receptor fluid and skin layers) and > 99% of the test article were recovered
in the skin wash. Although limitations were noted for both studies, an overall low dermal
absorption of PR57* is evident. Given that the water solubility of PR57:1* (Ca** salt) is
approximately three orders of magnitude lower than that of the PR57* (Na" salt) tested
in these studies, dermal absorption of PR57:1* is considered correspondingly lower
than that of PR577*, generally in line with the low dermal absorption data for the §3-
naphthol pigment lakes (0.06%) presented in the previous section. However, the
available in vitro dermal absorption studies may not account for the microbial activity of
the normal flora of the skin which has been reported to cleave the azo bond (Stingley et
al. 2010, Platzek 1999). An in vitro incubation of PR63:1 with the dermal
Staphylococcus and Micrococcus sp. bacteria demonstrated azo cleavage occurred for
this substance (BRI 2012). Based on the available studies, dermal absorption of 1% is
considered a conservative estimate for the BONA pigment lakes accounting for the
potential azo bond cleavage occurring on the skin.

Health Effects

The selected lowest critical effect levels among the available toxicity data are presented
in Table 7-12. For short-term toxicity, the range of LOAELSs for PR48:2 and PR57:1* are
used for read-across to the other BONA pigment lakes. No critical effect levels from
subchronic studies are selected due to low confidence in the available data set. For
chronic studies, data for the BONA pigment lakes come directly via read-across from
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PR57:1*. While PR52:2 is considered to be an organometallic substance, a toxicity
profile similar to those of the other BONA pigment lakes is assumed as a conservative
approach.

Due to the limited health effects database for the BONA pigment lakes, data for
repeated-dose toxicity and other effects are largely based on PR57:1*. In addition, the
health effects associated with the potential azo bond cleavage products of PR48, PR52
and PR63 are also considered to inform the health effects of the corresponding parent
substances. A comparison of some of the BONA pigment lakes with their corresponding
homologue B-naphthol pigment lakes is also considered, since differences in toxicity
may be explained in part by the 3-carboxyl group of 1-amino-2-naphthol-3CA, which
differentiates 1-amino-2-naphthol-3CA from the 1-amino-2-naphthol moiety (e.g.,
PR63:1 vs. PR49:1).

PR57:1* has an o-sulfonate substituent on the phenyl ring opposite the azo bonded
BONA moiety. The physical-chemical properties of all five BONA pigment lakes are
similar; therefore, all could potentially generate similar azo bond cleavage products with
a common 1-amino-2-naphthol-3CA moiety. Therefore, the available toxicity data for
PR57:1* are considered applicable for read-across to the other BONA pigment lakes in
this subset. PR57:1* and PR57* have been well studied, with many data generated to
support approved uses as a cosmetic colourant in the USA and Europe as well as a
limited use in Europe as a food additive in edible cheese rinds as the additive “E 180.”
PR57:1* and PR57* are considered together in line with the assumption of toxicological
equivalence for both salts via oral exposure (US FDA 1982), and a summary of the
available toxicity data as cited from secondary sources is presented below (US FDA
1982; JECFA 1986; BIBRA 19934, b; OECD 1994; EFSA 2010; SCCS 2012). For the
two PR48-based pigment lakes (PR48:2 Ca®*, PR48:5 Mg**), the available toxicity data
include a review by BIBRA (1997a) and a reproductive/developmental screening study
in rats (CHRIP ©2008b). For PR63:1, no publically available review of the health effects
data of this substance was identified. While a safety evaluation by the US FDA was
conducted on PR63:1 under the name D&C Red No. 34 for approved use as a colourant
in externally applied drugs and cosmetics (US FDA 1976), the details of this evaluation
are not publically available. Therefore, the available published toxicity data on PR63:1
are summarized. No toxicity data were identified for the free acid or any salts of PR52.

Table 7-12: Summary of critical effect levels for the BONA pigment lakes®

Subchronic
Short-term LOAEL/ Chronic
Substance | LOAEL/NOAEL NOAEL LOAEL/ NOAEL
(mg/kg-bw per day) (mg/kg-bw per | (mg/kg-bw per day)
day)
LOAEL = 200 (FR)
, LOAEL = 1000 (MR) . Read-across from
PR48:2 Kidney (degeneration/ No suitable data PR57:1*
necrosis of proximal
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tubules in FR, increased
kidney wt and tubule
basophilic changes in MR
(CHRIP ©2008b)

PR52:1, Read-across from PR48:2 No suitable data Read-across from
PR52:2 and PR57:1* PR57:1*
NOAEL = 2500
PR63'1 Read-across from PR48:2 | (MR/FR) Read-across from
' and PR57:1* (Hansen et al. PR57:1*
1960)°
LOAEL =150

LOAEL = 100 (FR) NOAEL = 25 (MR)

) : NOAEL = 1000 . .
Kidney (necrosis, MR/ER Kidney (increased
PR57:1* regeneration, foamy cells ( ) severity of chronic
' : A (Hansen et al. . .
in tubular epithelium) 1958)° progressive nephrosis
(FDSC 1993) in MR and FR)
(IRDC 1981)

Abbreviations: BMDL;, lower confidence limit on the benchmark dose for a 10% response; FR, female rats; kg-bw,
kilograms of body weight; LOAEL, lowest-observed-adverse-effect level; MR, male rats; NOAEL, no-observed-
adverse-effect level; wt, weight

& Al critical effect values are from oral studies unless otherwise indicated. NOAELSs are shown if clearly indicated from
the full study report or secondary source; otherwise, only the LOAEL is shown.

® A column for cancer data is not shown since the only study with chronic exposure was for PR57:1* which was
negative for carcinogenicity.

¢ Limited detail from abstract; lower confidence.

Carcinogenicity and Genotoxicity

No empirical data on carcinogenicity were identified for the BONA pigment lakes
considered in this assessment (PR63:1, PR48-based pigment lakes PR48:2 and
PRA48:5, PR52-based pigment lakes PR52:1 and PR52:2) however chronic toxicity data
was available for another BONA pigment lakes, PR57:1* and its sodium salt PR57*. The
chronic dietary studies on PR57* in mice and rats and a lifetime skin painting study on
PR57:1* in mice were also considered to provide evidence for the lack of
carcinogenicity of these substances by the oral and dermal exposure routes (US FDA
1982, described in section below, Other Repeated-dose Toxicity Studies). Based on the
available data, PR57:1* and PR57* are not considered to present a high potential for
either carcinogenicity.

The available genotoxicity for the BONA pigment lakes are summarized below.
Negative genotoxic responses in the standard Ames assay with and without S9
activation were reported for “Red 2B, Cl 15865” (presumably PR48) in TA1535 and
TA1537 (Milvy and Kay 1978) and for PR48:4 (Mn?* salt) in TA98, TA100, TA1535 and
TA1537 (ETAD 1988). PR63:1 was reported as negative in both the standard Ames
assay in Salmonella strains TA98 and TA100, with or without S9 activation (Miyagoshi
et al. 1983). PR63:1 was also reported to be negative and weakly positive in a Prival
modified Ames assay with FMN supplement in TA98 and TA100, respectively (ILS
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2011). Both PR57:1* and PR57* were negative for several genotoxicity endpoints,
including in vitro mutagenicity in bacteria and mammalian cells, in vitro chromosomal
aberrations in mammalian cells and in vivo micronucleus assay in mice (SCCS 2012).

Other Repeated-dose Toxicity Studies

The critical health effect for PR48:2 is based on a Japanese study conducted according
to OECD Test Guideline 422 under good laboratory practice (GLP) conditions in which
groups of rats (Crl: CD (SD) strain, 12 of each sex per group) were exposed by daily
oral gavage to PR48:2 at a dose of 0, 40, 200 or 1 000 mg/kg-bw per day for 42 days
(14 days premating to day 4 of lactation). Sacrifice was at day 43 (main group) or
following a 14-day recovery period in a satellite group (five of each sex for control and
high-dose groups), while F; offspring were sacrificed 4 days after birth. Increased
degeneration or necrosis of the proximal tubular epithelium in kidney was observed at
200 mg/kg-bw per day. However, the effect was reported to have disappeared following
the 14-day recovery period (CHRIP ©2008b). Based on a single oral gavage screening
reproductive/developmental toxicity study in rats from the same report, the target organ
for PR48:2 toxicity appears to be the kidney (CHRIP ©2008b).

The critical health effect for PR57:1* is considered to be non-cancer changes in the
kidney, with a short-term/subchronic LOAEL of 100 mg/kg-bw per day (the lowest dose
tested) based on kidney lesions in female rats (FDSC 1993) and a chronic LOAEL of
150 mg/kg-bw per day (NOAEL of 25 mg/kg-bw per day) based on an increased
incidence of spontaneous kidney disease (chronic progressive nephrosis) in male rats
(IRDC 1981; US FDA 1982).

The kidney appeared to be the main target organ of PR57:1* toxicity in both sexes of
rats, showing consistent dose-dependent increased incidence and severity of various
lesions in the kidney tubules. The most recent study on PR57:1* among those identified
was conducted in 1993 by the Japanese Food & Drug Safety Center (Hatano Research
Institue, Japan) according to OECD Test Guideline 422 under GLP conditions and is
considered the highest quality study available for PR57:1* or PR57* (FDSC 1993;
OECD 1994; EFSA 2010; SCCS 2012;). In this study, male and female rats (13 of each
sex per dose group, Crj:CD (Sprague-Dawley) strain) were exposed by oral gavage to a
dose of 0, 100, 300 or 1000 mg/kg-bw per day (in 5% gum arabic solution) for 42 days
in males or approximately 39 days in females (14 days premating, 22 days of gestation,
3 days of lactation). No exposure-related changes in survival, body weight, feed
consumption or hematological parameters were observed in males or females. No
exposure-related changes in the reproductive parameters or developmental toxicity
endpoints were observed. Similar histopathological findings on the kidney tubules were
also observed in males in the 14-day range-finding study, as well as increased kidney
weights in high-dose males in the main study, supporting the kidney as a target organ in
this study. The LOAELSs for this study were considered to be 100 mg/kg-bw per day for
female rats and 300 mg/kg-bw per day in male rats (FDSC 1993; OECD 1994). Other
older repeated-dose toxicity studies for PR57:1* or PR57* also support the kidney as
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the target organ, although it has been noted that lower, or lack of, apparent potency for
kidney and other effects in several short-term and subchronic dietary studies may have
been due to the lower expected peak systemic dose compared with the gavage studies
(Leist 1982; FDSC 1993).

Several reviews of the above studies on PR57:1* considered the available toxicity data
insufficient to derive a definitive NOAEL for establishing guideline levels (JECFA 1986;
EFSA 2010), although 100 mg/kg-bw per day was considered to be close, based on the
available data set (EFSA 2010). The NOAEL of 15 mg/kg-bw per day from the three-
generation study in rats (Weil and Carpenter 1973) was considered by the US FDA
(1982) as the basis for derivation of an acceptable daily intake.

A brief meeting abstract summarizes the results of a subchronic oral toxicity study
conducted by the US FDA in which rats (10 of each sex per group, strain not provided)
were exposed to dietary PR63:1 concentrations of 0%, 0.25%, 0.5%, 1%, 2% or 5%
(equivalent to doses of 0, 125, 250, 500, 1 000 and 2 500 mg/kg-bw per day) for 90
days (Hansen et al. 1960). No exposure-related changes were observed in body weight,
feed intake, blood counts or terminal organ weights. Therefore, the highest tested dose
of 2 500 mg/kg-bw per day (5%) was considered the NOAEL for this study (Hansen et
al. 1960).

The dermal toxicity of BONA pigment lakes was investigated in a chronic skin painting
study in mice. Briefly, ICR Swiss Webster mice (50 of each sex in exposure group and
25 of each sex in control group) were exposed on the clipped dorsal skin (6 cm?) twice
weekly for 18 months to either water vehicle control or PR63:1 (as D&C Red No.34) and
PR57:1* (as D&C Red No.7) at 0.1 mg/mL in water (per application dose of
approximately 33 mg/kg-bw*®). No exposure-related changes in body weight, survival,
behaviour or gross pathology were reported. Histological examination did not reveal any
obvious differences in tumours of the skin or other tissues between the control and the
exposure groups (Carson 1984a, b; IARC 1993). Based on the limited dermal
absorption expected, the predicted systemic dose from this application would be low
and insufficient to cause any systemic effects. Therefore, the study design and low
doses selected limit the interpretation of the results from this study.

Summary and Considerations for Read-across

Based on comparable physical-chemical properties, structural similarity of the BONA
pigment lakes, azo bond cleavage potential, similar expected toxicokinetics and
toxicodynamics, and common azo cleavage metabolites, all the BONA pigment lakes in

'8 Mouse body weight of 0.030 kg (Health Canada 1994).
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this subset are expected to have a qualitatively similar toxicity. The primary basis for
read-across of health effects for the BONA pigment lakes is based on available short-
term toxicity data for PR48:2 as well as shor-term, sub-chronic and chronic data for the
analogue BONA pigment lakes PR57* and PR57:1*. This and additional information on
the azo cleavage metabolites are provided in the sections below.

Overall, based primarily on read-across for the health effects data on PR57:1*, the
BONA pigment lakes are expected to have a low potential for carcinogenicity and
genotoxicity. Therefore, non-cancer health effects are considered to be the endpoints of
concern. Based on read-across for PR48:2 and PR57:1*, the critical short-term/sub-
chronic health effect levels are based on LOAELs of 100-200 mg/kg-bw per day (range
of LOAELSs for PR57:1* and PR48:2) for kidney lesions in female rats while a chronic
LOAEL of 150 mg/kg-bw per day (NOAEL = 25 mg/kg-bw per day) is based on
increased incidence of spontaneous kidney disease (chronic progressive nephrosis) in
male rats (also at higher doses in female rats) exposed to PR57:1* (IRDC 1981; US
FDA 1982). Since the molecular weights of PR57:1* and the evaluated BONA pigments
are very close in range (425 g/mol vs. 443-461 g/mol, respectively), molar equivalent
doses have not been derived for each substance.

Similar kidney effects were observed for PR48:2 and PR57:1* under the same
experimental study protocol in rats in terms of lesions (degeneration/necrosis of renal
tubule cells) and potency range: LOAEL of 200 mg/kg-bw per day for PR48:2 (CHRIP
©2008b) compared with a LOAEL of 100 mg/kg-bw per day for PR57:1* (FDSC 1993).
In other short-term and chronic studies on PR57:1*, the kidney was also identified as
the target organ for toxicity. Kidney tubule toxicity was also observed in short-term oral
studies in rats for other BONA pigment lake analogues, including CAS RN 17841-23-2
(Sun Chemical 2004). However, in these latter studies, the male rats appeared to be
more sensitive than the females to the kidney toxicity; this is more typical of kidney
toxicity in general, as evidenced by observations of chronic progressive nephrosis in the
male rat (Hard and Khan 2004). The greater apparent sensitivity of female rats in the
reproductive/ developmental toxicity screening studies (OECD Test Guideline 422) on
PR48:2 and PR57:1* may have been due to the pregnant status of the females in these
studies, however there is uncertainty regarding the reason for observed sensitivity in
pregnant females. However, the collective information on the available BONA pigment
lakes strongly suggests the kidney as a target organ for the toxicity of BONA pigment
lakes.

Based on the assumption that exposure to the BONA pigment lakes will undergo azo
bond cleavage to some degree, the toxicity of the potential azo bond cleavage products
(Table 7-11) of the BONA pigment lakes are also considered here.

While no toxicity data were identified for the common metabolite 1-amino-2-naphthol-

3CA which is shared by all the BONA pigment lakes (Table 7-11), some health effects
data were available for Red 2B acid (from PR48:2, PR48:5), Red Lake C amine (from
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PR52:1 and PR52:2), Tobias Acid (PR63:1), and Red 4B acid (from the analogue
PR57:1%).

The toxicity of Red 4B acid (from analogue PR57:1*) has been studied in the
reproductive/ developmental toxicity screening study (OECD TG 422) in rats using the
same protocol as above for PR57:1 with no exposure-related effects in the Fo males or
females, on reproductive parameters or on developmental toxicity endpoints observed
up to the highest tested dose of 1000mg/kg-bw per day (JECDB 2013b). In comparison,
a study with the parent azo PR57:1* using the same design (OECD TG 422) reported
degeneration/necrosis of renal tubule cells at a much lower dose of 100mg/kg-bw per
day. Given the differential responses for Red 4B acid and the parent azo PR57:1* in the
type of study, any Red 4B acid potentially generated from the parent PR57:1* would not
be expected to contributing significantly to the observed toxicity of PR57:1*. Therefore,
the toxicity of PR57:1* may be either due to activation of the parent PR57:1* itself or
from the other azo bond cleavage product, 1-amino-2-naphthol-3CA. While no toxicity
data were available for 1-amino-2-naphthol-3CA, given that PR57:1* is likely to undergo
some degree of azo bond cleavage following oral exposure, it is likely that 1-amino-2-
naphthol-3CA contributes to some extent to the observed oral toxicity of PR57:1*. With
respect to genotoxicity, Red 4B acid was reported to be negative for in vitro
mutagenicity in Salmonella , E. coli, and in mouse lymphoma cells and this substance
was also negative for UDS in primary rat hepatocytes (CCRIS 2012). Overall, the
metabolite Red 4B acid is expected to pose a low potential for systemic toxicity and
genotoxicity. There were no repeated-dose studies identified for Red 2B acid (from
PR48:2 and PR48:5) However a 28day oral study in rats for the positional isomer Red
Lake C amine (from PR52:1 and PR52:2, and also the B-pigment lake PR53:1)
indicated no exposure-related effects in body weight, feed consumption, hematological
or clinical chemistry parameters, organ weights, or gross and/or microscopic
abnormalities up to the highest tested dose of 1000mg/kg-bw per day (Environment
Canada, Health Canada 2014b). This low systemic toxicity of Red Lake C amine is
consistent with that for Red 4B acid (previous paragraph) and other sulfonated aromatic
amines (Jung et al. 1992) and likely applies also to Red 2B acid. The toxicity of Tobias
acid (from PR63:1) was described in a previous section (see Section 7.2.2 Summary
and Considerations for Read-Across) as this substance is also a metabolite of the -
Naphthol pigment lakes PR49:1* and PR49*. In a reproductive/ developmental toxicity
screening study (exposure duration 49 and 39 days for males and females respectively)
exposure of rats to Tobias acid resulted in a similar lack of clear toxicity observed up to
the highest tested dose of 1000mg/kg-bw per day, although a decrease in liver weights
was reported at the high dose (JECDB 2013a).

Therefore, the available information in the paragraph above indicates a limited systemic
toxicity from the most of the expected azo cleavage metabolites of the BONA pigment
lakes. While no health effects data were identified for 1-amino-2-naphthol-3CA, the azo
bond cleavage product appears likely to contribute in some degree to the observed
toxicity of the BONA pigment lakes, including PR57:1* . Since the other potential azo
bond cleavage products, o-sulfo-substituted aniline derivatives (PR48, PR52, PR57%*)
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and Tobias acid (PR63), indicate low hazard potential, it is reasonable to expect that the
common metabolite 1-amino-2-naphthol-3CA could be responsible for the effects
observed for PR48:2 and PR57:1* and could contribute similarly to the toxicity of the
other BONA pigment lakes in this subset.

Overall, although data is limited, a read-across for the health effects of PR48:2 and
PR57:1* (Table 7-12) are considered to apply to all substances in the BONA pigment
lakes subset.

7.2.4 Monoazo Yellow Pigments (PY1, PY3, PY73)

PY1, PY3 and PY73 do not have robust data sets for human health effects. The limited
data identified were genotoxicity studies, including Prival modified Ames assays for all
three substances, as well as short-term oral toxicity studies on PY1 and PY3. No
chronic toxicity studies were identified for any of these substances, and the only
repeated-dose toxicity studies identified were for PY73. Two analogues, PY74* and
CAS RN 80675-49-6*, were considered to inform the hazard potential of PY1, PY3 and
PY73. These five substances, together with their potential azo bond cleavage products,
are presented in Table 7-13.

Absorption and Azo Bond Cleavage Potential

Despite similar molecular weights and solubilities in water and octanol, monoazo yellow
pigments appear less bioavailable than B-naphthol pigments following oral exposure. In
the oral toxicokinetics study of PY74* and PR3 (a B-naphthol pigment) in rats, a single
oral gavage dose of PY74* in corn oil of 12.6 mg/kg-bw was given to male F344 rats (n
= 12), with pooled tissues (gut contents, feces, plasma, whole blood, liver, kidneys,
lungs and urine) from three rats sampled at 1, 4, 24 and 48 hours after dosing (El
Dareer et al. 1984). No PY74* was detected, except in the intestinal tissues directly in
contact with the gut contents and in the urine (less than 1%) at 24 and 48 hours. By 48
hours, up to 85.9% of the administered PY74* was recovered in the feces, with 2.1% in
the gut contents, giving a total recovery of 88.2% (standard deviation £ 21.7%). The
metabolites of PY74* were not investigated. Despite the large variability in recovery
noted in this study, relatively lower amounts of PR3 were recovered, indicating relatively
greater absorption and/or azo bond cleavage of this substance. Therefore, a limited
potential for absorption and/or azo bond cleavage of PY74* is considered, at least
relatively lower than that for PR3.

A similar comparison is observed from the results of a microbial azo degradation study
(Pearce et al. 2008). In this study, POS5 (a B-naphthol pigment) demonstrated much
greater relative potential for azo bond reduction by Shewanella strain J18 143
compared with PY74*. For commercial pigments containing dispersions, there was
greater than 80% reduction in absorbance of PO5 after 160 hours of incubation,
compared with roughly 10% reduction for PY74*. After 20 hours, PO5 showed greater
than 20% reduction in absorbance, while less than 5% of PY74* was absorbed. It was
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suggested that relatively higher resistance to organic solvents and less microbial azo
reduction of PY74* were due to its crystal structure being stabilized by both hydrogen
bonding and van der Waals forces, while only van der Waals forces are present in 3-
naphthol pigments.

Table 7-13: Monoazo yellow pigments and analogues and potential azo bond

cleavage products

Parent monoazo yellow pigment

Potential azo bond cleavage products

PY1
CAS RN 2512-29-0
(D&C Yellow No. 5)

2-Nitro-4-methylaniline
CAS RN 89-62-3
(44% of PY1)

NH,

Amine of acetoacetanilide
CAS RN 101-01-2
(56% of PY1)

PY3
CAS RN 6486-23-3

2-Nit'ro-4-chloroaniline
CAS RN 89-63-4
(43% of PY3)

=0

N+

oO—2Z2

'\H2

Amine of chloracetoacetanilide
CAS RN 93-70-9
(57% of PY3)
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PY73
CAS RN 13515-40-7
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Cl
N : : \Or o :@
N
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2-Nitro-4-chloroaniline
CAS RN 89-63-4
(44% of PY73)

=0

I

oO—2Z2

'.H2

Amine of acetoacet-o-anisidide
CAS RN 92-15-9
(56% of PY73)

s

PY74*
CAS RN 6358-31-2

2-Methoxy-4-nitroaniline
CAS RN 97-52-9

N

Amine of acetoacet-o-anisidide
CAS RN 92-15-9

CAS RN 80675-49-6*

2-Methoxy-5-nitroaniline
CAS RN 99-59-2

- -.'.\ //\I/
&,'«\ e

(no name or CAS RN)

Reductive cleavage of the azo bond would theoretically produce the respective
nitroaniline derivative and an amine of the acetoacetanilide derivative.

Collectively, the above studies indicate that the expected amount and rate of azo bond

cleavage would be low and relatively much less for PY74* than for the (3-naphthol
pigments such as PR3 and PO5. Therefore, an overall lower oral bioavailability and azo
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bond cleavage potential for monoazo yellow pigments are expected relative to the (3-
naphthol pigments.

Health Effects

Although the analogues provide some additional information on short-term and
subchronic toxicity, information on all relevant endpoints, particularly from chronic
toxicity studies, was not available. As a conservative approach, the health effects of the
potential azo bond cleavage products are also considered, although no chronic toxicity
studies were identified for them either. While chronic toxicity studies are generally
lacking, it is considered that potential chronic health effects may be qualitatively similar
to those of the other nitroaniline-based Monoazo Pigments (i.e., the 3-naphthol
pigments subset), with an assumption of lower relative potency, considering the
following factors.

The assumption of similarity in chronic health effects between monoazo yellow
pigments and B-naphthol pigments is based primarily on the fact that these two subsets
would release similar nitroaniline derivatives following azo bond cleavage, and these
derivatives are at least partially responsible for the chronic toxicity of the parent
substances. As an example, both PY1 and PR3 can potentially release 2-nitro-4-
methylaniline and therefore are homologues of each other for this metabolite. The
nitroaniline derivative metabolites formed from both of these subsets would be expected
to exhibit similar genotoxicity, target organ toxicity (hemolysis, and histopathology of
spleen and livers) and potency levels that are characterized by the more general
category of nitroaromatics (Sakuratani et al. 2013). These types of effects are also
observed in chronic toxicity studies for the B-naphthol pigments, where the nitroaniline
metabolites may be responsible for the observed effects.

The lower relative potency assumed for the chronic toxicity of the monoazo yellow
pigments is based on the lower apparent bioavailability and/or azo bond cleavage
following oral exposure, as described in the previous section, as well as the lower
relative short-term toxicity compared with the B-naphthol pigments. The available short-
term toxicity studies on PY1 and PY3 in rats do not suggest a strong potential for
toxicity. While the 30-day gavage study with PY1 suggested some possible exposure-
related effects (increased liver weight in females and some indication of hemolysis in
males) at 1 000 mg/kg-bw per day (Hoechst 1979), the short-term feeding study with
PY3 did not indicate any response at the highest tested feed concentration of 1 250
mg/kg-bw per day (Study Submission 2012r). Such limited toxicity is also supported by
the analogues; for example, PY74* demonstrates possible exposure-related changes
(increased liver weight and evidence for hemolysis) only at the highest tested dose of 1
000 mg/kg-bw per day in a 90-day gavage study in rats (ECHA 2012), similar to the
study on PY1 (Hoechst 1979). However, similar to the lack of effects from the short-term
feeding study on PY3, no effects were also observed in rats at 1 126—1 160 mg/kg-bw
per day (the highest dose tested) in a 28-day feeding study on another monoazo yellow
pigment analogue CAS RN 80675-49-6* (ECHA 2012). The apparent exposure-related
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effects observed for PY1 and PY74* at lower doses may be due to the higher expected
peak plasma concentrations from the bolus delivery of test substance from gavage
route compared to the lack of effects seen in the feeding studies on PY3 and CAS RN
80675-49-6*. In comparison, the short-term oral LOAELSs in rats for the -naphthol
pigments range from 100 to 542 mg/kg-bw per day for PO5 (32 days) and PR3 (14
days), as previously discussed. Therefore, the potency of the monoazo yellow pigments
is considered to be lower than that of the B-naphthol pigments. The apparent relative
potency difference for short-term toxicity is considered even lower as the observed
effects for PY1 and PY74* were not adverse compared with the more pronounced
effects for PO5 and PR3. In addition, since the studies for PY1 and PY74*were gavage
versus feeding studies for PR3 and PO5, the monoazo yellow pigments are expected
to exhibit even lower relative toxicity from feeding studies (as seen for NOAELs at
highest tested feed doses for PY3 and CAS RN 80675-49-6*). Overall, despite the lack
of clear toxicological effects for the monoazo yellow pigments in short-term studies, the
potency of the monoazo yellow pigments is considered lower than that of the 3-naphthol
pigments; this relative potency is also considered to apply for the potential chronic
toxicity of the monoazo yellow pigments.

Critical effect levels for short-term toxicity of the monoazo yellow pigments are
summarized in Table 7-14.

Table 7-14: Summary of available critical effect levels for the monoazo yellow
pigments subset

Substance Short-term LOEL/ NOAEL(mg/kg-bw per day)

PY1 LOEL =1 000 (FR; increased liver wt; Hoechst 1979)
PY3 NOAEL =1 250 (MR/FR; Study Submission 2012r)
PY73 Read-across from PY1 and PY3

Abbreviations: BMDL o, lower confidence limit on the benchmark dose for a 10% response; FR, female rats; kg-bw,
kilograms of body weight; LOAEL, lowest-observed-adverse-effect level; LOEL, lowest-observed-effect level; MR,
male rats; NOAEL, no-observed-adverse-effect level; wt, weight

7.2.5 Naphthol AS Pigments (PR5, PR112, PR170, PR187, PR266, PR268
and PO38)

Among substances in the naphthol AS pigments subset, seven substances are
expected to have current exposure in Canada. These substances all contain the same
core structure of an aniline ring that is azo coupled to the naphthol AS moiety; however,
there is much variability among the substitutions on both sides of the azo bond, making
this subset more heterogeneous than previously discussed subsets. Unlike the
monoazo yellow pigments subset, the potential azo bond cleavage of these substances
would generate very different aromatic amine metabolites, all of which could have
differing toxicities. The physical-chemical properties of the naphthol AS pigments are
also more variable, presumably due to the structural differences among substances in
this subset. For example, while the available data indicate a narrow range of water
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solubility across the naphthol AS pigments subset (3—24.9 ug/L), the octanol solubility
ranges more than 2 orders of magnitude (e.g. 22.1 pg/L for PR187 compared with 7800
pg/L for PR112). Such differences in octanol solubility may result in variability in the
potential bioavailability among the naphthol AS pigments. Given the paucity of toxicity
data available and noting the higher uncertainties associated with the greater structural
variability of the naphthol AS pigments, a broader read-across is considered for the
hazard characterization, primarily using PR22* and PR23* as the analogues, but also
beyond this subset. Both PR22* and PR23* contain nitroaniline moieties that would be
released upon azo bond cleavage. However, substituted nitroanilines may not be as
applicable for read-across to the other naphthol AS pigments that do not contain
nitroaniline moieties.

Absorption and Azo Bond Cleavage Potential

The only data identified for azo reduction potential were for PR112. The potential for
azo bond cleavage of PR112 was studied in an anaerobic incubation with the bacterium
Shewanella strain J18 142 (Pearce et al. 2008). While some low levels of azo reduction
were observed for PR112, the study demonstrated a much more limited potential for
azo reduction of PR112 compared with the B-naphthol pigment PO5, which underwent
substantial azo reductive cleavage over the study period.

Limited amounts of PR23* were metabolized to 5-nitro-o-anisidine, suggesting limited
bioavailability (NTP 1978). In addition, an oral toxicokinetics study of PR23* in rats
indicated rather limited absorption and/or intestinal azo bond cleavage of PR23* in
comparison with the B-naphthol pigment PR3, despite the large standard deviations on
the recovered PR23* (El Dareer et al. 1984).

Health Effects

Health effects data were identified for PR112 (short-term toxicity, genotoxicity, microbial
azo reduction), PR170 (short-term toxicity, genotoxicity) and PR268 (genotoxicity,
microbial azo reduction).

Among several genotoxicity studies identified for PR112, earlier studies on PR112
reported positive mutagenicity in the standard Ames assay and Chinese hamster V79
cells; however, these results were either proved to be due to impurities or not
repeatable (NTIS 1986; BIBRA 1997b). Negative results were obtained from another
standard Ames assay (ETAD 1988) and more recent studies with the FMN Prival
modification that were compliant with GLP, as well as for mutagenicity and
clastogenicity in Chinese hamster V79 cells (ECHA 2012). PR170 also indicated a lack
of mutagenicity in the standard Ames assay (Study Submission 2012s); as well,
negative results for mutagenicity and chromosomal aberrations was observed in
Chinese hamster V79 cells (Study Submission 2012t, u). PR268 was negative for
mutagenicity in Salmonella strains TA98 and TA100 with hamster liver S9 and with the
FMN Prival modification (ILS 2011).
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An in vitro study on PR22* with Chinese hamster lung cells showed no increase in
chromosomal aberrations or polyploidy with or without rat liver S9 (JECDB 2013c).
However, mixed mutagenicity results were obtained in the standard Ames assay with
both positive (TA98, TA100, TA1537, +S9; E. coli WP2 uvrA +S9) and negative results
(TA1535 + S9; E. coli WP2 uvrA -S9). The positive responses are consistent with those
for other Monoazo Pigments containing nitro substitutions (B-naphthol pigments), which
may indicate that the pigment is biologically available to the bacteria either as the parent
molecule or after azo reduction to the nitroaniline. In either case, these results suggest
that PR22* was sufficiently soluble or bioavailable to elicit a positive response in this
study, supported by the release of 5-nitro-o-toluidine at levels greater than 30 ppm
following chemical reduction from PR22* and the related naphthol AS pigment, PR8
(ETAD 2008). Overall, the data on PR22* indicate some potential for toxicity and
genotoxicity in vitro, which suggests at least a limited bioavailability of PR22* or its azo
bond cleavage metabolites in these studies.

PR23* has been tested in a chronic feeding study in rats and mice (NTP 1992). The
short-term and subchronic stages of this study indicated hemolysis and liver weight
increases at a feed concentration of 50 000 ppm in rats (dose equivalent to 2 500
mg/kg-bw per day). The study also demonstrated a low carcinogenic potency for PR23*,
with equivocal evidence for renal tumours and tubule hyperplasia at a feed
concentration of 50 000 ppm in rats (dose equivalent to 2 500 mg/kg-bw per day). Since
the potential azo bond cleavage product, 5-nitro-o-anisidine, was itself positive for
carcinogenicity at numerous sites in rats at doses as low as 200—-400 mg/kg-bw per day
(NTP 1978), the overall lower potency and weaker response of PR23* suggests that
limited amounts of PR23* were cleaved at the azo bond to produce 5-nitro-o-anisidine;
this suggests limited bioavailability of the toxic metabolite, as discussed in the previous
section.

A recent short-term toxicity study in rats conducted according to OECD Test Guideline
407 was reported in the REACH dossier for PR112 (ECHA 2012). In this study, Wistar
rats (five of each sex per group, Crl:Wi(Han) strain) were exposed for 28 days to a daily
gavage of PR112 in propylene glycol vehicle at a dose of 0, 100, 300 or 1 000 mg/kg-
bw per day. No toxicologically significant effects were reported in any parameter
measured (clinical signs, body and organ weights, hematology, urine analysis, clinical
chemistry, gross pathology, histopathology), and the highest tested dose of 1 000
mg/kg-bw per day was considered to be the NOAEL by the study authors. Some
hematological changes were observed, including increased reticulocytes (males, 1 000
mg/kg-bw per day), increased methemoglobin levels (females = 100 mg/kg-bw per day)
and lower mean corpuscular volume (females = 100 mg/kg-bw per day), although they
are not considered toxicologically significant by the study authors, given that these
values were within the normal ranges (ECHA 2012).

2,4,5-Trichloroaniline (CAS RN 636-30-6), a potential azo bond cleavage product of
PR112, has been observed to cause methemoglobinemia and Heinz bodies following
acute exposure, while short-term oral studies in rats also caused hematological
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changes consistent with hemolysis and increased liver weights at doses as low as 40
mg/kg-bw per day (BUA 2001). Although the increased reticulocytes and
methemoglobin observed for PR112 are consistent with the effects of 2,4,5-
trichloroaniline, the observation of lower increases in mean cell volume is inconsistent
with a hemolytic effect in this study. Given the uncertainty around whether the increased
reticulocytes and methemoglobin observed in the REACH dossier study are related to
PR112 exposure, a no-observed-adverse-effect level (NOAEL) of 1 000 mg/kg-bw per
day is considered for this assessment. Another short-term study in rats indicated an
absence of effects on behaviour, urine parameters, hematology or gross or microscopic
pathology following 28 gavage doses of PR112 at 500 mg/kg-bw over a 43-day period
(SCC 1988; BIBRA 1997b). A local lymph node assay in mice was also reported as
negative for PR112 (ECHA 2012).

Overall, the available repeated-dose toxicity studies on PR112 do not demonstrate
evidence for clear adverse effects at doses up to 1 000 mg/kg-bw per day, and an
absence of positive response in in vitro assays has also indicated a lack of genotoxic
potential for this substance.

An unpublished short-term oral toxicity study in which Wistar rats (five of each sex per
group) were dosed with 0, 500, 2 500 or 12 500 ppm of PR170 in the feed following
OECD Test Guideline 407 for 28 days (Study Submission 2012v) showed no apparent
exposure-related dose-dependent changes in hematology, urine analysis, clinical
chemistry or tissue pathology. The highest exposure group of 12 500 ppm (1 172 and 1
193 mg/kg-bw day for males and females, respectively) is considered as the NOAEL in
this study.

In a short-term reproductive/developmental toxicity screening study (OECD Test
Guideline 422) in which rats (12 of each sex per group) were exposed to PR22* by
gavage for 37 days in males and approximately 40 days in females (14 days premating,
23 days of gestation to day 4 of lactation) to a dose of 0, 100, 300 or 1 000 mg/kg-bw
per day (JECDB 2013c), no exposure-related changes were reported in reproductive or
developmental parameters, nor were any consistent dose-dependent effects observed
in hematology, urinary parameters, clinical chemistry or findings from gross pathology
and histopathology. However, a dose-dependent increase in liver weights was observed
in both males and females, which reached statistical significance at 1 000 mg/kg-bw per
day. The middle dose of 300 mg/kg-bw per day was considered as the no-observed-
effect level (NOEL) for this study (JECDB 2013c).

In the absence of empirical health effects data, read-across is applied across this
subset including those Naphthol AS pigments that do not share the same metabolite (5-
nitro-o-anisidine) as PR23*. Overall read-across within this subset indicates a low
toxicity from short-term studies; 1 000 mg/kg-bw per day is considered as a short-term
NOAEL for the entire subset based on effects observed for PR22*, taking into account
the results from PR112 (NOAEL of 1000 mg/kg-bw per day), PR170 (NOAEL of 1172
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mg/kg-bw per day) and PR23* (short-term LOAEL of 2 500 mg/kg-bw per day).
Summary of critical effect levels are presented in Table 7-15.

Table 7-15: Summary of critical effect levels for the naphthol AS pigments ?

Substance Short-term NOAEL (mg/kg-bw per day)
NOAEL = 1000 (MR/FR)

PR (ECHA 2012)

PR170 NOAEL =1172/1193 (MR/FR)

(Study Submission 2012v)

PR5; PR187; PR266; PR268; PO38; Read-across from PR22*, PR112 and
NAPNPA: NANPAP: NAPMPA: PR170
NAPPA

NOAEL, no-observed-adverse-effect level; kg-bw, kilograms of body weight; FR, female rats; MR, male rats;
% No empirical data were identified for subchronic effect levels.

The only chronic toxicity study was for the analogue PR23*, which showed low
carcinogenic potency at doses as low as 2 500 mg/kg-bw per day in rats.

Although PR22* and PR23* contain nitroaniline moieties, these analogues also
demonstrated a low potency for effects in short-term studies in rats, with LOELs of 1
000 mg/kg-bw per day for PR22* (increased liver weight) and 2 500 mg/kg-bw per day
for PR23* (liver weight, evidence of hemolysis). The chronic toxicity study for PR23*
also indicates a lower carcinogenic potency at the high dose of 2 500 mg’ kg bw per
day, than would be expected from its metabolite (5-nitro-o-anisidine), suggesting a low
bioavailability of the parent PR23* to degradation pathways. The available data on
microbial azo reduction for PR112 (Pearce et al. 2008) and oral toxicokinetics in the rat
for PR23* (El Dareer et al. 1984) also indicate a low overall potential for oral absorption
and/or microbial azo reduction relative to 3-naphthol pigments also investigated in the
same studies. Overall, these Napthhol AS pigments are considered to exhibit similar
gualitative short-term and chronic toxicity as for the 3-naphthol pigments with a lower
relative potency based on the comparison of available short-term toxicity data.

7.2.6 Other monoazo pigments (PO36, PR247:1, PR251, PY60, NSNAC)

No susbstance specific toxicity data were identified for the other monoazo pigments not
otherwise covered in one of the pigment subsets from previous sections. Among these
substances, evidence for exposure was only identified for PO36.

PO36

No relevant health effects data were identified for PO36. However, since PO36 can
potentially generate a nitroaniline from azo bond cleavage similar to those for the -
naphthol pigments subset, a conservative supposition is made that similar qualitative
toxicity as for the B-naphthol pigments may occur from short-term and chronic
exposures to PO36. Based principally on the overall 20-100 times lower octanol
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solubility of PO36 (86.1 to > 137 pg/L) compared with the 3-naphthol pigments (1760—
17900 ug/L), the bioavailability of PO36 is also considered to be lower in terms of
potency for both short-term and chronic effects.

PR247:1, PR251, PY60, NSNAC

The available information did not identify sources of exposure to these substances,
therefore as no exposure is expected, only a limited hazard characterization was
conducted on these substances. No health effects data were identified for PR247:1,
PR251, PY60, or NSNAC and no close data-rich analogues were identified for use in
read-across. Other than for PR247:1, no empirical data on the most relevant physical
chemical properties (i.e. solubility in water and/or octanol) were identified to help infer
bioavailability and the potential for these substances to undergo cleavage. However, it
should be noted that two of these substances contain moieties for which some health
effects may be expected.

Theoretical azo cleavage of PR251 would generate 1-aminoanthraquinone (CAS RN
82-45-1) which has shown effects in spleen, kidney repeat-dose studies and in nursing
behaviour in a reproductive study (OECD 1996). Several related aminoanthraquinones
have shown positive evidence of carcinogenicity in rodents in chronic studies although
clear read-across of this effect to 1-aminoanthraquinone is uncertain (Sendelbach
1989).

Theoretical azo bond cleavage of PY60 would release 2-chloroaniline (CAS RN 95-51-
2), for which toxicity to red blood cells and spleen, typical of other chloroanilines, has
been observed in rats (Environment Canada, Health Canada 2014b). No health effects
data were identified for the potential azo cleavage metabolites of PR247:1 or NSNAC.
However, both of the aminonaphthol moieties on each side of the azo bond of NSNAC
are sulfonated and one of the Naphthol AS derivative moieties in PR247:1 is sulfonated
which would suggest increased bioavailability by the oral route for these substances (by
analogy to the 3-naphthol pigment lake and BONA pigment lake subsets evaluated in
this assessment). However, these sulfonated amines would not be expected to have
carcinogenic potential and would generally be associated with lower systemic toxicity
(Jung et al. 1992). There were no health effects data identified for the remaining
unsulfonated Naphthol AS derivative moiety in PR247:1, therefore the potential toxicity
associated with this structure is uncertain.

While there may be health effects associated with the theoretical azo cleavage
metabolites of some of these substances (1-aminoanthraquinone from PR251, and 2-
chloraniline from PY60), there is high uncertainty regarding potential release of these
metabolites from the parent pigments. Therefore, in the absence of data on these
substances the critical health effects cannot be conclusively determined.
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7.2.7 Uncertainty in Toxicological Data

Recognizing the inadequacy of the data set to varying degrees, depending on the
subset, some general assumptions for predicting hazard potential have been applied to
all the Monoazo Pigment subsets. The primary assumption is that the toxicity of
substances and analogues within a subset is due to the potential aromatic amine
metabolites, which for a given Monoazo Pigment subset may be a common metabolite
(e.g., 1-amino-2-naphthol is a common potential metabolite for all substances in the [3-
naphthol pigments and B-naphthol pigment lakes subsets). In other cases, very closely
related metabolites may be expected for a given subset (e.g., substituted nitroaniline
derivatives for substances in the 3-naphthol pigments subset). It is expected that
systemic exposure to these common and/or very closely related aromatic amine
metabolites would lead to similar health effects following exposure to the parent
substances. This read-across approach has also been extended to those Monoazo
Pigment subsets for which health effects data are more limited (e.g., monoazo yellow
pigments) and those that are inherently more diverse in chemical structure and
physical-chemical properties (e.g. naphthol AS pigments subset). In addition, since no
chronic studies were identified for substances or analogues of the monoazo yellow
pigments and naphthol AS pigments subsets, read-across from the p-naphthol pigments
subset has been applied as a conservative worst-case scenario for chronic health
effects. Overall, while the application of a read-across approach for the hazard potential
within Monoazo Pigment subsets is considered a logical approach, it should be noted
that the read-across uncertainty is higher for those Monozo Pigment subsets with a lack
of, or very limited, toxicity data and more heterogeneous structures and physical-
chemical properties. These factors lead to a graded confidence level in the health
effects assessment of the different Monoazo Pigment subsets. The subsets ranked in
order of highest to lowest confidence are: B-naphthol pigments > 3-naphthol pigment
lakes > BONA pigment lakes > monoazo yellow pigments > naphthol AS pigments >
individual pigments. This order was followed in the discussion of the available health
effects data specifically for those substances for which there is current known consumer
exposure in Canada (see the Exposure Assessment section)

Monoazo Pigments in the B-naphthol pigments subset have relatively low water
solubility values compared with either the very water soluble azo dyes or the lipid-
soluble azo solvent dyes. Therefore, there is some uncertainty regarding the
bioavailability and absorption of the parent Monoazo Pigments and/or their azo bond
cleavage metabolites, which is taken into consideration in the health effects
assessment. There is uncertainty regarding the degree of absorption of the 3-naphthol
pigment lakes following oral exposure; however, it is expected that oral absorption is
substantial (> 35-54% from **C-labelled urinary metabolites following oral exposure to
PR53:1).

While it seems clear that some oral absorption, intestinal azo bond cleavage and
dissociation are expected following oral exposure to the B-naphthol pigment lakes,
uncertainty is recognized for extrapolation to the dermal route of exposure. There is also
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uncertainty regarding the specific contributing factors responsible for the apparent oral
bioavailability of the B-naphthol pigment lakes. For BONA pigment lakes, uncertainty is
also recognized regarding the absolute value of oral absorption; however, it is expected
that substantial absorption and azo bond cleavage are likely to occur following oral
exposure.

Dermal absorption values of 6% for pigments and 1% for pigment lakes are applied
across the assessment; these are considered conservative estimates based on data
from a substance of much higher lipophilicity (Solvent Red 23) and data from the BONA
pigment lakes analogue, PR57*, respectively. These dermal absorption values account
for the lack of microbial activity of the normal flora of the skin in in vitro dermal
absorption studies (Platzek 1999; Stingley et al. 2010) while observing azo bond
cleavage in an in vitro incubation of PR63:1 with the dermal Staphylococcus and
Micrococcus sp. bacteria (BRI 2012).

For naphthol AS pigments, due to the limited available toxicity data, the structural
variability within the subset adds uncertainty regarding read-across within this subset for
potential health effects. For example, since the potential toxicity of azo substances may
be attributed in part to their respective aromatic amine metabolites, differences in
substitutions on the aromatic amine moiety of the naphthol AS pigments may affect their
metabolism and hence the relative toxicity of these substances.

For BONA pigment lakes, the two subchronic toxicity studies reported for PR63:1 and
PR57:1* are of lower confidence due to the limited details provided and the reported
effects at much lower levels in higher-quality short-term toxicity studies for PR48:2 and
PR57:1*.

For the naphthol AS pigment subset, due to variability in substitutions of the aniline ring
of the naphthol AS coupling component, there is much uncertainty regarding the
bioavailability and toxicity and their theoretical azo bond cleavage metabolites of
pigments in this subset. Uncertainty is recognized for health effects read-across from
PR22* and PR23* to the other substances lacking nitroaniline moieties. There is also
high uncertainty regarding the potential chronic effects of the naphthol AS pigments.
The only chronic study was for the analogue PR23*, which showed low carcinogenic
potency at doses as low as 2 500 mg/kg-bw per day in rats. A conservative assumption
is applied that the naphthol AS pigments may exhibit chronic toxicity qualitatively similar
to that for the B-naphthol pigments (PR3, PR4, PO5), but the overall lower relative
potency from short-term toxicity data on the naphthol AS pigments is supported by
limited evidence for lower relative bioavailability and azo bond cleavage potential for the
naphthol AS pigments.

For PO36, the assumption of similar qualitative toxicity between PO36 and the -
naphthol pigments (PR3, PR4, PO5) is based on the assumption that these substances
could generate similar nitroaniline derivatives. Unlike the monoazo yellow pigments,
however, which also could generate nitroaniline derivatives, there are no toxicity studies
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on PO36 to make the assumption of overall lower potency of PO36. High uncertainty is
recognized in assuming that the lower relative octanol solubility would result in lower
relative bioavailability of PO36 and basing data read-across solely on this assumption.

7.3 Risk Characterization

The focus of the human health risk characterization was on those Monoazo Pigments to
which exposure of the general population of Canada may be expected.

For 11 of the monoazo pigments considered in this assessment (PR6, PO2, PR50:1,
PR48:5, NAPNPA, NANPAP, NAPMPA, NAPPA, PR251, PY60 and NSNAC) whose
presence in the Canadian marketplace has not been reported, exposure of the general
population of Canada is not expected and therefore these substances are not
considered in the risk characterization sections below. While limited use in Canada has
been identified for PR247:1 and PR268 (see Section 4. Sources and Uses), exposure
for the general population to these substances is not expected to be significant and
therefore these substances are also not included in the sections below.

Conversely, for 19 of the monoazo pigments in this assessment whose presence in
certain products available in Canadian commerce is indicated (PR49:1, PY1, PR170,
PR53:1, PR63:1, PY3, PR112, PO36, PR52:2, PY73, PR266, NONPA, PR48:2,
PR52:1, PR4, PO5, PO38, PR187 and PR5.), exposures to these substances have
been estimated for the general population of Canada for relevant exposure routes and
durations. Exposure to these substances through environmental media is not expected
to be a significant source of exposure, therefore risk for the general population of
Canada from environmental media is expected to be low. Risk from exposure to specific
products for the various Monoazo Pigment subsets is characterized for each subset.

7.3.1 B-Naphthol Pigments

Exposure to B-naphthol pigments in various products available to consumers, including
finger paint, face paint, and lipstick was estimated. Estimates of risk associated with
exposure scenarios for PR4 and PO5 are presented in Tables 7-16 and 7-17,
respectively.

The risk for per event oral exposure to PR4 and PO5 from hand-to-mouth activity during
finger painting by children was estimated by comparing estimates of exposure to effect
levels. Given the intermittent nature of the finger paint scenario, it was considered that
continuous daily exposure was unlikely and therefore margins of exposure may be more
appropriate for acute versus short-term effect levels, however both risk estimates are
presented in Tables 7-16 and 7-17. For PR4, read-across to health effects to other 3-
naphthol pigments PO5 and PR3 was used in the absence of short-term or acute
toxicity data for PR4 (Table 7-16). Based on short-term effect levels, margins of
exposure (MOESs) for PR4 range from 220 — 1200 (Table 7-16) and the MOE was 670
for PO5 (Table 7-17). However, based on comparison to an acute LOAEL of 100mg/kg-
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bw per day (clinical signs from single dose oral study in rats, BG Chemie 2000a) the
MOEs for were much higher and range from 4780 to 14330 for PR4 and PO5
respectively. Taking into consideration the intermittent nature of the exposures for oral
exposure to finger paint in children, and that continuous daily exposure would be
unlikely to occur, the MOEs for the acute effect level may be more appropriate.
Therefore, the range of MOEs presented above including those for the acute LOAEL
are considered adequate to address uncertainties in the exposure and health effects
databases for this exposure scenario.

The risk from per event dermal exposure to PR4 from finger painting in children was
estimated by comparing estimates of exposure with effect levels for PR3 and PO5 from
short-term and acute oral studies (described in paragraph above, Table 7-16). Based on
the short-term oral effect levels, dermal MOEs for PR4 range from 780 — 4200. In
contrast, based on an acute oral LOAEL, the dermal MOE for PR4 was 16670. For per
event dermal exposure to POS5 from finger painting in children (Table 7-17), the MOEs
based on short-term LOAEL and acute LOAEL were 2380 and 51190 respectively.
Considering the intermittent nature of the finger paint exposure scenario, and that per
event dermal MOEs based on acute effect levels may be more appropriate, and that the
dermal exposure is being compared to effect levels from oral studies, the MOEs are

considered adequate to address uncertainties in the exposure and health effects
databases for this exposure scenario.

Table 7-16: Margins of exposure for the B-naphthol pigment PR4 in finger paint,

lipstick, face mask, and natural health products

Exposure .
Exposure ) Critical effect
) Product (age | estimates
duration levels (mg/kg-bw | MOEs
group) (mg/kg-bw
and route per day)
per day)
Short-term (14-32
days) 220 - 1200
. . LOAELs = 100-
Per event | Finger paint a
h 0.45 541
oral (child)
acute (single dose) | 4780
LOAEL = 2150°
Short-term (14-32
days) 780 — 4200
. . LOAELs = 100-
Per event | Finger paint 0.129 5412
dermal (child) '
acute (single dose) | 16670
LOAEL = 2150°
Daily oral | Lipstick 0.0102 Chronic non-cancer | 1230
(adult) ' NOAEL =12.5
Daily oral | Lipstick 0.0102 Liver tumour (range | 49000—-89300
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Exposure

Exposure

Critical effect

duration Product (age | estimates levels (mg/kg-bw | MOEs
group) (mg/kg-bw
and route per day) per day)
(adult) of points of
departure)
500 — 911¢
natural health Chronic non-cancer
Daily oral ?gﬁi(l:l(;j)CtS 0.032 - 0.065 NOAEL =12.5 190 — 390
natural health Liver tumour (range
Daily oral | products 0.032 — 0.065 gf points of 7700 — 28500
(child) eparture)d
500 - 911
natural health Chronic non-cancer
Daily oral | products 0.017 NOAEL =12 5 740
(adolescent) '
natural health Liver tumour (range
Daily oral | products 0.017 gfegg'r?jfe(;f 29400 — 53600
(adolescent) 500 — 911¢
natural health Chronic non-cancer
Daily oral ?égﬂﬁ)cts 0.014 NOAEL =12 5 890
natural health Liver tumour (range
Daily oral | products 0.014 of points of 35700 — 65100
(adult) departure)
500 — 911¢
Daily Face mask c Chronic non-cancer
dermal (adult) 0.0049 NOAEL =12.5 25500
Liver tumour (range
Daily Face mask c of points of
dermal (adult) 0.0049 departure) 102000-186000
500 — 911¢

Abbreviations: BMDL;,, lower confidence limit on the benchmark dose for a 10% response; kg-bw, kilograms of body

weight; LOAEL, lowest-observed-adverse-effect level; MOE, margin of exposure; NOAEL, no-observed-adverse-

effect level

#Read-across to effect levels from short-term oral toxicity studies for PO5 (32 day LOAEL = 100mg/kg-bw per day) to

PR3 (14 day LOAEL = 541mg/kg-bw per day)
® Read-across to an effect level from an acute oral toxicity study for PO5 (single dose LOAEL = 2150mg/kg-bw per

day)

¢ Based on conservative dermal absorption of 6%
4 Read-across to cancer points of departure liver tumours observed in female rats exposed to PO5 (tumourigenic
dose, 500 mg/kg-bw per day) and PR3 (BMDL1 = 911 mg/kg-bw per day)

Table 7-17: Margins of exposure for the B-naphthol pigment PO5 in finger paint

(child)
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Exposure Exposure
POs estimates Critical effect levels
duration (mg/kg-bw (mg/kg-bw per day) MOEs
and route
per day)
Short-term (32 days)
Per event LOAEL =100 670
oral 0.15
acute (single dose)
LOAEL = 2150 14330
Short-term (32 days)
LOAEL =100 2380
Per event a
dermal 0.042 .
acute (single dose)
LOAEL = 2150 51190

Abbreviations: kg-bw, kilograms of body weight; MOE, margin of exposure; LOAEL, lowest-observed-adverse-effect
level
& Based on conservative dermal absorption of 6%

The risk from daily oral exposure to PR4 in lipstick was estimated by comparing
estimates of exposure with chronic effect levels (Table 7-16). For carcinogenicity, read-
across cancer points of departure from other 3-naphthol pigments PO5 and PR3 were
used in the absence of adequate data for PR4. For non-cancer effects of PR4 (chronic
NOAEL=12.5 mg/kg-bw per day), the MOE was 1230. For carcinogenicity, the MOEs
range from 49000 — 89300 based on points of departure for liver tumours observed in
female rats for PO5 (tumourigenic dose = 500 mg/kg-bw per day, 26-30% incidence
above control) and PR3 (BMDL1p = 911 mg/kg-bw per day). Given that the exposure
estimate was based on the upper end of PR4 concentration reported for lipstick
products currently used in Canada (3%), and that the majority of lipsticks in the
Canadian market containing PR4 would be at concentrations <3%, these MOEs are
considered adequate to address uncertainties in the health effects and exposure
databases for this exposure scenario.

The risk from daily oral exposure to PR4 in natural health products was derived by
comparing estimates of exposure based on the permitted maximum limit of 1.0 mg/day
(NHPID 2011) with the chronic effect levels (Table 7-16). For non-cancer effects of PR4
(chronic NOAEL= 12.5 mg/kg-bw per day), the MOEs range from 190 - 890 dependant
on the age group and are considered adequate to address uncertainties in the health
effects and exposure databases for this exposure scenario. For carcinogenicity, read-
across points of departure from the other 3-naphthol pigments PO5 and PR3 were used
in the absence of adequate data for PR4 (liver tumours in female rats; POS5,
tumourigenic dose = 500 mg/kg-bw per day, 26-30% incidence above control; PR3,
BMDL;0 = 911 mg/kg-bw per day). The MOEs for carcinogenicity range from 7700 —
65100, dependent on the age group and the cancer point of departure. While the draft
assessment presented the lower end of the range of MOEs as potentially inadequate,
the lower end of MOEs is based on application of several conservative assumptions
(e.g. assumption of continuous exposure to PR4 in natural health products over a
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lifetime, PR4 being present at the permitted maximum limit of 1.0 mg/day , and equal
carcinogenic potency to the more potent analogue PO5). In addition, averaging the
age-group specific exposures over a lifetime would result in an overall lower lifetime
average daily dose and a range of MOEs that are correspondingly higher (Health
Canada 2013; US EPA 2005). Further, the intended sub-population for the NHP use in
children (i.e. multivitamin®®) is for ages 4-8yrs, therefore the body weight of 15.5kg used
to represent 4yrs age (see Table 7-2) and corresponding lower range of MOEs for
children are considered to be conservative. Therefore, in light of the conservative
assumptions above, the margins between the estimated exposure to PR4 from use in
oral natural health products and the critical effect levels from animal studies were
considered adequate to address uncertainties in the exposure and health effects
databases.

For risk from daily dermal exposure to PR4 in face masks, a comparison of estimates
for dermal exposure with a chronic non-cancer NOAEL of 12.5 mg/kg-bw per day
results in an MOE of 2550. For carcinogenicity, the MOEs range from 102000 - 186000
based on points of departure for liver tumours observed in female rats for PO5
(tumourigenic dose = 500 mg/kg-bw per day, 26-30% incidence above control) and PR3
(BMDL3p = 911 mg/kg-bw per day). These MOEs are considered adequate to address
uncertainties in the health effects and exposure databases for this exposure scenario.

Overall, the derived MOEs for the exposure scenarios in Tables 7-16 and 7-17 are
considered adequate to address uncertainties in the health effects and exposure
databases.

The exposure scenarios characterized in Tables 7-16 and Table 7-17 above are
considered to represent sentinel product exposures to these substances, and therefore
the exposure and risk from the other potential product uses identified for these
substances (see 4.2 Uses) are expected to be lower than presented here.

Based on read-across from PR3, PR4 and PO5, the other substances in the 3-naphthol
pigments subset (PR6, PO2 and NONPA) are also expected to have similar human
health effects including potential carcinogenicity.

19 Multi-vitamin/mineral supplement, Sub-population 4-8yrs. (Exir Pharma Inc.). Natural Product Number
(NPN) 80034553. Available at: http://webprod5.hc-sc.gc.ca/lnhpd-
bdpsnh/info.do?licence=80034553&lang=eng
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7.3.2 B-Naphthol Pigment Lakes (PR49:1, PR53:1)

Exposure to B-naphthol pigment lakes was characterized from use of various products
available to consumers including finger paints, face paints and lipstick, that are
expected to result in highest exposure among the products identified. Comparison of
exposure estimates from use of each product identified with an appropriate critical
health effect level results in MOEs that are considered adequate to address
uncertainties in the health effects and exposure databases (refer to Table 7-18).

The critical effect level for derivation of the short-term oral and dermal MOEs was based
on gross pathological changes in the spleen, liver and kidney of rats from a 14-day oral
study on PR53:1 (NTP 1982) with effects observed at the lowest dose tested (LOAEL of
300 mg/kg-bw per day). Comparison of the short-term oral LOAEL with per event oral
exposure to PR49:1 from use in finger paints (child) results in an MOE of 580.
Comparison with per event dermal exposure estimates from use of PR49:1 and PR53:1
in face paints results in an MOE of 2200.

The critical effect levels for chronic non-cancer (LOAEL = 50 mg/kg-bw per day) and
carcinogenic effects (liver tumour BMDL,o = 44 mg/kg-bw per day) for derivation of
MOEs were based on a chronic feeding study of PR53:1 in the rat (NTP 1982). The
daily oral exposure of PR53:1 through use of lipstick resulted in MOEs of = 44 000.

Overall, the derived MOEs for the product scenarios in Table 7-18 are considered
adequate to address uncertainties in the health effects and exposure databases. The
exposure scenarios characterized here are considered to represent sentinel cproducts
for these substances, and therefore the exposure and risk from the other potential
product uses identified for these substances (see 4.2 Uses) are expected to be lower
than presented here.

Table 7-18: Margins of exposure for the B-naphthol pigment lakes in finger paint,
face paint, and lipstick/lip balm

Exposure
Exposure Product estimates Critical effect
Substance | duration (age (mg/kg-bw levels (mg/kg- | MOEs
and route group) per event/ bw per day)
per day)
Per event Fiqger Short-term
PR49:1 oral paint 0.52 LOAEL (14 580
(child) days) = 300
, Short-term
ﬁggg:i Zgrrrﬁ;’ﬁ”t (Fciﬁ%)pa'”t 0.135 LOAEL (14 | 2220
' days) = 300
Lipstick/lip Chronic non-
PR53:1 Daily oral balm 0.001 cancer LOAEL | 50 000
(adult) =50
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Lipstick/lip Liver tumours
PR53:1 Daily oral balm 0.001 _ 44 000
(adult) BMDL;3o =44

Abbreviations: BMDL o, lower confidence limit on the benchmark dose for a 10% response; kg-bw, kilograms of body
weight; MOE, margin of exposure; LOAEL, lowest-observed-adverse-effect level

#Dermal exposures are presented assuming 1% dermal absorption based on an in vitro dermal absorption study on
the BONA pigment lakes analogue PR57:1* (refer to Health Effects section on BONA pigment lakes).

7.3.3 BONA Pigment Lakes (PR48:2 and PR63:1)

Exposure to BONA pigment lakes was estimated from use of various products available
to consumers including finger paint and face paint (Table 7-19). For risk from per event
exposure, a short-term LOAEL of 200 mg/kg-bw per day was considered to represent
the critical effect level for both PR48:2 and PR63:1 based on a repeated-dose study on
PR48:2 (42-day gavage, kidney tubule histopathological changes). Comparison of per
event oral exposure to finger paints and per event dermal exposure from finger paints
and/or face paints resulted in oral MOEs ranging from 250 to 1100. There is indication
of reversibility of the kidney toxicity from the critical short-term animal study on PR48:2
and for another related BONA pigment lake (PR57:1*). In addition, the study duration of
42 days is much longer than the expected duration of exposure to both finger paint (2—3
times per week) and face paint (6 times per year). As a result, the range of oral MOESs is
considered to be conservative. For per event dermal exposure to finger paints and face
paints resulted in dermal MOEs ranging from 1480 to 22200.

Overall, the derived MOEs for the product scenarios in Table 7-19 are considered
adequate to address uncertainties in the health effects and exposure databases. The
exposure scenarios characterized here are considered to represent sentinel products
for these substances, and therefore the exposure and risk from the other potential
product uses identified for these substances (see 4.2 Uses) are expected to be lower
than presented here.

Table 7-19: Margins of exposure for the BONA pigment lakes in finger paint and
face paint

Exposure Exposure Critical
Substance | duration Product (age estimates effect levels MOEs
group) (mg/kg-bw | (mg/kg-bw
and route d
per event) | per day)
PR48:2 | Per event Finger paint Short-term 250—
PR63:1 | oral (child) 0.18-0.77 | (42 days) 1110
' LOAEL =200
PR48:2 | Perevent | Finger paint 0.009— (Sélr‘zocrjt;g)m 5400 —
. H a
PR63:1 dermal (child) 0.037 LOAEL = 200 22220
, Per event Face paint a Short-term
PRE3:L | jermal (child) 0.135 (42 days) 1480
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| | LOAEL = 200 |

Abbreviations: kg-bw, kilograms of body weight; MOE, margin of exposure; LOAEL, lowest-observed-adverse-effect
level; NOAEL, no-observed-adverse-effect level

®Dermal exposures are presented assuming 1% dermal absorption based on an in vitro dermal absorption study on
the BONA pigment lakes analogue PR57:1* (refer to the Health Effects section on BONA pigment lakes).

7.3.4 Monoazo Yellow Pigments (PY1, PY3, PY73)

Exposure to monoazo yellow pigments was estimated in various products available to
consumers including finger paints and face paints (Table 7-20). Daily exposure from
use of body cream, lotion and moisturizer containing PY1 has also been estimated (see
Appendix F, Table F-1), however, no chronic toxicity studies were identified for any of
the substances from the monoazo yellow pigments subset. Despite the lack of clear
toxicological effects for the monoazo yellow pigments from shorter-term studies, the
potency of the monoazo yellow pigments is considered lower than that of the 3-naphthol
pigments based on the comparison of short-term studies. Since the available data for [3-
naphthol pigments do not indicate health concerns from chronic dermal exposure from
cosmetics (Table 7-16), the potential risk for the general population of Canada from
exposure to PY1 from use of body cream, lotion and moisturizer is not expected to be
high.

Overall, the derived MOEs for the product scenarios in Table 7-20 are considered
adequate to address uncertainties in the health effects and exposure databases. The
exposure scenarios characterized here are considered to represent sentinel products
for these substances, and therefore the exposure and risk from the other potential
product uses identified for these substances (see 4.2 Uses) are expected to be lower
than presented here.

Table 7-20: Margins of exposure for the monoazo yellow pigments in finger paint
and face paint

Exposur Exposure
e Product b Critical effect
Substa . estimates
duration | (age levels (mg/kg- | MOEs
nce (mg/kg-bw
and group) bw per day)
per event)
route
Short-term (28
PY1 Per event Finger days)
PY3 oral paint 0.206-0.335 | LOEL =1000 2990-4850
PY73 (child)
NOAEL = 1250 | 3730-6070
Short-term (28
PY1 Per event Face days)
PY3 dermal paint 0.016-0.813% | LOEL = 1000 1230-61500
PY73 (child)
NOAEL = 1250 | 1540-76880
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Abbreviations: kg-bw, kilograms of body weight; MOE, margin of exposure; LOEL, lowest-observed-effect level,
NOAEL, no-observed-adverse-effect level
@ Dermal exposures are presented assuming 6% dermal absorption based on an in vitro dermal absorption study on
the analogue Solvent Red 23 (refer to Health Effects section on B-naphthol pigments).

7.3.5 Naphthol AS Pigments

Exposure to naphthol AS pigments was estimated in various products available to
consumers including finger paints and face paints (Table 7-21). Daily dermal and oral
exposure from cosmetics containing PR112 has also been estimated (see Appendix F,
Tables F-1 and F-3), however, no chronic toxicity studies were identified for any of the
substances from the naphthol AS pigments subset. Despite the lack of clear
toxicological effects for the naphthol AS pigments from shorter-term studies, the
potency of the naphthol AS pigments is considered lower than that of the 3-naphthol

pigments based on the comparison of short-term studies. Since the available data for -
naphthol pigments do not indicate health concerns from chronic dermal or oral exposure
from cosmetics (Table 7-16), the potential risk for the general population of Canada
from exposure to PR112 from use in cosmetics is not expected to be high.

Overall, the derived MOEs for the product scenarios in Table 7-21 are considered
adequate to address uncertainties in the health effects and exposure databases. The
exposure scenarios characterized here are considered to represent sentinel products
for these substances, and therefore the exposure and risk from the other potential
product uses identified for these substances (see 4.2 Uses) are expected to be lower
than presented here.

Table 7-21: Margins of exposure for the naphthol AS pigments in finger paint and

face paint

Exposure | Product Exposure Critical effect
Substa ) estimates

duration (age levels (mg/kg-bw MOEs
nee and route | group) (mg/kg-bw per day)*

per day)

PRS Finger Short-term (28 days)
PR112 | Short-term | ;0 0.284- NOAEL = 1000 - | 780-4130
PR170 | oral (child) 1.290 1172
PO38

Short-term | Face paint a Short-term (28 days)
PRLLZ | dermal | (child) 0-813 NOAEL = 1000 1230-1440

Abbreviations: kg-bw, kilograms of body weight; MOE, margin of exposure; NOAEL, no-observed-adverse-effect level
@ Dermal exposures are presented assuming 6% dermal absorption based on an in vitro dermal penetration study on
the analogue Solvent Red 23 (refer to Health Effects section on B-naphthol pigments).
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7.3.6 PO36 (Benzimidazolone Pigment)

Exposure to PO36 from use in paints and coatings including arts and crafts materials is
expected (Appendix G, Table G-4). However, no exposure or estimates for these
specific uses were determined as there were no relevant health effects data identified
for this substance. However, while no specific MOEs were derived for PO36, the
estimated risks from products are expected to be similar to or lower than those already
presented in previous sections for other Monoazo Pigment subsets.

7.3.7 Exposures to Monoazo Pigments Not Otherwise Characterized

Potential dermal and oral exposure from use of 19 of the monoazo pigments in paints
and coatings such as uses in arts and crafts materials (Appendix G, Table G-4) are
expected to be covered off by the risk characterization for the sentinel exposures from
finger paints and face paints. The risk from exposure to finger paints and face paints do
not indicate a high concern at current levels of exposure,therefore, the expected risk
from the dermal and oral exposure tothe monoazo pigments from other paints and
coatings uses are also considered to not indicate a high concern. For inhalation
exposure from paints and coatings uses such as spray paint and sanding paint,
exposure estimates for these uses (Appenxic G, Table G-5), indicate low exposure
(0.000367 — 0.00055 mg/kg-bw per event). As these exposure estimates are well below
the per event exposures for finger paint and face paint, the risk from these inhalation
exposures are considered to be low.

7.3.8 Uncertainties with Evaluation of Risk to Human Health

The lack of or limited health effects data for all relevant routes and durations of
exposure are an uncertainty. Accordingly, route-to-route and duration-to-duration
extrapolation was required in some cases introducing uncertainty to the derived risk
estimates. For example, points of departure for health effects by the oral route were
used to derive MOEs for dermal exposures (e.g. face paint, body cream, etc.), however
since the dermal absorption factors applied to the exposure estimate were considered
conservative, the resulting MOEs are also considered conservative. Also, the exposure
duration and frequencies for several product scenarios such as finger paints (2-3 times
per week) and face paints (6 times per year) did not specifically match those of the
toxicology point of departure which often were based on animal studies of longer
duration (= 14 days) and continuous exposure. Therefore, the calculated MOEs for
exposure scenarios involving duration-to-duration extrapolations are also considered
conservative.

Based on available information, some of these monoazo pigments are listed as
ingredients in tattoo inks available to consumers in Canada. However, the current
knowledge on chronic systemic exposure from injected tattoo colourants is considered
insufficient for a valid quantitative exposure assessment (Danish EPA 2012). While the
health effects for several of these monoazo pigments are recognized, including potential
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carcinogenicity (e.g. PR3, PR4, POS5 and other (-naphthol pigments; PR53:1), due to
the high uncertainty with respect to the exposure characterization from tattoo use, the
risk from tattoo use has not been characterized in this screening assessment and
remains an uncertainty.

While the exposure to PR4 from use in oral natural health products does not indicate a
high concern for risk to human health, the health effects of PR4 including potential
carcinogenicity are still recognized. Further information regarding the actual
concentration or quantity of PR4 in NHPs, the number of Canadians consuming oral
natural health products containing PR4 at maximum permitted levels, the extent to
which the directions of use for the products are followed, and the exposure levels of
PR4 from other sources in these individuals would aid in reducing the uncertainty in the
exposure characterization for this subpopulation.

7.3.9 Monoazo Pigments With Effects of Concern
Overall, human health risk from the substances in this assessment is low based on the
current levels of exposure. However, some of the 32 monoazo pigments evaluated in

this assessment for human health have effects of concern based on potential
carcinogenicity. A list of these substances are shown in Appendix J.
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8. 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
the 33 monoazo pigments evaluated in this assessment. It is concluded that these
monoazo pigments do not meet criteria under paragraph 64(a) or 64(b) of CEPA 1999,
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 upon comparison between the estimates of short-term and chronic exposures
from specifically identified products and critical effect levels from animal studies, it is
concluded that the following 19 Monoazo Pigments 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: PR4, PO5, PR49:1, PR53:1, PR48:2,
PR63:1, PR52:1, PR52:2, PY1, PY3, PY73, PR5, NONPA, PR187, PR112, PR170,
PR266, PO38 and PO36. For the remaining 13 substances (PR6, PO2, PR50:1,
PR48:5, NAPNPA, NANPAP, NAPMPA, NAPPA, PR251, PR268, PR 247:1, PY60 and
NSNAC), available information did not identify sources of current exposure of the
general population of Canada and therefore the risk to human health for these 13
monoazo pigments is considered to be low. Based on the information presented in this
Screening Assessment, it is concluded that the above 32 Monoazo Pigments evaluated
in this assessment for human health do not meet the criteria under paragraph 64(c) of
CEPA 1999 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. In addition, there are no updates to the conclusion made with respect to
paragraph 64(c) for Pigment Red 3, previously assessed by the Government of Canada
under the Challenge Initiative of the CMP.

It is concluded that the 32 monoazo pigments evaluated in this assessment do not meet
any of the criteria set out in section 64 of CEPA 1999.

The conclusion previously made under the Challenge Initiative that Pigment Red 3
meets the criteria set out in paragraph 64(c) of CEPA 1999 remains unchanged.
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Appendices

Appendix A. Chemical Identity, Structures, Molecular Formulas and
Molecular Weights of the 33 Monoazo Pigments, Organized by Subset

C.l.
name |Substan |[Chemical structure,
Subset CAS RN |DSL name (English) (C.L ce molecular formula
number |identifier |(molecular weight)
)
i
Butanamide, 2-[(4- Pigment hOOUYO
Monoazo yellow [2512-29- |methyl-2- Yellow 15,4 i
pigments 0 nitrophenyl)azo]-3-oxo-N- | (C.I.
phenyl- 11680) C17H16N4O4
g/mo
(340 g/mol)
. L -
Monoazo yellow |6486-23- Butanamide, 2-{(4-chloro- \P(Iegllr(r)]vevné N/i j©
: 2-nitrophenyl)azo]-N-(2- PY3 :
pigments 3 (C.L
chlorophenyl)-3-oxo- 11710) C16H1,ClN.O4
(395 g/moal)
Pigment N
Butanamide, 2-[(4-chloro- | Yellow \@NJ "Q@
I\/ilorrrl]oea;]zt: yellow 135715 2-nitrophenyl)azo]-N-(2- |73 PY73 ﬁ
P9 methoxyphenyl)-3-oxo-  |(C.I. C17H15CIN4Os
11738) (391 g/mol)
] A Pigment QO .. )@/
B-Naphthol 2425.85. |2 Nﬁprtzha'eno" @ Red 3 oRa X
pigments 6 ibonnenyhazol (o Ci7H13Ns03
nitrophenyl)azo]-
preny 12120) (307 g/mol)
. i
Pigment j@(\
B-Naphthol 2814-77- | 2-Naphthalenol, 1-[(2- Red 4 PR4 \N
pigments 9 chloro-4-nitrophenyl)azo]- | (C.I. ClGH]iHOC|N3O3
12085) (328 g/mol)
Pigment . 1O
B-Naphthol 6410-13- | 2-Naphthalenol, 1-[(4- Red 6 \N e
i : PR6 -
pigments 5 chloro-2-nitrophenyl)azo]- | (C.1. C16H10CIN3O3
12090) (328 g/mol)
Pigment
B-Naphthol 6410-00- |2-Naphthalenol, 1-[(2-  |Orange |5, N\N /Q
pigments 9 nitrophenyl)azo]- 2 O N
(C.L C16H11N303
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C.L

name |Substan |[Chemical structure,
Subset CAS RN |DSL name (English) (C.I ce molecular formula
number |identifier |(molecular weight)
)
12060) (293 g/mol)
Pigment
B-Naphthol 3468-63- | 2-Naphthalenol, 1-[(2,4- grange PO5 ‘i
pigments 1 dinitrophenyl)azo]- (C.l. C16H10N405
12075) (338 g/mol)
i _|2-Naphthalenol, 1-[(4- Not *
Bi ergmgo' 32774 4 methoxy-2- availabl [INONPA oo
Pig nitrophenyl)azo]- e C17H13N304
(323 g/mol)
Pigment
1-Naphthalenesulfonic Red &
B-Naphthol 1103-38- |acid, 2-[(2-hydroxy-1- 49:1 , ~ A *'
pigment lakes 4 naphthalenyl)azo]-, (C.L PR49:1
barium salt (2:1) 15630:1 C40H26N4055,Ba
) (892 g/moal)
Pigment
Benzoic acid, 2-[(2- Red ,%@; o
B-Naphthol 6372-81- | hydroxy-1- 50:1  |ppegq |4l e
pigment lakes 2 naphthalenyl)azo]-, (C.I CH-»N.O«Ba
barium salt (2:1) 15500:1 (7350 292/”‘:063
)
Pigment
Benzenesulfonic acid, 5- |Red g \gjé
B-Naphthol 5160-02- |chloro-2-[(2-hydroxy-1-  |53:1 . ~ = ST
pigment lakes |1 naphthalenyl)azo]-4- (C.L PR53:1 e ”°
methyl-, barium salt (2:1) |15585:1 C34H24CI2N4O5S-Ba
(889 g/mol)
)
2- O\\\/”v
Naphthalenecarboxamide Pigment ~
, N-(5-chloro-2,4- d
Nlaphthol AS 6410-41- dimethoxyphenyl)-4-[[5- Red 5 PR5 OO n U
pigments 9 . . (C.L
[(diethylamino)sulfonyl]-2- |12 290) S0
\

methoxyphenyljazo]-3-
hydroxy-

C30H31CIN4O7S
(627 g/mol)
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C.L

name |Substan |Chemical structure,
Subset CAS RN |DSL name (English) (C.L ce molecular formula
number |identifier |(molecular weight)
) :
2- Pigment /@
1. |Naphthalenecarboxamide r
Niafnh;rrll(t)sl AS 2535 46  3-hydroxy-N-(2- (RCe(IJI 112 PR112 :
P9 methylphenyl)-4-[(2,4,5- |\ 0
: 12370)
trichlorophenyl)azo]- C,4H16ClsN305
(48? g/mol)
2-
Naphthalenecarboxamide | Pigment e
Naphthol AS 2786-76- |, 4-[[4- Red 170 “i(
pigments 7 (aminocarbonyl)phenyllaz | (C.1. PR170 OO I j@
0]-N-(2-ethoxyphenyl)-3- |12475) P
hydroxy- C25H22N404
(455 g/mol)
5. -
Naphthalenecarboxamide @ /©)L
Naphthol AS  |59487- '(;rh[i[g‘-’[‘ggr-bony')pheny”' Egén 165?; 7/
ap amino]carbonyl]-2- PR187 OO
pigments 23-9 (C.L / g
methoxyphenyl]azo]-N-(5- 50
12486) o o
chloro-2,4- \
dimethoxyphenyl)-3- C34H28CINsO7
hydroxy- (654 g/mol)
2- é
Naphthalenecarboxamide | Pigment o
Naphthol AS 36968- |, 4-[[4- Red 266 o
pigments 27-1 (aminocarbonyl)phenyl]az | (C.1. PR266 OO ]@
0]-3-hydroxy-N-(2- 12474) S
methoxyphenyl)- Co5H20N4O4
(441 g/mol)
2- Pigment QA
Naphthalenecarboxamide !
Naphthol AS 16403- , 4-[[5-(aminocarbonyl)-2- Red 268 | o068 OO
pigments 84-2 (C.L
methylphenyl]azo]-3- 12316) O
hydroxy-N-phenyl- CysHo0N4O3
(425 g/mal)
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C.L

name |Substan |[Chemical structure,
Subset CAS RN |DSL name (English) (C.L ce molecular formula
number |identifier |(molecular weight)
) o
2_ -
Naphthalenecarboxamide | Pigment g
, N-[4- Orange -
Nia?nh(;rrll(t)sl AS (132253 6- (acetylamino)phenyl]-4- |38 PO38 n 0
P9 [[5-(@aminocarbonyl)-2-  |(C.I. O
ﬁhl(;)rophenyl]azo]-3- 12367) CasH20CINSO,
yaroxy- (502 g/mol)
2- %ﬂf
_|Naphthalenecarboxamide | Not
Nia?nh(;rrll(t)sl AS 2;'129 9 , N-(2-ethoxyphenyl)-3-  |availabl |[NAPNPA @(
P9 hydroxy-4-[(2- e §
nitrophenyl)azo]- CasH2oN4Os
(457 g/mal)
2' @\E/’
Naphthalenecarboxamide | Not e
Nia‘r’nhett‘]‘t’s' AS 222‘35‘ 42,4 availabl |NANPAP n
P19 dinitrophenyl)azo]-3- e 'O
hydroxy-N-phenyl- C,3H15NsOg
(457 g/mol)
2 0
Naphthalenecarboxamide | Not -
Niafnhet?]?sl AS 38852 4- , 3-hydroxy-N-(4- availabl |NAPMPA g
P9 methoxyphenyl)-4-[(4- e O
methylphenyl)azo]- C2s5H21N303
(412 g/mal)
2 s
Naphthalenecarboxamide | Not L.
Niafnhet?]?sl AS %Zgg & , 3-hydroxy-N-(4- availabl |NAPPA @
P9 methoxyphenyl)-4- e ' -
(phenylazo)- %g;'lé’/'\rﬁgi
, _~1_ | 2-Naphthalenecarboxylic |Pigment () =
lBagglsA pigment 2023 61| acid, 4-[(5-chloro-4- Red PR48:2 () \Q:%
methyl-2- 48:2 N\ o .
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C.L

name |Substan |[Chemical structure,
Subset CAS RN |DSL name (English) (C.L ce molecular formula
number |identifier |(molecular weight)
)
sulfophenyl)azo]-3- (C.L C18H11CIN,OgSCa
hydroxy-, calcium salt 15865:2 (459 g/mol)
(1:1) )
2-Naphthalenecarboxylic |Pigment oy
acid, 4-[(5-chloro-4- Red A, X
BONA pigment |71832- |methyl-2- 48:5 PRASS |~ \\NQ
lakes 83-2 sulfophenyl)azo]-3- (C.L ' o ‘
hydroxy-, magnesium salt | 15865:5 afglllc:leOGSMg
(1:1) ) (443 g/mol)
2-Naphthalenecarboxylic |Pigment R
acid, 4-[(4-chloro-5- Red ~ /Q
BONA pigment [17852- |methyl-2- 52:1 PR52:1 -
lakes 99-2  |sulfophenyl)azo]-3- (C.I. : »
hydroxy-, calcium salt 15860:1 C18H11CIN2O6SCa
(1:1) ) (459 g/mol)
2-Naphthalenecarboxylic Pigment
BONA pigment |6417-83- |2€1d, 3-hydroxy-4-[(1- g??i
Pig sulfo-2- ' PR63:1
lakes 0 (C.L
naphthalenyl)azo]-, 15880:1 ClelzNzOeSCa
calcium salt (1:1) ) ' (461 g/mol)
. Pigment
Butanamide, 2-[(4-chloro- S @:
Benzimidazolon |12236- |2-nitrophenyl)azo]-N-(2,3- Orange \@/ﬁ -
. . 36 PO36
e pigments 62-3 dihydro-2-oxo-1H- (C. Cr-HCIN-O
. A 17M13 65
benzimidazol-5-yl)-3-oxo- 11780) (417 gimol)
Benzenesulfonic acid, 4- OO ’
[[3-[[2-hydroxy-3-[[(4- Pigment . .
_ |methoxyphenyl)amino]car |Red
NiaFr)nhetrrll?ll fkis ‘11295’5 bonyl]-1- 247:1  |PR247:1 D*Q/@,
P9 naphthalenyl]azo]-4- (C.L “i( /
methylbenzoyllamino]-, |15915) ] Q/
calcium salt (2:1) CesHsoNgO14S,Ca
(1259 g/mol)
9,10-Anthracenedione, 1- |Pigment "\
Pyrazoloquinazo | 74336- |[(5,7-dichloro-1,9-dihydro- |Red 251 PR251 ~ Y Q
lone pigments  {60-0 2-methyl-9- (C.L. b —~ )
oxopyrazolo[5,1- 12925) . O
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C.L

name |Substan |[Chemical structure,
Subset CAS RN |DSL name (English) (C.L ce molecular formula
number |identifier |(molecular weight)
)
b]quinazolin-3-yl)azo]- C25H13CIoN503
(502 g/mol)
Pigment
Red QN\
BONA pigment [12238- : , 52:2 , )8 .
lakes (individual) [31-2 | Pigment Red 52:2 cl. |PRo22 R
15860:2 C18H11CIMNN206S
) (474 g/moal)
Pigment —
3H-Pyrazol-3-one, 4-[(2- " /\[(\\Q
;I;/ilgrr;oeiztg yellow 6407-74- | chlorophenyl)azo]-2,4- ggllow PY60 @[ )
(individual) 5 dinyaro-5-methy-2- C.I. Ci6H15CINO
pheny 12705) (313 g/mol)
1-Naphthalenesulfonic A
Other pigments |83249- acid, 2-[(2-hydroxy-6- Not OO \“
o sulfo-1- availabl [INSNAC - T
(individual) 60-9 hthalenvl
naphthalenyl)azo]-, e C.oH12N,0S,Ca
calcium salt (1:1) (497 g/mol)
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Appendix B. Experimental Physical and Chemical Properties (at Room

Temperature when Applicable) of Monoazo Pigments and their

Analogues
Subset fgbstan Property (acronym) Value Reference
Monoazo Decomposition Study
yellow PY1 tem ergture (DT), °C 249 Submission
pigments P ' 2012a
Monoazo . . Study
yellow PY1 W:;llt_er solubility (WS; Sw), 0.23 Submission
pigments HY 2012j
Monoazo . . Study
yellow PY1 Wf;\lt_er solubility (WS; Sw). | . 20 Submission
pigments HY 2012c
Monoazo I Study
yellow  |PY1 f’s‘"”)b"'ty/'L” n-octanol g5, Submission
pigments oct)» M9 2012k

The quotient logarithm of

the molar solute
Monoazo : i Study

concentrations in octanol -
yellow PY1 4.62 Submission
pigments and water [calculated as 2012j, k

log (Soct/Sw), '

dimensionless]

The quotient logarithm of
Monoazo the organic carbon—water Study
yellow PY1 partition 5.5 Submission
pigments coefficient (Kqc), 2012q

dimensionless
Monoazo . .
yellow PY3 Water solubility (WS; Sy), 75
pigments Hg/L Study. .
Monoazo Submission
yellow PY3 Solubility in n-octanol 5960 2012m
pigments (Soct)| ug/L

The quotient logarithm of

the molar solute
Monoazo i i Study

concentrations in octanol I
yellow PY3 2.90 Submission
pigments and water [calculated as 2012

log (Soct/Sw),

dimensionless]

No melting point
L\//le(l)lg(cvazo PY74*  |Melting point (MP), °c | (Endothermic effect |-, 515
iaments ' at 260-290°C

P9 followed by a
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Substan

Subset ce Property (acronym) Value Reference
spontaneous
exothermal
decomposition at
290-390°C)
Monoazo Decomposition
yellow PY74* P o 290 ECHA 2012
bigments temperature (DT), °C
Monoazo Particle size distribution:
yellow PY74* mass median diameter 1.96 ECHA 2012
pigments (Dso), pm
Monoazo
yellow PY74* Density, g/cm® 1.43 ECHA 2012
pigments
Monoazo o .
yellow  |PY74* W";‘It_er solubility (WS; Sw), |7 g ECHA 2012
pigments HY
Monoazo Solubility in n-octanol
yellow PY74* 740 ECHA 2012
pigments (Soct)| ug/L
The quotient logarithm of
Monoazo the molar solute
N concentrations in octanol
yellow PY74 2.0 ECHA 2012
pigments and water [calculated as
|Og (SOCt/SW))
dimensionless]
BONA No melting point
pigment |PR48:2 |Melting point (MP), °C (evaporatlt_)n and ECHA 2012
lakes decomposn_lon
before melting)
BONA Decomposition
pigment PR48:2 P o 350°C ECHA 2012
lakes temperature (DT), °C
BONA Particle size distribution:
pigment |PR48:2 |mass median diameter 2.15;6.61; 10.44 |ECHA 2012
lakes (Dso), pm
BONA . .
pigment  |PR48:2 W";‘Eer solubility (WS; Sw). | 550_sg0 ECHA 2012
lakes HY
BONA Solubility in n-octanol
pigment |PR48:2 43-52 ECHA 2012
Iakes (Soct)a Hg/l—
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Substan

Subset Property (acronym) Value Reference
ce
The quotient logarithm of
the molar solute
BONA : :
: , concentrations in octanol | .
gg(r;sent PR48:2 and water [calculated as i ECHA 2012
log (Soct/Sw),
dimensionless]
No melting point:
BONA evaporation (75—
pigment PR48:1* |Melting point (MP), °C (1165 C) anq. ECHA 2012
lakes ecomposition
(starts at 370°C)
before melting
BONA Decomposition
: s
I;;:E(rensent PR48:1 temperature (DT), °C 370 ECHA 2012
BONA Particle size distribution:
pigment |PR48:1* |mass median diameter 17.05 ECHA 2012
lakes (Dso), um
BONA
pigment |PR48:1* |Density, g/cm® 1.20 ECHA 2012
lakes
BONA i, _
pigment  |PRag:1+ | Water solubility (WS; Sw). | _ o5 0 ECHA 2012
lakes Hg/L
B.ONA Solubility in n-octanol
pigment PRA48:1* / 31-33 ECHA 2012
lakes (Soct)a Hg L
Soluble in DMF,
BONA DMSO, NMP,
pigment |PR48:1* |Other solubilities m(Ttrt\)?nql; not ECHA 2012
lakes soluble in acetone,
1,4-dioxane,
acetonitrile, ethanol
The quotient logarithm of
the molar solute
BONA . :
pigment | PRa4g:1+ | concentrations in octanol | ; ; ECHA 2012
lakes and water [calculated as
log (Soct/Sw),
dimensionless]
BONA No melting point
pigment |PR48:3* |Melting point (MP), °C ((jevaporathn and ECHA 2012
lakes ecomposition

before melting)
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Substan

Subset ce Property (acronym) Value Reference
BONA Decomposition
: ox
gg(rensent PR48:3 temperature (DT), °C 350 ECHA 2012
BONA Particle size distribution:
pigment |PR48:3* |mass median diameter 10.06 ECHA 2012
lakes (Dso), m
BONA . .
pigment |PR48:3* x\gj‘ter solubility (WS Sw), |109_120 ECHA 2012
lakes
Biomﬁm pRag:3+ | Solubility inn-octanol g 4 ECHA 2012
s =" |(Sow), HOIL
Soluble in DMF,
BONA DMSO, NMP,
pigment PR48:3* |Other solubilities meltT)?an; not ECHA 2012
lakes soluble in acetone,
1,4-dioxane,
acetonitrile, ethanol
The quotient logarithm of
BONA the molar solute
iament PRA8:3* concentrations in octanol | _ di ECHA 2012
E’;\Ees ' and water [calculated as ’
|Og (SOCt/SW))
dimensionless]
BONA No melting point
pigment |PR57:1* |Melting point (MP), °C Ejevaporathn and ECHA 2012
lakes ecomposition
before melting)
BONA
pigment |PR57:1* |Melting point (MP), °C 357.5 CPMA 2006b
lakes
BONA Decomposition
: s
gg(rensent PR57:1 temperature (DT), °C 310 ECHA 2012
BONA Particle size distribution:
pigment |PR57:1* |mass median diameter 1.69; 4.08 ECHA 2012
lakes (Dso), um
O |pRe7qe | Water solubility (WS; S.), |500-580; 1200~ | iy oors
gges 7 g/l 1300
BONA i, _
pigment |PR57:1* x\é?lt_er solubility (WS; Sw). | g0 MITI 1992
lakes

194




Substan

Subset ce Property (acronym) Value Reference
BONA i _
pigment  |PR57:1% Solubility in n-octanol 4600-4900; 5100— ECHA 2012
lakes (Soct)| ug/L 6000
Soluble in DMF,
BONA DMSO, NMP,
pigment |PR57:1* |Other solubilities meltT)?an; not ECHA 2012
lakes soluble in acetone,
1,4-dioxane,
acetonitrile, ethanol
The quotient logarithm of
BONA the molar solute
pigment  |PR57:1+ |concentrations in octanol | g, g g4 ECHA 2012
lakes and water [calculated as
log (Soct/Sw),
dimensionless]
Naphthol |PR3 Melting point (MP), °C  |276 %'ggard etal
pigments
B-
Naphthol PR3 Melting point (MP), °C 270-272 Green 1990
pigments
B-
Naphthol PR3 Average particle size, um |0.26-0.37 Clariant 2007
pigments
B-
Naphthol PR3 Average particle size, um |0.26-0.53 NPIRI 2000
pigments
B-
Naphthol PR3 Density, g/lcm® 1.37-1.50 Stubbs 1973
pigments
B- A Study
Naphthol |PR3 f’s‘"“)b"'ty/'L” n-octanol 1,7 g Submission
pigments oct)» M9 2007f
} Solubility in n-octanol Anliker and
Naphthol |PR3 17 000
pig'?nen‘t’s (Soct), MO/L Moser 1987
B- e . Study
Naphthol |PR3 Wz;llt_er solubility (WS; Sw), 3.3 Submission
pigments Hg 2007g
B- - , :
Water solubility (WS; Sy), Stubbs 1973;
gigfnhetrl?sl PR3 pg/L 800 Green 1990
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Substan

Subset ce Property (acronym) Value Reference
Soluble in ethanol
(0.7 g/L), ethylene
glycol methyl ether
B- (0.9 g/L), acetone,
Naphthol PR3 Other solubilities benzene; very
pigments soluble in mineral
spirits, aromatic
hydrocarbons,
plasticizers
The quotient logarithm of
B- ::rgemr:ne?llf:;tsiglnust?n octanol Study
Naphthol PR3 3.73 Submission
pigments and water [calculated as 20071, g
log (Soct/Sw),
dimensionless]
B-
Naphthol |[PR4 Melting point (MP), °C 276 NPIRI 2000
pigments
B-
Naphthol |[PR4 Average particle size, um |0.27 Clariant 2007
pigments
B-
Naphthol [PR4 Average particle size, um |0.24 NPIRI 2000
pigments
B- . . Study
Naphthol |[PR4 W:;llt_er solubility (WS; Sw), 3.3 Submission
pigments HY 2007h
- N Study
Naphthol [PR4 SS(’)IUb'“ty/I'_n n-octanol 9400 Submission
pigments (Soct), g 2007i
The quotient logarithm of
the molar solute
} concentrations in octanol Study. .
Naphthol [PR4 3.45 Submission
pigments and water [calculated as 2007h, i
log (Soct/Sw),
dimensionless]
B-
Naphthol [PO2 Melting point (MP), °C 212 NPIRI 2000
pigments
Naphthol [PO5 Melting point (MP), °C 302 NPIRI 2000
pigments
B- PO5 Average particle size, um |0.29 Clariant 2007
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Substan

Subset ce Property (acronym) Value Reference
Naphthol
pigments
B-
Naphthol [PO5 Average particle size, um |0.32-0.37 NPIRI 2000
pigments
B- . . Study
Naphthol |PO5 Wz;llt_er solubility (WS; Sw), 6.8 Submission
pigments Hg 2007j
B- e Study
Naphthol |PO5 sz"“b"'ty/'L” n-octanol 1,76 Submission
pigments (Soct), g 2007

The quotient logarithm of
B- ::r:)ig(::ggtsiglnustein octanol Study
Naphthol |[PO5 241 Submission
pigments and water [calculated as 2007]

log (Soct/Sw),

dimensionless]
Naphthol
AS PR5 Melting point (MP), °C 306 NPIRI 2000
pigments
Naphthol
AS PR5 Average particle size, um (0.1 NPIRI 2000
pigments
Naphthol
AS PR5 Density, g/cm?® 1.40-1.44 NPIRI 2000
pigments
Naphthol - . Study
AS PR5 Wz;llt_er solubility (WS; Sw), 7.8 Submission
pigments HY 2007k
Naphthol I Study
AS PR5 Sé) IUb'“ty/I'_n n-octanol 133 Submission
pigments (Soct), g 2007

The quotient logarithm of
Naphthol ::r:)ig(::ggtsiglnustein octanol Study
AS PR5 1.23 Submission
pigments and water [calculated as 2007k |

log (Soct/Sw),

dimensionless]

No melting point

Naphthol (endothermic effect
AS PR112 Melting point (MP), °C at 260-270°C ECHA 2012
pigments followed by a

spontaneous
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Substan

Subset ce Property (acronym) Value Reference
exothermal
decomposition at
270-290°C)
Naphthol .
AS prR112 |Decomposition - 270 ECHA 2012
) temperature (DT), °C
pigments
Naphthol Particle size distribution:
AS PR112 mass median diameter 4.56 ECHA 2012
pigments (Dso), pm
Naphthol
AS PR112 Density, g/cm® 1.48 ECHA 2012
pigments
Naphthol - .
AS PR112 | Vvater solubiity (WS: Su. g g ECHA 2012
pigments HY
Naphthol S
AS PR112 ?S"'”)b"'ty“'_” n-octanol 1434 ECHA 2012
pigments oct)» M9
Egphthol PR112 Solubility in n-octanol 7800 Anliker and
. (Soct), MO/L Moser 1987
pigments
The quotient logarithm of
the molar solute
Naphthol concentrations in octanol
AS PR112 2.53 ECHA 2012
iaments and water [calculated as
= 109 (Soct/Sw),
dimensionless]
Naphthol . . Study
AS PR26G | Vvorer SO (WS: Su). 139 Submission
pigments HY 2012n
Naphthol . Study
AS PR266 ?S"'”)b"'ty“'_” n-octanol |44 Submission
pigments oct)» M9 2012m
The quotient logarithm of
Naphthol the molar solute Study
AS PR266 concentrations in octanol 173 Submission
iaments and water [calculated as 2012m
Pig 10g (Soc/Sw),
dimensionless]
Naphthol
AS PR187 Average particle size, um |0.11 Clariant 2007
pigments
Naphthol |[PR187 Water solubility (WS; Sy), [8.9 Study

198




Substan

Subset ce Property (acronym) Value Reference
AS ug/L Submission
pigments 2012m
Naphthol I Study
AS PR187 (Ss‘"u)b"'ty”'_” n-octanol |, 4 Submission
pigments oct)» HY 2012m
The quotient logarithm of
the molar solute
Naphthol concentrations in octanol Study' .
AS PR187 0.4 Submission
iaments and water [calculated as 2012m
P19 109 (Socd/Su),
dimensionless]
Naphthol
AS PO38 Average particle size, um |0.17 Clariant 2007
pigments
Naphthol
AS PO38 Density, g/cm® 1.46 Clariant 2007
pigments
Naphthol . . Study
AS Po3g | Valer solubility (WS; Sw), |54 g Submission
pigments Hg 2007m
Naphthol I Study
AS PO38 (SSO Iu)b'“ty/:_n n-octanol 155 Submission
pigments oct)» M9 2007m
The quotient logarithm of
the molar solute
Naphthol concentrations in octanol Study_ .
AS PO38 0.79 Submission
iaments and water [calculated as 2007m
P19 10g (Soc/Su),
dimensionless]
Naphthol . . Study
AS proc | Water solubility (WS: Su). 15 4 Submission
pigments HY 2007p
Naphthol . Study
AS PR2* (SSO Iu)b'“ty”'_n n-octanol 8630 Submission
pigments oct)» M9 2007p
The quotient logarithm of
Naphthol the molar solute Stud
P . concentrations in octanol y
AS PR2 3.2 Submission
) and water [calculated as
pigments 2007p)

|Og (SOCt/SW))
dimensionless]
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Substan

Subset ce Property (acronym) Value Reference
Naphthol
AS PR146* |Average particle size, um |0.11 NPIRI 2000
pigments
Naphthol - . Study
AS PR146* W";‘It_er solubility (WS; Sw), | g 7 Submission
pigments Hg 2007q
Naphthol AR Study
AS PR146* (Sé)lu)bmty/:_n n-octanol 100 Submission
pigments oct)» MY 2007q
The quotient logarithm of
the molar solute
Naphthol i i Study
AS PR146* concentrations in octanol 11 Submission
igments and water [calculated as 20074
P 109 (Socd/Su),
dimensionless]
Naphthol o .
AS PR253* Wz;llt_er solubility (WS; Sy), 8
pigments Hg
Naphthol N
AS PR253* Solubility in n-octanol 202
pigments Submission
The quotient logarithm of
2007m
Naphthol the molar s_olute_
AS PR253* concentrations in octanol 1.40
pigments and water [calculated as
log (Soct/Sw),
dimensionless]
B-
European
Niafnhgr]](t)l PR53:1 |Melting point (MP), °C > 330 Commission
i ©2000a
akes
g‘ig'?nhgr‘]‘t" PR53:1 |Melting point (MP), °C  |330 CPMA 2006a
lakes
ﬁl-a hthol Melting under
pig?nent PR53:1 |Melting point (MP), °C decomposition at |OECD 1999a,b
lakes 330°C
B-
Naphthol , Decomposition
pigment PR53:1 temperature (DT), °C 343-345 NTP 1982
lakes

200




Substan

Subset ce Property (acronym) Value Reference
B_
European

Niafnhgr]](t)l PR53:1 |Density, g/lcm® 15 Commission
s ©2000a
B_

- . European
Nia'?nh;rr‘]‘t" PR53:1 | Valer solubility (WS; Sw), |1300; 3400 Commission
s HY ©2000a
B_
Nlaphthol PR53:1 Water solubility (WS; Sy), 2000 OECD 1999a.b
pigment pg/L
lakes
B_

. . European
Naphhol | ppgg;y | Water solubility (WS Su). 12200 Commission
&Ees HY ©2000a

The quotient logarithm of
- the molar solute
N_aphthol PR53'1 concentrations in octanol _ di OECD 1999a.b
pigment and water [calculated as
lakes log (Soct/Sw),
dimensionless]

Benzimida
zolone . . Study
pigments |PO36 Wz;llt_er solubility (WS; Sw), 14 Submission
(individual Hg 2012p
)
Benzimida
zolone . . Study
pigments |PO36 W?It_er solubility (WS; Sw), | . 20.6 Submission
(individual Hg 20120
)
Benzimida
zolone e Study
pigments |PO36 (Sé)lu)b'“ty/:_n n-octanol 86.1 Submission
(individual oct)» HY 2012n
)
Benzimida
zolone I Study
pigments |PO36 (SSOIU)b'“ty/I'_n n-octanol > 137 Submission
(individual oct)» M9 20120
)
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Substan

Subset ce Property (acronym) Value Reference
Benzimida The quotient logarithm of
Zolone the molar solute Stud
. concentrations in octanol y
pigments |PO36 0.8 Submission
I and water [calculated as
(individual 2012n, 0
) |Og (Soct/SW),
dimensionless]

Naphthol
AS
gg(r;sent PR247:1 |Average particle size, um |0.18 Clariant 2007
(individual
)
Naphthol
AS

) . . Study
pigment PR247:1 Water solubility (WS; Sy), 112 Submission
lakes ug/L

S 2007m
(individual
)
Naphthol
AS

) I Study
pigment PR247:1 Solubility in n-octanol 178 Submission
lakes (Soct), HO/L

S 2007m
(individual
)
Naphthol The quotient logarithm of
AS the molar solute d

igment concentrations in octanol Stu y
b PR247:1 0.2 Submission
lakes and water [calculated as 2007m
(individual log (Soct/Sw),
) dimensionless]

Abbreviations: DMF, dimethyl formamide; DMSO, dimethyl sulfoxide; NMP, N-methyl-2-pyrrolidone
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Appendix C. Experimental Data on Biodegradation of Monoazo
Pigments and their Analogues

Biodegradat Test
Subset : g duratio :
(substance) |(<0)/£1) value n Details Reference
(days)
Monoazo Inherent
yellow 14 28 biodegradability; Study Submission
E)lgm;ents purity = 99.7% 2012a
PY1 '
B.ONA Ready
pigment lakes | 0 28 . i ECHA 2012
(PR48:2) biodegradability
BONA Ready
pigment lakes | O 28 biodegradability; MITI 1992
(PR57:1%) HPLC analysis
BONA Ready
pigment lakes | 9; 12.9 28 biodegradability; MITI 1992
(PR57:1%) BOD analysis
B-Naphthol
pigment lakes | 0 14 l';".ezdy dabil MITI 1992
(PR53:1) iodegradability
Inherent
biodegradability; 33%
eliminated after 21
B;Nrﬁggtrl]glies 33 21 days; in Zahn European
pigmer Wellens test, 10% of | Commission ©2000
(PR53:1) SIS
elimination due to
adsorption onto the
sludge

Abbreviations: BOD, biological oxygen demand; HPLC, high-performance liquid chromatography

203




Appendix D. Experimental Aquatic Toxicity Data for the 33 Monoazo
Pigments and their Analogues

Substance
(subset)

Test

type
(duratio

n)

Organism

Endpoi
nt,
value

Details

Reference

PY1
(monoazo
yellow
pigments)

Acute
(96 h)

Zebrafish
(Brachyda
nio rerio)

LCO =1
mg/L;
LCs0>1
mg/L

Semi-static. OECD TG
203. Saturated solution
(1 mg/L; purity 99.7%).
Undissolved particles
removed by membrane
filtration (0.45 pum).
Measured
concentrations < LOQ.

Study
Submission
2012b

PY1
(monoazo
yellow
pigments)

Chronic
(21
days)

Water flea
(Daphnia
magna)

NOEC =
1 mg/L

Semi-static. OECD TG
211 (reproduction).
Saturated solution (1
mg/L; purity 99.7%).
Undissolved particles
removed by membrane
filtration (0.45 pm).
Effects: reproduction
rate; appearance of first
brood; number of
broods; stillborn
juveniles and aborted
eggs; adult mortality;
body weight and length.
No biological and/or
statistical significances
between the control
and 1 mg/L. Measured
concentrations < LOQ.

Study
Submission
2012c

PY1
(monoazo
yellow
pigments)

Chronic
(72 h)

Alga
Desmodes
mus
subspicatu
S

NOEC =
1 mg/L

Static. OECD TG 201.
Saturated solution (1
mg/L; purity 99.7%).
Undissolved particles
removed by membrane
filtration (0.45 pm).
Effects: growth rate and
yield. No biological
and/or statistical
significance between

Study
Submission
2012d
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Substance
(subset)

Test

type
(duratio

n)

Organism

Endpoi
nt,
value

Details

Reference

control and 1 mg/L.
Measured
concentrations < LOQ.

PY3
(monoazo
yellow
pigments)

Acute
(48 h)

Water flea
(Daphnia
magna)

No
effects
at 100
mg/L

Static. OECD TG 202.
WS < 1 mg/L reported.
Saturated solution (100
mg/L; purity 99.8%).
Undissolved particles
removed by membrane
filtration (0.45 um). No
biological and/or
statistical significance
in immobilization
between control and
100 mg/L.

Study
Submission
2012e

PO36
(benzimidazol
one
pigments)

Acute
(96 h)

Zebrafish
(Brachyda
nio rerio)

LCo=1
mg/L;
LCso>1
mg/L

Semi-static. OECD TG
203. Saturated solution
(1 mg/L; purity 99.5%).
Undissolved particles
removed by membrane
filtration (0.45 pm).
Measured
concentrations < LOQ.

Study
Submission
2012f

PO36
(benzimidazol
one
pigments)

Chronic
(21
days)

Water flea
(Daphnia
magna)

NOEC =
1 mg/L

Semi-static. OECD TG
211. Saturated solution
(1 mg/L; purity 99.5%).
Undissolved particles
removed by membrane
filtration (0.45 pm).
Effects: reproduction
rate; appearance of first
brood; number of
broods; mortality; body
weight/length; other. No
biological and/or
statistical significance
between the control
and 1 mg/L. Measured
concentrations < LOQ.

Study
Submission
2012g
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Test

Substance type . Endpol .
(subset) (duratio Organism | nt, Details Reference
n) value
Static. Groups of 10
fish were exposed to
PR53:1 (B- , five nominal
naphthol Acute (Zlaerl;?;'sdha ;880 | concentrations (1 7.1- | CPMA
pigment 96h) |- rerﬁc’) v | malL 180 mg/L), DMSO 2006a
lakes) 9 control (0.5 mg/L) and
laboratory water
control.
PR53:1 (B-
naphthol Acute Medaka LCs0 > o CPMA
. (Oryzias 500 Semi-static system.
pigment (48 h) lati 2006a
lakes) atipes) mg/L
PR53:1 (B-
naphthol Acute I\éeda_ka LCso > o
igment (48 h) ( ryzias 420 Semi-static system. MITI 1992
b latipes) mg/L
lakes)
PR53:1 (B- Water flea Saturated solution of European
naphthol Acute . ECo > .
igment (48 h) (Daphnia 2.2 mgiL the test substance Commission
E’;lkes) magna) ' (purity 98.1%). ©2000a
PR53:1 (B- Water flea Saturated solution of European
naphthol Acute . ECo > .
igment (48 h) (Daphnia 3.8 mglL the test substance Commission
E’;lkes) magna) ' (purity 98.1%). ©2000a
Static. 20 daphnids;
saturated solution
(shaking stock solution
for 24 h and removing
undissolved particles
by centrifugation) and a
PR3 (B- Acute Water flea EC, = control. DOC was 0.6 Study
naphthol (48 h) (Daphnia 0 gon: n mg/L at the start and Submission
pigments) magna) = My end of the test, which 2007n

was estimated to be 0.9
mg/L of the pigment
concentration. No
biologically significant
effects (immobilization)
at saturation.
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Substance
(subset)

Test

type
(duratio

n)

Organism

Endpoi
nt,
value

Details

Reference

PO5 (B-
naphthol
pigments)

Acute
(48 h)

Water flea
(Daphnia
magna)

ECo =
1.6 mg/L

Static. Saturation
achieved by shaking
the stock solution for 24
h and removing
undissolved particles
by 0.45 ym membrane
filtration. The DOC was
measured and was
found to correspond to
a concentration of 1.6
mg/L of pigment. No
biologically significant
effects (immobilization)
at saturation.

Study
Submission
20070

PR112
(naphthol AS
pigments)

Chronic
(21
days)

Water flea
(Daphnia
magna)

NOEC =
1 mg/L

Semi-static. OECD TG
211. Saturated solution:
1 mg/L (shaking at 20
rpm for 48 h;
undissolved particles
removed by membrane
filtration, 0.45 pum).
Loading: saturated
solution as limit
concentration. Effects:
adult mortality (daily);
number of juveniles
(daily); stillborn
juveniles and aborted
eggs (daily); intrinsic
rate of natural increase
(test end); growth —
total length and dry
weight (test end). No
biologically or
statistically significant
effects at 1 mgl/L.

ECHA 2012

PR112
(naphthol AS
pigments)

Chronic
(72 h)

Alga
Desmodes
mus
subspicatu
S

NOEC =
1 mg/L
(rate-
related
inhibition

Static. OECD TG 201.
Saturated solution
(dispersion of 1 mg/L;
shaken at 20 rpm for 48
h; membrane filtration,

ECHA 2012
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Substance
(subset)

Test

type
(duratio

n)

Organism

Endpoi
nt,
value

Details

Reference

inhibition
of yield)

0.45 pm; no measured
concentrations).
Differential loading:
saturated solution as
limit concentration.
Effects: rate-related
inhibition; inhibition of
yield. No inhibition after
72 h at the saturated
solution (1 mg/L).

PR2*
(naphthol AS
pigments)

Acute
(48 h);
static

Water flea
(Daphnia
magna)

ECso >
100
mg/L

Daphnids exposed to a
saturated solution of
100 mg/L (shaking at
20 rpm for 24 h;
undissolved particles
removed by filtration on
0.45 ym membrane).
No measured
concentrations. No
biologically significant
effects (immobilization)
observed at saturation.

Study
Submission
2007a

PR253*
(naphthol AS
pigments)

Acute
(96 h)

Common
carp
(Cyprinus
carpio)

LCso =
172
mg/L

Static. Six test
concentrations (not
measured). No toxic
responses were
recorded up to a
concentration of 90
mg/L.

PR253*
(naphthol AS
pigments)

Acute
(24 h)

Water flea
(Daphnia
magna)

ECso =
990.7
mg/L

Static. Seven test
concentrations (not
measured). 10%
immobilization
observed up to a
concentration of 500
mg/L.

Study
Submission
2007a
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Substance
(subset)

Test

type
(duratio

n)

Organism

Endpoi
nt,
value

Details

Reference

PR146*
(naphthol AS
pigments)

Acute
(48 h)

Water flea
(Daphnia
magna)

ECso >
100
mg/L

Static. Daphnids
exposed to a saturated
solution of 100 mg/L
(shaking at 20 rpm for
24 h; undissolved
particles removed by
filtration on 0.45 pm
membrane). No
measured
concentrations. No
biologically significant
effects (immobilization)
observed at saturation.

Study
Submission
2007d

PR57:1*
(BONA
pigment
lakes)

Acute
(96 h)

Medaka
(Oryzias
latipes)

LCso =
33 mg/L

Semi-static. Groups of
10 fish were exposed to
five nominal
concentrations (7.1—
180 mg/L), DMSO
control (0.5 mg/L) and
laboratory water
control. Purity of the
pigment: 87%.

EA Japan
1992

PR57:1*
(BONA
pigment
lakes)

Acute
(72 h)

Medaka
(Oryzias
latipes)

LCso =
44 mg/L

Semi-static. Groups of
10 fish were exposed to
five nominal
concentrations (7.1—
180 mg/L), DMSO
control (0.5 mg/L) and
laboratory water
control. Purity of the
pigment: 87%.

EA Japan
1992

PR57:1*
(BONA
pigment
lakes)

Acute
(48 h)

Medaka
(Oryzias
latipes)

LCso =
98 mg/L

Semi-static. Groups of
10 fish were exposed to
five nominal
concentrations (7.1—
180 mg/L), DMSO
control (0.5 mg/L) and
laboratory water
control. Purity of the
pigment: 87%.

EA Japan
1992
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Test

Substance type . Endpol .
(subset) (duratio Organism | nt, Details Reference
n) value
Semi-static. Groups of | EA Japan
10 fish were exposed to | 1992
% five nominal
(PBROSJ': Acute Meda'ka LCso = concentrations (7.1—
pigment (24 h) (O_ry2|as 170 180 mg/L), DMSO
lakes) latipes) mg/L control (0.5 mg/L) and
laboratory water
control. Purity of the
pigment: 87%.
PR57:1*
Medaka
(BONA Acute (Oryzias LCs0 = Flow-through system. | MITI 1992
pigment (48 h) lati 50 mg/L
lakes) atipes)
Static. OECD TG 202.
Five nominal
PR57:1* _ concentrations (90-940
(BONA Acute \(/[\gzterr]rl:liza ESC(;SO ~ | mg/L; purity 87%), EA Japan
pigment (24 h) magpna) mg/L control of DMSO-to- 1992
lakes) HCO-40 = 9:1 (100
mg/l) and laboratory
water control.
Static. Effects:
PR57:1* Alga biomass. ECsg
(BONA Chronic Selenastru NOEC = calcglated from 13 . EA Japan
pigment (72 h) m 5.8 mg/L nominal concentrations 1992
lakes) capricornut (1-1000 mg/L) and
um control. Purity of the
pigment: 87%.
Static. Effects:
PR57:1* Alga biomass. ECs
(BONA Chronic Selenastru | LCsp = calcglated from 13 _ EA Japan
pigment (72 h) m 190 nominal concentrations 1992
lakes) capricornut | mg/L (1—-1000 mg_/L) and
um control. Purity of the
pigment: 87%.
Semi-static. Effects:
PR57:1* _ mortality. Daphnids
(BONA Acute \(/I\égterr]rl:liza léfgo ~ | exposed to five nominal | EA Japan
pigment (24 h) magpna) ma/L concentrations (3—-300 | 1992
lakes) mg/L), control of

DMSO-t0-HCO-40 =
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Test

Substance type . Endpol .
. Organism | nt, Details Reference
(subset) (duratio
n) value

9:1 (100 mg/l) and

laboratory water

control. Purity of the

pigment: 87%.

Semi-static. Effects:

mortality. Daphnids

exposed to five nominal
PR57:1* Water flea concentrations (3—-300
(BONA Acute (Daphnia LCso = mg/L), control of EA Japan
pigment (48 h) magna) 43 mg/L | DMSO-to-HCO-40 = 1992
lakes) 9:1 (100 mg/l) and

laboratory water

control. Purity of the

pigment: 87%.

Semi-static. Effects:

mortality. Daphnids

exposed to five nominal
PR57:1* Water flea concentrations (3—300
(BONA Acute (Daphnia LCso = mg/L), control of EA Japan
pigment (96 h) magna) 18 mg/L | DMSO-to-HCO-40 = 1992
lakes) 9:1 (100 mg/l) and

laboratory water

control. Purity of the

pigment: 87%.

Semi-static. Effects:

mortality. Daphnids

exposed to five nominal
PR57:1* Water flea concentrations (3—300
(BONA Acute (Daphnia LCso = mg/L), control of EA Japan
pigment (7 days) magna) 13 mg/L | DMSO-to-HCO-40 = 1992
lakes) 9:1 (100 mg/l) and

laboratory water

control. Purity of the

pigment: 87%.

Semi-static. Effects:
PR57:1* . mortality. Daphnids .
(BONA Chronic | Water f[ea L Cep = exposed to five nominal EA Japan
pigment (14 (Daphnia 10 mg/L concentrations (3—-300 1992
lakes) days) magna) mg/L), control of

DMSO-to-HCO-40 =
9:1 (100 mg/l) and
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Test

Substance type . Endpol | ¢
(subset) (duratio Organism | nt, Details Reference
n) value

laboratory water

control. Purity of the

pigment: 87%.

Semi-static. Effects:

mortality. Daphnids

exposed to five nominal
PR57:1* Chronic | Water flea concentrations (3—300
(BONA 21 (Daphnia LCso = mg/L), control of EA Japan
pigment days) magna) 9.7 mg/L | DMSO-to-HCO-40 = 1992
lakes) 9:1 (100 mg/l) and

laboratory water

control. Purity of the

pigment: 87%.

Semi-static. Effects:

reproduction. Daphnids
PR57:1* _ exposed to_ five nominal
(BONA Chronic | Water fI_ea ECe, = concentrations (3—300 EA Japan
pigment (14 (Daphnia 4.4 mgiL mg/L), control of 1992
lakes) days) magna) ' DMSO-to-HCO-40 =

9:1 (100 mg/l) and

laboratory water

control. Purity: 87%.

Semi-static. Effects:

reproduction. Daphnids
PR57:1* exposed to five nominal

' Chronic | Water flea _ concentrations (3—300

(BONA . ECso = EA Japan
pigment (21 (Daphnia 9.1 mg/L mg/L), control of 1992
lakes) days) magna) ' DMSO-to-HCO-40 =

9:1 (100 mg/l) and

laboratory water

control. Purity: 87%.

Semi-static. Effects:

reproduction. Daphnids
PR57:1* . exposed tq five nominal
(BONA Chronic | Water f[ea NOEC = concentrations (3—300 EA Japan
pigment (21 (Daphnia 3 mg/L mg/L), control of 1992
lakes) days) magna) DMSO-to-HCO-40 =

9:1 (100 mg/l) and
laboratory water
control. Purity: 87%.
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Abbreviations: DMSO, dimethyl sulfoxide; DOC, dissolved organic carbon; ECsg, the concentration of a substance at
which there is a sublethal effect observed on 50% of the test organisms within the test duration; HCO-40,
polyethylene glycol 40 hydrogenated castor oil; LCsg, the concentration of a substance at which there is a lethal effect
observed on 50% of the test organisms within the test duration; LOQ, limit of quantification; NOEC, no-observed-

effect concentration; OECD, Organisation for Economic Co-operation and Development; rpm, revolutions per minute;
TG, Test Guideline; WS, water solubility
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Appendix E. Ecological Exposure Calculations for Monoazo Pigments
A5.1 Aquatic Exposure Calculations for Pigment Manufacture

A large pigment manufacturing facility in Canada was selected for estimating the level of
aquatic exposure to the Monoazo Pigments. The estimate was derived as follows.

The daily production of the Monoazo Pigments was an essential parameter for the
aquatic exposure calculations, but was unknown. This parameter was estimated based
on the reported total quantity of organic pigments manufactured in Canada, 3 000 000
kgl/year (Linak et al. 2011), and the number of annual production days, 300 days/year,
derived for the manufactured quantity of 3 000 000 kg/year according to the European
Commission’s Technical Guidance Document on Risk Assessment (European
Commission 2003):

Daily production of Monoazo Pigments

= Annual quantity of organic pigments manufactured / Annual production days
= 3 000 000 kglyear / 300 days/year

=10 000 kg/day

Environment Canada conducted a number of site visits to pigment manufacturing
facilities in 2010 (Environment Canada 2010) and learned that the pigment production
equipment was cleaned with water on a regular basis. The wastewater generated was
subsequently treated for solids removal by an on-site wastewater treatment system prior
to discharge to the sewer system. Environment Canada also conducted various site
visits to other types of facilities, such as latex paint formulation (Environment Canada
2013a), powder coatings manufacturing (Environment Canada 2013b), cosmetics
manufacturing (Environment Canada and Health Canada 2010) and tanktruck cleaning
facilities (Environment Canada 2009b). All these site visits, including those for pigment
manufacture, showed that the products lost to wastewater from equipment cleaning
varied in a wide range, but did not exceed 10% of the total production or the equipment
holding volume. This 10% value was used as a conservative estimate for the emission
factor to wastewater from the cleaning of the pigment production equipment.

Emission factor to wastewater from equipment cleaning = 10%

The daily release of the Monoazo Pigments to wastewater was then estimated by
multiplying the daily production by the emission factor:

Daily release of Monoazo Pigments to wastewater
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= Daily production of Monoazo Pigments x Emission factor to wastewater from
equipment cleaning

=10 000 kg/day x 10%

= 1000 kg/day
It was reported that on-site industrial primary wastewater treatment was capable of
removing 90% of pigments with water solubility below 1 mg/L (OECD 2009, p. 58).
Since all the Monoazo Pigments have water solubility well below 1 mg/L and the on-site
wastewater treatment of the facility evaluated was expected to have at least primary or
equivalent removal, according to the site visits to pigment manufacturing facilities
(Environment Canada 2010), the removal of 90% was used for on-site wastewater
treatment.

On-site wastewater treatment removal = 90%
The daily release of the Monoazo Pigments to the sewer system was then estimated:

Daily release of Monoazo Pigments to sewer system

= Daily release of Monoazo Pigments to wastewater x (1 — On-site wastewater
treatment removal)

= 1000 kg/day % (1 — 0.9)

=100 kg/day
The treated wastewater discharged from the facility was further treated by an off-site
wastewater treatment system. This system had a flow rate of 334 900 000 L/day. The
concentration of the Monoazo Pigments in the influent was estimated by dividing the
daily release to the sewer system by the flow:

Concentration of Monoazo Pigments in influent

= Daily release of Monoazo Pigments to sewer system / Flow rate of off-site
wastewater treatment system

= 100 kg/day / 334 900 000 L/day
=298.6 x10~° kg/L

= 298.6 pg/L
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The removal of Monoazo Pigments by the off-site wastewater treatment system was
estimated by models. The system was a secondary type, and its removal was estimated
by ASTreat (2006) to be in the range of 0.5-49.2%, based on the log K, range of -0.75
to 4.62 for the Monoazo Pigments. In this estimate, the Monoazo Pigments were
considered to be non-volatile substances and were assumed not to biodegrade, due to
a lack of biodegradation data. The removal estimated was therefore a result of sludge
sorption only. The lower-end value was used in order to derive a conservative aquatic
PEC.

Off-site wastewater treatment removal = 0.5%
The concentration of the Monoazo Pigments in the effluent was then calculated:
Concentration of Monoazo Pigments in effluent

= Concentration of Monoazo Pigments in influent x (1 — Off-site wastewater
treatment removal)

=298.6 pg/L x (1 - 0.005)

=297 pg/L
The receiving water for the off-site wastewater treatment system was a large lake, and
the dilution factor at the discharge point was assumed to be 10-fold. Thus, the
concentration of the Monoazo Pigments in receiving water near the discharge point, or
the aquatic PEC, was estimated:

Aquatic PEC

= Concentration of Monoazo Pigments in effluent / Receiving water dilution factor

=297 pug/L /10

=29.7 ug/L
This aquatic PEC for pigment manufacture is presented in Table 14.

A5.2 Aquatic Exposure Calculations for Paint and Coating Formulation

Seventy-five paint and coating formulation facilities were identified as industrial users of
the Monoazo Pigments from CEPA 1999 section 71 surveys (Canada 2006, 2007,
2008, 2011), and eight of them were determined to be the largest users. On average,
these eight facilities used 5000-10 000 kg/year per pigment for one or more Monoazo
Pigments. The eight facilities were therefore selected to determine the level of aquatic
exposure for the paint/coating formulation sector. In comparison, the other facilities
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used quantities below 5000 kg/year per pigment on average. Less than five of these
other facilities were initially identified among the largest users based on the above-
mentioned CEPA 1999 section 71 surveys, but each of these facilities was found to use
less than 5000 kg/year for all Monoazo Pigments combined through follow-up questions
(2013 emails from facilities to Environment Canada; unreferenced).

Pigments can be released to the aquatic environment through wastewater treatment
when the formulation equipment is cleaned with water. The cleaning is expected for
water-based paints and coatings. The exposure calculations presented below were
therefore based on data relating to water-based paints and coatings.

The size of a paint/coating production batch was found to range from 1000 to 19 000 kg,
according to an analysis of industry data (Environment Canada 2012). Since the
amount released from equipment cleaning is proportional to the batch size, the largest
batch size (19 000 kg) was used in order to derive a conservative PEC.

Maximum batch size = 19 000 kg

The amount of residue lost to equipment cleaning was also obtained from an analysis of
industry data. This amount, commonly expressed as a percentage of a batch size and
referred to as an emission factor to wastewater, was 0.3% (Environment Canada 2012)
and was used for the paint/coating formulation scenario.

Emission factor to wastewater = 0.3%
The content of pigments in water-based paints and coatings ranged from 15% to 45%,
according to a number of site visits to paint/coating formulation facilities (Crechem
Technologies 2003), and 2—-30% from a more recent site visit (Environment Canada
2013c). The highest content (45%) was selected as the worst-case scenario.

Content of pigments in paints/coatings = 45%
An analysis of industry data showed that the cleaning of coating formulation equipment
was completed within 1 day (Environment Canada 2012). The maximum amount of
pigments released to on-site raw wastewater was then estimated:

Maximum daily amount released to on-site raw wastewater

= Maximum batch size x Maximum content of pigments in paint/coatings x
Emission factor to wastewater

=19 000 kg x 45% x 0.3% = 25.7 kg/day

Site visits to paint/coating formulation facilities indicated that on-site wastewater
treatment for solids removal was common for large facilities (Crechem Technologies
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2003). The site visits also indicated that the treated wastewater from the on-site
treatment was treated further by off-site wastewater treatment before reaching the
aquatic environment. Both on-site and off-site wastewater treatment were therefore
assumed in the exposure calculations.

Pigments with water solubility under 1 mg/L are expected to be 90% removed via
primary sludge (OECD 2009). Since all the Monoazo Pigments have water solubility
well below 1 mg/L and on-site wastewater treatment systems are expected to have at
least primary or equivalent removal, the removal efficiency can be expected to be 90%
for on-site treatment.

On-site wastewater treatment removal = 90%

The maximum amount released to the sewer system after on-site wastewater treatment
was then estimated:

Maximum amount released to sewer system

= Maximum daily amount released to on-site raw wastewater x (1 — On-site
wastewater treatment removal)

= 25.7 kg/day x (1 - 0.9)
= 2.57 kg/day

The calculations below depend upon the location of each facility. For a facility at Site C-
2, the wastewater flow rate of the off-site wastewater treatment system was 14 700 000
L/day. The concentration of pigments in the influent was then estimated:

Concentration of pigments in influent

= Maximum amount released to sewer system / Flow rate of off-site wastewater
treatment system

= 2.57 kg/day / 14 700 000 L/day
=1.75x 107" kg/L = 175 ug/L

The removal efficiencies of the off-site wastewater treatment systems at the eight
paint/coating formulation sites were estimated by models. The treatment systems used
at these sites were all secondary, and their removal efficiencies were estimated by
ASTreat (2006). The Monoazo Pigments were considered to be non-volatile and were
assumed not to biodegrade through wastewater treatment, due to a lack of
biodegradation data. The removal efficiencies estimated were therefore a result of
sludge sorption only. These estimates were in the range of 0.5-49.2% for secondary
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systems, based on the log K,y range of —0.75 to 4.62. The lower-end value was used in
order to derive conservative aquatic PECs.

Off-site wastewater treatment removal = 0.5%
For Site C-2, the concentration of pigments in the effluent was estimated:
Concentration of pigments in effluent

= Concentration of pigments in influent x (1 — Off-site wastewater treatment
removal)

=175 pg/L x (1 = 0.005) = 174 ug/L
The aquatic PEC was estimated by dividing the effluent concentration by an appropriate
dilution factor of the receiving water. Since the aquatic PEC is determined near the
discharge point, the receiving water dilution factor selected should be applicable to this
requirement. The full dilution potential of a river based on its 10th percentile flow rate is
considered appropriate if the dilution factor is between 1 and 10. Otherwise, a 10-fold
dilution is assumed for both large rivers and still waters. The receiving water for the
wastewater treatment system at Site C-2 is a river with a 10th percentile flow rate of 98
120 000 L/day. Thus, the dilution factor was calculated as:

Receiving water dilution factor = 10th percentile flow rate / Flow rate of off-site
wastewater treatment system

=98 120 000 L/day / 14 700 000 L/day
=6.7

This dilution factor was used in the calculation for the aquatic PEC at Site C-2:
Aquatic PEC =
Concentration of pigments in effluent / Receiving water dilution factor
=174 ug/L /6.7 = 25.9 ug/L

The aquatic PEC results for the eight paint/coating formulation facilities are summarized
in Table 14.

A5.3 Aquatic Exposure Calculations for Deinking Operations
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Seventeen facilities were identified as performing recycled paper deinking operations
from the Pulp and Paper Canada Directory (2013), the Lock-wood Post Directory (2011)
and FisherSolve™ Platform (2013). Out of this total, 13 facilities were found to have
sufficient information for aquatic exposure calculations. The 13 facilities were judged to
be a good representation of the Canadian deinking sector.

The aquatic PEC was estimated for each of the 13 facilities. These facilities generated
and treated their respective wastewater on site and subsequently discharged the
treated wastewater directly to the receiving water. The aquatic PEC for each facility was
estimated based on the quantity of the Monoazo Pigments entering the facility, the
emission factor to wastewater, the wastewater volume, the removal efficiency of the on-
site wastewater treatment and the dilution of the receiving water.

A detailed explanation of the aquatic PEC calculations for the Monoazo Pigments is
provided below using Site D-1 as an example.

In Canada, the quantity of paper recycled was 4 170 000 tonnes, or 69% of the waste
paper generated in 2010, according to the Pulp and Paper Products Council (2012 e-
mail from Marketing Strategy and Sustainability Consulting, Kitchener, Ontario, to
Ecological Assessment Division, Environment Canada; unreferenced). These figures
translated into 6 043 000 tonnes of waste paper generated in 2010 in Canada:

Quantity of waste paper generated: =4 170 000 tonnes / 69% =
6 043 000 tonnes/year

The average content of the Monoazo Pigments in printed paper was estimated by
dividing the total quantity of the Monoazo Pigments used for printing by the quantity of
waste paper generated. The total quantity of the Monoazo Pigments used for printing
was in the range of 10 000—100 000 kg/year, as per CEPA 1999 section 71 surveys
(Canada 2006, 2007, 2008, 2011). The higher-end value of this range was used to
derive a conservative average content of Monoazo Pigments in waste paper:

Average content of pigments in paper: (100 000 kg/year) / 6 043 000 tonnes/year =
0.0165 kg/tonne

This average content was used to estimate the amount of the pigments entering a given
deinking facility based on its deinking capacity. For example, the deinking capacity of
the facility at Site D-1 was 71 375 tonnes/year (FisherSolve™ Platform 2013). The
annual input of the pigments into the facility was then estimated:

Annual input of pigments = 0.0165 kg/tonne x 71 375 tonnes/year = 1178 kg/year
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The facility at Site D-1 operates 350 days/year on a continuous basis (FisherSolve™
Platform 2013). The daily input of the pigments into the facility at Site D-1 was
estimated:

Daily input of pigments: (1178 kg/year) / 350 days/year = 3.37 kg/day

A literature search was conducted to find emission factors to wastewater from deinking
operations. Few data were found. An industry association was then contacted, and it
provided an estimate of 20% for the proportion of pigments entering wastewater from
deinking (2013 telephone discussions between a pulp and paper expert from the
industry association and Environment Canada; unreferenced). This estimate was used
in further calculations.

Emission factor to wastewater = 20%

The daily quantity of the Monoazo Pigments emitted to raw wastewater from the facility
at Site D-1 was estimated based on the 20% emission factor and the daily input of
Monoazo Pigments into the facility:

Daily emission of pigments to raw wastewater = 3.37 kg/day x 20% = 0.67 kg/day

The concentration of Monoazo Pigments in raw wastewater was estimated by dividing
the daily emission by the daily flow rate of the wastewater generated. For Site at D-1,
the daily flow rate of the wastewater generated was 40 000 000 L/day (FisherSolve™
Platform 2013). The concentration of Monoazo Pigments in raw wastewater was then
calculated:

Concentration of pigments in raw wastewater = (0.67 kg/day x 10° pg/kg) / 40 000
000 L/day = 16.8 pg/L

where 10° pg/kg is a conversion factor.

Pigments with water solubility below 1 mg/L are expected to be 90% removed via
primary sludge (OECD 2009). Since all the Monoazo Pigments have water solubility
well below 1 mg/L and the wastewater generated from deinking facilities in Canada is
subject to secondary treatment, the reduction in the concentration of the Monoazo
Pigments would be at least 90% through wastewater treatment.

For the facility at Site D-1, the maximum concentration of the Monoazo Pigments in
treated wastewater was estimated:

Maximum concentration of pigments in treated wastewater

= 16.8 ug/L x (1 - 0.9) = 1.7 pglL
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The receiving water for the facility at Site D-1 is a river with a 10th percentile flow of
950 400 000 L/day. The full dilution capacity of the receiving water was estimated as the
ratio of the 10th percentile flow to the daily wastewater flow:

Receiving water full dilution capacity = (950 400 000 L/day) / 40 000 000 L/day = 24
In estimating the concentration of a chemical in receiving water, an appropriate dilution
factor should be used to properly characterize the concentration near the discharge
point. For the purpose of this risk assessment, 10-fold dilution was chosen to account
for limited dilution near the discharge point when the full dilution capacity was over 10.
For the facility at Site D-1, the concentration of the Monoazo Pigments in receiving
water near the discharge point, or aquatic PEC, was therefore estimated:

Aquatic PEC = 1.7 pg/L / 10 = 0.17 pg/L
The aquatic PEC results for all the deinking sites are summarized in Table 14.
A5.4 Sediment Exposure Calculations
An equilibrium sediment—water partition approach described by the European
Chemicals Agency (ECHA 2010) was used to estimate the concentration of the
Monoazo Pigments in sediment. This approach assumes that the concentration in
bottom sediment is in equilibrium with the concentration in the overlying water. At
equilibrium, the PEC in bottom sediment can linearly correlate with the concentration in
the aqueous phase of the overlying water as follows:

Sediment PEC = K, Cy,
where:

Ksw: sediment—water partition coefficient (L/kg)

Cw:chemical concentration in aqueous phase (mg/L)
The sediment—water partition coefficient (Kgy, L/kg) can be estimated from the organic
carbon (OC) fraction of the sediment (Fqc, kg OC/Kg), the sorptive capacity of the

sediment’'s OC (A, L/kg OC) and the substance’s octanol-water partition coefficient
(Kow, unitless) (Gobas 2010):

Ksw = FocAocKow
The sediment PEC can then be calculated from the equation:

Sediment PEC = FocAocKowCw
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The concentration in the aqueous phase (Cy, mg/L) can be estimated from the aquatic
PEC (mg/L). There are three distinctive phases in the water column: agueous phase,
particulate suspended sediment and dissolved suspended sediment (Gobas 2007).
Accordingly, the total concentration in the water column, or the aquatic PEC (mg/L), can
be expressed as a sum of the concentrations in the aqueous phase (C,, mg/L),
particulate suspended sediment (Cys, mg/L) and dissolved suspended sediment (Cgs,
mg/L):

AquatIC PEC = CW + Cps + Cds
When the OC phase in particulate or dissolved suspended sediment is the phase of
sorption for a substance, the above equation can be converted to an expression for
estimating the ratio of the aquatic PEC (mg/L) to the concentration in the aqueous
phase (C,, mg/L) (Gobas 2007):

Aquatic PEC/Cy = 1 + (XpsFpocApoc + XdsFdocAdoc) Kow
where:

Apoc:  sorptive capacity of particulate OC relative to octanol (L/kg OC)

Adgoc:  Sorptive capacity of dissolved OC relative to octanol (L/kg OC)

Fpoc:  OC fraction of particulate suspended sediment (kg OC/kg)

Faoc:  OC fraction of dissolved suspended sediment (kg OC/kg)

Kow: Octanol-water partition coefficient (unitless)

Xps:  content of particulate suspended sediment in water column (kg/L)

Xgs:  content of dissolved suspended sediment in water column (kg/L)
In Canada, the middle level for the content of particulate suspended sediment in the
water column (X,s) was 47 mg/L (Environment Canada 2013d). This value was used in
the derivation of the sediment PECs at the sites evaluated.

Xps = 47 mg/L = 4.7 x 107° kg/L
According to Gobas (2010), the OC fraction of particulate suspended sediment varied
from 0.1 to 0.2 kg OC/kg sediment. The lower end of this range was used in order to

derive conservative sediment PECs.

Fpoc = 0.1 kg OC/Kg
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Karickhoff (1981) proposed a value of 0.41 L/kg OC for the sorptive capacity of
sediment’s OC based on a set of 17 sediment and soil samples and various
hydrophobic non-polar organic compounds. This value was used for the sorptive
capacity of particulate OC, Apoc.

Apoc = 0.41 L/kg OC

In Canada, the dissolved OC content in the water column averaged 2.7 mg OC/L
(Environment Canada 2013d). This value was used in the derivation of the sediment
PECs at the sites evaluated. Note that this OC content equals the product of the content
of dissolved suspended sediment (Xg4s, mg/L) and its OC fraction (Fgoc, kg OC/KQ):

XasFaoc = 2.7 mg OC/L = 2.7 x 10~® kg OC/L

Gobas (2007) provided an estimate of 0.08 L/kg OC for the sorptive capacity of
dissolved OC, Ayoc. This estimate was used.

Adoc = 0.08 L/kg OC

The octanol-water partition coefficient (Kqy) exhibits a significant influence on the
sediment PEC. According to the following two equations, described previously:

Sediment PEC = FocAocKowCw

AquatIC PEC/CW = 1 + (XpstocApoc + deFdocAdoc)Kow
the dependence of the sediment PEC on K, is given as:

Sediment PEC = Aquatic PEC x FocAoc/(1/Kow + XpsFpocApoc + XdsFdocAdoc)
This dependence reveals that the sediment PEC approaches zero for water-soluble
substances with a low K, and approaches a maximum constant concentration for
highly hydrophobic substances with a high K,y. In other words, the sediment PEC
increases with Koy. The log Koy values for the Monoazo Pigments were in the range of
-0.75 to 4.62. The higher-end value of this range was used to derive conservative
sediment PECs.

log Kow = 4.62, or Koy =41 687

The ratio of the aquatic PEC to the concentration in the aqueous phase (C,;) was
calculated:

AquatIC PEC/CW = 1 + (XpstocApoc + deFdocAdoc)Kow
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=1+ (4.7 x 10 kg/L x 0.1 kg OC/kg x 0.41 L/kg OC + 2.7 x 10 kg OCIL x 0.08
L/kg OC) x 41 687

=1+2.14x107° x 41 687

=1+ 0.089 =1.089
As an example, the aquatic PEC at Site C-2 for the formulation of paints and coatings
was estimated as 25.9 ug/L. The concentration in the aqueous phase (C,) at this site
was then calculated from the ratio of the aquatic PEC to C,:

Cw = Aquatic PEC/1.089 = 25.9 ug/L/1.089 = 23.8 ug/L
Gobas (2010) suggested a default value of 0.01-0.03 OC/kg for the OC fraction of
bottom sediment in rivers. The higher end of this range was selected as a standard for
the sediment PECs derived.

Foc = 0.03 kg OC/kg

As for particulate suspended sediment, the sorptive capacity of bottom sediment’s OC
was taken as 0.41 L/kg OC, based on the work from Karickhoff (1981).

Aoc = 0.41 L/kg OC
The sediment PEC at Site C-2 was then estimated from the above values:
Sediment PEC = FocAocKowCw
=0.03 kg OC/kg % 0.41 L/kgOC x 41 687 x 23.8 ug/L
=512.8 L/kg x 23.8 pg/L
=12 205 pg/kg
=12.2 mg/kg

The sediment PECs for all the sites were estimated according to the above method and
are summarized in Table 14.

A5.5 Soil Exposure Calculations

The deinking sector was selected to derive a conservative estimate of the concentration
of Monoazo Pigments in soil. Among the major release sectors (pigment manufacture,
paint/coating formulation and deinking) considered for exposure calculations, the
deinking sector represents the highest release to sludge. When this sludge is converted
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to biosolids and subsequently applied to land, the entire quantity of the Monoazo
Pigments removed from deinking can end up in soil, while the other two sectors release
only a small percentage to soil through biosolids generated from off-site wastewater
treatment systems. The deinking sector was therefore expected to result in the highest
concentrations of Monoazo Pigments in soil.

The concentration of Monoazo Pigments in soil was estimated under a conservative
scenario. In this scenario, it was assumed that the pigment-containing biosolids
generated from the deinking sector were applied onto agricultural land at an average
rate of 28 wet tonnes/ha, as reported in Quebec (Hébert and Chaker 2011), over a
substantial number of years (10 years). It was also assumed that the pigments were
accumulated in soil and did not incur any degradation, volatilization, soil runoff or
leaching losses. Detailed calculations are presented below.

The total annual quantity of the Monoazo Pigments used for printing was in the range of
10 000-100 000 kg/year, as per CEPA 1999 section 71 surveys (Canada 2006, 2007,
2008, 2011). The higher-end value of this range was used to derive a conservative soll
exposure estimate.

Total annual quantity of Monoazo Pigments = 100 000 kg/year
According to the Pulp and Paper Products Council (2012 e-mail from Marketing
Strategy and Sustainability Consulting, Kitchener, Ontario, to Ecological Assessment
Division, Environment Canada; unreferenced), in Canada, the paper recycling rate in
2010 was 69%. Based on this rate, the quantity of the Monoazo Pigments in recycled
paper was estimated:

Quantity of pigments in recycled paper = 100 000 kg/year x 69% = 69 000 kg/year

As a conservative estimate, it was assumed that the entire quantity of the Monoazo
Pigments in recycled paper ended up in sludge from deinking mills.

Quantity of pigments in sludge = 69 000 kg/year
Newsprint mills with deinking operations reported an average sludge production rate of
835 oven-dry tonnes/day, according to a contract study commissioned by Environment
Canada (2009a). This daily rate translates to an annual rate of 292 250 tonnes/year,
assuming that newsprint mills operate 350 days/year.

Annual sludge production from deinking mills = 292 250 tonnes/year

The concentration of the Monoazo Pigments in the sludge from deinking mills was
estimated by dividing the quantity of the pigments in the sludge by the sludge quantity:
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Concentration of pigments in sludge = (69 000 kg/year) / 292 250 tonnes/year =
0.236 kg/tonne = 236 mg/kg

The land application rate of pulp and paper mill sludge in Quebec was used. The
average rate was reported to be 28 wet tonnes/ha (Hébert and Chaker 2011). Assuming
an average of 40% solids (Environment Canada 2009a), this translates to an average
land application rate of approximately 11 dry tonnes/ha. Since 1 ha = 10 000 m?, the
annual land application rate would be:

Annual land application rate = 11 tonnes/ha per year = 1.1 kg/m? per year
The European Chemicals Agency (ECHA 2010) suggested using 10 consecutive years
as a length of accumulation in evaluating soil concentrations resulting from biosolids
application. The quantity of the Monoazo Pigments received per square metre of the
amended soil during this 10-year period would be:

Quantity of pigments per square metre of soil

= Annual land application rate x 10 years x Concentration of pigments in sludge

= 1.1 kg/m? per year x 10 years x 236 mg/kg

= 2596 mg/m?
The European Chemicals Agency (ECHA 2010) also suggested using 20 cm (i.e., 0.2
m) as the ploughing depth in determining a mixing layer. Using a dry-soil density of
1200 kg/m?® (Williams 1999), the mass of the top 20-cm soil layer per square metre was
estimated:

Mass of ploughing layer per square metre = 1200 kg/m*® x 1 m? x 0.2 m = 240 kg/m?

The soil PEC was determined by dividing the quantity of the pigments upon 10-year
land application by the mass of ploughing layer soil per square metre:

Soil PEC = (2596 mg/m?) / 240 kg/m? = 10.8 mg/kg
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Appendix F. Exposure Estimates from Use of Cosmetics

Table F-1: Dermal exposure estimates from use of cosmetics

. Daily
Product scenario .
Concentratio | Per event exposure
(adult unless 1 1
Substance . n range (w/w | exposure (ng/kg-
otherwise %) (Lg/kg-bw) bW Der
indicated) HOTKY b
day)
PY1 Body cream, lotion, | ;_5 37-112 41-123
moisturizer
PY1 Facial makeup 0.3-1 1.4-4.6 1.7-5.6
PY1 Spray <0.1 <0.3 0-0.48
perfume/fragrance
PY1 Soap liuid: <1 <0.24 0-0.24
showering
PY1 Hair conditioner <0.1 <0.12 0-0.12
PY1 Shaving cream for | 5 o <0.06 0-0.06
men’s face
PY1 Soap solid: washing | g <0.01 <0.01
hands
PY1 Bath products: oil 1-3 <0.06 N/A
PY1 Nail polish 3-10 1.3-4.3 N/A
PY1 Bath salts <3 <0.09 N/A
PY3 Face mask/pack 0.3-1 5.1-16.9 1.5-4.9
Spray
PY3 <0.1 <0.3 0-0.5
perfume/fragrance
PY3 Soap liuid: <1 <0.24 0-0.24
showering
PY3 Hair conditioner <0.1 <0.12 0-0.12
PY3 shaving cream for | _q 4 <0.06 0-0.06
men’s face
PY3 Nail polish <0.1 <0.06 N/A
PY3 Bath salts <0.1 <0.003 N/A
PY73 Nail polish <0.1 <0.042 N/A
PR4 Face mask/pack <1 <16.9 0-4.9
PR4 Body cream, lotion, | 5 4 <3.72 0-4.08
moisturizer
PR4 Facial makeup 3-10 0.9-3 1.08-3.72
(blush)
Antiwrinkle
PR4 preparation (former | 0.3-1 3.1-10.1 5.5-18.3
use)
PR4 Eyeliner 3-10 0.06-0.12 0-0.06
PR4 Eye shadow 1-3 0.06-0.2 0.12-0.3




. Daily
Product scenario .
Concentratio | Per event exposure
(adult unless 1 1
Substance . n range (w/w | exposure (ng/kg-
otherwise %) (ug/kg-bw) bw ber
indicated) HO/Kg P
day)
Soap liquid:
PR4 : <1 <0.2 0-0.2
showering
PR4 Hair conditioner <0.1 <0.12 0-0.12
PR4 Bath products: oil 1-3 <0.06 N/A
PR4 Nail polish <30 <12.7 N/A
PR4 Essential oil: <01 <6.8 N/A
massage
PR4 Bath salts 0.1-3 <0.09 N/A
PR4 Depilatory cream <0.1 <0.5 N/A
Hair dye — non-
PR49:1 spray/wash-in; semi- | 0.3-1 0.5-1.5 N/A
permanent
PR53:1 Mascara <0.1 <0.01 <0.01
Hair dye — non-
PR53:1 spray/wash-in; semi- | 0.3-1 1.5-4.9 0.2-0.7
permanent
PR112 Eyeshadow 0.1-0.3 0.003-0.02 0.01-0.03
PR112 Soap liquid: <0.1 <0.02 <0.02
showering
PR112 Nail polish <0.1 <0.04 N/A
PR63:1 Nail polish 10-30 0.71-2.12 N/A

Abbreviations: kg-bw, kilograms of body weight; N/A, not applicable; w/w, weight per weight
A dermal absorption value of 6% was used for PY1, PY3, PY73, PR4, and PR112. A dermal absorption value of 1%
was used for PR49:1, PR53:1 and PR63:1

Table F-2: Exposure factors used for estimating dermal exposure for cosmetics

lotion, moisturizer

Product Exposure factors®
scenario
Exposure frequency: 1.1/day (Loretz et al. 2005)
Product amount: 4.4 g/application (Loretz et al. 2005)
Body cream,

Overall retention factor: 1 (Cadby et al. 2002; Wormuth et al.
2005; SCCP 2006; NICNAS 2009; SDA 2010a, b)
Surface area: 16 925 cm?

Bath products: oil
, bath products:
salts

Exposure frequency: 0.285/day

Product amount: 25 g/application

Overall retention factor: 2.08 x 107 (dilution factor from RIVM
2006a; assumed retention factor after rinse-off is 0.001, based
on professional judgement)

Hair spray

Exposure frequency: 1.51/day (Loretz et al. 2006)
Product amount: 3.64 g/application (Loretz et al. 2006)
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Product

Exposure factors®

scenario
Overall retention factor: 0.09
o Exposure frequency: 0.901/day
?r?:v?/e“r?#éd' Product amount: 8.7 g/application
Overall retention factor: 0.0033 (SDA 2010a)
Exposure frequency: 0.586/day
Hair gel Product amount: 1.9 g/application

Overall retention factor: 0.1 (SCCP 2006)

Hair conditioner

Exposure frequency: 1.1/day (Loretz et al. 2008)

Product amount: 13.1 g/application (Loretz et al. 2008)

Overall retention factor: 0.01 (Wormuth et al. 2005; SCCP 2006;
SDA 2010b)

Spray perfume

Exposure frequency: 1.7/day (Loretz et al. 2006)
Product amount: 0.33 g/application (Loretz et al. 2006)
Overall retention factor: 1 (Wormuth et al. 2005; SDA 2010a, b)

Soap solid:
washing hands

Exposure frequency: 6/day

Product amount: 2.4 g/application

Overall retention factor: 0.0033 (Cadby et al. 2002; RIVM 20064a;
SDA 2010a)

Hair dye

Exposure frequency: 0.02/day (personal communication: data
tables compiled by Statistics Canada on CHMS Cycle 1 Survey
on use of grooming products by Canadians (2007-2009) for
Existing Substances Risk Assessment Bureau, March 2012,
unreferenced)

Product amount: 100 g/application

Hair dye spray —
temporary (child)

Child body weight (5-11 years): 31 kg (Health Canada 1998)
Exposure frequency: 0.016/day (i.e., 6/year)

Nail polish

Exposure frequency: 0.43/year
Product amount upon skin: 0.05 g/application (adult )

Facial makeup
(including blush)

Exposure frequency: 1.24/day (Loretz 2006)

Product amount: 0.54 g/application (Loretz 2006)

Product amount (blush): 0.54 g/application (Loretz 2006) x 160
cm? (RIVM 2006a) / 637 cm? (Health Canada 1998) = 0.14
g/application

Shaving cream
for men’s face

Exposure frequency: 1/day (European Commission 2003)
Product amount: 4 g/application (SDA 2010a)

Face mask/pack

Exposure frequency: 2/week
Product amount: 20 g/application

Exposure frequency: 0.67/day (Wu et al. 2010)

Mascara Product amount: 0.025 g/application

Eyeshadow Exposure frequency: 1.2/day (_Lor_etz et al. 2010)
Product amount: 0.009 g/application (Loretz et al. 2010)

Eyeliner Exposure frequency: 0.68/day (Wu et al. 2010)
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Product

Exposure factors®

scenario
Product amount: 0.005 g/application (CTFA 1983b)
Antiwrinkle Exposure frequency: 1.80/d_ay _(Loretz et al. 2005)
) Product amount: 1.2 g/application (Loretz et al. 2005)
preparation

Used body cream, lotion, moisturizer scenario

Depilatory cream

Exposure frequency: 0.0466/day
Product amount: 5.5 g/application
Overall retention factor: 0.1 (US EPA 2011)

e 2 All assumptions were ConsExpo default assumptions (RIVM 2006a) unless otherwise noted. In addition,
the following assumptions were applied to all scenarios unless otherwise noted:Exposure scenarios are for

an adult

e Body weight of 70.9 kg for an adult (Health Canada 1998)

e Uptake fraction of 1 to account for external applied dose

e Concentrations as reported to Health Canada (2011 and 2013 emails from the Consumer Product Safety
Directorate, Health Canada, to the Existing Substances Risk Assessment Bureau, Health Canada;
unreferenced)

Table F-3: Oral exposure estimates from

use of cosmetics

Daily
Product scenario Concentratio | Per event exposur
Substance (adult unless n range (w/w | exposure e (ng/kg-
otherwise indicated) %) (ng/kg-bw) bw per
day)
PY1 Spray . <0.1 <01 N/A
perfume/fragrance
PY3 Spray . <0.1 <0.1 N/A
perfume/fragrance
PR4 Lipstick <3 <4.2 <10.2
PR53:1 Lipstick/lip balm <0.3 <04 <1.0
, Lipstick/lip balm <0.3 <1.9 <1.1
PR53:1 (toddler)
PR112 Lipstick/lip balm 0.1-0.3 0.1-0.4 0.3-1.0
PR112 Lipstick/lip balm 0.1-0.3 0.6-1.9 0.4-11
(toddler)
Abbreviations: kg-bw, kilograms of body weight; N/A, not applicable; w/w, weight per weight
*The oral exposure due to the non-respirable fraction.
Table F-4: Inhalation exposure estimates from use of cosmetics
Product scenario p Daily
, er event
Substance (adult unless Concentration exXDOSUTe exposure
otherwise range (w/w %) ( IO/k “bw) (ng/kg-bw
indicated) HO/kg per day)
PY1 Spray <0.1 <0.2 <0.1
perfume/fragrance
PY3 Spray <0.1 <0.2 <0.1
perfume/fragrance

231




Abbreviations: kg-bw, kilograms of body weight; w/w, weight per weight

Table F-5: Exposure factors used for estimating oral and inhalation exposures for
cosmetics

Product | Routes Exposure factors
Exposure frequency: 2.4/day (Loretz et al. 2005)
Product amount: 0.01 g/application (Loretz et al. 2005)
Overall retention factor: 1 (SCCP 2006; SDA 2010a, b)
Adult body weight: 70.9 kg (Health Canada 1998)
Lipstick | Oral Concentration: various, as listed in Table A6-3 (personal
communication, emails from the Consumer Product Safety
Directorate [Health Canada] to the Existing Substances Risk
Assessment Bureau [Health Canada], dated 2011-2014;
unreferenced)
ConsExpo v4.1: “Exposure, spray model”
Exposure frequency: 1.7/day (Loretz et al. 2006)
Product amount: 0.33 g/application (Loretz et al. 2006)
Overall retention factor: 1 (Wormuth et al. 2005; SDA 2010a,
b)
Adult body weight: 70.9 kg (Health Canada 1998)
Concentration: various, as listed in Tables A6-3 and A6-4 (
2011 and 2013 emails from the Consumer Product Safety
Directorate, Health Canada, to the Existing Substances Risk

Spray :;nh dai?rg(l)n Assessment Bureau, Health Canada; unreferenced)
perfume non- Spray duration: 0.08 min

/ respirable Exposure duration: 5 min

fragranc b Room volume: 10 m®

e route Room height: 2.5 m

Ventilation rate: 2/h
Cloud volume: 0.0625 m®
Mean mass generation rate: 0.1 g/s (RIVM 2010)
Airborne fraction: 0.2 g/g
Weight fraction non-volatile: 0.05 g/g
Density non-volatile: 1.5 g/cm?®
Initial particle distribution median diameter (CV): 2.7 um (0.73)
(RIVM 2010)
Inhalation cut-off diameter: 15 pum
Abbreviation: CV, coefficient of variation
& All assumptions were ConsExpo default assumptions (RIVM 2006a) unless otherwise noted. In addition, the
following assumptions were applied to all scenarios unless otherwise noted:
e Exposure scenarios are for an adult
e Body weight of 70.9 kg for an adult (Health Canada 1998)
e Uptake fraction of 1 to account for external applied dose
e Concentrations as reported to Health Canada (personal communication, emails from the Consumer Product

Safety Directorate [Health Canada] to the Existing Substances Risk Assessment Bureau [Health Canada],
dated 2011-2014; unreferenced)
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Table F-6: Use of monoazo

igments in tattoo inks

Monoazo Potential tattoo use
pigment Substance . Potential tattoo use in Europe
in Canada
subset
B-Naphthol | 5o Hauri (2010b)
pigments
B-Naphthol Health Canada Haur! (2010b)
pigments PR4 (2011, 2013)® Hauri (20110)
’ NVWA (2008)
B-Naphthol POS5 Danish EPA (2012)
pigments Hauri (2010c)
B-Naphthol | 50 19,9 Hauri (2010c)
pigment lakes
B-Naphthol | 5 o559 Hauri (2010c)
pigment lakes
BONA _ . .
. PR63:1 Starbrite (2013) Danish EPA (2012)
pigment lakes
Danish EPA (2012)
De Cuyper and D’hollander
Monoazo (2010)
yellow PY1 Hauri (2010b)
pigments Hauri (2011b)
Hagsberg et al. (2010)
NVWA (2008)
Monoazo Health Canada Hauri (2011b)
yellow PY3 (2011, 2013)® Hagsberg et al. (2010)
pigments SkinCandy (2013) NVWA (2008)
Baumler et al. (2000)
Danish EPA (2012)
De Cuyper and D’hollander
Eig‘r’nh;‘]?sl AS | pRs (2010)
Hauri (2010b)
Hauri (2011b)
NVWA (2008)
Baumler et al. (2000)
Hauri (2010c)
Naphthol AS Health Canada .
pigments PR112 (2011, 2013)? Hauri (2011b)

Hagsberg et al. (2010)
NVWA (2008)
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Baumler et al. (2000)
Danish EPA (2012)
De Cuyper and D’hollander

Naphthol AS . (2010)

pigments PR170 SkinCandy (2013) Hauri (2010¢)
Hauri (2011b)
Hagsberg et al. (2010)
NVWA (2008)

Benz-

imidazolone PO36 Hauri (2010b)

pigments

% personal communication, email from the Consumer Product Safety Directorate [Health Canada] to the Existing
Substances Risk Assessment Bureau [Health Canada], dated 2011 and 2013; unreferenced
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Appendix G. Exposure Estimates from Use of Monoazo Pigments in
Paint Products

Table G-1: Oral and dermal exposure estimates for finger paint

. Dermal
Maximum Oral .
applied
Monoazo expe‘”ed exposure exposure
. bstance pigment estimate :
pigment subset Su estimate
content (mg/kg-bw
(%)? per event) (mg/k%-bw per
event)
B-Naphthol
pigments PR4 1.75 0.452 0.12906
B-Naphthol
pigments PO5 0.57 0.147 0.04206
B-Naphthol
pigment lakes PR49:1 2 0.516 0.02458
BONA pigment
lakes PR48:2 0.7 0.181 0.00860
BONA pigment
lakes PR63:1 3 0.774 0.03687
Monoazo yellow
pigments PY1 0.8 0.206 0.05898
Monoazo yellow
pigments PY3 1.3 0.335 0.06959
Monoazo yellow
pigments PY73 1 0.258 0.07374
Naphthol AS
pigments PR5 5 1.290 0.36870
Naphthol AS
pigments PR112 1.1 0.284 0.08112
Naphthol AS
pigments PR170 1.3 0.335 0.09588
Naphthol AS
pigments PO38 3 0.774 0.03687

#Source for concentrations in finger paint was based on personal communication from Duke University Toxicology
Program to Health Canada (email 2013, unreferenced), for all substanceces except PR63:1 and PO38, for which 3%
concentration was used based on a generic concentration range of 1-3% (Delta Creative 2008).

® A dermal absorption value of 6% was used for PY1, PY3, PR4, PO5, PR5, PR112, PR170, and PY73, whereas a
dermal absorption value of 1% was used for the pigment lakes PR48:2, PR63:1, and PR 49:1
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Table G-2: Oral and dermal exposure estimates for face paint

. Dermal applied
Maximum . exposure
Substance expected plgment estimate (mg/kg-
content (%) b
bw per event)
PY3, PY73, PR112 15 0.813
PR49:1, PR53:1, PR63:1 | 15 0.135
PY1 0.3-1.0 0.016 — 0.054
PR4 0.1-1.0 0.005 — 0.054

#Source for pigment concentration: A general estimate of 15% pigment content in face paints was identified in an
international source for face paints (Derivan 2012). For PY1 and PR4, there were specific concentrations from

notifications to Health Canada (2013 email from the Consumer Product Safety Directorate, Health Canada, to the

Existing Substances Risk Assessment Bureau, Health Canada; unreferenced).

® A dermal absorption value of 6% was used, with the exception of the pigment lakes PR53:1, PR49:1, PR63:1 where

a dermal absorption value of 1% was used

Table G-3: Exposure factors for estimating dermal and oral exposure from finger

paint and face paint using ConsExpo 4.0 (ConsExpo 2006)

Product
scenario

Exposure factors®

Finger
paint

Oral exposure (Used chalk scenario)

L: Loading = 400 mg/event (RIVM 2008)

WEF: Weight fraction = various, see Table G-1
BW: body weight (toddler) = 15.5kg

Oral exposure estimate (per event)
=(L x WF) + BW

Dermal exposure (adapted from LGC 2000):

L: Loading = 1905 mg/event based on area-adjusted loading of paint
on an adult hand

WEF: Weight fraction = various, see Table G-1

Dermal exposure estimate (per event)
= (L x WF) + BW

Face paint
(child)

Dermal exposure

L: Loading = 1400 mg/application (RIVM 2006a)
WF: Weight fraction = various, see Table G-2.
BW: body weight (toddler) = 15.5kg

Dermal exposure estimate (per event)
= (L x WF) + BW

& All assumptions were ConsExpo default assumptions (RIVM 2006a) unless otherwise noted. In addition, the
following assumptions were applied to all scenarios unless otherwise noted:
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e  Exposure scenarios are for a toddler
e Body weight of 15.5 kg for a toddler (Health Canada 1998)
e Uptake fraction of 1 to account for external applied dose
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Table G-4:. Use of monoazo pigments in arts and crafts materials

Monoazo . a , Mont Marte
pigment | Substance Clariant 2011 Hggggn ;anugrtl) 2009a,
subset 2009b
aquarelle &
beta- PR3 gouache paint, poster
naphthol pencil, paint
chalk
oil paint,
beta- PR4 aquarelle &
naphthol gouache paint,
chalk
aquarelle &
gouache paint,
nalljr?r:?r;ol PO5 acrylic paint,
wax crayon,
chalk
bertu?r; | | PR53:1 pencil, play
nalgke ° ' chalk dough
acrylic paint,
BONA PR63:1 watercolour
paint
oil paint,
aquarelle &
MONoAazo gouac_he pgint, play acrylic paint,
PY1 acrylic paint, watercolour
yellow pencil, dough paint
wax crayon,
chalk
oil paint,
aquarelle &
gouache paint, acrylic paint,
monoazo : )
PY3 acrylic paint, watercolour
yellow pencil, paint
wax crayon,
chalk
oil paint,
aquarelle &
Naphthol PRS gouache paint, play
AS acrylic paint, dough
pencil,
chalk
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oil paint,
aquarelle &
gouache paint,
PR112 acrylic paint,
pencil,
wax crayon,
chalk

Naphthol
AS

play
dough

oil paint,
aquarelle &
PR170 gouache paint,
acrylic paint,
pencil

Naphthol
AS

oil paint,
aquarelle &
other PO36 gouache paint,
pencil,
wax crayon

® where the application of the given pigment in "Art, creative and school materials" is "recommended" or "suitable"
(Clariant 2011)
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Table G-5: Inhalation exposure estimate for airless spray paint and sanding paint

Substance

Maximum
expected
pigment

content (%)®

wall painting with
airless sprayer®
(mg/kg-bw per
event)

sanding paint®
(mg/kg-bw per
event)

B-napthhol pigments PR3,
PR4, PO5, NONPA;
B-napthhol pigment lakes
PR49:1, PR53:1;

BONA pigment lakes
PR48:2, PR52:1, PR52:2,
PR63:1;

monoazo yellow pigments
PY1, PY3, PY73;

napthol AS pigments PR5,
PR112, PR170, PR266;
other PO36

0.000367

0.00055

#Source of concentration for pigments in spray paint: Household Products Database (1993-).
®|nhalation exposure estimates for carbon black (Environment Canada and Health Canada 2013c), applying 5%
weight fraction for monoazo pigments vs 1% used for carbon black
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Appendix H. Estimate of Short-Term Exposure to Monoazo Pigment in
Permanent Tattoo Ink (Adult)

Exposure factors were derived based on a study that examined the loss of a monoazo
tattoo pigment from mouse skin in vivo due to biological dissemination and
photochemical decomposition (Engel et al. 2009). While this study was specifically on
Pigment Red 22 (PR22), a generic approach is taken as a conservative approach to
estimate exposure to any azo pigment in tattoo ink. In Engel et al. (2009), 19 hairless
female SKH-1 mice, divided into four groups, were tattooed on their dorsa with PR22.
Exposure to normal ambient light for 32 days after 10 days of recovery following the
initial injection (total of 42 days) resulted in a 32% reduction of PR22 in skin. The loss
percentage was considered predominantly attributable to biological dissemination of the
tattoo pigment into the lymphatic system. A separate group of mice exposed to
simulated solar radiation instead of normal ambient light resulted in a 60% reduction in
the initial skin pigment concentration. The fraction of photodecomposed Pigment Red
22 that resulted in the formation of aromatic amines is unknown for simulated solar
radiation. Therefore, this exposure scenario focuses on systemic exposures of the intact
pigment only.

Exposure scenario (Danish EPA 2012 unless specified otherwise)

Route of exposure: Injection into the dermis
Average skin concentration: 2.53 mg pigment/cm? ex vivo human or pig skin (Engel et
al. 2008)
Realistic worst-case skin concentration: 9.42 mg pigment/cm?
Skin area covered (average): 430 cm?
Skin area covered (whole back): 1090 cm?
Amount of azo pigment in tattoo potentially available for absorption:
AV (average): 1.09 g
AW (whole back): 10.3 g
BW (adult body weight): 70.9 kg-bw (Health Canada 1998)
FP: Fraction of intact pigment in dermis that is mobilized into the lymphatic system: 32%
over 42 days (Engel et al. 2009)

Exposure to pigment = [(AV — AW) x FP] + (BW x Length of study)
=[(1.09 — 10.3 g) x 0.32] = [70.9 kg-bw x 42 days]
= 0.12-1.1 mg/kg-bw per day

Therefore, the short-term systemic daily exposure to monoazo pigments in tattooed
individuals is assumed to be 0.12 mg/kg-bw per day on average and 1.1 mg/kg-bw per
day as a conservative estimate.
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Appendix I. Benchmark Dose Calculations for PR3, PR4 and PR53:1

Table I-1: Summary of the calculated lowest BMD;o and BMDL 1o results

BMD;y | BMDL1g
Substance | SSX/Species | Tumour | o o type (mg/kg- | (MGG~ | petorence
(strain) location bw per | bw per
day) day)
PR3 FR (F344) Liver Adenoma 1096.05 | 910.83 | NTP 1992
Neoplastic
. . nodules and Kupradinun
PR4 FR (Wistar) | Liver cholangioma 88.42 41.38 et al. 2002
total
PR53:1 MR (F344) | Liver Neoplastic | 7464 | 4409 | NTP 1982
nodules

Abbreviations: BMD10, benchmark dose for a 10% response; BMDL,o, lower confidence limit on the benchmark dose
for a 10% response; FR, female rat; kg-bw, kilograms of body weight; MR, male rat

PR3: The lowest calculated BMDL o is 910.83 mg/kg-bw per day for total hepatocellular
adenoma in female rats for PR3. The corresponding BMD1p is 1096.05 mg/kg-bw per
day.

PR4: The calculated BMDL,g is 41.38 mg/kg-bw per day for total liver nodules and
cholangioma in female rats. The corresponding BMD1j is 88.42 mg/kg-bw per day.

PR53:1: The calculated BMDL 1 is 44.09 mg/kg-bw per day for liver neoplastic nodules
in male rats. The corresponding BMD;g is 70.64 mg/kg-bw per day. This BMDL g is
selected for subsequent risk characterization.

Table I-2: Incidences of tumours and non-cancer effects in rats exposed to PR3
via diets (NTP 1992)

Incidence of malignant tumours

0 6000 12 500 25 000

ppm | ppm ppm ppm
Male F344 rats
Equivalent dose (mg/kg-bw per day) 0 272 568 1181
Liver eosinophilic foci 6/50 | 37/50 36/50 41/50
Liver mixed cell foci 2/50 | 24/50 21/50 15/50°
Liver cystic degeneration 9/50 | 36/50 40/50 36/50%
Liver multifocal angiectasis 3/50 | 20/50 21/50 29/50
Female F344 rats
Equivalent dose (mg/kg-bw per day) ( 0 321 682 1389
Liver adenoma 0/50 | 0/50 1/50 10/50

*When all doses included, P values < 0.01 or absolute scaled residual of interest (SRI) > 2. Thus, the highest dose
point is deleted for subsequent calculation.
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Table I-3: BMD;g and BMDL 5 calculations for tumours and non-cancer effects
induced by PR3 in rats

No BMD1o | BMDL
Model of P- (mg/k- | 10(mg/
Tumours/effects AIC SRI BMR | g-bw | kg-bw
name grou value
S per per
P day) | day)
Male rats
]['()"éiereos'”Oph"'C i'z:ogLog'St 4 209.11 | 0.096 1'096 0.1 |22.30 |15.40
Liver mixed cell | LogLogist | 5 163.48 | 0019 |- 019001 |6062 |41.84
foci ic 8
Liver cystic LogLogist | 160.74 | 0.607 | -607 |01 |17.66 |11.25
degeneration ic
Liver multifocal | LoglLogist | , 232.8 0242 | %201 |ss6l |63.12
anglectaSIS IC g
Female rats
Liver adenoma | Multistag | , 62.18 |0978 |0.125 |01 |109. |910.82
e-cancer 05 8

Abbreviations: AIC, Akaike’s information criterion; BMD1o, benchmark dose for a 10% response; BMDL o, lower

confidence limit on the benchmark dose for a 10% response; BMR, benchmark response; SRI, scaled residual of

interest

Table I-4: Incidences of tumours in female rats exposed to PR4 (Kupradinun et al.

2002)
Incidence of tumours
0 ppm 1000 ppm 2000 ppm
Equivalent dose for female rats
(mg/kg-bw per day) (Health 0 50 100
Canada conversion)
Liver nodules and cholangioma 3/50 6/47 8/50

total

Table I-5: BMD;o and BMDL o calculations for tumours induced by PR4 in female

rats
BMD,; | BMDL,
No. of 0 0
Tumours | Model | oup laic |77 I sri smr | (Ma/k | (malkg
name < value g-bw | -bw
per per
day) |day)
Liver
nodules and | LogLogis | 1066 | 5706 | -7963 |01 |88.42 |41.38
cholangiom | tic 3
a total
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Abbreviations: AIC, Akaike’s information criterion; BMD1o, benchmark dose for a 10% response; BMDL o, lower
confidence limit on the benchmark dose for a 10% response; BMR, benchmark response; SRI, scaled residual of

interest

Table I-6: Incidences of tumours in male rats exposed to PR53:1 (NTP 1982)

Incidence of tumours

O ppm | 1000 3000
ppm ppm
Equivalent dose for male rats (mg/kg-bw per day) (Health
: 0 50 150
Canada conversion)
Liver neoplastic nodules 0/50 6/50 7/49
Table I-7: BMD;o and BMDL 1o calculations for tumours induced by PR53:1
No. of BMDjo BMDL 1
Tumours | Model group | AIC P- SRI BvRr | (Ma’kg- | (mg/kg-
name value bw per bw per
S
day) day)
Liver LogLogist 81.062 | 0.305
adenoma | *9-°9%" | 3 - . 1.281 |0.1 [70.6374 |44.0888
s

Abbreviations: AIC, Akaike’s information criterion; BMD1o, benchmark dose for a 10% response; BMDL 1o, lower
confidence limit on the benchmark dose for a 10% response; BMR, benchmark response; SRI, scaled residual of

interest
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Appendix J. Monoazo Pigments With Effects of Concern

Some of the Monoazo Pigments in this assessment have effects of concern based on
potential carcinogenicity. The details for supporting the potential carcinogenicity for

these substances are outlined in section 7.2 Health Effects Assessment (see specific
sub-sections), and generally based on one or more of the following lines of evidence:

¢ Classifications by national or international agencies for carcinogenicity (may be a
group classification).
e Evidence of carcinogenicity in animal studies and/or human epidemiology based
on the specific substance.
e Potential to release one or more of the EU22 aromatic amines by azo bond
cleavage.
e Read-across to related substances for which one or more of the above lines of
evidence apply.

Table J-1. Monoazo pigments with effects of concern based on potential
carcinogenicity

Substance Classification Evidence of Release of Read-across
Name/ for carcinogenicity EU22
acronym carcinogenicity® from animal aromatic
and CAS RN studies and/or amine by
human azo bond
epidemiology cleavage
X
54(1)6%-63-1 (Hart et al. 1986,
US FDA 1986)
readk-)across to
it
2814-77-9 )
pigments, see
Section 7.2.1)
readt;across to
PR3" and PO5
6410-00-5 (B-Naphthol
pigments, see
Section 7.2.1)
readt;across to
PR3" and PO5
6410-13-5 (B-Naphthol

pigments, see
Section 7.2.1)
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Substance Classification Evidence of Release of Read-across
Name/ for carcinogenicity EU22
acronym carcinogenicity® from animal aromatic
and CAS RN studies and/or amine by
human azo bond
epidemiology cleavage
readk-)across to
NONPA (F’B'?Sasg‘g];%
49744-28-7 :
pigments, see
Section 7.2.1)
PR53:1 X
5160-02-1 (NTP 1982)

& Classifications used for carcinogenicity are described in Environment Canada, Health Canada 2014d.

® Evidence of carcinogenicity for PR3 from an 2yr dietary study in rats and mice (NTP 1992)
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