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Synopsis 

Pursuant to sections 68 or 74 of the Canadian Environmental Protection Act, 1999 
(CEPA), the Ministers of the Environment and Climate Change and of Health have 
conducted a screening assessment on 52 Azo Acid Dyes. These substances constitute 
a subgroup of the Aromatic Azo and Benzidine-based Substance Grouping being 
assessed as part of the Substance Groupings Initiative 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 categorization 
criteria under subsection 73(1) of CEPA and/or were considered as a priority based on 
other human health concerns.  

The Chemical Abstracts Service Registry Number (CAS RN)1, Domestic Substances 
List (DSL) name and Colour Index (C.I.) generic name or common name of the 52 Azo 
Acid Dyes are presented in the following table. 

Identity of 52 Azo Acid Dyes2 in the Aromatic Azo and Benzidine-based 
Substance Grouping 

CAS RN DSL name 
C.I. name 
or common 
name 

587-98-4 Benzenesulfonic acid, 3-[[4-(phenylamino)phenyl]azo]-, 
monosodium salt 

Metanil 
Yellow 

633-96-5† Benzenesulfonic acid, 4-[(2-hydroxy-1-naphthalenyl)azo]-, 
monosodium salt Orange II 

915-67-3† 2,7-Naphthalenedisulfonic acid, 3-hydroxy-4-[(4-sulfo-1-
naphthalenyl)azo]-, trisodium salt Amaranth 

1934-21-0† 1H-Pyrazole-3-carboxylic acid, 4,5-dihydro-5-oxo-1-(4-
sulfophenyl)-4-[(4-sulfophenyl)azo]-, trisodium salt Tartrazine 

2611-82-7† 1,3-Naphthalenedisulfonic acid, 7-hydroxy-8-[(4-sulfo-1-
naphthalenyl)azo]-, trisodium salt 

New 
Coccine 

3071-73-6 
1-Naphthalenesulfonic acid, 8-(phenylamino)-5-[[4-[(5-
sulfo-1-naphthalenyl)azo]-1-naphthalenyl]azo]-, disodium 
salt 

Acid Black 
24 

3351-05-1 1-Naphthalenesulfonic acid, 8-(phenylamino)-5-[[4-[(3-
sulfophenyl)azo]-1-naphthalenyl]azo]-, disodium salt 

Acid Blue 
113 

                                            

1 The Chemical Abstracts Service Registry Number (CAS RN) is the property of the American Chemical Society and 
any use or redistribution, except as required in supporting regulatory requirements and/or for reports to the 
government 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. 

2    UVCB, unknown or variable composition, complex reaction products, or biological materials. 
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CAS RN DSL name 
C.I. name 
or common 
name 

3761-53-3 2,7-Naphthalenedisulfonic acid, 4-[(2,4-
dimethylphenyl)azo]-3-hydroxy-, disodium salt 

Ponceau 
MX 

6262-07-3 
2-Naphthalenesulfonic acid, 6-hydroxy-5-[[4-[[4-
(phenylamino)-3-sulfophenyl]azo]-1-naphthalenyl]azo]-, 
disodium salt 

Acid Black 
26 

6507-77-3 
1,3-Naphthalenedisulfonic acid, 7-hydroxy-8-[[4-[1-[4-[(4-
hydroxyphenyl)azo]phenyl]cyclohexyl]phenyl]azo]-, 
disodium salt 

Acid 
Orange 33 

15792-43-5 2,7-Naphthalenedisulfonic acid, 5-(acetylamino)-3-[(4-
dodecylphenyl)azo]-4-hydroxy-, disodium salt 

Acid Red 
138 

25317-22-0 1-Naphthalenesulfonic acid, 3-[[4-(benzoylethylamino)-2-
methylphenyl]azo]-4-hydroxy- Acid Red 6 

29706-48-7 Benzenesulfonic acid, 3-[[[4-(2-benzothiazolylazo)-3-
methylphenyl]ethylamino]methyl]- NA 

35342-16-6 7-Benzothiazolesulfonic acid, 2-[4-[(hexahydro-2,4,6-
trioxo-5-pyrimidinyl)azo]phenyl]-6-methyl-, monolithium salt NA 

51988-24-0 
Benzenesulfonic acid, 3-[[4-[(4-hydroxy-3-
methylphenyl)azo]-3-methoxyphenyl]azo]-, monolithium 
salt 

NA 

52236-73-
4† 

Benzenesulfonic acid, 4-[(5-amino-3-methyl-1-phenyl-1H-
pyrazol-4-yl)azo]-2,5-dichloro-, monolithium salt NA 

62133-79-3 
2-Naphthalenesulfonic acid, 5-[[4-[ethyl[(3-
sulfophenyl)methyl]amino]phenyl]azo]-8-(phenylazo)-, 
disodium salt 

NA 

62133-80-6 
2-Naphthalenesulfonic acid, 8-[[4-[ethyl[(3-
sulfophenyl)methyl]amino]phenyl]azo]-5-(phenylazo)-, 
disodium salt 

NA 

67892-55-1 
1-Naphthalenesulfonic acid, 5-[[4-[(2-chlorophenyl)azo]-
6(or 7)-sulfo-1-naphthalenyl]azo]-8-(phenylamino)-, 
disodium salt 

NA 

68155-63-5 
2,7-Naphthalenedisulfonic acid, 5-[[2,4-dihydroxy-5-[(4-
nitrophenyl)azo]phenyl]azo]-4-hydroxy-3-[(2-hydroxy-3,5-
dinitrophenyl)azo]-, disodium salt 

NA 

68555-86-2 Benzenesulfonic acid, 4-[[5-methoxy-4-[(4-
methoxyphenyl)azo]-2-methylphenyl]azo]-, sodium salt 

Acid 
Orange 156 

70210-05-8 
2,7-Naphthalenedisulfonic acid, 3-[[2,4-bis(2-
methylphenoxy)phenyl]azo]-4-hydroxy-5-[[(4-
methylphenyl)sulfonyl]amino]-, disodium salt 

NA 

70210-06-9 Benzenesulfonic acid, 3-[[ethyl[4-[[4-[(3-sulfophenyl)azo]-1-
naphthalenyl]azo]phenyl]amino]methyl]-, disodium salt NA 

70210-25-2 
2,7-Naphthalenedisulfonic acid, 5-[[2,4-dihydroxy-5-[(2-
hydroxy-3,5-dinitrophenyl)azo]phenyl]azo]-4-hydroxy-3-[(4-
nitrophenyl)azo]-, disodium salt 

NA 
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CAS RN DSL name 
C.I. name 
or common 
name 

70210-34-3 

2,7-Naphthalenedisulfonic acid, 5-[[2,4-dihydroxy-5-[[4-[(4-
nitro-2-sulfophenyl)amino]phenyl]azo]phenyl]azo]-4-
hydroxy-3-[[4-[(4-nitro-2-sulfophenyl)amino]phenyl]azo]-, 
tetrasodium salt 

NA 

71720-89-3 
2-Naphthalenesulfonic acid, 5-[[4-(4-cyclohexylphenoxy)-2-
sulfophenyl]azo]-6-[(2,6-dimethylphenyl)amino]-4-hydroxy-, 
disodium salt 

NA 

71873-51-3 
Benzenesulfonic acid, 2,5-dichloro-4-[4-[[5-
[[(dodecyloxy)carbonyl]amino]-2-sulfophenyl]azo]-4,5-
dihydro-3-methyl-5-oxo-1H-pyrazol-1-yl]-, disodium salt 

NA 

72496-92-5 
Naphthalenesulfonic acid, 5-[[2,4-dihydroxy-5-[[4-[(4-nitro-
2-sulfophenyl)amino]phenyl]azo]phenyl]azo]-8-[[4-[(4-nitro-
2-sulfophenyl)amino]phenyl]azo]-, trisodium salt 

NA 

72828-67-2 
1,3-Naphthalenedisulfonic acid, 7-hydroxy-8-[[4-[1-[4-[(4-
hydroxyphenyl)azo]phenyl]cyclohexyl]phenyl]azo]-, 
potassium sodium salt 

NA 

72828-83-2 2,7-Naphthalenedisulfonic acid, 5-(benzoylamino)-3-[[2-(2-
cyclohexylphenoxy)phenyl]azo]-4-hydroxy-, disodium salt NA 

72968-80-0 
2-Naphthalenesulfonic acid, 5-[[4-[[(4-
methylphenyl)sulfonyl]oxy]phenyl]azo]-8-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-, disodium salt 

NA 

72968-81-1 
2-Naphthalenesulfonic acid, 8-[[4-[[(4-
methylphenyl)sulfonyl]oxy]phenyl]azo]-5-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-, disodium salt 

NA 

72986-60-8 
2-Naphthalenesulfonic acid, 5-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-8-[[4-
[(phenylsulfonyl)oxy]phenyl]azo]-, disodium salt 

NA 

72986-61-9 
2-Naphthalenesulfonic acid, 8-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-5-[[4-
[(phenylsulfonyl)oxy]phenyl]azo]-, disodium salt 

NA 

75949-73-4 
Benzenesulfonic acid, 4,4′-[methylenebis[4,1-
phenyleneazo(4,5-dihydro-3-methyl-5-oxo-1H-pyrazole-
4,1-diyl)]]bis[3-methyl-, disodium salt 

NA 

79234-36-9 2,7-Naphthalenedisulfonic acid, 5-(benzoylamino)-3-[[2-(4-
cyclohexylphenoxy)phenyl]azo]-4-hydroxy-, disodium salt NA 

83006-48-8 
Benzenesulfonic acid, 4-[4-[[3-
[(ethylphenylamino)sulfonyl]-4-methylphenyl]azo]-4,5-
dihydro-3-methyl-5-oxo-1H-pyrazol-1-yl]- 

NA 

83006-74-0 
1-Naphthalenesulfonic acid, 8-(phenylamino)-5-[[4-[(5-
sulfo-1-naphthalenyl)azo]-1-naphthalenyl]azo]-, ammonium 
sodium salt 

NA 

83006-77-3 1-Naphthalenesulfonic acid, 8-(phenylamino)-5-[[4-[(3-
sulfophenyl)azo]-1-naphthalenyl]azo]-, ammonium sodium NA 
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CAS RN DSL name 
C.I. name 
or common 
name 

salt 

83027-51-4 
1,7-Naphthalenedisulfonic acid, 6-[[2-(4-
cyclohexylphenoxy)phenyl]azo]-4-[[(2,4-
dichlorophenoxy)acetyl]amino]-5-hydroxy-, disodium salt 

NA 

83027-52-5 
1,7-Naphthalenedisulfonic acid, 6-[[2-(2-
cyclohexylphenoxy)phenyl]azo]-4-[[(2,4-
dichlorophenoxy)acetyl]amino]-5-hydroxy-, disodium salt 

NA 

83221-60-7 
1,6-Naphthalenedisulfonic acid, 4-[[4-[[1-hydroxy-6-
(phenylamino)-3-sulfo-2-naphthalenyl]azo]-1-
naphthalenyl]azo]-, ammonium sodium salt 

NA 

84559-92-2 2,7-Naphthalenedisulfonic acid, 3,3′-[azoxybis[(2-methoxy-
4,1-phenylene)azo]]bis[4,5-dihydroxy-, tetralithium salt NA 

84962-50-5 
Benzenesulfonic acid, 2,5-dichloro-4-[[2-(dibutylamino)-4-
methyl-6-[[2-(4-sulfophenyl)ethyl]amino]-5-pyrimidinyl]azo]-
, sodium salt 

NA 

85030-31-5 
2,7-Naphthalenedisulfonic acid, 3-hydroxy-4-[[4-[[4-[(2-
hydroxy-6-sulfo-1-naphthalenyl)azo]-2-
methylphenyl]methyl]-3-methylphenyl]azo]-, sodium salt 

NA 

85136-25-0 2,7-Naphthalenedisulfonic acid, 3,3′-[azoxybis[(2-methoxy-
4,1-phenylene)azo]]bis[4,5-dihydroxy-, lithium sodium salt NA 

85223-35-4 

102616-51-
3a 

Benzoic acid, 3,3′-methylenebis[6-[[2,4-dihydroxy-5-[(4-
sulfophenyl)azo]phenyl]azo]-, sodium salt NA 

90218-20-5 

Benzenesulfonic acid, 5-amino-2,4-dimethyl-, diazotized, 
coupled with diazotized 2,4-, 2,5- and 2,6-xylidine and 4-
[(2,4-dihydroxyphenyl)azo]benzenesulfonic acid, sodium 
salts 

NA 

90432-08-9 
2,7-Naphthalenedisulfonic acid, 4-amino-5-hydroxy-, 
diazotized, coupled with diazotized 4-nitro-1,3-
benzenediamine and resorcinol, potassium sodium salts 

NA 

90459-02-2 

2,7-Naphthalenedisulfonic acid, 5-amino-4-hydroxy-3-[[6-
sulfo-4-[(4-sulfo-1-naphthalenyl)azo]-1-naphthalenyl]azo]-, 
diazotized, coupled with diazotized 4-nitrobenzenamine 
and resorcinol, potassium sodium salts 

NA 

106028-58-
4 

2,7-Naphthalenedisulfonic acid, 6-amino-4-hydroxy-3-[[7-
sulfo-4-[(4-sulfophenyl)azo]-1-naphthalenyl]azo]-, 
tetralithium salt 

NA 

114910-04-
2 

1-Naphthalenediazonium, 4-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-6-sulfo-, chloride, reaction 
products with formaldehyde and salicylic acid, ammonium 
sodium salts 

NA 

Abbreviation: NA, not available 



 

vi 

† This substance was not identified under subsection 73(1) of CEPA but was included in this assessment as it was 
considered a priority based on other human health concerns. 
a Two CAS RNs represent the same substance. 

Azo Acid Dyes are not expected to occur naturally in the environment. No manufacture 
of any substance above the 100 kg/year reporting threshold has been reported in 
response to any recent surveys under section 71 of CEPA. Ten substances have been 
reported as having an import quantity above the 100 kg/year survey reporting threshold 
(during 2010). 

Environment 

All Azo Acid Dyes are soluble in water, generally with solubilities well above 1 g/L. 
Given the import and use of ten Azo Acid Dyes in Canada above reporting thresholds, 
potential releases to the aquatic environment have been estimated. Considering the 
physical and chemical properties of these substances, when released to water, it is 
expected that the Azo Acid Dyes may remain in the water column for relatively long 
periods of time due to their hydrophilicity, but will ultimately partition to suspended 
solids, sediments or soil particles via electrostatic interactions. Available experimental 
and modelled data regarding the abiotic and biotic degradation of the Azo Acid Dyes 
indicate that these substances are likely to persist in water, sediment and soil. In 
anaerobic environments (i.e., anoxic layers of sediments), there is the potential for 
these substances to degrade to aromatic amines as a result of cleavage of the azo 
bond under anaerobic or reducing conditions.  

Although there are limited experimental data available, information on the log octanol–
water partition coefficients and fish bioconcentration-factors indicates that these 
substances are not likely to bioconcentrate or bioaccumulate in aquatic organisms.  

While all Azo Acid Dyes are structurally related and are expected to have a common 
mode of action and environmental fate profile, review of physical-chemical and 
ecotoxicity data allowed them to be divided into subsets of monoazo, disazo and 
polyazo acid dyes for which aquatic toxicity levels were variable. Disazo acid dyes 
presented the highest levels of toxicity (effects at concentrations below 10 mg/L) while 
monoazo acid dyes showed lower toxicity (effects at concentrations below 100 mg/L). 
Polyazo substances were the least toxic to aquatic organisms (no effects below 100 
mg/L). Soil toxicity data were limited, while sediment toxicity data were not available for 
these substances.  

Risk quotient analyses were focused on exposure scenarios representing potential 
major environmental releases due to industrial activities involving Azo Acid Dyes that 
may result in high levels of exposure of aquatic organisms. Predicted environmental 
concentrations were calculated for the aquatic environment for those substances 
identified in industrial formulation activities. Predicted environmental concentrations 
were not found to exceed the predicted no-effect concentrations for water. 
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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 Azo Acid Dyes evaluated in this assessment. It is concluded that these 52 Azo Acid 
Dyes do not meet the criteria under paragraph 64(a) or 64(b) of CEPA, as they are not 
entering the environment in a quantity or concentration or under conditions that have or 
may have an immediate or long-term harmful effect on the environment or its biological 
diversity or that constitute or may constitute a danger to the environment on which life 
depends.  

Human Health  

Environmental media are not considered to be a significant source of exposure to Azo 
Acid Dyes for the general population in Canada. Seventeen Azo Acid Dyes (i.e., Acid 
Black 24, Acid Black 26, Acid Blue 113, Acid Orange 33, Acid Red 6, Acid Red 138, 
Amaranth, New Coccine, Orange II, Tartrazine, CAS RN 68155-63-5, CAS RN 70210-
05-8, CAS RN 70210-06-9, CAS RN 70210-25-2, CAS RN 70210-34-3, CAS RN 71873-
51-3 and CAS RN 84962-50-5) were indicated to be present in products in the 
Canadian marketplace that may lead to exposure of the general population to these 
substances. Exposure to Amaranth and Tartrazine occurs predominantly through food 
intake and use of cosmetics, as well as through use of certain non-prescription drugs 
(including natural health products, regulated under the Food and Drug Regulations and 
Natural Health Products Regulations) at the cosmetic-drug interface for Tartrazine. 
Exposure to New Coccine and Orange II is predominantly through use of cosmetics. 
Exposure to the other 13 Azo Acid Dyes is through contact with textile and/or leather 
products.  

Margins between the upper-bounding estimates of oral exposure to Amaranth from food 
and cosmetics and the critical health effect level from a chronic dietary study in rats are 
considered adequate to address uncertainties in the health effects and exposure 
databases.  

Margins between the upper-bounding estimates of exposure to New Coccine in certain 
cosmetics and the critical health effect levels are considered adequate to address 
uncertainties in the health effects and exposure databases. 

Margins between the upper-bounding estimates of oral exposure to Orange II in lipstick 
and the critical health effect levels determined in oral studies in laboratory animals are 
considered adequate to address uncertainties in the health effects and exposure 
databases. Similarly, margins between the upper-bounding estimates of dermal 
exposure to Orange II in certain cosmetics and the no-observed-effect level from the 
dermal study in mice are considered adequate to address uncertainties in the health 
effects and exposure databases. 

Margins between the upper-bounding estimates of exposure to Tartrazine in food, 
cosmetics and non-prescription drugs at the cosmetic-drug interface, and the critical 



 

viii 

health effect levels are considered adequate to address uncertainties in the health 
effects and exposure databases. 

A range of critical effect levels from oral repeated-dose studies on Azo Acid Dyes in this 
subgroup and relevant analogues was identified. However, no effects were observed in 
a chronic study in which mice received weekly applications to the skin of several Azo 
Acid Dyes in this subgroup. These data were the basis for the risk characterization of 10 
Azo Acid Dyes lacking empirical data (i.e., Acid Red 138, CAS RN 71873-51-3, CAS RN 
84962-50-5, Acid Orange 33, Acid Red 6, Acid Black 26, CAS RN 70210-05-8, Acid 
Blue 113, Acid Black 24 and CAS RN 70210-06-9). Margins between upper-bounding 
estimates of oral exposure via mouthing of textile objects by infants and the range of 
oral critical effect levels were considered adequate to address uncertainties in the 
health effects and exposure databases. Margins between upper-bounding estimates of 
dermal exposure from direct and prolonged contact with textiles containing these dyes 
and the no-observed-effect level from the dermal study were considered adequate to 
address uncertainties in the health effects and exposure databases.  

For three Azo Acid Dyes (i.e., CAS RN 68155-63-5, CAS RN 70210-25-2 and CAS RN 
70210-34-3), the only potential exposure of the general population identified was from 
use of leather products. As exposures to leather products are considered short term and 
intermittent and as available information does not indicate that Azo Acid Dyes 
demonstrate high acute toxicity, the risk to human health for the general population is 
expected to be low. 

For the remaining 35 Azo Acid Dyes, available information did not identify potential for 
direct and prolonged exposure of the general population. Accordingly, risk for the 
general population to these substances is not expected.  

Some of the Azo Acid Dyes addressed in this assessment have effects of concern 
based on potential carcinogenicity. Whereas available information does not indicate a 
risk to human health for Canadians at current exposure levels to these substances, 
there may be a concern if exposures were to increase. 

Based on the information presented in this Screening Assessment, it is concluded that 
the 52 Azo Acid Dyes evaluated in this assessment for human health effects do not 
meet the criteria under paragraph 64(c) of CEPA as they are not currently 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.  

Overall Conclusion 

It is concluded that the 52 Azo Acid Dyes evaluated in this assessment do not meet any 
of the criteria set out in section 64 of CEPA.   
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1. Introduction 

Pursuant to sections 68 or 74 of the Canadian Environmental Protection Act, 1999 
(CEPA) (Canada 1999), the Minister of the Environment and Climate Change 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 Groupings 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 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 Azo Acid Dyes subgroup. 
Consideration of potential 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 amines3, as well as associated azo dyes, are 
restricted in other countries (EU 2006). Information on the CMP subgrouping approach 
for the Aromatic Azo and Benzidine-based Substance Grouping, as well as additional 
background information and regulatory context, is provided in a previously published  
document (Environment Canada and Health Canada 2013). 

Screening assessments focus on information critical to determining whether substances 
meet the criteria as set out in section 64 of CEPA, by examining scientific information to 
develop conclusions based on a weight of evidence approach and using precaution4.  

                                            

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

4 A determination of whether one or more of the criteria of 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 products available to consumers. A conclusion under CEPA is not relevant to, nor does it preclude, an 
assessment against the hazard criteria specified in the Controlled Products Regulations, which is part of the 
regulatory framework for the Workplace Hazardous Materials Information System for products intended for workplace 
use. Similarly, a conclusion based on the criteria contained in section 64 of CEPA does not preclude actions being 
taken under other sections of CEPA or other Acts. 
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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 April 2013. 
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 and Climate Change Canada and incorporates input 
from other programs within these departments. The ecological and human health 
portions of this assessment have undergone external peer review and/or consultation. 
Comments on the 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 de 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 and Climate Change Canada. 

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

This Screening Assessment focuses on 52 substances in the subgroup of Azo Acid 
Dyes that is part of the Aromatic Azo and Benzidine-based Substance Grouping. This 
subgroup is based on structural similarity and similar applications. One substance, CAS 
RN 106028-58-4, classified as a food dye in the Subgrouping and Background 
document (Environment Canada and Health Canada 2013) has similar uses and a 
chemical structure analogous to others in this subgroup, therefore it will be considered 
an Azo Acid Dye for the purpose of this Screening Assessment. 

The Azo Acid Dyes subgroup includes three subsets based on the number of azo 
functional groups: monoazo (one azo functional group), disazo (two azo functional 
groups) and polyazo (three or four azo functional groups, known as tris- and tetrakis- 
azo, respectively). For ecological purposes, monoazo, disazo and polyazo acid dyes are 
discussed separately when sufficient data are available, as there is some variation in 
the molecular weights, certain physical-chemical properties and ecotoxicities of the 
three subsets.  

The subsets and identities of the individual Azo Acid Dyes in each subset are presented 
in Tables 2-1 to 2-6. When available, a Colour Index (C.I.) or recognized common name 
is used to identify the substance. If these terms are unavailable, the Chemical Abstracts 
Service Registry Number (CAS RN) is used as the primary identifier. A list of additional 
chemical names (e.g., trade names) is available from the National Chemical Inventories 
(NCI 2012).  

Table 2-1. Description and representative chemical structure of the 20 monoazo 
acid dyes 
Description of 
critical 
functional 
groups 

Azo group (1), benzene rings (2–4), sulfonic groups (1–3), 
naphthalene groups (1–2), carboxyl group (0–1), pyrazole ring (1), 
sodium or lithium 

Representative 
chemical 
structure 

 
 
C16H8N4O9S2Na4 (CAS RN 1934-21-0) 

Table 2-2. Identity of the 20 monoazo acid dyes 

NaONN

S
ONa

O
O

N N

S
O

Na
O

O

ONa

O
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CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

587-98-4 Benzenesulfonic acid, 3-[[4-
(phenylamino)phenyl]azo]-, monosodium salt 

Metanil 
Yellow (also 
known as 
Acid Yellow 
36)  

375 

633-96-5 Benzenesulfonic acid, 4-[(2-hydroxy-1-
naphthalenyl)azo]-, monosodium salt 

Orange II 
(also known 
as Acid 
Orange 7) 

351 

915-67-3 2,7-Naphthalenedisulfonic acid, 3-hydroxy-4-
[(4-sulfo-1-naphthalenyl)azo]-, trisodium salt 

Amaranth 
(also known 
as C.I. Food 
Red 9, Acid 
Red 27)  

604 

1934-21-0 
1H-Pyrazole-3-carboxylic acid, 4,5-dihydro-5-
oxo-1-(4-sulfophenyl)-4-[(4-sulfophenyl)azo]-, 
trisodium salt 

Tartrazine 
(also known 
as Acid 
Yellow 23, 
C.I. Food 
Yellow 4)  

534 

2611-82-7 1,3-Naphthalenedisulfonic acid, 7-hydroxy-8-
[(4-sulfo-1-naphthalenyl)azo]-, trisodium salt 

New 
Coccine 
(also known 
as C.I. Food 
Red 7, Acid 
Red 18, 
Ponceau 
4R)  

604 

3761-53-3 2,7-Naphthalenedisulfonic acid, 4-[(2,4-
dimethylphenyl)azo]-3-hydroxy-, disodium salt 

Ponceau 
MX (also 
known as 
Acid Red 
26, C.I. 
Food Red 5)  

480 

15792-43-5 
2,7-Naphthalenedisulfonic acid, 5-
(acetylamino)-3-[(4-dodecylphenyl)azo]-4-
hydroxy-, disodium salt 

Acid Red 
138 678 

25317-22-0 
1-Naphthalenesulfonic acid, 3-[[4-
(benzoylethylamino)-2-methylphenyl]azo]-4-
hydroxy- 

Acid Red 6 490 

29706-48-7 Benzenesulfonic acid, 3-[[[4-(2-
benzothiazolylazo)-3- NA 467 
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CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

methylphenyl]ethylamino]methyl]- 

35342-16-6 

7-Benzothiazolesulfonic acid, 2-[4-
[(hexahydro-2,4,6-trioxo-5-
pyrimidinyl)azo]phenyl]-6-methyl-, 
monolithium salt 

NA 465 

52236-73-4 
Benzenesulfonic acid, 4-[(5-amino-3-methyl-
1-phenyl-1H-pyrazol-4-yl)azo]-2,5-dichloro-, 
monolithium salt 

NA 432 

70210-05-8 
2,7-Naphthalenedisulfonic acid, 3-[[2,4-bis(2-
methylphenoxy)phenyl]azo]-4-hydroxy-5-[[(4-
methylphenyl)sulfonyl]amino]-, disodium salt 

NA 834 

71720-89-3 

2-Naphthalenesulfonic acid, 5-[[4-(4-
cyclohexylphenoxy)-2-sulfophenyl]azo]-6-
[(2,6-dimethylphenyl)amino]-4-hydroxy-, 
disodium salt 

NA 746 

71873-51-3 

Benzenesulfonic acid, 2,5-dichloro-4-[4-[[5-
[[(dodecyloxy)carbonyl]amino]-2-
sulfophenyl]azo]-4,5-dihydro-3-methyl-5-oxo-
1H-pyrazol-1-yl]-, disodium salt 

NA 779 

72828-83-2 

2,7-Naphthalenedisulfonic acid, 5-
(benzoylamino)-3-[[2-(2-
cyclohexylphenoxy)phenyl]azo]-4-hydroxy-, 
disodium salt 

NA 746 

79234-36-9 

2,7-Naphthalenedisulfonic acid, 5-
(benzoylamino)-3-[[2-(4-
cyclohexylphenoxy)phenyl]azo]-4-hydroxy-, 
disodium salt 

NA 746 

83006-48-8 

Benzenesulfonic acid, 4-[4-[[3-
[(ethylphenylamino)sulfonyl]-4-
methylphenyl]azo]-4,5-dihydro-3-methyl-5-
oxo-1H-pyrazol-1-yl]- 

NA 556 

83027-51-4 

1,7-Naphthalenedisulfonic acid, 6-[[2-(4-
cyclohexylphenoxy)phenyl]azo]-4-[[(2,4-
dichlorophenoxy)acetyl]amino]-5-hydroxy-, 
disodium salt 

NA 845 

83027-52-5 

1,7-Naphthalenedisulfonic acid, 6-[[2-(2-
cyclohexylphenoxy)phenyl]azo]-4-[[(2,4-
dichlorophenoxy)acetyl]amino]-5-hydroxy-, 
disodium salt 

NA 845 

84962-50-5 
Benzenesulfonic acid, 2,5-dichloro-4-[[2-
(dibutylamino)-4-methyl-6-[[2-(4-
sulfophenyl)ethyl]amino]-5-pyrimidinyl]azo]-, 

NA 718 
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CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

sodium salt 

Abbreviation: NA, not available  

Table 2-3. Description and representative chemical structure of the 24 disazo acid 
dyes 
Group 
description 
with critical 
functional 
groups 

Azo groups (2), benzene rings (1–4), sulfonic acid groups (1–4), 
naphthalene groups (2–3) 

Representative 
chemical 
structure 

 
 
C21H19N4O5S1Na (CAS RN 68555-86-2) 

Table 2-4. Identity of the 24 disazo acid dyes 

CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

3071-73-6 
1-Naphthalenesulfonic acid, 8-(phenylamino)-5-
[[4-[(5-sulfo-1-naphthalenyl)azo]-1-
naphthalenyl]azo]-, disodium salt 

Acid 
Black 24 732 

3351-05-1 
1-Naphthalenesulfonic acid, 8-(phenylamino)-5-
[[4-[(3-sulfophenyl)azo]-1-naphthalenyl]azo]-, 
disodium salt 

Acid Blue 
113 682 

6262-07-3 
2-Naphthalenesulfonic acid, 6-hydroxy-5-[[4-[[4-
(phenylamino)-3-sulfophenyl]azo]-1-
naphthalenyl]azo]-, disodium salt 

Acid 
Black 26 698 

6507-77-3 

1,3-Naphthalenedisulfonic acid, 7-hydroxy-8-[[4-
[1-[4-[(4-
hydroxyphenyl)azo]phenyl]cyclohexyl]phenyl]az
o]-, disodium salt 

Acid 
Orange 
33 

731 

51988-24-0 
Benzenesulfonic acid, 3-[[4-[(4-hydroxy-3-
methylphenyl)azo]-3-methoxyphenyl]azo]-, 
monolithium salt 

NA 432 

S
O

O O
Na

N
N

N
N

O

O
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CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

62133-79-3 
2-Naphthalenesulfonic acid, 5-[[4-[ethyl[(3-
sulfophenyl)methyl]amino]phenyl]azo]-8-
(phenylazo)-, disodium salt 

NA 674 

62133-80-6 
2-Naphthalenesulfonic acid, 8-[[4-[ethyl[(3-
sulfophenyl)methyl]amino]phenyl]azo]-5-
(phenylazo)-, disodium salt 

NA 674 

67892-55-1 

1-Naphthalenesulfonic acid, 5-[[4-[(2-
chlorophenyl)azo]-6(or 7)-sulfo-1-
naphthalenyl]azo]-8-(phenylamino)-, disodium 
salt 

NA 717 

68555-86-2 
Benzenesulfonic acid, 4-[[5-methoxy-4-[(4-
methoxyphenyl)azo]-2-methylphenyl]azo]-, 
sodium salt 

Acid 
Orange 
156 

462 

70210-06-9 

Benzenesulfonic acid, 3-[[ethyl[4-[[4-[(3-
sulfophenyl)azo]-1-
naphthalenyl]azo]phenyl]amino]methyl]-, 
disodium salt 

NA 674 

72828-67-2 

1,3-Naphthalenedisulfonic acid, 7-hydroxy-8-[[4-
[1-[4-[(4-
hydroxyphenyl)azo]phenyl]cyclohexyl]phenyl]az
o]-, potassium sodium salt 

NA 747 

72968-80-0 

2-Naphthalenesulfonic acid, 5-[[4-[[(4-
methylphenyl)sulfonyl]oxy]phenyl]azo]-8-[[4-[(4-
nitro-2-sulfophenyl)amino]phenyl]azo]-, 
disodium salt 

NA 847 

72968-81-1 

2-Naphthalenesulfonic acid, 8-[[4-[[(4-
methylphenyl)sulfonyl]oxy]phenyl]azo]-5-[[4-[(4-
nitro-2-sulfophenyl)amino]phenyl]azo]-, 
disodium salt 

NA 845 

72986-60-8 
2-Naphthalenesulfonic acid, 5-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-8-[[4-
[(phenylsulfonyl)oxy]phenyl]azo]-, disodium salt 

NA 833 

72986-61-9 
2-Naphthalenesulfonic acid, 8-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-5-[[4-
[(phenylsulfonyl)oxy]phenyl]azo]-, disodium salt 

NA 833 

75949-73-4 
Benzenesulfonic acid, 4,4′-[methylenebis[4,1-
phenyleneazo(4,5-dihydro-3-methyl-5-oxo-1H-
pyrazole-4,1-diyl)]]bis[3-methyl-, disodium salt 

NA 803 

83006-74-0 
1-Naphthalenesulfonic acid, 8-(phenylamino)-5-
[[4-[(5-sulfo-1-naphthalenyl)azo]-1-
naphthalenyl]azo]-, ammonium sodium salt 

NA 767 

83006-77-3 1-Naphthalenesulfonic acid, 8-(phenylamino)-5- NA 677 
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CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

[[4-[(3-sulfophenyl)azo]-1-naphthalenyl]azo]-, 
ammonium sodium salt 

83221-60-7 

1,6-Naphthalenedisulfonic acid, 4-[[4-[[1-
hydroxy-6-(phenylamino)-3-sulfo-2-
naphthalenyl]azo]-1-naphthalenyl]azo]-, 
ammonium sodium salt 

NA 1085 

85030-31-5 

2,7-Naphthalenedisulfonic acid, 3-hydroxy-4-[[4-
[[4-[(2-hydroxy-6-sulfo-1-naphthalenyl)azo]-2-
methylphenyl]methyl]-3-methylphenyl]azo]-, 
sodium salt 

NA 843 

90218-20-
5a 

Benzenesulfonic acid, 5-amino-2,4-dimethyl-, 
diazotized, coupled with diazotized 2,4-, 2,5- 
and 2,6-xylidine and 4-[(2,4-
dihydroxyphenyl)azo]benzenesulfonic acid, 
sodium salts 

NA 550 

90432-08-
9a 

2,7-Naphthalenedisulfonic acid, 4-amino-5-
hydroxy-, diazotized, coupled with diazotized 4-
nitro-1,3-benzenediamine and resorcinol, 
potassium sodium salts 

NA 664 

106028-58-
4 

2,7-Naphthalenedisulfonic acid, 6-amino-4-
hydroxy-3-[2-[7-sulfo-4-[2-(4-
sulfophenyl)diazenyl]-1-naphthalenyl]diazenyl]-, 
lithium salt 

NA 766 

114910-04-
2a 

1-Naphthalenediazonium, 4-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-6-sulfo-, chloride, 
reaction products with formaldehyde and 
salicylic acid, ammonium sodium salts 

NA 732 

Abbreviations: NA, not available 
a UVCB, unknown or variable composition, complex reaction products, or biological materials. Note that molecular 
weight is provided for a representative structure. 

Table 2-5. Description and representative chemical structure of the eight polyazo 
acid dyes 
Group 
description 
with critical 
functional 
groups 

Azo groups(3–4), benzene rings (2–6), sulfonic acid groups (2–4), 
naphthalene groups (1–2) 
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Representative 
chemical 
structure 

 
 
C28H15N9O16S2Na2 (CAS RN 70210-25-2) 

Table 2-6. Identity of the eight polyazo acid dyes 

CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

68155-63-5 

2,7-Naphthalenedisulfonic acid, 5-[[2,4-
dihydroxy-5-[(4-nitrophenyl)azo]phenyl]azo]-4-
hydroxy-3-[(2-hydroxy-3,5-dinitrophenyl)azo]-, 
disodium salt 

NA 844 

70210-25-2 

2,7-Naphthalenedisulfonic acid, 5-[[2,4-
dihydroxy-5-[(2-hydroxy-3,5-
dinitrophenyl)azo]phenyl]azo]-4-hydroxy-3-[(4-
nitrophenyl)azo]-, disodium salt 

NA 844 

70210-34-3 

2,7-Naphthalenedisulfonic acid, 5-[[2,4-
dihydroxy-5-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]phenyl]azo]-4-
hydroxy-3-[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]-, tetrasodium salt 

NA 1169 

72496-92-5 

Naphthalenesulfonic acid, 5-[[2,4-dihydroxy-5-
[[4-[(4-nitro-2-
sulfophenyl)amino]phenyl]azo]phenyl]azo]-8-[[4-
[(4-nitro-2-sulfophenyl)amino]phenyl]azo]-, 
trisodium salt 

NA 1051 

84559-92-2 

2,7-Naphthalenedisulfonic acid, 3,3′-
[azoxybis[(2-methoxy-4,1-
phenylene)azo]]bis[4,5-dihydroxy-, tetralithium 
salt 

NA 975 

85136-25-0 

2,7-Naphthalenedisulfonic acid, 3,3′-
[azoxybis[(2-methoxy-4,1-
phenylene)azo]]bis[4,5-dihydroxy-, lithium 
sodium salt 

NA 1006 

85223-35-4 
(102616-

Benzoic acid, 3,3′-methylenebis[6-[[2,4-
dihydroxy-5-[(4-sulfophenyl)azo]phenyl]azo]-, NA 980 
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CAS RN DSL name 
C.I. name 
and/or 
common 
name 

Molecular 
weight 
(g/mol) 

51-3a) sodium salt 

90459-02-
2b 

2,7-Naphthalenedisulfonic acid, 5-amino-4-
hydroxy-3-[[6-sulfo-4-[(4-sulfo-1-
naphthalenyl)azo]-1-naphthalenyl]azo]-, 
diazotized, coupled with diazotized 4-
nitrobenzenamine and resorcinol, potassium 
sodium salts 

NA 788 

Abbreviations: NA, not available 
a CAS RN 102616-51-3 has been removed from the CAS registry, as it is the same as CAS RN 85223-35-4.  
b UVCB, unknown or variable composition, complex reaction products, or biological materials. Note that molecular 
weight is provided for a representative structure. 

2.1 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 for the Azo Acid Dyes is reported in Environment Canada and Health Canada 
(2013).  

Analogues used to inform the ecological assessment were selected based on structural 
similarity and 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 Azo Acid Dyes 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 Azo Acid Dyes is determined on a case-by-case 
basis. 

A list of the various analogues used to inform this assessment is presented in Tables 2-
7 to 2-9, along with an indication of the potential read-across data available for different 
parameters. All of these substances are azo compounds, most of them being azo acid, 
direct or food dyes. More detailed information regarding the identity of these substances 
can be found in Appendix A (Tables A-6 and A-7). In the cases where analogues for 
one azo group are used for multiple subsets, this is indicated in the text. 



 

22 

Table 2-7. Identities of analogues for monoazo acid dyes and parameters used to 
inform the physical and chemical properties, environmental fate, potential to 
cause ecological harm and potential to cause harm to human health 
C.I. name 
and/or 
common 
name (CAS 
RN) 

Chemical structure and formula  
Molecula
r weight 
(g/mol) 

Parameters to 
be used in 
the read-
across 
approach 

Acid Yellow 17 
(6359-98-4) 

 
C16H10Cl2N4O7S2 Na2 

551 
Water 
solubility, pKa, 
ecotoxicity 

C.I. Food Red 
3 
(3567-69-9) 

 
C20H12N2O7S2 Na2 

502 

Melting or 
decomposition 
point, water 
solubility 
health effects 

NA 
(22915-90-8) 

 
C20H14N2O7S2  

458 Water 
solubility 

Acid Orange 
10 
(1936-15-8) 

 
C16H10N2O7S2 Na2 

452 

Melting or 
decomposition 
point, water 
solubility, pKa, 
volatility, 
health effects 

N
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C.I. name 
and/or 
common 
name (CAS 
RN) 

Chemical structure and formula  
Molecula
r weight 
(g/mol) 

Parameters to 
be used in 
the read-
across 
approach 

C.I. Food 
Yellow 3  
(2783-94-0) 

C16H12N2O7S2Na2  

454 

Melting or 
decomposition 
point, water 
solubility, log 
Kow, pKa, 
volatility, 
ecotoxicity, 
health effects 

Ponceau 3R 
(3564-09-8) 

 
C19H16N2O7S2 Na2  

494 Health effects 

C.I. Food Red 
1, Ponceau 
SX  
(4548-53-2) 
  

C18H14N2O7S2 Na2 

480 Health effects 

Acid Red 1 
(3734-67-6) 
 

 
C18H13N3O8S2 Na2 

509 Health effects 

Brown FK  
(6300-61-4)  
 

 
C13H13N4O3SNa 

328 Health effects 
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C.I. name 
and/or 
common 
name (CAS 
RN) 

Chemical structure and formula  
Molecula
r weight 
(g/mol) 

Parameters to 
be used in 
the read-
across 
approach 

Orange RN  
(1934-20-9)  
 

 
C16H11N2O4SNa 

350 Health effects 

Abbreviations: Kow, octanol–water partition coefficient; NA, not available; pKa, acid dissociation constant  

 

Table 2-8. Identities of analogues for disazo acid dyes and parameters used to 
inform the physical and chemical properties, environmental fate, potential to 
cause ecological harm and potential to cause harm to human health 

C.I. name 
and/or 
common 
name (CAS 
RN) 

Chemical structure and formula 
Molecu
lar 
weight 
(g/mol) 

Parameter
s to be 
used in 
the read-
across 
approach 

Acid Black 1 
(1064-48-8) 

 
C22H14N6Na2O9S2 

 Water 
solubility 

NA 
(3564-27-0) 

 
C19H12N4O6S Na2 

470 Water 
solubility 

S
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N

OH
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C.I. name 
and/or 
common 
name (CAS 
RN) 

Chemical structure and formula 
Molecu
lar 
weight 
(g/mol) 

Parameter
s to be 
used in 
the read-
across 
approach 

Direct Red 81 
 (2610-11-9) 

 
C29H19N5O8S2 Na2 

676 

Melting or 
decomposit
ion point, 
ecotoxicity 

C.I. Food 
Black 1a 
(2519-30-4) 

 
C28H17N5O14S4 Na4  

868 

Water 
solubility, 
volatility, 
health 
effects 

Direct Yellow 
50a 
(3214-47-9) 

C35H24N6O13S4 Na4 

957 

Water 
solubility, 
volatility, 
ecotoxicity 

NA 
(72245-50-2) 

C41H37N7O17S3 Na4 

1088 Ecotoxicity 
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C.I. name 
and/or 
common 
name (CAS 
RN) 

Chemical structure and formula 
Molecu
lar 
weight 
(g/mol) 

Parameter
s to be 
used in 
the read-
across 
approach 

NA 
(4553-89-3) 

 
C27H18N4O9S2 Na2 

653 

Water 
solubility, 
health 
effects 

Abbreviations: Kow, octanol–water partition coefficient 
a CAS RNs 2519-30-4 and 3214-47-9 are also used as analogues for polyazo acid dyes 

Table 2-9. Identities of analogues for polyazo acid dyes and parameters used to 
inform the physical and chemical properties, environmental fate and potential to 
cause ecological harm 
C.I. 
name 
and/or 
common 
name 
(CAS 
RN) 

Chemical structure and formula  
Molecul
ar 
weight 
(g/mol) 

Parameter
s to be 
used in 
the read-
across 
approach 

Acid 
Orange 
24 
(1320-07-
6)  

C20H17N4NaO5S  

448 Ecotoxicity 

Acid 
Black 1 
(1064-48-
8)  

C22H14N6Na2O9S2  

616 

Melting or 
decomposi
tion point, 
water 
solubility, 
log Kow, 
ecotoxicity 
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C.I. 
name 
and/or 
common 
name 
(CAS 
RN) 

Chemical structure and formula  
Molecul
ar 
weight 
(g/mol) 

Parameter
s to be 
used in 
the read-
across 
approach 

NA 
(90432-
06-7) 

 
C10H9NO7S2  

865 Ecotoxicity 

NA 
(70210-
31-0) 

 
C43H26N8Na4O14S4  

1099 Ecotoxicity 

NA 
(72829-
12-0) 

C33H25N9Na2O7S  

738 Ecotoxicity 

NA 
(108936-
08-9) 

 
 
C34H24N9O11S3Li3  

852 Ecotoxicity 

Abbreviations: Kow, octanol–water partition coefficient; NA, not available 
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3. Physical and Chemical Properties 

Physical and chemical properties play a critical role in the overall characteristics of a 
substance and are used to determine the suitability of different substances for different 
applications. Such properties also play a critical role in determining the environmental 
fate of substances (including their potential for long-range transport), as well as their 
toxicity to humans and non-human organisms.  

Several physical and chemical properties of Azo Acid Dyes—namely, melting point, 
water solubility, size, log octanol–water partition coefficient (log Kow) and acid 
dissociation constant (pKa)—are important in terms of ecological and human health 
assessment. A summary of the experimental physical and chemical properties relevant 
to the environmental fate and ecotoxicity of monoazo as well as disazo and polyazo 
acid dyes and their analogues is presented in Tables 3-1 and 3-2. Pivotal values, 
including either single mean data points (e.g., melting point and decomposition) or a 
range of values, have been chosen to represent the properties of each subset. Detailed 
substance-specific information for these properties can be found in Tables A4–A7 in 
Appendix A of this report. 

The Azo Acid Dyes are substances with molar weights distributed over a wide range 
(i.e., 319–1684 g/mol). Most Azo Acid Dyes are complex anionic molecules that tend to 
dissociate at environmentally-relevant pH levels and are highly soluble in water 
(generally with water solubilities > 1 g/L) due to the presence of solubilizing functional 
groups (Hunger 2003; Tables 3-1 and 3-2). Azo Acid Dyes are primarily sodium and 
lithium salts that contain functional groups such as sulfonic and carboxylic acids, which 
increase solubility. Given their hydrophilicity and ionic character, as demonstrated by 
low pKa values (an indicator of acid dissociation), Azo Acid Dyes tend to have very low 
(even negative) experimental log Kow values (Tables 3-1 and 3-2).  

Table 3-1. A summary of experimental physical and chemical properties (at 
standard temperature of ~25°C) for the monoazo acid dyes and their analogues 
(except where noted) 

Property 
Value(s) or range (for 
more than three data 
points) 

Pivotal value(s) for this 
risk assessment (basis for 
selection)  

Molar weight (g/mol)a 351–845 351–845  (range was used) 
Melting point and 
decomposition (°C) 141–390 (n = 10) 141–390 (range was used) 

Water solubility (g/L) 2–300 (n = 11) 2–300 (range was used) 
Log Kow (dimensionless) −1.28 to 0.7 (n = 6) −0.59 (mean) 

Dmin (nm)a 0.820–1.28 (n = 20)  Range was used and 
discussed in text 

Dmax (nm)a 0.919–1.70 (n = 20) Range was used and 
discussed in text 
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Property 
Value(s) or range (for 
more than three data 
points) 

Pivotal value(s) for this 
risk assessment (basis for 
selection)  

pKa (dimensionless) 5.5–11.5 (n = 6) 5.5–11.5 (range was used) 
Abbreviations: Dmax, effective maximum cross-sectional diameter; Dmin, effective minimum cross-sectional diameter; 
Kow, octanol–water partition coefficient; pKa, acid dissociation constant 
a Molar weight and cross-sectional diameter ranges are shown here only for the specific 20 monoazo acid dyes 
included in this assessment (i.e., analogue data are not included). 

Table 3-2. A summary of experimental physical and chemical properties (at 
standard temperature of ~25°C) for disazo acid dyes and polyazo acid dyes and 
their analogues (except where noted) 

Property 
Value(s) or range (for 
more than three data 
points) 

Pivotal value(s) for this 
risk assessment (basis for 
selection)  

Molar weight (g/mol)a 319–1684 319–1684 (range was used) 
Melting point and 
decomposition (°C) 240 – > 350 (n = 2) 240 – > 350 (range was 

used) 
Water solubility (g/L) 1.8–180 (n = 4) 1.8–180 (range was used)  
Log Kow (dimensionless) −4.5, 1.2 (n = 2) −1.65 (mean)  

Dmin (nm)a 0.857–1.47 (n = 26) Range was used and 
discussed in text 

Dmax (nm)a 1.19–1.99 (n = 26) Range was used and 
discussed in text 

pKa (dimensionless) NA NA 
Abbreviations: Dmax, effective maximum cross-sectional diameter; Dmin, effective minimum cross-sectional diameter; 
Kow, octanol–water partition coefficient; NA, not available; pKa, acid dissociation constant 
a Molar weight and cross-sectional diameter ranges are shown here only for the specific 24 disazo acid dyes and 8 
polyazo acid dyes included in this assessment (i.e., analogue data are not included). 

Physical and chemical data are more prevalent for monazo acid dyes than for disazo 
and polyazo acid dyes, which are data poor. However, while there are some differences 
in the ranges demonstrated among the two groups, the general trend of highly anionic 
substances with high water solubility and low log Kow is observed. Disazo and polyazo 
acid dyes tend to have higher molar weights and cross-sectional diameters and lower 
water solubilities. Results pertaining to cross-sectional diameter are discussed further in 
the section “Potential for Bioaccumulation.” 

Similar to other azo colourants, Azo Acid Dyes may undergo tautomerization between 
the azo and hydrazone forms. This tautomerization is well known for the Azo Acid Dyes, 
where a hydroxyl group and the azo bond are present in the ortho- or para- position. 
Tautomerization is important commercially, since the tautomeric forms may differ in 
colour, performance properties, toxicological profile and tinctorial strength (Environment  
Canada and Health Canada 2013). However, the degree to which this affects the fate 
and behaviour of these substances in the environment or their toxicological properties is 
not well understood.  
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4. Sources and Uses 

4.1 Sources 

All of the Azo Acid Dyes are anthropogenically produced and are not expected to occur 
naturally in the environment.  

In recent years (i.e., 2005 to present), all 52 substances considered in this Screening 
Assessment have been included in surveys issued pursuant to section 71 of CEPA. 
These surveys aimed to collect information on manufacturing and import activities in 
Canada, with a reporting threshold of 100 kg/year. One survey, which focused on the 
commercial activity of the Aromatic Azo and Benzidine-based Substance Grouping for 
the year 2010 (Canada 2011), yielded submissions above the reporting threshold.  

Based on the information received from the survey conducted for the year 2010 
(Canada 2011), no manufacturing activity in Canada was reported for these Azo Acid 
Dyes. Importation data for 10 substances found to be used in commerce above the 
survey threshold are summarized in Table 4-1.  

Table 4-1. Annual import quantity ranges and major uses of certain Azo Acid 
Dyes in Canada based on Consumer and Commercial Codes (indicated in 
parentheses) identified in the section 71 survey for the year 2010 (Canada 2011; 
Environment Canada 2012)a 

C.I. name or 
CAS RN  

2010 annual 
import quantity 
ranges (kg) 

Food and 
beverage 
(C562) 

Fabric, textile 
and leather 
articles (C104) 

Drugs 
(C563) 

Tartrazineb 10 000 – 100 000 X   
Amaranthb 10 000 – 100 000 X   
New Coccinec 1 000 – 10 000  X  X 
70210-34-3 1 000 – 10 000  X  
Metanil Yellow 100 – 1 000     
Acid Orange 
156 100 – 1 000     

Acid Blue 113 100 – 1 000   X  
68155-63-5 100 – 1 000   X  
70210-05-8 100 – 1 000    
71873-51-3 100 – 1 000   X  
a Other Consumer and Commercial Codes were also submitted for Acid Orange 156, Metanil Yellow and CAS RN 
70210-05-8 but are not indicated in this table due to confidentiality. 
b Additional information regarding uses of Amaranth and Tartrazine that was submitted in response to a section 71 
survey is not included in this table due to confidentiality. 
c New Coccine is a non-permitted food additive—it is not listed in the List of Permitted Colouring Agents (Health 
Canada 2012). Follow-up with the submitter has been initiated regarding its use of this substance. 
 

Nine of the ten substances in Table 4-1 (all except for CAS RN 68155-63-5), as well as 
ten additional substances (i.e., Orange II, Acid Black 24, Acid Black 26, Acid Orange 33, 
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Acid Red 138, Acid Red 6, CAS RN 70210-06-9, CAS RN 70210-25-2, CAS RN 72828-
67-2 and CAS RN 84962-50-5), were identified as being used in Canada in 2010, based 
on information submitted by the Ecological and Toxicological Association of Dyes and 
Organic Pigments Manufacturers (ETAD) (personal communication, email from ETAD to 
Environment Canada, dated August 2010; unreferenced).  

4.2 Uses 
 

In general, Azo Acid Dyes are used principally for colouring application to nylon, wool, 
silk and leather (Kirk-Othmer 2010; CII 2011; personal communication, email from 
ETAD to Existing Substances Risk Assessment Bureau, Health Canada, dated May 
2013; unreferenced). They are also used to colour cosmetics, drugs, soaps and 
cleaning compounds, paper and inks (Freeman and Peters 2000; Kirk-Othmer 2010; CII 
2011). Some substances in this subgroup, namely Amaranth, New Coccine, Ponceau 
MX and Tartrazine, have C.I. classification as food dyes, and all but Ponceau MX are 
permitted colouring agents in food in some jurisdictions.  
 
Colouring Agents in Food 
 
In Canada, food colouring agents are regulated as food additives under the Food and 
Drug Regulations. Colouring agents that are permitted for use in food are listed 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. Of all substances in this Screening 
Assessment, only Amaranth and Tartrazine are listed on the List of Permitted Colouring 
Agents as permitted food colouring agents in Canada.  
 
Food Packaging 
 
None of the Azo Acid Dyes was identified as being used in food packaging applications 
in Canada (personal communications, emails from Food Directorate, Health Canada to 
Risk Management Bureau, Health Canada, dated 2011; unreferenced). 
 
Colouring Agents in Drugs and Natural Health Products 
 
Colouring agents used in drugs that are permitted in Canada are regulated under Part 
C, Division 1 of the Food and Drug Regulations (Canada [1978]). Under the Food and 
Drugs Act, drugs also include biologics, natural health products and veterinary drugs. 
Amaranth, New Coccine and Tartrazine are listed in the Food and Drug Regulations as 
colouring agents permitted in drugs for internal and external use, while Orange II is only 
permitted for external use. Health Canada’s Therapeutic Products Directorate’s internal 
Non-Medicinal Ingredients Database (NMID) identified Amaranth as a non-medicinal 
ingredient in human drugs and disinfectants, New Coccine as a non-medicinal 
ingredient in human drugs, Orange II as a non-medicinal ingredient in disinfectants and 
Tartrazine as a non-medicinal ingredient in drugs (human and veterinary) and 
disinfectants (personal communication, email from Therapeutic Products Directorate, 
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Health Canada to Risk Management Bureau, Health Canada, dated August 2011; 
unreferenced). 
 
Amaranth and New Coccine (as Ponceau 4R) are listed in the Natural Health Products 
Ingredients Database (NHPID) with a non-medicinal role for internal and external use as 
colour additives in natural health products (NHPID 2015). These substances are listed 
in the Licensed Natural Health Products Database (LNHPD) as being present as non-
medicinal ingredients in a limited number of currently licensed oral natural health 
products (LNHPD 2015). Tartrazine is listed in the NHPID with a non-medicinal role for 
internal and external use as a colour additive in natural health products (NHPID 2015). 
Tartrazine is listed in the LNHPD to be present as a non-medicinal ingredient in 
currently licensed natural health products (LNHPD 2015). Orange II and Metanil Yellow 
are listed in the NHPID with a non-medicinal role for topical use as colour additives in 
natural health products (NHPID 2015).  
 
Some of the drugs and natural health products regulated in Canada containing 
Tartrazine are also considered to be at the cosmetic-drug interface (Health Canada 
2008. Under the Food and Drugs Act, natural health products are considered to be a 
subset of “drugs”; hence in this report, the term “drug” includes “natural health products” 
unless differentiated for specific reasons. 
 
None of the 52 substances in this Screening  Assessment have been identified to be 
present in biologics in Canada (June 2011 email from the Biologics and Genetic 
Therapies Directorate, Health Canada, to the Risk Management Bureau, Health 
Canada; unreferenced).  
 
Cosmetics 
 
Amaranth, Orange II, New Coccine, and Tartrazine were identified as ingredients in 
cosmetic products according to notifications submitted under the Cosmetic Regulations 
to Health Canada. Cosmetic products containing these substances include bath 
products, cleansers, creams, deodorants, douches, eye and face makeup, face paint, 
fragrances, genitalia products, hair dyes, hair grooming products, hair removal and 
shaving products, massage oils, moisturizers, nail care products and soaps (2011 and 
2013 emails from Consumer Product Safety Directorate, Health Canada to Existing 
Substances Risk Assessment Bureau, Health Canada; unreferenced). Based on 
notifications submitted under the Cosmetic Regulations to Health Canada, Amaranth 
and Tartrazine are used in cosmetic makeup tattoo inks in Canada (2011 and 2013 
emails from Consumer Product Safety Directorate, Health Canada to Existing 
Substances Risk Assessment Bureau, Health Canada; unreferenced). Similarly, New 
Coccine was identified as an ingredient in semi-permanent cosmetic makeup tattoo and 
body tattoo inks; however, these products containing New Coccine are not on the 
Canadian market (2013 email from Consumer Product Safety Directorate, Health 
Canada to Existing Substances Risk Assessment Bureau [Health Canada], dated 2013; 
unreferenced).  
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Metanil Yellow, a substance prohibited for use in cosmetics, is listed under the name 
C.I. 13065 on Health Canada’s Cosmetic Ingredient Hotlist. The Hotlist is an 
administrative tool that Health Canada uses to communicate to manufacturers and 
others that certain substances, when present in a cosmetic, may contravene (a) the 
general prohibition found in section 16 of the Food and Drugs Act or (b) a provision of 
the Cosmetic Regulations (Health Canada 2014). 
 
Formulants in Pest Control Products 

Amaranth, Metanil Yellow, Orange II and Tartrazine were identified as being present in 
pest control products registered in Canada (June 2011 email from Pest Management 
Regulatory Agency, Health Canada to Risk Management Bureau, Health Canada; 
unreferenced; July 2013 email from Pest Management Regulatory Agency, Health 
Canada to Existing Substances Risk Assessment Bureau, Health Canada; 
unreferenced). As the Pest Control Products Act is a CEPA equivalent legislation, the 
use of these substances as formulants in pest control products registered in Canada are 
not further considered in this assessment. 
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5. Environmental Fate and Behaviour 

The environmental fate of chemicals describes the processes by which chemicals 
become distributed and are transformed in the environment. In this section, some 
general characteristics of the substances considered in this Screening Assessment will 
be discussed with respect to their environmental fate in different compartments in an 
effort to understand how organisms come into contact with the substances in a 
particular medium, the persistence of the substances in environmental compartments, 
and their degradation, distribution among media, migration in groundwater, removal 
from effluents by standard wastewater treatment methods and bioaccumulation in 
organisms. 

As explained in Environment Canada and Health Canada (2013), mass balance fate 
models, such as the Equilibrium Criterion model or EQC (New EQC 2011), are not 
applicable for strongly ionic acid dyes, and their use with these substances would not 
conform to good modelling practice for multimedia models (Buser et al. 2012). 
Therefore, the environmental fate and compartmentalization of these substances will be 
discussed qualitatively using information on physical and chemical properties.  

5.1 Water and Sediment 

Azo Acid Dyes are highly water soluble and have an inherently high affinity for 
substrates, which results in high fixation rates (ETAD 1995; Environment Canada and 
Health Canada 2013). Given a continuous steady-state emission to water, a large 
proportion of Azo Acid Dyes will reside in the water column due to their very high water 
solubility. Over time, negatively charged (anionic) Azo Acid Dyes are expected to bind 
to suspended organic matter, specifically positively charged particulates, due to 
electrostatic interactions and eventually settle out to bed sediments or wastewater 
sludge (ETAD 1995). Some ionic dyes can also bind to organic material via hydrogen 
bonds and van der Waals forces (Oster 1955).  

Other factors, such as increasing molecular size, hardness of the water and salinity, as 
well as decreasing pH, are thought to favour some sorption of azo dyes to suspended 
solids (HSDB 1983– ; Øllgaard et al. 1998). It has been stated generally that due to the 
recalcitrant nature of azo dyes in aerobic environments, they eventually end up in 
anaerobic sediments, shallow aquifers and groundwater (Razo-Flores et al. 1997). After 
partitioning to sediment or wastewater sludge, some azo dyes may bind reversibly and 
become resuspended, while others will bind irreversibly and remain buried.  

5.2 Soil  

Azo Acid Dyes may be released indirectly to soil via the application of wastewater 
biosolids to agricultural land or deposition in landfills. Acid dyes have an inherently high 
affinity for substrates, with fixation levels ranging from 85% to 98% for acid dyes with 
more than one sulfonic acid group (ETAD 1995).  
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5.3 Air  

Acid-based dyes are not expected to be released to air and are not expected to partition 
to this compartment due to very low vapour pressures, high water solubilities and low 
Henry’s Law constants (HSDB 1983– ; Øllgaard et al. 1998). Water-soluble dyes such 
as Azo Acid Dyes are intended for use in water-based treatments, which also limits their 
release, as they are hydrophilic. While premixed dyes in their solid states may have 
some limited capacity for dispersal into the air as large particles, air is not considered to 
be a carrying medium for dyes, as these substances exhibit low or negligible volatility 
(ETAD 1995; Øllgaard et al. 1998).  

Given their low levels of volatility and physicochemical preference for partitioning to 
other media, it is also not expected that Azo Acid Dyes will be subject to long-range 
atmospheric transport. 

5.4 Environmental Persistence 

To characterize the environmental persistence of Azo Acid Dyes under both aerobic and 
anaerobic conditions, empirical and modelled data for these substances were 
considered.  

5.4.1 Empirical Data for Persistence 

Empirical biodegradation data related to the persistence of Azo Acid Dyes are limited. 
While a standard biodegradation test was not used, Shaul et al. (1990) demonstrated 
that 10 azo acid dyes, including two substances of focus in this assessment (Tartrazine 
and New Coccine), were not biodegradable under aerobic conditions, as the 
concentration of these dyes remained essentially constant in the influent, primary 
effluent and activated sludge of a wastewater treatment plant. Two other substances 
addressed in this assessment, Orange II and Acid Blue 113, had different results in the 
same study. The results indicated that Acid Blue 113 adsorbed on the activated sludge 
but did not degrade, while Orange II may have biodegraded to some degree, as 
concentrations decreased throughout the treatment process.  

Select empirical tests (Table 5-1), with more quantitative results under aerobic 
conditions, showed little to no degradation of Tartrazine (Tarimci et al. 1987). Despite 
some limitations, additional degradation data from Brown and Hamburger (1987) for two 
Azo Acid Dyes also show relatively low levels of aerobic degradation following initial 
anaerobic decolourization experiments of up to 56 days. However, since sludge was 
acclimated to the dyes, longer test periods were used, which makes the values difficult 
to compare with the results of standard OECD Test Guideline 301C tests. Also, it is 
unclear whether commercial formulations may have been used in some of these tests 
instead of high-purity dyes. Brown and Hamburger (1987) noted that the percentage of 
dye may be as low as 80%. If this was the case, the degradation value may not be 
representative of the pure substance.  
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Table 5-1. Select empirical data for biodegradation of Azo Acid Dyes under 
aerobic conditions 

Substance 
(CAS RN) Method  

Degradation 
value (%, 
except where 
noted)a 

Degradation 
endpoint  

Test 
duration 
(days) 

Reference  

Tartrazine 
(1934-21-
0) 

N/A 300 days Half-life  N/A Tarimci et 
al. 1987    

Orange II  
(633-96-5) 

Modified 
OECD 301E 
screening test 

< 25 DOC 
degradation 15 

Brown and 
Hamburger 
1987 

Acid Black 
24 (3071-
73-6) 

Modified 
OECD 301E 
screening Test 

< 25 DOC 
degradation 49 

Brown and 
Hamburger 
1987 

Abbreviations: DOC, dissolved organic carbon; N/A, not applicable; OECD, Organisation for Economic Co-operation 
and Development  
a Percent biodegradation at a given concentration of the test substance. 

5.4.2 Anaerobic Biodegradation of Azo Acid Dyes 

Under anaerobic or reducing conditions, biotic degradation of dyes may take place 
relatively rapidly (Yen et al. 1991; Baughman and Weber 1994; ETAD 1995; Øllgaard et 
al. 1998; Isik and Sponza 2004). Dyes have a high tendency to cleave at the azo bond, 
with the formation of aromatic amines (Øllgaard et al. 1998; Hunger 2005). Select 
empirical tests (Table 5-2) under anaerobic conditions showed significant degradation.  

Table 5-2. Select empirical data for biodegradation of Azo Acid Dyes under anaerobic 
conditions 

Substance 
(CAS RN) Method  Degradation 

value (%)a 
Degradation 
endpoint  

Test 
duration 
(days) 

Reference  

Orange II  
(633-96-5) 

Brown and 
Laboureur 
1983 

97  Colour 
removal  28 

Brown and 
Hamburger 
1987 

Metanil 
Yellow (587-
98-4) 

Brown and 
Laboureur 
1983 

97  Colour 
removal  7 

Brown and 
Hamburger  
1987 

Acid Black 
24 (3071-
73-6) 

Brown and 
Laboureur 
1983 

100 Colour 
removal 7 

Brown and 
Hamburger 
1987 

a Percent biodegradation at a given concentration of the test substance. 

5.4.3 Modelling of Persistence 

In addition to the experimental data, a (Q)SAR-based weight of evidence approach 
(Environment Canada 2007) was applied using biodegradation models. These models 
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are considered acceptable for use, as they are based on chemical structure, and the 
azo structure is represented in the training sets of all of the BIOWIN models used 
(BIOWIN 2010), thereby increasing the reliability of the predictions. Given the ecological 
relevance of the water compartment, the fact that most of the available models apply to 
water and the fact that Azo Acid Dyes are expected to be released to this compartment, 
primarily aerobic biodegradation in water was examined.  

Aquatic degradation models used in this analysis were HYDROWIN (2010), BIOWIN 
Submodels 3–6 (BIOWIN 2010), DS TOPKAT (©2005–2009) and CATALOGIC (2012).  

All of the model outputs for Azo Acid Dyes (other than for a few substances using 
BIOWIN Submodels 3 and 4) consistently predicted that these substances would 
biodegrade slowly in water under aerobic conditions. These results are consistent with 
information included in Environment Canada and Health Canada (2013), which outlines 
the general persistence of azo dyes in aerobic environments. Two substances 
(Amaranth and New Coccine) appear to be more persistent in air than the other Azo 
Acid Dyes in the report, according to AOPWIN (2010). 

5.4.4 Hydrolysis  

The majority of the Azo Acid Dyes do not contain functional groups expected to undergo 
hydrolysis. This is consistent with published studies that note hydrolysis as being an 
insignificant factor in the cleavage of azo compounds (Baughman and Perenich 1988). 
However, eight substances (CAS RN 79234-36-9, CAS RN 72828-83-2, CAS RN 
83027-51-4, CAS RN 83027-52-5, Acid Red 138, CAS RN 71873-51-3, CAS RN 83006-
48-8, CAS RN 75949-73-4) contain amide functional groups that were flagged by EPI 
Suite (2012) as having the potential to undergo some degree of hydrolysis. One 
substance (CAS RN 35342-16-6) was also flagged as having a carbonyl urea functional 
group that potentially could undergo some degree of hydrolysis. 

5.4.5 Summary of Persistence 

Due to the persistence of Azo Acid Dyes in aerobic environments in combination with 
their high water solubility, it is expected that these substances will have relatively long 
residence times in water. As these substances are predicted to stay in the water for long 
periods of time, they may disperse widely. Eventually, due to electrostatic interactions 
with particulate matter, they may also disperse widely in sediment. In sediment and soil, 
biodegradation is also expected to be slow under aerobic conditions and fast under 
anaerobic conditions. Short residence times in air are expected to result in low potential 
for long-range atmospheric transport.  
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5.5 Potential for Bioaccumulation  

In this assessment, a variety of lines of evidence have been used to determine the 
bioaccumulation potential of Azo Acid Dyes. Experimental data for traditional 
bioaccumulation metrics, such as bioconcentration factor (BCF), are minimal and 
restricted to the water compartment for these substances. In addition, the use of 
(Q)SAR bioaccumulation modelling was not pursued for Azo Acid Dyes, since these 
substances were outside the model domains of applicability.  

5.5.1 Octanol–Water Partition Coefficient 

As indicated in Tables 3-1 and 3-2, Azo Acid Dyes as a whole subgroup have relatively 
high water solubilities (1.8–300 g/L), and the limited number of experimental data for 
these dyes suggest very low log Kow values (−4.5 to 1.2), which would also suggest a 
very low bioaccumulation potential, according to equilibrium partitioning theory. This is 
consistent with the general view from other sources that note the very low 
bioaccumulation potential of ionic dyes (ETAD 1995).  

5.5.2 Bioconcentration Factor (BCF) 

Estimated and experimental log Kow values were compared with experimental BCFs for 
fish for a number of dyes (Anliker et al. 1981; ETAD 1995; Øllgaard et al. 1998). With 
respect to the data for six acid dyes, reported BCFs were less than 10, indicating that 
these dyes are not likely to bioconcentrate in aquatic organisms. Data available for 
Tartrazine (Table 5-3) illustrate low BCF values (< 0.29 and < 3 L/kg) for carp exposed 
to two different concentrations. 

Table 5-3. Empirical data for bioconcentration of Azo Acid Dyes (Tartrazine, CAS 
RN 1934-21-0) 

Test organism  Experimental 
concentration  

Endpoint (BCF, 
L/kg)  Reference 

Common carp  
(Cyprinus carpio)  600 µg/L  < 0.29  MITI 1992 

Common carp  
(Cyprinus carpio) 60 µg/L  < 3 MITI 1992 

5.5.3 Other Factors for Assessing Bioaccumulation Potential 

As outlined in the “Potential for Bioaccumulation” section of Environment Canada and 
Health Canada (2013), due to the lack of empirical bioaccumulation data available for 
Azo Acid Dyes, available data on water solubility, molecular weight and cross-sectional 
diameter are considered in order to determine bioaccumulation potential. Given their 
relatively high water solubility, ionic nature and high degree of dissociation under typical 
environmental conditions, the lipid partitioning tendency of these substances is 
expected to be limited. Also, bioaccumulation data resulting from exposures of 
organisms to these substances in soil and sediment are minimal and limited, in large 
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part due to the high water solubility of these substances (Environment Canada and 
Health Canada 2013).  

In general, Azo Acid Dyes are relatively hydrophilic, large molecules with high molecular 
weight (most above 400 g/mol). The minimum (Dmin) and maximum cross-sectional 
diameters (Dmax) for Azo Acid Dyes range from 0.820 (Dmin) to 1.99 nm (Dmax) (Tables 
5a and 5b). These characteristics suggest that molecular dimensions of substances 
may also restrict their rate of uptake when crossing cell membranes in fish from water, 
thereby reducing the bioaccumulation potential for these substances.  

5.5.4 Summary of Bioaccumulation Potential 

Azo Acid Dyes are expected to have a low bioaccumulation potential due to low 
observed bioconcentration in empirical tests. This is supported by and consistent with 
their physical and chemical properties (i.e., low log Kow, ionized at relevant 
environmental pH, high molecular weight, large cross-sectional diameters, high water 
solubility) and likely high degree of biotransformation by organisms. The low potential 
for bioaccumulation of these substances suggests that there may also be low potential 
for internal concentrations in organisms to reach levels that could cause adverse 
effects. Potential for adverse effects is discussed further in the following section. 
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6. Potential to Cause Ecological Harm 

6.1 Ecological Effects Assessment 

Only empirical data for specific substances within the subgroups and analogues were 
considered for assessment of the potential of Azo Acid Dyes to cause ecological harm, 
given the high level of uncertainty associated with modelling the ecotoxicity of these 
substances.  

6.1.1 Empirical Studies for the Aquatic Compartment 

Limited empirical ecotoxicity studies were available for Azo Acid Dyes (Tables 6-1 to 6-
3). In particular, all studies were of short-term duration and deemed to be lethality tests. 
Most substances had few to no empirical data, whereas other substances, such as 
Metanil Yellow 36, had multiple studies in the aquatic compartment. Sufficient acute 
toxicity data were available to consider the three subsets (monoazo, disazo and 
polyazo) of Azo Acid Dyes separately, but not to separate out structural subsets of 
higher similarity any further. 

Several key data points originated from an empirical study on the acute toxicity of 46 
dyes to fathead minnow (Pimephales promelas), which is described first in Little and 
Lamb (1973) and then summarized in Little et al. (1974). While this bioassay is not 
recent, it was carried out according to published standard methods, including pertinent 
information on the test organisms, dilution water and the chemical and physical 
parameters of the test water. The experiment was designed to estimate the threshold 
concentration at which 50% of the experimental animals survived after 96 hours. This 
was originally reported in the two studies as a median tolerable limit (TL50), but may also 
be interpreted as a median lethal concentration (LC50).  

Empirical toxicity studies on two different species of fish using five different monoazo 
acid dyes were found in the literature (Table 6-1). Acute toxicity values ranged widely 
from 68 to > 1000 mg/L for Oryzias latipes (Japanese rice fish) exposed to Metanil 
Yellow and Tartrazine, respectively (Table 6-1). The 48-hour LC50 value of 68 mg/L 
(Tonogai et al. 1982) is of significance because it is the most sensitive value obtained in 
a test with a fish species that is relevant to the Canadian environment and for which 
enough information is available to interpret its reliability. This study was deemed 
acceptable in part because it was performed using a standard method, fish were 
acclimated and measurements of key test properties were evaluated throughout. 

While toxicity tests were available for a paramecium (Paramecium caudatum), a 
protozoan (Tetrahymena pyriformis) and brine shrimp (Artemia salina), these were not 
included in the assessment, as they are not standard laboratory species for toxicity 
tests, and insufficient data were available to assess the results. In addition, some data 
were available for the tropical fish Channa punctata (96-hour LC50s of 1.5 and 155 mg/L 
for Metanil Yellow in Rathore et al., 1989); however, given that this fish is native to East 
Asia and requires water temperatures higher than those generally found in the 
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Canadian environment, it was not considered as a critical toxicity value (CTV). In 
addition, the reported values from Rathore et al. (1989) ranged over 2 orders of 
magnitude for the same substance and test organism, making the results uncertain. 
Tests by MacPhee and Ruelle (1969) focused on the exposure of two fish species 
(Ptychocheilus oregonensis and Oncorhynchus kisutch) to the analogue CAS RN 2150-
33-6. While a value of 10 mg/L was reported, the study is dated, and key information 
regarding the tests is not available (e.g. duration, endpoint, conditions) to properly 
evaluate the methods; hence, it was also not considered as a key value in this 
assessment.  

Table 6-1. Empirical aquatic toxicity data for fish exposed to representative 
substances in the monoazo acid dyes subgroup 

Test organism Type of test 
(duration) Endpoint 

Value (mg/L)  
(C.I. name or 
CAS RN)  

Reference 

Oryzias latipes Acute (48 h) LC50 
68  
(Metanil Yellow) 

Tonogai et al. 
1982 

Oryzias latipes Acute (24 h) LC50 
90  
(Metanil Yellow) 

Tonogai et al. 
1982 

Pimephales 
promelas Acute (96 h) LC50 

165  
(Orange II) 

Little and Lamb 
1973; Little et al. 
1974 

Oryzias latipes Acute (48 and 
96 h) LC50 

> 180 
(Acid Yellow 17) 

Little and Lamb 
1973; Little et al. 
1974 

Oryzias latipes Acute (24 and 
48 h) LC50 

1000  
(Orange II) 

Tonogai et al. 
1982 

Oryzias latipes Acute (48 h) LC50 
> 1000 
 (Tartrazine) MITI 1992 

Abbreviations: LC50, the concentration of a substance that is estimated to be lethal to 50% of the test organisms 

Toxicity tests on disazo acid dyes and analogues are available for two fish species, 
Pimephales promelas and Danio rerio, as well as the invertebrate Daphnia magna. The 
test results also varied widely over 3 orders of magnitude. An acute toxicity test result 
for Pimephales promelas exposed to Acid Blue 113 (96-hour LC50 of 4.4 mg/L) 
represents the lowest LC50 value for the disazo acid dyes (Table 6-2). While this is an 
older toxicity value, it was deemed acceptable in part because it was performed with a 
standard method and because the key physical and chemical parameters of the test 
water were well characterized throughout the test (Little and Lamb 1973; Little et al. 
1974).  

Table 6-2. Empirical aquatic toxicity data for fish and invertebrates exposed to 
representative substances in the disazo acid dyes subgroup 

Test 
organism  

Type of 
test 
(duration) 

Endpoint Value (mg/L)  
(C.I. name) Reference 
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Pimephales 
promelas Acute (96 h) LC50  

4.4 
 (Acid Blue 113) 

Little and Lamb 1973; 
Little et al. 1974 

Pimephales 
promelas 

Acute (24, 
48 and 96 
h) 

LC50  
> 180 
(Direct Red 81) 

Little and Lamb 1973; 
Little et al. 1974  

Danio rerio Acute (96 h) LC50  
220  
(Acid Orange 
156) 

ETAD 1992 

Daphnia 
magna Acute (24 h) EC50 

24  
(Acid Orange 
156) 

ETAD 1992 

Abbreviations: EC50, the concentration of a substance that is estimated to cause some effect on 50% of the test 
organisms; LC50, the concentration of a substance that is estimated to be lethal to 50% of the test organisms  

Ecotoxicity data for the polyazo acid dyes and analogues are limited but illustrate lower 
levels of acute aquatic toxicity. While only one endpoint was identified for polyazo acid 
dyes. The most sensitive value is a 96-hour LC50 for Pimephales promelas of 130 mg/L 
from the same studies discussed above (Little and Lamb 1973; Little et al. 1974), which 
were considered reliable.  

Table 6-3. Empirical aquatic toxicity data for fish exposed to representative 
substances in the polyazo acid dyes subgroup 

Test organism  Type of test 
(duration) Endpoint Value (mg/L) 

(C.I. name) Reference 

Pimephales 
promelas Acute (96 h) LC50  

130  
(Acid Orange 24) 

Little and Lamb 
1973; Little et al. 
1974 

Abbreviations: LC50, the concentration of a substance that is estimated to be lethal to 50% of the test organisms  

Algae appear to be somewhat sensitive to Azo Acid Dyes with respect to short-term 
studies in the aquatic environment (Table 6-4). The lowest toxicity value for algae 
obtained in a study with sufficient information (e.g., effect endpoint specified) is a 72-
hour EC50 of 20.8 mg/L for Acid Orange 156 (Greene and Baughman 1996). Regarding 
ecotoxicity studies using algae, the algal growth inhibition test is one of the most 
common tests for determining aquatic toxicity, by measuring changes of the growth rate 
in response to exposure to test chemicals in water. Particularly when testing coloured 
substances, it has been noted that these substances are capable of attenuating light 
penetration into the test medium, by light absorption and reflection. Using solvents or 
emulsifiers to create a homogeneous dispersion in water, attenuation of light is likely to 
be proportional to the amount of substance added. The inhibition of algal growth due to 
light attenuation can result in reduced algal population growth in relation to the amount 
of substance added to the test medium. However, such inhibition is not considered a 
true ecotoxicological effect of the test chemicals (Rufli et al. 1998; Cleuvers and Weyers 
2003). 

There have been recommendations to deal with light attenuation in algal tests with 
coloured substances. It was suggested to put algae back into a test substance–free 
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medium at the end of the exposure period, in order to discriminate between an algistatic 
and an algicidal effect (Whitehouse and Mallett 1993). A reduced light path through the 
test solution was also proposed, so that the algal growth rate is not affected (Comber et 
al. 1995). However, in studies identified to assess the ecotoxicological effects of Azo 
Acid Dyes and analogues in algae, there is no report of any light attenuation and hence 
no indication of whether light attenuation has been impacted. Therefore, it is suspected 
that the reported ecotoxicity in the algae studies may not represent the “true” effects of 
the test dyes on the organisms.  

Table 6-4. Algae toxicity data for Azo Acid Dyes 

Test organism  
Type of 
test 
(duration) 

Endpoint Value (mg/L) 
(C.I. name) Reference 

Alga (Scenedesmus 
subspicatus) 

Chronic 
(72 h) 

Population 
biomass, EC50 

20.8 
(Acid Orange 
156) 

Greene and 
Baughman 
1996 

Alga (Scenedesmus 
subspicatus) 

Chronic 
(72 h) 

Population 
biomass, EC50  

28 
(Acid Orange 
156) 

ETAD 1992 

Alga (Scenedesmus 
subspicatus) 

Chronic 
(72 h) 

Population 
growth, EC50 

37 
(Acid Orange 
156) 

ETAD 1992 

Alga 
(Pseudokirchneriella 
subcapitata) 

Chronic  
(1 and 14 
days) 

Population 
biomass 
(no effect 
concentration 
listed)  

10 mg/L 
(Acid Black 1) Ericson 1977 

Alga 
(Pseudokirchneriella 
subcapitata) 

Chronic  
(1 and 14 
days) 

Population 
biomass (no effect 
concentration 
listed)  

10 mg/L 
(Acid Orange 
24)  

Ericson 1977 

Abbreviations: EC50, the concentration of a substance that is estimated to cause some effect on 50% of the test 
organisms  

6.1.2 Empirical Studies for Other Environmental Compartments 

Toxicity data for sediment-dwelling organisms are unavailable, and toxicity data for 
terrestrial species exposed to Azo Acid Dyes are limited. A single plant study was found 
in which three species (sorghum, sunflower and soy) were exposed to the monoazo 
acid dye C.I. 13155 (Brown and Anliker 1988). There were no effects on seed 
germination at any concentration up to 1000 mg/L. Growth rate was also not affected up 
to 100 mg/L. However, at 21 days, there was variable growth at 1000 mg/L, and 
monoazo acid dye C.I. 13155 could be detected in the plant foliage at a soil 
concentration of 1000 mg/kg. While this is not sufficient to generate a reliable terrestrial 
endpoint value, it does illustrate that, based on these limited data, effects on soil 
organisms are not expected at moderate to low concentrations. 



 

44 

6.1.3 Derivation of the Aquatic and Terrestrial PNECs  

A grouping approach was also used in the development of the predicted no-effect 
concentrations (PNECs) for the Azo Acid Dyes subgroup. CTVs in the aquatic medium 
were chosen to represent each subset, as data were available. There were insufficient 
data to calculate a CTV for soil, and no data were available to calculate a CTV for 
sediment.  

The aquatic CTV selected for monoazo acid dyes was the acute 48-hour LC50 of 68 
mg/L for Oryzias latipes (Tonogai et al. 1982), as this was the most sensitive valid 
experimental value. The aquatic PNEC was then derived by dividing this value by an 
assessment factor of 100 (to account for interspecies and intraspecies variability and 
the estimation of a long-term no-effects concentration from a short-term LC50). 
Therefore, a PNEC of 0.68 mg/L was calculated for the monoazo acid dyes. 

The aquatic CTV selected for disazo acid dyes was the acute 96-hour LC50 of 4.4 mg/L 
for Pimephales promelas (Little et al. 1974), as this was the most sensitive valid 
experimental value (updated from the study on the same substance published by Little 
and Lamb in 1973). The aquatic PNEC was then derived by dividing this value by an 
assessment factor of 100 (to account for interspecies and intraspecies variability and 
the estimation of a long-term no-effects concentration from a short-term LC50). 
Therefore, a PNEC of 0.044 mg/L was calculated for the disazo acid dyes. 

The aquatic CTV selected for polyazo acid dyes was the acute 96-hour LC50 of 130 
mg/L, also for Pimephales promelas (Little et al. 1974), as this was the most sensitive 
valid experimental value (also updated from the study on the same substance published 
by Little and Lamb in 1973). The aquatic PNEC was then derived by dividing this value 
by an assessment factor of 100 (to account for interspecies and intraspecies variability 
and the estimation of a long-term no-effects concentration from a short-term LC50). 
Therefore, a PNEC of 1.3 mg/L was calculated for the polyazo acid dyes. 

A terrestrial CTV was not calculated for Azo Acid Dyes, given the limited data available. 
However, based on the existing plant study, effects on soil organisms are not expected 
at moderate to low concentrations. 

6.1.4 Ecological Effects Summary 

Based on lines of evidence involving empirical and read-across aquatic ecotoxicity data, 
it may be concluded that some monoazo and disazo acid dyes may cause harm to 
aquatic organisms at moderate concentrations (i.e., LC50s are < 100 mg/L). It may be 
concluded that polyazo acid dyes are not expected to cause harm to aquatic organisms 
at moderate or low concentrations (i.e., LC50s are > 100 mg/L). Azo Acid Dyes are not 
expected to cause harm to soil organisms at moderate to low concentrations (no effects 
at concentrations greater than 100 mg/L, and detected in foliage at a concentration of 
1000 mg/kg). 
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6.2 Ecological Exposure Assessment  

6.2.1 Releases to the Environment 

No measured concentrations of Azo Acid Dyes in the Canadian environment have been 
identified. Environmental concentrations have therefore been estimated from available 
information.  

Anthropogenic releases of a substance to the environment depend upon various losses 
that occur during the manufacture, industrial use, consumer/commercial5 use and 
disposal of a substance. In order to estimate releases to the environment occurring at 
different stages of the life cycle of the acid dyes, Environment and Climate Change 
Canada compiles information on the relevant sectors and product lines, as well as 
emission factors6 to raw industrial wastewater or wastewater collected by publicly-
owned wastewater systems, land and air at different life cycle stages in order to identify 
the life cycle stages that are likely significant contributors to overall environmental 
concentrations. Recycling activities and transfer to waste disposal sites (landfill, 
incineration) are also considered. However, releases to the environment from disposal 
were not quantitatively accounted for unless reliable specific information on the rate (or 
potential) for release from landfills and incinerators was available. 

This information is used to further develop exposure characterization scenarios to 
estimate resulting environmental concentrations. 

Factors relevant to key life cycle stages of these substances have been considered, 
uncertainties have been recognized and assumptions have been made related to 
different stages, subject to the availability of information. Exposure scenarios for the 
uses/media of concern have been developed, including the determination of applicable 
predicted environmental concentrations (PECs).  

6.2.2 Identification of Important Exposure Scenarios 

Exposure characterization is focused on important release scenarios. These scenarios 
represent major environmental releases and relatively high concentrations. In general, 

                                            

5 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. 

6 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 and Climate 
Change Canada’s National Pollutant Release Inventory, industry-generated data and monitoring data.  
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the magnitude of releases 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 results in higher environmental concentrations. This is in part because 
industrial releases are concentrated at a limited number of sites, while consumer and/or 
commercial releases are dispersed across the country. 

The Azo Acid Dyes were not manufactured in Canada according to the section 71 
survey on Aromatic Azo and Benzidine-based Substances (Canada 2011). They were 
imported and used in the production of the following seven product categories:  

1. Food and beverage 
2. Cleaning and care products 
3. Paintballs 
4. Agricultural, lawn and garden products 
5. Personal care and cosmetics 
6. Pharmaceuticals 
7. Textile and leather 

The Azo Acid Dyes were used in the following two types of industrial operation: 

1. Formulation to produce concentrates (e.g., flavouring concentrates for food and 
beverage, chemical concentrates for textile and leather processing); 

2. Industrial use of imported Azo Acid Dyes or formulated concentrates (as stated in 
point 1) to produce the products in the above-mentioned seven categories (e.g., 
use of imported Azo Acid Dyes in the production of cleaning compounds, use of 
chemical concentrates in textile dyeing). 

Exposure scenarios resulting from these two types of operation have been developed 
for this assessment. 

6.2.3 Estimates of Predicted Environmental Concentrations 

The PECs of the Azo Acid Dyes were estimated for the formulation and industrial use 
scenarios. These concentrations are based on available information on the quantities of 
the Azo Acid Dyes, emission factors, the characteristics of the industrial or publicly-
owned wastewater treatment systems involved and the characteristics of the receiving 
environment. 

The PECs estimated were focused on the aquatic compartment. This is because the 
Azo Acid Dyes are expected to be released to the aquatic compartment through 
wastewater treatment systems and to remain in the water column after release. The Azo 
Acid Dyes are grouped into three subsets: monoazo, disoazo and polyazo. These 
subsets are all highly water soluble, with solubilities in the range of 1.8–300 g/L. While it 
is expected that some Azo Acid Dyes may partition to sludge during wastewater 
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treatment or to sediment after they are released to receiving water, the water column is 
nonetheless expected to be the major compartment of their environmental presence. 

The environmental concentrations of the Azo Acid Dyes in sediment and biosolids-
amended soil could not be calculated, as ionic substances are outside the domain of 
applicability for equilibrium partitioning models. Although these substances are ionizable 
in water and can sorb to sediment or biosolids via electrostatic bonding, the amounts 
going to sediment or soil are expected to be less than those present in water at any 
given location due to their high water solubilities. While some Azo Acid Dyes may reach 
and persist in the more aerobic top layers of sediment, this accumulation should be 
dispersive due to their persistence in the water column. Also, experimental 
biodegradation data indicate that Azo Acid Dyes can degrade under anaerobic 
conditions, which are likely to occur as they move to deeper layers of sediment. Thus, 
the PECs in sediment and biosolids-amended soil are predicted to be low, and 
quantitative calculations are not pursued. 

To estimate the aquatic PECs for the formulation and industrial use scenarios, 72 
facilities were found to be the major users of the Azo Acid Dyes from the survey. These 
facilities each used 100 kg/year or more of the Azo Acid Dyes in their operations. They 
represented 99% of the Azo Acid Dyes found in Canadian commerce (10 000–100 000 
kg/year). Two other sites were also identified, but insufficient information was available 
in order to complete a quantitative exposure scenario at those locations. 

The 72 facilities were located in 40 municipalities in British Columbia, Manitoba, New 
Brunswick, Nova Scotia, Ontario, Quebec and Saskatchewan. These municipalities 
were referred to as sites in this assessment, as they represent a common point of entry 
to the environment via the wastewater treatment system. The number of facilities at a 
site varied from 1 to 10. 

Where the survey information was not sufficient to determine which facilities were 
involved with the Azo Acid Dyes (e.g., when a survey respondent was found to operate 
multiple facilities), this information was identified based on the respondent’s website and 
Environment and Climate Change Canada’s National Pollutant Release Inventory 
database (NPRI 2006). When a survey respondent reported the total Azo Acid Dyes 
used from multiple facilities, each of these facilities was conservatively assumed to use 
the Azo Acid Dyes at a quantity equal to the total quantity reported by the respondent. 
In some cases, this may be a very conservative assumption. 

The aquatic PEC from each individual facility was estimated based on its annual use 
quantity from the survey, an applicable emission factor for emissions to raw industrial 
wastewater, wastewater influent or effluent flow and receiving water dilution. The PECs 
ranged between 0.06 and 607.3 µg/L at sites where monoazo acid dyes are used, 
between 3.1 and 40.0 µg/L where disazo acid dyes are used and between 33.6 and 
81.7 µg/L where polyazo acid dyes were used. The calculations, as well as assumptions 
used, are explained in Appendix B. These results were conservative, since the emission 
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factors used were relatively high and the removal by either on-site industrial wastewater 
treatment facilitiesor off-site wastewater treatment was assumed to be zero. 

6.3 Characterization of Ecological Risk 

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

6.3.1 Aquatic Risk Quotient Analysis 

Risk quotient analyses compare the PECs with the appropriate PNEC values in order to 
evaluate potential risks. A risk quotient analysis, integrating conservative estimates of 
exposure with toxicity information, was performed for the aquatic medium to determine 
whether there is potential for ecological harm in Canada.  

The PECs outlined in the previous section (see “Estimates of Predicted Environmental 
Concentrations”) for sites using monoazo, disazo and/or polyazo acid dyes for industrial 
uses or in the formulation of concentrates were compared with the PNECs of 680, 44 
and 1300 µg/L derived for monoazo, disazo and polyazo acid dyes, respectively (see 
“Derivation of the Aquatic and Terrestrial PNECs”). The resulting risk quotients for each 
of the subsets were less than 0.001 to 0.89 for monoazo acid dyes, 0.070 to 0.91 for 
disazo acid dyes and 0.026 to 0.063 for polyazo acid dyes, respectively.  

The comparison between PEC and PNEC values indicates that none of the 40 sites 
exceeds a risk quotient of one, with a majority (38) of sites having maximum risk 
quotients of less than 0.35. However, two of the 40 locations show potential concern, 
with relatively high risk quotients approaching one. These higher risk quotients can be 
explained by one site having low wastewater flow, which does not provide as much 
dilution, and the second site using more generic and conservative parameters due to a 
lack of more refined site-specific data. In addition, given that at least a small percentage 
of these substances are expected to be removed in wastewater treatment systems or to 
eventually deposit to sediment due to electrostatic interactions, these results show low 
concern in the aquatic compartment.  

Therefore, harm to aquatic organisms is unlikely at these sites, due in part to the large 
dilution capacities at many of the locations.  

6.3.2 Soil Risk Quotient Analysis 

A PNEC in soil was not calculated, as sufficient data were not available. However, Azo 
Acid Dyes are not expected to cause harm to soil organisms at moderate to low 
concentrations based on a terrestrial plant toxicity study. Also, no PEC is available, as 
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no monitoring data exist, and these substances, being reactive, are not within the 
domain of applicability of the exposure model for equilibrium partitioning.  

6.3.3 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. Lines of evidence considered 
include results from conservative risk quotient calculations, as well as information on 
persistence, bioaccumulation, ecological effects, sources, fate of the substances and 
presece and distribution in the environment. Various lines of evidence for each 
ecological subset are summarized below, along with relevant uncertainties, leading to 
overall conclusions. 

Azo Acid Dyes are anthropogenically produced and not expected to occur naturally in 
the environment. No data concerning concentrations of these substances in the 
Canadian environment have been identified. Azo Acid Dyes are complex anionic 
molecules that have relatively high water solubility (> 1 g/L) and are expected to 
dissociate at environmentally relevant pH levels. Since there is a relative paucity of 
data, disazo and polyazo substances were examined as a group with respect to their 
physical and chemical properties. All Azo Acid Dyes were grouped together with respect 
to environmental fate due to their similar physical and chemical properties as well as 
relatively similar chemical structures (e.g., sharing common functional groups, but 
varying in number). Due to their high water solubility and affinity for oppositely charged 
organic particles, Azo Acid Dyes are expected to be found in water, sediment and soil. 
Given their very low expected vapour pressures and low Henry’s Law constants, they 
are unlikely to stay in air if released to this compartment. Therefore, long-range 
atmospheric transport is not anticipated to be of concern. Given their hydrophilicity and 
charged character, Azo Acid Dyes have low experimental log Kow values (< 2). 
Estimated and experimental log Kow values were compared with experimental BCFs for 
fish for a number of dyes (Anliker et al. 1981; Øllgaard et al. 1998; ETAD 1995). The 
reported BCF values for Azo Acid Dyes were low, indicating that these dyes are not 
likely to bioconcentrate in aquatic organisms. Furthermore, Azo Acid Dyes are not 
expected to bioconcentrate due to their high molecular weights (> 400 g/mol) and 
relatively large Dmin and Dmax, which suggest slow uptake potential. Bioaccumulation 
resulting from exposures of organisms to these substances in soil and sediment is not 
well understood due to minimal and limited data, in large part due to the high water 
solubility of these substances. According to empirical and modelled data, Azo Acid Dyes 
are expected to biodegrade very slowly in aerobic environments and are therefore 
considered to be persistent in water, sediment and soil. However, Azo Acid Dyes may 
degrade and transform to certain aromatic amines if they reach anaerobic 
environments.  

Based on lines of evidence involving empirical aquatic and terrestrial ecotoxicity data for 
specific Azo Acid Dyes and analogues, it may be concluded that monoazo and disazo 
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acid dyes may be expected to cause harm to aquatic organisms at moderate 
concentrations (68 and 4.4 mg/L, respectively), while aquatic organisms are less 
sensitive to polyazo acid dyes. Toxicity data are limited for the terrestrial environment 
and unavailable for sediment-dwelling organisms. A conservative exposure analysis of 
the food and beverage sector and certain industrial operations involved in formulation to 
produce various products was done, because those sectors were anticipated to present 
the highest potential ecological risk related to industrial releases to the environment for 
these substances. Risk quotients calculated from PECs for Azo Acid Dyes released 
from 40 sites and 72 facilities and PNECs in the aquatic environment show that at 
conservatively predicted levels of release, Azo Acid Dyes are not likely to result in 
significant aquatic exposure at the majority of sites.  

Considering all available lines of evidence with respect to the persistence, potential for 
bioaccumulation, ecotoxicity, industrial uses and potential releases of the substances, it 
is concluded that the 52 Azo Acid Dyes assessed in the ecological portion of this 
assessment have a low potential to cause ecological harm in Canada. 

6.3.4 Uncertainties in Ecological Assessment 

Many specific substances, especially disazo and polyazo acid dyes, addressed in this 
report had limited data available. As a result, a read-across approach using data from 
selected analogues was the best alternative to estimating physical and chemical 
properties. This introduces some uncertainties, as there is still some degree of structural 
variation between the substances assessed and the analogues. 

Long-term (chronic) toxicity data would be beneficial in evaluating these substances due 
to the fact that they are predicted to be persistent in the environment, but the availability 
of such data is minimal. The use of an assessment factor in determining a PNEC is 
intended to address this uncertainty. While water was found to be the key medium of 
interest, soil and sediment also hold some importance due to potential adsorption and 
electrostatic interactions. Therefore, the minimal available effects data for Azo Acid 
Dyes in soil and sediment are a source of uncertainty.  

The lack of measured environmental concentrations of these substances (e.g., 
monitoring data) in Canada resulted in the need to evaluate risk based on predicted 
concentrations in water near industrial point sources. Conservative assumptions were 
made when using models to estimate concentrations in receiving water bodies. 

Given the use of some of these substances in other countries, it is possible that they 
may enter the Canadian market as components of manufactured items and/or products 
available to consumers. However, it is anticipated that the proportions of these 
substances released to the various environmental media would not be significantly 
different from those estimated here, given the conservative assumptions used in the 
exposure analyses.  
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7. Potential to Cause Harm to Human Health 

The human health assessment of Azo Acid Dyes focuses on 17 substances that are in 
commerce above the section 71 reporting threshold or for which there is other 
information to indicate that they are in commerce in Canada. These 17 substances are 
Acid Black 24, Acid Black 26, Acid Blue 113, Acid Orange 33, Acid Red 6, Acid Red 
138, Amaranth, New Coccine, Orange II, Tartrazine, CAS RN 68155-63-5, CAS RN 
70210-05-8, CAS RN 70210-06-9, CAS RN 70210-25-2, CAS RN 70210-34-3, CAS RN 
71873-51-3 and CAS RN 84962-50-5. Metanil Yellow is also in commerce above the 
section 71 reporting threshold, but reported uses of this substance do not result in 
significant exposure for the general population in Canada. 

7.1 Exposure Assessment  

7.1.1 Environmental Media and Food 
 
Environmental Media 
 
Empirical data on concentrations of Azo Acid Dyes in environmental media in Canada 
or elsewhere were not identified. As described in the “Sources” section, only 10 Azo 
Acid Dyes were identified to be imported into Canada, most of them at quantities equal 
to or below 1000 kg/year. Due to the very low volatility and limited commercial quantities 
of Azo Acid Dyes in Canada, environmental media are not considered to be a significant 
source of exposure to these substances for the general population 
 
Food 

The Canadian Food Inspection Agency (CFIA) has tested for the presence of certain 
dyes in foods, including 9 of the Azo Acid Dyes in this assessment: Acid Black 24, Acid 
Blue 113, Amaranth, Metanil Yellow, New Coccine, Orange II, Ponceau MX, Tartrazine 
and CAS RN 106028-58-4 (sodium salt of Food Black 2). In the 2009–2010 and 2010–
2011 targeted food surveys, the CFIA analyzed domestic and imported food, including 
spices, selected for their high likelihood of containing food colouring agents (CFIA 2010, 
2011). Of the 9 Azo Acid Dyes listed above, four substances were found at levels above 
the analytical method limit of detection: New Coccine, Orange II, Amaranth and 
Tartrazine. 

Neither New Coccine nor Orange II are permitted food colouring agents in Canada, and 
the CFIA’s compliance activities aim to prevent the sale of foods in Canada that are 
non-compliant with Canadian regulations. Therefore, food is not expected to be a 
significant source of exposure to these two dyes. This conclusion is supported by the 
results of the CFIA’s targeted food surveys which detected New Coccine and Orange II 
in only 0.4% and 0.1%, respectively, of the 1646 samples across both surveys; follow-
up risk management actions were taken for each violative sample as appropriate.  
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Amaranth and Tartrazine are permitted food colouring agents in Canada, and were 
found in food samples at 3% and 18%, respectively, across both targeted food surveys. 
As such, exposures of the general population in Canada to Amaranth and Tartrazine 
from food were estimated for this Screening Assessment. 

Dietary exposures to Amaranth and Tartrazine were estimated using consumption data 
from the 24 hour dietary recall component of the Canadian Community Health Survey 
(CCHS Cycle 2.2). A tiered approach was used, whereby exposure estimates were first 
calculated using a conservative single-day intake approach which may overestimate 
long-term or chronic exposure. As the 90th percentile of dietary exposure to Amaranth 
calculated on this tier was close to the Acceptable Daily Intake (ADI) for some age 
groups, intakes were further refined using a “usual intake” approach. This approach 
adjusts for the frequency of food consumption using a second day of food recall data, 
thereby reducing the impact of occasional high consumption of a single food item on the 
exposure estimate (e.g., a given respondent may have reported consuming three 
beverages containing Amaranth on the first day of the survey, but may not necessarily 
consume this quantity every day). While this approach requires more complicated 
computations, it provides a more accurate estimate of long-term dietary exposure, 
particularly in the upper percentiles of the distribution. For Tartrazine, such additional 
refinements were not required, as even the more conservative initial tier approach did 
not indicate exceedance of the ADI; therefore, single-day intakes were retained for 
Tartrazine. Toddlers and children had the highest estimated exposure to Amaranth and 
Tartrazine due to their high food consumption relative to body weight (Table 7-1 below). 
See Appendix C for more details. 

Table 7-1. Estimates of dietary exposure to Amaranth and Tartrazine. 
 Amaranth Tartrazine 
Estimated exposure based 
on single-day intakes or 
usual intakes 

Usual intakes Single-day intakes 

Mean estimate of dietary 
exposures 

0.01 mg/kg-bw per day 
(seniors) to 0.21 mg/kg-bw 
per day (toddlers and 
children) 

0.2 mg/kg-bw per day 
(seniors) to 1.0 mg/kg-bw 
per day (toddlers and 
children) 

90th percentile estimate of 
dietary exposure 

0.04 mg/kg-bw per day 
(seniors) to 0.54 mg/kg-bw 
per day (toddlers) 

0.5 mg/kg-bw per day 
(seniors) to 2.0 mg/kg-bw 
per day (toddlers and 
children) 

Abbreviation: kg-bw, kilogram of body weight. 
Seniors considered to be 60+ years of age. Toddlers considered to be 6 months to 4 years of age. Children 
considered to be 4 to 11 years of age. 

None of the 52 Azo Acid Dyes in this Screening Assessment was identified to be used 
in food packaging applications; therefore, exposure from food packaging is not 
expected. 
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7.1.2 Products 
 
A variety of exposure scenarios for products available to consumers are considered to 
be relevant to general population exposure, including use of cosmetics, drugs, textiles, 
leather, cleaning products and tattoo inks. Where substance-specific information was 
available, exposure estimates were derived for each substance. Otherwise, generic 
default parameters were applied (refer to Appendix D for details). Exposure estimates 
that result in the highest levels are presented below. Details of the exposure 
characterization and estimates for all identified uses are available in Appendix D. 
Limited data on dermal absorption were identified for most of the Azo Acid Dyes. As a 
tier 1 approach, dermal absorption was assumed to be 100% for estimating exposure 
via the dermal route. This is considered to be conservative as, in reality, dermal 
absorption is expected to be less than 100%. 

7.1.2.1 Amaranth, New Coccine, Orange II and Tartrazine 

Amaranth, New Coccine and Orange II are used in cosmetic products in Canada (2013 
emails from Consumer Product Safety Directorate, Health Canada, to Existing 
Substances Risk Assessment Bureau, Health Canada; unreferenced). Tartrazine is 
used in cosmetics and certain non-prescription drugs at the cosmetic-drug interface in 
Canada (LNHPD 2015; NMID 2011; Environment Canada 2012; 2011 and 2013 emails 
from Consumer Product Safety Directorate, Health Canada, to Existing Substances 
Risk Assessment Bureau, Health Canada; unreferenced). The highest estimated dermal 
and oral exposures are summarized in Tables 7-1 to 7-4; also see Appendix D. 
Inhalation exposure to vapours is expected to be negligible due to the very low vapour 
pressure of these substances. Exposure via inhalation to droplets of spray products is 
considered to be low relative to exposure by other routes.  

Although these substances are used in other products available to consumers (as 
outlined in the ‘Exposure from Other Products’ section of Appendix D), the predominant 
source of non-dietary exposure of the general population is considered to be the use of 
the products listed in Tables 7-1 to 7-4. 

Table 7-2. Summary of highest estimated oral and dermala exposures to Amaranth 
from use of cosmetic products 

Exposure 
scenario Age group Route Concentration  

(% w/w)b 
Estimated daily 
exposure (mg/kg-bw per 
day) 

Toothpaste Adults Oral ≤ 0.1 ≤ 0.0023 
Lipstick Adults Oral ≤ 3 ≤ 0.01 
Lip balm Toddlers Oral ≤ 0.3 ≤ 0.001 
Body moisturizer Adults Dermal ≤ 0.1 ≤ 0.068 
Abbreviations: kg-bw, kilogram of body weight; w/w, weight per weight 
a Dermal absorption was conservatively assumed to be 100%.  
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b Based on notifications submitted under the Cosmetic Regulations to Health Canada (2011 and 2013 emails from 
Consumer Product Safety Directorate, Health Canada, to Existing Substances Risk Assessment Bureau, Health 
Canada; unreferenced). 

Table 7-3. Summary of highest estimated dermala exposures to New Coccine from 
use of cosmetic products 

Exposure scenario Age group Concentration  
(% w/w)b 

Estimated daily exposure 
(mg/kg-bw per day) 

Body moisturizer Adults ≤ 1 ≤ 0.68 
Leave-in hair conditioner Adults 1–3 0.02–0.61 
Abbreviations: kg-bw, kilogram of body weight; w/w, weight per weight 
a Dermal absorption was conservatively assumed to be 100%. 
b Based on notifications submitted under the Cosmetic Regulations to Health Canada (2011 and 2013 emails from 
Consumer Product Safety Directorate, Health Canada, to Existing Substances Risk Assessment Bureau, Health 
Canada; unreferenced).  

Table 7-4. Summary of highest estimated oral and dermala exposures to Orange II 
from use of cosmetic products 
Exposure 
scenario 

Age 
group Route Concentration  

(% w/w)b 
Estimated daily exposure 
(mg/kg-bw per day) 

Lipstick Adults Oral ≤ 0.1 ≤ 0.0003 
Body moisturizer Adults Dermal ≤ 0.1 ≤ 0.068 
Hair shampoo Infants Dermal ≤ 0.1 ≤ 9.3 × 10−5 

Abbreviations: kg-bw, kilogram of body weight; w/w, weight per weight 
a Dermal absorption was conservatively assumed to be 100%. 
b Based on notifications submitted under the Cosmetic Regulations to Health Canada (2011 and 2013 emails from 
Consumer Product Safety Directorate, Health Canada, to Existing Substances Risk Assessment Bureau, Health 
Canada; unreferenced).  

Table 7-5. Summary of highest estimated oral and dermala exposures to 
Tartrazine from use of cosmetics and non-prescription drugs at the cosmetic-
drug interface 

Exposure scenario Age 
group Route Concentration  

(% w/w)b 
Estimated daily 
exposure 
(mg/kg-bw per day) 

Lip balm Toddlers Oral ≤ 30 ≤ 0.11 
Lipstick Adults Oral ≤ 30 ≤ 0.10 
Toothpaste Toddlers Oral ≤ 0.1 ≤ 0.068 
Toothpaste Adults Oral ≤ 0.1 ≤ 0.0023 
Facial makeup Adult Dermal ≤ 10 ≤ 0.94 
Body moisturizer Adult Dermal ≤ 1 ≤ 0.68 
Baby cream Infant Dermal ≤ 0.1 ≤ 0.32 
Abbreviations: kg-bw, kilogram of body weight; w/w, weight per weight 
a Dermal absorption was conservatively assumed to be 100%. 
b LNHPD 2015 and based on notifications submitted under the Cosmetic Regulations to Health Canada (2011 and 
2013 emails from Consumer Product Safety Directorate, Health Canada, to Existing Substances Risk Assessment 
Bureau, Health Canada; unreferenced).  
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7.1.2.2 Acid Black 24, Acid Black 26, Acid Blue 113, CAS RN 70210-25-2, Acid 
Orange 33, Acid Red 6, Acid Red 138, CAS RN 68155-63-5, CAS RN 70210-
05-8, CAS RN 70210-06-9, CAS RN 70210-34-3, CAS RN 71873-51-3 and 
CAS RN 84962-50-5 

Upper-bounding estimates of exposure of the general population to 10 substances (i.e., 
Acid Black 24, Acid Black 26, Acid Blue 113, Acid Orange 33, Acid Red 6, Acid Red 
138, CAS RN 70210-05-8, CAS RN 70210-06-9, CAS RN 71873-51-3 and CAS RN 
84962-50-5) used as dyes in textile products were estimated via the dermal route from 
direct skin contact (refer to Table 7-5). Assumptions and default parameters for these 
scenarios are outlined in Appendix D. Upper-bounding oral exposures due to mouthing 
of textiles by infants were also estimated.  

It is not expected that a given Azo Acid Dye would be present in 100% of consumer 
products made of textiles in Canada. Therefore, exposures were estimated assuming, 
based on professional judgement, that there is a 10% probability that an Azo Acid Dye 
is used in dyeing products made of textile in Canada. This adjustment factor is similar to 
the 8% used in the Danish assessment in estimating exposures to aromatic amines and 
azo dyes from textile garments in the Dutch market (Zeilmaker et al. 1999). 

Table 7-6. Summary of exposure estimates from use of textilea products for Acid 
Black 24, Acid Black 26, Acid Blue 113, Acid Orange 33, Acid Red 6, Acid Red 138, 
CAS RN 70210-05-8, CAS RN 70210-06-9, CAS RN 71873-51-3 and CAS RN 84962-
50-5 

Exposure scenario Age group Route Upper-bounding daily 
exposure (mg/kg-bw per day) 

Textiles: Personal apparel Adults Dermalb 0.0026 
Textiles: Baby sleeper Infants Dermalb 0.0040 
Mouthing of textile objects Infants Oral 2.7×10-5 

Abbreviation: kg-bw, kilogram of body weight 
a Concentration of dye assumed to be 1% (BfR 2007). 
b Dermal absorption was conservatively assumed to be 100%. 

Exposure to dyes from contact with leather products was also considered. Seven Azo 
Acid Dyes— Acid Black 24, Acid Blue 113, CAS RN 68155-63-5, CAS RN 70210-05-8, 
CAS RN 70210-06-9, CAS RN 70210-25-2 and CAS RN 70210-34-3—are commonly 
used as dyes for leather, based on available information (Environment Canada 2012) 
and according to the Colour Index International database that is published jointly by the 
Society of Dyers and Colourists and the American Association of Textile Chemists and 
Colorists (CII 2013). Estimated exposures from direct skin contact with leather products 
are included in Table 7-6 (refer to Appendix D for more details).  

Table 7-7. Summary of exposure estimates from use of leathera products for Acid 
Black 24, Acid Blue 113, CAS RN 68155-63-5, CAS RN 70210-05-8, CAS RN 70210-
06-9, CAS RN 70210-25-2 and CAS RN 70210-34-3 
Exposure scenario Age group Route Per event exposure (mg/kg-bw) 
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Leather products Adults Dermalb 0.0021–0.077 
Toys of leather material Infants Dermalb 0.040 
Abbreviation: kg-bw, kilogram of body weight 
a Concentration of dye assumed to be 2% (Øllgaard et al. 1998). 
b Dermal absorption was conservatively assumed to be 100%. 

7.1.3 Uncertainties in Human Exposure Assessment 

Estimated exposures to Tartrazine and Amaranth from consumption of foods are 
considered to be conservative for several reasons. Where possible, they were based on 
the highest levels of use reported by the Canadian food industry (2013-4 personal 
communications from various food industry stakeholders to Food Directorate, Health 
Canada; unreferenced) and results measured by the CFIA from targeted food surveys. 
In the absence of such data, they were based either on data submitted to Health 
Canada’s Food Directorate Bureau of Chemical Safety in response to a call for data 
issued in July 1976 or on the maximum levels of use permitted in the List of Permitted 
Colouring Agents; as food additive provisions are enabling, not all food producers 
necessarily use Amaranth and Tartrazine at these maximum levels. In addition, all foods 
in a given category were assumed to contain the food dye in question. As mentioned 
previously, estimated dietary exposures to Amaranth were based on usual intakes 
derived from two 24-hour dietary recall surveys (CCHS cycle 2.2); while for Tartrazine, 
estimates are based on one 24-hour dietary recall survey, which may overestimate 
long-term usual exposure. More details regarding underlying assumptions are 
summarized in Appendix C. 

Estimated exposures to Amaranth, New Coccine, Orange II and Tartrazine from dermal 
contact with certain products are also based on conservative assumptions (see 
Appendix D). Only limited dermal absorption studies were identified for two of these four 
substances. Dermal absorption of Tartrazine was reported to be low (< 1%) in an in vitro 
study on the outer skin of porcine ears (unpublished report referenced in SCCNFP 
2004a). Similarly, dermal absorption of Orange II was reported to be low (< 5%) in an in 
vitro study on pig skin (Honarvar et al. 2005). Both studies were conducted with a 30-
minute exposure duration; limited details on these studies were available. Another in 
vitro study in which Orange II was applied to human skin in four different hair dye 
formulations indicated that 0.1% to 13.8% of the applied dose was absorbed; percent 
absorbed includes Orange II found in the stratum corneum, epidermis, dermis, receptor 
fluid, receptor rinse and receptor chamber rinse. However, the duration of exposure was 
again only 30 minutes, and the potential for azo bond cleavage was not accounted for; 
therefore, the study was considered inadequate for refinement of the dermal uptake 
fraction (Charles River Laboratories 2013). In the absence of adequate dermal 
absorption data and skin metabolism data, the dermal uptake fraction of these 
substances was conservatively assumed to be 1. This is considered to be conservative 
as, in reality, dermal absorption is expected to be significantly less than 100%.  
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There is uncertainty with respect to exposure estimates for textiles and leather. The 
estimates are based on generic assumptions for dye content in textiles or leather not 
specific to Azo Acid Dyes and are likely overestimates.  

7.2 Health Effects Assessment  

Carcinogenicity and genotoxicity are the critical health effects of potential concern for 
Aromatic Azo and Benzidine-based Substances. The mechanism by which Azo Acid 
Dyes exert their toxicity involves the reductive cleavage of the azo bonds and the 
subsequent release of the free aromatic amines. These aromatic amines are, in turn, 
converted to reactive electrophilic intermediates through metabolic oxidation 
(Environment Canada and Health Canada 2013). The health effects of the 52 Azo Acid 
Dyes were assessed by examining their ability to undergo reductive cleavage and their 
hazard potential. This analysis, based on consideration of the available information, is 
presented in the next two subsections. The focus of the health effects assessment was 
on those Azo Acid Dyes for which exposure of the general population of Canada is 
expected (see “Exposure Assessment”). For substances for which exposure of the 
general population of Canada is not expected, the health effects assessment focused 
on carcinogenicity and genotoxicity. 

For six Azo Acid Dyes (i.e., Amaranth, Metanil Yellow, New Coccine, Orange II, 
Ponceau MX and Tartrazine; all monoazo acid dyes), some data were available on 
carcinogenicity and in vivo and in vitro genotoxicity. Limited in vitro genotoxicity data 
were identified for an additional 12 Azo Acid Dyes (i.e., Acid Black 24, Acid Blue 113, 
Acid Black 26, Acid Orange 33, Acid Red 138, CAS RN 29706-48-7, CAS RN 52236-
73-4, CAS RN 68155-63-5, Acid Orange 156, CAS RN 70210-06-9, CAS RN 72828-83-
2 and CAS RN 79234-36-9). For the remaining Azo Acid Dyes, no data on 
carcinogenicity or genotoxicity were identified. For four Azo Acid Dyes for which 
exposure to Canadians is expected (i.e., Amaranth, New Coccine, Orange II and 
Tartrazine), repeated-dose toxicity data were also available on non-cancer endpoints, 
including reproductive and developmental endpoints. No relevant health effects data 
were identified for the other Azo Acid Dyes for which exposure is expected. Due to the 
limited data for many of the substances in this assessment, information on analogues 
was used to inform the health effects assessment, as appropriate. 

As the hazard potential of azo dyes can be attributed to the effects of the azo bond 
cleavage products (i.e., aromatic amines), carcinogenicity and genotoxicity data on the 
corresponding aromatic amines were considered in order to inform the health effects 
assessment of the Azo Acid Dyes. All of the substances in this subgroup have sulfonic 
acid substituents (SO3-) at one or more positions, and therefore many of the aromatic 
amines released are sulfonated. Available data pertaining to sulfonated aromatic 
amines indicate that these substances generally have no or very low genotoxic effects. 
Jung et al. (1992) demonstrated that mutagenicity seen in several aromatic amines is 
absent in their corresponding sulfonated analogues. The mitigating effect of sulfonation 
on the mutagenic potential of aromatic amines, including increased electronegativity 
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and water solubility, is recognized (Marchisio et al. 1976; Lin and Solodar 1988; OECD 
QSAR Toolbox 2013). The effect of sulfonation also appears to contribute to the overall 
lower systemic toxicity observed for sulfonated aniline and sulfonated naphthylamine 
derivatives. These generally have effect levels at doses higher than those of their 
unsulfonated counterparts and do not have strong hemolytic effects that are typical of 
aniline and other un-sulfonated aromatic amines (Sakuratani et al. 2008; see also 
Sections 7.2.2 and 7.2.3 of Environment and Climate Change Canada, Health Canada 
2015). With respect to the effect of sulfonation status on the toxicity of aromatic amine 
metabolites, those Azo Acid Dyes which are fully sulfonated (i.e., one or more sulfonate 
groups on all potential aromatic amine metabolites) and those theoretically generating 
at least one un-sulfonated aromatic amine are indicated in the footnotes of Tables 7-7, 
7-8, and 7-9. 

The potential link between food colouring agents (including certain azo dyes) and 
behavioural effects, including hyperactivity, in children has been investigated by several 
national and international organizations, including Health Canada, the US Food and 
Drug Administration (US FDA) and the European Food Safety Authority (EFSA). To 
date, no causal link has been established between particular food colouring agents and 
behavioural effects; however, it has been acknowledged that there may be individuals 
who are particularly sensitive to some food colouring agents (EFSA 2008; Health 
Canada 2010; US FDA 2010, 2011a, b). These reviews included Tartrazine, which is an 
approved food colour in Canada, and New Coccine, which is not on the list of approved 
food colours in Canada. 

7.2.1 Azo Bond Cleavage Potential 

The azo bond cleavage potential of the substances considered in this assessment was 
determined based on several lines of evidence that have been previously discussed 
(Environment Canada and Health Canada 2013). The types of evidence considered in 
this assessment range from in vivo assays to general read-across.  

In vivo ADME (absorption, metabolism, distribution, elimination) studies provide the 
most direct evidence for reductive cleavage, and this type of study was identified for 6 of 
20 monoazo acid dyes (Table 7-7). In all instances, one or more of the released 
aromatic amines were identified in the urine and feces of one or more mammalian 
species that were orally exposed to the dye, thus indicating that these six monoazo acid 
dyes are capable of undergoing in vivo cleavage of the azo bond and of releasing their 
corresponding aromatic amines (Daniel 1962; Radomski and Mellinger 1962; Jones et 
al. 1964; Hall et al. 1966; Urakubo 1967; Pritchard et al. 1976; Ruddick et al. 1977; 
Willes et al. 1980; Raza et al. 1981; Phillips et al. 1982, 1987; Singh 1989; Singh et al. 
1991; Poul et al. 2009). Similar findings were observed in metabolism studies in vivo for 
other fully sulfonated monoazo acid dyes not evaluated in this assessment including 
Food Red 17 (CAS RN 25956-17-6), Food Yellow 3 (CAS RN 2783-94-0) and Food Red 
3 (CAS RN3567-69-9) (EFSA 2008) supporting that azo cleavage readily occurs by the 
oral route for the fully sulfonated azo acid dyes. While no ADME studies were identified 



 

60 

 

for the disazo and polyazo acid dyes in this assessment, all of which are at least 
partially sulfonated, azo cleavage by the oral route was also observed for related disazo 
benzidine-based acid and direct dyes, including Acid Red 114 (CAS RN 6459-94-5), 
Direct Blue 14 (CAS RN 72-57-1) and Direct Red 28 (CAS RN 573-58-0) and for related 
polyazo benzidine-based direct dyes, Direct Black 38 (CAS RN 1937-37-7) and Direct 
Brown 95 (CAS RN 16071-86-6), which are all similarly partially sulfonated 
(Environment Canada, Health Canada 2014a). 

In vitro metabolism studies were identified for seven monoazo, five disazo and one 
polyazo acid dye (Tables 7-7 to 7-9). The aromatic amines generated from the reductive 
cleavage of the azo bond were identified following incubation of the dye with intestinal 
contents (bacteria) from various species, human feces or species of bacteria commonly 
found on the surface of human skin (Roxon et al. 1967; Larsen et al. 1976; Chung et al. 
1978; Watabe et al. 1980; Combes and Haveland-Smith 1982; Phillips et al. 1982; 
Ghosh et al. 1988; Singh et al. 1995, 1997; Bragger et al. 1997; Chen et al. 2004; 
Stingley et al. 2010; Pan et al. 2011; BRI 2012, 2013a, b). In all these studies, the 
potential for reductive cleavage by intestinal or skin microflora was demonstrated.  

The results obtained from the Ames assay under reductive conditions could be 
considered to infer reductive cleavage potential if the Ames test yielded positive results 
only after such conditions were employed (Environment Canada and Health Canada 
2013). For the monoazo acid dyes, only Metanil Yellow had positive results when the 
azo dye protocol was used (Muzzall and Cook 1979; Rastogi and Levin 1996). In 
addition, four disazo acid dyes tested positive under reductive conditions in Ames tests 
using one or more strains of Salmonella typhimurium (ILS 2011, 2012).  

In the absence of empirical data, the reductive cleavage potential of an Azo Acid Dye 
can be inferred based on read-across among closely related substances (Environment  
Canada and Health Canada 2013). Read-across from substances with empirical data 
for azo bond reductive cleavage to those with no data was conducted for the Azo Acid 
Dyes subgroup.  

As all of the substances in this subgroup are expected to have the potential to release 
aromatic amines, the hazard potential of the released aromatic amines will therefore be 
considered in the health effects assessment of the Azo Acid Dyes. The structures of the 
potential metabolites released for each Azo Acid Dye were proposed based on 
theoretical cleavage of all azo bonds. The resulting structures were used to identify CAS 
RNs associated with each metabolite, when possible. 

Table 7-8. Evidence considered for azo bond reductive cleavage for 20 monoazo 
acid dyes a 

Azo Acid Dye  
(name or CAS 
RN) 

ADME 
data 

In vitro 
metabolism 
data 

Ames assay 
(positive only 
with reductive 
conditions) 

Read-
across 
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Azo Acid Dye  
(name or CAS 
RN) 

ADME 
data 

In vitro 
metabolism 
data 

Ames assay 
(positive only 
with reductive 
conditions) 

Read-
across 

Metanil Yellow  X X X  
Orange II  X X   
Amaranthb  X X   
Tartrazineb  X X   
New Coccineb  X X   
Ponceau MX  X    
Acid Red 138   X   
Acid Red 6     X 
29706-48-7    X 
35342-16-6    X 
52236-73-4    X 
70210-05-8    X 
71720-89-3b    X 
71873-51-3b    X 
72828-83-2  X   
79234-36-9    X 
83006-48-8    X 
83027-51-4    X 
83027-52-5    X 
84962-50-5b    X 
Abbreviations: ADME, absorption, distribution, metabolism, elimination 
a An “X” is placed where empirical data are available or to indicate that read-across was used to determine azo bond 
reductive cleavage. 
b All the aromatic amine metabolites are sulfonated.   

Table 7-9. Evidence considered for azo bond reductive cleavage for 24 disazo 
acid dyes a 

Azo Acid Dye  
(name or CAS 
RN) 

ADME 
data 

In vitro 
metabolism 
data 

Ames assay 
(positive 
only with 
reductive 
conditions) 

Read-
across 

Acid Black 24   X   
Acid Blue 113   X X  
Acid Black 26     X 
Acid Orange 33   X X  
51988-24-0    X 
62133-79-3    X 
62133-80-6    X 
67892-55-1    X 
Acid Orange 156   X X  
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Azo Acid Dye  
(name or CAS 
RN) 

ADME 
data 

In vitro 
metabolism 
data 

Ames assay 
(positive 
only with 
reductive 
conditions) 

Read-
across 

70210-06-9  X X  
72828-67-2    X 
72968-80-0    X 
72968-81-1    X 
72986-60-8    X 
72986-61-9    X 
75949-73-4    X 
83006-77-3    X 
83006-74-0    X 
83221-60-7    X 
85030-31-5    X 
90218-20-5    X 
90432-08-9    X 
106028-58-4b    X 
114910-04-2    X 
Abbreviations: ADME, absorption, distribution, metabolism, elimination 
a An “X” is placed where empirical data are available or to indicate that read-across was used to determine azo bond 
reductive cleavage.  
b All the aromatic amine metabolites are sulfonated.   
 

Table 7-10. Evidence considered for azo bond reductive cleavage for eight 
polyazo acid dyes 
Azo Acid 
Dye  
(CAS RN) 

ADME 
data 

In vitro 
metabolism data 

Ames assay (positive 
only with reductive 
conditions) 

Read-across 

68155-63-5  X   
70210-25-2    X 
70210-34-3    X 
72496-92-5    X 
84559-92-2    X 
85136-25-0    X 
85223-35-4b 
102616-51-3    X 

90459-02-2    X 
Abbreviations: ADME, absorption, distribution, metabolism, elimination 
a An “X” is placed where empirical data are available or to indicate that read-across was used to determine azo bond 
reductive cleavage.  
b  CAS RNs 85223-35-4 and 102616-51-3 correspond to the same substance. 
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7.2.2 Health Effects 

7.2.2.1 Amaranth (CAS RN 915-67-3) 

The health effects of Amaranth have been previously reviewed by the EU SCF (1983), 
JECFA (1984) and EFSA (2010). In addition, Amaranth has been reviewed and 
classified as group 3 (“not classifiable as to its carcinogenicity”) by IARC (1975b, 
1987c). ADI values have been set by the EU SCF (0–0.8 mg/kg-bw; SCF 1983), JECFA 
(0–0.5 mg/kg-bw; JECFA 1984) and EFSA (0.15 mg/kg-bw per day; EFSA 2010). 
Health Canada has established an ADI of 0.5 mg/kg-bw per day, consistent with that 
derived by JECFA (2014 memorandum from Chemical Health Hazard Assessment 
Division, Health Canada to Bureau of Chemical Safety, Health Canada; unreferenced).  

By the oral route, Amaranth is reduced, and the aromatic amines released are absorbed 
into the systemic circulation. In vitro data have shown that liver enzymes, gut bacteria 
and at least one species of skin bacteria can mediate the azo cleavage of the dye 
(EFSA 2010; BRI 2013b).  

Carcinogenicity and Genotoxicity 

The carcinogenic potential of Amaranth has been investigated in a number of studies in 
rats and mice in which animals were exposed to the dye orally through the diet or 
subcutaneously (Nelson and Hagan 1953; Willheim and Ivy 1953; DFG 1957; Mannell 
et al. 1958; US FDA 1964; JECFA 1966; Baigusheva 1968; Andrianova 1970). The 
majority of these studies were reviewed by JECFA (1984) and IARC (1975b) and found 
to be limited or confounded by insufficient information about dye purity, by very low 
purity of the dye or by deficiencies in study design and execution (EFSA 2010).  

The concerns regarding the possible carcinogenic potential of Amaranth were 
addressed in a long-term study with an in utero phase in which Wistar-derived rats (54 
of each sex per treated group; 90 of each sex for controls) were exposed to 0, 50, 250 
or 1250 mg/kg-bw per day of the dye through their diet for 2 years after weaning. The 
parental generation rats were exposed to the respective dose levels for 60 days before 
mating, and dams were dosed during gestation and lactation as well. No treatment-
related increase in the incidence of neoplasms was observed in males. While there was 
a statistically significant increase in the incidence of uterine polyps and vaginal fibromas 
in the high-dose females when compared with the controls, they were within expected 
or historical control ranges and were therefore not considered to be treatment-related 
(Clode et al. 1987).  

A dermal carcinogenicity study was also identified for Amaranth. Swiss Webster mice 
(50 of each sex) received weekly uncovered skin applications of about 33 mg/kg-bw of 
dye for 19.5 months in the dorsal area (approximately 5 mg/kg-bw per day). No 
treatment-related differences in the incidence of any lesions, either neoplastic or non-
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neoplastic, were reported (including incidence of lymphomas, which are common in this 
strain) (Carson 1984a).  

Amaranth was not mutagenic in the Ames assay with or without metabolic activation or 
in the presence of reductive conditions (Stanford Research Institute 1972; Baker et al. 
1974; Auletta et al. 1977; Garner and Nutman 1977; Brown et al. 1978; Lecointe and 
Lesca 1978; Bonin and Baker 1980; Haveland-Smith and Combes 1980; Chung et al. 
1981; Ishidate et al. 1981, 1984; Prival et al. 1988; Izbirak et al. 1990; Sweeney et al. 
1994). Chromosomal aberrations were detected following incubation of the dye with 
Chinese hamster fibroblasts and diploid human embryonic lung cells, but not with 
human lymphocytes (Stanford Research Institute 1972; Zhurkov 1975; Ishidate et al. 
1981, 1984). Mixed results were obtained in in vitro genotoxicity assays for 
deoxyribonucleic acid (DNA) damage and/or repair (Kada et al. 1972; Stanford 
Research Institute 1972; Sankaranarayanan and Murthy 1979; Haveland-Smith and 
Combes 1980; Kornbrust and Barfknecht 1985; von der Hude et al. 1988; Sweeney et 
al. 1994; Mpountoukas et al. 2010).  

In vivo genotoxicity assays were generally negative (Stanford Research Institute 1972; 
Arnold et al. 1976; Münzner 1979; Tripathy et al. 1995). Comet assays following oral 
gavage, however, showed that Amaranth was able to selectively damage DNA in the 
colon, stomach and bladder of two strains of mice exposed to up to 2000 mg/kg-bw of 
the dye; positive results were also obtained in the stomach of rats orally exposed to 10 
mg/kg-bw of the dye, but this result was considered sporadic by the authors (Tsuda et 
al. 2001; Sasaki et al. 2002; Shimada et al. 2010). Given the lack of genotoxicity and 
increase in mitotic cells observed in the gut micronucleus assay in mice orally exposed 
to up to 1000 mg/kg-bw twice at 24-hour intervals, as well as the significant presence of 
Amaranth and its main aromatic amine metabolites among colonic cells, the authors 
concluded that the increase in comet tail length observed in the comet assays 
represented transient DNA damage rather than stable genotoxic lesions and may be 
partly explained by local cytotoxicity of the dye (Poul et al. 2009).  

The expected metabolites following cleavage of the azo bond in Amaranth are 
naphthionic acid (CAS RN 84-86-6) and 1-amino-2-naphthol-3,6-disulfonic acid (CAS 
RN 42579-07-7). The available data on the azo cleavage metabolites of Amaranth 
suggest that neither of the aromatic amines released is mutagenic (Garner and Nutman 
1977; Chung et al. 1981; Jung et al. 1992; Poul et al. 2009). 

Based on the available data reviewed above, Amaranth does not appear to have 
carcinogenic potential and is not expected to be genotoxic. This is consistent with 
previous evaluations by several international bodies (IARC 1975b, 1987c; SCF 1983; 
JECFA 1984; EFSA 2010). 

Other Health Effects  
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In the long-term study with an in utero phase (described above), Wistar rats were 
exposed to 0, 50, 250 or 1250 mg/kg-bw per day of the dye through their diet for 2 years 
after weaning. In females, there was an increased incidence of renal calcification and 
pelvic epithelial hyperplasia with degenerative changes noted in all treated groups. The 
authors noted that the hyperplasia was focal and also associated with mineralization, 
suggesting an irritant effect. The lowest dose was identified as a lowest-observed-
adverse-effect level (LOAEL) for this study, and no no-observed-adverse-effect level 
(NOAEL) was identified in the publication (Clode et al. 1987). A second, unpublished 
evaluation of the data from this study in which tissue histological assessment was 
randomized indicated that the changes were not statistically significant until 250 mg/kg-
bw per day (Butler and Conning 1983). JECFA (1984) derived an ADI for Amaranth 
based on selection of 50 mg/kg-bw per day as a NOAEL in the chronic study.  Health 
Canada has established an ADI of 0.5 mg/kg-bw per day, consistent with that derived 
by JECFA (2014 memorandum from Chemical Health Hazard Assessment Division, 
Health Canada to Bureau of Chemical Safety, Health Canada; unreferenced). 

In a follow-up study focusing only on kidney effects, there was a positive dose-related 
trend in the incidence of renal pelvic calcification and pelvic hyperplasia in male rats 
treated with Amaranth for 90 days, which was significant at the highest dose (1250 
mg/kg-bw per day). The increased calcification, however, was seen only in rats with 
kidneys already compromised by senile nephrosis. The highest dose (1250 mg/kg-bw 
per day) was identified as the LOAEL, and the next lower dose of 80 mg/kg-bw per day 
was the NOAEL for this study (Clode et al. 1987). The EU SCF (1983) derived an ADI 
for Amaranth based on the NOAEL of 80 mg/kg-bw per day in the 90-day study. 

In the only dermal repeated-dose study identified, mice received weekly uncovered skin 
applications of about 33 mg/kg-bw of dye for 19.5 months (approximately 5 mg/kg-bw 
per day) (Carson 1984a) (see above section; no treatment-related effect in the 
incidence of any lesions). There were no significant differences between treatment and 
control groups in body weight, behaviour or survival, and there was no indication of 
treatment-related pathology.  

Several reproductive and developmental toxicity studies were identified in the rat. 
However, only one study was identified from which both a NOAEL and a LOAEL could 
be determined (Collins and McLaughlin 1972). Female Osborne-Mendel rats were given 
Amaranth (purity 94%) by gavage from gestation days 0 to 19 at a dose level of 7.5, 15, 
30, 100 or 200 mg/kg-bw per day. There were no treatment-related changes in average 
fetal weight, skeletal or soft tissue abnormalities, or number of implantations per dam; 
however, the percentage of viable implantations (and number of live fetuses) per litter 
decreased with increasing dosage. The number of litters with one or more resorptions, 
the number of litters with two or more resorptions and the number of resorptions per 
litter increased with increasing dose; these increases were significant from 30 mg/kg-bw 
per day and above. The authors identified the study LOAEL as 15 mg/kg-bw per day, 
based on a non-statistically significant increase in resorptions. An EFSA Panel selected 
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30 mg/kg-bw per day as the LOAEL, based on the dose at which the responses became 
statistically significant (EFSA 2010). 

In a follow-up collaborative study, Osborne-Mendel and Charles River rats were treated 
with Amaranth by gavage or in drinking water during gestation (days 0–19, 6–15 or 7–9) 
at 0 or 200 mg/kg-bw per day. There was no increase in resorptions in Osborne-Mendel 
rats during the same gestational period and at a dose level the same as the highest 
dose in the Collins and McLaughlin (1972) study. However, in Charles River rats 
gavaged on gestation days 0–19, significant increases in litters with two or more 
resorptions and in the percentage of resorptions per litter were observed. The authors 
indicated that they did not consider these effects were biologically significant because of 
the significant variability in the incidence of resorptions, the absence of effects on the 
number of viable pups, fetal weight or abnormalities and the lack of reproducibility of the 
effect in Osborne-Mendel rats (Collins et al. 1976a, b; Holson et al. 1976; Keplinger et 
al. 1976). 

No effects on fertility or developmental parameters were observed in a two-generation 
feeding study in Wistar rats (up to 1250 mg/kg-bw per day) (Clode et al. 1987). The only 
effects in a three-generation feeding study in Osborne-Mendel rats were a decrease in 
weanling weights at the high dose (~2400 mg/kg-bw per day) in some litters and 
decreased survival index at 14 days (one litter at the high dose) or 21 days (one litter at 
a mid-dose), with no dose–response relationship (Collins et al. 1975b). Some of the 
litters from the three-generation feeding study in Osborne-Mendel rats were used for a 
teratology study (Collins et al. 1975a). Some instances of increased resorptions were 
observed, but only in some dose groups. There were no consistent dose-dependent 
adverse effects observed in the animals of any generation.  

Several other feeding and gavage studies in different rat strains were identified in which 
no effects on development were identified at up to the highest dose tested (150–2000 
mg/kg-bw per day) (FDRL 1972; Burnett et al. 1974; Keplinger et al. 1974; Khera et al. 
1974; Willes et al. 1980). 

Amaranth has also been studied in developmental toxicity tests in multiple other 
species, including mice, hamsters, rabbits, cats and dogs. No LOAELs were identified 
from any study. Although effects were observed in some cases, none was consistent 
and dose related. Based on the highest dose tested, NOAELs for developmental toxicity 
were identified for mouse (100 mg/kg-bw per day), rabbit (15 mg/kg-bw per day) and 
dog (90 mg/kg-bw per day) (Keplinger et al. 1974; Larsson 1975; Mastalski et al. 1975). 

EFSA (2010) determined an ADI for Amaranth based on the developmental toxicity 
NOAELs of 15–100 mg/kg-bw per day, as well as a LOAEL of 50 mg/kg-bw per day in 
the chronic dietary study. 

In two publications in which mice were given Amaranth in food or drinking water before 
and during gestation, as well as for 9 weeks after birth, at doses of 39–450 mg/kg-bw 
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per day, no consistent, significant dose-related effects were observed. No NOAELs 
could be derived from these studies (Tanaka 1992, 1993).  

7.2.2.2 Metanil Yellow (CAS RN 587-98-4) 

Carcinogenicity and Genotoxicity 

One limited carcinogenicity study was identified for Metanil Yellow, in which female mice 
developed tumours following administration of Metanil Yellow at a high dose in the diet 
for 1 year. The publication lacked key study details (e.g., limited reporting of 
methodology and results; purity of the test substance was not reported) (Prasad and 
Rastogi 1982a). A number of studies that investigated the tumour-promoting effects of 
Metanil Yellow on the development of hepatic preneoplastic lesions induced by 
diethylnitrosamine (DEN) in male rats were also identified (Fernandes and Rao 1994; 
Sundarrajan et al. 2000, 2001; Gupta et al. 2003). In all instances, liver carcinogenesis 
was enhanced by Metanil Yellow, and this tumour-promoting effect involved increases 
in the expression of proliferating cell nuclear antigen (PCNA), a marker of cell 
proliferation, and of G1/S cyclins, as well as an increase in DNA synthesis. 

In vitro, Metanil Yellow was mutagenic only in the presence of reductive metabolism and 
metabolic activation in the Ames assay and exerted mutagenicity in human lymphoblast 
cells in all three treatment regimens used (Muzzall and Cook 1979; Rastogi et al. 1991; 
Rastogi and Levin 1996). A dose-dependent increase in chromosomal aberrations was 
also observed in human leukocytes in vitro (Vaidya and Godbole 1978). In vivo, Metanil 
Yellow was positive in chromosomal aberration and sister chromatid exchange assays 
in mice and in the micronucleus assay in rats (Giri and Banerjee 1986; Giri et al. 1986a, 
b; Pino et al. 1996). It was also positive in a dominant lethal study in mice; however, a 
small number of animals and a single dose were tested (Prasad 1986).  

7.2.2.3 New Coccine (CAS RN 2611-82-7) 

The health effects of New Coccine (Ponceau 4R) were previously reviewed by JECFA 
(1983, 2011) and EFSA (2009a). ADI values have been set by JECFA (0–4 mg/kg-bw; 
JECFA 1983, 2011) and EFSA (0.7 mg/kg-bw per day; EFSA 2009a). No 
carcinogenicity classifications were identified. 

By the oral route, New Coccine is reduced, and the aromatic amines released are 
absorbed into the systemic circulation. In vitro data have shown that both liver enzymes 
and gut bacteria can mediate the azo cleavage of the dye (EFSA 2009a). No data were 
available on New Coccine regarding potential for azo reduction on the skin. 

Carcinogenicity and Genotoxicity 

No evidence of carcinogenicity was demonstrated in eight long-term carcinogenicity 
studies in rats and mice exposed to New Coccine in their diet, in their drinking water or 
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subcutaneously (Allmark et al. 1957; DFG 1957; Mason et al. 1974; Brantom et al. 
1987a). Although some of these studies are limited, no carcinogenic effect was 
observed across these eight studies up to dose levels of approximately 1463 mg/kg-bw 
per day in rats and 1625 mg/kg-bw per day in mice in feeding studies.  

In vitro mutagenicity was not observed in the Ames assay with and without metabolic 
activation using various protocols, including under reductive conditions, or in mouse 
lymphoma cells (Viola and Nosotti 1978; Haveland-Smith and Combes 1980; Ishidate et 
al. 1984; Cameron et al. 1987; Izbirak et al. 1990; Ozaki et al. 1998). Genotoxicity was 
also not observed in vitro in several DNA damage and/or repair assays, and limited 
mixed results were seen in chromosomal aberration assays (Kada et al. 1972; Ishidate 
et al. 1978, 1984; Sankaranarayanan and Murthy 1979; Tonogai et al. 1979; Haveland-
Smith and Combes 1980; Kornbrust and Barfknecht 1985).  

In vivo, negative results were obtained when New Coccine (purity of 91%) was assayed 
in a micronucleus assay (Hayashi et al. 1988), but a dose-related increase in 
chromosomal aberrations was observed in mice exposed to 0, 4, 10 or 20 mg/kg-bw of 
the dye (purity not reported) (Agarwal et al. 1993). While no DNA damage was 
observed in vivo in rats (Kornbrust and Barfknecht 1985; Shimada et al. 2010), comet 
assays following oral gavage showed that New Coccine caused DNA damage in the 
colon, stomach and bladder of two strains of mice exposed to up to 2000 mg/kg-bw of 
the dye (Tsuda et al. 2001; Sasaki et al. 2002; Shimada et al. 2010). 

The postulated azo bond cleavage products of New Coccine are naphthionic acid (CAS 
RN 84-86-6) and 1-amino-2-naphthol-6,8-disulfonic acid (no CAS RN identified). The 
available data on these substances suggest that neither of them is mutagenic (Garner 
and Nutman 1977; Chung et al. 1981; Jung et al. 1992; Poul et al. 2009). 

Despite the DNA damage observed in mice following oral gavage dosing with New 
Coccine, no carcinogenicity was observed in a number of long-term rat and mouse 
studies. The majority of in vitro and in vivo studies also tested negative for genotoxicity, 
and neither of the aromatic amines released is expected to be mutagenic. Overall, 
neither carcinogenicity nor genotoxicity is an endpoint of toxicological concern for New 
Coccine. 

Other Health Effects  

Key studies focusing on relevant routes of exposure are presented below.  

When rats (16 of each sex per group) were exposed to 0%, 0.5%, 1.0% or 2.0% New 
Coccine (purity ≥ 82%; equivalent to 0, 220, 560 and 1140 mg/kg-bw per day for males 
and 0, 280, 630 and 1250 mg/kg-bw per day for females, respectively) in their diet for 
90 days, the mid-dose was identified as the NOAEL and the high dose as the LOAEL, 
based on a statistically significant increase in alanine and aspartate aminotransferases 
in both sexes and a significant decrease in hemoglobin concentrations and liver weight 
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in females at the highest dose tested (Gaunt et al. 1967). In another subchronic study, 
pigs (three of each sex per group) were exposed to the dye (purity ≥ 82%) in their feed 
at a concentration of 0, 100, 300 or 900 mg/kg-bw per day for 90 days. Although a slight 
transient decrease in the number of erythrocytes was observed at the highest dose, 900 
mg/kg-bw per day was considered the NOAEL of the study (Gaunt et al. 1969).  

NOAEL and LOAEL values were also identified in three chronic toxicity studies in which 
mice or rats were exposed to New Coccine through their feed for 64–118 weeks 
(Allmark et al. 1957; Mason et al. 1974; Brantom et al. 1987a).  

When male and female mice were exposed to 0%, 0.01%, 0.05%, 0.25% or 1.25% of 
the dye (equivalent to 0, 13, 65, 325 and 1625 mg/kg-bw per day) for 82 weeks, a 
NOAEL of 65 mg/kg bw per day and a LOAEL of 325 mg/kg-bw per day were 
determined based on an increased incidence of glomerulonephrosis. Mild anemia 
during the first 6 months (which became significant at the next higher dose) was also 
observed at the LOAEL (Mason et al. 1974). JECFA used the dose level of 0.25% 
(which was converted to 375 mg/kg-bw per day) as a NOAEL in the derivation of the 
ADI (JECFA 1983, 2011), whereas EFSA selected 0.05% (which was converted to 70 
mg/kg-bw per day) as a NOAEL for the ADI (EFSA 2009a). 

In another study, rats were given diets containing 0%, 0.03%, 0.3% or 3% (equivalent to 
0, 16, 153 and 1462 mg/kg-bw per day for males and 0, 16, 199 and 1772 mg/kg-bw per 
day for females, respectively, based on week 64 body weight and food consumption 
data provided in the study) of the dye for 64 weeks. At the highest dose, females had 
lower food consumption and decreased body weight throughout the experiment, as well 
as increased relative weights of heart, liver and kidneys. No other adverse effects were 
reported (Allmark et al. 1957). 

In a chronic toxicity study that also included an in utero phase, rats were fed diets 
containing New Coccine (purity 81%) at a concentration of 0, 50, 500 or 1250 mg/kg-bw 
per day. The F0 generation was treated for 60 days prior to mating as well as during 
gestation, and the F1 generation was treated for 114–118 weeks. A NOAEL of 500 
mg/kg-bw per day and a LOAEL of 1250 mg/kg-bw per day were established based on 
lower body weight gain without reduction in food intake and increased protein in the 
urine of female rats in the F1 generation with histopathological signs of renal damage at 
the highest dose tested. It cannot, however, be determined if the signs of renal damage 
are due to the developmental effects from in utero exposure or to chronic postnatal 
exposure. No treatment-related effects were observed, including effects on fertility and 
pup rearing, for the parental generation following their 9-week exposure (Brantom et al. 
1987a). 

No reproductive or developmental toxicity was observed when mice or rats were orally 
exposed to the dye (purity 70–82%), by gavage or diet, at different time points during 
gestation or in a three-generation study at the highest dose tested (NOAELs of 100–
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4000 mg/kg-bw per day) (Larsson 1975; Meyer and Hansen 1975; Kihara et al. 1977; 
Momma et al. 1981; Brantom et al. 1987b; Tanaka 2006a).  

Neurobehavioural toxicity, however, was observed in a study in which mice were 
exposed to 0%, 0.12%, 0.24% or 0.48% New Coccine (purity > 85%) in their feed from 5 
weeks of age in the F0 generation to 9 weeks of age in the F1 generation (equivalent to 
0, 212, 423 and 819 mg/kg-bw per day for the F1 generation; Tanaka 2006a). Males, but 
not females, exhibited dose-related impaired performance on the water T-maze test (a 
test of learning ability) at the mid- and high-doses at 7 weeks and impaired performance 
in surface righting (indicative of coordinated movement) at the high dose on postnatal 
day (PND) 4. A NOAEL of 212 mg/kg-bw per day and a LOAEL of 423 mg/kg-bw per 
day for neurobehavioural toxicity were therefore identified in this study. The authors 
noted that, in their opinion, the absence of significant adverse effects in females was 
due to the poor score of a few female controls.  

7.2.2.4 Orange II (CAS RN 633-96-5) 

Orange II has previously been reviewed by the EU SCCS (2011b, 2014) and the EU 
SCCNFP (2004b).  

In a metabolism study in rabbits administered Orange II by gavage, most of the Orange 
II administered was excreted in urine as conjugates of the 1-amino-2-naphthol moiety, 
indicating reductive cleavage, presumably by gut bacteria, and absorption of the 
resulting amine (Daniel 1962). In vitro assays indicate that reduction of Orange II can be 
mediated by intestinal bacteria (Chung et al. 1978; Singh et al. 1995; Bragger et al. 
1997; Chen et al. 2004), and several species of skin bacteria cultured in vitro were 
shown to be able to completely reduce Orange II within 24 hours (Stingley et al. 2010).  

Carcinogenicity and Genotoxicity 

Two carcinogenicity studies identified in mice were both considered limited. The first 
study, pre-dating OECD Guidelines, was limited to examining the liver of mice exposed 
to 15–20 mg per week of Orange II in their diet, 5 days/week, for 538 days (equivalent 
to 71–95 mg/kg-bw per day). Even though neither cholangioma nor hepatoma was 
observed in these mice, only the livers of 6 mice of the 30 treated were microscopically 
examined (Cook et al. 1940). In the second study, mice (50 of each sex) received 
weekly uncovered skin applications of about 33 mg/kg-bw of dye for 18 months in the 
dorsal region (Carson 1984a). No treatment-related differences in the incidence of any 
lesions, either neoplastic or non-neoplastic, were reported (including incidence of 
lymphomas, which are common in this strain).  

Orange II was not mutagenic in several in vitro aerobic Ames assays with or without 
metabolic activation (Garner and Nutman 1977; Chung et al. 1981; Miyagoshi et al. 
1983; Yamada et al. 1995; Wollny 1999a), but mixed results were obtained in the 
presence of reductive conditions (Zhou et al. 1987; Rastogi and Levin 1996; Rafii et al. 
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1997). Although the dye induced mutations at the HPRT locus in a metabolically 
competent human lymphoblast cell line, it did not induce mutations at the TK locus in 
mouse lymphoma cells with and without metabolic activation (Rastogi et al. 1991; 
Wollny 1999b). In vitro assays for DNA damage and/or repair were generally negative, 
except in one study following incubation under reductive conditions (Mamber et al. 
1983, 1984; Gottlieb et al. 2003). In vivo, Orange II was not mutagenic in Ames assays 
using samples of bile, urine or feces from male rats treated with 1000 mg/kg-bw by oral 
gavage (Wever et al. 1989). Orange II was also negative in the micronucleus assay in 
mouse bone marrow, in a study conducted according to OECD Guidelines (Honarvar 
2003), and in a non-guideline study on micronuclei, chromosomal aberrations and sister 
chromatid exchanges in Chinese hamsters and three strains of mice (Wever et al. 
1989). Positive results for chromosomal aberrations were observed in two studies in 
mice; however, the purity of the test substance was not provided in either study (Prasad 
and Rastogi 1982b; El-Sherbeny and Ibrahim 1999).  

The postulated azo bond cleavage products of Orange II are sulfanilic acid (CAS RN 
121-57-3) and 1-amino-2-naphthol (CAS RN 2834-92-6). The available data on these 
substances indicate that neither of them is mutagenic (Garner and Nutman 1977; 
Chung et al. 1981; Freeman et al. 1987; Zeiger et al. 1988; Dillon et al. 1994; Mansour 
et al. 2009). 

Overall, the available information indicates that Orange II is not genotoxic in vivo. 

Other Health Effects  

A number of studies have been identified for various endpoints, but only the critical 
studies focusing on relevant routes of exposure are presented.  

No gross or histopathological lesions were observed in a skin painting study in which 
mice received weekly uncovered skin applications of about 33 mg/kg-bw of dye for 18 
months (approximately 5 mg/kg-bw per day) (Carson 1984a; see above).  

In oral gavage and dietary repeated-dose studies on Orange II, spleen and blood effects 
were consistently observed, characteristic of aromatic amine–induced anemia.  

In a range-finding study, extramedullary hematopoiesis was observed in male and 
female rats orally dosed with Orange II (purity 90%) by gavage for 14 days at the lowest 
dose tested (10 mg/kg-bw per day); significant increases in absolute and relative spleen 
weights were seen at the next dose level of 60 mg/kg-bw per day. Hematology 
parameters were not analyzed in this study (Rosner 1999a). When the 14-day gavage 
study was repeated with lower doses in order to check the hematology parameters 
associated with the spleen pathology, a small but statistically significant increase in 
methemoglobin levels was observed at 10 but not 5 mg/kg-bw per day, clearly indicating 
a gavage dosing threshold in rats. No histopathology was performed in the second 
study (Rosner 1999b). 
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When male and female rats were dosed by gavage at 0, 2.5, 5 or 10 mg/kg-bw per day 
of Orange II (purity 90%) in a 90-day study, changes in hematology parameters, 
including increased methemoglobin as well as extramedullary hematopoiesis in the 
spleen, were observed at the mid- and high- doses, and Heinz bodies were observed in 
one female at the high dose. The relative spleen weights in males were significantly 
increased at 10 mg/kg-bw per day (Hamann et al. 2000). Although Hamann et al. (2000) 
considered the low dose of 2.5 mg/kg-bw per day to be the NOAEL, based on an 
insignificant increase in methemoglobin levels and reticulocyte counts in males without 
concurrent effects on the spleen, SCCS (2011b, 2014) noted that slight early 
hematological effects were already observed at this dose and could be test article 
related. At the mid-dose of 5 mg/kg-bw per day, the methemoglobin levels (1.5% and 
1.6% in males and females, respectively) were still within historical control levels, 
despite being statistically different from controls (0.9% and 0.8% in males and females, 
respectively). Therefore, Health Canada considers 10 mg/kg-bw per day to be the 
lowest-observed-effect level (LOEL) for this study, based on small but statistically 
significant increases in methemoglobin (2.6% and 2.1% in males and females, 
respectively), increased relative spleen weight in males and an increase in the severity 
and incidence of extramedullary hematopoiesis in the spleen.  

Hematological effects, including the presence of Heinz bodies, and spleen effects were 
also observed in several feeding studies at the lowest dose tested (50–420 mg/kg-bw 
per day) when male rats were exposed to Orange II in their diet for 28–90 days (Rofe 
1957; Singh and Khanna 1979; Singh et al. 1987).  

Relative spleen weights were increased significantly at all doses in a 90-day rat feeding 
study; the LOAEL was the lowest tested dose, 128 mg/kg-bw per day, but decreased 
red blood cell hemoglobin content was evident only at the high dose of 3770 mg/kg-bw 
per day. Splenomegaly and proliferation of myeloid cells were also observed at the high 
dose (Singh et al. 1987). 

When male rats were exposed to 0%, 0.5% or 1% Orange II (equivalent to 0, 250 and 
500 mg/kg-bw per day) in their feed for 300 days, significant alterations in hematological 
parameters suggestive of normocytic hypochromic anemia (23% decrease in red blood 
cells and 42% decrease in hemoglobin) were observed at the low dose (Singh and 
Khanna 1979). In the same study, the formation of Heinz bodies was observed over 60 
days of exposure and was shown to be related to dose and exposure duration. Heinz 
body formation (representing hemoglobin structural changes) was observed at the 
lowest dose of 250 mg/kg-bw per day, starting on the 8th day of exposure. Patchy 
degeneration of the testes, including extensive desquamation of almost all seminiferous 
epithelium and vacuolar degeneration and sloughing off of gametogenic layers, was 
also observed in the chronic portion of the study at both dose levels. The study authors 
noted that the effects were not localized to the testicular hormone–producing cells. 
These testicular effects were not observed in the short-term and subchronic gavage 
studies on Orange II (Rosner et al. 1999a, b; Hamann et al. 2000). 
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Increases in chromosomal abnormalities were, however, reported in spermatogonial 
metaphase cells when ICR/Swiss mice were orally exposed to the dye for 180 days at a 
very high dose (3000 mg/kg-bw per day, which is above the OECD Guidelines limit 
dose). Enlargement of the spleen and liver and lethargy were also reported at the 
LOAEL. A NOAEL of 500 mg/kg-bw per day was identified (Prasad and Rastogi 1982b). 

In 2000, Becker and Biedermann reported a maternal toxicity NOAEL of 5 mg/kg-bw per 
day and a LOAEL of 40 mg/kg-bw per day for Orange II (90% purity) in a rat 
developmental toxicity study, based on an increase in maternal spleen weight following 
gavage dosing at 0, 5, 40 or 320 mg/kg-bw per day during gestational days 6–17. The 
high dose of 320 mg/kg-bw per day was identified as the NOAEL for fetotoxicity (Becker 
and Biedermann 2000).  

Overall, Orange II or its metabolite alters hemoglobin, and repeated exposure over an 
extended time would be expected to lead to decreased hemoglobin, extramedullary 
hematopoiesis and subsequent anemia. 

7.2.2.5 Ponceau MX (CAS RN 3761-53-3) 

Carcinogenicity and Genotoxicity 

Carcinogenicity studies were identified in rats and mice, many of which had been 
previously reviewed by IARC (1975a). IARC has classified Ponceau MX as a Group 2B 
carcinogen (“possibly carcinogenic to humans”) (IARC 1975a, 1987b); however, 
carcinogenicity occurred only at high doses and was secondary to liver toxicity, thus 
suggesting a non-genotoxic mode of action. This is further supported by the overall lack 
of mutagenicity and genotoxicity observed in the genotoxicity assays.  

7.2.2.6 Tartrazine (CAS RN 1934-21-0) 

The health effects of Tartrazine have been previously reviewed by Health Canada (1986 
memorandum from Toxicology Evaluation Section, Health Canada to Food Additives 
and Contaminants Section, Health Canada; unreferenced), JECFA (1966), the EU SCF 
(1983) and EFSA (2009b). ADI values have been set by Health Canada (8.5 mg/kg-bw; 
1986 memorandum from Toxicology Evaluation Section, Health Canada to Food 
Additives and Contaminants Section, Health Canada; unreferenced), JECFA (0–7.5 
mg/kg-bw; JECFA 1966) and EFSA (7.5 mg/kg-bw per day; EFSA 2009b). No 
carcinogenicity classifications were identified. 

By the oral route, Tartrazine is reduced, and the aromatic amines released are 
absorbed into the systemic circulation. In vitro data have shown that gut bacteria can 
mediate the azo cleavage of the dye (EFSA 2009b). No data were available on 
Tartrazine regarding potential for azo reduction on the skin. 

Carcinogenicity and Genotoxicity 
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Numerous carcinogenicity studies have been identified for Tartrazine, many of which 
were previously reviewed by JECFA (1966). Although no increase in the incidence of 
tumours was observed in mice, rats and dogs exposed to the dye in their diet, all the 
studies were conducted before OECD Guidelines were established. More recent studies 
were identified and are briefly described below.  

There was no increase in the incidence of neoplasias or time of tumour appearance or 
any significant differences in their primary location or histological characteristics 
between control and treated animals when mice (60 of each sex per group) were 
exposed to 0%, 0.5%, 1.5% or 5% Tartrazine (90% purity; equivalent to 0, 714, 2173 
and 8103 mg/kg-bw per day for males and 0, 870, 2662 and 9735 mg/kg-bw per day for 
females, respectively) in their diet for 104 weeks (Borzelleca and Hallagan 1988a). 

Similarly, when rats were exposed to the dye (90% purity) at levels of 0%, 0.1%, 1% or 
2% (equivalent to 0, 48, 491 and 984 mg/kg-bw per day for males and 0, 58,  589 and 
1225 mg/kg-bw per day for females, respectively) or at 0% or 5% (equivalent to 0 and 
2641 mg/kg-bw per day for males and 0 and 3348 mg/kg-bw per day for females, 
respectively) in their diet during an in utero phase followed by a chronic exposure of 
113–125 weeks, there was no difference in the incidence of lesions, including 
neoplasms, and those identified were of types commonly found in aging rats (Borzelleca 
and Hallagan 1988b). 

In another study, rats were exposed to Tartrazine (93.4% purity) through their drinking 
water at concentrations of 0%, 1% or 2% (equivalent to 0, 1400 and 2800 mg/kg-bw per 
day) for 104 weeks followed by an 8-week recovery period (Maekawa et al. 1987). The 
only significant increase in tumours observed was an increase in mesotheliomas in 
males and endometrial stromal polyps in females at the low dose only. No positive trend 
was noted, however, in the occurrence of these two tumours using an age-adjusted 
statistical analysis, and no significant differences were observed between the control 
and treated groups in hyperplastic or preneoplastic changes in the mesothelium or 
endometrium. The authors as well as the EFSA Panel (EFSA 2009b) therefore 
concluded that these two tumour types were not attributable to Tartrazine 
administration. 

No carcinogenic changes in any gastric area of the esophagus–gastroduodenal 
segment were observed in a study in which male rats were exposed to 0 or 7.5 mg/kg-
bw per day of the dye in drinking water for 46 weeks (Moutinho et al. 2007). 

Carcinogenicity studies were also identified for other routes of exposure, including 
dermal and subcutaneous, but no significant treatment-related increase in neoplasms 
was observed (Price et al. 1978; Carson 1984b; Hazleton Laboratories 1992). 

In vitro mutagenicity was not observed in the Ames assay with or without metabolic 
activation using various protocols, including under reductive conditions, or in mouse 
lymphoma cells (Brown et al. 1978; Viola and Nosotti 1978; Muzzall and Cook 1979; 
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Bonin and Baker 1980; Haveland-Smith and Combes 1980; Chung et al. 1981; Ishidate 
et al. 1981, 1984; Brown and Dietrich 1983; De France et al. 1986; Henschler and Wild 
1986; Cameron et al. 1987; Münzner and Wever 1987; Prival et al. 1988; Izbirak et al. 
1990; Pollastrini et al. 1990; Rafii et al. 1997). Mixed results were observed in in vitro 
chromosomal aberration assays, and results were negative overall for DNA damage 
and/or repair (Kada et al. 1972; Zhurkov 1975; Ishidate et al. 1978, 1981, 1984; Au and 
Hsu 1979; Sankaranarayanan and Murthy 1979; Haveland-Smith and Combes 1980; 
Kawachi et al. 1980; Patterson and Butler 1982; Kornbrust and Barfknecht 1985; 
Mpountoukas et al. 2010). 

In vivo genotoxicity assays for Tartrazine gave mixed results. Mainly negative results 
were obtained when urine and fecal extracts from rats exposed to the dye by gavage 
were incubated with Salmonella typhimurium strains TA98 and TA100, respectively, in 
the presence of metabolic activation (Henschler and Wild 1985; Münzner and Wever 
1987). Chromosomal aberrations were detected in bone marrow cells when male rats 
were exposed to Tartrazine (unknown purity) at doses of 5–50 mg/kg-bw per day in their 
feed for 3, 6 or 9 months (Giri et al. 1990), but not when Chinese hamsters were 
administered 200 mg/kg-bw of the dye by oral gavage in an acute study (Renner 1984). 
Sister chromatid exchange assays done on bone marrow cells were negative when 
Chinese hamsters were administered 50 mg/kg-bw of Tartrazine by oral gavage 
(Renner 1984), but positive when mice were exposed to up to 200 mg/kg-bw of the dye 
(purity unknown) by intraperitoneal injection (Giri et al. 1990). Tartrazine did not induce 
any DNA repair in rat hepatocytes at a dose of 500 mg/kg-bw by oral gavage (Kornbrust 
and Barfknecht 1985), but induced a dose-dependent increase in DNA damage in the 
colon of male mice exposed to 10, 100 or 2000 mg/kg-bw of the dye, using the comet 
assay (Sasaki et al. 2002). Given the lack of genotoxicity and increase in mitotic cells 
observed in the gut micronucleus assay in mice orally exposed to up to 1000 mg/kg-bw 
twice at 24-hour intervals, as well as the significant presence of Tartrazine and its main 
aromatic amine metabolite, sulfanilic acid, among colonic cells, the authors concluded 
that the increase in comet tail length observed in the comet assays represented 
transient DNA damage that was unable to be converted into stable genotoxic lesions 
and may be partly explained by local cytotoxicity of the dye (Poul et al. 2009). 

The expected metabolite following cleavage of the azo bond in Tartrazine is sulfanilic 
acid (CAS RN 121-57-3). The available data on sulfanilic acid indicate that it is not 
mutagenic in vitro (Chung et al. 1981; Zeiger et al. 1988; Mansour et al. 2009). 

Based on the available information from the carcinogenicity and genotoxicity studies 
examined, Tartrazine does not induce either benign or malignant neoplasias in long-
term carcinogenicity studies; Tartrazine and its primary metabolite are not mutagenic. 
Consistent with the most recent evaluation by an international agency (EFSA 2009b), 
Tartrazine is not expected to be carcinogenic. 

Other Health Effects  
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Several short-term, subchronic and chronic studies were reviewed by JECFA (1966) 
and, more recently, by EFSA (2009b). Key studies as well as more recent studies are 
briefly summarized below. 

When rats (15 of each sex per group) were exposed to Tartrazine at a concentration of 
0%, 0.03%, 0.3% or 1.5% (equivalent to 0, 15, 150 or 750 mg/kg-bw per day) in their 
diet for 64 weeks, no treatment-related effect was observed at the highest dose tested 
(Mannell et al. 1958). JECFA used the high dose in this study as a NOAEL to set its ADI 
(JECFA 1966). 

In studies conducted according to OECD guidelines, mice and rats were exposed to 
Tartrazine (purity 90%) for approximately 2 years through their diet. In the mouse study, 
where the animals were exposed to 0%, 0.5%, 1.5% or 5% of the dye for 104 weeks, 
the highest dose tested (equivalent to 8103 and 9735 mg/kg-bw per day for males and 
females, respectively) was identified as the NOAEL (Borzelleca and Hallagan 1988a). 
The rat study also included an in utero phase that was followed by a chronic exposure 
of 113–125 weeks. The rats were exposed to the dye at a level of 0%, 0.1%, 1% or 2% 
or at 0% or 5%. A no-observed-effect level (NOEL) of 2% and a LOEL of 5% were 
identified based on a significant decrease in body weight, markedly elevated food 
consumption and increased incidence of two non-neoplastic lesions (mineralization of 
renal tissue and pancreatic arteritis) in both sexes, as well as an increase in thyroid 
weights in females, at the interim sacrifice. According to the study authors, based on 
combined data from the in utero and long-term phases of the study, these doses in food 
are equivalent to 984 and 2641 mg/kg-bw per day for males and 1225 or 3348 mg/kg-
bw per day for females (Borzelleca and Hallagan 1988b). The Health Canada ADI was 
derived based on the NOAEL of 2% Tartrazine in the diet (converted to 850 mg/kg-bw 
per day, based on data from only the long-term phase of the study, which was later 
published as Borzelleca and Hallagan 1988b) (1986 memorandum from Toxicology 
Evaluation Section, Health Canada to Food Additives and Contaminants Section, Health 
Canada; unreferenced). 

In a more recent study, significant increases in the number of eosinophils and 
lymphocytes in the gastric antrum mucosa were observed in treated animals when male 
rats were exposed to the dye through their drinking water at a concentration of 0 or 7.5 
mg/kg-bw per day for 46 weeks (Moutinho et al. 2007). These effects, however, were 
not considered systemic, and observations were confined to the esophagus–
gastroduodenal segment of the animals. 

In a range-finding study in which rats were given Tartrazine in the drinking water for 13 
weeks, liver weights were significantly decreased at 3500 mg/kg-bw per day, but not at 
1750 mg/kg-bw per day (Maekawa et al. 1987).  

In a subchronic oral toxicity study and two short-term oral studies, rats were exposed to 
one of three doses of the dye, ranging from 5 to 500 mg/kg-bw per day. Although 
changes in body weight, biochemical markers and histopathology were described, the 
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pattern of effects was not consistent and does not suggest biologically significant 
treatment-related effects. In addition, all three studies were found to be inadequate for 
use in risk assessment due to poor study design and limited detail on methods, 
including purity of the test substance (Amin et al. 2010; Himri et al. 2011; Abd El-Wahab 
and Moram 2013). 

No sign of treatment-related systemic toxicity was seen in mice dermally exposed to 
Tartrazine (purity 92%), twice a week, for 18 months at an equivalent daily dose of 0 or 
8.1 mg/kg-bw (Carson 1984b; Hazleton Laboratories 1992).  

With the exception of one study, no reproductive toxicity was observed in rats and mice 
orally exposed to the dye during gestation or up to 2 months prior to mating, with 
NOAEL values ranging from 608 to 3348 mg/kg-bw per day (Borzelleca and Hallagan 
1988b; Collins et al. 1991, 1992; Tanaka 2006b; Tanaka et al. 2008). In one study, a 
LOAEL of 5541 mg/kg-bw per day was identified, based on effects on testes and sperm 
when male mice were given 0%, 0.1%, 1% or 2.5% (equivalent to 0, 174, 1768 and 
5541 mg/kg-bw per day) of the dye (purity 87%) through drinking water for 13 weeks. 
However, the number of animals in the treatment and control groups (n = 6) was too low 
to accurately detect an effect on fertility (Mehedi et al. 2009).   

No effects on developmental parameters were observed in several studies. When rats 
were orally exposed to Tartrazine (purity 93%) by gavage at a dose level of 0, 60, 100, 
200, 400, 600 or 1000 mg/kg-bw per day or in drinking water at a level of 0%, 0.05%, 
0.1%, 0.2%, 0.4% or 0.7% (equivalent to 0, 67, 132, 292, 568 and 1064 mg/kg-bw per 
day) throughout gestation, no dose-related effects on the number and type of 
implantations or on fetal viability, size, or skeletal and visceral development were 
observed (Collins et al. 1990, 1991, 1992). 

In a two-generation study, mice (10 of each sex per group) were exposed to 0%, 0.05%, 
0.15% or 0.45% (equivalent to 0, 83, 259 and 773 mg/kg-bw per day) of Tartrazine 
(purity 85%) in their diet from 5 weeks of age in the F0 generation to 9 weeks of age in 
the F1 generation (Tanaka 2006b). Several behavioural parameters were affected, 
including a dose-related acceleration of surface righting on PND 4, but not PND 7, in F1 
males, a dose-dependent reduction in the number of exploratory movements of F1 
males at 21 days relative to controls, and delayed negative geotaxis at PND 4 in F1 
females. These changes, however, were seen in only one sex and were not consistent 
over time.  

Some neurobehavioural parameters were also affected in a follow-up three-generation 
study in which mice were exposed to the same doses of Tartrazine in their diet from 5 
weeks of age in the F0 generation to 9 weeks of age in the F2 generation. In the F1 
generation, swimming direction (indicating coordinated movement) was accelerated in 
males and surface righting was delayed in females on PND 7; both effects were 
significantly dose related in a trend test. In the F2 generation, swimming direction in 
males and surface righting in females were accelerated on PND 7 (direction in females 
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opposite to that seen in F1 generation), and olfactory orientation in males was 
accelerated on PND 14. The effects in males were significantly dose related in a trend 
test on both PND 7 and PND 14. In addition, exploratory activity on PND 21 was 
reduced in males of both the F1 and F2 generations; in both generations, the effect was 
significantly dose related in a trend test (Tanaka et al. 2008). 

Although the Tanaka (2006b) and Tanaka et al. (2008) studies were well conducted, the 
EFSA Panel did not agree with the authors that any neurobehavioural development was 
affected, based on the absence of a dose–response relationship for many of the effects 
and the fact that the effects were observed at only one time point, in only one of the two 
studies or only in one of two generations (EFSA 2009b). The Panel also noted that the 
litters were not culled to a uniform size on the day of birth and that the authors did not 
specify in their statistical analyses whether litters or individual pups were used as the 
independent variable; both factors are likely to have a significant impact on the results 
and in the interpretation of the results. The method for testing exploratory activity did not 
take into consideration the possibility of habituation over time within each test period or 
the biphasic pattern of normal locomotor development in the first 3 weeks of life. In 
addition, some of the statistically significant findings from both studies are indicative of 
faster neurological development, some possibly related to the higher pup body weight, 
and should therefore not be considered adverse. On balance, Health Canada shares 
EFSA’s reservations concerning the neurobehavioural effects described by the authors. 

There is a substantial body of literature, including clinical trials, volunteer studies and 
individual case reports, in which adverse responses to Tartrazine in medications and 
food have been observed. It is recognized that in a small proportion of the general 
population, dietary exposure to Tartrazine may be associated with individual intolerance 
(EFSA 2009b; US FDA 2013).  

7.2.2.7 Forty-six Remaining Substances 

Carcinogenicity and Genotoxicity 

For the remaining 14 monoazo acid dyes as well as all the 24 disazo and 8 polyazo acid 
dyes in this assessment, no carcinogenicity or in vivo genotoxicity data were identified. 
Limited in vitro genotoxicity data, including Ames tests under reductive conditions, were 
identified for 12 substances. As shown in Table 7-10, six substances were found to be 
non-mutagenic in the Ames assay in the presence or absence of reductive conditions, 
four substances were mutagenic in one or both of the test strains (TA98 and TA100) 
only under reductive conditions and two were mutagenic in the presence or absence of 
reductive conditions (ILS 2011, 2012; BioReliance 2012). Four substances were 
negative for DNA damage and/or repair in the SOS/umu test (Kosaka and Nakamura 
1990; Nakamura et al. 1993). 

A literature search was conducted to identify empirical data on carcinogenicity and 
genotoxicity for the postulated aromatic amine metabolites for which a CAS RN was 
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available. The empirical data available on specific sulfonated aromatic amine 
metabolites are consistent with a general lack of genotoxic effects for sulfonated 
aromatic amines. For unsulfonated aromatic amine metabolites, limited carcinogenicity 
and genotoxicity data were identified.  

Following azo bond cleavage, one disazo acid dye (CAS RN 75949-73-4) may release 
the EU22 aromatic amine 4,4′-methylenedianiline (MDA) (CAS RN 101-77-9), which is 
considered to be mutagenic and carcinogenic (OECD 2002).  

Two disazo acid dyes were identified that could release aniline (CAS RN 62-53-5). 
Aniline was previously evaluated by Health Canada (2011b). The genotoxicity of aniline 
in various in vitro or in vivo assays was mixed, but was generally observed only at high 
doses. In carcinogenicity studies, aniline induced a rare spectrum of tumours in the 
spleen of male Fischer 344 rats at very high doses at which massive effects on the 
blood and non-neoplastic splenotoxicity as a consequence of profound 
methemoglobinemia were also observed. Although the mode of action of potential 
carcinogenicity of aniline is not fully understood, the underlying mechanism of aniline-
related splenic tumours supports a non-genotoxic mode of action (Health Canada 
2011).  

Other than these two amines, no other aromatic amine metabolites of the 52 Azo Acid 
Dyes had a cancer classification by a national or international agency or empirical data 
indicating a carcinogenic effect in experimental animals.  

Additional information is provided below on the azo bond cleavage products (aromatic 
amines) of 13 Azo Acid Dyes to which exposure of the general population of Canada is 
expected, and which are lacking health effects data (5 monoazo, 5 disazo, and 3 
polyazo). This information is also shown in Table 7-10. 

Table 7-11. Available genotoxicity data on Azo Acid Dyes and unsulfonated 
aromatic amine metabolitesa 
Azo Acid Dye  
(name or CAS 
RN) 

In vitro genotoxicity data on Azo 
Acid Dyes 

Relevant genotoxicity data 
on unsulfonated aromatic 
amines 

Acid Black 24 Positive in standard and reductive 
Ames (ILS 2012) 

CAS RN 2243-61-0 
Some positive Ames 
(Mortelmans et al. 1986; 
Zeiger et al. 1992) 

Acid Blue 113 b 

Positive in reductive Ames only 
(Tamaro and Banfi 1976; ETAD 
1988; ILS 2011) 
 
Negative for DNA damage in 
bacteria (Kosaka and Nakamura 
1990; Nakamura et al. 1993) 

CAS RN 2243-61-0 
Some positive Ames 
(Mortelmans et al. 1986; 
Zeiger et al. 1992) 
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Azo Acid Dye  
(name or CAS 
RN) 

In vitro genotoxicity data on Azo 
Acid Dyes 

Relevant genotoxicity data 
on unsulfonated aromatic 
amines 

Acid Black 26 b 

Negative in standard and reductive 
Ames (Venturini and Tamaro 1979; 
Bioreliance 2012) 
 
Negative for DNA damage in 
bacteria (Kosaka and Nakamura 
1990; Nakamura et al. 1993) 

CAS RN 2243-61-0 
Some positive Ames 
(Mortelmans et al. 1986; 
Zeiger et al. 1992) 

Acid Orange 
33 b  

Positive in reductive Ames only 
(Venturini and Tamaro 1979; ILS 
2012) 

CAS RN 123-30-8 
Clastogenic, not mutagenic 
(SCCP 2005; OECD 2010) 

Acid Red 138 b 

Negative in standard and reductive 
Ames (ILS 2012) 
 
Negative for DNA damage in 
bacteria (Kosaka and Nakamura 
1990; Reifferscheid and Heil 1996) 

CAS RN 104-42-7 
No data 

Acid Red 6 b No data CAS RN 5856-00-8 
No data 

29706-48-7 Negative in standard and reductive 
Ames (BioReliance 2012) N/Ac 

52236-73-4 Negative in standard and reductive 
Ames (ILS 2011) N/Ac 

68155-63-5b Positive in standard and reductive 
Ames (ILS 2012) 

CAS RN 100-01-6 
Probably non-genotoxic (US 
EPA 2009) 
 
CAS RN 96-91-3 
Positive in Ames but negative 
in other in vitro and in vivo 
genotoxicity assays (Becker 
et al. 2009) 
 
CAS RN 16523-31-2 
No data 

Acid Orange 
156 

Positive in reductive Ames only 
(ILS 2012) N/Ac 

70210-05-8b  No data CAS RN 73637-04-4 
No data 

70210-06-9b 

Positive in reductive Ames only 
(ILS 2011) 
 
Negative for DNA damage in 

CAS RN 2243-61-0 
Some positive Ames 
(Mortelmans et al. 1986; 
Zeiger et al. 1992) 
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Azo Acid Dye  
(name or CAS 
RN) 

In vitro genotoxicity data on Azo 
Acid Dyes 

Relevant genotoxicity data 
on unsulfonated aromatic 
amines 

bacteria (Kosaka and Nakamura 
1990; Nakamura et al. 1993) 

70210-25-2b No data 

CAS RN 100-01-6 
Probably non-genotoxic (US 
EPA 2009) 
 
CAS RN 96-91-3 
Positive in Ames but negative 
in other in vitro and in vivo 
genotoxicity assays (Becker 
et al. 2009) 
 
CAS RN 16523-31-2 
No data 

70210-34-3b No data CAS RN 16523-31-2 
No data 

71873-51-3b  No data All sulfonated 

72828-83-2 Negative in standard and reductive 
Ames (BioReliance 2012) N/Ac 

79234-36-9 Negative in standard and reductive 
Ames (ILS 2011) N/Ac 

84962-50-5b  No data All sulfonated 
Abbreviations: NA, not available; N/A, not applicable 
a Only those Azo Acid Dyes with empirical data or for which exposure of the general population is expected are 
shown.  
b Substances with exposure of the general population of Canada. 
c Data on unsulfonated aromatic amines are shown only for substances with exposure. 

The monoazo acid dyes with CAS RNs 71873-51-3 and 84962-50-5 release only 
sulfonated aromatic amines, and therefore they are not likely to be mutagenic. Although 
no data were identified for the unsulfonated aromatic amines of Acid Red 138, the dye 
itself was non-mutagenic in reductive and standard Ames assays. The monoazo acid 
dyes Acid Red 6 and CAS RN 70210-05-8 each release one unsulfonated aromatic 
amine with no data, and therefore there is less confidence in the prediction of non-
mutagenicity for these substances.  

Four disazo acid dyes share a common unsulfonated aromatic amine, 1,4-
naphthalenediamine (CAS RN 2243-61-0), which is mutagenic in bacteria. One of the 
dyes containing the 1,4-naphthalenediamine structure (CAS RN 70210-06-9) was 
mutagenic in an Ames assay only under reductive conditions, suggesting that this 
metabolite could drive the mutagenicity of the parent dye. However, two of the dyes 
(Acid Black 24 and Acid Blue 113) were Ames positive under standard and reductive 
conditions, and one dye (Acid Black 26) was negative in both the presence and the 
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absence of reductive conditions. Therefore, it is not clear whether the mutagenicity of 
some of these dyes in Ames tests is really due to the release of 1,4-
naphthalenediamine or some other pathway. Data on endpoints other than bacterial 
mutagenicity are not available for 1,4-naphthalenediamine.  

One disazo acid dye (Acid Orange 33) could release two unsulfonated aromatic amines, 
p-aminophenol (CAS RN 123-30-8) and an amine with no CAS RN. Acid Orange 33 
was mutagenic in an Ames assay only under reductive conditions, which may be due to 
the release of one of these amines. However, p-aminophenol is generally negative in 
bacterial mutagenicity tests in strains TA98 and TA100, the strains tested for Acid 
Orange 33, and is considered clastogenic but not mutagenic (SCCP 2005; OECD 
2010). It is possible that the mutagenicity observed for Acid Orange 33 under reductive 
conditions is due to the release of the unknown metabolite. 

Three polyazo acid dyes share one unsulfonated aromatic amine metabolite (1,3-
benzenediol, 4,6-diamino-,dihydrochloride; CAS RN 16523-31-2). No data are available 
on this metabolite. Two of the three polyazo acid dyes also share two other 
unsulfonated aromatic amine metabolites: p-nitroaniline (CAS RN 100-01-6) and 
picramic acid (CAS RN 96-91-3), both of which are not likely to be genotoxic in vivo 
(Becker et al. 2009; US EPA 2009). One of the polyazo acid dyes (CAS RN 68155-63-
5) is positive in both standard and reductive Ames, so it is not clear whether the 
mutagenicity is driven by the release of a mutagenic aromatic amine metabolite or some 
other pathway.  

Overall, although some of these 13 Azo Acid Dyes have the potential to be mutagenic in 
vitro, available information does not indicate that they would be mutagenic in vivo or 
subsequently carcinogenic.  

Other Health Effects  

No data on relevant endpoints were identified for any other Azo Acid Dyes for which 
exposure of the general population of Canada is expected.  

Read-across Considerations 

Due to the limited data available for these 46 substances, the OECD QSAR Toolbox 
(2013) was used as an application of a (Q)SAR approach to search for related 
substances with data on repeated-dose toxicity, including carcinogenicity, to 
supplement the health effects database. As this subgroup contains only substances that 
are non-benzidine Azo Acid Dyes, benzidine-based substances were excluded. The 
functional group searching used the sulfonic acid group (with proper metal salt to 
eliminate pigments) and the azo group. In addition to the 6 substances discussed 
previously in this section of the assessment, 11 related substances were identified. Nine 
of the 11 substances are monoazo and 2 are disazo acid dyes; all are composed of 
simple substituted aniline or naphthalene rings. Five of the 11 substances are 
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sulfonated on all of the component aromatic amines; 6 are composed of both sulfonated 
and unsulfonated amines. The structures of the analogues are shown in Tables 2-7 and 
2-8, and some of their physical and chemical properties are shown in Appendix A.  

Seven of the 11 substances identified have data in the Carcinogenic Potency Database 
(CPDB 2011) or the “Carcinogenicity & Mutagenicity ISSCAN” database (ISSCAN 
2012). Of these, five substances (CAS RNs 1936-15-8, 2519-30-4, 2783-94-0, 3567-69-
9 and 4553-89-3) were identified as having negative results in oral cancer bioassays. 
Estimates of carcinogenic potency were identified for two substances: CAS RN 4548-
53-2 (Ponceau SX) and CAS RN 3564-09-8 (Ponceau 3R) (CPDB 2011). However, an 
IARC review of Ponceau SX describes it as negative for carcinogenicity in rat, mouse 
and dog (IARC 1975d, 1987a), and the potency estimate for Ponceau 3R (LTD10, of 47 
mg/kg-bw per day in rat) was based on a study that IARC considered inadequate for 
evaluation (IARC 1975c, 1987d). Overall, there is no strong evidence to suggest that 
carcinogenicity is a critical effect for any of the seven substances identified.  

As described previously in this section of the assessment, carcinogenicity data were 
available for four monoazo acid dyes in this subgroup. The available data on three Azo 
Acid Dyes (Amaranth, Tartrazine and New Coccine; all monoazo acid dyes) clearly 
indicate that carcinogenicity and genotoxicity are not endpoints of concern for these 
substances, whereas Ponceau MX is a possible carcinogen with a non-genotoxic mode 
of action. For Orange II and Metanil Yellow, although no adequate carcinogenicity data 
were identified, the substances are not expected to be mutagenic in vivo.  

All of the substances for which carcinogenicity data were identified (including six 
substances in this subgroup and seven others) share similar structures (one or more 
azo linkage, and one or more sulfonate group) and physical-chemical properties 
(soluble in water, very low log Kow and high pKas). However, there are other parameters 
that vary widely, most notably the presence and position of various functional groups. In 
general, the lack of carcinogenicity potential for the majority of the non-benzidine-based 
sulfonated azo dyes that have been tested in animal bioassays lends support to the 
idea that the substances in this subgroup would not be expected to be genotoxic 
carcinogens.  

Oral non-cancer effect levels were identified in the OECD QSAR Toolbox (2013) for 
eight substances. The lowest effect level identified was for CAS RN 3734-67-6 (Acid 
Red 1). The LOEL of 46 mg/kg-bw per day was based on spleen effects in rats given 
Acid Red 1 in the diet for 2 years (Munro et al. 1996). Effect levels for the other seven 
substances ranged from 64 to 3700 mg/kg-bw per day, and the effects were listed as 
“nonspecific effects,” organ weight changes and body weight changes. 

Repeated-dose toxicity data for four monoazo acid dyes in this subgroup are described 
in the previous sections. The lowest oral effect level is a LOEL of 10 mg/kg-bw per day, 
based on spleen and blood effects in a subchronic oral gavage study on Orange II, for 
which one of the expected aromatic amine metabolites is unsulfonated. In contrast, 
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much lower toxicity is observed for the other three monoazo acid dyes, Amaranth, New 
Coccine, and Tartrazine, which all contain one or more sulfonate groups on either side 
of the azo bond. The critical effect levels for Amaranth and New Coccine were based on 
kidney effects at 250 and 325 mg/kg-bw per day, respectively, and the critical effect 
level for Tartrazine was much higher, 2600 mg/kg-bw per day. In dermal dosing studies, 
no neoplastic or non-neoplastic effects were observed in mice when Amaranth or 
Orange II was applied weekly or when Tartrazine was applied twice weekly, at 
approximately 5–8 mg/kg-bw per day.  

The most sensitive effects identified for these azo acid dyes were hematological, 
including increased methemoglobin, evidence of hemolysis, and subsequent effects on 
the spleen and is expected to be due to one or more of the non-sulfonated aromatic 
amine metabolites released following reduction of the azo bond. This is a well-studied 
mechanism of toxicity for aniline and other non-sulfonated aromatic amines (Neumann 
2005, 2010; IARC 2010; Health Canada 2011). For Orange II specifically, the observed 
hematotoxicity is assumed to be due to the release of 1-amino-2-naphthol, and not the 
other expected metabolite sulfanilic acid. This is considered a reasonable assumption 
since hematology findings of this type were not observed in toxicity studies of tartrazine 
(see Section 7.2.2.6 Tartrazine) where near complete in vivo metabolism to sulfanilic 
acid is expected to occur following oral exposure (EFSA 2009b). In addition, similar 
toxicity on red blood cells and related responses in the spleen are observed following 
oral exposure to the structurally related  β-naphthol pigment lakes where release of the 
1-amino-2-naphthol metabolite is also considered responsible for these effects 
(Environment and Climate Change Canada, Health Canada 2015). Based on the 
assumption that Orange II hematotoxicity is due to the release of the 1-amino-2-
naphthol metabolite, the effect level of the amine itself would be in the range of 5 mg/kg-
bw per day by gavage (based on a molecular weight of approximately half, and 
assuming 100% cleavage).  

In comparison, the critical LOAEL for the tolerable daily intake (TDI) derivation for 
aniline was 7.5 mg/kg-bw per day (Health Canada 2011). One of the postulated 
aromatic amine metabolites of Acid Red 1 is aniline, and the observation of spleen 
effects is consistent with an aniline-like mode of action for toxicity. As aniline is 
approximately 20% of the molecular weight of Acid Red 1, the LOAEL of 46 mg/kg-bw 
per day for the parent dye would be comparable to approximately 8.5 mg/kg-bw per day 
of aniline (assuming complete cleavage). The lowest LOEL identified in the OECD 
QSAR Toolbox (2013) for aromatic amines was 6 mg/kg-bw per day.  

Based on the available toxicity data on azo azo dyes, as well as considering the 
potential effects of any non-sulfonated aromatic amines released (if present), no 
substances in this subgroup would be expected to have an effect level lower than the 
LOEL of 10 mg/kg-bw per day identified for Orange II in a 90-day rat oral gavage study. 
It should be noted that this worst-case effect level would not be expected to directly 
apply to those azo acid dyes that have solubilizing group substitution on all sides of the 
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azo bond(s), since the released sulfonated aromatic amines would be unlikely to 
produce the hematotoxicity typical of non-sulfonated aromatic amines.  

 

7.2.3 Uncertainties in Human Health Effects Assessment 

The information available to determine azo bond reductive cleavage for this subgroup is 
considered moderate to strong. The reductive cleavage potential for many substances 
and structurally related groups is based on several types of evidence. All of the Azo 
Acid Dyes evaluated in this assessment are expected to release aromatic amines upon 
reductive cleavage. Confidence is highest in the monoazo acid dyes, as in vivo data, 
including metabolite identification, were available for several substances; the generation 
of individual aromatic amines from disazo and polyazo acid dyes is less certain, as only 
in vitro data were available for some substances, and the relative cleavage rates of 
multiple azo bonds are unknown. In general, confidence in the read-across approach for 
substances without empirical data is high, as they have been grouped together based 
on their similar uses, properties and structures.  

Health effects data are available only for a limited number of substances. For the 
majority of the substances in this subgroup, read-across from related substances is 
used to characterize the potential health effects. Confidence in the read-across to 
individual substances varies depending on the differences between properties, including 
molecular size, and the presence and position of functional groups. However, in the 
absence of other data, critical effect levels for substances in the Azo Acid Dyes 
subgroup are considered to be within the range identified for other sulfonated azo dyes 
with data on non-cancer endpoints.  

Dye purity was often low or not reported in toxicology studies. Impurities in the test 
substance, including aromatic amines, may contribrute to the health effects noted in 
some studies. There may be significant variation in the amount and types of impurities 
present in the toxicology studies, which could lead to variable responses. 

7.3 Risk Characterization  

Environmental media are not considered to be a significant source of exposure to Azo 
Acid Dyes for the general population in Canada. Exposure to 17 Azo Acid Dyes for the 
general population of Canada via food or use of products available to consumers was 
identified. Food is considered the primary source of exposure to Tartrazine and 
Amaranth. Non-dietary exposure via cosmetics and non-prescription drugs at the 
cosmetic-drug interface was also identified for Tartrazine, and via cosmetic products for 
Amaranth, New Coccine and Orange II. For Acid Black 24, Acid Black 26, Acid Blue 
113, CAS RN 70210-25-2, Acid Orange 33, Acid Red 6, Acid Red 138, CAS RN 68155-
63-5, CAS RN 70210-05-8, CAS RN 70210-06-9, CAS RN 70210-34-3, CAS RN 71873-
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51-3 and CAS RN 84962-50-5, the primary source of exposure is from the use of 
textiles and/or leather products. 

Carcinogenicity is not considered to be the key endpoint of concern for Amaranth, 
Tartrazine and New Coccine, based on the available empirical data on health effects. In 
addition, although no adequate carcinogenicity data were identified for Orange II, it is 
not expected to be genotoxic in vivo. For these four Azo Acid Dyes, the toxicology 
database is sufficient to derive individual margins of exposure (MOEs) for non-cancer 
endpoints.  

7.3.1 Amaranth (CAS RN 915-67-3) 

Exposure of the general population in Canada to Amaranth occurs predominantly 
through food intake and use of cosmetics. The mean usual intake of the general 
population from food was estimated to range from 0.01 mg/kg-bw per day (seniors) to 
0.21 mg/kg-bw per day (toddlers and children), while 90th percentile estimates ranged 
from 0.04 mg/kg-bw per day (seniors) to 0.54 mg/kg-bw per day (toddlers). Estimates of 
risk associated with upper-bounding cosmetic scenarios (i.e., toothpaste, lip balm, 
lipstick and body moisturizer) for Amaranth are presented in Table 7-11. 

The critical effect for Amaranth was determined to be renal calcification and 
hyperplasia. The LOAEL in a chronic dietary study in rats was 250 mg/kg-bw per day; 
the NOAEL was 50 mg/kg-bw per day (Butler and Conning 1983; Clode et al. 1987). 
JECFA and Health Canada each derived an ADI of 0.5 mg/kg bw per day based on this 
NOAEL and an uncertainty factor of 100 (JECFA 1984; 2014 memorandum from 
Chemical Health Hazard Assessment Division, Health Canada to Bureau of Chemical 
Safety, Health Canada; unreferenced).  

In a subchronic dietary study in rats designed to further investigate the kidney effects, a 
NOAEL of 80 mg/kg-bw per day and a LOAEL of 1250 mg/kg-bw per day were identified 
(Clode et al. 1987). The authors noted that renal calcification was present in rats whose 
kidneys were compromised by senile change and that hyperplasia was focal and 
associated with mineralization, suggesting an irritant effect. Female rats were also 
found to be more susceptible than males due to estrogen-induced mineralization (Clode 
et al. 1987). 

In a developmental toxicity study in rats, a LOAEL of 30 mg/kg-bw per day and a 
NOAEL of 15 mg/kg-bw per day were identified based on a significant increase in 
resorptions (Collins and McLaughlin 1972). However, this effect was not observed in 
several other developmental toxicity studies in rats, in which NOAELs  ranged from 150 
to 2000 mg/kg-bw per day (generally the highest doses tested); no other effects on 
reproductive or developmental toxicity were observed in a number of studies, including 
a two-generation and a three-generation study in rats (FDRL 1972; Burnett et al. 1974; 
Keplinger et al. 1974; Khera et al. 1974; Collins et al. 1975a, b, 1976a, b; Holson et al. 
1976; Keplinger et al. 1976; Willes et al. 1980; Clode et al. 1987). NOAELs for 
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developmental toxicity based on the highest dose tested were also identified for mouse 
(100 mg/kg-bw per day), rabbit (15 mg/kg-bw per day) and dog (90 mg/kg-bw per day) 
(Keplinger et al. 1974; Larsson 1975; Mastalski et al. 1975). Considering all of the 
evidence from the toxicological database including the absence of adverse effects in all 
other developmental and reproductive studies in rats, at doses much higher than the 
LOAEL identified by Collins and McLaughlin (1972), and the absence of adverse effects 
in developmental studies in mice, rabbits, and dogs, the NOAEL in the Collins and 
McLaughlin (1972) study was not used as a critical effect level for risk characterization. 

The 90th percentile dietary exposure estimate from food for toddlers (6 months to 4 
years) is marginally higher (0.54 mg/kg-bw per day) than the ADI (0.5 mg/kg-bw per 
day). This estimated intake in toddlers, however, does not raise health concerns given 
the conservative nature of the exposure estimate, the very minor exceedance of the 
ADI, and the relatively short period in a human lifetime during which this conservatively 
identified exceedance could occur. In addition, the toxicological endpoint selected (renal 
calcification) occurred only in older rats following life time exposure to amaranth and is 
not a condition known to develop in toddlers. 

Comparison of estimated mean usual intakes to Amaranth from food, modelled based 
on  currently identified maximum levels of use, with the critical effect level (chronic 
NOAEL of 50 mg/kg-bw per day) results in MOEs ranging from 240 (toddlers and 
children) to 5000 (seniors). This range of MOEs is considered adequate to address 
uncertainties in the health effects and exposure databases.  
 
Comparison of upper-bounding estimates for oral and dermal exposure to Amaranth 
from use of cosmetics with the critical effect level results in MOEs ranging from ≥ 740 
to ≥ 50 000, which are considered adequate to address uncertainties in the health 
effects and exposure databases.  

Table 7-12. Margins of exposure for Amaranth (cosmetics) 
Exposure 
duration 
and route 

Exposure 
Scenario 

Daily exposure 
(mg/kg-bw per 
day) 

Critical effect levels 
(mg/kg-bw per day) MOEs 

Daily oral Toothpaste 
(adults) ≤  0.0023 Chronic oral feeding 

NOAEL = 50 ≥ 20 000 

Daily oral Lipstick (adults) ≤ 0.01 Chronic oral feeding 
NOAEL = 50 ≥ 5000 

Daily oral Lip balm 
(toddlers) ≤ 0.001 Chronic oral feeding 

NOAEL = 50 ≥ 50 000 

Daily 
dermal 

Body moisturizer 
(adults) ≤ 0.068 Chronic oral feeding 

NOAEL = 50 ≥ 740 

Abbreviations: MOE, margin of exposure; NOAEL, no-observed-adverse-effect level; NOEL, no-observed-effect level 
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7.3.2 New Coccine (CAS RN 2611-82-7) 

Exposure of the general population in Canada to New Coccine occurs predominantly 
through use of cosmetics. Estimates of risk associated with upper-bounding cosmetic 
product exposure scenarios (i.e., body moisturizer and leave-in hair conditioner) for 
New Coccine are presented in Table 7-12. 

The critical effect level for New Coccine is a NOAEL of 65 mg/kg-bw per day (0.05% in 
the diet), based on glomerulonephrosis and mild anemia at the LOAEL of 325 mg/kg-bw 
per day (0.25% in the diet) in an 82-week dietary study in mice (Mason et al. 1974). 
EFSA (2009a) selected 70 mg/kg-bw per day (based on 0.05% in the diet) as a NOAEL 
for its ADI, whereas JECFA (1983, 2011) used a dose level of 375 mg/kg-bw per day 
(based on 0.25% in the diet) as a NOAEL in its derivation of the ADI. 

Comparison of upper-bounding estimates of dermal exposure to New Coccine from use 
of body moisturizer and leave-in hair conditioner with the critical effect level (chronic oral 
NOAEL of 65 mg/kg-bw per day) results in MOEs of ≥ 100–3250, which are considered 
adequate to address uncertainties in the health effects and exposure databases. 
Although dermal acute exposure scenarios were identified for New Coccine (e.g., hair 
dye and hair dye spray for children), the available information does not indicate that 
New Coccine demonstrates high acute toxicity. Consequently, the risk for the general 
population is considered low. 

Table 7-13. Margins of exposure for New Coccine (cosmetic products) 
Exposure 
duration 
and route 

Exposure 
Scenario 

Daily exposure 
(mg/kg-bw per day) 

Critical effect 
levels (mg/kg-bw 
per day) 

MOEs 

Daily 
dermal 

Body 
moisturizer 
(adults) 

≤ 0.68 
Chronic oral 
feeding 
NOAEL = 65 

≥ 100 

Daily 
dermal 

Leave-in hair 
conditioner 
(adults) 

0.02–0.61 
Chronic oral 
feeding 
NOAEL = 65 

110–
3250 

7.3.3  Orange II (CAS RN 633-96-5) 

Exposure of the general population in Canada to Orange II occurs predominantly 
through use of cosmetic products. Estimates of risk associated with upper-bounding 
cosmetic product exposure scenarios (i.e., lipstick, body moisturizer and hair shampoo 
for infants) for Orange II are presented in Table 7-13. 

In oral gavage and dietary repeated-dose toxicity studies on Orange II, spleen and 
blood effects, characteristic of aromatic amine–induced anemia, were observed 
consistently. No NOAEL was identified for any study in which exposure was by the 
dietary route, as effects were observed at the lowest dose tested in each study. 
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LO(A)ELs ranged from 50 to 250 mg/kg-bw per day in feeding studies of 60–300 days’ 
duration in rats, based on decreased red blood cells and hemoglobin, Heinz body 
formation and increased spleen weights, as well as pathological changes in testicular 
seminiferous tubules (Singh and Khanna 1979; Singh et al. 1987).  

In the short-term and subchronic gavage studies identified, similar effects in blood and 
spleen were observed at lower doses, likely due to the higher peak concentrations 
obtained with a bolus dose compared with continuous exposure in food. LOELs of 10–
40 mg/kg-bw per day were identified in 90-day, 14-day and developmental toxicity 
gavage studies, based on increased severity and incidence of extramedullary 
hematopoiesis in the spleen, increased methemoglobin and increased spleen weights 
(Rosner 1999a, b; Becker and Biedermann 2000; Hamann et al. 2000).  

Comparison of the upper-bounding estimate of oral exposure to Orange II from use of 
lipstick with a range of critical effect levels—from 10–40 mg/kg-bw per day (subchronic 
oral LOEL via gavage) to 50–250 mg/kg-bw per day (oral LOAELs from 60- to 300-day 
feeding studies)—results in MOEs of > 33 000. This range of MOEs is considered 
adequate to address uncertainties in the health effects and exposure databases.  

No effects were observed in a study in which mice received weekly uncovered skin 
applications of dye of about 33 mg/kg-bw for 18 months (approximately 5 mg/kg-bw per 
day) (Carson 1984a). Comparison of the upper-bounding estimate of dermal exposure 
to Orange II from use of baby shampoo for infants with the critical effect level (chronic 
dermal NOEL of 5 mg/kg-bw per day) results in an MOE of >50 000. Comparison of the 
upper-bounding estimate of dermal exposure to Orange II from use of body moisturizer 
by adults with the same critical effect level results in an MOE of ≥ 74. Both MOEs are 
considered adequate to address uncertainties in the health effects and exposure 
databases, taking into account that based on the chronic oral NOAEL (50 mg/kg-bw per 
day) and assuming 100% dermal absorption would result in MOEs of > 500 000 
and > 700 for baby shampoo for infants and body moisturizer for adults, respectively. 

Dermal acute exposure to Orange II via use of hair dye has also been identified. 
However, the available information does not indicate that Orange II demonstrates high 
acute toxicity. Consequently, the risk for the general population is considered low. 

Table 7-14. Margins of exposure for Orange II (cosmetic products) 
Exposure 
duration 
and route 

Exposure 
Scenario 

Daily exposure 
(mg/kg-bw per 
day) 

Critical effect levels 
(mg/kg-bw per day) MOEs 

Daily oral Lipstick (adults) ≤ 0.0003 

Subchronic and 
chronic oral (gavage 
and feeding) 
LO(A)ELs = 10–250 

≥ 33 300 
– 830 000 

Daily 
dermal 

Body moisturizer 
(adults) ≤ 0.068 Chronic dermal 

NOEL = 5 ≥ 74 
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Exposure 
duration 
and route 

Exposure 
Scenario 

Daily exposure 
(mg/kg-bw per 
day) 

Critical effect levels 
(mg/kg-bw per day) MOEs 

Daily 
dermal 

Hair shampoo 
(infants) ≤ 9.3 × 10−5 Chronic dermal 

NOEL = 5 ≥ 53 800 

7.3.4 Tartrazine (CAS RN 1934-21-0) 

Exposure of the general population in Canada to Tartrazine occurs predominantly 
through food intake and use of cosmetics and certain non-prescription drugs at the 
cosmetic-drug interface. The mean dietary exposure of the general population to 
Tartrazine was estimated to range from 0.2 mg/kg-bw per day (seniors) to 1.0 mg/kg-bw 
per day (children). Estimates of risk associated with upper-bounding exposure 
scenarios for cosmetics and non-prescription drugs at the cosmetic-drug interface for 
Tartrazine are presented in Table 7-14. 

The critical effect level for Tartrazine is a chronic oral LOAEL of 2600 mg/kg-bw per day 
in a rat dietary study, based on decreased body weight, non-neoplastic lesions in kidney 
and pancreas and increased thyroid weight. The NOAEL was 984 mg/kg-bw per day 
(2% in the diet) (Borzelleca and Hallegan 1988b). The study authors used combined 
data from the entire study to convert the dietary doses. The Health Canada ADI of 8.5 
mg/kg-bw was derived from a NOAEL of 850 mg/kg-bw per day (2% in the diet, 
converted using only the long-term exposure portion of the study later published by 
Borzelleca and Hallegan 1988b) and an uncertainty factor of 100 (1986 memorandum 
from Toxicology Evaluation Section, Health Canada to Food Additives and 
Contaminants Section, Health Canada; unreferenced). The JECFA ADI of 0–7.5 mg/kg-
bw was established based on a lack of effects at the highest dose tested (750 mg/kg-bw 
per day) in an earlier 64-week study in rats and using an uncertainty factor of 100 
(JECFA 1966).  

Comparison of estimated mean dietary exposures to Tartrazine from food intake with 
the critical effect level (chronic NOAEL of 984 mg/kg-bw per day) results in MOEs 
ranging from 980 (children) to 4920 (infants). This range of MOEs is considered 
adequate to address uncertainties in the health effects and exposure databases. 
Exposures are also below the ADI of 8.5 mg/kg-bw established by Health Canada and 
the upper bound of the ADI of 0–7.5 mg/kg-bw established by JECFA, respectively. 

Comparison of upper-bounding estimates of oral exposure to Tartrazine via use of lip 
balm, lipstick or toothpaste with the critical effect level (chronic NOAEL of 984 mg/kg-bw 
per day) results in MOEs of > 8000, which are also considered adequate to address 
uncertainties in the health effects and exposure databases. 

No effects were observed in the only available dermal study in which mice received 
twice weekly uncovered skin applications of about 8.1 mg/kg-bw per day for 18 months 
(Carson 1984b). As this dose level is more than 100-fold lower than the oral no-effect 



 

91 

 

level, the oral NOAEL of 984 mg/kg-bw per day was used as the critical effect level. 
Comparison of upper-bounding estimates for dermal exposure to Tartrazine from use of 
facial makeup, baby cream or body moisturizer with this critical effect level results in 
MOEs of ≥ 1000, which are considered adequate to address uncertainties in the health 
effects and exposure databases. 

Dermal acute exposure to Tartrazine via use of other products (e.g., face paint and 
genitalia product) has also been identified. However, the available information does not 
indicate that Tartrazine demonstrates high acute toxicity. Consequently, the risk for the 
general population is considered low. 

Table 7-15. Margins of exposure for Tartrazine (cosmetics, non-prescription drugs 
at the cosmetic-drug interface) 
Exposure 
duration and 
route 

Exposure 
Scenario 

Daily exposure 
(mg/kg-bw per 
day) 

Critical effect 
levels (mg/kg-bw 
per day) 

MOEs 

Daily oral  Lip balm 
(toddlers) ≤ 0.11 

Oral feeding 
chronic  
NOAEL = 984 

 
≥ 8950 

Daily oral Lipstick (adults) ≤ 0.10 
Oral feeding 
chronic  
NOAEL = 984 

≥ 9840 

Daily oral Toothpaste 
(toddlers) ≤ 0.068 

Oral feeding 
chronic  
NOAEL = 984 

 
≥  
14470 

Daily dermal Facial makeup 
(adults) ≤ 0.94 

Oral feeding 
chronic  
NOAEL = 984 

 
≥ 1050 

Daily dermal Body moisturizer 
(adults) ≤ 0.68 

Oral feeding 
chronic  
NOAEL = 984 

≥ 1450 

Daily dermal Baby cream 
(infants) ≤ 0.32 

Oral feeding 
chronic  
NOAEL = 984 

≥ 3080 

7.3.5  Thirteen Azo Acid Dyes (Exposure via Textile and Leather Products) 

Exposure of the general population of Canada to the following 13 Azo Acid Dyes is 
expected via use of textile and/or leather products: Acid Red 138, CAS RN 71873-51-3, 
CAS RN 84962-50-5, Acid Orange 33, Acid Red 6 and Acid Black 26 as textile dyes; 
CAS RN 68155-63-5, CAS RN 70210-34-3 and CAS RN 70210-25-2 as leather dyes; 
and Acid Black 24, Acid Blue 113, CAS RN 70210-05-8, and CAS RN 70210-06-9 as 
textile and leather dyes. Upper-bounding daily exposures of the general population to 
dyes in textile and leather products were estimated via the dermal route from direct and 
prolonged skin contact with such products. Upper-bounding oral exposures due to 
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mouthing of textiles by infants were also estimated. Estimates of risk associated with 
the upper-bounding exposure scenarios for these 13 Azo Acid Dyes are presented in 
Table 7-15. 

Health effects data on these 13 Azo Acid Dyes with exposure are limited; however, 
based on available data on related substances, carcinogenicity  is not expected to be an 
endpoint of concern. 

The lowest critical oral non-cancer effect level among azo acid dyes was identified for 
Orange II (subchronic oral LOEL of 10 mg/kg-bw per day) among all Azo Acid Dyes in 
this subgroup and relevant analogues. Effect levels identified for oral repeated-dose 
toxicity data on other Azo Acid Dyes ranged from 46 to 3700 mg/kg-bw per day. 
Comparison of the upper-bounding estimate of exposure to Azo Acid Dyes via mouthing 
of textile objects by infants with the range of oral critical effect levels (subchronic/chronic 
LO(A)ELs of 10–3700 mg/kg-bw per day) results in a MOE of > 370 000, which is 
considered adequate to address uncertainties in the  health effects and exposure 
databases.  

By the dermal route, no cancer or non-cancer effects were observed in mice at 
approximately 5–8 mg/kg-bw per day when Amaranth or Orange II was applied weekly 
or Tartrazine was applied twice per week. Comparison of upper-bounding estimates of 
dermal exposure to 10 Azo Acid Dyes (Acid Red 138, CAS RN 71873-51-3, CAS RN 
84962-50-5, Acid Orange 33, Acid Red 6, Acid Black 26, CAS RN 70210-05-8, Acid 
Blue 113, Acid Black 24 and CAS RN 70210-06-9) via textile clothing with this range of 
critical effect levels results in a range of MOEs from 1250 to 3100, which are considered 
adequate to address uncertainties in the  health effects and exposure databases. For 
the following seven substances identified in leather products, CAS RN 68155-63-5, CAS 
RN 70210-34-3, CAS RN 70210-25-2, CAS RN 70210-05-8, Acid Blue 113, Acid Black 
24 and CAS RN 70210-06-9, dermal acute exposure to these substances is not 
considered to result in risk for the general population of Canada, as the available 
information does not indicate that Azo Acid Dyes demonstrate high acute toxicity. 

Table 7-16. Margins of exposure for Acid Red 138, CAS RN 71873-51-3, CAS RN 
84962-50-5, Acid Orange 33, Acid Red 6, Acid Black 26, CAS RN 70210-05-8, Acid 
Blue 113, Acid Black 24 and CAS RN 70210-06-9 

Exposure 
duration 
and route 

Consumer 
products 

Daily 
exposure 
(mg/kg-bw 
per day) 

Critical effect levels 
(mg/kg-bw per day) MOEs 

Daily oral 
Textile 
objects 
(infants) 

2.7×10-5 
Subchronic/chronic oral 
(gavage and feeding) 
LO(A)ELs = 10–3700  

≥ 370 000–
1.3x108 

Daily 
dermal 

Textiles 
(personal 
apparel: 

0.0026 Chronic dermal NOELs = 
5–8 1900–3100 
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adult) 

Daily 
dermal 

Textiles (baby 
sleeper: 
infant) 

0.0040 Chronic dermal NOELs = 
5–8 1250–2000 

7.3.6 The Remaining 35 Azo Acid Dyes 

No exposure of the general population is expected for the remaining 35 Azo Acid Dyes; 
therefore, the risk to human health is not expected. 

7.3.7 Uncertainties in Characterization of Risk to Human Health 

A read-across approach was used to infer the azo cleavage of many substances in this 
subgroup. Although all of the available data suggest that Azo Acid Dyes have the 
potential to undergo reductive cleavage, there is uncertainty as to the rate and degree 
of cleavage that would occur in vivo for some substances. 

Read-across was used for 13 Azo Acid Dyes with limited health effects data. Data on 
multiple related substances as well as component aromatic amines were considered, 
and the use of the lowest effect levels as a point of departure for the Azo Acid Dyes 
lacking data is considered a conservative approach. 

As no adequate dermal toxicity studies were identified, oral toxicity data were used to 
derive MOEs for dermal exposures in some cases. By the oral route, Azo Acid Dyes are 
reduced by gut bacteria, and the aromatic amines released are absorbed into the 
systemic circulation. Reductive cleavage may also occur on the skin. This has been 
demonstrated in vitro by some species of skin bacteria for Orange II, Acid Red 138 and 
Acid Orange 33. The aromatic amine metabolites may be better absorbed than the 
parent dyes by the oral and dermal routes (Environment Canada and Health Canada 
2013). In the absence of empirical data, the toxicity of the dyes due to the release and 
absorption of the corresponding aromatic amines is assumed to be of similar potency by 
the oral and dermal routes.  

Uncertainty is recognized in impurities in the dyes tested in toxicological studies, which 
may be partly responsible for some observed health effects. In addition, commercial 
dyes to which Canadians are exposed may contain different amounts and types of 
impurities from those studies. 

7.3.8 Azo Acid Dyes with Effects of Concern 

Overall, human health risk from the substances in this assessment is low based on the 
current levels of exposure. However, as indicated above, some of the Azo Acid Dyes in 
this assessment have health effects of concern based on potential carcinogenicity. A list 
of these substances is shown in Appendix E. 
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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 
Azo Acid Dyes. It is concluded that the 52 Azo Acid Dyes do not meet the criteria under 
paragraphs 64(a) or 64(b) of CEPA, as they are not entering the environment in a 
quantity or concentration or under conditions that have or may have an immediate or 
long-term harmful effect on the environment or its biological diversity or that constitute 
or may constitute a danger to the environment on which life depends.  

Based on the information presented in this Screening Assessment, it is concluded that 
the 52 Azo Acid Dyes evaluated in this assessment for human health do not meet the 
criteria under paragraph 64(c) of CEPA as they are not entering the environment in a 
quantity or concentration or under conditions that constitute or may constitute a danger 
in Canada to human life or health. 

It is concluded that the 52 Azo Acid Dyes evaluated in this assessment do not meet any 
of the criteria set out in section 64 of CEPA. 
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Appendices 

Appendix A. Supplementary Data Tables for Identities of Substances 

Table A-1. Structural identity information for the individual monoazo acid dyes 

CAS RN  C.I. name or common 
name 

Chemical structure and chemical 
formula 

Molecular 
weight 
(g/mol) 

587-98-4 Metanil Yellow (also 
known as Acid Yellow 36)  

C18H15N3O3S·Na  

375 

633-96-5 Orange II (also known as 
Acid Orange 7)  

 

C16H12N2O4S·Na  

351 

915-67-3 
Amaranth (also known as 
C.I. Food Red 9, Acid 
Red 27)  

 

C20H11N2O10S3·3Na  

604 

1934-21-0 
Tartrazine (also known 
as Acid Yellow 23, C.I. 
Food Yellow 4)  

 

C16H8N4O9S2Na4 

534 

NaONN

S
ONa

O
O

N N

S
O

Na
O

O

ONa

O
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CAS RN  C.I. name or common 
name 

Chemical structure and chemical 
formula 

Molecular 
weight 
(g/mol) 

2611-82-7 
New Coccine (also 
known as C.I. Food Red 
7, Acid Red 18)  

 

C20H14N2O10S3·3Na 

604 

3761-53-3 
Ponceau MX (also known 
as Acid Red 26, C.I. 
Food Red 5)  

 

C18H16N2O7S2·2Na  

480 

15792-43-5 Acid Red 138 

 

C30H39N3O8S2·2Na  

678 

25317-22-0 Acid Red 6 

 

C26H23N3O5S  

490 

29706-48-7 NA 

 

C23H22N4O3S2  

467 
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CAS RN  C.I. name or common 
name 

Chemical structure and chemical 
formula 

Molecular 
weight 
(g/mol) 

35342-16-6 NA 

 

C18H13N5O6S2·Li  

465 

52236-73-4 NA 

 

 

C16H13Cl2N5O3S·Li 

432 

70210-05-8 NA 

 

C37H31N3O11S3·2Na  

834 

71720-89-3 NA 

 

C36H35N3O8S2·2Na  

746 
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CAS RN  C.I. name or common 
name 

Chemical structure and chemical 
formula 

Molecular 
weight 
(g/mol) 

71873-51-3 NA 

 

C29H37Cl2N5O9S2·2Na  

779 

72828-83-2 NA 

 

C35H31N3O9S2·2Na  

746 

79234-36-9 NA 

 

C35H31N3O9S2·2Na 

746 

83006-48-8 NA 

 

C25H25N5O6S2  

556 
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CAS RN  C.I. name or common 
name 

Chemical structure and chemical 
formula 

Molecular 
weight 
(g/mol) 

83027-51-4 NA 

 

C36H31Cl2N3O10S2·2Na  

845 

83027-52-5 NA 

 

C36H31Cl2N3O10S2·2Na  

845 

84962-50-5 NA 

 

 C27H34Cl2N6O6S2·2Na  

718 

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index; NA, not available 

Table A-2. Structural identity information for the individual disazo acid dyes 

CAS RN C.I. name or 
common name Chemical structure and chemical formula 

Molecular 
weight 
(g/mol) 

3071-73-6 Acid Black 24 

 

C36H23N5O6S2.2Na  

732 
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CAS RN C.I. name or 
common name Chemical structure and chemical formula 

Molecular 
weight 
(g/mol) 

3351-05-1 Acid Blue 113 

O3S

HN N
N N

N

SO3
Na

Na

 

C32H21N5O6S2·2Na  

682 

6262-07-3 Acid Black 26 

 

 C32H23N5O7S2·2Na  

698 

6507-77-3 Acid Orange 33 

 

C34H30N4O8S2·2Na 

731 

51988-24-0 NA 
 

C20H18N4O5S·Li 

432 



 

134 

 

CAS RN C.I. name or 
common name Chemical structure and chemical formula 

Molecular 
weight 
(g/mol) 

62133-79-3 NA 

 

C31H27N5O6S2·2Na  

674 

62133-80-6 NA 

 

 C31H27N5O6S2·2Na  

674 

67892-55-1 NA 

Na+

Na+

N
N

S
O

O

-O

N
N

Cl

NH

SO O
O-

A

 

C32H22ClN5O6S2·2Na  

717 

68555-86-2 Acid Orange 156 

 

C21H19N4O5S1Na 

462 

S
O

O O
Na

N
N

N
N

O

O
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CAS RN C.I. name or 
common name Chemical structure and chemical formula 

Molecular 
weight 
(g/mol) 

70210-06-9 NA 
 

C28H15N9O16S2Na2 

674 

72828-67-2 NA 
 

C34H30N4O8S2·xK·xNa  

747 

72986-60-8 NA 

Na+

Na+

N
NO

S
O

O

N
N NH

N+ O
-O

S
O

O O-

S
O

O

-O

 

C34H22N6O11S3·2Na  

833 

72986-61-9 NA 

 

C34H24N6O11S3  

833 

72968-80-0 NA 

 

C35H2N6O11S3·2Na 

847 
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CAS RN C.I. name or 
common name Chemical structure and chemical formula 

Molecular 
weight 
(g/mol) 

72968-81-1 NA 

Na+

Na+

N
NO

S
O

O

N
N NH

N+ O
-O

S
O

O O-

S
O

O

-O

 

C35H26N6O11S3·2Na 

847 

75949-73-4 NA 

Na+

Na+

N
N

N
N

O
S

O

O

-O

N N

N
N

O

S
O

O

O-

 
C35H32N8O8S2·2Na  

803 

83006-74-0 NA 

 

C36H25N5O6S2·xH3N·xNa  

767 

83006-77-3 NA 

 

C32H23N5O6S2·xH3N·xNa 

677 
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CAS RN C.I. name or 
common name Chemical structure and chemical formula 

Molecular 
weight 
(g/mol) 

83221-60-7 NA 

NH4
+

Na+

NH4
+

S
O

O O-
S

O

O

-O

N
N

N
N

S
O

O

O-

OH

N
H  

C36H22N5O10S3·xH3N·xNa  

> 822 

85030-31-5 NA 

 

 C35H28N4O11S3·xNa  

843 

90218-20-5 
(UVCB) NA 

N N

N
NO3S

CH3

HO

OH

CH3O3S

Na

Na

 

C20H16N4O8S2·2Na 

 550 

90432-08-9 
(UVCB) NA 

N
N

OH

OH

N
N

O2N

H2N

OH

SO3O3S

Na K  

C22H14N6O11S2·Na·K 

664 
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CAS RN C.I. name or 
common name Chemical structure and chemical formula 

Molecular 
weight 
(g/mol) 

106028-58-
4 NA 

 

C26H19N5O13S4·4Li 

766 

114910-04-
2 

(UVCB) 

NA 

  

C29H22N7O11S2·Na 

 732 

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index; NA, not available; UVCB, 
unknown or variable composition, complex reaction products, or biological materials ; A, aromatic ring 

Table A-3. Structural identity information for the individual polyazo acid dyes 

CAS RN  
C.I. name 
or 
common 
name 

Chemical structure and chemical formula 
Molecular 

weight 
(g/mol) 

68155-63-5 NA 

 

C28H17N9O16S2·2Na  

844 

HO

OH
O

N
N

S
O

-O

O

N
N NH S

O

O-
O

N+

-O
O

NH4
+

Na+
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CAS RN  
C.I. name 
or 
common 
name 

Chemical structure and chemical formula 
Molecular 

weight 
(g/mol) 

70210-25-2 NA 

 

C28H15N9O16S2Na2 

844 

70210-34-3 NA 

 

C40H28N10O19S4·4Na 

1169 
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CAS RN  
C.I. name 
or 
common 
name 

Chemical structure and chemical formula 
Molecular 

weight 
(g/mol) 

72496-92-5 NA 

 

NO2

SO3

N
H

N
N

OH

HO
N

N
O3S

N
N

HN

NO2O3S
Na

Na

Na  

C40H25N10O15S3·3Na  

1051 

84559-92-2 NA 

 

C34H26N6O19S4·4Li 

975 

85136-25-0 NA 

Li+Na+

Li+Na+

N+

O-

N

N
N

OHOH

S
O

O
-O

S
O

O

O-

O

N
N

OH OH

S
O

O O-
S

O

O

-O

O

 

C34H26N6O19S4·xLi·xNa  

1006 
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CAS RN  
C.I. name 
or 
common 
name 

Chemical structure and chemical formula 
Molecular 

weight 
(g/mol) 

85223-35-4 
(102616-51-
3) 

NA 

Na+Na+Na+
Na+

O

O-

N
N N

N

S
O

O O-

OHHO

O

-O

N
NN

N

S
O

O

-O

HO OH  

 C39H28N8O14S2·xNa  

980 

90459-02-2 
(UVCB) NA N

N

N
N

SO3

N OH

SO3O3S SO3

N

OH

OH

N
N

O2N

Na
Na

K

K

 

C42H23N9O17S4·xNa·xK 

1178 

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index; NA, not available; UVCB, 
unknown or variable composition, complex reaction products, or biological materials  

Table A-4. Physical and chemical properties of the individual monoazo acid dyesa  
C.I. name or common 
name (CAS RN) Property Value Reference 

Tartrazine (1934-21-0) Melting point (°C) > 300 CHRIP ©2008 
Tartrazine (1934-21-0) Water solubility (mg/L) 38 000 at 2°C Marmion 1991 

Tartrazine (1934-21-0) Water solubility (mg/L)  200 000 at 25°C and 
60°C Marmion 1991 

Tartrazine (1934-21-0) Water solubility (mg/L) 300 000 Green 1990 
Tartrazine (1934-21-0) Log Kow −0.017 MITI 1992 

Tartrazine (1934-21-0) pKa 9.43–9.49 Pérez-Urquiza and 
Beltrán 2001 

Orange II (633-96-5) Melting point (°C) 164 Acros Organics 2009 
Orange II (633-96-5) Water solubility (mg/L) 50 000 O’Neil 2006 
Orange II (633-96-5) Water solubility (mg/L) 116 000 Acros Organics 2009 
Orange II (633-96-5) Log Kow 0.57  Tonogai et al. 1982 

Orange II (633-96-5) pKa 10.65–10.68 Pérez-Urquiza and 
Beltrán 2001 

Ponceau MX (3761-53-
3) Water solubility (mg/L) Insoluble HSDB 1983– 

 Water solubility (mg/L) Soluble  Acros Organics 2008b 
Ponceau MX (3761-53-
3) Water solubility (mg/L) 80 000 Green 1990 

Ponceau MX (3761-53-
3) Log Kow −0.08 Øllgaard et al. 1998 

Ponceau MX (3761-53-
3) pKa 11.26–11.61  Pérez-Urquiza and 

Beltrán 2001 
Amaranth (915-67-3) Melting point (°C) 218–220 CHRIP ©2008 
Amaranth (915-67-3) Water solubility (mg/L) 2000 CHRIP ©2008 
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C.I. name or common 
name (CAS RN) Property Value Reference 

Amaranth (915-67-3) Water solubility (mg/L) 60 000 Green 1990 
Amaranth (915-67-3) Water solubility (mg/L) Soluble in water HSDB 1983– 
Amaranth (915-67-3) Water solubility (mg/L) 66 667 at 26°C HSDB 1983– 
Amaranth (915-67-3) Water solubility (mg/L) 72 000 at 26°C HSDB 1983– 

Amaranth (915-67-3) pKa 10.47–10.49 Pérez-Urquiza and 
Beltrán 2001 

New Coccine (2611-82-
7) Water solubility (mg/L) 80 000 Green 1990 

New Coccine (2611-82-
7) pKa 11.04–11.19 Pérez-Urquiza and 

Beltrán 2001 
Metanil Yellow (587-98-
4) 

Water solubility (mg/L) Soluble (85% purity) Acros Organics 2008a 

Metanil Yellow (587-98-
4) Water solubility (mg/L) Soluble in cold water ScienceLab 2013 

Metanil Yellow (587-98-
4) Water solubility (mg/L) Soluble Ricca Chemical 

Company 2004 
Metanil Yellow (587-98-
4) Log Kow 0.7 Tonogai et al. 1982 

Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index; Kow, octanol–water partition 
coefficient; pKa, acid dissociation constant 
a Solubility and octanol–water partition coefficient expressed at standard temperatures (~25°C) except where 
indicated otherwise. 

Table A-5. Physical and chemical properties of the individual disazo and polyazo 
acid dyesa  
C.I. name or common name  
(CAS RN) Property Value Reference 

C.I. Acid Orange 156 (68555-
86-2) Water solubility (mg/L) 1 800  Brown and Anniker 

1988 
C.I. Acid Blue 113 (3351-05-
1) Water solubility (mg/L) 40 000  Green 1990  

C.I. Acid Blue 113 (3351-05-
1) Water solubility (mg/L) 100 000 at 30°C Dharma Trading Co. 

2009 
C.I. Acid Black 24 (3071-73-6) Water solubility (mg/L) 20 000 Green 1990 
Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index 
a Solubility expressed at standard temperatures (~25°C) except where indicated otherwise. 

Table A-6. Physical and chemical properties of the analogues of monoazo acid 
dyes used in the ecological assessmenta  
C.I. name or common name 
(CAS RN) Property Value Reference 

Acid Yellow 17 (6359-98-4) Water solubility (mg/L) 70 000  Ashraf et al. 2013 
Acid Yellow 17 (6359-98-4) pKa 5.5  Ashraf et al. 2013 
NA (22915-90-8) Water solubility (mg/L) 210 000 EPI Suite 2012 
C.I. Food Red 3 
 (3567-69-9) Melting point (°C) > 300  Green 1990 

C.I. Food Red 3 
 (3567-69-9) Water solubility (mg/L) 30 000 Green 1990  

C.I. Food Red 3 
 (3567-69-9) Water solubility (mg/L)  120 000 ChemicalLand21 

2010b 
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C.I. name or common name 
(CAS RN) Property Value Reference 

C.I. Food Red 3 
 (3567-69-9) Water solubility (mg/L) Soluble  HSDB 1983– 

Food Red 17 (25956-17-6) Melting point (°C) > 300 Hamchem 2013  
Food Red 17 (25956-17-6) Melting point (°C) 244 at 966 hPa  ECHA ©2007–2013 
Food Red 17 (25956-17-6) Melting point (°C) 300  ECHA ©2007–2013 
Food Red 17 (25956-17-6) Water solubility (mg/L) 4200 ECHA ©2007–2013 
Food Red 17 (25956-17-6) Water solubility (mg/L) 220 000 Marmion 2011 
Food Red 17 (25956-17-6) Water solubility (mg/L) 225 000 O’Neil 2006 
Food Red 17 (25956-17-6) Water solubility (mg/L) Soluble Lewis, 2007 
Food Red 17 (25956-17-6) Log Kow −1.283 ECHA ©2007–2013 

Food Red 17 (25956-17-6) pKa 
2.43 × 10−6 – 
2.47 × 10−6 ECHA ©2007–2013 

Acid Orange 10 (1936-15-8)  Melting point (°C) 141 ChemicalBook 2008 
Acid Orange 10 (1936-15-8) Water solubility (mg/L) 80 000 Green 1990 
Acid Orange 10 (1936-15-8) Water solubility (mg/L) 50 000 at 20ºC ChemicalBook 2008 
Acid Orange 10 (1936-15-8) pKa 11.5 Haag and Mill 1987 
Acid Red 1, disodium salt 
(3734-67-6)  Water solubility (mg/L) Soluble ChemicalLand21 

2010a  
Food Yellow 3 (2783-94-0) Melting point (°C) 350  ECHA ©2007–2013 
Food Yellow 3 (2783-94-0) Melting point (°C) 390  HSDB 1983– 
Food Yellow 3 (2783-94-0) Water solubility (mg/L) 4 000 at 26°C  ECHA ©2007–2013 
Food Yellow 3 (2783-94-0) Water solubility (mg/L) 190 000 at 25°C  HSDB 1983– 
Food Yellow 3 (2783-94-0) Water solubility (mg/L) Soluble in water O’Neil 2006 
Food Yellow 3 (2783-94-0) Log Kow −0.244 ECHA ©2007–2013 
Food Yellow 3 (2783-94-0) pKa 1.375 × 10−9 ECHA ©2007–2013 
Ponceau SX (4548-53-2)  Water solubility (mg/L) Soluble NTP 1992 
Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index Kow, octanol–water partition 
coefficient; NA, not available; pKa, acid dissociation constant  
a Solubility and octanol–water partition coefficient expressed at standard temperatures (~25°C) except where 
indicated otherwise. 

 Table A-7. Physical and chemical properties of the analogues of disazo acid dyes 
used in the ecological assessmenta  
C.I. name or common name 
(CAS RN) 

Property Value Reference 

NA (3564-27-0) Water solubility (mg/L) 40 000 EPI Suite 2012 
Direct Red 81 (2610-11-9) Melting point (°C) 240 EPI Suite 2012 
C.I. Food Black 1 (2519-30-4) Water solubility (mg/L) 30 000  EPI Suite 2012 

C.I. Food Black 1 (2519-30-4) Water solubility (mg/L) Partly miscible Santa Cruz 
2009 

C.I. Food Black 1 (2519-30-4) Vapour pressure (Pa) Negligible Santa Cruz 
2009 

Direct Yellow 50 (3214-47-9)  Water solubility (mg/L) Partly miscible Santa Cruz 
2010 

Direct Yellow 50 (3214-47-9) Vapour pressure (Pa) Negligible Santa Cruz 
2010 

NA (4553-89-3) Water solubility (mg/L) 180 000 Vinayak 2013 
Acid Black 1 (1064-48-8)  Melting point (°C) > 350  SCCS 2010 
Acid Black 1 (1064-48-8) Water solubility (mg/L) 10 000 at 25°C Fisher 2012 
Acid Black 1 (1064-48-8) Water solubility (mg/L) > 3%  SCCS 2010 
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C.I. name or common name 
(CAS RN) 

Property Value Reference 

Acid Black 1 (1064-48-8) Log Kow −4.53 SCCS 2010 
Acid Black 1 (1064-48-8) Log Kow 1.2 SCCS 2010 
Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index; Kow, octanol–water partition 
coefficient; NA, not available 
a Solubility, octanol–water partition coefficient and vapour pressure expressed at standard temperatures (~25°C) 
except where indicated otherwise. 

Table A-8. Physical and chemical properties of the analogues of polyazo acid 
dyes used in the ecological assessmenta  
C.I. name or common name 
(CAS RN) 

Property Value Reference 

Acid Black 1 (1064-48-8)  Melting point (°C) > 350  SCCS 2010 
Acid Black 1 (1064-48-8) Water solubility (mg/L) 10 000 at 25°C Fisher 2012 
Acid Black 1 (1064-48-8) Water solubility (mg/L) > 3%  SCCS 2010 
Acid Black 1 (1064-48-8) Log Kow −4.53 SCCS 2010 
Acid Black 1 (1064-48-8) Log Kow 1.2 SCCS 2010 
Abbreviations: CAS RN, Chemical Abstracts Service Registry Number; C.I., Colour Index; Kow, octanol–water partition 
coefficient; NA, not available 
a Solubility, octanol–water partition coefficient and vapour pressure expressed at standard temperatures (~25°C) 
except where indicated otherwise. 
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Appendix B. Ecological Aquatic Exposure Calculations for Azo Acid 
Dyes 

 

The aquatic predicted environmental concentrations (PECs) of the Azo Acid Dyes at 
each site were estimated by following their flow path from a release point at a facility to 
a point of entry to the aquatic compartment. The first step in the calculations was to 
estimate the daily use quantity of the Azo Acid Dyes at a facility. This estimate was 
derived from an annual use quantity reported in the CEPA section 71 survey (Canada 
2011). For each of the 72 facilities identified as the industrial users of theAzo Acid Dyes, 
the annual use quantity ranged from 100 to 50 000 kg/year: 

Annual use quantity of Azo Acid Dyes at a facility = 100–50 000 kg/year 

To estimate a daily use quantity from an annual use quantity, a method provided in the 
EC (2003b) Technical Guidance Document on Risk Assessment (Part II) was used. This 
method was applicable to the chemical industry and was judged to cover the formulation 
and industrial uses of the Azo Acid Dyes, except for textile dyeing. By this method, the 
number of annual operation days is given by the following equation (EC, 2003b): 

Number of annual operation days 

= 2Q for annual use quantity of 10 000 kg/year or less 

= Q for annual use quantity over 10 000 kg/year but under 50 000 kg/year 

where Q is annual use quantity expressed in tonne/year. 

If q is used to represent the annual use quantity in kg/year (note that q = 1000Q), the 
daily use quantity of the Azo Acid Dyes at a facility is determined by dividing the annual 
use quantity at a facility by the number of operation days: 

 

Daily use quantity of Azo Acid Dyes 

= Annual use quantity of acid dyes at a facility / Number of annual operation days 

= q / Number of annual operation days 

= 1000Q (kg) / Number of annual operation days 

= 1000Q (kg) / 2Q (days) = 500 kg/day for annual use quantity of 10 000 kg/year 
or less 
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= 1000Q (kg) / Q (days) = 1000 kg/day for annual use quantity over 10 000 
kg/year but under 50 000 kg/year 

In cases where an annual use quantity is less than 500 kg/year, an estimated daily use 
quantity of 500 kg/day is an obvious overestimate. To correct this overestimate, the 
daily use quantity was conservatively assumed to equal the reported annual use 
quantity when the latter was under 500 kg/year. 

For textile dyeing, the daily use quantity of the Azo Acid Dyes at a mill was unknown 
and was therefore estimated from literature data. According to US EPA (1994), a typical 
dyelot consisted of 454 kg of textile and was completed within 6 hours from batch 
dyeing or 8 hours from continuous dyeing. When a mill operated three shifts or 24 
hours/day, the maximum number of dyelots completed per day would be four dyelots, 
and the quantity of textile dyed per day would be 1816 kg/day (454 kg/dyelot × 4 
dyelots/day), as determined for batch dyeing. A typical dye use rate of 0.02 kg of dyes 
per kilogram of textile (Cai et al. 1999) was employed to estimate the daily use quantity 
of the Azo Acid Dyes at one mill: 

Daily use quantity of Azo Acid Dyes used at one mill 

= Daily quantity of textile dyed × Dye use rate 

= 1816 kg/day × 0.02 kg/kg = 36 kg/day 

The results for the daily use quantity of the Azo Acid Dyes were then summarized: 

Daily use quantity of Azo Acid dyes at a facility 

= Annual use quantity for facilities each using < 500 kg/year, excluding textile 
dyeing 

= 500 kg/day for facilities each using 500–10 000 kg/year, excluding textile 
dyeing 

= 1000 kg/day for facilities each using 10 000–50 000 kg/year, excluding textile 
dyeing 

= 36 kg/day for textile dyeing facilities 

The number of annual operation days involved with the Azo Acid Dyes was then 
estimated by dividing the annual use quantity at a facility by the daily use quantity: 

 

Number of annual operation days involved with Azo Acid Dyes 



 

147 

 

= Annual use quantity of acid dyes at a facility / Daily use quantity of Azo Acid 
Dyes at a facility 

As an example, the number of annual operation days involved with the Azo Acid Dyes 
was estimated as follows for a hypothetical annual use quantity of 1000 kg/year at a 
food production facility: 

Number of annual operation days involved with Azo Acid Dyes 

= Annual use quantity of Azo Acid Dyes at a facility / Daily use quantity of acid 
dyes at a facility 

= 1000 kg/year / 500 kg/day 

= 2 days/year 

In the second step, the daily release quantity of the Azo Acid Dyes from a facility was 
estimated based on emission factors to raw industrial wastewater. These emission 
factors were obtained from several emission scenario documents from the Organisation 
for Economic Co-operation and Development (OECD). The default emission factor from 
process equipment cleaning was reported as 2% (OECD 2011). This value was judged 
not to be applicable to textile or leather dyeing facilities. The textile dyeing facilities had 
a higher emission factor for Azo Acid Dyes, in the range of 2–15%, due to unfixed 
dyestuffs from dyeing operations (OECD 2004a). The maximum 15% emission factor 
was selected for conservative exposure estimates. The leather dyeing facilities also had 
a higher emission factor for acid dyes, at 20%, for the same reason (OECD 2004c). This 
20% was selected. The remaining facilities were not expected to incur losses similar to 
those from textile or leather dyeing, and the emission factor to raw industrial wastewater 
for these facilities was assumed to equal the 2% default loss from process equipment 
cleaning. Therefore: 

Emission factor to wastewater 

= 15% for textile dyeing facilities from unfixed dyes 

= 20% for leather dyeing facilities from unfixed dyes 

= 2% for all other facilities from equipment cleaning 

The daily release quantity of the Azo Acid Dyes to wastewater from a facility was 
estimated by multiplying the facility’s daily use quantity of the Azo Acid Dyes by the 
appropriate emission factor to raw industrial wastewater. For example, the daily release 
quantity of the Azo Acid Dyes to raw industrial wastewater from a food production 
facility with a daily use quantity of 500 kg/day was estimated as follows: 
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Daily release quantity of Azo Acid Dyes to raw industrial wastewater at a facility 

= Daily use quantity of Azo Acid Dyes at a facility × Emission factor to 
wastewater 

= 500 kg/day × 2% 

= 10 kg/day for a food production facility with a daily use quantity of 500 kg/day 

It was unknown whether or not on-site industrial wastewater treatment was used at 
each of the 72 facilities. In the absence of this information, it was conservatively 
assumed that there was no on-site wastewater treatment. Thus, the daily release 
quantity to raw industrial wastewater at a facility was equal to the release quantity to a 
publicly-owned wastewater treatment system. 

The third step was to estimate the concentrations of the Azo Acid Dyes in influent and 
effluent of the publicly-owned wastewater treatment system. The concentration in 
influent depends upon the flow of a publicly-owned wastewater treatment system. As an 
example, for a  wastewater treatment system with a flow of 40 000 000 L/day, the 
concentration of the acid dyes in wastewater influent can be estimated as follows for the 
food production facility releasing 10 kg/day of the Azo Acid Dyes to sewer: 

Concentration of Azo Acid Dyes in wastewater influent of publicly-owned 
wastewater treatment system 

= Daily release quantity of Azo Acid Dyes to sewer / Flow of publicly-owned 
wastewater treatment system 

= 10 kg/day / 40 000 000 L/day = 2.5 × 10−7 kg/L = 250 µg/L 

The removal of the Azo Acid Dyes through wastewater treatment systems was expected 
to be limited. Since they were highly water soluble and unlikely to be volatile, their 
removal by sludge sorption and volatilization was expected to be low, although certain 
sludge sorption is possible due to the electrostatic bonding of the ionizable Azo Acid 
Dyes with solids. Available ready biodegradation tests showed that the acid dyes were 
either not biodegradable or biodegraded to a limited extent in aerobic conditions. 
Biodegradation is more likely under anaerobic conditions. This limited biodegradability 
would likely translate into some limited biodegradation removal under wastewater 
treatment conditions. However, as a conservative estimate, the removal of the Azo Acid 
Dyes by wastewater treatment systems via sludge sorption, volatilization and 
biodegradation was assumed to be zero: 

Removal of Azo Acid Dyes by wastewater treatment = 0% 
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Many of the 72 facilities were located in municipalities served by lagoons. These 
lagoons contained large volumes of water and had long hydraulic retention times. The 
retention time of a lagoon was in weeks to months, according to field data collected 
through the Chemicals Management Plan’s (CMP) Monitoring and Surveillance 
Program at Environment Canada (Smyth 2012). The implication of a long retention time 
was that the Azo Acid Dyes entering a lagoon within a relatively short duration were 
subject not only to removal, although it was assumed to be 0% in the case of the Azo 
Acid Dyes, but also to dilution. As a result, the concentration of the Azo Acid Dyes in the 
lagoon effluent was reduced by lagoon dilution. 

No quantitative method was available to determine the degree of lagoon dilution. 
Nevertheless, the ratio of a lagoon’s retention time to a substance’s release duration 
could be considered as the maximum dilution, because the ratio was equivalent to the 
full dilution or the volume ratio of the entire lagoon water to the wastewater containing a 
specific substance. As an estimate, the lagoon retention time in weeks to months was 
interpreted as 42 days (6 weeks) to 84 days (12 weeks), with an average of 63 days. 
The full lagoon dilution was then determined by dividing this average by an appropriate 
release duration for a given facility. 

For example, the wastewater treatment system for the food production facility was a 
lagoon. The release duration from the facility with a daily use quantity of 500 kg/day 
would be 2 days when the annual use quantity of the Azo Acid Dyes at the facility was 
1000 kg/year. The dilution in the lagoon was then determined as 

Lagoon dilution 

= Average lagoon hydraulic retention time / Release duration 

= 63 days / 2 days 

= 31.5 

Such dilution was, however, not expected in primary or secondary treatment systems, 
because their hydraulic retention times were short, typically in hours. 

The concentration of the Azo Acid Dyes in wastewater effluent was determined to be 
equal to the concentration in wastewater influent for primary and secondary wastewater 
treatment because of zero removal. For lagoons, the concentration in wastewater 
effluent was estimated by dividing the concentration in the wastewater influent by the 
lagoon dilution. For example, the concentration of Azo Acid Dyes in the lagoon’s effluent 
associated with the food production facility was estimated as: 

Concentration of Azo Acid Dyes in a lagoon’s effluent 

= Concentration of Azo Acid Dyes in wastewater influent / Lagoon dilution 
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= 250 µg/L / 31.5 

= 7.9 µg/L 

It should be noted that the influent and effluent flows of a wastewater treatment system 
were assumed to be equal in all concentration calculations. For the sake of 
convenience, they were also referred to as the flow of a wastewater treatment system. 

The fourth and last step was to estimate the aquatic PEC by applying the receiving 
water dilution to the effluent concentration. Since the aquatic PEC was assessed near 
the discharge point, the receiving water dilution selected should also be applicable to 
this condition. The full dilution potential of a river was considered appropriate if it was 
between 1 and 10, based on its 10th percentile flow. Otherwise, the dilution was kept at 
10 for both large rivers and still waters. 

For example, the lagoon in the municipality where the food production facility was 
located had a flow of 40 000 000 L/day. Its receiving water was a river with a 10th 
percentile flow of 484 000 000 L/day. Thus, the dilution factor of the receiving water was 
calculated as 12.1 (484 000 000 L/day / 40 000 000 L/day). Since this dilution factor 
was over the maximum value of 10 for dilution at the discharge point, the latter was 
used to derive the aquatic PEC: 

Aquatic PEC 

= Concentration of Azo Acid Dyes in a lagoon’s effluent / Receiving water dilution 
factor 

= 7.9 µg/L / 10 

= 0.79 µg/L 

When more than one facility discharged to the same wastewater treatment system at a 
given site, the aquatic PECs for the site were calculated as a range. The lower end of 
this range corresponded to the lowest of the concentrations in the receiving water 
estimated individually from each single facility. The higher end was the sum of all these 
individual concentrations. The range represented various discharge possibilities, from 
no discharge overlaps to maximum discharge overlaps. For example, there were two 
facilities at Site 3. The concentrations of the Azo Acid Dyes in the receiving water were 
estimated as 0.8 µg/L and 5.1 µg/L. The aquatic PECs for this site were then estimated 
in the range of 0.8 to 5.1 µg/L. 
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Appendix C. Summary of Dietary Exposure Estimates 
 
Dietary exposure estimates for Amaranth and Tartrazine were generated using a tiered 
approach, beginning with the calculation of single-day intakes. Single-day intakes can 
overestimate long-term consumption, particularly at the higher percentiles of the 
distribution, as they do not take into account the frequencies of consumption of different 
foods. Single-day intakes that are well below the Acceptable Daily Intake (ADI) are 
considered sufficient for characterizing risk. However, when single-day intakes are close 
to or exceed the ADI, long-term intakes should be calculated in order to improve 
confidence in the risk characterization. As long-run averages7 of single-day intakes for 
the Canadian population were not available, “usual intakes”, which make adjustments 
for frequency of food consumption by using a second 24-hour recall event, can be 
calculated.   
 
The single-day estimates of exposure to Tartrazine were well below the ADI and so it 
was not considered necessary to calculate usual intakes for that compound; however, 
the single-day estimates of exposure to Amaranth at the 90th percentile were sufficiently 
close to the ADI for certain age groups to warrant the calculation of usual intakes in 
order to improve confidence in the risk characterization. 
 
For both exposure assessments, the amount of food and beverages consumed by the 
Canadian population and the frequency of consumption were obtained from the 
Canadian Community Health Survey (CCHS), Cycle 2.2: Nutrition (Statistics Canada 
2004). This 24-hour dietary recall survey was carried out in 2004–2005. Using a 
stratified multistage cluster design, it obtained a sample size of 35 107 respondents of 
all ages living in private occupied dwellings in all ten provinces. A second 24-hour recall 
was conducted on a subset of respondents from each age-sex group, comprising 
approximately 29% of respondents — a proportion selected to provide enough data on 
within-person consumption variability while minimizing the costs associated with 
additional interviews. This additional day of exposure is designed to be used in the 
calculation of “usual intakes”.  Measured body weights were used in deriving dietary 
exposures where possible, and self-reported body weights were used otherwise. 
Individuals under the age of two years did not have either measured or reported body 
weights, so weights were taken from the US Department of Agriculture Continuing 
Survey of Food Intakes by Individuals Survey (1994–1996,1998) for ages 0 to 23 
months.  
 
Where possible, maximum use-levels were obtained using the highest value reported in 
the data made available from the food industry (2013-14, personal communications 
between industry associations and Health Canada's Food Directorate; unreferenced) or 

                                            

7 A long-run average looks at what is eaten every day as this varies from day-to-day. However, this is not practical to 
measure, therefore, two-day averages, referred to as “usual intakes”, are used as an approximation.  
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from the Canadian Food Inspection Agency’s (CFIA) Food Safety Action Plan targeted 
surveys on food colours (CFIA 2010, 2011). In the absence of such information, the 
maximum use-levels were based, where possible, on data submitted to Health 
Canada’s Bureau of Chemical Safety in response to a call for data issued in July 1976. 
Otherwise, the maximum permitted use levels of Amaranth and Tartrazine found in the 
List of Permitted Colouring Agents were applied.  
 
Two additional conservative assumptions were made in generating the exposure 
estimates. First, for specific foods for which the levels of use currently employed by 
industry were not available, the highest level of Amaranth or Tartrazine used in that 
category of foods was applied across the entire category. Second, when a food that 
contained Amaranth or Tartrazine was identified, it was assumed that all individuals 
consuming that food select the Amaranth or Tartrazine-containing version. 
 
Amaranth 
A distribution of exposure estimates for Amaranth was generated based on those 
respondents in the CCHS who consumed foods likely to contain Amaranth on the first 
day of the 24-hour recall survey, and was adjusted to usual intakes using factors 
specific to each age-sex group; these adjustment factors take into account, and attempt 
to minimize, the within-person component of variability as calculated from those 
individuals who reported consuming foods likely to contain Amaranth on both days of 
the survey using an adaptation of the method described by the US National Research 
Council in 1986 and reported in Karpinski and Nargundkar (1992).8  Exposure estimates 
were adjusted for consumers only and then combined with those of non-consumers9 to 
provide an all-persons sample of usual intakes from which the mean and 90th 
percentiles were calculated. 
  
Tartrazine 
A distribution of single-day exposure estimates for Tartrazine was generated based on 
those respondents in the CCHS who consumed foods likely to contain Tartrazine on the 
first day of the 24-hour recall survey. The single-day estimates are considered to be 
conservative, because they are likely to overestimate long-term exposure to Tartrazine, 
especially at the upper percentiles, and also due to the assumptions described above 
(2013 email from Food Directorate, Health Canada, to Existing Substances Risk 
Assessment Bureau, Health Canada; unreferenced).  
 
Table C-1 summarizes the dietary exposure estimates by age group. Tables C-2 and C-
3 outline the maximum identified use-levels of Amaranth and Tartrazine, respectively, 

                                            

8 Karpinski, K. and Nargundkar, M. (1992) Nova Scotia Nutrition Survey Methodology Report. Technical Document 
#E451311-001, Bureau of Biostatistics and Computer Applications, Food Directorate, Health Canada; 
National Research Council. (1986) Nutrient Adequacy. National Academy Press, pp 16-25. 

9 A non-consumer is a person who did not eat a food that could have contained Amaranth on that day 
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for the different food commodities used in generating these exposure estimates, and 
also list an estimate of the associated percent contribution of each food to overall 
dietary exposure to each substance. 
 
Table C-1. Estimated dietary exposures (mg/kg-bw per day) of various age groups 
on an all-persons basisa 

Azo Acid 
Dye Metric 

Toddlers 
0.5–4 
years 

Children  
5–11 
years 

Teens 
12–19 
years 

Adults 
20–59 
years 

Seniors 
60+ years 

Amaranthb mean 0.21 0.21 0.08 0.02 0.01 

Amaranthb 90th 
percentile 0.54 0.49 0.23 0.08 0.04 

Tartrazine mean 0.9 1.0 0.7 0.4 0.2 

Tartrazine 90th 
percentile 2.0 2.0 1.5 0.9 0.5 

a Statistics Canada requires estimates published from the CCHS data to meet two requirements: firstly, a sample size 
for any given estimate of 30 or more respondents, and secondly, a coefficient of variation < 33.3%. As a result of 
these requirements, estimates for infants (< 0.5 years of age) were excluded from the tables for this section. 
b Usual intake of Amaranth was calculated using an adaptation of the method described by the US National Research 
Council in 1986 (US NRC 1986) and reported in Karpinski and Nargundkar (1992). Intakes were adjusted for 
consumers only and combined with the non-consumers to provide an all-persons sample of usual intakes to calculate 
the mean and 90th percentile of Amaranth intake. As the exposure estimates for Tartrazine and Amaranth involve 
different levels of refinement (single-day and usual intakes, respectively), they are not directly comparable. 
 
Table C-2. Maximum identified use-levels for the different food commodities used 
in estimating dietary exposures and the associated mean percent contribution to 
total dietary exposure to Amaranth on an all ages, all-persons basis 

Food category 
Maximum 
identified use-
level (µg/g)a 

% contribution 

Non-alcoholic beverages and beverages from 
mixes/concentrates and edible ices other than dairy 
ices, excluding teas and coffee 

45 – 89 50 

Alcoholic beverages, excluding certain alcoholic 
beverages based on their regulatory standards of 
identity 

300 11 

Flavoured milk and milk products 1 – 50 10 
Desserts, dessert mixes, toppings, topping mixes, 
fillings, filling mixes 99.5 7 

Baked goods/bakery mixes 36 7 
Jams and jelly products 100 4 
Cultured dairy products 15 4 
Condiments, dressings/dressing mixes, 
sauces/sauce mixes, gravy/gravy mixes 1 – 300 3 

Ice cream, ice milk, sherbets and related ices 53 2 
Confectionery/candy/cake decorations/icings 47 - 300 2 
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Rice products and alimentary pastes 300 2 
Snack foods 100 – 300 <1 
Smoked fish, lobster pastes and fish roe (caviar), 
and blends of prepared fish and fish meat  20 < 1 

Fruit peel, glacé fruits and maraschino cherries 40 < 1 
Breakfast cereals 0 0 
a Categories represent a number of different individual foods. As the maximum levels of use are specific to subgroups 
within each category, there may be more than one maximum use level in each category presented here.  Not all 
foods within a food category were identified to contain Amaranth. Non-use of Amaranth is not reflected in this column. 
 
 
Table C-3. Maximum identified use-levels for the different food commodities used 
in estimating dietary exposures and the associated mean percent contribution to 
total dietary exposure to Tartrazine on an all ages, all-persons basis 

Food category 
Maximum 
identified use 
level (µg/g) 

% contribution 

Non-alcoholic beverages and beverages from 
mixes/concentrates and edible ices other than dairy 
ices, excluding teas and coffee 

38.5 35 

Condiments, dressings/dressing mixes, 
sauces/sauce mixes, gravy/gravy mixes 300 22 

Snack foods 300 11 
Ice cream, ice milk, sherbets and related 100 6 
Confectionery/cake decorations/icings 300 6 
Baked goods/bakery mixes 104 5 
Breakfast cereals 181 5 
Alimentary pastes and instant potato products 20 3 
Soups, condensed soups, dried soup mixes 15 3 
Alcoholic beverages, excluding certain alcoholic 
beverages based on their regulatory standards of 
identity 

300 1 

Desserts, dessert mixes, toppings, topping mixes, 
fillings, filling mixes 37.9 1 

Jams and jelly products 50 1 
Concentrated fruit juices 20 < 1 
Cultured dairy products 1 < 1 
Smoked fish, lobster pastes and fish roe (caviar), 
and blends of prepared fish and fish meat 85 < 1 

Dairy product analogues 1 < 1 
Fruit peel, glacé fruits and maraschino cherries 9.2 < 1 
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Appendix D. Estimated Exposures from Use of Products 
 

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

Infant (0–6 months): 7.5 kg 
Toddler (0.5–4 years): 15.5 kg 
Child (5–11 years): 21.0 kg 
Teenager (12–19 years): 59.4 kg 
Adult (20–59 years): 70.9 kg 
Senior (60+ years): 72.0 kg 

Estimated Oral Exposures to Amaranth, Orange II and Tartrazine from Use of 
Products  

Estimated oral exposures from products are indicated below. Exposures were estimated 
for an adult unless specified otherwise. Concentrations are based on notifications 
submitted under the Cosmetic Regulations to Health Canada (2011 and 2013 emails 
from Consumer Product Safety Directorate, Health Canada to Existing Substances Risk 
Assessment Bureau, Health Canada; unreferenced) and from Health Canada 
databases (LNHPD 2015; NMID 2011). Exposures to droplets of spray products that 
would typically be cleared via the gastrointestinal tract are considered to be negligible 
relative to exposures listed in Table D-1. 
 
Table D-1. Upper-bounding estimated oral exposures to Amaranth, Orange II and 
Tartrazinea from use of cosmetics and non-prescription drugs at the cosmetic-
drug interface 
Azo Acid 
Dye 

Exposure 
scenario 

Concentration 
(%) 

Daily exposure 
(mg/kg-bw per day) 

Per event 
(mg/kg-bw) 

Amaranth Lipstick ≤ 3 1.02 × 10−2 4.23 × 10−3 

Amaranth Lip balm 
(toddler) ≤ 0.3 1.13 × 10−3 1.94 × 10−3 

Amaranth Toothpaste ≤ 0.1 2.26 × 10−3 1.13 × 10−3 
Orange II Lipstick ≤ 0.1 3.39 ×10−4 1.41 × 10−4 

Tartrazine Face paint 
(toddler) ≤ 3 N/A 0.41 

Tartrazine Lipstick ≤ 30 0.10 4.23 × 10−2 

Tartrazine Lip balm 
(toddler) ≤ 30 0.11 0.19 

Tartrazine Mouthwash ≤ 0.1 5.64 × 10−2 1.41 × 10−2 
Tartrazine Toothpaste ≤ 0.1 2.26 × 10−3 1.13 × 10−3 
Tartrazine Toothpaste ≤ 0.1 6.84 × 10−2 3.42 × 10−2 
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Azo Acid 
Dye 

Exposure 
scenario 

Concentration 
(%) 

Daily exposure 
(mg/kg-bw per day) 

Per event 
(mg/kg-bw) 

(toddler) 
Abbreviation: N/A, not applicable 
a For clarification, only Tartrazine (not Amaranth and Orange II) was identified as an ingredient in certain non-
prescription drugs at the cosmetic-drug interface. 

 

Estimated Dermal Exposures to Amaranth, New Coccine, Orange II and Tartrazine 
from Use of Products  

Estimated dermal exposures from products are indicated in Tables D-2 to D-5. 
Exposures were estimated for an adult unless specified otherwise. Concentrations are 
based on notifications submitted under the Cosmetic Regulations of Health Canada 
(2011 and 2013 emails from the Consumer Product Safety Directorate, Health Canada 
to the Existing Substances Risk Assessment Bureau, Health Canada; unreferenced) 
and from Health Canada databases (LNHPD 2015; NMID 2011). 
 
Table D-2. Upper-bounding estimated dermal exposures to Amaranth from use of 
cosmetic products 

Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per day) 

Per event 
exposure 
(mg/kg-bw) 

Aftershave ≤ 0.1 1.13 × 10−2 1.69 × 10−2 
Anti-wrinkle cream ≤ 0.1 3.05 × 10−2 1.69 × 10−2 
Bath products: oil  ≤ 0.3 N/A 5.32 × 10−5 
Bath products: oil (infant) 0.1–0.3 N/A 9.29× 10−5 
Bath products: salts  ≤ 1 N/A 4.97 × 10−5 
Body moisturizer  ≤ 0.1 6.83 × 10−2 6.21 × 10−2 
Douches  ≤ 0.1 N/A 2.82 × 10−2 
Face 
exfoliation/scrub/peeling 
cream or gel  

≤ 0.1 N/A 1.69 × 10−3 

Face mask/pack  ≤ 0.1 N/A 2.82 × 10−2 
Facial makeup  ≤ 0.3 2.83 × 10−2 2.28 × 10−2 
Hair conditioner  ≤ 0.1 2.03 × 10−3 1.85 × 10−3 
Hair dye – non-spray/wash-
in; semi-permanent  ≤ 0.1 N/A 4.94 × 10−2 

Hair dye spray – temporary 
(child) ≤ 0.1 N/A 1.86 × 10−2 

Hair gel  ≤ 0.3 4.71 × 10−3 8.04 × 10−3 
Hair shampoo  ≤ 0.3 5.49 × 10−3 4.99 × 10−3 
Hair spray  ≤ 0.3 1.98 × 10−2 1.31 × 10−2 
Hand sanitizer (salon 1–3 N/A 4.23 × 10−1 
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Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per day) 

Per event 
exposure 
(mg/kg-bw) 

product) 
Mascara  ≤ 0.1 2.84 × 10−4 4.23 × 10−4 
Nail polish  1–3 9.04 × 10−3 2.12 × 10−2 
Shaving cream for men’s face  ≤ 0.1 5.64 × 10−4 5.64 × 10−4 
Soap liquid: showering  ≤ 1 3.69 × 10−3 4.09 × 10−3 
Soap liquid: washing hands  ≤ 0.1 2.35 × 10−4 4.70 × 10−5 
Soap solid: showering  ≤ 0.1 2.97 × 10−4 3.29 × 10−4 
Spray perfume ≤ 0.3 2.37 × 10−2 1.40 × 10−2 
Tanning product (former use) ≤ 1 N/A 6.2 × 10−1 
Abbreviation: N/A, not applicable 
 
Table D-3. Upper-bounding estimated dermal exposures to New Coccine from use 
of cosmetic products 

Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per day) 

Per event 
exposure 
(mg/kg-bw) 

Aftershave  ≤ 0.1 1.13 × 10−2 1.69 × 10−2 
Anti-wrinkle cream ≤ 0.1 3.05 × 10−2 1.69 × 10−2 
Bath products: foam  ≤ 1 N/A 1.36 × 10−3 
Bath products: oil  ≤ 1 N/A 1.77 × 10−4 
Bath products: salts  ≤ 1 N/A 4.97 × 10−4 
Body moisturizer  ≤ 1 6.83 × 10−1 6.21 × 10−1 
Depilatory cream  ≤ 0.1 N/A 7.76 × 10−3 
Douches  ≤ 0.1 N/A 2.82 × 10−2 
Essential oil: massage  ≤ 0.1 N/A 1.13 × 10−1 
Face cream  ≤ 0.1 3.05 × 10−2 1.69 × 10−2 
Face mask/pack  ≤ 0.1 N/A 2.82 × 10−2 
Facial cleanser  ≤ 0.1 5.87 × 10−4 3.67 × 10−4 
Facial makeup  ≤ 0.3 2.83 × 10−2 2.28 × 10−2 
Hair conditioner  ≤ 0.3 6.10 × 10−3 5.54 × 10−3 
Hair dye – non-spray/wash-in; 
permanent  ≤ 1 N/A 1.41 

Hair dye – non-spray/wash-in; 
semi-permanent ≤ 1 N/A 4.94 × 10−1 

Hair dye spray – temporary 
(child) ≤ 3 N/A 5.59 × 10−1 

Hair gel  ≤ 0.3 4.71 × 10−3 8.04 × 10−3 
Hair perm  ≤ 0.1 N/A 1.13 × 10−1 
Hair shampoo  ≤ 1 1.83 × 10−2 1.66 × 10−2 
Hair spray  ≤ 0.1 6.59 × 10−3 4.36 × 10−3 
Leave-in hair conditioner  1–3 6.10 × 10−1 5.54 × 10−1 
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Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per day) 

Per event 
exposure 
(mg/kg-bw) 

Manicure preparation cream  ≤ 0.1 1.02 × 10−2 2.40 × 10−2 
Mascara  1–10 2.84 × 10−2 4.23 × 10−2 
Nail polish  ≤ 0.1 3.01 × 10−4 7.05 × 10−4 
Scalp lotion  ≤ 0.1 3.05 × 10−2 1.69 × 10−2 
Shaving cream for men’s face  ≤ 0.1 5.64 × 10−4 5.64 × 10−4 
Soap liquid: showering  ≤ 1 3.69 × 10−3 4.09 × 10−3 
Spray perfume  ≤ 0.3 2.37 × 10−2 1.40 × 10−2 
Tanning product (former use) 0.3–1 N/A 1.4 
Temporary tattoo (child) ≤ 0.1 N/A 3.76 × 10−5 
Abbreviation: N/A, not applicable  
 
Table D-4. Upper-bounding estimated dermal exposures to Orange II from use of 
cosmetic products 

Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per 
day) 

Per event 
exposure 
(mg/kg-bw) 

Aftershave  ≤ 0.1 1.13 × 10−2 1.69 × 10−2 
Anti-wrinkle cream ≤ 0.1 3.05 × 10−2 1.69 × 10−2 
Bath products: oil  ≤ 1 N/A 1.77 × 10−4 
Bath products: salts  ≤ 1 N/A 4.97 × 10−4 
Blush ≤ 1 2.37 × 10−2 1.97 × 10−2 
Body moisturizer  ≤ 0.1 6.83 × 10−2 6.21 × 10−2 
Deodorant/antiperspirant solid  ≤ 0.1 1.10 × 10−2 8.46 × 10−3 
Douches  ≤ 0.1 N/A 2.82 × 10−2 
Essential oil: massage  ≤ 0.3 N/A 3.39 × 10−1 
Eye shadow  ≤ 0.1 1.52 × 10−4 1.27 × 10−4 
Face cream ≤ 0.1 3.05 × 10−2 1.69 × 10−2 
Face exfoliation/scrub/peeling 
cream or gel  ≤ 0.1 N/A 1.69 × 10−3 

Face mask/pack  ≤ 0.3 N/A 8.46 × 10−2 
Facial cleanser  ≤ 0.1 5.87 × 10−4 3.67 × 10−4 
Facial makeup (former use) ≤ 3 2.83 × 10−1 2.28 × 10−1 
Foot soak: oil or cream  ≤ 0.1 N/A 1.38 × 10−6 

Genitalia cream ≤ 0.1 N/A 1.41 × 10−1 
Hair bleach  ≤ 1 N/A 2.82 × 10−1 
Hair colour (temporary) ≤ 30 1.58 × 10−2 7.19 × 10−1 
Hair conditioner  ≤ 0.1 2.03 × 10−3 1.85 × 10−3 
Hair dye – non-spray/wash-in; 
permanent  ≤ 10 N/A 14.1 

Hair dye – non-spray/wash-in; 
semi-permanent ≤ 10 N/A 4.94 
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Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per 
day) 

Per event 
exposure 
(mg/kg-bw) 

Hair dye spray (temporary) 
(child) ≤ 3 NA 5.59 × 10−1 

Hair gel  ≤ 0.1 1.57 × 10−3 2.68 × 10−3 
Hair mousse  ≤ 0.1 2.54 × 10−3 2.82 × 10−3 
Hair shampoo  ≤ 0.1 1.83 × 10−3 1.66 × 10−3 
Hair shampoo (infant) ≤ 0.1 9.33 × 10−5 6.67 × 10−4 
Hair spray  ≤ 0.1 6.60 × 10−3 4.36 × 10−3 
Nail polish  ≤ 3 9.04 × 10−3 2.12 × 10−2 
Scalp lotion  ≤ 0.1 3.05 × 10−2 1.69 × 10−2 
Shaving cream for men’s face  ≤ 1 5.64 × 10−3 5.64 × 10−3 
Soap liquid: showering  ≤ 1 3.69 × 10−3 4.09 × 10−3 
Soap solid: showering  ≤ 1 2.97 × 10−3 3.29 × 10−3 
Soap solid: washing hands  ≤ 1 1.88 × 10−3 3.76 × 10−4 
Spray perfume  ≤ 0.3 2.37 × 10−2 1.40 × 10−2 
Tanning product ≤ 0.1 N/A 1.41 × 10−1 
Abbreviation: N/A, not applicable 
 
Table D-5. Upper-bounding estimated dermal exposures to Tartrazine from use of 
cosmetics and non-prescription drugs at the cosmetic-drug interface 

Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per 
day) 

Per event 
exposure (mg/kg-
bw) 

Anti-wrinkle cream ≤ 1 3.05 × 10−1 1.69 × 10−1 
Baby cream ≤ 0.1 3.17 × 10−1 1.87 × 10−1 
Bath products: foam  ≤ 1 N/A 1.36 × 10−3 
Bath products: oil  ≤ 30 N/A 5.32 × 10−3 
Bath products: oil (infant) ≤ 0.1 N/A 3.10 × 10−5 
Bath products: salts  ≤ 30 N/A 1.49 × 10−2 
Body moisturizer  ≤ 1 6.83 × 10−1 6.21 × 10−1 
Body pack  ≤ 0.1 N/A 5.87 × 10−1 
Deodorant/antiperspirant 
solid  ≤ 3 3.30 × 10−1 2.54 × 10−1 

Deodorant/antiperspirant 
spray  ≤ 0.1 4.22 × 10−2 3.24 × 10−2 

Depilatory cream  ≤ 1 N/A 7.76 × 10−2 
Douches  ≤ 10 N/A 2.82 
Essential oil: massage  ≤ 1 N/A 1.13 
Eye shadow  ≤ 30 4.57 × 10−2 3.81 × 10−2 
Face cream ≤ 0.3 9.14 × 10−2 5.08 × 10−2 
Face 
exfoliation/scrub/peeling ≤ 0.1 N/A 1.69 × 10−3 
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Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per 
day) 

Per event 
exposure (mg/kg-
bw) 

cream or gel  
Face 
exfoliation/scrub/peeling 
cream or gel (teenager) 

≤ 0.1 N/A 2.02 × 10−3 

Face mask/pack  ≤ 3 N/A 8.46 × 10−1 
Face paint  ≤ 1 N/A 2.40 × 10−1 
Face paint (toddler) ≤ 3 N/A 2.7 
Facial cleanser  ≤ 0.1 5.87 × 10−4 3.67 × 10−4 
Facial cleanser (teenager) ≤ 0.1 7.00 × 10−4 4.38 × 10−4 
Facial makeup  ≤ 10 9.44 × 10−1 7.62 × 10−1 
Facial toner (adult) ≤ 0.1 7.05 × 10−3 3.53 × 10−3 
Facial toner (teenager) ≤ 0.1 8.42 × 10−3 4.21 × 10−3 
Foot cream antiperspirant  ≤ 0.1 N/A 1.69 × 10−2 
Foot soak: oil or cream  ≤ 0.3 N/A 4.15 × 10−6 
Foot soak: 
salts/granules/solids  ≤ 0.3 N/A 1.12 × 10−5 

Genitalia cream ≤ 30 N/A 42.3 
Genitalia spray deodorant  ≤ 3 N/A 1.27 
Hair bleach  ≤ 0.1 N/A 2.82 × 10−2 
Hair conditioner  ≤ 30 6.10 × 10−1 5.54 × 10−1 
Hair conditioner (toddler) ≤ 0.1 2.6 × 10−3 5.7 × 10−3 
Hair dye – non-spray/wash-
in; permanent  ≤ 3 N/A 4.23 

Hair dye – non-spray/wash-
in; semi-permanent  ≤ 3 N/A 1.48 

Hair dye spray – temporary 
(child) ≤ 3 N/A 5.59 × 10−1 

Hair gel  ≤ 10 1.57 × 10−1 2.68 × 10−1 
Hair mousse  ≤ 1 2.54 × 10−2 2.82 × 10−2 
Hair perm  ≤ 30 N/A 33.9 
Hair shampoo  ≤ 30 5.49 × 10−1 4.99 × 10−1 
Hair shampoo (infant) ≤ 0.3 2.80 × 10−4 2.00 × 10−3 
Hair spray  ≤ 10 6.59 × 10−1 4.36 × 10−1 
Hand cream  ≤ 0.3 1.51 × 10−1 7.19 × 10−2 
Hand sanitizer  ≤ 0.1 7.1 × 10−2 1.4 × 10−2 
Makeup remover for eye  ≤ 1 3.22 × 10−3 7.05 × 10−3 
Makeup remover for face  ≤ 0.1 7.05 × 10−3 3.53 × 10−3 
Mascara  ≤ 30 8.52 × 10−2 1.27 × 10−1 
Nail polish  ≤ 30 9.04 × 10−2 2.12 × 10−1 
Scalp lotion  ≤ 1 3.05 × 10−1 1.69 × 10−1 
Shaving cream for ladies’ ≤ 0.1 6.82 × 10−5 8.18 × 10−4 
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Exposure scenario Concentration 
(%) 

Daily exposure 
(mg/kg-bw per 
day) 

Per event 
exposure (mg/kg-
bw) 

legs  
Shaving cream for men’s face  ≤ 3 1.69 × 10−2 1.69 × 10−2 
Soap liquid: showering  ≤ 3 1.11 × 10−2 1.23 × 10−2 
Soap liquid: washing hands  ≤ 3 7.05 × 10−3 1.41 × 10−3 
Soap solid: showering  ≤ 30 8.90 × 10−2 9.87 × 10−2 
Soap solid: washing hands  ≤ 30 5.64 × 10−2 1.13 × 10−2 
Spray perfume  ≤ 3 2.37 × 10−1 1.40 × 10−1 
Sunscreen ≤ 1 2.9 × 10−1 1.4 
Tanning product ≤ 1 N/A 6.2 × 10−2 
Temporary tattoo (child) ≤ 10 N/A 3.76 × 10−3 
Abbreviation: N/A, not applicable 
 
Oral Exposure Parameters for Cosmetics and Non-Prescription Drugs at the 
Cosmetic-Drug interface 
All assumptions (Table D-6) were ConsExpo default assumptions (RIVM 2006a) unless 
otherwise noted. All product scenarios are for adults unless otherwise indicated. 
 
Table D-6. Oral exposure parameter assumptions 
Exposure scenario Assumptions 

Face paint (toddler) 
Exposure frequency: 0.03/day (RIVM 2002) 
Product amount: 0.2 g/application derived from ingestion rate of 
0.44 mg/min and exposure duration of 480 min (RIVM 2002) 

Lip balm (toddler) Exposure frequency: 0.59/day (Wu et al. 2010) 
Product amount: 0.10 g/application (Loretz et al. 2005) 

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

Mouthwash Exposure frequency: 4.00/day  
Product amount: 1 g/application 

Toothpaste 
(toddlers) 

Exposure frequency: 2/day 
Product amount: 0.53 g/application  

Toothpaste Exposure frequency: 2/day 
Product amount: 0.08 g/application  

 
Dermal Exposure Parameters for Cosmetics and Non-Prescription Drugs at the 
Cosmetic-Drug interface 
All assumptions (Table D-7) were ConsExpo default assumptions (RIVM 2006a) unless 
otherwise noted. An overall retention factor of 1 was used unless otherwise stated. 
Exposures were estimated for an adult unless otherwise specified. 
 
Table D-7. Dermal exposure parameter assumptions 
Exposure scenario Assumptions 
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Exposure scenario Assumptions 

Aftershave  
Exposure frequency: 0.67/day (20/month) (Wu et al. 2010) 
Product amount: 1.2 g/application (EC 2003; Wormuth et al. 
2006) 

Anti-wrinkle cream Exposure frequency: 1.8/day (Loretz et al. 2005) 
Product amount: 1.2 g/application (mean) (Loretz et al. 2005) 

Baby cream  Exposure frequency: 1.7/day (Wormuth et al. 2006) 
Product amount: 1.4 g/application (Wormuth et al. 2006) 

Bath products: foam  
 

Exposure frequency: 0.28/day 
Product amount: 16 340 g/application (i.e., mass of product plus 
water)  
Overall retention factor: 5.88 × 10−7  

Bath products: oil  

Exposure frequency: 0.28/day 
Product amount: 16 340 g/application (i.e., mass of product plus 
water)  
Overall retention factor: 7.69 × 10−8  

Bath products: oil 
(infant) 

Exposure frequency: 0.28/day  
Product amount: 3020 g/application (i.e., mass of product plus 
water)  
Overall retention factor: 7.69 × 10−8 

Bath products: salts 

Exposure frequency: 0.29/day 
Product amount: 16 925 g/application (i.e., mass of product plus 
water)  
Overall retention factor: 2.08 × 10−7  

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

Body pack  
Exposure frequency: 0.01/day 
Product amount: 416 g/application  
Overall retention factor: 0.10 (professional judgement)  

Deodorant/ 
antiperspirant solid  

Exposure frequency: 1.3/day (475/year) (Loretz et al. 2005) 
Product amount: 0.6 g/application (mean) (Loretz et al. 2005) 

Deodorant/ 
antiperspirant spray  

Exposure frequency: 1.3/day (475/year) (Loretz et al. 2005) 
Product amount: 2.3 g/application (mean) (Hall et al. 2007) 
Concentration: ≤ 0.1% 

Depilatory cream  
Exposure frequency: 0.05/day 
Product amount: 5.5 g/application  
Overall retention factor: 0.10 (professional judgement) 

Douches  
Exposure frequency: 0.05/day 
Product amount: 20 g/application  
Overall retention factor: 0.10 (professional judgement) 

Essential oil: 
massage  

Exposure frequency: 0.07/day  
Product amount: 8 g/application 

Eye shadow  Exposure frequency: 1.2/day (CTFA 1983) 
Product amount: 0.005 g/application (EC 2003; RIVM 2006a; 
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Exposure scenario Assumptions 
SCCS 2011a) 

Face cream Exposure frequency: 1.8/day (Loretz et al. 2005) 
Product amount: 1.2 g/application (mean) (Loretz et al. 2005) 

Face exfoliation/ 
scrub/peeling cream 
or gel (adult and 
teenager) 

Exposure frequency: 0.29/day (2/week; 104/year)  
Product amount: 1.2 g/application (Loretz et al. 2005) 
Overall retention factor: 0.10 (professional judgement) 

Face mask/pack  
Exposure frequency: 0.29/day (104/year) (RIVM 2006a) 
Product amount: 20 g/application  
Overall retention factor: 0.10 (professional judgement)  

Face paint  
Exposure frequency: 0.02/day 
Product amount: 1.7 g/application  
Concentration: ≤ 1%  

Face paint (toddler) Exposure frequency: 0.03/day 
Product amount: 1.4 g/application  

Facial cleanser 
(adult and teenager) 

Exposure frequency: 1.6/day (mean) (Loretz et al. 2008) 
Product amount: 2.58 g/application (Loretz et al. 2008) 
Overall retention factor: 0.01 (SDA 2010) 

Facial makeup  Exposure frequency: 1.24 (mean) (Loretz et al. 2006) 
Product amount: 0.54 g/application (Loretz et al. 2006) 

Facial toner 

Assumed to be similar to facial makeup remover. 
Exposure frequency: 2/day (mean) (Loretz et al. 2008) 
Product amount: 2.5 g/application (Loretz et al. 2008) 
Overall retention factor: 0.1 (SDA 2010) 

Foot cream 
antiperspirant  

Exposure frequency: 2/day  
Product amount: 1.2 g/application  

Foot soak: oil or 
cream  

Exposure frequency: 0.28/day 
Product amount: 1275 g/application  
Overall retention factor: 7.69 × 10−8  

Foot soak: 
salts/granules/solids  

Exposure frequency: 0.28/day 
Product amount: 1275 g/application  
Overall retention factor: 2.08 × 10−7 

Genitalia cream  
Exposure frequency: 0.05/day (US EPA 1997) 
Product amount: 10 g/application (US EPA 1997) 
Concentration: ≤ 0.1% Acid Orange 1; ≤ 30% Acid Yellow 23 

Genitalia spray 
deodorant  

Exposure frequency: 0.05/day (US EPA 1997)  
Product amount: 3 g/application (Masson 2002) 

Hair bleach  
Exposure frequency: 0.03 (10/year)  
Product amount: 200 g/application  
Overall retention factor: 0.01 (professional judgement) 

Hair conditioner  
Exposure frequency: 1.1/day (Loretz at al. 2008) 
Product amount: 13.13 g/application (Loretz et al. 2008) 
Overall retention factor: 0.01 (professional judgement) 
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Exposure scenario Assumptions 

Hair conditioner 
(toddler) 

Exposure frequency: 0.45/day (Wu et al. 2010) 
Product amount: 8.9 g/application (using surface area 
adjustment; Loretz et al. 2008) 
Overall retention factor: 0.01 (professional judgement) 

Hair dye – non-
spray/wash-in; 
permanent  

Exposure frequency: 0.02/day (7.99/year) (Statistics Canada 
2012) 
Product amount: 100 g/application  
Overall retention factor: 0.10 (SCCS 2011a)  

Hair dye – non-
spray/wash-in; 
semi-permanent  

Exposure frequency: 0.14 (1/week) as tier 1 (SCCS 2011a); 0.02 
(3.57/week) as tier 2 (Statistics Canada 2012) 
Product amount: 35 g/application (SCCS 2011a) 
Overall retention factor: 0.1 (professional judgement) 

Hair dye spray – 
temporary (child) 

Exposure frequency: 0.02/day (6/year) 
Product amount: 6.8 g on head  
Overall retention factor: 0.085 (assumed to be similar to hair 
spray) 

Hair gel  
Exposure frequency: 0.59/day  
Product amount: 1.9 g/application  
Overall retention factor: 0.1 (professional judgement) 

Hair mousse  
Exposure frequency: 0.90/day (27/month) (Wu et al. 2010) 
Product amount: 2.0 g/application 
Overall retention factor: 0.1 (professional judgement) 

Hair perm  
Exposure frequency: 0.02 ( 0.5/month) (Wu et al. 2010) 
Product amount: 80 g/application (Wu et al. 2010) 
Overall retention factor: 0.10 (professional judgement) 

Hair shampoo  
Exposure frequency: 1.1/day (Loretz et al. 2006) 
Product amount: 11.8 g/application 
Overall retention factor: 0.01 (professional judgement) 

Hair shampoo 
(infant) 

Exposure frequency: 0.14/day (CTFA 1983) 
Product amount: 0.5 g/application (CTFA 1983) 
Overall retention factor: 0.01 (professional judgement) 

Hair spray  
Exposure frequency: 1.51/day (Loretz et al 2006) 
Product amount: 3.64 g/application (Loretz et al 2006) 
Overall retention factor: 0.085 

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

Hand sanitizer 
Conservatively assumed to be similar to hand soap 
Exposure frequency: 5/day  
Product amount: 1 g/application 

Hand sanitizer 
(salon product) 

Conservatively assumed to be similar to hand soap 
Exposure frequency: 1/salon visit 
Product amount: 1 g/application 

Leave-in hair 
conditioner 

Exposure frequency: 1.1/day  
Product amount: 13.1 g/application 
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Exposure scenario Assumptions 
Overall retention factor: 0.1 (professional judgement) 

Makeup remover for 
eye  

Exposure frequency: 0.45/day (CTFA 1983) 
Product amount: 0.5 g/application (EC 2003) 
Overall retention factor: 0.10 (Masson 2002) 

Makeup remover for 
face  

Exposure frequency: 2/day (EC 2003; SCCP 2006; SDA 2010) 
Product amount: 2.5 g/application (EC 2003; SCCP 2006; SDA 
2010) 
Overall retention factor: 0.1 (SCCS 2011a) 

Manicure 
preparation cream 

Exposure frequency: 0.43/day (assumed to be the same as that 
of nail polish) 
Product amount: 1.7 g/application (assumed to be the same as 
hand cream) 

Mascara  
Exposure frequency: 0.67/day (20/month) (Wu et al. 2010) 
Product amount: 0.025 g/application (EC 2003; RIVM 2006a; 
SCCS 2011a) 

Nail polish  Exposure frequency: 0.43/day 
Product amount: 0.05 g/application  

Scalp lotion Exposure frequency: 1.8/day (Loretz et al. 2005) 
Product amount: 1.2 g/application (mean) (Loretz et al. 2005) 

Shaving cream for 
ladies’ legs  

Exposure frequency: 0.08/day (CTFA 1983) 
Product amount: 5.8 g/application (RIVM 2006a) 
Overall retention factor: 0.01 (Masson 2002; SDA 2010) 

Shaving cream for 
men’s face  

Exposure frequency: 1/day (EC 2003) 
Product amount: 4 g/application (SDA 2010) 
Overall retention factor: 0.01 (SDA 2010) 

Soap liquid: 
showering  

Exposure frequency: 0.90/day  
Product amount: 8.7 g/application  
Overall retention factor: 3.33 × 10−3 

Soap liquid: 
washing hands  

Exposure frequency: 5.00/day 
Product amount: 1 g/application  
Overall retention factor: 3.33 × 10−3 

Soap solid: 
showering  

Exposure frequency: 0.90/day 
Product amount: 7 g/application 
Overall retention factor: 3.33 × 10−3 

Soap solid: washing 
hands  

Exposure frequency: 5/day  
Product amount: 0.8 g/application  
Overall retention factor: 3.33 × 10−3 

Spray perfume Exposure frequency: 1.70/day (620.5/year) (Loretz et al. 2006) 
Product amount: 0.33 g/application (Loretz et al. 2006) 

Sunscreen lotion  Exposure frequency: 0.21/day  
Product amount: 10 g/application 

Tanning product Exposure frequency: 0.20/day (i.e., once every 5 days; 
professional judgement) 
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Exposure scenario Assumptions 
Product amount: 10 g/application (assumed to be the same 
product amount as “Body moisturizer”) 

Temporary tattoo 
(child) 

Exposure frequency: 0.14/day (Scott and Moore 2000) 
Product amount: 0.001 165 g/application (Scott and Moore 2000) 

 

Dermal and Oral Exposure from Textile Products 

Table D-8. Exposure estimates from textile products for Acid Black 24, Acid Black 
26, Acid Blue 113, Acid Orange 33, Acid Red 6, Acid Red 138, CAS RN 70210-05-8, 
CAS RN 70210-06-9, CAS RN 71873-51-3 and CAS RN 84962-50-5 

Product scenario (adult unless otherwise indicated) Daily exposure (mg/kg-bw 
per day) 

Textiles: personal apparel (dermal) 0.0026 
Textiles: baby sleeper (dermal by infants) 0.0040 
Textiles (oral by toddler) 2.7 × 10−5 
 
Exposure factors and algorithms for estimating exposure from textile products 

Oral and dermal exposure from textile products 

Dermal exposure estimate =  𝑆𝑆×𝑆𝐴×𝑆𝑆𝑆×𝑆×𝑀×𝑆×𝑃
𝐵𝐴

 

 

Oral exposure estimate =  𝑆𝑆×𝑆𝐴×𝑆×𝑀×𝑆×𝑃
𝐵𝐴

 
 

Dermal exposure was estimated assuming full (100%) body coverage from wearing 
clothing to account for exposures from multiple pieces of apparel that cover the 
entire surface area of the body. Oral exposure was estimated for an infant mouthing 
a textile object (e.g., blanket, textile toy) on a daily basis. 

SA: Total surface area     

For dermal exposure (Health Canada 1998) = 18 200 cm2 (adult; personal apparel); 
= 3020 cm2 (infant; baby sleeper) 

For oral exposure = 20 cm2 (Zeilmaker et al. 2000) 

AW: Area weight of textile = 20 mg/cm2 (US EPA 2012)  

SCF: Skin contact factor = 1 
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C: Concentration = 0.01 (unitless) (BfR 2007) 

Based on the default model developed by the “Textiles” Working Group established 
at the German Federal Institute for Risk Assessment (BfR 2007), assuming that a 
standard textile garment of 100 g/m2 is dyed with 1% active dye ingredient. 

M: Migration fraction = 0.0005 (BfR 2007) 

The migration of azo dyes from textiles varies considerably depending on the type of 
fibre, the type of dye used, the dye load, dyeing technology and colour intensity and 
after treatment. The exposure from textiles is partly dictated by the amount of dye 
that migrates from textile material onto human skin (ETAD 1983) or via mouthing. 
The “Textiles” Working Group (BfR 2007) uses a peak initial migration of 0.5% to 
estimate exposure to dyes from newly bought unwashed garments, and the chronic 
migration rate is assumed to be 1/10th of the value measured for the first migration 
to reflect exposure after initial washes. It is assumed that the sweat migration rate is 
similar to the salivary migration rate; this is consistent with observations of leaching 
behaviours of dyes from textiles reported by Zeilmaker et al. (1999). Accordingly, the 
fraction of dye that migrates from a textile material is assumed to be 0.0005 for both 
dermal and oral exposure.  

F: Frequency = 1×/day 

P: Probability that a given Azo Acid Dye is present in textile = 10% 

In the RIVM risk assessment of azo dyes and aromatic amines from garments and 
footwear (Zeilmaker et al. 1999), the authors derived a chance of 8% for the 
appearance of carcinogenic azo dyes and aromatic amines in garments based on 
four European studies. Presumably, there would be a higher prevalence in the use 
of non-EU22 amines and their dyes, compared to EU22 amines and related dyes, 
since the former are not prohibited. None of the Azo Acid Dyes used to dye textiles 
in Canada (i.e., Acid Black 24, Acid Black 26, Acid Blue 113, Acid Orange 33, Acid 
Red 6, Acid Red 138, CAS RN 70210-05-8, CAS RN 70210-06-9, CAS RN 71873-
51-3 and CAS RN 84962-50-5) derive from EU22 amines; the prevalence of these 
dye is not clear because there is relatively limited product testing and monitoring on 
non-EU22 amines and associated dyes. Based on data available (Danish EPA 1998; 
Kawakami 2012; Health Canada 2013), the prevalence of certain non-EU22 amines 
was found to range from 0% to 23.7% (aniline). Since several dyes can derive from 
a given aromatic amine, the prevalence of an associated dye would be lower. Given 
the conservatism used in other parameters in this exposure scenario (e.g. full body 
coverage), the probability that a given Azo Acid Dye is present in a textile is 
assumed to be 10% in this Screening Assessment based on professional 
judgement. This is considered reasonable since the chances of an individual’s outfit 
containing a given Azo Acid Dye every day are low. 
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Dermal Exposure Estimate from Leather Products 

Table D-9. Exposure estimates from leather products for Acid Blue 113, Acid 
Black 24, CAS RN 68155-63-5, CAS RN 70210-05-8, CAS RN 70210-06-9, CAS RN 
70210-25-2 and CAS RN 70210-34-3 
Product scenario Exposure (mg/kg-bw) 
 Shoes 5.8 × 10−2 
 Boots 1.9 × 10−2 
 Gloves 2.1 × 10−3 
 Jackets and coats 7.7 × 10−2 
 Trousers 5.0 × 10−2 
 Furniture 2.3 × 10−2 
 Toys 4.0 × 10−2 

Exposure factors and algorithms for estimating exposure from leather products 

Dermal exposure from leather products 

Exposure estimate =  𝑆𝑆×𝑆𝐴×𝑆𝑆𝑆×𝑆×𝑀
𝐵𝐴

 

Direct skin contact with articles of leather can result in dermal exposure to dyes used 
in leather dyeing. Of all the leather products considered, the potential drivers for 
exposure are presented below: furniture, apparel (e.g., jackets, trousers and gloves), 
footwear (e.g., shoes and boots) and toys, where it is assumed that direct contact 
with the infant’s palms can occur when playing with the toy. As a conservative 
approach, exposure is assumed for all products. The exposure estiamtes presented 
below are considered upper-bounding based on conservative assumptions, as well 
as not taking into account a final application of a polyurethane sealant coating, which 
would further reduce the consumer’s dermal exposure to the leather dye. 

SA: Surface area of skin contact (Health Canada 1998; Therapeutic Guidelines 2008) 

• Shoes: 1275 cm2 (adult feet)  
• Boots: 4185 cm2 (adult legs and feet) 
• Gloves: 455 cm2 (adult hands) 
• Jackets and coats: 8920 cm2 (adult trunk and arms) 
• Trousers: 5820 cm2 (adult lower body) 
• Furniture: 5005 cm2 (adult back, buttocks and back of thighs) 
• Toys: 92.5 cm2 (infant palms) 

 
AW: Area weight of leather = 0.15 g/cm2 (Danish EPA 2012)  
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SCF: Skin contact factor 

• Shoes: 1 
• Boots: 0.1 
• Gloves: 0.1 
• Jackets and coats: 0.19 
• Trousers: 0.19 
• Furniture: 0.1 
• Toys: 1 

When the entire leather article is in direct contact with the skin, SCF is assumed to 
be 1. When the leather article is in indirect contact with the skin (e.g., shielding due 
to interior lining), SCF is assumed to be 0.1, which is a default value used to account 
for exposure due to diffusion of sweat-extracted dye from the leather material 
through the shielding fabric onto the skin (Zeilmaker et al. 1999). When a portion of 
the leather article is in direct contact and the remaining portion is in indirect contact, 
a weighted SCF is calculated: [(SAdirect × 1) + (SAindirect × 0.1)]/(SAtotal). 

C: Concentration = 0.02 (unitless weight fraction) (Øllgaard et al. 1998) 

Based on the default model developed by the “Textiles” Working Group established 
at the German Federal Institute for Risk Assessment (BfR 2007), assuming that a 
standard textile garment of 100 g/m2 is dyed with 1% active dye ingredient. 

M: Migration fraction = 0.1% (derived from 0.39 over 365 days) 

The dermal exposure to dyes from leather is partly dictated by the amount of dye 
that migrates from leather material onto human skin. Zeilmaker et al. (1999) 
measured the experimental leaching of azo dyes from leather footwear material to 
be 15% and 39%. The leaching was determined by extracting from 1 g of unwashed 
material from the upper side of a newly bought leather shoe with 100 mL sweat 
stimulant (extraction conditions: 16 hours at 37°C while shaking). These extraction 
conditions are expected to overestimate the migration of dyes from sweat. In 
estimating exposure to dyes from leather articles, it is assumed that 39% represents 
the amount of the dye that can leach over a period of 1 year, which would be 
equivalent to 0.1% leaching in 1 day. 

Exposure from Other Products 
Tartrazine was identified as an ingredient in domestic and institutional cleaning 
products (NMID 2011). Exposure to Tartrazine was estimated with ConsExpo 4.1 
(ConsExpo 2006) using default parameters in the sentinel product scenario of an all-
purpose spray cleaner (RIVM 2006b). Estimated exposures shown below are 
considered to be negligible compared with exposures from foods, cosmetics and non-
prescription drugs at the cosmetic-drug interface. 
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Concentration: 1% (Weerdesteijn et al. 1999) 
Inhalation rate: 16.2 m3/day (Health Canada 1998) 
Dermal absorption fraction: 1 
 
Estimated Exposure to Tartrazine from All-Purpose Spray Cleaner 

 Inhalation mean event concentration: 0.025 mg/m3 
 Dermal exposure: 0.025 mg/kg-bw per day 

 
Acid Orange 156 was identified to be used in limited types of specialty products that 
cannot be identified due to confidentiality (Canada 2011). Due to the specialized 
applications, direct and prolonged exposure to Acid Orange 156 is not expected to be 
significant for the general population. 
 
CAS 70210-05-8 was identified in a laundry stain remover product based on a foreign 
MSDS (Reckitt Benckiser 2006). Similar products may exist in the Canadian market; 
however, based on the recommended use of this product and the expectedly low 
concentration of the dye, exposure to this substance is considered to be negligible 
relative to that from textile and leather products.  
 
Amaranth, New Coccine and Tartrazine were identified as ingredients in specialized 
natural health products and pharmaceutical drugs in Canada (LNHPD 2015; NHPID 
2011; NMID 2011). These products are not considered to be significant contributors to 
exposures of the general population in Canada to these substances. 
 
Amaranth and Tartrazine were identified to be used in cosmetic make-up tattoo inks in 
Canada based on notifications submitted under the Cosmetic Regulations to Health 
Canada, (2011 and 2013 emails from Consumer Product Safety Directorate, Health 
Canada, to Existing Substances Risk Assessment Bureau, Health Canada; 
unreferenced). Tattoos are considered to represent a source of exposure, as they are 
injected into the dermis, just below the epidermal–dermal junction at a depth of 1–2 mm 
(Lea and Pawlowski 1987; Sperry 1992). Systemic exposure to tattoo colourants partly 
depends on the amount of ink colourant mobilized into the lymphatic system (Engel et 
al. 2009), but information on these kinetics is limited for these two dyes. Potential 
systemic exposure to Amaranth and Tartrazine from inks used in cosmetic tattooing is 
acknowledged, but not quantified, since exposure of the general population to these 
substances from foods and cosmetics is more prevalent. 
 
New Coccine was identified in semi-permanent cosmetic makeup tattoo ink and body 
tattoos. However, exposure is not expected, because such products containing this 
substance that were previously notified under the Cosmetic Regulations to Health 
Canada are no longer considered to be present in Canada (2011 and 2013 emails from 
Consumer Product Safety Directorate, Health Canada, to Existing Substances Risk 
Assessment Bureau, Health Canada; unreferenced). 
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Appendix E. Azo Acid Dyes with Effects of Concern 

Some of the Azo Acid Dyes 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). 

• Evidence of carcinogenicity in animal studies and/or human epidemiology based 
on the specific substance. 

• Potential to release one or more of the EU22 aromatic amines by azo bond 
cleavage. 

• Read-across to related substances for which one or more of the above lines of 
evidence apply. 

 

Table E-1. Substances suspected of having effects of concern based on potential 
carcinogenicity. 
Substance 
Name/ 
acronym 
and CAS RN 

Classification 
for 
carcinogenicitya 

Evidence of 
carcinogenicity 
from animal 
studies and/or 
human 
epidemiology 

 Release of EU22 
aromatic amine 
by azo bond 
cleavage 

Read-
across 

Ponceau MX 
3761-53-3 IARC 2B X 

 
 

(no common 
name) 
75949-73-4 

  4,4′-
methylenedianiline  

a Classifications used for carcinogenicity are described in Environment Canada, Health Canada 2014 
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