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Synopsis 
 
Pursuant to section 74 of the Canadian Environmental Protection Act, 1999 (CEPA), the 
Minister of the Environment and the Minister of Health have conducted a screening 
assessment of the following distillate aromatic extract (DAE) substances:  
 
Table 1-1. Distillate aromatic ethers (DAEs) 
CAS RNa Name on the Domestic Substances List (DSL) 
64742-04-7 Extracts (petroleum), heavy paraffinic distillate solvent 
64742-05-8 Extracts (petroleum), light paraffinic distillate solvent 
64742-11-6 Extracts (petroleum), heavy naphthenic distillate solvent 

a 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. 
 

The three DAEs identified by CAS RNs 64742-04-7 (extracts [petroleum], heavy 
paraffinic distillate solvent), 64742-05-8 (extracts [petroleum], light paraffinic distillate 
solvent) and 64742-11-6 [extracts (petroleum], heavy naphthenic distillate solvent) were 
identified as priorities for assessment, as they met the categorization criteria under 
subsection 73(1) of the CEPA. These substances were included in the Petroleum 
Sector Stream Approach (PSSA) because they are related to the petroleum sector and 
are considered to be of Unknown or Variable composition, Complex reaction products 
or Biological materials (UVCBs). 

Aromatic extracts are a class of substances derived from solvent extraction of crude oil 
vacuum distillation distillate and residual streams. CAS RNs 64742-04-7, 64742-05-8 
and 64742-11-6 are part of the broad class of aromatic extracts and can be referred to 
as distillate aromatic extracts because they originate from the vacuum distillation 
stream. Because of their untreated nature, they have high levels of aromatic 
compounds, including polycyclic aromatic hydrocarbons (PAHs). These substances are 
consumed on-site at refineries and are also transported in Canada via trains and trucks 
for use at industrial and commercial facilities. They were included in the Petroleum 
Sector Stream Approach (PSSA) because they are related to the petroleum sector and 
are complex combinations of hydrocarbons. 
 
Estimation of mixture behaviours was accomplished through the use of a suite of 
representative structures that are expected to be present in these DAEs. In general, the 
components of DAEs are poorly soluble in water, very hydrophobic, and moderately to 
poorly volatile, although some will evaporate readily from water. DAEs are expected to 
predominantly reside in sediment and soil, with some lighter components partitioning to 
air.  
 
Petroleum-derived oils that include DAEs can be used as extender oils in the 
formulation of plastic and rubber products to achieve elasticity and make brittle 
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materials soft and flexible. Extender oils are also a major ingredient in the production of 
vehicle tires and are therefore found in crumb rubber (i.e., bits of recycled tires that can 
be used in the production of rubberized playground and athletic surfaces). Historically, 
automobile tires were formulated with high PAH extender oils, although recent changes 
in domestic manufacturing have seen these replaced with low PAH oils. As such, there 
may be residual general population exposure to these DAEs if previously used as 
extender oils in tire production, where old tires have been recycled into crumb rubber 
and incorporated in rubber playground and athletic surfaces. There is the potential that 
these crumb rubber surfaces may release component substances, including PAHs, by 
off-gassing, through natural surface degradation, and during mechanical abrasion and 
direct contact with skin. Two of the DAEs, i.e., CAS RNs 64742-11-6 and 64742-04-7, 
are reported as being in industrial and professional use products such as rubbers, 
adhesives, sealants, solvents and roofing materials. 
 
For the ecological assessment, environmental concentrations were estimated for major 
ecological exposure scenarios, including manufacturing of rubber products, 
manufacturing of other products and runoff from tire wear and road care products that 
are not mixed with asphalt. Levels of exposure in the aquatic environment are well 
below those expected to cause harm to aquatic organisms. 
 
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 
these substances. It is concluded that the three DAEs (CAS RNs 64742-04-7, 64742-
05-8 and 64742-11-6) do not meet the criteria under paragraphs 64(a) or (b) of CEPA 
as they are not entering the environment in a quantity or concentration or under 
conditions that have or may have an immediate or long-term harmful effect on the 
environment or its biological diversity or that constitute or may constitute a danger to the 
environment on which life depends. 
 
A critical health effect for the initial categorization of these DAEs was carcinogenicity as 
determined on the basis of classifications by international agencies. Skin painting 
studies conducted in laboratory animals show skin tumour formation following chronic 
dermal exposure to these substances. They have also produced positive results in in 
vitro genotoxicity assays and exhibit reproductive toxicity in dermally-exposed 
laboratory animals. These effects are attributed to the high PAH content of DAEs. 
 
Exposure and risk to human health was characterized for DAEs CAS RN 64742-04-7, 
64742-05-8 and 64742-11-6, considering that exposures may occur during their 
production and storage at refineries, during bulk transportation between industrial 
facilities, and from their potential presence in crumb rubber derived from old tire stocks. 
Additionally, compositional testing of Canadian marketplace plastic and rubber products 
was used to assess whether these substances are found in products available for 
purchase by the general population.  
 
The vapour pressure of aromatic extracts is low, which means that inhalation exposure 
to these substances during transportation and production and storage at refineries is 
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also low. Crumb rubber extracted with biological fluids did not release PAHs, and 
therefore any oral or dermal exposure to crumb rubber is not expected to give rise to a 
significant exposure to aromatic extracts. Air monitoring studies that quantified the 
benzo[a]pyrene (B[a]P) concentration in air from the off-gassing of rubberized surfaces 
under ideal weather conditions showed both no increase and only an incremental 
increase above background B[a]P levels typically found in ambient air. As exposures 
are either not expected or, if exposure does occur, is expected to be transient and to 
incremental levels, risk to human health is likewise considered to be low.  
 
High PAH oils, including these DAEs, have the potential to be used as extender oils in 
the production of rubber and plastic consumer products. Results from the compositional 
analysis of commonly available soft rubber and plastic marketplace products in Canada 
indicate that these DAEs are not being used in these product formulations.  
  
On the basis of the information presented in this screening assessment, it is concluded 
that the three DAEs (CAS RNs 64742-04-7, 64742-05-8 and 64742-11-6) 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.  
iv 
It is concluded that the three DAEs (CAS RNs 64742-04-7, 64742-05-8 and 64742-11-
6) do not meet any of the criteria set out in section 64 of CEPA. 
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1. Introduction 
 
Pursuant to section 74 of the Canadian Environmental Protection Act, 1999 (CEPA) 
(Canada 1999), the Minister of the Environment and the Minister of Health conduct 
screening assessments of substances to determine whether these substances present 
or may present a risk to the environment or to human health.  
 
A key element of the Government of Canada’s Chemicals Management Plan (CMP) is 
the Petroleum Sector Stream Approach (PSSA), which involves the assessment of 
approximately 160 petroleum substances that are considered priorities for action. 
These substances are primarily related to the petroleum sector and are considered to 
be of Unknown or Variable composition, Complex reaction products or Biological 
materials (UVCBs). 
 
These petroleum substances fall into nine groups of substances according to 
similarities in production, toxicity and physical-chemical properties (Table A.1 in 
Appendix A). In order to conduct the screening assessments, each petroleum 
substance was placed into one of the following five categories (“streams”) depending 
on its production and uses in Canada: 
 

Stream 0: substances not produced by the petroleum sector and/or not in 
commerce; 
Stream 1: site-restricted substances, which are substances that are not 
expected to be transported off refinery, upgrader or natural gas processing 
facility sites;1 
Stream 2: industry-restricted substances, which are substances that may leave 
a petroleum-sector facility and may be transported to other industrial facilities 
(for example, for use as a feedstock, fuel or blending component), but that do 
not reach the public market in the form originally acquired;  
Stream 3: substances that are primarily used by industries and consumers as 
fuels; or 
Stream 4: substances that may be present in products available to the 
consumer. 

An analysis of the available data resulted in the determination that 67 of these 
petroleum substances may be present in consumer products in Stream 4, as 
described above. These 67 substances were further sub-grouped on the basis of their 
physical and chemical properties and potential uses as follows: aromatic extracts, gas 
oils, heavy fuel oils, low boiling point naphthas, natural gas condensates, solvents, 
petroleum and refinery gases, base oils, petrolatum and waxes, and asphalt. 

                                            
1 For the purposes of the screening assessment of PSSA substances, a “site” is defined as the boundaries of the 
property where a facility is located. 
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This screening assessment addresses a subset of the "aromatic extracts” group, 
namely three distillate aromatic extracts (DAEs) described under Chemical Abstracts 
Service Registry Numbers 2  (CAS RNs) 64742-04-7, 64742-05-8 and 68742-11-6. 
These substances were identified as priorities for assessment as they met the 
categorization criteria under section 73 of CEPA (ECCC, HC [modified 2007]). These 
substances were included in the PSSA because they are related to the petroleum 
sector and are all complex combinations of hydrocarbons.  

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 June 2015. 
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.  

This screening assessment was prepared by staff in the CEPA Risk Assessment 
Programs at Health Canada and Environment and Climate Change Canada and 
incorporates input from other programs within these departments. The ecological 
portions of this assessment have undergone external written review and consultation. 
Comments on the technical portions relevant to ecological health were received from 
Dr. Lawrence Kapustka, Dr. Gladys Stephenson and Mr. Geoff Granville. Additionally, 
the draft of this screening assessment was subject to a 60-day public comment period. 
While comments were taken into consideration, the final content and outcome of the 
screening assessment remain the responsibility of Health Canada and Environment 
and Climate Change Canada. 

This screening assessment focuses on information critical to determining whether a 
substance meets the criteria as set out in section 64 of CEPA, by examining scientific 
information and incorporating a weight-of-evidence approach and precaution.3 The 
screening assessment presents the critical information and considerations on which 
the conclusion is based.  

 

                                            
2The 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.  
3 A determination of whether one or more of the criteria of section 64 of CEPA are met is based upon an 
assessment of potential risks to the environment and/or human health associated with exposures in the 
general environment. For humans, this includes, but is not limited to, exposures from ambient and 
indoor air, drinking water, foodstuffs, and products used by consumers. A conclusion under CEPA is not 
relevant to, nor does it preclude, an assessment against the hazard criteria specified in the Hazardous 
Products Regulations, which are part of the regulatory framework for the Workplace Hazardous 
Materials Information System for products intended for workplace use. Similarly, a conclusion based on 
the criteria contained in section 64 of CEPA does not preclude actions being taken under other sections 
of CEPA or other Acts. 
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2. Substance Identity 
 
DAEs are complex combinations of hydrocarbons produced as by-products from the 
extraction of condensed ring polycyclic aromatic constituents during the production of 
lubricating oil basestocks and waxes (API 2012a; US EPA 2012). Given their complex 
and variable compositions, they cannot practicably be formed by simply combining 
individual constituents. In these refining processes, the hydrocarbon feedstocks are 
treated with solvents such as furfural, n-methylpyrrolidone, sulphur dioxide or phenol, 
which selectively extract the aromatic and heterocyclic materials into solution (API 
2003). After recovery of the solvents for re-use, the resultant products are called 
aromatic extracts. If, as is the case with the three substances considered in this 
screening assessment, the feedstock is a distillate stream from a vacuum distillation 
process, the resultant extract is known as a distillate aromatic extract. Such materials 
are commonly produced as a by-product of the production of high-quality lubricating oil 
basestocks (CONCAWE 1992). The other subcategories of aromatic extracts include 
residual aromatic extracts (RAE) and are not addressed in this assessment. RAEs are 
obtained from the solvent extraction of the residue that remains after vacuum 
distillation of crude oil. 
 
A total of three untreated DAEs with different CAS RNs and with carbon ranges from 
C15 to C50 have been identified for assessment. A general description of these 
substances is presented in Table B.1, Appendix B. The DAEs identified by CAS RNs 
64742-04-7, 64742-05-8 and 64742-11-6 may be described as untreated DAEs 
because they can be further processed in a refinery via, for example, a solvent 
dewaxing process. After this point, the substances (and the CAS RNs) cease to exist 
as discrete entities, having been converted into petroleum products with other CAS 
RNs (e.g., those assigned to streams described as treated DAEs). Alternatively, they 
can be marketed as such or incorporated into other end products, such as heavy fuels. 
 
The main difference between these three DAEs is the number of carbon atoms in 
individual components of the substances. The substances identified by CAS RN 
64742-04-7 and 64742-11-6 are heavy DAEs, consisting of components ranging from 
C20 to C50, while the substance identified by CAS RN 64742-05-8 is a light DAE, 
consisting of components ranging from C15 to C30 (see Table B.1, Appendix B). In 
addition, the three DAEs can be described as being either naphthenic or paraffinic. 
CAS RN 64742-05-8 is a light paraffinic DAE, CAS RN 64742-04-7 is considered a 
heavy paraffinic DAE, and CAS RN 64742-11-6 is a heavy naphthenic DAE. These 
DAEs are complex combinations of hydrocarbons obtained as the extract from a 
solvent extraction process, potentially with 5% by weight (wt%) or more of condensed 
four- to six-ring aromatic hydrocarbons (Hopkinson 2008; CONCAWE 1992).  
 
In general, untreated DAEs are composed of approximately 60 to 90 wt% aromatics 
(consisting of approximately 28 to 35 wt% one- or two-ring aromatics and 17 to 23 
wt% three- to five-ring aromatics) with some degree of alkylation, with the remainder 
consisting of polar compounds (i.e., hydrocarbon structures that also contain a hetero-
atom, such as oxygen sulphur and/or nitrogen), cycloalkanes, and isoalkanes (API 
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2008). Table 2-1 presents a compositional analysis of different types of DAEs broken 
down according to light and heavy paraffinic and naphthenic categories. 
 
Table 2-1. Compositional analysis of DAEs (API 2008) 
Substance Carbon 

number 
range  
(10–90 
percentile) 

Saturates 
(wt%) 

Polar 
compounds 
(wt%) 

Aromatics 
(wt%) 

Light 
paraffinica C19–C38 11–25 0.6–5.2 70–88 

Light 
naphthenicb C22–C34 18 23 60 

Heavy 
paraffinicc C25–C44 6–25 4.6–13 67–85 

Heavy 
naphthenicb C22–C38 7.7 17 74 
a Based on four samples, including one sample that was determined to be CAS 64742-05-8 on the 
basis of analytical testing. 
b Based on one sample. 
c Based on five samples. 
 
Table 2-2. Polycyclic aromatic hydrocarbon (PAH) profiles of representative 
aromatic extracts (API 2008) 
 
Aromatic extract type Total % 3-7 ring 
Light paraffinic DAE 8.7–12 
Heavy paraffinic DAE 8.1–21 
Heavy naphthenic DAE 19 
 
The total weight percent of three- to seven-ring PAHs in these samples ranges from 
8.1 to 21 wt%. There appears to be no clear relationship between the type of aromatic 
extract and the amount of three- to seven-ring PAHs. Aromatic concentrations in DAEs 
are largely dependent on the source and type of the blended crude oil from which the 
extract is processed (Feuston et al. 1994) as well as the degree of the refining process 
undergone by their parent mixtures (API 2012b). Alkylated PAHs predominate in 
petroleum substances (Cermak 2010). 
 
 
 

3. Physical and Chemical Properties 

As aromatic extracts are UVCBs, their compositions can only be broadly defined. The 
composition and physical-chemical properties of aromatic extracts vary depending on 
the sources of crude oils or bitumen and the processing steps involved. A summary of 
data on the physical-chemical properties of DAEs is presented in Table 3-1.  
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Table 3-1. General experimental physical-chemical properties of DAEs  
Property Value Temperature 

(°C) 
Reference 

Boiling range (°C) (DAEs 
in general) 

250–640 - CONCAWE 2010 

Boiling range (°C)  
CAS RN 64742-05-8 

288–534 - API 2012b 

Boiling range (°C) 
CAS RN 64742-04-7 

289–579 - API 2012b 

Boiling range (°C) 
CAS RN 64742-11-6 

326–584 - API 2012b 

Pour point (°C) -6 to 50 - API 2012b 
Bulk density (kg/m3)  950–1030 15 API 2012b 
Water solubility (mg/L)a 1.4–5.8 20 CONCAWE 1992 
Vapour pressure (kPa)  < 0.1 20 API 2012b 
log Kow  
(dimensionless) 

4.4–7.2b 

 
25 

 
API 2012a 
 

log Kow  
(dimensionless) 

4.9 to >25c - Table C.2, 
Appendix C 

log Koc  
(dimensionless) 

5.6–13d 
4.4–8.1e 

- US EPA 2012 

Aromatic components 65–85 wt% - API 2012b 
DMSOf extractables 
(wt%) 

6–30 - API 2012b 

Abbreviations: Koc, organic carbon-water partition coefficient; Kow, octanol-water partition coefficient. 
a The exact DAE tested was not specified and the original reference was not provided. 
b Determined for the light naphthenic DAE (CAS RN 64742-03-6; carbon range of C15-C30) and used for 
read-across to the light paraffinic DAE (CAS RN 64742-05-8) considered within this assessment. 
c Based on representative structures in the carbon range C15-C50. 
d Determined for CAS RN 64742-04-7 and 64742-11-6; it is unknown whether they are experimental or 
calculated. 
e Determined for CAS RN 64742-05-8; it is unknown whether it is experimental or calculated. 
f Dimethyl sulfoxide (DMSO) is used in certain analytical tests to extract polycyclic aromatic compounds 
(PAC) and other components from mixtures of petroleum products; the percentage of PAC extracted 
from the product correlates with carcinogenic potency as measured in animal tests. 
 
Refined petroleum products are primarily made by distillation processes that separate 
fractions from crude oil on the basis of boiling range. Distillation does not produce 
sharp distinctions in boiling point cut-offs, and so there is overlap between distillate 
fractions. The base oil and wax distillates from which aromatic extracts are removed 
do not have sharp boiling point cut-offs, nor do the resulting aromatic extracts.  
 
To predict the environmental behaviour and fate of complex substances such as these 
DAEs, representative structures were selected from each chemical class within these 
substances. Thirty-three structures were selected (see Table C.1 in Appendix C) from 
the database in PetroTox (2012) on the basis of the boiling point range for each DAE, 
the number of data on each structure, and the middle of the boiling point range of 
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similar structures. As the compositions of these DAEs are not well defined and are 
indeed variable, representative structures are not considered to be proportional with 
respect to the actual fractions in the mixtures. The selection process resulted in 
representative structures for alkanes, isoalkanes, one- and two-ring cycloalkanes, 
polycycloalkanes, cycloalkane monoaromatics, cycloalkane diaromatics, and one- to 
six-ring aromatics, ranging from C15 to C50 (see Table C.1 in Appendix C). Physical-
chemical data for each representative structure were assembled from the scientific 
literature and from the EPI Suite (c2000-2010) group of environmental models (Table 
C.2 in Appendix C). 
 
The experimental water solubility for the DAEs ranged from 1.4 to 5.8 mg/L, as cited 
by CONCAWE (1992), but is not referenced and cannot be validated. Model 
predictions of individual C15 to C50 representative structures resulted in much lower 
water solubilities, ranging from 2.6 × 10-20 to 1.1 mg/L (Table C.2. in Appendix C). 
Likewise, the log Kow range of 4.7 to 24 predicted for the components is much higher 
than that measured for the DAE identified by CAS RN 64742-03-6 (4.4 to 7.2). 
Nevertheless, all results suggest that these DAEs have negligible water solubility and 
high partitioning to octanol.  
 
It should be noted that the physical and chemical behaviour of the representative 
structures will differ if these representative structures are present in a complex 
substance, such as aromatic extracts. The vapour pressures of components of a 
mixture will be lower than their individual vapour pressures based on Raoult’s law (i.e., 
the total vapour pressure of an ideal mixture is proportional to the sum of the vapour 
pressures of the mole fractions of each individual component). Similar to Raoult’s law, 
the water solubilities of components in a mixture are lower than when they are present 
individually (Banerjee 1984). Concurrently, however, when part of a mixture (or a 
UVCB such as in this instance), components that are normally solid under 
environmental conditions may have lower melting points (and therefore be in a liquid 
state), as well as increased vapour pressure and water solubility (Banerjee 1984).  
 

4. Sources 
 
DAEs  are produced (i.e., manufactured) in refineries in Canada, in addition to being 
imported into Canada (Table 4-1). Within refineries these substances are part of 
intermediate streams or they are blended to make other products under a new CAS 
RN and so have been identified as being consumed at the facility as indicated from 
information collected through the Notice with respect to certain high priority petroleum 
substances (Environment Canada 2008) (see Table 4-1).  
 
There were no manufacturing quantities reported for “extracts (petroleum), heavy 
naphthenic distillate solvent” (CAS RN 64742-11-6). None of the three DAEs were 
reported as being acquired for use as a feedstock in the petroleum sector 
(Environment Canada 2008).  
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Table 4-1. Quantities of the three DAEs in Canada  (Environment Canada 2008 
2012) 
CAS RN Manufacture quantity 

(kg) in 2006 
Import, export, use and 
transportation quantities (kg) 
in 2010 

64742-04-7 > 10 000 000  1 000 000 to 10 000 000 
64742-05-8 > 10 000 000  0 
64742-11-6 0 1 000 000 to 10 000 000  

 
Information collected through the Notice with respect to certain high priority petroleum 
substances on the Domestic Substances List (Environment Canada 2012), published 
under section 71 of CEPA, indicates that two of the DAEs are imported, exported and 
used in industrial or commercial settings and are either imported by truck or rail car 
(see Table 4-1). Multiple reporters confirmed import, use and export of CAS RN 
64742-04-7 and 64742-11-6.  
 
Outside of Canada, all of these DAEs have been identified by the Organisation for 
Economic Co-operation and Development (OECD) as high production volume (HPV) 
chemicals, with 1000 tonnes or more produced per year (OECD 2004).  
 
HPV chemicals in the United States are those produced or imported in quantities of 1 
million pounds or more per year (HPVIS 2014). Information on quantities in the United 
States was obtained from the US EPA Chemical Data Access Tool (CDAT), which 
documents the annual production volume for CAS RN 64742-04-7 as between 5×108 
and 10×108 lb/year (equivalent of 2.3×108 to 4.5×108 kg/year), while the volume for 
CAS RN 64742-05-8 was withheld under the confidential business information 
provisions of the US Toxic Substances Control Act but appeared to be at least 190 
million lb/year (8. 6×107  kg/year) from one reporter. CAS RN 64742-11-6 was 
reported as 231 million lb/year (1.0×108 kg/year) in the United States in 2012 (CDAT 
2014).  
 
The EU has also identified these DAEs as HPV chemicals (ECHA c2007-2014). In the 
EU, chemicals produced or imported in volumes of over 1000 tonnes per year are 
considered HPV substances. The European Chemicals Agency (ECHA) reported 
between 1 million and 10 million tonnes for CAS RN 64742-04-7 and between 100,000 
and 1 million tonnes for CAS RN 64742-05-8. No volumes were identified for CAS RN 
64742-11-6 (ECHA c2007-2014). 
 

5. Uses 
 
The Domestic Substances List nomination information (from 1984-1986) indicates that 
DAEs were used as lubricating agents, lubricant additives, and mould release agents 
as well as in the petroleum and natural gas sector. 
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According to information collected through a section 71 notice under CEPA 
(Environment Canada 2008), DAEs were identified as being site-restricted at 
refineries, as being part of an intermediate stream, as being blended to make other 
products under a new CAS RN or as being consumed at the facility. However, updated 
information collected through a later section 71 notice (Environment Canada 2012) 
showed DAEs were imported, exported and used for industrial products by Canadian 
companies outside of the petroleum sector. 

Non-confidential industrial product categories collected under Environment Canada 
(2012) are summarized in Table 5-1. None of the refineries in Canada identified these 
substances as being sold or used for the purposes listed in Table 5-1.  
 
Table 5-1. Industrial products containing the three DAEs (Environment Canada 
2012) 

 CAS RN Industrial and Professional Use 
Products 

64742-04-7 

Solvents 
Vehicle parts production 
Adhesives and sealant substances 
Corrosion inhibitors 
Demulsifier 
Viscosity adjusters 

64742-05-8 No products/uses identified 

64742-11-6 
 

Adhesives and sealants 
Solvents 
Viscosity adjusters 
Printing inks 
Lubricants 
Rubber and plastics 
Paints and coatings 
Electrical insulating  
Asphalt recycling  
Roofing materials 
Process oils 
Fuels 
Road paving 

 
Additional information on potential uses of DAEs was found through searches of the 
available scientific and technical literature. In general, aromatic extracts can be used 
as blending components in heavy fuels, as feed stock for the production of carbon 
black, petroleum pitches or resins, and in the manufacture of rubber and plastics (API 
2012b).  

The US Department of Health and Human Services’ Household Products Database 
contains information on petroleum substances found in consumer products in the 
United States (Household Products Database 1993- ). Some of these products may 
also be available in Canada. The database showed that CAS RN 64742-11-6 is found 
in the United States in two consumer product adhesives (Household Products 
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Database 1993- ). Also, aromatic extracts were historically used in specialty 
applications such as printing inks, wood preservatives and seal coatings (API 2012b). 
Further data on products identified through internet and material safety data sheet 
(MSDS) searches and updated information from industry showed these products were 
discontinued, reformulated, not available in Canada, or limited to industrial use. 
Therefore, these DAEs were not found to be used as ingredients in Canadian 
marketplace products. MSDS searches also revealed that one of the DAEs (CAS RN 
64742-11-6) is used in a dust suppressant product at a concentration of 100% w/w 
(MSDS 2005). However, use of this product from the United States in Canada is not 
confirmed. 

Aromatic extracts in general can be used as extender oils in the manufacture of rubber 
and plastics. Extender oils help to achieve elasticity and are added to make brittle 
materials soft and flexible (API 2012b; UBA 2016). However, use of DAEs as extender 
oils in tires and consumer products has declined because of increased attention to 
their composition, including PAH content, and their potential effects on the 
environment and human health. Recycled tires are processed to form crumb rubber 
products, such rubberized playground surfaces and athletic surfaces. To this end, 
regulations have been introduced in the European Union. The European Commission 
has legislation in the form of Directive 2005/69/EC that bans the use of extender oils 
that are rich in PAHs for the production of tires as of January 1, 2010 (EC 2005). Tires 
are not to contain more than 1 mg/kg B[a]P or more than 10 mg/kg of the sum of the 
eight “EU-PAHs.”4 Additionally, the use of these extender oils that contain greater than 
1 mg/kg of PAH species is banned in plastic or rubber consumer products that are 
intended to come into direct and prolonged contact with human skin or the oral cavity 
(European Commission 2013). Children were also identified as a population of 
concern, and therefore the use of  PAHs above 0.5 mg/kg (ppm) in accessible parts of 
toys and children’s articles is banned. These product regulations came into force in 
Europe on December 27, 2015. 
 
All three DAEs are classified as carcinogens. For example, in Europe they are 
considered category 1B, which may cause cancer. In order to improve human health 
protection, substances and preparations containing these DAEs should not be placed 
on the market for use by the general public (ECHA c2007–2014; EU 2005). Market 
use of the three DAEs has therefore been restricted in the EU because of their 
inherent hazard (ECHA c2007-2014; EU 2005). They are included in Regulation 
1272/2008 on classification, labelling and packaging of substances and mixtures (EU 
2008) and in the ECHA list of CMR substances (ECHA 2012). Two of these DAEs are 
found on the Danish List of Undesirable Substances (2004).  

                                            
4 Benzo[a]pyrene, benzo[e]pyrene, benzo[a]anthracene, chrysene, benzo[b]fluoranthene, 
benzo[j]fluoranthene, benzo[k]fluoranthene and dibenzo[a,h]anthracene, hereinafter referred to as the 
European Union polycyclic aromatic hydrocarbons (EU-PAHs), are classified in accordance with Annex 
VI to Regulation (EC) No 1272/2008 of the European Parliament and the Council of 16 December 2008 
on classification, labelling and packaging of substances and mixtures, amending and repealing 
Directives 67/548/EEC and 1999/45/EC, and amending Regulation (EC) No 1907/2006 (2). 
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6. Releases to the Environment 
 
Potential release of DAEs to the environment can be from petroleum facilities, 
transportation and spills, uses of consumer products, and manufacture of products 
containing DAEs. 

6.1 Potential Release from Petroleum Facilities 
 
The DAEs considered in this report originate from refineries. At refineries, aromatic 
extracts are generally obtained by solvent extraction of aromatics during the 
production of base oil and waxes. Thus, the potential locations for the controlled 
release of DAEs include relief, venting, or drain valves on piping or equipment (e.g., 
vessels) in the vicinity of this equipment. Under typical operating conditions, releases 
of DAEs would be captured in a closed system, according to defined procedures, and 
returned to the processing facility or to the wastewater treatment plant. In both cases, 
exposure of the general population or the environment is not expected. 
 
Unintentional releases of DAEs may occur at production facilities. In Canada, 
legislation governing releases of DAEs is in place and includes requirements at the 
provincial/territorial level to prevent or manage unintentional releases of petroleum 
substances and streams within a facility through the use of operating permits (SENES 
2009). Such control measures include appropriate material selection during the design 
and setup processes, regular inspection and maintenance of storage tanks, pipelines 
and other process equipment, the implementation of leak detection and repair or other 
equivalent programs, the use of floating roofs in above-ground storage tanks to reduce 
the internal gaseous zone; and the minimal use of underground tanks, which can lead 
to undetected leaks or spills (SENES 2009). 
 
At the federal level, unintentional releases of some petroleum substances to water 
from facilities are addressed under the Petroleum Refinery Liquid Effluent Regulations 
and guidelines (Environment Canada 1974) in the Fisheries Act (Canada 2012). 
Additionally, existing occupational health and safety legislation specifies measures to 
reduce occupational exposures of employees, and some of these measures also 
serve to reduce unintentional releases. Non-regulatory measures (e.g., guidelines and 
best practices) are also in place at petroleum sector facilities to help reduce 
unintentional releases. 

6.2 Potential Release from Transportation and Spills 
 
The DAEs considered in this assessment can be transported between facilities by rail 
or truck. In general, three operating procedures are involved in the process of 
transportation: loading, transit, and unloading. With the transport of these substances 
by rail and truck (Environment Canada 2011, 2012), unintentional releases of DAEs 
will generally enter the air, water, or soil.  
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The handling of DAEs at petroleum facilities for the purpose of transportation is 
regulated at both the federal and provincial levels, with measures covering loading 
and unloading (SENES 2009). Collectively, these measures establish requirements for 
safe handling of petroleum substances and are intended to minimize or prevent 
potential releases during loading, transportation and unloading operations (SENES 
2009). Given the low vapour pressure of DAEs, exposure of the general population to 
fugitive emissions is expected to be low (see Section 9.1). 
 
Tanks or containers for transferring petroleum substances are typically dedicated 
vessels and therefore washing or cleaning is not required on a routine basis (API 
2012b).  
 
Releases associated with the transport of petroleum substances can generally be 
assessed through an analysis of historical spill data. There are no applicable spill data 
specifically for DAEs, but spills are not expected to be an important release source 
compared to releases from tires and road care products. The potential release of 
DAEs from spills is therefore not considered further in this assessment.  

6.3 Potential Release of DAEs from Tires and Road Care Products 
 
Although the use of DAEs in tires has declined (see Section 5), the release of DAEs to 
the aquatic environment from tires is evaluated in this assessment. Potential releases 
of DAEs from tire wear are conservatively estimated on the basis of estimates of tire 
loss, the estimated quantity of tires containing DAEs, and their concentration in the 
tires (see Section 8.2.3).   
 
DAEs might be released from road care products. The release of DAEs (as a 
subcategory of aromatic extracts) from road-care asphalt emulsions that are mixed 
with asphalt has been evaluated in the screening assessment report of asphalt and 
oxidized asphalt (ECCC/HC 2017) and is therefore not considered in this assessment. 
However, release from the use of DAEs in road care products that are not mixed with 
asphalt is expected and evaluated in the exposure assessment (see Section 8.2.3). 
 

6.4 Potential Releases from Manufacturing of Products Containing 
DAEs 

 
Considering the reported use patterns of these DAEs, there is potential for release to 
the aquatic environment through wastewater effluents from industrial sources. 
Releases from the rubber manufacturing sector are related to rubber compounding, 
manufacture of rubber products, and tire retreading. Releases from manufacturing of 
products other than rubber are related to the formulation of corrosion inhibitors, and 
the manufacture of asphalt road care products and building materials. Releases to the 
environment are estimated on the basis of use quantity, number of operation days 
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involved with DAEs, wastewater emission factors, and removal by wastewater 
treatment systems (Appendix F, Table F.1). 
 

7. Environmental Fate and Behaviour 
 

7.1 Environmental Distribution 

When petroleum substances are released into the environment, four major fate 
processes will take place: dissolution in water, volatilization, biodegradation, and 
adsorption. These processes will cause changes in the composition of these UVCB 
substances. In the case of spills on land or water surfaces, photodegradation—
another fate process—can also be significant.  

As noted previously, the solubility and vapour pressure of components within a mixture 
will differ from those of the component alone. The interactions between the 
components of complex UVCBs such as petroleum hydrocarbons are complex. 

Each of the fate processes affects hydrocarbon families differently. Aromatics tend to 
be more water soluble than aliphatics of the same carbon number, whereas aliphatics 
tend to be more volatile (Potter and Simmons 1998). Thus, when a petroleum mixture 
is released into the environment, the principal water contaminants are likely to be 
aromatics, whereas the principal air contaminants will be aliphatics (Potter and 
Simmons 1998). Alkenes and alkanes have similar volatilities and are more volatile 
than aromatics and cycloalkanes, which in turn have similar volatilities. The most 
soluble and volatile components have the lowest molecular weight; thus, there is a 
general shift to higher-molecular-weight components in residual materials. Following 
an initial loss due to volatilization and solubilization, the remaining degradative 
pathway is biodegradation, usually by bacteria. 

Biodegradation is almost always operative when petroleum mixtures are released into 
the environment. It has been widely demonstrated that nearly all soils and sediments 
have populations of bacteria and other organisms capable of degrading petroleum 
hydrocarbons (Pancirov and Brown 1975). Degradation occurs both in the presence 
and absence of oxygen. Two key factors that determine degradation rates are oxygen 
supply and molecular structure. In general, degradation is more rapid under aerobic 
conditions. Decreasing trends in degradation rates according to structure are as 
follows (Potter and Simons 1998): 

(1) n-alkanes, especially in the C10–C25 range which are degraded readily;  
(2) isoalkanes; 
(3) alkenes; 
(4) benzene, toluene, ethylbenzene and xylenes (BTEX) (when present in 
concentrations that are not toxic to microorganisms); 
(5) monoaromatics; 
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(6) polynuclear (polycyclic) aromatic hydrocarbons (PAHs); and  
(7) higher-molecular-weight cycloalkanes (which may degrade very slowly 
(Pancirov and Brown 1975)).  

Three weathering processes—dissolution in water, volatilization, and biodegradation—
typically result in the depletion of the more readily soluble, volatile, and degradable 
compounds and the accumulation of those most resistant to these processes in 
residues. Because of the complex interaction of components within a mixture that 
impacts their physical-chemical properties and behaviour, it is difficult to predict the 
fate of a complex mixture. Therefore, as a general indication of the fate of DAEs, the 
physical-chemical properties of representative structures of DAEs (Tables C.1 and C.2 
in Appendix C) were examined.  

If released to air, the components of DAEs with carbon number less than C20 are likely 
to remain in air because of their moderate vapour pressure (1.2×10-3 to 5.8 Pa), 
whereas the heavier components will partition out of air because of their generally low 
vapour pressure (5.1×10-10 to 2.5×10-3 Pa) (Appendix C).  
 
If released to water, the components will typically settle into the sediment as a result of 
low aqueous solubilities and high Kow and Koc values (Table B-3 of Appendix B). 
Volatilization from water surfaces is not expected to be an important fate process 
despite the presence of some representative structures with moderate to very high 
estimated Henry’s law constants (0.06 to 3.6 × 1010 Pa·m3/mol). The relatively low 
proportions of aliphatic components in these DAEs will not amount to large quantities 
evaporating from water. The tendencies for evaporation and sorption are competing, 
and the exact nature of the release would dictate how the DAEs behave.  
 
If released to soil, most representative structures of DAEs are expected to sorb to soil 
because of their high log Koc value (4.4 to 22). Competing with this tendency are 
evaporative forces. Some of the smaller structures, such as 2-methyl tetradecane (a 
C15 isoalkane), might volatize into the air because of their moderate vapour pressures. 
Volatilization from moist soil surfaces may be an important fate process considering 
the estimated Henry’s law constant values. When released to the environment, these 
DAEs will tend to clump together rather than disperse because they are highly viscous 
(US EPA 2008). When large quantities of a hydrocarbon mixture enter the soil 
compartment, soil organic matter and other sorption sites in soil become saturated and 
the hydrocarbons will begin to form a separate phase (a non-aqueous phase liquid or 
NAPL) in the soil. At concentrations below the retention capacity for the hydrocarbon 
in the soil, the NAPL will be immobile (Arthurs et al. 1995); this is referred to as 
residual NAPL (Brost and DeVaull 2000). Above the retention capacity, the NAPL 
becomes mobile and will move within the soil (Arthurs et al. 1995; Brost and DeVaull 
2000).  
 

7.2 Persistence and Bioaccumulation 
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Given the complex nature of petroleum substances such as DAEs, the persistence 
and bioaccumulation potential of components of these substances is characterized 
using empirical and/or modelled data for a suite of petroleum hydrocarbon structures. 
These representative petroleum hydrocarbon structures do not represent all possible 
structures in petroleum substances, nor do they necessarily represent the full range of 
persistence or bioaccumulation potential present in any given chemical class of 
structures (e.g., alkanes, monoaromatics) or carbon number (e.g., C20). Thus, the 
modelling results do not indicate the persistence and bioaccumulation potential of all 
substances in a specific class and carbon range but instead give a more general 
indication of these properties. When available and applicable, empirical persistence 
data on whole DAEs are also considered. 
 

7.2.1 Potential for environmental persistence  

An experimental biodegradation study for a light DAE (CAS RN 64742-03-6) found 
that it is not biodegradable in water. No biodegradation or mineralization was 
observed over 28 days in a closed bottle test and modified Sturm test, respectively 
(Shell Research Ltd. 1994; API 2012a). Similar low biodegradation potential is 
expected with the light DAE considered in this assessment (CAS RN 64742-05-8). 
Additionally, the two heavy DAEs considered in this assessment are expected to have 
similar low biodegradation potential as the higher carbon number components are 
expected to be even less biodegradable than the lighter components found within the 
light DAE. 
  
Persistence of a suite of petroleum hydrocarbons expected to occur in DAEs was 
characterized using empirical and/or modelled data. 
 
Model results and the weighing of information are reported in the technical document 
on petroleum substance persistence and bioaccumulation (Environment Canada 
2014) and are summarized in Table D.1 (Appendix D).  
 
Empirical and modelled half-lives in the atmosphere for the components of these 
DAEs are less than 2 days (Environment Canada 2014). However, a number of three- 
to six-ring PAHs can undergo long-range transport to remote regions as a result of 
sorption to particulate matter (Environment Canada 2014).  
 
Considering biodegradation in water, soil, and sediment, the following components 
have half-lives greater than 6 months in water and soils and greater than 1 year in 
sediments: C30 isoalkane, C15–C50 dicycloalkanes, C18–C22 polycycloalkanes, C15–C20 
cycloalkane monoaromatics, C15–C50 two-ring aromatics, and C18-–C50 three- to six-
ring PAHs. The C30 one-ring cycloalkane, C15 and C30–C50 one-ring aromatics have 
half-lives greater than 1 year in sediments only (Table D.1 in Appendix D). 
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7.2.2 Potential for bioaccumulation  

Bioaccumulation potential for a suite of petroleum hydrocarbons expected to occur in 
DAEs was characterized using empirical and/or modelled data. Bioaccumulation 
factors (BAFs) are the preferred metric for assessing the bioaccumulation potential of 
substances, as the bioconcentration factor (BCF) may not adequately account for the 
bioaccumulation potential of substances via the diet, which predominates for 
substances with log Kow values greater than approximately 4.5 (Arnot and Gobas 
2003).  
 
In addition to fish BCF and BAF data, bioaccumulation data for aquatic invertebrate 
species, biota-sediment/soil accumulation factors (BSAFs), trophic magnification 
factors and biomagnification factors were also considered in characterizing 
bioaccumulation potential. 
 
Empirical and modelled bioaccumulation data for petroleum hydrocarbons, as well as 
the weighing of information, can be found in an Environment Canada technical report 
(Environment Canada 2014). A summary of the results for bioaccumulation potential is 
presented below and in Table D.2 (Appendix D). 
 
Overall, there is consistent empirical and predicted evidence to suggest that the 
following components have the potential for high bioaccumulation with BAF/BCF 
values greater than 5000: C15 isoalkanes, C15 one-ring cycloalkanes, C15 two-ring 
cycloalkanes, C22 polycycloalkanes, C15 one-ring aromatics, C15–C20 cycloalkane 
monoaromatics, C20 cycloalkane diaromatics, C20 three-ring aromatics, C16–C20 four-
ring PAHs, C20–C22 five-ring PAHs, and C22 six-ring PAHs (Table D.2, Appendix D). 
These components are highly lipophilic and are associated with a slow rate of 
metabolism in certain organisms such that the rate of uptake greatly exceeds the total 
elimination rate. However, most of these components are not expected to biomagnify 
(relative to their concentration in the diet) in aquatic or terrestrial food webs, largely 
because the combination of metabolism (albeit slow), low dietary assimilation 
efficiency, and growth dilution allows the elimination rate to exceed the uptake rate 
when exposure occurs from the diet only (Environment Canada 2014). In addition, fish 
and other vertebrates have a higher capacity to metabolize aromatic components than 
invertebrates, which decreases the potential for trophic transfer of these components. 
However, one study (Harris et al. 2011) suggests that some alkyl-PAHs may 
biomagnify. While only BSAFs were found for some PAHs, it is possible that BSAFs 
will be greater than 1 for invertebrates, given that they do not have the same metabolic 
competency as fish. BSAFs will likely decrease beyond C22 because of reduced 
bioavailability of the higher boiling point fractions (Muijs and Jonker 2010). 
 

8. Potential to Cause Ecological Harm 
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8.1 Ecological Effects Assessment 

Information relevant to the toxicity of the DAEs to various organisms is provided 
below. Because of the high log Kow values of components of these DAEs (4.4 to 
greater than 25 (Table 3-1)) and their high viscosity (semi-solid to solid at ambient 
temperature), the potential for these DAEs to partition to water and contribute to 
chronic effects in aquatic organisms is considered to be limited (API 2012b).  
 

8.1.1 Water 

Experimental data for the aquatic toxicity of two of the DAEs are presented in Table 
E.1 (Appendix E). Toxicity data for the heavy DAE identified by CAS RN 64742-04-7 
and the light (C15–C30) DAE (CAS RN 64742-05-8) are presented below. Toxicity data 
for the heavy (C20–C50) DAE identified by CAS RN 64742-11-6 were not available. 
 
All tests with the heavy DAE CAS RN 64742-04-7 were conducted using water-
accommodated fractions (WAFs) at high nominal loading rates (>100 mg/L), and 
effects were not observed. The no-observed-effect-level (NOEL) for Oncorhynchus 
mykiss (96-hour acute test) was greater than the WAF of 1000 mg/L (BP Oil Europe 
1994a). For Daphnia magna, a 21-day test resulted in a median effective loading rate 
(EL50) greater than 1000 mg/L for reproduction and survival (BP Oil Europe 1994b) 
(see Table E.1). In a later study, the 48-hour acute EL50 for D. magna and 
Selenastrum capricornutum (now known as Pseudokirchnerella subcapitata) were 
both greater than 100 mg/L as a WAF (EMBSI 2012a and 2012b).  
 
Experimental studies were conducted by ExxonMobil Biomedical Sciences, Inc. 
(EMBSI) for CONCAWE in 2012 on WAFs of prepared solutions of the light DAE CAS 
RN 64742-05-8 (Table E.1 in Appendix E). For D. magna, a 48-hour acute toxicity test 
had a no-observed-effect-loading-rate (NOELR) of 1 mg/L and an EL50 of 35.9 mg/L 
for mobility; the lowest-observed-effect-loading-rate (LOELR) was identified as 10 
mg/L with observed lack of energy and immobilization (EMBSI 2012c). The algae 
P. subcapitata (formerly S. capricornutum) was more sensitive, with an EL50 of 18.8 
mg/L, determined on the basis of growth rate inhibition, and a NOELR of 0.1 mg/L. 
The 72-hour growth inhibition test consisted of nine replicates per test concentration, 
with an algae concentration of 1.0 x 104 cells/mL in each replicate chamber. The study 
was generally conducted following the OECD 201 Guideline, with the exception of the 
preparation of a WAF. It was noted that for 8 hours of the 72-hour test, the 
temperature fell below the recommended 21ºC; however, cell densities were observed 
to increase by an appropriate factor in the control and the study is still considered 
reliable. The LOELR was identified as 1 mg/L on the basis of statistically significant 
growth reduction (EMBSI 2012d).  
 
A number of samples of DAEs were characterized by EMBSI for aromatic and aliphatic 
content as part of a CONCAWE-sponsored project. The methodology used could only 
determine the aromatic and aliphatic content up to C30. The results indicate that the 
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heavy DAE CAS RN 64742-04-7 had only 1.4 to 23 wt% total aromatic content up to 
C30 (EMBSI 2009), whereas DAEs generally have 65 to 85% wt% aromatic content as 
indicated by several sources (API 2008; US EPA 2008; CONCAWE 2010; API 2012b). 
Therefore, it is assumed that the majority of aromatic components from the samples of 
CAS RN 64742-04-7 analyzed by EMBSI have carbon numbers between C30 and C50 
(CONCAWE 2013). One sample of the light DAE CAS RN 64742-05-8 was also 
analyzed by EMBSI; it had 87 wt% aromatic content (EMBSI 2009), which is 
consistent with the range reported by API (2008) (70 to 88 wt%). This is expected, as 
light DAEs fall entirely within the carbon range that the methodology can measure. 
There were no data available on the characterization of DAE CAS RN 64742-04-7 
tested by BP Oil Europe in 1994 (CONCAWE 2013).  
 
The proportions of three- to seven-ring PAHs are similar for CAS RNs 64742-05-8 and 
64742-04-7 in the samples reported in US EPA (2008b), indicating their toxicity is 
likely similar because toxicity is found mainly in the three- to seven-ring PAHs (API 
2012b). In contrast, CONCAWE reported 2077 ppm of the 16 US EPA priority PAHs5 
in a sample of CAS RN 64742-05-8 (light DAE), and only 1.2 to 302 ppm of the 16 
priority PAHs in four samples of CAS RN 64742-04-7 (heavy DAE) (CONCAWE 
2013). There are obvious differences in the chemical compositions between the 
samples reported in CONCAWE (2013) and US EPA (2008b) for the same substance. 
Even among the CONCAWE samples, the total aromatic proportion of CAS RN 
64742-04-7 varied widely (1.4 to 23 wt%). Thus, the results of low toxicity observed by 
CONCAWE (2013) may not be applicable to other samples of CAS RN 64742-04-7. 
Differences in composition of a given sample could also explain the discrepancies 
observed between the aquatic toxicity results for CAS RN 64742-04-7, which showed 
no effects at high loading concentrations, and CAS RN 64742-05-8, which did cause 
effects. 
 
CONCAWE developed an aquatic toxicity model, PetroTox, specifically for petroleum 
hydrocarbon mixtures. This model is based on chemical action via narcosis and 
therefore accounts for additive effects according to the toxic unit approach. It can 
model petroleum hydrocarbon toxicity for C4–C41 compounds dissolved in the water 
fraction. 6  Substances smaller than C4 are considered too volatile to impart any 
significant toxicity, and compounds larger than C41 are considered too hydrophobic 
and immobile to impart any significant aquatic toxicity. PetroTox (2012) generates 
estimates of toxicity with a median lethal loading (LL50) rather than a median lethal 
concentration (LC50), i.e., it takes into account the poor solubility of petroleum 
substances in water. The LL50 value is the amount of petroleum substance needed to 

                                            
5 The 16 US EPA priority pollutant PAHs are naphthalene, acenaphthylene, acenaphthene, fluorene, 
phenanthrene, anthracene, fluoranthene, pyrene, benz[a]anthracene, chrysene, benzo[b]fluoranthene, 
benzo[k]fluoranthene, benzo[a]pyrene, dibenz[a,h]anthracene, benzo[ghi]perylene, and indeno[1,2,3-cd]pyrene. 
 
6 PETROTOX uses its own library of petroleum hydrocarbons and their associated physical chemical properties. 
These properties may differ from those given for the same representative structures in Tables C.1 and C.2 in 
Appendix C. 
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generate a WAF that is toxic to 50% of the test organisms. It is not a direct measure of 
the concentration of the petroleum components in the WAF. 
 
PetroTox was used to estimate the aquatic toxicity of DAEs as a whole, as well as light 
and heavy DAEs separately (Tables E.2 to E.4, Appendix E), using available 
information on the boiling point ranges and aromatic-to-aliphatic ratios (see section 2). 
The results indicate that the toxicity of DAEs increases with the proportion of 
aromatics. The results also indicate that the toxicities of DAEs are generally similar, 
though the aquatic toxicities of heavy DAEs are slightly less than that of light DAEs. In 
addition, lethal loading rates were generally below 1 mg/L, except for M. beryllina, 
which appears to be quite tolerant of DAEs with estimated LL50 values greater than 
1000 mg/L.  
 
The Petroleum HPV Testing Group of the American Petroleum Institute used PetroTox 
to estimate the toxicity of the light DAE CAS RN 64742-05-8 using high resolution 
mode and compositional data from two-dimensional gas chromatographic analysis. 
Acute lethal loadings to fish (O. mykiss), invertebrates (D. magna) and algae (P. 
subcapitata, formerly S. capricornutum) were all greater than 1000 mg/L (API 2013). 
This differs from the results obtained for this DAE in Table E.3, Appendix E. 
 
Modelled low resolution results for the three DAEs considered in this report (Appendix 
E) are lower than those found in the experimental studies presented above. However, 
because of the lack of compositional data and model uncertainties (including low 
toxicity observed for the light DAE when estimated using high-resolution and detailed 
compositional data), empirical data were given more weight when considering the 
overall evidence. 
 
Some studies are available that examined the aquatic toxicity of tire debris and road 
wear particles. None of the studies identified DAEs as the toxic components causing 
adverse effects to aquatic organisms (Brophy and Graney 2004; Stephensen et al. 
2005; Marwood et al. 2011).  
 
Overall, the empirical and modelled ecotoxicological data summarized in Tables E.1, 
E.2, E.3 and E.4 (Appendix E) indicate that the three DAEs might have moderate to 
high acute toxicity to aquatic organisms. It appears that algae are most sensitive to 
DAEs. For the aquatic toxicity, the critical toxicity value (CTV) was chosen to be 19 
mg/L on the basis of the EL50 (growth inhibition) resulting from exposure of algae to 
CAS RN 64742-05-8. This CTV is considered applicable for the three DAEs in this 
report, given their similar aromatic content (ranging from 67 to 88 wt%, Table 2-1) and 
their similar total PAHs (ranging from 8.7 to 20 wt%, Table 2-2). Whereas 
experimental data were not available for all three DAEs, their model predictions 
suggest that CAS RN 64742-05-8 would be the most hazardous of the three to aquatic 
organisms. In addition, as higher proportions of soluble aromatics decrease the 
loading rate required to cause toxicity, larger proportions of aromatics in the less than 
C30 carbon range result in greater toxicity (Swigert et al. 2014). Experimental toxicity 
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data for sediment-dwelling organisms are not available; however, it is expected that 
they would have a similar sensitivity to DAEs as aquatic organisms. 
 

8.1.2 Terrestrial 

DAEs have low acute systemic toxicity in mammals. Oral LD50s for both light and 
heavy DAEs were greater than 5000 mg/kg in rats, and a LOAEL of 125 mg/kg/day 
was identified in rats after a 13-week oral exposure (API 2012a; API 1986; Feuston et 
al. 1994; FDRL 1974).  
 
No data on the toxicity of DAEs to soil organisms was found. However, the Canada-
Wide Standard for Petroleum Hydrocarbons in Soil (CCME 2008) provides soil 
standards for petroleum products based on toxicity to a variety of terrestrial organisms 
(e.g., invertebrates and plants). These standards are based on four fractions of total 
petroleum hydrocarbons (fraction 1 (F1; C6–C10), fraction 2 (F2; >C10–C16), fraction 3 
(F3; >C16–C34) and fraction 4 (F4; >C34)) and assume a 20:80 ratio of aromatics to 
aliphatics. The standards are also divided into four land-use classes (agricultural, 
residential, commercial and industrial) and two soil types (coarse-grained and fine-
grained) for the determination of remedial standards. The most sensitive land-use and 
soil type is typically agricultural coarse-grained soils.  
 
DAEs are predominantly found in the F3 and F4 fractions, but may also partly 
encompass the F2 fraction for light DAEs that have a carbon range starting at C15. 
Given that the proportion of F2 in even light DAEs would be small, the values for F3 
and F4 are most relevant. The standards for soil contact by non-human organisms for 
F3 and F4 are 300 and 2800 mg/kg dry weight (dw) soil, respectively (CCME 2008a, 
2008b). However, the Canada-wide standards were developed assuming a 20:80 ratio 
of aromatics to aliphatics, which is a much smaller proportion of aromatics than that 
present in DAEs. Considering that aromatic hydrocarbons are the main contributors to 
toxicity of petroleum substances, the standards may not be protective for these 
substances.   
 
The major sources of environmental release of these substances are to aquatic 
systems (see section 8.2); thus, the risk of these substances to soil organisms was not 
considered further within this assessment.   
 

8.2 Ecological Exposure Assessment 

 

8.2.1 Exposure scenarios and predicted environmental concentrations 

Exposure scenarios were developed for manufacturing of rubber and other products 
and for runoff from tire wear. These scenarios represent the major potential for 
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environmental exposure to these DAEs. For each scenario, a predicted environmental 
concentration (PEC) is estimated in order to assess exposure to the DAEs by 
ecological receptors. These PECs were determined on the basis of a tiered approach 
(i.e., using conservative assumptions for the initial calculations and then refining these 
assumptions as needed to increase the level of realism of the scenario).  
 
No data on measured environmental concentrations (e.g., water, soils, and sediments) 
of DAEs are available as it would be difficult to attribute the measured analytes to 
these complex UVCBs. Therefore, environmental concentrations have been estimated 
from available information including substance quantities, estimated release rates, and 
characteristics of the receiving environment. 
 

8.2.2 Exposure from manufacturing of rubber and other products  

An estimate of environmental exposure was derived for aquatic exposure to these 
DAEs resulting from their use and release from the manufacturing of rubber and other 
products. The CEPA section 71 notice survey results identified three types of activities 
involved in rubber manufacture: rubber compounding, manufacture of rubber products, 
and tire retreading (Environment Canada 2011, 2012). Tire manufacture was initially 
included in this sector on the basis of the survey data, but was removed after it was 
confirmed that DAEs are no longer used in tire manufacture in Canada [personal 
communication, Environment Canada with Canadian tire manufacturers, dated 2014; 
unreferenced]. The section 71 survey results identified three types of activities related 
to the manufacturing of products other than rubber: formulation of corrosion inhibitors, 
manufacture of asphalt road care products, and manufacture of building materials 
(Environment Canada 2011, 2012). These have been assessed as one scenario. 
 
The PEC is estimated using available information on the quantities of these DAEs 
used in Canada, the number of annual operation days of manufacturing facilities for 
rubber and other products, estimates of losses to wastewater and removal by 
wastewater treatment systems, and estimates of dilution in receiving waters. The 
equation and values used in the calculation are provided in Appendix F (Table F.1).  
 
As DAEs are expected to be released to water from wastewater treatment systems, 
and then partition to sediments, PECs were estimated for both water and sediments. 
The sediment PECs were estimated under the assumption that the compositions of 
these UVCBs do not change before and after wastewater treatment. However, the 
wastewater treatment system (WWTS) will remove different components preferentially, 
such that the composition in effluent is not the same as in influent. Concentrations for 
the two scenarios in water near the point of discharge vary between 5.4 × 10-5 and 
0.055 mg/L, while concentrations in sediment vary between 0.013 and 213 mg/kg, as 
shown in (Table 8-1). 
 
Table 8-1: Water and sediment PECs for DAEs resulting from manufacturing of 
rubber and other products 
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Scenario Water PEC (mg/L) Sediment PEC (mg/kg) 
Manufacturing of rubber  5.4 × 10-5 to 0.054  0.013 to 170 
Manufacturing of other 
products  

1.7 × 10-4 to 0.055 0.049 to 210 

 

8.2.3 Exposure from runoff of tire wear and from road care products 

Conservative PEC estimates for water are derived for the runoff releases of these 
DAEs from tire wear particles and road care products. The fraction of tires used in 
Canada that contains DAEs is unknown; however, communication with Canadian tire 
manufacturers confirmed that DAEs are no longer used in the manufacture of new 
tires [personal communication, Environment Canada with Canadian tire 
manufacturers, dated 2014; unreferenced]. An upper limit for DAE-in tires was 
estimated on the basis of the confirmed proportion of DAE-free tires in Canada (see 
Table F.2 in Appendix F). This upper limit value therefore allows the derivation of 
conservative PEC estimates. For the same purpose, an upper limit for the DAEs 
present in road care products is determined from survey data (Environment Canada 
2011, 2012). The two upper limits are then combined in the derivation of conservative 
aquatic PEC estimates. 
 
It should be noted that road care products are divided into products mixed with asphalt 
and those not mixed with asphalt. As the products mixed with asphalt are covered by 
the screening assessment report of asphalt and oxidized asphalt (ECCC, HC 2017), 
they are excluded from the PEC calculations here. The PECs derived for water, 
presented as a distribution across 300 Canadian urban areas, are in the range of 
0.0017 to 0.072 mg/L for 95% of urban areas. This further yields a range of PECs in 
sediment from 0.49 to 280 mg/kg derived using an equilibrium partitioning approach. 
The calculations and values used to derive the water and sediment PECs can be 
found in Appendix F (Table F.2). 
 

8.3 Characterization of Ecological Risk 

8.3.1 Risk analysis 

The approach taken in this ecological screening assessment was to examine available 
scientific information and develop conclusions based on a weight-of-evidence 
approach as required under CEPA. For each endpoint organism, an estimate of the 
potential to cause adverse effects and predicted no-effect concentration (PNEC) was 
determined. The PNEC is the CTV selected for the organism of interest divided by an 
appropriate assessment factor. Also, a PEC was determined for each exposure 
scenario. A risk quotient (RQ = PEC/PNEC) was calculated for each endpoint 
organism and is an important line of evidence in evaluating the potential risk to the 
environment. 
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For the exposure scenarios for the manufacture of rubber and other products and for 
runoff from tire and road care products, the selected critical toxicity value of 19 mg/L 
was based on the EL50 (e.g., growth inhibition) resulting from exposure of algae to 
CAS RN 64742-05-8. An assessment factor of 100 was applied to the CTV to account 
for acute to chronic extrapolations, as well as inter- and intra-species variability, 
resulting in a freshwater PNEC of 0.19 mg/L. 
 
The resultant RQs for each exposure scenario are presented below (Table 8-2). These 
conservative RQs, calculated for each of the exposure scenarios on the basis of the 
available information, are below 1, which indicate low risk of harm to aquatic 
organisms. 
 
Table 8-2: Summary of risk quotients (RQs) for water obtained for different 
conservative exposure scenarios for DAEs.  

Scenario 
Critical 
toxicity 
value 
(CTV) 

Assessment 
factor PNEC PEC RQ 

Rubber 
manufacturing 19 mg/L 100 0.19 mg/L 0.054 mg/L 0.28 

Manufacturing of 
other products 19 mg/L 100 0.19 mg/L 0.055 mg/L 0.29 

Runoff from tire 
wear and road 
washout 

19 mg/L 100 0.19 mg/L 0.072 mg/L 0.38 

 
Once released to water, these DAEs are expected to partition to sediment. A risk 
quotient based on exposure in sediment may be calculated on the basis of the above 
PEC and PNEC values for water and used for sediment risk characterization. In the 
calculation, the bottom sediment, the suspended sediment, and the aqueous phase 
are assumed to be in equilibrium. The benthic and pelagic organisms are assumed to 
have similar sensitivities to DAEs. Therefore, this equilibrium approach would result in 
risk quotients (PEC/PNEC) for sediment that are the same as for water. The 
conservative RQs for water, and thus sediments, are all below 1, indicating a low risk 
of harm to sediment-dwelling organisms from DAEs in Canada. The equilibrium 
approach does not take into account the exposure of DAEs via ingestion of 
contaminated sediment, whereas partition to sediment is the most important fate of 
these DAEs, and they contain components that might persist in sediment (Table D.1 in 
Appendix D). However, the combination of metabolism, low dietary assimilation 
efficiency, and growth dilution reduces the bioaccumulation of the components 
(Environment Canada 2014). Some invertebrates would be more sensitive to DAEs 
given that they do not have the same metabolic competency as fish, but 
bioaccumulation will likely decrease beyond C22 as a result of reduced bioavailability 
of the higher boiling point fractions (Muijs and Jonker 2010). The release of DAEs will 
contribute to the loading of PAHs in the sediment that has been previously assessed 
(Environment Canada, Health Canada 1994). 



Screening Assessment  Distillate Aromatic Extracts 

23 
 

 
Considering the key exposure sources identified in Section 8.2, releases to soil are not 
expected to be a source of concern. 

8.3.2 Uncertainties in evaluation of ecological risk 

All modelling of a substance’s physical and chemical properties and persistence, 
bioaccumulation and toxicity characteristics is based on chemical structures. As these 
DAEs are considered to be UVCBs, they cannot be represented by a single, discrete 
chemical structure. The specific chemical composition of these DAEs is not well 
defined; DAE streams under the same CAS RNs can vary significantly in the number, 
identity, and proportion of constituent components, depending on operating conditions, 
feedstocks, and processing units. Therefore, for the purposes of modelling, a suite of 
representative structures that would provide estimates for the entire range of 
components likely present was identified. Specifically, these structures were used to 
assess the fate of these DAEs. Given that more than one representative structure may 
be used for the same carbon range and type of component, structure-related 
uncertainties exist for this substance. There is also uncertainty in the results 
associated with modelling using representative structures, given the large number of 
potential permutations of the type and percentages of the structures in DAEs. 
 
There is uncertainty in the PNEC, because limited experiments on ecological toxicity 
are available. In the present evaluation, the lowest experimental EL50 was used as a 
critical toxicity value, to which an assessment factor of 100 was applied to derive the 
PNEC. In addition, no ecological toxicity data for sediment-dwelling organisms are 
available. An equilibrium approach is used to evaluate the risk of sediment exposure, 
which assumes that the bottom sediment, the suspended sediment, and the aqueous 
phase are in equilibrium and that the benthic and pelagic organisms have similar 
sensitivities to DAEs. These assumptions tend to underestimate the risk, as it does not 
take into consideration the ingestion of DAEs in sediment. However, factors such as 
low assimilation efficiency, growth dilution, and metabolism (in some organisms) are 
expected to lower the accumulation potential of DAEs. Some invertebrates have 
decreased capacity to metabolize aromatics compared to fish, but bioavailability will 
likely decrease for the higher boiling point fractions (carbon range greater than C22).  
 
The lack of compositional data for the DAEs before and after wastewater treatment 
results in uncertainty in the estimated sediment PECs. It was assumed that the 
compositions of DAEs do not change during wastewater treatment. However, 
wastewater treatment will remove different components preferentially, such that the 
composition in effluent is not the same as in influent. It is speculated that the 
components of the lower carbon range are more easily biodegraded than those of the 
higher range; hence the low-molecular-weight components will be more easily 
removed during treatment. The lower-molecular-weight components are generally 
believed to be more bioavailable than the higher ones. Therefore, the risk is expected 
to be lower following wastewater treatment.  
 



Screening Assessment  Distillate Aromatic Extracts 

24 
 

There are two uncertainties in estimating the PECs for the use of DAEs in road care 
products that are not mixed with asphalts. The breakdown in quantity between the two 
types of road care products (mixed or not mixed with asphalt) was not available. As a 
conservative estimate, the higher end value (1 000 000 kg) of the total quantity of the 
two products was used in the PEC estimates. This results in an overestimation the 
PECs. The second uncertainty is the proportion of urban runoff treated by wastewater 
treatment systems. This proportion can vary from one urban centre to another, 
depending on local stormwater collection systems. A higher proportion of runoff 
treated by wastewater treatment systems means lower amounts of DAEs are released 
to receiving waters because a portion of the DAEs will likely be removed by 
wastewater treatment systems. However, there was not sufficient information available 
to determine how runoff was collected and treated at each urban centre. In the 
absence of this information, all runoff was conservatively assumed to be released to 
receiving water without being treated. This further overestimates the PECs. Both 
cases lead to the conservative estimate of the PECs.     
  

9. Potential to Cause Harm to Human Health 
 

9.1 Exposure Assessment 
 
The focus of the exposure assessment is to examine the potential for general 
population exposure to DAEs and to estimate exposure levels. Exposure is 
characterized for the production, storage and transportation of these DAEs. Potential 
exposure to DAEs from rubber surfaces is also considered, where these substances 
may be present as a component of crumb rubber (i.e., bits of recycled tires that can be 
used to create athletic tracks and playground surfaces). Product testing was also used 
to provide an indication of whether DAEs are being used as extender oils in soft 
rubber and plastic consumer products, including toys and products used by children 
 
 
9.1.1 Production and storage at refineries and transportation 
 
DAEs are reported by the Canadian petroleum industry to be used only in processing 
operations in refineries, including hydrotreating and solvent extraction for solvent 
dewaxing processes (Hopkinson 2008, Environment Canada 2008). With these uses, 
the substances are contained within the refineries, where they are expected to be 
destroyed or further refined. The potential for fugitive emissions is low given that the 
vapour pressure of these substances is less than 0.075 mm Hg at 25ºC (US EPA 
2012); therefore, inhalation exposures to fugitive emissions of DAEs in the vicinity of 
petroleum facilities are expected to be low. The same considerations and conclusion 
apply in the vicinity of petroleum facilities exposures for other low volatility petroleum 
substances that have been previously assessed (Environment Canada, Health 
Canada 2011, 2013, 2014).  
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Similarly, while it is possible that fugitive emissions of DAEs may occur during transit, 
because volatility is low, exposure of bystanders is expected to be negligible. While no 
DAEs were reported to be entering the marketplace from Canadian refiners, 
information obtained under section 71 of CEPA (Environment Canada 2012) revealed 
import and use of these substances by industry in Canada. The main reported modes 
of transport were by truck and rail car. Analysis of these modes of transport for 
potential air emissions and resulting bystander exposures in the vicinity of transit ways 
and unloading sites was conducted for aromatic extracts using AP-42 emissions 
methodology (US EPA 2008). It was confirmed that releases during transit are minimal 
because of the low volatility of the substances. Assuming 50% of the total aromatic 
extracts in use were transported via tank truck and the remaining 50% transported by 
rail car, total losses to air based on yearly reporting volumes during both modes of 
transport combined were estimated to be less than 3 kg of volatiles.  
 
9.1.2 Rubber surfaces containing crumb rubber 
 
Tires contain up to 30% by weight extender oils and can be recycled into crumb 
rubber. Crumb rubber can be combined with other materials to create outdoor 
playground surfaces, rubberized tracks and artificial fields (crumb rubber acts to 
provide cushioning and extend the life of the field) (Cheng and Reinhard 2014, Schiliro 
2013). Therefore, crumb rubber-containing surfaces may contain PAHs that derive 
from the extender oil ingredient used in the original tire formulation.  
 
Information provided by Canadian tire manufacturers has indicated that they have 
recently switched to manufacturing tires that do not contain DAEs [personal 
communication, Environment Canada with Canadian tire manufacturers, dated 2014; 
unreferenced], and therefore domestic tire production incorporates low PAH oils, 
aligning with the European regulations for limiting PAH content (European 
Commission 2005). It is anticipated this is a global trend, and it is expected that future 
rubber surfaces containing crumb rubber will likely have a reduced PAH content. 
However, the general population may be exposed to DAEs from the existing stock of 
tires if recycled into crumb rubber and used to create rubber surfaces. The potential 
for dermal and inhalation exposure to PAHs derived from crumb rubber-containing 
surfaces has been the subject of recent studies (OEHA 2007 Cheng and Reinhard 
2014, Schiliro 2013, Birkholz 2003). These data show that there is a low potential for 
exposure, as considered and summarized below. 
 
The potential for PAH exposure from the ingestion of crumb rubber from degraded 
rubber surfaces has been considered by several groups (OEHHA 2007; Pavilonis et 
al. 2014; Kim et al. 2012). Bioavailability of 16 PAH species from ingested crumb 
rubber was estimated by mixing biological volumes of simulated digestive fluid with 
crumb rubber to extract PAHs, followed by quantification of PAHs in the extract 
(Pavilonis et al . 2014; Zhang et al . 2008). For a suite of 16 PAHs analyzed, the 
concentrations were found to be below the detection limits ranging from less than 0.12 
mg/kg to less than 10 mg/kg (Pavilonis et al. 2014).  
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The potential for dermal exposure to 16 PAH species while playing on a rubber 
surface was investigated by extracting PAHs from crumb rubber using an artificial 
sweat fluid that included agitation in solution. For the suite of 16 PAHs analyzed, the 
concentrations were all found to be below the detection limit, which ranged from less 
than 0.015 mg/kg to less than 1 mg/kg (Pavilonis et al . 2014). 
  
PAH concentrations in ambient air were measured at rubber playing fields using 
stationary monitors, as well as personal air samplers in the breathing zones of 
athletes. Benzo[a]pyrene (B[a]P) is commonly used as a marker for the presence of 
PAHs in ambient air (Menichini et al. 2011). Over 2 days of sampling breathing zones, 
with measurements taken during regular use of the rubberized floor facilities, levels of 
B[a]P were determined to be 0.3 and 0.5 ng/m3 compared to background levels in 
ambient air of 0.2 and 0.1 ng/m3, respectively (Menichini et al. 2011). Given the results 
of air monitoring studies, and the fraction of time spent on a rubber surface, exposure 
to PAHs is considered to be low.  
 
9.1.3 Consumer products potentially containing the three DAEs  
 
Information gathered under a section 71 survey (Notice with respect to certain high 
priority petroleum substances on the Domestic Substances List) on the three DAEs 
considered in this assessment did not reveal their use in consumer products available 
to the general population (Environment Canada 2012). Products that contain these 
substances in Canada are limited to industrial and professional uses and are not 
available to the general population. 
  
Contributions to general population exposures are not expected to be significant from 
professional grade products because the relative volumes found in these products are 
limited. For more information on product searches and the information considered, see 
the Uses section. 
 
9.1.4 Consumer products potentially containing DAE-based extender oil 
 
Historically, high PAH oils, including DAEs, have been used as extender oils in some 
product formulations. However, this use has declined as a result of increased attention 
to the PAH content of such oils and their potential effects on the environment and 
human health.  

The European Union conducted compositional testing on approximately 5300 
consumer products (e.g., electrical devices, grips/handles, toys, tyres and rolls) prior 
to developing regulations setting upper limits for PAH content. Test methodology 
included processing the products to increase surface area and then extracting PAHs in 
an ultrasonic toluene bath at 60°C with agitation. These conditions enhance PAH 
extraction and provide an upper-bound estimate of the concentration to which a 
person might be exposed (ZEK 2010). The PAH content was predominantly low 
across the products, indicating the use of low PAH oils in most product formulations 
(BfR 2010). B[a]P was not detected in 92% of all samples analyzed and was below 1 
mg/kg in another 3% of samples. The products with the highest PAH levels were from 
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the product category ‘tyres and rolls’, indicating the use of a high PAH formulant in 
their production. Other tests have found higher PAH levels in products such as bicycle 
tires, tool handles, shoes and sports items (UBA 2016), although a smaller study 
conducted on 20 toys and childcare products in Denmark detected only a low level of 
PAHs in the products (Danish EPA 2011). Subsequent to the Danish product testing, 
the European Union adopted regulations (European Union 2013) to limit PAH content 
in consumer products (see ‘Uses’ section for more details). 
 
Health Canada undertook a similar compositional study of readily available soft rubber 
and plastic consumer products in Canada in order to determine PAH levels as an 
indication of the presence of these DAEs in products. The levels of PAH species, 
including the EU-PAHs,7 were determined for 67 product samples obtained from the 
Canadian marketplace (Health Canada 2014). During product selection, emphasis 
was given to soft rubber and plastic products that are designed for use by children. 
The sample preparation method was identical to that of BfR (2010), allowing a 
comparison of the magnitude of results (albeit from different product samples with 
results coming from different laboratories) (ZEK 2010). The majority of products (66 of 
67) contained low or no PAHs, with 65 products below the limits of detection (LoD) of 
0.04 mg/kg to 0.36 mg/kg (LoD ranged because of the PAH species being analyzed 
and the sample matrix). A youth sandal, found to be low in PAHs, contained chrysene 
at 0.79 mg/kg, slightly above the European limit of 0.5 mg/kg and lower than the adult 
product limit of 1 mg/kg. A single steering wheel cover was found to contain six EU-
PAHs at a concentration of higher than 1 mg/kg. However, retesting of seven 
additional steering wheel covers found them all to be low in PAHs and below the 
European limit of 1 mg/kg, indicating the first sample was not representative of the 
product line (Health Canada 2014). 
 
The product testing results support the contention that soft rubber and plastic 
consumer products as available in the Canadian marketplace are not likely to be 
formulated with these DAEs, and therefore exposure is not expected.  
 
 

9.2 Health Effects Assessment 

9.2.1 Basis for categorization 
 
DAEs were identified as high priorities for action during categorization of the DSL 
because they were determined to present a high hazard to human health. A critical 
effect for their initial categorization was carcinogenicity, as determined primarily on the 
basis of classifications by international agencies. The International Agency for 
Research on Cancer (IARC) reviewed the available data on a broad group of ‘mineral 
oils’ and concluded there was sufficient evidence that aromatic oils including extracts 

                                            
7 Health Canada analysed benzo[j]fluoranthene that is known to co-elute with benzo[b]fluoranthene.  
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from solvent treatment of distillates and the high-boiling fraction of catalytically cracked 
oils are carcinogenic to animals (IARC 1984).  
 
The European Commission under the United Nations’ Globally Harmonized System of 
Classification and Labelling of Chemicals classifies all three substances as Category 
1B carcinogens (‘may cause cancer’) (EU 2008, 2009; UN 2013). 
 
9.2.2 Health effects summary 
 
The DAEs identified by CAS RNs 64742-05-8 and 64742-04-7 have low acute toxicity 
in laboratory animals via the oral (LD50 > 5000 mg/kg-bw) and dermal (LD50 > 3000 
mg/kg-bw and > 2000 mg/kg-bw respectively) routes of exposure. No reliable skin 
sensitization studies were found but both CAS RN 64742-05-8 and 64742-04-7 can 
produce eye and skin irritation (slight and slight-to-severe, respectively) (API 1986a; 
FDRL 1974a-d). 
 
Minimal dermal irritation, slight edema, flaky, cracked and leathery skin and lower 
mean serum glutamic oxaloacetic transaminase levels (~16% reduction) were seen in 
rabbits dermally exposed to CAS RN 64742-05-8 at 250 mg/kg-bw, three times per 
week for 28 days (API 1986b). In rats, dermal exposure to 50  mg/kg-bw per day, 5 
days per week for 90 days affected hematology (lower red blood cell counts, 
hemoglobin, hematocrit, activated partial thromboplastin time, white blood cell counts, 
lymphocytes, eosinophils, platelet counts and higher red cell distribution widths and 
hemoglobin distribution widths), clinical chemistry (higher cholesterol, sorbitol 
dehydrogenase, blood urea nitrogen, alanine aminotransferase and triglycerides 
levels), and organ weight tests (weight changes in spleen, liver, thymus, pituitary, 
heart, and thyroid/parathyroid) (WIL Research 2012a).  
 
Dermal exposure to 30 mg/kg-bw of CAS RN 64742-04-7 in SD rats for 5 days per 
week for 13 weeks showed dose-dependency for both an increase in liver weights and 
a decrease in thymus weights. Altered serum chemistry parameters and adverse 
effects on the skin were noted. Other changes included histopathologic changes in 
adrenals, bone marrow, kidneys, liver, lymph nodes, skin, stomach, and thymus.  
 
A LOAEL of 150 mg/kg bw per day was identified for developmental toxicity in rats on 
the basis of lower mean fetal weights, increased post-implantation loss (primarily early 
resorptions) and a corresponding lower mean number of viable fetuses. Other effects 
included unossified sternebra, reduced ossification of the skull, reduced ossification of 
the vertebral arches, and lower incidence of ossified cervical centrum no. 1 (WIL 
Research 2012c).  
 
In another developmental study, CAS RN 64742-04-7 was dermally administered to 
SD rats once a day on gestation days 0-19. A LOAEL of 8 mg/kg bw/day was 
identified for both maternal and developmental toxicity. Dams exhibited red vaginal 
discharge and dose-dependent reduced body weight gain. There was also a dose-
dependent increase in the number of resorptions (greater than double the control 
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group) at 30 mg/kg-bw. Other reproductive/developmental effects included increased 
number of dams with resorptions (at 125 and 500 mg/kg bw) and decreased viable 
foetuses (≥125 mg/kg bw). Foetal toxicity included decreased mean body weights (at 
≥125 mg/kg). At 125 mg/kg-bw, there was a significant increase in the incidence of 
incompletely ossified skull bones. All treated groups showed isolated incidences of 
visceral malformations (Feuston et al. 1996). 
 
These aromatic extracts also exhibit dermal carcinogenicity. Skin painting studies 
have used doses ranging from approximately 500 to 1600 mg/kg-bw, typically applied 
unoccluded two or three times per week to mice and result in approximately 10 to 
100% of the animals developing skin tumours (API 1989; CITGO 1992; Doak et al. 
1985; Gradiski et al. 1983; Kane et al. 1984; Sun 1978). Time to first tumour is 
typically 3 to 4 months. Genotoxicity results have been positive in vivo for 
chromosome aberration, but negative for epidermal DNA adduct formation and in the 
micronucleus assay (Booth et al. 1998; Mobil 1987; WIL Research 2012b). In vitro 
assays including cell transformation, mouse lymphoma and the Ames assay typically 
show positive results for genotoxicity (API 1986a; US EPA 1981; McKee and 
Przygoda 1987 )(see Health Effects Supplement for more details, unpublished). 
 
9.2.3 Polycyclic aromatic hydrocarbons 
 
PAH species have a wide carcinogenic potency range. IARC (2010) recently reviewed 
the carcinogenicity data in experimental animals for 60 PAHs: 13 have sufficient 
evidence, 16 have limited evidence and 31 have inadequate evidence. Some PAHs, 
including B[a]P are classified as Category 1B carcinogens (‘may cause cancer’) by the 
European Commission (EU 2008, 2009; UN 2013). PAH species that have sufficient 
toxicological information can be ranked according to toxicological potency relative to 
B[a]P.  
 
The Government of Canada previously completed a human health risk assessment of 
certain PAHs, including B[a]P, under the Priority Substances List Program. Based 
primarily on the results of carcinogenicity bioassays in animal models, five PAHs were 
considered “probably carcinogenic to humans”, i.e., substances for which there is 
believed to be some chance of adverse effects at any level of exposure (Environment 
Canada, Health Canada 1994). PAHs were added to the List of Toxic Substances in 
Schedule 1 of CEPA. 
 

9.3  Characterization of Risk to Human Health 
 
DAEss were identified as priorities for action during categorization of the Domestic 
Substances List, as they were determined to present the greatest potential or 
intermediate potential for exposure of individuals in Canada and were considered to 
present a high hazard to human health. A critical health effect for the initial 
categorization of DAEs was carcinogenicity, as determined on the basis of 
classifications by international agencies (IARC 1984). 



Screening Assessment  Distillate Aromatic Extracts 

30 
 

 
Exposure to PAHs is generally recognized to be associated with risk to human health 
for repeated exposures that occur over the long-term (i.e., a carcinogenic risk). Short-
term exposures to PAHs are typically required to be higher than carcinogenic doses to 
elicit non-carcinogenic adverse effects (Environment Canada, Health Canada 1994). 
High exposures to PAHs from these DAEs are not expected over the short-term or 
long-term. 
 
9.3.1 Production and storage of aromatic extracts at refineries and 
transportation 
 
The industry-restricted use pattern of aromatic extracts at Canadian refineries limits 
the potential for widespread exposure of the general population. However, exposure 
may occur for those living in the vicinity of such facilities. Given that aromatic extracts 
have low vapour pressure, general population exposure in the vicinity of these facilities 
is expected to be low. This is supported by the low exposures that were identified by 
modelling dispersions of fugitive emissions in the vicinity of refineries for other low 
volatility petroleum streams, including heavy fuel oils (Environment Canada, Health 
Canada 2011, 2013, 2014).  
 

Fugitive emissions associated with transportation of aromatic extracts are likewise 
limited because of their low vapour pressure. Approximately 3 kg of combined yearly 
losses to air was estimated on the basis of yearly reporting volumes for the total 
masses in commerce for both modes of transportation. These fugitive emissions occur 
continuously during transportation and from a moving source (a line source) and, 
therefore, would be released over many kilometres, thus further diluting the 
concentration in air. Transient bystander exposure at any given location is therefore 
expected to be low.  
 
The production, storage and transportation of aromatic extracts is not considered to 
constitute a risk to human health. 
 
9.3.2 Marketplace products containing DAEs identified by CAS RNs 64742-04-7, 
64742-05-8 and 64742-11-6 
 
Neither an MSDS search nor reporting by industry under section 71 indicated the use 
of the DAEs identified by CAS RNs 64742-04-7, 64742-05-8 and 64742-11-6 in 
marketplace product formulations in Canada. These substances may be found in 
industrial or professional grade products, but such products are not available to the 
general population. Therefore, exposure of the general population is not expected.  
 
9.3.3 Marketplace products containing DAE-based extender oils  
 
Given the wide use of extender oils in producing rubber and plastic consumer 
products, there is the potential that high PAH oils, including these DAEs, could be 
used in product formulations. Test results from consumer products in Canada mirror 
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those of the much larger subset of products tested in Europe. The results indicate that 
DAEs are not likely to be formulated in commonly available soft rubber and plastic 
consumer products found in the Canadian marketplace (Health Canada 2014). 
Therefore, marketplace products in Canada are not expected to contain DAEs, and 
exposure of the general population is not expected. 
 
9.3.4 Rubber playground and athletic surfaces 
 
Multiple studies have shown no or low detection of PAHs derived from crumb rubber 
or rubber surfaces. Extraction studies designed to assess potential exposure via the 
oral and dermal routes of exposure did not detect PAHs. Air monitoring studies have 
shown volatilized PAHs in the range of, or slightly above, ambient air background 
levels. There is thus expected to be limited, if any, exposure of the general population 
to these DAEs from crumb rubber-containing rubber surfaces. Therefore, risk to 
human health is considered to be low.  
 
The European Commission has legislated in the form of directive (2005/69/EC) limits 
for PAHs in the production of tires effective January 2010, thus banning the use of 
highly aromatic oils in tire formulation (European Union 2005). Information provided by 
Canadian tire manufacturers confirmed that domestic companies have switched to 
producing tires with low PAH oils in accordance with the European PAH regulatory 
limits. This appears to follow a global trend moving away from the use of higher PAH 
oils in tire production, and results of these changes should include lower PAH levels in 
tires, in crumb rubber and in crumb rubber-containing rubber surfaces. Any limited 
exposure to these DAEs that may be currently encountered by the general population 
of Canada from rubber surfaces is therefore expected to be reduced in the future.  
 

9.4 Uncertainties in Evaluation of Human Health Risk 
 
A primary assumption is made in this assessment that PAHs that volatilize from rubber 
surfaces originate from these DAEs. It is acknowledged that other ingredients in tires, 
such as carbon black, may be a contributing source of PAHs. 
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10. Conclusion 

Considering all available evidence presented in this screening assessment, there is 
low risk of harm to organisms and the broader integrity of the environment from these 
substances. It is concluded that the three DAEs (CAS RNs 64742-04-7, 64742-05-8 
and 64742-11-6 do not meet the criteria under paragraphs 64(a) or (b) of CEPA, as 
they are not entering the environment in a quantity or concentration or under 
conditions that have or may have an immediate or long-term harmful effect on the 
environment or its biological diversity or that constitute or may constitute a danger to 
the environment on which life depends. 

Exposure of the general population to DAEs is not expected from consumer products 
in Canada, and exposure from crumb rubber-containing surfaces is expected to be 
low. Inhalation exposures to fugitive emissions of DAEs are expected to be low in the 
vicinity of refineries and during the transportation of these substances. Therefore, risk 
to human health from general population exposure to DAEs is considered to be low.  

On the basis of the information presented in this screening assessment, it is 
concluded that the DAEs (CAS RNs 64742-04-7, 64742-05-8 and 64742-11-6) 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 DAEs identified by CAS RNs 64742-04-7, 64742-05-8 and 
64742-11-6 do not meet any of the criteria set out in section 64 of CEPA.  
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Appendices 

Appendix A. Petroleum substance groupings 
 
Table A.1. Description of the nine groups of petroleum substances 
Groupa Description Example 

Crude oils 

Complex combinations of aliphatic and 
aromatic hydrocarbons and small 
amounts of inorganic compounds, 
naturally occurring under the Earth’s 
surface or under the seafloor 

Crude oil 

Petroleum and 
refinery gases 

Complex combinations of light 
hydrocarbons primarily from C1 to C5 

Propane 

Low boiling point 
naphthas 

Complex combinations of 
hydrocarbons primarily from C4 to C12 

Gasoline 

Gas oils Complex combinations of 
hydrocarbons primarily from C9 to C25 

Diesel fuel 

Heavy fuel oils Complex combinations of heavy 
hydrocarbons primarily from C11 to C50 

Fuel Oil No. 6 

Base oils Complex combinations of 
hydrocarbons primarily from C15 to C50 

Lubricating oils 

Aromatic extracts Complex combinations of primarily 
aromatic hydrocarbons from C15 to C50 

Feedstock for 
benzene production 

Waxes, slack waxes 
and petrolatum 

Complex combinations of primarily 
aliphatic hydrocarbons from C12 to C85 

Petrolatum 

Bitumen or vacuum 
residues 

Complex combinations of heavy 
hydrocarbons having carbon numbers 
greater than C25 

Asphalt 

a These groups were based on classifications developed by Conservation of Clean Air and Water in Europe 
(CONCAWE) and a contractor’s report presented to the Canadian Petroleum Products Institute (Simpson 2005). 
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Appendix B. Substance identity 
 
Table B.1. Substance identity of DAEs 
CAS RN 64742-05-8 64742-04-7 64742-11-6 
National 
Chemical 
Inventoriesa 

Extracts 
(petroleum), light 
paraffinic distillate 
solvent (TSCA, 
DSL, EINECS, 
PICCS, ASIA-PAC) 

Extracts 
(petroleum), heavy 
paraffinic distillate 
solvent (TSCA, 
DSL, EINECS, 
ECL, PICCS, 
ASIA-PAC, NZIoC) 

Extracts 
(petroleum), heavy 
naphthenic distillate 
solvent (TSCA, 
DSL, EINECS, ECL, 
PICCS, ASIA-PAC, 
NZIoC) 

Chemical 
group  
(DSL Stream) 

Distillate aromatic 
extracts  

Distillate aromatic 
extracts  

Distillate aromatic 
extracts  

Major 
chemical class 
or use 

Organic solvents Organic solvents Organic solvents 

Major 
chemical sub-
class b 

Mixtures of alkanes, 
cycloalkanes, and 
aromatic 
compounds 

Mixtures of 
alkanes, 
cycloalkanes, and 
aromatic 
compounds 

Mixtures of alkanes, 
cycloalkanes, and 
aromatic 
compounds 

Carbon 
number range 

C15 – C30 C20 – C50 C20 – C50 

Approximate 
ratio of 
aromatics to 
non-
aromaticsc 

65:35 to 85:15 65:35 to 85:15 65:35 to 85:15 

    
    
    
a DSL (Canada Domestic Substances List); EINECS (European Inventory of Existing Commercial 
Chemical Substances); TSCA (Toxic Substances Control Act); PICCS (Philippine Inventory of 
Chemicals and Chemical Substances); NZIoC (New Zealand Inventory of Chemicals); ECL (Korean 
Existing Chemicals List); ASIA-PAC (Collection of inventories/lists from countries in the Asia Pacific 
region). 
b These substances are UVCBs (Unknown or Variable Composition, Complex Reaction Products, or 
Biological Materials); i.e., they are not discrete chemicals and thus may be characterized by a variety 
of structures.  
c CONCAWE 1992. 
n.d.: No data.  
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Appendix C. Physical-chemical properties 
 
Table C.1. Representative structures that would be included for all CAS RNs 
n-Alkanes 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

     
C15 271 Yes   
C20 343 Yes Yes Yes 
C30 450 Yes Yes Yes 
C50 548  Yes Yes 
Isoalkanes 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C15 250 Yes   
C20 326 Yes Yes Yes 
C30 350 Yes Yes Yes 
C50 676  Yes Yes 
One-ring cycloalkanes 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C15 282 Yes   
C20 360 Yes Yes Yes 
C30 421 Yes Yes Yes 
Two-ring cycloalkanes 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C20 339 Yes Yes Yes 
C30 420 Yes Yes Yes 
Polycycloalkanes 

Carbon number 
Boiling point 

(°C) 
64742-05-

8 64742-04-7 64742-11-6 

C14 255 Yes   
C18 316 Yes Yes Yes 
C22 365 Yes Yes Yes 
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One-ring aromatics 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C15 281 Yes   
C20 359 Yes Yes Yes 
C30 437 Yes Yes Yes 
Cycloalkane monoaromatics 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C15 285 Yes   
C20 351 Yes Yes Yes 
Two-ring aromatics 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C15 308 Yes   
C20 373 Yes Yes Yes 
C30 469 Yes Yes Yes 
Cycloalkane diaromatics 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C15 321 Yes   
C20 374 Yes Yes Yes 
Three-ring aromatics 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C15 350 Yes   
C20 398 Yes Yes Yes 
C30 493 Yes Yes Yes 
Four-ring aromatics 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C16 384 Yes   
C20 480 Yes Yes Yes 
Five-ring aromatics  

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C20 495 Yes Yes Yes 
C30 545  Yes Yes 
Six-ring aromatics 

Carbon number 
Boiling point 

(°C) 64742-05-8 64742-04-7 64742-11-6 

C22 >500 Yes Yes Yes 
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Table C.2. Physical and chemical properties for representative structures of 
aromatic extracts (experimental and modelled values, c 2000-2010)a 

Alkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15   
pentadecane 
(629-62-9) 

64742-05-8 270.6 
(expt.) 9.9 (expt.) 0.5 (expt.) 

C20  
eicosane 
(112-95-8) 

64742-05-8 
64742-04-7 
64742-11-6 

343.0 
(expt.) 

36.8 
(expt.) 

6.2 ×10−4 
(expt.) 

C30 
triacontane 

64742-05-8 
64742-04-7 
64742-11-6 

449.7 
(expt.) 65.8 (expt.) 3.6 ×10−9 

(expt.) 

C50 
64742-04-7 
64742-11-6 

548.0 
(expt.) 87.0 (expt.) 2.0 ×10−7 

Isoalkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15 
2-methyl 
tetradecane 
(1560-95-8) 

64742-05-8 250.2 1.5 5.8 

C20 
3-methyl 
nonadecane 
(6418-45-7) 

64742-05-8 
64742-04-7 
64742-11-6 

326.3 39.5 0.09 

C30 
hexamethyl 
tetracosane 
(111-01-3) 

64742-05-8 
64742-04-7 
64742-11-6 

 408.5  
74.7 0.04 

C50 
64742-04-7 
64742-11-6 675.5 294.6 5.1×10-10 

One-ring cycloalkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 
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C15 nonylcyclo 
hexane 
(2883-02-5) 

64742-05-8 282 
(expt.) 

−10 
(expt.) 

 0.3 
(expt.) 

C20 tetradecyl 
cyclohexane 
(1795-18-2) 

64742-05-8 
64742-04-7 
64742-11-6 

360.0 
(expt.) 

24.0 
(expt.) 0.02 

C30 
1,5-dimethyl-1-
(3,7,11,15-
tetramethyloctadecy
l) 

64742-05-8 
64742-04-7 
64742-11-6 

420.9 103.2 1.5×10-4 

Two-ring cycloalkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15 
2-isopentadecylin 64742-05-8 257.4 12.4 4.0 

C20 
2,4-dimethyl octyl-2-
decalin 

64742-05-8 
64742-04-7 
64742-11-6 

323.9 41.0 0.1 

C30 
2,4,6,10,14 
pentamethyldodecyl
-2-decalin 

64742-05-8 
64742-04-7 
64742-11-6 

420.3 105.9 1.4×10-4 

Polycycloalkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C18 
hydro-chrysene 

64742-05-8 
 

 
353 

(expt.) 
  

4.0×10-3 

C22 
hydro-picene 

64742-05-8 
64742-04-7 
64742-11-6 

364.9 108.1  
2.5×10-3 
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One-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic extract 
represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15 
2-nonyl benzene 
(1081-77-2) 

64742-05-8 281.0 
(expt.) 

-24.0 
(expt.) 

0.7 
(expt.) 

C20  
tetradecyl 
benzene 

64742-05-8 
64742-04-7 
64742-11-6 

 
359 

(expt.) 

 
16 

(expt.) 

 
3.7×10-3  
(expt.) 

 

C30 
1-benzyl 4,8,12,16 
tetramethyl eicosane 

64742-05-8 
64742-04-7 
64742-11-6 

437.0 131.3 1.2×10-5 

Cycloalkane monoaromatics 

Chemical class, 
name and CAS RN 

Aromatic extract 
represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15 
methyl-octahydro-
phenanthrene 

64742-05-8 
 

 
267.1 

 
27.9 

 
2.34 

C20 
ethyl-dodecahydro-
chyrsene 

64742-05-8 
64742-04-7 
64742-11-6 

 
338.4 

 
82 

 
0.02 

Two-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic extract 
represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15 
4-isopropyl biphenyl 64742-05-8 309.0 43.7 0.1 

C20 
2-iso-decyl 
naphthalene 

64742-05-8 
64742-04-7 
64742-11-6 

366.4 99.5 1.4×10-3 

C30 
2-(4,8,14,18-
tetramethylhexadecyl) 
naphthalene 

64742-05-8 
64742-04-7 
64742-11-6 

468.5 170.6 7.1×10-7 
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Cycloalkane diaromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15 
ethylfluorene 

64742-05-8 
 

 
337.6 

 
94.6 

 
7.3×10-3 

C20 
iso-heptylfluorene 

64742-05-8 
64742-04-7 
64742-11-6 

 
380.8 

 
126.3 

 
3.2×10-4 

Three-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C15 
2-methyl 
phenanthrene 
(2531-84-2) 

64742-05-8 
155.0-
160.0 
(expt.) 

57.0-59.0 
(expt.) 

 

8.9×10-3 

C20 
2-isohexyl 
phenanthrene 

64742-05-8 
64742-04-7 
64742-11-6 

 
331.3 

 
67.26 

 
0.04 

C30 
2-(2,4,10-
trimethyltridecyl) 
phenanthrene 

64742-05-8 
64742-04-7 
64742-11-6 

493.0 191.6 9.8×10-8 

Four-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C16 
fluoranthene 64742-05-8 348.0 

(expt.) 
107.8 
(expt.) 

1.2×10-3 

(expt.) 

C20 
benzo[k]fluoranthene 

64742-04-7 
64742-11-6 

480.0 
(expt.) 

217.0 
(expt.) 

1.3×10-7 

(expt.) 

Five-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Boiling 
point 
(°C) 

Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C20  
benzo[a]pyrene 
(50-32-8) 

64742-05-8 
64742-04-7 
64742-11-6 

495.0 
(expt.) 

177.0 
(expt.) 7.3×10-7 
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Six-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic extract 
represented Boiling 

point (°C) 
Melting 
point 
(°C) 

Vapour 
pressure 

(Pa)b 

C22 
benzo[ghi]perylene 
(191-24-2) 

64742-05-8 
64742-04-7 
64742-11-6 

 
>500 

(expt.) 

 
278 

(expt.) 

1.3×10-8 

(expt.) 

 
Table C.2. (cont’d) Physical and chemical properties for representative 
structures of aromatic extracts (experimental and modelled values, EpiSuite 
c2000-2010)a 

 
Alkanes 

Chemical class, 
name and CAS 
RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow log Koc 

Aqueous 
solubility 
(mg/L)c 

C15   
pentadecane 
(629-62-9) 

64742-05-8 1.3 ×106  
(expt.) 7.7 

 

6.7 

7.6×10-5 
(expt.) 

 

C20  
eicosane 
(112-95-8) 

64742-05-8 
64742-04-7 
64742-11-6 

 

2.2×107 10  
8.8 

 0.02 
(expt.) 

 

C30 
triacontane 

64742-05-8 
64742-04-7 
64742-11-6 

 

6.8×108 15.1 13.1 
5.1 x10−11 

8.6×10-11 

 

C50 
64742-04-7 
64742-11-6 

 

3.6×1010 
 

25.0 
 

21.6 
 

2.6×10-21 

Isoalkanes 

Chemical class, 
name and CAS 
RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow log Koc 

Aqueous 
solubility 
(mg/L)c 

C15 
2-methyl 
tetradecane 
(1560-95-8) 

64742-05-8 
 

4.6×106 7.6 6.6  
3.3×10-3 
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C20 
3-methyl 
nonadecane 
(6418-45-7) 

64742-05-8 
64742-04-7 
64742-11-6 

 

2.6×107 10.0 8.8 1.1 x10−5 

C30 
hexamethyl 
tetracosane 
(111-01-3) 

64742-05-8 
64742-04-7 
64742-11-6 

 

2.0×109 14.6 12.7 
 

2.0×10-10 

C50 
64742-04-7 
64742-11-6 1.5×1010  

25 21.5 
 

6.0×10-21 

One-ring cycloalkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C15  
nonylcyclohexane 
(2883-02-5) 

64742-05-8 
 

5.3×105 7.5  
6.5 

 4.9×10-3 

 

C20 tetradecyl 
cyclohexane 
(1795-18-2) 

64742-05-8 
64742-04-7 
64742-11-6 

 
 

2.9×106 
10.0  

8.6 
 

1.7×10-6 

C30 
1,5-dimethyl-1-
(3,7,11,15-
tetramethyloctadecy
l) 

64742-05-8 
64742-04-7 
64742-11-6 

 

2.9×108 14.5 12.5 
 

4.2×10-7 

 
Two-ring cycloalkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C15 
2-isopentadecylin 64742-05-8 3.0×104 6.5 5.6 0.03 

C20 
2,4-dimethyl octyl-2-
decalin 

64742-05-8 
64742-04-7 
64742-11-6 

 

7.15×105 
8.9 

 7.7 1.2×10-4 
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C30 
2,4,6,10,14 
pentamethyldodecyl
-2-decalin 

64742-05-8 
64742-04-7 
64742-11-6 

 

3.9×107 13.6 11.8 1.7×10-9 

Polycycloalkanes 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C18 
hydro-chrysene 

64742-05-8 
 5.7 x103 6.2 5.4  

0.01 

C22 
hydro-picene 

64742-05-8 
64742-04-7 
64742-11-6 

 

3.8×103 7.3 6.3  
2.2×10-3 

One-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C15 
2-nonyl benzene 
(1081-77-2) 

64742-05-8 
 
 

1.0×104 

7.1 
(expt.

) 

 
6.2 

 
0.03 

C20  
tetradecyl 
benzene 

64742-05-8 
64742-04-7 
64742-11-6 

 
 

5.7×104 

 

 
9.9 

8.6 
 
 

 

5.2×10-5 

C30 
1-benzyl 4,8,12,16 
tetramethyl 
eicosane 

64742-05-8 
64742-04-7 
64742-11-6 

 

3.8×106 13.5 11.8 6.8×10-9 

Cycloalkane monoaromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C15 
methyl-octahydro-
phenanthrene 

64742-05-8 
 

 
1.5×104 

 
5.6 

 
4.9 

 
0.2 
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C20 
ethyl-dodecahydro-
chyrsene 

64742-05-8 
64742-04-7 
64742-11-6 

 
1.4×104 

 
7.2 

 
6.2 

 
3.9×10-3 

Two-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C15 
4-isopropyl biphenyl 64742-05-8  

98.7 

5.5 
(expt.

) 
4.8 0.9 

C20 
2-iso-decyl 
naphthalene 

64742-05-8 
64742-04-7 
64742-11-6 

 

1.2×103 8.1 7.0 2.4×10-3 

C30 
2-(4,8,14,18-
tetramethylhexadec
yl) naphthalene 

64742-05-8 
64742-04-7 
64742-11-6 

 

5.4×104 12.8 11.1 3.0×10-8 

Cycloalkane diaromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C15 
ethylfluorene 

64742-05-8 
 

 
5.6 5.1 4.4 0.2 

C20 
iso-heptylfluorene 

64742-05-8 
64742-04-7 
64742-11-6 

 

32.7 
7.5 

 6.5 5.9×10-4 

 

Three-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 



Screening Assessment  Distillate Aromatic Extracts 

53 
 

C15 
2-methyl 
phenanthrene 
(2531-84-2) 

64742-05-8  
2.78 

  
5.2 

(expt.
) 

and 
4.9 

(expt.
) 

4.2 0.3 (expt.) 

C20 
2-isohexyl 
phenanthrene 

64742-05-8 
64742-04-7 
64742-11-6 

 
9.9×104 

 
8.0 

 
6.9 

 

6.9×10-4 

C30 
2-(2,4,10-
trimethyltridecyl) 
phenanthrene 

64742-05-8 
64742-04-7 
64742-11-6 

 

942 12.0 10.4 1.2×10-8 

Four-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C16 
fluoranthene 64742-05-8 0.9 

(expt.) 

5.2 
(expt.

) 

 
4.8 

(expt.
) 

0.3 
(expt.) 

C20 
benzo[k]fluoranthen
e 

64742-04-7 
64742-11-6 

 

0.06 
(expt.) 

6.1 
(expt.

) 

 
5.6 

(expt.
) 

0.0008 
(expt.) 

Five-ring aromatics 

Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C20  
benzo[a] 
pyrene 
(50-32-8) 

64742-05-8 
64742-04-7 
64742-11-6 

 

0.05 
(expt.) 

6.1 
(expt.

) 

 
5.9 

(expt.
) 

 
1.6×10-3 

(expt.) 

Six-ring aromatics 
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Chemical class, 
name and CAS RN 

Aromatic 
extract 

represented 

Henry’s 
law 

constant 
(Pa*m3/ 

mol) 

log 
Kow 

log 
Koc 

Aqueous 
solubility 
(mg/L)c 

C22 
benzo[ghi]perylene 
191-24-2 

64742-05-8 
64742-04-7 
64742-11-6 

0.03 
(expt.) 

6.6 
(expt.

) 
5.8 

 
2.6×10-4 

(expt.) 
a All values are modelled unless denoted with an (expt.) for experimental data.  
b This is the maximum vapour pressure of the surrogate; the actual vapour pressure as a component of 
a mixture will be lower because of Raoult’s law (the total vapour pressure of an ideal mixture is 
proportional to the sum of the vapour pressures of the mole fractions of each individual component). 
The lightest C9 and heaviest C50 representative structures were chosen to estimate a range of vapour 
pressures from the minimum to maximum values. 
c Maximum water solubility was estimated for each representative structure based on its individual 
physical–chemical properties. The actual water solubility of a component in a mixture will be lower, as 
the total water solubility of an ideal mixture is proportional to the sum of the water solubilities of the 
mole fractions of each individual component (Banerjee 1984).   
 
Appendix D. Persistence and bioaccumulation 
 
Table D.1. An analysis of persistence data for petroleum hydrocarbons 
representative of DAEs based on Environment Canada (2014) 
C# C15 C16 C17 C18 C20 C22 C25 C30 C50 
n-alkane  -  n/a  -  - -   n/a  n/a -   - 
i-alkane -   n/a  n/a  n/a -  n/a  n/a S,W,

Sd  - 

n-alkene  n/a  n/a  n/a  n/a  n/a  n/a  n/a  n/a  n/a 
Diene  n/a  n/a  n/a  n/a  n/a  n/a  n/a  n/a  n/a 
Monocycloalkane -  n/a  n/a  n/a -  n/a  n/a Sd S,W,Sd 
Dicycloalkane S,W,Sd  n/a  n/a  n/a S,W,

Sd  n/a S,W, 
Sd 

S,W,
Sd S,W,Sd 

Polycycloalkane  n/a  n/a  n/a S,W,Sd  n/a S,W,Sd  n/a  n/a  n/a 
Monoaromatic Sd  n/a  n/a  n/a -  n/a  n/a Sd Sd 
Cycloalkane 
monoaromatic S,W,Sd  n/a  n/a  n/a S,W,

Sd  n/a  n/a  n/a  n/a 

Diaromatic  S,W,Sd  n/a  n/a  n/a S,W,
Sd  n/a  n/a S,W,

Sd S,W,Sd 

Cycloalkane 
diaromatic -  n/a  n/a  n/a -  n/a  n/a  n/a  n/a 

Three-ring PAH -  n/a  n/a  n/a -  n/a  n/a S,W,
Sd S,W,Sd 

Four-ring PAH  n/a A, 
S,W,Sd  n/a A, 

S,W,Sd 
S,W,
Sd  n/a  n/a  n/a  n/a 

Five-ring PAH 
 n/a  n/a  n/a  n/a 

A, 
S,W,
Sd 

 n/a  n/a S,W,
Sd  n/a 

Six-ring PAH  n/a  n/a  n/a  n/a  n/a A, 
S,W,Sd  n/a  n/a  n/a 

Abbreviations: A – Predicted half-life in air of 2 days or greater, S – Predicted half-life in soil of six 
months or greater, W – Predicted half-life in water of six months or greater, Sd – Predicted half-life in 
sediment of one year or greater, - Indicates that these structures are not considered to persist for long 
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periods of time in air, soil, water, or sediment, and n/a – not-applicable; indicates that no such carbon 
number exists within the group or it was not modelled. 
 
Table D.2. An analysis of experimental and modelled bioaccumulation data for 
petroleum hydrocarbons representative of DAEs (Environment Canada 2014) 

C# C15 C16 C17 C18 C19 C20 C22 C25 
n-alkane - - - - n/a - n/a n/a 
i-alkane B n/a n/a n/a n/a n/a n/a n/a 
n-alkene n/a n/a n/a n/a n/a n/a n/a n/a 
Diene n/a n/a n/a n/a n/a n/a n/a n/a 
Mono-cycloalkane B n/a n/a n/a n/a n/a n/a n/a 
Dicycloalkane B n/a n/a n/a n/a n/a n/a n/a 
Polycycloalkane n/a n/a n/a - n/a n/a B n/a 
Monoaromatic B n/a n/a n/a n/a n/a n/a n/a 
Cycloalkane 
Monoaromatic B n/a n/a n/a n/a B n/a n/a 
Diaromatic - n/a n/a n/a n/a n/a n/a n/a 
Cycloalkane 
Diaromatic 

b - - n/a n/a B n/a n/a 
Three-ring PAH - - - n/a n/a B n/a n/a 
Four-ring PAH n/a B B B - B n/a n/a 
Five-ring PAH n/a n/a n/a n/a n/a B B n/a 
Six-ring PAH n/a n/a n/a n/a n/a n/a B n/a 

Abbreviations: B – Predicted highly bioaccumulative with a BCF/BAF greater than 5000, and n/a – not-
applicable; indicates that no such carbon number exists within the group or it was not modelled 
- Indicates that these structures are not considered highly bioaccumulative. 
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Appendix E. Ecotoxicological information  
 
Table E.1. Empirical aquatic toxicity data for DAEs CAN RN 64742-04-7 and 
64742-05-8 
Organism Chemical 

(CAS RN) 
Test 
duration 

Endpoint Value 
(mg/L) 

Reference 

Oncorhynchus 
mykiss 

64742-04-
7 

96-hour 
acute 

NOEL 
 

1000 BP Oil Europe 
1994a 

Daphnia magna 64742-04-
7 

48-hour 
acute 

EL50 
NOEL 

> 1000 
1000 

BP Oil Europe 
1994b 

D. magna 64742-04-
7 

21-day 
chronic  

EL50 (survival) 
EL50 
(reproduction) 

> 1000 
> 1000 
 

BP Oil Europe 
1995 

D. magna 64742-04-
7 

48-hour 
acute 

EL50 > 100 EMBSI 2012a 

D. magna 
 

64742-05-
8 

48-hour 
acute 

EL50 (mobility) < 100  EMBSI 2012a 

D. magna 
 

64742-05-
8 

48-hour 
acute 

NOELR 
LOELR 
EL50 (mobility) 

1.0 
10.0 
35.9  

EMBSI 2012c 

Scenedesmus 
subspicatus 
(Algae) 

64742-04-
7 

72 hours EL50 
NOEC 

>1000 
>1000 

Safepharm 
Laboratories 
1994a;  
API 2012 

S. capricornutum  
(algae) 

64742-04-
7 

48-hour 
acute 

EL50 
 

> 100 EMBSI 2012b 

Pseudokirchnerel
la subcapitata 
(microalgae) 

64742-05-
8 

72-hour 
acute 

NOELR 
EL50 
(growth rate 
inhibition) 

< 100 
< 100 

EMBSI 2012b 

P. subcapitata 
(microalgae) 

64742-05-
8 

72-hour 
acute 

NOELR 
LOELR 
EL50 
(growth rate 
inhibition) 

0.1 
1.0 
18.8  

EMBSI 2012d 

Pseudomonas 
putida 
(Bacteria) 

64742-04-
7 

16 hours EC10 
EC50 
LL10 

>1000 
>1000 
>1000 

Safepharm 
Laboratories 
1994b; IUCLID 
2000 

Abbreviations: EL50 – median effective loading rate, NOELR – no observed effect loading rate, 
LOELR – lowest observed effect loading rate. 
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Table E.2. Modelled toxicity data for DAE CAS RN 64742-05-8 (C15–C50) to 
aquatic organisms (PetroTox 2012)  

Test species Common 
name 

Acute LL50 (mg/L)a 

65:35 
aromatic:aliphaticb  

Acute LL50 (mg/L) 

85:15 
aromatic:aliphatic 

Daphnia magna Water flea 1.6 0.64 

Oncorhynchus 
mykiss Rainbow trout 0.30 0.16 

Pseudokirchneriella 
subcapitata Green alga 0.83 0.46 

Palaemonetes pugio Grass shrimp 0.22 0.12 

Menidia beryllina Inland 
silverside >1000  >1000 

a Median lethal loading (LL50) used in place of median lethal concentration (LC50) because of 
insolubility of petroleum products in water. It does not imply dissolved components. 
b PetroTox input data: PetroTox v3.06, low resolution mode, one hydrocarbon block with 
boiling point range of 250 to 640  oC (CONCAWE 2010); 85:15 or 65:35 ratio of aromatics to 
aliphatics (CONCAWE 1992, API 2012b). 
 

Table E.3. Modelled toxicity data for DAE CAS RN 64742-05-8 (C15–C30) to 
aquatic organisms (Petrotox 2012)  

Test species Common 
name 

Acute LL50 (mg/L)a 

65:35 
aromatic:aliphaticb 

 

Acute LL50 (mg/L) 

85:15 
aromatic:aliphatic 
 

D. magna Water flea 1.1 0.47 

O. mykiss Rainbow trout 0.22 0.12 

P. subcapitata Green alga 0.70 0.40 

P. pugio Grass shrimp 0.16 0.09 

M. beryllina Inland 
silverside >1000 >1000 

a Median lethal loading (LL50) used in place of median lethal concentration (LC50) because of 
insolubility of petroleum products in water. It does not imply dissolved components. 
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b PetroTox input data: PetroTox v3.06, low resolution mode, one hydrocarbon block with 
boiling point range of 288 to 534 oC (API 2012b), 85:15 or 65:35 ratio of aromatics to aliphatics 
(CONCAWE 1992, API 2012b). 
 
Table E.4. Modelled toxicity data for DAEs CAS RN 64742-04-7 and 64742-11-6 
(C20–C50) to aquatic organisms (Petrotox 2012)  

Test species Common 
name 

Acute LL50 (mg/L)a 

65:35 
aromatic:aliphaticb  

Acute LL50 (mg/L) 

85:15 
aromatic:aliphatic 

D. magna Water flea 2.1 0.78 

O. mykiss Rainbow trout 0.32 0.17 

P. subcapitata Green alga 1.0 0.56 

P. pugio Grass shrimp 0.22 0.12 

M. beryllina Inland 
silverside >1000 >1000 

a Median lethal loading (LL50) used in place of median lethal concentration (LC50) because of 
the insolubility of petroleum products in water. It does not imply dissolved components. 
b PetroTox input data: PetroTox v3.06, low resolution mode, one hydrocarbon block with 
boiling point range of 289 to 584°C based on boiling point ranges of the two CAS RNs (API 
2012b), 85:15 or 65:35 ratio of aromatics to aliphatics (CONCAWE 1992, API 2012b).  
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Appendix F. Ecological exposure calculations for DAEs   

AF.1 Calculation for exposure via water for manufacturing of rubber and 
other products 

Exposure to DAEs in water is expected if the substance is released from industrial 
activities via wastewater treatment to receiving water. The concentration of the 
substance in the receiving water near the discharge point can be used in evaluating 
the aquatic risk of the substance. It can be calculated using the equation: 
 

    
DFN

)R(1LQ1000C indaquatic ××
−×××

=−  

 
where 

Caquatic-ind: concentration in water resulting from industrial releases, mg/L 
Q:  total substance quantity used annually at an industrial site, kg/yr 
L:  loss to wastewater, fraction 
R:  wastewater system removal rate, fraction 
N:  number of annual release days, d/yr 
F:  wastewater system effluent flow, m3/d 
D:  receiving water dilution factor, dimensionless 

 
 
As DAEs are used by industrial facilities and are expected to be released to water, 
conservative aquatic industrial release scenarios were developed to cover a range of 
different potential industrial activities in Canada. For DAEs, the relevant sectors and 
scenarios include manufacturing of rubber and other products.  Inputs used to 
determine exposure are summarized in Table F.1. Additional information on these 
scenarios as well as on inputs is available in supporting documentation (Environment 
Canada 2015). 
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Table F.1. Summary of input values used for scenarios estimating 
concentrations in water resulting from industrial releases of DAEs  

Input 
Value for 
rubber 

manufacture  

Value for 
manufacturing of 
other products  

Justification and reference 

Annual use 
quantity for a 
small and a 
large 
user(kg/year) 

1 000 000 
10 000 000 1 000 000 

CEPA s. 71 survey 
(Environment Canada 2011, 

2012) 

Loss to 
wastewater 
(kg/d) 

3.3–33 10 

Based on emission factor to 
wastewater (0.1% for 

manufacturing of rubber and 
0.3% for other products) 

(ECB 2003) and conservative 
assumption of no on-site 

wastewater treatment 
Wastewater 
system removal 
efficiency (%) 83.5 83.5 

Average of removal of oil and 
grease (79%) and 

biochemical oxygen demand 
(88%) from municipal 
wastewater treatment 

systems (CWWA 2001) 
Number of 
annual release 
days (days/year) 

300 300 ECB 2003 

Daily dilution 
volume for small 
and large users 
(million L/d) 

10–10 000  
100–500  30–10 000  

Based on users identified in 
the CEPA s. 71 survey 

(Environment Canada 2011, 
2012)  

 
Total concentrations in water near the point of discharge, resulting from the above 
calculations for the rubber manufacturing scenario, vary between 5.4 × 10-5 and 0.054 
mg/L and between 1.7 × 10-4 and 0.055 mg/L for the other products manufacturing 
scenario. 

AF.2 Calculation for exposure via water for runoff from tire wear and road 
care products 

The PEC in water for the DAEs is estimated based on the combined mass of the 
DAEs leaching out from tire particles as a result of tire wear and from roads repaired 
with DAE-containing emulsions. This combined mass is conservatively estimated 
based on the quantities of DAEs present in tires and road care emulsions. It then 
yields a conservative estimate for the PEC distribution across 300 Canadian urban 
areas.  
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Calculations used to derive the PEC are available in the supporting document 
(Environment Canada 2015), and the key values used for calculations are listed in 
Table F.2. 
 
Table F.2. Summary of input values used for scenarios estimating 
concentrations in water resulting from runoff from tire wear and road washout  

Input Value  Justification and reference 

Total annual car tire and 
light truck tire loss from 
tire wear (kg/year) 35,289,000 

Estimated from a mass balance method 
(Environment Canada 2012). The 

calculation used market data for 2006. 
Parameters are available in Environment 

Canada 2015. 
Total annual heavy truck 
tire loss from tire wear 
(kg/year) 

8,536,550 
Estimated from a mass balance method 

(Environment Canada 2012). Parameters 
are available in Environment Canada 2015. 

Proportion of tire loss to 
urban roads, or 
proportion of road 
washout on urban roads 
(%) 

81 
Assumed to be equal to the proportion of 
Canadians living in urban areas (Statistics 

Canada 2011) 

Fraction of tire wear 
particles taken by runoff 
and entering aquatic 
streams (%) 

66.7 Blok 2005 

Proportion of DAE-free 
tires (%) >32.5a 

Proportion derived on the basis of Cheminfo 
2012 and communication with the Canadian 

tire industry 2014, unreferenced 
Concentration of DAEs in 
car tire tread (wt%) 13.5 European Commission 2003 

Concentration of DAEs in 
truck tires (wt%) 4.5 European Commission 2003 

Annual quantity of DAEs 
used in road care 
emulsions (kg/year) 

1,000,000 Environment Canada 2011, 2012 

Proportion of DAEs in 
road care products 
entering runoff (%) 

24 Watts et al. 2010 

Canadian population in 
2010 34,005,000 Statistics Canada 2011 

Number of annual 
release days via urban 
runoff (d/year) 

91 
The number of days in a year for a river to 
have a flow at or above the 75th percentile 

flow ((1-75%) of 365 days/year) 
a Proportion derived only for the purpose of creating a conservative ecological risk assessment. 
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