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DISCLAIMER 

Intrinsik Environmental Sciences Inc. (Intrinsik) provided this report for Petro-Canada Oil Sands 
Inc. (PCOSI) on behalf of Fort Hills Energy Limited Partnership Calgary, Alberta solely for the 
purpose stated in the report. The information contained in this report was prepared and 
interpreted exclusively for PCOSI and may not be used in any way by any other party. Intrinsik 
does not accept any responsibility for the use of this report for any purpose other than as 
specifically intended by PCOSI. Intrinsik does not have, and does not accept, any responsibility 
or duty of care, whether based in negligence or otherwise, in relation to the use of this report in 
whole or in part by any third party. Any alternate use, including that by a third party, or any 
reliance on or decision made based on this report, are the sole responsibility of the alternative 
user or third party. Intrinsik does not accept responsibility for damages, if any, suffered by any 
third party because of decisions made or actions based on this report. 

Intrinsik makes no representation, warranty or condition with respect to this report or the 
information contained herein other than that it has exercised reasonable skill, care and diligence 
in accordance with accepted practice and usual standards of thoroughness and competence for 
the profession of toxicology and environmental assessment to assess and evaluate information 
acquired during the preparation of this report. Any information or facts provided by others, and 
referred to or used in the preparation of this report, is believed to be accurate without any 
independent verification or confirmation by Intrinsik. This report is based on, and limited by, 
circumstances and conditions stated herein, and on information available at the time of the 
preparation of the report. 

Intrinsik has reserved all rights in this report, unless specifically agreed to otherwise in writing 
with PCOSI. 
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EXECUTIVE SUMMARY 

Petro-Canada Oil Sands Inc. (PCOSI) is proposing to construct and operate an upgrader facility 
in Sturgeon County, approximately 40 km northeast of Edmonton, Alberta. Situated on land that 
is zoned for heavy industrial development, the Sturgeon Upgrader (the Project) would convert 
bitumen into light sweet synthetic crude oil. 

The nearest population centre, Fort Saskatchewan, is located approximately 6 km south of the 
Project. Other nearby communities include Redwater, Gibbons, Bon Accord, Bruderheim and 
Lamont. These communities support the agricultural industry in the area. 

To identify and understand the potential health risks that could be presented to livestock near 
the Project, PCOSI commissioned Intrinsik Environmental Sciences Inc. (Intrinsik) to complete a 
Livestock Health Risk Assessment (LHRA) of the Project in combination with both existing and 
planned industrial sources in the area. The LHRA was performed, in part, to address concerns 
expressed by some of the area families over the potential effects of the Project on the 
productivity and performance of their livestock.  

The findings and conclusions of this report should be interpreted in the context of the 
conservatism incorporated into the assessment. The conservatism is intended to offset 
uncertainty that surrounds the risk estimates, particularly as it relates to the derivation of the 
livestock TRVs. The nature of the risk assessment is such that the reliance on conservative 
assumptions likely contributes to an overall exaggeration of the final risk estimates. Under 
virtually all other circumstances, the potential effects of the Project on the health of the livestock 
would be expected to be less than those described. The major findings and conclusions that 
emerged from the work were: 

• In general, there is little to no change in risk estimates between the Base Case and the 
Application Case, signalling that the Project’s contribution to livestock health risks in the 
area is expected to be low. 

• In all instances, estimates of exposure for poultry were less than their TRVs (i.e., within safe 
levels of exposure). 

• With the exceptions of carbon monoxide and nitrogen dioxide, estimates of exposure for 
cattle were less than their TRVs. 

• Health risks to cattle associated with estimated exposure to carbon monoxide and nitrogen 
dioxide were considered low, owing to the conservatism built into the assessment. 
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ABBREVIATIONS 

CAC ..................................................................................... criteria air contaminant 
COPC ........................................................................ chemical of potential concern 
EIA .................................. Environmental and Socio-Economic Impact Assessment 
FAP .......................................................................................... Fort Air Partnership 
HHRA ................................................................... Human Health Risk Assessment 
LHRA ................................................................ Livestock Health Risk Assessment 
LC ............................................................................................. lethal concentration 
LD ........................................................................................................... lethal dose 
LOAEL ......................................................... lowest-observed-adverse-effects-level 
NOAEL .............................................................. no-observed-adverse-effects-level 
PAH ...................................................................... polycyclic aromatic hydrocarbon 
PCOSI ....................................................................... Petro-Canada Oil Sands Inc. 
PDA ............................................................................. Principal Development Area 
PM ............................................................................................... particulate matter 
RQ ........................................................................................................ risk quotient 
TRV .................................................................................... toxicity reference value 
VOC ............................................................................... volatile organic compound 
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1 INTRODUCTION 
Petro-Canada Oil Sands Inc. (PCOSI) is proposing to construct and operate an upgrader in 
Sturgeon County, approximately 40 km northeast of Edmonton, Alberta. The Sturgeon Upgrader 
(the Project) would convert bitumen into light sweet synthetic crude oil for the refinery market. 
As described in PCOSI’s December 2006 Application for Approval of the Sturgeon Upgrader 
(Environmental and Socio-economic Impact Assessment), the Project will be built on land that is 
zoned for heavy industrial development. The legal land descriptions of the area of development 
are as follows: 

• the following lands within Township 56, Range 21: Northwest quarter of section of Section 
19, Township 56, Range 21, West of the Fourth Meridian (i.e., NW-19-56-21-W4M) 

• the following lands within Township 56, Range 22: SW-12-56-22-W4M, NW-12-56-22-W4M, 
NE-12-56-22-W4M, SW-13-56-22-W4M, SW-24-56-22-W4M, NE-24-56-22-W4M, SE-24-56-
22-W4M, SW-25-56-22-W4M (south half), SE-25-56-22-W4M, 02-56-22-W4M, 11-56-22-
W4M, 14-56-22-W4M, 23-56-22-W4M, SW-26-56-22-W4M (north half), SE-3-56-22-W4M, 
SE-10-56-22-W4M, SE-15-56-22-W4M, SE-22-56-22-W4M, SE-27-56-22-W4M, NE-03-56-
22-W4M, NE-10-56-22-W4M, NE-15-56-22-W4M, NE-22-56-22-W4M 

The nearest population centre to the Project is Fort Saskatchewan, located approximately 6 km 
south of the Principal Development Area (PDA). Other nearby communities include Redwater, 
Gibbons, Bon Accord, Bruderheim and Lamont. The Project will be near other industrial facilities 
in the area, including the Agrium Redwater facility and the proposed North West Upgrader. 

The Project will be developed in phases. The first phase is expected to produce up to 165,000 
barrels of oil sands bitumen feed per day. The processing capacity will expand to 340,000 
barrels of bitumen per day in the subsequent phases (Phase 2/3). 

To identify and understand the potential health risks that the Project could present to the local 
residents, PCOSI commissioned Intrinsik Environmental Sciences Inc. (hereafter referred to as 
Intrinsik) to complete a Human Health Risk Assessment (HHRA) of the Project’s emissions in 
combination with emissions from existing or approved developments in the region. The HHRA 
also considered the Project’s potential effects on health in combination with proposed or 
planned developments in the region (i.e., potential cumulative effect). The HHRA is presented in 
the Application, Volume 2, Section 23: Human Health and Odour Assessment 

As an extension of the above work, PCOSI commissioned a separate assessment of the 
potential effects of the Project on the health of local livestock (i.e., beef cattle, dairy cattle and 
poultry). This livestock assessment addresses additional concerns expressed by some of the 
families in the area over the potential negative effects of the Project on productivity and 
performance of their herds and flocks. 

The methodology followed in completing the Livestock Health Risk Assessment (LHRA) 
resembled that described for the HHRA. The overall approach continued to be based on a 
conventional step-wise risk assessment paradigm. The major difference in approach between 
the two assessments involved the use of different receptors (i.e., livestock instead of humans). 
The work continued to rely, in part, on the results of the air-quality assessment described in the 
Application, Volume 2, Section 5: Air. A description of each step of the work follows. Additional 
details concerning the paradigm itself, the general principles used to guide the assessment and 
the overall approach followed in completing the work can be found in the Application, Volume 2, 
Section 23: Human Health and Odour Assessment. 
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2 OVERALL APPROACH 
The methodology proceeded step-wise, following a conventional risk assessment paradigm (see 
Figure 2-1). The key features of each step are as follows: 

• Step 1 – Problem Formulation: This step defines the nature and scope of the risk 
assessment. The principal aim is to identify and focus the work on those aspects of the 
Project that are of greatest relevance to livestock health. Attention is directed at 
understanding the nature of the chemicals that might be released from the Project, the 
nature of the livestock receptors that might be affected by the chemicals, and how the 
chemicals might travel from the Project to reach the livestock. 

• Step 2 – Toxicity Assessment: This step is concerned with identifying and understanding the 
health effects of being exposed to the various chemicals of potential concern (COPCs) 
identified in the problem formulation step. The intent is to determine the safe levels of 
exposure and the toxicity reference values (TRVs). As part of this step, careful consideration 
is given to the dose-response characteristics of each chemical (i.e., the way in which the 
amount, frequency and duration of exposure affects the nature and severity of any health-
related effects). TRVs were developed for each of the COPC. 

• Step 3 – Exposure Assessment: This step is concerned with determining the level of 
exposure to each of the COPC that might be received by the livestock because of the 
Project. The determination of the potential exposures relies on the use of predictive 
modelling. Predictions are made for each of the exposure pathways and exposure scenarios 
of interest. 

• Step 4 – Risk Characterization: This step is concerned with identifying and quantifying the 
potential effects by the Project on the health of the local livestock. The characterization is 
based on comparison of the predicted exposures (Exposure Assessment) to the 
corresponding TRV (Toxicity Assessment). The resultant risk estimates are expressed as 
risk quotients (RQs). 

Consistent with the HHRA and the air-quality assessment, potential risks to livestock health 
were assessed based on the following three assessment cases: 

• Base Case 
• Application Case 
• Future Case 

In addition, Project-specific health risks to livestock were evaluated by comparing the 
Application Case to the Base Case, while cumulative risks were assessed by comparing the 
Future Case to the Base Case. 

More complete details concerning each step and a description of the specific methodology 
followed in completing the assessment are provided in the next section. 
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Figure 2-1: Risk Assessment Paradigm 
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3 SPECIFIC METHODS 

3.1 Problem Formulation 

3.1.1 Scope of Work 
The primary goal of the LHRA is to describe the nature and significance of the potential risks to 
livestock from the release of COPCs by the Project. 

The LHRA examines both short-term (acute) and long-term (chronic) effects associated with the 
Project’s emissions in combination with existing or approved developments in the region and in 
combination with proposed or planned (future) developments. To quantify the potential risks, 
predicted ground-level air concentrations are compared with TRVs that protect livestock health. 

A review of the concerns raised by area residents determined that the LHRA needed to achieve 
the following: 

• identify and discuss the data and methods used to assess the potential effects of the Project 
on livestock health 

• assess the potential livestock health implications of the compounds that the Project will 
release to the environment in relation to TRVs established to prevent acute and chronic 
adverse effects on livestock health 

• discuss the potential increases in the exposure of livestock to contaminants from changes to 
water quality, air quality and soil quality, taking into consideration all project activities 

• discuss the cumulative health effects that are likely to result from the Project in combination 
with other existing, approved and proposed projects (projects that have been advanced to 
the public disclosure stage) or reasonably foreseeable activities in the region 

• emphasize the worst-case conditions and scenarios that could surround the Project 
activities to ensure that none of the potential effects of these activities on the health of the 
livestock would be overlooked or understated (despite the low probability of the occurrence 
of such worst-case scenarios) 

• assess the health risks to two livestock groups, cattle (i.e., beef and dairy) and poultry (i.e., 
chickens and turkeys). To remain conservative, it was assumed that cattle and poultry could 
be located in any of the agricultural areas surrounding the Project. 

• differentiate between the potential health effects that might occur among the livestock 
because of short-term exposures to the chemical emissions (i.e., acute exposures lasting for 
a few hours) and longer-term exposures to the chemical emissions (i.e., chronic exposures 
lasting for a few weeks to years) 

• allow for the use of conservative assumptions to accommodate the uncertainty, combined 
with the understanding that the compound effect of such conservative assumptions can lead 
to exaggeration of risk estimates 

3.1.2 Identification of COPCs 
The identification of the COPCs is a three-step process. 
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3.1.2.1 Step One – Development of Initial Chemical Inventory 
Atmospheric emissions are the only Project emissions assessed in terms of potential livestock 
health risks. The selection of the COPCs was based on: 

• an inventory of the chemicals emitted by the Project 
• provincially and federally regulated air contaminants 
• scientific studies used to determine the livestock TRVs 

The inventory of the Project’s chemical emissions is presented in Table 3-1. 

Table 3-1: Chemical Air Emission Inventory for the Project 
Chemical Category Individual Chemicals 

Criteria air 
contaminants (CACs) 

Carbon monoxide, nitrogen dioxide, sulphur dioxide 

Volatile organic 
compounds (VOCs) 

1-(2-Furanyl)-ethanone; 1-heptanol; 1-hexanol; 1,3-butadiene; 1,3-
cylopentanedione; 2-butyl-1-octanol; 2-cyclohexen-1-ol; 2-ethyl-5-methyl-
thiophene; 2-ethyl-thiophene; 2-ethyl-3-methyl-oxetane; 2-methyl-
cycloheptanone; 2-(1-methylethyl)-thiophene; 2-methyl-propanal; 2-methyl-1-
penten-3-one; 2-methyl-2-butenal; 2-methyl-thiophene; 2-propyl-thiophene; 
2,3-dimethyl-cyclohexanone; 2,3-dimethyl-thiophene; 
2,3,4,5-tetramethylcyclopent-2-en-1-ol; 2,4-dimethyl-thiophene; 2,5-diethyl-
thiophene; 2,5-dimethyl-thiophene; 3-(1,1-dimethylethyl)-thiophene; 3-ethyl-
thiophene; 3-hexanone; 3-methyl-1-butanol; 3-methyl-cyclopentanone; 3-
methyl-thiophene; 3,3-dimethylcyclobutyl methanol; 3,3-dimethyl-hexanal; 
3,4-dimethyl-thiophene; 4-heptanone; 4-octanone; 5-methyl-4-hepten-3-one; 
9-dodecenol; acetaldehyde; acrolein; aliphatics C5-C8; aliphatics C9-C16; 
aliphatics C17-C34; allyl sulphide; ammonia; aromatics C9-C16; aromatics 
C17-C34; benzaldehyde; benzene; bicyclo[2.2.1]heptan-1-ol; 
bicyclo[2.2.2]octan-1-ol; butyl sulphide; butyl mercaptan; carbon disulphide; 
carbonyl sulphide; cis-2,3-dimethyl-cyclobutanone; cyclohexane; 
dichlorobenzenes; ethylbenzene; ethyl mercaptan; ethyl sulphide; 
formaldehyde; n-hexane; hydrogen sulphide; isobutylmercaptan; 
isopropylbenzene; isopropyl mercaptan; methylene chloride; methyl 
mercaptan ; propylene oxide; propylhydrazone-propanal; styrene; sulphuric 
acid; thiophene; toluene; trans-2,3-dimethyl-cyclobutanone; xylenes; (z)-2-
methyl-3-octen-2-ol; (z)-4,4-dimethyl-2-pentenal 

Polycyclic aromatic 
hydrocarbons (PAHs) 

2-Chloronaphthalene; 2-methylnaphthalene; acenaphthene; acenaphthylene; 
anthracene; benz(a)anthracene; benzo(a)pyrene; benzo(b)flouranthene; 
benzo(e)pyrene; benzo(g,h,i)perylene; benzo(k)flouranthene; chrysene; 
dibenz(a,h)anthracene; fluoranthene; fluorene; indeno(1,2,3-cd)pyrene; 
naphthalene; phenanthrene; pyrene 

Fine particulate matter (PM2.5), which is defined as particulate matter less than 2.5 microns in 
diameter, was not considered in the LHRA. The health concerns that surround PM2.5, which, in 
part, form the basis of the Canada-wide standard, originate from epidemiological investigations 
involving the exposure of humans on a community scale. These investigations are not 
applicable to the assessment of health risks in livestock. 
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3.1.2.2 Step Two – Grouping of COPCs 
Chemicals for which insufficient toxicity data is available are grouped according to their 
molecular structure. Surrogate chemicals, for which adequate toxicity information is available, 
are assigned to represent a group’s overall toxicity (Table 3-2). 

Table 3-2: Project Emission Chemical Surrogates and Groupings 
Group Name Chemical Surrogate1 Chemical Constituents2 

Acenaphthene group Acenaphthene Acenaphthene; acenaphthylene 
Aliphatic C5-C8 group n-hexane3 Aliphatics C5-C8 
Aliphatic C9-C16 group NA Aliphatics C9-C16 
Aliphatic C17-C34 group NA Aliphatics C17-C34 
Aliphatic alcohol group Methanol 1-Heptanol; 1-hexanol; 2-butyl-1-octanol; 

2-cyclohexen-1-ol; 2,3,4,5-tetramethylcyclopent-
2-en-1-ol; 3-methyl-1-butanol; 3,3-
dimethylcyclobutyl methanol; 9-dodecenol; 
bicyclo[2.2.1]heptan-1-ol; bicyclo[2.2.2]octan-1-
ol; (z)-2-methyl-3-octen-2-ol 

Aliphatic aldehyde group Propionaldehyde 2-Methyl-propanal; 2-methyl-2-butenal; 3,3-
dimethyl-hexanal; propylhydrazone-propanal; (z)-
4,4-dimethyl-2-pentenal 

Aliphatic ketone group Methyl ethyl ketone 1-(2-Furanyl)-ethanone; 1,3-cylopentanedione; 
2-methyl-cycloheptanone; 2-methyl-1-penten-3-
one; 2,3-dimethyl-cyclohexanone; 3-hexanone; 
3-methyl-cyclopentanone; 4-heptanone; 4-
octanone; 5-methyl-4-hepten-3-one; cis- 2,3-
dimethyl-cyclobutanone; trans-2,3-dimethyl-
cyclobutanone 

Aromatic C9-C16 group Naphthalene3 Aromatics C9-C16 
Aromatic C17-C34 
group 

NA Aromatics C17-C34 

Benzo(a)pyrene group Benzo(a)pyrene3 Anthracene; benz(a)anthracene; 
benzo(a)pyrene; benzo(b)fluoranthene; 
benzo(e)pyrene; benzo(g,h,i)perylene; 
benzo(k)fluoranthene; chrysene; 
dibenz(a,h)anthracene; fluoranthene; fluorene; 
indeno(1,2,3-cd)pyrene; phenanthrene; pyrene 

Carbon disulphide group Carbon disulphide Allyl sulphide; butyl sulphide; carbon disulphide; 
carbonyl sulphide; ethyl sulphide 

Dichlorobenzenes 1,4-Dichlorobenzene Dichlorobenzenes 
Propylene oxide group Propylene oxide 2-Ethyl-3-methyl-oxetane; propylene oxide 

NOTES: 
1 Chemical surrogates were not required for the aliphatic C5-C8 group, aliphatic C9-C16 group, 
aliphatic C17-C34 group, aromatic C9-C16 group and aromatic C17-C34 group on an acute or chronic 
basis because exposure limits exist for these chemical groups. 
2 Because the list of aliphatic and aromatic compounds is too long to be included in this table, the 
individual constituents of these groups are defined in Appendix A. 
3 Chemical surrogate for poultry only. 



Sturgeon Upgrader Project Supplemental Report 
Section 3: Specific Methods Livestock Health Risk Assessment
 

August 2007  
Fort Hills Energy L.P.

Page 3-4  
 

3.1.2.3 Step Three – Final Selection of COPCs 
Table 3-3 presents the final list of chemicals identified as COPCs for the LHRA. 

Table 3-3: Project COPCs for the LHRA 
CACs VOCs1 PAHs1 

Carbon monoxide 1,3-Butadiene 2-Chloronaphthalene 
Nitrogen dioxide Acetaldehyde 2-Methylnaphthalene 
Sulphur dioxide Acrolein Acenaphthene group 
 Aliphatic C5-C8 group Anthracene 
 Aliphatic C9-C16 group Benz(a)anthracene 
 Aliphatic C17-C34 group Benzo(a)pyrene 
 Aliphatic alcohol group Benzo(b)fluoranthene 
 Aliphatic aldehyde group Benzo(e)pyrene 
 Aliphatic ketone group Benzo(g,h,i)perylene 
 Ammonia Benzo(k)fluoranthene 
 Aromatic C9-C16 group Chrysene 
 Aromatic C17-C34 group Dibenz(a,h)anthracene 
 Benzaldehyde Fluoranthene 
 Benzene Fluorene 
 Carbon disulphide group Indeno(1,2,3-cd)pyrene 
 Cyclohexane Naphthalene 
 Dichlorobenzenes Phenanthrene 
 Ethylbenzene Pyrene 
 Formaldehyde  
 n-Hexane  
 Hydrogen sulphide  
 Isopropylbenzene  
 Methylene chloride  
 Propylene oxide group  
 Styrene  
 Sulphuric acid  
 Toluene  
 Xylenes  

NOTE: 
1 For a description of the individual constituents in each group see Appendix A. 

3.1.3 Identification of Receptors of Concern 
The assessment includes livestock receptors for which concerns have been raised by local 
farmers. All agricultural sites described in the HHRA are assessed in the LHRA, but only the 
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maximum of those locations are presented in the Risk Characterization section of this report 
(Section 3.4). 

3.1.4 Exposure Pathway Identification 
The primary exposure pathway identified for livestock near the Project is by air. The potential 
health effects caused by CACs (i.e., carbon monoxide, sulphur dioxide and nitrogen dioxide) are 
associated only with inhalation because they primarily act at the point of contact (i.e., the 
respiratory system). These chemicals are not expected to affect the food chain. 

In addition to inhalation exposures, certain COPCs can pose risks through additional exposure 
pathways. These pathways might include ingestion of affected forage, ingestion of affected soil 
and consumption of affected drinking water. Consideration was given to the fact that livestock 
(i.e., cattle and poultry) are strict herbivores, and therefore rely exclusively on plant foodstuffs 
for growth and maintenance. 

Cattle will graze on grasses and browse in pastures within a relatively confined home range, 
and the grasses and browse can make up a considerable portion of the animals’ sustenance. In 
addition, cattle are likely to consume considerable quantities of soil as part of normal grazing 
behaviour. Poultry might ingest terrestrial invertebrates as part of their normal ingestion 
behaviour. Finally, while roaming outdoors, livestock might frequent dug-outs that have been 
installed as a water source to supplement watering from conventional well water supplies. 
Accordingly, some opportunity might exist for the exposure of livestock to the chemicals through 
the ingestion of affected soils, surface waters, invertebrates or forage, individually or in any 
combination. 

A chemical fate and persistence screening was done to identify which COPCs should be 
included in the multiple exposure pathway assessment. 

Initially, the COPCs were screened for multiple exposure pathways based on the following 
physical and chemical properties: 

• soil half-life greater than or equal to six months (182 days) 
• octanol-water partition coefficient (log Kow)1 greater than or equal to five 

The Chemicals Control Division of Environment Canada uses the same procedure to categorize 
substances on Canada’s domestic substances list (Environment Canada 1995, 2006). The 
procedure has been further endorsed by Rodan et al. (1999) as a technique to provide a 
scientific basis for the screening of persistent organic chemicals. 

The screening is based on the assumption that if the chemical does not meet either of the two 
criteria, then negligible uptake into the environment is expected, and limited opportunity exists 
for exposure through additional pathways. However, if the chemical meets either of the two 
criteria, then potential exists for the chemical to persist and accumulate in the environment. 
Therefore, both direct and indirect exposure pathways are evaluated. For chemicals that do not 
have a soil half-life, the log Kow alone was used in the fate and persistence screening. 

Table 3-4 summarizes the results of the COPC fate and persistence screening. 

                                                      
1 The octanol-water partition coefficient (Kow) is a measure of the equilibrium concentration of a compound between 
octanol and water that indicates the potential for partitioning into soil organic matter (i.e., a high Kow indicates a 
compound that will preferentially partition into soil organic matter rather than water). Kow is inversely related to the 
solubility of a compound in water. 
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Table 3-4: Chemical Fate and Persistence Screening for Inclusion in the Multiple 
Exposure Pathway Model 

Chemical1 
 

Soil Half-Life2 
(days) 

Log Kow
3 

 
1,3-Butadiene 28 1.99 
2-Chloronaphthalene – 3.38 
2-Methylnaphthalene – 3.86 
Acenaphthene group 102 4.33 
Acetaldehyde 11 -0.22 
Acrolein 28 -0.01 
Aliphatic C5-C8 group 712 3.81 
Aliphatic C9-C16 group 1,750 6.91 
Aliphatic C17-C34 group – 10.30 
Aliphatic alcohol group 7.0 -0.77 
Aliphatic aldehyde group 1.4 0.83 
Aliphatic ketone group 7.0 0.29 
Ammonia – – 
Anthracene 460 4.50 
Aromatic C9-C16 group 1,750 3.91 
Aromatic C17-C34 group 1,400 6.42 
Benz(a)anthracene 684 5.70 
Benzaldehyde – 1.48 
Benzene 23 2.10 
Benzo(a)pyrene 527 6.00 
Benzo(b)fluoranthene 617 6.12 
Benzo(e)pyrene – 6.44 
Benzo(g,h,i)perylene 650 7.23 
Benzo(k)fluoranthene 2,110 6.10 
Carbon disulphide group – 2.20 
Chrysene 1,010 5.70 
Cyclohexane 180 2.46 
Dibenz(a,h)anthracene 938 6.50 
Dichlorobenzene 180 3.60 
Ethylbenzene 10.0 3.10 
Fluoranthene 440 5.00 
Fluorene 60 4.20 
Formaldehyde 7.0 0.35 
n-Hexane – 3.00 
Hydrogen sulphide – – 
Indeno(1,2,3-cd)pyrene 723 6.60 
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Table 3-4: Chemical Fate and Persistence Screening for Inclusion in the Multiple 
Exposure Pathway Model (cont’d) 

Chemical1 
Soil Half-Life2 

(days) Log Kow
3 

Isopropylbenzene – 3.43 
Methylene chloride 28 1.30 
Naphthalene 48 3.30 
Phenanthrene 201 4.50 
Propylene oxide group – 0.03 
Pyrene 1,950 4.90 
Styrene 28 3.00 
Sulphuric acid – – 
Toluene 22 2.70 
Xylenes 28 3.20 

NOTES: 
1 The chemical surrogates identified in Table 3-2 based on toxicity data were also used to represent the 
chemical group’s fate and persistence in the environment, with one exception. The exception was the 
aliphatic C17-C34 group, for which the fate and persistence criteria is based on the average of n-
heptadecane, n-octadecane, n-nonadecane and n-eicosane. 
2 Primarily taken from Mackay et al. (1992) and U.S. EPA OSW (2005). Exceptions are acetaldehyde, 
which was cited from Boethling and Mackay (2000); benzene, which was cited from Wania and Mackay 
(2000); and the aliphatic C5-C8, aliphatic C9-C16 and aromatic C9-C16 groups, which were cited from 
Environmental Guidelines for Controlling Emissions of Volatile Organic Compounds from Aboveground 
Storage Tanks, CCME (2000). 
3 Primarily taken from Mackay et al. (1992), U.S. EPA OSW (2005) and HSDB (2006). Exceptions are 
the aliphatic C5-C8, aliphatic C9-C16 and aromatic C9-C16 groups, which were cited from 
Environmental Guidelines for Controlling Emissions of Volatile Organic Compounds from Aboveground 
Storage Tanks, CCME (2000); and the aliphatic C17-C34 group, which was cited from TPHCWG 
(1997). 
– = no soil half-life or log Kow values were available. 
Bold parameters represent values that exceed at least one of the fate and persistence criteria 

Soil half-lives and log Kow values were not available for ammonia, hydrogen sulphide and 
sulphuric acid. These COPCs were not carried forward in the multiple exposure pathway 
assessment because their health endpoints related specifically to inhalation exposure. Also, 
Environment Canada acknowledges that hydrogen sulphide does not have the potential to 
contaminate the food chain (HSDB 2007). 

3.2 Toxicity Assessment 
The Toxicity Assessment of the LHRA is concerned with: 

• identifying and understanding the types of health effects that can be caused by the COPCs 
under different conditions of exposure. The health effects caused by acute and chronic 
exposures were assessed separately because a variety of responses can be seen with the 
same chemical following exposures for different periods of time. 
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• using the health effects information to define safe levels of exposure for each chemical for 
each of the livestock receptors of interest. The safe level of exposure refers to the amount or 
dose of the chemical that is unlikely to produce adverse health effects. 

Much of the information about the health effects of the chemicals was obtained from medical 
and scientific literature. It referred to the findings from biomedical research involving the 
exposure of laboratory test animals such as rats and mice. Virtually no studies were identified in 
which cattle or poultry were exposed to the COPCs under controlled conditions. The lack of 
such studies presented two challenges: 

• The health effects data gathered from the laboratory rodents had to be extrapolated to the 
livestock species. This data extrapolation was done through the use of uncertainty or 
uncertainty factors. These factors were designed to accommodate the possible differences 
in sensitivity to the chemicals that might exist between the species (see below). The use of 
such uncertainty factors in extrapolating the responses measured in one species to another 
is a common practice in risk assessment. 

• Because of the nature of the study designs used in biomedical research (i.e., exposure of 
the laboratory test animals to near maximum tolerated concentrations of the chemicals), the 
research findings often show adverse health effects. To fully assess the significance of the 
information, it was necessary to consider the differences between the concentrations tested 
in the laboratory and those to which the livestock might be exposed. In many cases, the 
concentrations tested in the laboratory rodents were considerably exaggerated relative to 
those that might be encountered by the livestock. 

Details surrounding the use of the health effects information and the development of the safe 
levels of exposure appear in the next section. 

3.2.1 Toxicity Reference Values (TRVs) 
Different terminology has evolved and has been assigned by different regulatory and scientific 
authorities to describe the safe level of exposure to chemicals for ecological receptors such as 
livestock. TRV is the most common term. 

Two categories of TRV needed to be considered as part of the current assessment in light of the 
expected duration of the Project: 

• Acute TRV refers to the concentration of a chemical that can be tolerated on a short-term 
basis without evidence of adverse health effects. It is meant to be protective against 
exposures lasting several hours to several days. 

• Chronic TRV refers to the concentration of a chemical that can be tolerated on a long-term 
basis without evidence of adverse health effects. It is meant to provide protection against 
exposures extending over several months to several years. 

The determination of each category of TRV is outlined below. As indicated earlier, the 
uncertainty surrounding the use of laboratory rodents to represent livestock species needed to 
be accommodated as part of the work. This accommodation was accomplished by the use of 
uncertainty factors to account for possible interspecies differences in sensitivity to the COPCs. 

The exact extent to which uncertainty factors were applied was tempered by conventional 
thinking about the level of protection required. Most authorities accept that for most types of 
ecological receptors (e.g., wildlife, aquatic organisms, invertebrates) the primary concern relates 
to the health of the group as a whole (i.e., a population-based approach), whereas for humans, 
emphasis is placed on the health of the person (i.e., an individual-based approach). Population-
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based health risk assessments generally demand less protection, so there is less need for the 
use of uncertainty factors in extrapolating data. The health risk assessment for cattle needed a 
balanced approach that respected the need to protect the health of the herd and acknowledged 
the value of the individual animal. 

3.2.1.1 Determination of Acute TRVs 
A review of the published scientific literature revealed little information on the acute toxicity of 
the pollutants in domestic animals. Few controlled toxicity studies on the pollutants have been 
performed using the specific livestock receptors chosen for the assessment. In addition, 
regulatory limits are rarely developed for domestic species. Any information that was available 
typically lacked sufficient detail to permit its use in developing the TRV. The information was 
commonly in the form of descriptions of poisoning incidents, in which exposure levels were not 
indicated and dose-response relationships could not be discerned. The use of this information to 
set safe levels of exposure for the pollutants through the inhalation pathway was judged to be 
highly tenuous. An alternate approach was needed. 

For most of the COPCs, a number of LC50 or LD50 values have been reported for various 
laboratory animal species. The LC50 value refers to the air concentration shown to cause death 
among 50 percent of a population of test animals. The LD50 value refers to the equivalent oral 
dose. Acute inhalation limits for livestock were developed by identifying the lowest LC50 value 
reported in the literature (or lowest LD50 value if an LC50 was not available). The choice of the 
lowest LC50 values was deliberate. The use of the lowest values was designed to reduce the 
likelihood of underestimating the lethal doses of any of the COPCs. 

The literature review consisted of an on-line search of the International Programme on Chemical 
Uncertainty, the National Toxicity Program Chemical Repository and the Hazardous Substances 
Data Bank. In certain cases, the LCLo value, defined as “the lowest published lethal 
concentration” (NTP 2007), was used if it was reported. An inhalation LC50 or LCLo value was 
the preferred toxicity index because inhalation represents the primary avenue of exposure to the 
pollutants from the Project’s emissions. In cases where no LC50 or LCLo value was available, the 
lowest-observed-adverse-effects-level (LOAEL) was used (BC MELP 1998). 

Uncertainty factors were applied to the LC50 and LCLo values to arrive at the TRV. These factors 
were applied in recognition of the following: 

• possible interspecies differences in sensitivity 
• the severity of the health endpoint (i.e., death) 
• the importance of protecting individual animals 

As indicated earlier, the exact extent to which uncertainty factors were applied was tempered by 
conventional thinking about the level of protection required. The approach that was used 
balanced the need to protect the health of the herd with the need to protect the well-being of the 
individual animal. 

The following uncertainty factors were applied to the LC50 values to arrive at the TRVs for 
livestock: 

• A 10-fold uncertainty factor to account for possible interspecies differences in sensitivity was 
first applied to the LC50 value (or LD50 value if an LC50 or LCLo was not available). In 
accordance with the BC Ministry of the Environment protocol, a 10-fold uncertainty factor 
was not applied when a LOAEL was used (BC MELP 1998). No interspecies uncertainty 
factor was applied for the poultry assessment, because only bird studies were used in the 
derivation of TRVs for chickens and turkeys (BC MELP 1998). 
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• An additional 10-fold uncertainty factor was applied to account for the severity of the health 
endpoint (i.e., death) that was chosen as the basis for assessment. 

• In the case of cattle, a further 10-fold uncertainty factor was applied in recognition of the 
need to protect not only the overall health of the herd but also individual animals. 

The acute TRVs developed for use in the LHRA are provided in Table 3-5 (cattle) and Table 3-6 
(poultry). A detailed description of the basis for each TRV and how they were calculated is 
provided in Appendix A. Because of a general absence of relevant toxicity data, considerably 
fewer TRVs were identified for poultry than for cattle. 

Table 3-5: Acute TRVs Used in the LHRA for Cattle 

Chemical 
 

Primary Lethality Data 
Uncertainty 

Factor1 

 

Beef 
Cattle 

Dairy 
Cattle 

References 
 

LC50 
(mg/m3) 

LD50 
(mg/kg 
BW/d) 

TRV 
(mg/m3) 

TRV 
(mg/m3) 

1,3-Butadiene 268,000 – 1,000 268 268 IPCS 2001 
2-Chloronaphthalene – 886 1,000 2.7 3.0 HSDB 2007 
2-Methylnaphthalene – 1,630 1,000 7.8 8.7 HSDB 2007 
Acenaphthene group – 2,0002 100 38 42 HSDB 2007 
Acetaldehyde 2,700 – 1,000 2.7 2.7 HSDB 2007 
Acrolein  19 – 1,000 0.019 0.019 HSDB 2007 
Aliphatic C5-C8 group 30,0002 – 100 300 300 TPHCWG 

1997; Keenan 
et al. 1991 

Aliphatic alcohol group 84,000 – 1,000 84 84 HSDB 2007 
Aliphatic aldehyde 
group 

21,800 – 1,000 21.8 21.8 HSDB 2007 

Aliphatic C17-C34 
group 

– 2,0002 100 121 135 TPHCWG 
1997 

Aliphatic C9-C16 
group 

5,6002 – 100 56 56 MA DEP 2003; 
Phillips and 
Egan 1984 

Aliphatic ketone group 32,000 – 1,000 32 32 NTP 2007 
Ammonia 1,4003 – 1,000 1.4 1.4 HSDB 2007 
Aromatic C9-C16 
group 

2,5402 – 100 25 25 TPHCWG 
1997; MA DEP 
2003; McKee 
et al. 1990 

Aromatic C17-C34 
group 

– 1252 100 7.9 8.8 CCME 2000; 
TPHCWG 
1997 

Benzaldehyde – 1,0002 1,000 4.8 5.4 HSDB 2007 
Benzene 32,081 – 1,000 32 32 HSDB 2007 
Carbon monoxide 2,078 – 1,000 2.1 2.1 Ramamoorthy 

et al. 1995 
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Table 3-5: Acute TRVs Used in the LHRA for Cattle (cont’d) 

Chemical 
 

Primary Lethality Data 
Uncertainty 

Factor1 

 

Beef 
Cattle 

Dairy 
Cattle 

References 
 

LC50 
(mg/m3) 

LD50 
(mg/kg 
BW/d) 

TRV 
(mg/m3) 

TRV 
(mg/m3) 

Carbon disulphide 
group 

– 690 1,000 0.69 0.69 IPCS 2002 

Cyclohexane 70,0003 – 1,000 70 70 NTP 2007 
Dichlorobenzenes 12,000 – 1,000 12 12 NTP 2007 
Ethylbenzene 17,200 – 1,000 17.2 17.2 IPCS 1996b 
Formaldehyde 414 – 1,000 0.41 0.41 HSDB 2007 
Hydrogen sulphide 820 – 1,000 0.82 0.82 Prior et al. 

1998 
Isopropylbenzene 9,800 – 1,000 9.8 9.8 HSDB 2007 
Methylene chloride 17,0003 – 1,000 17 17 NTP 2007 
Naphthalene 340 – 1,000 0.34 0.34 NTP 2007 
n-Hexane 169,000 – 1,000 169 169 NTP 2007 
Nitrogen dioxide 56 – 1,000 0.056 0.056 HSDB 2007 
Benzo(a)pyrene group – 250 1,000 0.47 0.52 IARC 1983 
Propylene oxide group 4,100 – 1,000 4.1 4.1 HSDB 2007 
Styrene 2,160 – 1,000 2.2 2.2 IPCS 1996a 
Sulphur dioxide 2,631 – 1,000 2.6 2.6 HSDB 2007 
Sulphuric acid 1,400 – 1,000 1.4 1.4 HSDB 2007 
Toluene 100,000 – 1,000 100 100 HSDB 2007 
Xylenes 17, 035 – 1,000 17 17 HSDB 2007 

NOTES: 
1 The uncertainty factors applied to the LC50 (or LD50) account for potential interspecies differences in sensitivity to 
the chemicals (10-fold); the severity of the health endpoint (i.e., death) (10-fold); and the importance of protecting 
individual animals (10-fold). 
2 Neither an LC50 nor an LD50 was available. An LOAEL was used to derive the acute TRV instead, and the 10-fold 
uncertainty factor for the severity of the health endpoint (i.e., death) was not applied. 
3 Based on an LCLO, which is defined as the lowest published lethal concentration (NTP 2007). 
LC50 = lethal concentration at which there is 50 percent mortality in the study population 
LD50 = lethal dose at which there is 50 percent mortality in the study population 
mg/kg BW/d = milligrams per kilogram of body weight per day 
mg/m3 = milligrams per cubic metre of air 
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Table 3-6: Acute TRVs Used in the LHRA for Poultry 

Chemical 
 

Primary Lethality Data 
Uncertainty 

Factor1 

 

Poultry 

References 
 

LC50 
(mg/m3) 

LD50 
(mg/kg 
BW/d) 

TRV  
(mg/m3) 

Acenaphthene group – 101 10 9.6 ECB 2007 
Acrolein  – 9.11 10 2.2 HSDB 2007 
Aliphatic C5-C8 
group 

3,5002 – – 3,500 Abou-Donia et al. 
1991 

Ammonia 73.52 – – 73.5 Charles and Payne 
1966 

Aromatic C9-C16 
group 

– 2690 10 660 U.S. EPA 2007b 

Carbon monoxide 1,500 – 10 150 NTP 2007 
Formaldehyde – 790 10 190 HSDB 2007 
Isopropylbenzene – 98 10 24 HSDB 2007 
Sulphur dioxide 2,6003 – 10 260 Fedde and 

Kuhlmann 1979 
Sulphuric acid – 11,1172 – 34,000 ATSDR 1998 

NOTES: 
1 The 10-fold uncertainty factor applied to the LC50 (or LD50) accounts for the severity of the health 
endpoint (i.e., death). 
2 Neither an LC50 nor an LD50 was available. A LOAEL was used to derive the acute TRV instead, and 
the 10-fold uncertainty factor for the severity of the health endpoint (i.e., death) was not applied. 
3 Based on an LC20, which is defined as the lethal concentration at which there is 20 percent mortality in the study 
population. 
LC50 = lethal concentration at which there is 50 percent mortality in the study population 
LD50 = lethal dose at which there is 50 percent mortality in the study population 
mg/kg BW/d = milligram per kilogram of body weight per day 
mg/m3 = milligram per cubic metre of air 

3.2.1.2 Determination of Chronic TRVs 
The determination of the chronic TRVs for the livestock receptors could not rely on regulatory 
limits. Government authorities rarely develop limits for livestock species. In addition, virtually no 
studies detailing the health effects following chronic exposures under controlled conditions to 
the chemicals emitted from the Project (i.e., Upgrader emissions) exist for livestock species. An 
on-farm two-year study of 205 beef herds from Alberta, Saskatchewan and northeastern British 
Columbia examined the association between exposure to emissions from oil and natural gas 
field facilities and animal health and productivity (WISSA 2006). However, this study focused on 
concerns relating to sour gas facilities where there was the potential for exposure to hydrogen 
sulphide. 

In the absence of livestock studies, reliance was again placed on the results of studies using 
laboratory rodents, with adjustments used to account for possible differences in species 
sensitivity. Guidance with respect to the adjustments required was provided by the 
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recommendations of the BC Ministry of Environment concerning the extrapolation of health 
effects data across different mammalian species as part of ecological risk assessments (BC 
MELP 1998). The Ministry guidelines recommend use of the EC20 as an indicator of the safe 
level of exposure for chronic exposure scenarios.2 The following recommendations were 
deemed to be applicable to the LHRA: 

• use an EC20 as the TRV 

• if an EC20 is not available or cannot be calculated, use an LOAEL from the most applicable 
study as the TRV 

• give preference to studies using species from the same feeding group 

• assign preference to feeding studies (i.e., not single dose studies or injection studies), 
particularly feeding trials of weeks to months in duration 

• if the data are from similar species, do not use uncertainty factors 

• if the animals are not so closely related or if it is unknown whether or not they are likely to 
have similar physiological responses, divide the TRV by 10 

Apart from the above recommendations, which apply to ecological receptors in general, an 
additional 10-fold uncertainty factor was applied to the TRV as an added measure of 
conservatism. This extra level of conservatism was included because livestock receptors qualify 
as valued ecosystem components, and each animal has economic value. 

For all COPCs, reliance was placed on LOAELs as opposed to EC20 values. The use of a 
LOAEL was deemed to be more appropriate for the determination of chronic TRVs because 
EC20 values allow for 20 percent of a population to be affected. This allowance was 
unacceptable, given the need to protect the health of the herd and the well-being of individual 
animals as part of a livestock risk assessment. 

As stated above, the chronic TRVs were derived from LOAEL values to which uncertainty 
factors were applied to accommodate possible interspecies differences in sensitivity to the 
pollutants (10-fold), as well as to recognize the importance of protecting individual animals (10-
fold). For teratology studies, an additional 10-fold uncertainty factor to account for the short 
duration of the study was not warranted because exposures received in utero (i.e., at a critical 
life-stage) have been deemed to be equivalent to chronic exposures for the purposes of 
ecological risk assessments (Sample et al. 1996). 

Where inhalation LOAELs were unavailable, they were estimated from inhalation NOAELs or 
from oral LOAELs, incorporating 100 percent inhalation bioavailability, the chemical-specific oral 
bioavailability, and the body weight and inhalation rate of cattle or poultry. 

 

LOAEL (mg/m3) = 
LOAEL (mg/kg BW/d) × BIOoral × BW 

BIOinh × IR 

Where: 

• LOAEL = lowest-observed-adverse-effect-level (mg/m3) 

• BIOoral = chemical-specific oral bioavailability 

• BIOinh = assumed inhalation bioavailability (100 percent) 

                                                      
2 The EC20 refers to the effects concentration at which the health of 20 percent of the organisms tested is affected. 
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• BW  = body weight of cattle or poultry 

• IR  = inhalation rate for cattle or poultry 

In the case of the gaseous chemicals emitted from the Project (i.e., carbon monoxide, nitrogen 
dioxide, and sulphur dioxide) and those COPCs that are not expected to persist and accumulate 
in the environment, the chronic limits were expressed as inhalation TRVs, not oral TRVs, 
because the primary and only considerable avenue of exposure is via inhalation. 

The chronic TRV developed for each of the COPC are presented in Table 3-7 (cattle) and 
Table 3-8 (poultry). A detailed description of the basis for each TRV and how they were 
calculated is provided in Appendix A. 

As was the case for the acute TRVs, fewer chronic TRVs were identified for poultry than for 
cattle because of the absence of relevant chronic toxicity data. 

Table 3-7: Chronic TRVs Used in the LHRA for Cattle 

Chemical1 
 

Route 
 

Units 
 

Beef 
Cattle 

Dairy 
Cattle 

References 
 TRV TRV 

1,3-Butadiene Inhalation mg/m3 0.025 0.025 NTP 1993 

2-Chloronaphthalene Inhalation mg/m3 0.0087 0.0087 RIVM 2001 

2-Methylnaphthalene Inhalation mg/m3 0.23 0.25 U.S. EPA 2007a 

Acenaphthene group Inhalation mg/m3 0.34 0.38 ATSDR 1995 

Acetaldehyde Inhalation mg/m3 0.32 0.32 CEPA 2000a; Appelman et 
al. 1982, U.S. EPA 2007a 

Acrolein  Inhalation mg/m3 0.00057 0.00057 U.S. EPA 2007a; Feron et 
al. 1978 

Aliphatic C5-C8 group Inhalation mg/m3 54 54 TPHCWG 1997; Daughtrey 
et al. 1994 

Oral mg/kg BW/d 11 10 TPHCWG 1997; Daughtrey 
et al. 1994 

Aliphatic alcohol group Inhalation mg/m3 19.3 19.3 OEHHA 2005 

Aliphatic aldehyde group Inhalation mg/m3 9 9 ACGIH 2002 

Aliphatic C17-C34 group Inhalation mg/m3 121 135 TPHCWG 1997 

Oral mg/kg BW/d 20 20 TPHCWG 1997 

Aliphatic C9-C16 group Inhalation mg/m3 1 1 MA DEP 2003; Phillips and 
Egan 1984 

Oral mg/kg BW/d 1.5 1.5 TPHCWG 1997; Mattie et 
al. 1995 

Aliphatic ketone group Inhalation mg/m3 26 26 Deacon et al. 1981; Dow 
Chemical Corporation 1979
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Table 3-7: Chronic TRVs Used in the LHRA for Cattle (cont’d) 

Chemical1 Route Units 

Beef 
Cattle 

Dairy 
Cattle 

References TRV TRV 

Ammonia Inhalation mg/m3 0.45 0.45 ATSDR 2004; OEHHA 
2005; Coon et al. 1970 

Aromatic C9-C16 group Inhalation mg/m3 6.4 6.4 TPHCWG 1997; McKee 
et al. 1990 

Oral mg/kg BW/d 0.6 0.6 TPHCWG 1997 

Aromatic C17-C34 group Inhalation mg/m3 0.79 0.88 TPHCWG 1997; U.S. 
EPA 2007a 

Oral mg/kg BW/d 0.13 0.13 

Benzaldehyde Inhalation mg/m3 1.4 1.6 U.S. EPA 2007a 

Benzene Inhalation mg/m3 1.5 1.5 U.S. EPA 2007a; CEPA 
1993a; Tatrai et al. 1980

Carbon disulphide group Inhalation mg/m3 0.26 0.26 ATSDR 1996; CEPA 
2000b; U.S. EPA 
2007a; Beliles et al. 
1980; Hardin et al. 1981

Cyclohexane Inhalation mg/m3 60 60 U.S. EPA 2007a 

Dichlorobenzenes Inhalation mg/m3 0.23 0.23 U.S. EPA 2007a; 
Chlorobenzene 
Producers Association 
1986 

Ethylbenzene Inhalation mg/m3 10.9 10.9 U.S. EPA 2007a; 
Andrew et al. 1981, 
Hardin et al. 1981 

Formaldehyde Inhalation mg/m3 0.012 0.012 Kerns et al. 1983 

Hydrogen sulphide Inhalation mg/m3 0.020 0.020 CIIT 1983 a,b,c; U.S. 
EPA 2007a; ATSDR 
2006 

Isopropylbenzene Inhalation mg/m3 1.1 1.1 U.S. EPA 2007a 

Methylene chloride Inhalation mg/m3 12.5 12.5 ATSDR 2000a; Schwetz 
et al. 1975 

Naphthalene Inhalation mg/m3 0.28 0.28 Abdo et al. 2001; NTP 
1992; U.S. EPA 2007a; 
ATSDR 2005B 

n-Hexane Inhalation mg/m3 29.4 29.4 ATSDR 1999; U.S. EPA 
2007a 

Nitrogen dioxide Inhalation mg/m3 0.0025 0.0025 Tabacova et al. 1985 
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Table 3-7: Chronic TRVs Used in the LHRA for Cattle (cont’d) 

Chemical1 Route Units 

Beef 
Cattle 

Dairy 
Cattle 

References TRV TRV 

Benzo(a)pyrene group Inhalation mg/m3 0.19 0.21 U.S. EPA Region 6 
1999; Mackenzie and 
Angevine 1981 Oral mg/kg BW/d 0.1 0.1 

Propylene oxide group Inhalation mg/m3 1.3 1.3 U.S. EPA 2007a; 
Hayes et al. 1988 

Styrene Inhalation mg/m3 0.55 0.55 CEPA 1993b; Kishi et 
al. 1992 

Sulphur dioxide Inhalation mg/m3 0.15 0.15 Alarie et al. 1970 

Sulphuric acid Inhalation mg/m3 0.001 0.001 OEHHA 2001; Alarie 
et al. 1973 

Toluene Inhalation mg/m3 0.73 0.73 ATSDR 2000b 

Xylenes Inhalation mg/m3 2.5 2.5 Ungváry and Tátrai 
1985; CEPA 1993c 

NOTES: 
1 Carbon monoxide was not assessed on a chronic basis. See Appendix A for further details. 
mg/kg BW/d = milligrams per kilogram of body weight per day 
mg/m3 = milligrams per cubic metre of air 

Table 3-8: Chronic TRVs Used in the LHRA for Poultry 

Chemical Route Units 
Poultry 

References TRV 
Aliphatic C5-C8 group Inhalation mg/m3 350 Abou-Donia et al. 1991 

Oral mg/kg BW/d 140 
Ammonia Inhalation mg/m3 7.4 Charles and Payne 1966 
Sulphuric acid Inhalation mg/m3 3,400 ATSDR 1998 

NOTES: 
mg/kg BW/d = milligrams per kilogram of body weight per day 
mg/m3 = milligrams per cubic metre of air 

3.3 Exposure Assessment 
As part of the exposure assessment, potential COPC exposures are estimated for the livestock 
receptors under all three assessment cases. Potential exposures are estimated for each of the 
exposure pathways identified in the problem formulation and are evaluated on both an acute 
(i.e., short-term) and chronic (i.e., long-term) basis. Acute exposures are assumed to last from 
minutes to several days. Chronic exposures are assumed to last from months to years and 
possibly up to a lifetime (ATSDR 2005a). 
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The exposure estimates for the LHRA are determined through a combination of ambient air 
measurements and predictive modelling results. Determination of the extent of COPCs 
exposure to livestock relied on a series of mathematical equations that define the movement of 
each COPC from the source to the receptor. The following data are required for the equations: 

• the concentration of the chemical in environmental media 
• the physico-chemical properties of the chemical (e.g., vapour pressure, solubility) 
• the chemical’s behaviour in the environment (e.g., uptake and distribution) 
• local environmental conditions (e.g., soil characteristics, meteorology) 
• source characteristics (e.g., emission rates, operational life of the Project) 
• receptor characteristics (e.g., body weight, breathing rate) 

A multi-media exposure model is used to determine the potential exposure associated with the 
inhalation of air and ingestion of feed, soil and water on a chronic basis. Full details concerning 
the model are in Appendices B and C. 

To account for the uncertainty in the predictive modelling and to ensure that exposure estimates 
are not underestimated, reasonable worst-case assumptions are applied to describe the 
movement of COPCs through the environmental media to the eventual receptor. 

3.3.1 Estimation of Exposure vis-à-vis Air Dispersion Modelling 
The inhalation exposure estimates are based on the results of air dispersion modelling 
described in the air-quality assessment (the Application, Volume 2, Section 5: Air). Maximum 
predicted ground-level air concentrations are assumed for each of the COPCs of all agricultural 
locations for the three assessment cases. The predicted air concentrations are presented over 
different averaging periods (i.e., hourly and annually) to allow for the assessment of both acute 
and chronic health risks. 

The predicted ground-level air concentrations for the chemical groups are based on the total of 
the individual air concentrations for each of the COPCs included in the group. For example, the 
air concentrations for acenaphthene and acenaphthylene were summed to derive a total air 
concentration for the acenaphthene group. 

3.3.2 Estimation of Exposures vis-à-vis Exposure Pathways 
The method by which the exposure estimates are determined differ depending on the exposure 
pathway(s) involved. The pathways selected for assessment are described in Section 3.1.4: 
Exposure Pathway Identification. Two approaches were followed: 

• For exposures received via the primary inhalation pathway (i.e., breathing in the chemicals 
directly), the ground-level air concentrations predicted by the air dispersion modelling 
(expressed as µg/m3) were used without adjustment to represent the potential exposures 
that might be encountered by the livestock. This approach was most common, and it applied 
to all chemicals. 

• For exposures that might be encountered via secondary pathways, the ground-level air 
concentrations were first translated into the corresponding concentrations that could appear 
in the affected soils, surface water (i.e., a dug-out) and forage (i.e., grasses or browse), and 
then converted to daily intakes that might be received by the livestock, expressed as 
milligrams per kilogram body weight per day (mg/kg BW/d). Secondary pathways included 
the ingestion of local soils, surface waters (cattle only), invertebrates (poultry only) or forage, 
individually or in combination. These pathways are affected by the possible deposition of the 
chemicals from the air onto the ground. The conversion was achieved using a multi-pathway 
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exposure model developed by Intrinsik. This approach applied only to the aliphatic C5-C8 
group, the aliphatic C9-C16 group, the aliphatic C17-C34 group, the aromatic C9-C16 
group, the aromatic C17-C34 group and the benzo(a)pyrene group found in the emissions 
from the Project. Full details of the exposure model are presented in the Application, volume 
2, Section 23, Appendix 23B: Multimedia Exposure Model Description. 

3.3.3 Consideration of Background Air Quality 
Predicted Base Case air concentrations were compared with ambient air concentrations 
measured in the Fort Saskatchewan area (AENV 2004a; FAP 2006). It was determined that 
CACs were adequately characterized by the air-quality modelling and, therefore, the addition of 
ambient air concentrations to the predicted Base Case was not necessary. For the non-CACs, 
the predicted Base Case air concentrations were frequently lower than measured ambient air 
data for the Fort Saskatchewan area, suggesting that some area and mobile emission sources 
might not be reflected in the air-quality modelling for these chemicals. 

To account for the influence of area and mobile sources that were not incorporated into the 
Base Case, ambient air concentrations of the non-CACs measured by the Fort Air Partnership 
(FAP) in the Fort Saskatchewan area were incorporated into the Base Case, the Application 
Case and the Future Case. Where ambient air concentrations for the Fort Saskatchewan area 
were missing, background data were gathered from other locations in Alberta or across Canada. 
In some cases, only chronic background concentrations were available and had to be assumed 
for both the acute and chronic inhalation assessments. 

Acute Background Air Concentrations 
Acute background outdoor air concentrations were derived using 95th percentiles of the 
measured one-hour air concentrations when possible. In cases where insufficient data were 
available, either a maximum or average background air concentration was used. Table 3-9 
summarizes measured (i.e., background) air concentrations of the COPCs used for the acute 
LHRA. 

Table 3-9: Acute Background Air Concentrations for COPCs 

Chemical1,2 
 

Air 
Concentration 

(µg/m3) 
Reference 

 
1,3-Butadiene 0.64 FAP (2006); maximum of 24-hour air data measured from 

5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

2-Chloronaphthalene – No background air concentrations were available. 
2-Methylnaphthalene 0.06 ATSDR (2005b); average ambient air concentration; most of 

the data reported are from source-dominated areas where the 
highest concentrations were detected 

Acenaphthene group 2.07 AHW (2003); maximum of 7-day integrated samples of PAHs 
in the outdoor air for 9 residences of Fort Saskatchewan and 
area communities; August and October 2001 

Acetaldehyde 15.4 AENV (2004a); 95th percentile of 1-hour data that include 
1-minute grab sample measurements collected at 3 
residences in the Fort Saskatchewan area from August 2001 
to August 2002 
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Table 3-9: Acute Background Air Concentrations for COPCs (cont’d) 

Chemical1,2 
 

Air 
Concentration 

(µg/m3) 
Reference 

 
Acrolein 0.60 CEPA (2000a); 95th percentile concentration (24-hour 

samples) for 7 urban sites, including Montreal, Ottawa, 
Windsor, Toronto and Vancouver, 1989–1996 

Aliphatic C5-C8 group 820 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Aliphatic C9-C16 
group 

65.3 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Aliphatic C17-C34 
group 

– No background air concentrations were available. 

Aliphatic alcohol 
group 

76.3 AENV (2004a); 95th percentile of 1-hour data that include 
1-minute grab sample measurements collected at 3 
residences in the Fort Saskatchewan area from August 2001 
to August 2002; used methanol as a surrogate 

Aliphatic aldehyde 
group 

0.9 Government of Manitoba Conservation (2000); maximum air 
concentration collected between March 1997 and June 1997 
for Winnipeg; used propionaldehyde as a surrogate 

Aliphatic ketone 
group 

1.5 Government of Manitoba Conservation (2000); average air 
concentration collected between March 1997 and June 1997 
for Winnipeg; used methyl ethyl ketone as a surrogate 

Ammonia 37.6 FAP (2006); 95th percentile of 1-hour data measured from 
Redwater monitoring station; January 2003 to April 2006 

Aromatic C9-C16 
group 

47.6 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Aromatic C17-C34 
group 

– No background air concentrations were available. 

Benzaldehyde 8.7 HSDB (2006); maximum air concentration measured in Los 
Angeles, CA in 1981 

Benzene 2.3 AENV (2004a); 95th percentile of 1-hour data that include 
1-minute grab sample measurements collected at 3 
residences in the Fort Saskatchewan area from August 
2001 to August 2002 

Benzo(a)pyrene 
group 

0.01 AHW (2003); maximum of 7-day integrated samples of 
PAHs in the outdoor air for 9 residences of Fort 
Saskatchewan and area communities; August and October 
2001 

Carbon disulphide 
group 

114 CEPA (2000b); maximum air concentration, 10 km 
downwind from a gas processing site 

Cyclohexane 14.4 FAP (2006); maximum 95th percentile (24-hour samples) for 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 
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Table 3-9: Acute Background Air Concentrations for COPCs (cont’d) 

Chemical1,2 
 

Air 
Concentration 

(µg/m3) 
Reference 

 
Dichlorobenzenes 0.2 FAP (2006); maximum of 24-hour air data measured from 

5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 
(based on 1,2-dichlorobenzene, 1,3-dichlorobenzene and 
1,4-dichlorobenzene) 

Ethylbenzene 6.5 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Formaldehyde 27.5  CEPA (2001); maximum concentration (24-hour samples) 
for 8 urban sites, comprising Montreal (2 sites), Ottawa, 
Windsor (2 sites), Toronto, Winnipeg and Vancouver; 1989–
1998. 

n-Hexane 12.3 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Hydrogen sulphide 4.2 AENV (2004b); 1-hour average based on 99th percentile 
hourly value at FAP Scotford site collected from May 2002 
to January 2004 

Isopropylbenzene 0.1 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Methylene chloride 11.4 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Propylene oxide 
group 

– No background air concentrations were available. 

Styrene 14.1 FAP (2006); maximum of 24-hour air data measured from 5 
sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Sulphuric acid – No background air concentrations were available. 
Toluene 33.1 FAP (2006); maximum of 24-hour air data measured from 

5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

Xylenes 12.2 FAP (2006); maximum of 24-hour air data measured from 
5 sites around the Fort Saskatchewan area and 1 site at Elk 
Island National Park; September 2004 to March 2006 

NOTES: 
1 Background air concentrations were not required for the CACs because the air-quality modelling was 
able to adequately characterize the CAC concentrations under the Base Case. 
2 Naphthalene was not assessed as an individual COPC on an acute basis as it was included in the 
acute assessment of the aromatic C9-C16 group. 
– = not available 
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Chronic Background Air Concentrations 
Chronic background air concentrations were derived using measured annual average air 
concentrations. Table 3-10 summarizes measured (i.e., background) air concentrations of 
COPCs assumed in the chronic effects assessment. 

Table 3-10: Chronic Background Air Concentrations for COPCs 

Chemical1 

Air 
Concentration1

(µg/m3) Reference 
1,3-Butadiene 0.04 FAP (2006); mean of running averages for 5 sites around 

the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

2-Chloronaphthalene – No outdoor background air concentrations were available. 
2-Methylnaphthalene 0.065 ATSDR (2005b); average ambient air concentration; most 

data reported from source-dominated areas where the 
highest concentrations were detected 

Acenaphthene group 0.0011 AHW (2003); average of 7-day integrated samples of PAHs 
in outdoor air for 9 residences of Fort Saskatchewan and 
area communities; August and October 2001 

Acetaldehyde 1.54 Government of Manitoba Conservation (2000); average air 
concentration collected between March 1997 and June 1997 
for Winnipeg 

Acrolein 0.18 CEPA (2000a); mean 24-hour concentrations for 15 sites in 
5 provinces, including rural, suburban, and urban locations 

Aliphatic C5-C8 
group 

14.7 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Aliphatic C9-C16 
group 

0.67 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Aliphatic C17-C34 
group 

– No outdoor background air concentrations were available. 

Aliphatic alcohol 
group 

10.00 AENV (2004a); average of 24-hour data collected using 
incident canister in Fort Saskatchewan area between 
August 2001 and August 2002 

Aliphatic aldehyde 
group 

0.45 Government of Manitoba Conservation (2000); average air 
concentration collected between March 1997 and June 1997 
for Winnipeg; used propionaldehyde as a surrogate 

Aliphatic ketone 
group 

1.51 Government of Manitoba Conservation (2000); average air 
concentration collected between March 1997 and June 1997 
for Winnipeg; used methyl ethyl ketone as a surrogate 

Ammonia 3.67 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area; January 2003 to April 2006 

Aromatic C9-C16 
group 

0.61 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 
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Table 3-10: Chronic Background Air Concentrations for COPCs (cont’d) 

Chemical1 

Air 
Concentration1

(µg/m3) Reference 
Aromatic C17-C34 
group 

– No outdoor background air concentrations were available. 

Benzaldehyde 0.094 HSDB (2006); average air concentration collected between 
April 1994 and March 1995 every 6 days from Phoenix, AZ 

Benzene 0.65 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Benzo(a)pyrene 
group 

0.0056 AHW (2003); average of 7-day integrated samples of PAHs 
in outdoor air for 9 residences of Fort Saskatchewan and 
area communities; August and October 2001 

Carbon disulphide 
group 

0.80 CEPA (2000b); maximum air concentration, 10 km 
downwind from a gas processing site 

Cyclohexane 0.21 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Dichlorobenzenes 0.023 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; measured from September 2004 to March 2006 

Ethylbenzene 0.24 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Formaldehyde 3.19 Government of Manitoba Conservation (2000); average air 
concentration collected between March 1997 and June 1997 
for Winnipeg 

n-Hexane 1.30 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Hydrogen sulphide 0.66 AENV (2004b); annual average at FAP Scotford site 
collected between May 2002 to January 2004 

Isopropylbenzene 0.0095 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Methylene chloride 0.28 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and one site at Elk Island 
National Park; September 2004 to March 2006. 

Naphthalene 0.042 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Propylene oxide 
group 

– No outdoor background air concentrations were available. 

Styrene 0.19 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; measured from September 2004 to March 2006 
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Table 3-10: Chronic Background Air Concentrations for COPCs (cont’d) 

Chemical1 

Air 
Concentration1

(µg/m3) Reference 
Sulphuric acid – No outdoor background air concentrations were available. 
Toluene 1.69 FAP (2006); mean of running averages for 5 sites around 

the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 

Xylenes 0.85 FAP (2006); mean of running averages for 5 sites around 
the Fort Saskatchewan area and 1 site at Elk Island National 
Park; September 2004 to March 2006 (based on m/p-xylene 
and o-xylene) 

NOTES: 
1 Background air concentrations were not required for the CACs because the air-quality modelling was 
able to adequately characterize the CAC concentrations under the Base Case. 
– = not available 

3.4 Risk Characterization 

3.4.1 Calculation of Risk Quotients (RQs) 
The Risk Characterization step involves comparing the exposures to the chemicals that might 
be received by livestock against the corresponding TRVs (i.e., the safe levels of exposure) to 
estimate the potential health risks that could occur. The potential health risks are expressed 
numerically as risk quotients (RQs), calculated as shown below. Separate RQs were calculated 
for each of the chemicals, receptor locations and exposure scenarios described earlier. 

RQ = 
Predicted exposure
TRV 

Acute TRV is matched to estimates of short-term exposures and the chronic TRV is matched to 
estimates long-term exposures. 

Interpretation of the RQs followed convention, and proceeded as follows: 

• RQ ≤ 1.0: The estimated exposure is less than or equal to the TRV (i.e., the safe level of 
exposure), which indicates that no adverse health effects would be expected. Added 
assurance of protection is provided by the fact that the determination of both the TRV and 
the estimated exposure embraced a high degree of conservatism. 

• RQ > 1.0: The estimated exposure exceeds the TRV, the significance of which must be 
weighed against the conservatism incorporated into the assessment. Generally, this 
requires that the degree of protection afforded by the TRV and the degree of conservatism 
incorporated into the exposure estimate(s) be reviewed to determine to what extent the 
predicted health risks might have been overstated. 
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4 RESULTS 
The results of the LHRA are presented separately for acute and chronic exposure durations. 
The findings of potential exposures (and associated health risks) contributed by the Project over 
the Base Case are further segregated to distinguish between the potential exposures 
contributed by the Project on a stand-alone basis and on a cumulative basis. 

As discussed, the findings are presented in the form of RQs. Positive findings (i.e., RQ>1.0) are 
emphasized because they signify possible health risks to livestock. Negative findings (i.e., 
RQ<1.0) are presented but are not specifically highlighted. The interpretation of the findings, 
including the significance of any calculated health risks, is found in Section 5. 

All RQ values are based on the maximum predicted air concentrations of all agricultural 
locations. 

Acute Risks to Livestock Health 
Table 4-1 (cattle) and Table 4-2 (poultry) summarize the maximum RQ values that pertain to the 
assessment of the potential acute health effects for livestock. 

In cases where modelled baseline air-quality data were unavailable (i.e., aliphatic C17-C34 
group, aliphatic alcohol group, aliphatic aldehyde group, aliphatic ketone group, 
isopropylbenzene, methylene chloride), the Base Case was equivalent to the assumed 
background air concentrations (Section 3.3.3; Table 3-9). 

Examination of the findings revealed the following: 

• In general, there is little to no change in RQ values between the Base Case and the 
Application Case. 

• With two exceptions for cattle, short-term air concentrations of the COPCs were consistently 
lower than the corresponding TRVs (i.e., RQ values were consistently below 1.0). Large 
margins-of-safety were evident for virtually all chemicals. 

• The two exceptions were exceedances of the TRVs for carbon monoxide and nitrogen 
dioxide for cattle only. 

• The marginal exceedances for carbon monoxide were predicted for the Base Case, the 
Application Case and the Future Case. The Project alone appeared to contribute little to the 
Base Case air concentrations. The maximum RQ value (1.1) corresponds to an hourly air 
concentration of 2.36 mg/m3, which was predicted to occur at Bon Accord. The only other 
exceedances of the carbon monoxide TRV (2.1 mg/m3) were predicted at the FAP-401 
(2.22 mg/m3) and the FAP-Fort Saskatchewan (2.24 mg/m3) monitoring stations. Short-term 
air concentrations of carbon monoxide were lower than the TRV at all agricultural locations 
in the Project area. 

• Exceedances for nitrogen dioxide were predicted for all four assessment cases. The 
maximum RQ value (2.3) corresponds to an hourly air concentration of 0.13 mg/m3. 
Exceedances of the nitrogen dioxide TRV for cattle (0.056 mg/m3) are predicted throughout 
the Project area for all assessment cases, including the Project alone. 

• Without exception, short-term air concentrations of the COPCs were considerably lower than 
the corresponding TRVs for poultry (i.e., RQ values were consistently below 1.0). 
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Table 4-1: Acute RQs – Agricultural Receptor Locations for Cattle (with Background Added)  

Chemical2 
Averaging 

Period 
Beef Cattle Dairy Cattle 

Background Base Project1 Application Future Background Base Project1 Application Future 
1,3-Butadiene 1 hour 2.4E-06 2.5E-06 1.1E-05 1.3E-05 1.3E-05 2.4E-06 2.5E-06 1.1E-05 1.3E-05 1.3E-05 

2-Chloronaphthalene 1 hour – 1.6E-11 2.7E-10 2.7E-10 2.7E-10 – 1.5E-11 2.4E-10 2.4E-10 2.4E-10 

2-Methylnaphthalene 1 hour 8.3E-06 8.4E-06 3.2E-08 8.4E-06 8.4E-06 7.5E-06 7.6E-06 2.8E-08 7.6E-06 7.6E-06 

Acenaphthene group 1 hour 5.4E-05 5.5E-05 4.4E-08 5.5E-05 5.5E-05 4.9E-05 4.9E-05 4.0E-08 4.9E-05 4.9E-05 

Acetaldehyde 1 hour 5.7E-03 5.8E-03 3.3E-04 6.0E-03 6.0E-03 5.7E-03 5.8E-03 3.3E-04 6.0E-03 6.0E-03 

Acrolein  1 hour 3.2E-02 4.1E-02 7.8E-03 4.1E-02 4.2E-02 3.2E-02 4.1E-02 7.8E-03 4.1E-02 4.2E-02 

Aliphatic C5-C8 group 1 hour 2.7E-03 3.1E-03 1.3E-04 3.1E-03 3.5E-03 2.7E-03 3.1E-03 1.3E-04 3.1E-03 3.5E-03 

Aliphatic alcohol group 1 hour 9.1E-04 9.1E-04 6.0E-07 9.1E-04 9.5E-04 9.1E-04 9.1E-04 6.0E-07 9.1E-04 9.5E-04 

Aliphatic aldehyde 
group 

1 hour 4.2E-05 4.2E-05 1.9E-05 6.1E-05 1.9E-04 4.2E-05 4.2E-05 1.9E-05 6.1E-05 1.9E-04 

Aliphatic C17-C34 
group 

1 hour – 0.0E+003 7.4E-06 7.4E-06 7.4E-06 – 0.0E+003 6.6E-06 6.6E-06 6.6E-06 

Aliphatic C9-C16 group 1 hour 1.2E-03 1.6E-03 1.1E-04 1.6E-03 2.5E-03 1.2E-03 1.6E-03 1.1E-04 1.6E-03 2.5E-03 

Aliphatic ketone group 1 hour 4.7E-05 4.7E-05 4.5E-06 5.2E-05 2.1E-04 4.7E-05 4.7E-05 4.5E-06 5.2E-05 2.1E-04 

Ammonia 1 hour 2.7E-02 ND 4.7E-02 ND ND 2.7E-02 ND 4.7E-02 ND ND 

Aromatic C9-C16 
group 

1 hour 1.9E-03 2.0E-03 1.2E-04 2.0E-03 5.1E-03 1.9E-03 2.0E-03 1.2E-04 2.0E-03 5.1E-03 

Aromatic C17-C34 
group 

1 hour – 8.5E-09 1.5E-07 1.5E-07 1.5E-07 – 7.7E-09 1.3E-07 1.3E-07 1.3E-07 

Benzaldehyde 1 hour 1.8E-03 1.8E-03 1.1E-05 1.8E-03 1.8E-03 1.6E-03 1.6E-03 9.8E-06 1.6E-03 1.6E-03 

Benzene 1 hour 7.3E-05 3.5E-04 8.5E-05 3.5E-04 4.0E-04 7.3E-05 3.5E-04 8.5E-05 3.5E-04 4.0E-04 

Carbon monoxide 1 hour NA 1.1E+00 6.6E-02 1.1E+00 1.1E+00 NA 1.1E+00 6.6E-02 1.1E+00 1.1E+00 
Carbon disulphide 
group 

1 hour 1.6E-01 1.7E-01 3.5E-03 1.7E-01 1.7E-01 1.6E-01 1.7E-01 3.5E-03 1.7E-01 1.7E-01 

Cyclohexane 1 hour 2.1E-04 2.5E-04 6.0E-06 2.5E-04 2.5E-04 2.1E-04 2.5E-04 6.0E-06 2.5E-04 2.5E-04 

Dichlorobenzenes 1 hour 1.4E-05 1.4E-05 2.0E-07 1.4E-05 1.4E-05 1.4E-05 1.4E-05 2.0E-07 1.4E-05 1.4E-05 

Ethylbenzene 1 hour 3.8E-04 7.3E-04 8.7E-05 7.4E-04 9.0E-04 3.8E-04 7.3E-04 8.7E-05 7.4E-04 9.0E-04 

Formaldehyde 1 hour 6.7E-02 7.6E-02 2.9E-02 9.7E-02 9.7E-02 6.7E-02 7.6E-02 2.9E-02 9.7E-02 9.7E-02 

Hydrogen sulphide 1 hour 5.1E-03 3.7E-02 1.3E-02 3.8E-02 3.8E-02 5.1E-03 3.7E-02 1.3E-02 3.8E-02 3.8E-02 

Isopropylbenzene 1 hour 8.2E-06 8.2E-06 1.6E-05 2.5E-05 2.5E-05 8.2E-06 8.2E-06 1.6E-05 2.5E-05 2.5E-05 

Methylene chloride 1 hour 6.7E-04 6.7E-04 3.7E-14 6.7E-04 6.7E-04 6.7E-04 6.7E-04 3.7E-14 6.7E-04 6.7E-04 
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Table 4-1: Acute RQs – Agricultural Receptor Locations for Cattle (with Background Added) (cont’d) 

Chemical2 
Averaging 

Period 
Beef Cattle Dairy Cattle 

Background Base Project1 Application Future Background Base Project1 Application Future 
Naphthalene 1 hour 1.8E-03 1.8E-02 5.4E-03 1.8E-02 2.0E-02 1.8E-03 1.8E-02 5.4E-03 1.8E-02 2.0E-02 

n-Hexane 1 hour 5.2E-05 1.62E-04 2.5E-05 1.6E-04 1.6E-04 7.1E-05 1.6E-04 2.5E-05 1.6E-04 1.6E-04 

Nitrogen dioxide 1 hour NA 2.3E+00 1.8E+00 2.3E+00 2.3E+00 NA 2.3E+00 1.8E+00 2.3E+00 2.3E+00 

Benzo(a)pyrene group 1 hour 3.7E-06 1.6E-05 3.9E-06 1.6E-05 1.7E-05 3.2E-06 1.4E-05 3.5E-06 1.4E-05 1.5E-05 

Propylene oxide group 1 hour – 1.3E-06 2.2E-05 2.2E-05 2.2E-05 – 1.3E-06 2.2E-05 2.2E-05 2.2E-05 

Styrene 1 hour 6.4E-03 1.2E-02 8.9E-08 1.2E-02 1.2E-02 6.4E-03 1.2E-02 8.9E-08 1.2E-02 1.2E-02 

Sulphur dioxide 1 hour NA 1.1E-01 6.6E-02 1.1E-01 1.4E-01 NA 1.1E-01 6.6E-02 1.1E-01 1.4E-01 

Sulphuric acid 1 hour – ND 6.2E-05 ND ND – ND 6.2E-05 ND ND 

Toluene 1 hour 3.3E-04 4.5E-04 5.8E-05 4.5E-04 6.5E-04 3.3E-04 4.5E-04 5.8E-05 4.5E-04 6.5E-04 

Xylenes 1 hour 7.2E-04 1.1E-03 2.3E-04 1.1E-03 1.6E-03 7.2E-04 1.1E-03 2.3E-04 1.1E-03 1.6E-03 

NOTES: 
1 The assumed background exposure was not included in the Project Case. 
2 An RQ equal to or less than 1.0 indicates that the estimated exposure is equal to or less than the TRV. Boldface values show an RQ greater than 1.0. 
3 The predicted 1-hour air concentration for the aliphatic C17-C34 group was 0.00 under the Base Case. 
NA = not applicable. Background air concentrations were not included in the assessment for CACs because background data for these chemicals were accounted for in the 
dispersion modelling. 
ND = no data. Ground-level air concentrations of ammonia and sulphuric acid were only predicted under the Project Case. 
– = no measured background air concentrations were available. 
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Table 4-2: Acute RQs – Agricultural Receptor Locations for Poultry (with Background Added) 

Chemical2 Averaging Period Background 
Poultry 

Base Project1 Application Future 
Acenaphthene group 1-hour 2.2E-02 2.2E-02 1.8E-05 2.2E-04 2.2E-04 
Acrolein  1-hour 2.7E-04 3.6E-04 6.8E-05 3.6E-04 3.6E-04 
Aliphatic C5-C8 group 1-hour 2.3E-04 2.6E-04 1.1E-05 2.6E-04 3.0E-04 
Ammonia 1-hour 5.1E-04 ND 8.8E-04 ND ND 
Aromatic C9-C16 group 1-hour 7.2E-05 7.6E-05 4.5E-06 7.7E-05 1.9E-04 
Carbon monoxide 1-hour NA 1.5E-02 9.2E-04 1.5E-02 1.5E-02 
Formaldehyde 1-hour 1.4E-04 1.6E-04 6.3E-05 2.1E-04 2.1E-04 
Isopropylbenzene 1-hour 3.3E-06 3.3E-06 6.7E-06 1.0E-05 1.0E-05 
Sulphur dioxide 1-hour NA 1.1E-03 6.6E-04 1.1E-03 1.4E-03 
Sulphuric acid 1-hour – ND 2.6E-09 ND ND 

NOTES: 
1 The assumed background exposure was not included in the Project Case. 
2 An RQ equal to or less than 1.0 signifies that the estimated exposure is less than or equal to the TRV. Boldface values show an RQ greater 
than 1.0. 
NA = not applicable. Background air concentrations were not included in the assessment for CACs because background data for these 
chemicals were accounted for in the dispersion modelling. 
ND = no data. Ground-level air concentrations of ammonia and sulphuric acid were only predicted under the Project Case. 
– = no measured background air concentrations were available. 
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Chronic Inhalation 
Table 4-3 (cattle) and Table 4-4 (poultry) summarize the potential health risks that could be 
presented to livestock from chronic inhalation of Project and cumulative air emissions. Again, 
the results correspond to the worst-case outcomes for each of the COPCs and assessment 
cases (i.e., use of maximum predicted chronic air concentrations). 

The predicted chronic RQ values did not exceed 1.0 for any of the COPCs and assessment 
cases, with the exception of nitrogen dioxide. As is the case for the acute assessment, large 
margins-of-safety were evident for virtually all chemicals, providing added assurance that the 
health of the livestock will not be negatively affected by the Project and other area emissions. 

The single exception was the exceedance of the chronic nitrogen dioxide TRV for cattle 
(0.0025 mg/m3). The maximum RQ value of 9.2 for the Future Case corresponds to an air 
concentration of 0.023 mg/m3) which is predicted to occur at the FAP-401 monitoring station. 
The RQ value of 1.1 for the Project Case corresponds to an air concentration of 0.0028 mg/m3 
and is predicted to occur at an agricultural location immediately north of the proposed North 
West Upgrader. No other exceedances are predicted for the Project Case. Further discussion 
surrounding the interpretation of the nitrogen dioxide exceedances for cattle can be found in 
Section 5.0. 

There were no exceedances of any of the TRVs available for poultry. 
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Table 4-3: Chronic RQs – Agricultural Receptor Locations for Cattle (with Background Added) 

Chemical2,3 
Beef Cattle Dairy Cattle 

Background Base Project1 Application Future Background Base Project1 Application Future 
1,3-Butadiene 1.6E-03 1.6E-03 3.5E-03 5.1E-03 5.1E-03 1.6E-03 1.6E-03 3.5E-03 5.1E-03 5.1E-03 
2-Chloronaphthalene – 9.5E-11 6.6E-10 7.3E-10 7.3E-10 – 9.5E-11 6.6E-10 7.3E-10 7.3E-10 
2-Methylnaphthalene 2.8E-04 2.8E-04 2.8E-08 2.8E-04 2.8E-04 2.6E-04 2.6E-04 2.6E-08 2.6E-04 2.6E-04 
Acenaphthene group 3.2E-06 3.8E-06 1.2E-07 3.8E-06 3.8E-06 2.9E-06 3.4E-06 1.1E-07 3.4E-06 3.4E-06 
Acetaldehyde 4.8E-03 4.8E-03 2.5E-05 4.9E-03 4.9E-03 4.8E-03 4.8E-03 2.5E-05 4.9E-03 4.9E-03 
Acrolein  3.2E-01 3.2E-01 2.8E-03 3.2E-01 3.3E-01 3.2E-01 3.2E-01 2.8E-03 3.2E-01 3.3E-01 
Aliphatic C5-C8 group 2.7E-04 3.3E-04 2.5E-05 3.3E-04 4.0E-04 2.7E-04 3.3E-04 2.5E-05 3.3E-04 4.0E-04 
Aliphatic alcohol group 5.2E-04 5.2E-04 7.6E-08 5.2E-04 5.2E-04 5.2E-04 5.2E-04 7.6E-08 5.2E-04 5.2E-04 
Aliphatic aldehyde group 5.0E-05 5.0E-05 1.0E-06 5.1E-05 5.9E-05 5.0E-05 5.0E-05 1.0E-06 5.1E-05 5.9E-05 
Aliphatic C17-C34 group – 0.0E+004 1.2E-07 1.2E-07 1.2E-07 – 0.0E+004 1.1E-07 1.1E-07 1.1E-07 
Aliphatic C9-C16 group 6.7E-04 1.4E-03 1.4E-04 1.4E-03 2.6E-03 6.7E-04 1.4E-03 1.4E-04 1.4E-03 2.6E-03 
Aliphatic ketone group 5.8E-05 5.8E-05 1.2E-07 5.8E-05 6.3E-05 5.8E-05 5.8E-05 1.2E-07 5.8E-05 6.3E-05 
Ammonia 8.2E-03 ND 3.7E-03 ND ND 8.2E-03 ND 3.7E-03 ND ND 
Aromatic C9-C16 group 9.5E-05 1.1E-04 1.3E-05 1.1E-04 3.3E-04 9.5E-05 1.1E-04 1.3E-05 1.1E-04 3.3E-04 
Aromatic C17-C34 group – 2.6E-09 2.8E-08 2.8E-08 2.9E-08 – 2.3E-09 2.5E-08 2.5E-08 2.6E-08 
Benzaldehyde 6.7E-05 6.9E-05 6.1E-07 7.0E-05 7.1E-05 5.9E-05 6.1E-05 5.4E-07 6.1E-05 6.2E-05 
Benzene 4.3E-04 6.0E-04 4.6E-05 6.2E-04 6.8E-04 4.3E-04 6.0E-04 4.6E-05 6.2E-04 6.8E-04 
Carbon disulphide group 3.1E-03 3.3E-03 1.1E-04 3.3E-03 3.7E-03 3.1E-03 3.3E-03 1.1E-04 3.3E-03 3.7E-03 
Cyclohexane 3.5E-06 4.4E-06 1.9E-07 4.4E-06 4.4E-06 3.5E-06 4.4E-06 1.9E-07 4.4E-06 4.4E-06 
Dichlorobenzenes 1.0E-04 1.0E-04 1.6E-07 1.0E-04 1.0E-04 1.0E-04 1.0E-04 1.6E-07 1.0E-04 1.0E-04 
Ethylbenzene 2.2E-05 3.7E-05 3.0E-06 3.8E-05 4.5E-05 2.2E-05 3.7E-05 3.0E-06 3.8E-05 4.5E-05 
Formaldehyde 2.7E-01 2.8E-01 1.1E-02 2.8E-01 2.9E-01 2.7E-01 2.8E-01 1.1E-02 2.8E-01 2.9E-01 
Hydrogen sulphide 3.3E-02 7.5E-02 1.5E-02 7.7E-02 7.8E-02 3.3E-02 7.5E-02 1.5E-02 7.7E-02 7.8E-02 
Isopropylbenzene 8.6E-06 8.6E-06 2.5E-06 1.1E-05 1.1E-05 8.6E-06 8.6E-06 2.5E-06 1.1E-05 1.1E-05 
Methylene chloride 2.2E-05 2.2E-05 1.1E-15 2.2E-05 2.2E-05 2.2E-05 2.2E-05 1.1E-15 2.2E-05 2.2E-05 
Naphthalene 1.5E-04 3.3E-04 4.4E-05 3.3E-04 3.5E-04 1.5E-04 3.3E-04 4.4E-05 3.3E-04 3.5E-04 
n-Hexane 4.4E-05 6.1E-05 4.2E-06 6.3E-05 6.7E-05 4.4E-05 6.1E-05 4.2E-06 6.3E-05 6.7E-05 
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Table 4-3: Chronic RQs – Agricultural Receptor Locations for Cattle (with Background Added) (cont’d) 

Chemical2,3 
Beef Cattle Dairy Cattle 

Background Base Project1 Application Future Background Base Project1 Application Future 
Nitrogen dioxide NA 8.9E+00 1.1E+00 8.9E+00 9.2E+00 NA 8.9E+00 1.1E+00 8.9E+00 9.2E+00 
Benzo(a)pyrene group 2.9E-05 3.5E-05 1.6E-06 3.5E-05 3.6E-05 2.7E-05 3.2E-05 1.5E-06 3.2E-05 3.2E-05 
Propylene oxide group – 8.0E-08 7.1E-07 7.5E-07 7.5E-07 – 8.0E-08 7.1E-07 7.5E-07 7.5E-07 
Styrene 3.5E-04 9.5E-04 5.8E-09 9.5E-04 9.5E-04 3.5E-04 9.5E-04 5.8E-09 9.5E-04 9.5E-04 
Sulphur dioxide NA 6.5E-02 6.2E-03 7.0E-02 1.0E-01 NA 6.5E-02 6.2E-03 7.0E-02 1.0E-01 
Sulphuric acid – ND 1.1E-03 ND ND – ND 1.1E-03 ND ND 
Toluene 2.3E-03 2.9E-03 2.4E-04 2.9E-03 3.6E-03 2.3E-03 2.9E-03 2.4E-04 2.9E-03 3.6E-03 
Xylenes 3.4E-04 4.1E-04 3.2E-05 4.2E-04 3.4E-04 3.4E-04 4.1E-04 3.2E-05 4.2E-04 3.4E-04 

NOTES: 
1 The assumed background exposure was not included in the Project Case. 
2 An RQ equal to or less than 1.0 signifies that the estimated exposure is less than the TRV. Boldface values show an RQ of greater than 1.0. 
3 A chronic exposure limit was not available for CO. 
4 The predicted annual-average air concentration for the aliphatic C17-C34 group was 0.00 under the Base Case. 
NA = not applicable. Background air concentrations were not included in the assessment for CACs.  
ND = no data. Predicted ground-level air concentrations were only provided for the Project Case for ammonia and sulphuric acid. 
– = no measured background air concentrations were available. 
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Table 4-4: Chronic RQs – Agricultural Receptor Locations for Poultry (with Background Added) 

Chemical2 Averaging Period Background 
Poultry 

Base Project1 Application Future 
Aliphatic C5-C8 group Annual 4.2E-05 5.1E-05 3.9E-06 5.2E-05 6.2E-05 
Ammonia Annual 5.0E-04 ND 2.3E-04 ND ND 
Sulphuric acid Annual – ND 3.3E-11 ND ND 

NOTES: 
1 Assumed background exposure was not included in the Project Case. 
2 An RQ value equal to or less than 1.0 signifies that the estimated exposure is less than the exposure limit. 
ND = no data. Ground-level air concentrations were only predicted under the Project Case for ammonia and sulphuric acid. 
– = no measured background air concentrations were available. 

 



 Sturgeon Upgrader Project Supplemental Report
Livestock Health Risk Assessment Section 4: Results
 

August 2007  Fort Hills Energy L.P.Page 4-9  
 

Chronic Multiple Exposure Pathways 
The potential health risks that could be presented to livestock from chronic exposure to the 
COPCs released from the Project and other area emission sources and deemed to be 
persistent in the environment are summarized in Table 4-5. The results shown correspond to a 
worst-case scenario, wherein exposures are based on the maximum air concentrations of all the 
agricultural locations. The findings refer to the potential risks that could result from the combined 
exposure of the livestock to the persistent COPCs via the primary inhalation pathway and 
secondary pathways (i.e., ingestion of affected soils, consumption of grasses and browse grown 
on affected soils, and ingestion of affected water from a dug-out). The secondary pathways 
were included in light of the physico-chemical properties of these chemicals, which presented 
the possibility that they might deposit from the air onto the ground and enter the food-chain in 
considerable quantities owing, in part, to their potential to persist or accumulate, or both, in the 
environment. The properties of the remaining chemicals found in the emissions were such that 
exposure through secondary pathways would not be expected. 

Examination of the findings (Table 4-5) revealed that the RQ values were less than 1.0 in all 
cases for all livestock. 
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Table 4-5: Chronic RQs for Livestock through Primary and Secondary Pathways (with Background Added) 

Chemical2 
Estimated Daily Intake (mg/kg BW/d) RQs 

Background Base Project1 Application Future Background Base Project1 Application Future 
Beef cattle 
Aliphatic C5-C8 group 3.6E-03 4.4E-03 3.4E-04 4.4E-03 5.4E-03 3.3E-04 4.0E-04 3.1E-05 4.0E-04 4.9E-04 
Aliphatic C9-C16 group 1.1E-04 2.4E-04 2.5E-05 2.5E-04 4.4E-04 7.7E-05 1.6E-04 1.7E-05 1.6E-04 2.9E-04 
Aliphatic C17-C34 
group 

0.0E+00 0.0E+003 2.7E-06 2.7E-06 2.7E-06 0.0E+00 0.0E+003 1.4E-07 1.4E-07 1.4E-07 

Aromatic C9-C16 
group 

2.2E-04 2.4E-04 2.9E-05 2.5E-04 7.5E-04 3.6E-04 4.0E-04 4.8E-05 4.2E-04 1.3E-03 

Aromatic C17-C34 
group 

0.0E+00 2.0E-08 2.2E-07 2.2E-07 2.2E-07 0.0E+00 1.5E-07 1.7E-06 1.7E-06 1.7E-06 

Benzo(a)pyrene group  7.4E-03 1.1E-02 7.0E-04 1.1E-02 1.2E-02 7.4E-02 1.1E-01 7.0E-03 1.1E-01 1.2E-01 
Dairy cattle           
Aliphatic C5-C8 group 3.6E-03 4.3E-03 3.3E-04 4.4E-03 5.3E-03 3.6E-04 4.3E-04 3.3E-05 4.4E-04 5.3E-04 
Aliphatic C9-C16 group 1.0E-04 2.2E-04 2.2E-05 2.2E-04 4.0E-04 6.9E-05 1.5E-04 1.5E-05 1.5E-04 2.7E-04 
Aliphatic C17-C34 
group 

0.0E+00 0.0E+003 2.4E-06 2.4E-06 2.4E-06 0.0E+00 0.0E+003 1.2E-07 1.2E-07 1.2E-07 

Aromatic C9-C16 
group 

2.3E-04 2.5E-04 3.0E-05 2.6E-04 7.9E-04 3.8E-04 4.2E-04 5.0E-05 4.4E-04 1.3E-03 

Aromatic C17-C34 
group 

0.0E+00 1.6E-08 1.7E-07 1.7E-07 1.8E-07 0.0E+00 1.2E-07 1.3E-06 1.3E-06 1.4E-06 

Benzo(a)pyrene group  7.2E-03 1.1E-02 6.9E-04 1.1E-02 1.2E-02 7.2E-02 1.1E-01 6.9E-03 1.1E-01 1.2E-01 
Poultry 
Aliphatic C5-C8 group 4.8E-03 5.8E-03 5.2E-03 5.9E-03 7.1E-03 3.4E-05 4.1E-05 3.7E-05 4.2E-05 5.1E-05 

NOTES: 
1 Assumed background exposure was not included in the Project Case. 
2 An RQ equal to or less than 1.0 signifies that the estimated exposure is less than the exposure limit. 
3 The predicted annual-average air concentration for the aliphatic C17-C34 group was 0.00 under the Base Case. 
– = no measured background air concentrations were available 
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5 DISCUSSION 
The present work was aimed at assessing the potential health risks that might be posed to 
livestock from the Project alone and in combination with other industrial sources in the area.  

The work followed conventional risk assessment methodology, with careful consideration given 
to: 

• the nature and timeline of the Project 

• the nature of the chemicals that could be released from the Project 

• the type and location of nearby livestock operations 

• the way the livestock could potentially be exposed to the chemicals released from the 
Project 

• the concerns expressed by local ranching farming families in relation to the potential effects 
of the Project on the health and overall productivity of their livestock, specifically cattle and 
poultry 

• the need to consider not only the potential effects of the Project on a stand-alone basis, but 
also on a cumulative basis, taking into account already existing background sources of the 
COPCs 

• the need to consider worst-case scenarios as part of the assessment 

The aim was to ensure a comprehensive assessment that was responsive to the concerns 
raised by the local farming families, and that would not understate or overlook the potential 
health risks to livestock that could result from the Project in combination with other industrial 
sources in the area (existing and planned). 

In an attempt to ensure that health risks to livestock would not be understated, a number of 
conservative assumptions were incorporated into the assessment: 

• all livestock (cattle and poultry) remain outdoors at all times 

• livestock are exposed to the maximum predicted air concentrations, based on worst-case 
meteorological conditions affecting the dispersion of the air contaminant plume 

• the COPCs determined to be sufficiently persistent to possibly accumulate in the 
environment deposit from the air and enter the food-chain at the highest levels possible, with 
minimal losses because of binding to soils, leaching from the soil matrix, or biotic or abiotic 
degradation, or both 

• livestock are considerably more sensitive to the COPCs than the test species on which the 
TRVs are based. For instance, TRVs for cattle incorporate a built-in 1000-fold uncertainty 
factor (see Appendix A for further detail). 

The findings of the work reveal some instances in which the health of the livestock could 
potentially be at risk, the importance of which must be balanced against the substantial amount 
of conservatism that is incorporated in the assessment. For the acute assessment, predicted 
short-term air concentrations exceed the TRVs for carbon monoxide and nitrogen dioxide for 
cattle alone. There are no exceedances of the acute TRVs for poultry, suggesting that the short-
term health risks to chickens and turkeys in the area are low. For the chronic assessment, the 
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only exceedance predicted to occur is for cattle exposed to nitrogen dioxide. There are no 
exceedances for any of the chronic poultry TRVs. 

5.1 Acute Cattle Health Risks for Carbon Monoxide 
As noted in Section 4.1.1, a number of isolated, marginal exceedances are predicted for cattle 
inhaling short-term maximum carbon monoxide air concentrations for the Base Case, the 
Application Case and the Future Case. The Project alone is expected to contribute little to the 
overall carbon monoxide air concentrations. The hourly air concentrations (99.9th percentiles) 
are predicted to exceed the cattle TRV (2.1 mg/m3) at FAP Station 401 (2.22 mg/m3), FAP Fort 
Saskatchewan station (2.24 mg/m3) and Bon Accord (2.36 mg/m3). It is worth noting that there 
are no known beef or dairy operations at these locations. The maximum hourly carbon 
monoxide concentration at a known beef or dairy operation (near of the Project) is 1.22 mg/m3 
(for the Future Case), which is below the TRV for cattle. 

Health risks to livestock exposed to carbon monoxide emitted from the Project alone, and in 
combination with existing and planned industrial sources in the region, is therefore considered 
minimal. 

5.2 Acute Cattle Health Risks for Nitrogen Dioxide 
Hourly nitrogen dioxide air concentrations are predicted to exceed the TRV for cattle throughout 
the region for the four assessment cases, including the Project alone case. The Project appears 
to contribute little to the overall acute health risks for nitrogen dioxide, with a 3 percent increase 
over Base Case air concentrations at the nearest cattle operation and a 2 percent increase over 
Base Case air concentrations at the nearest poultry operation. 

The exceedances are deemed to be minor, given the high degree of conservatism incorporated 
into the assessment. In particular, one of the conservative measures involved the use of a 
stringent TRV (0.056 mg/m3) that was developed specifically for the assessment of cattle health. 
The TRV is based on the lowest reported LC50 for laboratory animals of 56 mg/m3. The cattle 
TRV is derived by applying a 1000-fold uncertainty factor to the LC50. The cumulative 
uncertainty factor accounted for the severity of the lethality endpoint (10-fold), possible 
interspecies differences in sensitivity (10-fold) and the importance of protecting individual 
animals within the herd (10-fold). Application of the 1000-fold cumulative uncertainty factor in 
the derivation of the TRV results in a value that is 1000 times lower than the air concentration at 
which mortality has been observed in 50 percent of laboratory animals. The highly conservative 
nature of the TRV is further shown by the fact that the corresponding ambient air-quality 
objective recommended by AENV for the short-term protection of human health is 0.4 mg/m3 
(i.e., seven times higher than the TRV for cattle). 

Health risks to livestock exposed to short-term concentrations of nitrogen dioxide from the 
Project alone, and in combination with existing and planned industrial sources in the region, is 
therefore considered low. 

5.3 Chronic Cattle Health Risks for Nitrogen Dioxide 
As described in Section 4.1.2, long-term air concentrations are predicted to exceed the nitrogen 
dioxide TRV for cattle throughout the Project area for all assessment cases, including the 
Project Case. At the agricultural locations, the Project’s contribution to the chronic health risks to 
cattle is generally small. The percentage increase from Base Case to Application Case chronic 
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health risks was 9 percent for the nearest dairy operation and 10 percent for the nearest poultry 
operation. 

As is the case for the acute nitrogen dioxide risks, the exceedances are deemed to be minor 
considering the use of the stringent TRV for cattle (0.0025 mg/m3). The TRV is based on a 
LOAEL of 1 mg/m3 for developmental effects in rats. As described in Appendix A, the LOAEL 
was adjusted for continuous exposure (6 hours over 24 hours) and incorporated a 100-fold 
uncertainty factor. The cumulative uncertainty factor recognized the possible interspecies 
differences in sensitivity (10-fold) and the importance of protecting individual animals in the herd 
(10-fold). The conservative nature of the TRV is further shown by the fact that the corresponding 
ambient air-quality objective recommended by AENV for the long-term protection of human 
health is 0.06 mg/m3 (i.e., 24 times higher than the TRV for cattle). 

Health risks to livestock exposed to long-term concentrations of nitrogen dioxide from the 
Project alone, and in combination with existing and planned industrial sources in the region, 
were therefore considered low. 
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6 SUMMARY 
The LHRA proceeded step-wise following a conventional risk assessment paradigm. As part of 
the design of the assessment, emphasis was given to worst-case conditions to ensure that risks 
would not be overlooked or understated. 

The findings and conclusions must be interpreted in the context of the conservatism 
incorporated into the assessment. The conservatism is intended to offset uncertainty that 
surrounds the risk estimates, particularly as it relates to the derivation of the livestock TRVs. 
The nature of the risk assessment is such that the reliance on conservative assumptions likely 
contributes to an overall exaggeration of the final risk estimates. The major findings and 
conclusions that emerge are: 

• in general, there is little to no change between the Base Case and the Application Case risk 
estimates, signalling that the Project’s contribution to livestock health risks in the area is 
expected to be low 

• in all instances, estimates of exposure for poultry are less than their TRVs (i.e., within safe 
levels of exposure) 

• in all cases except carbon monoxide and nitrogen dioxide, estimates of exposure for cattle 
are less than their TRVs 

• health risks to cattle associated with estimated exposure to carbon monoxide and nitrogen 
dioxide are considered low, owing to the conservatism built in to the assessment. 
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A1 INTRODUCTION 

This appendix identifies and describes the acute (i.e., 1 hour) and chronic (i.e., annual) 
exposure limits used in the assessment of potential livestock (i.e., poultry, dairy cattle 
and beef cattle) health risks associated with the release of the chemicals of potential 
concern (COPC) by the Petro-Canada Sturgeon Upgrader Project (the Project). The 
Toxicity Assessment focused on determining the safe levels of exposure for each of the 
chemicals of interest. The determination of these safe levels of exposure necessarily 
respected the following:  
• First, the health effects that can follow exposure to a chemical will depend, in part, 

on the duration of exposure. There is a need to distinguish between health effects 
that are characteristic of acute or short-term exposures and chronic or long-term 
exposures.  

• Second, the primary exposure pathway for the Project will be via inhalation. 
However, for the non-gaseous air pollutants, secondary exposure pathways could 
exist for the livestock receptors owing to the possible fall-out of the emissions onto 
soils, surface waters and vegetation. Though the physical-chemical properties of 
most of the chemical constituents of the project emissions argue against the 
likelihood of occurrence of secondary avenues of exposure, the aliphatic C5-C8 
group, the aliphatic C9-C16 group, the aliphatic C17-C34 group, the aromatic C9-
C16 group, the aromatic C17-C34 group and the benzo(a)pyrene group are 
anticipated to persist and accumulate in the environment (Environment Canada 
1995, 2007) and thus exhibit the potential to reach livestock through secondary 
pathways of exposure. These secondary pathways include ingestion of affected 
soils, consumption of affected surface waters or consumption of affected forage by 
the livestock receptors, or all as part of their routine existence. 

To accommodate the need to distinguish between the potential health effects of 
emissions released by the Project following short-term or long-term exposure to the 
pollutants, safe levels of exposure were developed that corresponded to each type of 
exposure scenario. More specifically, acute limits were developed as benchmarks for 
protection against any health effects that might result from short-term exposures, and 
chronic limits were developed as benchmarks for protection against any health effects 
that might result from long-term exposures. 
Different terminology has evolved and has been assigned by different regulatory and 
scientific authorities to describe the safe level of exposure. Toxicity Reference Value 
(TRV) is the term most often used to describe the safe level of exposure for ecological 
receptors such as livestock. This is the terminology that will apply here. 
Little guidance in developing the safe level of exposure could be found in the form of 
regulatory guidelines, directives or information letters. Few, if any, protocols have been 
developed that provide instruction for the assignment of safe levels of exposure to 
chemicals for livestock species. Some guidance is available through the BC Ministry of 
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Water, Land and Air Protection (BC MWLAP) for the development of subchronic limits 
for ecological receptors, but the recommendations must necessarily be fitted to suit 
livestock receptors. In addition, no corresponding guidelines could be located for the 
assignment of acute limits for livestock receptors. In this case, reliance was necessarily 
placed on first principles and conventional practices that apply generally to the 
development of TRVs, with full respect for the BC MWLAP recommendations. 
Virtually no studies could be located in which beef cattle and dairy cattle were exposed 
to the air pollutants of interest under controlled conditions. Accordingly, reliance was 
placed on studies using conventional laboratory animal species for the determination of 
the safe exposure levels. In most cases, studies with laboratory rodents (i.e., rats, mice 
or guinea pigs, or all) served as the basis of the determinations. For the poultry 
receptor, there were some studies in which poultry were exposed to the air pollutants of 
interest under controlled conditions. When these studies were not available, reliance 
was placed on studies using other birds (e.g., quails, ducks, blackbirds) for the 
determination of safe exposure levels. 
The uncertainty surrounding the use of laboratory rodents or birds to represent livestock 
species needed to be accommodated. This was accomplished, in part, by the use of 
uncertainty factors to account for possible interspecies differences in sensitivity to the 
air pollutants. Use of such uncertainty factors in extrapolating the responses witnessed 
in one species to another is a common practice in risk assessment. 
The exact extent to which uncertainty factors were applied was tempered by 
conventional thinking as to the level of protection required. Most authorities accept that 
for wildlife and other ecological receptors, the primary concern relates to the health of 
the group (i.e., a population-based approach), whereas for humans, emphasis is placed 
on the person (i.e., an individual-based approach). Less protection is generally 
demanded in population-based health risk assessments, with less need for use of 
uncertainty factors. However, in the case of beef cattle and dairy cattle, a balanced 
approach was needed that respected the need to protect the health of the herd and 
acknowledged the value of the individual animal. This approach respected the need to 
view cattle as valued ecological components (VECs), and acknowledged the economic 
value of each animal. However, for the poultry receptor, the population-based approach 
was employed and was primarily concerned with the health of the group rather than the 
individual animal.  
Using the above for guidance, safe levels of exposure were developed for each of the 
chemicals of concern found in project emissions for the livestock receptors. Acute and 
chronic inhalation limits were determined for all pollutants, when possible, whereas 
chronic oral limits were developed only for the non-gaseous pollutants, for which 
opportunity for exposure through secondary pathways could exist. Table A-1 lists 
chemicals of potential concern. 
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Table A-1 Chemicals of Potential Concern  

Chemical 
Surrogate Chemical 

(if applicable)3 Chemical Constituent(s) 
1,3-Butadiene NA 1,3-Butadiene 

2-Chloronaphthalene NA 2-Chloronaphthalene 

2-Methylnaphthalene NA 2-Methylnaphthalene  

Acenaphthene group Acenaphthene Acenaphthene; acenaphthylene  

Acetaldehyde NA Acetaldehyde 

Acrolein NA Acrolein 

Aliphatic C5-C8 group n-hexane4 (1.alpha)-1,2,4-Trimethyl-cyclopentane; (1.alpha)-1,2,3-trimethyl-cyclopentane; (1.alpha-cis)-1,2,3-trimethyl-
cyclopentane; (1.alpha-trans)-1,2,3-trimethyl-cyclopentane; 1-ethyl-cyclopentene; 1-ethyl-1-methyl-
cyclopentane; 1-ethyl-2-methyl-cyclopentane; 1-ethyl-2-hexene; 1-ethyl-3-methyl-cyclopentane; 1-heptene; 1-
hexene; 1-methyl-cyclohexene; 1-methyl-cyclopentene; 1-methyl-1,4-cyclohexadiene; 1-methyl-2-methylene-
cyclopentane; 1-methyl-2-(1-methylpentyl)-cyclopropane; 1-methyl-4-methylene-cyclohexane; (1-methylethyl)-
cyclopentane; (1-methylethylidene)-cyclopentane; 1-pentene; 1,1-dimethyl-cyclohexane; 1,1-dimethyl-
cyclopentane; 1,1-dimethyl-cyclopropane; 1,1’-oxybis-hexane; 1,1,2-trimethyl-cyclopentane; 1,2-dimethyl-
cyclohexene; 1,2-dimethyl-cyclopentane; 1,2-dimethyl-1,3-cyclopentadiene; 1,2-dimethyl-3-methylene-
cyclopentane; 1,2-dimethyl-3-methylene-cyclopropane; 1,2,3,4-tetramethyl-cyclobutene; 1,2,4-trimethyl-
cyclopentane; 1,3-bis(methylene)-cyclopentane; 1,3-cyclohexadiene; 1,3-cyclopentadiene; 1,3-dimethyl-
cyclohexene; 1,4-cyclohexadiene; 1,4-hexadiene; 1,5-dimethyl-cyclopentene; 2-ethyl-4-methyl-1-pentene; 2-
heptene; 2-hexene; 2-methyoxy-2-hexene; 2-methoxy-2-methyl-propane; 2-methyl-butane; 2-methyl-heptane; 
2-methyl-hexane; 2-methyl-pentane; 2-methyl-1-butene; 2-methyl-1-heptene; 2-methyl-1-hexene; 2-methyl-1-
pentene; 2-methyl-1,3-butadiene; 2-methyl-2-butene; 2-methyl-2-hexene; 2-methyl-2-pentene; 2-methyl-2,4-
hexadiene; (2-methylbutyl)-cyclopentane; 2-octene; 2-pentene; 2,2-dimethyl-butane; 2,2-dimethyl-pentane; 
2,2-dimethyl-propane; (2,2-dimethylpropylidene)-cyclopropane; 2,2,3-trimethyl-butane; 2,2,4-trimethyl-
pentane; 2,3-dimethyl-hexane; 2,3-dimethyl-pentane; 2,3-dimethyl-1-butene; 2,3-dimethyl-1,3-pentadiene; 
2,3-dimethyl-1,4-hexadiene; 2,3-dimethyl-2-butene; 2,3-pentadiene; 2,3,3-trimethyl-pentane; 2,3,3-trimethyl-
1,4-pentadiene; 2,3,4-trimethyl-pentane; 2,3,4-trimethyl-2-pentene; 2,4-dimethyl-heptane; 2,4-dimethyl-
hexane; 2,4-dimethyl-pentane; 2,4-dimethyl-1-pentene; 2,4-dimethyl-2-pentene; 2,4-hexadiene; 2,4,4-
trimethyl-2-pentene; 2,5-dimethyl-1-hexene; 2,5-dimethyl-2,4-hexadiene; 3-ethoxy-3-methyl-1-butyne; 3-ethyl-
cyclopentene; 3-ethyl-hexane; 3-ethyl-pentane; 3-ethyl-2-pentene; 3-ethyl-2,2-dimethyl-pentane; 3-hexyne; 3-
methyl-cyclohexene; 3-methyl-cyclopentene;  
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Table A-1 Chemicals of Potential Concern (cont’d) 

Chemical 
Surrogate Chemical 

(if applicable)3 Chemical Constituent(s) 
Aliphatic C5-C8 group 
(cont’d) 

n-hexane4 3-methyl-heptane; 3-methyl-hexane; 3-methyl-pentane; 3-methyl-1-heptene; 3-methyl-1-hexene; 3-methyl-1-
pentene; 3-methyl-2,4-hexadiene; 3-methylene-pentane; 3,3-dimethyl-1-butene; 3,3-dimethyl-1,4-pentadiene; 
3,4-dimethyl-1-pentene; 3,4,4-trimethyl-2-pentene; 4-methyl-cyclohexene; 4-methyl-heptane; 4-methyl-1-
hexene; 4-methyl-1,3-pentadiene; 4-methyl-2-pentene; 4-methylene-heptane; 4,4-dimethyl-cyclopentene; 5,5-
dimethyl-1,3-cyclopentadiene; 6-methyl-1-heptene; azido-cyclohexane; bicycle[4,1,0]hept-2-ene; cis-1-butyl-2-
methyl-cyclopropane; cis-1-ethyl-2-methyl-cyclopentane; cis-1-ethyl-3-methyl-cyclopentane; cis-1,2-dimethyl-
cyclohexane; cis-1,2-dimethyl-cyclopentane; cis-1,2-dimethyl-cyclopropane; cis-1,3-dimethyl-cyclohexane; 
cis-1,3-dimethyl-cyclopentane; cycloheptane; cyclohexane; cyclohexene; cyclooctane; cyclopentane; 
cyclopentene; (e)-1,3-pentadiene; (e)-2-heptene; (e)-2-hexene; (e)-2-octene; (e)-2-pentene; (e)-3-hexene; (e)-
3-methyl-1,3,5-hexatriene; (e)-3-methyl-2-pentene; (e)-3-methyl-3-hexene; (e)-3-octene; (e)-3,4-dimethyl-2-
pentene; (e)-5-methyl-2-hexene; (e,e)-2,4-heptadiene; (e,e)-1,3,5-heptatriene; ethyl-cyclohexane; ethyl-
cyclopentane; ethylidene-cyclopentane; heptane; isopropyl-cyclobutane; isopropyliden-cyclobutane; methyl-
cyclobutane; methyl-cycloheptane; methyl-cyclohexane; methyl-cyclopentane; methylene-cyclohexane; 
methylene-cyclopentane; n-hexane; octane; pentane; propyl-cyclopentane; trans-1-ethyl-3-methyl-
cyclopentane; trans-1,2-dimethyl-cyclohexane; trans-1,2-dimethyl-cyclopentane; trans-1,2-dimethyl-
cyclopropane; trans-1,3-dimethyl-cyclohexane; trans-1,3-dimethyl-cyclopentane; trans-1,4-dimethyl-
cyclohexane; trimethylmethylene-cyclopropane; (z)-1,3-pentadiene; (z)-2-hexene; (z)-2-pentene; (z)-3-methyl-
2-pentene; (z)-3-methyl-3-hexene; (z)-3,4-dimethyl-2-pentene; (z)-4-methyl-2-pentene; (z)-4,4-dimethyl-2-
pentene 

Aliphatic C9-C16 group NA (1.alpha)-1,2,3-Trimethyl-cyclohexane; (1.alpha)1,2,4-trimethyl-cyclohexane; (1.alpha)1,3,5-trimethyl-
cyclohexane; 1-butyl-cyclohexene; 1-ethyl-1-methyl-cyclohexane; 1-methyl-2-pentyl-cyclopropane; 1-methyl-
2-propyl-cyclopentane; 1-methyl-2,4-diethyl-cyclohexane; 1-methyl-3-propyl-cyclooctane; 1-methyl-3-(1-
methylethyl)-cyclopentane; 1-methyl-4-(1-methylethyl)-cyclohexane; 1-methyl-4-(1-methylethyl)-cyclohexene; 
1,1-dimethyl-2-propyl-cyclohexane; 1,1,2-trimethyl-cyclohexane; 1,1,3-trimethyl-cyclohexane; 1,2-diethyl-1-
methyl-cyclohexane; 1,2-diethyl-3-methyl-cyclohexane; 1,2,3-trimethyl-cyclohexane; 1,2,4-trimethyl-
cyclohexane; 1,5-diisopropyl-2,3-dimethyl-cyclohexane; 2-ethyl-1-decene; 2-ethyl-1-dodecene; 2-ethyl-1-
methyl-3-propyl-cyclobutane; 2-methyl-decane; 2-methyl-nonane; 2-methyl-octane; (2-methylbutyl)-
cyclopentane; 2,2-dimethyl-decane; 2,2-dimethyl-1-isopropenyl-cyclopentane; 2,2,3-trimethyl-hexane; 2,2,3,4-
tetramethyl-pentane; 2,2,4-trimethyl-hexane; 2,2,4,6,6-pentamethyl-heptane; 2,2,6-trimethyl-decane; 2,3-
dihydro-1-methyl-1h-indene; 2,3-dihydro-1h-indene; 2,3-dimethyl-heptane; 2,3-dimethyl-octane; 2,3,3-
trimethyl-decane; 2,3,4-trimethyl-hexane; 2,3,5-trimethyl-decane; 2,3,5-trimethyl-hexane; 2,4-dimethyl-
heptane; 2,4-dimethyl-2,4-heptadiene; 2,4,4-trimethyl-1-hexene;  
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Table A-1 Chemicals of Potential Concern (cont’d) 

Chemical 
Surrogate Chemical 

(if applicable)3 Chemical Constituent(s) 
Aliphatic C9-C16 group 
(cont’d) 

NA 2,5-dimethyl-decane; 2,5-dimethyl-dodecane; 2,5-dimethyl-heptane; 2,5-dimethyl-undecane; 2,5,6-trimethyl-
octane; 2,6-dimethyl-heptane; 2,6-dimethyl-octane; 2,6-dimethyl-1-heptene; 2,6,6-trimethyl-octane; 2,6,8-
trimethyl-decane; 2,6,11-trimethyl-dodecane; 3-(deuteromethyl)-3,6-di-1,5-heptadiene; 3-ethyl-heptane; 3-
ethyl-2-methyl-heptane; 3-ethyl-3-heptene; 3-ethyl-3-methyl-hexane; 3-ethyl-4,4-dimethyl-2-pentene; 3-
methyl-octane; 3-methyl-undecane; (3-methylbutyl)-cyclopentane; 3-methyl-nonane; 3-methyl-5-propyl-
nonane; 3,3-diethyl-pentane; 3,3-dimethyl-undecane; 3,3,4-trimethyl-decane; 3,3,5-trimethyl-decane; 3,3,5-
trimethyl-heptane; 3,3,5-trimethyl-1-hexene; 3,3,6-trimethyl-decane; 3,4-nonadiene; 3,4,4-trimethyl-2-hexene; 
3,5-dimethyl-undecane; 3,5,5-trimethyl-1-hexene; 3,6-dimethyl-octane; 3,7-dimethyl-nonane; 3,9-dimethyl-
undecane; 4-ethyl-octane; 4-methyl-heptane; 4-methyl-octane; 4-methyl-1-decene; 4-propyl-heptane; 4-(1-
methylethyl)-heptane; 4,4-dimethyl-heptane; 4,4-dimethyl-undecane; 4,5-dimethyl-nonane; 4,5-nonadiene; 
4,6,8-trimethyl-1-nonene; 5-butyl-nonane; 5-ethyl-undecane; 5-methyl-undecane; 5-(1-methylpropyl)-nonane; 
5-(2-methylpropyl)-nonane; 6-methyl-1-octene; 6,6-dimethyl-undecane; bicycle[5.1.0]octane; butyl-
cyclohexane; butyl-cyclooctane; cis-1-ethyl-2-methyl-cyclohexane; cis-1-ethyl-4-methyl-cyclohexane; cis-
1,1,3,5-tetramethyl-cyclohexane; cis-1,2-di(1,1-dimethylethyl)cyclopropane; cis-3,4-dimethyl-1,5-heptadiene; 
cis-4-methyl-2-undecene; cis-5-methyl-3-undecene; decane; decyl-cyclohexane; hexadecane; hexyl-
cyclohexane; methyl-cyclodecane; nonane; octahydro-1-methyl-pentalene; octahydro-2-methyl-pentalene; 
octyl-cyclohexane; propyl-cyclohexane; trans-1-ethyl-2-methyl-cyclohexane; trans-1-ethyl-4-methyl-
cyclohexane; trans-1,1,3,4-tetramethyl-cyclopentane; trans-3,4-dimethyl-1,5-heptadiene; trans-4-methyl-2-
undecene; trans-5-methyl-3-undecene; (z)-3-methyl-4-nonene; (z)-5-methyl-2-decene 

Aliphatic C17-C34 group NA 1,3,5-Trimethyl-2-octadecyl-cyclohexane; 1,4-dimethyl-2-octadecyl-cyclohexane; 3-methyl-4-meth-
bicyclo[3.2.1]oct-2-ene; eicosyl-cyclohexane; heptadecane 

Aliphatic alcohol group Methanol 1-Heptanol; 1-hexanol; 2-butyl-1-octanol; 2-cyclohexen-1-ol; 2,3,4,5-tetramethylcyclopent-2-en-1-ol; 3-methyl-
1-butanol; 3,3-dimethylcyclobutyl methanol; 9-dodecenol; bicyclo[2.2.1]heptan-1-ol; bicyclo[2.2.2]octan-1-ol; 
(z)-2-methyl-3-octen-2-ol 

Aliphatic aldehyde group Propionaldehyde 2-Methyl-propanal; 2-methyl-2-butenal; 3,3-dimethyl-hexanal; propylhydrazone-propanal; (z)-4,4-dimethyl-2-
pentenal 

Aliphatic ketone group Methyl ethyl ketone 1-(2-Furanyl)-ethanone; 1,3-cylopentanedione; 2-methyl-cycloheptanone; 2-methyl-1-penten-3-one; 2,3-
dimethyl-cyclohexanone; 3-hexanone; 3-methyl-cyclopentanone; 4-heptanone; 4-octanone; 5-methyl-4-
hepten-3-one; cis- 2,3-dimethyl-cyclobutanone; trans-2,3-dimethyl-cyclobutanone 

Ammonia NA Ammonia 
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Table A-1 Chemicals of Potential Concern (cont’d) 

Chemical 
Surrogate Chemical 

(if applicable)3 Chemical Constituent(s) 
Aromatic C9-C16 group Naphthalene4 (1-methylpropyl)-benzene; 1-ethyl-2,3-dimethyl-benzene; 1-ethyl-3-methyl-benzene; 1-ethyl-4-methyl-

benzene; 1-methyl-2-(1-methylethyl)-benzene; 1-methyl-2-propyl-benzene; 1-methyl-3-propyl-benzene; 1-
octadecene; 1,2-diethyl-benzene; 1,2-dimethyl-benzene; 1,2,3-trimethyl-benzene; 1,2,3,5-tetramethyl-
benzene; 1,2,4-trimethyl-benzene; 1,3,5-trimethyl-benzene; 2-methylnaphthalene; acenaphthene; 
acenaphthylene; isopropylbenzene; n-butylbenzene; n-propylbenzene; naphthalene; p-isopropyltoluene; sec-
butylbenzene; tert-butylbenzene 

Aromatic C17-C34 group NA 2,3-Dihydro-1-methyl-1H-indene; 2,3-dihydro-1H-indene; 3-methylcholanthrene; 7,12-
dimethylbenz(a)anthracene; cis-octahydro-1h-indene; perylene  

Benzaldehyde NA Benzaldehyde 

Benzene NA Benzene 

Benzo(a)pyrene group Benzo(a)pyrene Anthracene; benz(a)anthracene; benzo(a)pyrene; benzo(b)fluoranthene; benzo(e)pyrene; 
benzo(g,h,i)perylene; benzo(k)fluoranthene; chrysene; dibenz(a,h)anthracene; fluoranthene; fluorene; 
indeno(1,2,3-cd)pyrene; phenanthrene; pyrene 

Carbon monoxide2 NA Carbon monoxide 

Carbon disulphide group Carbon disulphide Allyl sulphide; butyl sulphide; carbon disulphide; carbonyl sulphide; ethyl sulphide 

Cyclohexane NA Cyclohexane 

Dichlorobenzenes 1,4-Dichlorobenzene Dichlorobenzenes 

Ethylbenzene NA Ethylbenzene 

Formaldehyde NA Formaldehyde 

n-Hexane NA n-Hexane 

Hydrogen sulphide NA Hydrogen sulphide 

Isopropylbenzene NA Isopropylbenzene 

Methylene chloride NA Methylene chloride 

Naphthalene1 NA Naphthalene 

Nitrogen dioxide NA Nitrogen dioxide 

Propylene oxide group Propylene oxide 2-Ethyl-3-methyl-oxetane; propylene oxide 
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Table A-1 Chemicals of Potential Concern (cont’d) 

Chemical 
Surrogate Chemical 

(if applicable)3 Chemical Constituent(s) 
Styrene NA Styrene 

Sulphur dioxide NA Sulphur dioxide 

Sulphuric acid NA Sulphuric acid 

Toluene NA Toluene 

Xylenes NA Xylenes 

NOTES: 
1 Assessed on a chronic basis only 
2 Assessed on an acute basis only 
3 A surrogate was not required for the aliphatic C5-C8 group, aliphatic C9-C16 group, aliphatic C14-C34 group, aromatic C9-C16 group and aromatic 
C17-C34 group on an acute or chronic basis since exposure limits exist for the chemical groups. 
4 Surrogate for poultry only 
NA – not applicable 
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A1.1 Selection of Acute Exposure Limits 

A1.1.1 Cattle 
A review of the published scientific literature revealed little information on the acute 
toxicity of the pollutants in domestic animals. Few controlled toxicity studies on the 
pollutants have been performed using the specific cattle receptors chosen for the 
assessment (i.e., beef cattle and dairy cattle). In addition, regulatory limits are rarely 
developed for domestic species. Any information that was available typically lacked 
sufficient detail to permit its use in developing the TRVs. The information commonly was 
in the form of descriptions of poisoning incidents, in which exposure levels were not 
indicated and dose-response relationships could not be discerned. Use of this 
information to set safe levels of exposure for the pollutants through the inhalation 
pathway was judged to be highly tenuous. An alternate approach was needed.  
For most of the chemicals of concern, a number of LC50 or LD50 values have been 
reported for various laboratory animal species. The LC50 refers to the air concentration 
shown to cause death among 50 percent of a population of test animals. The LD50 
refers to the equivalent oral dose. Acute inhalation limits for cattle were developed by 
identifying the lowest LC50 value reported in the literature (or lowest LD50 value if an 
LC50 was not available). Use of the lowest values was designed to reduce any likelihood 
that the lethal doses of the pollutants would be underestimated.  
The literature review consisted of an on-line search of the International Programme on 
Chemical Safety, the National Toxicity Program Chemical Repository and the 
Hazardous Substances Data Bank. In certain cases, an LCLo, defined as “the lowest 
published lethal concentration” (NTP 2007), was used if reported. An inhalation LC50 or 
LCLo was the preferred toxicity index, since inhalation represents the primary avenue of 
exposure to the COPCs from project emissions. Uncertainty factors were applied to the 
LC50 and LCLo values to arrive at the TRVs in recognition of: i) possible interspecies 
differences in sensitivity; ii) the severity of the health endpoint (i.e., lethality); and, iii) the 
importance of protecting individual animals.  
The use of uncertainty factors proceeded as follows:  
• a 10-fold uncertainty factor to account for possible interspecies differences in 

sensitivity was first applied to the LC50 value (or LD50 value if an LC50 or LCLo was 
not available) 

• an additional 10-fold uncertainty factor was then applied to account for the severity 
of the health endpoint (i.e., lethality) chosen as the basis for assessment  

• a further 10-fold uncertainty factor was applied in recognition of the importance 
commonly placed on livestock, and the obvious need to protect the overall health of 
the herd, and equally the need to protect individual animals 
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A1.1.2 Poultry 
Little scientific literature exists on the acute toxicity of pollutants in poultry and other bird 
species. For those chemicals without any relevant bird toxicity studies, TRVs could not 
be derived and, therefore, were not assessed in the livestock health risk assessment.  
For some of the chemicals of concern, a number of LC50 or LD50 values have been 
reported for various laboratory animal species. The LC50 refers to the air concentration 
shown to cause death among 50 percent of a population of test animals. The LD50 
refers to the equivalent oral dose. Acute inhalation limits for poultry were developed by 
identifying the lowest LC50 value reported in the literature (or lowest LD50 value if an 
LC50 was not available). Use of the lowest values was designed to reduce any likelihood 
that the lethal doses of the pollutants would be underestimated.  
The literature review consisted of an on-line search of the U.S. EPA ECOTOX 
database, the International Programme on Chemical Safety, the National Toxicity 
Program Chemical Repository, the Hazardous Substances Data Bank, the European 
Chemicals Bureau and the Agency for Toxic Substances & Disease Registry. In certain 
cases, an LCLo, defined as “the lowest published lethal concentration” (NTP 2007), was 
used, if reported. In addition, an LC20, the concentration that causes death among 20 
percent of the population of test animals, was also used, if reported. An inhalation LC50, 
LC20, or LCLo was the preferred toxicity index, since inhalation represents the primary 
avenue of exposure to the COPCs from project emissions. Uncertainty factors were 
applied to the LC50, LC20 and LCLo values to arrive at the TRVs in recognition of the 
severity of the health endpoint (i.e., lethality). An interspecies uncertainty factor was not 
applied to the poultry assessment because only bird studies were used in the derivation 
of TRVs for chickens and turkeys (BC MELP 1998). 
The use of uncertainty factors proceeded as follows:  
• al 10-fold uncertainty factor was applied to account for the severity of the health 

endpoint (i.e., lethality) chosen as the basis for assessment 

A1.2 Selection of Chronic Exposure Limits 

A1.2.1 Cattle and Poultry 
The determination of the chronic TRVs for the livestock receptors could not rely on 
regulatory limits. Government authorities rarely develop limits for livestock species. In 
addition, virtually no studies detailing the health effects following chronic exposures 
under controlled conditions to the chemicals emitted from the Project (i.e., upgrader 
emissions) in livestock species exist. Thus, reliance was again placed on the results of 
studies using laboratory rodents or birds, with adjustment to account for possible 
differences in species sensitivity. Guidance with respect to the adjustments required 
was provided by the recommendations of the BC MWLAP (formerly the Ministry of 
Environment, Lands and Parks) concerning the extrapolation of health effects data 
across different mammalian species as part of ecological risk assessments (BC MELP 
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1998). The Ministry guidelines recommend use of the EC20 as an indicator of the safe 
level of exposure for chronic exposure scenarios.1 A summary of the recommendations 
for ecological risk assessments that are also applicable to the livestock risk assessment 
follows: 
• use an EC20 as a TRV 
•  if an EC20 is not available or cannot be calculated, use the lowest-observed-

adverse-effect level (LOAEL) from the most applicable study as the TRV 
• give preference to studies using species from the same feeding group 
• assign preference to feeding studies (i.e., not single dose studies or injection 

studies), particularly feeding trials of weeks to months in duration 
• if the data are from similar species, do not use uncertainty factors 
• if the animals are not so closely related or if it is unknown whether they are likely to 

have similar physiological responses, divide the TRV by 10 
Apart from the above recommendations, which apply to ecological receptors in general, 
an additional 10-fold uncertainty factor was applied to the TRV as an added measure of 
conservatism (for beef cattle and dairy cattle only). This extra level of conservatism was 
included since livestock receptors qualify as valued ecosystem components, and each 
animal has economic value. Poultry were assessed on a population-based approach, 
therefore, there was no need for the additional uncertainty factor. 
For all chemicals of potential concern, reliance was placed on LOAELs as opposed to 
EC20 values. The use of LOAELs was deemed to be more appropriate for the 
determination of chronic TRVs than the use of EC20 values (which allow for 20 percent 
of a population to be affected) given the need to not only protect the health of the herd 
but also the well-being of individual animals as part of a livestock risk assessment (for 
beef cattle and dairy cattle only).  
As stated above, the determination of the chronic TRVs relied on LOAELs derived from 
studies with laboratory rodents or birds, to which uncertainty factors were applied to 
accommodate possible interspecies (10-fold) differences in sensitivity to the pollutants, 
and in recognition of the importance of protecting individual animals (10-fold for cattle 
only). For teratology studies, an additional 10-fold uncertainty factor to account for the 
short duration of the study was not warranted since exposures received in utero (i.e., a 
critical life-stage) have been deemed to be equivalent to chronic exposures for the 
purposes of ecological risk assessments (Sample et al. 1996).  
Where inhalation LOAELs were unavailable, they were estimated from inhalation 
NOAELs or from oral LOAELs, assuming 100 percent inhalation bioavailability and 

                                                 
1 The EC20 refers to the ‘Effects Concentration’ at which the health of 20 percent of the organisms tested 
is affected. 
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chemical-specific oral bioavailability and by adjusting for the body weight and inhalation 
rate of cattle or poultry.  
 

LOAEL (mg/m3) =
LOAEL (mg/kg bw/d) × BIOoral × BW 

BIOinh × IR 

Where: 
LOAEL = lowest-observed-adverse-effect-level (mg/m3) 
BIOoral  = chemical-specific oral bioavailability (RAIS 2007) 
BIOinh  = assumed inhalation bioavailability (100 percent) 
BW  = body weight of cattle or poultry 
IR  = inhalation rate for cattle or poultry 
In the case of chemicals of concern found in the emissions released from the Project 
that are not expected to persist and accumulate in the environment, the chronic limits 
were expressed as inhalation TRVs, and not oral TRVs, since the primary and only 
significant avenue of exposure will be via inhalation.  

A2 TOXICITY PROFILES 

A2.1 1,3-Butadiene 

A2.1.1 Poultry 
No studies investigating the acute or chronic toxicity of 1,3-butadiene using birds were 
identified. Therefore, acute and chronic TRVs for poultry could not be derived. 

A2.1.2 Cattle 

A2.1.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of 1,3-butadiene using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRVs for the cattle receptors. The 
defining study was one in which mice were exposed to 1,3-butadiene for a two-hour 
period, with a reported LC50 of 268,000 mg/m3 (IPCS 2001). A 10-fold uncertainty factor 
was applied to the LC50 to account for possible interspecies differences in sensitivity to 
1,3-butadiene, and a 10-fold uncertainty factor was applied to account for the severity of 
the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. Thus, an 
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acute inhalation TRV of 268 mg/m3 (268,000 µg/m3) was derived for beef and dairy 
cattle. 

A2.1.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to 1,3-butadiene using cattle, TRVs for these receptors were derived 
using LOAELs reported in laboratory rodent studies, with uncertainty factors to account 
for intra- and interspecies differences.  
The U.S. EPA (2007) provides an inhalation RfC of 2 µg/m3 based upon a chronic (i.e., 
2 year) mouse inhalation study conducted by NTP in 1993. The study LOAEL of 6.25 
ppm (13.8 mg/m3) was established for increased incidence of ovarian atrophy in mice 
following exposure for 6 hours/d, 5 days/week for 103 weeks to 0, 6.25, 20, 62.5, 200, 
or 625 ppm 1,3-butadiene (NTP 1993). The LOAEL of 13.8 mg/m3 was adjusted from 
discontinuous exposure to continuous exposure using the calculation below: 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 2.5 
mg/m3, recognizing the importance of protecting individual animals. In addition, a 10-
fold uncertainty factor was applied to account for interspecies differences, resulting in 
an inhalation TRV of 0.025 mg/m3 (25 µg/m3) for beef and dairy cattle. 

A2.2 2-Chloronaphthalene 

A2.2.1 Poultry 
No studies investigating the acute or chronic toxicity of 2-chloronaphthalene using birds 
were identified therefore, acute and chronic TRVs for poultry could not be derived. 

A2.2.2 Cattle 

A2.2.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of 2-chloronaphthalene using cattle were 
identified. Additionally, no acute studies on inhalation exposure to 2-chloronaphthalene 
were identified. Accordingly, reliance was placed on the lowest LD50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptor. The defining study was one in which mice were orally exposed to 2-
chloronaphthalene, with a reported LD50 of 886 mg/kg bw (HSDB 2007). A 10-fold 
uncertainty factor was applied to the LD50 to account for possible interspecies 
differences in sensitivity to 2-chloronaphthalene, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
uncertainty factor was applied in recognition of the importance of protecting individual 
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animals within the herd. The result is an acute TRV for 2-chloronaphthalene of 0.89 
mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 2.7 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 50 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 2.7 mg/m3 (2700 µg/m3) was used in the short-term assessment of 2-
chloronaphthalene for beef cattle.  
The oral TRV corresponds to an air concentration of 3.0 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 50 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 3.0 mg/m3 (3000 µg/m3) was used in the short-term assessment of 2-
chloronaphthalene for dairy cattle.  

A2.2.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to 2-chloronaphthalene using cattle, TRVs for these receptors were 
derived using lowest-observed-adverse-effect-concentrations (LOAECs) reported in 
laboratory rodent studies, with uncertainty factors to account for intra- and interspecies 
differences.  
The RIVM (2001) provides a subchronic rat inhalation study with a LOAEC of 1.3 
mg/m3. The study LOAEC of 1.3 mg/m3 was established for small liver effects following 
exposure to di- and tri-chloronaphthalenes for 16 hours per day for 134 days (RIVM 
2001). The LOAEC was adjusted from discontinuous exposure to continuous exposure 
using the calculation below. 

LOAECADJ = LOAEC × 16 hours/24 hours

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAECADJ of 
0.87 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences. The RIVM 
did not consider it necessary to apply an uncertainty factor of 10 for a subchronic 
duration of exposure in their derivation of an exposure limit protective of human health. 
Thus, the resulting inhalation TRV of 0.0087 mg/m3 (8.7 µg/m3) was used in the long-
term assessment of 2-chloronaphthalene for beef and dairy cattle.  

A2.3 2-Methylnaphthalene  

A2.3.1 Poultry 
No studies investigating the acute or chronic toxicity of 2-methylnaphthalene using birds 
were identified. Therefore, acute and chronic TRVs for poultry could not be derived. 
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A2.3.2 Cattle 

A2.3.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of 2-methylnaphthalene using cattle were 
identified. Additionally, no acute studies on inhalation exposure to 2-methylnaphthalene 
were identified. Accordingly, reliance was placed on the lowest LD50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were orally exposed to 2-
methylnaphthalene, with a reported LD50 of 1630 mg/kg bw (HSDB 2007). A 10-fold 
uncertainty factor was applied to the LD50 to account for possible interspecies 
differences in sensitivity to 2-methylnaphthalene, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
uncertainty factor was applied in recognition of the importance of protecting individual 
animals within the herd. The result is an acute TRV for 2-methylnaphthalene of 1.6 
mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 7.8 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 7.8 mg/m3 (7800 µg/m3) was used in the short-term assessment of 2-
methylnaphthalene for beef cattle.  
The oral TRV corresponds to an air concentration of 8.7 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 8.7 mg/m3 (8700 µg/m3) was used in the short-term assessment of 2-
methylnaphthalene for dairy cattle.  

A2.3.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to 2-methylnaphthalene using cattle, TRVs for these receptors were 
derived using LOAELs reported in laboratory rodent studies, with uncertainty factors to 
account for intra- and interspecies differences. Additionally, no toxicological studies on 
subchronic or chronic inhalation exposure to 2-methylnaphthalene were identified. 
However, the U.S. EPA (2007) provides an RfD for pulmonary alveolar proteinosis 
based on an 81-week dietary study for mice. The lower 95 percent confidence interval 
on the benchmark dose associated with a 5 percent extra risk (BMD05) of 4.7 mg/kg 
bw/d for pulmonary alveolar proteinosis in male and female mice was the point of 
departure for the RfD. A 10-fold uncertainty factor was applied to the BMD05, 
recognizing the importance of protecting individual animals. In addition, a 10-fold 
uncertainty factor was applied to account for interspecies differences, resulting in an 
oral TRV of 0.047 mg/kg bw/d for cattle. 
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The oral TRV corresponds to an air concentration of 0.23 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
inhalation TRV of 0.23 mg/m3 (230 µg/m3) was used in the long-term assessment of 2-
methylnaphthalene for beef cattle.  
The oral TRV corresponds to an air concentration of 0.25 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
inhalation TRV of 0.25 mg/m3 (250 µg/m3) was used in the long-term assessment of 2-
methylnaphthalene for dairy cattle.  

A2.4 Acenaphthene Group 
Surrogate: Acenaphthene 

A2.4.1 Poultry 

A2.4.1.1 Acute Exposure Limit 

No studies investigating the acute toxicity of acenaphthene using poultry were identified. 
Additionally, no acute studies on inhalation exposure to acenaphthene were identified. 
Accordingly, reliance was placed on a LD50 reported for birds as the basis for 
determination of the acute TRV for the poultry receptors. The defining study was one in 
which Red-winged blackbirds were orally exposed to acenaphthene, with a reported 
LD50 of 101 mg/kg bw (ECB 2007). A 10-fold uncertainty factor was applied to account 
for the severity of the endpoint (i.e., lethality). The result is an acute TRV for 
acenaphthene of 10.1 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 9.6 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 2.7 kg and adult 
inhalation rate of 0.88 m3/d for poultry (BC MOE 2001; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 9.6 mg/m3 (9600 µg/m3) was used in the short-term assessment of 
acenaphthene.  

A2.4.1.2 Chronic Exposure Limit 

No studies investigating the chronic toxicity of acenaphthene using birds were identified 
therefore; a chronic TRV for poultry could not be derived. 
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A2.4.2 Cattle 

A2.4.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of acenaphthene using cattle were identified. 
Additionally, no acute studies on inhalation exposure to acenaphthene were identified. 
Accordingly, reliance was placed on a short-term LOAEL (an LC50 or LD50 was not 
identified) reported for laboratory animals as the basis for determination of the acute 
TRV for the cattle receptors. A dose of 2 g/kg bw acenaphthene was administered orally 
in olive oil on a daily basis to seven young rats for 32 days (HSDB 2007). Loss of body 
weight and changes in peripheral blood, increased aminotransferase levels in blood 
serum, and produced mild morphological damage to both the liver and kidney were 
reported. The morphological damage to the kidney and the liver was greater when 
acenaphthene was administered in a subacute manner than when an acute dose was 
given. After 32 days of treatment the animals showed mild bronchitis and localized 
inflammation of the peribronchial tissue. A 10-fold uncertainty factor was applied to the 
LOAEL to account for possible interspecies differences in sensitivity to acenaphthene, 
and a 10-fold uncertainty factor was applied in recognition of the importance of 
protecting individual animals within the herd. The result is an acute TRV for 
acenaphthene of 20 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 38 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 38 mg/m3 (38,000 µg/m3) was used in the short-term assessment of 
acenaphthene for beef cattle.  
The oral TRV corresponds to an air concentration of 42 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 42 mg/m3 (42,000 µg/m3) was used in the short-term assessment of 
acenaphthene for dairy cattle.  

A2.4.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to acenaphthene using cattle, TRVs for these receptors were derived 
using LOAELs reported in laboratory rodent studies, with uncertainty factors to account 
for intra- and interspecies differences. Additionally, no toxicological studies on 
subchronic or chronic inhalation exposure to acenaphthene were identified. However, 
the ATSDR provides an intermediate oral MRL for hepatic effects in mice based on an 
LOAEL of 175 mg/kg bw/d (ATSDR 1995). Four groups of CD-1 mice were gavaged 
daily with 0, 175, 350 or 700 mg/kg bw/d acenaphthene for 90 days. A 10-fold 
uncertainty factor was applied to the LOAEL, recognizing the importance of protecting 
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individual animals and 10-fold for use of a subchronic study. In addition, a 10-fold 
uncertainty factor was applied to account for interspecies differences, resulting in an 
oral TRV of 0.18 mg/kg bw/d for cattle. 
The oral TRV corresponds to an air concentration of 0.34 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
inhalation TRV of 0.34 mg/m3 (340 µg/m3) was used in the chronic assessment of 
acenaphthene for beef cattle.  
The oral TRV corresponds to an air concentration of 0.38 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
inhalation TRV of 0.38 mg/m3 (380 µg/m3) was used in the chronic assessment of 
acenaphthene for dairy cattle.  

A2.5 Acetaldehyde 

A2.5.1 Poultry 
No studies investigating the acute or chronic toxicity of acetaldehyde using birds were 
identified. Therefore, an acute or chronic TRV for poultry could not be derived. 

A2.5.2 Cattle 

A2.5.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of acetaldehyde using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRVs for the cattle receptors. The 
defining study was one in which mice were exposed to acetaldehyde for a four-hour 
period, with a reported LC50 of 2700 mg/m3 (HSDB 2007). A 10-fold uncertainty factor 
was applied to the LC50 to account for possible interspecies differences in sensitivity to 
acetaldehyde, and a 10-fold uncertainty factor was applied to account for the severity of 
the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. Thus, an 
acute inhalation TRV of 2.7 mg/m3 (2700 µg/m3) was derived for beef and dairy cattle. 

A2.5.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to acetaldehyde using cattle, TRVs for these receptors were derived 
using LOAELs reported in laboratory rodent studies, with uncertainty factors to account 
for intra- and interspecies differences.  
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CEPA (2000a) provides a subchronic rat inhalation study with a LOAEL of 1000 ppm 
(1800 mg/m3). The study LOAEL of 1800 mg/m3 was established for growth retardation 
in rats following exposure for 6 hours/d, 5 days/week for 4 weeks to 400, 1000, 2200 or 
5000 ppm acetaldehyde (Appelman et al. 1982, U.S. EPA 2007). The LOAEL of 1800 
mg/m3 was adjusted from a discontinuous exposure to continuous exposure using the 
calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
320 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences and 10-fold 
for use of a subchronic study, resulting in an inhalation TRV of 0.32 mg/m3 (320 µg/m3) 
for beef and dairy cattle. 

A2.6 Acrolein 

A2.6.1 Poultry 

A2.6.1.1 Acute Exposure Limit 

No acute studies using birds on acute inhalation exposure to acrolein were identified. 
Accordingly, reliance was placed on a LD50 reported for birds as the basis for 
determination of the acute TRV for the poultry receptors. The defining study was one in 
which Mallard ducks were orally exposed to acrolein, with a reported LD50 of 9.11 mg/kg 
bw (HSDB 2007). A 10-fold uncertainty factor was applied to the LD50 to account for the 
severity of the endpoint (i.e., lethality). The result is an acute TRV for acrolein of 0.911 
mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 2.2 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 2.7 kg and adult 
inhalation rate of 0.88 m3/d for poultry (BC MOE 2001; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 2.2 mg/m3 (2200 µg/m3) was used in the short-term assessment of 
acrolein.  

A2.6.1.2 Chronic Exposure Limit 

No studies investigating the chronic toxicity of acrolein using birds were identified. 
Therefore, a chronic TRV for poultry could not be derived. 
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A2.6.2 Cattle 

A2.6.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of acrolein using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRVs for the cattle receptors. The 
defining study was one in which rats were exposed to acrolein for a four-hour period, 
with a reported LC50 of 19 mg/m3 (HSDB 2007). A 10-fold uncertainty factor was applied 
to the LC50 to account for possible interspecies differences in sensitivity to acrolein, and 
a 10-fold uncertainty factor was applied to account for the severity of the endpoint (i.e., 
lethality). In addition, a 10-fold uncertainty factor was applied in recognition of the 
importance of protecting individual animals within the herd. Thus, an acute inhalation 
TRV of 0.019 mg/m3 (19 µg/m3) was derived for beef and dairy cattle. 

A2.6.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to acrolein using cattle, TRVs for these receptors were derived using 
LOAELs reported in laboratory rodent studies, with uncertainty factors to account for 
intra- and interspecies differences.  
The U.S. EPA (2007) provides an inhalation RfC of 0.02 µg/m3 based upon a 
subchronic (i.e., 3 month) rat inhalation study conducted by Feron et al. in 1978. The 
study LOAEL of 1.4 ppm (3.2 mg/m3) was established for retarded weight gain in rats 
following exposure for 6 hours/d, 5 days/week for 13 weeks to 0, 0.4, 1.4 or 4.9 ppm 
acrolein (Feron et al. 1978). The LOAEL of 3.2 mg/m3 was adjusted from a 
discontinuous exposure to continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
0.57 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences and 10-fold 
for use of a subchronic study, resulting in an inhalation TRV of 0.00057 mg/m3 (0.57 
µg/m3) for beef and dairy cattle. 

A2.7 Aliphatic C5-C8 group 
Surrogate: n-hexane (for poultry only) 

A2.7.1 Poultry 

A2.7.1.1 Acute Exposure Limit 

No studies investigating the acute toxicity of the aliphatic C5-C8 group using poultry 
were identified. Additionally, no studies investigating the toxicity of the aliphatic C5-C8 
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group on poultry were identified, therefore, a surrogate was chosen for the acute and 
chronic assessment of the poultry receptors. Reliance was placed on a LOAEL reported 
in birds as the basis for determination of the acute TRV for the poultry receptor. The 
defining study was one in which Leghorn hens were continuously exposed to n-hexane 
vapours for 30 days, with a reported LOAEL of 3500 mg/m3 for reduced body weights 
(Abou-Donia et al. 1991). 
According to BC Ministry of Environment protocol (BC MELP 1998), no uncertainty 
factor were applied to the LOAEL. Therefore, a TRV of 3500 mg/m3 was used in the 
short-term assessment of the aliphatic C5-C8 group for poultry. 

A2.7.1.2 Chronic Exposure Limit 

Reliance was placed on a LOAEL reported birds as the basis for determination of the 
chronic TRV for the poultry receptor. The defining study was one in which Leghorn hens 
were continuously exposed to n-hexane vapours for 30 days, with a reported LOAEL of 
3500 mg/m3 for reduced body weights (Abou-Donia et al. 1991). 
An uncertainty factor of 10 was applied to the LOAEL of 3500 mg/m3 to account for use 
of a subchronic study. The resulting limit of 350 mg/m3 was used as a chronic inhalation 
TRV for poultry. 
The aliphatic C5-C8 group was assessed through multiple exposure pathways since its 
physical and chemical parameters exceeded the persistence and bioaccumulation 
parameters established by Environment Canada (2007).  
The inhalation TRV corresponds to an oral TRV of 140 mg/kg bw/d, based on the 
following adjustments and assumptions: inhalation bioavailability of 100 percent 
(assumed) and an oral bioavailability of 80 percent (RAIS 2007), adult body weight of 
2.7 kg and adult inhalation rate of 0.88 m3/d for poultry (BC MOE 2001; U.S. EPA 
1993). Thus, a chronic oral TRV of 140 mg/kg bw/d was used in the long-term 
assessment of the aliphatic C5-C8 group for poultry.  

A2.7.2 Cattle 

A2.7.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of the aliphatic C5-C8 group using cattle were 
identified. Accordingly, reliance was placed on a LOAEL reported in laboratory animals 
as the basis for determination of the acute TRV for the cattle receptor. The TPHCWG 
(1997) has identified a LOAEL of 30,000 mg/m3 (9000 ppm) based on maternal toxicity 
in rats and mice. Rats and mice were exposed to 0, 900, 3000, or 9000 ppm (0, 3000, 
10,000, 30,000 mg/m3) commercial hexane for six hours per day, on days 6-15 of 
gestation (Keenan et al. 1991). Subchronic exposure to commercial hexane in mice and 
rats also identified a LOAEL of 9000 ppm based on increased liver weights in female 
rats and male and female mice. Rats and mice were exposed to 0, 900, 3000, and 9000 
ppm for 6 hours per day, five days per week, for 13 weeks (Duffy et al. 1991).  
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An uncertainty factor of 100 was applied to the LOAEL of 30,000 mg/m3 to account for 
interspecies and intra-species variability (10-fold each). Given that the aliphatic C5-C8 
group includes a variety of organic compounds with six to eight carbon atoms joined 
together in a straight or branched chain and is not limited to n-hexane and its isomers, 
the limit of 300 mg/m3 (300,000 µg/m3) was used as an acute inhalation TRV for beef 
cattle and dairy cattle. 

A2.7.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to the aliphatic C5-C8 group on cattle under controlled conditions, 
chronic inhalation TRVs were derived using LOAELs reported in laboratory rodent 
studies, with uncertainty factors applied to account for intra- and interspecies 
differences.  
For the inhalation exposure, the TPHCWG (1997) provides a LOAEL of 9000 ppm 
(30,000 mg/m3) based on reduced body weight gain in the offspring of rats. In a 
reproductive study, rats were exposed to 0, 900, 3000, or 9000 ppm (0, 3000, 10,000, 
30,000 mg/m3) commercial hexane for six hours per day, five days per week for two 
generations (Daughtrey et al. 1994). The LOAEL of 30,000 mg/m3 was adjusted from 
discontinuous exposure to continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days  

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
5360 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity. The resulting chronic inhalation TRV for beef cattle and dairy cattle is 54 
mg/m3 (54,000 µg/m3). 
The aliphatic C5-C8 group was assessed through multiple exposure pathways since its 
physical and chemical parameters exceeded the persistence and bioaccumulation 
parameters established by Environment Canada (2007).  
The MA DEP (2003) provides a LOAEL of 570 mg/kg bw/d based on reduced body 
weight in rats exposed to n-hexane. Use of an RfD based on n-hexane toxicity alone is 
overly conservative and inappropriate when characterizing the toxicity of the aliphatic 
C5-C8 group as a whole. Thus, the oral TRV was derived from the inhalation TRV 
(discussed above). An oral TRV of 11 mg/kg bw/d was developed for the chronic oral 
effects assessment, assuming an adult body weight of 393 kg and an inhalation rate of 
64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). In addition, an inhalation 
bioavailability of 100 percent (assumed), oral bioavailability of 80 percent and a dermal 
bioavailability of 10 percent (RAIS 2007) were used. The resulting chronic oral TRV for 
beef cattle is 11 mg/kg bw/d (11,000 µg/kg bw/d).  
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The inhalation TRV corresponds to an oral TRV of 10 mg/kg bw/d, based on the 
following adjustments and assumptions: inhalation bioavailability of 100 percent 
(assumed), adult body weight of 677 kg and adult inhalation rate of 100 m3/d for dairy 
cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic oral TRV of 10 mg/kg bw/d (10,000 
µg/kg bw/d) was used in the long-term assessment of the aliphatic C5-C8 group for 
dairy cattle. 

A2.8 Aliphatic C9-C16 Group 

A2.8.1 Poultry 
No studies investigating the acute or chronic toxicity of the aliphatic C9-C16 group or a 
surrogate using birds were identified therefore; an acute or chronic TRV for poultry 
could not be derived. 

A2.8.2 Cattle 

A2.8.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of the aliphatic C9-C16 group using cattle 
were identified. Accordingly, reliance was placed on a LOAEL reported in laboratory 
animals as the basis for determination of the acute TRV for the cattle receptor. MA DEP 
(2003) has identified a LOAEL of 900 ppm (5600 mg/m3) based on significant weight 
reductions in rats exposed to dearomatized white spirit (DAWS) vapours. Male and 
female rats were exposed to 0, 300, or 900 ppm DAWS vapours for six hours per day, 
five days per week for 12 weeks (Phillips and Egan 1984). In the derivation of the acute 
inhalation TRV for cattle, an uncertainty factor of 100 was applied to the LOAEL of 5600 
mg/m3 to account for interspecies and intra-species variability (10-fold each). Thus, an 
acute inhalation TRV of 56 mg/m3 (56,000 µg/m3) was derived for beef cattle and dairy 
cattle. 
Use of a subchronic LOAEL in the derivation of an acute exposure limit is considered 
conservative since a higher exposure over a shorter time (i.e., acute exposure) 
presumably could occur without risk of adverse effects. 

A2.8.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to the aliphatic C9-C16 group on cattle under controlled conditions, 
chronic inhalation and oral TRVs for these receptors were derived using NOAELs or 
LOAELs reported in laboratory rodent studies, with uncertainty factors applied to 
account for intra- and interspecies differences.  
The MA DEP (2003) identifies a LOAEL of 900 ppm (5600 mg/m3) based on significant 
weight reductions in rats exposed to DAWS vapours for six hours per day, five days per 
week for 12 weeks (Phillips and Egan 1984). The LOAEL was adjusted from 
discontinuous exposure to continuous exposure based on the following calculation. 
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 LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days  

In the derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
1000 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity and a 10-fold uncertainty factor was applied to account for the use of a 
subchronic study. The resulting chronic inhalation TRV for beef and dairy cattle is 1 
mg/m3 (1000 µg/m3). 
The aliphatic C9-C16 group was assessed through multiple exposure pathways since its 
physical and chemical parameters exceeded the persistence and bioaccumulation 
parameters established by Environment Canada (2007). 
The oral TRV of 1.5 mg/kg bw/d was derived from a LOAEL of 1500 mg/kg provided by 
the TPHCWG (1997). The LOAEL of 1500 mg/kg is based on significantly reduced body 
weights in both male and female Sprague-Dawley rats orally dosed with 0, 750, 1500, or 
3000 mg/kg of JP-8 jet fuel for 90 days (Mattie et al. 1995). In derivation of the TRV, a 
10-fold uncertainty factor was applied to the LOAEL, recognizing the importance of 
protecting individual animals. In addition, a 10-fold uncertainty factor was applied to 
account for potential interspecies differences in sensitivity and 10-fold for use of a 
subchronic study. The resulting chronic oral TRV for beef cattle and dairy cattle is 1.5 
mg/kg bw/d (1500 µg/kg bw/d). 

A2.9 Aliphatic C17-C34 Group 

A2.9.1 Poultry 
No studies investigating the acute or chronic toxicity of the aliphatic C7-C34 group or a 
surrogate using birds were identified therefore, acute or chronic TRVs for poultry could 
not be derived. 

A2.9.2 Cattle 

A2.9.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of the aliphatic C17-C34 group using cattle 
were identified. Additionally, no acute studies on inhalation exposure to the aliphatic 
C17-C34 group were identified. Accordingly, reliance was placed on a LOAEL reported 
in laboratory animals as the basis for determination of the acute TRV for the cattle 
receptor. The defining study was one in which male and female F/344 rats were orally 
exposed to a range of white mineral oils, with a reported LOAEL of 2000 mg/kg bw 
based on the formation of liver granulomas (TPHCWG 1997). In the study, rats were 
exposed to white mineral oils at doses of 20, 200, 2000 or 20,000 ppm (2, 20, 200 or 
2000 mg/kg/d) for 90 days. A 10-fold uncertainty factor was applied to the LOAEL to 
account for possible interspecies differences in sensitivity to the aliphatic C17-C34 
group. In addition, a 10-fold uncertainty factor was applied in recognition of the 
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importance of protecting individual animals within the herd. The result is an acute TRV 
for the aliphatic C17-C34 group of 20 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 121 mg/m3, based on the following 
adjustments and assumptions: inhalation, oral and dermal bioavailability of 100 percent 
(assumed), adult body weight of 393 kg and adult inhalation rate of 64.9 m3/d for beef 
cattle (RTI 2005; U.S. EPA 1993). Thus, an acute inhalation TRV of 121 mg/m3 
(121,000 µg/m3) was used in the short-term assessment of the aliphatic C17-C34 group 
for beef cattle.  
The oral TRV corresponds to an air concentration of 135 mg/m3, based on the following 
adjustments and assumptions: inhalation, oral and dermal bioavailability of 100 percent 
(assumed), adult body weight of 677 kg and adult inhalation rate of 100 m3/d for dairy 
cattle (RTI 2005; U.S. EPA 1993). Thus, an acute inhalation TRV of 135 mg/m3 
(135,000 µg/m3) was used in the short-term assessment of the aliphatic C17-C34 group 
for dairy cattle.  

A2.9.2.2 Chronic Exposure Limit 

No studies investigating the chronic toxicity of the aliphatic C17-C34 group using cattle 
were identified. Additionally, no chronic studies on inhalation exposure to the aliphatic 
C17-C34 group were identified. Accordingly, reliance was placed on a LOAEL reported 
in laboratory animals as the basis for determination of the chronic TRV for the cattle 
receptor.  
The aliphatic C17-C34 group was assessed through multiple exposure pathways since 
its physical and chemical parameters exceeded the persistence and bioaccumulation 
parameters established by Environment Canada (2007). The defining study was one in 
which male and female F/344 rats were orally exposed to a range of white mineral oils, 
with a reported LOAEL of 2000 mg/kg bw based on the formation of liver granulomas 
(TPHCWG 1997). In the study, rats were exposed to white mineral oils at doses of 20, 
200, 2000 or 20,000 ppm (2, 20, 200 or 2000 mg/kg/d) for 90 days. A 3-fold uncertainty 
factor was applied to the LOAEL to account for possible interspecies differences in 
sensitivity to the aliphatic C17-C34 group and 3-fold for use of a subchronic study. In 
addition, a 10-fold uncertainty factor was applied in recognition of the importance of 
protecting individual animals within the herd. The result is a chronic oral TRV for the 
aliphatic C17-C34 group of 20 mg/kg bw/d (20,000 µg/kg bw/d) for beef cattle and dairy 
cattle. 
The TPHCWG (1997) used an uncertainty factor of 3 for interspecies variability due to 
the predisposition and increased sensitivity of F/344 rats to inflammatory effects of 
mineral oils. A lower uncertainty factor was applied to account for the use of a 
subchronic study because the observed effects did not progress to tumours or result in 
any adverse clinical effects (TPHCWG 1997). Further, long-term studies of rats exposed 
to mineral hydrocarbons and chlorinated paraffins observed similar effects, which also 
did not progress to tumours or induce any adverse clinical effects (TPHCWG 1997).  



 Sturgeon Upgrader Project Supplemental Report
 Livestock Toxicity Profiles
 

Fort Hills Energy L.P. 
 August 2007
 Page A-25

 

The oral TRV corresponds to an air concentration of 121 mg/m3, based on the following 
adjustments and assumptions: inhalation, oral and dermal bioavailability of 100 percent 
(assumed), adult body weight of 393 kg and adult inhalation rate of 64.9 m3/d for beef 
cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic inhalation TRV of 121 mg/m3 
(121,000 µg/m3) was used in the long-term assessment of the aliphatic C17-C34 group 
for beef cattle.  
The oral TRV corresponds to an air concentration of 135 mg/m3, based on the following 
adjustments and assumptions: inhalation, oral and dermal bioavailability of 100 percent 
(assumed), adult body weight of 677 kg and adult inhalation rate of 100 m3/d for dairy 
cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic inhalation TRV of 135 mg/m3 
(135,000 µg/m3) was used in the long-term assessment of the aliphatic C17-C34 group 
for dairy cattle.  

A2.10 Aliphatic Alcohol Group 
Surrogate: Methanol 

A2.10.1 Poultry 
No studies investigating the acute or chronic toxicity of the aliphatic alcohol group using 
birds were identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.10.2 Cattle 

A2.10.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of methanol using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which rats were exposed to methanol for a four-hour period, 
with a reported LC50 of 64,000 ppm or 84,000 mg/m3 (HSDB 2007). A 10-fold 
uncertainty factor was applied to the LC50 to account for possible interspecies 
differences in sensitivity to methanol, and a 10-fold uncertainty factor was applied to 
account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty 
factor was applied in recognition of the importance of protecting individual animals 
within the herd. The result is an acute TRV for the aliphatic alcohol group of 84 mg/m3 
(84,000 µg/m3) for beef cattle and dairy cattle. 

A2.10.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of chronic 
exposure to methanol on cattle under controlled conditions, chronic inhalation TRVs for 
these receptors were derived using LOAELs reported in laboratory rodent studies, with 
uncertainty factors applied to account for intra- and interspecies differences.  
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For the inhalation exposure, a LOAEL of 5000 ppm (6600 mg/m3) was identified based 
on developmental effects among mice exposed to methanol vapours for 7 hours/d on 
days 6 through 15 of gestation (Rogers et al. 1993). This study was used by the 
OEHHA (2005b) to derive a chronic REL. The LOAEL was adjusted from discontinuous 
exposure to continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 7 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
1925 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity. Use of an uncertainty factor to account for the short duration of the study 
was not warranted since exposures received in utero (i.e., a critical life-stage) have 
been deemed to be equivalent to chronic exposures for the purposes of ecological risk 
assessments (Sample et al. 1996). The resulting chronic inhalation TRV for beef cattle 
and dairy cattle is 19.3 mg/m3 (19,300 µg/m3). 

A2.11 Aliphatic Aldehyde Group 
Surrogate: Propionaldehyde 

A2.11.1 Poultry 
No studies investigating the acute or chronic toxicity of the aliphatic aldehyde group 
using birds were identified. Therefore, acute or chronic TRVs for poultry could not be 
derived. 

A2.11.2 Cattle 

A2.11.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of propionaldehyde using cattle were 
identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were exposed to propionaldehyde 
for a two-hour period, with a reported LC50 of 21,800 mg/m3 (HSDB 2007). A 10-fold 
uncertainty factor was applied to the LC50 to account for possible interspecies 
differences in sensitivity to propionaldehyde, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
uncertainty factor was applied in recognition of the importance of protecting individual 
animals within the herd. The result is an acute TRV for the aliphatic aldehyde group of 
21.8 mg/m3 (21,800 µg/m3) for beef cattle and dairy cattle. 
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A2.11.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of chronic 
exposure to propionaldehyde on cattle under controlled conditions, chronic inhalation 
TRVs for these receptors were derived using LOAELs reported in laboratory rodent 
studies, with uncertainty factors applied to account for intra- and interspecies 
differences.  
For the inhalation exposure, a NOAEL of 1500 ppm (3600 mg/m3) was identified for 
reproductive and developmental toxicity in rats exposed to propionaldehyde for 6 hours 
per day, 7 days per week (ACGIH 2002). Male rats were exposed for 52 consecutive 
days and female rats were exposed 2 weeks prior to mating, during a 14-day mating 
period, and through day 20 of gestation (ACGIH 2002). The NOAEL was adjusted from 
a discontinuous exposure to continuous exposure using the calculation below. 

NOAELADJ = NOAEL × 6 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the NOAELADJ of 
900 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity and 10-fold for use of a subchronic study. Use of an uncertainty factor to 
account for the short duration of the study was not warranted since exposures received 
in utero (i.e., a critical life-stage) have been deemed to be equivalent to chronic 
exposures for the purposes of ecological risk assessments (Sample et al. 1996). The 
resulting chronic inhalation TRV for beef cattle and dairy cattle is 9 mg/m3 (9000 µg/m3). 

A2.12 Aliphatic Ketone Group 
Surrogate: Methyl ethyl ketone 

A2.12.1 Poultry 
No studies investigating the acute or chronic toxicity of the aliphatic ketone group using 
birds were identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.12.2 Cattle 

A2.12.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of methyl ethyl ketone using cattle were 
identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were exposed to methyl ethyl 
ketone for a four-hour period, with a reported LC50 of 32,000 mg/m3 (NTP 2007). A 10-
fold uncertainty factor was applied to the LC50 to account for possible interspecies 
differences in sensitivity to methyl ethyl ketone, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
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uncertainty factor was applied in recognition of the importance of protecting individual 
animals within the herd. The result is an acute TRV for the aliphatic ketone group of 
32 mg/m3 (32,000 µg/m3) for beef cattle and dairy cattle. 

A2.12.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to methyl ethyl ketone on cattle under controlled conditions, chronic 
inhalation TRVs for these receptors were derived using LOAELs reported in laboratory 
rodent studies, with uncertainty factors applied to account for intra- and interspecies 
differences.  
For the inhalation exposure, a LOAEL of 3005 ppm (8865 mg/m3) was identified based 
on maternal toxicity (decreased weight gain) and fetal toxicity (increased incidence in 
skeletal variations) among Sprague-Dawley dams exposed to methyl ethyl ketone for 7 
hours per day on days 6 through 15 of gestation (Deacon et al. 1981; Dow Chemical 
Corporation 1979). The LOAEL was adjusted from a discontinuous exposure to 
continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 7 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
2600 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity. Use of an uncertainty factor to account for the short duration of the study 
was not warranted since exposures received in utero (i.e., a critical life-stage) have 
been deemed to be equivalent to chronic exposures for the purposes of ecological risk 
assessments (Sample et al. 1996). The resulting chronic inhalation TRV for beef cattle 
and dairy cattle is 26 mg/m3 (26,000 µg/m3). 

A2.13 Ammonia 

A2.13.1 Poultry 

A2.13.1.1 Acute Exposure Limit 

A LOAEL of 73.5 mg/m3 was reported for laying hens exposed to ammonia for 10 
weeks based on significantly reduced egg production as well as reduced food intake 
and lower weight gain (Charles and Payne 1966). No uncertainty factors were applied to 
the LOAEL. Thus, an acute inhalation TRV of 73.5 mg/m3 was used for the poultry 
assessment. 
Use of a subchronic LOAEL in the derivation of an acute exposure limit is considered 
conservative since a higher exposure over a shorter time (i.e., acute exposure) 
presumably could occur without risk of adverse effects 
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A2.13.1.2 Chronic Exposure Limit 

A LOAEL of 73.5 mg/m3 was reported for laying hens exposed to ammonia for 10 
weeks based on significantly reduced egg production as well as reduced food intake 
and lower weight gain (Charles and Payne 1966). In the derivation of the chronic 
inhalation TRV for poultry, an uncertainty factor of 10 was applied to the LOAEL to 
account for use of a subchronic study. Thus, a chronic inhalation TRV of 7.4 mg/m3 was 
derived for poultry. 

A2.13.2 Cattle 

A2.13.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of ammonia using cattle were identified. 
Accordingly, reliance was placed on the lowest LCLo values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which rats were exposed to ammonia for a one-hour period, 
with a reported LCLo of 1400 mg/m3 (HSDB 2007). A 10-fold uncertainty factor was 
applied to the LCLo to account for possible interspecies differences in sensitivity to 
ammonia, and a 10-fold uncertainty factor was applied to account for the severity of the 
endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. The result 
is an acute TRV for ammonia of 1.4 mg/m3 (1400 µg/m3) for beef cattle and dairy cattle. 

A2.13.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to ammonia on cattle under controlled conditions, chronic inhalation 
TRVs for these receptors were derived using LOAELs reported in laboratory rodent 
studies, with uncertainty factors applied to account for intra- and interspecies 
differences.  
For the inhalation exposure, the ATSDR (2004) and OEHHA (2005a) provide a LOAEL 
of 641.6 ppm (450 mg/m3), based on mortality in rats continuously exposed to ammonia 
for 90 days (Coon et al. 1970). In derivation of the TRV, a 10-fold uncertainty factor was 
applied to the LOAEL of 450 mg/m3, recognizing the importance of protecting individual 
animals. In addition, a 10-fold uncertainty factor was applied to account for potential 
interspecies differences in sensitivity and 10-fold for use of a subchronic study. The 
resulting chronic inhalation TRV for beef cattle and dairy cattle is 0.45 mg/m3 
(450 µg/m3). 

A2.14 Aromatic C9-C16 Group 

A2.14.1 Poultry 
Surrogate: Naphthalene (poultry only).  
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A2.14.1.1 Acute Exposure Limit 

No acute studies on inhalation exposure to naphthalene were identified. Accordingly, 
reliance was placed on a LD50 reported for birds as the basis for determination of the 
acute TRV for the poultry receptors. The defining study was one in which Northern 
bobwhite quails were orally exposed to naphthalene, with a reported LD50 of 2690 
mg/kg bw (U.S. EPA ECOTOX 2007). A 10-fold uncertainty factor was applied to the 
LD50 to account for the severity of the endpoint (i.e., lethality). The result is an acute 
TRV for naphthalene of 269 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 660 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 2.7 kg and adult 
inhalation rate of 0.88 m3/d for poultry (BC MOE 2001; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 660 mg/m3 was used in the short-term assessment of the aromatic 
C9-C16 group.  

A2.14.1.2 Chronic Exposure Limit 

No studies investigating the chronic toxicity of the aromatic C9-C16 group or a 
surrogate using birds were identified. Therefore, a chronic TRV for poultry could not be 
derived. 

A2.14.2 Cattle 

A2.14.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of the aromatic C9-C16 group using cattle 
were identified. Accordingly, reliance was placed on a LOAEL reported in laboratory 
animals as the basis for determination of the acute TRV for the cattle receptor. A 
LOAEL of 500 ppm (2540 mg/m3) was identified for reduced maternal body weights in 
mice (TPHCWG 1997; MA DEP 2003). Pregnant mice were exposed to 0, 100, 500, or 
1500 ppm high flash aromatic naphtha (HFAN) for six hours per day on gestational days 
6 to 15 (McKee et al. 1990).  
In the derivation of the acute inhalation TRV for the cattle receptor, an uncertainty factor 
of 100 was applied to the LOAEL of 2540 mg/m3 to account for interspecies and intra-
species variation (10-fold each). The resultant inhalation TRV of 25 mg/m3 (25,000 
µg/m3) was used in the acute effects assessment of the aromatic C9-C16 group for beef 
cattle and dairy cattle.  
Use of a subchronic study in the derivation of an acute exposure limit is considered 
conservative since a higher exposure over a shorter time-period (i.e., acute exposure) 
presumably could occur without risk of adverse effects. 
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A2.14.2.2 Chronic Exposure Limit 

Because no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to the aromatic C9-C16 group on cattle under controlled conditions, 
chronic inhalation TRVs for these receptors were derived using LOAELs reported in 
laboratory rodent studies, with uncertainty factors applied to account for intra- and 
interspecies differences.  
For the inhalation exposure, the TPHCWG (1997) provides a LOAEL of 500 ppm (2540 
mg/m3) based on developmental and maternal effects among mice exposed to C9 
aromatic vapours for 6 hours/d on days 6 through 15 of gestation (McKee et al. 1990). 
The LOAEL was adjusted from a discontinuous exposure to continuous exposure using 
the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the NOAELADJ of 
640 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity. Use of a uncertainty factor to account for the short duration of the study was 
not warranted since exposures received in utero (i.e., a critical life-stage) have been 
deemed to be equivalent to chronic exposures for the purposes of ecological risk 
assessments (Sample et al. 1996). The resulting chronic inhalation TRV for beef cattle 
and dairy cattle is 6.4 mg/m3 (6400 µg/m3). 
The aromatic C9-C16 group was assessed through multiple exposure pathways since 
its physical and chemical parameters exceeded the persistence and bioaccumulation 
parameters established by Environment Canada (2007).  
The oral TRV was developed from a LOAEL of 600 mg/kg based on decreased body 
weights in male rats exposed to 0, 300, 600, or 1000 mg/kg of a 
naphthalene/methylnaphthalene mixture for 13 weeks (TPHCWG 1997). In the 
derivation of the oral TRV for the cattle receptor, an uncertainty factor of 1000 was 
applied to the LOAEL of 600 mg/kg to account for interspecies variation (10-fold), intra-
species variation (10-fold), and use of a subchronic study (10-fold). The resultant oral 
TRV of 0.6 mg/kg (600 µg/kg) was used in the oral assessment of the aromatic C9-C16 
group for beef and dairy.  
For the multiple exposure pathway assessment, an inhalation bioavailability of 100 
percent (assumed), oral bioavailability of 80 percent and a dermal bioavailability of 13 
percent (RAIS 2007) were used.  
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A2.15 Aromatic C17-C34 Group 

A2.15.1 Poultry 
No studies investigating the acute or chronic toxicity of the aromatic C17-C34 group or a 
surrogate using birds were identified. Therefore, acute or chronic TRVs for poultry could 
not be derived. 

A2.15.2 Cattle 

A2.15.2.1 Acute Exposure Limit 

The CCME and TPHCWG identified pyrene as a surrogate for the fraction because it 
has a lower carbon number than any of the compounds (CCME 2000; TPHCWG 1997). 
Both regulatory agencies adopted the U.S. EPA RfD for pyrene as the RfD for the 
aromatic C17-C34 group. The U.S. EPA identified a LOAEL of 125 mg/kg/d for kidney 
effects (nephropathy, decreased kidney weights) in a mouse subchronic oral bioassay. 
Male and female CD-1 mice (20/sex/group) were gavaged with 0, 75, 125, or 250 
mg/kg/d pyrene in corn oil for 13 weeks.  
In the derivation of the acute inhalation limit, an uncertainty factor of 100 was applied to 
the LOAEL to account for interspecies variability (10-fold) and intra-species variability 
(10-fold). The result is an acute oral TRV of 1.3 mg/kg/d for beef cattle and dairy cattle. 
Use of a subchronic study in the derivation of an acute exposure limit is considered 
conservative since a higher exposure over a shorter time-period (i.e., acute exposure) 
presumably could occur without risk of adverse effects. 
The oral TRV corresponds to an air concentration of 7.9 mg/m3, based on the following 
adjustments and assumptions: inhalation, oral and dermal bioavailability of 100 percent 
(assumed), adult body weight of 393 kg and adult inhalation rate of 64.9 m3/d for beef 
cattle (RTI 2005; U.S. EPA 1993). Thus, an acute inhalation TRV of 7.9 mg/m3 (7900 
µg/m3) was used in the short-term assessment of the aromatic C17-C34 group for beef 
cattle.  
The oral TRV corresponds to an air concentration of 8.8 mg/m3, based on the following 
adjustments and assumptions: inhalation, oral and dermal bioavailability of 100 percent 
(assumed), adult body weight of 677 kg and adult inhalation rate of 100 m3/d for dairy 
cattle (RTI 2005; U.S. EPA 1993). Thus, an acute inhalation TRV of 8.8 mg/m3 (8800 
µg/m3) was used in the short-term assessment of the aromatic C17-C34 group for dairy 
cattle.  

A2.15.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to the aromatic C17-C34 group using cattle, TRVs for these 
receptors were derived using LOAELs reported in laboratory rodent studies, with 
uncertainty factors to account for intra- and interspecies differences. Additionally, no 
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toxicological studies on subchronic or chronic inhalation exposure to the aromatic C17-
C34 group were identified. However, the TPHCWG (1997) provides a oral RfD of 0.03 
mg/kg/d from U.S. EPA IRIS (U.S. EPA 2007). This RfD is based on a subchronic oral 
gavage study in mice. Groups of 20 mice ingested doses of 0, 75, 125 or 250 mg/kg 
bw/d of pyrene for 13 weeks. The study LOAEL of 125 mg/kg bw/d was established for 
decreased kidney weights and nephropathy. A 10-fold uncertainty factor was applied to 
the LOAEL of 125 mg/kg bw/d, recognizing the importance of protecting individual 
animals and 10-fold for use of a subchronic study. In addition, a 10-fold uncertainty 
factor was applied to account for interspecies differences, resulting in an oral TRV of 
0.13 mg/kg bw/d (130 µg/kg bw/d) for cattle. 
The oral TRV corresponds to an air concentration of 0.79 mg/m3, based on the following 
adjustments and assumptions: inhalation and oral bioavailability of 100 percent 
(assumed), adult body weight of 393 kg and adult inhalation rate of 64.9 m3/d for beef 
cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic inhalation TRV of 0.79 mg/m3 (790 
µg/m3) was used in the long-term assessment of the aromatic C17-C34 group for beef 
cattle.  
The oral TRV corresponds to an air concentration of 0.88 mg/m3, based on the following 
adjustments and assumptions: inhalation and oral bioavailability of 100 percent 
(assumed), adult body weight of 677 kg and adult inhalation rate of 100 m3/d for dairy 
cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic inhalation TRV of 0.88 mg/m3 (880 
µg/m3) was used in the long-term assessment of the aromatic C17-C34 group for dairy 
cattle.  
The aromatic C17-C34 group was assessed through multiple exposure pathways since 
its physical and chemical parameters exceeded the persistence and bioaccumulation 
parameters established by Environment Canada (2007). The above oral TRV of 0.13 
mg/kg bw/d (130 µg/kg bw/d) was employed for the long-term assessment of beef cattle 
and dairy cattle. 

A2.16 Benzaldehyde  

A2.16.1 Poultry 
No studies investigating the acute or chronic toxicity of the benzaldehyde using birds 
were identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.16.2 Cattle 

A2.16.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of benzaldehyde using cattle were identified. 
Additionally, no acute studies on inhalation exposure to benzaldehyde were identified. 
Accordingly, reliance was placed on the lowest LD50 values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which guinea pigs were orally exposed to benzaldehyde, with 
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a reported LD50 of 1000 mg/kg bw (HSDB 2007). A 10-fold uncertainty factor was 
applied to the LD50 to account for possible interspecies differences in sensitivity to 
benzaldehyde, and a 10-fold uncertainty factor was applied to account for the severity of 
the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. The result 
is an acute TRV for benzaldehyde of 1 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 4.8 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 4.8 mg/m3 (4800 µg/m3) was used in the short-term assessment of 
benzaldehyde for beef cattle.  
The oral TRV corresponds to an air concentration of 5.4 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 5.4 mg/m3 (5400 µg/m3) was used in the short-term assessment of 
benzaldehyde for dairy cattle.  

A2.16.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to benzaldehyde using cattle, TRVs for these receptors were derived 
using LOAELs reported in laboratory rodent studies, with uncertainty factors to account 
for intra- and interspecies differences.  
The U.S. EPA (2007) provides a LOAEL of 400 mg/kg/d for forestomach hyperplasisa 
and hyperkeratosis in rats. Rats were orally exposed to 0, 50, 100, 200, 400 or 800 
mg/kg/d benzaldehyde for 5 days/week for 13 weeks. The LOAEL of 400 mg/kg/d was 
adjusted from a discontinuous exposure to continuous exposure using the calculation 
below. 

LOAELADJ = LOAEL × 5 days/7 days

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
286 mg/kg/d, recognizing the importance of protecting individual animals and 10-fold for 
use of a subchronic study. In addition, a 10-fold uncertainty factor was applied to 
account for interspecies differences, resulting in an oral TRV of 0.29 mg/kg bw/d for 
cattle. 
The oral TRV corresponds to an air concentration of 1.4 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
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inhalation TRV of 1.4 mg/m3 (1400 µg/m3) was used in the chronic assessment of 
benzaldehyde for beef cattle.  
The oral TRV corresponds to an air concentration of 1.6 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
inhalation TRV of 1.6 mg/m3 (1600 µg/m3) was used in the chronic assessment of 
benzaldehyde for dairy cattle.  

A2.17 Benzene 

A2.17.1 Poultry 
No studies investigating the acute or chronic toxicity of benzene using birds were 
identified therefore, acute or chronic TRVs for poultry could not be derived. 

A2.17.2 Cattle 

A2.17.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of benzene using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRVs for the cattle receptors. The 
defining study was one in which rats were exposed to benzene for a seven-hour period, 
with a reported LC50 of 32,081 mg/m3 (HSDB 2007). A 10-fold uncertainty factor was 
applied to the LC50 to account for possible interspecies differences in sensitivity to 
benzene, and a 10-fold uncertainty factor was applied to account for the severity of the 
endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. Thus, an 
acute inhalation TRV of 32 mg/m3 (32,000 µg/m3) was derived for beef cattle and dairy 
cattle. 

A2.17.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to benzene using cattle, TRVs for these receptors were derived 
using LOAELs reported in laboratory rodent studies, with uncertainty factors to account 
for intra- and interspecies differences.  
The U.S. EPA (2007) and CEPA (1993a) identify a LOAEL of 47 ppm (150 mg/m3) for 
rats based on embryotoxicity and fetotoxicity. Pregnant rats were exposed to 0, 47, 141, 
470, or 939 ppm benzene for 24 hours per day from gestational days 7 to 14 (Tatrai et 
al. 1980).  
In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAEL, 
recognizing the importance of protecting individual animals. In addition, a 10-fold 
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uncertainty factor was applied to account for interspecies differences, resulting in an 
inhalation TRV of 1.5 mg/m3 (1500 µg/m3) for beef cattle and dairy cattle. Use of a 
uncertainty factor to account for the short duration of the study was not warranted since 
exposures received in utero (i.e., a critical life-stage) have been deemed to be 
equivalent to chronic exposures for the purposes of ecological risk assessments 
(Sample et al. 1996).  

A2.18 Benzo(a)pyrene Group 

A2.18.1 Poultry 
No studies investigating the acute or chronic toxicity of the benzo(a)pyrene group using 
birds were identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.18.2 Cattle 

A2.18.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of benzo(a)pyrene using cattle were 
identified. Additionally, no acute studies on inhalation exposure to benzo(a)pyrene were 
identified. Accordingly, reliance was placed on the lowest LD50 values reported for 
laboratory animals as the basis for determination of the TRV for the cattle receptors. 
The defining study was one in which mice were exposed to benzo(a)pyrene via oral 
intubation, with a reported LD50 of 250 mg/kg (IARC 1983). A 10-fold uncertainty factor 
was applied to the LD50 to account for possible interspecies differences in sensitivity to 
benzo(a)pyrene, and a 10-fold uncertainty factor was applied to account for the severity 
of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. The result 
is an acute TRV for benzo(a)pyrene of 0.25 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 0.47 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 0.47 mg/m3 (470 µg/m3) was used in the short-term assessment of 
benzo(a)pyrene for beef cattle.  
The oral TRV corresponds to an air concentration of 0.52 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 0.52 mg/m3 (520 µg/m3) was used in the short-term assessment of 
benzo(a)pyrene for dairy cattle.  
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A2.18.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to benzo(a)pyrene on cattle, TRVs for these receptors were derived 
using LOAELs reported in laboratory rodent studies, with uncertainty factors applied to 
account for intra- and interspecies differences.  
Benzo(a)pyrene was assessed through multiple exposure pathways since its physical 
and chemical parameters exceeded the persistence and bioaccumulation parameters 
established by Environment Canada (2007). The U.S. EPA Region 6 (1999) developed 
mammalian exposure limits for several PAHs, including one to be used to assess the 
risk of total high molecular weight PAHs (0.1 mg/kg bw/d). This oral exposure limit was 
based on a study by Mackenzie and Angevine (1981) in which mice were exposed to 
10, 40 or 160 mg/kg bw/d of benzo(a)pyrene during Day 7 to Day 16 of gestation via 
oral intubation. Reproductive effects including significantly reduced pup weights and 
impairment of fertility were observed in mice exposed to 10 mg/kg bw/d. The U.S. EPA 
Region 6 applied an uncertainty factor of 100-fold to the study LOAEL, resulting in an 
exposure limit of 0.1 mg/kg bw/d. The U.S. EPA Region 6 assumed that the lowest 
available toxicity value across orders, in the class Mammalia, would provide a 
conservative estimate of toxicity. Based on the above, an oral TRV of 0.1 mg/kg bw/d 
was selected for the assessment of risks to beef cattle and dairy cattle. 
The oral TRV corresponds to an air concentration of 0.19 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 393 kg and adult 
inhalation rate of 64.9 m3/d for beef cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
inhalation TRV of 0.19 mg/m3 (190 µg/m3) was used in the long-term assessment of the 
benzo(a)pyrene group for beef cattle.  
The oral TRV corresponds to an air concentration of 0.21 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 31 percent (RAIS 2007), adult body weight of 677 kg and adult 
inhalation rate of 100 m3/d for dairy cattle (RTI 2005; U.S. EPA 1993). Thus, a chronic 
inhalation TRV of 0.21 mg/m3 (210 µg/m3) was used in the long-term assessment of the 
benzo(a)pyrene group for dairy cattle.  

A2.19 Carbon Disulphide Group 
Surrogate: Carbon disulphide 

A2.19.1 Poultry 
No studies investigating the acute or chronic toxicity of the carbon disulphide group 
using birds were identified. Therefore, acute or chronic TRVs for poultry could not be 
derived. 
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A2.19.2 Cattle 

A2.19.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of carbon disulphide using cattle were 
identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were exposed to carbon disulphide 
for a one-hour period, with a reported LC50 of 690 mg/m3 (IPCS 2002a). A 10-fold 
uncertainty factor was applied to the LC50 to account for possible interspecies 
differences in sensitivity to carbon disulphide, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
uncertainty factor was applied in recognition of the importance of protecting individual 
animals within the herd. The result is an acute TRV for carbon disulphide of 0.69 mg/m3 
(690 µg/m3) for beef cattle and dairy cattle. 

A2.19.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to carbon disulphide on cattle, TRVs for these receptors were 
derived using NOAELs reported in laboratory rodent studies, with uncertainty factors 
applied to account for intra- and interspecies differences.  
In a developmental study, rats and rabbits were exposed to 0, 20, or 40 ppm carbon 
disulphide for 7 hours per day, 5 days per week during pregestational and gestational 
periods (Beliles et al. 1980, Hardin et al. 1981). Rats were exposed three weeks prior to 
mating and on gestational days 0 to 18 or gestational days 6 to 18. Rabbits were 
exposed three weeks prior to mating and on days 0 to 21 or days 7 to 21 of gestation. 
Treatment groups exposed during the gestational period that were not exposed 
pregestationally were also evaluated. A NOAEL of 40 ppm (125 mg/m3) was identified 
based on developmental effects (ATSDR 1996, CEPA 2000b, U.S. EPA 2007). The 
NOAEL of 125 mg/m3 was adjusted from a discontinuous exposure to continuous 
exposure using the calculation below. 

NOAELADJ = NOAEL × 7 hours/24 hours × 5 days/7 days 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the NOAELADJ of 
26 mg/m3, recognizing the importance of protecting individual animals and 10-fold for 
interspecies differences, resulting in an inhalation TRV of 0.26 mg/m3 (260 µg/m3) for 
beef cattle and dairy cattle. Use of an uncertainty factor to account for the short duration 
of the study was not warranted since exposures received in utero (i.e., a critical life-
stage) have been deemed to be equivalent to chronic exposures for the purposes of 
ecological risk assessments (Sample et al. 1996). 
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A2.20 Carbon Monoxide  

A2.20.1 Poultry 

A2.20.1.1 Acute Exposure Limit 

Reliance was placed on the lowest LC50 values reported for birds as the basis for 
determination of the acute TRV for the poultry receptors. The defining study was one in 
which wild birds were exposed to carbon monoxide, with a reported LC50 of 1334 ppm 
(1500 mg/m3) (NTP 2007). A 10-fold uncertainty factor was applied to the LC50 to 
account the severity of the endpoint (i.e., lethality). The result is an acute TRV for 
carbon monoxide of 150 mg/m3. 

A2.20.1.2 Chronic Exposure Limit 

A chronic inhalation TRV was not developed for carbon monoxide since the critical 
effect of CO exposure is the formation of carboxyhemoglobin (COHb) in blood. Given 
that COHb concentrations reach a steady-state after six to eight hours of exposure, CO 
exposure for longer periods of time (i.e., chronic exposure) is not expected to cause 
accumulation of COHb in the blood (WHO 2000).  
CO was assessed only for the inhalation route of exposure as the principal health 
effects are strictly related to inhalation. 

A2.20.2 Cattle 

A2.20.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of CO using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which rats were exposed to CO for four hours, with a reported 
LC50 of 2078 mg/m3 (Ramamoorthy et al. 1995). A 10-fold uncertainty factor was then 
applied to account for possible interspecies differences in sensitivity to CO, and a 10-
fold uncertainty factor was applied to account for the severity of the endpoint (i.e., 
lethality). In addition, a 10-fold uncertainty factor was applied in recognition of the 
importance of protecting individual animals within the herd. On the basis of the above, 
an acute TRV of 2.1 mg/m3 (2100 µg/m3) was derived for beef cattle and dairy cattle.  

A2.20.2.2 Chronic Exposure Limit 

A chronic inhalation TRV was not developed for carbon monoxide since the critical 
effect of CO exposure is the formation of carboxyhemoglobin (COHb) in blood. Given 
that COHb concentrations reach a steady-state after six to eight hours of exposure, CO 
exposure for longer periods of time (i.e., chronic exposure) is not expected to cause 
accumulation of COHb in the blood (WHO 2000).  
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CO was assessed only for the inhalation route of exposure as the principal health 
effects are strictly related to inhalation. 

A2.21 Cyclohexane 

A2.21.1 Poultry 
No studies investigating the acute or chronic toxicity of cyclohexane using birds were 
identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.21.2 Cattle 

A2.21.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of cyclohexane using cattle were identified. 
Accordingly, reliance was placed on the lowest LCLo values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which mice were exposed to cyclohexane for two hours, with 
a reported LCLo of 70,000 mg/m3 (NTP 2007). A 10-fold uncertainty factor was then 
applied to account for possible interspecies differences in sensitivity to cyclohexane, 
and a 10-fold uncertainty factor was applied to account for the severity of the endpoint 
(i.e., lethality). In addition, a 10-fold uncertainty factor was applied in recognition of the 
importance of protecting individual animals within the herd. On the basis of the above, 
an acute TRV of 70 mg/m3 (70,000 µg/m3) was derived for beef cattle and dairy cattle.  

A2.21.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to cyclohexane using cattle, TRVs for these receptors were derived 
using LOAELs reported in laboratory rodent studies, with uncertainty factors to account 
for intra- and interspecies differences.  
The U.S. EPA (2007) provides a LOAEL of 24,100 mg/m3 for a subchronic 
reproductive/developmental study. The study LOAEL of 7000 ppm (24,100 mg/m3) was 
established for reduced pup weights in the F1 and F2 generations. The two-generation 
study exposed male and female rats by whole body inhalation to cyclohexane vapours 
at 0, 500, 2000 or 7000 ppm for 6 hours a day, five days a week for 10 weeks prior to 
mating. Females were also exposed daily after breeding and throughout pregnancy and 
lactation, with the exception of gestation days 21 until day 4 of lactation. The LOAEL of 
24,100 mg/m3 was adjusted from a discontinuous exposure to continuous exposure 
using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
6000 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
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10-fold uncertainty factor was applied to account for interspecies differences. Use of an 
uncertainty factor to account for the short duration of the study was not warranted since 
exposures received in utero (i.e., a critical life-stage) have been deemed to be 
equivalent to chronic exposures for the purposes of ecological risk assessments 
(Sample et al. 1996). A chronic inhalation TRV of 60 mg/m3 (60,000 µg/m3) was derived 
for beef cattle and dairy cattle. 

A2.22 Dichlorobenzenes 
Surrogate: 1,4-dichlorobenzene 

A2.22.1 Poultry 
No studies investigating the acute or chronic toxicity of dichlorobenzenes using birds 
were identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.22.2 Cattle 

A2.22.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of 1,4-dichlorobenzene using cattle were 
identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mammals (species unspecified) were 
exposed to 1,4-dichlorobenzene with a reported LC50 of 12,000 mg/m3 (NTP 2007). A 
10-fold uncertainty factor was then applied to account for possible interspecies 
differences in sensitivity to 1,4-dichlorobenzene, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
uncertainty factor was applied in recognition of the importance of protecting individual 
animals within the herd. On the basis of the above, an acute TRV of 12 mg/m3 
(12,000 µg/m3) was derived for beef cattle and dairy cattle.  

A2.22.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to 1,4-dichlorobenzene on cattle under controlled conditions, a chronic 
TRV for these receptors was derived using a LOAEL reported in laboratory rodent 
studies, with uncertainty factors to account for intra- and interspecies differences.  
An RfC was developed by the U.S. EPA (2007) from a two-generation rat reproductive 
inhalation study (Chlorobenzene Producers Association 1986). Sprague-Dawley (P1) 
rats were exposed six hours per day, seven days per week for 10 or 11 weeks to 
concentrations of 0, 50, 150, or 450 ppm. The study identified a LOAEL of 150 ppm 
(900 mg/m3) based on reduced body weight gain in P1 males. The LOAEL was adjusted 
from a discontinuous exposure to continuous exposure using the calculation below. 
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LOAELADJ = LOAEL × 6 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
226 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences and 10-fold 
for use of a subchronic study. The resulting chronic inhalation TRV of 0.23 mg/m3 
(230 µg/m3) was used in the chronic inhalation assessment for beef cattle and dairy 
cattle.  

A2.23 Ethylbenzene  

A2.23.1 Poultry 
No studies investigating the acute or chronic toxicity of ethylbenzene using birds were 
identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.23.2 Cattle 

A2.23.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of ethylbenzene using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which rats were exposed to ethylbenzene for a four-hour 
period, with a reported LC50 of 17,200 mg/m3 (IPCS 1996b). A 10-fold uncertainty factor 
was then applied to account for possible interspecies differences in sensitivity to the 
substituted benzene group, and a 10-fold uncertainty factor was applied to account for 
the severity of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was 
applied in recognition of the importance of protecting individual animals within the herd. 
On the basis of the above, an acute TRV of 17.2 mg/m3 (17,200 µg/m3) was derived for 
beef cattle and dairy cattle.  

A2.23.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to ethylbenzene on cattle under controlled conditions, a chronic TRV 
for these receptors was derived using a LOAEL reported in laboratory rodent studies, 
with uncertainty factors to account for intra- and interspecies differences.  
An RfC was developed by the U.S. EPA (2007) from rat and rabbit developmental 
inhalation studies (Andrew et al. 1981, Hardin et al. 1981). Wistar rats and New Zealand 
white rabbits were exposed six to seven hours per day, seven days per week during 
days 1-19 and 1-24 of gestation, respectively, to concentrations of 0, 100, or 1000 ppm 
(0, 434 or 4340 mg/m3). The study identified a LOAEL of 4340 mg/m3 based on a 
reduced number of live rabbit kits per litter. The LOAEL was adjusted from a 
discontinuous exposure to continuous exposure using the calculation below. 
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LOAELADJ = LOAEL × 6 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
1085 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences, resulting 
in an inhalation TRV of 10.9 mg/m3 (10,900 µg/m3) for beef cattle and dairy cattle.  

A2.24 Formaldehyde 

A2.24.1 Poultry 

A2.24.1.1 Acute Exposure Limit 

No acute studies investigating the acute inhalation exposure to formaldehyde were 
identified. Accordingly, reliance was placed on a LD50 reported for birds as the basis for 
determination of the acute TRV for the poultry receptors. The defining study was one in 
which Northern bobwhite quails were orally exposed to formaldehyde, with a reported 
LD50 of 790 mg/kg bw (HSDB 2007). A 10-fold uncertainty factor was applied to the 
LD50 to account for the severity of the endpoint (i.e., lethality). The result is an acute 
TRV for formaldehyde of 79 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 190 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 2.7 kg and adult 
inhalation rate of 0.88 m3/d for poultry (BC MOE 2001; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 190 mg/m3 was used in the short-term assessment of formaldehyde.  

A2.24.1.2 Chronic Exposure Limit 

No studies investigating the chronic toxicity of formaldehyde using birds were identified 
therefore; a chronic TRV for poultry could not be derived. 

A2.24.2 Cattle 

A2.24.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of formaldehyde using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which mice were exposed to formaldehyde for a four-hour 
period, with a reported LC50 of 414 mg/m3 (HSDB 2007). A 10-fold uncertainty factor 
was applied to the LC50 to account for possible interspecies differences in sensitivity to 
formaldehyde, and a 10-fold uncertainty factor was applied to account for the severity of 
the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. The result 
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is an acute TRV for formaldehyde of 0.41 mg/m3 (410 µg/m3) for beef cattle and dairy 
cattle. 

A2.24.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of chronic 
exposure to formaldehyde on cattle under controlled conditions, chronic inhalation TRVs 
for these receptors were derived using LOAELs reported in laboratory rodent studies, 
with uncertainty factors applied to account for intra- and interspecies differences.  
For the inhalation exposure, a LOAEL of 6.9 mg/m3 was identified based on decreased 
body weights and increased mortality in male and female rats exposed to formaldehyde 
for 6 hours per day, 5 days per week for 24 months (Kerns et al. 1983). The LOAEL was 
adjusted from a discontinuous exposure to continuous exposure using the calculation 
below. 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days  

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
1.2 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity. The resulting chronic inhalation TRV for beef cattle and dairy cattle was 
0.012 mg/m3 (12 µg/m3). 

A2.25 Hydrogen Sulphide 

A2.25.1 Poultry 
No studies investigating the acute or chronic toxicity of hydrogen sulphide using birds 
were identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.25.2 Cattle 

A2.25.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of hydrogen sulphide using cattle were 
identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were exposed to hydrogen 
sulphide for a two-hour period, with a reported LC50 of 820 mg/m3 (Prior et al. 1998). A 
10-fold uncertainty factor was applied to the LC50 to account for possible interspecies 
differences in sensitivity to hydrogen sulphide, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
uncertainty factor was applied in recognition of the importance of protecting individual 
animals within the herd. The result is an acute TRV for hydrogen sulphide of 0.82 
mg/m3 (820 µg/m3) for beef cattle and dairy cattle. 
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A2.25.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to hydrogen sulphide on cattle, TRVs for these receptors were 
derived using LOAELs reported in laboratory rodent studies, with uncertainty factors 
applied to account for intra- and interspecies differences.  
Rats and mice were exposed to 0, 10.1, 30.5, or 80 ppm hydrogen sulphide for 6 hours 
per day, 5 days per week for 90 days (CIIT 1983 a,b,c). A LOAEL of 80 ppm 
(110 mg/m3) based on reduced body weight gain was identified in mice and rats (U.S. 
EPA 2007, ATSDR 2006). The LOAEL was adjusted from a discontinuous exposure to 
continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
20 mg/m3, recognizing the importance of protecting individual animals and 10-fold for 
use of a subchronic study. In addition, a 10-fold uncertainty factor was applied to 
account for interspecies differences, resulting in an inhalation TRV of 0.020 mg/m3 
(20 µg/m3) for beef cattle and dairy cattle. 

A2.26 Isopropylbenzene 

A2.26.1 Poultry 

A2.26.1.1 Acute Exposure Limit 

No acute studies investigating the acute inhalation exposure to isopropylbenzene were 
identified. Accordingly, reliance was placed on a LD50 reported for birds as the basis for 
determination of the acute TRV for the poultry receptors. The defining study was one in 
which Red-winged blackbirds were orally exposed to isopropylbenzene, with a reported 
LD50 of 98 mg/kg bw (HSDB 2007). A 10-fold uncertainty factor was applied to the LD50 
to account for the severity of the endpoint (i.e., lethality). The result is an acute TRV for 
isopropylbenzene of 9.8 mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 24 mg/m3, based on the following 
adjustments and assumptions: inhalation bioavailability of 100 percent (assumed), oral 
bioavailability of 80 percent (RAIS 2007), adult body weight of 2.7 kg and adult 
inhalation rate of 0.88 m3/d for poultry (BC MOE 2001; U.S. EPA 1993). Thus, an acute 
inhalation TRV of 24 mg/m3 (2400 µg/m3) was used in the short-term assessment of 
isopropylbenzene.  

A2.26.1.2 Chronic Exposure Limit 

No studies investigating the chronic toxicity of isopropylbenzene using birds was 
identified. Therefore, a chronic TRV for poultry could not be derived. 
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A2.26.2 Cattle 

A2.26.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of isopropylbenzene using cattle were 
identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were exposed to isopropylbenzene 
for a seven-hour period, with a reported LC50 of 9800 mg/m3 (2000 ppm) (HSDB 2007). 
A 10-fold uncertainty factor was applied to the LC50 to account for possible interspecies 
differences in sensitivity to isopropylbenzene, and a 10-fold uncertainty factor was 
applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold 
uncertainty factor was applied in recognition of the importance of protecting individual 
animals within the herd. The result is an acute TRV for isopropylbenzene of 9.8 mg/m3 
(9800 µg/m3) for beef cattle and dairy cattle. 

A2.26.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to isopropylbenzene on cattle, TRVs for these receptors were 
derived using LOAELs reported in laboratory rodent studies, with uncertainty factors 
applied to account for intra- and interspecies differences.  
The U.S. EPA (2007) used a rat subchronic inhalation study to derive its RfC. The study 
LOAEL of 1202 ppm (5900 mg/m3) was established for reproductive effects in rats and 
for increased kidney weights in female rats and adrenal weights in male and female 
rats. Fischer 344 male and female rats were exposed to cumene vapour at 
concentrations of 0, 100, 496, or 1202 ppm for six hours per day, five days per week for 
13 weeks. The LOAEL was adjusted from a discontinuous exposure to continuous 
exposure using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours× 5 days/7days  

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
1055 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences and 10-fold 
for use of a subchronic study. The result is a chronic inhalation TRV of 1.1 mg/m3 (1100 
µg/m3) for beef cattle and dairy cattle. 

A2.27 Methylene Chloride 

A2.27.1 Poultry 
No studies investigating the acute or chronic toxicity of methylene chloride using birds 
were identified. Therefore, acute or chronic TRVs for poultry could not be derived. 
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A2.27.2 Cattle 

A2.27.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of methylene chloride using cattle were 
identified. Accordingly, reliance was placed on the lowest LCLo values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which guinea pigs were exposed to methylene 
chloride for a two-hour period, with a reported LCLo of 17,000 mg/m3 (5000 ppm) (NTP 
2007). A 10-fold uncertainty factor was applied to the LCLo to account for possible 
interspecies differences in sensitivity to methylene chloride, and a 10-fold uncertainty 
factor was applied to account for the severity of the endpoint (i.e., lethality). In addition, 
a 10-fold uncertainty factor was applied in recognition of the importance of protecting 
individual animals within the herd. The result is an acute TRV for methylene chloride of 
17 mg/m3 (17,000 µg/m3) for beef cattle and dairy cattle. 

A2.27.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to methylene chloride on cattle, TRVs for these receptors were 
derived using LOAELs reported in laboratory rodent studies, with uncertainty factors 
applied to account for intra- and interspecies differences.  
The ATSDR (2000a) provides a rat and mouse subchronic developmental inhalation 
study. The study LOAEL of 1250 ppm (4300 mg/m3) was established for increased 
incidence of dilated renal pelvis (in rats only) and delayed ossification of sternebra in 
young mice and rats. In addition, the study found significantly elevated absolute liver 
weights in maternal animals (Schwetz et al. 1975). Sprague-Dawley rats and Swiss-
Webster mice were exposed to methylene chloride vapour at concentrations of 0 or 
1250 ppm for seven hours per day for gestation days 6 to 15. The LOAEL was adjusted 
from a discontinuous exposure to continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 7 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
1254 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences. Use of an 
uncertainty factor to account for the short duration of the study was not warranted since 
exposures received in utero (i.e., a critical life-stage) have been deemed to be 
equivalent to chronic exposures for the purposes of ecological risk assessments 
(Sample et al. 1996). The result is a chronic inhalation TRV of 12.5 mg/m3 
(12,500 µg/m3) for beef cattle and dairy cattle. 
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A2.28 Naphthalene  

A2.28.1 Poultry 
Naphthalene was chosen as the surrogate for the aromatic C9-C16 group for the acute 
and chronic inhalation assessment for poultry. For this reason, there is no need to 
assess naphthalene on an individual basis for the poultry receptors. 

A2.28.2 Cattle 

A2.28.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of naphthalene using cattle were identified. 
Accordingly, reliance was placed on the lowest LC50 values reported for laboratory 
animals as the basis for determination of the acute TRV for the cattle receptors. The 
defining study was one in which rats were exposed to naphthalene for a one-hour 
period, with a reported LC50 of 340 mg/m3 (NTP 2007). A 10-fold uncertainty factor was 
applied to the LC50 to account for possible interspecies differences in sensitivity to 
naphthalene, and a 10-fold uncertainty factor was applied to account for the severity of 
the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. The result 
is an acute TRV for naphthalene of 0.34 mg/m3 (340 µg/m3) for beef cattle and dairy 
cattle. 

A2.28.2.2 Chronic Exposure Limit 

The ATSDR (2005) provides a chronic inhalation MRL based on rat and mouse two 
year inhalation studies. Male and female F344/N rats were exposed to naphthalene 
vapours at concentrations of 0, 10, 30, or 60 ppm for 6 hours per day, 5 days per week 
for 2 years (Abdo et al. 2001, NTP 1992). A LOAEL of 30 ppm (160 mg/m3) for body 
weight effects in rats was identified by the ATSDR (2005). The chronic mouse inhalation 
study that was used in the derivation of the ATSDR’s MRL was also used by the U.S. 
EPA (2007) to derive an RfC for naphthalene. In this study, body weight effects were 
not observed at the highest tested dose of 60 ppm in mice exposed to naphthalene for 6 
hours per day, five days per week for 103 weeks (NTP 1992). The LOAEL of 160 mg/m3 
identified in the rat inhalation study was adjusted from a discontinuous exposure to 
continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7 days 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
28 mg/m3, recognizing the importance of protecting individual animals. In addition, a 10-
fold uncertainty factor was applied to account for interspecies differences, resulting in 
an inhalation TRV of 0.28 mg/m3 (280 µg/m3) for beef cattle and dairy cattle. 
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A2.29 N-Hexane 

A2.29.1 Poultry 
n-Hexane was chosen as the surrogate for the aliphatic C5-C8 group for the acute and 
chronic inhalation assessment for poultry. For this reason there is no need to assess n-
hexane on an individual basis for the poultry receptors. 

A2.29.2 Cattle 

A2.29.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of n-hexane under controlled conditions using 
cattle were identified. Accordingly, reliance was placed on the lowest LC50 values 
reported for laboratory animals as the basis for determination of the acute TRV for the 
cattle receptors. The defining study was one in which mice and rats were exposed to n-
hexane via inhalation for four hours, with a reported LC50 of 169,000 mg/m3 (NTP 2007). 
A 10-fold uncertainty factor was then applied to account for possible interspecies 
differences in sensitivity to n-hexane, and a 10-fold uncertainty factor was applied to 
account for the severity of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty 
factor was applied in recognition of the importance of protecting individual animals 
within the herd. On the basis of the above, an acute TRV of 169 mg/m3 (169,000 µg/m3) 
was derived for beef cattle and dairy cattle. 

A2.29.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to n-hexane on cattle, TRVs for these receptors were derived using 
LOAELs reported in laboratory rodent studies, with uncertainty factors applied to 
account for intra- and interspecies differences.  
The ATSDR (1999) and U.S. EPA (2007) provide a rat developmental inhalation study. 
The study LOAEL of 1000 ppm (3500 mg/m3) was established for a statistically 
significant reduction in fetal body weight for males (Mast et al. 1987). Pregnant 
Sprague-Dawley rats were exposed to n-hexane vapours at concentrations of 0, 200, 
1000, or 5000 ppm for twenty hours per day on gestation days 6 to 19. The LOAEL was 
adjusted from a discontinuous exposure to continuous exposure using the calculation 
below. 

LOAELADJ = LOAEL × 20 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
2940 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences. Use of an 
uncertainty factor to account for the short duration of the study was not warranted since 
exposures received in utero (i.e., a critical life-stage) have been deemed to be 
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equivalent to chronic exposures for the purposes of ecological risk assessments 
(Sample et al. 1996). The result is a chronic inhalation TRV of 29.4 mg/m3 
(29,400 µg/m3) for beef cattle and dairy cattle. 

A2.30 Nitrogen Dioxide  

A2.30.1 Poultry 
No studies investigating the acute or chronic toxicity of nitrogen dioxide using birds were 
identified. Therefore, acute or chronic TRVs for poultry could not be derived. 

A2.30.2 Cattle 

A2.30.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of NO2 under controlled conditions using 
cattle were identified. Accordingly, reliance was placed on the lowest LC50 values 
reported for laboratory animals as the basis for determination of the acute TRV for the 
cattle receptors. The defining study was one in which guinea pigs were exposed to NO2 
for a one-hour period, with a reported LC50 of 30 ppm (56 mg/m3 (HSDB 2007). A 10-
fold uncertainty factor was then applied to account for possible interspecies differences 
in sensitivity to NO2, and a 10-fold uncertainty factor was applied to account for the 
severity of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was 
applied in recognition of the importance of protecting individual animals within the herd. 
On the basis of the above, an acute TRV of 0.056 mg/m3 (56 µg/m3) was derived for 
beef cattle and dairy cattle. 

A2.30.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposures to NO2 on cattle under controlled conditions, a chronic TRV for these 
receptors was derived using a LOAEL reported in laboratory rodent studies, with 
uncertainty factors to account for intra- and interspecies differences.  
Tabacova et al. (1985) exposed pregnant Wistar rats to nitrogen dioxide at 
concentrations of 0, 0.05, 0.10, 1.0 or 10 mg/m3 for six hours a day, seven days a week, 
throughout gestation and followed the postnatal development of the pups until the age 
of two months. Postnatal viability and body weight gain were not significantly affected. 
Body weight loss was observed at 10 mg/m3; however, this deficit was no longer 
apparent at the ages of 2 and 3 months. A dose-dependent delay in eye opening and 
incisor eruption was reported in the pups of rats exposed to 1 and 10 mg/m3. In 
addition, the ability to perform surface righting, negative geotaxis, air righting, hind limb 
support, and open field behaviour was decreased in pups exposed to these doses. 
The LOAEL of 1 mg/m3 for developmental effects in rats (Tabacova et al. 1985) was 
selected as the basis of the chronic inhalation TRV for the cattle receptors. The LOAEL 
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was adjusted from a discontinuous exposure to continuous exposure using the 
calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
0.25 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences. Use of an 
uncertainty factor to account for the short duration of the study was not warranted since 
exposures received in utero (i.e., a critical life-stage) have been deemed to be 
equivalent to chronic exposures for the purposes of ecological risk assessments 
(Sample et al. 1996). The resulting inhalation TRV of 0.0025 mg/m3 (2.5 µg/m3) was 
used in the chronic inhalation assessment for beef cattle and dairy cattle.  
NO2 was assessed only for the inhalation route of exposure as the principal health 
effects are strictly related to inhalation. 

A2.31 Propylene Oxide Group 
Surrogate: Propylene oxide 

A2.31.1 Poultry 
No studies investigating the acute or chronic toxicity of the propylene oxide group using 
birds were identified therefore, acute or chronic TRVs for poultry could not be derived. 

A2.31.2 Cattle 

A2.31.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of the propylene oxide group under controlled 
conditions using cattle were identified. Accordingly, reliance was placed on the lowest 
LC50 values reported for laboratory animals as the basis for determination of the acute 
TRV for the cattle receptors. The defining study was one in which mice were exposed to 
propylene oxide for a four-hour period, with a reported LC50 of 4100 mg/m3 (1740 ppm) 
(HSDB 2007). A 10-fold uncertainty factor was then applied to account for possible 
interspecies differences in sensitivity to propylene oxide, and a 10-fold uncertainty factor 
was applied to account for the severity of the endpoint (i.e., lethality). In addition, a 10-
fold uncertainty factor was applied in recognition of the importance of protecting 
individual animals within the herd. On the basis of the above, an acute TRV of 4.1 
mg/m3 (4100 µg/m3) was derived for beef cattle and dairy cattle. 

A2.31.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to propylene oxide on cattle under controlled conditions, a chronic 
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TRV for these receptors was derived using a LOAEL reported in laboratory rodent 
studies, with uncertainty factors to account for intra- and interspecies differences.  
The U.S. EPA (2007) provides a 2 generation rat reproductive inhalation study. Thirty 
F344 rats of each sex (F0) were exposed six hours per day, five days per week for 14 
weeks prior to mating, to concentrations of 0, 30, 100, or 300 ppm propylene oxide to 
produce F1 litters. Then 30 randomly selected F1 pups/sex/group were exposed to the 
same concentrations as the F0 generation for 17 weeks after weaning and 
subsequently mated to produce the F2 generation (U.S. EPA 2007; Hayes et al. 1988). 
The study identified a LOAEL of 300 ppm (710 mg/m3) based on changes in body 
weight in the F0 and F1 rats. The LOAEL was adjusted from a discontinuous exposure 
to continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours × 5 days/7days  

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
130 mg/m3, recognizing the importance of protecting individual animals. In addition, a 
10-fold uncertainty factor was applied to account for interspecies differences. The 
resulting chronic inhalation TRV of 1.3 mg/m3 (1300 µg/m3) was used in the chronic 
inhalation assessment for beef cattle and dairy cattle.  

A2.32 Styrene  

A2.32.1 Poultry 
No studies investigating the acute or chronic toxicity of styrene using birds were 
identified therefore, acute or chronic TRVs for poultry could not be derived. 

A2.32.2 Cattle 

A2.32.2.1 Acute Exposure Limit 

No studies investigating acute toxicity of styrene under controlled conditions using cattle 
were identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were exposed to styrene for a two-
hour period, with a reported LC50 of 2160 mg/m3 (IPCS 1996a). A 10-fold uncertainty 
factor was then applied to account for possible interspecies differences in sensitivity to 
styrene, and a 10-fold uncertainty factor was applied to account for the severity of the 
endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was applied in 
recognition of the importance of protecting individual animals within the herd. On the 
basis of the above, an acute TRV of 2.2 mg/m3 (2200 µg/m3) was derived for beef cattle 
and dairy cattle. 
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A2.32.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to styrene on cattle under controlled conditions, a chronic TRV for 
these receptors was derived using a LOAEL reported in laboratory rodent studies, with 
uncertainty factors to account for intra- and interspecies differences.  
Health Canada (CEPA 1993b) developed a TDI for inhalation exposure from a 
developmental study on Wistar rats exposed to 60 or 293 ppm (260 or 1270 mg/m3) 
styrene for six hours per day during Day 7 to Day 21 of gestation (Kishi et al. 1992). The 
study reported significantly lower body weights at Day 1 of age at both concentrations. 
As well, levels of serotonin and 5-hydroxytryptamine (5-HT) were reduced in the 
cerebrum of the pups indicating a reduction in neurological development in the pups at 
both concentrations. 
In a follow-up study, Kishi et al. (1995), rat pups born to dams exposed via inhalation to 
0, 50 or 300 ppm (0, 220 or 1300 mg/m3) styrene for six hours per day on Day 7 to Day 
21 of gestation. Deficits and delays were reported in motor and coordination abilities in 
the pups of dams exposed to 50 ppm styrene. Pups born to dams of the 300 ppm 
exposure group exhibited statistically significant increases in spontaneous activity and 
in the delay of some neurological functions. From these studies, a LOAEL of 50 ppm 
(220 mg/m3) was identified. The LOAEL was adjusted from a discontinuous exposure to 
continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 6 hours/24 hours 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
55 mg/m3, recognizing the importance of protecting individual animals. In addition, a 10-
fold uncertainty factor was applied to account for interspecies differences, resulting in 
an inhalation TRV of 0.55 mg/m3 (550 µg/m3) for beef cattle and dairy cattle.  

A2.33 Sulphur Dioxide  

A2.33.1 Poultry 

A2.33.1.1 Acute Exposure Limit 

Reliance was placed on a LC20 reported in birds as the basis for determination of the 
acute TRV for the poultry receptor. The defining study was one in which White Leghorn 
poultry were continuously exposed to sulphur dioxide vapours at doses of 0 to 
5,000ppm for one hour, with a reported LC20 (air concentration shown to cause death 
among 20 percent of a population of test animals) of 1000 ppm (2600 mg/m3) for one 
death per exposure group (Fedde et al. 1979). 
An uncertainty factor of 10 was applied to the LC20 of 2600 mg/m3 to account for the 
severity of the endpoint (i.e., lethality). The resulting limit of 260 mg/m3 was used as an 
acute inhalation TRV for poultry. 
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A2.33.1.2 Chronic Exposure Limit 

No studies investigating the chronic toxicity of sulphur dioxide using birds were 
identified. Therefore, chronic TRVs for poultry could not be derived. 

A2.33.2 Cattle 

A2.33.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of SO2 under controlled conditions using 
cattle were identified. Accordingly, reliance was placed on the lowest LC50 values 
reported for laboratory animals as the basis for determination of the acute TRVs for the 
cattle receptors. The defining study was one in which mice were exposed to SO2 for a 
four-hour period, with a reported LC50 of 2631 mg/m3 (HSDB 2007). A 10-fold 
uncertainty factor was then applied to account for possible interspecies differences in 
sensitivity to SO2, and a 10-fold uncertainty factor was applied to account for the 
severity of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was 
applied in recognition of the importance of protecting individual animals within the herd. 
On the basis of the above, an acute TRV of 2.6 mg/m3 (2600 µg/m3) was derived for 
beef cattle and dairy cattle. 

A2.33.2.2 Chronic Exposure Limit 

A three-year study found that exposure to SO2 can adversely affect the health of cattle, 
especially when combined with cold temperatures (CABIDF 2006). The study measured 
effects at all levels of exposure from 1 to 20 ppm (2.6 to 52 mg/m3). At SO2 exposure 
rates of 1 ppm, an increase in metabolic rate was measured. The trend still appeared at 
0.5 ppm (1.3 mg/m3), although it was less apparent.  
The chronic TRV of 0.15 mg/m3 for cattle is protective of these exposure levels. The 
TRV was developed from a LOAEL of 15 mg/m3 based on respiratory effects in guinea 
pigs continuously exposed to an average SO2 concentration of 0.34, 2.6, or 15 mg/m3 
for 52 weeks (Alarie et al. 1970). A 10-fold uncertainty factor was applied to the LOAEL, 
recognizing the importance of protecting individual animals. In addition, a 10-fold 
uncertainty factor was applied to account for interspecies differences, resulting in an 
inhalation TRV of 0.15 mg/m3 (150 µg/m3) for beef cattle and dairy cattle. 

A2.34 Sulphuric Acid 

A2.34.1 Poultry 

A2.34.1.1 Acute Exposure Limit 

Reliance was placed on a LOAEL reported in birds as the basis for determination of the 
acute TRV for the poultry receptor. The defining study was one in which chicks and 
ducklings were exposed to sulphuric acid in the diet for 14 days, with a reported LOAEL 
of 11,117 mg/kg bw/d for decreased body weight, tibia length (as an indication of 
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growth) and decreased food consumption (ATSDR 1998). No uncertainty factors were 
applied to the study LOAEL. The result is an acute TRV for sulphuric acid of 11,117 
mg/kg bw/d. 
The oral TRV corresponds to an air concentration of 34,000 mg/m3, based on the 
following adjustments and assumptions: inhalation and oral bioavailability of 100 
percent (assumed), adult body weight of 2.7 kg and adult inhalation rate of 0.88 m3/d for 
poultry (BC MOE 2001; U.S. EPA 1993). Thus, an acute inhalation TRV of 34,000 
mg/m3 was used in the short-term assessment of sulphuric acid.  

A2.34.1.2 Chronic Exposure Limit 

The LOAEL used in the study above was also employed for the chronic inhalation 
assessment of sulphuric acid for the poultry receptor. An additional uncertainty factor of 
10 was applied to account for the use of a subchronic study. Thus, a chronic inhalation 
TRV of 3400 mg/m3 was used in the long-term assessment of sulphuric acid. 

A2.34.2 Cattle 

A2.34.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of sulphuric acid under controlled conditions 
using cattle were identified. Accordingly, reliance was placed on the lowest LC50 values 
reported for laboratory animals as the basis for determination of the acute TRV for the 
cattle receptors. The defining study was one in which rats were exposed to sulphuric 
acid for a 1-hour period, with a reported LC50 of 347 ppm (1400 mg/m3) (HSDB 2007). A 
10-fold uncertainty factor was then applied to account for possible interspecies 
differences in sensitivity, and a 10-fold uncertainty factor was applied to account for the 
severity of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was 
applied in recognition of the importance of protecting individual animals within the herd. 
On the basis of the above, an acute TRV of 1.4 mg/m3 (1400 µg/m3) was derived for 
beef cattle and dairy cattle. 

A2.34.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to sulphuric acid on cattle under controlled conditions, chronic 
inhalation TRVs for these receptors were derived using LOAELs reported in laboratory 
rodent studies, with uncertainty factors applied to account for intra- and interspecies 
differences.  
For the inhalation exposure, a LOAEL of 0.1 mg/m3 was identified based on significantly 
decreased body weights in Hartley-strain albino guinea pigs exposed to sulphuric acid 
vapours following continuous exposure for 52 weeks (OEHHA 2001; Alarie et al. 1973). 
In the derivation of the chronic TRV, a 10-fold uncertainty factor was applied to the 
LOAEL, recognizing the importance of protecting individual animals. In addition, a 10-
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fold uncertainty factor was applied to account for potential interspecies differences in 
sensitivity. The resulting chronic inhalation TRV for beef cattle and dairy cattle is 
0.001 mg/m3 (1 µg/m3). 

A2.35 Toluene 

A2.35.1 Poultry 
No studies investigating the acute or chronic toxicity of toluene using birds were 
identified. Therefore, acute and chronic TRVs for poultry could not be derived. 

A2.35.2 Cattle 

A2.35.2.1 Acute Exposure Limit 

No studies investigating the acute toxicity of toluene under controlled conditions using 
cattle were identified. Accordingly, reliance was placed on the lowest LC50 values 
reported for laboratory animals as the basis for determination of the acute TRV for the 
cattle receptors. The defining study was one in which rats were exposed to toluene for 
an 1-hour period, with a reported LC50 of 26,700 ppm or 100,000 mg/m3 (HSDB 2007). 
A 10-fold uncertainty factor was then applied to account for possible interspecies 
differences in sensitivity, and a 10-fold uncertainty factor was applied to account for the 
severity of the endpoint (i.e., lethality). In addition, a 10-fold uncertainty factor was 
applied in recognition of the importance of protecting individual animals within the herd. 
On the basis of the above, an acute TRV of 100 mg/m3 (100,000 µg/m3) was derived for 
beef cattle and dairy cattle. 

A2.35.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to toluene on cattle under controlled conditions, a chronic TRV for 
these receptors was derived using LOAELs reported in laboratory rodent studies, with 
uncertainty factors to account for intra- and interspecies differences.  
For inhalation exposure, a LOAEL of 100 ppm (375 mg/m3) was identified based on 
decreased weights among mice exposed to toluene vapour for 6.5 hours per day, five 
days per week for 14 weeks (ATSDR 2000b). The LOAEL was adjusted from a 
discontinuous exposure to continuous exposure using the calculation below. 

LOAELADJ = LOAEL × 6.5 hours/24 hours × 5 days/7 days 

In derivation of the TRV, a 10-fold uncertainty factor was applied to the LOAELADJ of 
73 mg/m3, recognizing the importance of protecting individual animals. In addition, a 10-
fold uncertainty factor was applied to account for interspecies differences in sensitivity, 
resulting in an inhalation TRV of 0.73 mg/m3 (730 µg/m3) for beef cattle and dairy cattle.  
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A2.36 Xylenes 

A2.36.1 Poultry 
No studies investigating the acute or chronic toxicity of xylenes using birds were 
identified. Therefore, acute and chronic TRVs for poultry could not be derived. 

A2.36.2 Cattle 

A2.36.2.1 Acute Exposure Limit 

No studies investigating acute toxicity of xylenes under controlled conditions using cattle 
were identified. Accordingly, reliance was placed on the lowest LC50 values reported for 
laboratory animals as the basis for determination of the acute TRV for the cattle 
receptors. The defining study was one in which mice were exposed to xylene for a six-
hour period, with a reported LC50 of 17,035 mg/m3 (HSDB 2007). A 10-fold uncertainty 
factor was then applied to account for possible interspecies differences in sensitivity, 
and a 10-fold uncertainty factor was applied to account for the severity of the endpoint 
(i.e., lethality). In addition, a 10-fold uncertainty factor was applied in recognition of the 
importance of protecting individual animals within the herd. On the basis of the above, 
an acute TRV of 17 mg/m3 (17,000 µg/m3) was derived for beef cattle and dairy cattle.  

A2.36.2.2 Chronic Exposure Limit 

Given that no toxicological studies have been conducted on the effects of subchronic or 
chronic exposure to xylenes on cattle under controlled conditions, chronic inhalation 
TRVs for these receptors were derived using LOAELs reported in laboratory rodent 
studies, with uncertainty factors applied to account for intra- and interspecies 
differences.  
For the inhalation exposure, a LOAEL of 250 mg/m3 was identified based on fetotoxic 
effects among rats exposed to xylene vapours following continuous exposure on days 7 
through 14 of gestation (Ungvary and Tatrai 1985; CEPA 1993c). This study was used 
to derive the TDI used by Health Canada. In the derivation of the chronic TRV, a 10-fold 
uncertainty factor was applied to the LOAEL, recognizing the importance of protecting 
individual animals. In addition, a 10-fold uncertainty factor was applied to account for 
potential interspecies differences in sensitivity. Use of an uncertainty factor to account 
for the short duration of the study was not warranted since exposures received in utero 
(i.e., a critical life-stage) have been deemed to be equivalent to chronic exposures for 
the purposes of ecological risk assessments (Sample et al. 1996). The resulting chronic 
inhalation TRV for beef cattle and dairy cattle is 2.5 mg/m3 (2500 µg/m3). 
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