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1. Data for lifetime excess cancer risk estimates  
 

Overview 
The summary data used to calculate lifetime excess cancer risk and the results for benzene are 
provided in the tables below. For more detailed information on supporting data and sources, 
see below for each exposure pathway. 
 

i. Environmental Concentrations 

 
 

ii. Calculated Lifetime Daily Intake 

 

iii. Cancer Potency Factors 

 
 
Sources for Cancer Potency Factors: 

• Health Canada, 2010. Federal Contaminated Site Risk Assessment in Canada, Part I: Guidance on 
Human Health Preliminary Quantitative Risk Assessment. Version 2.0. 

• Health Canada, 2010. Federal Contaminated Site Risk Assessment in Canada, Part II: Health 
Canada Toxicological Reference Values (TRVs) and Chemical-Specific Factors. Version 2.0.  

• United States Environmental Protection Agency Integrated Risk Information System  

• California Office of Environmental Health Hazard Assessment, 2009. Air Toxics Hot Spots Risk 
Assessment Guidelines Part II: Technical Support Document for Cancer Potency Factors, 
Appendix A. (Updated 2011) 
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iv. Lifetime Excess Cancer Risk (per million people) 

 
1Lifetime excess cancer risk based on average intake x cancer potency factor from each agency 
2Lifetime excess cancer risk based on maximum intake x highest cancer potency factor 
3California Office of Environmental Health Hazard Assessment 

 

Supporting data by exposure pathway  

i. Outdoor air 

 

 
 
We assume benzene is present at these levels in all outdoor air, although concentrations may vary from 
one location to another.  

ii. Indoor air 
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Sources for indoor air data: 

• Adgate JL, Church TR, Ryan AD, Ramachandran G, Frederickson AL, Stock TH, et al. 2004. 
Outdoor, indoor, and personal exposure to VOCs in children. Environmental Health Perspectives 
112: 1386-1392.  

• Batterman S, Jia CR, Hatzivasilis G. 2007. Migration of volatile organic compounds from attached 
garages to residences: A major exposure source. Environmental Research 104: 224-240.  

• Esplugues A, Ballester F, Estarlich M, Llop S, Fuentes-Leonarte V, Mantilla E, et al. 2010. Indoor 
and outdoor air concentrations of BTEX and determinants in a cohort of one-year old children in 
Valencia, Spain. Science of the Total Environment In Press.  
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• Fondelli MC, Bavazzano P, Grechi D, Gorini G, Miliga L, Marchese G, et al. 2008. Benzene 
exposure in a sample of population residing in a district of Florence, Italy. Science of the Total 
Environment 392: 41-49.  

• Gallego E, Roca FX, Guardino X, Rosell MG. 2010. Indoor and outdoor BTX levels in Barcelona 
City metropolitan area and Catalan rural areas. Journal of Environmental Sciences 20: 1063-
1069.  

• Gustafson P, Barregard L, Strandberg B, Sallsten G. 2007. The impact of domestic wood burning 
on personal, indoor and outdoor levels of 1,3-butadiene, benzene, formaldehyde and 
acetaldehyde. Journal of Environmental Monitoring 9: 23-32.  

• Health Canada. 2012. Halifax Indoor Air Quality Study (2009) – Volitile Organic Compounds 
(VOC) Data Summary.  

• Health Canada. 2010. Regina Indoor Air Quality Study (2007): Data Summary for Volatile Organic 
Compound Sampling.   

• Health Canada. 2010. Windsor Exposure Assessment Study (2005-2006): Data Summary for 
Volatile Organic Compound Sampling. Available online at: http://www.healthcanada.gc.ca.  

• Héroux ME, Clark N, Van Ryswyk K, Mallick R, Gilbert NL, Harrison I, et al. 2010. Predictors of 
Indoor Air Concentrations in Smoking and Non-Smoking Residences. International Journal of 
Environmental Research and Public Health 7: 3080-3099.  

• Héroux ME, Gauvin D, Gilbert NL, Guay M, Dupuis G, Legris M, et al. 2008. Housing 
characteristics and indoor concentrations of selected volatile organic compounds (VOCs) in 
Quebec City, Canada. Indoor and Built Environment 17: 128-137.  

• Hinwood AL, Berko HN, Farrar D, Galbally IE, Weeks IA. 2006. Volatile organic compounds in 
selected micro-environments. Chemosphere 63: 421-429.  

• Hippelein M. 2004. Background concentrations of individual and total volatile organic 
compounds in residential indoor air of Schleswig-Holstein, Germany. Journal of Environmental 
Monitoring 6: 745-752.  

• Jia C, Batterman S, Godwin C. 2008. VOCs in industrial, urban and suburban neighborhoods, Part 
1: Indoor and outdoor concentrations, variation, and risk drivers. Atmospheric Environment 42: 
2083-2100.  

• Johnson MM, Williams R, Fan Z, Lin L, Hudgens E, Gallagher J, et al. 2010. Participant-based 
monitoring of indoor and outdoor nitrogen dioxide, volatile organic compounds, and polycyclic 
aromatic hydrocarbons among MICA-Air households. Atmospheric Environment in Press: 1-10.  

• Kim YM, Harrad S, Harrison RM. 2001. Concentrations and sources of VOCs in urban domestic 
and public microenvironments. Environmental Science & Technology 35: 997-1004.  

• Kinney PL, Chillrud SN, Ramstrom S, Ross J, Spengler JD. 2002. Exposures to multiple air toxics in 
New York City. Environmental Health Perspectives 110: 539-546.  

• Massolo L, Rehwagen M, Porta A, Ronco A, Herbarth O, Mueller A. 2010. Indoor-outdoor 
distribution and risk assessment of volatile organic compounds in the atmosphere of industrial 
and urban areas. Environmental Toxicology 25(4): 339-349.  

• Ohura T, Amagai T, Senga Y, Fusaya M. 2006. Organic air pollutants inside and outside 
residences in Shimizu, Japan: Levels, sources and risks. Science of the Total Environment 366: 
485-499.  

• Payne-Sturges DC, Burke TA, Breyesse P, Diener-West M, Campbell S. 2004. Personal exposure 
meets risk assessment: a comparison of measured and modeled exposures and risks in an urban 
community. Environmental Health Perspectives 112: 589-598.  

• Raw GJ, Coward SKD, Brown VM, Crump DR. 2004. Exposure to air pollutants in English homes. 
Journal of Exposure Analysis and Environmental Epidemiology 14: S85-S94.  
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• Sax SN, Bennett DH, Chillrud SN, Ross J, Kinney PL, Spengler JD. 2006. A cancer risk assessment 
of inner-city teenagers living in New York City and Los Angeles. Environmental Health 
Perspectives 114: 1558-1566.  

• Schlink U, Rehwagen M, Damm M, Richter M, Borte M, Herbarth O. 2004. Seasonal cycle of 
indoor-VOCs: comparison of apartments and cities. Atmospheric Environment 38: 1181-1190.  

• Schlink U, Thiem A, Kohajda T, Richter M, Strebel K. 2010. Quantile regression of indoor air 
concentrations of volatile organic compounds (VOC). Science of the Total Environment 408: 
3840-3851.  

• Sexton K, Adgate JL, Ramachandran G, Pratt GC, Mongin SJ, Stock TH, et al. 2004. Comparison of 
personal, indoor, and outdoor exposures to hazardous air pollutants in three urban 
communities. Environmental Science and Technology 38: 423-430.  

• Stocco C, MacNeill M, Wang D, Xu X, Guay M, Brook J, et al. 2008. Predicting personal exposure 
of Windsor, Ontario residents to volatile organic compounds using indoor measurements and 
survey data. Atmospheric Environment 42: 5905-5912.  

• Weisel CP, Alimokhtari S, Sanders PF. 2008. Indoor Air VOC Concentrations in Suburban and 
Rural New Jersey. Environmental Science & Technology 42: 8231-8238.  

• Wheeler AJ, Wong S L, Khoury C, Zhu J. 2013. Predictors of indoor BTEX concentrations in 
Canadian residences. Component of Statistics Canada Catalogue no. 82-003-X Health Reports.  

• Wood Buffalo Environmental Association. 2008. Wood Buffalo Environmental Association 
Human Exposure Monitoring Program - 2006 Monitoring Year Results. Alberta, Canada.  

• Zhu JP, Newhook R, Marro L, Chan CC. 2005. Selected volatile organic compounds in residential 
air in the city of Ottawa, Canada. Environmental Science & Technology 39: 3964-3971. 

 

iii. Dust 
Benzene is not expected to be present in indoor dust in significant amounts. 

iv. Drinking water 
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Sources for drinking water: 

• Health Canada. 2009. Guidelines for Canadian Drinking Water Quality: Guideline Technical 
Document - Benzene. Ottawa, Ontario, Canada: Water Quality and Health Bureau, Healthy 
Environments and Consumer Safety Branch, Health Canada.’ 
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v. Food and Beverages 

 
 
Concentration data were obtained for 75% of total meat consumed, 46% of total seafood 
consumed, 41% of total fruit consumed, 20% of total vegetables consumed, 52% of total dairy 
and eggs consumed, 57% of total grains consumed, and 26% of total beverages consumed. 
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2. Data quality for lifetime excess cancer risk estimates 
Only publicly available data were used to calculate these indicators. Data that are not publicly 
available may produce different results. 
 
No systematic method for measuring data quality was possible, so we provide the following 
assessments of how well the data used may represent the actual Canadian average levels. 
Quality is rated higher when there are data from a number of Canadian monitors, or from 
Canadian studies that show results similar to other comparable studies. Quality is rated lower 
when data from few monitors or studies were available, and lowest when estimates are based 
on non-Canadian data. Others may rate data quality differently.  
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3. Data for mapping concentrations  
The maps use geographic coordinates at the census block level to represent residential 
locations. Concentration estimates are mapped at the health region level, which are created 
with aggregated census block data.  
 
We used a model to predict annual average concentrations of benzene in outdoor air at 
residential locations for 2011. These are predicted using levels measured from the National Air 
Pollution Surveillance (NAPS) monitors and estimated concentrations from known emitters. For 
more information on how these estimates were created, please see the Mapping Methods 
document on the Environmental Approach section of our website. 
 

Estimates by health region 
The table below shows predicted benzene concentrations by province based on data at the 
health region level. The median concentration of benzene measured in outdoor air in 2011 at 
the health region level was 0.608 µg/m3, while the mean concentration was 0.742 µg/m3. 
Concentrations of benzene can be higher or lower than average in many locations.  
 

i. Provincial averages of predicted benzene concentrations (µg/m3) in outdoor air in 
2011 based on health regions 
 

Province Median Mean 

BC 0.630 0.864 

AB 0.574 0.838 

SK 0.423 0.476 

MB 0.481 0.673 

ON 0.714 0.826 

QC 0.678 0.800 

NB 0.493 0.571 

PE 0.583 0.583 

NS 0.603 0.705 

NL 0.681 0.697 

YK 0.412 0.412 

NT 0.477 0.477 

NU 0.560 0.560 

Canada 0.608 0.742 

 

Estimates by census block 
The table below shows provincial populations by concentration levels (either annual average or 
number of times above/below the national average) based on the census block data and the 
associated potential lifetime excess risk given different cancer potency factors.  
 

https://www.carexcanada.ca/carcinogen-profiles/#environmental-approach
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i. Provincial population distribution by estimated average concentration (µg/m3) of 
benzene in outdoor air in 2011 based on NAPS data at the census block 

 


