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Introduction 
 
Air pollution is responsible for over 2.4 million deaths worldwide each year (Ezzati et al 2002) and 
is estimated to cause three to six percent of total mortality in the developed world.  More deaths 
are attributable to air pollution than any other environmental or occupational toxin (Mokdad et al 
2004).  In the US, air pollution is estimated to cause 60% of deaths attributable to environmental or 
occupational toxins and 1 to 2% of total mortality.  The mortality attributable to air pollution is 
similar to that attributable to motor vehicles (1%), and greater than that attributable to illicit drug 
use (<1%) (Mokdad et al. 2004). 
 
In his 2003 report, British Columbia’s Provincial Health Officer highlighted the need to improve 
estimates of mortality attributable to air pollution in Interior and Northern communities (BCPHO 
2004; p.88).  Since residents of these regions are exposed to higher concentrations of particulate 
matter than those in the rest of the province, they may suffer greater health impacts.  New 
information has come to light since the Provincial Health Officer’s Report on air quality that will 
improve estimates of the burden of disease from air pollution.  In particular, reanalysis of the major 
air pollution studies suggests that exposure to PM over the long-term may have greater impact on 
mortality than previously thought (Laden et al 2006).  Furthermore air quality monitoring has now 
been conducted for a longer period and across a greater number of sites in Interior and Northern 
BC.  We are now able to estimate the mortality burden of long-term exposure to air pollution in 
Northern and Interior BC. 
 
There has been considerable discourse on the uncertainties involved in this type of risk analysis.  
First, there is some concern that correlations between particulate matter and death do not 
correspond to a causal relationship.  However, given the consistency of observations over a range 
of geographical scales and timeframes, the dose-response relationship and the biological 
plausibility, we believe that the weight of evidence does represent a causal association.  For a 
more detailed discussion of this issue, we refer readers to Pope and Dockery (2006) and the 
Committee on the Medical Effects of Air Pollutants (2006).  Second, this type of risk analysis 
involves the application of a dose-response relationship observed in one region (US cities), to 
another (Northern and Interior BC).  Given the differences in the constituents of particulate matter, 
and the population differences, our calculations can only be seen as estimates.  It is not our 
intention to suggest that this risk analysis provides an exact death count, but rather that it provides 
a ‘best estimate’ given the current state of knowledge.  Quantifying the health impacts of air 
pollution in Northern and Interior BC communities can serve as a basis for assigning appropriate 
priority to air pollution by placing it in context with other public health concerns.  
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Scope of this Report 
 
This study adds to current knowledge about the impact of air pollution in Northern and Interior BC 
by:  
(1) using the most current evidence to estimate the burden of illness attributable to long-term 

exposure to outdoor and indoor air pollution in the Northern and Interior Health Authorities and,  
(2) comparing the mortality attributable to air pollution to other causes of death in these regions.   
Our objective is to contribute to the information that Medical Health Officers can use to assess the 
potential health impacts of air pollution in their regions, and thereby assist in setting air pollution 
into context with other risks.   
 
 
Methods 
 
We used the methods of Bates and colleagues to estimate mortality attributable to particulate 
matter (2003).   
 
We used annual mean PM 2.5 (particulate matter smaller than 2.5 um) as the basis for our 
estimation of outdoor air pollution because of the close associations of annual mean PM 2.5 with 
mortality in several large cohort studies (Abbey et al 1999, Dockery et al 1993, Krewski et al 2000, 
Laden et al 2006, Millar et al 2004, Pope et al 1995, 2002, 2004).  We chose to estimate impact 
from exposure to air pollution over the long term because it corresponds to the actual exposure of 
the population more than short-term exposure.  Furthermore, recent air pollution research has 
demonstrated that the mortality burden of long-term exposure to air pollution is an order of 
magnitude greater than that previously estimated for short-term exposure (Krewski et al 2000, 
Laden et al 2006, Pope et al 2002 and 2004). 
 
For a sensitivity analysis, we used high, central and low values of concentration response functions 
(CRFs), to represent the range of likely estimates as suggested in the method of Bates et al 
(2003).  CRFs were derived from recently published studies on long-term exposure to PM 2.5.  The 
low, central and high values used were: 1.6, 10.5, 26 % increase in mortality per 10 ug/m3 rise in 
PM 2.5 (Table 1).  Sources for the low CRF are work by Pope et al (2002 and 2004).  The central 
CRF is the mean of the central estimates in the six major papers from the ACS and Six Cities 
studies (Dockery et al 1993, Krewski et al 2000, Laden et al 2006, Pope et al 1995, 2002, 2004). 
The high CRF is from Laden and colleagues (2006). 
 
Ambient PM measurements were obtained from BC Ministry of Environment continuous samplers 
for 2001 to 2005.   The sampler closest to the major population concentration was used as an 
exposure estimate for each local health area (LHA).  PM 2.5 concentration for LHAs without 
monitors was estimated as the median PM 2.5 concentration for all monitored LHAs in that Health 
Authority. The mean PM concentration at each monitor was calculated for all years with at least 11 
months of data between 2001 and 2005.  Mortality data for 2001 to 2005 was obtained from BC 
Vital Statistics Agency.   
 
This method assumes a linear relationship between PM 2.5 concentration and mortality count for 
all measured levels of PM 2.5.  There is no known low threshold for this relationship, despite 
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measurements in regions with low PM 2.5 concentrations (Figure 1, Bates et al. 2003, Kunzli et al. 
2000). 
 

 
 
 
 
 
 
 
The following equation was used to calculate attributable mortality:  
 

Attributable mortality = CRF x PM 2.5 increment x all cause mortality 
 
Where CRF is the concentration response function: the factor by which mortality count increases 
per 10 ug/m3 rise in the concentration of particulate matter.  PM 2.5 increment is the difference 
between the observed annual mean PM 2.5 and a low concentration determined a priori in units of 
10 ug/m3.  The low concentration represents a ‘base case’ which can be set to the lowest 
achievable PM 2.5 concentration, a concentration that is anticipated with changes in emissions or 
some other meaningful level.  If the increment is less than zero, then the number of attributable 
deaths is estimated at zero.  This calculation was performed for each LHA. 
 
We chose to use two reference values for PM 2.5 concentration.  One reference concentration was 
the lowest mean annual concentration in the province between 2001 and 2005 which occurred in 
Terrace (3.39 ug/m3).  The estimate based on this reference concentration is the mortality 
attributable to the lowest measured background concentration of PM 2.5.  A second reference 
concentration is mean annual PM 2.5 at the Vancouver International Airport (5.79 ug/m3).  This 
estimate allows for comparison with a region that has been a major focus for air pollution research 
and programming in British Columbia.  In addition, this is similar to the concentration that the PHO 
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Figure 1. Linear relationship between mortality and PM 2.5 concentration used to calculate 
attributable mortality (adapted from Kunzli et al. 2000). 
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report deemed the “best attainable result” for the province outside the coastal communities, 
Vancouver Island, parts of the GVRD, and the Fraser Valley (6.0 ug/m3; BCPHO 2004, p.56).   
 
Mortality burden of exposure to environmental tobacco was calculated using a Health Canada 
estimate for attributable mortality for BC pro-rated on a population basis to the Health Authorities.  
Mortality burden of indoor smoke from solid fuel use was based on the WHO estimate for 
attributable mortality in the US, Canada and Cuba. 
 
 
 
Key Findings 
 
Ambient outdoor and indoor pollution combined are estimated to cause 198 deaths per year in the 
Interior and 61 deaths per year in the North (central estimates).  We estimate that between 62 and 
600 deaths per year are attributable to air pollution in Interior and Northern BC combined (Table 2).   
 
This is the first estimate of the mortality burden of long-term exposure to air pollution 
specific to Interior and Northern British Columbia.   
 
The mortality burden of air pollution is unevenly distributed among Northern and Interior 
communities.  The communities with the highest number of deaths attributed to outdoor air 
pollution have the combination of a high PM 2.5 concentration and a larger population (Table 3).  In 
the North, Prince George has a high mortality burden with estimated 165 deaths attributed to 
ambient air pollution during the five year period between 2001 and 2005.  Prince George also has 
the highest annual mean PM 2.5 concentration of any measured community at 9.6 ug/m3, a notable 
1.2 ug/m3 higher than the next highest community.  In the Interior, Kelowna, Kamloops and Vernon 
are all estimated to have a high mortality burden at 194, 108, and 106 deaths respectively during 
the five-year period between 2001 and 2005. 
 
 
Comparison with previous estimates 
 
The first estimate of mortality attributable to air pollution in BC was calculated by Vedal using 
similar methodology to this study (1995).  He used the concentration response function for short-
term increments in annual mean PM 10 above 20 ug/m3 and the CRF for short-term exposure from 
the Six Cities study, which was the best information at the time (1% per 10ug/m3 increment of 
PM10, Dockery 1993).  He estimated that 82 deaths in BC each year were caused by PM 10 levels 
above this threshold (Vedal 1995).  We now know that this was an under-estimate because it did 
not take long-term exposures into account.   
 
Vedal also estimated that 69 of these 82 deaths (64%) occurred outside the Lower Mainland, 
Capital Regional District and Nanaimo Regional District.  He was the first to demonstrate the 
proportionally large mortality burden of air pollution which exists outside the province’s major 
population centres. 
 
Subsequently Brauer and colleagues used sophisticated modeling to estimate the mortality burden 
of air pollution in the Lower Mainland.  They took a novel approach which provided a range of 
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estimates based on the number of days when air pollution was assumed to affect mortality, taking 
all pollutants into consideration.  They estimated that air pollution caused 0 to 600 deaths per year 
in the Lower Mainland, based on air quality data between 1994 and 1998 (Brauer et al 2000).  The 
Medical Health Officers from the Lower Mainland indicated that 15 to 150 deaths per year was a 
‘more likely’ range (Fraser Health Authority nd, BCPHO 2004).  Extrapolating these numbers on a 
population basis to the NHA and IHA would result in an estimate of 0 to 269, based on Brauer’s 
numbers, and a ‘more likely’ estimate of 7 to 67 based on the MHOs’ numbers. 
 
The third estimate was presented in BC’s Provincial Health Officer’s Report.   Once again, the 
concentration response function for short-term exposure to PM 2.5 was used to calculate 
incremental mortality in BC (BCPHO 2004).  This was compared to estimates extrapolated on a 
population basis from other studies in Ontario and Internationally.  This report estimated that 
between 25 and 250 deaths each year in BC were due to outdoor air pollution.  Furthermore, air 
pollution from indoor and outdoor sources combined was estimated to cause between 138 and 403 
deaths per year in BC. 
 
The PHO’s Report also provided an estimate of the air pollution mortality in Interior BC.  They 
estimated that 71 deaths in the Interior of the province were attributable to PM 2.5 above 6.0 
ug/m3.  This estimate was based on PM 2.5 in 2003, and the suggested high CRFs for short-term 
exposure to PM 2.5 from Bates et al 2003.  The PHO’s estimate is greater than our estimate (using 
Vancouver as the reference concentration) because: (1) it was based on a year with poor air 
quality, and (2) the PM 2.5 concentration applied to unmonitored communities was greater.  Our 
examination of the trend in PM 2.5 demonstrates that many communities experienced higher 
particulate matter pollution in that year than in the previous and subsequent years.  In addition, the 
PHO estimate applied the median concentration of 8.5 ug/m3 to the population in unmonitored 
sites.  Since the release of the PHO’s report, monitoring has begun in several new sites, and those 
with lower PM such as Fort St. John, Kitimat and Terrace.  The median annual mean PM 2.5 
concentrations in the Interior and North are now considerably lower, at 6.2 and 5.1 ug/m3 
respectively.  Since this median concentration is applied to a substantial portion of the population 
who live in unmonitored communities, this decrease in estimated exposure considerably lowers the 
mortality estimate. 
 
We estimate that between 35 and 573 deaths each year in the Interior and the North are 
attributable to PM 2.5 increments above the lowest concentration in the province (Terrace PM 2.5 = 
3.4 ug/m3; Table 4).  Whereas using the PM concentration at Vancouver Airport as the reference 
(PM 2.5 = 5.79 ug/m3), we estimate that the Interior and the North have between 9 and 142 deaths 
annually attributable to PM 2.5 (Table 4).  This sensitivity analysis highlights two characteristics of 
these estimates: first, rather than providing a point estimate, they provide a wide range of potential 
mortality burden and second, they are sensitive to the reference PM 2.5 concentration. 
 
Our estimates of mortality are larger than most previous estimates, because (1) they are based on 
both the higher PM in Interior and Northern BC whereas most previous estimates were based on 
estimates for the Lower Mainland extrapolated on a population basis to the Interior and the North 
and (2) our estimates are based on the recently published effects of air pollution over the long-
term, which are an order of magnitude greater than the short-term effects used in previous 
estimates (Table 5). 
 

Elliott and Copes 2007  Page 5 of 14 



Air pollution has a significant impact when compared with other factors that contribute to mortality 
(Tables 6, 7).  Using the lowest pollution levels in the province as the reference concentration, we 
estimate that annual mortality attributable to air pollution 179 deaths in the Interior and 53 deaths in 
the North.  This places air pollution as a significant contributor to mortality, with attributable 
mortality about one-sixth that of smoking attributable mortality and one-third to one-half that of 
alcohol-related mortality. 
 
Comparison of these estimates with direct causes of death must take into consideration that air 
pollution is a contributory cause of death, and that deaths attributed to air pollution are ‘counted’ in 
the direct causes (e.g. cardiovascular deaths).  Nevertheless, it does demonstrate that the mortality 
attributable to air pollution is substantial, and an important modifiable cause of death in these 
regions. 
 
Air-pollution attributable mortality was under-estimated by previous researchers because the 
effects of exposure to air pollution over the long term was not as well understood at the time of 
these estimates (c.f. Brauer, Brumm and Ebelt 2000). 
 
 
Limitations 
 
This study applies concentration response functions (CRFs) that were derived in urban centres 
throughout the United States to the North and Interior of BC.  The true relationship between air 
pollution and mortality in the North and Interior is only approximated by these CRFs.  Furthermore 
Northern and Interior communities have PM 2.5 concentrations that are lower than the 
communities where the CRFs were derived.  Since there are no studies specific to this region, 
these are the best currently available approximations of the relationship between particulate matter 
and mortality. 
 
It is reassuring that the concentration response functions derived in different cities throughout 
North America are surprisingly consistent across locations and populations.  However the research 
also demonstrates that both particulate matter composition (Laden et al 2000) and population 
socioeconomic status (Pope and Dockery 2006, HEI 2000) may influence the relationship between 
PM and mortality.  These factors may be particularly important in Northern and Interior BC. 
 
Particulate Matter Composition 
PM fractions represent complex mixtures of particles and gases from various emission sources.  
However, it is becoming apparent that health effects likely depend on particle composition and co-
pollutant mixtures.  Recent studies in the Netherlands (Roemer et al 2001) have demonstrated that 
distance to a major road is an important factor in the magnitude of health impact: living closer to a 
major road was associated with higher risk of mortality.  Other studies have found associations 
between health effects and truck counts on adjacent roadways (Brunekreef et al 1997, Duhme et al 
1998).   Laden et al studied relationship between mortality and portions of particulate matter, 
representing crustal sources, vehicle exhaust and coal combustion (2000).  Each 10 ug/m3 
increase in PM 2.5 concentration was associated by increased mortality by: 3.4% for mobile 
sources, 1.1% for coal combustion and no association was found for crustal sources.  These 
studies support the hypothesis that particles from combustion, particularly mobile sources, are the 
most harmful. 
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In BC communities, particulate matter composition varies with season.  Spring PM peaks may be 
associated with dust from roads (crustal) whereas mid-winter peaks are often associated with 
inversion trapping residential woodsmoke, transportation and industrial emissions.  Although 
considerable emissions data exist, little is known about the actual composition of ambient PM in 
Northern and Interior communities.  Health impacts of PM in Northern and Interior BC would likely 
vary with local sources of PM, and differ to some extent from the concentration response functions 
that were used in this study which were generated in the United States. 
 
 
Socioeconomic Status 
Health effects of air pollution appear to be greater amongst those with lower socio-economic 
status.  A reanalysis of the major studies of health impacts of particulate matter explained some of 
the reasons why the Six Cities Study (SCS) estimates for concentration response factors were 
nearly twice as high as American Cancer Society Study (ACS) estimates.  Part of this difference 
was thought to be caused by the over-representation of well-educated individuals in ACS relative 
the SCS (Pope and Dockery 2006).  This was borne out in sensitivity analysis by the Health Effects 
Institute, which looked for effects of demographic factors, income, poverty, unemployment, 
education access to health services, climate, physical environment and gaseous co-pollutants (HEI 
2000).  Interestingly, education was the only covariate found to modify the effect of air pollution on 
mortality.  Those with higher educational attainment had lower relative risk of mortality.  The 
authors felt that education may represent socio-economic status, thus lending further support to the 
concept that air pollution impacts are highest for those of low socio-economic status. 
 
Interior and Northern BC communities have lower socio-economic status than the rest of the 
province.  BC Statistics has developed a comprehensive set of over 80 indicators describing the 
socio-economic status throughout the province. On a six category ranking of overall socioeconomic 
status, most of the BC Interior and Northern regions are ranked in the lower two categories 
whereas most of the Lower Mainland regions are ranked in the upper two categories (BC Statistics 
2006).  Furthermore the SES in Interior and Northern BC is lower than in the communities where 
the CRFs were derived. This would suggest that the impact of PM on mortality may be greater in 
Northern and Interior BC communities than that which we estimated in this study. 
 
 
Environmental Tobacco Smoke 
Our estimate of mortality from ETS is based on Health Canada estimates for the country, pro-rated 
based on population.  However, BC’s North in particular has one of the highest smoking rates in 
the country at 31.2% compared to a provincial average of 20% (Ipsos-Reid 2003) and the national 
rate of 21% (Health Canada 2003).  Not only do more Northerners smoke, but more permit 
smoking in their homes.  An astonishing 37% of Northern homes allow smoking compared with 
23% in the Interior and the provincial average of 21% (Ipsos-Reid 2003).  Due to high exposure to 
second hand smoke in the Interior and especially the North, our estimate based on the national 
rates, likely underestimates the true mortality burden from ETS. 
 
Important Air Pollutants Not Adequately Represented in these Estimates 
Detailed estimates of mortality burden due to residential wood combustion (RWC) and radon were 
beyond the scope of this report.   

Elliott and Copes 2007  Page 7 of 14 



 
We estimated mortality from RWC based on the World Health Organization estimates for on 
mortality in the Americas – which is that RWC causes no mortality in the region.  However, studies 
from the developed world demonstrate that wood smoke exposure is related to increasing 
respiratory symptoms and lower respiratory tract infections among children (Butterfield et al 1989, 
Liu et al 2003, Honicky et al 1985, Morris et al 1990, Robin et al 1996, Zelikoff 2006) and increased 
COPD exacerbations among adults (Orozco-Levi 2006).  Furthermore, the central monitors used in 
this study do not capture individual and neighborhood exposures to particulate matter from wood 
smoke which may be substantial.  Therefore RWC may contribute to mortality in the Interior and 
the North, however we were unable to capture this in our estimates. 
 
Radon is an important indoor air pollutant which is present in Northern and Interior homes at levels 
sufficient to cause health effects such as lung cancer with long-term exposure (IARC 1988).  
However, estimation of the mortality burden of radon was beyond the scope of our analysis. 
 
 
Summary 
 
This study re-emphasizes the importance of air pollution to public health by demonstrating that air 
pollution is associated with a substantial mortality burden in Northern and Interior BC, with a 
substantial mortality burden.  We estimate that 61 deaths per year in the North and 198 deaths per 
year in the Interior are attributable to indoor and outdoor air pollution.  These estimates are greater 
than previous estimates, because they take into consideration recent findings that demonstrate a 
ten-fold greater impact of long-term exposure to outdoor air pollution compared with short-term 
exposure.  Our estimates place air pollution among the important modifiable public health concerns 
in the Interior and the North.   
 
 
Recommendations 
 
This study provides evidence to support: 

o Actions to reduce ambient particulate matter, particularly in the communities with the 
greatest mortality burdens: Prince George, Kelowna, Kamloops and Vernon.  Such actions 
would include identifying the sources of air pollution and using education, enforcement and 
engineering to decrease pollution. 

o Identification of the constituents of ambient particulate matter in BC’s Interior and North, 
and focusing efforts on mitigating the components with the greatest health effects (e.g. 
from combustion sources). 

o Ongoing support of efforts to reduce exposure to environmental tobacco smoke, which is 
an important cause of mortality.  

o Research into health effects of other air pollutants such as residential wood combustion 
and radon. 
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Table 1. Concentration response functions for mortality attributable to long-term exposure to PM 2.5 
(percentage increase in mortality per 10 ug/m3 increase in annual mean PM 2.5 (adapted from Pope and 
Dockery 2006). 
Study Concentration Response Function 

(95% CI) 
Source 

Six Cities Study, original 13 (4.2,23) Dockery et al 1993 
Six Cities Study, HEI reanalysis 14 (5.4,23) Krewski et al 2000 
Six Cities Study, extended 
reanalysis 

16 (7,26) Laden et al 2006 

ACS, original 6.6 (3.5,9.8) Pope et al 1995 
ACS, HEI reanalysis 7.0 (3.9,10) Krewski et al 2000 
ACS, extended reanalysis 6.2(1.6,11) Pope et al 2002, 2004 
ACS adjusted for education 8-11 Dockery et al 1993 

Pope et al 2002 
Krewski et al 2000 

ACS, Los Angeles, fine spatial 
analysis 

17 (5,30) Jerrett et al. 2005* 

AHSMOG* 1.1 (-2.3,4.6) Abbey et al 1999 
AHSMOG, males 
AHSMOG, females 

8.5 (-2.3, 21) 
CV mortality only: 42 (6,90) 

McDonnell et al 2000 
Chen et al 2005 

Women’s Health Initiative CV mortality only: 32 (1,73) Miller et al 2004 
11 CA counties, elderly 1 (-0.6,2.6) Enstrom 2005 
Veterans** 15 (5,26) Lipfert et al 2006 
Values used in this analysis Low 1.6 

Central 10.5 
High 26 

Pope et al 2002, 2004 
Mean value of six major studies*** 
Laden et al 2006 

* Seventh Day Adventist community, non-smokers. 
** Middle aged, hypertensive male Veterans’ Associate patients; 81% current or former smokers, 35% African 
Americans 
*** The six major studies from the Six Cities Study and the Amercian Cancer Society study, which are the first six 
studies listed in this table. 
 
Table 2.  Estimated annual mortality attributable to particulate matter, environmental tobacco smoke and 
residential wood smoke.  Central mortality estimates are listed, with high and low estimates in brackets. 
Factor Interior North 
Long-term exposure to ambient PM 2.5a 179 (27,443) 53 (8,130) 
Environmental tobacco smoke b 19 8 
Residential woodsmoke c 0 0 
Annual mortality attributable to indoor and 
outdoor air pollution 

198 (46,462) 61 (16,138) 

a Annual  mortality attributable to PM 2.5 incremental to the lowest concentration in the province (Terrace, 5.39ug/m3) 
b Health Canada estimate of 108 deaths in BC in 1998, extrapolated on a population basis to Interior and North and for 
population 2001-2005.  The five-year average is used for annual mortality (nd). 
c WHO estimate for developed world, estimate of death from biomass burning in US, Canada and Cuba is zero (world 
region AMR-A; WHO nd). 
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Table 3.  Mortality attributable to annual mean PM 2.5 increment above the lowest in the province (Terrace 
3.39 ug/m3) for 2001 to 2005 inclusive. Central mortality estimates are listed, with high and low estimates in 
brackets. 
Location PM 2.5 Five-Year Mortality 

Central (High,Low) Estimate 
Northern Health Authority   
Fort Nelson 4.2 1 (0,2) 
Fort Saint John 3.8 3 (0,7) 
Kitimat 3.8 1 (0,3) 
Terrace 3.4 + 
Smithers 6.0 5 (1,13)* 
Houston 6.5 6 (1,16)* 
Prince George 9.6 165 (25,409) 
Quesnel 8.3 41 (6,101) 
Rest of NHA (median PM 2.5) 5.1 41 (6,102) 
Total NHA - 263 (40,652) 
 
Interior Health Authority 

  

Williams Lake 6.2 24 (4,58) 
Kamloops 6.1 108 (17,268) 
Vernon 7.0 106 (16,262) 
Kelowna 6.1 194 (30,481) 
Golden 8.4 9 (1,22) 
Rest of IHA (median PM 2.5) 6.2 453 (69,1121) 
Total IHA - 894 (136,2214) 
C (H, L) are central, low and high values used for sensitivity analysis. 
+ Terrace had the lowest PM 2.5 in the province, and was used as the reference concentration. 
* Houston and Smithers are in the same LHA, so the mortality burden was calculated using the mean PM 2.5 
concentration of the two cities. 
 
Table 4. Estimated annual mortality attributable to PM 2.5 increment above Vancouver International Airport 
(5.79 ug/m3) and Terrace (3.39 ug/m3) for 2001 to 2005 inclusive. Central mortality estimates are listed, with 
high and low estimates in brackets. 
Location Estimated mortality attributable 

to PM 2.5 concentration 
incremental to Vancouver  
Central (High,Low) Estimate 

Estimated mortality attributable 
to PM 2.5 concentration 
incremental to the lowest 
concentration in BC 
Central (High,Low) Estimate 

Northern Health Authority  
 

25 (4,63) 53 (8,130) 

Interior Health Authority  
 

32 (5,79) 179 (27,443) 

Annual mortality Interior and 
North combined 

57 (9,142) 232 (35,573) 

 

Elliott and Copes 2007  Page 10 of 14 



Table 5. Range of estimates for annual attributable mortality for outdoor air pollution in Northern and Interior 
BC. 
Source of the Estimate Annual Mortality  
Brauer’s estimate for the Lower Mainland pro-rated to Northern and Interior 
BC* 

0 – 269 

MHO’s ‘more likely’ estimate pro-rated to Northern and Interior BC* 7 – 67 
PHO Report estimate for the province pro-rated to Northern and Interior BC* 6 – 60 
Vedal’s estimate for outside Lower Mainland and CRD/NRD 69 
PHOs Report for PM >6.0 ug/m3 in the Interior 71 
Our estimate for Interior and Northern BC combined based on  annual mean 
PM 2.5 in excess of Vancouver concentration** 

57 (9,142) 

Our estimate for Interior and Northern BC combined based on annual mean 
PM 2.5 in excess of the lowest concentration measured in BC** 

232 (35,573) 

* IHA and NHA contain 24% of the population during the years 2001 to 2005 
** Mortality is presented as Central (Low, High) estimates. 
 
 
 
Table 6. Mean annual mortality in the Northern Health Authority attributable to ambient air pollution 
compared to other attributable deaths and to causes of death. Mortality due to ambient air pollution is 
estimated for PM 2.5 concentration incremental to the lowest concentration in BC and population for 2001-
2005. 
Cause of Death Annual Mortality 
Air pollution 53 (8,130) 
Smoking attributable mortality* 319 
Alcohol related mortality 168 
Cardiovascular disease 297 
Stroke/CVA 82 
Chronic Pulmonary Disease 73 
Diabetes 61 
Drug Induced 57 
Influenza and Pneumonia 51 
* Smoking attributable mortality does not include environmental tobacco smoke (second-hand smoke). 
 
 
 
Table 7. Mean annual mortality in the Interior Health Authority attributable to ambient air pollution compared 
to other attributable deaths and to causes of death. Mortality due to ambient air pollution is estimated for PM 
2.5 concentration incremental to the lowest concentration in BC and population for 2001-2005. 
Cause of Death Annual Mortality 
Air pollution 179 (27,443) 
Smoking attributable mortality* 1271 
Alcohol related mortality 463 
Cardiovascular disease 1415 
Stroke/CVA 437 
COPD 283 
Influenza and Pneumonia 228 
Diabetes 187 
Drug Induced 173 
* Smoking attributable mortality does not include environmental tobacco smoke (second-hand smoke). 
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