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Abstract 

Air pollution comprised of particulate matter 10µm (PM10), particulate matter 2.5µm 

(PM2.5), ground level ozone (O3) and nitrogen oxides (NOx) has documented impacts on public 

health, which led governments to establish standards and regulate the emission of these airborne 

contaminants. In Northern British Columbia where many communities experience periods of 

poor air quality thorough research on resulting health impacts has not been conducted.  This 

project sought to examine relationships between poor air quality conditions and emergency room 

visits in Prince George, BC by using the limited data that could be accessed due to privacy 

concerns. No statistically significant relationships were found individually or when considered 

together. However, in follow-up stakeholder interviews, respondents confirmed poor air quality 

links to public health issues exist and need attention. Their comments and suggestions provided a 

basis for recommendations to support improving air quality conditions in the Prince George 

airshed. 
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Introduction 

Air pollution  as measured by parameters such as particulate matter 10µm (PM10), 

particulate matter 2.5µm (PM2.5), ground level ozone (O3) and nitrogen oxides (NOx)  has long 

been associated with both chronic and acute negative health effects (BC Air Quality, 2013).   In 

Northern Interior British Columbia, many communities consistently experience some of the 

worst air quality conditions in the province due to a variety of factors such as industrial 

emissions, road dust, wood burning, local topography and climate (Northern Health, 2013).  This 

is in spite of the fact that the population density is much lower compared to many other areas in 

the province.   

Existing research has demonstrated the relationship between these air quality parameters 

and potential impact on health as measured by increased doctor’s visits or hospital admissions 

(e.g., Dominici et al., 2006; Wong, Tam, Yu, Wun, & Wong, 2006). However, such research has 

not been not been conducted in northern BC with its unique mix of climate conditions and 

emission sources.  By determining whether there are measurable links in north central British 

Columbia between sources of air pollution and impacts on health we can start thinking about and 

understanding how these impacts can be reduced to help achieve overall improvement in health 

in the general population, lower health care costs and maintain a thriving economy.  

 Located in the heart of Northern Interior BC, Prince George  also known as “BC’s 

Northern Capital” is a major industrial, transportation, and service centre with a population of 

approximately 75,000, which has many of the climate, topographic, and pollution source 

conditions shared by other northern BC communities. Prince George features a valley terrain and 

often experiences thermal inversions in the local airshed. These two features combined with 
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frequent calm weather traps pollutants close to the ground (Prince George Air Quality 

Improvement Roundtable, 2010). This makes it a good case study model for exploring the 

relationship between public health and air quality conditions in Northern BC.  

The University Hospital of Northern BC (UHNBC), located at the centre of Prince 

George is the largest acute care centre in Northern BC and the hub for this region’s health care 

services.  Its emergency room receives patients primarily from residents within the Prince 

George airshed as well as smaller communities across the north.  UHNBC emergency room 

visitation rates have been obtained from the Northern Health Authority for a period of time from 

2009 to 2013. Using this data combined with publicly available data from the BC Ministry of 

Environment for air quality parameters in Prince George, I posed the question "Is there a 

relationship between air quality and the number of hospital visits in Prince George, BC?”  To 

answer this question, I undertook a statistical analysis of the relationship between the air quality 

parameters and emergency room visits. The time frame that was examined was July 2012 to June 

2013. This time period was chosen for a couple of different reasons.  First, there was a complete 

set of atmospheric data for the parameters of interest.  Second, this is a long period of time which 

encompasses all the different seasons and climactic conditions that may take place.  

 The hypotheses tested were: 

Ho: There is no significant relationship between emergency room visitation rates and air 

quality parameters in Prince George. 

Ha: There is a significant relationship between emergency room visitation rates and air 

quality parameters in Prince George. 
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I complemented this with an analysis of the governance framework for addressing air quality 

issues and a questionnaire survey of local stakeholders, with a focus on air quality decision-

making considerations. The results were used to draw conclusions and make recommendations to 

address issues raised in this research. 

 The air quality management framework in Canada can be roughly divided along political 

and administrative lines.  At the federal/provincial/territorial level, the Canadian Council of the 

Ministers of the Environment (CCME) develops national strategies, norms, and guidelines that 

each provincial or territorial environment ministry across the country can use directly or delegate 

to local governments.  In BC the provincial Ministry of Environment serves as the primary 

regulator for air quality issues and the BC Lung Association, which is a non-governmental 

organization, works to prevent lung disease.  At the regional and local level the Prince George 

Air Quality Improvement Roundtable (PGAIR), is a multi-stakeholder, community based, non-

profit society that includes representatives from the general public, local businesses, local 

industries, community groups, governments, UNBC, and Northern Health.  PGAIR is committed 

to researching, monitoring, recommending and implementing air quality improvements.  

 

Literature Review 

Contaminants 

 Particulate matter. 

 Fine particulate matter is a general name given to particles of liquids and solids that 

contaminate the air. These particles are found in a wide range of different sizes and different 

compositions depending on their origins. Common sources of particulate matter in the air include 
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combustion by-products, road dust, construction, and various industries (USEPA, 2013). 

Particulate matter can be divided into two categories. Primary particles are emitted directly by 

the source and secondary particles are formed through reactions between other contaminants 

found in the atmosphere (USEPA, 2013). PM2.5 is particulate matter that is 2.5 microns in 

diameter or less while PM10 is particulate matter that is 10 microns in diameter or less. The finer 

the particulate matter, the more deeply it will penetrate and persist in the lungs which can lead to 

health problems.  Finer particles also stay aloft in the air for a longer period of time and travel 

farther distances. Particulate matter has a wide range of health effects ranging from coughing or 

sneezing, irritation of the eyes, throat, and lungs.  It can cause more serious issues with 

individuals who suffer from asthma, chronic obstructive pulmonary disorder, and other lung 

diseases. It can also cause cardiovascular problems, including heart attacks in people with certain 

pre-existing heart diseases (Canadian Lung Association, 2014).   

 Nitrogen oxides. 

 Nitrogen oxides or NOx are a mixture of similar related gases which are composed of 

nitrogen and oxygen. Major components of NOx include nitric oxide (NO), nitrogen dioxide 

(NO2), nitrous acid, and nitric acid (USEPA, 2014). NOx are typically emitted from the burning 

of fossil fuels, as well as some industrial activities including pulp and paper (ASTDR, 2002). All 

of these activities can be found in the Prince George area. NOx can react with ammonia, 

moisture, and other compounds to form fine particulate matter and contribute to the overall level 

of PM2.5 and PM10 (USEPA, 2013). NOx can also react with volatile organic compounds in the 

atmosphere and in the presence of heat and sunlight to produce ozone (USEPA, 2014). 

Therefore, the reduction of NOx should have the side benefit of reducing fine particulate matter 
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and ozone levels as well. The direct health effects of NOx include irritating the upper airways 

and causing shortness of breath, especially in individuals with lung disease, such as asthma and 

chronic obstructive pulmonary disorder (Canadian Lung Association, 2014).  

Ground level ozone. 

 Ground level ozone is different from the ozone found in the high altitude ozone layer, but 

they are the same compound chemically (USEPA, 2012).  Ground level ozone is the main 

component of smog. Ozone is not emitted directly into the atmosphere. Instead, it is formed 

when NOx, the other contaminant of interest, and volatile organic compounds (VOC) react in the 

presence of sunlight and heat (USEPA, 2012). Potential sources of VOCs include fuel vapours, 

chemical solvents, and vehicle exhaust (USEPA, 2012). Rather than protect us from harmful UV 

rays like the high altitude ozone, ground level ozone is a very strong oxidizera severe 

irritantthat worsens symptoms for people with asthma, COPD and other lung diseases, as well 

as for people with cardiovascular disease (Canadian Lung Association, 2014). 

Governance Framework 

In Canada the Canadian Council of Ministers of Environment (CCME), federal, 

provincial or territorial, and local governments are involved in managing environmental 

conditions such as air quality. Their roles are described below, with British Columbia and Prince 

George used as examples of provincial and local government approaches.  

Canadian Council of Ministers of Environment.  

The Canadian Council of Ministers of the Environment (CCME) provides the major 

intergovernmental forum for collective action on environmental issues of national and 

international concern (CCME, 2014). The Council is comprised of environment ministers from 
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the federal, provincial, and territorial governments. These 14 ministers normally meet at least 

once a year to discuss environmental priorities and commit to work on these.  

CCME uses a coordinated intergovernmental approach to bring about consistent 

environmental standards, strategies, and objectives across the country. This is especially 

important when addressing issues that cross-jurisdictional boundaries.  The CCME does not have 

any legislative or regulatory powers to implement the strategies and initiatives that it develops. 

Therefore, each jurisdiction independently decides whether or not to adopt the CCME 

recommendations. 

 In 1998, with the exception of Quebec, the Canadian Ministers of the Environment 

signed the Canada-wide Accord on Environmental Harmonization and a sub-agreement on 

Canada-wide Standards (CWS). These standards included levels established for particulate 

matter and ground level ozone to address air pollution. These standards were considered to be 

practical and achievable targets to reduce health and environmental risks (Provincial Health 

Officer, 2004). 

Federal government role.  

The federal government role is in the realm of Canadian interests in international 

negotiations, cooperation with provincial and territorial governments, and passing federal 

legislation that applies to the entire country.  Due to the boundary spanning nature of air 

pollution, the federal role has been very important in the efforts to combat acid rain and ground 

level ozone (Provincial Health Officer, 2004).  The federal government administers the Canadian 

Environmental Protection Act (Environment Canada, 2014) through which it sets National 

Ambient Air Quality Objectives (NAAQOs). 
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Provincial role: British Columbia.  

A province such as British Columbia has the jurisdiction to regulate air pollution sources. 

Therefore, it has many of the primary responsibilities for air quality.  In turn, this authority may 

be delegated to local government jurisdictions such as Metro Vancouver in BC. The provincial 

role also includes setting environmental quality benchmarks, targets, and standards and enforcing 

provincial legislation. In BC, the management of air quality has evolved and changed over time.  

In 1949, City of Vancouver initiated air pollution control program, but a provincial regulatory 

program wasn’t established until 1967 (Provincial Health Officer, 2004). In 1982, the Waste 

Management Act was created to regulate air emissions but it focused on point sources. As time 

passed there was a shift in focus to additional sources of air emissions, such as cleaner vehicles 

and smoke from open burning and residential woodstoves. 

 Currently, the primary piece of provincial environmental legislation in BC is the 

Environmental Management Act (EMA), which came into force on July 8, 2004. This replaced 

the Waste Management Act and the 1996 Environment Management Act. The 2004 EMA sets 

the legislative framework for waste management and air emissions.  One aspect of the new EMA 

is that in addition to the regulation and permitting of point sources, it also had provisions for area 

based airshed planning.  This allowed the various sources of emissions in an airshed to be 

considered in context of one another and permitted a more complete approach which considers 

cumulative effects.   
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Local government role: Prince George and the Regional District of Fraser-Fort 

George.  

Under provincial legislation local governments including the City of Prince George and 

the Regional District of Fraser-Fort George can enact by-laws to regulate certain emission 

sources such as backyard burning and residential wood combustion. Local authorities can also 

influence the type and location of emission sources through official community plans, regional 

growth strategies, and sector plans, for example transportation.  They can implement these plans 

using land use zoning, development approval powers, and service programs (e.g., public transit 

in association with the province).  In 2011, a report on the extent to which BC local 

governments, including the City of Prince George and Regional District of Fraser-Fort George, 

regulated air pollution was prepared by the BC Ministry of Environment (Coccola, 2012). 

Air Quality Challenges in British Columbia 

In British Columbia, air quality research has been occurring for over 40 years.  This 

research ranges from a study on air pollution in Chilliwack in 1964 (Ferris & Anderson, 1964) to 

the discovery of elevated lead levels in children living in proximity to a lead smelter in Trail 

(Schmitt, Philion, Larsen, Harnade, & Lynch, 1979).  In 2003, the BC Lung Association released 

a report which examined community studies of air contaminants that were thought to cause 

cardio-respiratory health effects (Bates, Koenig, & Brauer, 2003). Specifically, the report noted 

that in parts of BC, the levels of particulate air pollution, particularly PM2.5 and ozone, were in 

the range where effects on health may be expected. In 2004, the BC Provincial Health Officer 

focussed his 2003 annual report on air quality.  This report concluded that there is a significant 

health burden due to air pollution in BC (Provincial Health Officer, 2004). The report estimated 
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that there are approximately 140-400 deaths due to air pollution with health care costs of $167 

million every year in BC alone, but there has been no comprehensive study of the adverse health 

effects of air pollution in BC. However, research has been conducted in the neighbouring 

province of Alberta and it suggests that exposure to air pollution in an important determinant for 

asthma, especially among the young and elderly (Villeneuve, Chen, Rowe, & Coates, 2006)  

 The Provincial Health Officer’s report for 2003 goes on to observe that the way that we 

manage air quality and really any environmental factor in BC and Canada at large is driven in 

large part by our knowledge, public attitudes or mood, and beliefs. The public mood is often 

dictated by short-term considerations which can include how an issue affects us personally and 

the consequences of “doing something versus doing nothing” as well as current events. However, 

whether we choose to respond to longer-range concerns often reflects our cultural beliefs and 

values. While attitudes and moods may quickly change, as observed when one follows political 

polls or opinion studies, beliefs tend to be more stable, take longer to evolve, and are linked to 

our values.  In BC, opinion is divided on many issues including the just recently highlighted 

proposed bituminous oil pipelines to the west coast (Bloomberg-Nanos Survey, 2014). 

 This combination of knowledge, public attitudes or mood, and beliefs eventually helps 

guide and inform how federal, provincial/territorial local governments in Canada regulate and 

manage environmental conditions such as air quality.  

Air Quality Challenges and Responses in the Prince George Area  

 Challenges.  

As an industrial city, Prince George has many sources of air emissions that often fall 

under different jurisdictions.  There are two rail yards which are regulated federally and emit 
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particulate matter and NOx from diesel exhaust, similar to that of large trucks (BC Air Quality, 

2014).  There are three pulp mills and a refinery whose emissions are regulated provincially 

which emit particulate matter, NOx, and VOCs (Environment Canada, 2013).  In addition, 

recreational fires, recreational vehicles, and wood burning heat sources, which emit a wide range 

of different air contaminants, are regulated both provincially and municipally (USEPA, 2002; 

BC Air Quality, 2014).  With this mix of large industrial emitters and numerous non-industrial 

emitters, it can be challenging to manage the airshed in order to control emissions, but still allow 

industrial and economic development as well as allow limited intervention with respect to 

personal choices that contribute to air pollution.   

PGAIR: A Coordinated Community Approach to Air Quality Challenges.  

The Prince George Air Quality Improvement Roundtable (PGAIR) is a multi-stakeholder, 

community-based, non-profit society with the goal of improving the air quality in the Prince 

George airshed.  PGAIR includes representatives from the public, business, industry, community 

groups, government, and the Northern Health Authority. PGAIR is committed to researching, 

monitoring, recommending and implementing air quality improvements and to promoting public 

awareness and education in the Prince George airshed,  

PGAIR was formed to bridge the varying different interests and mandates to attempt to 

coordinate the disparate portions of the air quality management apparatuses in the Prince George 

airshed to improve air quality. While PGAIR does not have the legal mandate or powers to make 

decisions, the stakeholders who do have the legal powers and mandates, are committed to the 

PGAIR collaborative process. When one organization is about to make a major decision or 

proposal that may affect the air quality in the area, it will bring this proposal to PGAIR for 
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review and discussion so that all the major stakeholders in the area will have input.  This allows 

for the exchange of information and ideas so that decisions are not made in isolation.  

Consequently, compromises and alternatives can be then discussed and considered.  As a result 

no inadvertent increases in emissions will occur and existing emitters may discover ways to 

reduce their emissions. 

Methodology 

Data Collection 

 The air quality data required for this research project is available from the BC Ministry of 

Environment (MoE) (BC Air Data Archive, 2014).  In Prince George, the MoE collects and 

monitors for particulate matter 10µm (PM10), particulate matter 2.5µm (PM2.5), ground level 

ozone (O3) and nitrogen oxides (NOx).  The main sampling site is located in downtown Prince 

George at the heart of the city.  There are other sampling sites in the general area.  However, the 

other sites do not sample for the complete suite of the examined parameters.  Thus to ensure 

consistency  and completeness of the data sets and the sampling locations, only the data based on 

this sampling site will be used to represent the overall air quality in the airshed.  This is a 

reasonable compromise due to the central location of the sampling site.  The data is available for 

both hourly averages as well as daily (24-hour) averages. However, only the daily averages were 

used as the comparison is being with daily numbers of emergency room visits rather than hourly 

numbers.  The local regional air quality advisories as well as the Air Quality Health Index 

(AQHI) levels are calculated from the information collected by these sampling sites.  Therefore, 

this is the best and most complete set of air quality data for the area of interest.   
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 In accordance with its research policies, an application was made in the summer of 2013 

to the Northern Health Authority (NHA) for data on hospital admission rates and emergency 

room utilization rates related to the air quality conditions described above.  NHA is the regional 

health authority which administers the hospitals in Northern BC.  The data eventually provided 

were the daily total numbers of emergency room visits at University Hospital of Northern BC 

(UHNBC) over a period of a couple of years.  However, due to privacy concerns, there was no 

detailed information on the causes for the emergency room encounters.   

 To support the decision-making framework analysis, a brief interview survey was 

developed and conducted.  The individuals interviewed were those who play a role in decision-

making in the local airshed.  Those individuals were identified via the PGAIR.  The purpose of 

the surveys was to determine what authorities and stakeholders perceive the decision-making 

process to be, what their roles are in the decision-making process, what are the primary 

considerations in the decision-making process, and what they would do to improve the decision-

making process. Initial contact with the interviewees was made via email.  The interviews were 

conducted by telephone after the interviewees had fully reviewed and signed the privacy 

disclosure document.  

Data Analysis 

 First, a thorough description of the data was carried out.  The description included the 

types of data being used, measures of central tendency as well as the distribution.  Descriptive 

statistics allows us to determine if there were any patterns to the data and if there are any 

anomalies, which will aid in the analysis interpretation of the statistical results and help the 

audience understand the results being presented (Newing, 2011).  
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A regression analysis was then used to examine the relationship between the individual 

atmospheric parameters and hospital emergency room visitation rates.  A regression allows us to 

determine if there is a relationship between two variables (Newing, 2011). In this case, health 

care utilization is the dependant variable while the air quality parameter is the independent 

variable. Since there are two variables, a linear regression can be used to determine if the 

relationship is a linear one.   

 The statistical analysis was carried out through the use of a Microsoft Excel spreadsheet 

with its built-in data analysis tool package.  A total of five comparisons were done.  The daily 

average of each parameter was compared with the corresponding daily emergency room 

visitation number.  In addition all four parameters were analyzed together with the emergency 

room visitation rate.   

 Using the data obtained as described above, this research project sought to examine if 

there is a significant relationship between the air quality parameters of particulate matter 10µm 

(PM10), particulate matter 2.5µm (PM2.5), ground level ozone and nitrogen oxides (NOx) and 

hospital admission and emergency room visitation rates.  Specifically, each individual parameter 

was analyzed separately to see if, on an individual basis, they have a significant effect.  This is 

important since each separate parameter may be emitted from different sources, which would be 

subject to different management methods.  

Interview Surveys 

 The interview survey was conducted by phone.  All responses will be kept confidential 

and only used for the purposes of this project.  Data obtained from the survey was used to 

elaborate the decision-making structure currently in place in the form of policies, programs and 
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practices, as well as provide comments on the data analysis findings.  The survey results were 

prepared on a sectoral basis. Both sets of findings are used to inform follow-up 

recommendations. The full survey materials may be viewed in Appendix 1 

 The interview survey questions were: 

1) Do you consider air quality to be a concern in the Prince George airshed? Why or why 

not? 

2) Can you please describe your understanding of the current air quality management 

system in the Prince George area? 

3) What do you consider your role to be in the air quality management system? 

4) Do you currently consider the Air Quality Management System to be effective in the 

Prince George airshed? If no, do you believe it to be an issue of implementation or 

organizational structure? 

5) What do you consider to be the biggest barrier to improving air quality in the Prince 

George airshed? 

6) What do you consider to be the greatest strength of the current management system? 

7) What do you consider to be the great weakness of the current management system? 

8) Do you have any proposals for improving the current management system? 

9) In the course of my project, I did not find a significant relationship between the four air 

quality parameters and emergency room visitation rates.  Does this information influence 

your answers to any of the previous questions? 

10) Do you have any other comments? 

11) May I contact you again regarding questions that I may have at a later date? 



 
 
 
 

EFFECT AND MANAGEMENT OF AIR QUALITY                                                                        20 
 

 

Results 

Statistical Analysis Results 

As seen in Table 1, a full year was examined.  With regards to NOx and O3, some data 

points were missing during the time period examined from the beginning of July 2012 to the end 

June 2013.  It is unclear why these data points were missing, but possible explanations include 

equipment maintenance or malfunction.  To compensate, those days were not included in the 

calculations.   

Table 1  

Descriptive statistics of the NOx, O3, PM2.5, PM10 daily averages and daily emergency room 

visits 

 

NOx (ppb) O3 (ppb) PM2.5 (µg/m
3
) PM10 (µg/m

3
) 

Emergency 

Room Visits 

Mean  21.38 19.38 6.27 16.34 121.46 

Median 14.45 19.40 4.80 12.20 121.00 

Mode 7.50 23.20 4.10 11.50 124.00 

Standard 

Deviation 
18.65 9.47 5.30 11.81 13.05 

Minimum 2.00 0.70 0.50 2.60 90.00 

Maximum 160.00 45.60 36.30 68.20 166.00 

Count 364 335 365 365 365 

There were no significant relationships found between emergency room visitation rates 

and air quality parameters in Prince George.  The regression analysis showed that there was no 

significant relationship found between O3, PM10, and PM2.5 individually with emergency room 

visitation rates.  However, there was a significant relationship found NOx and emergency room 

visitation rates and also when all four parameters were analyzed together.   

 As seen in Table 2 the p-value of the regression analysis of O3, PM2.5 and PM10 were all 

greater than .05 indicating no relationship.  However, the p-value of NOx was less than .05 
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indicating a significant relationship, as shown by the negative coefficient of NOx in Table 2 and 

the trend line in Figure 1.  The relationship is counter to what one would expect.  As the level of 

NOx increased, the number of emergency room visits decrease. This result was achieved again 

when all four parameters were analyzed together against the visitation rate.  

Table 2   

Regression analysis results separately comparing NOx, O3, PM2.5, and PM10 with emergency 

room visits with 95% confidence level. 

 

  
Coefficients 

Standard 

Error 
t Stat p 

NOx -0.107850 0.036285 -2.972450 0.003152 

O3 0.045045 0.076153 0.591507 0.554582 

PM2.5 0.047532 0.129219 0.367837 0.713209 

PM10 -0.042750 0.057940 -0.737880 0.461063 

 

In Table 3, NOx again appeared to have a significant relationship with the visitation rate 

with a p-value of less than .05, but the coefficient is again negative.  Possible explanations and 

reasons for this result will be discussed in the discussion section. 

Table 3 

 

Regression analysis results comparing NOx, O
3
, PM2.5, and PM10 combined together with 

emergency room visits with 95% confidence level. 

 

  
Coefficients 

Standard 

Error 
t Stat p 

NOx -0.150091 0.049108 -3.056340 0.002423 

O3 -0.027682 0.104663 -0.264490 0.791567 

PM2.5  0.473720 0.247969 1.910402 0.056948 

PM10  -0.109891 0.093380 -1.176820 0.240116 
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Figure 1. Plot of daily NOx concentration versus emergency room visits featuring all available 

data points.  Trend line and associated equation are included. 

 
Figure 2. Plot of daily O3 concentration versus emergency room visits featuring all available data 

points.  Trend line and associated equation are included. 
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Figure 3. Plot of daily PM2.5 concentration versus emergency room visits featuring all available 

data points.  Trend line and associated equation are included. 

 

 
Figure 4. Plot of daily PM10 concentration versus emergency room visits featuring all available 

data points.  Trendline and associated equation are included. 
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Interview Survey Results 

 

 A total of five interviews were carried out: five others were requested but were not 

available to participate within the available timeframe.  Those interviewed were from local 

industry, local government, provincial government, non-governmental organizations, and health 

care.  Given the small number of interviewees and commitment to their anonymity a blended 

summary of participant responses follows. 

Table 4  

Survey questions and blended responses. 

Survey Question Blended Responses 

1) Do you consider air 

quality to be a concern 

in the Prince George 

airshed? Why or why 

not? 

It is absolutely a concern for many different reasons: 

 Reflects very poorly on the image of the community and 

thus inhibits growth and economic development.  

 Has a negative social impact resulting in poor community 

self-esteem and the trust that the community has in 

democracy 

 There is a health impact, especially with an aging 

population 

 The area is naturally susceptible to poor air quality  

 There is a concern because studies have shown that the 

airshed is at capacity. This limits economic growth as new 

emitters cannot enter the area. 

 There is a great deal of concern in the community 

 The concentration of contaminants is high and there is bad 

odour.  The effects many things such as health, but also 

economically.  Makes it difficult to recruit staff and affects 

housing prices 
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2) Can you please 

describe your 

understanding of the 

current air quality 

management system in 

the Prince George 

airshed? 

The airshed is managed through a series of different 

legislation with several orders of government and different 

agencies and ministries within those governments.   

Emitters can fall under multiple departments and levels of 

government. However, PGAIR is supposed to bridge those 

silos.  PGAIR comes from a mandate from the city and 

comprises of industry and government. Railways are federally 

governed.  Health agencies have an interest.  

There are air quality monitoring stations, both ambient air 

monitoring as well as site specific emissions monitoring, in 

Prince George run both provincially and by contractors and 

permittees.  They inform permitting decisions as well as 

education and outreach to the public.  

Provincial objectives are set by the province.  There are many 

regulations and emission standards that are out of date.   

 

Emission permit amendments are reviewed by PGAIR 

providing transparency and accountability.  Ministry of 

Environment has staff to review permits, but there is concern 

that organizational restructuring may affect future monitoring 

of those permits.  

 

3) What do you consider 

your role to be in the 

Air quality 

management system? 

None of the respondents were dedicated to air quality work 

Some had regular routine duties related to air quality. All had 

other employment duties.  They all represented their 

respective organizations on PGAIR and contributed to the 

discussions and decision-making process at PGAIR.   

 

4) Do you currently 

consider the Air 

Quality Management 

System to be effective 

in the Prince George 

airshed? If no, do you 

believe it to be an issue 

of implementation or 

organizational 

structure? 

 

Overall, the system is working and there has been 

improvement in the air quality of Prince George. PGAIR has 

been very effective in bringing stakeholders together. It was 

not very effective in the past since the airshed is now at 

capacity. 

However, progress is slow due to the lack of a legal mandate 

for many to improve air quality.  In addition there is a lack of 

consistent funding structure and support from various 

different agencies which threaten to derail the process 

whenever there is a change within an individual organization. 

5) What do you consider 

to be the biggest barrier 

to improving air quality 

in the Prince George 

Sustained commitment and managed exits are needed. (See 7. 

and 8. below, which also addressed this point.)  
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airshed? 

 

6) What do you consider 

to be the greatest 

strength of the current 

management system? 

There is significant buy-in from industry with consistent 

participation.  They have responded to concerns, taken action 

and invested funds.  They play a role in decision-making and 

have attracted significant capital to the community.  There is 

an element of trust. 

There is a high degree of awareness in the community as well 

and everyone plays a role in improving air quality.  

 

7) What do you consider 

to be the great 

weakness of the current 

management system? 

There is no mechanism to ensure and require that the key 

people remain from certain organizations.  Lack of consistent 

commitment leads to high turnover and the need to constantly 

reorient members. There are no definitions of roles and there 

are gaps in responsibilities for members which reduces 

accountability.  

Certain contributors to poor air quality such as recreational 

fires and recreational vehicles aren’t managed and remain a 

challenge.   

Odour as a parameter also isn’t managed and is one of the 

most well-known issues in the community.  

 

8) Do you have any 

proposals for 

improving the current 

management system? 

Some felt that all agencies need to commit to longer terms on 

the PGAIR board rather than yearly commitments.  This will 

help eliminate fluctuation and reduce costs as significant time 

and resources are wasted on orientation.  There should be 

guaranteed seed funds rather than yearly allocations subject to 

change.  This way the capacity and revenues cannot be 

disrupted by any one agency change.  There should be task 

committees on PGAIR rather than standing committees. 

There also needed to be more accountability to the system. 

One individual thought that everything is running well.  

 

9) In the course of my 

project, I did not find a 

significant relationship 

between the four air 

quality parameters and 

emergency room 

visitation rates.  Does 

this information 

influence your answers 

to any of the previous 

None of the respondents thought that my results would affect 

their answers.  The relationship and causality between health 

and air quality is well established.  This is a small airshed and 

we may not see statistically significant results. Also, air 

quality might not have an acute effect on health, but this does 

not preclude chronic long term. 
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questions? 

 

10) Do you have any other 

comments? 

Can this report be distributed to PGAIR upon completion? 

 

Discussion 

Data Analysis 

While no useful statistically significant results were found for any of the parameters 

during the analytical portion of this project, this was not entirely surprising.  While air quality 

has been shown to have a significant impact on health, the effects may not be immediate (Pope & 

Dockery, 2006).  This, combined with the relatively small size of the population may obscure 

any effects that air quality may have on emergency room visits, which is a more accurate 

measure of acute health effects than of chronic health effects. If specific data regarding 

respiratory related emergency visits only could have been obtained, a statistically significant 

relationship might have been observed between respiratory visits and air quality.  However, since 

this data was not available, and if respiratory related complaints were a small proportion of the 

overall emergency room visits and any significance that may have been present is obscured.  

Although it was found that, as the NOx level increased, the number of emergency room 

visits actually decreased, this was not useful as it is completely contrary to previous existing 

research around air quality to say that an increase in NOx levels is beneficial for health (USEPA, 

2014).  The scale of the effect is also unconvincing as it was a relatively minor effect with a R
2
 

of only 0.0238.   Therefore, it is the conclusion of this project that these significant results can be 

interpreted as an error.  In an effort to determine if an outlier was the cause of this result, the data 

was also analyzed with the highest NOx value removed. However, it still yielded a similar 
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significant result with a negative coefficient.  Hence, all the data points were retained for the 

purposes of this report.  It is also possible that unrelated events in the community may have 

affected the emergency room visitation rates which coincided with changes in NOx levels 

yielding this result.  Therefore, overall I must reject my alternate hypothesis and accept the null 

hypothesis that there is no significant relationship between emergency room visitation rates and 

air quality parameters in Prince George. 

Interview Responses 

The absence of statically significant relationships between air quality parameters and 

emergency room visitations did not affect the opinions of the respondents during the interviews 

that were carried out.  Since all the respondents of the interview were stakeholders in air quality 

management and members of PGAIR, some similarities can obviously be expected in their 

responses.   However, some notable differences were observed as well.  All the individuals 

agreed that air quality was indeed a problem in the Prince George airshed, but they had differing 

views on why that was the case.  Some attributed the problem solely to the natural geographic 

features of the area, while others attributed it to the major industrial emitters in the area, or a 

combination of the two. For those that attribute the air quality issues solely to natural features, it 

is possible that they also hold the opinion that there is not a great deal that can be done to address 

the air quality issue, since geography tends to be immutable and it is difficult to reduce existing 

industrial emissions without a significant economic impact on the community or a very large 

capital investment on new emissions reduction technologies. The respondents also differed in 

why they thought air quality concerns were an issue.  Some respondents said that it is a health 

issue and affects the community morale.  Others say that it is more of an economic issue by both 
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preventing new air pollution generating industries from entering the at “air quality capacity” 

airshed and also affecting the image of the community and its ability to attract new human 

resources and investment.  Examining these responses from differing points of view, one 

possible conclusion is that Prince George’s air quality issues have wide ranging effects 

economically, socially, and health wise.  

One striking result from the interviews was that all the respondents unanimously said that 

the data analysis results did not change their views on the air quality in Prince George. Most 

were well aware of the often-chronic effects of air pollution as well as the data limitations and 

related results. They accepted this result, but still considered air quality to be a problem in the 

region. 

 As all the individuals interviewed were members of PGAIR albeit from different 

organizations, it could be expected that they all displayed some knowledge of the air quality 

management system that was in place in the Prince George airshed.  This was indeed that case, 

however they all chose to emphasize different aspects of the management system.  Some 

immediately thought of the monitoring and testing that was done to gather data and inform 

decision-making, while others thought of the different levels of government regulation that are in 

place.  Others primarily chose to speak about PGAIR itself and the collaborative process that was 

in place to facilitate decision-making.  While they are all correct in describing portions of the air 

quality management system, none of them viewed the air quality management system from a 

holistic perspective. This is most likely because each one of them comes from very different 

organizations with different mandates and they also all occupy very different positions for the 

time that is not devoted to air quality.  Hence, they viewed the management system from very 
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different perspectives, emphasized different portions, and viewed themselves differently as parts 

of the system. 

 All the respondents also agreed that the current system was working, although they 

differed in their opinions as to what extent it was working.  One individual believed that the 

system was working great with no problems. Others felt that while there has been progress, there 

is still plenty of room for improvement. For those who felt that the system could be improved, 

they all had similar criticisms and suggestions for how the system could be improved.  The 

deficiencies that were highlighted included the fact that none of the stakeholders and agencies 

that are at the PGAIR table are required to be there.  As such, internal shifting priorities in those 

organizations lead to rotating staff representatives and fluctuations in commitment.  This 

introduces a great deal of inefficiency in the system as individuals often have to be educated 

about the role of PGAIR, the history, and it procedures.  Also, time and resources are wasted on 

ensuring members of the roundtable remain engaged and committed rather than on initiatives 

which may improve air quality.  This is especially problematic when the organizations 

undergoing these transitions are government agencies that actually have the legal mandate to 

make many of the decisions that PGAIR is interested in.  Without their consistent participation, 

and support, the effectiveness of PGAIR is severely reduced.  Another major issue with the way 

that PGAIR is set up is the lack of consistent funding.  The funding for PGAIR is allocated 

independently every year rather than through a consistent and predictable funding arrangement.  

This creates uncertainty as time is spent every year to ensure that funding is again available from 

existing sources or spent to get new sources of funding.  Finally, members who are only 

marginally committed may view this uncertainty as an excuse for disengaging from the process.   
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An aspect of PGAIR that all the different respondents appreciated was the participation 

of the many industries in the area.  The inclusion of industry provides several benefits. First, as 

the major producers of emissions in the area, accounting for one quarter of NOx and PM10 

emissions, but over half of PM2.5 emissions, their actions or inactions may have a significant 

impact on the air quality in the airshed (Spagnol & Reid, 2010).  By engaging with the industries, 

communities concerns can be related and discussed.  When decisions are made, industries can be 

encouraged to choose the option that will have less of an impact or improve air quality.  Industry 

participation is also beneficial for the industries because it provides them with a platform to 

express their views to the public through a third party and it also provides them with more of a 

social licence to continue to engage in their activities.   

If one only examines legislative authority and mandates, it would appear to an outside 

observer that the air quality management in Prince George is very fragmented with disparate 

components that are unrelated to one another.  Indeed this is the case in many areas where the 

federal, provincial, and local governments each manage their own legislative portfolios with little 

interaction.  However in Prince George, PGAIR serves as the framework to which all of these 

separate management apparatuses can attach and work together.  An airshed is shared amongst 

everyone and cannot be considered separately since there is only one body of air.  Therefore, 

PGAIR serves a valuable role in coordinating air quality management efforts.  It is evident that 

all levels of government, the community as well as industry consider PGAIR to be a worthwhile 

endeavour that has proven to be at least somewhat effective in addressing the air quality issues in 

Prince George. 

 



 
 
 
 

EFFECT AND MANAGEMENT OF AIR QUALITY                                                                        32 
 

Conclusions 

While this study did not observe any significant relationship between NOx, O3, PM2.5, and 

PM10 levels reported by BC Air Quality Advisories and emergency room visits, this observation 

relates primarily to data limitations.  It does not mean that such a relationship does not exist or 

pose a significant hazard to health.  This health risk coincides with the views of the various 

stakeholders in the community ranging from different levels of government to local industries.   

In order to combat the economic, social and health impacts posed by poor air quality, 

Prince George has an air quality management apparatus called PGAIR in addition to the systems 

that are associated with the various legislated functions of government agencies.  PGAIR brings 

the various local stakeholders together and provides a forum in which various air quality 

management decisions and proposals can be discussed and studied so that the best decision can 

be made with the goal of improving air quality, while not inhibiting development and economic 

growth.   

While PGAIR is considered to be successful, there are several improvements that could 

be made such as ensuring greater commitment on the part of the members as well as funding.  

The Prince George airshed shares the same governance structures as most other areas of the 

province, such as federal, provincial, and local government agencies.  However the addition of 

PGAIR and industries bridges the silos that these agencies often operate in and allows decision-

making that takes into account all aspects and impacts of a decision on the airshed.  The 

following topics and related considerations and recommendations address these conclusions. 
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Recommendations 

PGAIR Mandate Review and Strategy  

Considerations. 

 It is evident from the interviews that many members of PGAIR have a shared goal of 

improving air quality in general.  PGAIR is seen to provide the means to tie all the disparate 

components of air quality management together by serving as an essential coordinating service, 

rather than being a merely superfluous entity that does not actually have any powers or perform 

any real functions.  However some members are nominally present; they are not fully engaged in 

the process. 

Mandate and strategy recommendations.   

A clearer updated articulation of what PGAIR does, and needs to do should be prepared 

to establish the basis for guiding, strengthening, and funding its functions.  This could be 

accomplished through regular updates of the progress that PGAIR has made as an organization in 

the process of fulfilling its mandate as well as reiterations of individual member responsibilities. 

This progress should be measured against the goals of the organization to more easily 

demonstrate the success or lack thereof of the organization.  

Strengthening PGAIR 

Considerations.  

The mandate and objectives of PGAIR should be reviewed and affirmed by the various 

stakeholders and all those who hold decision-making capabilities in their parent organizations. 

This would provide greater legitimacy to PGAIR and improve how the rest of the management 

system is coordinated. Some improvements may require legislative change, which can be very 



 
 
 
 

EFFECT AND MANAGEMENT OF AIR QUALITY                                                                        34 
 

difficult to achieve, while other improvements can be relatively minor and achievable through 

the members of PGAIR.  Currently, PGAIR has no legal standing and in order to provide such, 

there would need to be legislative change at all levels of government.  That may be difficult to 

change due to shifting priorities and organizational changes in governments.  In addition, some 

agencies may seek to protect their powers and oppose legislative change resulting in 

jurisdictional disputes.  The advantage of giving PGAIR some variety of legislative legitimacy 

would be that the various different organizations would be legally obligated to participate rather 

than simply voluntarily do so.  However, this also reduces the onus on other organizations and 

agencies to be proactive on the air quality portfolio. 

Recommendations for strengthening PGAIR.  

Rather than seeking likely difficult regulatory system changes, it may be simpler to 

request that each participating organization guarantee a meaningful degree of participation. 

Specifically, they should assign staff where PGAIR is part of their job description rather than an 

item outside of their core duties.  In addition, should an organization choose to change the nature 

or degree of its participation, it must provide sufficient notice and orient their new representative 

thoroughly prior to attending PGAIR meetings.  Both of these changes are intended to address 

the concern expressed by some respondents regarding the lack of consistent commitment from 

various organizations and the amount of resources wasted to maintain and engage those 

organizations that wish to reduce their participation amid shifting priorities. 
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Funding PGAIR 

Considerations.  

Another area that was identified through the interviews with regards to PGAIR is long-

term stable funding.  Currently, funding for PG comes from a few different sources such as the 

local and provincial governments as well as grants.  However, PGAIR is not a routinely 

budgeted item and is therefore subject to fluctuations and threatened by cuts every year.  This 

makes it very difficult to conduct long-term planning as it is unclear if the funds will be available 

from year to year.  Additional resources are also spent every year to ensure that the funding will 

be available again next year.  

Recommendations for funding PGAIR.  

Since PGAIR appears to be a successful air quality management system apparatus and 

model, it is logical for existing funders to continue to fund the program on a consistent basis.  If 

a long-term commitment can be obtained then additional funds can be allocated to air quality 

improvement work rather than promotion work for PGAIR itself.  In addition, a stable funding 

structure would perhaps allow the recruitment of long term staff which would provide the 

stability and expertise that the organization needs. 
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Appendix 1:  Interview Introduction and Questionnaire. 

Introduction 

Thank you very much for agreeing to be a part of my research project.  Here is some 

additional background information regarding why I am doing this project and the purpose for this 

interview 

In Northern BC, many communities are consistently affected by some of the worst air 

quality advisories in the province due to a variety of factors such as industrial emissions, road 

dust, and wood burning, which are influenced by local topography and climate conditions.  This 

is in spite of the fact that the population density is much lower compared to many other areas in 

the province.  Existing research has demonstrated the relationship between these air quality 

parameters and potential impact on health as measured by increase in doctor’s visits or hospital 

admissions. However, such research has not been conducted in northern BC with its unique mix 

of local conditions and emission sources.   

Utilizing publicly available data from the BC Ministry of Environment (MoE) for these 

air quality parameters in Prince George, I will pose the question "Is there a relationship between 

air quality and the number hospital visits regarding respiratory issues in the Prince George area?” 

Hospital emergency room visitation rates were obtained by petitioning the Northern Health 

Authority.  Using these two sets of available data, I examined if there is a correlation between air 

quality and emergency room visits.  In the city of Prince George, the BC MoE collects and 

monitors for particulate matter ≤10µm (PM10), particulate matter ≤2.5µm (PM2.5), ground level 

ozone and nitrogen oxides (NOx) among other parameters.  The data is available for both hourly 

averages as well as daily (24-hour) averages.  The local regional air quality advisories as well as 
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the Air Quality Health Index (AQHI) levels are all calculated from this data.  Therefore, this is 

the best and only source of air quality data for the area of interest.    

To support the decision-making framework analysis, this series of interviews were 

developed and being conducted.  The individuals interviewed will be those who play a role in 

decision-making in the local airshed.  The purpose of the interviews are to determine what 

authorities and stakeholders perceive the decision-making process to be, what their roles are in 

the decision-making process, what are the primary considerations of the decision-making process 

and what they would do to improve the decision-making process. 

Thank you very much for you time and attention.   It is much appreciated and please do 

not hesitate to ask or express any questions or concerns that you have. 

 

Interview Questions 

1) Do you consider air quality to be a concern in the Prince George airshed? Why or 

why not? 

2) Can you please describe your understanding of the current air quality management 

system in the Prince George area? 

3) What do you consider your role to be in the Air quality management system? 

4) Do you currently consider the Air Quality Management System to be effective in the 

Prince George Airshed? If no, do you believe it to be an issue of implementation or 

organizational structure? 

5) What do you consider to be the biggest barrier to improving air quality in the Prince 

George Airshed? 
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6) What do you consider to be the greatest strength of the current management system? 

7) What do you consider to be the great weakness of the current management system? 

8) Do you have any proposals for improving the current management system? 

9) In the course of my project, I did not find a significant relationship between the four 

air quality parameters and emergency room visitation rates.  Does this information 

influence your answers to any of the previous questions? 

10) Do you have any other comments? 

11) May I contact you again regarding questions that I may have at a later date? 


