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Summary: Fine particulate matter (PM2.5) air pollution is associated with an 11.5 to 23.5 

percent increased number of deaths in Fairbanks, Alaska. The higher end of the range applies to 

areas with higher PM2.5 concentrations, such as North Pole. Each year, an estimated 50 to 101 

deaths in the Fairbanks North Star Borough (FNSB) are associated with PM2.5 air pollution. 

Reducing ambient PM2.5 concentrations and ambient exposure would prevent these 

premature deaths. 

A strengthening body of scientific studies supports a causal, essentially linear relationship 

between PM2.5 exposure and morbidity and mortality. Particles less than 2.5 micrometers in 

diameter (PM2.5), referred to as “fine” particles, have been found to pose the greatest health 

risks. Because of their small size (approximately 1/30th the average width of a human hair), fine 

particles can lodge deeply into the lungs, trigger acute cardiovascular events, and promote 

chronic disease. 

Implications: Lives are lost year after year as air pollution is prolonged. Taking every action 

possible to reduce air pollution will save lives now. 

Methods 

Mortality Formulas 

1. Each 1 µg/m3 increase in PM2.5 is associated with 1% increased mortality. 

2. Each 1 µg/m3 increase in PM2.5 is associated with 1.4% increased mortality. 

Formula 1 - Brook 2010: “The overall evidence from the cohort studies demonstrates on 

average an approximate 10% increase in all-cause mortality per 10-μg/m3 elevation in long-

term average PM2.5 exposure.” (Bold added.) 

Brook, Robert D, et al. “American Heart Association Scientific Statement on Particulate 

Matter Air Pollution and Cardiovascular Disease.” Circulation 121 (2010): 2331-78. 

<http://circ.ahajournals.org/content/121/21/2331.full> 

mailto:cleanairfairbanks@gmail.com
http://circ.ahajournals.org/content/121/21/2331.full
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Formula 2 - Lepeule 2012: “Each 10-µg/m3 increase in PM2.5 was associated with a 14% 

increased risk of all-cause death [95% confidence interval (CI): 7%, 22%], a 26% increase in 

cardiovascular death (95% CI: 14%, 40%), and a 37% increase in lung-cancer death (95% CI: 7%, 

75%).” (Bold added.) 

Lepeule, Johanna, et al. “Chronic Exposure to Fine Particles and Mortality: An Extended 

Follow-up of the Harvard Six Cities Study from 1974 to 2009.” Environ Health Perspect 

120.7 (2012): 965-70. <http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404667> 

Applying Mortality Formulas to Local Data 

Formula range: 1 to 1.4% increased mortality for each 1 µg/m3 annual average PM2.5 increase. 

Death rate: 430.8 = Three-year crude death rate by residence for FNSB 2010-2012, per 100,000 

Population: 100,320= Population of Fairbanks North Star Borough, 2012 

Annual average PM2.5, Fairbanks and North Pole, AK: 

11.5 µg/m3 = annual average PM2.5, State Office Building FRM, downtown Fairbanks, 

2010-2012 (Hartig to McLerran correspondence 12/10/2013) 

16.8 µg/m3 = annual average PM2.5, North Pole Fire Station FRM, 2012 

(http://www.epa.gov/airquality/airdata/ad_rep_mon.html) 

Results 

11.5 to 23.5% increased mortality associated with PM2.5 air pollution exposure, with the 

higher rates of mortality expected in areas of higher PM2.5 concentrations, such as North Pole. 

Calculation of increased mortality range using mortality formulas: 
11.5% increased mortality = 11.5 annual average Fairbanks x 1% mortality increase 

(Brook 2010) 
23.5% increased mortality = 16.8 annual average North Pole x 1.4% mortality increase 

(Lepeule 2012) 

50 to 101 premature deaths each year in FNSB associated with PM2.5 air pollution. 

Calculation of premature deaths per year range: 
50 premature deaths = 11.5% increased mortality x 430.8 crude death rate 
101 premature deaths = 23.5% increased mortality x 430.8 crude death rate 

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3404667
http://www.epa.gov/airquality/airdata/ad_rep_mon.html
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Regulatory Background 

In 2012, the health-based Federal standard for annual average PM2.5 was lowered from 15 to 

12 micrograms per cubic meter and the Federal standard for daily average PM2.5 of 35 µg/m3, 

established in 2006, was retained. In 2009, the most populated areas of the Fairbanks North 

Star Borough (FNSB) were designated as a nonattainment area for violation of the daily 

standard. The Environmental Protection Agency recently determined that, beginning in 2015, 

data collected at the North Pole Fire site will be used in nonattainment calculations. EPA letter 

11/19/2014. KUAC news on EPA decision 12/12/2014. 

To meet Federal requirements, the State of Alaska has established new regulations and 

proposed additional regulations and a State Implementation Plan (SIP) to meet PM2.5 

attainment. Proposed regulations and SIP. To be considered, comments must be received by 

5:00 pm on Dec. 19, 2014. Electronic comment form. The proposed regulations and SIP do not 

consider increased deaths, injuries, or associated costs that could be reduced or prevented with 

effective PM2.5 controls. 

Data Sources 

Mortality: Brook 2010 and Lepeule 2012 studies were written by experts in the field, published 

in credible periodicals, and have been widely cited. Lepeule 2012 is the most current. 

Crude death rate, Fairbanks North Star Borough: Three-year crude death rate by residence for 

FNSB 2010-2012, Alaska Bureau of Vital Statistics, personal communication, 8/28/2014. 

[Alaska Bureau of Vital Statistics (907)465-8604, BVSResearch@alaska.gov] 

Population, FNSB: 2012 estimates, Alaska Dept. of Labor and Workforce Development 

http://laborstats.alaska.gov/pop/estimates/data/TotalPopulationBCA.xls (accessed 

12/10/2014) 

Annual average PM2.5: 

Fairbanks 2010-2012, ADEC Commissioner Hartig to EPA Regional Administrator McLerran 

correspondence 12/10/2013 

North Pole 2012, North Pole Fire Station #3, site ID 02-090-0035, 96 samples from Mar. 1 to 

Dec. 29, 2012, EPA AirData, http://www.epa.gov/airquality/airdata/ad_rep_mon.html 

(accessed 9/30/2014) 

A more complete annual average for North Pole may be calculated using data from the 

second to fourth quarter of 2012 and the first quarter of 2013, giving an annual average 

of 20.4 µg/m3. EPA Air Trends, Table 5 

https://cleanairfairbanks.wordpress.com/2014/11/21/north-pole-air-pollution-will-count-finally/
https://cleanairfairbanks.wordpress.com/2014/11/21/north-pole-air-pollution-will-count-finally/
http://fm.kuac.org/post/epa-use-north-pole-air-data#.VIvn-Uw3s3o.email
http://dec.alaska.gov/air/anpms/comm/fbks_pm2-5_proposed-regs_2014.htm
https://dec.alaska.gov/Applications/Air/airtoolsweb/FormalComments
mailto:BVSResearch@alaska.gov
http://laborstats.alaska.gov/pop/estimates/data/TotalPopulationBCA.xls
http://www.epa.gov/airquality/airdata/ad_rep_mon.html
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http://www.epa.gov/airtrends/pdfs/PM25_DesignValues_20112013_FINAL_08_28_14.x

lsx (accessed 12/10/2014). Relying on a more conservative annual average of 16.8 

µg/m3 likely underestimates mortality. 

Annual average PM2.5 data is from 1-in-3-day Federal Reference Method (FRM) monitors, 

the class of monitor used in the referenced health studies and regulatory attainment. 

Limitations 

Following are notes regarding the limitations of this analysis. Each represents an area for 

additional examination. Further, each indicates that the method applied in this analysis may 

underrepresent local PM2.5 impact on human health and lives. If true, the health benefit of 

reducing PM2.5 is far greater than presented by our initial analysis. 

The mortality estimates in this analysis are all cause and do not break out increased mortality 

associated with short-term PM2.5 exposure of days, hourly spikes, or deaths due to a specific 

cause. For example, the North Pole Fire monitor recorded hourly spikes of 329 µg/m3 in 2014 

and 843 µg/m3 in 2013. Neighborhood impacts on health from one coal boiler or, as identified 

in a key study, one wood-fired hydronic heater can spike PM2.5 over 1,000 µg/m3.1 Studies 

have found significant associations between short-term PM2.5 exposure and cardiovascular 

death. In 2010, the state conducted a study of 5,718 hospital visits with mean 24-hour PM2.5 

concentration of 20.1 µg/m3.2,3 For each 10 µg/m3 increase in the mean 24-hour PM2.5 

concentration one day prior to a hospital visit, the 2010 study found a 6 to 7 percent increased 

rate of hospitalization for cerebrovascular or respiratory tract infection-coded visits. 

Reductions in life expectancy are not considered in this analysis. Mortalities associated with 

PM2.5 occur with every stage of life. Individuals at higher risk of injury and death from PM2.5 

include those with heart and lung disease, older adults, children, diabetics, pregnant women 

and fetuses, athletes, smokers, and anyone with higher or prolonged exposures (such as 

individuals who work in an area with polluted air). 

These estimates do not consider the costs of increased deaths and injuries associated with 

PM2.5 air pollution. The health benefits of improved air quality have not been considered as an 

offset to any possible increased cost of controls on residential and commercial heating with 

wood, waste oil, and coal. Savings from reducing PM2.5 air pollution include reduced economic 

costs from premature deaths (including lost productivity), medical expenses, and mitigation 

such as relocation and air filters. Social costs, such as lost care and affection, are significant 

impacts of premature death. In 2006, EPA placed the economic value of one human life as $7.4 

million ($8.4 million in 2014 dollars).4 In 2012, the US Department of Transportation placed the 

value of one human life as $9.1 million ($9.3 in 2014 dollars).5 In 30 years, one person’s 

http://www.epa.gov/airtrends/pdfs/PM25_DesignValues_20112013_FINAL_08_28_14.xlsx
http://www.epa.gov/airtrends/pdfs/PM25_DesignValues_20112013_FINAL_08_28_14.xlsx
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earnings would total $1.4 million, using an average per capita personal income of $45,432 for 

Fairbanks in 2012.6 

Also not considered in this analysis is the relationship between cardiac death and the lowest 

PM2.5 concentrations. At low doses, the relationship between PM2.5 and sudden death, the 

signature adverse outcome of PM2.5 exposure, appears supralinear, not linear.7 On many days 

during the summer, PM2.5 concentrations range between 2 and 4 µg/m3, among the cleanest 

ambient air in the world. The significance of a supralinear relationship is that even more benefit 

can be derived from improving air quality when PM2.5 is low. 

Another aspect not considered in this analysis is that PM2.5 from wood smoke is likely more 

toxic than Lepeule 2012 or Brook 2010 suggest. Health studies have generally not been 

conducted in communities with such a high proportion of wood smoke. Source apportionment 

studies for the Fairbanks PM2.5 nonattainment area identified between 57.9 and 85.5 percent 

of winter PM2.5 is wood smoke, depending on location.8,9 Toxicological studies suggest that 

wood smoke particulate pollution is more toxic to lung macrophages than an equivalent 

concentration of similar-sized particulate pollution found in typical urban smog.10,11,12,13 The 

very small size of the particulate emissions and high levels of polycyclic aromatic hydrocarbons 

and free radicals from wood smoke may account for its excessive toxicity compared to fossil 

fuel generated PM.14 Ultrafine particles are more potent in inducing inflammatory responses 

than fine particles.15,16,17,18 Compared to cigarette smoke, free radicals from wood smoke stay 

chemically active up to forty times as long.19 Health consequences from Fairbanks PM2.5 were 

likely worse than estimated in this analysis, due to the concentrations of highly toxic wood 

smoke. 

Use of Federal Equivalent Methods (FEM), rather than Federal Reference Method (FRM) 

monitor data, would increase samples threefold, reducing potential sampling error. FEM 

monitors are less expensive and require less labor to operate than FRM monitors, and “would 

provide enhanced spatial coverage for PM2.5 measurements and should improve the linkages 

(e.g., concentration-response functions) between ambient concentrations of PM2.5 and health 

outcomes such as respiratory and cardiovascular disease.”20 More PM2.5 samples from a 

greater number of locations should allow improved predictions of health effects. FRM data 

takes four to twelve weeks to return from the lab and represents at best one out of three days, 

just one-third of the days each year. In contrast, FEM data updates hourly every day. Semi-

continuous hourly/daily FEM monitors inform the public of current air conditions, and agencies 

use FEM monitors to determine air emergencies and forecasts. 

In addition, use of FRM monitor data in health studies may reduce estimates of harm. FEM 

monitors have long been known to capture a higher proportion of the PM2.5 mass than FRMs.21 

The largest reason for this difference appears to be because FEM monitors capture the 
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semivolatile component of PM2.5, “known to exceed 30 percent of measured concentration 

levels.”22 Semivolatile particles volatilize off FRM filters before lab analysis is conducted. 

Combustion of wood and coal are important sources of semivolatile components. “Nitrate and 

OC [organic carbon] are the two components that make up most, if not all, of the semivolatile 

fine particle mass lost from the FRM.”23 A 2012 Fairbanks speciation study found organic 

carbon was the greatest contributor to PM2.5 mass, between 42 and 58 percent.24 The 2012 

study provided as background, “Compared with PM2.5 concentrations in the lower 48, 

Fairbanks has some of the highest wintertime ambient PM2.5 concentrations measured 

throughout the United States.” Further, semivolatiles, such as the lost FRM mass, appear more 

toxicologically potent.25 FEM data available to the public on Envistaweb and other sites has 

been adjusted downward to make it more FRM-like.26 FRM monitor data, or downward-

adjusted FEM data that fail to count as much as nearly one-third of the PM2.5 mass, can 

confound health studies and emergency response. Underestimating exposure and harm to 

health is of greatest concern in areas with high PM2.5 concentrations like Fairbanks and 

especially North Pole. 
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