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Summary 

This study lead by the University of Illinois at Chicago Energy Resources Center assesses the cancer 

reductions from the use of high-octane ethanol-blended gasoline with a focus on toxic air compounds. The 

present study follows a case study published by the United States Environmental Protection Agency (EPA) 

in 2011 for benzene-related cancer reductions resulting from the Clean Air Act, albeit with an updated 

model structure. The focus on toxic air compounds is based on the well-documented substitution and 

dilution effect of ethanol when blended with gasoline. 

We combine pollutant vehicle emissions factor data for gasoline without ethanol (E0) from the 

MOVES2014b model which was parameterized for the local Chicago area with EPA’s CAL3QHC air 

quality model to predict pollutant concentrations near highways. The resulting toxic air compound 

concentrations are further adjusted to reflect emissions reductions for high-octane fuels blended with 

twenty-five percent ethanol (E25).  

The emissions factors used in this adjustment were developed from the scientific literature but also from 

recent vehicle tests conducted by Oak Ridge National Laboratory (ORNL): We obtained the particulate 

filters from these vehicle emissions tests at ORNL and collaborated with the The Hormel Institute-

University of Minnesota-Mayo Clinic (THI) to analyze them in their gas chromatography/mass 

spectrometry unit. This closed a thin data gap in the scientific literature for a subset of air toxins called 

polycyclic aromatic hydrocarbons (PAHs). The toxic air compound concentrations reductions document 

for E25 in this effort where applied to the concentrations for E0 and then converted into a reduction in 

cancer cases using inhalation unit risk factors. Applying published values of a statistical life resulted in total 

avoided monetary damages. 

Using data from this limited geographic area the study attempts to estimate an upper bound of cancer-

related mortality impacts from toxic air compounds on a national level. Given the thin datasets on high 

octane fuel vehicle emissions studies and modeling limitations this number serves as an approximation of 

the air toxins health impacts from the use of high octane E25 fuels with clearly understood uncertainties. 

Besides cancer-related mortalities, toxic air compounds also have morbidity impacts which are not 

quantified. 

The study finds that for the 1.87 million people living next to the 500 miles of major expressways in the 

Chicago/NW Indiana region we expect a reduction of 9 lifetime cancer cases with a total lifetime savings 

in monetary damages of $81 million. However, we only assessed cancer cases for selected toxic air 

compounds, exposed to a fraction (0.6 percent) of the US population. The total urban share of the US 

population is currently cited at 80.7 percent which would mean that 264 million of the current 327 million 

people in this country live in urban clusters. If we view our results as a first, approximate calibration of 

how urban areas are affected by air toxins then the extrapolation of this data would result in an upper bound 

cancer reduction for the studied toxic air compounds of 1,256 cases and avoided lifetime monetary damages 

of $11.4 billion.  
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Summary of Health Impact and First Order Extrapolation 

Cancer Case Reductions Chicago Major Expressway Area 9 

Affected Population Chicago Major Expressway Area 1,873,456 

Value of Statistical Life (VSL) $9,100,000  

Monetary Damages Avoided Chicago Major Expressways Area $81,076,048  

Urban Share of US Population 81% 

US Population  327,200,000  

US Urban Population  264,050,400  

Upper Bound Extrapolation of Results 

Cancer Cases  1,256  

Monetary Damages Avoided  $11,427,096,739  

 

Moreover, for the Chicago/NW Indiana region a significant upward adjustment can also be justified. With 

9.5 million people living in the Chicago Metro area and many along other major roadways (in addition to 

the 1.87 million studied) the assessed cancer cases will also likely be a multiple of our selected modeling 

subset. 

Importantly, the present study also documents that the share of minority groups living within the vicinity 

of polluting expressways is much higher than their respective share in each studied state (Indiana and 

Illinois). This means that the derived cancer reductions from ethanol-blended high-octane gasoline will 

likely over-proportionally benefit minority groups. 

 

Racial Breakout Between State Totals and Studied Area 
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Introduction 

The University of Illinois at Chicago Energy Resources Center has conducted a study to assess 

toxic air compound related cancer reductions from the use of high octane ethanol blended 

gasoline. The geographic focus of the study is along 500 miles of expressway segments in the 

Chicago and Northwest Indiana road corridor. Using data from this limited geographic area the 

study attempts to estimate an upper bound of health impacts on a national level. Given the thin 

datasets on high octane fuel vehicle emissions studies and modeling limitations this number 

serves as an approximation of the air toxins health impacts from the use of high-octane E25 fuels 

with clearly understood uncertainties. 

Methodologically, the present study follows an EPA developed case study of the benefits of the 

Clean Air Act on benzene emissions in the Houston area but with newly developed, updated 

models.1 The purpose of the EPA case study was to “demonstrate a methodology that could be 

used to generate human health benefits from the US Clean Air Act in an urban setting.” 

EPA found that over a 30-year study period “the change in benzene-related population risk due 

to the 1990 CAAA programs would be equivalent to a total of four cases of leukemia in the 

Houston area” (see Appendix A). EPA states:  

“Although the actual benefit results appear modest, we note that leukemia is a rare 

disease with a low baseline rate among the population - for people under 50, the baseline 

risk in the study area was generally less than 5 in 100,000. Therefore, even significant 

percentage reductions in the baseline leukemia mortality rate may translate to relatively 

small numbers of avoided cases. We also note that the cases avoided are associated with 

only three U.S. counties containing just over one percent of the total U.S. population. We 

would expect significantly higher numbers of leukemia cases avoided when looking 

nationally at benzene reductions.” 

This EPA case study was chosen as a model because it quantifies the health benefits of a selected 

compound. In a similar way, ethanol adjusts the emissions profile of several, particularly 

carcinogenic toxic air compounds and following the EPA benzene modeling exercise therefore 

allows us to identify those benefits in a proven framework.

                                                           
1 https://www.epa.gov/sites/production/files/2015-
07/documents/812caaa_benzene_houston_final_report_july_2009.pdf 
Also detailed in: The Benefits and Costs of the Clean Air Act from 1990 to 2020; Final Report – Rev. A ; U.S. 
Environmental Protection Agency Office of Air and Radiation; April 2011) 

https://www.epa.gov/sites/production/files/2015-07/documents/812caaa_benzene_houston_final_report_july_2009.pdf
https://www.epa.gov/sites/production/files/2015-07/documents/812caaa_benzene_houston_final_report_july_2009.pdf
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Key Air Emissions Compounds Affected by Ethanol Blends 

Gasoline contains a large amount of aromatic hydrocarbons that are added to gasoline because 

they have relatively high octane values and therefore serve as anti-knock agents in vehicle 

engines. Some aromatics are toxic compounds.  Ethanol also has a high octane value and 

contains no aromatic compounds. It therefore substitutes and dilutes aromatics in gasoline. 

Moreover, ethanol also alters the distillation curve resulting in an adjustment of the distillation 

properties of the fuel with, for example a higher volume fraction of the fuel distilled at 200 

degrees Fahrenheit. This effect further reduces the formation of toxic emissions in a vehicle. 

Some of the most toxic air compounds from vehicle emissions include benzene, 1,3 butadiene, 

formaldehyde, acetaldehyde and a group of compounds called polycyclic aromatic hydrocarbons 

(PAHs). Some of these compounds are either in the vapor phase (benzene, 1,3 butadiene, 

formaldehyde, acetaldehyde) or the particulate phase. In general, PAHs with two or three 

benzene rings existed in the vapor phase, whereas PAHs with more than five rings were observed 

mainly in the particulate phase.2 Benzo[a]pyrene, one of the most carcinogenic PAHs from 

vehicle exhaust has 5 fused benzene rings and is predominantly in the particulate phase. PAHs in 

the particulate phase are mostly bound to PM 2.5 and the ultrafine fraction of the airborne 

particulates that are reportedly known for their higher health risk. 

The health impact of inhaling the considered toxic air compounds is summarized below:3 

A) Emissions compounds in the volatile organic group: 

Acetaldehyde. Acetaldehyde has been classified as possibly carcinogenic to humans (Group 2B) 

by the International Agency for Research on Cancer.  The US EPA classifies acetaldehyde as a 

probable human carcinogen based on nasal and laryngeal tumors observed in rodents after 

inhalation exposure. 

                                                           
2 Polycyclic Aromatic Hydrocarbons Bound to PM 2.5 in Urban Coimbatore, India with Emphasis on Source 
Apportionment; R. Mohanraj; ScientificWorldJournal; https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3350969/ 
3 Multiple citations for this section: 

 US EPA Integrated Risk Information System Chemical Assessment Summary: Acetaldehyde.  
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0290_summary.pdf 

 R Baan, Y Grosse, K Straif, B Secretan, F El Ghissassi, V Bouvard et al. (2009) A review of human 
carcinogens – Part F: Chemical agents and related occupations. Lancet 10(120: 1143-1144 

 IARC Monographs Volume 100F. Chemical Agents and Related Occupations (2012) Lyon: France 

 Toxicological Review of Benzo[a]pyrene: Executive Summary. EPA/635/6-17/003Fc (2017). 
https://cfpub.epa.gov/ncea/iris/iris_documents/documents/subst/0136_summary.pdf 

 IARC Monographs Volume 100F. Chemical Agents and Related Occupations (2012) Lyon: France 

 H Checkoway, P Boffetta, DJ Mundt, KA Mundt (2012) Critical review and synthesis of the epidemiologic 
evidence on formaldehyde exposure and risk of leukemia and other lymphohematopoietic malignancies. 
Cancer Causes Control 23(11): 1747-1766. 

 L Zhang, C Steinmaus, DA Eastmond, XK Xin, MT Smith (2009) Formaldehyde exposure and leukemia: a 
new meta-analysis and potential mechanisms. Mut Res 681(2-3): 150-168. 
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Benzene. Benzene has been classified as carcinogenic to humans (Group 1) by the International 

Agency for Research on Cancer.  Benzene causes acute myeloid leukemia (acute non-

lymphocytic leukemia), and has been positively associated with acute lymphocytic leukemia, 

chronic lymphocytic leukemia, multiple myeloma and non-Hodgkin lymphoma.  

Butadiene. 1,3-butadiene has been classified as carcinogenic to humans (Group 1) by the 

International Agency for Research on Cancer.  1,3-butadiene has been associated with cancer of 

the haematolymphatic organs, such as leukemia. 

Formaldehyde. Formaldehyde has been classified as carcinogenic to humans (Group 1) by the 

International Agency for Research on Cancer.  There is scientific consensus that formaldehyde 

contributes to the development of cancer in the nasal tissues, though the association with 

lymphohematopoietic cancers is more controversial.  

B) Emissions compounds mostly in the particulate phase 

Polycyclic Aromatic Hydrocarbons (PAHs)  

Polycyclic aromatic hydrocarbons (PAHs): This category is defined as hydrocarbons containing 

fused aromatic rings. These compounds can be measured in the gaseous phase, particulate phase, 

or both, depending on properties of the compound, particle characteristics and conditions in the 

exhaust stream or the atmosphere. Benzopyrene is one of the most carcinogenic PAHs. Appendix 

B indicates that Fuoranthene, Benzoapyrene, Phenanthrene, Benzofluranthene, and 

Chrysene/triphenylene are particularly dominant PAHs in vehicle exhaust. 

Benzo[a]pyrene (BaP). BaP has been classified as carcinogenic to humans (Group 1) by the 

International Agency for Research on Cancer.  The basis for this classification is a clear 

mechanism of genotoxicity that impacts lung tumors, though epidemiologic studies have 

observed increased lung and skin cancer risks.   Animal studies have observed cancers at many 

locations after exposure to BaP in mixtures through multiple routes.   

BaP is one of many polycyclic aromatic hydrocarbons (PAHs) emitted in vehicle exhaust, many 

of which are thought to be carcinogenic.  For this analysis, BaP is used as an indicator of 

carcinogenic risk from PAHs because it is the most potent of the PAHs, and has been found to 

dominate the cancer risk posed by PAHs emitted by gasoline vehicles.  

Many additional pollutants in vehicle exhaust adversely impact health, or are formed from 

vehicle emissions, but are not specifically quantified in this study.  
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Emissions Estimation 

We employed the following modeling approach: In a first step the EPA MOVES2014b model 

was used to model emissions for gasoline without ethanol (E0) for the Chicago metro area and 

Northwest Indiana (Chicago-NWI) Expressway segments. From these model runs we extracted 

the resulting toxic air compound emissions rates in mass of emissions per distance driven 

(milligram/mile).  In a next step the mass emissions were converted into concentrations using the 

CAL3QHC model for the Chicago-NWI expressway segments. CAL3QHC is an air quality 

model based on the CALINE3 model which can be used to predict the concentrations of select 

criteria pollutants and other user-defined inert pollutants near highways.4 Given source strength, 

meteorology and site geometry, the model can predict pollutant concentrations for receptors 

located within 500 meters of the roadway. Source strength is also a function of traffic totals.  

The geographic area for the CAL3QHC parameterization is shown in Figure 1. The expressway 

segments cover a total of 500 miles bound by the Chicago suburb of Elgin in the North, Aurora 

to the West, South Bend, Indiana in the East, and Crown Point, Indiana in the South. The map 

below highlights the studied expressway segments and shows the approximate receptor distances 

from the road centerlines. For this study we divided the expressway system into 44 individual 

segments (see Appendix C for segment and traffic details). A sample CAL3QHC map for two of 

the expressway segments can be found in Appendix D. Using ARC-GIS we identified that 1.87 

million people live within 0.6 miles on each side of these roadways. We also broke down the 

population by racial groups (see Table 1).  

 

Figure 1: Population Across the Geographic Study Area 

                                                           
4EPA Air Quality Dispersion Modeling – Preferred and Recommended Models https://www.epa.gov/scram/air-
quality-dispersion-modeling-preferred-and-recommended-models 
 

https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models
https://www.epa.gov/scram/air-quality-dispersion-modeling-preferred-and-recommended-models
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Table 1: Population Characteristics Around Expressway Segments 

 Illinois Indiana total 

Expressway Miles Studied 338.1 162.27 500.37 

    

Population Around Studied 
Expressways 

1,724,877 148,579 1,873,456  

  White % 44.80% 53.40%  

  Hispanic % 16.80% 17.80%  

  African American % 28.20% 25.60%  

    

Statewide Population 12,741,080 6,691,878  

  White % 61% 79%  

  Hispanic % 17% 7%  

  African American % 15% 10%  

The table below shows the derived pollutant concentrations from CAL3QHC averaged for all 

expressway segments. The spreadsheet model that is posted as supporting information to this 

report allows to disaggregate these concentrations by expressway segment.  

Table 2: Modeled Pollutant Concentrations from E0 Along Chicago NW Indiana Expressways 

  ug/m3 

  E0 

Benzene 0.256844 

Formaldehyde 0.055661 

1,3-Butadiene 0.031759 

Acetaldehyde 0.023572 

Acrolein 0.003929 

Anthracene gas 0.000163 

Anthracene particle 0.000003 

Benz(a)anthracene gas 0.000026 

Benz(a)anthracene particle 0.000026 

Benzo(a)pyrene gas 0.000001 

Benzo(a)pyrene particle 0.000064 

Benzo(b)fluoranthene gas 0.000020 

Benzo(b)fluoranthene particle 0.000031 

Benzo(g,h,i)perylene particle 0.000174 

Benzo(k)fluoranthene gas 0.000020 

Benzo(k)fluoranthene particle 0.000031 

Chrysene gas 0.000029 

Chrysene particle 0.000022 

Fluoranthene gas 0.000273 

Fluoranthene particle 0.000010 

Indeno(1,2,3,c,d)pyrene gas 0.000000 

Indeno(1,2,3,c,d)pyrene particle 0.000065 

Phenanthrene gas 0.001043 

Phenanthrene particle 0.000010 

Pyrene gas 0.000312 

Pyrene particle 0.000011 
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Emissions Adjustments with E25 

MOVES2014b is not set up for higher ethanol blends such as E25 so we had to rely on recent 

vehicle studies. Therefore, a thorough review of the global literature was conducted of emissions 

adjustments with E10 relative to E0 and studies using E20-E25 fuel blends relative to E0 (or 

E20/E25 blends relative to E10). We then averaged the emissions reductions for all vehicle 

studies. Table 3 below shows the result of the literature review. 

Table 3: Emissions Adjustments from Ethanol Blends 

 

Only a couple of vehicle emissions studies have explored the impact of ethanol on PAH 

emissions. We combined PAH reductions documented in a study by the Swiss Federal 

Laboratories for Materials Science and Technology for E10 relative to E0 with very recent 

vehicle testing conducted by Oak Ridge National Laboratory for E25 relative to E10.5 

Oak Ridge National Laboratory performed fuel economy and emissions tests for a GMC Terrain 

vehicle. The GMC Terrain vehicle emissions tests are based on 92-93 RON Tier 3 E10 and 99 

RON E25 fuels.  However, quantification of PAH emissions was not part of the original scope of 

                                                           
5 Bioethanol Blending Reduces Nanoparticle, PAH, and Alkyl- and Nitro-PAH Emissions and the Genotoxic Potential 
of Exhaust from a Gasoline Direct Injection Flex-Fuel Vehicle; Maria Muñoz et al. ; Swiss Federal Laboratories for 
Materials Science and Technology; Environ. Sci. Technol. 2016, 50, 11853−11861 
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that study.  As part of the present study we obtained the filters and conducted a Gas 

Chromatography/Mass Spectrometry analysis for those filters at The Hormel Institute-University 

of Minnesota-Mayo Clinic (THI data).6 With that we documented additional emissions 

reductions for the most prevalent and carcinogenic PAHs from vehicle exhaust from adopting 

high octane E25 over E10. Table 4 shows that an increase in ethanol blends from E10 to E25 

would further reduce selected PAHs by over 30 percent. Combining these results with the 

emissions reductions show from the Swiss study resulted in the overall expected reductions for 

E25 over E0 shown for PAHs in Table 3 (highlighted cells in blue). 

Table 4: PAH Reduction from THI Analysis 

PAH Compound THI Data  
E25 over E10 

Percent 
Reduction 

Combined Data 
E25 over E0 

 

Fluoranthene -33.7% -56.7% 
Benzoapyrene* -34.6% -52.6% 
Phenanthrene -39.6% -82.6% 
Benzofluranthene -36.3% -87.9% 
Chrysene/triphenylene -47.5% -89.4% 

 

  

                                                           
6 https://www.hi.umn.edu/ 
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Cancer Outcomes and Impacts 
 

We estimated the impact of ethanol fuels on cancer outcomes as follows: first we calculated the 

cancer risk for E0 by multiplying the affected population living around our studied expressway 

segments by inhalation unit risk factors for each pollutant. Then we quantified the percent 

reductions from E25 adoption (last column in Table 2).  

The inhalation unit risk (IUR) factor is a standard metric for estimating excess lifetime cancer 

risk associated inhalation exposure, and assumes a lifetime of continuous exposure.  The IUR 

factor has units of risk per 1 ug/m3 inhalation exposure.  The IUR factors used in this study are 

shown in the table below, and were derived by the California Office of Environmental Health 

Hazard Assessment (OEHHA).  The OEHHA values were selected because they tend to be more 

health-conservative than values derived by the US EPA.7 

For polycyclic aromatic hydrocarbons additional clarification is required. Vehicle exhaust 

contains a host of PAHs which are more or less carcinogenic. The carcinogenicity of BaP is well 

studied and toxic equivalency factors to characterize other PAHs have been developed. However, 

the cancer risk is dominated by BaP for newer and older gasoline cars (see Appendix B). 

Therefore, we followed the approach described in Bostrom et al: 8 “in the past, EPA has assessed 

risks posed by mixtures of PAHs by assuming that all carcinogenic PAHs are as potent as 

benzo[a]pyrene (B[a]P), one of the most potent PAHs.” We also acknowledge the statement in 

Bostrom et al that this approach is likely overestimating the risk. 

 

Table 5. Inhalation Unit Risk (IUR) factors for selected carcinogens in vehicle exhaust 

Pollutant IUR Factor 
(risk per ug/m3) 

Relative 
Potency 

Acetaldehyde 2.7  10-6 0.002 

Benzene 2.9  10-5 0.026 

Benzo[a]pyrene 1.1  10-3 1.00 

1,3-Butadiene 1.7  10-4 0.155 

Formaldehyde 6.0  10-6 0.005 

 

The change in the number of cases of cancer estimated to result from the introduction of ethanol 

fuels relative to the continued use of gasoline is shown in the table below. The emissions for the 

“possibly known carcinogen in humans” acetaldehyde is estimated to slightly increase with the 

use of ethanol fuels but the increase is very small relative to the decreases seen for other 

compounds. 

                                                           
7 OEHHA 2009. Air Toxics Hot Spots Program Technical Support Document for Cancer Potencies. Appendix B. 
Chemical-specific summaries of the information used to derive unit risk and cancer potency values. Updated 2011. 
https://oehha.ca.gov/media/downloads/risk-assessment/report/appbraac.pdf 
8 Bostrom et al. (2002) Environmental Health Perspectives 110(S3): 451-488. 
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Table 6: Cancer Cases for E0 and E25 for Selected Pollutants 

  Cancer Cases Cancer Cases 

 Pollutant E0 E25 

Benzene 14.60                  12.7  

Formaldehyde 0.65                    0.5  

1,3-Butadiene 10.58                    7.6  

Acetaldehyde 0.12                  (0.1) 

Acrolein                       -    

Anthracene gas 0.35                  0.09  

Anthracene particle 0.01                  0.00  

Benz(a)anthracene gas 0.06                  0.01  

Benz(a)anthracene particle 0.06                  0.01  

Benzo(a)pyrene gas 0.00                  0.00  

Benzo(a)pyrene particle 0.14                  0.04  

Benzo(b)fluoranthene gas 0.04                  0.01  

Benzo(b)fluoranthene particle 0.07                  0.02  

Benzo(g,h,i)perylene particle 0.37                  0.10  

Benzo(k)fluoranthene gas 0.04                  0.01  

Benzo(k)fluoranthene particle 0.07                  0.02  

Chrysene gas 0.06                  0.02  

Chrysene particle 0.05                  0.01  

Fluoranthene gas 0.59                  0.15  

Fluoranthene particle 0.02                  0.01  

Indeno(1,2,3,c,d)pyrene gas 0.00                     -    

Indeno(1,2,3,c,d)pyrene particle 0.14                  0.04  

Phenanthrene gas 2.25                  0.59  

Phenanthrene particle 0.02                  0.01  

Pyrene gas 0.67                  0.18  

Pyrene particle 0.02                  0.01  

  31 22 

Difference 9 
 

As can be seen the adoption of E25 reduces cancers from the selected pollutants by 9 cases. 

Multiplied by the value of a statistical life of $9.1 million, which measures the willingness to pay 
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to reduce the risk of death we derive total savings of $81 million.9;10 Similarly to the EPA 

Houston Benzene Case Study the results appear, at first glance, modest.  

However, we only assessed cancer cases for selected toxic air compounds for the 1.87 million 

people living next to the major expressways in the Chicago/NW Indiana region, which make up 

0.6 percent of the US population. The total urban share of the US population is currently cited at 

80.7 percent which would mean that 264 million of the current 327 million people in this country 

live in urban clusters.11;12 The visualization of traffic across urban clusters provided in Appendix 

E provides further support that the studied area is only a very small subset of the likely total US 

impact. If we view our results as a first approximate calibration, then the extrapolation of this 

data would result in an upper bound cancer reduction for the studied toxic air compounds of 

1,256 cases and avoided lifetime monetary damages of $11.4 billion. 

Table 7: Summary of Health Impact and First Order Extrapolation 

Cancer Case Reductions Chicago Major Expressway Area 9 

Affected Population Chicago Major Expressway Area 1,873,456 

Value of Statistical Life (VSL) $9,100,000  

Monetary Damages Avoided Chicago Major Expressways Area $81,076,048  

Urban Share of US Population 81% 

US Population  327,200,000  

US Urban Population  264,050,400  

Upper Bound Extrapolation of Results 

Cancer Cases  1,256  

Monetary Damages Avoided $ 11,427,096,739  

 

Similarly, for the Chicago region an upward adjustment can be justified. With 9.5 million people 

living in the Chicago Metro area and many along other major roadways (in addition to the 1.87 

million studied) the assessed cancer cases will also likely be a multiple of our selected modeling 

subset.13  

For additional context, other regulatory actions have been taken to prevent numbers of cancers 

that seem modest relative to the total burden of disease.  For example, in the reduction of the 

Permissible Exposure Limit for 1,3-butadiene in the United States to 1 ppm was estimated by the 

Occupational Safety and Health Administration to avoid 59 cancers among approximately 9000 

exposed workers over a working lifetime of 45 years, or 1.3 cancers per year.14 Costs to 

                                                           
9 Technical Support Document. Estimating the Benefits per Ton of Reducing PM2.5 Precursors from 17 Sector. US 
EPA Office of Air and Radiation, 2013. 
10Guidelines for Preparing Economic Analyses; updated May 2014; National Center for Environmental Economics;  
U.S. Environmental Protection Agency https://www.epa.gov/sites/production/files/2017-08/documents/ee-0568-
50.pdf 
11 https://en.wikipedia.org/wiki/Urbanization_in_the_United_States 
12 https://www.census.gov/history/www/programs/geography/urban_and_rural_areas.html 
13 https://en.wikipedia.org/wiki/Chicago_metropolitan_area 
14 Occupational Exposure to 1,3-butadiene. Final Rule. Federal Register 61: 56746-56856. (1996). 

https://en.wikipedia.org/wiki/Chicago_metropolitan_area


 

13 
 

employers to comply with the new 1,3-butadiene standard was estimated to be $2.9 million in 

1996 dollars annually, or approximately $2.3 million per cancer avoided per year.  Similarly, the 

reduction in the Permissible Exposure Limit for benzene from 10 ppm to 1 ppm was estimated 

by the Occupational Safety and Health Administration to avoid 326 deaths from leukemia and 

other lymphohematopoietic cancers over 45 years, or 7.2 cancers per year; a reduction of similar 

magnitude to the presented ethanol blended gasoline efforts.15 Costs to employers to comply with 

the new benzene standard was estimated to be $24 million in 1986 dollars annually, or $3.3 

million per cancer avoided per year. 

Potential Impact on Racial Inequities 

We also assessed the racial breakout within the studied road segment.  The map below shows the 

amount of minorities (for simplification purposes defined as African Americans plus Hispanics) 

in census tracts within 0.6 miles on each side of these roadways. 

 

Figure 2: Racial Breakout Across the Study Area 

The table and graph summarizes the racial breakouts. As can be seen statewide Illinois is home 

to 61.3% whites and 31.9% African-American/Hispanics but around the studied expressway 

segments in Illinois a much higher percentage of 45% is African Americans/Hispanics. Likewise, 

statewide Indiana is home to 79.2% whites and 16.7% African America/Hispanics but around the 

studied expressway segments in Indiana a much higher percentage of 43.4% is African 

                                                           
15 Occupational Exposure to Benzene: Final Rule. Federal Register 52(1786): 34460-34578 (1987) 



 

14 
 

Americans/Hispanics. This means that the derived cancer reductions from high-octane ethanol 

blended gasoline will likely over-proportionally benefit minority groups. 

 

Figure 3: Racial Breakout Between State Totals and Studied Area 
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Appendix A: EPA Benzene Case Study 
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Appendix B: PAHs in Vehicle Exhaust 
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Appendix C: Traffic Totals by Expressway Segment 
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Appendix D: Selected CALINE Runs 
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Appendix E: Visualization of US Traffic 

 

Source: Visualized Department of Transportation Data http://metrocosm.com/map-us-traffic/ 

 

http://metrocosm.com/map-us-traffic/

