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Clinical Implications: Our data confirm an association between adverse asthma 19 

outcomes and acute increases in ambient SO2. Clinicians should be aware of the 20 

potential for environmental pollutants like SO2 to influence asthma control. 21 
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Abbreviations used: ACHD (Allegheny County Health Department), (Asthma control 22 

questionnaire) ACQ, (Air Quality Index) AQI, (Coke Works fire) CWF, (Emergency 23 

Department) ED (Environmental health survey) EHS, (Environmental Protection 24 

Agency) EPA, (Exhaled nitric oxide) FeNO50, (Hydrogen sulfide) H2S, (Nitrogen 25 

dioxide) NO2, (Ozone) O3, (Particulate matter) PM10, PM2.5, Parts per billion (ppb), 26 

(Pulmonary function testing) PFT, (Standard deviation) SD, (The University of 27 

Pittsburgh Asthma Institute Registry) AIR, (Sulfuric and Sulfurous acid) (H2SO4) and 28 

(H2SO3), (Sulfur dioxide) SO2 29 

Capsule Summary:  30 

This study identified a worsening of asthma related outcomes in adults living in closer 31 

proximity to a coke works plant during an acute environmental exposure to increased 32 

atmospheric SO2. 33 
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Abstract 49 

Background: Previous studies relate sulfur dioxide (SO2) exposure with asthma 50 

exacerbations. We utilized the University of Pittsburgh Asthma Institute registry (AIR) to 51 

study associations of asthma exacerbations between two geographically distinct adult 52 

asthma populations. 53 

Objective: The objective was to examine if asthma symptoms worsened following a 54 

significant fire event that destroyed pollution control equipment at the largest Coke 55 

Works in the United States. 56 

Methods: Two groups of asthma patients 1) those residing within 10 miles of the Coke 57 

Works Fire (CWF) “proximal group” (n=39), and 2) those beyond that range “control 58 

group” (n=44) were geocoded by residential address. Concentrations of ambient air SO2 59 

were generated using local AIR monitor data. Factory emissions were also evaluated. 60 

Patient historical, acute exposure survey and in-person follow-up data were evaluated. 61 

Inferential statistics were used to compare groups. 62 

Results:  In the immediate post-fire period (6-8 weeks), there was increase in SO2 63 

factory emissions of 25 times above typical emissions. Following the pollution control 64 

breach, the proximal cohort self-reported an increase in medication usage (RR: 1.76, 65 

95% CI 1.1-2.8, p<0.01) and more exacerbations. In a small subset of the follow-up 66 

cohort of those who completed the acute survey only, asthma control metrics improved.  67 

Jo
urn

al 
Pre-

pro
of



3 
 

Conclusions: A real world exposure to a marked increase in ambient levels of SO2 68 

from a pollution control breach associated with worsened asthma control in patients 69 

proximal to the event, which improved following repair of the controls. Improved spatial 70 

resolution of air pollutant measurements would enable better examination of exposures 71 

and subsequent health impacts.  72 

 73 

Introduction 74 

Patients with asthma tend to be more sensitive to development of symptoms 75 

from poor air quality as compared with healthy populations. Overwhelming evidence has 76 

accumulated that particulate matter (PM10, PM2.5)
1,2 and gases like nitrogen dioxide 77 

(NO2)
3,4 and ozone (O3)

5,6 can worsen asthma control and lead to exacerbations. While 78 

mechanisms remain inadequately defined, experimental exposure to various air 79 

pollutants increases oxidative stress which can contribute to greater airway reactivity 80 

and bronchial inflammation7,8,9.  While much recent work has focused on traffic-related 81 

emissions common in urban settings10,11 major industrial point sources remain in this 82 

country, including coal-fired power plants and various manufacturing plants, as well as 83 

those related to the steel industry.      84 

 Significant industrial point sources of emissions continue to exist in Allegheny 85 

County PA (home to Pittsburgh), related to its legacy as a steel industry center. Steel 86 

manufacturing requires the use of highly refined coal, or “coke”, as fuel used in blast 87 

furnaces to produce steel.  Coke is generated from extreme heating of coal under 88 

anaerobic conditions to volatilize and remove impurities of which hydrogen sulfide (H2S) 89 

and, and to a lesser extent, sulfur dioxide (SO2) are major components12,13.  While the 90 

primary form of sulfur is in the reduced form as H2S, fugitive emissions of H2S can 91 
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spontaneously oxidize to SO2 in the air, or following deliberate flaring of coke oven gas, 92 

contributing to the release of SO2 into the atmosphere.  While pollution control 93 

equipment collects and eliminates most H2S emissions, disruption of these controls, as 94 

was seen following a catastrophic fire at the US Steel Clairton Coke Works plant (the 95 

largest in the United States) can (and did) render the equipment inoperable. The Coke 96 

Works consequently burned a large volume of coke oven gas to eliminate the noxious 97 

H2S and released an unprecedented amount of SO2 into the environment over 102 days 98 

before repairs to the damaged pollution control equipment were completed.  99 

SO2 is a recognized air pollutant, which is monitored and regulated by the 100 

Environmental Protection Agency (EPA). SO2 is biochemically transformed in the 101 

atmosphere and on the airway mucosa SO2 can oxidize to sulfurous (H2SO3) and 102 

sulfuric acid (H2SO4), which act as powerful lung irritants14,15,16,17.  In addition,  sulfites 103 

and bisulfites are formed, which have been reported to increase mucus production in 104 

bronchial airways18.  These known toxic effects led to studies which associated SO2 105 

with both asthma exacerbations and worsened lung function, including lower lung 106 

function in children19,20,21. However, other studies have failed to show such an effect22. 107 

Based on this convergence of acute large scale increases in a known toxicant in 108 

a defined locale, prior controversies of SO2 and asthma, and our Institute’s ability to 109 

rapidly engage asthma patients in the regions affected by the fire, we hypothesized that 110 

patients living within close proximity to the Coke Works would demonstrate a 111 

measurably higher asthma symptomology acutely, as compared to those living further 112 

away. We correlated these results with local air quality measures, in particular SO2, 113 

during and after the fire. 114 

 115 
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Methods 116 

Participants (n=83) were recruited from The University of Pittsburgh Asthma 117 

Institute registry (AIR).  This registry was established in 2007 and contains ~2200 118 

patients with physician-diagnosed asthma.  All registrants had asthma questionnaire 119 

data, agreed to be contacted in the future for additional studies, and most had baseline 120 

pulmonary function testing (PFT) from time of enrollment. Immediately after the fire, a 121 

13-question Environmental Health Survey (EHS) survey (see Data File E1 in the online 122 

data supplement) was developed for distribution to existing AIR patients recruited to the 123 

study. Figure 1 is a CONSORT diagram outlining recruitment, while (Figure E1, 124 

supplement) maps the study area and patient locations within that area. The buffer was 125 

set to reflect the municipalities listed as “potentially impacted” by the health department, 126 

in addition to the natural break in the distribution of AIR patients around the Pittsburgh 127 

area. Recruitment began with the identification of all “Proximal” AIR patients (10-mile 128 

radius from CWF, n=177). Secondly, AIR participants (n=1920) were identified as 129 

potential controls if they lived “distal” (>10 miles from CWF). Participants were ordered 130 

based on their most recent participation with the AI, then contacted. Due to the time-131 

sensitive nature of the event, recruitment was stopped after slightly more than 200 132 

people were contacted, leading to over 40 rapidly consented participants with 133 

completed phone surveys in both the proximal and distal groups. Asthma patients were 134 

asked to recall information specific to the four weeks immediately prior to the date of the 135 

CWF to obtain a snapshot of their health during the immediate aftermath of the CWF.  136 

Following recruitment, baseline demographic, clinical and physiologic data were 137 

pulled from the historical AIR. An asthma severity designation of mild or moderate-138 

severe was assigned to each participant, using a combination of Fev1% predicted, 139 
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prescribed inhaled corticosteroid (ICS) dosage and/or oral steroids, and symptom type 140 

and frequency. Initial cohort recruitment and questionnaire administration occurred 141 

between February 1-20 of 2019, representing the time-period corresponding to the 142 

pollution control failure and high emissions.   143 

After pollution control equipment was operational, participants were then invited 144 

to return to the Asthma Institute in person two months later to repeat the EHS, complete 145 

an updated asthma control questionnaire (ACQ), and undergo additional PFT  and 146 

exhaled nitric oxide (FeNO50) testing to assess severity, control and inflammation23.  147 

The University of Pittsburgh Institutional Review Board (IRB) approved all studies.   148 

SO2 Emission and Regulatory Air Monitor Data  149 

Daily SO2 emission estimates from the Coke Works corresponding to the first six 150 

months of 2019 were obtained from the Allegheny County Health Department (ACHD). 151 

The emission data are reported as tons/day and include the amount of SO2 released 152 

into the atmosphere directly through a variety of processes (fugitive, flaring of coke gas, 153 

etc.) as well as secondary conversion from reduced H2S.  To determine if elevated 154 

emissions during the time of the CWF translated into changes in ambient air quality, we 155 

compared readings at EPA-regulatory air monitors proximal and distal to the CWF (Data 156 

file E2, supplement). 157 

 158 

Statistical Analysis                                                                                                                                          159 

Daily ACHD air monitor data were analyzed using non-parametric Kruskal-Wallis test 160 

followed by Dunn’s multiple comparisons test.  EHS responses were set up into 161 

contingency tables and Risk Ratios (RR) were calculated. RR= Rate [1]/ Rate [2] where 162 

“Rate” equals the proportion in group with the condition present, while confidence 163 
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intervals accompanied the ratios. Chi-square tests of association along with the Fisher 164 

exact probability test were used in combination with RR to determine statistical 165 

significance between group responses. Continuous data (emission, age, lung function) 166 

are reported as means ± standard deviation (SD). Mann Whitney tests were performed 167 

on continuous, non-parametric data. Acute survey results (pre-control room repair) were 168 

compared to follow-up responses (post control room repair) using the paired t-tests. P 169 

values < 0.05 were considered significant.  Data analysis and graphs were generated 170 

using JMP Pro 14 software and Graph pad Prism 8.  171 

 172 

Results 173 

  In the immediate aftermath of the fire, SO2 emissions from the Coke Works 174 

averaged between 40 and 50 tons per day.  At times, especially in the months of March 175 

and April, daily emissions exceeded 50 tons per day (25 times higher than typical 176 

levels). Immediately following the repair of the pollution control room, daily emissions of 177 

SO2 dramatically declined to levels that were less than 5% of those reported during the 178 

breach (Figure 2).   179 

   In 2019, coinciding with the large emissions of SO2 from the Coke Works 180 

during the pollution control breach, daily maximal SO2 readings and SO2-dependent Air 181 

Quality Index (AQI) values were elevated at monitor 1 (closest to the Coke Works) as 182 

compared to the previous 2 years (Figure 3).  In contrast, time-dependent changes in 183 

measurements of SO2 in ambient air were not observed at either of the two other 184 

monitors (Table E1, supplement).  Thus, enhanced emission(s) of SO2 during the 185 

pollution control breach were associated with measurable changes of SO2 in ambient air 186 

in close proximity to the Coke Works.     187 
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Impact during the acute exposure (during loss of pollution control system)  188 

  To determine the impact of these increased emissions on asthma control, we 189 

recruited and surveyed a proximal and distal (control) cohort of asthma patients both 190 

before and after the pollution controls were repaired.  Historical registry data (collected 191 

1 to 8 years prior to the fire), indicated both proximal and distal groups were generally 192 

well matched over a variety of demographic factors including age, race, sex and type of 193 

health insurance (Table 1).  Both educational attainment and marital status either 194 

tended to or statistically differed across the groups (p=.07 for education, .04 for marital 195 

status), supporting higher SES in the distal/control group. Despite this, the groups were 196 

well matched on known confounders of asthma such as exposure to or history of 197 

smoking and BMI. Notably, there was a significant difference in historical FEV₁% 198 

predicted and asthma related emergency department (ED) visits compared with the 199 

control group (Table 1). 200 

Given the need for rapid assessment of a potentially “at risk” population, the first 201 

patient questionnaires to these two cohorts were administered by telephone.  Not 202 

surprisingly, and consistent with the SO2 data, more proximal group patients reported 203 

the presence of rotten egg smells near their home compared to controls and more were 204 

aware of the CWF event compared to those living further away (Figure 4). During the 205 

time-period corresponding to the pollution control breach, the proximal group also self-206 

reported an increase in asthma exacerbations (Q5) compared to distal controls (RR: 207 

1.7, 95% CI 1.1-2.8, p<0.01), and increased medication usage (RR 1.4, 95% CI 1.0-2.0, 208 

p<0.05) (Figure 4). Nearly all proximal group patients (77%), reported that their asthma 209 

worsened and perceived the worsening to be a result of air pollution, compared to only 210 

48% of distal controls.  211 
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To account for boundary effects of potential “edge bias”24 to our 10 mile buffer 212 

zone which defined the proximal group, we determined whether there were differences 213 

in those < 5 miles (n=13, 33%) from CWF and those 5-10 miles (n=26, 67%) away.  As 214 

expected those living closer to the factory (< 5 miles) were more likely to notice industry 215 

smells (Q5 p=0.01, Q6 p=0.009) and were more aware of the CWF (Q8, p=0.0002) 216 

compared to the 5 –10 mile group (Supplemental Table E2).  However, there were no 217 

differences in asthma control between the near vs far proximal groups in the aftermath 218 

of the fire.   219 

Lastly, because general news coverage of the CWF may have selectively 220 

influenced survey responses, we compared responses within the proximal group based 221 

on their expressed knowledge of the CWF (54% aware and 46% unaware).  No 222 

differences in survey responses to medication and/or asthma related exacerbations 223 

were observed based on stated awareness. Of note, those reporting less awareness of 224 

the CWF tended to be more likely to report Medicaid (53%, p=0.16) as their primary 225 

insurance and were less likely to have a college degree (71% p=0.07) as compared to 226 

those who were aware, suggesting lower SES.   227 

Follow up (post repair)     228 

To  assess the potential impact of changing exposure to SO2 more directly on 229 

measures of asthma control and to determine the relationship of location to current 230 

pulmonary function and airway inflammation, those patients who completed the initial 231 

survey were re-contacted 2 months post-pollution control repair to arrange an in-person 232 

visit. Of the original cohort, 57% (22 from the proximal group and 25 from the distal 233 

control group) returned to the AI after resolution of the breach for an in-person 234 

evaluation. There were baseline differences between those who only completed the 235 
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phone survey and those who completed both phone and in-person surveys, particularly 236 

within the proximal cohort (Supplemental Tables E4 and E4).    237 

Those in the proximal group agreeing to the follow-up visit tended to report better 238 

asthma control at the time of the phone survey than those who answered only the initial 239 

phone survey (Supplemental Table E3).  Although there were no differences in asthma 240 

severity or FEV1, those who returned reported a higher percentage of being employed 241 

outside the home and a lower percentage of Medicaid insurance than those who did not 242 

return for the in-person survey, consistent with potential differences in SES.  In contrast, 243 

within the distal/control group initial only and follow-up groups differed only in regards 244 

2nd hand smoke exposure (Supplemental Table E4). 245 

Paired testing on those with both the phone and in-person questionnaires 246 

performed initial and follow-up comparisons of questionnaire responses. Our analysis of 247 

the proximal group indicated persistent industry smells (Q6) and improved asthma 248 

control (Q9, Q11), (Figure 5A) which coincided with improved factory emissions.  There 249 

were no longitudinal changes in asthma control questions in the distal/control group. 250 

However, a heightened perception that adverse air quality may sometimes affect their 251 

asthma control was observed in the distal/control group (Q7), perhaps due to the repeat 252 

nature of the survey (Figure 5B).  Lastly, all participants who came into the AI were 253 

evaluated with FeNO50, spirometry and ACQ tests. Overall, the proximal group had 254 

worse asthma control and more inflammation compared to distal controls, although the 255 

small sample size limited significance (Table 2).   A paired analysis of historical and 256 

follow-up mean FEV1% predicted over a 2.5 year period revealed no change in the 257 

control group (p=0.7) and 73.7 vs. 76.1 (p=0.2) within the proximal group.    258 

 259 
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Discussion  260 

This study provided the opportunity to examine short-term asthma outcomes 261 

relative to an individual’s proximity to a major industrial event that emitted 20 times 262 

more SO2 than what is typically discharged per day over a several month period. Key 263 

findings include the measurable differences detected in self-reported asthma control 264 

between those living proximal and distal from the CWF that corresponded to large 265 

changes in factory emissions and air quality. Despite persistently poor air quality in this 266 

region, historical air monitor data support our assertion that air quality during our study 267 

period was exceptionally poor and likely contributed to acute negative effects on asthma 268 

outcomes in our small cohort of asthmatics. To our knowledge, this study is the first of 269 

its kind to describe the short-term impact on well-characterized asthma patients from 270 

real world factory emissions at this plant and to decrements in air quality health 271 

outcomes within an adult asthmatic population.  272 

Short term controlled (chamber) SO2 exposures have been shown to augment  273 

bronchoconstriction in asthma patients25. While the mechanisms for the effects are 274 

unclear, SO2 can act as both an oxidizing and reducing agent, depending on its 275 

environment.  It has been reported to increase mucus production and lead to 276 

bronchoconstriction through unclear molecular pathways26.   Exposure has also been 277 

linked to exacerbations and reductions in pulmonary function, in particular (FEV1). 
26,27  278 

In adults, higher SO2 exposure during  the winter months was associated with lower 279 

lung function in poorly controlled asthmatics.28 Similarly, SO2 levels were high in the 280 

winter months of our study and may have affected lung function. Other studies however, 281 

failed to demonstrate consistent associations.29  This may be attributable to the 282 

spectrum of study designs in the literature, combined with different outcomes.   283 
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Furthermore, some asthmatics  may respond to SO2 and others may not30. This 284 

suggests a rationale for deeper phenotyping of these patients to identify potential SO2 285 

hyper-reactive asthma patients. Lastly, a recent study has implicated SO2 ambient 286 

exposure with increased ED visits over extended lag periods.31 These studies suggest a 287 

multifaceted approach is needed to create a holistic picture of the impact SO2 has on 288 

adults with asthma. 289 

Though a direct measure of sulfur dioxide was not obtained at the homes of the 290 

participants, data from regulatory grade air monitors in close proximity to the plant 291 

where the CWF occurred were publicly available. Despite persistently high levels of 292 

factory SO2 emissions (over 102 days); the most proximal monitor reported 293 

exceedances of the EPA threshold (75 ppb) on only 9 days. This is likely due to a 294 

combination of meteorological and topographical factors that, in addition to emissions, 295 

influence ground-level SO2 concentrations. The highest SO2 concentrations occur 296 

during meteorological inversions, which are periods when vertical mixing in the 297 

atmosphere is limited and emissions are concentrated near the surface. The net result 298 

is that the actual ground-level SO2 concentrations are a complex function of multiple 299 

factors influenced by both emissions and meteorology, which may not be reflected in 300 

monitor measurements. 301 

Five of the exceedance days occurred during the acute survey timeframe 302 

following the CWF from January 1, through February 20, 2019 (baseline survey period) 303 

(Supplemental Figure E2). Importantly, these exceedances were only reported at the 304 

most proximal monitor, suggesting that location of monitoring equipment is very 305 

important. Communities which rely on a few citywide air monitors are likely unable to 306 
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model a population’s true exposure. This is especially true in communities with varying 307 

topography and/or with major point sources that can have disproportionate impacts on 308 

immediate downwind areas. In home monitoring may be needed to better reflect the 309 

more localized impact of point source pollution.  310 

Acute health effects measured throughout this study trended with air quality and 311 

emission changes. First, those living close to CWF reported worse outcomes compared 312 

to those who lived further away during the same period corresponding to elevated 313 

emissions.  This minimizes the chance that weather or prevalence of seasonal 314 

respiratory infections contributed the differences.  Supporting this, longitudinal data on 315 

patients who completed both phases of the study indicated asthma control improved 316 

from the immediate post-fire period in the proximal group, when pollution controls were 317 

operational and air quality improved.  318 

To control for information bias, we examined whether participants who knew 319 

about the CWF answered their questions differently from those that did not know.   320 

Responses did not differ in those with or without knowledge of the fire.  However, those 321 

less likely to be aware (nearly 50% of the proximal group) of the CWF also reported 322 

lower SES.  323 

This study demonstrates the benefits of having a pre-existing interactive asthma 324 

registry of well-characterized asthma patients. Participant consent allowed us the ability 325 

to quickly gain access to patients following an environmental disaster. This study also 326 

revealed some potential reasons why some patients may be more likely to follow up or 327 

participate in environmental health research than others. Patients with poorer SES 328 

indicators and less education may have transportation issues or work in occupations 329 

that have limited paid time off and therefore patients are less likely to visit the Asthma 330 
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Institute.   Because participant dropout is an unfortunate reality of research studies, our 331 

aim was to better understand the population that did not complete our study. The 332 

asthma registry data allowed us to compare various SES and other metrics between 333 

groups. Participants that did not return to the AI for the follow-up visit tended to have 334 

poorer asthma control according to the baseline survey, these participants were more 335 

likely to report a clinic, ER, or ambulance visit because of their asthma. Additionally, this 336 

subgroup tended to have poorer SES indicators. These factors may have influenced 337 

communication and transportation efforts within this sub group. Unfortunately, since this 338 

subgroup did not complete the follow up questionnaire we are unable to discern how 339 

their asthma control may have changed with improved air quality.  340 

Some incidental findings of our study alluded to the potential for more chronic 341 

asthma related issues within this cohort based on their residential proximity to the Coke 342 

Works. When considering the historical registry data, we identified significant baseline 343 

differences in mean lung function between those proximal compared to those distal to 344 

the Coke Works.  While multiple factors could contribute to these differences, in 345 

general, the 2 groups were well matched for baseline demographics, as well as smoking 346 

status and SES.  This suggests chronic exposures may adversely affect lung health, 347 

and warrants further study in larger patient surveys.  348 

This study focuses specifically on emissions associated with an operational 349 

failure at a single point source near Pittsburgh. Excess emissions after the CWF, 350 

modified by meteorology and topography, impacted ground-level air pollution and the 351 

resultant exposure and health impacts catalogued here. Exposure assessment was 352 

limited because the sparse network of air pollutant monitors does not enable 353 

neighborhood-level air quality assessment. Communities in other cities are also 354 
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impacted by nearby point sources, and exposure estimates in those locations may be 355 

similarly impacted by a lack of nearby monitors.  356 

 357 

Study Limitations 358 

As with all human and environmental studies, the potential for confounders exist. 359 

The largest concern is the small cohort where confounders may have influenced the 360 

observed differences. However, overall the 2 groups were well matched and in the 361 

proximal group, differences improved in concert with improved air quality when other 362 

factors were constant.  This was not a random population, but one derived from an 363 

existing asthma registry.  However, given the historical information on these patients, 364 

including standard lung function testing, it is very likely these patients indeed had 365 

asthma, as compared to random dialing approaches.32 Importantly, only 50% of patients 366 

returned to the AI for full evaluation after repairs were completed, and consequently in a 367 

different season (winter vs. spring). There were substantial differences in those who 368 

returned and those who did not, which may explain the resolution of all clinical 369 

differences between the two groups at the later follow up. 370 

Conclusion 371 

Data from this study reveals an association between acute exposures to 372 

increased ambient levels of SO2 to worsened asthma control, in a potentially vulnerable 373 

population living close to the source of the pollution.  However, it also supports the loss 374 

of acute effects when EPA established air-quality levels are re-established.  While our 375 

data additionally suggest that chronic long-term exposure may negatively influence lung 376 

function, further study is needed.  377 
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 504 

Figure Legends: 505 

Figure 1. CONSORT flow diagram outlines study recruitment. 506 

Figure 2. Each point represents a single day of Coke Works factory emissions. The 507 

larger black dot indicates the date pollution control equipment was damaged and 508 

inoperable. The grey triangle indicates a second fire that damaged pollution controls 509 

for a single day. The horizontal error bars indicate the initial baseline study and 510 

follow-up periods. 511 

Figure 3. Figures A and B depict two proximal regulatory air monitors located 512 

within 10 miles of the CWF and one distal control monitor beyond the 10-mile range 513 

and their relative location from the Clairton Coke Works. Figures compare daily 514 

ambient SO2 expressed as median maximum and AQI values for 2019, and after 515 

the CWF compared with historical data in 2017 and 2018 for reference. 516 

Figure 4. Graph depicts difference by percentage of respondents (N=83) who answered 517 

“yes” between both control and proximal groups. Definition of abbreviations. * = P-value 518 

< 0.05, ** = P-value < 0.005, *** = P-value < 0.0005; Rate= proportion in-group with 519 

response "yes" to "no", Risk Ratio= Rate [1]/Rate [2]; Cl= Confidence Interval. Survey 520 

questions (ID) are listed above and correspond with the question number on the y-axis. 521 

Figure 5. Figure A and B compare responses of "yes" to our survey at baseline 522 

following the CWF relative to their follow-up responses post factory repair. Reference 523 

Figure 4 for survey questions. Definition of abbreviations * = P-value <0.05. 524 

 525 

 526 

Jo
urn

al 
Pre-

pro
of



 

Table 1. Baseline comparison of the control and proximal cohorts using Asthma Institute Registry data. Data 
represents registry metrics at time of enrollment into AIR (N=83).  

Characteristics Distal Control N=44 
n (%) or Mean ± SD 

Proximal Group N=39 
n (%) or Mean ± SD 

P-Value 

  Age                    45.1 ± 14.6                 45.6 ± 14.6                    0.41 

  Female                     39 (84.0)   32 (86.0)            0.76 

  Non-White 

  Body Mass Index (BMI) 

Asthma Indicators 
  Mean Fev1% predicted (SEM) 

  Moderate-Severe Asthma 

                    16 (36) 

                    31.9 ± 11 

 

                    84.8 (7.1) 

                      18 (41)       

                 16 (41) 

                 33.1 ± 10.5                

 

77.2 (12.1) 

19 (49)                 

          0.82 

          0.41 

 

          0.04* 

          0.51  
Health Insurance    

  Medicaid                         12 (27)  14 (36)            0.47 

           Other                        32 (72) 25 (64)  

Employment Status    

  Outside of Home                        31 (70) 24 (62)           0.36 

Education    

  High School Graduate or Less                         4 (9) 10 (26)           0.04 

  Partial or College Graduate                        40 (90) 29 (74)           

Marital Status    

  Single or Other                        22 (50)   27 (69)           0.07 
  Married                        22 (50)   11 (28)  
Smoking Status 
  History of Smoking 
  Second Hand Smoke  

 
                       13 (29) 
                         8 (18) 

 
                      9 (23) 

 11 (28) 

 
          0.62 
          0.31 

                   Definition of abbreviations: * = P-value <0.05 
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         Table 2. Physiologic results at follow-up visit between control and proximal groups (N=47) after the Coke Works 
pollution controls were repaired.  

 
Patient Characteristics                            Distal Control 

             n (%) or Mean ± SD 
   Proximal Group 
n (%) or Mean ± SD 

   P-Value                                  

Post Factory Repair 
   Exhaled Nitric Oxide (FeNO)              
   Asthma Control (ACQ) 
   Mean Fev1% predicted (SEM) 

 

       20.3± 12.6 

        1.32±.95 
       82.4 (16.7) 

 

    27.1±19 

    1.61±1.2 
    76.1 (19.6)       

 

 

0.2 

0.3 
0.3 

Definition of abbreviations: * = P-value < 0.05; Rate = proportion in groups with response "yes" to "no", Risk Ratio 
= Rate [1]/Rate [2], CI = Confidence Interval.  
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AIR patients with. residential address 
within 10 miles of CWF N=177 

Excluded age<18 
years old n=19

>18 years old and within 10 
miles of CWF 

N=158

Outdated contact info 
N=35

Patients with valid contact 
info >18 years old

N=123

Convenience comparative sample of most recent AIR 
participants >18 years old with residential address  

>10 miles from CWF 
N=93

AIR patients in SW Pennsylvania with residential 
address >10 miles  from CWF

N=1920

Contacted and did not 
respond N=82

Consented proximal cohort participants
N=41 

Valid proximal cohort baseline survey N=39 

Omitted: Missing 
page 2 of survey 
questions N=2

Proximal cohort follow-up 
survey and visit N=22 

Contacted and did 
not respond for 
follow-up N=17

Consented distal cohort participants 
N=44

Valid dsstal cohort baseline survey N=44

Contacted and did 
not respond for 
follow-up N=19

Distal cohort follow-up 
survey and visit N=25 
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