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Presentation Outline 

1.  GeoDHOC  project overview / study design 

2. Summary of results in Detroit and Windsor 
• Air sampling 
• Air quality modeling 
• Asthma associations 

3. Present GeoDHOC initiatives 
• Spatio-temporal air quality modeling in Detroit 
• Birth outcome associations 



Urban Air Quality and Health 
Is our health 

connected to the air 
we breath? 

USEPA My Air My Health 

Are some 
neighborhoods    
more vulnerable    

than others? 

Does air quality vary 
in different parts        

of a city? GeoDHOC 
Geospatial 
Determinants of 
Health Outcomes 
Consortium 



The GeoDHOC Team 

Team 1                   
Air Sampling and 

Environmental 
Modeling 
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Epidemiology  

and Health          
Outcomes 
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Data Integration    
and Geospatial 

Modeling 
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Geospatial Determinants of Health Outcomes Consortium 
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Detroit and Windsor 
share the same airshed… 

www.allergyasthmatech.com  

…but have different:              
 - population demographics 
 - environmental regulations 
 - health care systems 

2008 Pilot Study:           
Develop geospatial models to 
relate air quality and asthma 
in Detroit and Windsor. 

Windsor 

Detroit 



Simultaneous Air Sampling 
September 2008 and June 2009 
 

 NO2, SO2 

 26 Volatile Organic Compounds (VOCs) 
• BTEX, paint thinners, dry cleaning solvents 

 23 Polycyclic Aromatic Hydrocarbons (PAHs) 
• Anthracene  

 Particulate Matter (PM1, PM2.5, PM10) 

http://upload.wikimedia.org/wikipedia/commons/1/12/Anthracene.svg


Two types of samplers 

Active 

PM and PAHs 

SAMPLER TYPE Total Detroit Windsor 
Passive Only 50 34 16 

Active + Passive 50 34 16 
TOTAL Locations 100 68 32 

Passive 

NO2  SO2  and VOCs 



3x3 km grid 

Windsor Detroit 

Sampler Locations 
Key Considerations: 
 Geographic Distribution 
 Prioritization (land use, population density, prior AQ models) 
 Security 



Active/Passive 
Passive Only 

September 2008 Sample Sites – All Locations 

We are 
here! 



2008 Air Sampling Campaign 
Sept 5-20, 2008   

Answer: 20 Undergrads and 2 Grad Students from Geology, 
Environmental Science, and Civil & Environmental Engineering 

Question: How do you deploy 100 samplers 
across two cities in two days?   



Training: SOP Manual 



Air Sampling - Training 



Air Sampling - Deployment 



Air Sampling - Retrieval 



Completed Log Sheet 
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Lab Analyses & QA/QC 

Analysis Laboratory Location
VOC AirZOne Inc. Mississauga, Ontario

NO2/SO2 Environment Canada Egbert, Ontario
PAH AirZOne Inc. Mississauga, Ontario
PM Alberta Research Council Vegreville, Alberta

Detroit-Windsor Summer 2008 Filter Analyses

Sampler Type Deployed Passed QA/QC 
Passive 100 98 (98%) 
Active 50 38 (76%) 

Presenter
Presentation Notes
CIHI = Canadian Institute for Health Information



PAH Species Exclusion 
Criteria:  Exclude analytes with fewer than 80% of sample sites 

registered values above variable MDL.

PAH Analytes % >MDL

1 Anthracene 100
2 Fluoranthrene 100
3 Fluorene 100
4 Phenanthrene 100
5 Pyrene 100
6 Acenaphthene 97
7 ortho-Phenylphenol* 84
8 Diazinon* 66
9 Chrysene 58

10 Acenaphthylene 50
11 Benz(a)anthrancene 21
12 Chlorpyrifos (Dursban)* 21
13 Benz(k)fluoranthene 3
14 Benzo(b)fluoranthrene 3
15 Benzo(a)pyrene 0
16 Benzo(ghi)perylene 0
17 cis-Permethrin* 0
18 Dibenz(a,h)anthracene 0
19 Indeno(123-cd)pyrene 0
20 Piperonyl butoxide* 0
21 Propoxur (Baygon)* 0
22 trans-Permethrin* 0
23 Naphthalene** 0

Excluded Species

VOC Species Exclusion 
Criteria:  Exclude analytes with fewer than 80% of sample sites 

registered values above variable MDL.

VOC Analytes % Count >MDL

1 Toluene 100
2 (m+p)-Xylene 100
3 Dichloromethane (DCM) 100
4 Benzene 99
5 Ethylbenzene 99
9 o-Xylene 99
6 Hexane 99
7 1,2,4-Trimethylbenzene 99

10 n-Decane 98
8 Trichloroethylene 97

12 1,3,5-Trimethylbenzene 97
11 Chloroform 90
13 Tetrachloroethylene 81
14 Naphthalene 80
15 1,4-Dichlorobenzene 69
17 a-Pinene 59
16 d-Limonene 48
18 1,2-Dichloroethane 27
19 p-Cymene 3
20 Cumene 2
21 Styrene 0
22 1,1,2,2-Tetrachloroethane 0
23 Pentachloroethane 0
24 1,3-Dichlorobenzene 0
25 Hexachloroethane 0
26 1,2,4-Trichlorobenzene 0

Excluded Species

*pesticide 
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Acute Asthma Events in 2008 
 Hospital Admissions + Emergency Room Visits 

 primary diagnosis of asthma 
• ICD9-CM codes (493.xx) or ICD-10 code (J45)  

 HFHS: approximately 2800 events 
 CIHI: approximately 650 events 

• Discharge Abstract Database (DAD) for hospital admissions,  
• National Ambulatory Care Reporting System (NACRS) for 

emergency department visits 

 Geocoded by residential address 
 assigned to postal code area 
 stratified by age and gender 
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Asthma Study Findings 

1. Neighborhood scale variability of air 
pollutants in Detroit and Windsor 

2. Asthma-Air Pollution Associations 
• NO2, VOCs and PM10 in Windsor 
• BTEX and VOCs in Detroit 

3. Population-normalized asthma events 
• Detroit ~ 10 times greater than Windsor 

Lemke et al., 2013, Journal of Exposure Science and Environmental Epidemiology 

Miller et al., 2010, Atmospheric Environment 



NO2 

High concentrations 
in core of city and 
associated with 
primary roadways 



VOCs 

Combination of 
mobile and 
point sources 



PM2.5-10 
Local sources 
are important in 
industrialized        
SW Detroit. 



2008 HFHS Asthma 
ER visits and 
Hospitalizations 

y = 2.28x - 13.24
R² = 0.34
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Asthma Correlations 

                Detroit               Windsor
r p r p

NO2 0.17 0.40 0.63 0.03
BTEX 0.53 0.01 0.43 0.16
VOC 0.51 0.01 0.58 0.05
PAH 0.09 0.68 0.38 0.23
PM1 0.19 0.38 0.04 0.90
PM2.5 -0.04 0.84 0.31 0.33
PM10 0.000 1.00 0.61 0.04

Lemke et al., 2013, Journal of Exposure Science and Environmental Epidemiology          
doi: 10.1038/jes.2013.78 



Lemke et al., 2013, Journal of Exposure Science and Environmental Epidemiology 

Asthma management is 
not covered by Medicaid 

in Wayne County. 

Why do asthma 
exacerbations 
appear lower in 
SW Detroit? 

Why are asthma exacerbations 10 
times higher in Detroit? 



GeoDHOC  Today 

Asthma 

Acute 
Exposure 

Postal Code 
Scale 

Adverse Birth 
Outcomes 

Chronic 
Exposure 

Individual 
Scale 

Preterm Delivery 

Low Birthweight 

Preeclampsia 

Gestational Diabetes 



The GeoDHOC Team 

Team 1                   
Environmental 

Modeling 

Team 2                   
Epidemiology  

and Health          
Outcomes 

Team 3                       
Geospatial 
Modeling 

Xu 

Lamerato  Villeneuve 

^ 

Lemke 

Reiners  Larkin 

Asthma – Detroit and Windsor 

Cassidy 

Goovaerts Sperone 

O’Leary 

Mathieu Burmeister 

Perinatology - Detroit 
Low Birth Weight 
Preterm Delivery 



Michigan Air Sampling Network (MASN) 

PM10 

BTEX 

NO2 

Analytes East 7 Mile FIA Newberry Linwood SWHS 
NO2 X     

BTEX     X 
PM 10     X 
PM 2.5 X X X X X 

 



Monthly Concentration Maps 
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NO2 Monthly Averages MASN Monthly Averages

Adjusted Monthly Averages

Preserves 
Spatial 

Variability 
Honors 

Temporal 
Trend  

O’Leary and Lemke, 2014, Atmospheric Environment 
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VOCs 

300 x 300 m 
resolution! 





Individual level 
exposure estimates 

based on 
residential address 



Merits of Geospatial     
Environmental Health Analysis 

• Health Outcome Investigations 
• Asthma 
• Birth Conditions 
• Maternal Complications 
• Allergies? 

• High resolution air quality models 
• Spatial Detail (GeoDHOC) 
• Temporal Detail (MASN)  

• Science and Public Policy 
• Spatial and temporal associations 
• Visualization for effective communication 

Neighborhood 
Scale 

Variability 
Essential 

Neighborhood 
Scale 

Variability     
is Essential in 
Urban Areas 
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