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Birth Weight 
(grams) 

Gestational Age 
(completed weeks) 

PTB: Preterm Birth 

Statistics Canada. Table  13-10-0746-01 , 2010-2012, Birth-related indicators (low and high birth weight, small 
and large for gestational age, pre-term births), by sex, three-year period, Canada, provinces, territories, 
census metropolitan areas and metropolitan influence zones. DOI: https://doi.org/10.25318/1310074601-eng. 
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Birth Weight 
(grams) 

Gestational Age 
(completed weeks) 

PTB: Preterm Birth 

SGA: 
Small for Gestational Age 

Statistics Canada. Table  13-10-0746-01 , 2010-2012, Birth-related indicators (low and high birth weight, small 
and large for gestational age, pre-term births), by sex, three-year period, Canada, provinces, territories, 
census metropolitan areas and metropolitan influence zones. DOI: https://doi.org/10.25318/1310074601-eng. 
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Statistics Canada. Table  13-10-0746-01 , 2010-2012, Birth-related indicators (low and high birth weight, small 
and large for gestational age, pre-term births), by sex, three-year period, Canada, provinces, territories, 
census metropolitan areas and metropolitan influence zones. DOI: https://doi.org/10.25318/1310074601-eng. 
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ABO 

 

Individual Characteristics 
In Maternal Population 

Behavior Habitat 

Images from wikimedia.org, Microsoft clipart, pixabay.com 



There are more newborns having ABO whose mothers have been 
prenatally exposed to industrial chemicals emitted to air 

Health hazards Prenatal 
exposure 

ABO 



Industrial Chemicals 
NPRI, 2005-2012 
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www.ec.gc.ca/inrp-npri/ 

30,855,608 
tonnes 

209,456 
records 

13,558 
facilities 

228 
chemicals 
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1. Identification of industrial chemical emissions co-
located with adverse birth outcomes across Canada 

DOI: 10.1016/j.scitotenv.2019.134091 



Annual time-weighted chemical emissions 

Total Tonnes = Pb × Tonnesb + Pc × Tonnesc 
where P=proportion of gestation; b=birth year; c=conception year 

Kernel Density 
228 chemicals 

8 years 
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Chemicals 
ranked by 
number of 
associations 
for 2 or more 
ABO-province 
combinations 

Chemical Number 

Particulate Matter ≤ 2.5 µm 9 

Carbon monoxide 7 

Particulate Matter ≤ 10 µm 7 

Ammonia 6 

Nitrogen oxides 6 

Volatile Organic Compounds 5 

Methanol 4 

Total Particulate Matter 4 

Carbonyl sulphide 3 

Sulphur dioxide 3 

HCFC-142b 2 

Methyl ethyl ketone 2 

Sulphuric acid 2 

13 



2. Development of an ambient health hazard index for 
Alberta 

DOI: 10.1186/s12942-017-0117-5 



Average chemical emissions in 
a cumulative hazard overlay 
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Associations with ABO 
Combine the 
outdoor 
environmental 
variables into a 
single index 

Correlate the 
index with 
patterns in ABO 

Region 
mattered: There 
were stronger 
associations 
within health 
regions than for 
the entire 
province 



3. Formulation of hypotheses on the co-location of 
mixtures of industrial air pollution and adverse birth 
outcomes 

DOI: 10.1016/j.envint.2019.104972 



Spatial Data Mining: 3 ABO and 136 Chemicals 

Maternal Residence 
Chemical 1 
Chemical 2 

Data mining found patterns 
that identified the most common chemical mixtures 

that implied an ABO 

~1,700 rules (p<0.05) 

 

Derive spatial 
transactions 



Point 

sources 

× 

× 

Density Binary 

Mixture 

Each rule 

spatially 

assigned to 

maternal 

postal codes 

P 
T 
B 

S 
G 
A 

L
B 
W 
T 

1 

PM / Methyl 
ethyl ketone / 
Xylene 

 
 

2 

PM / Methyl 
ethyl ketone / 
Toluene 

3 
CO / PM /  2-
Butoxyethanol 

4 
PM / n-Butyl 
alcohol / Xylene 

5 
CO / PM / n-
Butyl alcohol 

Chemical 
Mixtures 



Assess Odds Ratios to Determine Risk 
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4. Space-time modeling of hot spots 

© Esri 



Space-time hot spots of ciSGA in Edmonton 



Mean monthly chemical emissions 
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Space-time hot spots of chemical emissions 

ciSGA Chemical 



RED = positive coefficient 

BLUE = negative coefficient 

SIZE =  relative strength or 

magnitude of coefficient p<0.05 

Edmonton 

Toronto 

Winnipeg 



Online Mapping 

 
 
 

https://arcg.is/19XyXn0 

Online Map Collection 
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ABO Take Home Messages 

1. We discovered associations with known/suspected developmental 
toxicants, including ammonia, benzene, carbon monoxide, PMs, VOCs, 
and sulphuric acid 

2. Chemicals were more important than land-based sources or when 
combined in the ambient health hazard index 

3. We identified 5 potentially hazardous mixtures of industrial chemicals 

4. Our findings do not support causation, but the associations are still worth 
paying attention to 



NPRI Take Home Messages 
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ccn@ualberta.ca 


