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Modeled near-surface PM2.5 concentrations overlaid with 

measured PM2.5 concentrations from monitoring stations 

(circles) at 1pm LT on 11/8/2018 for Northern California
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Fully independent evaluation against 24-hour 
filter-based measurements

Rapidfire Methods in submission:

Raffuse S, O’Neill S, Schmidt R.

rapidfire – a model for rapid wildfire 

smoke exposure estimates using 

routinely-available data. 



Previous studies 

of  wildfire smoke

















Vulnerable Populations: 

- Pregnant people and their developing children are vulnerable to wildfire smoke
- Black and brown pregnant people at higher risk for preterm birth and low birthweight, 
  outcomes previously associated with prenatal wildfire exposures

- Low SES and underserved people are more exposed to background ambient air pollution

Non-chemical Stressors: 

Environmental, neighborhood, and contextual factors that could increase vulnerability including individual 
and community-level factors: prenatal care, immigration status, SES, demographics, access to 
greenspace, walkability, child opportunity index, neighborhood deprivation index, background air pollution

Health Outcomes: Birth weight, gestational age/preterm birth, 

autism, developmental delay 
  .
Impact: Determine whom and when to focus educational

campaigns and exposure mitigation tools for the greatest 
exposure reduction and improvement of child health outcomes; 

Find ways to improve acceptance of educational training on 
exposure mitigation among the most vulnerable

EPA Star Grant - Early Life Vulnerability to Climate-driven 

Wildfire Events on Pregnancy and Child Developmental 

Health Outcomes in Underserved Populations



Wildfire Impacts 

in MARBLES 

Cohort

Placenta Epigenetics – Logan Williams

Maternal Cytokines – Amanda Goodrich



~550 Mothers of a child with autism planning 

pregnancy or pregnant with another child

▪ ASD Recurrence rate is ~ 1 in 5

▪ ~15% Non-Typical Development

▪ At risk for pregnancy complications 

Markers of Autism Risk in Babies: 

Learning Early Signs

EEQ, FFQs Parent Forms & Clinical AssessmentsBiologic Samples

Child NeurodevelopmentPregnancy Dx Outcome







(45%)

(46%)

(55%)

(54%)

N= 65 N= 356

Average St. Deviation Average St. Deviation

 Birth Weight 3316 546.51 3442.17 509.87

Gestational Age 38.78 1.77 38.97 1.56

n % n %

No 61 (93.85%) 344 (96.63%)

Yes 4 (6.15%) 12 (3.37%)

No 59 (90.77%) 337 (94.66%)

Yes 6 (9.23%) 19 (5.34%)

F 30 (46.15%) 160 (44.94%)

M 35 (53.85%) 196 (55.06%)

2006-2010 36 (55.38%) 125 (35.11%)

2011-2015 166 (46.63%)

2016-2019 29 (44.62%) 65 (18.26%)

2008 36 (55.38%)

2017 12 (18.46%)

2018 16 (24.62%)

2019 1 (1.54%)

Preconception 5 (8.33%)

Trimester 1 24 (40.00%)

Trimester 2 25 (41.67%)

Trimester 3 9 (15.00%)

Post-natal 2 (3.33%)

Year Exposed

Trimester Exposure

Year of Birth

Exposed   Not Exposed

Low Birth Weight

Preterm

Sex of child

(8%)

(40%)

(42%)

(15%)

Wildfire Years

2008 36 (55%)

2017 12 (18%)

2018 16 (25%)

2019 1 (2%)



Image of Atlas Fire by Michael Short, 2017.



Figures from Brown 

et. al 2022



Figure made in Biorender



Figure from Brown et. al 2022



Applied 

over 

hundreds 

of 

thousands 

of regions

Comethylatio

n Module

Figure made in Biorender.Comethyl: Mordaunt et al 2022 
https://doi.org/10.1093/bib/bbab554

https://doi.org/10.1093/bib/bbab554
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Saddle Brown 
module is also 
enriched for 
neurologically 
relevant genes, 
and is 
approaching 
significance 
with ADOS

p=0.076
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Top Module GO Terms

• GO:0008121 (ubiquinol-cytochrome-c reductase activity, Adj. p-

value=6.09E-168)

• GO:0016679 (oxidoreductase activity acting on diphenols and related 

substances as donors, Adj. p-value=1.89E-167)

• GO:0051537 (2 iron 2 sulfer cluster binding, Adj. p-value=4.31E-158)

• GO:0042775 (mitochondrial ATP synthesis coupled electron transport, 

Adj. p-value=5.07E-135)

Module 

Genelist

• UQCRFS1
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Figure made in Biorender.













Trimester 1 Trimester 2 Trimester 3



N= 17 exp.

N = 61 unexp.



N= 24 exp.

N = 111 unexp.



N= 18 exp.

N = 98 unexp.







Corsi-Rosenthal Air Filter Box

https://aghealth.ucdavis.edu/news/corsi-rosenthal-box-diy-box-fan-air-filter-covid-19-and-wildfire-smoke


▪ In both human and animal experimental studies:

▪ Environmental contaminants → DNA methylation changes

▪ Supplemental folic acid reversed the DNA methylation changes

▪ In mice, this also countered the health effects in offspring

Dolinoy et al, 2007



▪ ASD ORs for pesticides and air pollution higher 
when mothers had low periconceptional folic 
acid
(Schmidt et al. 2017; Goodrich et al. 2018)

▪ Effect modification of  associations between 
phthalates and periconceptional folic acid 
supplements in MARBLES
(Shin et al. 2018)

▪ Effect modification of  associations between 
phthalates and prenatal folic acid in MIREC
(Oulhote et al. 2020)

▪ Folic acid might attenuate associations between 
contaminants & ASD
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* Significant EM by FA p<0.1
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