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Aim 1: To test the responsiveness of Household Exposure to Wood Smoke
(HEWS) to changes in wood smoke (WS) exposure by comparing scores
between shoulder and peak heating seasons and further establish the validity
of the HEWS by assessing the changes of scores with the changes in
Macrophage carbon Load (MaCL) levels between seasons

Aim 2: To develop an artificial intelligence-based algorithm for quantifying
MaCL levels that is high-throughput, scorer-independent, precise, and
applicable in large-scale epidemiological studies

Mountain West CTR-IN Multi-site study
(Funding period: Jan 2022 – June 2023)

Novel methods of assessing household wood smoke exposure in the rural Mountain West

Expected outcomes:
The major yield will be a validated HEWS and an AI-counting
algorithm for MaCL assay which collectively quantify individual
exposure to indoor WS with different time frames (days for HEWS
versus weeks for MaCL). These methods can be readily integrated
into existing and future large-scale cohort studies addressing
adverse health effects of WS exposure in the US.

Household Exposure to Wood Smoke
Macrophage Carbon Load

Subject enrollment: use household wood stoves as the primary
method for winter heating, 50-78 years old, and with and without lung
comorbidities



Addition of a biomarker 
component to understand cancer 
risk of wood smoke exposure (at 
UNM study site only) 

Table 2. Collection items for the Biomarker study 
Item Wood smoke exposure  Non-wood smoke 

exposure 
Summer Shoulder 

heating 
Peak 
heating 

 Peak heating 

Month Jul-Aug-
Sep 

Early Nov Dec-Jan-
Feb 

 Dec-Jan-Feb 

n 50 A subset of 
50* 

50  25 

Questionnaire      
      Q4 Stove update  X X  X 
      Q5 Tobacco use update  X X X  X 
      Q7 Daily diary  X X   
      Q8 Additional smoke 
exposure 

X X X  X 

      Q9 HEWS  X X   
      Q10 SGRQ X X X  X 
      Q11 Mouthwash form X X X  X 
Bio-specimen      
      Sputum X X X  X 
      Mouthwash X X X  X 
      Blood X  X  X 
      First-void urine X X X  X 
      Nasal brush X  X  X 
      Buccal scrape X  X  X 
Indoor PM monitor X X X  X 
Incentives $100 $50 $100  $100 
*An invited sub-group with age 50 to 60 years old 
 

• Group 2A human carcinogen
• Limited cancer risk evidence in 

humans
• Abundance of human carcinogens 

(e.g., polycyclic aromatic 
hydrocarbons) in gaseous and 
particulate phases of wood smoke

• Mutagenicity and carcinogenicity 
of wood smoke extract in both in 
vitro and preclinical models

• Enroll subjects who are younger 
(40-69 years old) and have no 
severe comorbidities

• Collaboration with Dr. Lan and 
Rothman from NCI
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Alaska and Idaho flip the design by doing peak heating first
While NM and Montana maintain the original design
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Senior faculty

Research Team



Subject enrollment

• Craigslist
• Community outreach
• Radio stations
• Homeowner associations
• UNM cancer center media
• Facebook ad (most effective)
• Independent newspaper
• Enroll household members
• Referral program
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6Enrollment by 
Oct 26, 2022

N=25

N=28

N=31



Community outreach
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Mucociliary clearance and phagocytosis are two major 
mechanisms clearing inhaled combustion particles in the lungs 

8

Mucociliary 
clearance

Phagocytosis



Macrophage carbon load is a lung dose 
biomarker for black carbon particles 

• Engulfed black carbon can be detected under 
light microscope as “black” particles with 
elemental carbon composition confirmed using 
spectrometry methods

• Provide a tool to assess lung dose from total 
environment exposure

• Associated with multiple pulmonary and extra-
pulmonary outcomes   

• Clearance of carbon particles in airway 
macrophages is a slow process (reduce 0.006-
0.013 µm2/day) and may take weeks to 
months to occur depending on peak exposure
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Carbon black packers
Cao et al. Toxicological Sciences 2020



Definition of episodic elevation of 
combustion emitted PM2.5

• Annual PM2.5 levels range from 5.2 µg/m3 to 7.1 µg/m3 in Albuquerque 
between 2001 and 2010. 

• Based on EPA air quality monitor data, we identified seven periods with 
elevated PM2.5 levels (daily PM2.5 >10 µg/m3) over extended period of time 
(2 wks or more) in Albuquerque. 
– Summer: wood smoke invasion from wild fires in surrounding counties or States.
– Winter: local wood burning for heating 

• We also identified three periods with low PM2.5 levels (30-day average 
PM2.5 prior to sputum collection <4 µg/m3). 
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Seven episodes with elevation in ambient 
PM2.5 levels
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Period Number of day Mean ± SD
(µg/m3)

Max daily
(µg/m3) SourcesAll ≥10 µg/m3

24NOV2000 - 29JAN2001 67 40 11.9 ± 6.1 30.8 Local sources, e.g., heating

24JUN2002 - 07JUL2002 14 12 14.1 ± 7.0 33.6
Sitgreaves National Forest, West Malpais
wilderness, Gila National Forest, Cottonwood 
Canyon

25NOV2002 - 16DEC2002 22 15 12.7 ± 5.2 19.8 Local sources, e.g., heating
03DEC2003 - 23JAN2004 52 16 9.8 ± 4.9 22.0 Local sources, e.g., heating

20MAY2004 - 13JUL2004 55 22 10.6 ± 6.4 46.8

Capitan Mountains, Gallinas mountains, Strayhorse, 
Chain of Craters Mesa, Diener, Indian Peaks, Three 
Forks, Grapevine Canyon, Turkey Ridge, Midnight 
Mesa, Gila National Forest, Tonto National Forest, 
Coconino National Forest, Pinaleno Mountains

29JUN2005 - 06AUG2005 39 15 10.0 ± 4.7 29.3 Canyon Creek Mountains, Tonto National Forest, 
New River Mountains, Black Peak

22NOV2006 - 31JAN2007 71 28 10.2 ± 6.6 35.6 Local sources, e.g., heating

Sputum slides collected 9-70 days post first day of episodic elevation were pulled with an average of 41 days.



Satellite data for fires between 13JUN2004 
and 13JUL2004
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Image acquisition system
• Olympus BX43 mounted with a 

DP28 camera
• A 100× oil immersion lens
• A motorized Z drive
• Z-stack images with 100 nm as the 

depth interval to cover the entire 
cell depth

• A flattened image will be generated 
with most contrasted features at 
each depth projected

• 1 pixel = 34.5 nm
14



Size distribution of 1009 engulfed individual particles (µm)

1598% engulfed individual particles have diameters <1 µm Kodros et al. GeoHealth. 2018

Size dependent deposition curves for PMs

PM2.5PM1



Standard deviation reduces for longer period
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• MaCL was associated with 
lower CC16 in plasma, 
suggesting the injury of club 
cells

• Ambient PM2.5 at different 
time frames did not affect 
plasma CC16 levels, 
suggesting importance of 
considering lung dose. 



Macrophages with high carbon load have 
more potent effects
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PCOC = percentage of cell area 
occupied by carbon particles

N = 4429
Median = 0.064%
Q3 = 0.20%
95th = 0.72%



MacLEAP: Machine-Learning algorithm 
for Engulfed cArbon Particles
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Mask_RCNN

Output: Original Image overlaid with macrophage
Cropped individual macrophage
Number and size of macrophage

Macrophage Model 
Training

Macrophage database 
construction

Carbon database 
construction

Carbon Model  
Training

Output:
Macrophage overlaid with carbon
Number and size of carbon per 
macrophage 
Number and size of carbon per image
Carbon content per subject

R-CNN: Region-Based Convolutional Neural Network



MacLEAP: Machine-Learning algorithm for Engulfed 
cArbon Particles
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Excellent to outstanding correlations between manual scoring and AI counting 

Algorithm development in 66 subjects Algorithm Validation in 22 subjects



MacLEAP: Machine-Learning algorithm for Engulfed 
cArbon Particles
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• Definition: Have you ever been exposed to 
wood smoke for a year and longer (yes or no)

• Major findings
− Wood smoke exposure accelerates decline of 

FEV1 and FEV1/FVC ratio, but not FVC.
− Wood smoke exposure has multi-dimensional 

impact on health.
− Wood smoke exposure increases all-cause 

mortality partially through its adverse effects on 
lung health.

Minimal difference of clinical importance = 4 for SGRQ scores     



Thank you for your 
attention!
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No covariates affecting MaCL endpoints 
consistently
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