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Esquema
• Material Particulado y la Salud Humana
• Estudios en Comunidades y sus Movitations

• Nación Mohicana (NY, USA)
• Langui, Perú (Zona Alto Andina)
• Latinos in Boulder (CO, USA) 
• Santiago y Temuco (Chile)
• Nación Navajo (NM, USA)
• Salones de Uñas (CO, USA) 
• Radón en Puerto Rico (USA)
• Laboratorios de Odontología (Tijuana, Mexico)

• COVID-19 y la Contaminación del Aire
• Justicia Ambiental y Diversidad en la Ciencia
• Siguientes Pasos 

HBO Max Documentary Not So Pretty



Mecanismos de Efectos de Salud del 
Material Particulado

4Breysse et al., 2013.

Pulmón

Systema Imunológico

Corazón

Función Vascular
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Qué Causa el Estrés Oxidativo?

5

• Compuestos Orgánicos
• Hydrocarburos Poly-Aromaticos- (PAHs)

• Derivados de PAH Oxidados

• Metales transitivos (e.g., Fe, Cu)

• Endotoxinas (polvo, desechos de animals, comida, 
etc.)

• Diámetros más pequeños = más reactivos
• Emisiones de leña y carbon de estufas residenciales

emiten nanopartículas



Calidad del Aire en Interiores
Algunos Estudios



Motivation:
Evaluar la correlation entre la exposición a alergenos
interiores y el asma infantil. 

Results:
Alrededor del 80% y 15% de las muestras tenían
niveles de alergenos a ácaros del polvo y gatos, 
respectivamente, por encima de los niveles de 
sensibilización.
La asociación entre el asma y la exposición a 
alergenos de ácaros de polvo y gato fue positiva pero
no estadísticamente significante. 

Surdu et al., 2006
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Figure 1. A) Sampling locations in the community of Langui, Peru (Langui, 2010).               

B) Example of a traditional stove used in the community.  

 

Survey results showed that 100% of the households (n=30) used dried dung as a fuel source, 

87% used a traditional stove and 67% had a makeshift “chimney” in the kitchen (Figure 1B) 

for cooking and heating. In this community, traditional cook stoves were made of adobe, had 

unvented combustion chambers and no exhaust for the emissions. The houses had dirt floors 

and thin metal (calamina) roofs of no insulation value, potentially increasing stove use for 

heating. The typical kitchen was about 20 m
3
. Forty-seven percent (47%) of households kept 

(permanently) guinea pigs in the kitchens. They are an important source of food and income 

in the region that require warm temperatures for reproduction; therefore they are kept in the 

warmest place in the house. This study found that 77% of the women preparing the meals 

reported irritation to eyes, nose, and throat from stove emissions, while 51% reported 

coughing, and 37% suffered from wheezing episodes. Seventy three percent (73%) of the 

children surveyed (n=47), reported coughing, and most of them also reported bronchitis. 

Typically, children under 5 years of age spend a similar amount of time (4 hours) in the 

kitchen as the women. Of the men who spent time in the kitchen, 42% reported coughing.  

 

The 24-hour average PM2.5 concentration measured in the kitchens using traditional stoves 

was 0.640 (±0.874) mg/m
3
 and ranged between 0.001 and 3.485 mg/m

3
. The PM2.5 levels in 

many homes exceeded 50 mg/m
3
 for short periods during the early cooking stages. Over half 

the households sampled had PM2.5 levels between 10 and 140 times over the World Health 

Organization (WHO) 24-hour mean PM2.5 guidelines of 0.025 mg/m
3 

(WHO, 2005). The 

average background PM2.5 indoor level (during off-burning) was 0.021 (±0.009) mg/m
3
 and 

the average outdoor level was 0.007 (±0.006) mg/m
3
. Figure 2 shows the average indoor 

PM2.5 concentrations for each of the first 1, 2, 3 and 4 hours of cooking events during the 

morning and evening cooking events. Morning PM2.5 averages were consistently higher than 

evening averages and decreased with each hour of stove use. The 24-hr average BC levels in 

the homes, determined from filter samples, ranged from 2.40 to 34.50 µg/m
3
. Levels of black 

carbon were also measured in a sub-group (n=13) of homes during cooking events using 

traditional stoves and they ranged between 1.23 and 151.51 µg/m
3
.
 
Background levels of BC, 

during off-burn times, were between 0.03 and 2.66 µg/m3.  

 

Indoor air quality in a selected household was improved significantly after installing an 

improved stove in the kitchen. The improved stove consisted of a vented combustion 

chamber, a chimney and a flat metal plate (plancha) that minimized emissions into the room 

and increased heat transfer. Figure 3 shows the PM2.5 concentrations over a 24-hour period for 

this specific house. The gray line in the figure represents the PM levels before installing the 

Proceedings of Indoor Air 2011 International Congress    Austin TX, June 5‐10, 2011 

Indoor Air Pollution in an Indigenous Highlands Community in Peru 
 

Odessa M. Gomez, Alina M. Handorean,  Erica L. Brandt, Amalia A. Lopez,   

 Mark T. Hernandez,  Lupita D. Montoya* 

 

University of Colorado at Boulder, Boulder, CO  

 

*Corresponding email: Lupita.Montoya@colorado.edu 

 

 

SUMMARY 

A pilot study was conducted to determine the levels of several air pollutants inside the homes 

in the small highlands (Andean) town of Langui, Peru. The measured pollutants included fine 

particulate matter (PM2.5) and black carbon (BC) in addition to carbohydrate and protein 

levels, which were used as markers for biological aerosols. Sources of indoor aerosols mainly 

included combustion in traditional biomass stoves, indoor biomass fuel storage, and small 

animals. An initial assessment of health outcomes (respiratory disease) in this population was 

conducted through surveys in 30 homes. In addition, a modified traditional stove was 

evaluated and indicated a 99% reduction in PM2.5 levels over a 24-hour period and a 96% 

reduction in BC emissions during cooking. This study demonstrated that significant 

improvements in indoor air quality can be achieved  using local resources. 

 
IMPLICATIONS 

This study examined indoor air pollution in high altitude households that burn dung in 
traditional stoves. Inefficient combustion in combination with the presence of animals indoors 

significantly exacerbated indoor levels of combustion and biological aerosols. Implementing 
simple controls, however, can have a drastic effect on improving indoor air q uality.  

 
KEYWORDS 

Biomass combustion; Black carbon; PM2.5; Carbohydrates; Proteins 
 

INTRODUCTION 

Most households in the developing world use biomass for cooking and heating (Smith et al. 

2004) and in deforested communities, like the highlands of Peru, they often use dried dung. 

Poor indoor air quality in these communities results from a combination of fuel type, stove 

design, combustion conditions, and inadequate room ventilation. Such conditions yield acute 

and long-term exposures to emissions that lead to respiratory (Torres-Duque et al. 2008) and 

cardiovascular disease (McCracken et al. 2007). Black carbon (BC) from incomplete 
combustion has also been associated to negative health outcomes (Mordukhovich et al. 2009) 

and with global climate change (Ramanathan et al. 2008). Most health studies on BC have 
focused on emissions from diesel exhaust (Jansen et al. 2005; Mordukhovich et al. 2009). 

Additional studies have determined that combustion and biological aerosols can work 
synergistically to exacerbate respiratory and allergic responses (Ryan 2008; Arimoto 2005). 

Aerosols originating from biological sources, like plant and animal debris and microbial cells, 
have shown negative impacts on allergic response and respiratory health (Gruchalla et al. 

2005). Biological sources have been reported to constitute between 5% and 10% of PM found 
in urban and rural areas (Menetrez et al. 2009). Biopolymers (DNA, phospholipids, 

carbohydrates, and proteins) have been previously measured to assess fine primary biogenic 

aerosol in an urban area (Coz et al. 2010). This pilot study examined the levels of indoor air 

pollutants (BC and PM2.5), and evaluated the carbohydrate and protein content in the fine PM. 

Proceedings of Indoor Air 2011

Motivation:
Evaluar la exposición a PM2.5, carbon 

negro, carbohidratos, y proteinas.

Evaluar el nivel de uso de bosta y la 

implementación de una estufa 

mejorada producida con materiales

locales, en Langui Perúl. 

Results:
100% uso residencial de bosta. 

Reducción del 99% en PM2.5 y 96% 

en carbon negro en emisiones. 

Nueva Motivación: 
Estudiar la sinergía entre la exposición a aerosoles de 
combustión y biológicos en lugares interiores, sobre todo
en lugares pobres, donde pueden alcanzar altos niveles. 



PUNTOS DESTACADOS:

• PM2.5 y carbon orgánico fueron más
altos en interiores

• Historias de exposición a PM2.5 fueron
primarente en lugares ocupacionales y 
durante la infacia en México

• Mascotas con pelo dentro de las casas 
eran raras; endotoxinas en algunas
casas 

• Hacinamiento o amontonamiento era 
alto y la calidad de la vivienda era baja

• Todas las encuestas fueron hechas en
Español

Me integré al Comité de Planificación de la 
Ciudad de Boulder para promover la 
vivienda asequible y la equidad en la 
ciudad. 

Latinos en Boulder, CO
Escobedo et al., 2012

INVESTIGACION

SERVICIO
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Motivation:
Evaluate exposure to indoor PM2.5 in 

Temuco, Chile.

Results:
68% of indoor PM2.5 comes from 

infiltration of high outdoor pollution 

and relatively high household air 

exchange rates.    

 



DUAL
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Three-tier Oxidative Stress Response Model

15Li et al., 2018



	

	
	

Figure 3. Integrated Results of Perception, Cultural, and Technical Assessments. The Perception 

Assessment is indicated as boxplots on the y-axis and a higher score is perceived as more feasible based 

on the criteria evaluated. The red line represents the median Perception score for that alternative, the 

bottom and top lines in the box represent the first and third quartiles representing the interquartile 

range (IQR), the whiskers represent 91% and 10%, For the criteria quantified by cost (IC, LC, and MN), 

a higher perception score would be perceived as “more feasible” or less expensive; therefore, the left y-

axis (and quartiles) are flipped for these alternatives. Alternatives perceived as least feasible are denoted 

with * next to their initials on the x-axis and those that are most feasible are denoted with **. Results of 

the Cultural Assessment were superimposed on the HI and EI sub-panels, where red, yellow, and green 

Champion et al, 2017.



DEATH

Enhanced virus-induced tissue damage and inflammation

Fluid accumulation in alveoli

Shortness of breath and pneumonia

Exposure to air pollutants

Acute kidney injury

Endothelial dysfunction

Exposure to air pollutants

Promote viral entry, replication, & assembly

Enhanced local inflammation
due to reduced mucociliary clearance, modulation of cellular pathways, and increased epithelial permeability

Stimulation of TLR2/4 signaling and activation of AhR signalingIncreased viral dissemination and inflammation due to leaky epithelium, 
prevention of uptake by macrophages, and defects in NK cell function

Amplification of inflammation and neutrophil 
recruitment

Stimulation of bacterial/allergic adaptive immune responses and 
suppression of antiviral immune responses

Myocardial injury, arrhythmias

Cerebrovascular injury

Respiratory failure

Increased risk of 
kidney failure

Woodby et al., 2020

COVID-19



https://www.cdc.gov/nchs/nvss/vsrr/covid19/health_disparities.htm

CDC 2021

USA 

05/18/21



USA 

https://www.cdc.gov/nchs/nvss/vsrr/covid19/health_disparities.htm

CDC 2021

05/18/21



CDC 2021

Colorado

05/18/21 https://www.cdc.gov/nchs/nvss/vsrr/covid19/health_disparities.htm



https://stanforddaily.com/2021/05/13/op-ed-listen-to-black-latinx-and-indigenous-scholars-in-this-pandemic/
Op-Eds

From the Community | Listen to Black,
Latinx and Indigenous scholars in this
pandemic

Dr. Lupita Montoya, courtesy of the author

Black, Latinx, and Indigenous people in the US are disproportionately impacted by the COVID-19 pandemic, with

higher mortality rates, and more economic fallout and educational setbacks for our children. In Colorado, where I

live, a higher percentage of the Latinx population has died from COVID-19 than any other group, according to the

CDC. 

May 13, 2021

By Lupita Montoya



Justicia ambiental, 
la falta de diversidad en la academia,

y 
el tabú de la investigación en nuestras

propias comunidades

The Brown-on-Brown Research Taboo



Datos Demográficos en
Ingeniería Ambiental en USA

Numberos de Nativos Americanos son muy pequeños para visualisarse aquí

ASEE 2021



Académicos Afroamericanos, Latinos e 
Indígenas en los Estados Unidos

• Barber P., Hayes T., plus 10,000+ signatories. (2020). 
Systemic Racism in Higher Education. Science [Letter to 
the Editor].

• #ShutDownSTEM day (June 10, 2020)
• Worlwide shutdown of academia 
• I filed a lawsuit against the University of Colorado

• Statement by Dr. Cornel West regarding tenure at 
Harvard
• Tenure is about supporting the system in place, not about 

scholarship



which states “…the Federal Government should pursue a 
comprehensive approach to advancing equity for all, including 
people of color and others who have been historically 
underserved, marginalized, and adversely affected by 
persistent poverty and inequality...” 

Orden Ejecutiva de la Casa Blanca para Avanzar la 
Equidad Racial y Apoyar a Comunidades Desatendidas
(Enero 2021)

2022-2026  US EPA Plan Estratégico

incorporated a fourth principle “Advance Justice and Equity” to 
the previous three principles articulated by EPA’s first 
Administrator, William Ruckelshaus, to follow the science, 
follow the law, and be transparent. 



Publicaciones Recientes

• Montoya L.D., Mendoza L., Prouty C., Trotz M., Verbyla
M., (2021). “Environmental Engineering for the 21st 
Century: Increasing Diversity and Community 
Participation to Achieve Environmental and Social 
Justice”, Environmental Engineering Science  38(5): 288-
297.

• Ornelas Van Horne Y.#, Alcala C.S., Peltier R.E., 
Quintana P.J.E., Seto E., Gonzales M., Jonhston J., 
Montoya L., Quirós-Alcalá L., Beamer P.I., (2022). “An 
Applied Environmental Justice Framework for Exposure 
Science”, Journal of Exposure Science and 
Environmental Epidemiology, 1-11. 



No Somos “Los Pobrecitos”: 
Persiguiendo

Investigación con la Participación de la Comunidad
y Justicia

Montoya, L.D. (2022). Guest Editorial: We are Not “Los 
Pobrecitos”: Pursuing Community Engaged Research and 
Justice. International Journal for Service Learning in 
Engineering, Humanitarian Engineering and Social 
Entrepreneurship, 17(2): 2 pp. 



Para Promover Investigación con Comunidades and Apoyar Mujeres
Académicas, sobre todo Afroamericanas, Latinas e Indígenas,  que 
conduscan este tipo de investigación en Environmental Engineering y 
disciplinas aledañas

ADVANCE Strategic Partnership for Alignment of 
Community Engagement in STEM (SPACES)



El mundo está al borde del calentamiento catastrófico, dice el reporte sobre
el Cambio Climático de las Naciones Unidas (Marzo 20, 2023)



Escuchemos el llanto de la Tierra y 
el llanto del pobre!

Laudato Sí, Papa Francisco
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