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Temas a tratar:

1. Presentación sobre la caracterización de efectos adversos en salud
relacionados al MP2,5.

2. Discusión de conformación del Comité Operativo Ampliado.

2da Reunión Comité Operativo 000057 VTA



“Estudio de Antecedentes para la revisión de la Norma Primaria de Calidad Ambiental
para Material Particulado Respirable (MP2,5)”

Proveer antecedentes al proceso de revisión del Decreto Supremo N°12, de
2011, del Ministerio del Medio Ambiente que establece “Norma primaria de
calidad ambiental para material particulado fino respirable MP2,5”, mediante una
evaluación técnica, económica y científica considerando los costos y desafíos
asociados a diferentes escenarios regulatorios

OBJ

Estudio finaliza en mayo de 2023

Estudio en curso
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Expediente electrónico

https://planesynormas.mma.gob.cl/normas/expediente/index.php?tipo=busqueda
&id_expediente=939510
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Próxima Reunión

Actividad Objetivo actividad Fecha tentativa

3° reunión C.O.
Obj: 
(1) Análisis normativo del MP2,5 en Chile.
(2) Cierre del COA.

1ra semana de abril
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MP2,5

Marzo, 2023

Andrés Henríquez, Ph.D.

andhencor@gmail.com
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PM2.5

https://www.epa.gov/sites/production/files/2016-09/pm2.5_scale_graphic-color_2.jpg

Size
Particle 

Deposition

Lippmann 2010
https://learn.kaiterra.com/en/air-

academy/particulate-matter-pm
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PM2.5 (and air pollution)-induced Health Effects

Research

Modified from, Burns et al et al. 2022

Meta-analysis - Longitudinal Cohorts
- Retrospective studies

- Spatial and Temporal 
Characterization of air pollutants
- Exposure
- Chemical reactions

- In vivo / in vitro studies
- Mechanistic controlled studies

- Estudios controlados
(randomizados)
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https://link.springer.com/article/10.1007/s00125-020-05246-w

PM2.5 (and air pollution) CAUSAL effects on human health 000061 VTA



PM2.5 (and air pollution)-induced Health Effects

Research

Modified from, Burns et al et al. 2022

Meta-analysis - Longitudinal Cohorts
- Retrospective studies

- Spatial and Temporal 
Characterization of air pollutants
- Exposure
- Chemical reactions

- In vivo / in vitro studies
- Mechanistic controlled studies

- Estudios controlados
(randomizados)
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Material particulado y efectos en la salud pulmonares y extrapulmonares. 

Figura adaptada y traducida desde (Pope & Dockery, 2006).

PM2.5 (and air pollution)-induced Health Effects / Mechanisms 000062 VTA



Material particulado y efectos en la salud pulmonares y extrapulmonares. 

Figura adaptada y traducida desde (Brook et al., 2010b)

PM2.5 (and air pollution)-induced Health Effects / Mechanisms

Pozo sin fondo
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Shaddick et al. 2020

2016

Annual concentrations (ug/m3) of PM2.5 for 2016

??

PM2.5 levels worldwide
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3. Estimators of the PM2.5 Mortality Relative Risk over the Global Concentration Range

3.1. The Integrated Exposure-Response (IER) Relative Risk Model

Although the number of outdoor fine particulate air pollution cohort studies increased since 2004, 

all of the new studies have been conducted at low levels of exposure in high-income 

countries; thus, the GBD still faced the same problem as it planned an updated set of estimates 

for GBD 2010 [15,18]. In those studies, the estimated annual-average population-weighted 

exposure rarely exceeded 50 µg/m3, with most below 30 µg/m3.

A solution was suggested from an analysis by Pope and colleagues [24,25] which linked relative 

risks of cardiovascular and lung cancer deaths to other sources of PM2.5, including those from 

secondhand and active smoking, which result in much higher PM2.5 exposure than 

observed outdoors. They placed outdoor PM2.5 air pollution as well as secondhand and active 

smoking relative risks on the same dose scale: total inhaled PM2.5 mass. Graphically displaying 

all the relative risks on the total mass scale revealed a non-linear shape with the change in 

relative risk decreasing as total mass increased. However, this non-linear shape was much 

more pronounced for cardiovascular mortality than for lung cancer [25].

The analysis presented by Pope and colleagues [24,25] paved the way for the GBD to develop the 

integrated exposure-response (IER) relative risk function. In addition to the three types of PM2.5

exposures considered by Pope and colleagues, the GBD added a fourth type: household 

pollution from heating and cooking sources [17]. This enabled the GBD to estimate attributable 

mortality from three combustion-derived risk factors, outdoor fine particulate air pollution, 

secondhand smoking, and household burning of solid fuels, using a single risk function. 
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Shaddick et al. 2020

2016

Annual concentrations (ug/m3) of PM2.5 for 2016

??

PM2.5 levels worldwide
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2021
WHO global air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, 

nitrogen dioxide, sulfur dioxide and carbon monoxide.

ISBN 978 92 4 003422 8 (electronic version) ISBN 978 92 4 003421 1 (print version)

GUIDELINES

Foreword

Clean air is fundamental to health. Compared to 15 years ago, when the previous edition of these guidelines was published, there is now a much 

stronger body of evidence to show how air pollution affects different aspects of health at even lower concentrations than previously 

understood. But here’s what hasn’t changed: every year, exposure to air pollution is still estimated to cause millions of deaths and the loss of healthy 

years of life. The burden of disease attributable to air pollution is now estimated to be on a par with other major global health risks such as 

unhealthy diets and tobacco smoking.

In 2015, the World Health Assembly adopted a landmark resolution on air quality and health, recognizing air pollution as a risk factor for 

noncommunicable diseases such as ischaemic heart disease, stroke, chronic obstructive pulmonary disease, asthma and cancer, and the economic 

toll they take. The global nature of the challenge calls for an enhanced global response. 

These guidelines, taking into account the latest body of evidence on the health impacts of different air pollutants, are a key step in that global 

response. The next step is for policy-makers around the world to use these guidelines to inform evidence-based legislation and policies to improve air 

quality and reduce the unacceptable health burden that results from air pollution. 

We are immensely grateful to all the scientists, colleagues and partners around the world who have contributed time and resources to the development 

of these guidelines. As with all WHO guidelines, a global group of experts has derived the new recommendations based on a robust and 

comprehensive review of the scientific literature, while adhering to a rigorously defined methodology. This process was overseen by a steering group 

hosted and coordinated by the WHO European Centre for Environment and Health.

Although the burden of air pollution is heterogeneous, its impact is ubiquitous. These guidelines come at a time of unprecedented challenges, in the 

face of the ongoing COVID 19 pandemic and the existential threat of climate change. Addressing air pollution will contribute to, and benefit from, the 

global fight against climate change, and must be a key part of the global recovery, as prescribed by the WHO Manifesto for a healthy recovery from 

COVID19.

A guideline is just a tool. What matters is that countries and partners use it to improve air quality and health globally. The health sector must 

play a key role in monitoring health risks from air pollution, synthesizing the evidence, providing the tools and resources to support decision-making, 

and raising awareness of the impacts of air pollution on health and the available policy options. But this is not a job for one sector alone; it will take 

sustained political commitment and bold action and cooperation from many sectors and stakeholders. The payoff is cleaner air and better health for 

generations to come.

Dr Tedros Adhanom Ghebreyesus

WHO Director-General

Dr Hans Henri P. Kluge

WHO Regional Director for Europe
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WHO global air quality guidelines. Particulate matter (PM2.5 and PM10), 

ozone, nitrogen dioxide, sulfur dioxide and carbon monoxide. Page 61

Assess the literature
(RR, CRF).

Mortality (total, respiratory, 
cardiovascular, hospital admissions 
(asthma) and myocardial infarction.

Lowest level of exposure

Minimal increase in health outcome

Long Term > Short Term

Critical health outcomes

Assess the evidence

Consider new evidence

Reconsider causality
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Contaminante

Efectos en la salud 

usados en la guía 

del año 2005

Efectos en la salud seleccionados

y actualizados para la guía del 2021
Determinación de causalidad

ExposicIón de Largo Plazo

PM2.5 y PM10

Mortalidad total, 

cardiopulmonar 

y de cancer al 

pulmón. 

*Mortalidad por todas las causas PM2.5 

*Mortalidad cardiovascular (total, *Causal para mortalidad cardiovascular y respiratoria (US EPA, 2009)

cerebrovascular, de las arterias coronarias) *Causal para mortalidad cardiovascular y total (Health Canada, 2013)

*Mortalidad Respiratoria (cualquiera, 

enfermedad obstructiva pulmonar crónica [EPOC], PM

Infecciones respiratorias agudas de las *Causal para mortalidad total en relación a PM (Health Canada, 2013)

vías aereas inferiores) *Grupo 1b para cáncer pulmonar (Straif et al. 2013)

*Mortalidad por cáncer pulmonar *Probablemente causal para mortalidad por cáncer pulmonar (Health Canada, 2013)  

Consideraciones adicionales

*PM10 --> Efectos en la salud apoyadas por evidencia provenientes del PM2.5 y PM10

Otras determinaciones causales relevantes

*PM2.5 --> Probablemente causal para efectos respiratorios (US EPA, 2009)

*PM2.5 --> Probablemente causal para efectos respiratorios (Health Canada, 2013)

Exposición de Corto Plazo

PM2.5 y PM10

Niveles de carboxihemoglobina 

menor al 2% in la sangre de no-

fumadores (WHO Regional Office for 

Europe, 200a, 2010)

*Mortalidad por todas las causas PM2.5

*Mortalidad cardiovascular *Causal para mortalidad por todas las causas, cardiovascular y respiratoria (US EPA, 2009)

*Mortalidad Respiratoria *Causal para mortalidad por todas las causas, cardiovascular y respiratoria (Health Canada, 2013)

PM (Fracción de cualquier tamaño)

*Causal para mortalidad por todas las causas (Health Canada, 2013)

Consideraciones adicionales

*Mortalidad cardiovascular y respiratoria también considerada en la determinación 

causal de efectos respiratorios y cardiovasculares (US EPA, 2009)

*PM10, apoyado por la evidencia del PM2.5

Otras determinaciones causales relevantes

*Probablemente causal para efectos respiratorios (US EPA, 2009)

*Causal para efectos cardiovasculares (US EPA, 2009)

*Causal para efectos respiratorios (Health Canada, 2013)

*Causal para efectos cardiovasculares (Health Canada, 2013)
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PM2.5 (and air pollution) induced Health Effects

Short Term

Long Term

2021

WHO global air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, 

nitrogen dioxide, sulfur dioxide and carbon monoxide.

ISBN 978 92 4 003422 8 (electronic version) ISBN 978 92 4 003421 1 (print version)

Select, Select, Select !!!!

?
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PM2.5 (and air pollution)-induced Health Effects

Research

Modified from, Burns et al et al. 2022

Meta-analysis - Longitudinal Cohorts
- Retrospective studies

- Spatial and Temporal 
Characterization of air pollutants
- Exposure
- Chemical reactions

- In vivo / in vitro studies
- Mechanistic controlled studies

- Estudios controlados
(randomizados)
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WHO (Long Term, Annual)

↑ 10 ug/m3
→ RR: 1.08

Select, Select, Select !!!!
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WHO (Short Term, 24-h)

↑ 10 ug/m3
→ RR: 1.007

Select, Select, Select !!!!
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Step 2. Determine the lowest level of exposure measured

In 18 of the 25 studies included in the meta-analysis, a 5th percentile of the 

exposure distribution was reported or could be calculated from the reported 

mean and standard deviation (Table 3.2). As the concentration distributions 

are often lognormal, this calculation is not straightforward. Therefore, 

preference was given to actual reports of the relevant numbers obtained 

from the published papers or upon request from the study authors. This is 

indicated in Table 3.2, Table 3.3, Table 3.4 and Table 3.5. The five lowest 

levels reported or estimated in these studies were 3.0 µg/m³ Pinault et al., 

2016, 3.2 µg/m³ Cakmak et al., 2018, 3.5 µg/m³ Pinault et al., 2017, 4.8 

µg/m³ Villeneuve et al., 2015 and 6.7 µg/m³ Weichenthal et al., 2014. 

Weichenthal et al. 2014 found no effect. The Villeneuve et al. 2015 study 

provided no evidence of an effect of PM2.5 on all non-accidental mortality 

below 8 µg/m³. The study by Di et al. 2017a) has the next lowest 5th 

percentile (7.1 µg/m³) and the study by Hart et al. 2015 the next lowest (7.8 

µg/m³). The average PM2.5 level across these five studies with the lowest 

exposure measurements in the systematic review is 4.2 µg/m³. A sensitivity 

analysis disregarding the Villeneuve et al.2015 and Weichenthal et al. 2014 

studies produced a mean of 4.9 µg/m³ PM2.5. The sum of weights in the 

meta-analysis was > 25%, indicating that these studies were influential in 

the meta-analysis. 100

104

124

116

108

WHO global air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, 

nitrogen dioxide, sulfur dioxide and carbon monoxide. Page 76,78

WHO AQG (PM2.5 Long Term, Annual)
↑ 10 ug/m3

→ RR: 1.08

Select, Select, Select !!!!
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Step 2. Determine the lowest level of exposure measured

As discussed in the protocol for deriving AQG levels in section 2.5, the lowest 

concentrations in time-series studies of the effects of daily variations in air pollution 

concentrations are often very low. Therefore, the 5th percentiles of these daily 

distributions cannot be used as starting points for AQG level development. In such 

cases, the protocol suggests identifying the 99th percentile of common distributions of 

daily air pollution concentrations corresponding to an average long-term concentration 

equivalent to the annual AQG level. Thus, it is expected that daily means will be higher 

than the short-term AQG level not more than three to four times per year once air 

quality complies with the proposed annual mean AQG level. The proposed annual 

mean AQG level is 5 µg/m³ for PM2.5. Common distributions observed in large 

numbers of cities around the world (data from Liu et al. 2019) suggest that the 99th 

percentiles of daily concentrations are about three times higher than the annual mean 

PM2.5 concentration.

WHO global air quality guidelines. Particulate matter (PM2.5 and PM10), ozone, 

nitrogen dioxide, sulfur dioxide and carbon monoxide. Page 86, 88

WHO AQG (PM2.5 Short Term, 24-h)

100

101

104

102

101

↑ 10 ug/m3
→ RR: 1.007

Select, Select, Select !!!!
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Increases of 10 μg per cubic meter in PM2.5 and of 10 ppb in ozone were associated with increases in all-

cause mortality of 7.3% (95% confidence interval [CI], 7.1 to 7.5) and 1.1% (95% CI, 1.0 to 1.2), respectively.

Average concentrations of fine particulate matter (particles with a mass 

median aerodynamic diameter of less than 2.5 μm [PM2.5]) in micrograms per 

cubic meter, as estimated on the basis of all daily predictions during the study 

period.

These estimated curves were 

plotted at the 5th and 95th 

percentiles of the concentrations 

of PM2.5 and ozone, respectively. 

Long Term: ↑ 10 ug/m3
→ ↑ 7.3%

We constructed an open cohort of all Medicare beneficiaries (60,925,443 persons) in the 

continental United States from the years 2000 through 2012, with 460,310,521 person-

years of follow-up. Annual averages of fine particulate matter (particles with a mass 

median aerodynamic diameter of less than 2.5 μm [PM2.5]) and ozone were estimated 

according to the ZIP Code of residence for each enrollee with the use of previously 

validated prediction models. We estimated the risk of death associated with exposure 

to increases of 10 μg per cubic meter for PM2.5 and 10 parts per billion (ppb) for ozone 

using a two-pollutant Cox proportional hazards model that controlled for demographic 

characteristics, Medicaid eligibility, and area-level covariates.
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Shaddick et al. 2020

2016

Annual concentrations (ug/m3) of PM2.5 for 2016

??

PM2.5 levels worldwide

Suspenso
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The World Health Organization (WHO) recently released new guidelines for outdoor fine 

particulate air pollution (PM2.5) recommending an annual average concentration of 5 

ug/m3. Yet, our understanding of the concentration response relationship between 

outdoor PM2.5 and mortality in this range of near-background concentrations remains 

incomplete. To address this uncertainty, we conducted a population-based cohort study 

of 7.1 million adults in one of the world’s lowest exposure environments. Our findings 

reveal a supralinear concentration response relationship between outdoor PM2.5 

and mortality at very low (<5 ug/m3) concentrations. Our updated global 

concentration-response function incorporating this new information suggests an 

additional 1.5 million deaths globally attributable to outdoor PM2.5 annually 

compared to previous estimates. The global health benefits of meeting the new 

WHO guideline for outdoor PM2.5 are greater than previously assumed and 

indicate a need for continued reductions in outdoor air pollution around the 

world.
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The Integrated Science Assessment (ISA) is a comprehensive evaluation and synthesis of 

the policy-relevant science “useful in indicating the kind and extent of identifiable 

effects on public health or welfare which may be expected from the presence of [a] 

pollutant in ambient air,” as described in Section 108 of the Clean Air Act (CAA, 1990a). 

This ISA communicates critical science judgments of the health and welfare criteria for 

particulate matter (PM), and serves as the scientific foundation for the review of the current 

primary (health-based) and secondary (welfare-based) National Ambient Air Quality Standards 

(NAAQS) for PM.

U.S. EPA. (2019). Integrated Science Assessment (ISA) for Particulate Matter (Final Report, 

Dec 2019). Page P-9 https://cfpub.epa.gov/ncea/isa/recordisplay.cfm?deid=347534
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Determinaciones 

de Causalidad

Fracción PM ISA 2009 PM ISA actual

ef
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to
s
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sp

ira
to

rio
s

Exposición

de corto

plazo

PM2.5

PM10-2.5 Causal

UFP probablemente causal 
Exposición

de largo

plazo

PM2.5 se sugiere,pero no es suficiente para inferirlo

PM10-2.5 inadecuada

UFP

ef
ec

to
s

ca
rd

io
va

sc
ul

ar
es

Exposición

de corto

plazo

PM2.5

PM10-2.5

UFP

Exposición

de largo

plazo

PM2.5

PM10-2.5

UFP

ef
ec

to
s

m
et

ab
ól

ic
os

Exposición

de corto

plazo

PM2.5 -

PM10-2.5 -

UFP -

Exposición

de largo

plazo

PM2.5 -

PM10-2.5 -

UFP -

ef
ec

to
s

al
 s

is
te

m
a

ne
rv

io
so

ce
nt

ra
l Exposición

de corto

plazo

PM2.5

PM10-2.5

UFP

Exposición

de largo

plazo

PM2.5 -

PM10-2.5 -

UFP -

ef
ec

to
s 

re
pr

od
uc

tiv
os

y 
de

l d
es

ar
ro

llo

reproduccion 

masculina/emenina

y fertilidad 

PM2.5

PM10-2.5

UFP

consecuencias en

el embarazo

y el nacimiento

PM2.5

PM10-2.5

UFP

ca
nc

er PM2.5

PM10-2.5

UFP

m
or

ta
lid

ad

Exposición

de corto

plazo

PM2.5

PM10-2.5

UFP

Exposición

de largo

plazo

PM2.5

PM10-2.5

UFP

Determinaciones de causalidad para diversos efectos de distintas fracciones de 

material particulado. Tabla adaptada y traducida desde (U.S. EPA., 2019).
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Clasificación Efectos en la salud

Evidencia

adecuada

Existe una evidencia substancial y consistente dentro de una disciplina para concluir que el factor resulta en que una población o 

estado de vida presente un aumento de riesgo a los efectos del contaminante cuando es comparada con alguna población o estado

de vida de referencia. Cuando sea aplicable, esta evidencia incluye coherencia con otras disciplinas. La evidencia incluye múltiples 

estudios de alta calidad

Evidencia

sugestiva

La evidencia colectiva sugiere que un factor resulta en el aumento de riesgo a los efectos del contaminante en una población o 

estado de vida relativo a una población/ estado de vida de referencia. La evidencia es limitada debido a algunas inconsistencias

dentro de una disciplina o a la falta de coherencia entre disciplinas.

Evidencia

inadecuada

La evidencia colectiva es inadecuada para sugerir que un factor resulta en el aumento de riesgo a los efectos del contaminante en 

una población o estado de vida relativo a una población / estado de vida de referencia. Los estudios disponibles son insuficientes 

en cantidad, calidad o consistencia y / o el poder estadistico es insuficiente para establecer alguna conclusión.

Evidencia de

ausencia de 

efecto

Existe una evidencia substancial y consistente dentro de una disciplina para concluir que el factor no resulta en que una 

población o estado de vida presente un aumento de riesgo a los efectos del contaminante cuando es comparada con alguna 

población o estado de vida de referencia. Cuando sea aplicable, esta evidencia incluye coherencia con otras disciplinas. La 

evidencia incluye múltiples estudios de alta calidad

Condiciones / Enfermedades

preexistentes

Enfermedades cardiovasculares Evidencia sugestiva

Diabetes y síndrome metabólico Evidencia inadecuada

Obesidad Evidencia sugestiva

Colesterol elevado Evidencia inadecuada

Enfermedades respiratorias preexistentes Evidencia sugestiva

Factores genéticos Evidencia sugestiva

Factores

sociodemográficos

Etapa de vida (niños) Evidencia adecuada

Etapa de vida (Adultos mayores) Evidencia inadecuada

Sexo Evidencia inadecuada

Estatus socioeconómico (ESE) Evidencia sugestiva

Raza/etnia Evidencia adecuada

Lugar de residencia Evidencia inadecuada

Factores conductuales

y otros

Tabaquismo (Fumar) Evidencia sugestiva

Dieta Evidencia inadecuada

Caracterización de la evidencia para factores que potencialmente aumentan el riesgo de los 

efectos en la salud del material particulado. Tabla adaptada y traducida desde (U.S. EPA., 2019).

Grupos de riesgo
000073 VTA
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A change equal to 10-microgram-per-cubic-meter in daily PM10 

(about 9 percent) averaged over three days was associated with a 

1.1 percent increase in mortality (95 percent confidence interval: 

0.6 to 1.5 percent).

1995

A previous study conducted in Santiago by Ostro et al.19 found a 10% increase in 

total mortality associated with the average levels of PM10 (115 µg/m3 for 

1989–1991). This is more than double our estimate of a 4.2% increase for 

average levels of PM2.5. However, when seasonal effects were controlled in 

Ostro’s work, including variables for months or trigonometric terms, the increase in 

mortality dropped to 4%, which is consistent with our estimates. While the studies 

conducted in the United States have found increases in mortality of around 0.7% 

per 10 µg/m3 of average 24-hr PM 10 concentrations,37 for European cities the 

increase is around 0.4–0.5%.38 Our risk estimates are closer to the risks found 

in European cities than those in U.S. cities.2000

000075



Results: We found significant effects of PM2.5 on all the causes analyzed, with a 

1.33% increase (95% CI: 0.87-1.78) in cardiovascular mortality per 10μg/m3 

increase in the two days average of PM2.5. We found that zinc was associated 

with higher cardiovascular mortality. Particles with high content of chromium, copper 

and sulfur showed stronger associations with respiratory and COPD mortality, while 

high zinc and sodium content of PM2.5 amplified the association with cerebrovascular 

disease.

2012
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Executive summary

The global burden of disease associated with air pollution exposure exacts a massive toll on human health 

worldwide: exposure to air pollution is estimated to cause millions of deaths and lost years of healthy life 

annually. The burden of disease attributable to air pollution is now estimated to be on a par with other 

major global health risks such as unhealthy diet and tobacco smoking, and air pollution is now recognized 

as the single biggest environmental threat to human health.

Despite some notable improvements in air quality, the global toll in deaths and lost years of healthy life has 

barely declined since the 1990s. While air quality has markedly improved in high-income countries 

over this period, it has generally deteriorated in most low- and middle-income countries, in step 

with large-scale urbanization and economic development. In addition, the global prevalence of 

noncommunicable diseases (NCDs) as a result of population ageing and lifestyle changes has grown 

rapidly, and NCDs are now the leading causes of death and disability worldwide. NCDs comprise a broad 

range of diseases affecting the cardiovascular, neurological, respiratory and other organ systems. Air 

pollution increases morbidity and mortality from cardiovascular and respiratory disease and from 

lung cancer, with increasing evidence of effects on other organ systems. The burden of disease 

resulting from air pollution also imposes a significant economic burden. As a result, governments 

worldwide are seeking to improve air quality and reduce the public health burden and costs associated 

with air pollution

000076



METHODS

We evaluated the associations of inhalable particulate matter (PM) with an aerodynamic diameter of 10 μm

or less (PM10) and fine PM with an aerodynamic diameter of 2.5 μm or less (PM 2.5) with daily all-cause, 

cardiovascular, and respiratory mortality across multiple countries or regions. Daily data on mortality 

and air pollution were collected from 652 cities in 24 countries or regions. We used overdispersed

generalized additive models with random-effects meta-analysis to investigate the associations. Two-

pollutant models were fitted to test the robustness of the associations. Concentration–response curves from 

each city were pooled to allow global estimates to be derived.

RESULTS

On average, an increase of 10 μg per cubic meter in the 2-day moving average of PM10 concentration, 

which represents the average over the current and previous day, was associated with increases of 0.44% 

(95% confidence interval [CI], 0.39 to 0.50) in daily all-cause mortality, 0.36% (95% CI, 0.30 to 0.43) in daily 

cardiovascular mortality, and 0.47% (95% CI, 0.35 to 0.58) in daily respiratory mortality. The corresponding 

increases in daily mortality for the same change in PM2.5 concentration were 0.68% (95% CI, 0.59 to 

0.77), 0.55% (95% CI, 0.45 to 0.66), and 0.74% (95% CI, 0.53 to 0.95). These associations remained 

significant after adjustment for gaseous pollutants. Associations were stronger in locations with lower annual 

mean PM concentrations and higher annual mean temperatures. The pooled concentration–response curves 

showed a consistent increase in daily mortality with increasing PM concentration, with steeper slopes at 

lower PM concentrations.

Short Term: ↑ 10 ug/m3
→ ↑ 0.68%

The y axis represents the percentage difference from the pooled mean effect (as derived from the entire

range of PM concentrations at each location) on mortality. Zero on the y axis represents the pooled

mean effect, and the portion of the curve below zero denotes a smaller estimate than the mean effect.
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Determinaciones 

de Causalidad

Fracción PM ISA 2009 PM ISA actual

ef
ec

to
s

re
sp

ira
to

rio
s

Exposición

de corto

plazo

PM2.5

PM10-2.5 Causal

UFP probablemente causal 
Exposición

de largo

plazo

PM2.5 se sugiere,pero no es suficiente para inferirlo

PM10-2.5 inadecuada

UFP

ef
ec

to
s

ca
rd

io
va

sc
ul

ar
es

Exposición

de corto

plazo

PM2.5

PM10-2.5

UFP

Exposición

de largo

plazo

PM2.5

PM10-2.5

UFP

ef
ec

to
s

m
et

ab
ól

ic
os

Exposición

de corto

plazo

PM2.5 -

PM10-2.5 -

UFP -

Exposición

de largo

plazo

PM2.5 -

PM10-2.5 -

UFP -

ef
ec

to
s

al
 s

is
te

m
a

ne
rv

io
so

ce
nt

ra
l Exposición

de corto

plazo

PM2.5

PM10-2.5

UFP

Exposición

de largo

plazo

PM2.5 -

PM10-2.5 -

UFP -

ef
ec

to
s 

re
pr

od
uc

tiv
os

y 
de

l d
es

ar
ro

llo

reproduccion 

masculina/emenina

y fertilidad 

PM2.5

PM10-2.5

UFP

consecuencias en

el embarazo

y el nacimiento

PM2.5

PM10-2.5

UFP

ca
nc

er PM2.5

PM10-2.5

UFP

m
or

ta
lid

ad

Exposición

de corto

plazo

PM2.5

PM10-2.5

UFP

Exposición

de largo

plazo

PM2.5

PM10-2.5

UFP

Determinaciones de causalidad para diversos efectos de distintas fracciones de 

material particulado. Tabla adaptada y traducida desde (U.S. EPA., 2019).
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Conformación Comité Operativo Ampliado 
Proceso de revisión de la norma primaria de calidad ambiental para MP2.5

Presentación Comité Operativo | SESIÓN N°2/2023
Miércoles 15 de marzo de 2023

Gabriel Mendoza Miranda
División de Educación Ambiental y Participación Ciudadana

Ministerio del Medio Ambiente

000081 VTA



Comité Operativo Ampliado: Consideraciones para su creación 000082



Apoyar al Comité Operativo en materias 
específicas

Aportar antecedentes técnicos

Opinar sobre materias de la norma y su 
revisión, en  relación al sector que se 
representa y su ámbito de acción

Generar recomendaciones y sugerencias a 
la norma

Una instancia colaborativa que tiene 
por objetivo conocer los avances en la 
elaboración del anteproyecto; 
transparentar los intereses de los 
sectores involucrados, y recabar 
antecedentes técnicos, científicos, 
sociales y/o económicos, a ser 
considerados en el proceso.

F 
U

 N
 C

 I 
O

 N
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Rol y funciones del Comités Operativo Ampliado 000082 VTA



Creación del Comité Operativo Ampliado

Acuerdo:

1. Envío propuesta de actores relevantes a ser considerados para 
conformar el Comité Operativo Ampliado, conforme criterios.                                        

Plazo de envío: lunes 13 de marzo, 2023

Vía correo electrónico: jmunoz@mma.gob.cl

000083
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Creación del Comité Operativo Ampliado

Ministerio de Energía:

• Gremio de Generadoras de Chile. 
• Asociación Chilena de Biomasa

Ministerio de Transporte y Telecomunicaciones:

• Asociación Nacional Automotriz de Chile (ANAC A.G)
• Asociación Nacional de Importadores de Motocicletas 

(ANIM A.G)
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Creación del Comité Operativo Ampliado:

Org. Sector 
Privado /
Regulados

Academia Consultoras

ONGs
Org. Territoriales
Org. Funcionales
Org. Indígenas

Tipologías de actores

Territorial
Interés e 

influencia
Representatividad 
Nivel de actuación

Vulnerabilidad 
socio ambiental

Criterios de relevancia

Criterios para focalización de actores 000084



Creación del Comité Operativo Ampliado

En próxima sesión del Comité Operativo mes de abril se definirá la 
composición del COA                                       

Nuevo plazo de envío de propuestas: martes 28 de marzo, 2023

Vía correo electrónico: jmunoz@mma.gob.cl
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