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Changes Needed for AB 617
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Community monitoring is required
• Commence monitoring in identified areas by July 2019
• Pivot from NAAQS focused network to a network more 

focused on localized impacts (while maintaining NAAQS 
compliance

What will this entail?
• Effective screening of localized impacts
• More permanent monitoring to determine trends

Staff is investigating methodologies/equipment that 
will aid in more localized monitoring



Advisory Council Next Area 

of Focus: Beyond 

Attainment – Prioritization 

for Local Health Impacts
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Beyond Attainment: Prioritization 
for Local Health Impacts

• The Bay Area is near attainment for Criteria Pollutant Standards 

• Characterize Local Exposures

• Understand Health Impacts of Local Exposures

• Prioritize Actions based on Health Impacts

• Local Particulate Matter is at the Nexus of:

– Probable Serious Impact, but

– Much to Learn about Mechanisms 

AGENDA: 6



Introduction to the OEHHA 

in Anticipation of Future 

Discussion Regarding 

Particulate Matter Health 

Effects
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OEHHA Role 
at CalEPA

OEHHA consists primarily of toxicologists, 
epidemiologists, and related health and 
environmental scientists

Primary mandates related to assessing hazard 
and risk of environmental chemical exposure

Legislative mandates across the 
environmental media spectrum 
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Mandates 
Related to Air 
Pollution

Make health-based recommendation for the 
level of the California Ambient Air Quality 
Standards 

Conduct epidemiological studies to ascertain 
health effects of air pollutants and determine 
sensitive subpopulations

Health effects assessments of Toxic Air 
Contaminants

Risk Assessment Guidelines under the Air 
Toxics Hot Spots Act
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Presentations 
Today

Dr. John Budroe, Chief, Air Toxicology and Risk 
Assessment Section

Dr. Keita Ebisu, Research Scientist, Air and 
Climate Epidemiology Section

4



 Stationary sources in CA are required to report 

emissions of specified chemicals to ARB and Air 

Districts

 Facilities are prioritized by Districts (high, 

medium, low concern)

◦ Based on emissions estimates, distance to nearest 

receptor, information on potency of emitted toxicants

 High concern facilities must conduct risk 

assessments to estimate public health impacts to 

surrounding populations from facility emissions
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 OEHHA is required by statute to develop the 

Guidelines used to conduct Hot Spots risk 

assessments

 Guidelines Technical Support Documents:

◦ Acute Reference Exposure Level (REL)

◦ Chronic REL

◦ Cancer

◦ Exposure Assessment and Stochastic Analysis
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 Guidance Manual for Preparation of 
Health Risk Assessments – application 
of information in TSDs to facility 
health risk assessments (HRAs)

 All Hot Spots documents receive 
public comment, and external peer 
review by the Scientific Review Panel 
(SRP)
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 RELs: Usually based on adult animal 

toxicology or human epidemiology (worker) 

data.

 REL:

NOAEL or BMDL
UF
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 RELs: chemical air concentrations not 
expected to produce adverse health effects

 Acute RELs: meant to protect against 
infrequent 1-hour exposures

 8-hour, chronic RELs: meant to protect 
against 8-hour or 24-hour (respectively) 
long-term exposures.  Eight-hour RELs 
meant to protect off-site workers, students, 
teachers, day-care centers
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 Tumor dose-response data is fit to model 
(usually Multistage-Cancer) using 
Benchmark Dose Software

 For “genotoxic” carcinogens, data support 
the assumption of low-dose linearity.

 For carcinogens of unknown mechanism, 
low-dose linearity is assumed as a policy 
default.

 For both these cases, potency slope is 
estimated by linear extrapolation from the 
point of departure to zero.
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 Air Resources Board (ARB) and OEHHA 
determine if a substance should be identified 
as a Toxic Air Contaminant (TAC)

 ARB and OEHHA staff draft a TAC document 
that serves as the basis for identification

 ARB staff assess the potential for human 
exposure

 OEHHA staff evaluates the health effects –
RELs and/or cancer inhalation unit risks are 
developed where appropriate
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 Draft TAC receives public comment.

 Draft TAC document is peer-reviewed by the 
SRP

 The SRP approves the document and submits 
scientific findings to the ARB board

 ARB staff prepare a hearing notice and a draft 
regulation to formally identify the substance 
as a TAC
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 The ARB Board then votes whether to identify 
a substance as a TAC

 TAC listing triggers ARB development of 
Airborne Toxics Control Measures (ATCMs) to 
reduce risk if necessary
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•Overview of association between PM2.5 and health

•Epidemiological Studies 

•Epidemiological evidence of PM2.5 effects on 
health

•Meta-Analysis

•Case study

•Forest fire

•PM2.5 chemical constituents and sources

•Acute PM2.5 exposure and health

Characterizing Particulate Matter (PM) 
Dose-Response with Epidemiology Study 

Data
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Epidemiological Studies 
~ PM2.5 and Health ~

• Most PM2.5 epidemiological studies are observational studies

• Health Outcome

• Exposure Period

• Relationship

• Advantages and Disadvantages

• Mortality/ ER visit/ hospital admission
• Cardiovascular related disease
• Respiratory related disease

• Reproductive outcomes
• Low birth weight
• Preterm birth

• Short-term effect
• Same day - previous 1 week exposure

• Long-term
• Annual exposure

• Linear • Non-linear

• Advantages
• Cover a wide range of people and areas
• Identify susceptible population

• Disadvantages
• Confounding: socio-economic status
• Association is uncertain outside range of 

observed level: very low/high PM2.5 level
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Example: Short-term PM2.5 exposure and 
Cardiovascular Disease

• Models assume linear relationship.
• Associations were found same day exposure to exposure 3 days before. 
• Per 10 µg/m3 increase of PM2.5, 1.09% (95% Confidence Interval: 0.08, 2.11) increase in 

risk of cardiovascular-related mortality.

Study (Journal, Year) Study Area Study Period
PM2.5 Average
(SD or IQR)

Health Outcome
Percent Excess Risk per 10 
µg/m3 increase  (95% 
Confidence interval) 

Bell et al. (AJE, 2010) 

U.S.  (48 state)

1999 - 2005

12.92 (SD = 2.65)

Cardiovascular  Hospital Admission  (Same day)

0.80 (0.59, 1.01)
Northeast U.S. 13.60 (SD = 1.99) 1.08 (0.79, 1.37)
Northwest U.S. 9.29 (SD = 0.75) 0.74 (-1.74, 3.29)
Southeast U.S. 12.57 (SD = 2.36) 0.29 (-0.19, 0.77)
Southwest U.S. 12.70 (SD = 3.95) 0.53 (0.00, 1.05)

Bravo et al. (EHP, 2017) Eastern U.S. 2002 - 2006 12.28 (N.A.) Cardiovascular  Hospital Admission  (Same day) 0.79  (0.62, 0.97)
Ostro et al. (EHP, 2007) California, U.S. 2000 - 2003 19.28 (IQR = 14.63) Cardiovascular Mortality (Exposure 3 days before) 1.09 (0.08, 2.11)
Ma et al. (STOTEN, 2011) Shenyang, China 2006/8 - 2008/12 75.0 (IQR = 47.0) Cardiovascular Mortality (Average of last 2 days) 0.53 (0.09, 0.97)

* SD: Standard Deviation/ IQR: Interquartile Range (75th percentile - 25th percentile)
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Example: Short-term PM2.5 exposure and 
Respiratory Disease

Study (Journal, Year) Study Area Study Period
PM2.5 Average
(SD or IQR)

Health Outcome
Percent Excess Risk per 10 
µg/m3 increase  (95% 
Confidence interval) 

Bell et al. (AJE 2010) 

U.S.  (48 states)

1999 - 2005

12.92 (SD = 2.65)

Respiratory  Hospital Visit (Exposure 2 days before)

0.41 (0.09, 0.74)
Northeast U.S. 13.60 (SD = 1.99) 0.28 (-0.17, 0.72)
Northwest U.S. 9.29 (SD = 0.75) 0.19 (-2.52, 2.98)
Southeast U.S. 12.57 (SD = 2.36) 0.35 (-0.44, 1.14)
Southwest U.S. 12.70 (SD = 3.95) 0.94 (0.22, 1.67)

Bravo et al. (EHP, 2017) Eastern U.S. 2002 - 2006 12.28 (N.A.) Respiratory  Hospital Admission (Same day) 1.16 (0.88, 1.45)
Ostro et al. (AJE, 2016) California, U.S. 2005 - 2009 16.5 (IQR = 11.4) Respiratory  ER Visit (Same day) 0.88 (0.18, 1.58)
Ma et al. (STOTEN, 2011) Shenyang, China 8/2006 – 12/2008 75.0 (IQR = 47.0) Respiratory Mortality (Average of last 2 days) 0.97 (0.01, 1.94)
Strickland et al. (EHP, 
2016)

Georgia, U.S. 1/2002 – 6/2010 N.A. (IQR = 8.12) Pediatric Asthma ER Visit (Same day) 1.30 (0.30, 2.30)* SD: Standard Deviation/ IQR: Interquartile Range (75th percentile - 25th percentile)

• Models assume linear relationship.
• Per 10 µg/m3 increase of PM2.5, 0.88% (95% Confidence Interval: 0.18, 1.58) increase in 

risk of respiratory-related ER visit.
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Meta-Analysis

Atkinson et al. (Thorax, 2014)

• Meta-Analysis is the process of combining the results 
from a number of studies for the same association to 
produce a pooled estimate. 

• In the meta-analysis by Atkinson et al. (Thorax 2014), 
21 studies across the world were combined. 

• A 10 µg/m3 increment in short-term PM2.5 exposure 
was associated with a 1.51% (95% CI 1.01, 2.01) 
increase in the risk of respiratory related death. 

• Estimates vary by disease and age. 
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PM2.5 from Wildfire and Health 
Outcomes

Liu et al. (Climatic Change, 2016)

• PM2.5 levels during wildfires are extremely high.

• On days PM2.5 > 35 µg/m3, 71.3% of total PM2.5 could be attributed to wildfires.  

• Relationship is uncertain outside usual level. 
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PM2.5 Chemical Constituents and 
Sources

• PM2.5 consists of many chemical constituents. 
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Where are PM2.5 chemical constituents 
coming from?

o PM2.5 EC: Biomass Burning, Vehicular Emissions etc.

o PM2.5 Na+: Sea salt, Biomass burning etc.

o PM2.5 NH4
+:  Secondary Ammonium Nitrate, Secondary Ammonium Sulfate etc. 

o PM2.5 NO3
- : Vehicular Emissions, Secondary Ammonium Sulfate etc.

o PM2.5 OC: Oil Combustion, Vehicular Emissions etc.

o PM2.5 SO4
=: Oil Combustion, Secondary Ammonium Sulfate etc. 

o PM2.5 Si: Resuspended soil, Road Dust etc.

• Most PM2.5 chemical constituents come from multiple sources.

• Using source apportionment method, source-specific PM2.5 level can be estimated.
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Potential Sources of PM2.5 Chemical 
Constituents

o Aged Sea Salt: Na+, NO3
-, SO4

=

o Biomass Burning: EC, OC, Na+

o Oil Combustion: EC, Na+, OC, 

o Road Dust: Al, Si, Zn

o Resuspended Soil: Al, Si, Fe

o Secondary Ammonium Nitrate: NH4
+, NO3

- , SO4
=

o Secondary Ammonium Sulfate: NH4
+, NO3

-, SO4
=

o Vehicular Emissions: EC, OC, Zn

• Ostro et al. found that exposure to vehicular emissions, EC, and Zn are 
associated with cardiovascular related ER visits
(American Journal of Epidemiology 2017) 
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Acute PM2.5 Exposure and Atrial 
Fibrillation 

~ Exposure Timing ~

• Critical time of exposure could be less than 24 
hours.

• A study conducted in Boston found that 
associations between PM2.5 and onset of atrial 
fibrillation were stronger in shorter exposure 
period. 

• Few studies have investigated associations between 
acute exposure (or peak exposure) and health 
outcomes.

Link et al. (Journal of the American College of Cardiology, 2013)
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Summary

• Many studies indicate associations between PM2.5 and adverse 
health outcomes.

• Several studies focused on PM2.5 chemical constituents and/or 
sources to identify toxic chemical constituents and sources.

• Further studies are warranted for
• Critical time of exposure (exposure-response relationship) 

could be more acute
• Associations outside range of observed level

• PM2.5 monitoring of finer spatio-temporal resolutions could 
help further investigations.
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Complexity of Particulate 

Matter and its Effects on 

Human Health
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Air Pollution and Human Health
Particles are the Heart of the Matter

Michael T. Kleinman
With the help of David Herman, Rebecca Johnson, Lisa 
Wingen and a lot of other people
University of California, Irvine

Bay Area Air Quality Management 
District

Advisory Council Meeting
October 30, 2017



1 in 6 deaths, worldwide, is 
attributable to Pollution

The Lancet Commission on pollution and health, Lancet, October 2017



Air Pollution Contributes to Multiple Diseases
The Lancet Commission on pollution and health, Lancet, October 2017



Age is a major factor with respect to 
susceptibility. The Lancet Commission on pollution and health, Lancet



Epidemiological Studies Link Air Pollution 
to Cardiovascular Disease

• An increase in air pollutants leads to increased mortality and
hospital admissions because of cardiovascular diseases (Analitis
A. et al. 2006, Zanobetti et al. 2003, Dominici et al. 2006, Peel et al. 2007)

• Exposure to elevated levels of particulate matter (PM) in
ambient air leads to an increased heart rate (HR) and a
decreased heart rate variability (HRV) in elderly patients
(Dubowsky Adar S. et al. 2007, Luttmann-Gibson et al. 2006)

• These associations suggested that controlled studies could
help identify causal agents and mechanisms of toxicity.



Ambient Pollutants that are Associated with 
Adverse Cardiovascular Effects

Particles:
Definition according to the particle size:
PM: Particulate matter, measuring unit: μg/m³
PM10: Particles with an aerodynamic diameter ≤ 10μm
PM2.5: Particles with an aerodynamic diameter ≤ 2.5μm
UFP (ultrafine particles): Particles with an aerodynamic diameter between 0.01 
und 0.1μm, measuring size: count/cm³

Definition according to chemical composition:
OC, EC: organic and elemental carbon

Gases:
NO, NO2: nitrogen monoxide, nitrogen dioxide
CO: carbon monoxide



What is in Polluted Air?

• Emissions from power plants, motor vehicles, 
dust.

• Some pollutants are gases:
– Ozone and NO2 are major problems in California.

– SO2 and organic gases are also important.

• Some pollutants are particles:
– Particles are associated with increased deaths 

during air pollution episodes.



More strongly 



The Role of PM Constituents on Health

• Based on epidemiological studies and 
mechanistic studies, air pollution health effects 
are more strongly associated with PM and Ozone 
than with other pollutants, and the bulk of 
potential monetary benefits can be accrued by 
mitigation of PM and ozone exposures.   

• Our current studies have identified carbon-
containing compounds that are components of 
PM as agents that can impact the heart.



Black Carbon and Brown Carbon?

• Black carbon (BC) is a major component of “soot”, a 
complex light-absorbing mixture that comprised of a 
mixture of Elemental Carbon (EC) and Particulate 
Organic Carbon (OC).   

• BC is the most strongly light-absorbing component of 
particulate matter (PM), and is formed by the 
incomplete combustion of fossil fuels, biofuels, and 
biomass.

• BC is emitted directly into the atmosphere in the form 
of fine particles (PM2.5) and ultrafine particles (PM0.1).   
These are also considered nanoparticles.

• BC is the most effective form of PM, by mass, at 
absorbing solar energy: per unit of mass in the 
atmosphere, BC can absorb a million times more 
energy than carbon dioxide (CO2).

• Organic carbon aerosols are a significant absorber of 
solar radiation. The absorbing part of organic aerosols 
is referred to as "brown" carbon (BrC). 

http://www.epa.gov/blackcarbon/basic.html

EC

OC + 
BrC

BC



MOST Black Carbon and other contaminants are produced during  
FOSSILE FUEL OR BIOMASS COMBUSTION







9/11/2003

Low Levels of Particles Alter Visibility

Adapted from JAWMA Sept. 1984



9/11/2003

Particles Vary in Size and Shape

Adpted from The Particle Atlas, 
McCrone and Delly, 1973 



Particle Scale

Nanoparticles

Ultrafine Respirable
PM 10

1 nm 10 nm 100 nm 1 mm 10 mm

PM 2.5



PM2.5 and UFP are heterogeneous 
and a large fraction of these particles 
are combustion generated.



Most Black Carbon and the particles 
that seem to be the most biologically 
active are in the Nanoparticle Size 
Range



Nanoparticles Can Penetrate Cell 
Membranes

• Normal Macrophage (A, B).
• Coarse particles collected in 

large cytoplasmic vacuoles (C,  
D).

• Mitochondrial architecture 
remained intact after coarse PM 
incubations

• UFPs frequently lodged inside 
mitochondria (G, H). 
– Cells incubated with UFPs showed 

extensive mitochondrial 
disruption (H). 

From Li et al., Env. Health Perspect. 2003



Let’s start by looking at the Lung

• The human lung is a 

complex, branching 

structure.

• The structure is also 

complex at the cellular 

level .

• This complexity means 

that different parts of the 

lung have different 

sensitivities to particles.



2/28/2001

Airways are Complex Structures



Regional deposition predictions based on model proposed by ICRP Committee II Task Group on Lung Dynamics, 
indicating effect of variations in σg and flowrate. A: each of the shaded areas (envelopes) indicates the variable 
deposition for a given mass median (aerodynamic) diameter in each compartment when the distribution 
parameter σg varies from 1.2 to 4.5 and the tidal volume is 1,450 ml. B: two ventilatory states, i.e., 750 ml and 
2,150 ml tidal volume (∼11 and ∼32 liters/min volumes, respectively) are used to indicate the order and 
direction of change in compartmental deposition which are induced by such physiological factors. 
From Task Group on Lung Dynamics 



8/20/2017

Soluble Particles Clear Quickly Although 

soluble components can readily enter 

circulation the less soluble components are 

retained.



8/20/2017

Sequestered particles can still slowly 
dissociate and reach other organs.











































































http://upload.wikimedia.org/wikipedia/en/b/b8/Arblogow.png
















Advisory Council 

Deliberation: Beyond 

Attainment – Prioritization 

for Local Health Impacts
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Advisory Council Deliberation

• The Air District has initiated a process to better understand PM and its 
effects on local communities, so as to better protect those 
communities.  

• An important component of this effort is the ability to prioritize efforts 
and actions based on maximizing impact on human health

• Public access to District deliberations

• Council convening and advisory function

AGENDA: 9



Advisory Council Terms
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Advisory Council Terms

• Per the Health and Safety Code Section 40263, 

each Council Member shall hold office for a term 

of two years and until the appointment and 

qualification of his/her successor.


