
Office of Research and Development
National Center for Environmental Assessment, Research Triangle Park, NC November 16, 2009

Integrated Science Assessment 
for Carbon Monoxide
(2nd External Review Draft)
Briefing for Clean Air Scientific Advisory 
Committee Carbon Monoxide Review Panel



2

Dr. John Vandenberg – Division Director
Ms. Debra Walsh – Deputy Division Director

Dr. Mary Ross – Branch Chief 

Dr. Tom Long – CO ISA Project Manager

NCEA Authors:

Dr. Jeff Arnold
Dr. Christal Bowman 
Dr. Barbara Buckley
Mr. Allen Davis
Dr. Steven Dutton
Dr. Doug Johns
Dr. Craig Hansen

NCEA-RTP CO ISA TEAM

Dr. Erin Hines
Dr. Tom Luben
Dr. Elizabeth Oesterling Owens
Dr. Joseph Pinto
Dr. Jennifer Richmond-Bryant
Mr. Jason Sacks



3

Major Revisions

• Expanded discussion of:
• Criteria for study evaluation and interpretation
• Climate forcing effects of CO

• Added causal determination
• Regulatory monitoring network, including 

additional detail on monitor detection limits, 
monitor scale, and spatial variability

• Characterization of intra-urban spatial variability
• Challenges faced in distinguishing the 

independent health effects of CO from those of 
other pollutants in urban air
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Major Revisions (cont.)

• New Sections/Analyses:
• Added integration section and summary figure to 

Chapter 2
• Created separate section of Chapter 3 to present 

information on sources of exposure error and its 
relevance for interpretation of epidemiologic study 
results

• Revised discussion of susceptible populations to 
more clearly describe population-specific evidence

• HERO hotlinks for citations

• New studies did not change the principal 
conclusions
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CO ISA Organization and Scope

Chapter 1:  Introduction
Chapter 2:  Integrative Overview
Chapter 3:  Source to Exposure
Chapter 4:  Dosimetry
Chapter 5:  Integrated Health Effects

• Annexes include additional figures and tables for atmospheric 
sciences, dosimetry, epidemiology, controlled human exposure 
studies, and toxicology

• Welfare-related secondary standards currently do not exist for CO
• An extensive literature review for data on the direct ecological effects of 

ambient CO identified no relevant information
• The climate forcing effects of CO, which are primarily the result of 

chemical processes affecting concentrations of other gases, are 
discussed in Chapter 3
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Revisions to Chapter 1:
Introduction

• Expanded discussion of criteria for study evaluation 
and interpretation

• More CO-specific information added to the framework 
for causal determination, including consideration of 
multipollutant mixtures

• Clarified description of integration of evidence from 
different disciplines to classify the overall weight of 
evidence relating to causality
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Framework for Causal Determination

Weight of Evidence for Causal Determination
• Causal relationship
• Likely to be a causal relationship
• Suggestive of a causal relationship
• Inadequate to infer a causal relationship
• Not likely to be a causal relationship

Table 1-2 on page 1-20 describes these causal categories 
in more detail and provides examples for health effects and 
ecological and welfare effects.
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Revisions to Chapter 3:
Source to Human Exposure

• Expanded discussion regarding:

• Anthropogenic and biogenic emissions, including errors in the 
MOBILE model

• Climate forcing effects of CO
• Detection limits of monitors in the regulatory network
• Monitors reporting at each horizontal spatial scale:

• Microscale, middle, neighborhood, urban, and regional scales
• Data distributions for entire US and selected cities

• Urban-scale variability in Denver and Los Angeles to match 
case studies used in the draft Risk and Exposure 
Assessment

• Near-road and on-road concentrations and exposures
• Exposure error due to spatial variability and presence of CO 

as part of a combustion-related mixture 
• Implications for interpretation of results from epidemiologic 

studies
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Climate Forcing Effects of CO

• Direct contributions to greenhouse warming are very small

• Major climate forcing effects come from participation in the CO-CH4-O3-NOX
atmospheric chemistry cycles which alter the global concentrations and 
lifetimes of CH4, O3, and CO2

• IPCC 2007 computed the global combined radiative forcing (RF) for year 
2000 emissions of CO for time horizons of 20-y and 100-y and found that 
the contribution of CO was more important over shorter time scales

• Regional projections of RF and climate effects from climate-affecting 
pollutants like CO depend on factors that are spatially and temporally 
variable and are therefore highly uncertain

• Overall, the evidence reviewed in this assessment is sufficient to conclude 
that a causal relationship exists between current atmospheric 
concentrations of CO and effects on climate
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CO Monitoring: Limit of Detection (LOD)

• 352 active federal reference method (FRM) monitors used in 2005 –
2007 were reported to have LOD of 0.5 ppm

• 24 trace-level FRMs reported to have an LOD of 0.04 ppm
• Data quality issues with older monitors:

• High uncertainty when concentration is lower than 0.5 ppm
• Low precision
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Spatial Variability of CO
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CO concentration decreases 
with downwind distance from a 
road

AQS data* show that:
• Median CO concentration 

near roads is 67% higher 
than CO measured across 
neighborhoods

• Within cities, correlations 
between monitors are 
moderate (0.35 – 0.65)Adapted from Zhu et al. (2002)

Local CO concentration is influenced by source strength 
(e.g. number of vehicles on a road), wind speed and 
direction, and the built environment

*Nationwide AQS data for 2005 - 2007
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Revisions to Chapter 4:
Dosimetry and Pharmacokinetics

• Expanded discussion of predictive COHb models, 
including a review of published comparisons

• Provided additional detail regarding differences 
between arterial and venous COHb over timescales 
of several minutes

• Revised COHb modeling from 1st ERD to include 
varying ventilation rates and exposure scenarios

• Expanded section on endogenous CO production 
rates to include individuals with various diseases and 
medical conditions
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Revisions to Chapter 5:
Health Effects

• Expanded discussion of intracellular CO and CO’s
role in signaling

• Added information on upper-percentile concentrations 
in epidemiologic studies of cardiovascular morbidity 
conducted in the U.S.

• Expanded discussion of the Allred et al. (1989, 1991) 
controlled human exposure study to clarify levels at 
which effects were observed

• Revised and expanded section on susceptible 
populations to clarify definition and highlight specific 
evidence from clinical, epidemiologic, and 
toxicological studies

• Added brief summary section to reiterate causal 
determinations and direct the reader to sections 
where detailed evidence is presented
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Health Effects of CO Exposure

Mortality

Respiratory morbidity

Birth outcomes and 
Developmental effects

Central nervous system 
effects

Cardiovascular morbidity

Outcome Category

SuggestiveShort-term

Not likely to be a
causal relationship

Long-term

InadequateLong-term

SuggestiveShort-term

SuggestiveLong-term

SuggestiveShort- and long-term

Likely CausalShort-term

Causality 
DeterminationExposure Period
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Cardiovascular Morbidity and
Short-Term Exposure to CO

(Likely Causal)
Controlled Human Exposures

• Consistent evidence of CO-induced decrease to onset of angina and 
ST-segment changes indicative of myocardial ischemia
• Individuals with ischemic heart disease
• Effects observed at COHb levels as low as 2.0-2.4%

• No recent studies involving individuals with ischemic heart disease
Epidemiologic Studies

• Studies reviewed in 2000 AQCD reported positive associations between 
CO and cardiovascular hospital admissions

• Recent studies at low ambient levels demonstrate consistent increases 
in hospital admissions or ED visits that are generally robust in
copollutant models

Toxicological Studies
• Recent studies focused on mechanisms other than CO’s role in limiting 

O2 and suggest CO may act by initiating or disrupting cell signaling
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Composite of Figures 5-6 and 5-7,
p. 5-54 and 5-55

Effect estimates from studies of ED 
visits and hospital admissions for CVD 
outcomes other than stroke from single 
pollutant (CO only; black circles) and 
copollutant (CO plus PM10, PM2.5, or 
NO2; colored triangles) models.

Cardiovascular 
Morbidity

(Likely Causal)

CO effect estimates are 
robust in copollutant

models of CVD hospital 
admissions / ED visits

NO2

PM10

PM2.5
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Revisions to Chapter 2:
Integrative Health Effects Overview

• Added a causality determination for the climate 
forcing effects of CO

• Revised discussion of policy-relevant considerations, 
including susceptible populations and concentration-
response functions

• Added integration section to Chapter 2 to summarize: 
• Range of concentrations in cities where 

epidemiologic studies have been conducted
• Main health effects of CO along with uncertainties 

associated with quantitative interpretation of results 
from epidemiologic studies
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Cardiovascular 
Morbidity

(Likely Causal)

Summary of CVD 
hospitalizations and
CO concentrations in 

US & Canada
(1-h daily max mean: 

1-2 ppm;
99th: 1.2-22 ppm)

Figure 2-1, p. 2-21
Standardized effect estimates from 
epidemiologic studies of short-term 
CO exposure and CVD 
hospitalizations along with mean 
and upper-percentile CO 
concentrations.

Non-Stroke

Stroke
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Schedule for Final CO ISA

• Revise ISA in response to CASAC and public 
comments

• Court-ordered deadline for release of the Final ISA: 
January 29, 2010



Health & Environmental Research 
Online

A comprehensive system to identify, compile, characterize, analyze, synthesize and 
prioritize scientific studies.

Facilitates complete, sustainable 
and effective assessment 
development 

Houses citations and study data 
from scientific literature 

Includes studies in EPA’s priority 
areas

Efficient and intelligent 
information extraction and 
synthesis

Assures the highest scientific 
integrity in data quality.

Employs advanced searching and 
screening techniques using 
advanced algorithms

Utilizes rapid and comprehensive 
information retrieval

Provides transparency to 
stakeholders and the public
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HERO Database System

Public Website 
Search references used
in assessments -- 105,000+ 
View detailed data 
extracted from 
key studies: 
methods, results, 
effect estimates, etc.
Pre-defined reports to 
print or save.

PublicPublic
epa.govepa.gov
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EPA Portal  
Same public view 
PLUS full-text PDFs
AND…
Literature searching –
searches multiple 
databases simultaneously
Screening queries to 
categorize and sort  studies
Analysis tools: 
visualization, 
clustering, 
classification, more

HERO Database System

PortalPortal
HERONetHERONet

PublicPublic
epa.govepa.gov
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Internal Tools
Citations inserted and 
reference lists generated 
automatically – “LitCiter”
Data entry screens with 
QC/QA features incorporated –
“LitExtractor”
Document management for 
version control, audit trail
Management dashboard 
for real-time reporting

InternalInternal
ToolsTools

HERO Database System

PortalPortal
HERONetHERONet

PublicPublic
epa.govepa.gov
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Literature Search & Screening

Simultaneous search 
of multiple databases

Appealing design, relevancy 
ranking, faceted navigation

Vast repository of 
underlying content.

Citations

Visualization
Clustering

Theme Mapping
Classification

HERO 
Database

Metadata: scientific discipline,  
agents, outcomes, etc.24
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Linked Citations
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Data Extraction & Analysis
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Agenda for ISA Review Meeting

Summary of Major ISA Review Comments3:30 pm
Break3:15 pm
Response to Charge Question 62:30 pm
Response to Charge Question 51:45 pm
Response to Charge Question 41:00 pm
Lunch12:00 pm
Response to Charge Question 311:15 am
Response to Charge Question 210:30 am
Break10:15 am
Response to Charge Question 19:45 am
Public Comment Period9:30 am


