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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

A literature review of the ecological effects of ambient CO identified 
no relevant information
The climate-related effects of CO are discussed in the atmospheric 
chemistry section of Chapter 3
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Overarching Charge Questions

1. The framework for causal determination presented in Chapter 1 
was developed and refined in other ISAs (e.g., the PM ISA).  
During previous reviews, CASAC generally endorsed this 
framework in judging the overall weight of the evidence for health 
effects.   Please comment on the extent to which Chapter 1 
provides necessary and sufficient background information for 
review of the subsequent chapters of the CO ISA.

2. Chapter 2 presents the integrative summary and conclusions 
from the health effects evidence, with the evidence characterized 
in detail in subsequent chapters.  What are the views of the 
Panel on the effectiveness of the integration of atmospheric 
science, exposure assessment, dosimetry, pharmacokinetics, 
and health effects evidence in the CO ISA?  
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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
• Suggestive of no causal relationship

Table 1-2 of page 1-15 describes these causal categories in 
more detail and provides examples for health effects and 
ecological and welfare effects.
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Health Effects of CO Exposure

Outcome Category Exposure Period Causality 
Determination

Cardiovascular morbidity Short-term Likely Causal

Central nervous system 
effects Short- and long-term Suggestive

Birth outcomes and 
Developmental effects Long-term Suggestive

Respiratory morbidity Short-term Suggestive

Long-term Inadequate

Mortality Short-term Suggestive

Long-term
Suggestive of no

causal relationship
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Chapter 3 Charge Questions

3. To what extent are the atmospheric science and air quality 
analyses presented in Chapter 3 clearly conveyed and 
appropriately characterized?  Is the information provided 
regarding CO source characteristics, CO chemistry, policy- 
relevant background CO, and spatial and temporal patterns of 
CO concentrations accurate and relevant to the review of the CO 
NAAQS? 

4. How well do the choice and emphasis of exposure topics 
presented in Chapter 3 provide useful context for the evaluation 
of human health effects in the ISA?  Is the discussion and 
evaluation of evidence regarding human exposure to ambient CO 
and sources of variability and error in CO exposure assessment 
presented clearly, succinctly, and accurately?  The ISA 
concludes in section 3.7 that central-site monitor concentration is 
generally a good indicator for the ambient component of personal 
CO exposure.  What are the views of the Panel on this 
conclusion and its supporting evidence? 
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Nationwide CO Concentrations 
2005-07

2nd Highest 1-h Average 
CO Concentration (ppm)

No data 0-17 >17-35
>35-47 >47-58 >58

2nd Highest 8-h Average 
CO Concentration (ppm)

No data 0-4.5 >4.5-9
>9-12 >12-15 >15

1-hr 8-hr
Mean 0.9 0.7

Median 0.7 0.5

95th %ile 2.4 1.7

99th %ile 3.8 2.6

Max 39.0 10.9

NAAQS 35 9

Motor vehicles are the primary 
source of ambient CO

CO daily maxima data:

At least 70 of these monitors 
located 2-10 m from roadways
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Urban Scale CO Variability
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Ambient CO Exposure Assessment
People are likely to get the bulk of their 
ambient exposure during commutes

– Indoor and outdoor personal-to- 
ambient ratio averaged 0.4 – 1.3

– “In Vehicle” average personal-to- 
ambient ratio averaged 2.8 – 4.1

– High concentrations on road
– Higher-than-monitor exposures during 

commutes
– Average commute in the U.S. is 24.3 

min (U.S. Census)

Variability may be due to personal 
exposure to non-ambient CO

– Non-ambient sources of CO include 
ETS, gas cooking, and attached 
garages

– Non-ambient CO not expected to be 
correlated with ambient CO measured 
at fixed-site monitors

Central-site measured ambient CO 
concentration is generally a good indicator of 
personal exposure to ambient CO

Source: Chang et al. (2000)
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Dosimetry, Pharmacokinetics, and 
Mode of Action Charge Questions

5. The dosimetry and pharmacokinetics of CO are discussed in 
Chapter 4.  Please comment on the presentation in the ISA of the 
current state of knowledge on the Coburn-Foster-Kane (CFK) 
model and model enhancements.  Has the expected contribution 
of different exposure durations (1-24 h) to COHb levels been 
clearly and accurately conveyed? 

6. The mode of action section in Chapter 5 presents information on 
both hypoxic and non-hypoxic mechanisms for CO health effects, 
with particular emphasis on recent studies evaluating the non- 
hypoxic effects at low to moderate CO levels.  Please comment 
on the appropriateness of the focus, structure and level of detail in 
this discussion.  For example, is the evidence relating to the 
interaction between inhaled CO and endogenous CO properly 
characterized? 
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COHb Increase Above Baseline 
After Various CO Exposures 

Long duration, low concentration 
CO exposure produces COHb 
levels equivalent to those resulting 
from acute exposure to higher 
concentrations

1 h 8 h 12 h 24 h

1 0.02 0.09 0.12 0.14

2 0.03 0.18 0.23 0.29

3 0.05 0.28 0.35 0.43

4 0.07 0.37 0.46 0.57

6 0.10 0.55 0.69 0.86

10 0.16 0.92 1.15 1.43

25 0.40 2.29 2.85 3.53

30 0.48 2.74 3.42 4.22

35 0.56 3.19 3.98 4.90
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New MOA: Non-Hypoxic Mechanisms

Cell Signaling
Pathways

Intracellular
Heme Oxygenases

HO-1 and HO-2

Physiologic or 
Pathophysiologic

Effects

Intracellular
CO

Blood 
COHb

Ambient and 
Non-ambient CO

• CO is an endogenous cell signaling molecule with multiple physiologic effects
• Non-hypoxic mechanisms involve direct effects of CO which is mainly delivered to cells and 

tissues via COHb
• Exogenous CO has the potential to initiate cell signaling or disrupt normal cell signaling 

pathways initiated by endogenous CO
• Inhalation exposure to 50 ppm CO resulted in a 3-5 fold increase in tissue [CO]
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MOA: Non-Hypoxic Mechanisms 
Biological responses in animal inhalation studies 

using 35-50 ppm CO
Vascular Tissue
• Oxidative and nitrosative stress
• Leukocyte sequestration
• Increased microvascular permeability
• Exacerbated pulmonary vascular remodeling response in model of pulmonary 

hypertension

Heart
• Exacerbated cardiomyopathy response in model of right ventricular hypertrophy  
• Altered arrhythmogenesis in MI model
• Activation of signaling pathways involved in mitochondrial biogenesis

Pulmonary
• Mild inflammation
• Disrupted iron homeostasis
• Increased capillary permeability 

Liver
• Mitochondrial oxidative and nitrosative stress
• Mitochondrial pore stress
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Health Effects Charge Questions

7. Chapter 5 presents information on cardiovascular, central nervous 
system, developmental, respiratory, and mortality outcomes following 
exposure to CO.  To what extent are the discussion and integration of 
toxicological, clinical, and epidemiologic evidence for these health effects 
scientifically sound, appropriately balanced, and clearly communicated?  
Are the tables and figures presented in Chapter 5 appropriate, adequate, 
and effective in advancing the interpretation of these health studies?

a. For cardiovascular outcomes, controlled human exposure studies discussed in 
Chapter 5 and in previous assessments have identified cardiovascular effects 
in diseased individuals following exposures near the level of the current 
standards, while new epidemiologic studies provide evidence of 
cardiovascular effects at ambient concentrations. What are the opinions of the 
Panel on the treatment of factors influencing the interpretation of this 
evidence, such as the plausibility of cardiovascular effects occurring at 
ambient levels, the additive effect of ambient CO to baseline COHb resulting 
from endogenous and non-ambient CO, and the challenge of distinguishing 
effects of CO within a multipollutant mixture (e.g., motor vehicle emissions) in 
interpreting epidemiologic study results? 

b. Please comment on the implementation, in Chapter 5, of the causal 
framework presented in Chapter 1.  Does the integration of health evidence 
focus on the most policy-relevant studies and health findings? 
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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
• Individuals with ischemic heart disease
• Effects observed at COHb levels as low as 2.4%

– No recent studies involving individuals with ischemic heart disease

Epidemiologic Studies
– Evidence of an association between CO and cardiovascular hospital 

admissions presented in 2000 AQCD 
– 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 have focused on non-hypoxic mechanisms and suggest 

that CO may act by disrupting cellular signaling
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Cardiovascular 
Morbidity 

(Likely Causal) 

Short-Term 
Exposure to CO and 

Hospital 
Admissions/ 

ED Visits for IHD

Figure 5-1, p. 5-28
Summary of effect estimates 
(95% confidence intervals) 
associated with hospital 
admissions and ED visits for 
various forms of ischemic heart 
disease.

IHD

MI

Angina
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Figure 5-5, p. 5-43
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 PM, NO2 , SO2 , or 
O3 ; colored triangles) 
models.

Cardiovascular 
Morbidity 

(Likely Causal) 

Copollutant Models 
for Studies of CVD 

Hospital Admissions/ 
ED Visits

PM10

PM2.5

NO2

SO2

O3
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Health Effects of CO Exposure

Outcome Category Exposure Period Causality 
Determination

Cardiovascular morbidity Short-term Likely Causal

Central nervous system 
effects Short- and long-term Suggestive

Birth outcomes and 
Developmental effects Long-term Suggestive

Respiratory morbidity Short-term Suggestive

Long-term Inadequate

Mortality Short-term Suggestive

Long-term
Suggestive of no

causal relationship
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Public Health Considerations 
Charge Question

8. What are the views of the Panel on the discussion of 
factors affecting susceptibility and vulnerability in 
Section 5.7?
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Meeting Agenda
9:30 am Highlights of Draft ISA and Charge Questions
10:15 am Public Comments on Integrated Science Assessment
10:20 am Comments on Charge Question 1 --- Background and Causality Framework
10:50 am Break
11:00 am Comments on Charge Question 2 --- Integrative Summary
11:45 am Comments on Charge Question 3 --- Atmospheric Science and Air Quality 

Analyses

12:15 pm Lunch

1:15 pm Comments on Charge Question 4 --- Ambient CO Exposure Assessment

2:00 pm Comments on Charge Question 5 --- Dosimetry and Pharmacokinetics

2:45 pm Comments on Charge Question 6 --- Mode of Action
3:15 pm Break
3:30 pm Comments on Charge Question 7 --- Integrated Health Effects

4:15 pm Comments on Charge Question 8 --- Public Health Considerations

4:45 pm Adjourn for Subgroup Writing Sessions
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