CONCAWE

ENVIRONMENTAL SCIENCE FOR THE EUROPEAN REFINING INDUSTRY

report no. 9/14

Review of recent
health effect studies
with nitrogen dioxide

[« 3




ISBN 978-2-87567-037-3

9%

82875"670373" >




'@@ [ﬁ]@@ﬁw\&/@ report no. 9/14

Review of recent
health effect studies
with nitrogen dioxide

Prepared for the Concawe Health Management Group by its Toxicology Task
Group:

P. Boogaard (Chair)
A. Bachman

M. Banton

F. del Castillo Roman
L. Gonzalez Bajos
A. Hedelin

H. Ketelslegers

C. Money

M. Thomas

M. Vaissiere

S. Williams

A. Rohde (Science Executive)
D. Morgott (Pennsport Consulting)

Reproduction permitted with due acknowledgement

© Concawe
Brussels
September 2014



'@@ F‘D@@T\W/@ report no. 9/14

ABSTRACT

This report focuses on published studies that have examined the epidemiologic
associations of ambient air exposures to nitrogen dioxide and the occurrence of
acute and chronic health effects in humans. All relevant studies published since the
World Health Organization issued their Air Quality Review in 2005 were taken into
consideration. Nearly a hundred of the 240 studies examined for preparation of this
report dealt with the relationship between NO:2 exposures and acute respiratory
disease or asthma exacerbation. This continues to be the heath outcome of greatest
concern with NO2 and will likely garner the most interest in future research
programs.

Although a tremendous amount of new information has been gathered, there are still
nagging issues that have not been sufficiently resolved to the extent needed to
make definitive statements regarding causality and risk. Confounding and bias
continue to plague many studies and the results from a limited number of new
controlled human exposure studies suggest that NO2 may not be responsible for the
many of the reported associations that have been reported with asthmatics. Until
improved statistical and monitoring methods are developed there will continue to be
considerable doubt about the relevance of results from studies using single pollutant
modelling and exposure estimates from fixed monitoring stations.
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SUMMARY

The following report critically examines and grades the quality of toxicology and
epidemiology studies published since the World Health Organization published their
review of nitrogen dioxide (NOz) health studies in 2006. Over 240 epidemiology
studies were identified in a literature review, then individually analysed and
summarized to assess their relevance for making adjustments to prevailing ambient
air guidance values. The legislative history of NO2 in Europe is reviewed along with
the emissions controls that are leading to the current downward trend in ambient air
levels. Factors affecting the reliability and accuracy of studies showing a relationship
between outside air NO2 concentrations and morbidity and mortality estimates are
reviewed in detail as they pertain to potential exposure misclassification, bias,
confounding, imprecision, and inaccuracy. Interactions and effect modifications by
age, sex, noise, weather conditions, seasons of the year, atmospheric chemistry,
indoor sources, analytical methodologies, and pollutant collinearities are all explored
in detail by examining the most recent recently published literature on these
subjects.

Compliance with the annual EU limit values for NO2 has been difficult to achieve for
many Member States with approximately 30% of the monitoring zones found to be
out of compliance in 2009. NO2 ambient air levels are characterized by a high
degree of spatial and temporal variability that needs to be captured in order to
accurately estimate individual or population level exposures. Likewise, levels in
ambient air show a strong positive correlation with a host of other pollutants
including particulate matter, carbon monoxide, ultrafine particulates, and volatile
organics that needs to be critically examined when evaluating the findings from an
epidemiological investigation. This association has led most investigators to
conclude that NO2 acts as a proxy for other combustion-related products whose
identity is yet to be positively identified. As such, only those studies that accounted
for potential pollutant interactions through the use of a two- or multi-pollutant
modelling approach were deemed worthy of serious consideration in this report.
Likewise, preference was given to those studies that used advanced proximity or
land use regression models to characterize the residential exposures. Many of the
evaluated studies were judged to be insufficient or of low quality because of the bias
introduced by the use of measurements from a limited number of central monitoring
sites. This error is compounded by the fact that ambient air concentrations of NO2
have been shown to be a poor surrogate for actual personal exposures, which may
be elevated by indoor combustion sources such natural gas ranges and heating
devices. A limited number of new toxicology studies were identified that focused on
the generation of supportive mechanistic information using either human subjects or
laboratory animals exposed under controlled conditions.

An evaluation of the strength and quality of new epidemiological evidence showing

an association between NO:2 exposures and acute or chronic mortality, acute

respiratory disease, acute cardiovascular disease, asthma, and birth-related deficits

did not result in any fresh and compelling arguments to suggest that NOz limit

values needed to be adjusted downwards, e.g., lowered. The results indicate that

the following statement from the 2006 World Health Organization report is still valid:
“Nitrogen dioxide concentrations closely follow vehicle emissions in many
situations, so nitrogen dioxide levels are generally a reasonable marker of
exposure to traffic-related emissions. Health risks from nitrogen oxides may
potentially result from nitrogen dioxide itself, correlated exhaust components
such as ultrafine particles and hydrocarbons, or nitrogen dioxide chemistry
products, including ozone and secondary particles”
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1. INTRODUCTION

Three overarching goals governed the preparation of this report. The first was to
identify new policy-relevant research published since the World Health Organization
released their last evaluation of nitrogen dioxide (NO2) in 2006. The second was to
critically evaluate the reliability of the results relative to acknowledged and well-
vetted procedural guidelines. The final goal was to highlight and interpret the
relevance of the compiled information vis-a-vis the establishment of new air quality
guidelines. To accomplish these tasks a thorough search of published and
unpublished air pollution literature was undertaken. Two approaches were utilized to
identify NOz-related research studies in animals and humans. First, assortments of
authoritative technical reviews were examined for new NO2-specific information. The
focus of the approach was on studies published from 2005 until the end of 2012.
The following reviews were examined: the USEPAs Integrated Science Assessment
and associated Annexes, the state of California’s Technical Support Document on
the ambient air quality standard for NO2, the St. George’s University systematic
review of short-term health associations prepared for UK Department of Health, the
province of Alberta’s Air Quality Guidelines, the USEPA’s risk and exposure
assessment supporting the 2010 NAAQS for NO2, the New York State Energy
Research and Development Authority’s study of air contaminants and asthma, the
Committee on the Medical Effects of Air Pollution (COMEAP) air pollution mortality
report for the UK Dept. of Health, and the WHO’s Review of Evidence on Health
Aspects of Air Pollution — REVIHAAP project: final technical report (AE, 2007,
Anderson et al., 2007, ARB, 2007, COMEAP, 29 A.D., NYSDOH, 2006, USEPA,
2008a, USEPA, 2008b, WHO, 2013b). These expert reports were mined for all
pertinent health related information that was either toxicological or epidemiological
in nature. All studies regardless of their quality were initially reviewed and scored
according to their adherence to a set of pre-developed acceptability criteria.

In addition to reviewing past reports, literature searches were performed using
PubMed, Google Scholar, and the Web of Science (WQOS) to identify epidemiology
and toxicology studies published from 2005 through the year 2012. The key words
used in these searches included the terms “nitrogen dioxide, air pollution, health
effects or cardiovascular, respiratory, morbidity, mortality, hospitalization, or
emergency room”. A total of 524 papers were identified in PubMed and 478 from the
WOS. These papers were then scanned and reduced in number to those that
examined the association between airborne NO: levels and a particular health
outcome. Likewise, studies such as reviews and conference proceedings that did
not contain original peer-reviewed data were dropped from further consideration.
Similar searches were performed for NO2-related studies involving asthma, infants,
children, lung function, and diabetes. The intent was to earmark those studies
providing new information since the last WHO guidance issued in 2006. These
keyword searches led to the identification of over 240 observational studies focusing
on topics ranging from cardiovascular mortality to inflammatory disease, as well as a
small number new toxicology studies. The epidemiology studies included new case-
control, time-series, cohort, and panel studies that focused either on NO: alone or
NO:z in combination with other primary and secondary air pollutants.

An important goal of this review was to evaluate the strength of the evidence linking
NO:2 exposures with morbidity or mortality estimates from individual studies. This
task can be undertaken in a number of different ways ranging from the non-rigorous
application of subjective criteria developed through personal experience, to the
more robust application of a structured set of principles designed to gauge the
strengths and weaknesses in a database. Whereas, the former approach may be
appropriate for a hazard assessment that involves a paucity of information, most
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experts now agree that a structured grading system can improve transparency and
offer dramatic improvements in the quality of any recommendations. As such,
several different grading systems were examined for use with the NO: dataset.
Given the preponderance of new epidemiological evidence that exists for NO2, a
system was needed that could provide a rigorous approach for examining a diverse
number of observational studies that spanned a range of procedural approaches,
study populations, and outcome measures.

There has been a decided movement towards the use of grading schemes in the
clinical sciences, where there has been a large demand for more objectivity when
evaluating the evidence in support of alternative medical interventions. As a result,
dozens of grading systems have been developed that are designed to examine both
the quality of the research evidence and the strength of any resulting
recommendations. Frameworks such as NICE (National Institute for Health and
Clinical Excellence), SIGN (Scottish Intercollegiate Guideline Network), GRADE
(Grading of Recommendations Assessment, Development and Evaluation) and
CEBM (Centre for Evidence-Based Medicine, Oxford) were examined for use in this
review (Garcia et al., 2011). Overall, the GRADE system was judged to offer the
greatest value because of its detailed structure, widespread use, and ease of
implementation. This system was selected in preference to other more well-known
grading systems such the ECETOC or IPCS frameworks for analysing human data
since these systems are primarily based on a weight-of-evidence evaluation to
establish causality rather than a more detailed appraisal of study quality (ECETOC,
2009, IPCS, 2008).

GRADE should not be confused with the Bradford-Hill criteria for establishing
causality, although it does incorporate many of the same principles (Schunemann et
al.,, 2011). Likewise, since it was developed for use by clinicians performing
systematic reviews of medical intervention studies, it is not perfectly adaptable for
use in environmental epidemiology. A revised system termed GRADE PLUS is
scheduled to published by the end of 2013 that will deal with some of the problems
associated with the use of GRADE in the public health arena (Rehfuess and Ak,
2013, WHO, 2012). As devised, GRADE can be used to evaluate the quality of a
descriptive study that is used to make scientific recommendation by assigning one
of four rankings: high (++++), moderate (+++), low (++), and very low (+) (Balshem
et al., 2011). Randomized trials enter the process as high, while all observational
designs (including quasi-experimental data) enter as low. These grades are then
downgraded based on 5 factors (risk of bias, inconsistency, indirectness,
imprecision, and publication bias) or increased based on three other criteria (size of
the effect, evidence of a dose-response, and residual confounding) (see Table 1).

Table 1 Factors affecting the quality of evidence finding using the GRADE system
Lower Quality
if
Risk of Bias Inconsistency Indirectness Imprecision Publication bias
-1 Serious -1 Serious -1 Serious -1 Serious -1 Likely
-2 Very serious -2 Very serious -2 Very serious -2 Very serious -2 Very likely

Higher Quality
if

Large effect
+1 Large
+2 Very large

Dose response

+1 Evidence of a gradient

All plausible residual confounding
+1 Would reduce a demonstrated effect
+1 Would suggest a spurious effect if no effect
was observed
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Once released, GRADE PLUS will give more weight to quasi-experimental study
designs, and will also take into account two other adjustment factors: i) effect
consistency across varied settings and study designs, and ii) the availability of
analogous evidence from studies focusing on other exposure sources such as
indoor air pollution, wood smoke, or cigarette smoking (Bruce et al., 2013). Of
particular importance to the current evaluation, is the initial low quality ranking given
to all observational studies relative to randomized controlled trials (RCT) that are the
gold standard in most clinical interventions because of their ability to reduce bias
through randomized assignment to an exposure or control group. Since RCT are not
technically or economically feasible in studies of outdoor air pollution, a modified
version of GRADE was adopted that has been developed by the American College
of Physicians (Qaseem et al., 2010).

Using this approach, studies are initially ranked according to their inherent ability to
yield high quality information. As such, four study categories are defined with
progressively lower reliability. This modified ranking scheme is more conservative
that GRADE since it gives a higher initial score to observational studies. As such,
many of the studies examined in this report were given an initial moderate quality
score before being upgraded or downgraded according to the criteria in Table 1.
One of the following four ratings is initially applied to a study, using the criteria
described below, before evaluating its particular strengths and weaknesses:

e High — randomized controlled trials appropriately designed and with
sufficient blinding.

. Moderate — weak randomized controlled trials, un-randomized controlled
trials, as well as appropriately conducted time series, cohort, and case
control studies

e Low — observational studies showing a small observed association, an
absence of dose-response, or unacceptable confounding. Observational
studies of particularly high quality may be listed as moderate quality

e Very low — studies which show unreasonable uncertainty, publication bias,
or gross inconsistencies

The strength of the evidence from these studies may then be either increased or
decreased according to the adjustment outlined in Table 1. A detailed description of
the application of these adjustment factors is beyond the scope of this paper so
readers are encouraged to examine the following publications for more detailed
information (Balshem et al., 2011, Guyatt et al., 2011). It should be noted that the
goal behind this grading approach is to assess the strengths and weaknesses of
individual studies and to appraise whether the study is of sufficient quality to justify
new regulatory interventions for NO2. This approach is not without precedence; a
similar grading scheme using the SIGN system was used by Latza et al to evaluate
the quality of NOz-related epidemiology studies conducted between 2002 and 2006
(Latza et al., 2009). The SIGN system, however, is appreciably less rigorous than
the GRADE system applied herein.
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A final overall rating of high, moderate, low or insufficient is applied to each study
using the following definitions:

1. High quality (D P D) — very confident that the true effect lies close to that of
the estimate of the effect

2. Moderate quality (@ @) — moderate confidence in the effect estimate: the
true effect is likely to be close to the estimate of the effect, but there is a
possibility that it is substantially different

3. Low quality (@POQ) — confidence in the effect estimate is limited: the true
effect may be substantially different from the estimate of the true effect

4. Insufficient (OCOQ) — very little confidence in the effect estimate: the true
effect is likely to be substantially different from the estimate of the effect

A summarisation and evaluation of the individual studies identified in the literature
search can be found in Appendix I. A more detailed analysis was performed on a
select number of studies found to be of moderate, low, or insufficient quality to
illustrate some of considerations that went into the ranking. This in depth analysis is
presented in Appendix Il. The summary evaluations are segregated by time course
and or endpoint and include separate categorizations for hospital admissions and
hospital emergency room visits. Each study was examined using a reporting
checklist that examined the critical details such as the exposure methodology,
number of patients, statistical modelling, bias, confounding, the expression of the
results, and overall limitations (Vandenbroucke et al., 2007). In addition, time-series
studies were examined using the following set of additional criteria (NEPC, 2000):

e daily estimates of population exposure for at least five years at constant
locations;

o sufficient fixed sites in the monitoring network to characterize the spatial
distribution of air pollutants in the study region, i.e. sub regions within the
airshed contain at least one monitoring site;

e sub-regional monitoring sites provide a measure of the distribution of
population exposure not peak data;

e daily data from each sub-regional monitoring site available for at least 75 per
cent of days; and

e air pollutants are not measured independently so that potential confounding
can be assessed.
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2. LEGISLATIVE HISTORY

There is no shortage of guidelines, standards, and limits restricting the airborne
concentration of NO2 throughout Europe. The European Commission (EC), World
Health Organization (WHO), and United Nations Economic Commission (UNECE)
have all published guideline values or recommendations that limit emissions or
maximum attainable airborne concentrations of NO2. There is a complex legislative
history that goes along with the development of these limit and guideline values that
continues to evolve to this day. An examination of NO: air quality values shows that
the concentrations allowable in European cities are already amongst the lowest in
the world (see Table 2).

Table 2 Worldwide ambient air quality standards for nitrogen dioxide
(Wood, 2012)

Country/Region 1-hr a\?{erage 24-hr a3verage Anr;ual Year
(ng/m’/ppm) | (ug/m*/ppm) | (ug/m*ppm)
Canada 400/213 60/32 1999
Alberta 400/213 200/106 60/32 2007
United States 190/100 100/53 2010
New Zealand* 200/106* 2005
Australia 226/120 56/30 2009
European 200/106 4021 2006
Union

* not to be exceeded more than 18 times per year
#not to be exceeded more than 9 times per year

The first Daughter Directive for the Air Quality Framework Directive of 1996
(99/30/EEC) created an hourly NO2 limit value of 200 ug/m3 and an annual limit of
40 pg/m? to protect human health in urban zones and 30 pg/m? (as total nitrogen
oxides or NOx) to protect vegetation in regional areas of Europe (EC, 2000). By
comparison, the annual ambient air quality standard for NOzin the US is appreciably
higher at 100 ug/m3. The Directive specified that the hourly limit value should not be
exceeded more than 18 times per year and that compliance was necessary by the
year 2010. In addition, an alert threshold of 400 ug/m3 was established beyond
which brief and transient exposures would cause an immediate adverse human
health effect. To measure progress, a tolerance limit was placed on the annual and
1-hr limit values that progressively reduced the number of allowable exceedances
from the year of initiation until the 2010 attainment date (see Figure 1). The
tolerance limits allowed the European Commission to identify those zones with the
worst air quality. Initial tolerance limits of 50% were allowed for NO2, but yearly
action plans were necessary from each Member State detailing how they intended
to come into compliance as the Directive came into full force.
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Figure 1 Achievement of limit values in the framework Directive through
the passage of time (EC, 2000)
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A new Air Quality Directive was issued in 2008 that merged the first three Daughter
Directives and retained the limit values for NO2, but allowed Member States to
request a five year time extension for compliance (EC, 2008b). This action came in
the face of a slow but steady downward trend in NO2 concentrations throughout
Europe (EEA, 2013). The most recent air quality information indicated that 43% of
the monitoring sites showed a declining trend in NO2 concentration; however, 42%
of the monitoring stations located near high traffic areas exceeded the annual limit in
2011. The highest recorded annual NO2 concentration was 103 ug/m3. These data
also revealed that 8% of the EU monitoring stations were in exceedance of the limit
value for each of the preceding five years (2007-2011). The percentage of the
population exposed to NO: at levels in excess of the annual limit values was shown
to be approximately 5-13% (see Figure 2). These individuals were thought to reside
in close proximity to high traffic areas rather than being strictly confined to busy
urban environments.

The slow decline in air concentrations and persistent exceedances in some areas
has been partially attributed to the widespread use of particulate filters and oxidation
catalysts in new diesel-powered vehicles. Although these technologies remove a
very high percentage of particulate matter (PM) from the exhaust stream, the
improvements are accompanied by an increase in primary NO2 emissions. It is
worth noting, however, that the percentage of the population exposed to NO: levels
in excess of the limit values continues to trend downwards, which points to the
success of current emission control efforts and abatement technologies. It is
anticipated that the progressive shift from two stroke to four stroke engines, the
changing share of two-wheeled vehicles in passenger transport, the replacement of
heavy duty trucks by light duty vehicles, and the changing ratio of vehicles used in
freight transport versus personal travel will all help drive down the percentages
down even further without the implementation any new regulatory initiatives.
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Figure 2 Percentage of European urban population exposed to air
pollutants exceeding EU (graph A) and WHO (graph B) air
quality guidelines (EEA, 2013)
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The new Air Quality Directive 28/50/EC was one of several recommendations that
resulted from a critical evaluation included in the European Commission’s 2005
Thematic Strategy on Air Pollution (TSAP) (EC, 2008b). Other suggestions included
a revision of the National Emission Ceiling Directive (NECD), new on-road vehicle
emission standards, emission reductions from international shipping, and new
standards for small industrial combustion installations and non-road mobile
machinery. These emission limits targeted total nitrogen oxides (NOx) rather than
NO:2 since NOx incorporates the nitric oxide (NO) that is capable of being converted
to secondary NO:2 following emission from a combustion source.
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The overall goal of TSAP was to attain “levels of air quality that do not give rise to
significant negative impacts on, and risk to human health and the environment” by
the year 2020. Modelling estimates indicated that this could be accomplished
through a 60% reduction in NOx emissions. These initiatives were developed as part
of the ECs 6% Environmental Action Programme (EAP), which was created to
improve existing legislation over a ten-year period (2002-2012) by taking advantage
of research and stakeholder input emerging from the CAFE (Clean Air for Europe)
program (EC, 2002).

In 2011, the EC noted the need for a comprehensive review of the 61" EAP as well
as the 2008 ambient air Quality Directive and embarked upon the creation of a 7t
EAP that would last until the year 2020 (EC, 2013). A major goal of this initiative
was to address the widespread exceedances of NO2 as well as other pollutants and
to address the failure of many Member States to meet their 2010 objectives as
stipulated in the Air Quality Directive. In addition, the need for new NOx emission
control measures for on road vehicles, non-road transport, shipping, agriculture,
small installations, and households was slated to be examined. The objective was to
complete this review and update potential new control measures by the end of 2013,
however at the time of this report the work had not been finalized. Considerable
progress has been achieved, however, and detailed modelling of projected ambient
air concentrations of NOx for the year 2025 and beyond revealed that the existing
annual limit value for NO2 could be attained by 2025 if all existing emission control
legislation were fully implemented and attained by the implementation dates
specified in the regulation. The list below cites all existing EU legislation aimed at
controlling NO2 emissions from combustion sources (IIASA, 2013).

e Directive on Industrial Emissions for large combustion plants (derogations
and opt-outs included according to information provided by national
experts).

e  BAT requirements for industrial processes according to the provisions of the
Industrial Emissions directive.

e For light duty vehicles (692/2008/EC): All EURO standards, including
adopted EURO 5 and EURO 6, becoming mandatory for all new
registrations from 2011 and 2015 onwards, respectively (EC, 2008a) (see
also comments below about the assumed implementation schedule of
EURO 6).

e For heavy duty vehicles (595/2009/EC): All EURO standards, including
adopted EURO 5 and EURO 6, becoming mandatory for all new
registrations from 2009 and 2014 respectively (EC, 2009).

e  For motorcycles and mopeds (2003/77/EC, 2005/30/EC, 2006/27/EC (EC,
2005, EC, 2006): All EURO standards for motorcycles and mopeds up to
EURO 3, mandatory for all new registrations from 2007. Proposals for
EURO 4/5/6 not yet legislated (EC, 2003, EC, 2005, EC, 2006).

e For non-road mobile machinery 2014 (2004/26/EC): All EU emission
controls up to Stages IlIA, 1lIB and IV, with introduction dates by 2006,
2011, and. Stage 1lIB or higher standards do not apply to inland vessels IlIB,
and railcars and locomotives are not subject to Stage IV controls (EC,
2004).

¢  MARPOL Annex VI revisions from MEPC57 regarding emission NOx limit
values for ships.

e National legislation and national practices (if stricter).

Assuming compliance with these restrictions, the number of air quality management
zones in non-compliance within the 28 EU Member States was predicted to decline
from 103/500 (20%) in 2010 to 13/500 (2.5%) in 2025. Non-compliance was
predicted to be appreciably greater, however, if the new EURO 6 control standards
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for NOx emissions from light duty vehicles were not achieved and the emissions
remained at EURO 5 levels. In this case, the number of zones in strong non-
compliance would be about 9%, and approximately 18% of European population
would be living in air quality management zones that did not achieve the NO2 limit
values. EURO 6 emission limits are slated to come into effect in September of 2014
and will require a 50% NOx reduction compared to EURO 5 standards (Weiss et al.,
2012). The TSAP modelling exercise went on to project the number of roadside and
background monitoring sites (1950 in total) that would be in non-compliance with
three different annual limit values for NO2 (Kiesewetter et al., 2013). Interestingly,
the bright line separations shown in Figure 3 suggest that the EC may be
contemplating a decrease in the annual limit for NO2 from 40 pg/m3 to 35 ug/m?3 in
order to achieve the high attainment percentages that are predicted to occur at this

value.
Figure 3 Predicted levels of NO2 compliance for the 1,950 monitoring
stations in the EU (Kiesewetter et al., 2013)
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In addition to the legislative efforts within the EC on NO2 and NOx, guidance values
are issued at regular intervals by the World Health Organization. Although the
values have no legal standing, they are very influential and have long been used by
the EU as a starting point for justifying any changes to their policy on limit values
(WHO, 2006). As shown in Table 3, WHO issued their first guideline values in 1977
as a concentration range aimed at protecting against the short-term pulmonary
effects seen in studies with mice (EHC, 1977). More recent evaluations have relied
heavily on a plethora of epidemiology studies focusing on morbidity and mortality.
The 2000 guidance limits of 200 pg/m3 for 1-hr and 40 pg/m?® annually have been in
place for over a decade and they may be decreased based on recent technical
reviews performed under the REVIHAAP and HRAPIE programs (WHO, 2013a,
WHO, 2013b). Indications thus far suggest that modifications will be made to the
annual limit; but questions remain whether these changes are warranted given the
inability of the epidemiological studies to unequivocally show that morbidity and
mortality associations are not the result of a surrogate effect, whereby NO: is simply
serving as marker for another combustion-related pollutant that is the true causative
agent.
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Table 3 Guideline values for NOz issued by the World Health
Organization
Year 1-hr value 24-hr value | Annual value Reference
(ng/m?®) (Hg/m?®) (Hg/m?®)
1977 190 -320 EHC, 1977
1987 400 150 WHO, 1987
2000 200 40 WHO, 2000
2005 200 40 WHO, 2006

A final piece of legislation that directly impacts the emission and transport of NOx is
the 1999 Gothenburg protocol administered by the United Nations Economic
Commission for Europe (UNECE, 2007). The protocol is part of the 1979
Convention on Long-Range Transboundary Air Pollution (CLRTAP) that has been
ratified by 31 European nations and the EU. The initial protocol went into force in
2005 and was slated to end by the year 2010. The treaty established emission limits
for a wide range of mobile and stationary sources. The goal was to reduce the
emissions of NOx (expressed as NO:z equivalents) in the EU by 49% by establishing
emission ceilings for the individual Member States. A Cooperative Programme for
the Monitoring and Evaluation of Long-range Transmission of Air Pollutants in
Europe (EMEP) was established to track progress via the establishment a
monitoring network and the creation of an inventory reporting protocol (UNECE,
1984). Figure 4 shows the progress in emission reduction efforts in the EU based
on a compilation of EMEP data (EMEP, 2013). In 2012, a revised Gothenburg
protocol was adopted that set new emission reduction targets from a base year of
2005 (UNECE, 2012). The goal of this amendment was a further 42% reduction in
NOx emissions that needed to be achieved by 2020.

Figure 4 Twenty year emission reduction for NO2 and other pollutants
from EMEP monitoring (EMEP, 2013)
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Although it is difficult to precisely measure the impact of each regulatory initiative on
NO: air quality in Europe, the evidence from the previous Figures shows a decided
overall improvement in ambient air quality. However, because pollutant reductions
have not taken place at the desired pace at all locations, there has been a call for
more stringent regulations with 2013 declared as the “Year of Air’" in Europe
(Morfeld et al., 2013). The goal of this program is to strengthen and improve air
quality initiatives such that all cities and regions in Europe are in attainment of all air
quality objectives by the dates specified.

Given the economic conditions in Europe and the anticipated impact of new EURO
6 emission limits for automobiles, the EU may be needlessly implementing new
legislation without fully evaluating the true cost-benefit. Source declines in NO:
emissions such as those depicted in Figure 5 are expected to continue in the
absence of new legislation and the regulatory authorities need to allow full
implementation of existing controls before hampering Member States with additional
new requirements that will impose an even greater compliance burden (EEA, 2012).
When local emission control measures are factored into the analysis there is a good
probability that NO2 limit values can be attained, even in those countries that have
experienced the biggest attainment problems (Borrego et al.,, 2012, Velders and
Diederen, 2009).

Figure 5 NOx emissions in the EU-27: trend in NOx emissions from the
five most important key categories, 1990-2010 (EEA, 2012)
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ATMOSPHERIC CHEMISTRY

Perhaps unlike any other primary pollutant, NOz levels in ambient air are affected by
a host of chemical, meteorological, and emissions-related factors that can have a
decided influence on spatial and temporal concentration gradients. As such, an
understanding of the factors impacting airborne concentrations is necessary to
appreciate the multitude of extraneous conditions that can complicate any model-
based predictions at a specific locale. The primary anthropogenic source of
tropospheric NO:2 is fossil fuel combustion at point sources such as power plants
and other area sources that are traffic-related. Background levels are derived from a
variety of biogenic sources such as brush and forest fires, lightning strikes, volcanic
eruptions, and bacterial soil release. NO:z concentrations in urban or highly
industrialized areas tend to exceed background concentrations at rural sites by
many fold due to the source density.

Whereas, primary NO:2 is emitted directly from a combustion source, secondary NO2
is formed in the atmosphere through the reaction of NO with any of several
photochemical oxidants including hydroxy free radicals, alkylperoxy radicals, or
ozone as depicted in the reactions shown below (Finlayson-Pitts and Pitts, 1999).

HO2- + NO — OH- + NO2 Q)
RO2- + NO — RO + NO2 (2
03+ NO — NO2 + O2 3)

The last reaction has particular significance since NO predominates over NO: in
vehicle exhaust, but is rapidly transformed to NO:2 via reaction 3 as it diffuse away
from the tailpipe. Together NO2 and NO comprise total nitrogen oxides (NOx) in the
atmosphere and are often regulated as such due to their intimate interactions. Once
formed, NO2 can undergo reactions with other atmospheric constituents to form a
variety of other oxidized nitrogen compounds including nitrogen pentoxide (N20s),
nitrous acid (HONO), nitric acid (HNO3s), peroxyacetyl nitrate (PAN), and nitrate
radicals. The rate of these reactions is dictated by the availability of critical co-
reactants such as water vapour, ozone, and hydroxyl radicals. During daylight
hours, the concentration of NO and NO: are in equilibrium, with the overall NO2/NOx
ratio dictated by sunlight intensity and the resulting rate of NO2 to NO photolysis by
the reactions depicted below.

OH: + NO2 — HIMDJ3 (4)
NOz +hv - NO + O (5)
0+0:,-0; M (6)

(M is an inert molecule that removes excess heat from the reaction)

The photooxidation of NO2 by reaction 5 is the primary driver for ozone formation in
NOx-limited environments. Consequently, the NO2z and Os levels in ambient air can
be inversely correlated when found together in some environments. The inter-
conversion of NO and NO: via reactions 3 and 5 can occur in the order of minutes,
which complicates the unambiguous separation of NO: levels from those of NO. The
atmospheric equilibrium that exists between NO2, NO, and Os is often referred to as
the ozone cycle (see Figure 6).
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Figure 6 Involvement of NO and NO:z in the ozone cycle
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According to a recent survey, the ratio of background NO2/NOx in European cities
generally ranges from 0.51 to 0.72 with appreciable city-to-city variation (Cyrys et
al.,, 2012). In contrast ratios of 0.03 to 0.20 were found to exist in six European
countries over a five year period ending in 2000 (Grice et al., 2009). These latter
values are not appreciably different than the NO2/NOx ratios found in an Asian city
(Seoul, Korea), which were found to range from 0.11 to 0.19 over a 14-year period
from 1996-2009 (Shon et al., 2011). The NO2/NOx ratios in Europe began to
increase at a steady rate in the year 2000 and showed an estimated yearly increase
of 19.6% over the next decade. The change is commonly attributed to the increased
use of diesel-powered vehicles equipped with advanced after treatment devices that
emitted higher amounts of NOz. Similar time trends have been noted by other
investigators, who noted that the higher levels, if accurate, would pose a challenge
for meeting the emission limits specified under the NECD and Gothenburg Protocol
(Beevers et al., 2012). This shift in NO2/NOx ratios has caused NOx levels to decline
at faster rate than NO: levels near busy urban roadways (Hertel et al., 2012);
however this phenomenon has not been noted in all regions of Europe (Mavroidis
and llia, 2012).

13
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EXPOSURE COLLINEARITY

Numerous studies have shown that NO2 concentrations in ambient air can be highly
correlated with the emission of other traffic-related pollutants. In fact, NO: is often
used as a proxy for traffic-related emissions since it cannot be unambiguously
separated from many combustion products such as ultrafine particulates, carbon
monoxide, or elemental carbon. Because community level exposures to common air
pollutants occurs simultaneously, it is often difficult to identify a single component
responsible for the pollution-related associations observed in human epidemiology
studies. The problem stems in part from the use of area exposure measurements
rather than personal monitoring, which leads to a loss in measurement
heterogeneity and spatial resolution (Goldberg, 2007). The close interrelationships
between the individual components in polluted ambient air have important
implications for interpreting the results from epidemiology studies.

In many studies, particularly those using a single-pollutant model that do not adjust
for co-linearity, NO:z is often acting as a marker for other agents found in ambient air
(Andersen et al., 2012b, Weng et al., 2008). Whereas, many standard setting bodies
acknowledge that the effects associated with NO2 may be due to other agents and
that NO2 may simply represent a marker for the true causative agent, it is reasoned
that any regulation of the marker will lead to a reduction of the target substance by
virtue of their co-linearity. This view ignores the fact that the true relationship
between the marker (NO2) and the actual causative agent may not vary in a
proportional manner and that reductions in NO:z levels may have less than the
expected impact on levels of the target substance.

The difficulties associated separating the risks from NO2 exposures with those from
other co-pollutants is best demonstrated by examining the work by Eeftens et al.
(Eeftens et al., 2012). Their study, performed under the auspices of the ESCAPE
program, compiled and compared exposure metrics for particulate matter and NO:2
in 20 locations throughout Europe. As shown in Table 4, the average correlations of
PMzs, PMzs absorbance, PMio and PMcoarse (PM10-PM2.5) with NO2 at all locations
show r? (Pearson correlation squared) values ranging from 0.5 to 0.8, with the
highest correlation observed for PMz.s absorbance. PM absorbance measurements
are often used as surrogates for EC concentration because of the high observed
correlations (r=0.94) seen in European locations (Cyrys et al., 2012). Importantly, a
study by Lewné et al. also observed a high correlation between NO:2 and PM
absorbance (r?=0.83) (Lewne et al., 2004). The authors concluded that studies
examining the relationship between long term average exposure concentration and
a health outcome, the observed associations could be related to either NO2 or PM.

Other studies have examined the relationship between NO: levels and UFP number
concentration in Toronto, Canada. Using a fast mobility particle scanner capable of
fractionating particle number (PN) sizes in 10-30 nm increments, Sabaliauskas et al.
observed moderately high correlations ranging from 0.55 to 0.68 six particle sizes
PM2o-30 trough PMr7o.100 with highest correlation observed for particle number
concentrations at PMso-60 Size range (Sabaliauskas et al., 2012). Hagler et al. on the
other hand, observed a somewhat lower correlation (r>=0.34) for the relationship
between NO: levels and ultrafine particulates, but in this study a less selective P-
trak analyzer was used that operated at a size range of 20-1000 nm (Hagler et al.,
2009).
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Table 4 Correlations (r?) between NO: values and different PM-related metrics
(Eeftens et al., 2012)
Location PM,.5 abslf)t/lbzésnce PMyo PMcoarse
Mean 20 cities 0.51 0.80 0.61 0.50
Mean North 0.53 0.82 0.64 0.56
Mean West/Central 0.44 0.77 0.59 0.47
Mean South 0.50 0.80 0.64 0.52

* Note that values for the correlation coefficient (r) would be higher (an r? = 0.50 is equivalent to an r =

0.70).

Ambient measures of NO: are also highly correlated with CO levels due to their
common source. Kim et al. compared and contrasted personal and ambient
exposures air pollutants in small group of subjects residing in Toronto, Canada and
reported a high correlation between CO and NO: for ambient, but not personal
measurements (Kim et al., 2006). This same study also noted moderately high
correlations between PM2zs and NO: for both personal and ambient measurements.
High correlations (r>0.70) between NO2 and CO were also observed in a sampling
program performed in Erfurt, Germany over a three year period (Cyrys et al., 2003).
This is an important consideration in studies examining the cardiovascular impact of
NO:2 exposures because of carbon monoxide’s well known cardiovascular impacts.

The problems of co-linearity are of such concern that some health impact
assessments have not evaluated NO:2 over concerns that double counting of
morbidity or mortality estimates may occur if NOz is examined along another co-
varying pollutant such as PM (Pascal et al., 2013). These authors acknowledged
that the results from epidemiologic studies showing a link between NO: levels and
various health effects, notably respiratory effects, could be due in part to other
traffic-related pollutants such as ultrafine particles. It is therefore imperative that any
analysis and evaluation of the results from an ecological or descriptive study
considers the associations observed for all criteria and non-criteria pollutants in
order to identify key interrelationships that may be masking the true causative agent.

Although methods such as principal component analysis, cluster analysis, and multi-
pollutant modelling have been developed to identify those components of the
mixture showing the strongest association with a particular health effect, these
methods are not widely employed. In the absence of stratagems such as these,
assessors are faced with the prospect of interpreting the information using a broad-
based approach that examines the Spearman correlation coefficients for pair-wise
exposure metric comparisons and the evaluating the strength of the associations for
each individual pollutant in view of its plausibility as a likely causative agent. This
approach is neither robust nor scientifically defensible when alternative methods are
available.

These problem areas are demonstrated more fully in the example depicted in
Figure 7, which describes the result from a mortality study of diabetics with
underlying cardiovascular disease (Goldberg et al., 2006). The results show strong
seasonal differences with a statistically significant association for NO2, as well as

15
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CO, SO, and the coefficient of haze (COH) during the warm season. Since CO is
also a traffic-related pollutant that often shows a high degree of correlation with NO2
exposure measurements, it is difficult to make any conclusive statements about the
relative impact of each pollutant (Jimenez et al., 2012). The interpretation is further
clouded by the fact that CO is better known for its cardiovascular effects than NO..
In fact, ambient air concentrations of NO2 often show a high degree of correlation
with many outdoor air pollutants including PMzs, ultrafine particulates, and a variety
of VOCs (see Table 5). Given these strong co-pollutant interactions and the
potential for double counting, there is an abundant need for caution when
interpreting the findings from epidemiology studies that rely on single-pollutant
models. The alternative is multi-pollutant modelling that controls for the confounding
effects of other pollutants using a multivariate model (Rushton, 2000). The preferred
approach for assessing the impact that pollutant collinearity may have on predicted
associations in observational studies is to consider whether any of the observed
associations in single-pollutant models are robust to the inclusion of a second, third,
or forth traffic-related pollutant using any of three regression techniques (Poisson,
logistic or proportional hazards). Alternatively, some researchers have opted to
investigate the impact of air pollutants as a mixture effect whereby all of the
pollutants are examined as a whole using advanced statistical approaches
(Billionnet et al., 2012). This all-pollutant approach has been advocated for use by
the National Research Council and is gaining momentum as epidemiologists come
to recognize the flawed findings that come with an overreliance on single-pollutant
models (Sacks et al., 2012, Sun et al., 2013).

Figure 7 Adjusted mean percentage change in daily mortality among

subjects 65 years and over who were classified as having
diabetes at the time of death, according to season*
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Table 5 Pearson correlations of NO2 with traffic-related pollutants near a roadway
(Beckerman et al., 2008)
Data Ethyl- m/p- 0- n-
= NOy O3 PM,.5s | UFPM | Benzene | Toluene benzene | xylene | xylene MTBE hexane THC
POOIed *% - *k *% *% Xk *% * *% *% *% *%
data | 985" | 0.60% | 0-70™* | 0.64 0.85 0.63 0.51 0.46* | 0.51* | 0.67* | 0.52* |0.74
Corﬁ;f”e | 083 | g.7ges | 0-67* | 0.71* | 0.83* | 0.61** | 0.42* 0.36 | 0.42* | 0.63* | 0.82** |0.69*

Pooled — all data used

Site controlled — adjustment for site-specific characteristics
UFPM - ultrafine particulate matter

MTBE — methyl tertiary butyl ether

THC - total hydrocarbon

ki Correlation is significant at the 0.01 level (two-tailed).
* Correlation is significant al the 0.05 level (two-tailed).

There is, however, a bias against the use of two-pollutant models since this
approach will often lead to statistically insignificant results that are not readily
accepted for publication (Anderson et al., 2005). In some cases, authors will avoid
describing the numerical results from two-pollutant modelling exercises if the results
were not appreciably than those gathered with a single-pollutant model, yet these
data could have a measurable impact on any subsequent meta-analyses that is
performed. The use of two-pollutant models is of no value, however, if a study lacks
adequate statistical power or is plagued by multiple comparisons that increase the
likelihood of false positives (Pocock et al., 2004). Although a systematic study of
type | error prevalence in descriptive studies using NO2 exposures has never been
performed, there is a reasonable suspicion that the null hypothesis is being falsely
rejected in a number of instances (Christley, 2010).

17
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PERSONAL EXPOSURE

Spatial variability can dramatically affect NO:2 concentrations over small
geographical domains and impact the sensitivity of any acute health effect
determinations. The placement of centrally located monitoring sites is rarely
optimized to capture the spatial variation that exists for traffic-related air pollutants
such as NO: (Kanaroglou et al., 2005). This trend is changing, however, and
improvements in the algorithms used to position monitors within urban locales holds
the promise of improving the reliability in exposure predictions by capturing the
spatial variability at locations some distance away from major highways and
thoroughfares (Kumar, 2009). Likewise, improvements in modelling techniques and
the application of increasingly sophisticated approaches for reducing the bias
between actual and estimated exposures hold promise for the future. Until then,
however, spatial variability continues to be an area of concern for NO2 determination
that directly contributes to the exposure misclassification that can accompany health
effect studies that do not correct for the disparity in some fashion.

Recent studies reveal that the spatial variability inherent in NO:2 exposure
measurements may greatly diminish the reliability of central site monitoring data
since the relationship between actual personal exposures and ambient
measurements are poorly correlated under many circumstances (Meng et al.,
2012a, Meng et al., 2012b). This calls into question the use of central site
monitoring data as a basis for estimating personal NO2 exposures and provides a
reason to question the reliability of those ecological studies that do not correct for
the measurement error. Although the consequence of this type of non-differential
measurement error is conventionally believed to result in a bias towards the null (i.e.
risk ratios = 1) due to the underestimation of variability and overestimation of actual
personal exposure, the implications may not be that simple (Jurek et al., 2005).

Two types of exposure misclassification can exist in observational studies; classical
random error (i.e. non-differential) and Berkson error (differential) (Rhomberg et al.,
2011). Classical random error is thought to typify the exposure misclassification
resulting from the use of non-spatially resolved ambient monitoring sites. Berkson
error on the other hand, which biases results away from the null is only believed to
exist when a portion of the true exposure has been measured (Sheppard et al.,
2012). Using outdoor measurements as metrics for true personal exposures can
result in both types of errors, since underestimations of exposure will result in an
overestimation of the true association. Moreover, it is incorrect to assume that non-
differential exposure misclassification will always bias results towards the null, since
simulations studies have shown that many conditions need to exist for this
supposition to be correct. In reality, both non-differential (i.e. classical error) and
differential (i.e. Berkson error) exposure misclassification occurs in most studies
(Goldman et al., 2011). An important consideration, however, is the true ability of
outdoor measurements from ambient monitoring sites to actually represent personal
exposures.

The relationship between indoor, outdoor and personal exposure measurements
has been investigated in numerous studies and the results have not produced a
consistent picture of the interrelationships that exist. For instance Lai et al. reported
that indoor, outdoor, and personal exposures did not differ appreciably in a group of
50 volunteers from Oxford, England with reported average concentrations of 28.7,
26.9 and 26.9 ug/m3, respectively (Lai et al., 2004). Meanwhile, similar studies by
Kornartit et al. showed significantly different indoor and outdoor concentrations of
NO:z during the winter months but not the summer period for 60 volunteers residing
north of London, England (Kornartit et al., 2010). The authors noted that personal



'@@ F‘D@@ﬁw&/@ report no. 9/14

exposures were highly correlated with indoor levels and that the magnitude of the
personal exposures was significantly influenced by the use gas stoves and cigarette
smoking in the winter. The authors concluded that personal exposures to NO2 were
better correlated with indoor concentrations than outdoor concentrations. Valero et
al. came to same conclusion and reported respective median personal, indoor, and
outdoor concentrations of 40, 32, and 29 yg/m? in a large group of pregnant women
(n=657) from Sabadell, Spain (Valero et al., 2009). However, in this study
environmental tobacco use had little impact on the findings. Gas stoves and water
heaters were also shown to contribute to indoor exposures under some
circumstances. A complete list of all the variables that can affect indoor exposure to
NO: is listed in Table 6 (WHO, 2010).

Table 6 Factors that influence indoor concentrations of nitrogen dioxide

Indoor sources

e Fuel-burning stoves (wood, kerosene, natural gas, propane, etc.)
e Fuel-burning heating systems (wood, oil, natural gas, etc.)
e Tobacco use

Source characteristics

¢ Flued/unflued sources
e Presence of pilot lights
Outdoor sources (via infiltration)

e Mobile sources (petrol- and diesel-powered vehicles)
e Stationary sources (industrial combustion)
Resident behaviour

e Stove usage (for fuel-burning appliances)
e Use of heating equipment (including cooking stoves)
Dwelling and indoor environment characteristics

e Dwelling size (where there are indoor sources)
e Air exchange rates

e Distance to roadway

e Surface characteristics

e Indoor humidity

No fewer than 15 studies have examined the associations between personal and
ambient exposures using individually pooled, multiple longitudinal, or daily average
measurements (Meng et al., 2012a). In one example, statistically insignificant
associations were found for personal and ambient exposures in subjects from three
of the four cities examined. In many of the individuals, the correlation coefficients
were negative (Sarnat et al., 2006). Notably, the ambient NO2 exposures in these
studies were often more highly associated with personal PMzs than NO: values,
pointing to the very real possibility that NO2 measurements may be serving as
surrogate for other traffic-related pollutants (Kim et al., 2006). This is evident in
Table 7, which shows the correlations between personal and ambient
measurements of NO2 and PMzs.
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Table 7 Summary of pollutant correlations for personal and fixed-site
ambient measurements made at a central location (Kim et al.,
2006)
Personal exposures Ambient exposures
Statistic { pyo | PMas | NO; | PMas | PMas NO,
NO> CcoO CO NO> CO CO
N 15 28 15 28 28 28
Mean 0.41 0.16 0.12 0.44 0.38 0.72
SD 0.28 0.42 0.42 0.35 0.32 0.22
Median 0.43 0.16 0.16 0.52 0.36 0.81
Min -0.03 -0.84 -0.72 -0.53 -0.27 0.25
Max 0.78 0.93 0.63 1.00 1.00 1.00

Spearman’s correlation coefficients were calculated for each subject.

Beckerman et al. observed moderate to high correlations between NO:2
measurements near a busy roadway and the concentration of other primary and
secondary traffic-related pollutants (Beckerman et al., 2008). The values shown in
Table 4 reveal statistically significant positive correlation coefficients ranging from
0.64 to 0.85 for NO, NOx, PM2s and UFPM. The negative relationship with ozone is
presumably caused by the rapid atmospheric reaction between NO in the exhaust
and ambient ozone to yield NO2. Moderately high correlations were also observed
for many of the VOCs in automobile exhaust and NOx.

The relationship with ultrafine particulate matter was particularly interesting because
the concentration fell off far more quickly than NO:z as function of distance from the
roadway. This finding indicates that NO2 may not be a good surrogate for particulate
matter in some circumstances because of the smaller gradient for NO2 (2-fold)
versus UFPM (26-fold). These studies have been replicated many times over past
decade and they have repeatedly shown that NO: co-varies with a number of
atmospheric contaminants. For instance, Parra et al. reported correlation
coefficients for roadside NO2 measurements that ranged from 0.57 to 0.66 for BTEX
substances measured in northern Spain (Parra et al., 2009). The diurnal variation
for these substances was also closely aligned as shown in Figure 8. Daily
maximum (8-10 AM) and minima (8-10 PM) corresponding with local traffic intensity.
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Figure 8 Average weekly and diurnal cycles of benzene, toluene, xylenes and NO: at
the urban air quality station for the period June 2006—June 2007 (Parra et al.,
2009)
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The most revealing results were obtained in a meta-analyses of studies where the
daily average personal and ambient measurements were compared (Meng et al.,
2012a). The results from this type of analysis are directly relevant to panel and time-
series investigations where the data from central monitoring site are often used as
the surrogate for personal NO:z exposures. After correction for publication bias
correlation coefficients of 0.37, 0.16, and 0.45 were determined for pooled,
longitudinal, and daily average comparisons. These weak, but statistically
significant, correlations were found to be affected by a number of factors including
study location, population characteristics, meteorological conditions, indoor sources,
and co-pollutant concentrations. Stronger associations were generally observed in
spring and fall rather than winter and spring when most households leave windows
closed thereby decreasing the air exchange rate. The analysis also revealed a
consistent positive association between personal measures of NO2 exposure and
personal Oz and PM:s levels. Together these data highlight the high degree of
uncertainty that accompanies the use of ambient NO2 measurements from central
monitoring sites as a surrogate for personal exposure and also reinforce the
likelihood that NO2 exposures may be functioning as a proxy for another ambient air
pollutant. This was the key conclusion of Van Roosbroeck et al. (2008) who noted
than an adjustment for exposure misclassification through the use of personal rather
than outdoor measurements of NO2 resulted in effect estimates that 2-3 times higher
for asthma—related symptom reporting (Van Roosbroeck et al., 2007). The authors
noted that actual personal exposures to NOz2, while lower than those assigned using
outdoor monitoring station data, were capable of taking into consideration the true
spatial variability of the NO2 emanating from indoor sources.

Despite the higher effect estimates for the prevalence of respiratory symptoms in
children using personal NO:2 exposures, the authors pointed out that the
associations were not likely causal because of the strong correlation between NO2
and other traffic-related pollutants. Others have noted that the use of land use
regression models to improve the spatial resolution of NO2 estimates from fixed
monitoring sites did not appreciably improve the relationship between personal and
outdoor annual NO2 exposure measurements compared to the values obtained
using inverse distance weighting of the ambient monitoring data (Nethery et al.,
2008). These authors found a poor relationship (r=0.05) between personal NO:
exposure levels and those from fixed monitoring sites in a group of pregnant women
from Vancouver, Canada, even after adjusted for home location using inverse
distance weighting techniques. By taking into consideration time-activity patterns

21



@fﬂ@@W@ report no. 9/14

22

and the amount of time spent indoors, personal measurements were shown to be
lower (18.7 ppb) than those from fixed sites (19.6 ppb) but higher than those
estimated using LUR techniques (17.4 ppb). The ambient monitoring data could not
explain any of the between subject (spatial) variance and only a small portion of the
within subject (temporal) variance. The strength of the association between personal
and ambient NO2 exposures has also been shown to be affected by seasonal
influences, the degree of home ventilation, and gas stove usage (Brown et al.,
20009).
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6. ALTERNATIVE EXPOSURE METRICS

Exposure measurements, perhaps more than any other determinant, are the single
largest source of bias in many epidemiology studies focusing on air pollution. In the
absence of personal monitoring data, investigators are often forced to use
measurements from central monitoring sites, which are poorly related to personal
exposure measurement (Bellander et al., 2012, Steinle et al., 2013). Since many
epidemiological studies with NO2 are ecological in nature, focusing on exposures at
the population level rather than with the individual, the propensity for exposure
misclassification is very high. In some cases, the measurements from monitoring
sites are examined in finer detail to develop an exposure surrogate that is applicable
to a particular residential location. However, even these measures fail to consider
time-activity patterns, indoor sources of NO2z, and nearby traffic patterns (Baxter et
al., 2007, Devi et al.,, 2013, Schweizer et al., 2007). Despite the availability of
statistical methods to correction for the bias caused by deviations between actual
concentrations and estimated values, the techniques are rarely employed and the
results from many observational studies are generally presented as raw uncorrected
risk measures that may or may not be reflective of the actual circumstances in the
population under study (Spiegelman, 2010).

Exposure misclassification of this sort occurs in nearly every epidemiology study
and efforts to control for its impact have steadily improved over the last decade, but
problems still remain with many investigators unwilling to invest the added effort
needed to acquire validation data (Jurek et al., 2006). Consequently, there is an
often assumed non-differential bias towards the null in effect measures; however,
gquantitative determinations of the magnitude or impact of this misclassification are
rarely provided so the actual impact is never known with any certainty (Goldman et
al., 2012, Greenland and Gustafson, 2006, Jurek et al., 2005, Jurek et al., 2008) .
This has led to a false sense of security, with scientists and regulators comfortable
in the belief that risk measures have been underestimated rather than over
estimated and that any weakly significant statistical associations are at the lower
limit for the observed risk.

In reality, non-differential and differential error often exist together in observational
studies using ambient air measurements as surrogates for actual personal
exposures. The magnitude of this error is impacted in part by the degree of
coverage that exists for monitoring network and number of sites that were included
in the exposure modelling. In many cases, morbidity or mortality estimates are
based on measurements from just a few sites, which may cause considerable bias.
This type bias was important factor that influenced how many studies were rated in
this report. Under the GRADE scoring system, the exposure misclassification was
deemed to be very serious if the number of monitoring sites was limited to 1 or 2, or
if the sites were located in an areas that was not representative of the study
population (see Table 1).

The methods used to gather estimates of personal exposure to NO:2 from area
monitoring data have evolved considerably in the past decade. Techniques such as
(i) proximity-based assessments based on distance from known sources, (ii)
statistical interpolation using geographic information for distance adjustments from
monitoring sites, iii) land use regression models that incorporate geographic
information as well as traffic patterns into a mapping scheme to predict
concentrations remote from a monitoring site, (iv) dispersion models that use local
emissions data along with topographical an meteorological data to predict spatial
and temporal patterns in exposure concentration, (v) Eularian grid models that
include sophisticated meteorological, atmospheric chemistry, emission modules that
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provide coarse spatial and fine temporal predictions, and (vi) hybrid models that
integrate information from actual personal or regional exposure measurements
along with secondary source emission profiles to validate the results using air shed
models (Jerrett et al., 2005). The characteristics of these models are described
further in Table 8. It should be noted that each of these exposure estimation
techniques has particular strengths and limitations, and that while a model may be
suitable for use under a particular set of circumstances, the same method may
produce ineffectual information in others.

Generally speaking, however, proximity modelling techniques vyield the weakest
results while hybrid models, given their use of validation routines, yield the
strongest. Modelling techniques using traffic-related metrics such traffic volume,
intensity, or roadway distance, while still employed to some degree, are not
particularly informative for policy setting (Lipfert and Wyzga, 2008). In addition,
these traffic-related metrics suffer because their relationship to actual pollutant
exposure levels is open to question, especially for NO2 where the use of traffic
surrogates may introduce considerable error in the absence of validation studies
(Baxter et al., 2010, Boogaard et al., 2011).
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Table 8 Comparison of various urban exposure models according to various implementation criteria (Jerrett et al., 2005)
U Limitations to N2z el Overall
Model concept health studies Data requirements updated Software expertise implementation cost Marginal benefit | Transferability
match data
Traffic volumes Equipment: low
Proximity based Low Crude_exposure Distance from line source Low GIS Software: low Base case Low
estimates : - Statistics . :
Questionnaire Personnel: medium
Depen_ds on Equipment: medium Transferability
e . density of . GIS . ;
Geostatistical Medium monitorin Monitoring measurements Low Spatial statistics Software: medium Error structure of Low
9 P Personnel: low estimate
network
Land Use Depends on Trﬁg{ggg%mes GIS Equipment: medium Transferability
: Medium density of - ay Medium Statistics Software: medium Error structure of Medium
regression ) Monitoring measurements . . : 3
observations Monitor experts Personnel: medium estimate
Land-use
Extensive inputs Traffic volumes
L . e GIS ; i
Unrealistic Point source emissions Statistics Equipment: high Emphasis on
Dispersion Medium assumptions Meteorology Medium Monitor exoerts Software: high eocess High
about pollutant Monitoring measurements . . p Personnel: medium P
Dispersion software
transport Topography
Traffic volumes
Integrated Point source emissions GIS Equipment: high Emphasis on
meteorological Medium Coarse resolution Meteorology High Statistics Software: high P Medium
o o . o process
emission Monitoring measurements Monitor experts Personnel: high
Topography
Hybrid (personal Small and biased Questionnaire Personal monitor Equment:.hlgh
o L experts Software:
monitoring & one . sample Personal monitoring data | Depends on . Cx Depends on
; High . S Survey design Personnel: L Low
of the preceding Depends on Other depending on combination Depends on * Depends on combination
methods) combination combinations pends pends
combination combination

Models are arranged in terms of increasing complexity with respect to the suitability, requirements, and the cost for their implementation. Each column corresponds to a different

evaluation criterion; the first class of criteria concerns the matching of the method conceptualization to theory and the utility of the model/methods to respiratory studies.
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Perhaps the greatest weakness in the approaches that incorporate some proximity
consideration is the failure to consider the exposure variations caused by traffic
intensity, indoor sources, or time activity patterns. This is a particularly important
factor for NO2 exposure assessment since concentration profiles display such a high
degree of spatial and temporal variability within and between urban and rural
locations. For instance, NO2 exposures across eight regions of Switzerland for the
years 1993 and 2003 were found to have a very high degree of spatio-temporal
variability that could not be adequately described by any one exposure model (Liu et
al., 2012). Spatial variability accounted for 31-74% of the total variance in NO:2
measurements in 2003, whereas the range for 1993 the value was 8-65%. Of the six
exposure models examined, including dispersion, GIS, and hybrid, no single
approach worked well for all locations. Overall, however, hybrid models performed
better on a national scale yielding correlation coefficients of approximately 0.8, but
there were substantial differences between regions, with the Spearman correlation
ranging from 0.28 to 0.68.

Similar findings have emerged from a recent comprehensive investigation of NO2
levels across 36 regions (see Figure 9) of Europe undertaken as part of the
ESCAPE (European Study of Cohorts for Air Pollution Effects) program (Cyrys et
al., 2012). Substantial spatial variability was seen to exist within the study area, with
the average annual concentration of NO2 ranging by as much as 54 pg/m? within an
individual region. The greatest spatial variability was noted in the largest European
cities such as London, Paris, and Barcelona. The spatial variance within each study
area was considerably greater than between locations leading the authors to
conclude that it was virtually impossible to characterize urban wide concentrations
with just a single monitoring site and that epidemiology studies that assign an
overall average exposure based on limited information from one or two monitoring
locations would introduce considerable misclassification and random error that
would bias the results. For this reason, exposure modelling using LUR or some
other temporally and spatially robust method was deemed to be necessary.
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Figure 9 European locations for the ESCAPE monitoring campaign (black

dark circles mark the study areas where PM, NO, and NOx were
measured; blue squares show the areas where only NO2 and
NOx were measured)
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Because of their ability to take spatial variability into consideration, there has been a
dramatic upswing in the use of LUR models. These models use the information from
central monitoring sites along with measurements obtained during multiple sampling
campaigns that take place over a period of 1-2 weeks. These data are then used
together with a stochastic model that is built using predictor variables obtained from
geographic information systems (GIS) maps (Hoek et al., 2008). Once developed,
the model can be applied to a large number of locations that have no monitoring
sites to evaluate an air pollutants spatial variability. The list of potential predictor
variables is very large and includes altitude, meteorology, land coverage,
topography, population density, road density, road type, commercial land uses, and
distance to local pollution sources.

Dozens of these models have been developed for predicting NO2 exposures in
different regions of Europe, the US, and Canada, however the models vary in quality
and the degree of validation that has been performed. Correlations as high as 0.81
have been reported for the relationship between measured and predicted NO: levels
in an urban environment (Su et al., 2010). To achieve this degree of reliability
however, their needs to be substantial validation using either a separate set of
monitoring data that is distinct from the training set or the application of a “leave-
one-out” cross-validation scheme.
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Although LUR models are felt to perform well, it is essential that monitoring data is
collected from a sufficient number of monitoring sites and that an adequate number
of predictor variables are included in the model (Basagana et al., 2013, Wang et al.,
2012). A minimum of 80 NO2 monitoring locations is necessary to achieve
reasonable estimates that are neither biased nor highly variable (Basagana et al.,
2012). The use of a small number of monitoring sites together with a large number
of predictor variables has been shown to artificially increase the correlation
coefficient between actual and predicted measurements. Johnson et al. noted that
correlation coefficients could be inflated by 50% or more if an independent data set
is not used for validation (Johnson et al., 2010). Another drawback to the use of
LUR models is their inability to account for temporal variably in NO2 levels. Some
have corrected for this problem by constructing separate models for discrete time
periods lasting for just a year or two (Cesaroni et al., 2012, Eeftens et al., 2011).

Despite the propensity for error, LUR models continue to be developed for ever
larger tracts of land. In fact, a LUR model was recently constructed for the entire
United States using both ground satellite-based measurements of NO2 (Novotny et
al.,, 2011). Improvements continue to be made in model-based estimates of NO2
exposure with the application of new statistical procedures known as universal
kriging for spatial interpolation across a surface map (Beelen et al., 2009, Li et al.,
2012h, Mercer et al., 2011). New hybrid models have also been examined that use
air quality models together with LUR to increase the number of exposure sites that
can be used in the training set (Molter et al., 2010). The application of the newer
approaches will reduce but entirely eliminate the potential for exposure
misclassification that comes with the use central site monitoring data.
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7. BIAS AND EFFECT MODIFICATION

The spatial variability of ambient NO2 can be influenced by a number of factors,
especially in urban environments where traffic patterns can vary considerably.
Meteorological influences, such as wind direction, wind speed, temperature, solar
radiation, and humidity can all impact regional and local levels (Ahmad et al., 2011).
Sorting out the contribution of these weather variables is not, however, entirely
straightforward since the parameters are often correlated, which confounds any
evaluation of their overall impact. Arain et al. examined spatial and temporal
variation in NO: levels in the Toronto/Hamilton airshed and found that wind direction
had a particularly strong influence on hourly NO2 concentrations, with wind speed
and temperature also impacting the results (Arain et al., 2009). Strong seasonal
patterns were also observed with higher mean concentrations observed in the winter
months and higher individual hourly concentrations in the summer months.
Concentrations tended to be higher in the morning and evening and lower in the
afternoon and night.

Similar relationships were reported by Laurinaviciene for a large city in Lithuania
with wind speed and rainfall negatively impacting NO: levels and temperature
having no affect (Laurinaviciene, 2013). In this location, however, the highest levels
were found in the spring and the lowest in the fall. These data demonstrate the
influences of geography and metrology and underscore the importance of
considering the high spatial variability that characterizes NO: levels in urban and
suburban environments. Since central site monitors rarely capture this spatial
variability, the information needs to carefully considered and supplemented with
meteorological information whenever possible to ensure adequate representation.

Meteorological variability can also impact the temporal variability in NO:2 levels. This
factor has become the subject of renewed interest in the past several years with
many investigators examining the interactions between NO: levels and weather
conditions. As shown in Figure 10, NO: levels in Europe show a clear diurnal trend
in most cities that is intimately associated with local rush hour traffic (Bigi and
Harrison, 2010). The levels on weekends are more uniform and do not peak in the
same fashion as on weekdays. In addition, the NO: levels in winter are generally
higher than in summer and the wintertime levels are often positively correlated with
CO and NO. These seasonal and daily fluctuations in NO2 concentration were
observed in Puertollano, Spain by Saiz-Lopez et al. who found a mean value of 27.0
Mg/m2 in the winter and 15.5 pg/m® in the summer (Saiz-Lopez et al., 2009).
Seasonal relationships of this type were also observed in Windsor, Ontario by
Wheeler et al., who noted that NO2 concentrations were well correlated (r = 0.51-
0.84) with SOz, benzene, and toluene levels in all four seasons (Wheeler et al.,
2008).
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Figure 10 Durinal cycle of NO2 concentrations for each season during 1999
to 2008. Seasonal cycle of daily mean, morning peak, afternoon—
evening peak NO2 concentrations in Gothenburg for 1999-2008
(Tang et al., 2011)
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Wind speed and the vertical temperature profile can impact the NO:z levels in urban
environments and can account for up to 80% of the variability found during the
afternoon driving peak (Tang et al.,, 2011). Research has shown that weather
conditions alone can account for a 2 pg/m3 change in the annual average annual
concentration of NO2 and that a level of 38 ug/m® needs to be attained to ensure
that meteorology will not have an impact on compliance (Velders and Diederen,
2009). Wind speed is known to be negatively correlated with NO:z levels in urban
environments such that the magnitude of any exceedances can be an indicator of
local air stagnation (Ito et al., 2007). Aside from the impact of ambient temperature
as an effect modifier in time series studies, it can also impact the atmospheric
chemistry of NO2 by altering the rate photooxidation. This temperature effect is
responsible, in part, for the seasonal differences noted above, with cold
temperatures reducing the removal efficiency and effectively increasing the ambient
air levels. In general, urban NO: levels can display a negative correlation with
rainfall, ambient temperature, and wind speed, and a positive correlation with
relative humidity (Ahmad et al., 2011).

NO:z concentrations generally show a similar seasonal profile regardless of location.
There are also other factors that may obscure the true relationship between NO:2
and a health outcome of interest. Recent attention has focused on the interaction
between noise and NO2 exposures in urban environments where residences are
located in close proximity to major roadways. Foraster et al. for instance found that
annual average NO2 measurements were well correlated with long-term measures
of 24-hr weighted noise levels (r = 0.62) at residential locations in Girona, Spain
(Foraster et al., 2011). The study is important because transportation-related noise
has been shown to be associated with cardiovascular effects much like NO:2
(Babisch, 2008). Others studies such as those Allen et al. and Davies et al. have
yielded similar results using 5-min noise measurements and 2-week NO: levels
(Allen et al., 2009, Davies et al., 2009). The correlation coefficients in these studies
generally ranged from 0.41 to 0.62, but outliers did occur on some occasions.
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Studies using estimated NO:z concentrations from LUR models have yielded
somewhat smaller correlation coefficients (r = 0.38), but the authors were quick to
note that the results may have been impacted by the local road surface and building
materials that may have attenuated the noise levels but not the NO2 concentration
(Gan et al., 2011). The nature of the relationship is not a simple one, however, and
may be modified by time of day, noise frequency, wind, and other variables. In the
absence of information showing that NO2 and noise act independently there is
suggestive evidence of confounding based on the fact that exposures to these
insults can co-vary. Given that both have been associated with conditions such as
cardiovascular disease, the reliability past studies with NO2 alone without noise
adjustment can be called into question (Ross et al., 2011). Confounding by noise is
attracting considerable attention from leading investigators and will undoubtedly be
examined in the coming years, until then however, there is good reason to believe
that the proxy effect observed with NO2 may be in part due to traffic-related noise
exposures (Allen and Adar, 2011).

Another somewhat overlooked co-variate is socioeconomic status (SES). This is a
critically important consideration in studies investigating the relation of NO:2
exposures with asthma or asthma-related symptoms. In a cohort of 5000-9000
individuals from the USA, Europe, Australia and New Zealand, a statistically
significant association was observed in the prevalence and incidence of asthma
without atopy and chronic bronchitis for those in the lowest education category but
not for those in the lowest occupational class (Ellison-Loschmann et al., 2007).
Similarly, SES as measured by a deprivation index that included 19 demographic
and socioeconomic indicators exhibited a positive and non-linear relation with NO2
levels for individuals (n=450,000) living in Strasbourg, France (Havard et al., 2009).
In this study, the most exposed individuals included those in the mid-level category
rather than those in the lower SES strata. More attention has also been placed on
psychological stress as a factor that may interact with traffic-related pollutants and
affect the association with asthma onset or the symptoms of asthma (Chen et al.,
2008, Shankardass et al., 2009). Clougherty et al., in particular, only observed an
association between NO2 exposures and asthma when children were exposed to
high levels of violence in the form of hitting, slapping, shooting, stabbing and
hearing gunfire was considered (Clougherty et al., 2009). These types of synergies
and interactions point to the problems of establishing a causal link between NO:2
exposures and observationally-based changes in health risk. Certainly, the impact of
these factors must be taken into consideration when evaluating the quality of an
investigation using any grading system.

An often overlooked and rarely considered source of exposure misclassification bias
in health effects studies concerns the chemical interference in the direct-reading
NO: devices located in some but not all areas of Europe (Jurek et al., 2006).
Steinbacher et al. (2007) reported that NO2 measurements based on
chemiluminescence detectors using molybdenum-based thermal converters were
capable of oxidizing PAN, HONO, HNOs and other organo-nitrates to NO:.
Collectively, these chemical interferents are referred to as NOy compounds, and
tend to be found at higher concentration in photochemically active air parcels such
as those located close to urban centers. Measurement taken at three rural locations
in Switzerland showed that only 70-83% of measured NO: could be attributed to
actual NOz2 levels in ambient with the remainder due to other nitrogen oxides. The
interference was more severe at high altitude locations (approx. 1000 m above sea
level) where 43-76% of measured NOz was authentic. The degree of interference
from secondary nitrogenous based compounds was appreciably worse in the winter
and spring than in the summer and fall, which coincides with periods when NO: is at
its seasonal high and low, respectively. Similar evaluations in urban settings in
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Santiago, Chili and Mexico City have shown that molybdenum-based
chemiluminescence measurements were 4-fold and 2-fold higher than those from a
standardized reference method (Dunlea et al.,, 2007, Vilena et al, 2012).
Importantly, direct reading monitors relying on photolytic converters (i.e. luminal-
based) for NO2 oxidation are far less prone to this type of interference. Although
molybdenum-based chemiluminescence techniques are commonplace at many
European monitoring sites, some locations have installed the more robust
photolytic-based systems (Lewne et al.,, 2004). The use of non-standardized
analytical methods with some monitors stations overestimating NO2 concentrations
can produce an appreciable measurement error that must be considered when
evaluating the results from an epidemiology studies. The impact of this error cannot
be over stated. Health effect studies relying on chemiluminescence-based
measurements with molybdenum detectors will systematically overestimate NO:2
exposures by a variable degree leading to biased associations that are not
representative of the actual condition.

Evidence for this bias was seen a recent study by Cyrys et al., who compared NO:
measurements made with Ogawa passive diffusion samplers with those from a
chemiluminescence monitor at 12 locations throughout Europe (Cyrys et al., 2012).
As shown below in Figure 11, the ratio of the NO: values for the two measurement
methods showed a persistent bias with passive diffusion badges yielding values that
were 22-28% lower than the chemiluminescence measurements at four locations.
Some locations showed ratios close to unity, which likely reflects the use of
unbiased photolytic detectors in these monitoring stations.

Figure 11 Ratio of concentrations measured by Ogawa badge and
chemiluminescence monitor co-located at routine monitoring
sites for NO2 (Cyrys et al., 2012)
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In many studies, particularly those centered in Europe, NO2 is used as a surrogate
for PM-related measurements that are not available with same degree of frequency
or spatial intensity (Brunekreef, 2007). The justification for using NOz as a surrogate
can be traced to studies such as those by Lewné et al., where moderately high
correlations (r?=0.64-0.80) were found to exist between NO2 and PM:s levels in
three areas of European (see Figure 12). The close relationships allowed the
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authors to use NOz as metric for PMzs based on the greater ease of measurement.
The relationship between NO: and other tailpipe emissions have caused some
investigators to state that NO:2 is merely an exposure proxy and that any
associations with observed acute or chronic health effects may not be related to
NO:2 exposures per se, but rather to another traffic-related pollutant (Andersen et al.,
2012a, Freire et al., 2010, Jacquemin et al., 2009, Jerrett et al., 2008, Llop et al.,
2010, Weng et al.,, 2008). The World Health Organization acknowledged this
problem in their 2006 guidance on air pollutants, stating:

“Nitrogen dioxide is itself toxic, and its concentrations are often strongly
correlated with those of other toxic pollutants. As it is easier to
measure, it is often used as a surrogate for the mixture as a whole.
Achieving the guidelines for individual pollutants such as nitrogen
dioxide may therefore bring benefits for public health that exceeds
those anticipated based on estimates of the pollutant’s specific toxicity.”
(WHO, 2006)

Figure 12 Nitrogen dioxide and PMzs in all field sites in Germany, The
Netherlands, and Sweden (Lewne et al., 2004)
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This statement assumes of course that there is a regular and predictable
relationship between the NO:2 surrogate and the actual causative agent and that
spatial and temporal change in the mixing ratios have no impact on the strength of
the relationship. Issues such as pollutant co-linearity, confounding from
mismeasured or unmeasured pollutants, antagonistic or synergist effects, and
insufficient statistical power complicate any meaningful policy-related analysis of
studies equating NO2z exposure with a potential health outcome. Certainly, tools
have been developed to help overcome these uncertainties, and they have helped
improve the quality of the information. But many have begun to argue that the
problems can only solved by moving away from a one pollutant model for regulating
air pollutants to a “one-atmosphere” approach that includes an integrated
assessment of the impacts of all pollutants. Whereas, there has been considerable
movement in this direction by policy-makers and respected authorities, there are still
considerable hurdles to overcome (Dominici et al., 2010, Vedal and Kaufman,
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Figure 13
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2011). Until that time, other basic tools have come to be relied upon for improving
the reliability of health effects studies. These include improved techniques for
exposure assignment and the application multi-pollutant modelling techniques.
Although these methods do not provide foolproof results, these methods are an
improvement over past approaches relying on central site monitoring results or
single-pollutant models that fail to consider possible interaction from co-varying
pollutant concentrations.

Multi-pollutant models have the ability of factoring -collinearity issues into
consideration, and for identifying those pollutants showing the strongest relationship
with a particular outcome. For instance, Tolbert et al. examined the association
between emergency department visits for cardiovascular or respiratory illness and
exposures to three pollutants both singly and in combination (Tolbert et al., 2007).
As shown in Figure 13, statistically significant associations were observed between
three-day moving average air exposures and the risk ratios for cardiovascular and
pulmonary ED visits using a single-pollutant model. When two-pollutant or three
pollutant models were applied using NO2, CO, PM2s EC, Os or PMio in some
combination, the significant associations for NO2 were no longer observed. Multi-
pollutant modelling is necessary when individual pollutants are treated as
independent risk factors but their exposure concentrations are strongly correlated,
(Kim et al., 2007). This is often the case with NO2z, whose airborne concentrations
are often significantly correlated with other pollutants such as PMzs, UFP, and CO.
In the above example, the results of multi-pollutant modelling showed that the
strongest associations with cardiovascular visits occurred with CO, whereas the
respiratory visits were associated with Os. This example demonstrates the
importance of multi-pollutant modelling for NO2 and highlights the erroneous
associations that may arise when single-pollutant models are relied upon as the
primary basis for establishing an association. Still, multi-pollutant modelling is not a
panacea, and assumptions regarding co-linearity between pollutants, non-
differential seasonal effects, and the absence of appreciable interactions with other
physical or environmental factors cannot be guaranteed.

Results of selected multi-pollutant models for combined cardiovascular (A)
and respiratory (B) diseases group, 1998-2004, Study of Particles and Health
in Atlanta (SOPHIA) (Tolbert et al., 2007)
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Although providing a methodological improvement, multi-pollutant models are not
able to rule out that the pollutant with the highest adjusted risk estimate may be
acting as a surrogate for other unmeasured exposures that are the true causative
agent. This was well demonstrated in a study by Brook et al., who re-examined
previous results of an association between NO: exposures and non-accidental
mortality in 10 Canadian cities (Brook et al., 2007, Burnett et al., 2004). Although the
original study indicated that an NO:z-associated increase in mortality that was
unaffected by adjustments for Oz, CO, or SO: in a two-pollutant model, the authors
re-examined their results and concluded that NO2 could be acting as a surrogate for
a specific PM2.s component or possibly even a VOC, PAH, or other oxidized nitrogen
species. The authors based this opinion on the fact that high correlations were
observed with a number of other traffic-related pollutants including VOCs and PAHs
and that the strongest associations were observed in the summer months when
photochemical reaction products are more frequently encountered in aged urban air
masses.

These are preceding factors need to be considered when interpreting the results
form observational studies, particularly time series studies examining the effects of
short-term exposures. Whereas, some of the variables can bias the results
downwards others are capable of working in the opposite direction. Regardless of
the direction, however, the results are biased and do not provide an accurate and
reliable representation of the relationship between exposure and effect.
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EPIDEMIOLOGY SYNOPSIS

The following section summarizes the findings from NO:2-related epidemiology
studies published since 2005. Pertinent Information regarding the conduct and
findings from each study can be found in Appendix I. The studies have been
segregated according exposure duration and endpoint with acute and chronic
mortality studies separated from those looking at a particular outcome such as
diabetes or asthma. The quality of each investigation was determined using the
GRADE system described in Section | of this report. Most studies were assigned an
initial designation of moderate quality then upgraded or downgraded according to
the criteria described in Table 1. The same general criteria general were used to
evaluate time-series, case-crossover, panel, case-control, and cohort studies.
Preference was given to those studies that incorporated a multi-pollutant design,
advanced exposure assessment methods, and a large study population.

ACUTE MORTALITY

The literature search identified a total of 25 new acute mortality studies that have
been published since 2005. All but two of these studies were judged to be seriously
flawed using the GRADE system and were assigned a quality rating of insufficient or
low quality. The most common problems areas were exposure bias, small sample
size, and the absence of any multi-pollutant modelling. Of the twenty-five papers
examined, only one was found to be of moderate quality. The paper published by
Park et al. was found to provide a robust assessment of the relationship between
NO: exposure and acute mortality from non-accidental, cardiovascular, or
respiratory causes (Gan et al., 2011, Park et al.,, 2011). This study found a
significant association with a single-pollutant models that was rendered non-
significant when two-pollutant modelling with performed with either PMzs or CO. The
confounding from CO on cardiovascular mortality was particularly strong.

Although there have been several recent meta-analyses that have pooled the
results from past mortality studies with NOz2, nearly all of them have focused on the
results from single-pollutant models. Lai et al. examined 26 studies performed in
China are found significant pooled relative risk estimates for non-accidental,
cardiovascular, and respiratory mortality following short-term exposure
measurements (Lai et al., 2013). The pooled relative risk for all-cause mortality was
found to be 1.014 (95% CI 1.0106-1.0174) per 10 pug/m? increase in NO2. Similar
findings were reported by Shang et al. in their examination of acute mortality in 33
Chinese studies (Shang et al., 2013). In this instance, the pooled respiratory risk
was determined to be 1.62% (95% CIl 1.32-1.92). Both of these studies employed
random-effects models when tests for heterogeneity indicated a need to do so, but
both suffered from a lag bias since the lag period was allowed to float across each
study. Atkinson et al. pooled the results from 7 investigations of all-cause mortality
conducted around the world and reported a relative risk of 0.98% (95% CI 0.54-
1.42) for a 10 pyg/m? increase in NO2 (Atkinson et al., 2011). Again, all of these
evaluations used the results from single-pollutant models.

The only meta-analyses performed using the results from multi-pollutant models
indicated that the mortality estimates associated with NO2 exposure were robust to
the incorporation of a second pollutant (Anderson et al., 2007). This analysis was,
however, restricted to 7 multi-city studies and did not examine the full range of multi-
pollutant modelling results that were available. The preceding analysis provides a
reasonable cause to believe that the observed associations with acute mortality
using single-pollutant models are an artifact and should not be relied upon as the
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sole basis for making any adjustments to NO:z limit values. Until such time that co-
pollutant interactions can be fully explored, there is a reasonable basis for believing
that the associations with NO2 exposure are specious and misleading.

CHRONIC MORTALITY

Eight studies were located that provided new information on the relationship
between long-term NO:2 exposure and mortality from a variety of causes. These
cohort studies and case-control studies were often underpowered and limited to a
small number of cases. Only one of the studies was judged to be of moderate
quality with the GRADE assessment (Gan et al.,, 2011). The Gan et al. study is
summarized in Appendix | and reviewed in detail in Appendix Il. The study looked at
the mortality of 450,000 individuals 45-85 years of age and employed LUR
techniques for the exposure determination. Although statistically significant
associations were observed using adjusted and unadjusted single-pollutant models,
none were observed after controlling for the confounding effects from black carbon
and PMzs levels. The most serious limitation of this study was the failure to consider
cigarette smoking, second-hand smoke, and ethanol consumption as confounding
variables. These deficiencies were offset by the availability of concentration
response functions, which helped to improve the overall reliability and led to the final
assignment of a moderate quality rating. All of the remaining chronic mortality
studies examined were judged to be insufficient or of low quality because of an
exposure bias or a limited sample size.

Several very recently published meta-analyses are available that have examined the
chronic mortality risks from NO2. Hoek et al. reported that the relative risk for all-
cause random effects mortality estimates from 15 studies was 5.5% (95% CI 3.1-
8.0) per 10 pug/m? increase in NO2 using a single-pollutant model (Hoek et al., 2013).
The analysis is notable since it only included studies that accounted for the spatial
variability of NO2, 6 of the 15 studies examined did not adjust for smoking status.

Another well conducted meta-analysis did not find any relationship between NO:2
exposure and chronic mortality using single or two-pollutant models that were
applied to the 22 cohorts examined in the ESCAPE study (Beelen et al., 2013). The
results for the single-pollutant modelling are shown in Table 9 and show that no
meaningful associations were evident in a fully adjusted model (model 3) that
considered smoking status. Taken together the results do not indicate that there is
any relationship between NO2 exposure and chronic mortality and that this is not a
relevant endpoint for making any adjustments to the limit value.
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Table 9 Results of random-effects meta-analyses for the association between natural
cause mortality and exposure to air pollution and traffic intensity indicators
(using main confounder models 1, 2, and 3)*
Metric Number | 1o gel 1+ Model 2* Model 3+ | Pvaluefor) Iz
cohorts model 3 | (p value)
PM,s 19  [1-18(1-08-1-30)|1-09 (1-03-1-14)| 1-07 (1-02-1-13) 0-02 0 (0-95)
PM2 5 absorbance 19 [1-11 (1-04-1-18)|1-04 (0-99-1-09)| 1-02 (0-97-1-07) 0-38 0 (0-99)
PMo 19 [1-12(1-03-1-21)|1-05 (1-01-1-10)| 1-04 (1-00-1-09) 0-08 0 (0-61)
PMeoarse 19 [1-14 (1-03-1-26)|1-05 (0-99-1-12)| 1-04 (0-98-1-10) 022 |32:3(0-09)
NO; 22 |1.06 (1-02-1-10)|1-02 (0-99-1-04)| 1-01 (0-99-1-03) 0-18 0-7 (0-45)
NO, 22 |1.06 (1-03-1-09)|1-03 (1-00-1-05)| 1-02 (1-00-1-04) 0-08  [22:1(0-17)
Traffic intensity on the
20 |1.02 (1-00-1-03)|1-01 (0-99-1-02)| 1-01 (1-00-1-03) 0-19  |20-4 (0-20)
nearest road
Traffic intensity on|
major roads within 21 |1-03 (1-00-1-07)|1-02 (0-98-1-05)| 1-01 (0-98—1-05) 049  [28:4(0-11)
100 m buffer

“Data are HR (95% Cl), unless indicated otherwise. HRs are presented for the following increments: 5 pg/m?2 for PM,s,
10° m* for PM,s absorbance, 10 ug/m? for PMyo, 5 pug/m?® for PMcoarse, 10 pg/m? for NO,, 20 pg/m?® for NO,, 5000 motor
vehicles per day for the traffic intensity on the nearest road, and 4,000,000 motor vehicles x miles per day for the total
traffic load on all major roads within a 100 m buffer. Only observations with complete information for model 3 variables
were included in the analyses. The number of observations in particulate matter and NO, or NO, analyses was the same
for the different confounder models: 322,159 and 367,251, respectively.

*Model 1 was adjusted for sex and calendar time; model 2 was adjusted as in model 1, but also adjusted for smoking
status, smoking intensity, smoking duration, environmental tobacco smoke, fruit intake, vegetables intake, alcohol
consumption, body-mass index (BMI), educational level, occupational class, employment status, and marital status; and
model 3 was adjusted as in model 2 but also adjusted for area-level socioeconomic status.

12 and Cochran’s test for heterogeneity for model 3 of effect estimates between cohorts.

8.3. ACUTE CARDIOVASCULAR DISEASE

A total of 35 new studies were identified that explored relationships between short-
term NO:z exposure and hospital admissions or emergency room visits for a range of
cardiovascular diseases including stroke, hypertension myocardial infarction,
arrhythmia, ischemic heart disease, and congestive heart failure. The vast majority
of these studies were downgraded one or two positions because of the potential for
exposure bias or the imprecision arising from the small sample size. Of the studies
examined, three were identified as being of moderately good quality using the
GRADE system (Barnett et al., 2006, Chen et al., 2010, Kalantzi et al., 2011, Stieb
et al., 2009). These studies all included a two-pollutant analysis and possessed a
large sample size. Some studies were both downgraded and upgraded if
concentration-response functions were provided. In addition several panel studies
were examined that looked at changes in heart rate variability as a function of
exposure. The study by Chen et al. found statistically significant associations
between NO: and cardiovascular disease admissions in single and two-pollutant
models after adjusting for PMio. The associations were not robust to the
incorporation of SOz in the model (see Appendix Il). This study did suffer from a
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failure to include CO in the analysis, which is highly correlated with NO2z and a likely
source of confounding. Similar results were obtained by Stieb et al., who failed to
observe any associations between NO: and emergency department visits for
angina, myocardial infarction, heart failure, and dysrhythmia after applying a two-
pollutant model that controlled for CO exposure. Barnett et al. conducted a multi-city
investigation in Australia and New Zealand and failed to observe any significant
association in the hospitalizations of adults (15-64 yrs age) or elderly (= 65 yrs of
age) subjects for cardiovascular disease after adjusting for CO in a two-pollutant
model. Taken together, these studies implicate CO as an important confounding
factor that needs special consideration when evaluating the relationship between
NO:2 exposure and cardiovascular disease.

The importance of CO as a co-variant is reinforced by studies that have examined
its impact on admissions or visits for cardiovascular disease. The study by Bell et al.
is particularly informative since it showed that hospitalizations for cardiovascular
disease were positively associated with CO levels and that associations were not
affected by the incorporation of NO: into the model (Bell et al., 2009). The
associations with ischemic heart disease, heart rhythm, heart failure, and
cerebrovascular disease all remained statistically significant in the two-pollutant
model (see Figure 14). In their examination of the risk of myocardial infarction from
short-term exposures, Mustafic et al. noted that the pooled single-pollutant results
from “good quality” studies was 1.022 (95% CI 1.009-1.034) per 1 mg/m? increase in
CO and 1.007 (95% CI 1.002-1.012) for a 10 pg/m3increase in NO2 (Mustafic et al.,
2012). Similarly, Shah et al. pooled the results from 35 studies and showed that a
10 ppb increase in NO2 was associated with a population attributable risk of 1.67
(95% CI 1.23-2.11); whereas the results for a 1 ppm change in CO was 3.41 (95%
Cl 2.46-4.34) (Shah et al., 2013). Future multi-pollutant studies will assuredly come
to show that the cardiovascular effects being attributed to NO: are the result of
surrogate effect with CO.
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Figure 14 Percent increase in risk of cardiovascular and injury related
hospital admissions for those aged =65 years for 92 US counties
(1999-2005) (Bell et al., 2009)*
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ACUTE RESPIRATORY DISEASE

There were 37 publications that examined the association of NO2 exposure with
some type of respiratory disease. The majority of these studies focused on asthma
or the symptoms of asthma which is covered separately in the next section. Of the
remaining studies, only three were judged to be of moderate quality (Son et al.,
2010, Stieb et al., 2009, Zhao et al., 2008). Most studies were judged to insufficient
or of low quality because moderate to severe exposure misclassifications,
inconsistent findings, untenable lag structures, or imprecise methods. The study
Son et al.,, examined FVC and FEV: in adults and children using four different
distance weighting techniques for exposure determination. NO2 was not associated
with a decline in FEV1 in a single or two-pollutant model with Os, but a significant
association was observed with FVC using both a single and a two-pollutant model.
The inclusion of Os had an appreciable impact on the strength of the association by
reducing the percentage decrease in FVC from -3.72 (95% CI -4.33 - -2.54) to -1.74
(95% CI -2.97 - -0.51). The two-pollutant modelling was restricted to the exposure
model that employed kriging for distance weighting and was not applied to pollutants
other than Os. Zhao et al. failed to observe an association between NO: and
symptoms of allergies in school children after applying a hierarchical regression
model that adjusted for multiple pollutants. Stieb et al. failed to see any associations
with emergency department visits for asthma, COPD, and respiratory infections
using a single-pollutant model. This study is notable since it pooled the findings from
seven Canadian cites. Since no appreciable associations were observed in any of
cities, two-pollutant modelling was not performed (see Figure 15). Importantly, the
authors noted that O3z produced the most consistent associations with the respiratory
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conditions examined. This study stands in contrast to the results from past meta-
analyses. Anderson et al. pooled 8 studies and reported that NO2 was associated
with a random effects risk estimate of 1.56% (95% CI| 0.94-2.17) per 10 ug/m3
increase using a random effects single-pollutant model that corrected for publication
bias (Anderson et al., 2007).

Figure 15 Percent increase in respiratory emergency department visits by
center. (Point estimates and 95% confidence intervals are shown
for chronic obstructive pulmonary disease
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Although numerous studies have examined the relationship between NO: and
emergency room visits or admission rates using two-pollutant models, many were
seriously biased because they relied on just a single monitoring site to characterize
the NO2 exposure. It is difficult to predict whether NO:2 by itself is associated with
conditions such chronic obstructive pulmonary disease, bronchitis, or pneumonia.
Whereas, most government agencies have concluded that an association exists
with respiratory conditions other than asthma, a meta-analysis has not been
conducted that takes into consideration the confounding effects of Os. This would
certainly seem warranted given its role as an irritant gas. Until a clearer picture
emerges, the available data does not unequivocally suggest that NO: is associated
with the onset of respiratory disease.

ASTHMA

The literature search led to the review and summarisation fifty new studies focusing
on asthma, which reinforces the public health importance this subject. Only two of
these studies were found to be of moderate quality, with the remainder suffering
from a host of problems that affected their reliability (Stieb et al., 2009, Yang et al.,
2007). The Villeneuve et al. study was notable because it employed a two-pollutant
model with CO that appreciably altered the relationship between NO2 and asthma
emergency department visits. Of the six age groups, examined, the odds ratio only
remained significantly elevated in those 2-4 years old following adjustment for CO
(see Figure 16). This study, however, was downgraded because of the modelling
bias associated with the indiscriminate identification of the most relevant lag period.
These findings also need to be balanced against those of Ko et al., who noted a
statistically significant association between NO2 and hospitalizations for asthma in a
three-pollutant model with Os and SOz but not in a two-pollutant model with Os
alone. However, this study also displayed evidence of a modelling bias that was
associated with the lag scheme judged to be the most appropriate. The results from
the three pollutant modelling were not particularly striking and displayed a weak
relative risk value of 1.014 (95% CI 1.003-1.025) per 10 yg/m3increase in NOz. Lee
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et al. used a five pollutant model with PM1o, PM25s, SOz, and Oz and found an
increase in asthma admissions risk of 5.64% (95% CI 3.21-8.14) per 27.1 ug/m3
increase in NO2. Yang et al. noted a statistically significant association between NO:2
and asthma hospital admissions in single- and two-pollutant models with PM1o, SOz,
CO, or Oz. The odds ratio for asthma admission per an interquartile NO: increase of
10.05 ppb (19.20 pg/m?®) was 1.219 (95% CI 1.142-1.301) and 1.156 (95% CI 1.102-
1.212) in a two-pollutant model with Oz on warm and cold days, respectively.

Figure 16 Associations between asthma visits and levels of NO2 and CO.
(Villeneuve et al., 2007)**
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These findings using two-pollutant models are in general agreement with those from
past meta-analyses. Weinmayr et al. pooled the results from 36 studies and
reported a significant odds ratio of 1.031 (95% CIl 1.001-1.062) for all asthma
symptoms when all lag periods were examined in a single-pollutant model. The
results became non-significant, however, when the lag period was restricted to the
first two days (lag 01) (Weinmayr et al., 2010). Anderson et al. restricted their meta-
analyses to 13 cohort studies that examined asthma and wheeze symptom
incidence and reported a random effects value of 1.15 (95% CI 1.06-1.26) for a 10
pg/m? increase in NO2 using a single-pollutant model unadjusted for publication bias
(Anderson et al., 2013a, Anderson et al., 2013b). Similarly, Takenoue et al. found a
random effect odds ratio of 1.135 (95% CI 1.031-1.251) for asthma development
and 1.135 (95% CI 1.020-1.085) for wheeze symptoms after pooling the single-
pollutant results from 12 studies with children 0-18 years of age (Takenoue et al.,
2012). Far weaker results were observed in a meta-analyses performed by Gasana
et al., who looked at the incidence and prevalence of asthma in children (Gasana et
al., 2012). This evaluation included both cohort and cross-sectional studies and
yielded overall odds ratios of 1.05 (95% CI 1.00-1.11) and 1.14 (95% CI 1.06-1.24)
for asthma prevalence and incidence, respectively. Despite these findings, however,
an authoritative and thorough review of all the mechanistic and epidemiological
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evidence indicated there was only limited evidence that air pollutants such as NO:z
play a role in asthma causation (Gowers et al., 2012).

An often overlooked bias that is observed in many asthma-related time series
studies is associated with the arbitrary selection of a lag period that produces the
most significant outcome. It is common practice for investigators to examine a
variety of lag structures within a particular study design, including single day,
moving average, and distributed lag modelling schemes. When the results from a
particular lag period are highlighted a posteori without taking into consideration the
results from panel studies that have examined the development time for asthma
symptoms, a modelling bias is introduced. Some investigators have taken note of
this problem and offered reasonable solutions including the a priori selection of the
most appropriate lag period based on fundamental knowledge of the disease
process. The inconsistencies in lag-related results across studies have been noted
in meta analyses that have compiled the results from studies with asthmatic children
(Weinmayr et al., 2010). When the studies were compared using the lag period
producing the greatest effect, then NO2 was positively associated with asthma
symptom development. In contrast, when the results were restricted to the findings
from lag days O or 1, an association was not found. Those studies that fail to take
into consideration the modelling bias that can result when subjectively emphasizing
the results from a particular lag period without adequate justification need to be
viewed with some suspicion.

Another major concern with many of the studies focusing on the asthma-NO:
relationship is the unknown influence of indoor exposures. A recent simulation
model estimated that wintertime hourly indoor air concentrations of NO:2 averaged
110 ppb (210 pg/m3) in homes using natural gas ranges that were not properly
exhausted with a venting hood (Logue et al., 2013). The study went on to estimate
that 55-70% of the homes with unvented natural gas ranges in Southern California
routinely exceeded the NAAQS standard for NO2. Since Lin et al. has shown in a
41-study meta-analyses that indoor NO: levels are significantly associated with
asthma and wheeze in children, there is a distinct possibility that the studies
focusing on outdoor NO: concentrations are being compromised by the indoor
exposures (Lin et al., 2013).

A recent European survey showed that 60-70% of the children live in homes that
use gas ranges, so it is likely that the use of outdoor measurements to document
personal exposure has been seriously underestimated in many asthma-related
studies (Wong et al., 2013). Consequently, it is difficult to justify making any
changes to the ambient air quality standards on the basis of asthma risks until the
relative importance of indoor and outdoor exposures is fully explored.
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BIRTH OUTCOMES

A total of 26 new epidemiology studies were identified that focused on variety on
birth-related conditions. The majority of these studies focused on birth weight in pre-
term and full-term babies, but conditions such as infant mortality, fetal growth
weight, stillbirths, cardiovascular malformations, motor function, and respiratory
distress were also examined. Of the studies examined, none involved the use of
two-pollutant models to evaluate co-pollutant confounding. As a result, no moderate
quality studies were identified. Previous meta-analyses using single-pollutant results
have been largely inconclusive. Shah et al. pooled the results from 16 studies using
a random effects model and failed to find an association with three different birth
outcomes: low birth weight, preterm birth, and small for gestational age (Shah and
Balkhair, 2011). Hajat et al. combined the result from 10 English cities and failed to
observe an association between NO: levels and infant mortality (Hajat et al., 2007).
Vrijheid et al., on the other hand, pooled the results from 4 studies and looked at
congenital malformations in infants (Vrijheid et al., 2012). The authors noted an
association with coarctation of the aorta and teratology of Fallot, but not ventricular
septal defects, atrial septal defects, or cleft palate. Likewise Stieb et al. reported a
statistically significant decrease in birth weight after pooling the results from 62
studies (Stieb et al., 2012). The odds ratio for low birth weight following a full-term
exposure to NO2 was 1.05 (95% CI 1.00-1.09). No association was found between
NO:2 exposure and preterm birth. Given the conflicting and mediocre nature of the
available information, it is difficult to use the results from birth outcome studies as a
basis for justifying any change to current limit values.
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TOXICOLOGY STUDIES

Many of the most descriptive inhalation toxicology studies with NO2 were conducted
in the 70’s through the 90’s and lead to the identification of widely quoted LOAELs
and NOAELs for a host of acute and chronic respiratory conditions (ARB, 2007).
These studies have been reviewed and summarized in many past reports and are
not re-examined herein. The focus of this section is on more recent investigations,
particularly those that have taken place since 2005. Since these investigations tend
to be more mechanistic in nature, their quality has not been examined in a fashion
similar to the epidemiology studies. As a result, the human and animal studies
described below are intended to give some sense of the areas of investigation that
are garnering the most attention. Particular attention has been placed on those
studies examining potential respiratory, inflammatory, or cardiovascular effects from
NO: exposure. An important overarching impression that emerges from a
comparison of recent human and animal studies is that humans do not appear to be
as sensitive to the acute effects of NO2 exposures as rats or mice. The reason for
this difference may not be due to anatomical or physiological difference in the lung
architecture since modelling studies have shown that the NO2 concentration in the
bronchi of humans is about 12-times higher than the rat, which suggest that tissue
exposure and uptake is undoubtedly higher in humans (Tsujino et al., 2005). To
date, there has not been any systematic attempt to document the magnitude or
nature of any species differences that may exist for NO2 toxicity.

HUMAN STUDIES

Controlled human exposures to NO2 have taken place in two forms: either as the
pure gas or as a component of diesel exhaust. The diesel exhaust studies are
complicated by the fact that the NO:z in the exhaust stream is accompanied by host
of particles and gases that may be contributing to the observed effect. This
interference is reduced, however, when the studies have been performed with diesel
exhaust that has been passed through a state-of-the-art particulate filter that is
capable of removing a large percentage of the fine particulate matter. Several good
reviews have been performed that summarize the available information on
controlled human exposures to NOz at concentrations ranging from 0.1 -3.5 ppm
(Hesterberg et al., 2009). After reviewing more than 50 studies, Hesterberg et al.
concluded that (i) healthy subjects exposed to NO:2 at concentrations less thanl
ppm do not show pulmonary inflammation; (ii) there is no consistent evidence that
NO:2 concentrations below 2 ppm increase susceptibility to viral infection; (i) NO2-
induced lung inflammation is not expected at concentration less 0.6 ppm for
asthmatics and individuals having chronic obstructive pulmonary disease (COPD);
(iv) airway hyper-responsiveness (AHR) is not evident in asthmatic individuals who
are challenged to a specific or nonspecific airway sensitizers (e.g., ragweed,
methacholine) are not affected by NO: levels up to about 0.6 ppm, although some
sensitive subsets may respond to levels as low as 0.2 ppm; and that changes in
blood chemistry generally require NO2 concentrations above 1-2 ppm.

A meta-analyses that critically evaluated the findings from 28 studies on AHR in
asthmatic individuals found that NOz did not appreciably affect AHR at concentration
s up to 0.6 ppm (Goodman et al., 2009). Four metrics were used to judge if NO2 had
an effect on AHR; the 1 sec forced expiratory volume (FEV:) , the fraction of
subjects affected, the change in provocation dose needed, and the change in FEV1
before and after an airway challenge.
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Controlled human exposures to diesel exhaust indicate that NO2 is not responsible
for many of the observed vascular or pulmonary effects that have been observed. A
double-blind, randomized, crossover study in 20 men with prior myocardial infarction
found that a 1-hr exposure to dilute diesel exhaust containing approximately 1 ppm
of NO2 caused a greater increase of ischemic burden and a reduction in the release
of endothelial plasminogen activator. The exposure did not, however, aggravate
preexisting vasomotor dysfunction (Mills et al., 2007). In subsequent studies by
many of the same authors, a group of 16 healthy volunteers were exposed for 2
hours to dilute diesel exhaust, filtered diesel exhaust, or pure carbon
nanoparticulates (Mills et al., 2011). The NO2 concentration in the dilute and filtered
diesel exhaust was about 0.2 ppm. The diesel exhaust exposures caused an
increase in systolic blood pressure and an attenuated vasodilatation from the
infusion of bradykinin, acetylcholine, or sodium nitroprusside. The exposure to
filtered diesel exhaust and carbon nanoparticulates had no effect on blood pressure
or vasodilatation.

Similar results were obtained in a study by Lucking et al.,, who used 18 male
volunteers exposed for 1-hr to diesel exhaust or filtered diesel exhaust in a
randomized, double blind, chamber study. The NO: levels during the exposure were
about 0.7 ppm for the diesel exhaust and 3.4 ppm for the filtered diesel exhaust.
Relative to the clean air exposures, the diesel exhaust caused a reduction in the
vasodilatation from a group of four different vasodilators and an increase in ex-vivo
thrombus formation. Exposure to filtered diesel exhaust caused an increase in
vasodilatation with acetylcholine but not the other vasodilators. There was no
change in ex-vivo thrombus formation or tissue plasminogen activator release
compared to the clean air control, despite the nearly 5-fold increase in NO: levels for
this exposure group. In a related experiment, mMRNA from coronary endothelial
arterial cells was harvested from the plasma of 7 male and female volunteers
exposed to 100 pg/m?3 of diesel exhaust (4.7 ppm NOz2) or 0.5 ppm of pure NO2 for 2
hrs under controlled conditions (Channell et al.,, 2012). The expression of
intracellular cell adhesion molecule (ICAM-1) and vascular cell adhesion molecule
(VCAM-1) was increased in both the diesel exhaust and NO:2 treatment groups when
plasma samples were collected either immediately after the exposure or at 24-hr
post-exposure. In addition, the expression of interleukin -8 was also increased for
those exposed to NO2. These data indicate that both diesel exhaust and NO: are
capable of activating proinflammatory factors in humans.

The impact of NOz on heart rate variability has also been investigated (Scaife et al.,
2012). In this study, 18 subjects with coronary heart disease and impaired left
ventricular function were exposed to 0.4 ppm of NOz2 for 1-hr. Relative to the control
group, there was no effect of NO2z on heart rate, blood pressure, leukocyte coping
capacity, or any measure of heart rate variability. The authors concluded that
epidemiology studies showing an association with cardiac outcomes were likely due
to a co-related pollutant rather than NO-.

Huang et al. exposed a group of 23 male and female subjects 20-36 years old to 0.5
ppm NO2 (955 pg/m3) or a combination of NO2 and 89.5 ug/m?3 of PM2.s concentrated
ambient air particulates (CAPS) for 2-hr with intermittent exercise (Huang et al.,
2012). Control subjects were exposed to clean air for the same length of time. Acute
cardiopulmonary measurements were performed 1-hr and 18-hrs post-exposure.
Relative to controls, the test subjects receiving NO: alone caused a significant
increase blood cholesterol and high density lipoproteins (HDL) at 18 hours, a
decrease in high frequency measurements of heart rate variability at 1-hr and 18-hr,
a decrease in the QT variability index at 1-hr, and an increase in lactate
dehydrogenase (LDH) in bronchoalveolar lavage fluid (BAL) at 18 hours. Spirometry
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measurements (FEV1, FVC, and FEF2s.75) and diffusion capacity were unaffected as
were differential cells counts in blood and BAL fluid. There was no effect of the
exposure on many inflammatory markers such as blood C-reactive protein,
plasminogen, fibrinogen, and von Willebrand’s factor. Similarly, BAL measurements
of interlukin-6 and a1-antitrypsin were not altered. Measurement of cardiac
repolarization via various measures of the QT interval were largely unaffected by the
NO: exposures. Relative to the exposures to NO2 or CAPS alone, the combined
exposure resulted in an increase in BAL a1-antitrypsin, the mean t-wave amplitude,
and the low frequency component of the low frequency/high frequency (LF/HF) ratio
measurements from the electrocardiogram; these changes indicted some interaction
between the two-pollutants. These studies revealed that NO2 was capable of
causing some changes in markers of cardiovascular function in healthy human
subjects.

There are several new studies suggesting that the cardiopulmonary effects
observed in chamber studies with NO2-containing diesel exhaust are being driven by
the particle content and not by the NO: that is generated. Gong et al. exposed
intermittently exercising elderly subjects with (18 volunteers) and without (6
volunteers) COPD to 0.4 ppm (764 pg/m3) NO2 for 2 hr under controlled conditions
(Gong et al., 2005). The healthy control subjects had an average age of 68 years,
whereas the subjects with COPD were slightly older with an average age of 72
years. Combined exposures to NO2 and CAPs (200 ug/m?) were also performed. No
effects were observed on most measures of symptom reporting and respiratory flow,
and the differential cells counts were unaffected by either the single or combined
exposures. Maximal mid-expiratory flow and oxygen saturation decrements were
observed in the combined exposure but these effects were attributed to the CAPS.
Langrish et al. exposed ten intermittently exercising healthy volunteers to 4 ppm
NO: or clean filtered air for 1-hr and searched for changes in vasomotor or
fibrinolytic function (Langrish et al., 2010). The exposure did not affect resting
forearm blood flow, lung function, or exhaled nitric oxide levels. Finally, Whitten et
al., found that the exposure of 15 house dust mite sensitive asthmatics to 0.4 ppm
NO: for 3 hours with exercise did not show any change in the sputum concentration
of five inflammatory biomarkers, the sputum cell distribution, or the FEV1 value ether
with or without an allergen challenge (Witten et al.,, 2005). These three studies
suggest that NO2 is not primarily responsible for the respiratory and cardiovascular
effects observed with diesel exhaust and reinforce the position that the associations
observed in epidemiology studies with NO2 may be artifactual in nature.

Several genotoxicity studies were identified using human cell lines. In one
genotoxicity study, cultured nasal epithelial cells from 10 volunteers was used to
evaluate the capacity of NO2z to cause cytotoxicity, DNA damage (Comet assay),
and chromosomal damage (micronucleus assay) (Koehler et al., 2010). Following
an exposure to 0.01, 0.1, 1, or 10 ppm NO2z for 30 min, the cells showed an
exposure-related increase in DNA fragmentation in the Comet assay, but no
evidence of micronuclei formation, cell proliferation, necrosis, or apoptosis. In
another study, human respiratory A549 cells were exposed to a 1/100 or 1/10
dilution of filtered (4.8 or 45.8 ppm NO2), unfiltered (0.3 or 2.4 ppm NO3), or
supplemented (8.8 and 80.8 ppm NO2) diesel exhaust for 60 min and examined for
cell viability and gene expression (Tsukue et al., 2010). The supplemented diesel
exhaust containing the highest concentrations of particulate matter and NO2 caused
a significant increase in heme oxygenase-1 mRNA expression at the dilution rate of
1/100. Similar results were observed with both dilutions of the unfiltered diesel
exhaust, which contained a high concentration of particulate matter and relatively
low amount of NO2. The supplemented exhaust containing a high concentration of
NO: also affected cell viability to a considerable degree.
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ANIMAL STUDIES

Campen et al. exposed apolipoprotein knockout mice (Apo”) to NO:2 or vehicle
exhaust for 6 hr/day for 7 days then looked at transcriptional changes in several
markers of vascular activity (Campen et al., 2010). Exposure concentrations of 0.2
or 2.0 ppm NO: failed to cause any alteration in mRNA transcript abundance for
aortic geletinase, endothelian-1, matrix metalloproteinase-9, or the tissue inhibitor of
metalloproteinase-9. There was, however, a concentration-related decrease in
transcript abundance for heme oxygenase-1. Comparative studies with diesel or
gasoline exhaust containing approximately 1.0 ppm NO:2 caused a significant up-
regulation in several of the vascular markers. Karthikeyan et al.,, recently
investigated the effect of filtered and unfiltered diesel exhaust on cardiovascular
function, inflammation, and oxidative stress in rats exposed 4 hrs/day for either 1
day or 3 days (Karthikeyan et al., 2013). The concentration of NO: in the filtered
exhaust was 4-times higher (16 ppm) than what was found in the unfiltered exhaust
(4 ppm). Single exposures to unfiltered exhaust resulted in numerous biochemical,
cytological, and transcriptional changes. Among these was an increase in neutrophil
counts, total protein and BAL cytokines, as well as the level of growth-related
oncogene/keratinocyte chemo-attractants, macrophage inflammatory protein-1a,
and monocyte chemo-attractant protein-1 in lung lavage fluid. Gene expression of
interleukin-6, prostaglandin-endoperoxide synthase 2, metallothionein 2A, tumor
necrosis factor-a, inducible nitric oxide synthase, glutathione S-transferase Al,
heme oxygenase-1, superoxide dismutase 2, endothelin-1 (ET-1), and endothelin-
converting enzyme-1 in the lung were also affected. The changes in many of these
endpoints were notably greater when the animals were treated with the filtered
exhaust. The authors attributed the magnified inflammatory and oxidative stress
response to the higher concentration of NO2 in the filtered exhaust, although the role
of ultrafine particulates could not be completely ruled out.

A chronic inhalation study using filtered diesel exhaust was recently published by
HEI as part of their ACES (Advanced Collaborative Emissions Study) program (HEI,
2012). Rats and mice were exposed for up to a year (16 h/day, 5 days/wk) to
particle free new technology diesel exhaust at NO2 levels of 0.1, 0.8, and 4.2 ppm.
All animals were evaluated for a host of clinical, physiological, and biochemical
effects at regular intervals (1 and 3 months). The interim subchronic results have
been released with the final 12-month bioassay results expected within the next
year. An examination of over 100 biological response variables showed rats to be
more sensitive than mice, with most effects confined to the highest exposure
concentration. Although no statistically significant effects were noted at the low
concentration, the mid level exposure produced increases in several markers of
oxidative stress and pulmonary inflammation. This study is perhaps the most
comprehensive toxicology study ever performed with the NO:z in diesel exhaust.
Approximately thirty separate plasma markers of inflammation or thrombosis were
included in the study design. Small changes in respiratory function were noted at 3
months in rats, but of these, only a decrement in lung diffusion capacity persisted at
12 months. These results were consistent with histologic changes observed in the
alveoli. Small changes in biochemical markers for oxidative stress were found in rat
BAL fluid and lung tissue; however, overall though, these changes were small, and
there was a lack of coherence among the endpoints. Genotoxicity studies were also
undertaken in conjunction with the HEI ACES study. The results revealed that NO2-
containing diesel exhaust did not cause appreciable induction of micronuclei in rats
or mice exposed for up to 3 months (16 h/day, 5 days/week) to NO2 levels as high
4.2 ppm. In addition, the rats and mice showed no significant DNA strand breaks in
the Comet assay, 8-hydroxy-deoxyguanosine adducts formation in an ELISA assay,
or evidence of oxidative stress through lipid peroxidation. These results are
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significant because elevated urinary 8-hydroxy-2'-deoxyguanosine levels have been
associated with exposures to NO: (daily average 17.8 ppb) in humans who
participated in the Veterans Normative Aging Study (Ren et al., 2011). This study,
however, was likely biased by an overreliance on monitoring data from a single
urban site.

Other recently published animals studies of note include an examination of ischemic
stroke in rats exposed 6 hr/day to 5 mg/m?3 of NOz for 2 or 3 months (Zhu et al.,
2012). This study recorded increases in blood viscosity, RBC aggregation index,
RBC electrophoresis index, and RBC rigidity in the exposed animals, then
proceeded to examine changes in a rat model for cerebral ischemic stroke. After
inducing the ischemia by middle cerebral artery occlusion, the rats were exposed 6
hr/day for one week at an exposure concentration of 5 mg/m3. The NO2 exposures
caused a time-dependent delay in the recovery from the surgical occlusion and
exacerbated endothelial and inflammatory responses to the ischemia as seen by
elevations in the expression of nitric oxide synthase, cyclooxygenase-1, and
intercellular adhesion molecule. Ramos-Bonilla et al. examined electrocardiogram
(ECG) responses in 180-day old mice exposed to a complex mixture of NO2, PM,
and CO at a low (8-35 ppm) or high (7.8-68.3) NO2 concentration range (Ramos-
Bonilla et al., 2010). Whereas, NO:z was significantly associated with declines in
heart rate, CO was associated with declines in heart rate and heart rate variability.
The nearly continuous exposure (23 hrs/day, 7days/week) of rats to 10 ppm NO: for
3, 7, 21 days revealed alveolar septal cell apoptosis by day 3 and airspace
enlargement by day 7 (Fehrenbach et al., 2007). The exposures also caused an
increase in total surface volume, an increase in the absolute volume of the alveolar
walls, and a reduction in the ratio of collagen to elastin after 21-days of exposure.

The allergic sensitization potential of NO2 has been evaluated in rats exposed to
diesel exhaust, carbon nanotubes, or the pure gas. Lung inflammation was
investigated in ovalbumin sensitized mice exposed 3 days to about 5 or 25 ppm NO:2
for 4 hr/day (Alberg et al., 2011). Prior to the exposures, the mice were treated
intranasally with ovalbumin and/or diesel exhaust particulates (DEP). Measurement
of total protein or tissue necrosis factor-a in BAL fluid, showed that the highest NO2
exposures were capable of increasing the protein and cytokine levels both alone
and in combination with DEP. When the animals were treated with ovalbumin 18
days following the exposure, DEP stimulated the production of allergen-specific IgE
antibodies, but this change was not observed in the NO2z-exposed animals. The
results indicated that combustion particles were more important in causing allergic
sensitizations than NOx.

In other studies, the interactions between carbon nanotubes and NO: exposure
were examined in ovalbumin sensitized rats (Layachi et al., 2012). The rats were
exposed to 10 ppm NO: for 4 weeks at 6hr/day and 5 days/week. The carbon
nanotubes were administered intranasally on days O, 7, and 14. Airway responses
to allergen challenge were measured together with histological changes, serum and
BAL fluid cytokine content, and BAL cell counts. The NO2 exposures significantly
increased the cytokine markers of lung inflammation, but the change was not altered
by the administration of carbon nanotubes. The combined exposure to NOz and
nanotubes significantly reduced airway reactivity to allergen challenge. The results
indicated that the proinflammatory effects of NO:2 could be immunologically
modulated by the carbon nanotubes. Bevelander et al. exposed ovalbumin
sensitized mice to 10 ppm NO: for 1-hr and examined the allergic response
(Bevelander et al., 2007). Relative to controls, the simultaneous exposure to
ovalbumin aerosol and NO:2 resulted in an eosinophilic inflammation and mucus cell
metaplasia, increased cytokine levels, and an increase in total protein and lactate
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dehydrogenase activity in BAL fluid. These and other responses led the authors to
conclude that NO2 was capable promoting allergic sensitization to agents that were
otherwise innocuous. Similar findings were reported by Kumae et al., who found that
rats continuously exposed from birth or the weanling period to 0.2, 0.5, or 2.0 ppm
NO:2 had altered pulmonary immunity as evidenced by changes in the reactive
oxygen generating capacity of the alveolar macrophages (Kumae and Arakawa,
2006).

The neurological hazard of NO2 exposure were investigated in a recent study with
rats exposed to 5, 10, or 20 mg/m? of NO: for one week at 6 hrs/day (Li et al.,
2012a). The exposures were shown to cause a decrease in brain-to-body weight
ratio, mild brain pathology, an increase in neuronal apoptosis, altered antioxidant
activity, an increase in oxidant-induced damage as measured by the formation of
protein carbonyls, and an increase in oncogene expression. Whereas most of these
adverse outcomes were observed at the two highest exposure concentrations,
several were seen at all exposure levels. These concentration-related changes were
seen to occur for neuronal apoptosis and for the expression of several oncogenes.
Appreciable evidence of genotoxicity was also observed in rats exposed to 5, 10, or
20 mg/m? of NO: for a week at 6 hrs/day (Han et al., 2013). DNA-protein cross-links
and DNA strand breaks were detected in cells from the brain, lung, liver, spleen,
kidney, or heart. DNA damage as measured using the Comet assay was observed
at all exposure concentrations using lung, liver, and kidney cells.
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10.

CONCLUSIONS

A large number of new observational studies have been published on NO:2 since the
WHO published their Air Quality Guidelines in 2005. Hardly a month goes by without
the appearance of additional new peer-reviewed papers purporting to show that NO2
is associated with an increase in morbidity or mortality as a result of ambient air
exposures. A vast number of the studies recognize and acknowledge that NO: is
likely serving as a surrogate for another pollutant which is acting as the true
etiological agent for many of the health outcomes of interest. The primary concern
surrounding NO2 exposure has typically focused on asthmatics and its ability to
directly affect pulmonary function in this group of individuals. Many of the
epidemiology and controlled human exposure studies published up to 2005 were
aimed at exploring the bronchitis and lung function decrements that accompanied
exposures at low ambient air concentrations. In fact these issues, in large measure,
formed the basis for the creation and continuation of the annual limit value of 40
pg/m?3 and the 1-hr short-term limit of 200 pg/m? set by the WHO.

Although asthma and respiratory morbidity continues to be topic of great interest for
researchers and regulators; several new areas of concern have emerged that have
been the target of intensive research. These include interest in the relationship
between NO: exposure and acute and chronic mortality from non-accidental,
respiratory, and cardiovascular causes. The chief limitation in many of the studies
has been the overreliance on the results from single-pollutant rather than multi-
pollutant models that are capable of considering the strong correlation of NO:2
ambient air levels with other pollutants such as PM and CO. There have also been
confounding and exposure misclassification issues with many of the newer studies
that have severely limited their overall utility in making any causality claims. Another
topic of particular interest has been acute cardiovascular disease resulting in
emergency room Vvisits or hospital admissions. Stroke, hypertension, myocardial
infarction, ischemic heart disease, and congestive heart failure have all been
evaluated relative to ambient air levels of NO2. For these health outcomes, however,
it is extremely important to take CO levels into consideration since its role in
cardiovascular damage is well established and ambient air levels of CO are often
highly correlated with the NO2 concentration. In many cases, the positive findings
from past cardiovascular studies employed single pollutant models that failed to look
at the confounding from CO collinearity. There have also been a notable number of
new studies focusing on issues ranging from birth outcomes to diabetes. These
studies have all been found to contain a variety of flaws ranging from small sample
sizes and limited statistical power to the exposure misclassification resulting from an
overreliance on fixed monitoring sites for exposure determinations.

Nearly a hundred of the 240 studies examined for preparation of this report dealt
with the relationship between NO:2 exposures and acute respiratory disease or
asthma exacerbation. This continues to be the heath outcome of greatest concern
with NOz and will likely garner the most interest in future research programs.
Although a tremendous amount of new information has been gathered, there are still
nagging issues that have not been sufficiently resolved to the extent needed to
make definitive statements regarding causality and risk. Confounding and bias
continue to plague many studies and the results from a limited number of new
controlled human exposure studies suggest that NO2 may not be responsible for
many of the reported associations that have been reported with asthmatics. Until
improved statistical and monitoring methods are developed there will continue to be
considerable doubt about the relevance of results from studies using single pollutant
modelling and exposure estimates from fixed monitoring stations.
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11. GLOSSARY
Acronym Definition
ACES Advanced Collaborative Emissions Study
BAL Bronchoalveolar lavage fluid
BC Black carbon
BS Black smoke
BTEX Benzene, toluene, ethylbenzene, and xylene
CAFE Clean Air for Europe
CAPS Concentrated ambient air particulates
Cl Confidence interval
CLRTAP Convention on Long-Range Transboundary Air Pollution
CO Carbon monoxide
COPD Chronic obstructive pulmonary disease
DEP Diesel exhaust particulates
EAP Environmental Action Programme
EC European Commission
EC Elemental carbon
EMEP European Monitoring and Evaluation Programme
ESCAPE European Study of Cohorts for Air Pollution Effects
EU European Union
FEV1 Forced expiratory volume in 1 second
FvC Forced vital capacity
GIS Geographic information systems
GRADE Grading of Recommendations As_sessment, Development and
Evaluation
HNOs Nitric acid
HONO Nitrous acid
HRAPIE Health Risks of Air Pollution in Europe
IPCS International Programme on Chemical Safety
IQR Interquartile range
LOAEL Lowest observed adverse effect level
LUR Land use regression
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Acronym Definition
NAAQS National Ambient Air Quality Standards
NECD National Emission Ceiling Directive
NO Nitric oxide
NO:2 Nitrogen dioxide
NOAEL No observed adverse effect level
NOx Nitrogen oxides
Os Ozone
oC Organic carbon
PAH Polycyclic aromatic hydrocarbons
PAN Peroxyacetyl nitrate
PM Particulate matter
PMzio Particulate matter less than 2.5 microns
PMz.s Particulate matter less than 2.5 microns
rz Coefficient of determination
RCT Randomized controlled trials
REVIHAAP Review of Evidence on Health Aspects of Air Pollution
SES Socio-economic status
SOz Sulfur dioxide
THC Total hydrocarbon
TSAP Thematic Strategy on Air Pollution
TSP Total suspended particulate
UFP Ultrafine particulates
UFPM Ultrafine particulate matter
UK United Kingdom
UNECE United Nations Economic Commission
USEPA Unites States Environmental Protection Agency
VOC Volatile organic compounds
WHO World Health Organization
WOS Web of Science
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APPENDIX | - STUDY SUMMARIES

Acute Mortality
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day 0 during the winter
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GRADE
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Mestre-Venice 5 fixed monitoring Milan - 59 pg/m? (60 cerebrovascular, | PMy,, O;, & || 276,205 cases cardiac - 2. respiratory 9.71-6. not for cerebrovascular mortaiity; b'?s and
Milan sites Palermo - months) and respiratory NO, respiratory - 3.39 assomatllon§ strongest for a_O-l5 day single
Palermo 52 pg/me causes summer season (Apr-Sept) Iag period; stronggr assouatlon_s polluta}nt
Pisa Pisa - summer season (Apr- with O3 with natural mortality observed in | modelling
Rome 30 pg/me Sept) with O3 natural 3.32-5.79 males, oldt_ar age groups anq for only)
Taranto Rome - 62 pg/m? natural -4.55 cardiac 2.74 - 6.67 tho_sg with specific chronic
Turin Taranto - 26 pg/m® cardiac - 4.69 cerebrovascular 3.51 - conditions and low SES status
Turin - 66 pgim?® cerebrovascular - 7.26 11.14
respiratory - 10.07 respiratory 3.69 - 16.83
000
daily mean . no significant increase in no significant increase in daily gr;i:f:féeg:
(de Almeida et daily mean whole year — time-series cardiovascular, association daily mortality for any of mortality for any of three no statistically significant unknown
al., 2011) concentration from 44.6 ug/m® (60 pulmonary and with not stated three mortality causes per cause per 10 ug/im® change association with cardiovascular, number of
three fixed monitoring summér season—| months) non-accidental PMy,, O3, & 10 pg/m? change using and using and adiusted single pulmonary and non-accidental d
Oporto, Portugal locations 33.9 3 mortality NO, adjusted single pollutant 9 ! 9 mortality cases an
.9 pg/m model pollutant model risk of
exposure
bias)
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significant when the DF was set at 8
or 9; DF less 6 produced unstable
results that were not suitable for
reporting

GRADE
authgr / SERS NO, . sl tlype endpoint co-pollutants || participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) por v

percentage excess risk in percentage excess risk in
m°’§?"‘y per IQR of 10 mortality per IQR of 10 pg/m?®
Hg/m?in a single pollutant in a single pollutant model
model all cause
r;” cgu_sg 4 lag0 0.2-0.5 statistically significant association
Iag 1-0 6 lag1 0.4-0.7 with all five types of mortality
. 9 ’ lag2 0.1-04 measurements at various lag
. mean daily lag2-0.3 f o L
mortality from mortality rates lag 0-6 _'1 0 lag0-6 0.7-1.2 periods; statistically significant
non-accidental, ( neum¥)nia 2 ca%diovastéular cardiovascular excess risk of COPD restricted to a | @®OO
. cardiovascular, e P lag0 0.2-0.7 single lag period; downward trend | (low quality
(Fischer et al., . . . association COPD not lag0 -0.4 . - ;
daily average from 20 daily mean . ) respiratory, . . lag1 0.2-0.7 noted in excess risk estimates for | because of
2011) ) ’ time-series . with provided) lag1-0.4 ) . f
urban and rural fixed concentration pneumonia, and . lag 0-6 0.6 -1.4 pneumonia on lag day 1 when time || bias from
. ] 3 (15 years) - PM,, BS, O3, || non-accidental lag 0-6 - 1.0 ! : ] ;
monitoring sites 30.8 pg/m chronic ! respiratory period was segregated into 4 single
The Netherlands . & NO, - 362 respiratory : L
obstructive cardiovascular - lag 1-06 lag1 0.1-1.1 periods of 3-4 years (significant pollutant
pulmonary 133 Iag 2. 0.8 lag2 0.3-1.2 associations for first two periods of model)
diseases respiratory - 36 Iag 3. 0'7 lag3 0.2-1.2 1992-1994 and 1995-1998 and non-
piratory o 0618 lag 0-6 0.9-2.7 significant in the last two of 1999-
r?eumonié pneumonia 2002 & 2003-2006; no trend noted
p lag2 0.4-1.8 for other causes of mortality
lag2-1.1 lag 3 0.4-18
lag 3 - 1.1 ag o Y4~ 1.
' lag 0-6 0.9-3.6
lag 0-6 - 2.2
COPD
coPD lag 0-6 0.6 - 3.0
lag 0-6 - 1.8 ’ ’
statistically significant association
with cardiovascular mortality in both
the time-series and case-crossover
studies at lag day however the
relative risk percentage for relative risk percentage for | results from time-series analysis ®O00
mortality per 10 ug/m?® mortality per 10 ug/m? were far more robust with less insufficient
change in a single pollutant change in a single autocorrelation due to seasonal (k;nsu |C|enf
(Guo et al., mean daily case- association time-series model (lag day pollutant time-series model|| patterns; case -crossover results ecauslelz o
2010a) concentration from an daily mean crossover | cardiovascular with male & female 0) (lag day 0) judged to be too crude for reliable sn;a .
unstated number of 47 ug/m?® (36 mortality PMio, SO,, & | cases 32,387 results; statistically significant number od
Tianjin, China | fixed monitoring sites months) NO, 6 degrees of freedom - 6 degrees of freedom results were only observed when ca;elf afn
1.0108 1.0013 - 1.0204 the degrees of freedom allowed in risk o
7 degrees of freedom - 7 degrees of freedom the time-series study were restricted exgo sure
1.0103 1.0006 - 1.0200 to 6 or 7; the results were not ias)
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GRADE
authgr / SERS NO, . sl tlype endpoint co-pollutants | participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) :

evidence
no significant change in I . OO
daily mean association | total deaths not percentage change in err;grftlgnglgﬁgacgaiggél;ive no statistically significant (low quality
(Hu et al.,, 2008) | daily averages from concentration . . with reported but | relative risk per 1 pphm (10 P 9 9 L cally sig P because of
4 o time-series . . o risk per 1 pphm (10 ppb, 19.1 association with total mortality in A
. 105 25 , . 3\ ; : : :
13 fixed monitoring 0.87 pphm (10 years) total mortality PM,,, SO total daily rates ppb, 19.1 yg/m®) in a ug/m?) in a model considering | model considering both NO, and bias from
Sidney, Australia sites (8.7 ppb, 16.6 CO, O;, & | averaged 63.36| model considering both b . . 2 single
& . . oth NO, and maximum air temperature
ug/m?) NO, per day NO, and maximum air temperature pollutant
temperature P model)
ercent increase per 10 .
ug Jm? increase for‘I)ag day p_ercent increase per 10 p_g/m3
0-1in a single pollutant increase for lag day 0-1in a
model single pollutant model
statistically significant association
total mortalit total mortality with total, cardiovascular, and
cool - 1.24 Y cool 0.84 - 1.64 respiratory mortality for the entire
entire _'0 97 entire 0.66 - 1.26 period and during the cool season
daily average cardiovascular cardiovascular (Oct-Mar) but not during the warm || @OOO
warn); seasogn _ all cause (non- o 00l - 1.6 coo_I 0.68 - 1.84 season (Apr-Sept) in a _single (insufficient
(Kan etal., daily average from 57.3 ug/m?® time-series accidental), assoqatlon male and entire - 1.01 ent"? 0.55-1.47 _po_lllutant mode'l, §tatlst_|cal|y because of
2008) P i ; with ) respiratory significant association with total short
six fixed monitoring || cool season - 76.0 (48 respiratory, & PM.. SO female respiratory cool 1.67 - 3.65 mortality for males and females and| durati
sh S locations ug/m? months) | cardiovascular 10222 11173,911 deaths cool - 2.66 L ) Y uration
anghai, China entire period - mortalit O3, & NO;, entire - 1.22 entire 0.42 -2.01 those over 65 years of age but not | and risk of
66 6p 2 Y i younger age groups, statistically exposure
O Hg ercent increase per 10 percent increase per 10 pg/m?| significant association with all three bias)
P /m? increase fo:)entire increase for entire population || mortality groups for those with low
zgulation with laa day 0-1 with lag day 0-1 in a single education and for total and
Fi)ng single oIIuta?lt m)t/)del pollutant model cardiovascular but not respiratory in
gie p those with a high education
female - 1.10 female 0.69 - 1.51
male - 0 85 male 0.49-1.28
agezGé yrs - 1.01 age 265yrs 0.69-1.34
(Kan etal., daily mean values
2010) Bangkok — 000
4 Asian cities 44.7 ug/m? daily mortalit association male & female | no excess risk form total, no excess risk form total, no statistically significant (gnsufﬁmen:
Bangkok daily mean from 6-10 | Hong Kong - 58.7 | time-series y(total Y with (daily mortality cardiovascular or cardiovascular or respiratory | association with total, respiratory, or ecius: o
ThaSiJIandy fixed monitoring pg/m? (48-84 cardiovaschlar ol PM.. O rate) respiratory mortality in a mortality in a two pollutant cardiovascular mortality in four d S c:.
Hona Kon locations per city Shanghai — months) respiratory) SO 1§(’ NS 94.8-119.0 two pollutant model with model with SO, in either of cities using a two pollutant model 3ra_ 'Enf
C%ina 9 66.6 pg/m?* P ry 2 2 deaths/day S0, in either of four cities four cities with SO, and a 0-1 day lag period Zr;(pc;l:urg
Shanghai, China s\qvgha“/n‘ja bias)
Wuhan, China ©HY
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GRADE
authqr/ SERS NO, . sl tlype endpoint co-pollutants || participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) :
evidence
no statistically significant changes in| OO0
total or cardiovascular mortality at || (insufficient
. mean daily . association any of three temperature quartiles || because of
(Lin etal., 2008) concentration at an daily mean time-series total ;nn%rtahty with male & female no significant change in no significant change in of 19.7, 24.8, or 27.6 °C for any lag small
. unnamed number of 29.0 ppb (55.4 (60 . PMy,, O3, relative risk using a single relative risk using a single | period using a multi-pollutant model;|| number of
Kaohsiung cardiovascular 7562 deaths
Taiwan ! fixed monitoring pg/m?) months) mortalit S0,, CO, & pollutant model pollutant model people aged 65 years or older also | cases and
locations Y NO, unaffected; associations observed risk of
for CO but co-variance with NO, not|| exposure
provided bias)
partly adjusted excess risk
ercentage per 10 pg/m?® . .
pincreasg inpa stratlijfge d partly adjusted excess risk
single pollutant model percentage per 10 pg/m?®
all age groups ( 30 increase in stratified single statistically significant association
earg) groups (= pollutant model with primary education in elderly
yrima education - 1.83 all age groups (= 30 years) | and all age groups for those with a
Zlderl ry(> 65 years) ) primary education 0.14 - | primary education but not those with
interaction rimay ;chogl 180 3.54 no formal education or those with | OO0
) study (type of P ry ; elqerly (= 65 years) great‘erlthan a_sep_ondary edu‘ca‘tion; (insufficient
(Ou et al., 2008) daily mean . time-series ] housing, adjusted excess risk primary school 0.04 - 3.58 st_atlshcally significant association | because of
concentration from daily mean mortality from : male & female with blue collar workers compared short
Hong Kong eight fixed monitoring 55.50 pg/m?® (12 natural causes occupapon, 24,357 deaths perc_entag_e per 19 adjusted excess risk to never-employed workers or duration
h ’ . ’ months) education, ’ pg/m? in an interaction . ) ) ;
China sites PM.. O model that considered percentage per 10 ug/m*in an|  white-collar workers in both age and risk of
so 18‘: NB ) SES along other interaction model that groups; slight statistically significant | exposure
» 2 covariategs was considered SES along other | association for those living in public bias)
significantly decreased covariates was significantly versus private housing; age
%values r¥ot stated) decreased (values not stated) | education, and occupations shown
when never emploved when never employed cases to be potential confounding
cases were con? a);ed were compared to blue-collar variables
to blue-collar worIF()ers or workers or white-collar were
white-collar were compared to blue collar
compared to blue collar
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author /
location

exposure
monitoring

NO,
concentration

study type
(duration)

endpoint

co-pollutants

participants

ratio or risk

confidence interval

results

GRADE
quality of
evidence

(Park et al.,
2011)

Seoul, Korea

mean hourly
concentrations for 27
fixed monitoring sites

daily mean
concentration
36.0 ppb (68.8
pg/me)

time-series
(8.5 years)

non-accidental,
cardiovascular &
respiratory
mortality

association
with
ambient
temperature,
PM;,, SO,
CO, O3, &
NO,

total mortality of
291,665
mean daily
mortality rates
non-accidental
-93.0
cardiovascular -
254
respiratory - 5.4

percent increase in
mortality for those > 65
years of age for an IQR of
2 ppb (3.8 yg/m?) in a two
pollutant model stratified by
ambient temperature
conditions using an
average lag period of 0-1
days
non-accidental (entire
temperature range)
NO, only - 0.28
NO,/PMy, - 0.26
NO,/SO, - 0.26
NO,/CO - 0.25
NO,/O; - 0.28
Non-accidental (< 25th
percentile temp.)
NO; only - 0.23
NO,/PM,, - 0.26
non-accidental (50th-75th
percentile temp)
NO; only - 0.40
NO,/PM,, - 0.36
NO,/SO, - 0.41
NO,/O; - 0.46
non-accidental (>75th
percentile temp)
NO, only - 0.49
NO,/PM,, - 0.40
NO,/O; - 0.46
cardiovascular (entire
temperature range)
NO; only - 0.24
NO,/O; - 0.24

percent increase in mortality

for those > 65 years of age for
an IQR of 2 ppb (3.8 pg/m?) in
a two pollutant model stratified

by ambient temperature
conditions using an average
lag period of 0-1 days
non-accidental (entire
temperature range)
NO; only 0.15 - 0.41
NO,/PM;, 0.12-0.39
NO,/SO, 0.09-0.43
NO,/CO 0.02-0.47
NO,/O; 0.15-0.41
Non-accidental (< 25th
percentile temp.)
NO; only 0.00 - 0.46
NO,/PM;, - 0.01 - 0.52
non-accidental (50th-75th
percentile temp)
NO, only 0.16 - 0.63
NO,/PM;, 0.07 - 0.65
NO,/SO, 0.11-0.72
NO,/O; 0.14-0.78
non-accidental (>75th
percentile temp)
NO; only 0.23 - 0.74
NO,/PM;, 0.07-0.73
NO,/O; 0.14-0.78
cardiovascular (entire
temperature range)
NO; only 0.01-0.47
NO,/O; - 0.01- 0.46

statistically significant association
with non-accidental mortality in a
single pollutant model that
considers all temperature ranges
and the three temperature
subgroups; associations in all but
one comparison (all temperatures)
were robust to the incorporation of

PM;, or O; in a two-pollutant model,

but were rendered non-significant
after the incorporation of SO, or
CO; no statistically significant
associations for cardiovascular or
respiratory mortality in any of the
temperature subgroups for a single
pollutant model; statistically
significant association for
cardiovascular mortality in the all
temperature group was no longer
significant following the
incorporation of PM;, O3, or CO in
a two-pollutant model; no
statistically significant associations
for non-accidental mortality in those
> 75 years of age stratified into any
temperature subgroup; CO
produced the most predominate
changes in at moderate
temperatures and SO, at high
temperatures

P00
(moderate
quality, no
adjustment
necessary)
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author /
location

exposure
monitoring

NO,
concentration

study type
(duration)

endpoint

co-pollutants

participants

ratio or risk

confidence interval

results

GRADE
quality of
evidence

(Qian et al.,
2007)

Wuhan, China

daily concentration
from five fixed
monitoring sites

average daily
mean
51.8 yg/m?

tine series
(4 years)

mortality from
non-accidental,
cardiovascular,
respiratory,
cardiac, stroke, &
cardiopulmonary-
related causes

association
with

PM;,, SO,

O3, & NO;,

total of 89,131
non-accidental
deaths

percentage increase in
mortality per 10 yg/m?
increase using two-
pollutant for lag day 0
non-accidental
NO; only - 1.43
NO,/PMy, - 1.14
NO,/SO, - 1.61
NO,/O; - 1.41
cardiovascular
NO; only - 1.65
NO,/PM,, - 0.98
NO,/SO, - 1.77
NO,/O; - 1.71
stroke
NO, only - 1.49
NO,/SO, - 1.79
NO,/O; - 1.58
cardiac
NO, only - 1.77
NO,/SO, - 1.59
NO,/O; - 1.77
respiratory
NO, only - 2.23
NO,/SO, - 1.99
NO,/O; - 2.09
cardiopulmonary
NO; only - 1.60
NO,/PM,, - 1.08
NO,/SO, - 1.68
NO,/O; - 1.56

percentage increase in
mortality per 10 ug/m?
increase using two-pollutant
for lag day O
non-accidental
NO; only 0.87 - 1.99
NO,/PM;, 0.45-1.85
NO,/SO, 1.01-2.21
NO,/O; 0.84 - 1.99
cardiovascular
NO; only 0.87 - 2.45
NO,/PM;, 0.00-1.97
NO,/SO, 0.94 - 2.62
NO,/O; 0.90 - 2.53
stroke
NO; only 0.56 - 2.43
NO,/SO, 0.81-2.79
NO,/O; 0.62 - 2.54
cardiac
NO; only 0.44 -3.12
NO,/SO, 0.18 - 3.02
NO,/O; 0.62 - 2.54
respiratory
NO; only 0.52 - 3.96
NO,/SO, 0.16 - 3.86
NO,/O; 0.33 - 3.87
cardiopulmonary
NO; only 0.85-2.35
NO,/PM;, 0.14 -2.02
NO,/SO, 0.88 - 2.49
NO,/O; 0.79 - 2.33

statistically significant association
with all mortality causes in both
single and two pollutant models with
PMi,, SO,, & O3 on lag day 0, only
exceptions two-pollutant modelling
with PMy, where the results became
non-significant for stroke cardiac,
and reparatory mortality; the
associations for all six mortality
categories only applied to those
greater than 65 years old with no
statistically significant associations
observed in younger age groups

©e00
(low quality
because of
publication

bias with

no

description
of NO,/CO

results)
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GRADE
Iauthqr / SERS NO, . sl tlype endpoint co-pollutants | participants ratio or risk confidence interval results quality of
ocation monitoring concentration | (duration) :
evidence
% change per 10 pg/m?* % change per 10 pg/m?
increment increment
all cause all cause
daily mean spring - 2.68 spring 1.05 - 3.34 dOOO
(Qian etal., mean daily spring - 4319.5 ) . mortality rates wm.ter -3.28 wmter' 2.36-4.21 (insufficient
2010) concentration at five Hg/m time-series all causes seasonal cardiovascular cardiovascular increased mortality observed in the because of
fi L summer - 38.7 (48 cardiovascular L 89,131 deaths spring - 2.97 spring 0.68 - 5.31 f : imprecision
ixed monitoring 3 activity . . spring and winter months .
Wuhan. China locations pg/m months) strpke winter - 3.74 winter 2.50 - 5.00 and risk of
’ fall - 57.8 uyg/m? respiratory stroke stroke exposure
winter - 61.3 yg/m?® spring - 3.39 spring 0.66 - 6.19 bias)
winter - 3.85 winter 2.34 -7.29
respiratory respiratory
winter - 4.79 winter 2.34 -7.29
daily average
mean daily - Lo
concentration from 2- Piacenza - po_statls_tlcally S|gn|f|car_1t .
(Sajani et al., 22 monitoring sites 32 pg/m?® association with acute mortalltytwnh
2011) analyzed using four Parma — no significant change in the || no significant change in the a anr);zéﬁpsﬂggfzz:;iﬁzgns ®e00
approaches 31 yg/m? percentage increase in percentage increase in g)lfserved, vgith increasing data o it
Six cites in Italy | nearest background Reggio Emila — case- association mortality for any of the four | mortality for any of the four agaregation with mean vah?es for all (b W quall 3;
Piacenza station 40 pg/m? crossover acute daily with male & female exposure averaging exposure averaging Sgg c'tges showing a 435% increase :_caufse o
Parma average all stations Modena — (60 mortality PM;,, O3, and| 46,948 cases | approaches per 10 ug/m* approaches per 10 pg/m? Dc(JvleIr the asvsvclchi,ations oi)lserved I:'sn rlce)m
Reggio Emila within a city 51 pg/m? months) NO, increase using a single increase using a single using data from a sinale '" gt it
Modena average for 3 cities Bologna — pollutant model with a 1 pollutant model with a 1 day back rognd monitorin Io%:at'on' po l:jal
Bologna (two macro groups) 41 pg/m? day lag lag grou onitoring focation; model)
Ferrara average for all six Ferrara — progressively hlghgr assoc_:latlons
cities 37 pg/me obseryed with increasing
all cities — aggregation of monitoring data
50 pg/m?*
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GRADE
E)lit:t?;é n?:)(gic;zlrjirne conc’;‘rg?ation S((tjlijcgt%ﬁ‘)a endpoint co-pollutants || participants ratio or risk confidence interval results quality of
9 evidence
statistically significant association
pooled fractional increase pooled fractional increase in with total, respiratory and
in mortality per 10 pg/m? mortality per 10 pug/m? cardiovascular mortality in single
increase using two- increase using two-pollutant and two-pollutant models with BS,
pollutant random effects random effects model PM,0, SO, and O3, statistically
model total significant association with
’ total respiratory mortality in single and
NO, only - 0.22 - 0.38
(Sarggg éa)t al., NO only - 0.30 NGBS - 093 - 0.42 two-pollutant model with BS, & Oz, | s~~~
total deaths not NO,/BS - 0.33 NO /2PM _(') 16 - 0 38 but not with PM,, & SO,; use of insufficiont
L daily 1-hr maxima mean 1-hr . association reported but NO2/PMy, - 0.27 el p natural gas in the home acted as an (insufficien
30 cities in h mortality from all, ; : NO,/SO, - 0.18 - 0.34 i h because of
Eurone - Air from an unstated | maximumranged | . oo Ll e with total daily rate NO./SO, - 0.26 NO./O. - 0.22 - 0.43 effect modifier on cardiovascular
PoIIu?ion and number of fixed from 46.2 pg/m? (8 years) res iratg’ BS, PM,, averaged 6 NO,/O; - 0.33 czar(;iova.scular. mortality with the associations ey K
Health: A monitoring locations | (Wroclaw) to 154.8 y cgusesry S0O,, 03, & (Erfut) to 342 cardiovascular NO. only - 0.29 - 0.52 strengthening from 0.32 (CI 0.20 - serloufs rs
Euro éan in each city pg/m? (Milan) NO, (Netherlands) NO; only - 0.40 NOZ /BSy- 0 '31 -0 '58 0.43) at the 25th percentile of use to 0
Ao deaths per day NO,/BS - 0.44 2 ; ; 0.40 (C1 0.32-0.48 ) at the 75th || SXPosure
pproach NO,/PM;, - 0.21 - 0.50 . bias)
(APHEA2) NO,/PM,, - 0.35 NO/SO. - 0.20 - 0.47 percentile, but the prevalence of
NO,/SO, - 0.33 NC§ 0 2 0 '27 0 ‘:58 smoking had no impact ; PM 10
NO,/O; - 0.42 2 ress 'réto : levels were also an effect modifier
respiratory NO. onl p_' 0 1?’_ 058 on respiratory mortality as was the
NO, only - 0.38 NO Z/PMy O 08 0 67 proportion of elderly subjects ,
NO,/PM,, - 0.37 NCZ) 0 10 '0 1'3 Z) 6'3 southern and western cites showed
NO,/O; - 0.38 R the strongest associations with
none observed for eastern cities
relative risk per 1 ppb relative risk per 1 ppb (1.91
(1.91 pg/m?®) increase for all| pg/m?) increase for all cites statistically significant association
mean 1-hr cites using a pooled using a pooled random effects with total, respiratory and
(Simpson et al maximum random effects model model cardiovascular mortality on lag day
gOOS) N Brisbane — total mortality total mortality 1, 2, 3 and 0-1 with the
21.43 ppb total deaths not lag1 -1.0012 lag 1 -1.0006 - 1.0018 cardiovascular associations also 000
3 - - - A . . .
4 Australian daily 1-hr maxima (40.9 pg/m?) mortality from association reported but lag 2 -1.0008 lag 2 -1.0002 - 1.0014 noted in those > 65 years ofiage for || (insufficient
e Sydney — ; lag 3 - 1.0010 lag 3 - 1.0004 - 1.0016 some but not all lag periods; a two- | because of
cities from an unstated 23.66ppb | time-series natural, with rates (all lag 0-1 - 1.0011 lag 0-1 - 1.0004 - 1.0019 ollutant model with PM 2.5
Melbourne number of fixed o6 pp circulatory, & PM;,, PM,.s, || causes) ranged 9 L 9 " . P ) Lo very
o : (45.2 pg/m?) (4 year) - respiratory respiratory measured by light scattering (bsp) | serious risk
Perth monitoring locations respiratory 05, CO, & from 16.03 . L
. ’ Melbourne — : lag 1-1.0038 lag 1-1.0017 - 1.0058 reduced but did not eliminate the of
Sydney in each city 23 65 pob causes NO, (Brisbane) to lag 2 - 1.0021 120 2 - 1.0001 - 1.0042 o ith | litv ( RR
Brisbane .65 ppl 56.83 (Sydney) ag2-1. ag2-1. - 1. association with total mortality ( exposure
(45.2 pg/m3) ’ lag 0-1 - 1.0036 lag 0-1-1.0011 - 1.0060 decreased from 1.0012 (ClI 1.0004- bias)
Perth — cardiovascular cardiovascular 1.0019) to 1.0010 (CI 1.0001 -
16.33 ppb (31.2 lag 1-1.0016 lag 1 - 1.0006 - 1.0025 1.0019); no statistically significant
ug/m?) lag 2-1.0010 lag 2 - 1.0001 - 1.0019 associations observed when using
lag 3-1.0018 lag 3 - 1.0008 - 1.0027 GLM and natural splines
lag 0-1 - 1.0014 lag 0-1 - 1.0003 - 1.0025
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GRADE
authqr/ SERS NO, . sl tlype endpoint co-pollutants | participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) :

evidence
interaction with unadjusted excess unadiusted excess mortalit statistically significant association
influenza and mortality risk per 10 yg/m? || ) Al Y1 with mortality from stroke, IHD, LRI,
B . L risk per 10 ug/m? increase in L D
impact on increase in single pollutant - & COPD, statistically significant
; single pollutant model o . A
mortality and model stroke 0.19 - 2.08 association with hospitalizations ®O00
hospitalizations stroke - 1.13 . ) from IHD, ARD, & COPD, no . e
IHD 1.10-3.07 e - : (insufficient
for stroke, IHD - 2.08 association in unadjusted risk from
(Thach et al., . X . LRI 0.74 -2.77 IR because of
. . . ischemic heart association LRI -1.75 hospitalizations from stroke,
2010) daily averages from dail time-series di IHD ith number of COPD - 1.39 COPD 0.18-2.61 di for infl idemi unknown
eight fixed monitoring ally mean (84 Isease (. ) w subjects not T adjustment for influenza epidemic number of
. 58.7 ug/m? lower respiratory [ PMO, SO, . periods or predominance caused
Hong Kong, sites months) ) . stated . unadjusted excess o : cases and
h infection, (LRI), O3, & NO;, unadjusted excess PR greater than 0.1 % decrease in ;
China : IR hospitalization risk per 10 . risk of
acute respiratory hospitalization risk per 10 i in singl mortality from stroke, LRI, & COPD,
disease (ARD), & m3 i in sinal pg/m? increase in single dust t for infl intensit exposure
, pg/m? increase in single ollutant model adjustment for influenza intensity, bias)
chronic pollutant model p epidemic periods, or predominance
: IHD 0.46 - 1.42 o
obstructive IHD - 0.94 caused greater than 0.1 %
ARD 0.74 - 1.71 ) o
pulmonary ARD - 1.22 COPD 1.55-2.33 decrease in hospitalizations from
disease (COPD) COPD - 1.94 : ) ARD,
adjusted percentage adjusted percentage excess || statistically significant association
excess risk for all levels of risk for all levels of social with non-accidental, cardiovascular,
social deprivation per 10 deprivation per 10 ug/m? and respiratory mortality on multiple
pg/m?increase in a single | increase in a single pollutant lag days, statistically significant
pollutant model model associations also apparent when
mortality from all non-accidental non-accidental stratified on the basis of social [+110@)
(Wong et al., non-accidental association day 0-0.75 day 0 0.45-1.06 deprivation index (SDI) with (low quality
2008a) daily average daily mean time-series causes, with male & female day 1-0.79 day 1 0.49-1.10 cardiovascular and respiratory because of
from eight fixed 58 %’ m? (84 circulatory PM.. SO 215,240 total day 3-0.37 day 3 0.07 - 0.67 associations more prevalent in bias from
Hong Kong, monitoring locations Mg months) causes, & o 1“’3‘( NOZ’ deaths cardiovascular cardiovascular those with a middle or high SDI and single
China respiratory » 2 day 0 -1.17 day 0 0.61-1.73 all cause mortality evident in all pollutant
causes day 1-1.08 day 1 0.53-1.64 three strata, no statistically model)
respiratory respiratory significant associations for
day 1-0.88 day 1 0.19-1.58 cardiovascular and respiratory for
day 1-0.90 day 1 0.22-1.60 those in the low SDI group (high
day 2 - 0.92 day 2 0.25-1.60 SES), no statistically significant
day 3-0.75 day 3 0.08 - 1.42 associations on lag day 4
(Wong et al daily mean mean daily all ooled (random effects) ooled (random effects) statistically significant association
2088b) h Bangkok — cause mortality escess ercent risk per 10 escess ercent risk per 10 with all mortality causes in pooled SO0
44.7 pyg/m? mortality from o deaths per day A P rISK pe A P rSK pS random effects model at an average || (low quality
dail H K 58.7 | 1i . tural association Banakok - 94.8 pg/m? increase in a single pg/m? increase in a single | iod of 0-1 days: stratificati
four cities in Asia ally average 0ong fiong - 5. ime-series _ natural, with angkox - 94. pollutant model for lag 0-1 | pollutant model for lag 0-1 day ag period of 0-1 days; stratification | because of
from 6-10 fixed ug/m? (48 - 84 circulatory, & Hong Kong - by age revealed higher total death || bias from
Bangkok o A . - PMy,, SO, day average average . s N
monitoring locations Shanghai — months) respiratory 84.2 rates in two of the four cities for single
Hong Kong 66.6 ug/me causes 05, & NO, Shanghai - all cause - 1.23 all cause - 0.84 - 1.62 those greater than 65 years of age llutant
Shanghai -0 Hg 9 cardiovascular - 1.36 cardiovascular - 0.89 - 1.82 9 . yee 9 poflutan
Wuhan Wuhan — 119.0 respiratory - 1.48 respiratory - 0.68 - 2.28 and even higher rates in those model)
51.8 ug/m? Wuhan - 61.0 P -1 P y-0 ’ greater than 75;
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GRADE
authqr/ SERS NO, . sl tlype endpoint co-pollutants || participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) :

evidence
excess risk for all subjects ) )
" - excess risk for all subjects per - A .
per 10 pg/m? increase in 3 S statistically significant association
. 10 pg/m? increase in single . ) ;
male & female single pollutant model ollutant model with baseline mortality from
(avg daily bZSeIine mortality respiratory and cardiovascular
g | beseine moraly R0z | e itere | 0000,
(Wong et al :th: r?erst?)!gt(f)or; interaction I;n[;)r-tilgé CVD - 1.23 basgi\rllz h%:;it-aﬁéget;ions cardiopulmonary, and because of
2009) " daily average time-series | (ARD), chronic study COPD - 5 9 baseline hospitalizations RD 0.51-1.18 cardiovascular disease, statistically | bias from
Ve 9 daily mean P (influenza | RD - 0.85 ) ) significant interaction with influenza single
from eight fixed 3 (84 obstructive CVD - 23.8 COPD 1.32-2.35 o )
L ; 58.7 yg/m and o COPD - 1.84 for COPD-related hospitalizations in| pollutant
Hong Kong, monitoring locations months) pulmonary PM.o. O hospitalizations CVD - 0.98 CVD 0.63-1.33 those > 65 vears of age. No del
China (COPD, and 10, Vs RD - 270.3 - S excess risk for all subjects > 0S¢ years of age, mode!
f SO, & NO,) excess risk for all subjects , || association for hospitalizations from | probability
cardiovascular ARD - 104.9 > 65 years of age per 10 65 years of age per 10 ug/m acute respiratory disease, no f t 1
(CVD) disease COPD-91.5 )3' 9¢ P increase in single pollutant © respiratory dis " ortype
yg/m? increase in single statistically interactions with error)
CVD - 203.5 model ) -
pollutant model o influenza for any mortality cause or
s modifying effect o oo
modifying effect oo any age-stratified group hospitalized
oo hospitalizations
hospitalizations COPD 0.05 - 081 for RD, ARD, or CVD
COPD - 0.43 ) :
mortality rates adjusted rate ratios per IQR
all causes adjusted rate ratios per 10 ppb (19.1 pg/m?) on lag
circulatory IQR 10 ppb (19.1 pg/m?3) day 0 for a single pollutant
disease on lag day O for a single model ®O00
ischemic heart pollutant model before enforcement (insufficient
(Yorifuji et al mean daily dallyanr:szr;tzl?fore alfirlr?;i;eia accountability before enforcement all causes 1.002 - 1.011 NO. emission reductions reduced | because of
2011) concentration at four enforcement tlme-ngrles cerebrovascular StUdfyd(.'mprt 371.921 death all causes - 1.006 circulatory 1.006 - 1.024 . t.rf].e rate rlatlols be'OYV thf? single
fixed monitoring 27.3 — 24.7 (ppb) ( disease ot dlese ’ eaths circulatory - 1.015 cerebrovascular 1.020 - significance leve’, no signi icant pollutant
; ) ) months) emissions ' ’ difference when the entire study modelling
Tokyo, Japan locations 52.1 — 47.2 pulmonary cerebrovascular - 1.020 1.034 - . :
(ugim?) disease control) period examined and risk of
pneumonia & after enforcement after enforcement exgpsure
influenza all cause - 0.999 all cause 0.994 - 1.004 ias)
COPD & allied circulatory - 1.003 circulatory 0.993 - 1.014
conditions cerebrovascular - 1.009 cerebrovascular 0.993 -
other conditions 1.025
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Chronic Mortality

GRADE
Iaouct:t?(;ri n?())(gi(if)trli;eg concglrg?ation S(LLL?ZJZ?;)E endpoint co-pollutants || participants ratio or risk confidence interval results quality of
evidence
annual averages based
on an independent
evaluation of the
contribution from
regional, urban, and local
sources, regional statistically significant [212100)
concentrations based on 5-year average association with natural cause | (low quality
(Beelen et al _inve_:rse distance (provjded in prospective| mortality from association adjusted relative risk in full | adjusted relative rislk in_ full and respiratory mortality for because
2008) | weighting of the values | companion paper) | cohort and || natural cause, with male & cohort per 30 pg/m®in cohort per 30 pg/m?in single | the full cohort, no statistically single
from an unstated number | total - 39.2 ug/m?* case cardiovascular, black smoke female single pollutant model pollutant model significant association with pollutant
The of regional monitoring regional - 30.2 control respiratory, (BS), PM 120,852 cardiovascular, lung cancer or| modelling
Netherlands stations, the urban pg/m? (120 lung cancer, SO ’ & NZO'S’ subjects natural cause - 1.08 natural cause - 1.08 other cause mortality; no and no
component used LUR urban - 6.5 pg/m? months) and other z 2 respiratory - 1.37 respiratory - 1.37 statistically significant evaluation of
together with urban local 2.5 pg/m* associations in the case indoor
monitoring and GIS control study sources)
variables, the local
component used street
level monitoring data
along with measures of
traffic intensity
% increase per 10 yg/m? % increase per 10 yg/m? decreased mortality obs_erved (Igawe?q?a?ty
. increment increment for cardiovascular, respiratory because
total mortality, adjusted personal factors adjusted personal factors or lung cancer observed when ingl
(Caoetal, cardiopulmonar| association 70,947 ! P ! P model adjusted for personal single
2011) annu_al average fron_1 103 annual mean cohort y disease with middle-aged aI_I cause - 1.5 aI_I cause 0.4-2.5 factors and SO,; all causes "0”‘*‘?”‘
monitoring stations in 31 50 ug/m? ! y SP. SO, & cardiovascular - 2.3 cardiovascular 0.6 - 4.1 ) P modelling
) cities ug/m (9 years) _respiratory TSP, SO,, men and 'remamed significantly and no
China disease, & lung NOx women adjusted personal factors &| adjusted personal factors & _|ncreased when model evaluation of
cancer Tsp Tsp adjusted for pergonal factors SES or
all causes - 1.4 all causes 0.3-2.5 d and TSdebUt |;1c5retas1ego/. indoor
ecreased from 1.5 to 1.4%; sources)
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GRADE
authc_Jr ! SERS NO; ; sk @ype endpoint co-pollutants || participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) e

statistically significant
association with
hospitalization in an
. . unadjusted single pollutant
annual LUR res'de.nnal model, but not adjusted single
exposures determined .
pollutant model or multi-

pollutant model; statistically
significant association with

using 116 passive

samplers at 25 locations relative risk per IQR of 8.4 relative risk per IQR of 8.4

. " A A
together with predictor gg/r_n . p_g/r_n . mortality in an unadjusted and
(Gan et al., values for length of L hospitalization hospitalization A .
. association male & . . I . adjusted single pollutant dDHDO
2011) highways and roads, coronary heart : unadjusted single pollutant | unadjusted single pollutant :
population density, and daily mean cohort disease with female (45- -1.02 1.00 - 1.04 model,'but not an adjusted (moderate
Vancouver, commercial land use; 29.2 yg/m* mgn(iﬁs) hospitalization b(l;gl; ga'\;bon 8455¥e7a£g) mortality mortality statirsTlili:lgI—lpos”iUtr?i;ilz:;(t)ci]:\lliarse q(;{alltty, not
British measurements from an and mortality NO. & NBS’ caées unadjusted single pollutant | unadjusted single pollutant ass):)cigtion with adjusimen
Columbia | unstated number of fixed ' 2 -1.19 1.15-1.23 hosnitalizations when necessary)
monitoring sites was used adjusted single pollutant - || adjusted single pollutant 1.01 .f.p ion by i .
to develop monthly 1.04 -1.08 stratification by income in
adjustment factors that . ' adjusted one and muiti-
! ) e pollutant model; statistically
were assigned to specific ianifi di lated
socodes significant and income-relate
9 increase in the association

with mortality for unadjusted,
but not the adjusted or multi-
pollutant model
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GRADE
authc_Jr ! SERS NO; ; sk @ype endpoint co-pollutants || participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) e

percent increase in
mortality per IQR of 8 ppb || percent increase in mortality
3\ 1 i 3
(15.3 pg/m?) in single and per IQR of 8 ppb (15.3 pg/m?) statistically significant
three-pollutant models in single and three-pollutant increase in mortality of all
(Pl S0 N0 g | ol P, 501 M0 | i ors fomal s
) group g all subl 9rOUPl and cardiovascular disease
excluding long-haul truck excluding long-haul truck but not fi |
drivers drivers __outnottrom lung cancer,
ischemic heart disease (IHD),
. . . ) or chronic obstructive
occqpanonal exposures mortality of single pqllutant (all single pollutant (all subjects) pulmonary disease (COPD) in
estimated using work subjects) all cause 4.5-12.1 ; £ 00)
- " long haul truck . ) single pollutant model, -
description (8 categories), ) all cause -8.2 cardiovascular disease 0.6 - et L (low quality
P drivers from all . ) statistically significant
(Hart et al., historical data, and . cardiovascular disease - 13.6 TS because of
2011) employment histo average annual cause, association males and 6.9 association in three pollutant the failure t
nploy . exposure cohort cardiovascular with females : . model for all cause mortality e lailure 1o
ambient exposures using . three pollutant (all subjects) consider
continental fixed monitoring data 14.2 ppb (9 years) disease, PMio, PM, 5, 53,814 three pollutant (all all cause 2.4-125 but not lung cancer, confoundin
: . (27.1 yg/m3) respiratory SO,, & NO, subjects . ’ ’ cardiovascular disease, IHD, 9
United States along with GIS di | subjects) iratory di COPD from SES
information and proximity Isease, lung all cause - 7.4 single pollutant (minus long respiratory disease, or ’ and
. cancer, and ’ statistically significant :
modelling at home haul) [EPPUN smoking)
COPD . . association in a subgroup of
address single pollutant (minus long all cause 9.9 -20.2 . -
haul) cardiovascular disease 2.7 - drivers excluding long haul
’ employees for all cause,
all cause - 14.9 19.8 f
cardiovascular disease - respiratory disease cardiovascular, and
respiratory disease a single
10.9 0.9-428
respiratory disease - 20.1 pollutant model and for all
P ry . . cause mortality using a three
three pollutant (minus long ollutant model
three pollutant (minus long haul) P
haul) all cause 5.8 -19.5
all cause - 12.5
mortality from partially and fully adjusted risk
dailv averages from LUR all non- partially and fully adjusted ratios for deaths due to statistically significant [+000)
dev)élo ed ?Jsin assive accidental risk ratios for deaths due to | circulatory-related disease per| association with death from | (insufficient
(Jerrett et al sarr)n lers ir?tr\:vo causes, male & circulatory-related disease | 1QR of 4 ppb (7.6 pg/m?3) in circulatory-related disease in | because of
2009) ” cam Zi ns at 143 prospective|| circulatory association female per IQR of 4 ppb (7.6 single pollutant model both unadjusted and adjusted small
Iocatior?s fgr two weeks daily mean cohort causes, with 2360 pg/m?3) in single pollutant model, no association with number of
- ) 22.9 yg/m? (120 respiratory PM,.s, O3, & o model no adjustment death from non-accidental cases and
Toronto and GIS information subjects )
Ontario‘ related to land use. traffic months) || causes, and all NO, 208 cases 1.19-1.95 causes, respiratory causes, or single
coaraph ar’1d ’ causes less no adjustment - 1.52 partial adjustment non-accidental causes less pollutant
g ulgatign )gensit circulatory, partial adjustment - 1.45 1.10-1.92 respiratory, circulatory, and | measureme
pop ¥ respiratory and full adjustment - 1.40 full adjustment lung cancer nts)
lung cancer 1.05-1.86
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GRADE
authc_Jr ! SERS NO; ; sk @ype endpoint co-pollutants || participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) !

evidence
association
with
arsenic,
benzene, relative risk for cumulative
chloride, relative risk for cumulative mortality in single pollutant statistically significant
) diesel mortality in single pollutant Y g'e PC association with mortality for
NOx subject- rticulat del for all 5 fi model for all 5 five the total cohort and wh
weighted annual particulate model for all 5 five measurement periods e total cohort and when ®O00
mean matter, measurement periods stratified by vehicle density insufficient
(Lipfert et al all counties — elemental 700, 000 all subjects level; statistically significant (gnsu ICIenf
P " | county wide means using carbon, L all subjects - 1.0764 ) association also observed in a| °Scause o
2009) T . 19.5 ppb cohort . hypertensive 1.0612 - 1.0919 very serious
emissions inventory & (37.2 pgimd) (26 years) total mortality | formaldehyde, male milita two pollutant model (pollutant bias f
dispersion modelling f.2 pgim Y hydrochloric ry high traffic density subjects . ) . . and traffic density) for all 1as from
USA high traffic id veterans 11823 high traffic density subjects iods. but this| Measuring
counties acid, mercury, - 1.1685 - 1.1963 measurement periods, but this NOx rather
31.0 manganese, association was not significant
.0 ppb . ) . . than NO;)
5 nickel, lead, low traffic density subjects ) . ) for the most recent
(59.2 pg/m?3) - low traffic density subjects .
polycyclic -1.0292 measurement period of 1997 -
A 1.0115 - 1.0474
organics, 2001
polypropylene
, sulfate,
traffic density,
SO,, & NOx
adjusted hazard ratios for adjusted hazard ratios for statistically significant GBOHOO "
mortality per 10 ug/m?® mortality per 10 ug/m? association in both unadjusted (t;nsu |C|enf
emission modelling from increase increase and adjusted hazard ratios; tehcause I(I)
(Maheswaran large and small sogurces male and sensitivity analysis using the © zma £
etal., 2010) for g single vear validated mean dail cohort mortality after association female complete dataset available | complete dataset available adjusted model revealed that ““rt"." .erot
a ainsfmoymtorin ot » /msy study (120 Stroie with 3390 eotort (n=1787) (n=1787) nonsmokers, those less than | P2 'C'F(’ja” S
London, frgm 56 fixed mon?torin Hg months) PM;, and NO, 856 cases -1.41 1.14-1.75 70 years old, those with an
England sites: 9 hypertension, without ngposured
’ augmented dataset using augmented dataset using diabetes, without CHD 1as clause
imputation (n=3320) imputation (n=3320) displayed statistically asing ? year
-1.28 1.11-1.48 significant associations or.
monitoring)
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GRADE
authc_Jr ! SERS NO; ; sk @ype endpoint co-pollutants || participants ratio or risk confidence interval results quality of
location monitoring concentration | (duration) !

evidence
land use regression adjusted relative risk per adjusted reslz_atlve risk per 10 weak st‘atl_stlcal_ly significant ®O00
) 5 pg/m? increment association with the total . .
estimates based on three hositalizati 10 pg/m?® increment incid f fatal and fatal (insufficient
1- week measurement ospitalizations N incldence of fatal and noniata because of
(Rosenlund et|| periods at 61 sites; LUR & mortality (in male & total incidence total incidence cardiac events as well as for th Il
P . D and outside association 1.00-1.07 cases that were fatal within 28 € sma
al., 2008) used population density, cohort . ; female -1.03 . [ : number of
- ; not stated hospital) with days; associations remained
altitude, and distance to (36 month) amongst NO 6513 cases fatal within 28 days significant for deaths outside cases and
Rome, Italy | roadways with benzene ) f 2 survivors | cases fatal within 28 days - 1.02-1.07 the hospital but not for death no
emission data serving as survivors of a 1.07 sen € hospital but not for deaths evaluation of
cardiac event within the hospital; no
surrogate for some tside hospital ianificant it ith co-
variables outside hospital - 1.08 outsice hospita signiticant associations wi pollutants)
1.02-1.13 nonfatal hospitalizations
statistically significant
adjusted odds ratio per 5-95% assoc&qtlﬁn fW |tr][.fatal I
range of 31.6 pg/m? for all myocardial infarction (a
subjects and those who did c?sels) and out of hospital
. . ) atalities using a 5-year
adjusted odds ratio per 5- | not relocate during the stud L
95J% range of 31.6 5g/m3 periodg Y average exposure, statistically
for all subjects aﬁd those significant association with all
dispersion modelling who did not relocate during all subjects case, fatal case, |n-hosp_|ta| .®OQQ
. s males and ; deaths, and out of hospital (insufficient
using emissions database fernales the study period fatal cases deaths when the subiects b £
(Rosenlund et|| reconstructed at year 5-year median - . 1.15-1.32 . ! ecause o
A : L ’ morbidity and | association 15-79 . h _ | were restricted to those that || bias poorly
al., 2009) intervals using historic concentration case mortality from with ears of age all subjects out of hospital deaths 1.23 had not moved from the lidated
information on traffic 12.9 pyg/m? cases control v Y 9 fatal cases - 1.23 1.46 . - validate
3 myocardial PM,,, CO, & 24,347 . location, no statistically exposure
Stockholm, patterns and land use 11.8 pg/m (12 years) . ; out of hospital deaths -1.34 Lo o .
e o infarction NO, cases . significant association with model and
Sweden variations, limited controls 276926 non-relocated subjects L )
o . ) . total nonfatal cases in either | evidence of
validation with actual | non-relocated subjects all cases d lati ith the all o
measurements controls all cases - 1.11 1.01-1.23 study population or W't t ealla pub_llcatlon
fatal cases - 2.54 fatal cases gasehgroup an?‘ the II? h%Sp'tal bias)
. . ) eath group when all subjects
in hospital death - 2.39 1.96 - 3.29 . ) :
out of hospital death - 2.62 in hospital death were mCIl.Jd?d Illn th_e a_fr)aly3|s,
155-3.68 no statistically significant
out of hospital death differences when the results
1.02 _p3 57 were stratified by sex, age,
’ ’ income, occupation, or marital
status
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Acute Emergency Department Visits

21 ppb (40.1 pg/m?)

6-hr nighttime

(2400-0600) —

25 ppb (47.8
Hg/m?)

pneumonia)

6-hr nighttime NO, (2400-0600)
-1.007

6-hr nighttime NO, (2400-
0600) 1.005 - 1.009

study GRADE
E)L::t:t(i);rll n?())(gi(if)trlirneg NO; concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
(duration) evidence
daily mean no statistically significant (I;ewea?aloit
high dust events — interaction male and no significant change in odds no significant change in association w}i/th %chemic b a 3]:
(Chan et al., mean daily 34.9 ppb (66.7 emergency room between female ratio for cardiovascular disease dd % f di 9 | heart b | ecause o
2008) concentration at 16 yg/m?3) time-series visits for Asian dust adults (ischemic heart disease and od' S ratio for cardiovascular ez;_ or cere rov_aS(I:u ar bla_s from
fixed monitoring (8 years) cardiovascular storms and 57-72 cerebrovascular) emergency . |§ease ﬁ;ﬂ:rg%ﬂcybro?gg llls?ase n 3 slm?le single
Taipei, Taiwan locations low dust events — disease PMyo, Os, SO,,| cases per room visits per IQR 9.6 ppb VIsits per / 3 ppb (18. podu ant mo fe a gg 0 p°””‘a'?t
29.4 ppb (56.2 &NO, dust event (18.3 pg/m?) Hg/m?) periods ranging from day 0 | - model with
ug/m?2) to day 6 not C_O
evaluation)
1-hr max —
43 ppb (82.1
Hg/m?) risk ratio per 10 ppb (19.1 risk ratio per 10 ppb (19.1
24-hr avg pg/m?3) increment (lag 1) ug/m?) increment (lag 1)
22 ppb (42.0 pg/m3) emergency o 1-hr max NO, - 1.005 1-hr max NO, 1.003 - 1.007 significant associations eO00
(Darrow et al., mean hourly and time-series | d€Partments visits association male & 24-hr avg NO, - 1,009 24-hr avg NO 1005-1.013| With NO: using a single (insufficient
2011a) daily concentrations 6-hr commute (132 for respiratory with female T 6-hr commu:e NO (07(')0_ pollutant model and various|| because of
at a single fixed (0700-1000 & 1600- months) problems (asthma, | PM..s, CO, Os| 1,068,525 6-hr te NO, (0700-1000 || 1000 & 1600-1900 2 1.002 metrics of exposure, but severe
Atlanta, Georgia | monitoring location 1900) — COPD, infection, & & NO, cases -hr commute NO; - ) )-1 "Il may be due to strong co- exposure
& 1600-1900) - 1.006 1.010 . . h
variance with O bias)
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study GRADE
E)lit:t?;é n?:)(gic;zlrjirneg NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
(duration) evidence
percentage increase in
percentage increase in hospital hospital and emergency
and emergency room visits per || room visits per 65.0 yg/m? statistically significant
IQR 65.0 pg/m? increase using | increase using two-pollutant | association with total visits
two-pollutant and multi-pollutant| and multi-pollutant model for || for a1l single, two pollutant
male & model for average lag day 0-3 average lag day 0-3 and multi-pollutant models
L . with a 0-4 day moving OO0
pediatric hospital female total admission total admission average lag period; (insufficient
(Farhat et al and emergency - children NO, only = 18 (depicted NO; only = 13 -25 (depicted |  statistically significant because of
v . . room visits for lower| association | < 13 years of hicall hicall o . k >©
2005) daily average from 6 daily mean time-series | respiratory disease with age graphically) graphically) association with asthma imprecision
urban fixed concentration ! 1' ! pi y ais PM- SO, O 9 NO2/PMyo - 16.1 NO/PM;o 5.4 -26.8 and bronchiolitis visits for | from small
Sao Paulo, monitoring sites 125.3 pug/m? (1 year) b (ptr:eumoma, . CB" 3 l\iO 3 4534 NO,/SO, - 24.7 NO,/SO, 18.2-31.3 single and two-pollutant number of
Brazil ronc ‘t’ﬁr':]e”rgm'a' : | admission NO,/O; - 16.1 NO,/O; 9.5 -22.7 models with PMy, and SO;, |  cases and
bfjnchigims) a o \j;?s s NO,/CO - 19.2 NO,/CO 11.8 - 26.6 but not with two pollutant short
NO2/PM;,,50,,05,CO - 18.4 NO,/PM;0,50,,05,CO 3.4- | models with O; or CO or duration)
asthma and bronchiolitis 33.5 multi-pollutant models; no
NO; only = 30 (depicted asthma and bronchiolitis significant associations
graphically) NO, only = 9 - 56 (depicted || with visits for pneumonia or
NO,/PM, - 47.7 graphically) broncho-pneumonia;
NO,/SO, - 33.1 NO./PM;o 1.15-94.2
NO,/SO, 5.7 - 60.5
impact of
) measurement error | - 5egqciation factoring spatial variability
1- hour maximum on relative risk for with into risk ratio resulted in a
concentration from emergency PM.. PM o ' OO0
five central monitors department visits R . ) ) 43% reduction towards the (insufficient
(Goldman et al with independent mean 1-hr max associated with CO, SO,, O;, male & risk ratio per ppm following null with the loss of because of
2010) ” determination of urban — 38.1 ppb || time-series cardiovascular NO, NOx, & female error adjustment of the base confidence intervals significance association blicati
measurement error (72.8 pg/m?) (72 disease (ischemic NO; and 166,950 case assessment not provided after the adjustment, l?u |c?t1r1|on
) rural — 7.74 ppb months) \ PM,.s o measurement error - 1.0133 P factoring instrument las with no
Atlanta, Georgia (co-located 5 heart disease, : visits : PR " confidence
. (14.8 pg/m?) : associated spatial error - 1.0046 precision into average risk )
instrument) and dysrhythmia, - . intervals
. N 4 NO;, SO4 ratios from a baseline o
spatial variability congestive heart ’ i t had littl specified)
(semivariogram) failure NHs, EC, & _assessment had i tle
oC impact on the outcome
cerebrovascular
disease)

Appendix 1-19




report no. 9/14

study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
e0O00
(insufficient
differential odds ratios for NO, b:.CanSe of
(Guo et al., pooled mean daily case- cardiovascular effects male & unaffected in unadjusted 'is ron;
2009) concentration from daily mean CroSsover || i e (emergenc of female unadjusted model only; unadjusted model only; but not adjusted model; lag sm? number
eight fixed monitoring 68.25 pg/m? (19 oo Visitsg) I o s0, & cases 8.377 lag day 0 - 1.005 lag day 0 1.001 - 1.024 day 1,2,& 3 show no o CI?seS'f
Beijing, China locations months) 25 ONn ' change in unadjusted pooling o
NO, model exposure
data, and
short
duration)
statistically significant
odds ratio per 10 pg/m? association with
odds ratio per 10 pg/m? increase on lag day 3 Vi(:::’nsefrg:escyed;ep:'sritgeiﬂta
increase on lag day 3 . ; VP
single pollutant model - single pollutant model on
. ) 1.038 - 1.168 lag days 0, 2, & 3; OO0
(Guo et al., mean daily case- emergency association male & single pollutant model - 1.101 statistically significant (insufficient
2010b) concentration at eight daily mean crossover . with - } multi-pollutant (PMo) - 1.037 | association on lag days 2, | because of
fixed monitoring 66.6 ug/m?® (12 depﬁﬂrr;irgn\;lztns for PMo, SO,, & 1 IgTifses muiti-polutant (PMo) - 1.114 -1.195 3, & 4 for a multi-pollutant | small number
Beijing, China locations months) P NO, ’ multi-pollutant (SO,) - 1.130 model with SO, and on day || of cases short
P ¥ multi-pollutant (SO,) - 1.041 3 for a multi-pollutant duration)
1.144 multi-pollutant (PM;, & SO,) || association on lag days 3 &
-1.046 - 1.251 4 for a multi-pollutant
model with SO, and PMo
males & | percent increase in asthma and | percent increase in asthma
females in | COPD emergency room visits | and COPD emergency room statistically significant
ot three age per IQR 14.2 pg/m? for three | visits per IQR 14.2 pg/m? for o : -
association . f . } association with ED visits
with g;ﬁ;{; age groups |212ds(|arrgle pollutant || three aga)(lelgtn;)rﬁpnsqcl)z;&ngle for asthma and COPD in OO0
(Halonen et al., UFP (Aiken (< 15 years) p single pollutant model for insufficient
2008) daily average from a daily mean time-series ED visits for asthma | mode), UF-P - 4807yvisits children children children on lag days (tl)r;sc:gugeegf
- single monitoring site concentratlc;n (7 years) and COPD in three | (accumulation adults lag day 3 - 4.53 lag day 3 0.19-9.05 3,4,85, adults on lag day.5 severe
Helsinki, 28.2 ug/m age groups mode), PM,.s and elderly on lag day 0;
Sweden PMes- (14-64 lag day 4 - 10.9 lag day 4 6.38 - 15.5 no associations on lag da exposure
10725 years) - lag day 5 - 9.36 lag day 5 4.95- 14.0 . g day bias)
(coarse), CO S 0 thru 2 for children, 0 thru
& NO 6312 visits adults adults 4 for adults or 1 thru 5 for
2 elderly lag day 5- 3.7 lagday 5 0.15-7.37 elderl
(= 65 years) elderly elderly Y
- 7239 visits lag day 0 - 4.82 lagday 0 1.26 - 8.50
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report no. 9/14

study GRADE
ﬁ:it:t?;é n?éﬁﬁzlrjirne NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
uration evidence
yearly average o . o . statistically significant
concentration relative risk per 5-95 A; range of || relative risk per 5-95% range| association with asthma
29 ppb (55.4 pg/m®) in single | of 29 ppb (55.4 ug/m®)in | hospital admissions in both
all seasons — association and two pollutant m_odels on single and two pollutant single and two pollutant
31.1 ppb (59.4 with unstated avg lag 01 days dynng warm quels on avg lag 01 days models during warm <1100
(Ito et al., 2007) . pF/JmZ) . emeraenc PM,.o(FRM) number of | season (values estimated from durlngl warm season (values | season for average lag of | (low quality
daily average at 15 k9 time-series |, nmegt Vis?’ts ol PM.. | maleand graph) estimated from graph) 01 days, statistically because
New York, New | fixed monitoring sites warm season — (4 years) P asthma (TEOZIGI) female of all significant association in unstated
York 30.4 ppb (58.1 0. SO ages NO; only = 1.30 NO; only = 1.21 - 1.41 single pollutant models for | number of
’ p‘/)ma) ) CC(; 3 rleo NO,/PM..s = 1.27 NO2/PM.s = 1.18 - 1.40 all year and warm season cases)
Ho , 2 NO,/O; = 1.25 NO,/Os = 1.15-1.36 using alternative weather
_ NO,/CO = 1.35 NO,/CO=1.24-1.48 models, no significant
cglljdbs(gz(a)s;m g/::nt)s NO,/SO, = 1.32 NO,/SO, = 1.18 - 1.49 associations for the cold
U season
statistically significant
association with
cardiovascular ED visits on
males and lag day 0 in single and two-
females = 65 percent change in total percent change in total pollutant models.wnh PMo,
yrs of age cardiovascular emergency cardiovascular emergency | O _& SO; but with BSP or
daily rates of | department visits per IQR 9.3 | department visits per IQR CO; statistically significant
emergency | Ppb (17.8 pg/m?) in single and | 9.3 ppb (17.8 pg/m?) in association with cardiac ®0O00
- department | two-pollutant models on lag da single and two-pollutant | @d ischemic heart disease | . G
partmen p! g day 9 P! e (insufficient
emergency association - models on lag day 0 on lag day 0 or 01 in single
e ith visits g aay because of
(Jalaludin et al department_ visits of wi ] all pollutant model but not for publication
2006) 1-hr averages 1-hr n:eatp i . elderlélisubjectls for ne;;hrzlcoul]ﬁglc cardiovascul NO, only - 1.73 NO; only 0.74-2.73 . :s.troke: statls'tlc.ally . bias with no
from 14 fixed 2cgr(])cenbra 4|gr;) |n15e—ser|es d(_:ar |ovascud ar m’; tor (BSp) | 2 disease 5|gn|f|c§ant association w!th confidence
Sydney, monitoring sites 2 pp 3( ; (5 years) lisease I(car 1ac types - 55.2 NO,/PMo = 1.8 (depicted NO,/PM, = 0.6 - 2.9 all carqlpvascular & cardiac intervals
Austraiia pg/m?) disease, ischemic PMio, PM2.s, cardiac graphically) (depicted graphically) ED visits on lag day 0 for provided
heart disease, & || SOz, Os, CO, | o "o cool but not warm periods, and lag
stroke) &NO: 385 NO,/Os 2.1 (depicted | NOJOs =1.1-2.1 (depicted |  Statolically jﬁ;';‘f;ﬂ; selection
|s<r:]r;2nr:lc graphically) graphically) visits on lag day 2 in warm bias)
disease - NO,/SO;, = 1.5 (depicted NO,/SO,=0.3-27 seasn O%L;tsg‘;:cfs_oﬁf"o"
strol2e5;811 s graphically) (depicted graphically) statistically significant

association for ischemic

heart disease visits in two

pollutant model with CO
(data not presented)
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CONCEaN

report no. 9/14

10-14 years of age
NO,/CO (lag day 2) - 3.5

10-14 years of age
NO./CO (lag day 2) 1.4 -
5.7

group 1-14 years

study GRADE
Iecl:i:t:tci);ri n?:)(gic;zlrjirneg NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
(duration) evidence
percent increase in ED visits
percent increase in ED visits for|  for asthma in children of
asthma in children of different | different age groups per IQR
age groups per IQR of 9.3 ppb | of 9.3 ppb (17.8 yg/m?) in statistically significant
(17.8 pg/m?®) in single and two- single and two-pollutant association with ED visits
pollutant models for lag day 0 models for lag day 0 for asthma in single and
two pollutant models for
1-14 years 1-14 years age group 1-14 years;
NO, only - 2.3 NO; only 1.4-3.2 statistically significant
NO,/PMyo - 1.0 NO,/PMe 0.4 -1.6 association in two pollutant
NO2/PMa.s - 1.1 NO,/PM,.s 0.6 - 1.6 models but not single
NO,/O; - 1.2 NO./O; 0.6 - 1.7 pollutant model in age ©O00
NO,/CO - 1.8 NO,/CO 1.0-2.6 group 5-9 years; (insufficient
el cal,
2008) 1-hr measurements concentration case- emergency with children two pollutant models for small
from 14 fixed 23.2 ppb (4.3 crossover | department visits for| PMio, PM,.s, aged 1-14 1-4 years of age 1-4 years of age PM.. O. & CO in age number of
Sydney, monitoring sites - Ppo (&4 (5 years) | asthma in children | SO,, 05, CO, | 29° NO; only - 3.0 NO; only 1.8-4.2 2% =3 a9 cases and
Australia Hg/m?) &NO years NO,/PM,.s - 0.8 NO,/PM,.s 0.1-1.5 group 1-4 years; inconsistenc
2 1826 visits statistically significant :
NO,/O; - 1.6 NO,/O; 0.9-24 I ies across
NO,/CO - 1.1 NO,/CO 0.03 - 2.1 association |1 wo-polutant] age groups)
) ) ) model wi in age
roup 10-14 years but onl
5-9 years of age 5-9 years of age gwhe?] lag da)),/ 2 was usedy
NO2/PMyo - 1.6 NO./PM;o 0.4-2.8 in the comparison:
NO:/PM..s - 1.6 NO:/PM..s 0.6 - 2.6 statistically significant
NO,/O; - 1.9 NO,/O; 0.6 -3.2 association in single
NO./CO - 3.0 NO./CO 1.3-46 pollutant model for warm
NO,/SO, - 1.8 NO,/SO, 0.04 - 3.6 but not cold months in age
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report no. 9/14

study GRADE
Iecl:i:t:tci);ri n?éﬁﬁzlrjirne NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 (duration) evidence
statistically significant
association with
emergency room visits in
ot two pollutant model on lag
association days 3, 4, & 5 but not lag
emergency with . . days 0, 1, & 2; statisticall
department visits for|| PMo, particle relative risk per 40 ug/m? relative risk per 40 pg/m? si yn'f'éaﬁt aséoc'at'on ony Yoo
Leitte et al dail respiratory number le & change in two-pollutant model change in two-pollutant 19 II ! day 3 atl | i
(Leitte etal., mean daily ) time-series | symptoms (acute | concentration | € with PMso model with PMyo ag day o using a (low quality
2011) concentration from daily mean 33 infections (PNC) female cumulative effects model because of
) eight flxec_l monitoring 63 pg/m months) pneumonia, particle 15,981 3 day lag - 1.07 3daylag 1.01-1.13 (§ day moving average) imprecision
Beijing, China sites bronchitis. URT surface cases 4 day lag - 1.07 4 daylag 1.01-114 with a single pollutant; no with weak
diseases, & chronic cogceéﬂrastign 5 day lag - 1.08 5daylag 1.01-1.15 ?,S;?gl,agfzsw?t% lggnfaﬁi\?é effects noted)
URT diseases) ® QN)(‘J » distribution model or on
2 any lag day when using a
single lag model or a
polynomial distribution lag
model
relative risk per IQR 100 pg/m? relative risk per IQR 100
in single and multi-pollutant pg/m? in single and multi- L o
iati model with an unstated lag pollutant model with an statistically significant
association total period unstated lag period association with hospital 'GBOQQ
with admissions admissions for total (insufficient
otal s sto;ilded of 18,137 total cardiopulmonary total cardiopulmonary cgrdlopgln:ona(rjy, cardiac, | because of
(Llorca et al., cardior:sairator pl;rficulate mean daily NO: only - 1.37 NO only 1.26 - 1.49 sin rI?aspgl"liu(t)arynt rﬁgc?:fv:/ri]th mprec:jsgm
2005) daily average from daily mean : . g v hospital NO,/TSP,H2S,S0,,NO - NO,/TSP,H2S,S0,,NO gle p Wi caused by
three fixed monitorin concentration time-series cardiac, & (TSP), admission 1.20 1.05-1.39 an unstated lag period; no lag
; 9 (4 years) respiratory hydrogen ’ ’ ’ statistically significant period
Torrelavega, site 21.3 ug/m? emergenc! sulfide (H2S) rates association with bli t"
Spain de artmgnt v?lsits sulfur dioxidé cardiac - cardiac cardiac admissions for total pt:J' Icfa o
P (SOy) 7.61 NO; only - 1.27 NO, only 1.14 - 1.42 cardiopulmonary and 'apsoorfm
2) H
. . respiratory - . f -
nitrogen oxide 4.93 respiratory respiratory respiratory causes in multi method
(NO), & NO, NO; only - 1.54 NO only 1.34 - 1.76 pollutant models, but not || description)
2 - . 2 . - . . .
NO,/TSP,H2S,50,,NO - NO,/TSP,H2S,50,,NO for cardiac disease
1.69 1.34-2.13
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study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
e0O00
(insufficient
because of
(Malinauskiene . association - bias from
- case myocardial . odds ratios showed no
etal, 2011) pooled monlt'onng daily mean control infarction ) with women only no significant change in odds no significant change in associations with outdoor small number
data at 12 fixed o5 3 indoor/outdoor| cases 368 ’ : of cases,
o A ug/m (108 (emergency room ratio odds ratio NO, exposures greater :
Kaunas, monitoring sites months) visit) NO. controls 725 than 35 ua/m? pooling of
Lithuania differences Ho exposure
data, and
short
duration)
(Moura et al., emergency - male and - . no significant change in .GBOQ.O
2008) hourly average at a department visits for association female no significant change in relative no significant change in relative risk for upper or (insufficient
Y ag daily mean time-series p with children 0 sig 9 relative risk for emergency . pp because of
single fixed 3 upper and lower risk for emergency department - lower respiratory symptoms
Ri . o 62.78 ug/m (1 year) . PM;, Os, CO, | aged 1-12 o d department visits for ; b severe
io de Janeiro, monitoring site respiratory visits for respiratory symptoms . at any lag period using a
Brazil symptoms &NO; years respiratory symptoms single pollutant model exposure
yme 45,595 visits gep bias)
daily means
(Orazzo etal., Ancona - 42.5 male & ®000
2009) 3 female aged . .
pg/m 0-2 d (ation f h (insufficient
. . " . Bologna - 64.8 emergency iation (') 7yr1$803 no association for wheeze or Gl n%?szoc_la lon for wdgeztedor tatistically sianificant because of
six ltalian cities | daily means from an ug/m? case- department visits for associatiof -7-18. admissions in adjusted single | admissions In aqjuste no statistically signiiican bias from the
Ancona unstated number of crossover with admissions/ single pollutant model for | association with wheeze or
) . . Florence - 57.9 wheeze or acute pollutant model for any lag ) : use of a
Bologna fixed monitoring sites 3 (60 - . PMo, Os, CO, || day wheeze - ] any lag period per IQRs [ Gl disorders on any lag day
. . ug/m gastrointestinal period per IQRs ranging from . s unstated
Florence in each city L[ months) . SO,, & NO, 0.4-8.0 3 ranging from 22.2-26.0 with single pollutant model
Naples - 78.6 pg/m disease Al 22.2-26.0 pg/m 3 number of
Naples 3 admissions/ pg/m g
Pad Padua - 48.7 yg/m monitoring
adua ) R day Gl .
Varese-Gallarate . sites)
Varese-Gallarate 3 disorders
40.8 yg/m
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study GRADE
E)lit:t?;é n?:)(gic;zlrjirneg NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
(duration) evidence
statistically significant
association with URI in
males and single pollutant model at
females movinlg average lag 0-2
(avg. ED and d|st.r|bluted qu Q'.13
visit rétes) days, sltat_lstlca_lly significant
risk ratio per 20 ppb (38.2 association with COPD at
association respiratory ug/m?) in a single poIIutént risk rsat!o per 20 ppb (38.2 average Ilag_asthma 0-2
with PMio, | disease 172( model using two lag periods Hg/m?) ina single pollut_ant days, at d|str|bu_te_d lag 0- .GBOQ.O
e | ey | {rouen
(Peel et al., 1-h ) 1-hr maximum ) . departmen‘g visits of | count (TPC), 0-2 day moving avgrage'lag upper respiratory all respiratory disease for publication
2005) -hr maximum fr(_)m mean time-series | total resplr_atory, coarse PM, URI 103 upper respiratory infection - infection 1.006 - 1.031 moving average lag 0-2 bias and the
two flxed'momtorlng 45.9 ppb (87.7 (92 upper respiratory §qlfate, visits/day 1.027 COPD 1.006 - 1.065 days bias using a
Atlanta, GA sites pg/m?) months) In;eﬁéll?:’],oﬁ;hza, acIIEdCItyZ))(()yC, asthma 39.0 COPD - 1.035 no significant association very small
’ ! - : o 0-13 day distributed lag pneumonia or COPD for number of
COFD hsygl;ocgarbgnos, visits/day u(;))-;:r (::gp?:::g:);itﬁfcje::atigc) n- upper respiratory ei_ther Iag_ period or asthma [ monitoring
8" Né) ’ neumonia 1.057 infection 1.029 - 1.085 with moving average lag 0- sites)
2 P 20.8 a.sthma -1.047 asthma 1.011 - 1.085 2 days, no attenuation of
visits} day ’ association in multi-
pollutant models (data not
COPD 7.42 shown), associations for
- . asthma substantially
visits/day

stronger for infants (age 0-
1 yrs) and children (age 2-
18 yrs) than adults
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report no.

9/14

analysis suggests a
threshold a threshold at a
concentration range of
126.2 - 303.0 pg/m?®

study GRADE
ﬁ:it:t?;é n?:)(gic;zlrjirneg NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
(duration) evidence
statistically significant
increase in asthma
admissions for boys, but
adjusted increase in asthma | not girls, aged 0-14 years;
adjusted increase in asthma admissions per 10 pg/m*® no statistically significant
admissions per 10 pg/m? increase (1-hr max) in single || associations for all children
increase (1-hr max) in single | pollutant model for lag day 0 in two age groups (0-4
pollutant model for lag day 0 males (0-14 years) 0.13 - | years and 5-14 years); no ©BO0
; : ot males (0-14 years) - 2.29 4.50 statistically significant -
(San218|1| 1et al, 1-hr maximum mean daily 1-hr | time-series || pediatric emergency association male & association with asthma | (1o quality
) concentrations for 14 ; o with female I . . A . . Amissi p | because of
fixed monitoring maximum (60 admissions for PMo, Os, SO, 3601 no ygmfl(_:aqt increase in no significant increase in admissions for annua the small
Athens. Greece locations 84.8 ug/m? months) asthma & NO admissions asthma admissions in adjusted asthma admissions in mean daily 1-hr maximum number of
’ 2 single or two-pollutant model adjusted single or two- measurements (winter,
per 10 pg/m? increase or IQR | pollutant model per 10 pg/m*|  spring, summer, or fall) cases)
range (37.3 pg/m?) increase on || increase or IQR range (37.3 | using continuous or IQR
lagday 0, 1, or 2 ug/m?) increase on lag day | values in a single pollutant
0,10r2 model for lag day 0, 1, or 2;
no statistically significant
associations in a two-
pollutant model with PM;o,
SO,, or O
statistically significant
association with
emergency room visits for
cardiac arrhythmia in a
. . percentage increase in ER single pollutant model on (isz?fﬁ?igt
(Sar12tos etal, mean daily . . association male and _p_ercentage increase in EJR. visits per IQR of 49.5 pg/m*® Iag cjay 0 qnly_, no because of
008) concentration at daily mean time-series | emergency room with female visits per IQR of 49.5 pg/m?in in sinale pollutant model statistically significant blicati
) y 3 (20 visits for cardiac adults single pollutant model gie p associations in two publication
Sao Paulo, seven fllxed_ 99.03 ug/m months) arrhythmia PMio, SOz, Os, 3251 laq 0 = 7 -18 (depicted pollutant model with CO or |~ ias and
Brazil monitoring locations CO, &NO; admissions | lag 0 = 13 (depicted graphically) ag = -h' (”eplcte three pollutant model with small
graphically) PMio and CO, quintile nt::r:::;)of
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study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
hourly mean in
ppb(ug/m?)
(Stieb et al., Montreal — emergenc pooled percent increase in pooled percent increase in statistically sianificant
2009) 19.4 (37.1 ug/m?) de artmer?t vis)i/ts for cardiac visits per 18.4 ppb cardiac visits per 18.4 ppb associaytior? with
Ottawa — gardiac (angina male & (35.1 pg/m®) in a single (35.1 ug/m®)in a single angina/infarction and heart
Seven Canadian 18.8 (35.9 ug/m?) m ocard?al ’ association female pollutant model for the summer pollutant model for the fai?ure in a single pollutant Yo
cities mean daily Edmonton ~ time-series infar)::tion heart with cardiac - season summer season model; no s?atis‘iicall derat
Montreal concentration from 1 | 21.9 (41.8 ug/m’) (up to 120 | failure dysrhythmia) PMio, PM2.s 140.657 significar‘ﬂ associationsyfor (nngerani
Ottawa to 14 fixed monitoring Saint John — months) and’ respirato SO O Cd res| iréto - lag day 0 lag day 0 the winter season or for qd' ty’ t
Edmonton sites 9.3 (17.8 pg/m?) (asthmapCOPrE); i& Ns(’J ’ 229 198, anginalinfarction - 2.6 anginalinfarction 0.2 -5.0 any respiratory conditions: adjustmen
Saint John Halifax — onitatory 2 canes heart failure - 4.7 heart failure 1.2 - 8.4 b ledig necessary)
Halifax 17.5 (33.4 ug/m?) infepction':)/ associatiorilin% two
Toronto Toronto — conditions lag day 1 lag day 1 ollutant model with CO
Vancouver 22.7 (43.4 yg/m?) anginalinfarction - 2.7 anginalinfarction 0.2 -5.3 P
Vancouver —
18.7 (35.7 pg/m?)
statistically significant
. - rate ratios for ER visits per | association in the overall
rate ratios for ER visits per 12.9 )
) : 12.9 ppb (24.6 pg/m? | th
iati ppb (24.6 ug/m’) in adjusted adjust’;% rr(10del tgs]i:;;)ol-r; searlﬂﬂeufiﬂg 02 \g:)r/r;nd SO0
association model using 0-2 day lag dav | ' (low quality
1-h with ay lag 0-7 day moving average
EZi?mumr PM,.s mass, overall - 1.036 lag period; statistically lbecausea
population weighted PM Ifat ’ overall 1.018 - 1.055 significant association in Increase
: : overall — case- 2.5 Sulfate, warm season - 1.066 h rating from
(Strickland et al., hourly maximum 233 asthma emergency male & - L . warm season 1.038 - 1.095 | single and two pollutant
: .3 ppb (44.5 crossover = PM..s EC, rate ratio for ER visits relative to > . : . dose
2010) concentrations at an 3 . department visits by female h o rate ratio for ER visits model with ozone;
ug/m3) and time- . PM,.s OC, the first NO, quintile (< 15.4 . X A N . response
unstated number of Warm season — series (12 children aged 5-17 PM,.. soluble 91,387 /ms) relative to the first NO, sensitivity analysis using fiset by th
Atlanta, Georgia fixed monitoring 3 years 25 cases M9 quintile (< 15.4 pg/m?) time-series analysis with ottset by the
) 22.0 (42.0 yg/m?) years) metals, PMyo, 3rd quintile 37.1 - <46 ppb ( - - ’ failure to
location cold season — PM S0 /m?) - 1.040 3rd quintile 37.1 - <46 ppb ( || LOESS smoothing yielded describe the
24.5 (46.8 pg/m?) 10725 O ath uiﬁ?ile 46 - <57 1 pob ( ug/m3) 1.000 - 1.081 similar results in a base L h
(50019 CON‘OJS' & q Dai) - 1.087 PP 4th quintile 46 - <57.1 ppb (|  model; no statistically r?wl:)r:nc?rrl r:’g
2 5th quintile 57.1 - <181 ppb ( yg/m?3) 1.044 - 1.131 significant association for sites)

pg/m?) - 1.087

5th quintile 57.1 - <181 ppb (
pg/m?) 1.036 - 1.140

the cold season either in

the base model or by
quintile
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study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
rate ratio per 20 ppb (38.2
rate ratio per 20 ppb (38.2 ug/m?) increase for 3-day
pg/m?3) increase for 3-day average lag in single
average lag in single pollutant pollutant model (warm
1) one hour model (warm season onl season onl - R
mai(imum er:)m 1-hr maximum (w y) y) stat|st|ca_lly_S|gn|f|cant
central monitor (six central monitor — central monitor - 1.052 central monitor 1.028 - 1.077 em:rsseonc:atzjoen \;V;I;ent
fixed monitoring 42.0 ppb (80.2 male & unweighted - 1.079 unweighted 1.044 - 1.1116 visitgb ghildr?en with ®eO0
. sites) ug/md) association pop. weighted - 1.105 pop. weighted 1.060 - 1.15 Y o .
(Strickland et al., 2 ) . ) . - female asthma using all three (low quality
) unweighted unweighted average | time-series emergency with h
2011) . children ) ’ measures of hourly because only
average from -27.7 ppb (52.9 (144 department visits for| PMso, PM,.s, (aged 5-17 rate ratio per IQR increase maximum NO inal
) monitoring sites yg/m?3) months) pediatric asthma || CO, Os, SO, 9 rate ratio per IQR increase for for 3-day average lag in ST single
Atlanta, Georgia . . . years) S ! concentration; greater pollutant
3) population- population weighted & NO, 41741 visits 3-day average lag in single single pollutant model consistency when IQR is dell
weighted average of average — ’ pollutant model central monitor (IQR 19.7 dt Y It modelling)
spatially adjusted 22.0 ppb (42.0 central monitor (IQR 19.7 ppb, ppb, 37.6 pg/m?) 1.027 - urse t?“comn;:are r?sx] Snt
measurements from ug/m?3) 37.6 pg/m?) - 1.051 1.076 across a e?oac?r?;: eme
monitoring sites unweighted (IQR 13.5 ppb, unweighted (IQR 13.5 ppb, PP
25.8 ug/m?) - 1.053 25.8 ug/m?) 1.029 - 1.077
pop. weighted (IQR 10.1 ppb, pop. weighted (IQR 10.1
19.3 pg/m?) - 1.052 ppb, 19.3 pyg/m?) 1.030 -
1.074
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study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
relative risk percentage for
chest pain per 12.8 ppb
(24.4 pg/m?®) change in a
single pollutant model (lag
relative risk for chest pain per I da{l 0) ients - 1.3
12.8 ppb (24.4 ug/m?) change all seasons, a4 gatlen s- 1.
in a single pollutant model (lag I 'f ’ | ) statistically significant
day 0) a seasons1, 4em5a2e patients association with
all seasons, all patients - 2.6 Co e ) admissions for chest pain
! all seasons, male patients - N
all seasons, female patients - 06-43 in warm, cold, and both
3.3 ’ : ) seasons for all patients but
all seasons, male patients - 2.4 warm seasons, all patients - differential associations SO00
warm seasc;ns all patients - 2'9 00-58 observed for men and (insufficient
§ . ’ warm seasons, male . because of
warm seasons, male patients - patients - 0.0 - 7.8 women in warm and cold bias from the
male & d 3'?' tients - 1.7 cold seasons, all patients - _segfgons; Stat'St.'Cta.”y use of a
(szystomcz | mean cay
and Rowe, 2010)| concentration at an daily mean time-series gency with 68,714 chest ! P cold seasons, female . number of
department visits for . 2.8 : not men or all patients on o
unstated number of 21.9 ppb (41.8 (120 chest pain and PMio, PMz2.s, || pain cases patients - 0.5 - 5.1 lag day 1 (data not shown) monitoring
Edmonton, fixed monitoring Hg/m?) months) wea‘ljmess S0, Os, CO, 66,092 relative risk for weakness per gas zvell as lag day 0O; sites and
Alberta locations & NO, weakness 12.8 ppb (24.4 ug/m?) chanp o relative risk percentage for statisticall signifizan‘t publication
cases 120 pp “+ Mg 9 weakness per 12.8 ppb istically sig and
in a single pollutant model (lag 24 4 ua/md) ch . associations for weakness | . .
day 2) ( 4 pg/m’) change in a on lag day 2 but not 0 or 1 imprecision
all seasons, all patients - 2.1 single pollutant model (lag for males, females and all W'th. wide
. day 2) ’ . " confidence
all seasons, female patients - all seasons. all patients - 0.7 patients; statistically int |
21 B 3 g ’ significant association for intervals)
oo o ovone 3| i seasons, emle paens | 5240 S ol
cold seasons, male patients - ’ . ) males and females on lag
3.4 all seasons, male patients - day 2 only
cold seasons, female patients - 05-44 .
23 cold seasons, all patients -
’ 1.0-45
cold seasons, male patients
-1.0-5.9

cold seasons, female
patients - 0.1 - 4.6
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stud GRADE
Iauthqr/ SERS NO, concentration typey endpoint co-pollutants || participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
statistically significant
association emergency
odds ratio per IQR of 12.8 department visits for
ppb (24.5 pg/m*)inatwo | depression in a single and
odds ratio per IQR of 12.8 ppb pollutant model for the two-pollutant model using
(24.5 pg/m?) in a two pollutant stated number of days different techniques for
model for the stated number of separating the case day seasonal adjustment and
days separating the case day from the control day different time intervals for
from the control day the identification of control
(Szyszkowicz association linear spline (NO, + SO,) periods in the case- DOOO
and Tremblay, mean daily daily mean case- emergency with femnale linear spline (NO, + SO,) 8 days 1.000 - 1.117 crossover design; single (insufficient
2011) concentration at a 21.9 ppb (41.8 crossover | department visits for|| control Qay 15 556 8 days - 1.057 all except day 6 1.002 - || pollutant model yielded far | because of
single fixed ’ /m?) ’ (120 depression by adult | separation, ca’ses all except day 6 - 1.047 1.094 more statistically significant severe
Edmonton, monitoring locations H9 months) females S0O,, CO & linear spline (NO, + CO) linear spline (NO, + CO) results than the two exposure
Alberta NO, 3 days - 1.070 3 days 1.000 - 1.144 pollutant model; linear bias)
4 days - 1.080 4 days 1.008 - 1.156 adjustment for seasonality
8 days - 1.099 8 days 1.021-1.182 yielded more statistically
all except day 6 - 1.090 all except day 6 1.019 - || significant results than the
natural spline (NO, + SO,) 1.166 natural spline; statistically
all except day 6 - 1.046 natural spline (NO, + SO,) | significant association were
all except day 6 1.000 - | observed for some 20 year
1.095 age groups depending on
the control day interval
that was selected
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British Columbia

study GRADE
Iecl:i:t:tci)t;ri n?())(gic;zlrjirne NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 (duration) evidence
relative risk percentage for
relative risk percentage for m|gra|2e per 20'.2 ppb'(38.6
migraine per 20.2 ppb (38.6 ug/m?) change in a smgle
ug/m?) change in a single pollutant model comparing
pollutant model comparing uneﬁzzsesd(;nddzxpg)sed
unexposed and exposed group g day
(stzgkg(\;\gg et groups (lag day 0) all seasons, all patients 1.7 statistically significant
" . -6.2 association with headache
all seasons, all patients - 3.9 ) Lo dOOO
male & . warm seasons, all patients but not migraine; . .
Edmonton, mean dail o female warm seasons, all patients - 6.9 28-11.4 associations generall (insufficient
Alberta concentration )zlat an daily mean (all emergenc! assoclzlahon 64,839 all seasons, male patients - 4.1 all seasor;s malé atients occurred for agsame d;’ because of
Halifax, Nova unstated number of ycities) time-series departmer?t vis)i/ts for with mig‘raine warm seasons, male patients - 0 7 -76 i lag period for either they bias from the
Scofia fixed monitoring 20.2 ppb (38.6 (129 migraine or PMio, PMa.s, cases 135 ) warm seasons, male whole season or warm use of a
Ottawa, Ontario ; N ’ N months) SO,, 0s, CO, all seasons, female patients - . ’ . unstated
M locations within six ug/m3) headache 68,498 patients 6.7 - 20.7 season analysis ;
ontreal, o & NO, 3.7 . ke number of
cities headache all seasons, female patients || associations more common o
Quebec ; : ) monitoring
) cases N 0.7-6.8 in comparisons with all .
Toronto, Ontario relative risk percentage for - sites)
. patients or males only,
Vancouver, migraine per 20.2 ppb (38.6 lative risk f ther than f | |
British Columbia pg/m?3) change in a single relative ris pze(;’czentabge?)é)g rather than temales only
pollutant model comparing m|g;'an31e ;r)]er - PP .( I :
unexposed and exposed ug/m?) change in a single
pollutant model comparing
groups (lag day 1) unexposed and exposed
warm seasons, male patients - P p
79 groups (lag day 1)
) warm seasons, male
patients 0.8 - 14.1
(Szyszkowicz et
al., 2009b) -
relative risk percentage per
relative risk percentage per 20.1 ppb (38.4 ug/m?3)
E%:::;Ign’ mean daily association 20.1 ppb (38.4 ug/m®) change | change in a single pollutant statlistlically‘significant (Ew@?a(n)t
Halifax. Nova concentration at an daily mean (all time-series emergenc with male & in a single pollutant model model comparing unexposed || association with short-term b a ¥
" unstated number of cities) gency comparing unexposed and and exposed groups (lag exposures in all climatic ecause o
Scotia fixed monitorin 20.1 ppb (38.4 (129 department visits for| PMio, PM..s, female exposed groups (lag day 0) day 0) seasons; associations with | Pias from
Ottawa, Ontario | | = o st months) depression S0,, Os, CO, | 27,047 visits PO e 29,0 0 Y 66136 NO. barallol th single
Montreal ocations within six yg/md) 2 NO all seasons - 10. all seasons 6.6 - 13. > parallel those pollutant
Quebecy cities 2 warm seasons - 20.0 warm seasons 13.3 - observed with CO; del
Toronto. Ontario cold seasons - 6.4 27.2 model)
Vancé)uver cold seasons 2.1-10.8
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study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
odds ratio per IQR of 12.8 ppb || odds ratio per IQR of 12.8 Stagzggzi”gtiilr?w‘tzam
(24.4 pg/md) in single pollutant | ppb (24.4 ug/m?) in single emergency deot visits for dDHOO
(Szyszkowicz et . association model using single and pollutant model using single gency dep (low quality
daily average . : . : : - hypertension on lag day 3
al., 2012) ) daily mean case- emergency with males and cumulative lag periods up to and cumulative lag periods . because of
concentration from 2 and cumulative lags 02 and .
) e 21.9 ppb (41.8 crossover | department visits for| PMio, PM,.s, females seven days up to seven days o using a
three fixed monitoring 3 : 03, no statistical ;
Edmonton, : ug/m3) (10 years) hypertension CO, O3, SO,, || 5365 cases Lo single
sites significance on all the
Canada & NO, lag day 3 - 1.06 lag day 3 1.00-1.12 her single lag d pollutant
lag day 02 - 1.08 lag day 02 1.01- 1.5 | Seven othersingle lag days| - oo o )
lag day 03 - 1.07 lag day 03 1.00-1.14 | 2nd sixother cumulative
g day ’ g day ’ ’ lag days
percent change in relative
risk per IQR for lag day 2
percent change in relative risk (12.8 ppb; 24.5 pg/m?)
per IGR fo;ﬁllasg da/);nZS)(12.8 Ppb; age < 10 vrs statistically significant ®OO0
wre total whgle yeary2 2-85 associations in a single (insufficient
(Szyszkowicz, mean daily association age <10yrs male all year 1.8 -9.2 p&ljlﬁ]a;ttlgnoggl a(;::,gf’ because of
2008a) concentration at an daily mean time-series emergency with male & total whole year - 5.3 total warm season 9.5 - associatgionsy more ’ exposure
unnamed number of 21.9 ppb (41.8 (120 department visits for| PMso, PM,.s, female male all year - 5.5 23.0 rominent in children than bias and
Edmonton, fixed monitoring ug/m?3) months) asthma 03, SO;,, CO, | 62,563 visits total warm season - 16.1 female warm season 2.8 - pteena ers or adults: no single
Alberta locations & NO, female warm season - 12.6 23.3 statis%icall si nificént pollutant
male warm season - 19.2 male warm season 11.4 - istically sig : modelling
27.6 associations during winter only)
age 2 10 years ’ months (Oct-Mar);
female warm season - 6.2 age = 10 years
female warm season 1.4 -
11.3
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study GRADE
E)lit:t?;é n?éﬁﬁzlrjirne NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 (duration) evidence
statistically significant
association ED visits for
relative risk percentage per ischemia in females but not
IQR 12.8 ppb (24.4 pg/m?) in males aged 20-64 years for
relative risk percentage per IQR + 125 pp & Mg all seasons and cold
a0 a single pollutant model (lag
12.8 ppb (24.4 pg/m3) in a day 0-2) season but not the warm ®O00
single pollutant model (lag day Y season; statistically . g
0-2) significant association for (insufficient
(Szyszkowicz short-term effect on group age 20-64 years males & females together because of
A ’ mean daily . ) . association all seasons & all genders g serious
2008b) . daily mean time-series emergency - male & group age 20-64 years aged 20-64 years for all | . . .
concentration at 21.9 ppb (41.8 (120 department visits for with female all seasons & all genders - 6.3 02-1238 seasons and the warm inconsistencie
three fixed monitoring -~ PP . p - : SO,, 0;, CO & s 9 -~ || all seasons & females 2.9 - s and the bias
Edmonton, locations yg/m?3) months) acute ischemic NO 10,881 visits | all seasons & females - 12.4 207 season but not the cold f th
Alberta stroke 2 cold seasons & females - 13.8 . season; statistically rom the use
cold seasons & females 2.1 Janifi iation f of a single
2267 significant association for pollutant
group age 65-100 years old ) elderly (aged 65-100 years) del
warm season & all genders - males and females during model)
8.2 group age 65-100 years old the warm season: no
’ warm season & all genders iation f Id’ |
04-16.7 association for elderly
’ ) males or elderly females
for all seasons or the cold
seasons
relative risk per IQR 23.0 ppb | relative risk per IQR 23.0 statistically significant
(43.9 ug/m3) in single and two- | ppb (43.9 ug/m?) in single association with
pollutant models with a 0-2 day | and two-pollutant models emergency room visits for
association average lag with a 0-2 day average lag cardiovascular and
with respiratory diseases in a
PMio. PMio- cardiovascular cardiovascular single pollutant model at an
(cg)urse) NO; only - 1.015 NO; only 1.004 - 1.025 0-1 lag period; statistically [~110®)
I;I\S/I P T:rI:aIa:sd significant association for | (jow quality
i 2SN respiratory respiratory respiratory visits in a two | pecause of
(Toll;((e)g;)t | 1-br maximum for an a\r/s;?(?rﬁu1r;1hr time-series Car:ielchviarZ(t:(L)Jlar & Esglfi’t:/i P’\(/IJZS caf(?ii’\?:s?:ul NO, only - 1.015 NO, only 1.004 - 1.025 pollutant model with CO; bias from
unstated number of p ry (s T . NO,/CO = 1.012 (depicted NO,/CO = 1.008 - 1.029 no association with the use of a
- . 43.2 ppb (82.5 (10 years) emergency PM,.s TC ar visits ; iaite i
Atlanta. G . monitoring sites : m? ; department visit 25 1072429 graphically) (depicted graphically) respiratory visits in a two unstated
anta, Georgia ug/m?) epartment visits | PM.,.s soluble resoitor pollutant model with PM;o number of
metals, \’/)isits y or Oz and a three pollutant | monitoring
ho:j(ygenited model PM;, & Os; no sites)
ydrocarbons, association with
S0, CO, Os, cardiovascular visits in a
&NO. two pollutant model with

CO or PM,.s TC and a
three pollutant model with
PM,.s TC & CO;
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extremely high or low
geomagnetic activity

study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
ocation monitoring ) .
(duration) evidence
statistically significant
association with respiratory
symptoms among all
patients for all seasons,
and the warm season but
not the cold season in a
emergency single pollutant model with || @OOO
department visits for no lag; statistically (insufficient
respiratory significant associations | because  of
(?Z;n?rtg{g s adjusted odds ratio per 10 adjusted odds ratio per 10 gftsg r\ée(jlf%rrlgg( s:f[jg:;;t E_ubllcat]g‘n
(Tramuto et al., mean daily case- d Pl y association ug/m?® change in a single ug/m?® change in a single Y s las - with - no
) ) eficiency, ; male & presented); statistically | lag period
2011) concentration at ten daily mean crossover with pollutant model (no lag) pollutant model (no lag) P L "
f — 3 emphysema, female significant association specified and
ixed monitoring 41.5 pg/m (48 dyspnea, cough, | e 02 CO g 519 visits observed in some age i
Palermo, Italy locations months) yspnea, on. & NO, ’ all seasons - 1.015 all seasons 1.004 - 1.026 9 very  serious
asthma, warm season - 1.043 warm season 1.021 - 1.065 | 970UPS (55-64, 65-74, 75- jland the bias
pneumonia, . . : 84 years old) for either all |from the use
bronchopathy, & subjects, males only or |of a single
obstructive females only (values not | pollutant
pulmonary disease) presented); associations in | model
age stratified groups not
uniformly distributed across
age groups or gender type
but the associations were
restricted to all seasons or
the warm seasons
associations observed for | OO0
patients < 65 years of age, | (insufficient
. 3 .
(Vencloviene et . myocardial _ _ IQR (19.05 pg/m® NO,) rate IQR (19.05 ug_/m NO,) rate but not with those >65 because  of
mean daily case- infarction & interaction . ratios years old; risk of inconsistencie
al., 2011) - . h male & ratios A
concentration at daily mean crossover unstable angina study (NO, & female emergency hospitalization s across age
three fixed monitoring 34.6 ug/m* (36 pectoris geomagnetic NO, 0.96 - 1.53 for those below 65 groups  and
Kaunas, . o3 cases 6,594 NO, - 1.21 : . o b
Lithuania locations months) (emergency room activity) NO, & tic - 1.54 NO, & geomagnetic 0.99 - | increased by 61% (for 19.1 | bias from the
visit) 2 & geomagnetic - 1. 2.40 ug/m? increase) after small number

of cases and
short duration)
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study GRADE
Iauthqr/ SERS NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
statistically significant
association with acute
ischemic stroke(AIS) in
single pollutant model
male and during warm, but not cool,
female seasons using all three lag
. adults 265 | adjusted odds ratio for acute | adjusted odds ratio for acute periods, stratn‘lcat]oln by
ED visits for acute . ] ) p sex showed a statistically
ischemic years of age | ischemic stroke per IQR of 13.5| ischemic stroke per IQR of significant association with | @BOO
(Villeneuve et daily mean ’ association || 65 - < 75 yrs ppb (25.8 pg/m?) in single 13.5 ppb (25.8 pg/m?) in gnitic .
. ) hemorrhagic, ; : AIS in females but not (low quality
al., 2006) daily average from concentration case- ) with of age - pollutant model for the summer | single pollutant model for the
) o transient cerebral . females > 65 years of age, | because of
three fixed monitoring|  24.0 ppb (45.8 crossover | . ) PMio, PM..s, || 5435 visits months summer months 4 I
- 3 ischemic or other no statistically significant | the  small
Edmonton, sites yg/m?3) (11 years) - SO,, 05, CO, | 75-<85yrs o ; )
types of stroke in associations with AIS in number of
Alberta & NO, of age - O daylag-1.17 0 daylag 1.05-1.31 ’
three elderly age s two-pollutant models with | cases)
rouDs 5129 visits 1daylag-1.18 1daylag 1.05-1.32 SO,. CO. O.. PMio. or
group > 85 yrs of 02 day lag - 1.26 02 day lag 1.09 - 1.46 B o lag ey O
age - 1858 2.5 forjag day Lo, no
visits statistically significant
association with
hemorrhagic or transient
cerebral ischemic stroke in
warm or cold season or for
male or female subgroups
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department visits

study GRADE
ﬁ:i:t:t?;é n?:)(gic;zlrjirne NO, concentration type endpoint co-pollutants || participants ratio or risk confidence interval results quality of
9 (duration) evidence
Statistically significant
association with asthma
ED visits in those aged 2 to
males & adjusted odds ratio for asthma adjusted odds ratio for zerTOS dirse:éea%elafordz” lggi’n
females in | ED visits in different age groups| asthma ED visits in different pa single oI‘I)utar?t mgdel
seven age per IQR of 13. 5 ppb (25.8 age groups per IQR of 13. 5 during sﬁmmer months:
groups (total pg/m?) for summer months ppb (25.8 pg/m?) for summer statigs’ticall si nificant’
57,912 (Apr-Sept) in a single pollution months (Apr-Sept) in a associationyin gof 6 age
visits) model single pollution model P | 9 £
2- 4 years - grottr:psf or ?t east tvcs’/o o
7247 visits 2->75years 2-275years I‘fwzls‘:l aa%e%‘?r:fo s
daily mean 5-14 years - lag 1 day - 1.07 lag 1day 1.03-1.10 association%n a "3 rouDS
(Villeneuve et concentration association | 13145 visits lag 02 day - 1.09 lag 02 day 1.04 - 1.13 s oo 495_ 34 ar’]’ 5 @900
. summer — . . 15 -24 years lag 05 day - 1.14 lag 05 day 1.09 - 1.20 .g g (low quality
al., 2007) daily average from case- ED visits for asthma with 65 -75; association
) L 17.5 ppb (33.4 - - 11,616 2 -4 years 2 -4 years ) because of
three fixed monitoring 3 crossover | and COPD in seven| PMiyo, PM,.s, L generally confined to the | . >
Ed ; ug/md) visits lag 1 day - 1.24 lag 1 day 1.13-1.35 inconsistent
monton, sites ; (11 years) age groups SO,, 0s, CO, summer months and all
Alb winter — 25-44 lag 02 day - 1.32 lag 02 day 1.18 - 1.48 . seasonal
erta & NO, seasons with no "
28.5 ppb (54.4 years - lag 05 day - 1.50 lag 05 day 1.31-1.71 e PR findings
statistically significant 9
yg/m?3) 13,300 visits 5-14 years 5-14 years findinas for the winter
45 - 64 lag 1 day - 1.08 lag 1 day 1.01-1.15 monthsg(Oct - Mar); two
years - 7899 lag 05 day - 1.13 lag 05 day 1.02-1.24 I el f’ h
visits 15 - 44 years 15 - 44 years po (L)Jéagt modetiing IO” e
65 - 74 lag 02 day - 1.07 lag 02 day 1.00 - 1.14 reveal :g ;‘;etrigeesﬂg o
years - 2850 lag 05 day - 1.10 lag 05 day 1.02-1.19 I | 9
visits 275 years > 75 years p% utta tnt éegufts weﬁhnoé
> 75 years - lag 02 day - 1.33 lag 02 day 1.03 - 1.70 ;0 e“SrOS . S?I;ifhcihe ‘; .
1855 visits lag 05 day - 1.37 lag 05 day 1.02 - 1.84 g€ grouping .
year age group being the
only population showing
statistically significant
results
asthma morbidity (Giigj%gant
(Wilhelm et al., 'Tglu:&?r? s()g n(;lgtc:]m no association for no statistically significant | because of
2008) Cross- P 9 an. association male & no association for daily/weekly ) association with symptom | short
annual averages annual average tional wheeze, shortness PM.o. PM f I d t ED visits i daily/weekly symptoms or di .
from eight fixed 3 pphm (57.3 sectiona of breath. chest o, PM2.s, || female age symptoms or ED visits in an ED visits in an adjusted recording or emergency | duration and
Los Angeles and Y A 5 (24 . R} CO, O, & 0-17 yrs adjusted single pollutant model || _. department visit in an the bias
h monitoring sites yg/m?3) tightness, or . 3 single pollutant model per 1 ) : )
San Diego months) NO. 617 children per 1 pphm (19.1 ug/m?) 3 adjusted single pollutant || from usin
phlegm) or pphm (19.1 pg/m?3) 9
counties, CA emergency ’ model survey

questionnair
e)
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study GRADE
ﬁ:it:t?;é n?éﬁﬁzlrjirne NO, concentration type endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 (duration) evidence
mean
ourly mean warm ’g‘::t';s (Apr- odds ratio per 10 ppb (19.1 || odds ratio per 10 ppb (19.1 Wﬁﬁﬁ ijfgs'acte'ﬁ?songg’;d OO0
(Yamazaki et al., concent)r/ation ata 16.9 ppb (32.3 case- nighttime visits association male & ug/m?) increment Hg/m?) increment adults or young c‘:hildren (insufficient
2009) S|?grlgumgglitr?tr(|)ng_;lrte L:]?g:n) crozsgver emergency clinic for PM Wltr(') & female children 6-14 yrs (lag 6-12 hr) - | children 6-14 yrs (lag 6-12 r;zlgglin(?fsgggilg?g; because of
Ichikawa, Japan n? httipme and 8-hr cold months (Oct- months) asthma attack sté ’ 403 visits 1.73 hr) 1.02-2.93 usin mu’Iti ollutant model; oxbos.
»Jap gntt . 2 children 6-14 yrs (daytime NO,) || children 6-14 yrs (daytime 9 multip +|| exposure
daytime metrics) Mar) 183 NO,) 1.05 - 3.20 associations found for bias)
27.2 ppb (52.0 ) ¥ ’ warm but not cold months
Hg/m?)
odds ratio per IQR 12.8 ppb | odds ratio per IQR 12.8 ppb assstggisan?:r?)i/nS;gllnglaCt?enr:ts
(24.4 pg/m?) for all patients in || (24.4 pg/m?) for all patients and all seasons using a
single pollutant model in single pollutant model . 9é
single pollutant model with
seasonal average lag day 2 lag day 2 ass?)c(ija?t)ilc)lr?g’alsslgngll)csz%e d
all months — all months - 1.05 all months 1.01 - 1.08 for a 3 dav lag in warm APpO0O
(Zemek et al 21.9 ppb (41.8 association male and warm months - 1.10 warm months 1.02 - 1.19 months ystagtJisticaII (low  quality
2010) " | seasonal averages Hg/m’) case- emergenc with female cold months - 1.03 cold months 1.00-1.07 significant éssociation)(/vith because  of
rag warm months — crossover gency children (1-3 lag day 3 lag day 3 9 inconsistencie
from three fixed department visits for| PMio, PM,.s, females on lag day 2 for all X
Ed - . 16.5 ppb (31.5 (120 " - yrs of age) warm months - 1.08 warm months 1.00 -1.17 s bias from
monton, monitoring sites ug/me) months) otitis media 03, CO, SO;, 14527 ED month; or warm months single
Alberta cold months — &NO, visits odds ratio per IQR 12.8 ppb || odds ratio per IQR 12.8 ppb d:n% \?gtrhv\f:m]aﬁz;?];aao pollutant
27.2 ppb (52.0 (24.4 pg/m?) for females (24.4 ug/m?) for females Y 9 1or lv sianii ’ model)
ug/me) lag day 2 lag day 2 statistical y significant

all months - 1.06
warm months - 1.20
lag day 3
warm months - 1.14

all months 1.01-1.11
warm months 1.06 - 1.34
lag day 3
warm months 1.02 - 1.29

associations found for
males in any season,
negative associations
observed in two-pollutant
model with CO
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Acute Hospital Admissions

study

number count)

GRADE
auth(_)rl e e NO, " type endpoint co- participants ratio or risk confidence interval results quality of
location monitoring concentration ) pollutants :

(duration) evidence
statistically significant
association for respiratory
male & female . s disease (lag04) and asthma
daily ﬁgéuiﬁi;fifgveer"fépfqo; adjusted relative risk for (lag05) admissions in a single
(Andersen et hospital admission admissions bF()13 4 /me) in single hospitalization per IQR 7 ppb | pollutant model but not in a two OO0
al, 2007) daily mean of children association papn . *:)ﬁ’lutam oy d%I (13.4 pg/m?) ins ingle and two pollutant model with PMy; (insufficient
v daily average from concgntration time-series (asthma) and the with cardiovascular p pollutant model statistically significant because of
a single fixed elderly (=65 yrs)-53 . association respiratory very serious
Copenhagen, itori . 12 ppb (22.9 (6 years) di | PM,,, CO, & irat > respiratory irat dmissi lao d 23 84 f
Denmark monitoring site ug/m?) (car iovascular NO, respiratory (= lag 04 - 1.040 respiratory admission on lag days 2, 3, risk of
and respiratory 65 yrs) - 21 lag 04 1.009 - 1.072 in single pollutant models and exposure
disease) asthma asthma cardiovascular admission on bias)
asthma (5-18 lag 05 1.029 - 1.235 lag day 3; no association with
lag 05 - 1.128 :
yrs) -3 cardiovascular
(lag03)admissions in single or
two pollutant model with PM;,
male & female statistically significant
dail association for respiratory
hospital admission | association admiss)ilons adjusted relative risk for adjusted relative risk for disease admission in single dOOO
(Andersen et daily mean of children with hospitalization per IQR 6 hospitalization per IQR 6 ppb pollutant model (lag04) but not || (insufficient
al., 2008) daily average from Y ] ) . (asthma) and the | PMy,, PM2s, : ppb (11.5 pg/m?) ins ingle (11.5 pg/m?) in single and two in a two pollutant model with because of
; concentration time-series cardiovascular . :
a single fixed 1 elderly UFP (total o and two pollutant model pollutant model UFP (total number count); no || very serious
L0 . ppb (21.0 (3.5 years) f (= 65yrs)-59 A . A f
Copenhagen, monitoring site /m?) (cardiovascular number respiratory (2 association with cardiovascular risk of
Denmark Hg and respiratory || conc.), CO, 65p rs) _r}éz_ respiratory respiratory (lag03) or asthma (lag05) exposure
disease) O3, & NO;, asth)rfna (5-18 lag 04 - 1.06 lag 04 1.01-1.12 admissions in single or two bias)
yrs) -3 pollutant model with UFP (total
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20.7
(Barcelona)

pg/m? in single and two
pollutant model for average
lag 01
cardiovascular disease
NO, only = 0.38
heart disease
NO; only = 0.86

lag 01
cardiovascular disease
NO, only 0.07 - 0.69
heart disease
NO, only 0.44 -1.28

study GRADE
E)L:;:t?(;rﬁ rr?gﬁic;z?irne conceNrgﬁation type endpoint olli?;nts participants ratio or risk confidence interval results quality of
9 (duration) P evidence
pooled relative risk for
az%rzzl'%?::;rsd;g\slzsC:hro pooled relative risk for combined
ug/m? increase in aptwo cardiovascular and cardiac
. e .
o8 fomlo | Bt ol revesen | %5 P 10 4977 esse
male &1emale | e association observed for P "
daily mortality - that the association observed for
NO, was not robust to either . . N
rates articulates (PMyo, TSP, or NO, was not robust to either statistically significant 12100
cardiovascular pBS 30, b tm’ ) ‘d particulates (PM,,, TSP, or BS) association with hospital (low quality
(Ballester et daily average from | daily mean ranged hosital association | ranged from 4.4 rob)uc;; to éo Fmraermisglle) or SO,, but remained robust to admissions for cardiovascular because of
al., 2006) Y 9 Y % . . 10Sp with (Oviedo) to ginally CO (marginally) and O3 (data and heart disease in a single bias from
an unstated number | from 23.1 ug/m®in || time-series | admissions for PM.. TSP 357 and O3 (data presented resented graphically) ollutant model at ava lag 01 th f
14 Spanish of fixed monitoring | Castellon to 76.2 | (3-6 years) | cardiovascular or BS 1SOO O’ (Barcélona) graphically) oc?led (fixed gffe‘::t) erycent pand in a two oIIutanEt; mgdel . ustetod
D sites in each city | pg/m?in Valencia heart disease (O f pooled (fixed effect) percent || . P ) b perce ) PO . an unstate
cities CO, & NO, || heart disease increase in hospital increase in hospital admissions || (combined admissions) with CO|| number of
ranged from 2.2 admissions ber ISR 10 per IQR 10 pg/m? in single and | and Os, but not "particulates” or|| monitoring
(Pamplona) to p two pollutant model for average 0O, sites)
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Auckland - 10.2
ppb (19.5 pyg/m?)

two pollutant model -

respiratory

1-4 yrs age (1-hr NO,)

NO,/PM,.5 - 8.5

5-14 yrs age (24 hr NO,)

NO,/PMy, - 6.4

two pollutant model - respiratory
1-4 yrs age (1-hr NO,)
NO,/PM,.s 0.7 - 16.9
5-14 yrs age (24 hr NO,)
NO,/PM;, 3.0-9.8

statistically significant
association with pneumonia in
either of three age groups, no
statistically significant
association with any of three
pulmonary conditions in
children less than a year old

study GRADE
ﬁl)"::tgt?grﬁ rﬁgﬁﬂz'ﬁirne conceNr:::?ation type endpoint ollfjct);nts participants ratio or risk confidence interval results quality of
9 (duration) P evidence
pooled percent increase in statistically significant
admission rate per IQR of association of 1-hr or 24 hr NO,
9.0 ppb (17.2 pug/m?3) for 1-hr pooled percent increase in exposures with hospital
daily averages values and 5.1 ppb (9.7 admission rate per IQR of 9.0 admissions in children pooled
éx bV ; g ug/m?) for 24-hr ppb (17.2 pg/m?) for 1-hr values from 7 cites for respiratory
76 S ;‘ ?4_5 measurements on lag days | and 5.1 ppb (9.7 pug/m?) for 24-hr | effects (two age groups) and
-6 pp (3 - 01 measurements on lag days 01 | asthma (one age group) using
(Barnett et al., ug/m?3) male and ]
2005) Canberra — female children ; : a single pollutant model, SO0
) single pollutant model- single pollutant model- statistically significant (low quality
7.0 ppb (13.4 hospital < 14 years of respi ; Lo ; A
. 3 oF piratory respiratory association with respiratory because of
Australia ug/m?3) admissions of age N . ) L
; A - . 1-4 yrs age (1-hr NO;) - 2.8 || 1-4 yrs age (1-hr NO,) 0.7 - 4.9 admissions in two pollutant imprecision
Brisbane Melbourne - children for association | dally admission .
1-hr and 24-hr . - 5-14 yrs age (1-hr NO,) - 4.7 | 5-14 yrs age (1-hr NO,) 1.6-7.9 model with PM1o (one age caused by
Canberra 11.7 ppb (22.4 case- respiratory with rate ranges .
values from 0-9 3 . . 5-14 yrs age (24-hr NO,) - 5-14 yrs age (24-hr NO,) 1.7 - | group or PM2s (one age group),| heterogenei
Melbourne . L ug/m?3) crossover | distress, asthma, | PMo, PM,.s, | respiratory - 1.4 L -
fixed monitoring h 5.8 10.1 statistically significant ty and/or
Perth - Perth — (4 years) and pneumonia UFP, O3, -7.9 o ’ . ]
Svdne sites 9.0 ppb (17.2 IUs acute SO, & NO asthma — association with 1-hr or 24-hr | inconsistenc
yaney 2 pp o plus ac z 2 single pollutant model - single pollutant model - asthma NO; levels and respiratory y from
New Zealand pg/m?3) bronchitis in three 09-22 th 5-14 24-hr NO,) 0.2 L ) :
Sydney - 11.5 ppb age groups pneumonia - 1 as r;: hENO -14 yrs age 22 ; r 2) 0.2- [ admission during cool season multlp_le
Christchurch (22.0 pg/m?) 0.6-36 514 yrs ag‘;(o -hrNO) - : Seg’::nig(gr?e";“‘g °rro""a;mno comparison
Auckland Christchurch - 7.1 : ge group), s)
ppb (13.6 yg/m?)
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study GRADE
E)L::tgt?grﬁ n?gﬁ?tz?irneg conceNr:::?ation type endpoint pollfj?;nts participants ratio or risk confidence interval results quality of
(duration) evidence
odds ratio for cardiovascular
disease admissions per IQR odds ratio for cardiovascular
of 9.95 ppb (19.0 uyg/m®) at | disease admissions per IQR of
two temperature limits in a 9.95 ppb (19.0 pg/m?) at two
total two pollutant model at an temperature limits in a two statistically significant (lgeWGB%%
admissions of average lag of 3 days pollutant model at an average lag a§sqciation with hospital becaﬂse 0);
(Chang et al., . . association 74,509 (lag02) of 3 day>s (IaogOZ) adn_usswng for cardiovascular inconsistencie
2005) daily average from daily mean case- hpspnal with mean daily t >20°C NO /FE;:/lmp ; ?g901 230 dlsea§e in a two pollutant s and
six fixed monitoring concentration crossover | 2dmissions for PM;o, SO,, hospital emp = 2N T model with PMso, SO;, CO and potential
Taipei, site 31.54 ppb3(60.2 (5 years) cardllovascular 0,. €O, & | admission rates NO,/PMy, - 1.194 NO,/SO, 1.244 -1.315 O3 at high temperatuores greater modelling
Taiwan ug/m?) disease NO NO,/SO; - 1.279 NO,/CO 1.106 - 1.186 than or equal to 20°C; same arror
2 cardiovascular NO,/CO - 1.145 NO,/O; 1.136 - 1.194 significant associations at stemmin
disease 40 80 NO,/O; - 1.165 temperatures below 20° C for from the uge
’ temp <20°C all co-pollutants except PM;, f SAS
temp < 20° C NO,/SO, 1.095 - 1.241 of SAS)
NO,/SO, - 1.166 NO,/CO 1.046 - 1.213
NO,/CO - 1.126 NO,/O; 1.066 - 1.187
NO,/O; - 1.125
statistically significant
association with total and
cardiovascular admission rates
on lag days 4 & 5 but not for
. . the 4 shorter lag days using a SPDPO
admitsost?olns of adn‘ziﬁg:g';gﬁ?}g g} 10 percent increase in ad'mis.sions singl_e pollutapt mode_l, no (moderate
1702180 ug/m® in single pollutant per IQR of 10 pyg/m® in single associations with respiratory quality after
m’ean ’daily model pollutant model adm_lssmn rate_s for any lag decreasing
(Chen et al., total, association hospital period; associations were for lag
2010) daily average from daily mean time-series cardiovascular & with admission rates total admissions total admissions confined to the cold season, | inconsistenc
six fixed monitoring concentration (3 years) respiratory PM.. SO total — 1555 lag day 4 - 0.97 lag day 4 0.07 - 1.87 with no significance in the warm ies and
Shanghai, sites 57 pg/m? y hospital &1‘;\10 » | g cay ' lag day 5 0.10 - 1.88 season, two pollutant modelling|| increasing
China admissions 2 ) ag d_ay 5-0.99 cardiovascular with PMy, did not cause an for th
cardiovascular - cardiovascular L0 1€ any orine
340 lag day 4 - 1.23 lag day 4 0.53 - 1.93 change; hoyvever the significant|| availability
respiratory - lag day 5 - 0.80 lagday 5 0.10-1.49 as.somatlons for tqta! and of dose
123 lag days 06 - 1 54 lag days 06 0.38 - 2.69 cardiovascular admissions on response
) lag day 5 became non- information)
significant after two-pollutant
modelling with SO,; J-shaped
exposure response function
observed
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study GRADE
ﬁl)"::tgt?grﬁ rﬁgﬁﬂzrirneg conceNr:::?ation type endpoint pollfj?;nts participants ratio or risk confidence interval results quality of
(duration) evidence
relative risk for specific
subgroup comparisons relative risk for specific subgroup
(condition/reference group) [ comparisons (condition/reference
per 20 ppb (38.2 pg/m?3) group) per 20 ppb (38.2 ug/m?)
exceedance above seasonal exceedance above seasonal
mean mean
lag day 1 lag day 1 statistically significant
association with those having
no insurance/private no insurance/private insurance no insurance together with OO0
insurance - 1.39 1.07 - 1.81 exceedance of NO, levels (low quality
(Grineski et 8-hr average for interaction | male & female | no insurance/Medicaid - 1.38| no insurance/Medicaid 1.06 - | relative to those with some type| because of
al., 2010) 8-hr mean value evening hours || time-series | hospitalization of || study (race, (14 years of Hispanic no 1.80 of insurance particularly for the serious
from four fixed 4-11PM) (36 children for ethnicity, | age or younger)|| insurance/Hispanic private - | Hispanic no insurance/Hispanic Hispanic populations; bias from not
Phoenix, monitoring locations 46 ppb (87.9 months) asthma insurance 16,413 1.94 private 1.26 - 2.99 statistically significant evaluating co-
Arizona pg/m?3) type & NO,) admissions Hispanic no Hispanic no insurance/Hispanic | association with blacks having | pollutants or
insurance/Hispanic Medicaid Medicaid 1.25-2.90 private insurance compared to their
-1.90 lag day 2 white or Hispanic with private | interactions)
lag day 2 black private/white private 0.99 -| insurance when the lag was 2
black private/white private - 1.63 days
1.27 black private/Hispanic private
black private/Hispanic 1.02-1.77
private - 1.34 lag day 0
lag day 0 Hispanic no insurance/white no
Hispanic no insurance/white insurance 1.13 - 3.76
no insurance - 2.06
odd ratio change per IQR of odd ratio change per IQR of
10.44 ppb (19.9 pg/m* NO, 10.44 ppb (19.9 ug/m® NO; in
in two-pollutant model two-pollutant model statistically significant @@OQ
PMyo PMio associations for myocardial (low quality
temp 223 °C-1.12 temp =23 °C 1.07 - 1.18 hospi I because of
. o . . ospital admissions observed | . ;
(Hsieh et al., ) . association temp<23°C-1.11 temp<23°C 1.06-1.16 . ) inconsistenc
2010) mean qally . daily mean case- h_osp|tal with so SO in both single pollutant models ies and
concentration at six 2988 crossover admissions for male & female z o2 at both warm and cold ;
oo fixed monitoring 88 ppb (57.1 (132 myocardial PMio, SO, 23,420 cases temp 223 QC -1.16 temp 2 23 EC tat-1.21 temperatures, statistically potential
Taipei, . ug/m?3) . . 03, CO, & ’ temp<23°C-1.18 temp<23°C 1.13-1.24 e Ve : modelling
Taiwan locations months) infarction NO co co significant associations in two-
2 . . pollutant models with PM1o, error
temp223°C-1.09 temp2=23°C 1.03-1.15 S0O,. CO and O. at warm and stemming
° o 2 3
temp<23°C-1.12 temp <23°C-1.05-1.20 cold temperatures from the
0, 0; P use of SAS)
temp223°C-1.09 temp=23°C 1.05-1.14
temp <23°C-1.18 temp<23°C 1.14-1.23
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study GRADE
E)L:;:t?(;rﬁ rr?gﬁic;z?irne conceNrgﬁation type endpoint olli?;nts participants ratio or risk confidence interval results quality of
9 (duration) P evidence
total
hospitalizations
and those for
(Kalantzi et pulmonary association e:?i?rlm?ss%of:;nrzltz no statistically significant I@@O(r)t
. . . (COPD, asthma, with - A - L - . association with NO2; (low quality
al., 2011) daily mean from . time-series || . . respiratory - | no change in risk coefficients| no change in risk coefficients in oy o because the
" daily mean infections, & other)|| PM;,, CO, Y . N N N statistically significant
three fixed 30.12 ug/me (84 d SO, O 2.94 /[day in either a single or either a single or combined iati found for NO d focus on NOx
Magnesia monitoring sites 12 pgim months) .an 2 =3 combined model model assomg lons ou.n or x an and the
Greece ’ cardiovascular NO, NOx, & cardiovascular - CO in a combined pollutant
(ischemic heart NO, models €éxposure
disease, heart 4.88 /day bias)
failure, & other)
diseases
statistically significant
relative risk per 10 ug/m? relative risk per 10 ua/m? association with asthma
increase in single multi . € risk p Ha hospitalization in all three age
. increase in single multi pollutant . )
daily average pollutant models for avg lag models for ava lag 04 davs groups using single pollutant
all seasons — - 04 days 9'ag Y model and a cumulative lag of
(Ko et al., 3 association " Lo oY1 1@)
2007 . 53.2 yg/m - male & females . 04 days, statistically significant
) daily average at 14 cold season (< 20 | time-series | hospitalizations for with of all ages single pollutant single pollutant association for pooled (moderate
fixed monitoring o PM;,, PM,.5, 0-14 yrs age 1.028 - 1.051 : : quality, no
h C)-61.7 yg/m* | (6 years) asthma 69,716 0-14 yrs age - 1.039 population at all lag times, o
Hong Kong, sites > 03, SO,, & dmissi >14-65 1018 >14-65 yrs age 1.007 - 1.029 tatistically significant adjustment
China warm season (= NO admissions -65 yrs age - 1. > 65 yrs age 1.014 - 1.033 statistically significan necessary)
20 °C)-50.0 2 > 65 yrs age - 1.023 association in three-pollutant
ug/m? multi-oollutant model model with O; and SO, but not
multi-pollutant model NO,/O go 1.003 - 1.025 in two-pollutant model with O3
NO,/03,S0, - 1.014 2me2 : alone, higher risk noted for cold
season relative to warm
(Leitte et al. hospital _@OQQ
2009) pooled mean daily . . adrr_usswns fo_r differential odds ratio per 10 pg/m? - . (insufficient
. . time-series || chronic obstructive . no significant associations because of
concentration from daily mean (19 ulmona effects of 953 cases increment no effect on relative risk observed using a single
Drobeta-Tunu | one fixed monitoring 11.8 pg/m® P ry TSP, SO,, & persistent cough using NO, 9 9 severe
. . months) | disease (COPD), pollutant model exposure bias
Severin, locations th hroni NO, outdoors at 1 year - 1.40
Romania asthma, chronic and short
bronchitis duration)
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study GRADE
ﬁl)"::tgt?grﬁ rﬁgﬁﬂz'ﬁirne conceNr:::?ation type endpoint ollfj?;nts participants ratio or risk confidence interval results quality of
9 (duration) P evidence
®000
(insufficient
) ) because of
(Liao et al., mean daily daily mean resp_lratory imprecision
2011) - L ) ’ virus male 3406 - g - from the
concentration at || Taipei - 25.40 ppb | time-series ) ) ) - . N . no association with NO, .
nine fixed (48.5 pg/m?) (96 asthma hospital infections, 3608/100,000 no significant change in no significant change in odds exposure in single pollutant atypical
Taipei & L ) 2 H9 admissions rate | PMyo, SO,, | female 3186 - odds ratio ratio P ge p statistical
- monitoring locations | Kaohsiung - 23.74 | months) model :
Kaohsiung, in two cities b (45.3 pg/m?) 03, CO & 3506/100,00 analysis
Taiwan pp = Hg NO, and use of a
single
pollutant
model)
male and
female children . ) - A
<18 years of pergenti increase in asthma percent increase in asthma statls_tlc_ally s_lgnlflcant
age admissions per IQR of 27.1 admissions per IQR of 27.1 1 association with asthma
(Lee et al., hosital association to?al 1 pug/m® on lag day 3 in /m? on la (’j)a 3in sin Ié and admissions in children for dHHO
2006) daily average at 9- daily mean time-series admiss‘i)ons for with admissions - single and multi-pollutant Ho multi- gollut};nt modegls single and five-pollutant models | (moderate
11 fixed monitoring concentration (6 years) children with PM;,, PM,.5, 879.384 models P on lag day 3, statistically quality, no
Hong Kong, sites 64.7 pg/m?® Y 03, SO, & i significant association in single | adjustment
h asthma asthma NO, only 7.26 - 10.93
China NO, i NO; only - 9.08 pollutant models onlag 0, 1, 2, | necessary)
admissions - 0./ / /S0./0 NO2/PM;/PM;.5/SO,/03 4 but t h
26.663 NO,/PM;o/PM,.5 ,/103 - 3.91-8.14 ,or5bu percentage change
’ 5.64 ) ) appreciably lower
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study GRADE
lauthc_:r/ R NO, ; type endpoint e participants ratio or risk confidence interval results quality of
ocation monitoring concentration (duration) pollutants e
odds ratio per IQR 16.85 odds ratio per IQR 16.85 ppb
ppb (32.2 yg/m* NO) in (32.2 pg/m® NO,) in single and
single and two pollutant two pollutant models at 02 day
models at 02 day lag lag statistically significant
association with admissions for [©1:100)
single pollutant model single pollutant model congestive heart failure in warm||  (low quality
temp >25°C-1.20 temp >25°C 1.03-1.39 and cold days using a single because of
(Lee et al., . . association temp <25°C-1.89 temp<25°C 1.65-2.16 pollutant model with a lag of 02 | inconsistenc
2007) conczss'gt%ar:lét six daily mean case- a dr:i(;z?olfsl for with ferr:::g aaggl ts days, statistically significant ies and
y - 27.10 ppb (51.8 || crossover N PM,,, SO,, two pollutant model two pollutant model association with admissions potential
K . fixed monitoring 3 congestive heart 13,475 - . ]
aohsiung, locations pg/m?3) (9 year) failure 03, CO, & admissions NO,/PM1o NO,/PM1o using a two pollutant model with|  modelling
Taiwan NO, temp <25°C-1.83 temp <25°C 1.52-2.19 PMio, SO,, CO, or O3 on cold error
NO,/SO, NO,/SO, days, no statistically significant stemming
temp >25°C-1.20 temp >25°C 1.02-1.41 association on warm days using from the
temp <25°C-2.25 temp <25°C 1.90 - 2.67 a two pollutant model except for|| use of SAS)
NO,/CO NO,/CO SO,
temp <25 °C - 2.01 temp <25°C 1.64-2.46
NO,/O NO,/O;
temp<25°C-1.85 temp <25°C 1.61-2.12
statistically significant
association with hospitalization
association for respiratory iliness in females| OO0
with risk ratio per an unstated aged 0-14 years in a single (insufficient
(Luginaah et PM.. SO males and IQR incregse USING case- risk ratio per an unstated IQR pollutant model on lag day 2 because of
alg 2005) daily average daily mean time-series hospitalizations for coeflfioéientzc;f females in crossover desi ngwith a increase using case-crossover but not lag day 1 or 3, no the small
v concentration from Y and case- pitall: three age . 9 design with a single pollutant statistically significant number of
) 38.9 ppb (74.3 respiratory haze (COH), single pollutant model and a . DIRASEA -
) four fixed A crossover groups (0 - 265 ) model and a lag period of 2 days association in time-series cases and
Windsor, - . ug/m?3) problems total reduced lag period of 2 days N
: monitoring sites (6 years) years of age) females 0-14 years of age 1.002 | studies for any age group, sex, no
Ontario sulfur (TRS) . females 0-14 years of age - ) o .
0. CO & 4214 patients 1.189 -1.411 or lag period, no statistically evaluation
S‘NO ’ ’ significant associations with of co-
2 males in any of four age groups| pollutants)
for lag periods 1, 2, or 3 days
using case-crossover design
. . o association no statistically significant in no statistically significant in no statistically significant GBGBOQ
(Rich et al case- atient admissions [ lit
2010) | daily average from crossover P for transmural with male & female relative risk per IQR of 16 relative risk per IQR of 16 ppb association with transmural (gw quality
nine fixed not provided ) PM,.s, O3, . ppb (30.6 pg/m?3) in a single | (30.6 pg/m?) in a single or two infarctions on lag day 0 with ecause
- . (36 myocardial 5,864 patients . . . small
N monitoring stations ; ) S0O,, CO, & or two pollutant model with a| pollutant model with a lag of 0 single or two pollutant model
ew Jersey months) infarctions . number of
NO, lag of 0 days days with PM,.5 cases)
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NO,/SO, - 3.79

NO./SO, 1.93 -5.67

study GRADE
E)L::tgt?grﬁ n?gﬁicg?irne conceNr:::?ation type endpoint ollfjct);nts participants ratio or risk confidence interval results quality of
9 (duration) P evidence
land use regression
estimates based on weak statistically significant
three 1- week N }
measurement association with the total ®O00
criods at 61 sites: adjusted relative risk per 10 adjusted relative risk per 10 incidence of fatal and nonfatal insufficiont
P ’ hospitalizations & pg/m? increment yg/m?® increment cardiac events as well as for (insufficien
(Rosenlund et LUR used o s P because of
. . mortality (in and | association cases that were fatal within 28
al., 2008) population density, cohort ) ; . male & female - . . e ; the small
. not stated outside hospital) with . total incidence - 1.03 total incidence 1.00 - 1.07 days; associations remained
altitude, and (36 month) + ) NO 6513 survivors fatal within 28 d fatal within 28 d 102 ignificant for death tsid number of
Rome, Italy distance to amongst survivors 2 cases fatal within ays - | cases fatal within ays 1.02-| significant for deaths outside | """
’ roadwavs with of a cardiac event 1.07 1.07 the hospital but not for deaths luati f
benzene émission outside hospital - 1.08 outside hospital 1.02 - 1.13 within the hospital; no eva UIT |tonto
. significant associations with co-pollutants)
data serving as e
nonfatal hospitalizations
surrogate for some
variables
percentage increase in percentage increase in
admissions perSIC_)R (_)f 11 admissions per IQR of 11 ppb sta_tlstlcally 3|gn|f|(?an_t increase ®HOO
. o ppb (21.0 pg/m?) in single AR in hospital admissions for :
(Wellenius et . . association male and (21.0 pg/m?) in single and two ! Ny . (low quality
mean daily . hospital - and two pollutant models on congestive heart failure using
al., 2005) . daily mean case- ot with female adults = pollutant models on lag day 0 ) because of
concentration at two admissions for lag day 0 single and two pollutant models J
fixed monitoring 26.48 ppb (50.6 | crossover congestive heart PMao, SO, | 65 years of age for PM1o, O3, and SO, on lag limited
Pittsburgh, . ug/m?) (13 years) h 0s, CO, & 55,019 NO, only 2.61-5.85 P - number of
P ’ locations failure A NO; only - 4.22 day 0, no statistically significant h
ennsylvania NO, admissions NO,/PM1o 1.83 - 6.31 D modelling
NO,/PM1o - 4.04 NO,/O. 2.10 - 5.39 association in two pollutant it
NO,/O; - 3.73 2193 210 - . mode with CO sites)

Appendix 1-46




report no. 9/14

study GRADE
ﬁl)"::tgt?grﬁ rﬁgﬁﬂz'ﬁirne conceNr:::?ation type endpoint ollfjct);nts participants ratio or risk confidence interval results quality of
9 (duration) P evidence
odds ratio for asthma odds ratio for asthma admission
admission per IQR of 10.05 per IQR of 10.05 ppb (19.20
ppb (19.20 pg/m®) on warm || ug/m?) on warm and cold days
and cold days for single and for single and two pollutant
two pollutant models models . R
statistically significant
> 95 © > 95 © association with asthma
(Yang et al., ) association male and warm days (2 25 °C) warm days (2 25 °C) hospital admissions in single Y1)
2007) mean daily daily mean case- hospital with female of all NO only - 1.178 NO, only 1.113 - 1.247 and two pollutant models with derat
concentration at six | 50777 0 ek 8 | crossover | admissions for | PMag, O ages NO/PMso - 1.328 NO/PMs 1.224 - 1441 PMyg, S0, CO. & Og on eaity. no
Taivei fixed monitoring : p/‘r’na) © | (8 years) asthms 50, 20 % 25,602 NO,/SO, - 1.224 NO,/SO, 1.140-1.314 Ve ae o davs 02 1o q;.a : tV' “Ot
pel, locations HG Y 2 2 admissions NO,/O; - 1.219 NO,/O; 1.142 - 1.301 _average fag days Uz, adjustmen
Taiwan NO, significant association in two necessary)
cold days (< 25 °C) cold days (< 25 °C) pollutant mode} with GO on
NO, only - 1.128 NO, only 1.076 - 1.182 4
NO,/PM,, - 1.144 NO,/PM;, 1.077 - 1.215
NO,/SO, - 1.219 NO,/SO, 1.150 -1.291
NO,/CO - 1.198 NO,/CO 1.111-1.291
NO,/O; - 1.156 NO,/O; 1.102-1.212
- statistically significant
relative risk for COPD per; relative risk for COPD per IQR of association with COPD
(Yang et al IQR of 5.5 ppb (10.5 ug/m?) 5.5 ppb (10.5 pg/m?) increase in || hospitalization in single and two [12100)
v . association | male & female | increase in two and multi- ’ o b :
2005) ’ daily mean T : o two and multi-pollutant model for | - pollutant models with O; and || (low quality
daily average from concentration time-series hospitalization of with adults 2 65 pollutant model for average average lag day 0-6 SO, for average 7 day la b
v 31 fixed monitoring elderly patients for | PMi,, SO,, | years of age lag day 0-6 g¢ lag day 72 ge / aay lag ecause
ancouver, . 17.03 ppb (32.5 (5 years) period, no association in two small
o sites 5 COPD 0, CO, & 6027 .
British ug/m?) NO admissions NO, only - 1.11 NO; only 1.04 - 1.20 pollutant models with PM;, & number of
Columbia 2 NOZ 0 Y 1 '12 NO,/O; 1.04-1.20 CO; no association in multi- cases)
2: 3= 1.

NO,/SO, - 1.12

NO,/SO, 1.02-1.24

pollutant model with the 4
remaining co-pollutants
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Asthma
GRADE
Iaouct:t(ij(;ri rﬁgggzsirr?g NO; concentration S((tjlifgt%‘r)s endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
quartiles for county 69@0@
wide annual mean (Iov‘;fczgrallty
23.< 1158t ppb (4.4 - ) o ) o no statistica_illy significant decre_asing for
annual average in <225 ugim?) male & no change in odd§ ratio with no change in odc!s ratio with ghange in crudg or single
(Akinbami et al. each metropolitan ond - survey of association female crugie or adjusted crude or adjusted adjusted odds ratio for pollutant
2010) ’ county based on 11.8-<21.3 ppb cross- current asthma with 34.073 determinations of curren.t determinations of currenlt current asthlma or :asthma model and
values from an 22 5 <40 7 ug/m?) sectional and as_thma PM. PM chiidren a§thma or asthma attack_ in a_sthma or asthma attack_ in attack using a SIngIe_ cross-
UsA Jalues froman S0 (48 months)| attack in last o SlOO & ,2\150 aged 3-17 single pollutant model with single pollutant model with pollutant model; analysis sectional
fixed monitoring sites 21.3-<30.8 ppb year 3oz 2 years continuous or quartile continuous or quartile as a continuous metric or | design then
(40 7 58 8 Lgim?) comparison comparison by quintiles dld_ npt reveal | increasing for
. " £ any associations the afvgilability
of dose
30.8_ 7‘(13082;1%‘/):1 3()58.8 response
information)
statistically significant
association for respiratory
disease (lag04) and
male & asthma (lag05) admissions
hospital f:?n?ifs?oa,lg ad_juslted'relative risk for ad_jus.tedlrelative risk for IT):t i'g?:ﬁ Z?wgap'g”r&(;ifl
admission of hospitalization per IQR 7 ppb | hospitalization per IQR 7 ppb model with PM..: dOO0O
(Andersen et al., hildren association | cardiovascul (13.4 pg/m?) in single and two | (13.4 pg/m?) ins ingle and two statistically si nifilcfént (insufficient
2007) daily average from a daily mean ti . Ch' d ith >6 pollutant model pollutant model eatly signi because of
single fixed concentration ime-series | (asthma) an wi ar (265 yrs) as_soplatlon respiratory very serious
Copenhagen, monitoring site 12 ppb (22.9 pg/m?3) (6 years) thc? elderlyl PMl,‘il’ Co. & '.53 respiratory respiratory adglis_lon lonllag dlfys 2.3 risk of
Denmark (cardiovascular 0. respiratory lag 04 - 1.040 lag 04 1.009 - 1.072 in single pollutant exposure
and respiratory (= 65yrs) - models and cardiovascular )
disease) 21 asthma asthma admission on lag day 3; no bias)
lag 05 - 1.128 lag 05 1.029 - 1.235 o o
asthma (5- association with
18 yrs) - 3 cardiovascular

(lag03)admissions in single
or two pollutant model with
PM,,
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(19.5 pg/m?)

1-4 yrs age (1-hr NO,)
NO,/PM,.s - 8.5
5-14 yrs age (24 hr NO,)
NO,/PMy, - 6.4

two pollutant model -
respiratory
1-4 yrs age (1-hr NO,)
NO,/PM,.s 0.7 - 16.9
5-14 yrs age (24 hr NO,)
NO,/PM;, 3.0-9.8

association with
pneumonia in either of
three age groups, no
statistically significant
association with any of
three pulmonary conditions
in children less than a year
old

GRADE
I?)uct:tci)(;ri rﬁgﬁﬂzgir: NO, concentration S(;Tﬁ;t%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
male & statistically significant
female daily association for respiratory
hospital - admissions adjusted relative risk for adjusted relative risk for disease admission in single dOOO
(Andersen et al admission of | association hospitalization per IQR 6 ppb | hospitalization per IQR 6 ppb | POIUtant model (1ag04) but | - < e tony
2008) ’ daily average from a daily mean children with PMs,, cardiovascul (11 g /m?) inspin le andﬁ\?vo (11 g /m?) inspin le and‘i\‘/)vo not in a two pollutant model (k;nsu Imenf
ysin le Ef;ixed concgntration time-series | (asthma) and PMzs, UFP ar (2 65 yrs) . pgoIIutant mgdel . pgollutant mgdel with UFP (total number s sorion
Copenhagen monigt;orin site 11 ppb (21.0 pg/m?) (3.5 years) the elderly (total number -59 p P count); no association with very sken?us
IZ‘))enma?k ’ 9 pp O Hg (cardiovascular || conc.), CO, Os, || respiratory respirato respirato cardiovascular (lag03) or risk o
and respiratory & NO;, (=65 yrs) - la (534 -1 '8/6 lag 04 p1 01 fy1 12 asthma (lag05) admissions exgpsure
disease) 22 9 ’ 9 ’ ’ in single or two pollutant ias)
asthma (5- model with UFP (total
18 yrs) -3 number count)
statistically significant
pooled percent increase in | association of 1-hr or 24 hr
admission rate per IQR of 9.0 NO, exposures with
ppb (17.2 pg/m?®) for 1-hr hospital admissions in
pooled percent increase in values and 5.1 ppb (9.7 children pooled from 7 cites
admission rate per IQR of 9.0 pg/m?) for 24-hr for respiratory effects (two
ppb (17.2 ug/m?) for 1-hr values| measurements on lag days age groups) and asthma
. and 5.1 ppb (9.7 pg/m?) for 24- 01 (one age group) using a
(Barnett et al., dag?'isab‘;er:zg_es n}:ﬁ:}gd hr measurements on lag days single pollutant model,
2005) 7.6 ppb (14.5 pg/m?) hospital children < 14 o1 single pollutant model- statistically significant SOO0)
: pganbell'rau—g a dmissFi)ons of years of age . respiratory association with respiratory | (low quality
Au_stralia 7.0 ppb (13.4 ng/m?) children for dally single pollgtant model- 1-4 yrs age (1-hr NO,) 0.7 - admissio_ns in two pollutant|| because of
Brisbane Melbourne - respiratory association admission respiratory 4.9 model with PM1o (one age | imprecision
Canberra ) i 5 g . : 1-4 yrs age (1-hr NO,) - 2.8 5-14 yrs age (1-hr NO;) 1.6 - | group or PM2s (one age caused by
1-hr and 24-hr values || 11.7 ppb (22.4 ug/m?) case distress, with rate ranges 5-14 yrs age (1-hr NO,) - 4.7 79 roup), statisticall het .
M from 0-9 fixed Perth — crossover | asthma, and PM;o, PM,.5, | respiratory - yrs ag 2 ) ] __group), tcally eterogenel
elbourne monitoring sites 9.0 ppb (17.2 ug/m®) | (4 years) pheumonia UFP, Os, SO, 14-79 5-14 yrs age (24-hr NO,) - 5.8 | 5-14 yrs age (24-hr NO,) 1.7 | significant association with ty an_d/or
SPerth Sydney - 11.5 ppb plus acute & NO, asthma — ) -10.1 1-hr or 24-hr NO, Igve}s inconsistenc
ydney (22.0 pg/m?) bronchitis in 09-22 single pollutant model - asthma and respiratory admission y from
New Zealand Christéhurg:h -7 three age ’ ’ 5-14 yrs age (24-hr NO,) - 6.0 single pollutant model - during cool season (one multiple
; . asthma age group) or warm comparison
Christchurch ASSIE)Ia(;g'ﬂ“Og/Zm )b groups pnglér?%néa two pollutant model - 5-14 yrs age (24-hr NO,) 0.2 | seasons (one age group), s)
Auckland £ PP ’ ’ respiratory -121 no statistically significant
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GRADE
I?)uct:tci)(;ri rﬁgﬁﬂzgir:g NO, concentration S(:jtcgt%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
prevalence of
p?g?}ggﬁ;\‘j‘:s statistically significant
daily averages from stress genes in ho;S:zo;éitlﬁnCv}lghv;hrieant
emission maps asthmatics; for t t of three NQO1
developed using glutathione S- odds ratio for asthma or two out ¢
! polymorphisms and one [ 000)
profiles disaggregated transferase odds ratio for asthma development per 10 g/m® out of three TNFA (insufficient
according to (GSTM1, male and development per 10 yg/m? increase NQO1 polymorphisms, statistically| because of
(Castro-Giner et} population density GSTTH, female increase NQO1 significant assc;ciation with | indirectness
al., 2009) then calibrating by daily mean (range | case control GSTP1), association 2 950 non- variant C/C rs1800566 1.03 - new onset asthma. no small
distance weighting to | across cities) (120 NADPH with asthmatics | variant C/C rs1800566 - 1.36 1.84 statistically significant | number of
13 cities in concentrations at 12.2 - 47.4 pg/m?® months) quinone NO; only 307 variant C/C rs2917666 - 1'54 variant C/C rs2917666 1.10 - association with existing subiects
Europe Union | fixed monitoring sites, oxidoreductase asthmatic TNFA ’ 2.24 asthma in all subjects, no and lJJse of
the spacial modelling (NQO1), toll- ’ TNFA - Y ]
final estimates used like receptor variant C/C rs2844484 - 2.02 || | o0t ¢/C rs2844484 1.30-| Statistically significant single
I J association with pollutant)
information from 13 (TLR4), tumor 3.27 olymorohic forms and
monitoring sites in 6 necrosis factor pvgriantz of GSTMA
countries alnge(nz\rlgFi/C\), GSTT1, GSTP1, TLR4, or
receptor beta2 ADRB2
(ADBR2)
daily averages from a immune (IL-4, statistically significant
LUR model created IL-5, IL-13, IgE, interaction of family stress
using data from & eosinophil & NO; for IL-5, IgE,
passive samplers count), clinical eosinophil count, child OO0
plgced at 116 I(peak male & reported symptoms, (insufficient
(Chen et al. Iocatlonls for two 2- cross- expiratory flow ) . female parental reported _be_cause of
2008a) ’ wee.k penod§ and GIS daily mean sectional & rate (PEFR)), & interaction children ) ) symptoms, PEFR fo_r those || indirectness
y I i
information for 16.5 ppb (31.5 prospective symptom study (chronic aged 9-18 outcome measures not confidence intervals not residing in areas with low , small
Vancouver primary and ’ ug/m?) ’ cohort (cough, family stress yrs provided provided but_nqt high _NQZ_, no number of
British Cqumbia secor]dary roa_ds (6 months) wheeze, and NO;) 71 statistically significant subjects,
population density, & shortness of asthmatics association when chronic and
commercial land use, breath, chest stress or NO, considered publication
temporal adjustments tightness) separately for any bias)
made use of measures in measurement, no
information from 16 asthmatic statistically significant
fixed monitoring sites children interaction for IL-4 & IL-13
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author /
location

exposure
monitoring

NO_ concentration

study type
(duration)

endpoint

co-pollutants

participants

ratio or risk

confidence interval

results

GRADE
quality of
evidence

(Darrow et al.,
2011a)

Atlanta, Georgia

mean hourly and daily

concentrations at a
single fixed

monitoring location

1-hr max - 43 ppb
(82.1 pg/m?)
24-hr avg - 22 ppb
(42.0 pg/m?)
6-hr commute (0700-
1000 & 1600-1900) -
21 ppb (40.1 pg/m?)
6-hr nighttime (2400-
0600) - 25 ppb (47.8
ug/m?)

time-series
(132
months)

emergency
departments
visits for
respiratory
problems
(asthma,
COPD,
infection, &
pneumonia)

association
with
PM,.s, CO, O3
& NO,

male &

female
1,068,525

cases

risk ratio per 10 ppb (19.1
ug/m?) increment (lag 1)

1-hr max NO, - 1.005
24-hr avg NO; - 1.009
6-hr commute NO, (0700-1000
& 1600-1900) - 1.006
6-hr nighttime NO, (2400-0600)

-1.007

risk ratio per 10 ppb (19.1
pg/m?3) increment (lag 1)

1-hr max NO, 1.003 - 1.007
24-hr avg NO, 1.005 - 1.013
6-hr commute NO, (0700-
1000 & 1600-1900) - 1.002 -
1.010
6-hr nighttime NO, (2400-
0600) 1.005 - 1.009

significant associations
with NO, using a single
pollutant model and various
metrics of exposure, but
may be due to strong co-
variance with O3

000
(insufficient
because of

severe
exposure
bias)

(Delfino et al.,
2008)

Riverside &
Whittier, CA

daily averages from
personal samplers
worn 10 consecutive
days and averages
from two fixed
centrally located
monitors

daily average
personal —

28.6 ppb (54.6 pg/m?)

central site monitor —

25.0 ppb (47.6 pg/m?)

panel study
(10 days)

respiratory
function (FEV+)
in asthmatic
children

association
with
PM,.s, EC, OC,
03, & NO;,

male &
female aged
9-18 years
53
asthmatics

adjusted percent change in
FEV1 for all subjects per
personal IQR of 16.8 ppb (32.1
pg/m?) and central site IQR of
6.3 ppb (12.0 pg/m?) for in a
single pollutant model on lag
day 0

personal values - -1.217
central site - -0.408

adjusted percent change in
FEV1 for those not using
bronchodilator per personal
IQR of 16.8 ppb (32.1 pg/m?)
and central site IQR of 6.3 ppb
(12.0 pg/m?3) in a single
pollutant model on lag day 0

personal - -1.443
central site - -0.555

adjusted percent change in
FEV1 for all subjects per
personal IQR of 16.8 ppb
(32.1 yg/m?) and central site
IQR of 6.3 ppb (12.0 pg/m?)
for in a single pollutant model
on lag day 0

personal values -1.958 - -
0.476
central site - -0.768 - -0.047

adjusted percent change in
FEV1 for those not using
bronchodilator per personal
IQR of 16.8 ppb (32.1 pg/m?)
and central site IQR of 6.3
ppb (12.0 yg/m?) in a single
pollutant model on lag day 0

personal -2.257 - -0.629
central site - -0.966 - -0.143

statistically significant
association with FEV1
reduction on lag day 0 in a
single pollutant model
using either personal or
central site values for all
subjects and those not
using bronchodilator
medications, no
association on lag day 1 for
the entire cohort using
either type of exposure
measurement, statistically
significant association in
two-pollutant model with
PM..5 on lag day 0-1 for all
subjects and those not
using bronchodilators,
association observed with
ambient values in all
subjects no longer
significant with two
pollutant model
incorporating personal NO,
measurements, however
the association with
personal measurements
still evident when ambient
measurements considered

in a two pollutant model,

e&e00
(low quality
because of
small
number of
cases)
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& bronchiolitis)

asthma and bronchiolitis
NO, only = 30 (depicted
graphically)
NO,/PM,, - 47.7
NO,/SO, - 33.1

335
asthma and bronchiolitis
NO, only = 9 - 56 (depicted
graphically)
NO,/PM;o 1.15-94.2
NO,/SO, 5.7 -60.5

multi-pollutant models; no
significant associations
with visits for pneumonia or
bronchopneumonia;

GRADE
I?)uct:tci)(;ri rﬁgﬁﬂzgir:g NO, concentration S(:jtcgt%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
daily mean estimates
using a GIS
integrated traffic et P
exposure model no sta_tlspcally significant D00
(Ebisu et al., incorporating air g as_soclatloz_WItth ;vhgezle (low quality
2011) dispersion, proximity presence an i male & no significant change in odds | no significant change in odds using an adjusted single because of
’ ; severity of association . . - . . . - : pollutant mode alone or in :
considerations and not provided cohort wheeze in with female ratio using an adjusted single | ratio using an adjusted single combination with urban failure to
Hartford & New | annual average daily (36 months) infants during NO, only 680 pollutant model over an IQR of | pollutant model over an IQR land use factors such as || consider co-
Haven counties, | traffic patterns; model first vear of life 2 volunteers 9.21 ppb (17.6 pg/m?3) of 9.21 ppb (17.6 pyg/m?) the number of housin pollutants
Connecticut estimates verified 4 . 9 such as O3
using values from units or the percentage of and SO2)
diffusion tubes impervious surfaces
positioned outside
homes
percentage increase in
percentage increase in hospital | hospital and emergency room
and emergency room visits per | visits per 65.0 pg/m? increase statistically significant
IQR 65.0 pg/m? increase using | using two-pollutant and multi- | association with total visits
two-pollutant and multi-pollutant|| pollutant model for average | for all single, two pollutant
pediatric model for average lag day 0-3 lag day 0-3 and multi-pollutant models
hospital and male & o o with a 0-4 day moving 1000
emergency female total admlssmnl total admission . average lag period; (insufficient
(Farhat et al., room visits for association | children < 13 NO; only = 18 (depicted NO; only = 13. -25 (depicted statistically significant because of
2005) daily average from 6 daily mean time-series lower with years of age graphically) graphically) association with asthma imprecision
urban fixed monitoring concentration (1 year) respiratory PM.. SO, O 4534 NO,/PMy, - 16.1 NO,/PM;, 5.4-26.8 and bronchiolitis visits for from small
Sao Paulo, sites 125.3 ug/m? disease Cl(g’ Y NZO » admissions NO,/SO, - 24.7 NO,/SO, 18.2-31.3 single and two-pollutant number of
Brazil (pneumonia, ’ 2 or visits NO,/O; - 16.1 NO,/O; 9.5-22.7 models with PM;, and SO,,| cases and
bronchopneum NO,/CO - 19.2 NO,/CO 11.8-26.6 but not with two pollutant short
onia, asthma, NO,/PM;,,S0,,05;,CO - 184 NO,/PM;,,S0,,05;,CO 3.4 - models with O; or CO or duration)
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GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results (g\t;iadlgzé)ef
male and
female adjusted rate ratio per IQR of
children < 14 . . 1 pyg/m? in single and multi- . .
years of age adjus}ed3 ratel rat||o pedr IQFT,t'Of 1 pollutant models weak stgttlgtlcal]t)/hsr:gnlflft:alnt
o monthly Hg/m? in single and multi- association with hospita
pediatric admission pollutant models all respirato! admissions for all
hospital rate ranges NO. onl (0?6 da ryMWA) respiratory conditions,
admissions for all 9 all respiratory 2 1 501 1 03/7 asthma, upper and lower ®O00
. . all respiratory - - NO, only (0-6 day MWA) - ’ ’ respiratory disease in . .
(Giovannini et dai - association respiratory asthma . (insufficient
aily average at a monthly average N conditions, - ) _ 1.009 ) single pollutant models,
al., 2010) single fixed range 27.5 - 86.7 time-series asthma, upper with disease asthma NO; only (1 day lag) 1.000 statistically significant because of
gle fixed 9¢ 215 - 8. (1 year) 3, UPPET | b1 0 05, CO, | 0.37-1.8 1.004 ca’ly severe
Mi monitoring site yg/m respiratory NO, only (1 day lag) - 1.002 . association for lower
ilan, Italy . & NO, asthma - . upper respiratory ! . . exposure
disease, and 0.03-023 upper respiratory NO, only ( 1 day lag) 1.000 - respiratory disease in two bi
lower Cunper NO, only ( 1 day lag) - 1.003 2 only , 03’6 9) 1 pollutant model with CO, ias)
respiratory res iﬁzto ) lower respiratory lower rés irato no significant associations
disease o 1”1 % g’o NO; only (0-6 day MWA) - NG oniv (6 ep p l\rxlyw A for other conditions in
“lower 1.005 2 01“ 5’0(1 > 83’0 ) | multi-pollutant models with
respiratory - NO,/CO (0-6 day MWA) - 1.005 NO,/CO (0-6 day MWA) CO or PM;,
0.16 - 0.95 1.000 - 1.010
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GRADE
I?)uct:tci)(;ri n?ggicizgir: NO, concentration S((tj":fgt%‘:]')a endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
relative risk for specific
relative risk for specific sub_g_roup comparisons
) (condition/reference group)
sgpgroup comparisons per 20 ppb (38.2 pg/m?)
(condition/reference 9r°§‘p) PET | exceedance above seasonal
20 ppb (38.2 pg/m?) mean
exceedance above seasonal statistically significant
lag day 1 i :
mean association with those
lag day 1 no insurance/private having no insurance
. together with exceedance
) Iorivate i insurance 1.07 - 1.81 F NO, levels relative t I00)
) . ) . male & no insurance/private insurance | | .o Medicaid 1.06-| °© 2 levels relative to (low quality
(Grineski et al., 8-hr average for interaction female (14 -1.39 1.80 those with some type of b ¢
2010) 8-hr mean value from evenin h%urs time-series hospitalization study (race, ears of age | M© insurance/Medicaid - 1.38 His énic no insurance particularly for th e?US? o
four fixed monitoring 9 of children for ethnicity, Y 9 Hispanic no insurance/Hispanic | . pe . Hispanic populations; € bias Irom
! h (4-11PM) (36 months) . or younger) . insurance/Hispanic private o e not evaluating
Phoenix, locations . asthma insurance type private - 1.94 statistically significant
Ari 46 ppb (87.9 pg/m?3) 16,413 . . ] . . 1.26 - 2.99 o : co-pollutants
rizona & NO;) A Hispanic no insurance/Hispanic ; ) association with blacks :
admissions S Hispanic no . - . or their
Medicaid - 1.90 insurance/Hispanic Medicaid having private insurance int ti
lag day 2 1 25‘_)2 20 compared to white or interactions)
black private/white private - Iég day. P Hispanic with private
. 1'.27 N black private/white private insurance when the lag
black private/Hispanic private - 0.99 - 1.63 was 2 days
1.34 black private/Hispanic private
lag day 0
. . ; . 1.02-1.77
Hispanic no insurance/white no lag day 0
insurance - 2.06 . __lag day .
Hispanic no insurance/white
no insurance 1.13 - 3.76
diagnosed
pulmonary
disease,
wheezing, OO0
outdoor diagnosed L ) L . (insufficient
odds ratio - industrial zone odds ratio - industrial zone
(G;(lﬁz ?I" school 1/r’;132 4.82 cross asttihrrr:ti,e(;r;est frequency of rfg?gli highest prevalence noted in b:_cat;se of
. Hg . 9 i self-reported N chronic pulmonary disease - chronic pulmonary disease the school located in an 1as from
indoor/outdoor school 2 - 15.29 sectional diagnosed symptoms at 667 high 149 111 -1.99 industrial zone where NO small
— h ] 3 o . A1-1. 2 .
E‘T'Elrslfe hir, passil;:gosﬁgy:t'%gn:t 3 schoglg:;r? 14.93 (1 month) Egznﬁh\:\t’fh three schools sffggr?tls tightness in chest - 1.57 tightness in chest 1.22 - 2.02 and O3 was highest samgleh3|§e
4 ug/m? ’ phlegn% cough morning cough - 1.81 morning cough 1.19 -2.75 anstusd;
without duration)
infection,
phlegm without
infection
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GRADE
I?)uct:tci)(;ri n?gﬁiciztlir: NO, concentration S(:jtcgt%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
males & percent increase in asthma and | percent increase in asthma
females in | COPD emergency room visits | and COPD emergency room - -
association three age per IQR 14.2 ug/m? for three visits per IQR 14.2 ug/m? for assstggisat{ﬁ)arlllzvistﬁggcsigtits
with UFP groups age groups in a single pollutant | three age groups in a single for asthma and COPD in 000
A children (< model pollutant model : (insufficient
. (Aiken mode), single pollutant model for
(Halonen et al., daily mean ED visits for UFP 15 years) - children on lag days because of
2008) daily average from a concgntration time-series | asthma and (accumulation 4807 visits children children 3.4.85 adults ongla ﬁa 5 the
single monitoring site 28.9 ug/m? (7 years) | COPD in three mode), PM adults (14- lag day 3 - 4.53 lag day 3 0.19-9.05 ér{d e]derl on la ?ja é exposure
Helsinki, Finland < H9 age groups PM2s | 64 vears) - lag day 4 - 10.9 lag day 4 6.38 - 15.5 >rly on fag aay b, and
PMisas | 6312 visits lag day 5 - 9.36 lag day 5 495-140 | Noassocationsonlagday | o0,
(coarse), CO & Y ’ Y . ’ 0 thru 2 for children, 0 thru deling
NO elderly (= 65 adults adults 4 for adults or 1 thru 5 for bias)
2 years of lagday 5 - 3.7 lagday 5 0.15-7.37 elderl
age) - 7239 elderly elderly Y
visits lag day O - 4.82 lag day 0 1.26 - 8.50
symptoms in
asthmatic inner
city children
daily mean including
indoors wheeze, statistically significant
overall mean — coughing, associationywit% asthma
30.0 ppb (57.3 pg/m?3) chest tightness symptoms appearing ®0O00
daily averages using 16%?);?&??35501\?13/;13) n%acliﬁlr?% fu_IIy adjusted incidence rate r;ltjilcl)ysapcglrj;tg?);rgczggn; i;rtneﬁ) during \{vhile running or (insufficient
indoor 72-hr passive w/ gas stoves — awakening male & raitrlnczlsogfirnzcoregpsi 228525!:1 g/||:3) indoor increase in a single a\;zlkalrﬂg n?;ﬂ":,lai:] b:.CanSe of
(Hansel et al., | area monitoring in the || 33.1 ppb (63.2 pg/m?) rospective (nocturnal), or association female aged ollutant model. sym to?ns pollutant model, symptoms without a cgl‘d or?imitged IEIIIS roml
2008) bedroom at 0, 3, &6 outdoors p ‘L t reduced with 2.6 9 pff ti » Symp h affecting or occurring when h due t Ny h small sample
months, outdoor spring — ® (:or?ths) activity and indoor NO, 1 5}33 aftec msg Z;gﬁ ciu1rr|1n7g when speech 1.08 - 1.27 sgse:c?ciat?oen \(l)vi\thtl1 gz;teir’*r:so S'Zet‘ Zhort
Baltimore, MD | monitoring using an | 30.7 ppb (58.6 ug/m?) appearance only hmati pee 1'09 running 1.01-1.17 ) study
unstated number of summer — during the asthmatics runnlglg; 1' cold 1.07-1.23 syn;ptorzs retp(.)tng or duration, and
fixed monitoring sites || 15.9 ppb (30.4 pg/m?) daytime or nocturna?‘)elwe-lkén% 112 nocturnal awakening sr?'n ut((:)?'n :C I:ayranucz foct_Js (I)n a
fall - while running 9t 1.04-1.19 atzpypand cggicosteroia posllll']tga?\t )
30.8 ppb (58.8 pg/m?3) (running), .
. h use did not affect the
winter — coughing L
41.4 ppb (79.1 pg/m?) without a cold observed associations
(cold), limited
speech due to
wheeze
(speech)
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GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
odds ratio for asthma
odds ratio for asthma adm|SS|on3p§r I.QR 8.62 ppb
e (16.5 pg/m?) in single and two
admission per IQR 8.62 ppb - -
R pollutant models on lag day statistically significant
(16.5 ug/m’) in single and two 04 association with hospital
pollutant models on lag day 04 o nospita
admissions for children in
. single pollutant model all three age groups using
(Iskander et al., ediatric association male and Sm%'ﬁ E;S"g;a_n: ngel all cases 1.04-1.16 a single pollutant model GBC?fOOt
2012) daily averages at a daily mean case- p ) with female ) ) infants 0-1 yrs age 1.02 - and a moving average lag (insufficien
; ; hospital . infants 0-1 yrs age - 1.10 S because of
single fixed 14.46 ppb (27.6 crossover o UFP, PM,,, | children 0-18 1.19 of 04 days, statistically
2 . - admission for preschool 2-5 yrs age - 1.10 A S severe
Copenhagen, monitoring site pg/m?3) (92 months) asthma PM,.s, NOx, & | years of age school children 6-18 vrs age - preschool 2-5 yrs age 1.02 - | significant association all
Denmark NO, 8226 visits 110 yrs ag 1.19 boys but not all girls, ex{;’."sure
’ school children 6-18 yrs age statistically significant ias)
1.02-1.20 association in two-pollutant
two po'ﬁ‘gr}m"dﬂ(gg cases) models with UFP, PMo,
Ar Vo - two pollutant model (all cases)| and PMzs but not with NOx
NO,/PMzs - 1.12
NO/UEP - 113 NO,/PM1yo 1.01-1.15
2 T NO,/PMz2s 1.05-1.19
NO,/UFP 1.05-1.22
statistically significant
relative risk per 5-95% range of | relative risk per 5-95% range | association with asthma
29 ppb (55.4 ug/m?) in single of 29 ppb (55.4 pg/m?3) in hospital admissions in both
yearly average association and two pollutant models on single and two pollutant single and two pollutant
concentration with unstated avg lag 01 days during warm models on avg lag 01 days models during warm [©1-10@)
(Ito et al., 2007) all seasons - 31.1 emergency PM number of | season (values estimated from || during warm season (values | season for average lag of | (low quality
daily average at 15 ppb (59.4 ug/m?) time-series | department zs male and graph) estimated from graph) 01 days, statistically because
) LS . i~ (FRM),PM,.5 i L)
New York, New | fixed monitoring sites | warm season -30.4 | (4 years) visits for (TEOM), O female of all significant association in unstated
York ppb (58.1 ug/m?) asthma S0 CC’O 3& ages NO; only = 1.30 NO; only = 1.21 - 1.41 single pollutant models for | number of
cold season - 31.8 Z’NO ' NO,/PM,.5 = 1.27 NO,/PM,.5 = 1.18 - 1.40 all year and warm season cases)
ppb (60.7 pg/m?) 2 NO,/O; = 1.25 NO,/O; = 1.15-1.36 using alternative weather
NO,/CO = 1.35 NO,/CO=1.24-1.48 models, no significant
NO,/SO, = 1.32 NO,/SO, =1.18 - 1.49 associations for the cold
season
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GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
odds ratio per 10 pg/m?*
daily averages from odds ratio per 10 pg/m? increase
emission maps increase
developed using asthma incidence (fully [ 000)
emission profiles asthma incidence (fully adjusted model) 1.02 - 2.01 (insufficient
disaggregated adjusted model) - 1.43 non-asthmatics symptoms because of
(Jacquemin et according to self-reported non-asthmatics symptoms (past (past 12 months) weak but statistically the
al., 2009) populatl_on d_ensny daily average cohort ) _asthma male & _12 months) wheezing (12-mo) - 1.00 - significant association of imprecision
then calibrating by 3 incidence and female wheezing (12-mo) - 1.28 1.62 . e associated
- s . I mean - 27.7 ug/m study NO; only . . NO, with asthma incidence :
17 cities within | distance weighting to 3 symptom 3999 cohort | breathless with wheeze - 1.28 | breathless with wheeze - 1.00 with self-
: range 12 - 57 ug/m?® | (36 months) L : and pulmonary symptoms -
the European concentrations at reporting in 186 cases | wheeze without cold symptoms -1.62 in non-asthmatics reporting and
Union fixed monitoring sites, non-asthmatics -1.42 wheeze without cold the bias from
the spacial modelling awakened by chest tightness - symptoms - 1.03 - 1.96 examining
final estimates used 1.59 awakened by chest tightness - only a single
information from 714 awakened by shortness of 1.22-2.07 pollutant)
monitoring sites in 15 breath - 1.43 awakened by shortness of
countries breath - 1.02 - 1.99
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5-9 years of age
NO,/PMy, - 1.6

NO,/PM,.5 - 1.6
NO,/O; - 1.9
NO,/CO - 3.0
NO,/SO, - 1.8

10-14 years of age
NO,/CO (lag day 2) - 3.5

NO,/CO 0.03-2.1
5-9 years of age
NO,/PM;, 0.4-2.8
NO,/PM,.s 0.6 -2.6
NO,/O; 0.6-3.2
NO,/CO 1.3-4.6
NO,/SO, 0.04 - 3.6
10-14 years of age
NO,/CO (lag day 2) 1.4 - 5.7

group 10-14 years but only
when lag day 2 was used
in the comparison;
statistically significant
association in single
pollutant model for warm
but not cold months in age
group 1-14 years

GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
. ! - percent increase in ED visits - N
P e e 1] "o astima ncnicren o | _ Satetealy sifcan
e ins et JAR of 9.5 oob different age groups per IQR association ywth ED visits
(197 éJ /$n3)pin sinalo an.d tSvFZ)- of 9.3 ppb (17.8 pg/m?) in for asthma in single and
I.I tPQt el fg o dav O single and two-pollutant two pollutant models for
pollutant moaels for lag aay models for lag day 0 age group 1-14 years;
statistically significant
1-14 years association in two pollutant
1-14 years .
r\’;l(())jgl\r}lly -_21.3;) NO, only 1.4-3.2 models but not §|ngle
NOZ/PM . 1.1 NO,/PMy, 0.4 - 1.6 poléurtoaung ?gd;eléc:ge SO0
2 257 - NO,/PM,.; 0.6 -1.6 L J yeerS (insufficient
i s male and NO,/O; - 1.2 K statistically significant
(Jalalzugcl)ré)et b 1-hr measurements 1-hr mean case- g:zrgr?e% assf:v(i:tlﬁtlon female NO,/CO - 1.8 I\TC?Z//C?&) 2% - 122 association in single and becausltle o
from 14 fixed concentration crossover v?sits for PM;, PM children NO,/SO, - 1.0 NO 2/SO 01-19 two pollutant models for sn;a f
T N ; 10, P25 | aged 1-14 1-4 years of age o2 BT PM,.5, O3, & CO in age number o
Sydney, monitoring sites 23.2 ppb (44.3 pyg/m?)|| (5 years) asthma in SO,, 03, CO, & years NO; only - 3.0 1-4 years of age group 1-4 years; cases and
Australia children NO: 1826 visits NO,/PM,.5 - 0.8 Nl 18°42 statistically significant | nconsistenc
NO,/O; - 1.6 NZO /02'50 9'_ 2 4' association in two-pollutant 1es across
NO,/CO - 1.1 2/03 0.9 -2. model with CO inage | 29 9r0uPs)
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report no.

9/14

GRADE
I?)uct:tci)(;ri rﬁgﬁﬂzgir:g NO, concentration S(;Tﬁ;t%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
statistically significant
. : association with asthma
adjusted hazard ratio for all igﬁ ﬁ:ﬁgi{;:szafr%'g Lc;rsag incidence (30 cases) in a
communities per IQR of 6.2 ppb b (11.8 /fnz) in a single single pollutant model that +000)
(11.8 ug/m?) in a single ’;ﬁutant.mggel controllin gfor incorporates and adjusts (insufficient
pollutant model controlling for P . 1rofling for relative humidity, no because of
relative humidity relative humidity association when the the
fall-winter - 1.29 fall-winter 1.11 - 1.49 humidity term is removed | imprecision
(Jerrett et al., averages based on summer - 1 '27 summer 1.03 - 1.57 from the model: statisticall prec ted
2008) area monitors placed 4 week average . h iati male & 121 '29 annual 1.07 - 1.56 Janifi o Y| associate
outside home for 2 | 9.6 - 51.3 ppb (18.3 - prospective | asthma association | o o aged annual - 1. significant association with the use
11 town in weeks in mid-August . 986 /m?3) . cohort incidence in with 10-18 yrs adjusted hazard ratio for using community mean of
Southern and mid—Novem%er comrﬁurhji? range (96 months)|| normal children NO, only 217 chiléren adjusted hazard ratio for g)etween communit exposures but not when questionnair
P y rang between community exposures Y deviation across es and the
California summer exposures per IQR of 6.2 ppb
per IQR of 6.2 ppb (11.8 ug/m?) (11.8 pg/m*) in a sin. e communities were bias from
in a single pollutant model oIIutaht ‘rjr?odel controlli% for considered; weakly examining
controlling for relative humidity P relative humidit 9 significant association still only a
fall-winter - 1.28 f . Y apparent after adjusting for single
all-winter 1.09 - 1.51 . .
summer - 1.32 subjects with wheeze at the|  pollutant)
summer 1.05 - 1.66 o
annual - 1.28 annual 1.05 - 1.57 beginning of the study and
’ ’ those with early childhood
chest illness
total
hospitalizations
and those for ?;ﬂié
pulmonary L - - 00
(Kalantzi et al., (COPD, association admrgtzlons nc;ss;itcl?;ltci:g:ywsiignlllfga'nt (low quality
2011) daily mean from three daily mean time-series asthma, with respiratory - | ™ change in risk coefficients in | no change in risk coefficients statistically si nificarz{t because the
ally o . Y 3 infections, & PM,,, CO, P y either a single or combined in either a single or combined i Y sig focus on NOx
Magnesia fixed monitoring sites 30.12 pg/m (84 months) other) and SO, 0. NO 2.94 /day model model associations found for NOx and the
’ : AN and CO in a combined
Greece (?Ségfﬁfﬁﬂ:ﬁ NOx, & NO, cardiovascul pollutant models exg_o sure
disease, heart ar- 4.68 =)
g /day

failure, & other)
diseases
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report no. 9/14

1, 2, 4, or 5 but percentage
change appreciably lower

GRADE
I?)uct:tci)(;ri rﬁgﬁﬂzgir:g NO, concentration S(:jtcgt%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
statistically significant
association with asthma
relative risk per 10 yg/m?® relative risk per 10 pg/m? hospitalization in all three
increase in single multi increase in single multi age groups using single
daily average pollutant models for avg lag 04 || pollutant models for avg lag pollutgnt model and a
all seasons — male & days 04 days cumulative lag of 04 days, [+1:10@)
(Ko et al., 2007) 53.2 pg/m® association females of statistically significant (low quality
daily average at 14 cold sea.solrj1 (<20 °C) time-series | hospitalizations with all ages single pollutant single pollutant association for pooled because of
Hong Kong, fixed monitoring sites ~61.7 ug/m® (6 years) for asthma PMio, PM,.s, 69 7916 0-14 yrs age - 1.039 0-14 yrs age 1.028 - 1.051 population at all lag times, | the lag-related
China warm séasgn (220 03, SO,, & NO, admi'ssions >14-65 yrs age - 1.018 >14-65 yrs age 1.007 - 1.029 statistically significant modelling
°C) - 50.0 pg/;n-’* > 65 yrs age - 1.023 > 65 yrs age 1.014 - 1.033 association in three- bias)
’ pollutant model with O3
multi-pollutant model multi-pollutant model and SO, but not in two-
NO,/05,50, - 1.014 NO,/03,S0, 1.003 - 1.025 pollutant with O3 alone,
higher risk noted for cold
relative to warm season
o600
(Laurent et al., census block calls to association (low quality
2008) modelling of hourly daily mean case- physicians . with . male & no significant change in odds || no significant change in odds no assomapon with ! becﬁuse of
measurements from 36 pg/m? crossover reqardin socioeconomic female ratio ratio socioeconomic status in || the bias from
Strasbourg, an unknown number 9 (72 months) asthgma attgck status, PMy,, 4,677 calls any age group not evaluating
France of monitoring sites SO,, O3, & NO, co-pollutants
interactions)
male and
female statistically significant
children < 18 . . percent increase in asthma association with asthma
years of age per.ce’.“ increase in asthma admissions per IQR of 27.1 1 | admissions in children for 2 00)
(Lee etal., hospital iati total admissions per IQR of 27.1 1 /m? on lag day 3 in singl inal d five-pollutant | i
2006) ) daily mean ) ] ospita association tota ug/m? on lag day 3 in single Hg/m? on lag day single single and five-pollutan (low quality
daily average at 9-11 concentration time-series || admissions for with admissions - and multi-pollutant models and multi-pollutant models models on lag day 3, because of
Hong Kong fixed monitoring sites 64.7 ugim? (6 years) children with PMio, PM;.s, 879,384 statistically significant the lag-related
China ’ ) asthma 03, SO,, & NO, asthma NO, only - 9.08 NO; only 7.26 - 10.93 association in single modelling
admissions - NO./PM /|:2>M /Sd /0. - 5.64 NO,/PM;/PM;.5/S0,/03 pollutant models on lag 0, bias)
26,663 2o Tz sTo TS = o 3.21-8.14
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GRADE
I?)uct:tci)(;ri n?gﬁiciztlifg NO, concentration S(:jtcgt%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
hospital
admissions for
(Leitte et al., chronic (ir?igf%eon t
2009) pooled mean daily obstructive . ) odds ratio per 10 pg/m? R o
concentration from daily mean time-series pulmonary differential increment . . no significant lassomlatlons because of
D . L 3 ) effects of TSP, || 953 cases . ) no effect on relative risk observed using a single severe
robeta-Tunu | one fixed monitoring 11.8 pg/m (19 months) disease S0, & NO persistent cough using NO, ollutant model bi
Severin, locations (COPD), 2 2 outdoors at 1 year - 1.40 P expo(sjurﬁ r;as
Romania asthma, Zn i 0
chronic uration)
bronchitis
statistically significant
association on lag day 5 for|  @©®OO
both study designs when a | (low quality
time-series | emergency male and ) B ) . threshold was assumed, because of
. . & case department association female risk ration pear IQR 9.65 ppm risk ration pear IQR 9.65 ppm but not when the threshold| the single
(Ll etal., 2011) | daily average from daily mean e : . (18.4 pg/m?) on lag day 5 (18.4 pg/m®) on lag day 5 ) .
4 i crossover visits and with children 2-18 assumption was keep out; pollutant
two fixed monitoring 15.74 ppb (30.1 ith and hospital PM,.« O. SO £ istically signifi : ’
Detroit, MI sites /m? with an ospita 25, O3, SO, | years of age t ies — 1.038 i ies — 1.005-1.072 | No statistically significant ‘}j modeliing bias
’ ug/md) ime series — 1. ime series — 1. .
without a admission for CO, & NO, — 7063 association on lag day 0, 1, from not
case crossover — 1.039 case crossover — 1.010-1.070 . !
(36 months) asthma cases 2, 3, 4, or moving average | evaluating co-
lag 01, 02, or 04 using a pollutants
times series or case interactions)
crossover study design
000
(insufficient
because of
(Liao et al., daily mean male 3406 - imprecision
2011) mean daily L asthma respiratory 3608/100,00 o . from the
concentration at nine Taipei 25.403ppb time-series hospital virus infections, 0 no significant change in odds | no significant change in odds no association with NO, atypical
. . L (48.5 pg/m?) o . ' exposure in single pollutant i
Taipei & fixed monitoring Kaohsiung - 23.74 (96 months)| admissions | PMy,, SO,, O, || female 3186 ratio ratio model statistical
Kaohsiung, locations in two cities b (45 g /n.13) rate CO & NO, - analysis
Taiwan PPO(#9-9 1Hg 3506/100,00 and use of a
single
pollutant
model)
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31.5 ppb (60.2 ug/m?)

GRADE
ﬁ)it:t?(;ri n?ggicizgir: NO, concentration S((tj":fgt%‘:]')a endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
pulmonary
ﬂ;récvt'oan:;/ C. adjusted percent change in adjusted percent change in
. )1:3irwa§/5- response per IQR of 6.8-9.8 response per IQR of 6.8-9.8 statistically significant
. Lo - ppb (13.0-18.7 pg/m3) in a ppb (13.0-18.7 pg/m3) in a association with FEF25-
) 1_dar"r;/e1d;'.=18n ;;I:tl)u(elﬂ.S (Z;E:Fen:jar:li?r?c o male & single pollutant model single pollutant model 75% and TBARS fo_r (iiﬁ?ﬁcgigt
(L etal. 20090 daily means from two kg/m?) case- oxide, FENO) aSSSV(;tlﬁtlon female aged FEF25.75% FEF25.75% sm;:gpalitljagvg?;gﬁft:;t because of
Wi ) - . 2-day - 18.3 ppb crossover | and oxidative 9-14 yrs old Y 2 i exposure
indsor, fixed monitoring sites (35.0 pg/m?) (3 months) stress PM,.s, O3, SO,, 182 0day -2.4 Oday -4.3--04 models, no statistically bias and
Ontario 3-da - 18.3 pob (thiobarbituric & NO, asthmatics 0-1 day -2.4 0-1day -4.3--0.3 significant association with hort
(3§’ 0 '/mE)p oastive 0-2 day -2.8 0-2 day -5.0 - -0.5 FEV1, FENO, & 8- dorat
FHg substances TBARS TBARS isoprostane for any lag uration)
(TBARS), & 8- 0 day 21.2 Oday 1.9-44.2 period
isoprostar’1e) in 0-2 day 32.9 0-2day 7.2 -64.6
asthmatics
outdoor mean
24-hr -
20.6 ppb (39.4 ug/m?) 000
;é_:tr— 19 male and no associations using 12 ggi:ﬁ:;egg
(Ma et al., 2008) peak expiratory i female odds ratio per 10 ppb (19.1 odds ratio per 10 ppb (19.1 . h o
outdoor 21.8 ppb (41.6 pg/m?) association h 3 3 and 24-hr values; no imprecision
: . concentrations at a day — cohort ﬂow. & ) with chl!drgn Hg/m )'lncrease NO.Z Hg/m ).|ncrease NO.Z associations with peak from very
Yotsukaido City, : ] . 5| (5 months) | wheezing in hospitalized | wheeze using 1-hr maximum | wheeze using 1-hr maximum - .
] single hospital site || 19.3 ppb (36.9 pg/m?) ; PM;.s and NO, . expiratory flow; strong small sample
apan asthmatics with severe NO, - 1.014 NO, 1.001 - 1.028 L i . H
-] 2-5
1n?grhnt13x asthma association with PM siﬁaann;e:hi%ht
31.6 ppb (60.4 ug/m?) risk)
day —
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GRADE
I?)uct:tci)(;ri n?ggicizgir:g NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results (g\t;iadlietzé)ef
statistically significant
association for all
asthmatic children on lag
days 1,2,3,6 &7 and all
but the first 2-14 moving
average periods,
statistically significant
association on all but two
lag days (10 & 11) & all
moving average periods for
children testing positive for 'GBOff.QO
adjusted odds ratio per 8.7 ppb | adjusted odds ratio per 8.7 mold allergy, statistically (insufficient
male and (16.6 ug/m?) peak increase ppb (16.6 ug/m?) peak significant association on _becausg of
(Mann et al., association female from day 0-1 for a 2-day lag | increase from day 0-1 for a 2- || all but one lag day (7) & all |;npreC|S|o|r|1
2010) daily means from an daily mean cohort wheeze in with children (largest value for first 7 lag day lag (largest value for first | moving average periods for s;?nm Izn;iaze
unstated number of 18. 6 ppb (35.5 (54 months) asthmatic PM;q-2.5, aged 6-11 days) 7 lag days) children testing positive for dp liaht
Fresno and fixed monitoring sites ug/m?3) onths children PM,.s, EC, O3, yrs all children - 1.10 all children 1.02 - 1.20 cat dander, statistically ana slign
Clovis, CA NO;, & NO, 315 cat dander allergy - 1.27 cat dander allergy 1.06 - 1.51| significant association on chgnges in
volunteers fungi allergy - 1.23 fungi allergy 1.10 - 1.39 all lag days & moving risk ar_1d
boys mild asthma - 1.51 boys mild asthma 1.23 - 1.85 | average periods for boys potential
with intermittent allergy, no exposure
statistical significance for bias)
full group in two pollutant
model the PM,.5, statistical
significance on slightly
fewer lag days for cat
dander sensitive, mold
sensitive & boys with
intermittent allergy using a
two pollutant model with
PM,.s or EC
statistically significant
(McConnell et asthmlal(two male and associatign with new onset ®O00
al., 2010) me:gﬂr“e""n'f;‘l’gaf?:m a rospective phg’:'sfe'g”' association | female aged | hazard risk per 23.6 ppb (45.1 | hazard risk per 23.6 ppb (45.1 nfighe'}‘iiﬂ ﬁg g:‘i‘?#gﬁfe (insufficient
- ; annual average prosp . with 6 years or pg/m?3) in a single pollutant ug/m?) in a single pollutant e 9 because of
Southern smgle pomnlqunlt‘y 20.4 ppb (39.0 pg/m?) cohort d|agnoses_ or PM;o, PM,. less model model after adj_ustmg for exposure
g 10, PMz.5, severe
California (13 | Menitoring site with (36 months)| one hospital |~ "%\ 2497 unadjusted - 2.17 unadjusted 1.18 - 4.00 to traffic-related pollution | 0o o
" spatial correction visit) incidence » 2 ) (NOx levels by dispersion )
communities) . ) children : bias)
in children modelling) at home and at

school traffic

Appendix 1-63



CONCe

report no. 9/14

GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
physician
diagnosed
asthma or
allergy . A
asthmaiciss Satsicaly st
proximity modelling stic/obstructive diagnosed eczema but not
using the results from bronchitis, hay asthgmatic/s astic/obstructiv
40 fixed monitoring fever, eczema male & o bronchitiz or hay fever: OO
(Morgenstern et sites along with annual average or parental ) 3 odds ratio per IQR of 6.4 e ay tever, (low quality
al., 2008) residential location 2-3 years of age — cohort symptom association female odds ratio per IQR of 6.4 ug/m /m? in a single pollutant not stafistically significant b f
v ’ : 4 ? (unstated ymp : cohort | — in a single pollutant model Ho ge p association with parental ecause o
relative to different 34.7 yg/m . reporting with > model . the bias from
Munich types of roads, length 6 years of age — recruitment (asthmatic/spa || PM2s & NO 1166 cases doctor diagnosed eczema - doctor diagnosed eczema symptom reporting; no t luati
German‘ ygf each road' Iang y34 6 /n?3 period) stic/obstructi?/e * ’ cohort | — 1.18 1 (?0 -1.39 statistically significant P evﬁ uta I?g
Y covera e’ & O Hg bronchitis. ha 1900 cases ’ ’ association with allergic _cot—po ltj.an S
0 ulatign Yand fever eczéma})/' sensitization to any interactions)
household densit allergic sources types( inhalants,
y sensitiza%ion to indoor or outdoor
inhalant allergens) at 6 years of age
indoor, or
outdoor
allergens
no statistically significant L 00)
annual averages for survey of male and association with childhood || (low quality
(Parker et al., | site specific monitors cross- childh)(,)od association female 3-17 no association in crude or no association in crude or asthma prevalence in because of
2009) within 20 miles of annual median sectional respirato with rs of age adjusted single or multi- adjusted single or multi- crude or adjusted single or inherent
residence weighted | 17.8 ppb (34.0 pg/m®)|  study piratory 1 pp,,, PMy.s, | Y g pollutant model per 10 ppb pollutant model per 10 ppb multi-pollutant models | limitations of
. . ) allergies and 72,279
United States by inverse distance (84 months) hay fever 03, SO, & NO, chiidren (19.1 pg/m?) (19.1 pg/m?3) using IDW for monitors the cross
weighting Y within a 20 mi or 5 mi sectional
radius design)
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GRADE
I?)uct:tci)(;ri n?ggicizgir:g NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
) odds ratio per IQR of 16 ppb
o(%%?eritg;nze)rfl?';{eg;f)i:'gtgr‘;/b (30.6 pg/m?) for _respiratory stat_ist@callylsignificant
. symptoms on different lag days symptoms on different lag association with shortr'!ess
respiratory 4 days of breath for all lag periods | OO0
symptoms wheeze and wheeze for 4 out of the|| (insufficient
(wheeze, male & 2-day lag - 1.15 wheeze six lag periods, no because of
(Patel et al daily mean for two cough, association female 3-day lag - 1.32 2-daylag 1.00 - 1.33 statistically significant bias caused
2010) v fixed monitoring sites cohort shortness of with teenagers 4-day lag - 1'57 3-day lag 1.11-1.56 positive association with by small
located near each of levels not provided 1.5 breath, chest PM..< BC. O 13-20 years 5-day lag - 1'70 4-daylag 1.29 - 1.91 cough, chest tightness, or number of
New York City five schools months) tightness, & Zg'NO P of ade shortness of breath 5-day lag 1.36 - 2.13 asthma medication use, cases, and
use of asthma 2 249 stu%ents 0O-dav lag - 1.20 shortness of breath stratification by asthma | short duration,
medications) in 1-day Iag i} 1'15 0-day lag 1.10-1.32 status showed a with no two-
high school o day Iag 108 1-day lag 1.03 - 1.29 statistically significant pollutant
students 3—da§ lag - 132 2-daylag 1.12-1.46 association with chest modelling)
4-day lag - 1'31 3-daylag 1.12-1.54 tightness only in asthmatic
5-day lag - 1'35 4-day lag 1.09 - 1.57 subjects
’ 5-day lag 1.09 - 1.67
statistically significant
association with URI in
single pollutant model at
moving average lag 0-2
and distributed lag 0-13
males and days, statistically significant
o (f:\;galgg risk ratio per 20 ppb (38.2 risk ratio per 20 ppb (38.2 a:jgf;z:ﬂg:g:ﬂ?g:g;t
emergency association visit rétes) pg/m?3) in a single pollutant pg/m?) in a single pollutant days, at distributed lag 0- ®O00
d with . model using two lag periods model using two lag periods ) i . .
epartment PM... total respiratory 13 days, statistically (insufficient
visits of total 100 disease 172 . ) significant association with | because of
) particle count o 0-2 day moving average lag 0-2 day moving average lag ) f o
(Peel etal, 1-hr maximum from respiratory, (TPC), coarse visits/day upper respiratory infection - upper respiratory infection all respiratory disease for publication
2005) two fixed monitoring 1-hr maximum mean | time-series upper PM éulfate URI 103 1027 1.006 - 1.031 moving average lag 0-2 bias and the
Al sites 45.9 ppb (87.7 pg/m?)|| (92 months) rgspwqtory acidity, OC. visits/day COPD - 1.035 COPD 1.006 - 1.065 da)_/s,l no S|gn|f|car_1t bias using a
anta, GA infection, EC. oxy asthma 39.0 association pneumonia or very small
oo, | rucocarbons, | VSIS8Y | .13 ga isbutedtan | 013 daydsttesiag | COFD et agperod | number o
COPD ’ SO, (,3‘30 CO, & 20.8 upper respl;aég;y infection - upper ;egggat?r%ér;fectlon average lag 0-2 days, no sites)
o asma o astma 1011-1085 | enielonofsssocaton
visits/day (data not shown),
associations for asthma
substantially stronger for
infants (age 0-1 yrs) and
children (age 2-18 yrs) than
adults
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GRADE
I?)uct:tci)(;ri rﬁgﬁﬂzgir:g NO, concentration S(:jtcgt%ﬁ? endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
change exhaled conc. per 10 || change exhaled concentration
ppb (19.1 pg/m?) in single per 10 ppb (19.1 pg/m?) in
pollutant model single pollutant model
total total
0 day lag - 0.13 0 daylag 0.06 - 0.19 statistically significant
1 day lag - 0.08 1daylag 0.02-0.14 interaction with all
0-3 day lag - 0.11 0-3 day lag 0.01-0.20 corticosteroid use and
triamcinolone triamcinolone triamcinolone & salmeterol BO00
(Qian et al., 0 day lag - 0.17 0 day lag 0.06 - 0.27 use onlag days 0,1, & 0-3| . ~
2009) interaction with 1 day lag - 0.09 1 day lag 0.00 - 0.18 in single pollutant model, | (insufficient
corticosteroid 0-3 day lag - 0.15 0-3 day lag 0.01-0.30 no significant associations | Pecause of
six US cities daily aver medication salmeterol salmeterol observed in lag day 2 or 3 b'is causlied
Boston, MA ally averages ) (triamcinolone, |  association male & 0day lag-0.11 0 daylag 0.01-0.22 with single pollutant model, y sSma
New York, NY centroid values from daily mean cross salmeterol, & with female 1-day lag - 0.11 1-day lag 0.01-0.21 statistically significant number of
an unstated number | 23.6ppb (451 sectional | pjcep0)ang | PMo, SO,, O 119 0-3 day lag - 0.15 0-3daylag 0.00-0.30 | interaction total group and | ©ases: short
. . of fixed monitoring ug/m?) (23 months) placebo) an 10, 922 M3 ) Yy 1ag - o yiag ©. ’ . al group duration,
Philadelphia, PA it impact on & NO, asthmatics those using triamcinolone
Denver, CO sttes exhaled nitric change exhaled NO change exhaled NO on lag day 0 using a two and
San Francisco, oxide in concentration per 10 ppb (19.1 | concentration per 10 ppb || pollutant model with O or | Unknown
CA asthmatics pg/m?3) in two pollutant with 0 (19.1 pg/m?) in two pollutant | SO,, no association in two numlber_ of
Madison, WI day lag model with 0 day lag pollutant models with PM,,,| Monitoring
total total no association with sites)
O3 -0.11 O3 0.05-0.18 salmeterol in two pollutant
SO, -0.14 SO, 0.06-0.22 model with PM;, O3, or
triamcinolone triamcinolone SO,
03;-0.16 0O; 0.06 - 0.26
SO, -0.18 SO, 0.06-0.30
placebo placebo
SO, -0.13 SO, 0.00-0.24
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GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
(Rage et al., two approaches 00)
2009) i) annual means from annual mean case control asthma (low quality
the monitoring site monitoring method and famil severity based association male & no association in single or because of
Paris, Lyon, nearest the subject; - stud Yl on symptom with female no significant change in odds | no significant change in odds multi-pollutant modelgusin the
Marseille, ii) annual mean 40.2 yg/m?® uay questionnaire ratio ratio ) P 9 indirectness
" N . combination SO,, O3, & NO,|| 328 cases either measure of exposure X
Montpellier, & | concentrations from a | modelling method - and treatment from using
L 3 (12 months) .
Ganogle, geostatistical model 35.9 yg/m needs medical
France using monitoring data questionnaire)
i) t\g;)siavpeprrt?sr?ir:sﬁn statistically significant
a$107 locations forg association for girls (all
two-week period with adiusted odds ratio for asthma adjusted odds ratio for asthma :g&;zn\?vi?;ggfhsa) f‘i)rrn
stochastic asthma witlJ10ut hay fever per 1 ppb (1.9 without haylfever per1 ppb adjusted multi-pollu{ant
interpolation (kriging) . . . (1.9 pg/m?3) in multi-pollutant . L
b X prevalence in ug/m?3) in multi-pollutant model model; statistically [©110@)
ii) land use regression mean 1467 grade 1 model significant associations | lit
(Sahsuvaroglu | estimates based on kriging technique — (6-7grs) & association male and both age groups alsg observed for asthma (bow o ¥
et al., 2009) traffic density, open 15.36 ppb (29.3 cross M : both age groups . . ecause o
; ) - - grade 8 (13-14 with female NO,/SO; - 1.162 without wheeze; the
land use, industrial ug/m?) sectional rs) school | PMyo, SO,, O3, | 1467 asthma NO,/O; - 1.171 NO,/SO, 1.000 - 1.350 statistically significant indirect
Hamilton, land use, highway LUR technique — || (24 months) c)rlﬂldren with “é" NOZY » cases #es o NO,/O; 1.004 - 1.3666 associationgobgsewed for '? Irectness
Ontario presence near 14.84 ppb (28.3 and without ’ older girls (grade 8) all and older girls with romdqsn'lng
industrial core, Hg/m?) hay fever or NO ?SO -91 289 older girls (grade 8) asthma withou?ha fever mtc'a i
distance to lake, Y 290z - 1. NO,/SO, 1.017 - 1.634 . ut hay fever | questionnaire)
wheeze NO,/PM,, - 1.287 using an unadjusted single

relative wind direction
and background NO,
concentrations from
107 passive
dosimetry readings

NO,/O; - 1.304

NO,/PM;, 1.0008 - 1.643
NO,/O; 1.025 - 1.658

pollutant model but not
when the model was
partially adjusted for
individual confounders
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GRADE
author / exposure . study type . - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
statistically significant
increase in asthma
admissions for boys, but
adjusted increase in asthma | not girls, aged 0-14 years;
adjusted increase in asthma admissions per 10 pg/m? no statistically significant
admissions per 10 pg/m? increase (1-hr max) in single | associations for all children
increase (1-hr max) in single pollutant model for lag day 0 in two age groups (0-4
pollutant model for lag day 0 males (0-14 years) 0.13 - years and 5-14 years); no ®HO0
. . - - males (0-14 years) - 2.29 4.50 statistically significant -
(Samoli et al., 1-hr maximum . pediatric association male & L . (low quality
. mean daily 1-hr . . . association with asthma
2011) concentrations for 14 ) time-series emergency with female A . . R . . o because of
) - maximum S no significant increase in no significant increase in admissions for annual
fixed monitoring 84.8 La/m? (60 months)| admissions for || PM;,, O3, SO,, 3601 h dmissi in adi d h dmissi ; daily 1-h h the small
Athens. Greece locations .8 yg/m asthma & NO admissions asthma admissions in adjuste asthma admissions in mean daily 1-hr maximum number of
’ 2 single or two-pollutant model adjusted single or two- measurements (winter,
per 10 pg/m? increase or IQR | pollutant model per 10 ug/m?* spring, summer, or fall) cases)
range (37.3 pg/m?®) increase on | increase or IQR range (37.3 using continuous or IQR
lag day 0, 1, or 2 pg/m?3) increase on lag day O, | values in a single pollutant
1or2 model for lag day O, 1, or 2;
no statistically significant
associations in a two-
pollutant model with PMy,,
S0O,, or O3
male &
female
child asthma
acute association - 28,487 no association at any lag
outpatient visits with cases with adult or child asthma;
for adult PM,.s mass, [ adult asthma - no association with warm [1000)
) ) . mean . N relative risk per 17.88 ppb . . ) .
(Sinclair et al., hourly maximum 25 month period — | time-series asthma, child | PM,.5 sulfate, 19,085 relative risk per 17.88 ppb (34.2[ (34.2 ug/m?) increment (lag 6- or cold seasons; negative | (insufficient
2010) concentrations at a 49.8 3 asthma, upper PM,.s EC, cases 3 association with URT because of
) ) .8 ppb (95.1 pg/m?)| (25-28 ) pg/m?) increment (lag 6-8) 8) . o
single fixed 28 month period— | monthy | , respiratory PM..s OC, LRT | LRT infection 28 month - 1.062 | LRT infection 28 month 1.005 | Infection in 25 month study | - severe
Atlanta, Georgia| monitoring location 417 ppb (79.7 pgim?) tract infection, | PM,o, PM;o-2.5,| infection - ’ -1123 ’ at alag 6-8 days; positive exposure
-fep -H9 & lower PM, SO,, CO, 17,373 ) association with LRT bias)
respiratory || O3, oxygenated cases infection in 28 day study at
tract infection VOCs URT a lag of 6-days
infection -
425,808
cases
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pa/me) 1.036 - 1.140

the base model or by
quintile

GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
hourly mean emergency
(Stieb et al., Montreal — department . . . .
2009) 19.4 ppb (37.1 pg/m?) visits for pooled percent increase in pooled percent increase in statistically significant
) cardiac visits per 18.4 ppb cardiac visits per 18.4 ppb e .
Ottawa — cardiac (35.1 ug/m?) in a single (35.1 pg/m?) in a single association with
Seven 18.8 (35.9 pg/m?3) (angina, male & -1 Mg 9 -1 Mg g anginal/infarction and heart
Canadian cities mean dail Edmonton — myocardial association female pollutant mo;i:;sfg;the summer polgﬁm;go::;;g;the failure in a single pollutant HDHDHO
Montreal concentration f¥om 1 21.9 (41.8 pg/m?3) time-series | infarction, heart with cardiac - model; no statistically (moderate
Ottawa to 14 fixed monitorin Saint John — (up to 120 failure, PM;,, PM,.s, 140.657 lag day 0 lag day 0 significant associations for | quality, no
Edmonton . 9 9.3 (17.8 pg/m?3) months) dysrhythmia) [ SO,, O;, CO, &|| respiratory - __'ag day _lagoay the winter season or for adjustment
) sites : B anginal/infarction - 2.6 angina/infarction 0.2 - 5.0 . SN
Saint John Halifax - 17.5 ppb and respiratory NO, 249,199 heart failure - 4.7 heart failure 1.2 - 8.4 any respiratory conditions; | necessary)
Halifax (33.4 pug/m?) (asthma, cases ’ ’ ’ no statistically significant
Toronto Toronto - 22.7 ppb COPD, lag day 1 lag day 1 association in a two
3 . .
Vancouver Vanc(:t?\-/iru?qg; ppb Eﬁfsep(';?otgg anginal/infarction - 2.7 angina/infarction 0.2 - 5.3 pollutant model with CO
(35.7 pg/m?) conditions
statistically significant
rate ratios for ER visits per 12.9 rate ratios for ER V|S|t§ per association in the overall ®HO0
3 g 12.9 ppb (24.6 pg/m?)in model and the warm :
Ppb (24.6 pg/m’) in adjusted |,y e model using 0-2 da n using 0-2 day and | (10w quality
i model using 0-2 day lag ! 9 Y| season using aya because
association overall - 1.036 lag 0-7 day moving average . d
ean 1-hr maximum with warm season - 1.066 overall 1.018 - 1.055 lag period; statistically '”t?reafse
population weighted overall - 23.3 ppb case- asthma PM,.5 mass, ’ warm season 1.038 - 1.095 significant association in ra 'gg rom
(Strickland et hourly maximum - PP emergency PM;.s sulfate, male & . . . single and two pollutant ose
. (44.5 pg/m?) crossover rate ratio for ER visits relative to . . ) . . response
al., 2010) concentrations at an warm season - 22.0 | and time- department PM,.s EC, female the first NO, quintile (< 15.4 rate ratio for ER visits relative model with ozone; freet by th
unstated number of (42.0 pg/m?) : series (12 visits by PM,.s OC, 91,387 2 7m3) ’ to the first NO, quintile (< 15.4|| sensitivity analysis using o sed ”).' €
Atlanta, Georgia fixed monitoring O Hg children aged || PM,.s soluble cases Mg ug/m3) time-series analysis with modeting
. cold season - 24.5 years) 3rd quintile 37.1 - <46 ppb ( - - . bias and the
location 3 5-17 years metals, PMy,, 3 3rd quintile 37.1 - <46 ppb ( | LOESS smoothing yielded ’
(46.8 pg/m?) pg/m?) - 1.040 3 e ) failure to
PM;o-2.5, SO;, 4th quintile 46 - <57.1 ppb ( pg/m?3) 1.000 - 1.081 similar results in a base d ibe th
CO, 05, & NO, q Lo/ - 1.087 PP 4th quintile 46 - <57.1 ppb ( model; no statistically sj;r;)eer Ofe
5th quintile 57.1 -'<181 ppb ( ug/m®) 1.044 - 1.131 significant association for monitoring
A-< - < ] )
ug/m?) - 1.087 5th quintile 57.1 - <181 ppb ( || the cold season either in sites)
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author /
location

exposure
monitoring

NO; concentration

study type
(duration)

endpoint

co-pollutants

participants

ratio or risk

confidence interval

results

GRADE
quality of
evidence

(Strickland et
al., 2011)

Atlanta, Georgia

1) one hour maximum
from central monitor
(six fixed monitoring

sites)

2) unweighted
average from
monitoring sites
3) population-
weighted average of
spatially adjusted
measurements from
monitoring sites

1-hr maximum
central monitor - 42.0
ppb (80.2 yg/m?)
unweighted average -
27.7 ppb (52.9 pg/m?)
population weighted
average - 22.0 ppb
(42.0 pg/m?®)

time-series
(144
months)

emergency

department
visits for
pediatric
asthma

association
with
PMo, PM;.5,
CO, 03, SO, &
NO,

male &
female
children
(aged 5-17
years)
41,741 visits

rate ratio per 20 ppb (38.2
pg/m?3) increase for 3-day
average lag in single pollutant
model (warm season only)

central monitor - 1.052
unweighted - 1.079
pop. weighted - 1.105

rate ratio per IQR increase for
3-day average lag in single
pollutant model
central monitor (IQR 19.7 ppb,
37.6 pg/m?) - 1.051
unweighted (IQR 13.5 ppb,
25.8 pg/m?) - 1.053
pop. weighted (IQR 10.1 ppb,
19.3 pg/m?) - 1.052

rate ratio per 20 ppb (38.2
pg/m?3) increase for 3-day
average lag in single pollutant
model (warm season only)

central monitor 1.028 - 1.077
unweighted 1.044 - 1.1116
pop. weighted 1.060 - 1.152

rate ratio per IQR increase for

3-day average lag in single
pollutant model

central monitor (IQR 19.7 ppb,
37.6 pg/m?) 1.027 - 1.076
unweighted (IQR 13.5 ppb,
25.8 ug/m?) 1.029 - 1.077

pop. weighted (IQR 10.1 ppb,
19.3 pg/m?) 1.030 - 1.074

statistically significant
association with

emergency department

visits by children with
asthma using all three
measures of hourly
maximum NO,
concentration; greater

consistency when IQR is
used to compare results
across three measurement

approaches

S©e00
(low quality
because only
single
pollutant
modelling)

(Szyszkowicz,
2008a)

Edmonton,
Alberta

mean daily
concentration at an
unnamed number of
fixed monitoring
locations

daily mean
21.9 ppb (41.8 pg/m?)

time-series
(120
months)

emergency

department
visits for
asthma

association
with
PMyo, PM;.5,
03, SO,, CO,
& NO,

male &
female
62,563 visits

percent change in relative risk
per IQR for lag day 2 (12.8 ppb;
24.5 pg/m?)
age <10 yrs
total whole year - 5.3
male all year - 5.5
total warm season - 16.1
female warm season - 12.6
male warm season - 19.2
age = 10 years
female warm season - 6.2

percent change in relative risk
per IQR for lag day 2 (12.8
ppb; 24.5 ug/m?)
age <10 yrs
total whole year 2.2 -8.5
male all year 1.8 -9.2
total warm season 9.5 - 23.0
female warm season 2.8 -
23.3
male warm season 11.4 -
27.6
age = 10 years
female warm season 1.4 -
11.3

statistically significant
associations in a single

pollutant model at lag 2,

but not lag day 0 or 1;
associations more

prominent in children than

teenagers or adults; no
statistically significant

associations during winter

months (Oct-Mar);

S000
(insufficient
because of

exposure

bias and
single

pollutant

modelling
only)
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GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
statistically significant
association with respiratory
symptoms among all
patients for all seasons,
and the warm season but
emergency not the cold season in a
department single pollutant model with OO0
visits for no lag; statistically (insufficient
respiratory significant associations because of
(?g;n;i)rtztrgs adjusted odds ratio per 10 adjusted odds ratio per 10 ggtsgr\éeif%rrlgg( s:?ﬁgso;;t g?Ubl'c."tlﬂon
(Tramuto et al., mean daily P! ry association ug/m?® change in a single ug/m?® change in a single P s 1as with no
) . case- deficiency, : male & presented); statistically lag period
2011) concentration at ten daily mean with pollutant model (no lag) pollutant model (no lag) P L o
) L 3 crossover | emphysema, female significant association specified and
fixed monitoring 41.5 ug/m PM,,, 02, CO . } ;
: (48 months) dyspnea, 48,519 visits observed in some age very serious
Palermo, Italy locations cough. asthma & NO, all seasons - 1.015 all seasons 1.004 - 1.026 roups (55-64, 65-74, 75- d the bi
an. o warm season - 1.043 warm season 1.021 - 1.065 | 9r°4P ) and the bias
pneumonia, 84 years old) for either all || from the use
bronchopathy, subjects, males only or of a single
& obstructive females only (values not pollutant
pulmonary presented); associations in model
disease) age stratified groups not

uniformly distributed across
age groups or gender type
but the associations were
restricted to all seasons or
the warm seasons
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year age group being the
only population showing
statistically significant
results

GRADE
I?)uct:tci)(;ri n?ggicizgir: NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
Statistically significant
association with asthma
ED visits in those aged 2 to
males & > 75 yrs of age for all lag
females in adjusted odds ratio for asthma || adjusted odds ratio for asthma| periods except lag day 0 in
seven age ED visits in different age groups ED visits in different age a single pollutant model
groups (total per IQR of 13. 5 ppb (25.8 groups per IQR of 13. 5 ppb during summer months;
57912 pg/m?3) for summer months (25.8 pg/m?) for summer statistically significant
viéits) (Apr-Sept) in a single pollution | months (Apr-Sept) in a single | association in 4 of 6 age
2- 4 years - model pollution model groups for at least two of
7247 visits 2-275years 2-275years the four lag periods
5-14 years - lag 1 day - 1.07 lag 1 day 1.03-1.10 ipvgstigated; no
daily mean 13,145 visits lag 02 day - 1.09 lag 02 day 1.04 - 1.13 association in age groups [©100)
(Villeneuve et concentration ED visits for association 15’_24 ears lag 05 day - 1.14 lag 05 day 1.09 - 1.20 in those aged 45- 64 and (low quality
al., 2007) daily average from summer — case- asthma and with Y g16 2 -4 years 2 -4 years 65 -75; association because of
three fixed monitoring 17.5 ppb (33.4 pg/m?) crossover || ~op e oven PM;,, PM,.5, vis’its lag 1 day - 1.24 lag 1day 1.13-1.35 generally confined to the the lag-
Edmonton, sites - ppo tor Ho (11 years) S0,, 03, CO, & 25 . 44 lag 02 day - 1.32 lag 02 day 1.18 - 1.48 summer months and all related
Alberta 285 p;’;’)"zs‘j; ugim?) age groups NO, yea'rs ' lag 05 day - 1.50 lag 05 day 1.31-1.71 seasons with no modelling
’ : 13300 visits 5-14 years 5- 14 years statistically significant bias)
’45 64 lag 1 day - 1.08 lag 1day 1.01-1.15 findings for the winter
ears - 7899 lag 05 day - 1.13 lag 05 day 1.02-1.24 months (Oct - Mar); two
years it 15 - 44 years 15 - 44 years pollutant modelling for the
6251' 754 lag 02 day - 1.07 lag 02 day 1.00 - 1.14 05 day average lag
years - 2850 lag 05 day - 1.10 lag 05 day 1.02 - 1.19 revealed that the single
visits 275 years 275 years pollutant results were not
> 75 years - lag 02 day - 1.33 lag 02 day 1.03 -1.70 robust to CO for 5 of the 6
_1855 visits lag 05 day - 1.37 lag 05 day 1.02 - 1.84 age groupings with the 2-4
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GRADE
I?)uct:tci)(;ri n?ggicizgir:g NO, concentration S((tj":fgt%‘:]')a endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
no statistically significant
slgbr:; ?:y(:;?nr:a no associations with neutrophil no associations with as?:glté:gfg :\a,\gmr:'l]:ggsogrlls
) R normal day - 18.1 sputum cell association male & percentages in stable neutrophil pgrcentqges in. macrophages in
(Wallace et al. daytime and nighttime ppb (34.6 ug/m?) counts. with female asthmatics for inversion days stable asthmatics for inversion exacerbated asthmatics for SO0
2010) "] (12-hr) mean levels inversion day - 20.0 (neutrophils, PM,.5, O3, CO | 485 stable | normal days, or total days pe; days, normal days, or total total days; no association (low quality
based on hourly ppb (38.2 J’g/m’). time-series | _eosinophils, & I\ZIOS2 d:ring asthmatics | IQR of 9 p);l)b (17.2 pg/nzl’); no days per IQR of 9 ppb (1.7'2 with neut}ophils in stable because of
Hamilton meas_urementsl fro_m exacerbated daytime (36 months) | macrophages, normal and 189 association with macrophage ug/m?); no association W't.h asthmatics for inversion or indirect
Ontario! three fixed monitoring normal day - 19.1 & lymphocytes) boundary layer | exacerbated ercentages in exacerbated macrophage percentages in non-inversion; a seasonal | Measurement
locations v 3 in asthmatics | ary fay ’ p a9 exacerbated asthmatics for ) - s)
ppb (36.5 ug/m?) visiting a clinic [ nversion days || asthmatics asthmatics for total days per total days per IQR of 18.7 ppb relationship was observed
inversion day - 32.1 9 IQR of 18.7 ppb (35.7 pg/m?) Y 3p5 7 ug/m? -fep between monthly NO,
ppb (61.3 yg/m?) (35.7 ug/m?) levels total sputum cell
counts
asthma
morbidity
including 000
symptom (insufficient
(Wilhelm et al., reporting e . no statistically significant because of
2008) annual averages from | cross- (c;]ough, assoc_:iﬁtion ] mallle & no association IfEOIS dgai!y/vyeekly ngyans];?;rﬁ:%? onEr> ?/ias”i{s/v:rfzzly association with symptom short
eight fixed monitoring annual average sectional wheeze, wit emale aged s_ymptom_s or visits in an adjusted single pollutant recording or emergency duratlor)
Los Angeles it 3 pphm (57.3 pg/m?) 24 th shortness of PM;,, PM,.5, 0-17 yrs adjusted single pollutant model del 1 oohm (19.1 department visit in an and the bias
and San Diego sites (24 months) breath, chest || CO, O;, & NO, || 617 children per 1 pphm (19.1 pg/m?) model per / pr m (19. adjusted single pollutant from using
counties, CA tightness, or Hg/m?) model survey
phlegm) or questionnair
emergency e)
department
visits
(Wiwatanadate statistically significant 000
and ) peak expiratory association positive changes in (insufficient
Liwsrisakun mean daily daily mean flow rates and with male & morning PERF using a because of
2011) ’ concentration at a 17.24 ppb (32.9 time-series unspecified PM..« PM female no significant change in odds || no significant change in odds | single pollutant, but not a Very serious
single fixed : ug/m?) ’ (10 months)|| symptoms in co 65’ SON’& 121 cases ratio for multi-pollutant model | ratio for multi-pollutant model | multipollutant model; no ?/isk of
Chiang Mai monitoring locations young and old ! I\TO z statistically significant exposure
Thailand ’ asthmatics 2 associations with symptom Eias)
reporting on any lag day
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8.3 ppb (54.1 pg/m?)

hourly determinations
three pollutant associations
tended to occur when PEF
measurements were recorded
in the evening between 11 PM
-2 AM (15-20 hr lag) - 4 out of
24 hourly determinations

the morning (4 of 24
sessions) and evening (4 of
24 sessions) using a three
pollutant model

GRADE
author / exposure . study type . ) - ’ . ) . .
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results quallty of
evidence
(Wlwa‘:igadate ) . o no staltisgically signific;ant (irégg?f%g] t
Trakultivakorn, conr:eeni:a(tjiilr!nyat a 17.24 ppb (32.9 case- p%&; I;ver);‘ig:tiﬁry asssvci:tlﬁtlon rfg?gli no significant change PEFR no significant change PEFR e?;sei?r?atl(;)z;}ls Igvn;?;nggér because of
2010) single fixed ’ /mE)pmear{ crossover oun PM..- PM 31 volume using single pollutant | volume using single pollutant dailg'charz/ e PEI?R' very serious
sing . Hg (10 months) young 25 [ Wi, . model model Y chang risk of
. . monitoring locations asthmatics CO, O3, & NO, | asthmatics measurements at any lag
Chiang Mai, time: exposure
B ime; .
Thailand bias)
. ) weak association observed
hourly mean mean warm months odds ram,‘;?r:grgnﬁzgtmgj odds ra}'rg,‘;?rz;gngzgt(1g'1 with adolescents, but not 000
(Yamazaki et concentration at a (Apr-Sept) case- nighttime visits | association male & Ho Ho adults or young children (insufficient
al., 2009) single mon|ltor|ng site | 16.9 ppb (32.3 pg/m?) crossover emergency with female children 6-14 yrs (lag 6-12 hr) - || children 6-14 yrs (lag 6-12 hr) using §|ngle poII_utgnt because of
(grouped into 6-hr mean cold months clinic for PM,.s, O; & - model; no association severe
Ichi N (12 months) 403 visits 1.73 1.02-2.93 ) ) .
chikawa, Japan| nighttime and 8-hr (Oct-Mar) asthma attack NO, children 6-14 yrs (daytime NO,)| children 6-14 yrs (daytime using multipollutant model; exposure
daytime metrics) 27.2 ppb (52.0 yg/m?) y1 83 Y 2 NO,) 1 O}é 320 associations found for bias)
T 2 e warm but not cold months
no tabular presentation of the
findings
graphical depiction of declines statistically significant
in PEF per 10 ppb (19.1 ug/m?) associations with PEF in
indicate declines in single and severely asthmatic children
hourly average three-pollutant when measurements were
morning (7-8 AM) - g (NO;/oxidants/PM,,) models, recorded at hourly intervals
(Yamazaki et 25.0 ppb (47.8 pg/m?) peak expiratory asssv(i:tlﬁtlon 17&?]':':”(1 single pollutant associations | no tabular presentation of the | in the morning (10 of 24 GBC?fOOt
al., 2011) hourly average at a noon (12-1 PM) — anel stud flow (PEF) in PM asthmatic tended to occur when PEF findings, confidence intervals | sessions) and evening (17 (tl)nsu |C|enf
single fixed 22.2 ppb (42.4 pg/m?) P Y severely 5 } measurements were recorded | much wider for three pollutant | of 24 sessions) using a ecause o
. . o . b (3 months) ; photochemical children B ) ) A - severe
Yotsukaido City, monitoring site evening (6-7 PM) — asthmatic oxidants. & aged 815 | N the evening between 8 PM - modelling than for single single pollutant model,
Japan 32.6 ppb (62.3 pg/m?) children NO.. 9 ars 11 AM (8-23 hr lag) - 17 out 24 pollutant statistically significant exg."s“re
night (12-1 AM) — 2 Y associations with PEF in ias)
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NO, only - 1.128
NO,/PM,, - 1.144
NO,/SO, - 1.219
NO,/CO - 1.198
NO,/O; - 1.156

NO, only 1.076 - 1.182
NO,/PMy, 1.077 - 1.215
NO,/SO, 1.150-1.291
NO,/CO 1.111-1.291
NO,/O; 1.102-1.212

association in two pollutant
model with CO on warm
days

GRADE
I?)uct:tci)(;ri n?ggicizgir:g NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
odds ratio for asthma odds ratio for asthma
admission per IQR of 10.05 ppb| admission per IQR of 10.05
(19.20 pg/m?®) on warm and ppb (19.20 pg/m?) on warm
cold days for single and two and cold days for single and statistically significant
pollutant models two pollutant models association with asthma
male and warm days (= 25 °C) warm days (2 25 °C) hospital admissions in O
(Yang et al., mean daily daily mean case- hospital association | female of all NO, only - 1.178 NO; only 1.113 - 1.247 single and two pollutant (Eqaci.iigate
2007) concentration at six 30.77 ppb (58.8 crossover | admissions for with ages NO,/PMy, - 1.328 NO,/PM;, 1.224 - 1.441 models with PMy,, SO,, uality. no
fixed monitoring ) /me) ) (8 years) asthma PMy,, O3, SO, 25,602 NO,/SO; - 1.224 NO,/SO, 1.140 - 1.314 CO, & O; on average lag qd' ty’ f
Taipei, Taiwan locations Hg Y CO,&NO, | admissions NO,/O; - 1.219 NO,/O; 1.142 - 1.301 days 02, no significant | acustmen
cold days (< 25 °C) cold days (< 25 °C) necessary)
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Acute Cardiovascular

number count)

GRADE
auth(_)rl e R NO; concentration S pre endpoint co-pollutants | participants ratio or risk confidence interval results quality of
location monitoring (duration) !

evidence
statistically significant
association for respiratory
male & female disease (lag04) and asthma
dail adjusted relative risk for adjusted relative risk for (lag05) admissions in a single
hospital admiss)ilons hospitalization per IQR 7 ppb | hospitalization per IQR 7 ppb | pollutant model but not in a two 000
(Andersen et : admission of - (13.4 pg/m?) in single and two || (13.4 pg/m?) ins ingle and two pollutant model with PM¢; (insufficient
daily average ) . association L L
al., 2007) f daily mean . . children (asthma) : ) pollutant model pollutant model statistically significant because of
from a single ’ time-series with cardiovascular e f . )
2 concentration and the elderly association respiratory admission|| very serious
fixed monitoring . (6 years) ; PM,,, CO, & | (=65 yrs)-53 . . P f
Copenhagen, site 12 ppb (22.9 pg/m?) (cardiovascular NO respiratory (2 respiratory respiratory on lag days 2, 3, & 4 in single risk of
Denmark and respiratory 2 65p rs) _%1_ lag 04 - 1.040 lag 04 1.009 - 1.072 pollutant models and exposure
disease) asth¥na (5-18 asthma asthma cardiovascular admission on lag bias)
rs) - 3 lag 05-1.128 lag 05 1.029 - 1.235 day 3; no association with
Y cardiovascular
(lag03)admissions in single or
two pollutant model with PM;,
male & female statllsh_call]%/ S|gn|f|9ant
_ daily . o ) o association for respiratory
hospital association admissions adjusted relative risk for adjusted relative risk for disease admission in single HOOO
(Andersen et . admission of X hospitalization per IQR 6 ppb || hospitalization per IQR 6 ppb | pollutant model (lag04) but not in | (insufficient
daily average . ) with P 3 ioa ;
al., 2008) f daily mean . . children (asthma) . (11.5 pg/m?) ins ingle and two || (11.5 ug/m?) ins ingle and two | a two pollutant model with UFP | because of
from a single trati time-series d the elderl PM,o, PM2s, | cardiovascular llutant model I t model total b t): :
fixed monitoring concentration (3.5 years) and the elderly UFP (total (2 65 yrs) - 59 pollutant model pollutant mode ( otal number coun ); no very serious
Copenhagen, ) 11 ppb (21.0 pg/m?3) (cardiovascular f association with cardiovascular risk of
site . number conc.), | respiratory (= ) .
Denmark and respiratory CO. 0. & NO 65 yrs) - 22 respiratory respiratory (lag03) or asthma (lag05) exposure
disease) e 2 Y lag 04 - 1.06 lag 04 1.01-1.12 admissions in single or two bias)
asthma (5-18 I del with UFP |
yrs)- 3 pollutant model wit (total
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cardiovascular disease
NO, only = 0.38
heart disease
NO, only = 0.86

cardiovascular disease

NO, only 0.07 - 0.69
heart disease

NO, only 0.44 -1.28

GRADE
I?)L::t:tci)grﬁ n?ggicizgir: NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
impact on heart
raiaes(izgén:ﬁ)rl\éal statistically significant
populat?ons association with diabetics, obese
(diabetes, obesity, adjusted percent standard adjusted percent standard |nd|V|quaIs, & never smokers in
o . L } an adjusted single pollutant 4-hr
] hourly mean smoker_s, association deviation change in QTc per deviation change in QTc per lag model but not in a distributed a0
(Baja et al., hourly means | during ECG - 21 ppb polymorphic for with adult males || IQR 13 ppb (24.8 pg/m®)ina | IQR 13 ppb (24.8 yg/m?) in a lag model that considered (low quality
2010) e 3 panel study || oxidative stress only 4-hr single pollutant lag model | 4-hr single pollutant lag model ) because of
from six fixed (40.1 pg/m?3) (60 months) enes that BC, PM,.s5, O3, 2980 cumulative 10 hr exposures, no indirect
monitoring sites || 10-hr before ECG - . 9 CO, SO, & ? . . . . association in the total population Indirec
Boston, MA 5 included 2 GST, 5 volunteers diabetics - 24.02 diabetics 6.67 - 41.37 . . measureme
19 ppb (36.3 pg/m?3) . NO, or non-diabetics, non-obese, or
SNPs (single obese - 20.92 obese 2.90 - 38.95 L . nts)
X smokers, no association with
nucleotide never smokers - 16.14 never smokers 0.27 - 32.02 total ti tibilit
olymorphisms) otal genetic susceptibility score
ga microsatellité that considered genotypes for 5
repeat enzyme polymorphisms
polymorphisms)
pooled relative risk for pooled relative risk for
combined cardiovascular and | combined cardiovascular and
cardiac disease per 10 yg/m?® | cardiac disease per 10 pg/m?
increase in a two pollutant increase in a two pollutant
male & female model revealed that the model revealed that the
dail alit association observed for NO, | association observed for NO,
al yrgggs allty was not robust to either was not robust to either
cardiovascular particulates (PM,, TSlP, or particulates (PM,,, TS_P, or statis_tiqally §ignificar)t 212100
daily average ranged from BS) or SO,, but remained BS) or SO,, but remained association with hospital (low quality
(Ballester et f?lom ang daily mean ranaed hosital association 4 4%Oviedo) robust to CO (marginally) and || robust to CO (marginally) and | admissions for cardiovascular because of
al., 2006) unstated fron)wl 231 /m% in time-series admissi)ns for with ’ t0 35.7 O; (data presented O; (data presented and heart disease in a single | bias from the
3 1 Hg . PM;,, TSP, BS, ) graphically) graphically) pollutant model at avg lag 01 and| use of an
) number of fixed Castellon to 76.2 (3-6 years) | cardiovascular or (Barcelona) h
14 Spanish monitoring sites /m? in Valencia heart disease S0, 05, CO, & heart disease in a two pollutant model unstated
cities in eachgcit H9 NO, ranaed from pooled (fixed effect) percent | pooled (fixed effect) percent | (combined admissions) with CO || number of
Y 92 5 increase in hospital increase in hospital and O3, but not "particulates” or | monitoring
(Pam I-ona) to admissions per IQR 10 pg/m?* | admissions per IQR 10 pg/m? O3 sites)
2pO 7 in single and two pollutant in single and two pollutant
(Barcélona) model for average lag 01 model for average lag 01
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GRADE
author / exposure . study type ’ _ - . . . . i
leeaiiien monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results qu_allty of
evidence
statistically significant
association with cardiac
admissions in all seven cities
using single pollutant model and
an average lag of 01 days,
total deaths statistically significant
hospitalization of not reported association after pooling the
adults (15-64 yrs but total daily results from all cites using a
age) elderly (= 65 cardiovascular pool(:q (random 9ﬁectz_) pooletq (random _effectz) random effects model, the 15-64
rs of age) hospitalization percent increases in cardiac | percent increases in cardiac year age group showed
(Barnett et al daily mean ranged syub'ects for rates hospitalizations per IQR 5.1 hospitalizations per IQR 5.1 statistically significant
"l daily average Y 9 o) i ppb (9.7 pg/m?) increase in ppb (9.7 pg/m?) increase in s Y Si9 . PO
2006) from cardiovascular association | averaged from ; . associations for two (arrhythmia
measurements 3 case- ’ : single and two-pollutant single and two-pollutant : - ) (moderate
7.0 ppb (13.4 pg/m?) disease with 7.7 and cardiac disease) of the five :

e from 1to 13 . crossover . models for a lag of 01 days models for a lag of 01 days " quality, no
seven clmes in fixed monitoring in Canberra to (5 years) (a(rhythm|a, PMyo, PM;.s, (Melbourne) conditions whereas the over 65 adjustment
Australia and sites in each city 11.37 ppb (22.34 cardlgc dls_ease, 03, CO, & NO, to 17.6 adults (15-64 yrs) adults (15-64 yrs) age group showed S|gn|f|c_ant necessary)
New Zealand pg/m?) in Melbourne cardiac failure, (Canberra) for NO, only - 2.2 NO, only - 0.9 - 3.4 associations for four (cardiac

ischemic heart adults and 2 ONY - 2. 20Ny -2 N disease, cardiac failure, ischemic
. elderly (= 65 yrs old) elderly (= 65 yrs old) ; .
disease, & 15.5 (Sydney) NO. only - 3.4 NO, only 1.9-4.9 heart disease, & myocardial
myocardial to 26.6 2 only = o 2z only 1. : infarction) of the five disease
infarction) (Christchurch) states, no significant
for the elderly associations observed using the
pooled results for total
cardiovascular admissions using
a two pollutant model with CO for
either the 15-64 year age group
or the over 65 age group
©0e00
daily mean I . . N (low quality
(Chanetal., mean daily high dust events — interaction male and no 3|%n|ff|cant c(?lange |n| odds no significant change in odds nO.Stt?t'St'C.?rI]IY sEmﬂgaﬂt it | because of
2008) concentration at 34.9 ppb (66.7 } } €MErgency room || petween Asian | female adults ratio for cardiovascular ratio for cardiovascular assoclation with Ischemic nea bias from
3 time-series visits for disease (ischemic heart . or cerebrovascular disease in a -
16 fixed ug/m?3) 8 di | dust storms and 57-72 di d b | disease emergency room inal llutant model at | single
Taivei itori low dust events — (8 years) cardiovascular || 5y, "5 "o . isease and cerebrovascu ar) visits per IQR 9.6 ppb (18.3 single pollutant model at lag I
pei, monitoring ow dust events d 10, O3, SO, cases pe sits pe ppl pollutant
) . isease emergency room visits per 3 periods ranging from day 0 to h
Taiwan locations 29.4 ppb (56.2 & NO;, dust event IQR 9.6 ppb (18.3 pg/m?) pg/m3) dav 6 model with
pg/m?) -0 pp -3 Mg y no CO
evaluation)
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significant after two-pollutant
modelling with SO,; J-shaped
exposure response function
observed

GRADE
I?)L::t:tci)grﬁ n?ggicizgir:g NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results qu_ality of
evidence
odds ratio for cardiovascular || odds ratio for cardiovascular
disease admissions per IQR | disease admissions per IQR
of 9.95 ppb (19.0 ug/m?) at of 9.95 ppb (19.0 pg/m?) at
total two temperature limits in a two | two temperature limits in a two statistically significant @@OQ
admissions of || pollutant model at an average | pollutant model at an average association with hospital (low quality
74,509 lag of 3 days (lag02) lag of 3 days (lag02) admissions for cardiovascular | . becaqse Of.
(Chang et al., . . . ; ) . inconsistenci
2005) daily average daily mean case- hospital assoqatlon mean daily . N disease in a two pollutant model os and
from six fixed concentration crossover admissions for with hospital temp 220° C temp =220° C with PM,,, SO,, CO and O; at otontial
Taipei monitoring site 31.54 ppb (60.2 (5 years) cardi_ovascular PM;,, SO, O3, admission NO,/PMy, - 1.194 NO,/PM,, 1.159 - 1.230 high temperatures greater than rzodelling
Taiwar’1 pg/md) disease CO, & NO, rates NO,/SO; - 1.279 NO,/SO, 1.244-1.315 or equal to 20°C; same orror
NO,/CO - 1.145 NO,/CO 1.106 - 1.186 significant associations at ¢ }
cardiovascular NO,/O; - 1.165 NO,/O; 1.136 - 1.194 temperatures below 20° C for all fs e"‘hm'“g
disease 40.80 temp <20° C temp <20°C co-pollutants except PM; rorr; tS:Suse
NO,/SO, - 1.166 NO,/SO, 1.095 - 1.241 o )
NO,/CO - 1.126 NO,/CO 1.046 - 1.213
NO,/O; - 1.125 NO,/O; 1.066 - 1.187
statistically significant
association with total and
cardiovascular admission rates
on lag days 4 & 5 but not for the
admits?stiac:ns of percent increase in percent increase in 4 shorter lag days using a‘si_ngle (rena(i?ig??te
1702.180 admissions per IQR of 10 admissions per IQR of 10 pqllutant _model, no ass_omatlons Lality after
m‘ean ‘daily pg/m? in single pollutant pg/m? in single pollutant with resplrator){ adm|SS|op rlates ?jecreyasin
(Chen et al total o hospital model model for any lag pgrlod; associations for lag 9
2010) ’ daily average daily mean cardiovaséular & association admission were confined o the cold inconsistenci
f A ’ time-series ) with total admissions total admissions season, with no significance in
rom six fixed concentration respiratory rates es and
Shanghai monitoring sites 57 pg/m® (3 years) hospital PMyo, SO,, & total - 1555 lag day 4 - 0.97 lag day 4 0.07 - 1.87 the warm season, two pgllutant increasing
China ’ admissions NO, lag day 5 - 0.99 lagday 5 0.10 - 1.88 modelling with PM;, did not for th
: ; . or the
cardiovascular cardiovascular cardiovascular cause any changg, _however the availability of
- 340 lag day 4 - 1.23 lag day 4 0.53-1.93 significant associations for total dose
respiratory - lag day 5 - 0.80 lagday 5 0.10 - 1.49 and cardiovascular admissions response
123 lag days 06 - 1.54 lag days 06 0.38 - 2.69 on lag day 5 became non- information)
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GRADE
author / exposure . study type ’ _ - . . . . i
Toesttion monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results gcﬁjlgr{coef
biochemical and
me‘;r;isrlg:ggﬁzlon percent increase in percent increase in statistically significant
biomarkers per IQR 12.83 ppb|| biomarkers per IQR 12.83 ppb stically sig h
volunteers (24.5 pg/m?) (24.5 pg/md) association with 7 of nine 00
uang et annual mean including systolic association male an - N iochemical or physiological -
ch ! includ ! iat le and systolic BP - 14.40 systolic BP 10-98 - 17.82 | , biochemical or physiological | WA =
al., 2011) annual average concentration anel stud BP, diastolic BP, with female adults diastolic BP - 12'43 diastolic BP 10.63 - 14' 23 biomarkers in a single pollutant b a >fl
from 72 fixed 24.53 ppb (46.8 p Y| total cholesterol, PMso, PM;.5, aged 54 - 90 . . . model using a lag period of 1 ecause o
- - . 3 (1 year) : . total cholesterol - 39.31 total cholesterol 32.38 - 46.24 . R indirect
Taipei, monitoring sites ug/m?) triglycerides, HDL || SO,, O3, CO, & years ; } year, no statistically significant
fasting glucose - 17.03 fasting glucose 10.37 - 23.69 measureme
Taiwan cholesterol, NO, 1023 subjects hemoalobin - 1 Oé hemoalobin 0 8‘4 -1 33' association in two pollutant t
fasting glucose, interl gk. 6 0‘ 32 interl gk. 6 0.06 0'59 models with PM1o, PMzs, O3, nts)
hemoglobin interieuiin © - 9. Interieuiin o A4 SO,, and CO
) ) ’ neutrophils - 9.54 neutrophils 7.88 - 11.21 2
interleukin 6, &
neutrophils
annual means statistically significant
using GIS association with a single
inforr%ation heart rate measure of heart variability
toaether with variabilit (SDNN) in women monitored for
dgis ersion (standarg adjusted percentage decline | adjusted percentage decline | 24 hrs and two measures (LF &
nEI)odeI deviation of in women per 10 ug/m? in women per 10 pg/m? LF:HF ratio) in women examined
information that normal to normal increase in annual exposure | increase in annual exposure during the night time,
was partiall heart beat male & female 24-hr values 24-hr values stratification by time spent at [12100)
(Dietrich et vaIidatped usiz daily mean (annual intervals (SDNN), | association with| > 50 yrs of SDNN - -3 SDNN -4 --1 home showed a statistically (low quality
al., 2008) outdoor 9 unavailable) panel study total power (TP)’ outdoor NO aye night time values night time values significant association in 24-hr || because of
meseuremt o | men-25.4 pgime | (36 months) | 0 hpfre ey oo 6839men LF--6 LF -11--1 SSDNN and TP for those indirect
Switzerland for an unstated | Women - 24.5 pg/m? g(HF)quw ¥ Y 725 women LF:RF - -5 LF:RF -9-0 spending a larger percentage of | measureme
number of fre uen(; (LF) & 24-hr values (stay at home 24-hr values (stay at home time at home, no statistically nts)
subiects. dail LqF-HF )r/atio ) women) women) significant association for HRV
ol u‘es dériveg sinG 240 SDNN - -3 SDNN -6 - -0.4 for any group of males,
from an electrocgardio ram TP --9 TP -15--3 statistically significant
unstated s 9 association with SDNN in those
number of fixed reporting previous cardiovascular
monitoring sites disease but not when the effect
9 was stratified by sex
led mean . mean difference change only OO0
Goldberg et pooled oxygen saturation : ; ) : -
( al 20098) daily panel study g%ulse rate in differential male and IQR (16.0 pg/m® NO) mean IQR (16.0 pg/m*® NO,) mean observed in the unadjusted (low quality
N concentration not provided desian atients with effects of PM,.s, female ’ difference 2 differences model for lag day 1; no change | because of
from nine fixed P 9 p - SO,, 05, CO & . pulse rate lag day 1 0.008 - | for lag O or the 3-day lag mean; indirect
Montreal, monitorin (2 months) | congestive heart NO 31 subjects pulse rate lag day 1 - 1.21 0742 the effects were removed in the
Quebec oring failure 2 ' . measureme
locations adjusted model nts)
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a multi-pollutant model with SO,
and PM;,

GRADE
E)L:;:t?(;rﬁ n?ggicizgir: NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
impact of
1- hour measurement
maximum error on relative
. risk for association factoring spatial variability into
frz%]%igt?;??al mean 1-hr max emergency with risk ratio resulted in a 43% @QﬁOO t
(Goldman et monitors with urban — department visits | PMyo, PM3.5, risk ratio per ppm following reduction towards the null with (l;nsu |C|enf
al., 2010) X 38.1 ppb (72.8 . . associated with CO, SO,, O3, error adjustment of the base " . the loss of significance ecause o
independent m? time-series di I NO. NOx. & male & female t confidence intervals not iati fter the adiust t publication
determination of ug/m?) (72 months) cardlovascular » NOX, 166,950 visits case assessmen provided association atter the adjustment, | L\ ith no
Atlanta, measurement rural — disease (Ischemic| NO, and PM,.5 ’ measurement error - 1.0133 factoring instrument precision fid
Georgia 7.74 ppb (14.8 heart disease, | associated NO3, spatial error - 1.0046 into average risk ratios from a coniidence
error (co-located 3 ) f . intervals
: ug/m?3) dysrhythmia, S04, NH4, EC, baseline assessment had little o
instrument) and . : specified)
spatial variability congestive heart & OC impact on the outcome
o failure
(semivariogram) cerebrovascular
disease)
e000
(insufficient
because of
pooled mean bias from
(Guo et al., daily case- cardiovascular differential odds ratios for NO, unaffected in small
2009) concentration daily mean crossover (19 disease effects of PM male & female unadjusted model only; unadjusted model only; unadjusted but not adjusted number of
from eight fixed 68.25 pg/m? months) (emergency room SO, & NOZIS‘ cases 8,377 lag day 0 - 1.005 lag day 0 1.001 - 1.024 model; lag day 1,2,& 3 show no cases,
Beijing, China monitoring visits) 2 2 change in unadjusted model pooling of
locations exposure
data, and
short
duration)
statistically significant
. association with emergency
odds ratio per 10 pyg/m? -
. 5 increase on lag day 3 depgrtnjent \{|5|ts for
oldds ratio per 10 yg/m hypertension in a single pollutant BO00
(Guo et al mean daily association increase on lag day 3 single pollutant model - 1.038 mogg&%gﬂ;:@ig{é}f 3 (insufficient
2010b) coréci:egttrfail;g)g at daily mean crosgzca)?/z—r (12 deeamrt?r:gei?alsits with male & female| single pollutant model - 1.101 multi- olluta—nl .(1;3'3 )-1.037 - association on lag days 2, 3, &4 becausltla of
mgnitorin 66.6 ug/m? months) fofh ertension PM,,, SO,, & 1,491 cases | multi-pollutant (PM,,) - 1.114 p 1195 w7 for a multi-pollutant model with snl;a f
Beijing, China Iocationsg P NO, multi-pollutant (SO.) - 1.130 multi- oIIutan.t (SO,) - 1.041 - SO, and on day 3 for a multi- num e:]ort
multi-pollutant (PM;o & SO,) - P 15 pollutant model with PM,; Czsest_s 0
1.144 multi-polutant (PMso & SO) - statistically significant uration)
p 1.046 - 1 215"1 27" | association on lag days 3 & 4 for
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GRADE
author / exposure . study type ’ _ - . . . . i
Toesttion monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results gcﬁjlgr{coef
odd ratio change per IQR of | odd ratio change per IQR of
10.44 ppb (19.9 pg/m® NO; in || 10.44 ppb (19.9 pg/m* NO; in
two-pollutant model two-pollutant model statistically significant HDHOO
PM;, PM;, g : (low quality
_ . temp 223 °C-1.12 temp223°C 107-118 | oiiiiffé'r?]?sssfﬁﬁ?iﬁiiﬁéﬂ in | because of
(HS|2e0h1gt) al., cor?lii?r:t?cl)lx at daily mean case- hospital association temp < 230 c-1m temp <23 SCO 1.06-1.16 both single pollutant models at mcon&stgnm
S v admissions for with male & female Z o2 both warm and cold es an
six fixed 29.88 ppb (57.1 crossover . temp223°C-1.16 temp223°C 1.11-1.21 i potential
Taipei e 5 myocardial PMio, SO,, O3, || 23,420 cases . . temperatures, statistically X
aipei, monitoring yg/m?3) (132 months) infarction CO &NO temp <23°C-1.18 temp<23°C 1.13-1.24 significant associations in two- modelling
Taiwan locations ’ 2 CcO CcO . error
. . pollutant models with PM1o, SO,, ;
temp223°C-1.09 temp=23°C 1.03-1.15 CO and O. at warm and cold stemming
temp<23°C-1.12 temp <23°C-1.05-1.20 ter; eratures from the use
0; 0; P of SAS)
temp 223 °C - 1.09 temp 223 °C 1.05-1.14
temp <23°C-1.18 temp<23°C 1.14-1.23
statistically significant
association with cardiovascular
ED visits on lag day 0 in single
males and and two-pollutant models with
females = 65 percent change in total percent change in total PMgbpéiagt‘isStiS;IIb u;wr']ti?ig?: or
yrs of age cardiovascular emergency cardiovascular emergency asso’c'at'on 'thyca?d'ac and
daily rates of | department visits per IQR 9.3 || department visits per IQR 9.3 ischemliclheav:tl diseasle on la 000
emergency association emergency | ppb (17.8 ug/m?) in single and | ppb (17.8 pg/m?) in single and day 0 or 01 in single ollutan% (insufficient
(Jalaludin et department visits with department | two-pollutant models on lag two-pollutant models on lag xmdel but not f%r sFt)roke' because of
al., 2006) 1-hr averages 1-hr mean of elderly subjects | nephelometric visits day 0 day 0 statistically significant ) publication
N from 14 fi>?ed concentration time-series | for cardiovascular particulate all associati{)n gvith all bias with no
Svdne monitoring sites 23.0 ppb (43.9 (5 years) disease (cardiac matter (BSP) | cardiovascular NO, only - 1.73 NO, only 0.74-2.73 cardiovascular & cardiac ED confidence
Agl/straI)iIé 9 ug/m?3) disease, ischemic| PMjo, PM,.5, | disease types NO,/PM;, = 1.8 (depicted NO,/PM;, = 0.6 - 2.9 visits on lag dav 0 for cool but intervals
heart disease, & | SO,, O3, CO, & -55.2 graphically) (depicted graphically) not warm gerio)c/is statisticall provided and
stroke) NO, cardiac NO,/O; = 2.1 NO,/O3 = 1.1 - 2.1 (depicted || . .. periogs, ] Y lag selection
. . . . significant association with stroke )
disease - 38.5 (depicted graphically) graphically) visits on lag day 2 in warm bias)
ischemic heart NO,/SO, = 1.5 (depicted NO,/SO, = 0.3 - 2.7 (depicted season butgrjwo a);sociation in
disease - 15.8 graphically) graphically) ool séason' no statistically
stroke - 11.3 significant association for
ischemic heart disease visits in
two pollutant model with CO
(data not presented)
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NO,/CO
temp <25 °C -2.01
NO,/O;
temp <25°C-1.85

NO,/CO

temp <25°C 1.64 -2.46
NO,/Os

temp <25°C 1.61-2.12

SO,

GRADE
E)ngt?(;rﬁ n?ggicizgir:g NO, concentration S((tj":fgt%‘:]')a endpoint co-pollutants | participants ratio or risk confidence interval results qu_ality of
evidence
total hosp. and
those for male &
pulmonary female ®&e00
(Kalantzi et (COPD, asthma, association admissions no statistically significant (low quality
al., 2011) daily mean from daily mean time-series infections, & with rate no change in risk coefficients | no change in risk coefficients || association with NOg; statistically | because the
three fixed 30.12 pg/m?® (84 months) other) and PM;,, CO, SO, | respiratory - | in either a single or combined | in either a single or combined | significant associations found for |  focus on
Magnesia, | monitoring sites ’ cardiovascular || Oz, NO, NOx, & || 2.94 /day model model NOx and CO in a combined NOx and the
Greece (ischemic heart NO, pollutant models exposure
disease, heart cardiovascular bias)
failure, & other) -4.88 /day
diseases
odds ratio per IQR 16.85 ppb | odds ratio per IQR 16.85 ppb
(32.2 yg/m*® NOy) in single (32.2 pg/m*® NOy) in single
and two pollutant models at and two pollutant models at
02 day lag 02 day lag statistically significant
association with admissions for OO0
single pollutant model single pollutant model congestive heart failure in warm || (low quality
temp >25°C-1.20 temp >25°C 1.03-1.39 and cold days using a single because of
Leeetal., mean dail . o temp <25°C-1.89 temp<25°C 1.65-2.16 pollutant model with a lag of 02 | inconsistenci
( 2007) concentratioz at daily mean case- h_ospltal assoglatlon male and days, statistically significant es and
e admissions for with female adults - : A -
six fixed 27.10 ppb (51.8 crossover tive heart | PM... SO,. O 13.475 two pollutant model two pollutant model association with admissions potential
Kaohsiung, monitorin /m?) (9 year) congestive hea 10, o2 M A NO,/PM1o NO,/PM1o using a two pollutant model with | modellin
h 9 oring Hg failure CO, &NO admissions . : 9
Taiwan locations ’ 2 temp <25°C-1.83 temp <25°C 1.52-2.19 PMio, SO, CO, or O3 on cold error
NO,/SO, NO,/SO, days, no statistically significant stemming
temp >25°C-1.20 temp >25°C 1.02-1.41 association on warm days using || from the use
temp <25°C-2.25 temp <25°C 1.90-2.67 a two pollutant model except for of SAS)
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GRADE
I?)L::t:tci)grﬁ n?ggicizgir: NO, concentration S((tj":fgt%‘:]')a endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
relative risk per IQR 100 ;gﬁ?ﬁﬁﬁgﬁ:;ﬁﬁ]ﬁ&
association pg/m? in single and_ multi pollutant model with an stahs_tlc?ally §|gn|f|capt ®O00
: total pollutant model with an ; association with hospital . .
with o . unstated lag period - (insufficient
admissions of unstated lag period admissions for total
total total suspended 18,137 cardiopulmonary, cardiac, & because of
(Llorca et al., . ] particulate e total cardionul total cardiopulmonary ) P imprecision
2005) daily average daily mean ) . cardlore§p|ratory, (TSP) mean fJally otal cardiopulmonary NO, only 1.26 - 1.49 respiratory dlsegse in single caused by
. ’ time-series cardiac, & X hospital NO; only - 1.37 pollutant model with an unstated
from three fixed concentration 4 ) hydrogen dmissi NO./TSP.H2S.S0, NO - 1.20 NO,/TSP,H2S,S0,,NO 1.05 - | iod: istically signifi no lag
Torrelavega, | monitoring site 21.3 pg/m* (4 years) respiratory sulfide (H2S), admission z ’ BT 1.39 ag period, statistically significant period
Soai emergency lfur dioxid rates cardiac di association with admissions for -
pain de . sulfur dioxide o R cardiac . publication
partment visits (SO), nitrogen cardiac - 7.61 NO, only - 1.27 NO, only 1.14 - 1.42 total cardiopulmonary and bias f
oxiée: (NO)g Py respiratory - respiratory 2 resy iréto : respiratory causes in multi- las ":;T d
’ 4.93 NO, only - 1.54 P y pollutant models, but not for poor metho
NO, NO; only 1.34 -1.76 diac di description)
NO,/TSP,H2S,50,,NO 1.34 - cardiac disease
NO,/TSP,H2S,S0,,NO - 1.69 2 ’ 2’13 ’ :
®&000
(insufficient
because of
. . bias from
;M:;Igauzsgﬁr; pooled myocardial association women only odds ratios showed no small
” monitoring data daily mean case control infarction with no significant change in odds || no significant change in odds L 7 number of
t 12 fixed 2 e 108 h indoor/outd cases 368 ) B associations with outdoor NO,
Kaunas at 1 fixeo 5 Hg/m ( months) (emerggqcy room | INdoOrOUtdoor | - rols 725 ratio ratio exposures greater than 35 pg/m? cases,
Lithuanié monitoring sites visit) NO, differences pooling of
exposure
data, and
short
duration)
percentage change in heart percentage change in heart
hea.r.t rate. rate variability per ISD 17 ppb; || rate variability per ISD 17 ppb; - P, ’ ’ .GBO.QO
mean dail variability using 325 Lg/me 325 ug/m? statistically significant declines in|| (insufficient
(Min et al., Aty heart rate in the iati 0 -6hu? 0 .GhH% low frequency heart rate because of
2008) | concentration at . Cross- | N Ninterval, low | 2SSociation -6hr lag -6hr lag modulation at three shortlag | potential
an unknown daily mean sectional frequenc h‘eart with male & female low frequency -7.32 low frequency -14.32 - 0.26 eriods. but not at longer time
Tacin Island. | number of fixed 24 ppb (45.8 ug/m?) study [ o OR oeTe | PMio, SO, & | 1349 subjects 0-9 hr lag 0-9 hrlag D iods In a Sinale ooltant exposure
Japan monitoring (12months) | =t e ency NO, heart rate -3.31 heart rate -7.06 - 0.60 mgdel' similar res%ltspin a multi- mtesgurem(;e
P locations 9 a Y low frequency -10.40 low frequency -18.26 - -1.79 ’ . ntbias an
heart rate 012 hr 0-12 hr | pollutant model; short
modulation -2 hriag -1 hr ag duration)
low frequency -10.44 low frequency -19.19 - -0.75
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concentration range of 126.2 -
303.0 ug/m?

GRADE
author / exposure . study type ’ _ - . . . . i
leeaiiien monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results qu_allty of
evidence
statistically significant
association with emergency
room visits for cardiac arrhythmial| @©OOO
(Santos et al., mean daily - percentage increase in ER percentage increase in ER in a single pollutant mpdgl onlag| (insufficient
. association male and . ’ e . day 0 only, no statistically because of
2008) concentration at dail i ) emergency room ith f le adult visits per IQR of 49.5 ug/m?* in || visits per IQR of 49.5 pg/m? in ianifi iati in fw o
seven fixed ally mean Ime-series | yisits for cardiac w emale adults single pollutant model single pollutant model significant associations in two publication
L 99.03 pg/m? (20 months) R PM,,, SO,, Os, 3251 v . . N pollutant model with CO or three bias and
Sao Paulo, monitoring arrhythmia CO &NO dmissi lag 0 = 13 (depicted lag 0 = 7 -18 (depicted llutant model with PM d
Brazil locations , - admissions graphically) graphically) pollutant model wil 10 @n small
CO, quintile analysis suggests a || number of
threshold a threshold at a cases)
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GRADE
author / exposure . study type ’ _ - . . . . i
Toesttion monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results qu_allty of
evidence
hourly mean
Montreal —
19.4 ppb (37.1
(Stieb et al., pg/m?3) emergency
2009) Ottawa — department visits pooled percent increase in pooled percent increase in statistically significant
18.8 (35.9 ug/m?) for cardiac cardiac visits per 18.4 ppb cardiac visits per 18.4 ppb - ally Signific: .
. e ; 3 ! association with anginalinfarction
Seven Edmonton — (angina, male & female (35.1 pg/m?)in a single (35.1 pg/m?)in a single and heart failure in a single
Canadian mean daily 21.9 (41.8 pg/m3) myocardial association cardiac - pollutant model for the pollutant model for the ollutant model: no statisti%all dDHDO
cities concentration Saint John — time-series infarction, heart with 140.657 summer season summer season potu L Y (moderate
3 ) . significant associations for the :
Montreal from 1to 14 9.3 (17.8 pg/m?) (up to 120 failure, PM;,, PM,.5, ) lag day 0 lag day 0 . quality, no
) o : ) respiratory - winter season or for any .
Ottawa fixed monitoring Halifax — months) dysrhythmia) and || SO,, O3, CO, & ) A adjustment
. . 249,199 L . L . respiratory conditions; no
Edmonton sites 17.5 ppb (33.4 respiratory NO, angina/infarction - 2.6 angina/infarction 0.2 - 5.0 ™ P necessary)
) A cases : : statistically significant
Saint John pg/m?3) (asthma, COPD, heart failure - 4.7 heart failure 1.2 - 8.4 N
. . association in a two pollutant
Halifax Toronto — respiratory lag day 1 lag day 1 model with CO
Toronto 22.7 ppb (43.4 infections) angina/infarction - 2.7 angina/infarction 0.2 -5.3
Vancouver ug/m?3) conditions
Vancouver —
18.7 ppb (35.7
ug/m?)
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GRADE
I?)L::t:tci)grﬁ n?ggicizgir:g NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results qu_ality of
evidence
relative risk percentage for
chest pain per 12.8 ppb (24.4
relative risk percentage for ug/m?3) change in a single
chest pain per 12.8 ppb (24.4 | pollutant model (lag day 0)
ug/m?®) change in a single
pollutant model (lag day 0) | all seasons, all patients - 1.3 -
4.0
all seasons, all patients - 2.6 || all seasons, female patients -
all seasons, female patients - 14-5.2 statistically significant
3.3 all seasons, male patients - association with admissions for
all seasons, male patients - 0.6-4.3 chest pain in warm, cold, and ®O00
2.4 warm seasons, all patients - || both seasons for all patients but | . .
warm seasons, all patients - 0.0-5.8 differential associations observed gnsufﬁmenft
2.9 warm seasons, male patients || for men and women in warm and || , ec?use 0
warm seasons, male patients -00-78 cold seasons; statistically bias ronfw the
(Szyszkowicz mean daily association male & female -3.8 cold seasons, all patients - 0.1| significant associations observed Sr?:t:te?i
and Rowe, | concentration at daily mean emergency with 68,714 chest | cold seasons, all patients - 1.7 -34 for women but not men or all number of
2010) an unstated 21.9 ppb (41.8 time-series || department visits PM... PM pain cases | cold seasons, female patients || cold seasons, female patients | patients on lag day 1 (data not monitorin
number of fixed : ) : (120 months) | for chest pain and | ¢ 18 065’& 66,092 -238 -05-5.1 shown) as well as lag day O; it dg
Edmonton, monitoring Hg weakness BN ’ weakness statistically significant sites an
Alberta locations NO. cases relative risk percentage for relative risk percentage for | associations for weakness on lag publication
weakness per 12.8 ppb (24.4 | weakness per 12.8 ppb (24.4 | day 2 but not 0 or 1 for males, . an(_i .
pg/m?) change in a single pg/m?) change in a single females and all patients; imprecision
pollutant model (lag day 2) pollutant model (lag day 2) statistically significant with wide
all seasons, all patients - 2.1 || all seasons, all patients - 0.7 - | association for weakness during clonﬁdence
all seasons, female patients - 3.6 cold but not warm seasons for intervals)
21 all seasons, female patients - | males and females on lag day 2
all seasons, male patients - 0.2-4.0 only
2.4 all seasons, male patients -
cold seasons, all patients - 2.7 05-44
cold seasons, male patients - || cold seasons, all patients - 1.0
3.4 -4.5
cold seasons, female patients || cold seasons, male patients -
-23 1.0-59
cold seasons, female patients
-0.1-4.6
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warm season & all genders
0.4-16.7

association for elderly males or
elderly females for all seasons or
the cold seasons

(] N2 a
k.k-:z@gl. o report no. 9/14
GRADE
author / exposure . study type ’ _ - . . . . i
Toesttion monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results qu_allty of
evidence
odds ratio per IQR of 12.8 ppb | odds ratio per IQR of 12.8 ppb
(24.4 pg/m?®) in single pollutant| (24.4 ug/m?) in single pollutant statistically significant HDHOO
(Szyszkowicz daily average association model using single and model using single and association with emergency dept || (low quality
etal., 2012) con)éentratign daily mean case- emergency with males and cumulative lag periods up to || cumulative lag periods up to | visits for hypertension on lag day | because of
from three fixed 21.9 ppb (41.8 crossover (10| department visits PM;o, PM;.5, females seven days seven days 3 and cumulative lags 02 and 03, using a
Edmonton, monitoring sites ug/m?3) years) for hypertension | CO, O3, SO, & | 5365 cases no statistical significance on all single
Canada 9 NO, lag day 3 - 1.06 lag day 3 1.00 - 1.12 the seven other single lag days pollutant
lag day 02 - 1.08 lag day 02 1.01-1.15 and six other cumulative lag days| model only)
lag day 03 - 1.07 lag day 03 1.00 - 1.14
- statistically significant
Igll? q\ées”;;bpgje: féﬁﬁf irn association ED visits for
relative risk percentage per a single pollutant model (lag |slchem|a(;nzgergjles bUtfHOt I 000
IQR 12.8 ppb (24.4 ug/m?) in day 0-2) males aged 20-64 years for all | UL
a single pollutant model (lag seasons and cold season but not | (insufficient
day 0-2) roup age 20-64 vears the warm season; statistically because of
(Szyszkowicz, mean daily short-term effect - Y group ag ¥ significant association for males serious
association all seasons & all genders 0.2
2008b) concentration at daily mean . . on emergency . ’ & females together aged 20-64 | inconsistenci
) time-series e with male & female group age 20-64 years -12.8
three fixed 21.9 ppb (41.8 department visits . years for all seasons and the es and the
Ed - A (120 months) - ~ || SOz, O3, CO & || 10,881 visits || all seasons & all genders - 6.3 all seasons & females 2.9 - )
monton, monitoring yg/m?3) for acute ischemic NO all seasons & females - 12.4 27 warm season but not the cold | bias from the
Alberta locations stroke 2 ' : season; statistically significant use of a
cold seasons & females - 13.8| cold seasons & females 2.1 - iation for elder] 465 .
group age 65-100 years old 26.7 association for elderly (age - single
warm season & all genders - 100 years) males and females pollutant
82 group age 65-100 years old during the warm season; no model)
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4

GRADE
I?)L::t:tci)grﬁ n?ggicizgir: NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results quality of
9 evidence
statistically significant
'?;:Laecgfan:r’:;h unadjusted excess mortality unadjusted excess mortality ass?%i:tlcirlllvaEr\r’T ogagtoygg)m
impact on risk per 10 pg/m? increase in || risk per 10 ug/m?® increase in stafistical] si Ynificant ’
mortpalit and single pollutant model single pollutant model association witﬁl hogs italizations
hospitalizations stroke - 113 stroke 0.19-2.08 fom IHD. ARD, & GOPD, no_ | OO0
fgr stroke IHD - 2.08 IHD 1.10 - 3.07 association in unadjusted risk | (insufficient
(Thach etal., ischemic heart association LRI-1.75 LRI 0.74-2.77 from hospitalizations Jfrom stroke, | Pecause of
2010) daily averages . . . . : number of COPD - 1.39 COPD 0.18 - 2.61 SP - "I unknown
. ; daily mean time-series disease (IHD), with ) adjustment for influenza
from eight fixed . subjects not ; A . number of
LS A 58.7 yg/m?® (84 months) || lower respiratory | PM1o, SO, O3, . ) epidemic periods or
Hong Kong, | monitoring sites infection, (LRI) & NO stated unadjusted excess unadjusted excess redominance caused greater cases and
China acute res’pirator’y 2 hospitalization risk per 10 hospitalization risk per 10 tt?an 0.1 % decrease in r%ortality risk of
) ug/m? increase in single pg/m? increase in single ’ exposure
disease (A.RD)’ & pollutant model pollutant model from stroke, LRI’. & COPD, bias)
chronic IHD - 0.94 IHD 0.46 - 1.42 adjustment for influenza
obstructive ARD - 1' 29 ARD 0'74 _ 1' 71 intensity, epidemic periods, or
pulmonary 4 ) 5 predominance caused greater
disease (COPD) COPD -1.94 COPD 1.55-2.33 than 0.1 % decrease in
hospitalizations from ARD,
statistically significant
association association with emergency
with room visits for cardiovascular
PM:o. PMo- relative risk per IQR 23.0 ppb | relative risk per IQR 23.0 ppb and respiratory diseases in a
(1(;7csursezl)0 leand | (43-9 ug/m?) in single and two- | (43.9 ug/m?) in single and two-| single pollutant model at an 0-1 [21=210@)
o “f’:nfalag‘s pollutant models with a 0-2 | pollutant models with a 0-2 | lag period; statistically significant | (low quality
2-5s 2-5 P . .
(Tolt;ert etal., 1-hr maximum average 1-hr cardiovascular & | sulfate, PM,.. 238,360 day average lag day average lag _assomatlon for resplratory VISItS. pecause of
007) for an unstated maximum time-series respirato EC, PM,.5; OC, | cardiovascular in a two pollutant model with CO |l bias from the
ber of 43.2 pob (82.5 10 P ry F”M ZLIEC ’ isit cardiovascular cardiovascular no association with respiratory use of a
Atlanta, numoer of -2 ppb (82. (10 years) emergency 2:5 1 visits NO, only - 1.015 NO, only 1.004 - 1.025 visits in a two pollutant model unstated
- monitoring sites ug/m?3) department visits | PM,.s soluble 1,072,429 ) . .
Georgia tal respirato respiratory respiratory with PMy, or O3 and a three number of
o s NO, only - 1.015 NO, only 1.004 - 1.025 pollutant model PMy, & Os; no | monitoring
h gzc?carbons NO,/CO = 1.012 (depicted NO,/CO = 1.008 - 1.029 association with cardiovascular sites)
Sé co o & graphically) (depicted graphically) visits in a two pollutant model
2 NO’ ® with CO or PM,.s TC and a three
2 pollutant model with PM,.5 TC &
CO;

Appendix 1-89



CONCe

report no. 9/14

NO,/SO, - 3.79

NO,/SO, 1.93-5.67

GRADE
I?)L::t:tci)grﬁ n?ggicizgir:g NO, concentration S((tj":fgt%‘:]')a endpoint co-pollutants | participants ratio or risk confidence interval results quality of
evidence
®000
(insufficient
associations observed for i:ﬁg:;:;g;
. . myocardial 3 patients < 65 years of age, but
(;/te;d%??)e corljn::Z?'n?r:t?iltl)lz at case- infarction & interaction study IQR (19.05 pg/m® NO,) rate IaR (19'05;%2 NO,) rate not with those >65 years old; ©s across
” three fixed daily mean crossover (36 unstable angina (NO; & male & female ratios NO., 0.96 - 1.53 risk of emergency hospitalization ageé;rt')qups
Kaunas monitorin 34.6 yg/m* months) pectoris geomagnetic cases 6,594 NO, - 1.21 NO, & ezon']a netic 0.99 - for those below 65 increased by ?n t':S
Lithuanié Iocationsg (emergency room activity) NO, & geomagnetic - 1.54 249 2 4% ’ 61% (for 19.1 ug/m?® increase) rom ”e
visit) ’ after extremely high or low sn;a .
geomagnetic activity number o
cases and
short
duration)
statistically significant
association with acute ischemic
male and stroke(AIS) in single pollutant
model during warm, but not cool,
female adults . . . . seasons using all three lag
ED visits for acute 2 65 years of | adjusted odds ratio for acute | adjusted odds ratio for acute periods, stratification by sex
’ } age ischemic stroke per IQR of ischemic stroke per IQR of . ST
(Villeneuve et daily mean h ischemic, association 65-<75yrs 13.5 ppb (25.8 pg/m?) in 13.5 ppb (25.8 pg/md) in showefj a stat!shcally.S|gn|f|cant GBGBOQ
h . g emorrhagic, ith . : ) association with AIS in females | (low quality
al., 2006) daily average concentration case transient cerebral witl of age - 5435 || single pollutant model for the | single pollutant model for the but not females > 65 vears of b ¢
from three fixed 24.0 ppb (45.8 crossover (11 ischemic or other PM;o, PM;.s, visits summer months summer months a o yeal ecause o
o A 3 ge, no statistically significant the small
Edmonton, || monitoring sites ug/m?3) years) - |l SOz, O3, CO, & || 75-<85yrs o : .
types of stroke in associations with AlS in two- number of
Alberta th derl NO, of age - 5129 0 day lag - 1.17 0 daylag 1.05-1.31 I s with
ree elderly age Visits 1 day lag - 1.18 1day lag 1.05-1.32 pollutant models with SO,, CO, cases)
roups ) ) ) O3, PM1o, or PM,.5 for lag day
9 > 85 yrs of 02 day lag - 1.26 02 day lag 1.09 - 1.46 - 2
02, no significant association
age - 1858 ) ] .
- with hemorrhagic or transient
visits . A .
cerebral ischemic stroke in warm
or cold season or for male or
female subgroups
percentage increase in percentage increase in tatistically sianificant incr in
male and admissions per IQR of 11 ppb || admissions per IQR of 11 ppb sta Shgzp?ltasl %dm?:sionscfg?se 100
(Wellenius et mean daily hospital association female adults (21.0 pg/m?) in single and two || (21.0 pg/m?) in single and two congestive heart failure using (low quality
al., 2005) concentration at daily mean case- o ; pollutant models on lag day O || pollutant models on lag day 0 h because of
two fixed 26.48 ppb (50.6 crossover (13 admissions for with > 65 years of single and two pollutant models limited
) Tixe 48 pp! ) (99, congestive heart | PMyo, SO,, O, age for PM1o, Os, and SO, on lag day imite
Pittsburgh, monitoring yg/m?3) years) B NO; only - 4.22 NO, only 2.61-5.85 o 2= number of
Pennsylvania | locations failure CO, &NO, . d‘:’nsifs}gns NO,/PMio - 4.04 NO,/PMio 1.83 - 6.31 ass%c?;’tiztﬁti'stt'\ffg'y:l'lﬂ?;frﬁan:; 4ol modeliing
NO,/O; - 3.73 NO,/O; 2.10 - 5.39 with C% sites)
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GRADE
author / exposure . study type ’ _ - . . . . i
leeaiiien monitoring NO_ concentration (duration) endpoint co-pollutants | participants ratio or risk confidence interval results gcﬁjlgr{coef
excess risk for all subjects per || excess risk for all subjects per statistically significant
10 pg/m? increase in single 10 pg/m? increase in single association with baseline
male & female pollutant model pollutant model mortality from respiratory and
(avg daily baseline mortality baseline mortality cardiovascular disease and
hositalization rates) RD - 1.24 RD 0.27 -2.22 baseline hospitalizations from
and rF:wortaIit for mortality CVD-1.23 CVD 0.41-2.06 respiratory, cardiopulmonary, ®aO0
(Wong et al acute res ir;,tor RD - 16.2 baseline hospitalizations baseline hospitalizations and cardiovascular disease, | lit
20909) ” || daily average (ARD) cFr)lronicy interaction study| COPD - 5.9 RD - 0.85 RD 0.51-1.18 statistically significant interaction (bow Quall )fl
from eight fixed daily mean time-series Sbetructive (influenzaand | CVD-23.8 COPD - 1.84 COPD 1.32-2.35 with influenza for COPD-related Sca“fse 0
monitoring 58.7 pg/m* (84 months) PM,0, O3, SO, | hospitalization CVD-0.98 CVD 0.63-1.33 hospitalizations in those > 65 las from
Hong Kong, | . pulmonary & NO £ ation f using single
China ocations (COPD, and NO,) S . ) ) ) years of age, no association for pollutant
cardiova‘scular RD - 270.3 excess risk for all subjects > | excess risk for all subjects > hospitalizations from acute del |
(CVD) disease ARD - 104.9 || 65 years of age per 10 yg/m® | 65 years of age per 10 yg/m? respiratory disease, no models only)
COPD-91.5 increase in single pollutant increase in single pollutant statistically interactions with
CVD - 203.5 model model influenza for any mortality cause
modifying effect modifying effect or any age-stratified group
hospitalizations hospitalizations hospitalized for RD, ARD, or
COPD - 0.43 COPD 0.05-0.81 CVD
no statistically significant
- . - . association for either ICH or IS
(Yamazaki et hourly daily mean ranged mortality from association total of 17.354 :;tiilgrg:lﬁ%m CE??%‘? n 3‘:?5 ?:tiz'grgfﬁ%nt Cg??g; in 0/?]?5 mortality in a multi-pollutant .@OﬁQ.Ot
al., 2011) measurements | from 14. 8 ppb (28.3 case- intracerebral with d ! o p ppL (1.9 Hg itio p ppo (1.9 Ug model at any lag period for either (insufficien
. X ) eaths for ICH|| in a pooled multi-pollutant in a pooled multi-pollutant . because of
from a single ug/m?; Sendai) to crossover [ hemorrhage (ICH) PM,, . . . f the warm or cold months; no
o o - h ) . and 46,370 for model that included daily model that included daily - L severe
13 cites in || fixed monitoring || 36.9 ppb (70.5 ug/m3;| (5 years) and ischemic photochemical . . statistically significant
IS average PM7, total oxidants, | average PM7, total oxidants exposure
Japan site in each city Yokohama) stroke (IS) oxidants & NO, tem erature7and humidit ’ tem erature’and humidit * || associations for either 1-hr or 24- E
P Y p Y hr measures of NO, ias)
concentration
IQR (10.04 ppb; 19.2 ug/m* | IQR (10.04 ppb; 19.2 ug/m* a0
NO.) odds ratio (two-pollutant | NO,) odds ratio (two-pollutant (low quality
model) model) because of
(Yang, 2008) mean daily PM;o PM;, significant associations observed | inconsistenci
9: concentration at daily mean case- hospitalization for || association with male & female temp=20°C-1.17 temp=20°C 1.11-1.24 in both single and two-pollutant es and
Taipei six fixed 30.59 ppb (58.4 crossover congestive heart | PMy,, O3, CO, 24 240 cases SO, SO, models for warm days, no potential
pe, monitoring ug/m?3) (108 months) failure SO,, & NO, ’ temp =20 °C-1.32 temp=20°C-1.25-1.39 associations observed on cold modelling
Taiwan ;
locations co CcoO days error
temp=20°C-1.18 temp=20°C-1.10-1.26 stemming
O3 0O, from the use
temp=20°C-1.15 temp220°C-1.10-1.20 of SAS)
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patients with
coronary artery
disease

HF in two pollutant model with
BC

GRADE
I?)L::t:tci)grﬁ n?ggicizgir:g NO, concentration S((tj":fgt%?g endpoint co-pollutants | participants ratio or risk confidence interval results qu_ality of
evidence
heart rate
variability statistically significant negative
(standard association with HF in a single
deviation of pollutant model at all lag times
normal to normal percent change in response percent change in ressponse and negative association yvith
Zanobeti et e (30 mi inte?vz?: (t;eli?lt\lN), per fe;r?f'134t ug/ m3”a§ a 'tag pe(l;fIC;zR I?rfilsé“tvl:g/;:)"itaanltag Egt?siiga?lygfg;iﬁgahr:tlsgstiltri?/i' ©e00
( :In°2061 ('))e 30-min averages gjﬁ?g;?hl:eé 1281;;’) time-series root mean square || association with male & female ° r mn?oc\ilgl) poflutan model association with RMSSD at 72 hr gg‘gaﬂgzlg
v from five fixed ’ 30 n;in _ (30 months) successive PM,.5, BC, O, 46 patients RMSSD RMSSD lag time in a two pollutant model indirect
monitoring sites 21 ppb (40.1 pg/m?) difference & NO, BC co-pollutant 2.27 BC co-pollutant 0.00 - 4.59 with BC and a negative measureme
’ (RMSSD), and HF i HF association with HF in a two nts)
high frequency PM.« co-pollutant -7.63 PM,.5 co-pollutant -13.44 - - pollutant model with PM.s, no
(HF)) in 2.5 CO-P : 1.44 association for RMSSD in two
discharged pollutant model with PM,.s or for
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Acute Respiratory

GRADE
auth(_)r ! e R NO_ concentration Silegy tlype endpoint co- participants ratio or risk confidence interval results quality of
location monitoring (duration) pollutants !

evidence
statistically significant
association for respiratory
disease (lag04) and asthma
male & female (lag05) admissions in a
dail adjusted relative risk for adjusted relative risk for single pollutant model but
hospital admission aty hospitalization per IQR 7 hospitalization per IQR 7 ppb not in a two pollutant model | OO0
. admissions B\ o PN : . o . e
(Andersen et ) of children o ppb (13.4 pg/m?) in single (13.4 pg/m?) ins ingle and two with PMy,; statistically (insufficient
. daily mean association L L
al., 2007) | daily average from . . . (asthma) and the ith di | and two pollutant model pollutant model significant association because of
a single fixed concentration time-series elderly W cardlovascuiar respiratory admission on lag | very serious
g 12 ppb (22.9 (6 years) f PMio, CO, | (=65 yrs)-53 ) . P f
Copenhagen, | monitoring site /m?) (cardiovascular & NO respiratory (2 respiratory respiratory days 2, 3, &4 in single risk of
Denmark Ha and respiratory 2 65" %) ”é i | 1ag04-1.040 lag 04 1.009 - 1.072 pollutant models and exposure
disease) asth)r(na (5-18 asthma asthma cardiovascular admission on bias)
lag 05-1.128 lag 05 1.029 - 1.235 lag day 3; no association
yrs)-3 with cardiovascular
(lag03)admissions in single
or two pollutant model with
PMio
statistically significant
male & female association for respiratory
hospital admission assoc_:latlon d.a"Y adjusted relative risk for adjusted relative risk for disease admission in single 000
- with admissions i P pollutant model (lag04) but . e
(Andersen et . of children hospitalization per IQR 6 hospitalization per IQR 6 ppb ) (insufficient
al., 2008) | daily average from daily mean (asthma) and the PMio, ppb (11.5 yg/m?) ins ingle (11.5 pg/m?) ins ingle and two notin a two pollutant model because of
” a single fixed concentration time-series elderl PMzs, UFP | cardiovascular and two. ollutant model oII.utant model with UFP (total number )
ngle fixe 11ppb (21.0 | (3.5 years) aerly (total | (=65 yrs)-59 P p count); no association with | VY Serious
Copenhagen, [ monitoring site m? (cardiovascular b irat > di lar (1ag03 risk of
Denmark Hg/m?) and respiratory numoer respiratory (2 respiratory respiratory cardiovascular ( ag. )_or exposure
disease) conc.), CO,|| 65yrs)-22 lag 04 - 1.06 lag 04 1.01-1.12 asthma (lag05) admissions bi
O3, & NO, || asthma (5-18 9 : 9 : : in single or two pollutant ias)
yrs) -3 model with UFP (total
number count)
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10.2 (19.5 ug/m?)

two pollutant model -
respiratory

1-4 yrs age (1-hr NO,)
NO,/PM,.5 - 8.5

5-14 yrs age (24 hr NO,)
NO./PMy, - 6.4

two pollutant model -
respiratory

1-4 yrs age (1-hr NO,)
NO,/PM,.s 0.7 - 16.9
5-14 yrs age (24 hr NO,)
NO,/PM;, 3.0-9.8

significant association with
pneumonia in either of three
age groups, no statistically
significant association with
any of three pulmonary
conditions in children less
than a year old

GRADE
author / exposure . study type . co- i . . ) . i
Toesttion monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
statistically significant
pooled percent increase in pooled percent increase in association of 1-hr or 24 hr
admission rate per IQR of admission rate per IQR of 9.0 NO, exposures with hospital
9.0 ppb (17.2 pug/m?) for 1-hr || ppb (17.2 pg/m?) for 1-hr values admissions in children
values and 5.1 ppb (9.7 and 5.1 ppb (9.7 pg/m?) for 24- pooled from 7 cites for
ug/m?) for 24-hr hr measurements on lag days | respiratory effects (two age
daily averages in measurements on lag days |01 groups) and asthma (one
ppb (ug/m?) 01 age group) using a single
(Barg(e)gse)t al., Brisbane — femn;laelecﬁilrgren single pollutant model- pollutant model, statistically | @®®OO
7.6 (14.5 pg/m?) . single pollutant model- respiratory significant association with | (low quality
hospital < 14 years of : h L ;

. Canberra — ok - respiratory 1-4 yrs age (1-hr NO,) respiratory admissions in because of
Australia 3 admissions of | association age . h o
Brisbane 7.0 (13.4 pg/m?) children for with | dally admission | 14 Y'S39¢ (1-hrNO2) -2.8 1} 0.7 - 4.9 two pollutant model with | imprecision

1-hr and 24-hr Melbourne - . Y 5-14 yrs age (1-hr NO,) - 4.7 || 5-14 yrs age (1-hr NO;) PMj1o (one age group or caused by
Canberra 3 case- respiratory PMio, rate ranges .
Melbourne values from 0-9 11.7 (22.4 pg/md) crossover | distress. asthma PM respiratory - 1.4 5-14 yrs age (24-hr NO;) - 16-79 PMzs (one age group), heterogeneit
fixed monitoring Perth — i 7 z5 p v-14l58 5-14 yrs age (24-hr NO;) statistically significant y and/or
Perth it 9.0 (17.2 ua/me (4 years) and pneumonia UFP, O3, -7.9 17-101 iati ith 1-hr or 24- || i :
Sydney sites .0 (17.2 pg/md) plus acute SO, & asthma — ) .7-10. association with 1-hr or 24- | inconsistenc
New Zealand Sydney — bronchitis in three NS 09-22 single pollutant model - hr NO, levels and respiratory y from
11.5 (22.0 pg/md) a0€ groups 2 neumonia - asthma single pollutant model - asthma admission during cool multiple
! Christchurch — 9¢ group P 5-14 yrs age (24-hr NO;) - 5-14 yrs age (24-hr NO;) season (one age group) or | comparisons
Christchurch 3 0.6-3.6
7.1 (13.6 pg/m?) 6.0 0.2-121 warm seasons (one age )
Auckland .
Auckland — group), no statistically
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GRADE
I?)L::t:tci)grﬁ n?:)(gic;zlrjirneg NO; concentration S((tjlijcgt%?]‘)a endpoint poll%ct):-:lnts participants ratio or risk confidence interval results qu_ality of
evidence
statistically significant
association with total and
cardiovascular admission
rates on lag days 4 & 5 but
not for the 4 shorter lag days
total percent increase in . . . using a single pollutant
admissions of | admissions per IQR of 10 SZﬁgné 'ch%aﬁg/'n:aaiin;'ii;%ns model, no associations with
DA - o
roneta V02180 i g polltant oot ol respysloy samissen | @@C0
enetal, otal, . : [ ” low qualit
2010) daily average from daily mean . ) cardiovascular & assoqatlon hos_pltal . total admissions associations were cor_1f|ned ( bec(;usey
six fixed concentration time-series respiratory with admission rates | total admissions lag day 4 0.07 - 1.87 to _the_ c;old season, with no only a single
sh . - . 3 (3 years) . PM,,, SO,,|| total - 1555 lag day 4 - 0.97 significance in the warm Y 9
anghai, monitoring sites 57 pyg/m hospital & NO lag dav 5 - 0.99 lagday 5 0.10-1.88 season. two pollutant pollutant
China admissions 2 ! g day ; cardiovascular Son, two p . model was
cardiovascular -|| cardiovascular lag day 4 0.53-1.93 modelling with PM;, did not applied)
:.340 lagday 4 - 1.23 lag day 5 0'10 ] 1'49 cause any change; hpwever PP
resp;rzaéory - :ag day 5-0.80 lag days 06 0.38 - 2.69 the significant as_somatlons
ag days 06 - 1.54 for total and cardiovascular
admissions on lag day 5
became non-significant after
two-pollutant modelling with
SO,; J-shaped exposure
response function observed
long-term annual
exposures using
LUR estimates
generated from 50
sites taken each
season for a 2-
week period
together with GIS association dDOO
(Dales et al., information respiratory with male & female (low quality
2008) regarding annual mean cross- function (FEV, PM aged 9-11 no association in adjusted no association in adjusted no statistically significant because
population and 13.58 ppb (25.9 sectional FVC, & expired PM “gs ears single pollutant model per 1 | single pollutant model per 1 association with respiratory | only a single
Windsor, swelling counts, Hg/m?) (15 years) nitric oxide) in szoi 2 12 32§ children pg/m? increase pg/m? increase function in school children pollutant
Ontario industrial point children y ’
source, &'?oad NO. m:;;:;;?s
networks, short-
term daily
exposures
determined from
two stationary
fixed monitoring
sites
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graphically)

ambient exposures
NO2/PM2s = 0.85 (depicted
graphically)

ambient exposures
NO2/PM25 = 0.30 - 1.65
(depicted graphically)

GRADE
I?)L::t:tci)grﬁ rﬁég;)tzlrjirneg NO; concentration Sélijcgttlzﬁ')e endpoint poll%ct):-mts participants ratio or risk confidence interval results qu_ality of
evidence
1-hr max - 43 ppb
(82.1 pg/m?) risk ratio per 10 ppb (19.1 risk ratio per 10 ppb (19.1
24-hr avg - 22 ppb ug/m?) increment (lag 1) pg/m?) increment (lag 1)
(Darrow et al.,| ™ean go}lﬂ"y and (42.0 pg/m?) g er:ergetncy_ its | association significant associations with GBOﬁOO
2011a) concentarla{ions at 6-hr commute time-series izf rg;?)?r;t;lr?/l S with male & female || 1-hr max NO; - 1.005 1-hr max NO, 1.003 - 1.007 NO, using a single pollutant (t;gf::u:;e(?;
a single fixed (0700-1000 & (132 problems (asthma, | PM,.s, CO 1,068,525 24-hr avg NO, - 1.009 24-hr avg NO, 1.005 - 1.013 model and various metrics of severe
Atlanta, monitoring 1600-1900) - 21 months) COPD . infection & o &’NO ’ cases 6-hr commute NO, (0700~ 6-hr commute NO, (0700-1000 | exposure, but may be due expOSUre
Georgia location ppb (40.1 yg/m?) néumonia) ’ 3 2 1000 & 1600-1900) - 1.006 || & 1600-1900) - 1.002 - 1.010 to strong co-variance with O3 E
6-hr nighttime P 6-hr nighttime NO, (2400- | 6-hr nighttime NO, (2400-0600) ias)
(2400-0600) - 25 0600) - 1.007 1.005 - 1.009
ppb (47.8 ug/m?)
statistically significant
association with nitric oxide
adjusted concentration l:f'ﬁé‘“;ﬁgifnﬁg d“;'g%;
change in FENO exhalation | adjusted concentration change g ‘I) u t d
per personal IQR of 17.0 in FENO exhalation per persona measuren:en sfa:)n1
ppb (32.5 pg/m*) and central | personal IQR of 17.0 ppb (32.5 a mo‘gggsagfr:'rgzi:r% 0
daily average site IQR of 12.0 ppb (22.9 pg/m®) and central site IQR of measureyments and a lag of
Riverside ug/md) for in a single and 12.0 ppb (22.9 pg/m?) forin a 1 dav or a movin avers o
personal — two pollutant models single and two pollutant models f)(,)1 d t ? ticall 9
24.26 ppb (46.3 _ ot U1 cays, statistically
daily averages pg/m3) iati single pollutant model single pollutant model stlgnmcialn: astsocnghlorz):vzh a
(Delfino et from personal ambient — measurement assogtlﬁ lon le & f I personal exposures personal exposures WO potiu ?n mo deO(C .t?]y [©100)
al., 2006) | samplers worn 10 | 27.18 ppb (51.9 fractional w male &temale | o1 avg lag - 1.63 01avg lag 0.43 - 2.83 average lag) and OC with |\ 070 o
. 3 panel study - PMy,, aged 9-18 A ) personal exposures and with
consecutive days pg/m?) (5 months) concentration of PM,.c EC ears ambient exposures ambient exposures PM..5 using ambient because of
Riverside & [ and averages from Whittier nitric oxide in Oé&CO ’ 45 aﬁthmatics lag day 1-0.72 lag day 1 0.08 - 1.36 meéssurements no small sample
Whittier, CA || two fixed centrally personal — exhaled air (FEno) o & No‘ 01 avg lag - 1.36 01 avglag 0.39 - 2.33 statistically si niflicant size)
located monitors 30.89 ppb (59.0 » 2 association iﬁ tV\?o ollutant
ug/md) two pollutant model (01 avg | two pollutant model (01 avg lag) models with PM pand EC
ambient — lag) personal exposures for personal ex ;gures and
28.07 ppb (53.6 personal exposures NO2/OC = 0.15 - 1.35 (depicted E% and OC fgr ambient
pg/m?) NO2/OC = 0.75 (depicted graphically)

exposures, statistically
significant association (01
avg lag) in those taking anti-
inflammatory medications or
inhaled corticosteroids but
not in those who did not use
medications
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GRADE
author / exposure . study type . co- i . . ) . i
Toestton monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
five metrics
(Eckel etal,, || applied but only fractional o male and no statistically significant no statistically significant no statistically significant GB@OQ
2011) one used for association P ; : (low qualit
assessment: daily mean cohort concentration of with female children | change in percentage change in percentage exhaled association with predicted b a )fl
: S 19.4 ppb (37.1 study nitric oxide (Feno) (7-11 years) | exhaled FeNO per 10 ppb FeNO per 10 ppb (19.1 pg/m?3) NO; values in either ecause o
Southern dispersion 3 ) e NO, NOx & 3 . . : . ) . indirect
D A . pg/m?) (24 months)| in exhaled air in (19.1 yg/m?) in an adjusted | in an adjusted single pollutant asthmatic or non-asthmatic
California (12} modelling with 2 children NO. 2143 subjects | single pollutant model model children; measuremen
communities) | weeks of sampling ) gep ’ ts)
at 942 locations
percentage increase in
hospital and emergency percentage increase in hospital
room visits per IQR 65.0 and emergency room visits per tatistically sianificant
pg/m? increase using two- 65.0 ug/m?® increase using two- sta .'St!ca y.tsrl]gtnltlclarj it
pollutant and multi-pollutant | pollutant and multi-pollutant ?ssolcl:la_lorlm Wlt o a”v;& f
model for average lag day 0- | model for average lag day 0-3 or all single, two pofiutan
3 and multi-pollutant models
pediatric hospital male & female total admission with a 0-4 day moving 000
and emergency - children total admission NO, only = 13 -25 (depicted average lag period; (insufficient
(Farhat et al., room visits for || association|| < 13 years of NO, only = 18 (depicted | graphically) statistically significant because of
2005) daily average from daily mean time-series lower respiratory with age graphi(z:ally) NO./PM.o 5.4 - 26.8 association with asthma and | imprecision
6 urban fixed concentration (1 year) disease PM,,, SO, NO/PM.« - 16.1 NO/SO. 18.2-313 bronchiolitis visits for single | from small
Sao Paulo, monitoring sites 125.3 pg/m? Y (pneumonia, 0;, CO, & 4534 NOZ/SOw- 24 7 NOZIO 29 5 _' 227 ’ and two-pollutant models number of
Brazil bronchopneumoni NO, admissions or NOZ/O f 16 1' NOZ/CB 1'1 8- 2.6 6 with PM,, and SO,, but not | cases and
a, asthma, & visits NOZ/CE) 192 NOZ/PM 30, 0.00 34- with two pollutant models short
bronchiolitis) 2 . 2T 10O M3, ’ with O3 or CO or multi- duration)
NO2/PM10,80,,05,C0O - ]335 ollutant models; no
18.4 asthma and bronchiolitis D 16'S; N0
R . significant associations with
asthma and bronchiolitis NO, only = 9 - 56 (depicted Visits for pneumonia or
NO, only = 30 (depicted | graphically) broncho?pneumonia'
graphically) NO,/PM;, 1.15-94.2 !
NO./PMy, - 47.7 NO,/SO, 5.7 - 60.5
NO,/SO, - 33.1
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GRADE
author / exposure . study type . co- i . . ) . i
Toesttion monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results gcﬁjlgr{coef
male and : :
female children || adjusted rate ratio per IQR adJ/usatgd r:atel ratlodper I|QR of 1
<14 years of |of 1 ug/m?in single and ;gllr:ta:tir:)%zlgn mult weak statistically significant
agehl multi-pollutant models association with hospital
monthly h o :
_ . - ) all respiratol admissions for all respirator,
pediatric hospital admission rate | all respiratory NO onls (0-6r£ay MWA) 1.001| conditions, asthma zppery
admissions for all ranges NO; only (0-6 day MWA) - -1 617 : and Iowér respirétory ®O00
(Giovannini et . resp|ra_1tory association "."” respiratory | 1.009 asthma disease in single pollutant (insufficient
daily average ata | monthly average . ) conditions, . disease - 0.37 -| asthma o
al., 2010) ’ . time-series with NO; only (1 day lag) models, statistically because of
single fixed range 27.5 - 86.7 g asthma, upper 1.8 NO, only (1 day lag) — 1.002 ) Lo -
e ’ 3 year) : PMy,, O3, : 1.000 - 1.004 significant association for severe
. monitoring site pug/m respiratory asthma - 0.03 - || upper respiratory . ) - ]
Milan, Italy di CO, & NO, upper respiratory lower respiratory disease in exposure
isease, and lower 0.23 NO; only ( 1 day lag) — . .
respirato upper 1.003 NO, only ( 1 day lag) two pollutant model with CO, bias)
digeasew res i’igtor ) .I wer respirator 1.000 - 1.006 no significant associations
0 1p1 -0 6y0 N(;) :nl e?(ieadz yMWA) R lower respiratory for other conditions in muilti-
lower 1005 Y Y NO; only (0-6 day MWA) 1.001 | pollutant models with CO or
- : -1.010 PMyo
respiratory - |[NO,/CO (0-6 day MWA) - ~
016-095 |[1.005 N106/1((:JO (0-6 day MWA) 1.000
males &
ftirg:zs ': percent increase in asthma | percent increase in asthma and
association rou g and COPD emergency room | COPD emergency room visits
with group visits per IQR 14.2 ug/m?® for | per IQR 14.2 ug/m? for three statistically significant
UFP (Aiken children three age groups in a single [ age groups in a single pollutant | association with ED visits for
(Halonen et mode) (< 15 years) - pollutant model model asthma and COPD in single | @OOO
. . ED visits for ’ year pollutant model for children | (insufficient
al., 2008) | daily average from daily mean ti . th 4 COPD UFP 4807 visits hild hild lag d 3485 adult
a single concentration ime-series | asthma an (accumulati children children on lag days 3,4,&5, adults || because of
o - . 3 (7 years) in three age lag day 3 - 4.53 lag day 3 0.19-9.05 on lag day 5 and elderly on severe
Helsinki, monitoring site 28.2 ug/m groups onmode), | adults (14-64 lag day 4 - 10.9 lagday 4 6.38 - 15.5 lag day 0; no associations exposure
Sweden P',:\’AMZ_'S yearji)si-t§312 lag day 5 - 9.36 lag day 5 4.95 - 14.0 on lag day 0 thru 2 for bias)
(co;?sg)s adults adults children, 0 thru 4 for adults
! lagday 5 - 3.7 lagday 5 0.15-7.37 or 1 thru 5 for elderly
CO & NO, elderly Iderl derl
(265 years of | "V 0 482 g day 0 1.26 - 8.50
age) - 7239 ag day 0 - 4. ag day .26 - 8.
visits
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GRADE
E)L:;:t?(;rﬁ n?éﬁﬁzlrjirne NO; concentration S((tjlijcgt%?]‘)a endpoint ollij?:;lnts participants ratio or risk confidence interval results quality of
9 p evidence
total
hospitalizations
and those for
. pulmonary association malg &female no statistically significant GBGBOQ
(Kalantzi et (COPD, asthma with admissions rate association with NOx; (low quality
al., 2011) daily mean from daily mean time-series infection; & othe’r) PM.. CO respiratory - || no change in risk coefficients | no change in risk coefficients in statistically si nifican{ because the
three fixed 30 12 ug/m?® (84 months) and SC;m 0. 2.94 /day in either a single or either a single or combined associations);ou?‘ud for NOx | focus on
Magnesia, monitoring sites ’ cardiovascular NO 2N03X’ combined model model and CO in a combined NOx and the
Greece (ischemic heart &’NO ' | cardiovascular - pollutant models exposure
disease. heart 2 4.88 /day bias)
failure, & other)
diseases
volume decrement (ml) per | volume decrement (ml) per IQR Stautllit]'gs!?f Sf'gr?g{ic;anm
pulmonary |fQR3(8.86)ppb; 16.9 pg/m* (8'8(§ ppb; 16.9 pg/m? for 3- decfements fgr 3-year and
’ - or 3-year, year ;
mean function test association 3-month exposure time [2110@)
annual mean 3-year period - (PFT), maximal with FVC -94.5 FVC -166.6 --2.3 frames; effects more severe | (low quality
(Leeetal, | concentrationat | 18.13 ppb (34.6 self mid-expiratory PM male & female | FEV1 -83.2 FEV -144.7--216 in boys than girls; effects because
2011) 14 fi ’ AN controlled 1 school children | MMEF -110.1 MMEF -216 - -4.3 o -
ixed ug/m?) case series flow (MMEF), 1 PMz.s, Os, 3957 volume decrement (ml) per volume decrement (ml) per also observed with NOx & | only a single
. monitoring 3-month period - second forced SO,, NOx p p NO in variable fashion, pollutant
Taiwan | . (36 months) : i ’ volunteers IQR (7.91 ppb; 15.1 pg/m* IQR (7.91 ppb; 15.1 pg/m? for
ocations 13.21 ppb (25.2 expiratory volume NO, & FEV1 & MMEF most model was
pg/m?) (FEV1), & peak NO for 3-month) 3-month) severely affected; effects applied)
v 2 FEV1 -73.8 FEV1 -138.2--9.5 . iy PP
expiratory flow MMEE -126.6 MMEF -224.7 - -28.5 associated with CO but not
PEFR -227.7 PEFR -443.3--12.0 related to PMo, PM,.s, or
. . . SO,
(Leitte et al., ) i i 000
2009) ggr?cl:zitgigz cf]ri)lx chronllﬁrggsguctlve differential odds ratio per 10 pg/m* no significant associations (insufficient
] daily mean time series P ry effects of increment L 9 . ) because of
one fixed 3 disease (COPD), 953 cases f ) no effect on relative risk observed using a single
Drobeta-Tunu L 11.8 ug/m (19 months) - TSP, SO,, persistent cough using NO, severe
. monitoring asthma, chronic pollutant model
Severin, locations bron}:hitis & NO, outdoors at 1 year - 1.40 exposure
Romania bias)
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GRADE
author / exposure . study type . co- i . . ) . i
Toesttion monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
statistically significant
association with emergency
association room visits in two pollutant
emergency with model on lag days 3, 4, & 5
department visits P'\rf'wl‘ lative risk 40 ua/m? Jative risk 40 ua/m® but not l.ag”day.s O.’f.1’ &2 00
for respiratory pa |§ e ria ive 'rlst per | ;tjg rtn r«;a ive ['lst per | }th T dol statlsltlga y S|gfn| |gant3 DD .
(Leitte et al., mean daily symptoms (acute number change in two-pollutan change in two-pollutant mode! association on lag day (low quality
. . . ) . . concentrati model with PM;, with PMy, using a cumulative effects | because of
2011) concentration from daily mean time-series infections, on (PNC) male & female model (6-day movin h o
eight fixed 63 pg/m? (33 months)) pneumonia, article | 12981¢ases | g 40 jag-1.07 3 daylag 1.01-1.13 average) with a single | with weaKk.
Beijing, China| monitoring sites bronchitis, URT p yiag- .. y'ag = ’ ‘g Sing with wea
diseases. & surface 4 day lag - 1.07 4 daylag 1.01-1.14 pollutant; no associations on effects
chronic U’RT concentrati 5 day lag - 1.08 5daylag 1.01-1.15 lag days 0, 1, 2, 3, or 4 with noted)
diseases) on (PSAC), cumulative distribution
SO,, & model or on any lag day
NO, when using a single lag
model or a polynomial
distribution lag model
association relatl\alg r'S.k per IQR 100. relative risk per IQR 100 pg/m*
: pg/m? in single and muilti- e : . I
with pollutant model with an in single and multi-pollutant statistically significant
total Unstated lag period model with an unstated lag association with hospital dOOO
suspended total period admissions for total (insufficient
particulate | admissions of ’ cardiopulmonary, cardiac, & | because of
(Llorca et al., car diortgéalirato (TSP), 18,137 tot:?\llgarg:ﬁptjlqnggary total cardiopulmonary respiratory disease in single || imprecision
2005) daily average from daily mean time-series cardiaF:: & ™| hydrogen | mean daily 2 ony - 1. NO, only 1.26 - 1.49 pollutant model with an caused by
three fixed concentration A sulfide hospital NO,/TSP,H2S,S0,,NO 1.05 unstated lag period; no lag
o ) 3 (4 years) respiratory g NO,/TSP,H2S,S0,,NO - s L .
Torrelavega, monitoring site 21.3 pyg/m eMergenc (H2S), | admission rates 1.20 -1.39 statistically significant period,
Spain gency sulfur cardiac - 7.61 - cardiac association with admissions ublication
department visits L cardiac p
dioxide respiratory - NO; only 1.14 -1.42 for total cardiopulmonary bias from
NO; only - 1.27
(S0O,), 4.93 res irzatory : respiratory and respiratory causes in | poor method
nitrogen NpO only -154 NO, only 1.34-1.76 multi-pollutant models, but || description)
oxide (NO), NOZ/TSI); HéS SO..NO - NO,/TSP,H2S,S0,,NO 1.34 not for cardiac disease
& NO, 169 2 ’ o -2.13
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author /
location

exposure
monitoring

NO2 concentration

study type
(duration)

endpoint

co-
pollutants

participants

ratio or risk

confidence interval

results

GRADE
quality of
evidence

(Marks et al.,
2010)

New South
Wales,
Australia

geometric mean of
passive dosimetry
measurements in
22 schools on 2
days/week for 6
weeks

classroom mean
concentration (6-hr
period)
overall —
23.5 ppb
(44.9 pg/m?)
flued heater —
17.5 ppb
(33.4 pg/m3)
unflued heater —
31.6
(60.4 pg/m?)

double blind
randomized
crossover
1.5
months)

lung function
(PEF, FEV1 &
exhaled NO) and
respiratory
symptoms (cough,
wheeze, sore
teeth, stomach
ache,
bronchodilators
use) in school
children residing in
classrooms with
flued or unflued
gas heaters
(blinded operation)

association
with

formaldehy

de & NO,

male and
female school
children (mean
age 10.6 yrs)
400 volunteers

morning FEV1 (L) differential
unflued-flued

all days - no statistically
sig diff

days > 30 % heater use -
0.030

evening PEF (L/min)
differential unflued-flued

all days - no statistically
sig diff

days > 30 % heater use -
5.185

all days (asthma
subgroup) - 7.130

days > 30 % heater use
(asthma subgroup) - no
statistically sig diff

unadjusted odds ratio
evening cough
all days - 1.161
morning wheeze
all days - 1.381
all days (adjusted for
home NO, sources) - 1.603
all days (atopic subgroup)
-1.849
days > 30 % heater use
(atopic subgroup) - 7.721
evening wheeze
days > 30 % heater use
(atopic subgroup) - 3.968
stomach ache
all days (atopic subgroup)
-1.627
bronchodilator use
all days (atopic subgroup)
-1.868

morning FEV1 (L) differential
unflued-flued

all days - no statistically sig
diff

days > 30 % heater use
0.003 - 0.057

evening PEF (L/min) differential
unflued-flued

all days - no statistically sig
diff

days > 30 % heater use
1.032-9.338

all days (asthma subgp)
0.578 - 13.682

days > 30 % heater use
(asthma subgp) - no statistically
sig diff

unadjusted odds ratio
evening cough
all days 1.008 - 1.336
morning wheeze
all days - 1.041 - 1.832
all days (adjusted for home
NO, sources) 1.171-2.194
all days (atopic subgp)
1.258-2.718
days > 30 % heater use
(atopic subgp) 1.551- 38.434
evening wheeze
days > 30 % heater use
(atopic subgp) 1.369 - 11.502
stomach ache
all days (atopic subgp)
1.064 - 2.488
bronchodilator use
all days (atopic subgp)
1.075 - 3.247

statistically significant
increase in FEV1 following
unflued heater use for
mornings but not evenings
and only when examining
those schools where heater
use was > 30% (all asthma
subgroups unaffected),
statistically significant
increase PEF following
unflued heater use for
evenings but not mornings
and only when examining
those school where heater
use was > 30%, the asthma
subgroup was also
significantly increased but
only the entire sample and
not those restricted to high
heater use; statistically
significant association with
reported evening cough and
morning wheeze for all days
but not the restricted sample
with high heater use, no
association with evening
cough or morning wheeze,
significant association
observed for morning
wheeze in both categories of
heater use, associations
also found for evening
wheeze in high heater usage
group, numerous
associations observed in the
atopic subgroup

000
(insufficient
because of

the bias from
the small
number of
cases and
relatively
short
duration)
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GRADE
author / exposure . study type . co- i . . ) . i
Toesttion monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results gcﬁjlgr{coef
percentage change in heart | percentage change in heart rate
heqrﬁ rate. rate.varlablllty Eer ISD 17 vanat;nhty per ISD 17 ppb; 32.5 statistically significant _GBOQO
. variability using ppb; 32.5 pg/m pg/m " : (insufficient
. mean daily f declines in low frequency
(Min et al., concentration at Cross- heart rate in the N- association heart rate modulation at because of
2008) daily mean . N interval, low : 0-6hr lag 0-6hr lag : potential
an unknown sectional with male & female three short lag periods, but
) 24 ppb (45.8 frequency heart B low frequency -7.32 low frequency -14.32 - 0.26 h ] . exposure
. number of fixed 3 study . PMjo, SO, | 1349 subjects not at longer time periods in
Taein Island, L ug/m?) rate modulation, & 0-9 hr lag 0-9 hr lag . . |[measuremen
Ja monitoring (12 months) high fi & NO, heart rate -3.31 heart rate -7.06 - 0.60 a single pollutant model; )
pan locations 'gh frequency eart rate -3. eartrate - /. . similar results in a multi- tbias and
heart rate low frequency -10.40 low frequency -18.26 - -1.79 ollutant model: short
modulation 0-12 hr lag 0-12 hr lag P ’ duration)
low frequency -10.44 low frequency -19.19--0.75
peak expiratory
flow (PEF), forced
vital capacity
f(g)égg’;xsﬁ—:?grd the best model for prenatal exposures during
. piratory i) FVC included daily the 2nd trimester had a
daily averages volume (FEV1), h NO ianificant i t on FVC 1000
(Mortimer et determined by forced expiratory - maximum N®; exposures signiicant impact on (insufficient
al., 2008) inverse distance cohort flow at 25% association male and during the 2nd trimester and and FEV1 values in young b
" C ) o with female aged 6- | black race considerations confidence intervals not adolescents; the remaining 6| . 8¢ause
weighting of the not provided (144 (FEV25) and 75% PM.o. O 11 fect si IOR = -7.1% ided tri : ted t imprecision
Fresno results from 1-3 months) (FEV75) of vital 10: M3 years (effect size per =-7.1%) | provide metrics were impacted to and small
o e . CO, & NO, | 232 children i) FEV1 included NO, greater degree by CO or PM
California fixed monitoring capacity, forced hi number of
. ) exposures from 6 AM - 6 PM 10 exposures; high
sites expiratory flow during the 2nd tri |ation bet NO d cases)
(FEF25-75) uf?n% the 2n tlrln;;efte; - correla |ogoe V\_/ge7n 2 an
between 25% and (effect size per IQR =-1.2%) (r=0.7)
75% , Ratios of
FEV25-75/FVC
and FEV1/FEV
- . 000
(Moura et al., emergency - male and A . no significant change in . .
2008) hourly average at dai . ) department visits assoc_:latlon female children | "° s!gnlf[cant change in no significant change in relative relative risk for upper or (insufficient
d ) aily mean time-series with relative risk for emergency . h because of
a single fixed 6278 3 for upper and aged 1-12 . risk for emergency department | lower respiratory symptoms
. L2 . .78 pg/m (1 year) . PMy, O3, department visits for o f ; ; severe
Rio de monitoring site lower respiratory CO. & NO years respiratory symptoms visits for respiratory symptoms at any lag period using a
Janeiro, Brazil symptoms ’ 21l 45,595 visits P ry symp single pollutant model exg;sst;re
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GRADE
author / exposure . study type . co- i . . ) . i
Toestton monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
statistically significant
. . association with persistent
?Jlssiﬁzr::q?s?iggsl wheeze that was associated (ir?iafchi?nt
’ respiratory o adjusted odds ratio per 44 . . with girls but not boys, no
(Nordling et Toetgoiglor?){, symptoms asssvci:tlﬁtlon male and ug/m? (5-95% range) adj/t;qsstt?g_gggi/s ::;Ioe‘;(?gér‘:ement association with transient or || . becagge
al., 2008) valigat?onpus)?H annual mean (first cohort (wheeze and outdoor females (2 increment Ho o rang late onset wheeze; no flmpre0|§|on
backaround 9 year) (48 month) allergic rhinitis), PM.. and months of age) ersistent wheeze 1.09 - 2.36 association peak expiratory rom tllemg a
Sweden (4 concent?'ations at 23.1 yg/m? peak expiratory NOm and 3515 infant persistent wheeze - 1.60 gller ic sensitization .from ; flow rate decrements in ques |or:jna|r
municipalities) 16 fixed flow, serum IgE 'ndogr SO volunteers allergic sensitization from oIIer? 110 -253 either sex for the first year of || . e alnt .
monitorin antibodies : 2 pollen - 1.67 P ’ ’ life; significant association |ncon§|str]en0|
Iocationsg with sensitization to pollen es mlt e
allergens but not to food or results)
pet allergens
hourly levels from flow rate decrement (ml/sec) | flow rate decrement (ml/sec)
3 3 1
a dispersion ) per IQR of 27.4 pg/m? for per IQRIof 27.4 pg/m? for first statistically significant
model using peak expiratory first year of life year of life pulmonary function
emissions flow (PEF), forced PEF -84.4 PEF -134.8 --33.9 decrements for 1-year and dDOO
(Oftedal et al meteorolog;/ mean levels self- vital capacity association | male & female | FEF(25%) -85.5 FEF(25%) -142.2 - -28.8 lifetime exposurye time (low quality
2008) ” topography ar"nd first year - 39.1 controlled (FVC), 1 second with children aged | FEF(50%) -54.4 FEF(50%) -103.7 - -5.1 frames: effects more severe because
back rou’nd ug/m? case series forced expiratory PMso, 9-10 years old in girls’than in boys; effects || OnlY @ single
Oslo, Norway concengations at lifetime - 29.0 (12 months) volume (FEV1), PM;.s5, & 2307 flow rate decrement (ml/sec) || flow rate decrement (ml/sec) also observed witgl P‘M and pollutant
’ an unnamed pg/m? forced expiratory NO, volunteers per IQR of 19.7 pg/m? for per IQR of 19.7 pug/m? for PM..- FEV1 & FVC vo}ﬂmes model was
number of fixed flow (FEF) at 25% lifetime exposure lifetime exposure CZHZn os not statisticall applied)
monitorin and 50% of FVC PEF -79.2 PEF -127.9 --30.5 9 significant Y
Iocationsg FEF(25%) -73.9 FEF(25%) -128.7 - -19.1 9
(Orazzo et al., di\'lr}'/c;?;ajs
2009) 42,5 pgim? male & female A
. . Bologna — aged 0-2 yrs o (insufficient
six Italian . 3 emergency - no association for wheeze or e
cities da';’;'zﬁ:{; 'o;ef(rjom ?f&?eﬁ%gm_ case- department visits asssv(i:tlﬁtlon 0 70_I1d8 3 Gl admissions in adjusted ggniissssci’ghast'%n;g.ruvsvg ?:Ieszii OILGI no statistically significant bpec?use t%f
Ancona number of fixed 57.9 yg/m? crossover for wheeze or PMy,, O. admi.ssionélda single pollutant model for ollutant model fi)r any la ¥ association with wheeze or | *'75 ror? ¢
Bologna Lo T - Mg acute 10 3 Yl any lag period per IQRs pott y'ag Gl disorders on any lag day useora
monitoring sites in Naples — (60 months) CO, SO,, & wheeze period per IQRs ranging from unstated
Florence h ci 78.6 ug/m? gastrointestinal ‘N 2 0.4-8.0 ranging from 22.2-26.0 99.9.96.0 ua/m? with single pollutant model
Naples each city .6 pg/m disease 0O, 0.4-8. ug/ms .2-26.0 pg/m number of
Padua Padua — admissions/day monitoring
3 H .
Varese- Var :sgé?G“agllllgr]ate _ Gl disorders sites)
Gallarate 40.8 pg/m?
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GRADE
author / exposure . study type . co- i . . ) . i
Toesttion monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results gcﬁjlgr{coef
annual averages o no statistically significant GBGBOQ
for site specific survey of association association with childhood | (10w auality
(Parker et al., monitors within 20 annual median cross- childhood with male and no association in crude or no association in crude or asthma prevalence in crude because of
2009) miles of residence 17.8 ppb (34.0 sectional respirator PMy,, female 3-17 yrs || adjusted single or multi- adjusted single or multi- or ad'usﬁed single or multi- inherent
. -0 PP N study 5P Y PM;.s5, O3, of age pollutant model per 10 ppb | pollutant model per 10 ppb ! ge o limitations of
United States | . eighted by Hg/m?) (84 months)|| 2ergies and hay | © g5 o™ | 75 579 children | (19.1 pg/im?) (19.1 ug/m?) pollutant models using IDW || Ty " o
inverse distance fever NS ’ ’ : for monitors within a 20 mi or tional
weighting 2 5 mi radius s:;'g;?
odds ratio per IQR of 16 ppb .
(30.6 pg/m?) for respiratory odds ratio Eer IQR Of. 16 ppb statistically significant
) (30.6 pg/m?) for respiratory - ;
symptoms on different lag : . association with shortness of| ©OOO
. symptoms on different lag days . . e
respiratory days wheeze breath for all lag periods and | (insufficient
symptoms wheeze o-day lag 1.00 - 1.33 wheeze for 4 out of the six | because of
daily mean for two (wheeze, cough, 2-day lag - 1.15 3-day Iag 1'11 ) 1.56 lag periods, no statistically || bias caused
(Patel et al., ﬁx?a/d monitorin cohort shortness of association|| male & female 3-day lag - 1.32 4-day Iag 1'29 ] 1'91 significant positive by small
) . reath, chest wi teenagers 13- -day lag - 1. ’ ’ association with cough, number of
2010 sites located negr levels not provided (1.5 _ breath, ch ith 13 4-day | 1.57 5—da§ Iag 1.36-2.13 ciai ith h
each of five monihs) tightness, & use of || PM,.s, BC, || 20 years of age| 5-daylag - 1.70 shortness of .breath. chest tightness, or asthma | cases, and
New York City schools asthma O3, &NO; | 249 students shortness of breath O-dav lag 1.10 - 1.32 medication use, stratification short
medications) in 0-day lag - 1.20 1-day Iag 1'03 ) 1'29 by asthma status showed a duration,
high school 1-day lag - 1.15 y'ag = : statistically significant | with no two-
2-day lag 1.12-1.46 i h
students 2-day lag - 1.28 association with chest pollutant
3-daylag 1.12-1.54 . - . -
3-day lag - 1.32 tightness only in asthmatic | modelling)
4-day lag 1.09 - 1.57 ;
4-day lag - 1.31 subjects
5-day lag 1.09 - 1.67
5-day lag - 1.35 ’ ’
association
with
PM,.s male & female no association at any lag
mean acute outpatient mass, child asthma with adult or child asthma;
. . . visits for adult PM,.5 } L no association with warm or [ OO0
(Sinclair etal., | hourly maximum 25 month period — . ) asthma, child sulfate, 28,487 cases | relative r'Sk3 per 17.88 ppb relative risk per 17.88 ppb (34.2 cold seasons; negative (insufficient
2010) concentrations at 49.8 ppb time-series th PM,.« EC adult asthma - | (34.2 yg/m®) increment (lag ) i t (lag 6-8 iati ith URT
a single fixed (95.1 pg/m?) (25-28 | @sthma, upper 25 BC | 19 085 cases | 6-8) ug/m?) increment (lag 6-8) __ association wi because of
A . respiratory tract | PM,.s OC, g N . . LRT infection 28 month 1.005 | infection in 25 month study severe
Atlanta, monitoring 28 month period — month) . - LRT infection - | LRT infection 28 month - . i
Georgia location 41.7 ppb infection, & lower PMy,, 17373 cases | 1.062 -1.123 at alag 6-8 days; positive exposure
(79 7 ug/m?) respiratory tract PM;o-5.5, UR'YI' infection - ’ association with LRT bias)
’ infection PM, SO,, 425.808 cases infection in 28 day study at a
CO, O3, ’ lag of 6-days
oxygenated
VOCs
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18.7 (35.7 pg/m?3)

GRADE
author / exposure . study type . co- i . . ) . i
Toestton monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
statistically significant
daily mean decline in FEV for all four
averaye across percentage change in FVC measurement methods with
monitgrs 22139 per 10 ppb (19.1 pg/m?) percentage change in FVC per | the largest effect noted using
Y change - single pollutant 10 ppb (19.1 pg/m?) change - the average value for all
. ppb (40.8 pg/m?3) . . T o
daily mean nearest monitor - forced vital model lag 0-2 single pollutant model lag 0-2 monitors; associations
(Son et al concentration 19.75 ppb (37.7 capacity (FVC) | association remained significant for all (2111 @)
” || computed by four -fopp ’ and 1 second with average across monitors — || average across monitors - six lag periods investigated; moderate
2010) . pg/m?3) cohort ) male & female o h ( -
dl_fferent methods (60 months) forced explratory PMy,, O3, 2102 -3.97 . 5.16 - -2.79 . B no ?SSOCIatlon with FEV1 qu.a||ty, no
using data from 13| . ) volume (FEV1) in || SO,, CO, & nearest monitor nearest monitor -4.41 - -2.50 using any measurement adjustment
Ulsan, Korea inverse distance A !
’ fixed monitoring weighting - 21.10 normal children NO, -3.46 inverse distance weighting - || method; FVC results using | necessary)
locations bg(40% /r;13) and adults inverse distance weighting || 4.54 - -2.34 the kriging extrapolation
pp kri. in”g --3.44 kriging extrapolation -4.90 - - procedure remained
extra glagon R kriging extrapolation — 2.54 significant in a two-pollutant
o1 a1 (20 9 ngim®) 3.72 model with O; but the
’ -~ Mg change was reduced
appreciably
hourly mean in ppb
3
(Stieb et al., (Hg/m?) emergency
Montreal — . . . . . - R
2009) 19.4 (37.1 pg/m?) department visits pooled percent increase in || pooled percent increase in statistically significant
’ OttaWaug for cardiac cardiac visits per 18.4 ppb cardiac visits per 18.4 ppb association with
Seven 18.8 (35.9 pg/m?) (angina, association (35.1 pg/m)in a single (35.1 pg/m?) in a single angina/infarction and heart
Canadian mean dail iEdmo.nton - myocardial with male & female | pollutant model for the pollutant model for the summer || failure in a single pollutant dDDO
cities concentration);rom 21.9 (41.8 pg/m?) time-series || infarction, heart PM,, cardiac - summer season season model; no statistically (moderate
Montreal - iy (up to 120 failure, ’ 140.657 significant associations for || quality, no
Ottawa 1 t? 1.4 f|xe_d Saint John — months) dysrhythmia) and PMz-s, respiratory - lag day 0 lag day 0 the winter season or for any | adjustment
monitoring sites 9.3 (17.8 pg/m?) SO,, O !
Edmonton ’ ; respiratory 2 <3 | 249,199 cases | angina/infarction - 2.6 angina/infarction 0.2 -5.0 respiratory conditions; no necessar
Halifax — CO, &NO y)
Saint John 17.5 (33.4 ug/m?) (asthma, COPD, ’ 2 heart failure - 4.7 heart failure 1.2 - 8.4 statistically significant
Halifax ’ Toro.ntgg—; respiratory lag day 1 lag day 1 association in a two pollutant
Toronto 22.7 (43.4 yg/m?) infections) anginalinfarction - 2.7 anginalinfarction 0.2 -5.3 model with CO
Vancouver \ : conditions
Vancouver —
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GRADE
author / exposure . study type . co- i . . ) . i
Toesttion monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
statistically significant
association with mortality
interaction with unadjusted excess mortality | unadjusted excess mortality risk frongcs)t';%kes,talysli,clglll? L&
influenza and risk per 10 pg/m? increase in || per 10 ug/m? increase in single significant ’associationywith
impact on mortality single pollutant model pollutant model hgs italizations from IHD
and stroke - 1.13 stroke 0.19-2.08 D 8 COPD. Mo | ®0O00
hospitalizations for IHD - 2.08 IHD 1.10-3.07 associafion in unayd'usted (insufficient
(Thach et al., stroke, ischemic - LRI -1.75 LRI 0.74 -2.77 ) unacju: because of
. . association risk from hospitalizations
2010) daily averages . . ’ heart disease : number of COPD - 1.39 COPD 0.18-2.61 : unknown
’ - daily mean time-series with . from stroke, adjustment for
from eight fixed 58.7 ugm* | (84 months)|  (HD).lower | pyigsq, | subjects not influenza epidemic periods | numper of
Hong Kong, monitoring sites 19 respiratory Pl stated unadjusted excess unadjusted excess p P cases and
: ! ; 03, & NO;, o W 5| or predominance caused ;

China infection, (LRI), hospitalization risk per 10 hospitalization risk per 10 ug/m reater than 0.1 % decrease risk of
acute respiratory ug/m? increase in single increase in single pollutant ?n mortalit fro.m s(;roke LRI exposure
disease (ARD), & pollutant model model & COPDy ad'ustment‘for ! bias)

chronic obstructive IHD - 0.94 IHD 0.46 - 1.42 . -, aaju . .
pulmonary ARD - 1.22 ARD 0.74 - 1.71 nfluenaa intensity, epidemic
. N ) N periods, or predominance
disease (COPD) COPD - 1.94 COPD 1.55-2.33 caused greater than 0.1 %
decrease in hospitalizations
from ARD,
statistically significant
association association with emergency
with PMy,, room visits for
PMjo- cardiovascular and
z.sgﬁurse), relative risk per IQR 23.0 relative risk per IQR 23.0 ppb Si:,'eslglra;ﬁa/ai'tsﬁf:;; l:tzn
PMZIS’ ppb (43.9 ug/m?) in single (43.9 pg/md) in single and two- gle poliutant moce: ®POO
2.5 male and : 0-1 lag period; statistically -
If and two-pollutant models pollutant models with a 0-2 day ianificant iation (low quality
(Tolbert et al . . sulfate, females with a 0-2 day average lag | average lag signiticant association for because of
2007) 1-hr maximum for average 1-hr cardiovascular & | PM..s EC, 238,360 respiratory visits inatwo L "
an unstated maximum time-series respiratory PM,.5 OC, | cardiovascular | oo cardiovascular pollutant model with CO; no || ©'@S mT e
Atlanta number of 43.2 ppb (82.5 (10 years) emergency PM,.s TC, visits NO, only - 1.015 NO. only 1.004 - 1.025 association with respiratory usetot Z
Georaia monitoring sites pg/m?) department visits PM,.5 1072429 | izratory : res izratoy : ‘ visits in a two pollutant unsba € ‘
9 soluble respiratory p Y p ry model with PM,, or O3 and af| NUmPoer o
NO, only - 1.015 NO, only 1.004 - 1.025 monitorin
metals, visits 2 ’ ) 2 ) ) three pollutant model PM,, & ! 9
NO,/CO = 1.012 (depicted || NO,/CO = 1.008 - 1.029 : 4 : sites)
oxygenated graphically) (depicted graphically) Os; no association with
hydrocarbo cardiovascular visits in a two
ns, SO,, pollutant model with CO or
CO, 03, & PM,.5 TC and a three
NO, pollutant model with PM,.5
TC & CO;
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GRADE
I?)L::t:tci)grﬁ n?())(gic;zlrjirneg NO; concentration s((tjlijcgt%?]‘)e endpoint poll%ct):-mts participants ratio or risk confidence interval results qu_ality of
evidence
statistically significant
association with respiratory
symptoms among all
patients for all seasons, and
the warm season but not the
emergency cold season in a single dOOO
department visits pollutant model with no lag; | (insufficient
for respiratory statistically significant because of
symptoms associations observed for | publication
) (respiratory ) . . . lag day O or 1 but 2, 3, 4, or || bias with no
(Tramuto et mean da_lly deficiency, association adjusated odds ratio per 10 adjusgted odds lratlo per 10 5 ( values not presented); lag period
concentration at ) case- - ug/m?® change in a single ug/m? change in a single -~ L o
al., 2011) ) daily mean emphysema, with male & female statistically significant specified
ten fixed 41.5 ug/m? crossover ||, oo h | PM.. 02 48.519 visit pollutant model (no lag) pollutant model (no lag) iation observed in d
P monitoring Mg (48 months) yspnea, cougn, 100 ’ sits all seasons - 1.015 all seasons 1.004 - 1.026 association observe and very
alermo, Italy | - asthma, CO & NO, some age groups (55-64, serious and
ocations : warm season - 1.043 warm season 1.021 - 1.065 g
pneumonia, 65-74, 75-84 years old) for | the bias from
bronchopathy, & either all subjects, males the use of a
obstructive only or females only (values single
pulmonary not presented); associations |  pollutant
disease) in age stratified groups not model
uniformly distributed across
age groups or gender type
but the associations were
restricted to all seasons or
the warm seasons
appreciable increase in
annual average preva}eﬂce ratios for
outdoor adjusted prevalence rate per || adjusted prevalence rate per C.(::#: nﬁg\/'lt;st; ’T: IeEg?;, :lr;d
concentration at association 17.6 pg/m?® increment 17.6 pg/m?® increment Iwheun ir?doolrj ::orrectved
24 schools respiratory with (prevalence ratio = rate (prevalence ratio = rate original outdoor exposures are used ®aO0
(Van (surrogate annual mean symptoms soot and male & female original study with outdoor study with outdoor for the assessment: (low qualit
Roosbroeck exposure) and outdoor - 37.4 cohort (wheeze and NO, when schoolchildren measurements/rate in new | measurements/rate in new unadjusted (no indoér beca?lse 0¥
et al., 2008) personal ug/m® (14 months) phlegm), using 2083 study with indoor study with indoor correction) also showed a indirect
monitoring at 3 of personal - 23.7 conjunctivitis, and | personal volunteers measurements) measurements) statistically significant measuremen
Netherlands the 24 schools ug/m® serum IgE rather than association for the same is)
using diffusion antibodies outdoor conjunctivitis - 6.60 conjunctivitis 1.33 - 32.77 three outcomes: no
tubes (real data phlegm - 3.82 phlegm 1.03 - 14.21 statistically si nif’icant
exposure used for elevated IgE - 4.20 elevated IgE 1.54 - 11.48 o Y sig .
adjustment) assoma_tlons of whgeze with
unadjusted or adjusted
prevalence ratios
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population showing
statistically significant results

GRADE
author / exposure . study type . co- i . . ) . i
Toesttion monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
Statistically significant
association with asthma ED
adjusted odds ratio for adjusted odds ratio for asthma | visits in those aged 2 to 2 75
asthma ED visits in different | ED visits in different age groups| yrs of age for all lag periods
males & age groups per IQR of 13. 5 | per IQR of 13. 5 ppb (25.8 except lag day O in a single
females in ppb (25.8 ug/m?) for summer || pg/m?) for summer months pollutant model during
seven age months (Apr-Sept) in a (Apr-Sept) in a single pollution | summer months; statistically
groups (tgtal single pollution model model significant association in 4 of
. 57,912 visits) 6 age groups for at Igast two
daily mean 2.4 years - 2 -=75years 2-2=75years of the four lag periods
concentration - 7047 visits :ag ézdzy - 1.10(7)9 :ag (1)2dzy 1.10(?;4- 1.11(1)3 !nvestlgated; no ahssomatlor;
(Villeneuve et N association|| %) years - ag ay - 1. ag ay 1.04-1. in age groups in those age oea0
al., 2007) | daily average from summer — case- ED visits for with 13 145 visits lag 05 day - 1.14 lag 05 day 1.09 - 1.20 45- 64 and 65 -75; derat
" Y 9 17.5 ppb asthma and COPD PMy,, ’ 2 -4 years 2 -4 years association generally (mo derate
three fixed (33.4 pg/m?) crossover in seven age PM 15 -24 years - lag 1 day - 1.24 lag 1 day 1.13-1.35 confined to the summer quality, no
Edmonton, monitoring sites 4 Mg (11 years) 9 z5 11,616 visits 9 -1 9 y 1 ; ) adjustment
Alberta groups SO,, O3, 25 . 44 vears - lag 02 day - 1.32 lag 02 day 1.18-1.48 months and all seasons with
winter — CO, & NO, 13 300yvisits lag 05 day - 1.50 lag 05 day 1.31-1.71 no statistically significant necessary)
28.5 ppb 45 _’64 ears - 5-14 years 5-14 years findings for the winter
(54.4 pg/m?3) 7899 \);isits lag 1 day - 1.08 lag 1day 1.01-1.15 months (Oct - Mar); two
65 - 74 vears - lag 05 day - 1.13 lag 05 day 1.02 - 1.24 pollutant modelling for the 05
2850 \);isits 15 - 44 years 15 - 44 years day average lag revealed
> 75 vears - lag 02 day - 1.07 lag 02 day 1.00 - 1 that the single pollutant
_1855yvisits lag 05 day - 1.10 lag 05 day 1.02 -1 results were not robust to
275 years > 75 years CO for 5 of the 6 age
lag 02 day - 1.33 lag 02 day 1.03 - 1.70 groupings with the 2-4 year
lag 05 day - 1.37 lag 05 day 1.02 - 1.84 age group being the only
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GRADE
author / exposure . study type . co- i . . ) . i
Toestton monitoring NO2 concentration (duration) endpoint pollutants participants ratio or risk confidence interval results qu_allty of
evidence
pulmonary
function (FENO,
FEV1, FVC, &
FEF25-75%) and
cardiovascular adjusted change in response || adjusted change in response statistically sianificant
function (heart per IQR of 4 ppb (7.6 pg/m?) | per IQR of 4 ppb (7.6 pg/m?) in association zvitﬁqa several
. rate (HR), low | association in single pollutant model single pollutant model :
daily means . cardiovascular and
) frequency power with h 000
(Weichenthal . respiratory measures on 2 of || . .
. ) case (LF), high PM,.s, FEV1 FEV1 . B (insufficient
etal., 2011) hourly averages | high traffic route - male and 4 lag days in a single or two-
. 4 . || crossover | frequency power | UFP, BC, 2-hrlag - 121 2-hrlag 27 - 216 because of
from a single fixed || 4.8 ppb (9.2 yg/m?) . ) female pollutant model, no
- h (2.5 (HF), LF:HF ratio, | O3, SO,, 3-hrlag - 129 3-hrlag 23-234 - S severe
Ottawa, monitoring site 42 volunteers . ) . . statistically significant
N " months) | SDNN, RMSSD, &|| CO, total LF:RF ratio LF:RF ratio L h exposure
Ontario low traffic route - percentage of VOCs. & 2-hrlag - 1.4 2-hrlag 0.35-2.5 association with 3 of 4 bias)
3 il B . . .
4.6 ppb (8.8 pg/m?) normal to normal NO, 3-hrlag- 1.7 3-hrlag 0.56 - 2.9 respiratory pgrameters or4
h e of 6 cardiovascular
intervals differing SDNN SDNN arameters
by > 50 msec 2-hrlag - -10 2-hrlag -20 - -0.34 P
(pPNN50)) in
cyclists riding
indoors and
outdoors
statistically significant
excess risk for all subjects excess risk for all subjects per association with baseline
per 10 yg/m? increase in 10 pg/m?® increase in single mortality from respiratory
single pollutant model pollutant model and cardiovascular disease
male & female ) ; h . ) IR
(avg dail baseline mortality baseline mortality and baseline hospitalizations
rgtes) Y RD - 1.24 RD 0.27 -2.22 from respiratory, ®000
hospitalization and mortalit CVvD-1.23 CVD 0.41-2.06 cardiopulmonary, and insufficient
(Wong et al mortality for acute || interaction RD - 16y2 baseline hospitalizations baseline hospitalizations cardiovascular disease, (tl)nsu |C|enf
2(?09) || daily average from respiratory (ARD), study COPD - 5 9 RD - 0.85 RD 0.51-1.18 statistically significant gcaufse o
eight fixed daily mean time-series | chronic obstructive| (influenza CVD - 23 .8 COPD - 1.84 COPD 1.32-2.35 interaction with influenza for las rlom
monitoring 58.7 ug/m? (84 months) pulmonary and PM,, oo CVD-0.98 CVD 0.63-1.33 COPD-related single
Hong Kong, locati COPD. and 0. SO, & hospitalizations hospitalizati in th >6 pollutant
China ocations ( OPD, an 3 2 RD - 270 3 . . ] ] ospitalizations in t ose > 5 model
cardiovascular NO,) ARD - 104.9 excess risk for all subjects excess risk for all subjects > years of age, no association bability of
(CVD) disease COPD - 91'5 > 65 years of age per 10 65 years of age per 10 pg/m? for hospitalizations from ;t)ro "’1 ity o
CVD - 203'5 ug/m? increase in single increase in single pollutant acute respiratory disease, no ype 1 error)
’ pollutant model model statistically interactions with
modifying effect modifying effect influenza for any mortality
hospitalizations hospitalizations cause or any age-stratified
COPD - 0.43 COPD 0.05-0.81 group hospitalized for RD,
ARD, or CVD
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GRADE
ﬁl)"::tgt?grﬁ n?éﬁﬁzlrjirne NO; concentration S((t;:;dr;t%ﬁ‘)a endpoint ollij?:;lnts participants ratio or risk confidence interval results quality of
9 p evidence
carbon monoxide no statistically significant
annual mean from transfer coefficient association wit¥1 cﬁanges in HOOO
Pl o e FEVT orKCO difusion e | (T
(Wozcz)d1 8; al, using emissions cohort expiratory volume || association no change in FEV1 volume no change in FEV1 volume or 'zni(?zzv?liu":gltsa?itgsﬁt bias from
reporting from annual mean (120 (FEV1) in adults with male & female [ or KCO diffusion rate per 1 KCO diff%sion rate per 1 La/m? lun functioFr)r 2 subgrou single
. industrial sources | 24.20 ug/m? with chronic | PMy, Os, | 401 cases | ug/m? increase in NO, ! , per 1 g gt ; 9OUP | oilutant
United and dispersion months) obstructive S0, & NO ExXDOSUTe increase in NO, exposure with four follow-up del and
Kingdom aisp 2 2 p evaluations was similarly model an
modelling together pulmonary ffected: th the small
with regression disease with a-1- unafiected; ozone was the number of
analysis antitryosin most significant predictor of
¥ defici)g)ncy any decline cases)
statistically significant
relative risk for COPD per relative risk for COPD per IQR association with COPD
(Yang etal., - IQR of 5.5 ppb (10.5 pg/m®) | of 5.5 ppb (10.5 pg/m?) hospitalization in single and 1:00)
2005) daily aver from daily mean hositalization of assalci:tlztlon ma(lje l%fzrggle increase in two and multi- increase in two and multi- two pollutant models with O3 [ (low quality
ally average iro concentration time-series ospitalization o adutts = pollutant model for average | pollutant model for average lag | and SO, for average 7 day because
31 fixed elderly patients for | PMy,, SO,,| years of age : L
Vancouver, monitoring sites 17.03 ppb (5 years) COPD 0..CO. & 6027 lag day 0-6 day 0-6 lag period, no association in small
British 9 (32.5 pg/m?) S’NO ’ admissions NO, only - 1.11 NO, only 1.04 - 1.20 two pollutant models with number of
Columbia 2 NO,/O; - 1.12 NO,/O; 1.04 - 1.20 PM;, & CO; no association cases)
NO,/SO, - 1.12 NO,/SO, 1.02-1.24 in multi-pollutant model with
the 4 remaining co-pollutants
weak statistically significant
association with nocturnal
breathlessness in single
conditions or pollutant model using
symptoms o adjusted odds ratio per 10 adjusatgd odds ratio per 10 ] multlple regression or
weekly averages (wheeze, daytime association /m?3 increase for nocturnal pg/m?® increase for nocturnal hierarchical regressions, no
(Zhao et al., ya 9 daily mean » day with male & female Hg . breathlessness in single statistically significant PO
using indoor ) breathlessness, | . breathlessness in single o .
2008) indoors — cross- S indoor and aged 11-15 pollutant model association with wheeze, (moderate
(classroom) and 3 ) nighttime pollutant model - -
e 39.4 yg/m sectional (4 outdoor years daytime breathlessness, pet | quality, no
. outdoor diffusion breathlessness, . . .
Taiyuan, outdoors — months) formaldehy | 1,933 school . . multiple regression 1.00 - or pollen allergy, or adjustment
China samplers placed 52.3 ug/m? pet or pollen de, SO children multiple regression - 1.45 2.45 respiratory infection, no necessary)
. f s 2 . . : _ . s
at 10 schools allergy, respiratory 0,. & NO, hierarchical regression hierarchical regression 1.00 - association using

infection) in school
children

1.45

2.08

hierarchical regression
model that nests the data for
school, classroom, individual
and also adjusts for multiple
pollutants
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Birth Outcomes

only a single fixed
monitoring site

trimesters simultaneously

author / exposure " siluichy . L . . ’ . GRADE
| - RroorA NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
ocation monitoring ) :
(duration) evidence
trimester means using
a LUR model
constzjrc;tggalljsmg statistically significant ®OO0
p . . association during 2nd . e
measurements made . simultaneously adjusted X (insufficient
during four 1-week trimester mean simultaneously adjusted | decrease in birth weight trimester for women who because of
: entire pregnancy - N ; s | spend < 2hr/day in outdoor .
. campaigns at 57 3 . . decrease in birth weight || (g) per IQR of 12 yg/m : bias from
(Aguilera et al., ) 32.17 ug/m term birth weight S| environments, no
2009 locations as well as - - . (9) per IQR of 12 ug/m?in | in women who spend < g small
) 1st trimester — cohort and gestational association male & ) association for all women or .
land coverage, 32 66 ua/m? 24 ideri ith f I women who spend < 2 2 hr/day in h d=15 sample size
topography,, population -00 Hgim ( age consiaering w emale hr/day in nonresidential nonresidential outdoor women who spend = and failure
Barcelona, L 2nd trimester — months) time-activity BTEX & NO, 570 births . . hr/day at home, no .
Spai density, roads, & 3 outdoor environments environments L to consider
pain distance to local 31.86 pug/m patterns association in crude o
: 3rd trimester — . . estimates or when
pollution sources, & 32 67 ug/m? 2nd trimester -74.7 2nd trimester -140.4 - di d pollutants
ltitude temporal .67 pg/m 90 adjustments are made per has O
afiude, P : trimester rather all such as O
adjustments made and SO2)
using the results from
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measurements form 7
fixed monitoring
locations

3rd trimester —
37.0 yg/m?®

head circumference or when
an unadjusted model was
employed

study GRADE
I?)uct:tci)(;ri nfzgﬁzt'irne NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
9 (duration) evidence
adjusted mean percent
change in SD scores per
IQR (12.19 pg/m3)
. exposure change during
adJusted_ mean percent weeks 1-12 of
change in SD scores per pregnancy
3
IQR (12.19 ug/m?) . statistically significant
annual averages from exposure change during head ci I iation found f
land use regression weeks 1-12 of pregnancy eac clreumierence association found for HOOO
model using GIS data fetal growth week 20 -12.78 - - ultrasound measurements insufficient
such as veh?cle densit (femur length, head circumference 1.12 from some measurement (k;nsu ICIenf
) . Y, mean levels head L week 32 -10.24 - -0.5 | times for women who spent ecause o
distance to main road association week 20 - -7.02 bias from
(Aguilera et al land use, & altitude; week 1-12 - 52.45 circumference, with week 32 - -5.41 weeks 12-20 -11.94 - less than 2 hrs/day in 1
%2010y | Validation using Hg/m? cohort abdominal BTEX (benzene male & | \eeks 12-20--624 | 0% nonresidential outdoor nple i
measurements frogw 93 week 12-20 - 31.68 (36 circumference, toluene ’ female abdominal ’ abdominal environments, no san;pfe_lsae
Catalonia, Spain| locations; temporal Hg/m? months) biparietal eth Ibenzer:ne & 562 infants circumference circumference associations found for tan al'léire
R o aonaiore | week 20-32 - 32.13 diameter, & Xylones) & NO ok 35 .25 week 32 -10.16 - - women who spend 0 consider
Sieing the Wg/m® estimated g ' weeks 20-32--4.86 | 028 19hrs/day at home; no lotant
9 weight) by veet - : weeks 20-32 -9.62 - - | association in full cohort poiutants
measurements form 7 ultrasound biparietal diameter 0.02 when exposures measured such as O3
fixed monitoring weeks 20-32 - -5.37 I ) and SO2)
’ f ) biparietal diameter for weeks 1-12, 12-20, or
locations estimated fetal weight
week 32 - -5.05 weeks 20-32 -10.65 - 20-32
) -0.01
week 20-32 - -4.78 estimated fetal weight
week 32 -9.81--0.22
week 20-32 -9.47 - -
0.02
annual averages from statistically significant
land use regression daily mean decrease in SGA weight
model using GIS data || entire pregnancy - during second trimester but
such as vehicle density, 36.9 yg/m?® not the first or third trimester P00
distance to main road, . . adjusted odds ratio per | using an adjusted model; a | (low quality
(Ballester et al., land use, & altitude; 1st trimester — infant birth . adJussted Odd.s ratio per 10 10 pg/m? for weight at a statistically significant because of
2010 o ) 3 cohort h association male & pg/m? for weight at a . SRS : -
) validation using 37.9 yg/m weight, length, & : . small gestational age reduction in birth weight for failure to
measurements from 93 (32 head with female small gestational age exposures during the first | consider co-
. . T . months) . NO; only 785 births . .
Valencia, Spain locations; temporal 2nd trimester — circumference ond trimester - 1.369 2nd trimester 1.013 - | trimester that were greater pollutants
changes considered 35.9 yg/m?® ’ 1.849 than 40 ug/m3; no such as O3
using the associations for length or and SO)
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author /
location

exposure
monitoring

NO_ concentration

study
type
(duration)

endpoint

co-pollutants

participants

ratio or risk

confidence interval

results

GRADE
quality of
evidence

(Brauer et al.,
2008)

Vancouver,
British Columbia

mean during entire
pregnancy using three

techniques

i) nearest of 22 fixed
monitoring sites using
assigned postal codes

ii) inverse distance
weighting (IDW) using
three nearest fixed
monitoring values
ii) land use regression

(LUR) using 116
passive monitors

deployed for 14 days

along with GIS

variables for primary
and secondary road
density & commercial
land use and fixed
monitoring data for
temporal adjustments

mean during
pregnancy

nearest - 34.4 ug/m?®
IDW - 32.5 pg/m?*
LUR - 31.6 pg/m?

cohort
(48
months)

preterm births,
term low birth
weight (LBW),
and small for
gestational age
(SGA)

association
with
PMio, PM..5, BC, O,

80,, CO, NO, & NO,

male &
female
70,249
births

adjusted odds ratio per 10
ug/m? increase in single
pollutant model

SGA

IDW - 1.14

LBW

IDW - 1.11

adjusted odds ratio per

10 pg/m?3 increase in

single pollutant model
SGA

IDW 1.09-1.1
LBW
IDW 1.01-1.23

statistically significant
association with LBW and
SGA with crude and
adjusted model using IDW
measurements but not LUR
estimates, no statistically
significant association for
preterm births using crude
or adjusted odds ratios

00
(low quality
because of

bias from

single
pollutant

model
reliance)

(Dadvand et al.,
2011)

Northeast
England

weekly average

measurements at five

fixed monitoring

locations during weeks

3-8 of pregnancy

weekly mean
cases - 32.31 yg/m?
controls 32.27
pg/m?®

case
control
(120
months)

congenital heart
disease in infants
(congenital
malformations of
cardiac chamber,
cardiac septa,
pulmonary and
tricuspid valves,
aortic and mitral
valves, arteries
and veins; as
well as atrial
septal defects
coarctation of
aorta, pulmonary
valve stenosis,
ventricular septal
defect, and
teratology of
fallot)

association
with
PM,, CO, O3, SO,
NO, & NO,

male &
female
cases 2140
controls
14,256

no significant change in
odds ratio for any of the
ten measures of
congenital heart disease
for each 1 yg/m?® increase
using an adjusted single
pollutant model

no significant change in

odds ratio for any of the
ten measures of

congenital heart disease
for each 1 yg/m?®
increase using an

adjusted single pollutant

model

no statistically significant
association for the pooled
heart disease incidence or
specific heart disease
estimates using an adjusted
single pollutant model

SO0
(low quality
because of

failure to
consider co-
pollutants)
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SO,, CO, Os;, & NO,

that were close (<4 miles) to
a monitoring station; no
effect modification
according to ethnicity

study GRADE
I?)uct:tci)(;ri nfzgﬁzt'irne NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
9 (duration) evidence
hospitalization of pooled (random and
neonates for pooled (random and fixed | fixed effects) percent
respiratory effects) percent increase | increase in neonatal
disease male & in neonatal respiratory respiratory - N
(asphyxia, female hospitalization per IQR of | hospitalization per IQR aztsa;gggilrl,yfslrg:ggﬁ; (IGBGBO%
i i - i 10 ppb (19.1 pg/m?) i f 10 ppb (19.1 pg/m?* * heonhatal. ow quality
Oaketel | oty averag toman | 807 7 s et | aoaion | e 1008100 o 00008 O™ | oo tostsasionn | bocatss
unstated number of : . ' time series . with N single and multi-pollutant bias from
) = C0 | ug/me) in Saint John respiratory from birth to | model on lag day 1 pollutant model on lag . ; .
. fixed monitoring sites in (15 years) > PMo, SO;, O3, CO, & models; slight attenuation of single
11 Canadian ; to 25.6 ppb (48.9 distress 27 days of day 1 S )
o each city o ' NO, _ association when using pollutant
cities ug/m?) in Calgary syndrome, age NO; only - 2.94 multi-nollutant model with
unspecified birth 9542 NO,/CO, O, & SO, - NO, only 1.93 - 3.95 p o T_Ode'
asphyxia, other patients | 2.85 NO,/CO, O;, & SO, o reliance)
respiratory NO,/PMo, CO, O3, & 1.68 - 4.02
problems, & SO, -2.48 NO,/PMso, CO, Os, &
pneumonia) SO, 1.18-3.80
statistically significant
1-hr maximum increase in pre-term infants ®DO0O
. . with a six week lag period; | (low quality
(Darrow et al., mean daily 1'Wiilzrgan/§%5 time series association male & risk ratio per 5 ppb (9.6 ”Slx(n:f)t'f)o‘r):zeh: pgt;v(géi) no associations fora 1 or 4-| because of
2009) concentration within 4 4?v‘3eek ﬁe:r? 234 (120 preterm births with female ug/m?) IQR (lag 6 week) Hg 9 week lag; no associations bias from
miles of four fixed - (before week 37)| PM..s, PM;o, CO, Os, 15,946 for infants born throughout single
A . o ) ppb (44.7 ug/m?) months) 1-hr max NO, 1.02 - o
tlanta, Georgia| monitoring locations 6-week mean 23.6 SO,, & NO, cases 1-hr max NO, - 1.06 1.09 the 5 county monitoring pollutant
b (45.1 /m3). : area without sorting for model
pp -1 Hg proximity to a monitoring reliance)
site
statistically significant
association with decrease
birth weights for exposures
o during the 3rd trimester but
1-hr maximum association mean change in birth not for exposures during the | @HOO
opulation weighted concentration with mean change in birth weight per 5 ppb (9.6 1st month of gestation, (low quality
(Darrow et al., popu 9 ) PMio, PMio-2.5 male & [ weight per 5 ppb (9.6 ug/m?3) change in a statistically significant because of
spacial averages for | 1st month gestation cohort . N 3 ; ; ) o f
2011b) ’ birth weight in || (course), PM,.s, PM,.s|  female | ug/m?) change in a single | single pollutant model | association observed for the||  bias from
census tracts using - 23.6 ppb (45.1 study (120 : . ) )
) : ) 3 full-term infants | sulfate, PM,.s nitrate, | 406,627 | pollutant model for the five county area | 8th and 9th months but not single
A ._ || information from 6 fixed ug/m?) months) ) . i
tlanta, Georgia o ) . PM,.s EC, PM,.s OC, births earlier months; no pollutant
monitoring sites 3rd trimester - 23.8 3rd tri ¢ 45 3rd tri ter -8.5 iatistically significant
b (45.5 ug/m?) PM,.s soluble metals, rd trimester - -4. rd trimester -8.5 - - statistically significan model
PP 0.6 associations births in areas reliance)
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fixed monitoring
readings

pregnancy);

study GRADE
authc_Jr J exposure NO_ concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
location monitoring ) :
(duration) evidence
daily mean estimates
using a GIS integrated - I
o sisenhysonieent | o0
(Ebisu et al., _incorporating ?ir. presence and no significant change in no significant change in using an adjusted single (low quality
2011) dézfgzg;}izﬁ;x%y cohort severity of association ?;?Tlgli odds ratio using an odds ratio using an pollutant mode alone or in bfeclzlauset of
h not provided (36 wheeze in infants with adjusted single pollutant || adjusted single pollutant | combination with urban land ailure to
Hartford & New || annual average daily N 680 consider co-
) ) ) months) || during first year NO; only model over an IQR of model over an IQR of use factors such as the
Haven counties, | traffic patterns; model of life volunteers 9.21 ppb ( 17.6 pg/im?) 9.21 ppb ( 17.6 pg/m?) number of housing units or pollutants
Connecticut | estimates verified using ’ ’ ’ ’ the percentage of such as O3
values from diffusion ; pe ?f and SO2)
tubes positioned impervious surfaces
outside homes
e000
land use regression of I?r,:::: li’r(:n)fserg{ia;tr:)sry a slight but non-significant ggi:ﬁféeg;
(Esplugues et the monitgring data outdoor during first year _odds ratio per 10 pg/m?* pdds ratio per 10 pg/m? increase in cough using bias from
al., 2011) from 93 locations prenatal - 39.1 cohort of life (bronchitis male & |/ increment increment outdoor NO, concentration single
" (during pregnancy); yg/m? (20 bronchiolitis ! NO; only female persistent cough using persistent cough using at 1 year; no other pollutant
Valencia. Spain assive monitorin a’t postnatal - 27.4 months) neumoniay 352 children || outdoor NO; at 1 year - outdoor NO, at 1 year associations observed approach
- P phomes postnatalgl’y pg/m? pwheezing ’ 1.40 1.02-1.92 during or after pregnancy and the
persistent cough) using the adjusted model small
number of
cases)
individual residential
exposures determined statistically significant
(Estarlich et al using 67-93 passive absolute length change absolute length change association with infant
| sampling for one week ? ge per 10 pg/m? increase in length decline, but not dpO0O
2011) per 10 pg/m? increase in
periods together with residential exposure residential exposure weight or head (low quality
four cities in land use regression cohort infant birth association male & |usin ad'ustez tWo- using adjusted two- circumference in adjusted because of
Soai estimates based daily mean study weight, length, & . 9 adl pollutant model one- and two-pollutant failure to
pain . 3 with female pollutant model . o :
) distance to road, urban 29.2 yg/m (64 head models; statistically consider co-
Asturias benzene & NO 2337 cases
Gipuzkoa land coverage, months) circumference 2 all women -0.16 all women -0.29 - - significant association pollutants
S P agricultural/forest land ) ; 0.03 observed for all monitoring | such as O3
abadell dt home time = 15hr/day - h time = 15hr/d iods (first d. third
Valencia coverage road type, 0.23 ome time 2 riday | periods (first, second, thir and SO2)
distance to industry 1-7 -0.39 - -0.07 trimesters and total
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for validation

significant change in odds
ratio for pre-term birth
weight using any measure
of exposure; no effect on
odds ratio for pre-term births

study GRADE
I?)uct:tci)(;ri nfzgﬁzt'irne NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
9 (duration) evidence
child cognitive
development
based on .
perceptual, decrement in gross motor dmec:i;ern;ue:ét;gngiglsastive to negative trends but no 1100
verbal, function relative to " ’ statistically significant (low quality
. annual mean from mean o . ’ first NO, tertile (< 15.4 P :
(Freire et al., 3 quantitative, (ati first NO tertile (< 15.4 . associations with any because of
2010) outdoor measurements 20.75 pg/m cohort memory, motor. association /me) pg/m?) measure of cognitive failure to
at each residence (two (measured) (12 s ’ with 210 children | M9 ) 2nd tertile (15.40- functi t t :
[ 7-day periods) together | 20.88 pg/m? (LUR | months) executive NO, 2nd tertile (15.40-24.75 1 5 75 |,gim?) -17.69 - | Tunction except gross motor | consider co-
Granada, Spain with LUR ’ redicted) function, memory pg/m?) -8.31 1 0'9 : control in a fully adjusted pollutants
P span, verbal 3rd tertile (> 24.75 '3rd tertile (>24.75 model when NO, exposure | such as O3
memory, working pug/m?) -8.61 /m*) -18.96 - 1' 74 tertiles compared and SOz)
memory, gross Ho ) :
motor, & free
motor scores
statistically significant
increase in term birth weight
relative to exposures during
temporally adjusted the first trimester of
oy | @000
estimates based on entire pregnancy — fully adjusted mean fully adjusted mean modeJI and partiall ' adjusted (insufficient
(Gehring et al traffic, road, and 30p4 9 m? y difference in term birth difference in term birth model shoeved ngchejm o because of
20191 ” population density 4 Hg cohort association male & weight (g) per IQR of 14.4 | weight (g) per IQR of o ] 9e; very serious
) . ) pre-term and : 3 3 no associations in term birth || © .
along with daily 1st trimester — (24 term birth weight with female Hg/m 14.4 pg/m weights using Imprecision
concentration at 40 pre- 3 months) PM..s, soot, & NO, | 3853 births as seen by
Netherlands 31.5 yg/m . ) measurements for the full ;
selected selected 1st trimester exposure - | 1st trimester exposure wide
monitoring sites and 23 34.3 9.7 -58.8 pregnancy or for the final confidence
fixed monitoring sites last month before : : ’ month; no statistically intervals)
birth - 28.9 pg/m?
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location for validation

5th - > 31.9 pg/m?

adjusted models

study GRADE
I?)uct:tci)(;ri nfzﬁﬁzt'irne NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
9 (duration) evidence
daily mean in ppb ultrasonic
(Mg/m?3) measures of fetal
all — growth (biparietal SO0
9.8 (18.7 pg/m?) diameter (BPD), . R (low quality
(Hanzsggss-;t al, seasonal averages summer — cross- femur length association rfg?gli no association in crude or | no association in crude ar;(;:é?z:t?grﬁci)tlhsﬁzgg::itc because of
using data fromg17 6.3 (12.0 pg/m?) sectional | (FL), abdominal with fetuses adjusted single pollutant | or adjusted single measure of fetal growth for bias from
Bri ) g data I . fall - (124 circumference model per 5 ppb (9.6 pollutant model per 5 letal g single
risbane, fixed monitoring sites . PM,, SO,, O3, & NO, 14,734 A 5 women within 2 km of a
. 10.0 (19.1 pg/m?3) months) (AC), & head . [lng/m?) ppb (9.6 pg/m?) - ) ollutant
Australia pregnancies monitoring site P
winter — circumference model
13.2 (25.2 yg/m?) (HC) during reliance)
spring — gestational
9.4 (18.0 pg/md) weeks13-26
no statistically significant
eocoding and inverse male & no effect on odds ratio no effect on odds ratio association with exposure ®DDO
(Hwang et al., ge g anad in ) case association over an IQR of 10 ppb over an IQR of 10 ppb during any trimester for
distance weighting of daily mean female (moderate
2011) ] Y control - with (19.1 pg/m?) for an (19.1 pg/m?3) for an preterm births (<37 weeks), -
mean daily 21.7 ppb stillbirths 9325 cases 9 Y 9 Y uality, no
concentration from 72 (41 4 me) (84 PMo, SO,, O3, CO, & 93 250 trimester in an adjusted | trimester in an adjusted | term births (237 weeks), or qd' ty' t
Taiwan fixed monitoring sites “He months) NO, cor{trols single or multi-pollutant single or multi-pollutant | all births using an adjusted adjustmen
9 model model single pollutant or three necessary)
pollutant model
. quintile ranges no statistically significant
f:r%pﬁgzllgeg?éiﬁ: during 9 months of association with mean birth ®BO0
(Kashima et al estimates based on 1st E)Legzagncy/ma cross- birth weight no significant change in no significant change in nglgg’f&?\/;oggﬂ;” (low quality
| roadway number and =249 . including term . male & any of three birth weight || any of three birth weight weighs ! . because of
2011) . ) 2nd -24.9-27.6 sectional ) . association . Ao ) L birth weight for gestational ;
density, traffic counts, m3 stud low birth weight with female categories per quintile categories per quintile age (SGA) using an failure to
Shizuoka and housing density 3rd - gg 6-297 (12y (LBW), and small NO, onl 14,204 range or continuous (10 | range or continuous (10 meagsure of contin%ougor consider co-
’ along with the annual P for gestational 2 only single births | pg/m?®) increase usinga | ug/m?®) increase using a o Cfi pollutants
Japan . pg/m months) ; ; quintile exposure; findings
concentrations from 14 4th-29.7-31.9 age (SGA) crude or adjusted model | crude or adjusted model licated i d such as O3
fixed monitoring Tes o were replicated in crude, and SO2)
pyg/m? partially adjusted, and fully

Appendix 1-117




CONCe

report no. 9/14

using diffusion
samplers

entire pregnancy - 1.29

entire pregnancy 1.13
-1.46

when the concentrations
were less than 46.2 pg/m?®

study GRADE
I?)uct:tci)(;ri nfzﬁﬁzt'irne NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
9 (duration) evidence
trimester means using | trimester mean both
two methods locations
i) nearest of nine air nearest AQMS
quality monitoring 1st trimester —
stations (AQMS) 28.8 yg/m?® ®DOO
ii) temporally adjusted 2nd trimester — no statistically significant | it
epeule et al.,| geostatistical mode .0 pyg/m ! no significant change in | no significant change in || association with infant bi
Lepeul | tatistical model 29.0 pg/m? rospective ignificant change i ignificant ch [ iation with infant birth g°wq“a'¥
2010) that using diffusive 3rd trimester — P cophort infant birth association male & mean differences for any | mean differences for weight using either of two ;aglause; o
monitoring 28.6 pg/m* (40 weiaht with female trimester using either the [ any trimester using exposure models examined al %re 0
Poitiers and measurements from TAG model months) 9 NO; only 776 births | AQMS or TAG exposure | either the AQMS or TAG both spatially and conls|| ter ;:o-
Nancy, France 159 locations over a 1st trimester — methods exposure methods temporally for each s%%huaasn 83
14-day period together 23.7 yg/m?® trimester
with fixed monitoring 2nd trimester — and 80;)
data that was 24.1 yg/m?®
smoothed using kriging 3rd trimester —
techniques then 23.3 pg/m?
temporally adjusted
. adjusted odds ratio per statistically significant
land use regression 1 pyg/m? increment in association with preterm
estimates based on adjusted odds ratio per 1 . . .
= ) . Lok single pollutant model at | births at concentrations DHOO
traffic information, pg/m? increment in single . 3 -
t h d llutant model at concentrations greater greater than 46.2 pg/m (low quality
(Llop et al. _topograpfy, an daily mean . poflutant mocel a than 46.2 ug/m?* using measurements because of
2010) ’ kriging-based land use during pregnancy — cohort association male & concentrations greater throughout pregnancy or failure &
information along with 3%% g/m3 ¥ (36 preterm births with female than 46.2 pg/m? ond trimester 1.03 - durir? the gn(?and grd al %re 0
. .| measurements from 4 ~ Mg months) benzene and NO, 738 births : ) 9 o consicer co-
Valencia, Spain ] ) 1.21 trimester, no associations pollutants
weekly sampling 2nd trimester - 1.11 3rd tri 1.00 found with
oriods at 91 sites 3rd trimester - 1.10 rd trimester 1.00 - ound with measurements such as O3
p ’ 1.21 from the 1st trimester or and SOz)
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study GRADE
I?)uct:tci)(;ri nfgﬁﬁztlir:g NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
(duration) evidence
statistically significant
. decrease in term birth
dal]y mean exposures ) . weight fin the 4th exposure
u?rlgr% ";Z?:ul':;}:ggs mass in term crude birth weight relative :er:]adtﬁlslt:tyhfirmiqetllglrg quartile for the dispersion dpO0O
monitoring Igcation or daily mean birth weight, low {o first NO, Su.art".e (cone. quartile (conc. < 2(2J.3 model .estimatgs .Of (low quality
(Madsen etal, the estimates from a | dispersion model — cohort birth weight association male & < 20.3 pg/m?) in su_]gle pg/m?) in single pollutant exposure; no statistically bepause of
2010) dispersion model that 29.8 yg/m?® (48 (LBW), & small with female pgllutaqt model using model using dispersion S|gr?|f|cantl changes bla_s from
considered emission, | monitoring station —| months) for geétational PMio, PM,.5, & NO, 25.’229 dispersion data data following adJustmept _for single
Oslo, Norway meteorology ! 35.6 ug/m? age (SGA) ’ ! births confounders; no statistically pollutant
topography ar;d ’ babies 4th quartile (> 38.0 4th quartile (> 38.0 significant decreases in model
background ug/m?) - -29.7 ug/m?) -46.9 - _12_'5 LBW anq SGA babies using reliance)
concentration an adju§ted mlodel with
dispersion estimates or
monitoring data
slight statistically significant
increase in odds ratio for
low birth weight (<2500 g) at
distances of 3, 5, & 10 km
L S©e00
from the monitoring site; -
mean weakly oddg ratio per 10 pg/m? odds_ ratio per 10 pg/m? a_ssociations stronger ?n gg‘gaﬂgzlg
concentration within 10 association for birth weight <2500 g | for birth weight <2500 g | neighborhoods with a high the bias that
(Morello-Frosch km of the nearest mean for full cohort with male & | at specific distances from | at specific distances poverty level; stratification comes with
etal., 2010) monitoring location for pregnancy period (120 birth weight in course PM, PMio female monitoring site from monitoring site against other race and the failure to
unstated number of 24.2 ppb months) full-term births PM,. SO O Cé 3,645,177 ethnicity showed no change; consider
Callifornia fixed monitoring sites (46.2 pg/m2) 5 8 Nz(’) B2 births 3km-1.03 3km 1.01-1.05 multi-pollutant modelling confoundin
throughout the state 2 5km-1.04 5km 1.03-1.05 had no dramatic impact on from alcoh(?l
10 km- 1.03 10km 1.02-1.04 the associations;
associations observed using and tobacco
exposure measurements for use)
the first & third trimester and
the full term, but not the
second trimester-
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study GRADE
authc_Jr ! SIS NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
location monitoring (duration) e s
o statistically significant
association association with bradycardia
with but not apnea in a single
PMio, PMio-2.5 mf:ls:lgd odds ratio per 20 pob odds ratio per 20 ppb pollutant model only; no _GBQﬁ_QOt
(Peel et al., 1-hr maximum mean 1-hr time series apnea and (course), PM,.5, PM,.5 2358 apnea | (38.2 /mE) for Iappda 0- (38.2 pg/m?) for lag day statistically significant (t;nsu |C|enf
2011) concentration at a maximum (53 braFc)i cardia in sulfate, PM..s EC, casgs 1 Hg 9 day 1 o-1 associations with a multi- ecause o
single fixed monitoring 41.7 ppb radycar PM,.s OC, PM,.s pollutant model with ozone; very serious
) . 3 months) | high risk infants 3875 ) - L risk of
Atlanta, Georgia site (79.6 pg/m?) soluble metals, bradycardia | bradycardia - 1.025 bradycardia 1.000 - no statistically significant
oxygenated cgses 4 ’ 1.050 associations when the exlr))_o sure
hydrocarbons, SO, dependant variables were ias)
CO, 03, & NO, stratified by gestational age
or birth weight
statistically significant
associations in one and two
very small percentage change in (PM,.5 & NO,) pollutant dPO0O
mean dail gestational age male and percentage change in risk | risk per IQR of 10 ppb model for infants with very | (low quality
daily (VSGS) group . per IQR of 10 ppb (19.1 (19.1 pg/md) - two small gestational age during| because of
. concentration at 11 . 3 gestational age ot female 3 . o :
(Rich et al., ) o mean in ppb (ug/m?) association pg/m?3) - two pollutant pollutant model all three trimesters; infants serious
2009) fixed monitoring 1st trimester — cohort development with 16,340 model £ small tational . L
locations (closest 3 (60 based on fetal (SGA births) . orsma ggsa onal age Imprecision
o : 26.3 (50.2 pg/m?) . ) PM,.s, SO,, CO, & 1st trimester 1.6 - 16.7 | unaffected; temperature, as
monitoring site ) months) | birthrate relative 4683 } - .
New Jersey - 2nd trimester — NO, 1st trimester - 8.9 2nd trimester 2.9 - calendar month, and year of | evidenced
assigned to each 3 to control (VSGA ; ; v h
residence) 26.4 (50.4 ug/m?) births) 2nd trimester - 9.7 17.0. birth had little impact on by wide
3rd trimester — 3rd trimester - 8.6 3rd trimester 2.1 - results; higher associations | confidence
26.4 (50.4 ug/m?) 15.5 observed for Hispanic intervals)
women than white or African
American.
Se00
(low quality
(Son etal., pooled mean daily . . ) . ) no significant associations because of
2008) concentration from 27 daily mean time series pos_tna_\tal_ differential effects of 9,137 no significant change in || no significant change in || observed using either a time| bias from
) P 35.6 ppb (68.0 (60 mortality in first | PMo, SO,, Os, CO & A A ’ )
fixed monitoring /m°) months) born infants NO deaths relative risk relative risk series or case crossover single
Seoul, Korea locations Hg 2 design pollutant
model
reliance)
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study GRADE
Iauthc_Jr ! SIS NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
ocation monitoring ) ;
(duration) evidence
no statistically significant
association with any of 12
different cardiovascular
malformation in infants
daily mean by risk ratios for risk ratios for using reaching at least 20
conception year in cardiovascular cardiovascular weeks gestation; statistically ®O00
weighted mean daily ppb (ug/m?3) malformations per 5.7 malformations per 5.7 significant association with insufficient
(Strickland et concentration during . | cardiovascular association ppb (10.9 pg/m*) IQR ppb (10.9 ug/m*) IQR patent ductus arteriosus (insufficien
retrospectiv : male & because of
al., 2009) weeks 3-7 of gestation 1986-1991 — o cohort malformations with female using less stringent using less stringent observed when seasonal ;
from a single centrally | 28.0 (53.5 ug/m?) (18 years) (12 types) in || PMo, SO, Os, CO, & 3338 cases control for seasonal & control for seasonal & and temporal variations very skenfous
Atlanta, Georgia | located fixed monitoring 1992-1997 — y infants NO, ’ temporal variation temporal variation were relaxed; a sensitivity fisk o
site 24.3 (46.4 ug/m?) analysis restricting the exg_osure
1998-2003 — patent ductus arteriosus| patent ductus number of gestations, ias)
22.5 (43.0 yg/m?) -1.40 arteriosus 1.07 - 1.83 number of malformations,
weighting of pollution
metrics, or duration of
pollution monitoring failed to
show any associations
1) annual averages small statistically significant
. ot association with pre-term
from land use mean during association . )
regression model using | pregnancy in ppb Wi'fh. a(?llzt:t:;l;?'n a};ru;:ﬁgm
traffic counts, roadway ug/m® source attributed . ) adjusted odds ratio per J ingle p 00
adjusted odds ratio per model with land use
(Wilhelm et al., | lengths, distance to PM,.;, EC & OC male & IQR of 4.2 ppb (8.0 . (low quality
2011) truck routes, land use || LUR ( no seasonal case (PM,.5 & PM;o) female IQR of 4.2 ppb (8.0 /m?) for entire estimates not seasonally b f
> : ) pre-term births (< oy 10/ ug/m?) for entire H9 — adjusted; no associations ecause o
characteristics, soil adjustment) — control naphthalene, 10,265 o pregnancy in single ) bias from
Los Angeles brightness & 25.2 (48.1 yg/m?) (22 37 weeks benzo(a)pyrene cases pregnancy in single ollutant model when using NO, single
c 9 9 . -1 Hg gestational age) pyrene, pollutant model p concentrations from 9
ounty, measurements from LUR (seasonal months) benzo(g,h,i)- 102,650 seasonally adiusted LUR or pollutant
California 181 locations for adjustment) — perylene, total PAHs, |  controls LUR unadiusted - 1.04 LUR unadjusted 1.02 itori yd { - statisticall model
validation 26.7 (51.0 pg/m?3) benzene, vanadium, ) ’ -1.07 monil %:Iﬁng nta a; S ai I?i K;a Y reliance)
2) daily means from monitoring — TSP, NO, NOx, Os, obge%vec(l:?vithalsass?inaor?th of
T H 1 3
four flxegitrgsnltorlng 29.3 (56.0 yg/m?) CO & NO, exposure (values not
shown); no association
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study GRADE
Iauthc_Jr ! SIS NO; concentration type endpoint co-pollutants participants ratio or risk confidence interval results quality of
ocation monitoring ) !
(duration) evidence
adjusted odds ratio per adjusted odds ratio per
IQR of IQR of
daily mean 11.7 ppb (22.4 pg/m?) 11.7 ppb (22.4 pg/m?)
concentration by three measured measured
methods 4.3 ppb (8.2 ug/m?) 4.3 ppb (8.2 pg/m?3)
1. values from 17-19 unadjusted LUR unadjusted LUR statistically significant
fixed monitoring 5.1 ppb (9.7 pg/m?) 5.1 ppb (9.7 pg/m?) associayﬁor? ith
locations adjusted LUR adjusted LUR preeclampsia and pre-term | ©BOO
2. land use regression daily mean adverse preeclampsia preeclampsia births mostly usin | lit
(Wu et al,, estimates using values | measured value in pregnancy unadjusted LUR (LA unadjusted LUR (LA } y using (low quality
2011) from passive diffusion ppb (ug/m?) outcome association male and [ county) - 1.16 county) 1.07 - 1.26 l;nadJUSted ]IC'U'E esRmat?s pecaus_e_ of
samplers at 1161 sites cohort (preeclampsia, with female adjusted LUR (LA adjusted LUR (LA ° eégﬁiltjr?ag;og;io%%e es Lr:srﬁ_cr:smn
Los Angeles along with traffic, 24.9 (47.6 yg/m?) (120 preterm births PM:o. PM,.c. CO. O births county) - 1.12 county) 1.02-1.23 observg’d ith ore-term f ulting th
and Orange | highway, and land use | unadjusted LUR- | months) less than 37 10,1 E o T 81,186 | pre-term (< 37 weeks) pre-term (< 37 weeks) ) with p h rom e
Counties, information 22.4 (42.8 pg/m?3) weeks, preterm NO, NOx, & NO, births measured values measured values l?)lrttr;s wzre s'%f"f'fagtl_ﬁ'g‘ limited ¢
California 3. land use regression adjusted LUR — births less than (orange cty) - 1.13 (orange cty) 1.02-1.25 e;im:{‘es}‘gg ;SJ:oeciations gs:;(r)]:ﬂ;te?s
estimates using 28.0 (53.5 pg/m?) 30 weeks) unadjusted LUR (LA unadjusted LUR (LA observecyi after seasonal )
temporally and county) - 1.07 county) 1.02-1.13 adiustment of LUR
seasonally adjusted pre-term (<30 weeks) pre-term (<30 weeks) ! estimates
values from an measured values (LA measured values (LA
unstated number of county) - 1.46 county) 1.11-1.92
fixed monitoring measured values measured values
locations (orange cty) - 1.43 (orange cty) 1.02 -2.01
unadjusted LUR (LA unadjusted LUR (LA
county) - 1.42 county) 1.24 - 1.62
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Cancer
GRADE
I:::)L::t:t(i)gri rﬁgﬁﬁzﬁf NO; concentration S((tjlifgt%‘r)s endpoint co-pollutants || participants ratio or risk confidence interval results quality of
9 evidence
statistically significant
association with all acute
leukemia's (AL), acute
lymphoblastic leukemia
(ALL), and acute non-
lymphoblastic leukemia
childhood odds ratio relative to low [ odds ratio relative to low (ANLL) at the medium and
three categories acute exposure group (conc. exposure group (conc. high exposures relative to
based on overall lymphoblastic <12.2 pg/m?3) <12.2 pg/m?3) the low exposure group;
three metrics employed distribution leukemia significant associations also ®®00
(Amigou et but one only involved <50th percentile - (ALL), acute association male & female|| intermediate exposure intermediate exposure observed using qualitative | it
al 301 1) categorical exposure 122 m? case control m elc;blastic with children (<15 [ (12.2 - 16.1 pg/m?) (12.2 - 16.1 pg/m?) indicators for road proximity (bow quali )fl
v estimates using a multiple - Mg ) study Y ) years) allAL-1.3 allAL 1.0-1.6 or traffic density; ecause o
. - 50-75th percentile - leukemia benzene & e ) failure to
France determw_nant modej V\{lth 12.2 - 16.1 pg/m* (24 months) (AML), & acute NO, 763 cases ALL -1.3 ALL 1.0-1.6 stratlﬁlcatlon by residence consider co-
road traffic and emissions >75th ’ il ’ 1681 controls | high exposure (216.2 high exposure (216.2 location (urban or rural)
data =/ percentle - non- ug/m?) ug/m?) revealed statistically pollutants)
16.2 ug/m?® lymphoblastic Lo -
leukemia all AL - 1.2 allAL 1.0-1.5 significant associations for
(ANLL) ALL-1.2 ALL 1.0-15 urban residents at
ANLL - 1.5 ANLL 1.0-24 intermediate but not the high
exposure level; stratification
by relocation (no moves last
two years) revealed stronger
associations at the
intermediate and high
exposure levels
annual mean value using
a:sl_irL\J;pr:ssdiS:ed d?f\;ﬁgggd statistically significant
measurements from 133 annual average assocw}tlon W-'th Ibreast .GBO.QO
locations during a 1-year 2006 - 11.3 ppb . . . . cancer for a single year (insufficient
(Crouse etal.,| campaign together with (21.6 pg/m®) post- fully adjusted odds ratio | fully adjusted odds ratio using _LUR back because of
2010) "l land use and traffic 1996 - 12. 7 ppb menopausal | association female per 5 ppb (9.6 ug/m?) per 5 ppb (9.6 pg/m?) extrapolations based on bias from
related variables (24.3 ./m3) case control breast cancer with 383 cases increase in single increase in single predicted NO, single
: ’ 2 Hg (24 months) ) f pollutant pollutant concentrations for the year pollutant
Montreal, resulting exposure map 1985 - 15.8 ppb (histologically NO; only 416 controls 2006 no statisticall del and
Quebec used together with (30.2 pg/m?) confirmed) 1996 - 1.31 1996 1.00 - 1.71 iqnifi t e Y h model an
historical data from 9-10 | mean 1985 & 1996 - year -1. year .00 - 1. signi |canoassoaat|0ns when|  the small
fixed monitoring sites and || 14.3 ppb (27.3 pg/m?) actual NO, measurements number of
inverse distance are used for the LUR back cases)

weighting to assess
temporal variability

extrapolations
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GRADE
I?)L::t:tci)grﬁ n?ggicizgir:g NO; concentration S((tj":fgt%‘:]')a endpoint co-pollutants || participants ratio or risk confidence interval results quality of
evidence
: ; @000
1;?:21%21?(1?%8 odds ratio relative to odds ratio relative to (insufficient
(Weng et al ) ) ppb; 32.6 pg/r:rw3) o first NO; tertile (conc. < first NO tertile (conc. < significant a§sociation inan | because of
2008) || mean daily concentration 2nd ‘tertiie 224.09 case control childhood assoqatlon male & female | 20.9 ppb; 39.9 ug/m?) 20.9 ppb; 39.3 ug/m?) adjusted single pollutant bias from
at 64 fixed monitoring ppb: 46.0 pg/rﬁ3) (132 months) leukemia with 308 cases 2nd tertile (20.99-24.09 [ 2nd tertile (20.99-24.09 model using NO, as a single
Taiwan locations 3rd t‘ertil.e 22913 NO, 308 controls | ppb) - 1.70 ppb) 1.12-2.58 surrogate for traffic-related pollutant
ppb; 55.6 pg/ﬁﬁ) 3rd tertile (26.33-44.85 3rd tertile (26.33-44.85 air pollution model and the
e ppb) - 2.29 ppb) 1.44 - 3.64 small number
of cases)
sum of regional, urban,
and local concentration at
home location using land
use regression for
Beelan et al., eshma:mgt;_ urband hort stud asssv?tlﬁtlon male & female| no significant change in | no significant change in no statistically significant 6962690
2008 concentration and daily mean - 36.9 cohort study 114,378 relative risk using a relative risk using a associations found before or (mo : erate
proximity to monitoring 3 (135.6 lung cancer PM,.s, black . h f h ’ quality, no
. p pg/m cohort partially adjusted or fully || partially adjusted or fully | after complete adjustment .
Netherlands sites for r_eglonal months) smoke, SO, 2,183 cases adjusted model adjusted model for potential confounders adjustment
concentration; local & NO, ’ necessary)
concentrations were
estimated from traffic
patterns and highway
locations
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Diabetes
’ exposure g study type . . . . ’ ’ CIRADIE
author / location o NO; concentration : endpoint co-pollutants | participants ratio or risk confidence interval results quality of
monitoring (duration) o
Hamilton OO0
male — (low
15.2 ppb (29.0 pg/m?) men . . ) odds ratio increase quality
(Brook et al., passive samplers at female — cigﬁtsrgéz i(:1dc(:2r::3tln(i Fv?gr;gs?)nly) ?ﬁg;;ﬂ'gnﬁg 1 ppb increment observed with women, because
2008) 193 urban locations | 15.3 ppb (29.2 ug/m?3) . - measurement but not men living in of
used to develop land case control | diabetes (visits to of disease 2830 Hamilton and Toronto; inconsiste
Hami . (96 months) | disease clinics) female Hamilton - 1.029 Hamilton 0.98 - 1.08 o/ . ! N
amilton & use regression (LUR) Toronto prevalence ) ) 17% increase in odds ncy with
Toronto, Ontario model male — cases 630 | Toronto - 1.055 Toronto 0.999 - 1.11 over the interquartile no effect
’ 23.0 pob 3 controls NN
. p? (4|3_g ug/m?) 3552 range of 4 ppb NO, modf|f|cat|o
‘emale — n from
2.9 ppb (43.7 ug/m3) smoking)
no statistically significant
association with type Il
land use regression no change in odds ratios diabetes in males with a ®BO0
estimates based on daily mean for top three exposure crude or adjusted model
traffic, road location, 1st quartile 8.8 - quartile (14.2-15.2, 15.2- no change in odds ratios for top for any quartile of (IO‘I'.‘;
(Dijkema et al., and residential land 14.2 ug/m? diagnosed tvoe Il male & 16.5, 16.5-36.0 uyg/m?) three exposure quartile (14.2- exposure; statistically b(élé‘; : ge
2011) use, and background || 2nd quartile 14.2- cross- diatg)]etes in ggults association female relative to the first quartile [ 15.2, 15.2-16.5, 16.5-36.0 ug/m?) | significant association of b':s
NO, concentrations 15.2 ug/m?® sectional aged 50-75 vears with 8018 (8.8-14.2 ug/m?) in either a | relative to the first quartile (8.8- was observed in P !
Westfriesland, the along with daily 3rd quartile 5.2-16.5 || (36 months) 9 Y NO; only i crude or adjusted model; 14.2 ug/m?3) in either a crude or females and the group rom
Netherlands concentration by ug/m?® old participants females but not males adjusted model for either males diagnosed during the single
passive sampling at | 4th quartile 16.5-36.0 showed an association with || or females study design for the third pollutant
urban and rural sites pg/m? exposure at the 3rd quartile but not the fourth m_odel
for validation only exposure quartile using reliance)
an adjusted model
(values not provided);
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sampling in each
season and unstated

GIS and traffic-

related variables

single pollutant model
emission inventory - 1.24
LUR-1.31

emission inventory 1.08 - 1.41
LUR 1.01-1.70

values less than the
mean

GRADE
author / location R NO, concentration sk @ype endpoint co-pollutants | participants ratio or risk confidence interval results quality of
monitoring (duration) !
evidence
five year average
determined by three adjusted hazard ratio for
methods entire cohort per IQR (24.9 | adjusted hazard ratio for entire . —
i) nearest fixed pg/m3, 19 tons/yr/km2, & cohort per IQR (24.9 pg/m?, 19 as;tsg(s:it;(;iatjlglg;%r;gg::tgts
monitor incidence type I 15 pg/m?) in single tons/yr/km2, & 15 pg/m?3) in incidence with NO in an
i) emissions five year average diabetes in pollutant model single pollutant model adiusted but notz an dPOO
(Kramer et al inventory data monitoring data - subjects with o monitoring stations - 1.34 | monitoring stations 1.02 - 1.76 ur'fadjusted model (low quality
2010) ” together with an 41.7 pg/m? cross- normal and assoc_:latlon adult emission inventory - 1.15 | emission inventory 1.04 - 1.27 statistically si nifice{nt because of
unstated air pollution | emission inventory - sectional abnormal with females only|| LUR-1.42 LUR 1.16-1.73 associatiogin%d'usted bias from
North-Rhine. West| .. model given as gmission (192 inflammat‘ory C3c|| PM, soot, & 1,?75 non- ) ) ] . model for thojse single
Germaﬁy iii) LUR based on 1- || rate per unit surface months) (compliment NO, diabetics | adjusted hazard ratio for adjusted hazard ratio for cohort individuals with a C3c pollutant
year of monitoring area factor C3 cohort members with C3c | members with C3c levels > mean level greater than the model
data at 40 locations LUR - 34.5 pg/m? cleavage product) levels > mean per IQR (19 | per IQR (19 tons/yr/km2, & 15 g : reliance)
using 14 days of levels tons/yr/km2, & 15 pg/m?) in | ug/m?) in single pollutant model mean but not those with
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Inflammation

(depicted graphically)
ambient exposures
NO2/PM25 = 0.85

(depicted graphically)

(depicted graphically)
ambient exposures
NO2/PM25=0.30 - 1.65

(depicted graphically)

(01 avg lag) in those taking anti-
inflammatory medications or
inhaled corticosteroids but not in
those who did not use medications

GRADE
Iaouct:t(ij(;ri rﬁgﬁﬁzﬁf NO; concentration S(Sifgt%ﬁf endpoint co-pollutants participants ratio or risk confidence interval results quality of
9 evidence
biochemical and ti .
hysiological ) . percent increase in
me‘;surements on percent increase in biomarkers per IQR 12.83
1 3
volunteers blo&gﬁ(grs F;?;J)QR 1283 ppsb étzcjlg glg:/rq 3-98 _17.82 statistically significant association
(Chuang et al annual annual mean including systolic association male and pps stoli.c gg -14.40 d{astolic BP 1063 - 14 23 with 7 of nine biochemical or DDHDHO
20191) v average concentration anel stud BP, diastolic BP, with female adults d?lastolic BP - 12‘ 43 total cholesterol' 32 38'- physiological biomarkers in a single|| (moderate
from 72 fixed 24.53 ppb (46.8 P (1 year) Y | total cholesterol, PMeo. PMyc. SO aged 54 - 90 total cholesterol ) 2031 | 46.04 ) pollutant model using a lag period | quality, no
Taipei Taiwan | menitoring pg/m2) y triglycerides, HDL O‘O7CO Zé(s’NO » years fasting qlucose - 17.03 | fasting alucose 10.37 - of 1 year, no statistically significant | adjustment
pel, sites cholesterol, fasting > ’ 2 11023 subjects hemog Igbin T108 : 2369 99 . association in two pollutant models || necessary)
glucose, interl 9 Kin 6 0'32 h lobin 0.84-1.33 with PM1o, PM25, O3, SO,, and CO
hemoglobin interleukin 6 - 0. hemoglobin 0.84 - 1.
interleukin 6 ’& neutrophils - 9.54 interleukin 6 0.06 - 0.59
neutrophilé neutrophils 7.88 - 11.21
adjusted concentration adiusted concentration statistically significant association
change in FENO chJan e in FENO exhalation with nitric oxide levels in expired air
exhalation per personal or %rsonal IQR of 17.0 ppb using a single pollutant model and
IQR of 17.0 ppb (32.5 F32 g /m?) and centrél s?trz)e personal measurements and a
daily daily average in ppb pg/m?3) and central site -0 Mg 5 | moving average lag of 01 days or
IQR of 12.0 ppb (22.9 pg/m?)
averages (nug/m3) IQR of 12.0 ppb (22.9 forin a siﬁ le and tWo ambient measurements and a lag
from ug/m?) for in a single and ollutant mgodels of 1 day or a moving average of 01
personal Riverside two pollutant models P single pollutant model days, statistically significant
(Delfino et al., sampI?rs ot 2per:onal - measurement association | single poIIIutant model personal exposures assoclzlat|1on with a two plollutant GBGBOQ
2006) worn 0 .26 ( 6.3 ug/m?3) fractional with male & personal exposures 01 avg lag 0.43 - 2.83 mode_ (01 day average lag) and || (low quality
consecutive ambient — panel study concentration of | PMio, PMa.s, EC female aged 01 avg lag - 1.63 ambient ex o.sures. OC with personal exposures and | because of
o days and 27.18 (51.9 yg/m?) | (5 months) bt o7 = 9-18 years ambient exposures p with PM2s using ambient small
Riverside & nitric oxide in 0C, CO, 03, & N lag day 1 0.08 - 1.36 e
Whitti averages ) 45 asthmatics lag day 1-0.72 measurements, no statistically sample
ittier, CA -~ exhaled air (FEno) NO, 01avglag 0.39-2.33 o S oo :
from two Whittier 01 avg lag - 1.36 two pollutant model (01 av significant association in two size)
fixed personal — two pollutant model (01 lag) P 9 pollutant models with PM2s and EC
centrally 30.89 (59.0 pg/m?) avg lag) 9 ersonal exposures for personal exposures and EC and
located ambient — personal exposures IBIO /OC = 0p15 -135 OC for ambient exposures,
monitors 28.07 (53.6 pg/m?) NO2/OC = 0.75 2 : : statistically significant association
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GRADE
author / exposure . study type ’ : . . . ) ] A
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants participants ratio or risk confidence interval results gsiadlgz;ef
percent change in percent change in response
response per IQR of 21 | per IQR of 21 pg/m?® at
ug/m? at various lag times | various lag times in a single
in a single pollutant model | pollutant model
effects on platelet aggregation platelet aggregation
. maximum response maximum response statistically significant association | OO0
biomarkers of
hourly . 48-72 hr- 5.6 48-72hr 1.5-9.7 with platelet aggregation and (insufficient
(Rudez et al., homeostasis and - X >
2009) averages | o vion value durin inflammation association adult male late response late response thrombin generation parameters for || because of
form a single study period 37 9 | time series (platelet with and female 48-72 hr- 8.9 48-72hr 2.6 -15.2 1-2 "indirect" lag times in a single very
R fixed yp A (24 months) P - PM, Os, CO, 0-96 hr - 16.1 0-96 hr 5.0 -27.2 pollutant model, no association with || serious risk
otterdam, The o yg/m aggregation, 40 volunteers . . : B
Netherlands monitoring thrombin NO, & NO, thrombin thrombin inflammatory biomarkers of
site . ' endogenous potential endogenous potential (fibrinogen or c-reactive protein) at | exposure
fibrinogen, & C- 24-48'hr - 3.5 24-48'r 0.2- 6.8 any lag time bias)
reactive protein) . y ’
peak response peak response
24-48 hr - 8.0 24-48 hr 2.4-13.6
lag time lag time
24-48 hr - -3.1 24-48 hr -5.1--1.0
48-72 hr--2.5 48-72 hr -4.3--0.6
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GRADE
author / exposure . study type ’ ) . . . . . i
loreatian monitoring NO_ concentration (duration) endpoint co-pollutants participants ratio or risk confidence interval results quallty of
evidence
serum fibrinogen serum fibrinogen
concentration (mg/dL) concentration (mg/dL)
change per IQR of 12.7 | change per IQR of 12.7 ppb
ppb (24.3 pg/m®) in multi- | (24.3 pg/m?) in multi-pollutant - o )
pollutant models models s_tatllstlcallyl3|gn|f|cant _decrea_se in
two pollutant (men lag two pollutant (men lag day | fibrinogen in males using a single
day 4) 4) pollutant (all lag times) or
NO,/PMy, - -8.3 NO,/PMyo -12.4 - -4.2 multipollutant model (4 day lag
NO,/SO, - -10.9 NO,/SO, -16.4 - -5.4 time); statistically significant
NO,/O; - -15.6 NO,/O; -21.7 - -9.6 increase in white blood cell count in
daily mean short-term effect 10 Yy males using a single pollutant
(Steinvil et al., | concentratio on inflammatory association male & NO,/CO - -10.9 NO,/CO -18.0 - 3.8 model with a lag of 6 or 7 days; OO0
. X X three pollutant model three pollutant model (men L - ! (moderate
2008) n from three daily mean panel study biomarkers (C- with female (men lag day 4) lag day 4) statistically significant decrease in it
fixed 19.5 ppb (37.2 ug/m?)| (48 months) || reactive protein, PM, Os, SO,, 3659 NO,/PM./SO, - -9.3 NO./PM-/SO, -15.1 - -3.5 fibrinogen levels for women in q;a 'ty' not
Tel-Aviv, Israel | monitoring fibrinogen, white CO, & NO, volunteers NOZ/SO17O —2—16 7 NOZ/SOI7O _223 8..96 | Single poliutant model on lag day 0 adjustmen
locations blood cell count) NOZ/SOZ/CZ) 11‘ 9 NOZ/SOZ/CED 195- 4.2 or lag days 0-6; no statistically necessary)
292 T 292 T significant association in women at
(r:)eur: l;;(;lllétaaynz;nodel I;gtijrazo‘ltl;nant model (men any Iaﬁ time f(or \(/:VES or ?le, or
with men for ;no lin
14'\;02/PM‘°/802/03 . 6 7N02/PM'°/SOZ/O3 21.7-- | established between short-term
: : exposure and an increase in
. 7NOZ/PMm/SOz/CO -- ] IE\;OZ/PM,Q/SOZICO -17.7 - inflammatory markers
iwo pollutant model tWo pollutant model (women
(women lag day 0) lag day 0)
NO,/O; --7.9 NO,/O; -15.3--0.5
seasonal average
spring — 24.98 ppb
(47.7 ug/md) OO0
hourly summer — (insufficient
(Thompson et | measureme 20.83 ppb (39.8 b.IOOd levels of association male and - I because of
3 inflammatory : N . N . no statistically significant
al., 2010) nts from a pg/m?3) panel study biomarkers with female no significant change in no significant change in association with blood interleukin-6 very
single fixed autumn — (48 months) (interleukin 6 & PM..s, SO;, Os, 45 adult mean percentages mean percentages or fibrinogen on any laq da serious risk
Toronto, Ontario| monitoring |  22.61 ppb (43.2 fbrinogen) CO, & NO; volunteers 9 Y lag cay of
site ug/m?3) 9 exposure
winter — bias)
26.78 ppb (51.2
ug/m?)
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Sensory Effects

4th quartile (>35 ug/m®) -
13

GRADE
auth(_)r / SRS NO, " Sl t_ype endpoint co- participants ratio or risk confidence interval results quality of
location monitoring concentration (duration) pollutants e

odds ratio for exposure to odds rafio for exposure to (i?iaf%?nt
mean daily daily mean male & female | all three pollutants a!i;hnrsee pollutants statistically significant association because
o " _— schoolchildren signs . " of soot, SO,, & NO, with increased | imprecision
(legg(; g)t al., f‘i gnmcfwng?it;(gz school 1 — retrospective skin changes asssﬁtlﬁnon (11-14 years atopic dermatitis - 4.93 1Oago7plc dermatitis 2.40 - frequently of atopic dermatitis and with the
L . 62 pg/m? and atopic of age) symptoms : symptom incidence for dryness, | impact of
monitoring sites (120 months) - black smoke, . symptoms e g
Nis, Serbia at each of two hool 2 dermatitis S0, & NO, 215 %%osed Firyr/]rjess y 17.(7)5 dryness 1.04 - 2.97 itching, rash, &  prickling; NO2
schools school 2 — itching - 1. itching - 1.03 - 2.79 roughness and erythema merged
25 pg/m? unexposed rash - 3.18 rash 1.29 - 8.18 symptoms unaffected,; with all
prickling - 2.13 prickling 1.02 - 4.52 other
pollutants)
exposure related increase
in OSDI score across the 4
quartiles (< 20, 20-26, 26- statistically significant increase in
. 35, & >35 pg/m?3); exposure-response for the OSDI
mean dail ;)Cnl’Jllatr;)?l’llSi?]?isei statistically significant score from the questionnaire; | OO0
(Novaes et al exXDOSUTe frgm cross- Y ?ODSI) increase in the frequency of statistically significant increase in || (insufficient
2010) ’ c%ntinuous sectional uestionnaire association symptom reporting for the reporting frequency for ocular because
personal not stated (longitudinal t?ear film break‘- with male & female | ocular irritgtion NA irritat_ion . bl.n . not | biased data
Sao Paulo monitoring using panel) study | up (TBUT), vital NO; only 55 volunteers 1st quartile (<20 pg/m?3) - heavmess/fatlgue,II itching, ofr dry [ reporting
e : ol 5 eyes; statistically  significant || and small
Brazil dopsaiiil,\t/eers (7 days) bio::iaclrr:)lggé 2nd quartile (20 - 26 negative association with TBUT | number of
Schirmer tez)tly pg/m?) - 9 but not Schirmer | values cases)
3rd quartile (26 - 35 statistically significant increase in
pg/m?) - 10 meibomitis by biomicroscopy
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GRADE
authc_Jr ! SHEse NO, ; sillich t_ype endpoint e participants ratio or risk confidence interval results quality of
location monitoring concentration (duration) pollutants e

odds ratio per IQR 12.8 ppb | odds ratio per IQR 12.8 ppb - - .
(24.4 pg/m?) for all patients || (24.4 pg/m?®) for all patients stiar:Isatlllcagili;r:?lessr:”a Sss;);:;ar:lson
in single pollutant model in single pollutant model usin F; single ollutant model
seasonal lag day 2 lag day 2 with & day lag, significant
average in ppb all months - 1.05 all months 1.01-1.08 associations )z;lsc?yobgerved fora D00
(Zemek et al (ug/m?) association male and warm months - 1.10 warm months 1.02 - 1.19 3 day lag in warm months (low quality
2010) v seasonal case- emergency with female cold months - 1.03 cold months 1.00 - 1.07 statisticayll gi nificant associa’tion because of
averages from all months — department children (1-3 lag day 3 lag day 3 . Y sig inconsisten
crossover PMio, PM2.s with females on lag day 2 for all
Edmonton three fixed 21.9 (41.8 pg/m?3) (120 months) visits for otitis o C‘O SO’ yrs of age) warm months - 1.08 warm months 1.00 -1.17 months or warm months and with cies bias
Alberta ’ monitoring sites warm months — media 3’& N’O » 14,527 ED odds ratio per IQR 12.8 ppb || odds ratio per IQR 12.8 ppb females on laq day 3 for warm from single
16.5 (31.5 pg/m?) 2 visits (24.4 pg/m?) for females (24.4 pg/m?) for females h g ¢ yl ianifi pollutant
cold months — lag day 2 lag day 2 mont S, no statistical y signi |c§nt model)
27.2 (52.0 pg/m?) all months - 1.06 all months 1.01 - 1.11 assog‘st";gz ;‘;ﬁ“i;ogm,‘*e'es in
warm months - 1.20 warm months 1.06 - 1.34 W b’ gd in t
lag day 3 lag day 3 assoc”latlons ol dselrve? hlgowo—
warm months - 1.14 warm months 1.02 - 1.29 pollutant model wit
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APPENDIX Il - DETAILED ANALYSIS OF SELECTED STUDIES

Acute and Chronic Mortality

1. Samoli, E., Aga, E., Touloumi, G., Nislotis, K., Forsberg, B., Lefranc, A., Pekkanen,
J., Wojtyniak, B., Schindler, C., Niciu, E., Brunstein, R., Fikfak, M. D., Schwartz, J.,
and Katsouyanni, K. 2006. Short-term effects of nitrogen dioxide on mortality: An
analysis within the APHEA project. European Respiratory Journal 27:1129-1137.

Rating
Insufficient (©OO0)

Description

This multi-city examined the short-term effects of BS, PM,,, SO,, O3, and NO, on all cause,
circulatory, and respiratory mortality for 30 European cities. The paper described the results for
the APHEA 2 (Air Pollution and Health: A European Approach program and relied on daily 1-hr
maxima NO, values from an unstated number of fixed monitoring sites within in each city. A
population-based time series model was employed that is not likely to be confounded by factors
such as diet, smoking or SES since they do not co-vary with NO, levels over the short time periods
being examined. A hierarchical Poisson model was employed with the first stage that focused on
within-city associations. Distributed lag periods of 0 to 5 days were examined. The second stage
relied on a fixed effects weighted regression analysis of the pooled city-specific estimates. A
random effects model was also employed because appreciable heterogeneity was observed. The
effect estimates focused on the mean for lag days 0 and 1. The maximum hourly NO,
concentrations over a 24-hr period ranged 46. 2 ug/m? in Wroclaw to 154.8 pg/m? in Milan (see
Table 1). The average daily mortality rate ranged from 6 in Erfut to 342 in the Netherlands.
Confounding for weather related variables (temperature and relative humidity), influenza
epidemics, holidays, and day of week effects were controlled for using smoothing splines. Two-
pollutant models were examined that recorded the pooled fractional increase in mortality per 10
pg/m? increase.

Results

A slight statistically significant association with total, respiratory and cardiovascular mortality in
single and two-pollutant models with BS, PM;,, SO, and O; that ranged from about 0.25 — 0.45%
(see Table 2). A statistically significant association was observed with respiratory mortality in
single and two-pollutant model with BS, & Oz, but not with PM;, & SO,. The use of natural gas in
the home acted as an effect modifier on cardiovascular mortality with the associations
strengthening from 0.32 (CI 0.20 - 0.43) at the 25th percentile of use to 0.40 (Cl 0.32 - 0.48) at the
75th percentile. The prevalence of smoking affected total and cardiovascular mortality with
stronger associations observed for NO, when the prevalence was lower had no impact; PM 10
levels were also an effect modifier on respiratory mortality as was the proportion of elderly subjects.
Southern and western cites showed the strongest associations, but none were observed for
eastern cities.
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Table 1. City descriptive data on the study period, population, exposure nitrogen dioxide (NO2)
and outcome (daily number of deaths).

Mean number deaths/day
City Study period Population NO, 1?
(month/year) x 1000 (mg/m?)
Total CVD Respiratory
Athens 01/1992-12/1996 3073 73 36 5 129.9 (84.3-187.0)
Barcelona 01/1991-12/1996 1644 40 16 4 91.1 (63.2-124.7)
Basel 01/1990-12/1995 360 9 4 1 65.9 (44.2-92.1)
Bilbao 04/1992-03/1996 667 15 5 1 78.7 (58.1-101.6)
Birmingham 01/1992-12/1996 2300 61 28 9 74.5 (49.3-99.5)
Budapest 01/1992-12/1995 1931 80 40 3 131.9 (88.0-185.6)
Bucharest 01/1992-12/1996 2100 7 38 4 50.5 (31.4-85.5)
Cracow 01/1990-12/1996 746 18 10 0 79.4 (37.7-132.0)
Erfurt 01/1991-12/1995 216 6 - --- 76.0 (36.0-119.0)
Geneva 01/1990-12/1995 317 6 2 0 79.2 (54.1-111.4)
Helsinki 01/1993-12/1996 828 18 9 2 62.4 (40.4-87.0)
Ljubljana 01/1992-12/1996 322 7 3 0 80.0 (47.5-115.0)
Lodz 01/1990-12/1996 828 30 17 1 66.4 (40.1-96.4)
London 01/1992-12/1996 6905 169 71 29 94.8 (67.1-128.5)
Lyon 01/1993-12/1997 416 9 3 1 107.2 (75.1-143.2)
Madrid 01/1992-12/1995 3012 61 22 6 122.9 (83.7-174.7)
Marseille 01/1990-12/1995 855 22 8 2 119.6 (80.9-163.1)
Milan 01/1990-12/1996 1343 29 11 2 154.8 (104.7-217.8)
The Netherlands 01/1990-09/1995 15400 342 140 29 53.1 (32.8-74.9)
Paris 01/1991-12/1996 6700 124 38 9 84.0 (55.1-118.5)
Poznan 01/1990-12/1996 582 17 9 1 81.1 (45.1-119.7)
Prague 02/1992-12/1996 1213 38 22 1 60.7 (37.7-86.5)
Rome 01/1992-12/1996 2775 56 23 3 147.6 (111.6-189.2)
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Mean number deaths/day
Cit Study period Population NOz 1 h
y (month/year) x 1000 (mg/m?)
Total CVD |Respiratory
Stockholm 01/1990-12/1996 1126 30 15 3 47.6 (31.2-64.2)
Tel Aviv 01/1991-12/1996 1141 27 12 2 139.7 (57.5-254.9)
Teplice 01/1990-12/1997 625 18 10 1 59.7 (40.9-81.7)
Torino 01/1990-12/1996 926 21 9 1 132.4 (78.2-199.6)
Valencia 01/1994-12/1996 753 16 6 2 116.5 (60.8-170.3)
Wroclaw 01/1990-12/1996 643 15 9 1 46.2 (29.5-63.7)
Zurich 01/1990-12/1995 540 13 6 1 70.2 (46.9-97.4)
Table 2. Pooled estimates for the increase in mortality associated with an increase of 10 ug/m?®

in nitrogen dioxide (NO,; average of lags 0 and 1 of the 1-h maxima of NO,), adjusting
alternatively for the other pollutants (average of lags 0 and 1).

Total mortality CVD mortality Respiratory mortality
Other
pollutant ] ] ]
Fixed Random Fixed Random Fixed Random
effects effects effects effects effects effects
None 0.30 0.30 0.41 0.40 0.34 0.38
(0.25-0.35) |(0.22-0.38) | (0.34-0.49) (0.29-0.52) (0.17-0.51) (0.17-0.58)
BS 0.33 0.33 0.44 0.44 0.28 0.26
(0.23-0.42) |(0.23-0.42) | (0.31-0.58) (0.31-0.58) (-0.02-0.58) |(-0.12-0.65)
PM 0.27 0.27 0.35 0.35 0.37 0.37
10 (0.20-0.34) |(0.16-0.38) | (0.24-0.45) (0.21-0.50) (0.13-0.61) (0.08-0.67)
SO 0.26 0.26 0.37 0.33 0.16 0.19
2 (0.20-0.33) |(0.18-0.34) | (0.27-0.46) (0.20-0.47) (-0.06-0.39) |(-0.07-0.45)
0. 8-h 0.34 0.33 0.45 0.42 0.34 0.38
3 (0.27-0.40) |(0.22-0.43) | (0.36-0.54) (0.27-0.58) (0.14-0.53) (0.13-0.63)

Data are presented as % increase (95% confidence interval). CVD: cardiovascular disease; BS: black
smoke; PM;,: particle matter with a 50% cut-off aerodynamic diameter of 10 mm; SO,: sulphur dioxide;
O3 8-h: maximum daily 8-h O3 concentration

Critique

Several notable problems exist with the APEA2 analysis. The most severe is the failure to consider
the confounding from CO exposures despite the fact this pollutant was routinely evaluated as part
of the 30-city program (Samoli et al., 2007). More importantly, APHEA2 documented that CO was
associated with short-term increases in total and cardiovascular mortality that remained significant
in two-pollutant models with BS or NO,. The results also stand in contrast to those from the multi-
city NMAPS in the US, where a consistent association with mortality was not observed for NO,
(Samet et al.,, 2000). The paradoxical effect observed for smoking status (i.e. stronger NO,
associations with lower smoking prevalence) was is attributed to a harvesting or a mortality
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displacement effect. This explanation does not, however, fully explain the observation since
smoking is not a likely confounder in a time-series study since its impacts are more long-term. In
addition, the extremely high levels of NO in cigarette smoke (300 — 500 ppm; 368- 613 mg/m?)
would suggest that the opposite relationship should have been observed (Cueto and Pryor, 1994).
The findings suggest that NO, is acting as surrogate for another agent.

There was poor documentation of the location and number of fixed monitoring sites within individual
cities, and no indication of spatial fluctuations that were observed. This is an important
consideration since the location and density of monitoring sites can cause a spatial misalignment
and bias the results in time series studies. This is an especially important consideration for a
pollutant such as NO, which can show a high degree of spatial heterogeneity due to the influence
of roadway emissions and traffic density (Sarnat et al., 2010). Another factor of concern with this
study is the fact that there was no measurement of important co-pollutant such as PM,.s and UFP
that may have modified the magnitude of the mortality associations observed with NO,. Non-
uniform distribution of effect modifiers across each city may have also biasing the findings.
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2. Wong, C. M., Vichit-Vadakan, N., Kan, H. D., and Qian, Z. M. 2008b. Public health and
air pollution in Asia (PAPA): A multicity study of short-term effects of air pollution
on mortality. Environmental Health Perspectives 116:1195-1202.

Rating
Low quality (POO)

Description

This time series study examined the association of daily average PM;,, 03, SO,, NO,
concentrations with mortality from natural, circulatory, & respiratory causes in four cities as part of
the Public Health and Al Pollution in Asia (PAPA) study. Measurements were taken from 6-10
fixed monitoring locations in Bangkok, Hong Kong, Shanghai, and Wuhan. Daily average NO,
levels ranged from 44.7 ug/m?in Bangkok to 66.6 pg/m?in Shanghai. The mean number of deaths
per day was 94.8 for Bangkok, 84.2 for Hong Kong, 119.0 for Shanghai, and 61.0 for Wuhan.
Confounding from temperature, humidity, day of week, holidays, influenza, and extreme weather
was considered. A single-pollutant generalized linear model was applied using natural smoothing
splines and lag periods of 0 days and an average lag period of 0-1 and 0-4 days. Pooled and
single city test results were presented but pooling was confined to a random effects model due to
the high heterogeneity observed. Pooling was performed for all four cities and for the 3 Chinese
cities.

Results

The average lag period of 01 days yield the highest excess risk estimates for 3 of 4 cities. The
risks tended to be greater with older age groups. The percentage of excess risk from NO, ranged
from 0.90 to 1.97 in the four cities and was statistically significant. Appreciable heterogeneity was
observed for NO, on all cause mortality. A comparison of the excess risk for the pooled 4-city and
3-city results did not reveal any appreciable differences (see Table 3). Stratification by age
revealed higher total death rates in two of the four cities for those greater than 65 years of age,
with even higher rates observed in those greater than 75 years. Concentration response functions
for all cause mortality were best described by the linear models shown in Figure 1. Visible
inspection of the response curves suggests that is no appreciable increase in all cause at
concentrations below the WHO annual limit of 40 ug/m? for 3 of the 4 cities examined. The lag
patterns showing maximum excess risk were noted to be appreciably longer (04 day average) for
Bangkok than the other three cities. Two-pollutant modelling with PM,,, O3 and SO, revealed
substantial impact of PM;, on all cause and cardiovascular mortality in Bangkok, but not the
remaining three cities. The excess risk per 10 pg/m?® increase in NO, became statistically
insignificant for a lag of 01 days.
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Table 3. Excess risk (ER%) of mortality (95% CI) for a 10 ug/m? increase in the average
concentration of lag 0—1 days for all ages using combined random effects for either
three or 4 cites.

Random effects Random effects
. (4 cities) (3 Chinese cities)
Condition Pollutant
ER% 95% CI ER% 95% CI
NO, 1.23 0.84 to 1.62* 1.19 0.71 to 1.66*
SO, 1.00 0.75t0 1.24 0.98 0.74t0 1.23
All natural causes
PM;o 0.55 0.26 to 0.85# 0.37 0.21to 0.54
03 0.38 0.23t0 0.53 0.31 0.13t0 0.48
NO, 1.36 0.89to 1.82 1.32 0.79to 1.86
SO, 1.09 0.71to 1.47 1.09 0.72to0 1.47
Cardiovascular
PM;, 0.58 0.22 to 0.93** 0.44 0.19t0 0.68
03 0.37 0.01t0 0.73 0.29 —0.09 to 0.68
NO, 1.48 0.68 to 2.28 1.63 0.62 to 2.64*
SO, 1.47 0.851t02.08 1.46 0.84 to 2.08
Respiratory
PM;, 0.62 0.22 to 1.02 0.60 0.16 to 1.04
03 0.34 -0.07 t0o 0.75 0.23 -0.22t0 0.68

p-Values (homogeneity test): *0.01 < p <(10.05; **0.001 < p <[J0.01; and #p <(10.001
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Figure 1. Concentration-response curves for all natural-cause mortality at all ages in all
four cities for the average concentration of lag 0—1 days for NO,. The thin vertical
lines represent the IQR of pollutant concentrations. The thick lines represent the
WHO guidelines of 40 ug/m? for 1-year averaging time.
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Critique

The two-pollutant modelling did not include pollutants that traditionally co-vary with NO, such as
CO and PM,.;, so the interpretation of findings is severely hampered. In addition, highly variable
relationships were observed in degree of correlation between NO, and some of the other pollutant
measurements in the four cites. The Spearman’s correlation coefficient for NOs and SO, ranged
from 0.27 to 0.76 and demonstrates the appreciable heterogeneity. This extended to the effect
estimates as well with relative risk associated with all cause mortality from NO, being appreciable
greater in Bangkok and Wuhan; yet there was a limited attempt at identifying the effect modifiers
that could be at play. Perhaps the most serious problem with this study stems from monitoring
station locations in each city. In Hong Kong and Shanghai the monitors were located close to
major roadways, whereas in Wuhan and Bangkok the monitors were at background locations. As
such, the results are not directly comparable and an exposure misclassification bias was knowingly
applied due to the spatial misalignment. There was also no consideration of known effect modifiers
such as gas appliance usage, air conditioner use, or distance to roadways. Subsequent studies
also implicated very high ambient temperature in Wuhan as partly responsible for increased risk
estimates in this city (HEI, 2010).
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3. Gan, W. Q., Koehoorn, M., Davies, H. W., Demers, P. A., Tamburic, L., and Brauer, M.
2011. Long-term exposure to traffic-related air pollution and the risk of coronary
heart disease hospitalization and mortality. Environmental Health Perspectives
119:501-507.

Rating
Moderate quality (©DDO)

Description

This cohort study was performed in Vancouver, British Columbia and employed land use
regression techniques to define the spatial variability of black carbon (BC), PM,.5, NO, and NO
concentrations within the city. The LUR model relied on length of highways and roads, population
density, and commercial land use as predictor variables and the measurements from 116 passive
samplers at 25 locations and an unstated number of fixed monitoring sites to estimate monthly
residential exposures. A Cox proportional hazards model was used to determined coronary heart
disease hospitalization and mortality in 452,735 males and females 45-85 years of age. The daily
mean concentration of NO2 was 29.2 ug/m*. Confounding from age, sex, preexisting co-morbidity
(diabetes, COPD, & hypertensive heart disease), and SES was considered.

Results

A statistically significant association was observed between NO:2 levels and hospitalization using
an unadjusted single-pollutant model, but not with an adjusted model or with multi-pollutant models
(see Table 14). Statistically significant associations were also found with mortality in an unadjusted
and adjusted single-pollutant model, but not with an adjusted multi-pollutant model. A significant
inverse association was found to exist with hospitalizations when the results were stratified by
income in adjusted single-pollutant and multi-pollutant models. Income stratification also revealed
a significant inverse association with mortality using an unadjusted, but not an adjusted single or
multi-pollutant model. The relative risk per IQR NO:2 increase of 8.4 ug/m? was 1.02 (95% ClI, 1.00
- 1.04) for cardiovascular hospitalization and 1.19 (95% CI, 1.15 - 1.23) for mortality using an
unadjusted single-pollutant model. A response trend was not observed when the models were fully
adjusted for potential confounders (see Figure 7).
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Table 14. RRs (95% Cls) of CHD hospitalization and mortality for an IQR elevation in average
concentrations of traffic-related air pollutants.

Vodel BC PMas NO, NO
(0.94 x 10-5/m)* | (158 pg/m®° | (8.4ugimd* | (13.2 pg/m3e
Hospitalization
Model 1: unadjusted single poliutant | 4 0, 06) (1 P 05 | P 04) (0.9(;'?19 02)
Model 2: + sex, age, comorbidity, SES| 4 o0 03) (0.918'910 02) (0.9%%.99) (0.9(31?(?.98)
Model 3: + two other pollutants® (1 011?13 05) (1 .010'912 05) (0.93?(?.98) (0.9%?(‘)5.97)
Mortality

Model 1: unadjusted single pollutant (1_111'_1;1_17) (1_019'_113_15) (1_115'_1?_23) (1.019.—113.17)
Model 2: + sex, age, comorbidity, SES| 4 o5t 09) (0.918911 05) | (1 ors 08) g oot 10)
Model 3: + two other pollutants® (1 .013'916 09) (0.9259? 03) (0.919'913 07) (0.919'5)13 08)

21QR.
b Additionally adjusted for PM2.s and NO2 for black carbon, black carbon and NO2 for PMz.5, black carbon
and PMz.s for NO2 and NO.
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Figure 7. RRs and 95% Cls of coronary heart disease (CHD) hospitalization (A) and mortality (B)
for quintiles of NO2. Quintile 1 (lowest) was the reference category. From left to right, each error
bar represents RR and 95% CIl of CHD hospitalization (A) or mortality (B) for quintiles 2-5,
respectively, compared with quintile 1. prens indicates linear trend across quintile groups. Model 1,
bivariable analysis; model 2, adjusted for age, sex, preexisting co-morbidity, and neighborhood
SES; model 3, additionally adjusted for co-pollutants (black carbon and PMz.sfor NOz2).

Critique

Perhaps the most important limitation of this study is the failure to consider cigarette smoking,
second hand smoke, and ethanol consumption as confounding variables. It was also noted that
the only measure of socioeconomic status was total income. Some bias may have also been
introduced by the death registries rather than original medical records to identify cases of coronary
heart disease. These deficiencies are partly offset by the availability of concentration response
functions, which helped to improve the overall reliability of this study.
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Acute Hospitalization

1. wellenius, G. A., Bateson, T. F., Mittleman, M. A., and Schwartz, J. 2005. Particulate
air pollution and the rate of hospitalization for congestive heart failure among
Medicare beneficiaries in Pittsburgh, Pennsylvania. American Journal of

Epidemiology 161:1030-1036.

Rating
Insufficient (BOOO)

Description

This case-crossover study was conducted over a 13-year period and focused on hospital
admissions for congestive heart failure in relation to PM,,, SO,, O3, CO, and NO; in Pittsburgh,
Pennsylvania. Mean daily concentrations of NO, were determined at two fixed monitoring
locations and yielded a value of 26.48 ppb (50.6 ug/m?). The study population was limited to male
and female adults greater than or equal to 65 years of age. A total of 55,019 admissions were
identified using ICD-9 coding. Temperature, barometric pressure, and day of week confounding
were addressed using conditional logistic regression with linear smoothing splines.

Lag periods of 0, 1, and 2 days were examined as well as a moving average lag of 01 days. Effect
modification by age, sex, and co-diagnosis of atrial fibrillation was also investigated, but the results
were not presented for NO,.

Results

NO, levels were highly correlated with PM,, (r=0.64) and CO (r=0.70). A statistically significant
increase in the percentage of hospital admissions for congestive heart failure was found in single-
pollutant models and two-pollutant models for PM;,, O3, and SO, on lag day O (see Table 21).
There was no statistically significant association in a two-pollutant model with CO. The percentage
increase in admissions per interquartile increase of 11 ppb (21.0 ug/m?) NO, in a single-pollutant
models on lag day 0 was 4.22% (2.61 - 5.85%, 95% ClI).
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Table 21. Percent increase (and 95% confidence interval) in the rate of hospital admission for
congestive heart failure associated with an interquartile-range increase in pollutant levels in single-
pollutant and two-pollutant models, Allegheny County, Pennsylvania, 1987—1999.

Single . Adjusted for Adjusted for Adjusted for Adjusted for
Pollutant Adjusted for PMa co NO, 04 SO,
Pollutant
(IQR)
% 95% % 95% % 95% % 95% % 95% % 95%
increase Cl increase Cl increase Cl increase Cl increase Cl increase Cl
PMo 3.07 1.59-4.57 NA -1.10 |-3.02-0.86 0.52 -1.46-2.53 2.80 1.29-4.33 2.18 0.37-4.02
(24 pg/m?)
CcO
(0.55 ppm) 4.55 3.33-5.79 5.18 3.49-6.89 NA 4.84 3.06-6.66 4.35 3.08-5.64 4.51 3.15-5.90
(12\1(;;b) 4.22 2.61-5.85 4.05 1.83-6.31 -0.37 | -2.59-1.89 NA 3.73 2.10-5.39 3.79 1.93-5.67
(17Op3pb) -1.60 [-3.77-0.61| -1.96 -4.14-0.27 | 0.13 -2.12-2.44 -1.19 -3.38-1.06 NA -1.41 -3.58-0.81
(118(;;b) 2.36 1.05-3.69 1.35 -0.27-2.99 | 0.10 -1.35-1.57 0.68 -0.82-2.21 2.02 0.68-3.37 NA

Models controlling for barometric pressure and apparent temperature.
IQR, interquartile range; PM,,, particulate matter with an aerodynamic diameter of <10 Im; CI, confidence interval; NA, not
applicable.

Critique

This study examined a large number of patients in a single northeastern city in the US. There were
no PM,.; measurements and no information on chronic risk factors, personal exposure levels or
the degree of exposure misclassification that resulted from the use of two monitoring sites. The
probability of exposure misclassification is very high given the known discrepancy between
ambient and personal measures of NO, exposure (Williams et al., 2012b). This fact is reinforced
by a study showing that the indoor contribution to NO, personal exposures can as high as 78% of
the total exposure depending on the type ventilation, cooking stove, and heating system
(Piechocki-Minguy et al., 2006). These same studies also showed that personal exposures during
summer weekends were appreciably lower (17 pg/m?®) than during winter weekends (38 ug/m?).
Despite these sources of error, however, this study is notable because it documented the expected
amelioration of admission rates for congestive heart failure when CO was included in two-pollutant
models with NO,. The results point to the importance of considering CO exposures when
investigating the association of NO, exposures with any type of cardiovascular disease.
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2. Chang, C.C., Tsai, S. S., Ho, S. C., and Yang, C. Y. 2005. Air pollution and hospital
admissions for cardiovascular disease in Taipei, Taiwan. Environmental Research
98:114-1109.

Rating
Low quality (HPOO)

Description

The authors of this study looked at the association of hospital admissions for cardiovascular
disease with the levels of PM;,, SO,, O3, CO, and NO, in Taipei, Taiwan. Single and two-
pollutant modelling was performed using conditional logistic regression and an unstated smoothing
algorithm. The daily mean concentration of NO, was determined to be 31.54 ppb (60.2 ug/m?) from
six fixed monitoring site. A case crossover design was employed in the analysis of 74,509 total
admissions with a mean daily hospital admission rate 40.8 for cardiovascular disease.
Temperature, humidity, and day of week effects were controlled for in a bidirectional time stratified
manner. A cumulative lag of 02 days was applied and effect modification by daily temperatures
greater than or less than 20 °C was examined.

Results

A statistically significant association was found to exist for NO, exposure and hospital admissions
for cardiovascular disease in a single-pollutant model when the temperatures were greater than or
equal to 20 °C, but not when the temperatures were less than 20°C. Similar results were obtained
in two-pollutant models with either PM,,, SO,, CO or O; when the temperatures were greater than
or equal to 20 °C (see Table 17). Two-pollutant modelling at cold temperatures also yielded
statistically significant increase in the odds ratio for all co-pollutants except PM,,. The odds ratio
for cardiovascular disease admissions per interquartile NO, increase of 9.95 ppb (19.0 ug/m?3) in
the two-pollutant models at temperatures 220 °C ranged from 1.145 for CO to 1.279 with SO,. The
odds ratio results for colder temperatures were only modestly lower than the values at
temperatures =20 °C.
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Table 17. ORs (95% CI) of cardiovascular disease admissions for each interquartile range
change in two-pollutant model system.

Adjusted for PMyg Adjusted for SO, Adjusted for NO, Adjusted for CO Adjusted for Og
Condition
OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI OR 95% ClI
PM;,
220 °C — — 1.131* |1.103-1.161| 0.977 [0.950-1.006| 1.025 |0.999-1.052| 1.064* |1.039-1.090
<20 °C — — 1.235* |1.184-1.288| 1.148* [1.103-1.194| 1.165* |1.121-1.212| 1.142* |1.105-1.180
SO,
220 °C 0.897* |0.868-0.926 — — 0.826* |0.798-0.854| 0.903* |0.876-0.931| 0.953* [0.926-0.981
<20 °C 0.824* |0.771-0.880 — — 0.922* |0.865-0.984| 0.960 |0.901-1.022| 1.014 [0.963-1.067
NO,
220 °C 1.194* (1.159-1.230| 1.279* |1.244-1.315 — — 1.145* |1.106-1.186| 1.165* |[1.136-1.194
<20°C 0.986 |0.928-1.048| 1.166* |[1.095-1.241 — — 1.126* |1.046-1.213| 1.125* |[1.066-1.187
Cco
220 °C 1.171* (1.132-1.211| 1.232* |1.194-1.272| 1.048* (1.003-1.095 — — 1.196* |1.161-1.232
<20°C 0.946 |0.892-1.003| 1.098* [1.034-1.165| 0.983 |0.914-1.058 — — 1.092* |1.031-1.157
03
220 °C 1.066* [1.038-1.094| 1.097* |1.070-1.125 1.033* |[1.006-1.060| 1.099* [1.072-1.127 — —
<20°C 0.980 |0.924-1.039| 0.986 [0.929-1.046| 1.038 |0.974-1.106| 1.042 |(0.971-1.117 — —
*P<0.05.

Calculated for an interquartile range increase of PMy, (24.51 mg/m?®), SO, (2.75 ppb), NO, (9.95 ppb), CO (0.49 ppm),
and Os (9.95 ppb). Adjusted for temperature and humidity.

Critique

This investigation is seriously hampered by the inverse relationship that is observed in two-
pollutant models with SO,. The results suggest that a systemic bias or misclassification error may
be impacting the results and affecting the veracity of the observations. The significant associations
with NO, levels in two-pollutant models were also observed on warm and cold days, which is
inconsistent with the known seasonal differences that have been observed in many other studies.
The failure of CO to modify the associations with NO, levels is also at odds with studies by Chan
et al., which also took place in Taipei, Taiwan (Chan et al., 2006). In these studies, NO, was not
related to cardiovascular hospital admissions in single-pollutant models and that CO was no longer
related after adjustment in two or three pollutant models following adjustment with PM,.5 or PMy,
and O;. The reason for these discrepancies may lie with the SAS software used to conduct the
conditional logistic regression. A recent investigation found that when SAS is used in a case
crossover investigation, there can be a 22%-39% bias away from the null if the fitting parameters
aren’t carefully selected (Wang et al., 2011). Given these facts, the results from this study should
not be given tremendous weight.
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3. Chen, R.J,, Chu, C,, Tan, J. G, Cao, J. S., Song, W. M., Xu, X. H., Jiang, C., Ma, W. J.,
Yang, C. X., Chen, B. H., Gui, Y. H., and Kan, H. D. (2010). Ambient air pollution and
hospital admission in Shanghai, China. Journal of Hazardous Materials 181(1-3),
234-240.

Rating
Moderate quality (DD DO)

Description

The methods used in this study were similar to preceding mortality study by Chen et al. (2008). A
time-series investigation was performed for a 3-year period (2005-2007) using hospital admission
records maintained by the Shanghai Health Insurance Systems which covers the health plans for
95% of population. The analysis examined total, cardiovascular, and respiratory hospital
admissions relative to airborne concentrations of PM1o, SO,, and NO2 in Shanghai, China. A total
of 1,702,180 hospital admissions were examined showing an average daily rate of 340 for
cardiovascular disease and 123 for respiratory disease. Exposures were assessed from six fixed
monitoring stations situated at background sites located away from traffic, buildings, factories, and
other combustion sources. The mean daily exposure concentration over the study period was 57
pg/m?3 for NO2. Linear Poisson models were used to analyze the data with day of week, humidity,
and temperature used to control for seasonal effects. Single (LO to L6) and multi-day (LO1 to L06)
lag periods were examined as were possible seasonal effects (warm and cold).

Results

NO: levels were highly correlated with PM1o (r=0.70) and SO, (r=0.76) concentrations. Statistically
significant associations were observed in a single-pollutant model for cardiovascular admissions
atlag days 4, 5, and 6. Total hospital admissions were associated with NO2 exposures on lag day
4 and 5. Respiratory admissions were not associated with NO2 exposures for any lag interval. The
percentage increase remained statistically significant for the cool but not the warm season
following stratification. The associations with total and cardiovascular admissions became
insignificant when a two-pollutant model with SO, was examined for lag day 5 (see Table 22). The
associations remained significant, however, when a two-pollutant model with PM10 was examined,
with a 10 pg/m? increase in NOz resulting in increases of 1.27 (Cl 0.07-1.50) and 0.71 (CI 0.00-
1.41) percent in total and cardiovascular mortality, respectively. The authors noted a J-shaped
concentration response curve that was much more pronounced with the cardiovascular admissions
(see Figure 8) than the total hospital admissions.
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Table 22. Percent increase of hospital admission from all and cardiovascular causes associated

models.

Pollutant Model Total Admission Cardiovascular
Without adjustment 0.18 (-0.15, 0.52 0.23 (-0.03, 0.48)
PMao Adjusted for SO, -0.11 (-0.62, 0.39) -0.04 (-0.43, 0.36)
Adjusted for NO, -0.14 (-0.63, 0.34) 0.04 (-0.33, 0.42)

Without adjustment 0.63 (0.03, 1.23)* 0.65 (0.19, 1.12)*

SO, Adjusted for PM4o 0.79 (0.07, 1.50)* 0.70 (0.05, 1.35)*
Adjusted for NO, 0.24 (-0.65, 1.13) 0.50 (-0.19, 1.20)

Without adjustment 0.99 (0.10, 1.88)* 0.80 (0.10, 1.49)*

NO:2 Adjusted for PM4o 1.27 (0.17, 2.37)* 0.71 (0.00, 1.41)*
Adjusted for SO, 0.74 (-0.59, 2.07) 0.28 (-0.76, 1.32)

28Single-day lag 5 was used.

* p < 0.05.

Total hospital admissions

Cardiovascular hospital admissions

with 10 pug/m3 increase of pollutant concentrations with single and multiple pollutant
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Figure 8. Smoothing plots of NO2 against hospital admission (df=3). X-axis is the pollutant
concentration (ug/m?) (single day lag, L5). The solid lines indicate the estimated mean percentage
of change in daily hospital admission, and the dotted lines represent twice the standard error.

Critique

This study suffers from many of the same problems that plagued the earlier mortality study by the
same group of authors. Notably, this included the severe exposure misclassification that results
from the use background measurements as a surrogate for personal NO2 exposures. This
approach can result in a nearly 2-fold underestimation of the actual exposure due to the large
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spatial differences in exposure concentration between residential locations where traffic dominates
and background locations (Boogaard et al., 2011). In addition, the authors failed to consider the
impact PAHS, UFPs, or PM2s exposures, which are often highly correlated with NO:2
measurements. There are also striking inconsistencies in the data with the earlier mortality
showing no impact of SO, in a two-pollutant model and the later hospital admission study showing
just the opposite. Although, this discrepancy could simply be due to mechanistic differences for
acute and chronic impacts, a more likely explanation is that NO: is simply acting as a proxy for
another unknown substance that is serving as the true causative agent (Brook et al., 2007); a fact
that the authors acknowledged as a possibility when interpreting the implications of their findings.
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Emergency Room Visits

1. Guo, Y.M, Tong, S. L., Li, S. S, Barnett, A. G,, Yu, W. W,, Zhang, Y. S., and Pan, X.
C. 2010. Gaseous air pollution and emergency hospital visits for hypertension in
Beijing, China: a time-stratified case-crossover study. Environmental Health 9:1-7.

Rating
Insufficient (OO0)

Description

This study used a multi-pollutant modelling approach to investigate the relationship between PM,,,
SO,, and NO, concentration and emergency department visits for hypertension in Beijing, China.
The mean daily concentration at eight fixed monitoring locations was 66.6 ug/m3. Cases and
controls were matched by day of week. A total of 1,491 cases were examined using a time stratified
case-crossover design that controlled for temperature and relative humidity using polynomial
smoothing. A polynomial distributed lag model was in place for 0, 1, 2, 3, 4, and 5 days.

Results

A moderate statistically significant association was observed between NO, and emergency
department visits for hypertension in single-pollutant models on lag days 0, 2, and 3 (see Figure
10). A significant increase in the odds ratio was seen for lag days 2, 3, and 4 in a two-pollutant
model with SO, and on day 3 for a two-pollutant model with PMy,. Multi-pollutant model with SO,
and PM,, was also statistically significant on lag days 3 and 4. The greatest increase was generally
observed on lag day 3 where the odds ratio was as high as 1.114. NO, levels were highly
correlated with SO, (r=0.65) and PM;, (r=0.64).
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Figure 10. The association between a 10 ug/m? increase in NO, and daily emergency hospital
visits for hypertension at lag days 0 to 5 in single-pollutant and multiple pollutants models (time-
stratified case-crossover controlling temperature and relative humidity).

Critique

This study examined a small number of cases over a limited duration which severely limited its
statistical power. Indoor and personal exposures were not evaluated and there was no
stratification by age or sex. More importantly, however, the results are not consistent with those
from other studies which have failed to show a consistent relationship between NO, exposure and
blood pressure (Choi et al., 2007, Santos et al., 2005). In fact some studies, though cross-sectional
in nature, have found an inverse relationship between NO, and blood pressure (Sorensen et al.,
2012). Confounding from ambient noise is a likely reason for the discrepancies, since new research
has shown that railway noise is associated with an increase in systolic and diastolic blood pressure
even after adjustment for NO, exposures (Dratva et al., 2012).
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2. Leitte, A. M., Schlink, U., Herbarth, O., Wiedensohler, A., Pan, X. C., Hu, M., Richter,
M., Wehner, B., Tuch, T., Wu, Z. J., Yang, M. J,, Liu, L. Q., Breitner, S., Cyrys, J.,
Peters, A., Wichmann, H. E., and Franck, U. 2011. Size-segregated particle number
concentrations and respiratory emergency room visits in Beijing, China.
Environmental Health Perspectives 119:508-513.

Rating
Low quality (D OO)

Description

This study centered on the relationship between emergency department visits for respiratory
symptoms (acute infections, pneumonia, bronchitis, URT diseases, and chronic URT diseases)
and ambient levels of PM,,, particle number concentration (PNC), particle surface concentration
(PSC), SO,, and NO, using single and two-pollutant models. A mean daily concentration of 63
Mg/m® NO, was measured at 8 fixed monitoring sites in Beijing, China. The time analysis
considered potential confounding from temperature, relative humidity, air pressure, holidays,
calendar time, and day of week. A total of 15,981 cases were identified using ICD-10 criteria. A
general additivity model (GAM) with Poisson regression was applied using an unstated type of
smoothing spline. Distributed lag models for 0, 1, 2, 3, 4, and 5 days were examined along with
single day lag models (0 through 7 days) and cumulative lag models with a moving average of 05
days. A sensitivity analysis was performed to ensure that the appropriate degree of smoothness
(i.e. degrees of freedom) was applied to the time varying meteorological parameters.

Results

A weak, but statistically significant association was observed for emergency room visits in a two-
pollutant model with PM;, on lag days 3, 4, and 5 but not lag days 0, 1, and 2 (see Table 23).
Single-pollutant modelling revealed a statistically significant association on lag day 3 using a
cumulative effects model (6-day moving average). No significant associations were observed on
lag days 0, 1, 2, 3, or 4 with cumulative lag model or on any lag day when using a single lag model
or a polynomial distributed lag model. The relative risk per 40 ug/m?change of NO, in two-pollutant
model with PMy, increased slightly after the adjustment, moving from 1.06 (1.00 - 1.12, 95% CI) to
1.073 (1.01 - 1.15, 95% CI) using a 5-day moving average lag period. Two-pollutant modelling of
PNC and PSC while controlling for NO, generally yielded non-significant associations
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Table 23. Overview of risk ratios (95% Cls) between respiratory ERV and an IQR increment of

air pollutant while controlling for NO, or PMy,.

Pollutant TdeeaSSay IQR Gl colgg;nlling e cont:’:c’/)z/lliilr?g for
10

NO, 3 40 — 1.07 (1.01-1.13)*

4 40 — 1.07 (1.01-1.14)*

5 40 — 1.08 (1.01-1.15)*

PNC50-100 2 3,600 1.06 (0.99-1.14) 1.07 (1.00-1.15)*
3 3,600 1.06 (0.98-1.16) 1.08 (1.00-1.17)*

PNC100-300 2 4,400 1.08 (1.00-1.17) 1.10 (1.02-1.19)*
3 4,400 1.06 (0.97-1.16) 1.11 (1.02-1.21)*

PSC50-100 2 60 1.06 (0.99-1.14) 1.07 (1.01-1.15)*
3 60 1.07 (0.98-1.16) 1.09 (1.01-1.17)*

PSC100-300 2 440 1.07 (0.99-1.16) 1.10 (1.02-1.19)*
3 440 1.05 (0.95-1.15) 1.10 (1.01-1.20)*

Units for IQR: NO, (ug/m?®); PNCx (1/cm?3); PSCx (um?2/cm?®).
*p < 0.05 (p-values for the null hypothesis that the corresponding parameter is zero).

Critique

There was no two-pollutant modelling with PNC or PSC despite the fact that the correlation
coefficients were generally greater than 0.50. Although the conduct of this study this was generally
quite good with a reasonable number of cases examined, there were some unusual
inconsistencies that cause some concern. First, there is a high probability that the GAM model
was used with non-parametric smoothers that are known to affect the convergence and cause an
overestimation of the relative risk. It has been shown that the use of non-GAM models or GAM
models with parametric smoothers leads to more robust analysis using times series data (Stieb et
al., 2003). There was an unusually low correlation coefficient with UFP (r=0.06) that is difficult to
rationalize in view of the high coefficients observed with PNC over discrete size ranges. Since
these measurements occurred at only a single monitoring site the potential for exposure
misclassification is very great. This calls into question the two-pollutant modelling results for PNC
and PSC. Secondly, the failure to observe any significant associations in single-pollutant NO,
models that utilized a polynomial distributed lag model is inconsistent with other studies that have
shown higher risk ratios for respiratory emergency department visits with distributed rather
cumulative lag models (Peel et al., 2005). Finally, when study showed very weakly significant
associations following adjustment with PM;, that suggest that PM,.; or CO could be more
important co-variants.
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3. Stieb, D. M., Szyszkowicz, M., Rowe, B. H., and Leech, J. A. 2009. Air pollution and
emergency department visits for cardiac and respiratory conditions: a multi-city
time-series analysis. Environmental Health 8:1-13.

Rating
Moderate quality (©DDO)

Description

This time series investigation took place in seven Canadian cities: Montreal, Ottawa, Edmonton,
Saint John, Halifax, Toronto, and Vancouver. The association of emergency department visits for
cardiac (angina, myocardial infarction, heart failure, and dysrhythmia) and respiratory (asthma,
COPD, and respiratory infections) conditions with PM,,, PM,.s, SO,, O3, CO, and NO, was
examined. The 1-hr concentrations of NO, from 1 to 14 fixed monitoring sites were either averaged
to obtain either a daily or a 3-hr value. The average daily NO, concentrations ranged from 9.3 ppb
(17.8 pg/m3) in Saint John to 22.7 ppb (43.4 ug/m?3) in Toronto. A total of 140.657 cardiac cases
were identified along with 249,199 respiratory cases using ICD-9 or ICD-10 criteria. A general
linear model was used together with Poisson regression and natural smoothing splines to adjust
for the effects of holidays, daily temperature, relative humidity, and day of week. Two types of lag
structures were employed: within day and between day. The within day examined eight day 3-hr
averages (e.g. 12 AM-3 AM). The risk estimates were presented as a pooled data set for the entire
year and during the warm and cold seasons.

Results

NO, was highly correlated with PM;, and CO in most cities with coefficients ranging from 0.59 to
0.83. A slight statistically significant association was observed for NO, exposures and
angina/infarction and heart failure in a single-pollutant model using a lag period of either 0 or 1 day
with the pooled data set (see Table 25). Individual city results for heart failure and
angina/myocardial infarction are depicted in Figures 13 and 14. The associations with
angina/myocardial infarction were approximately 50% higher in the warm season than the whole
year. No associations were observed between NO, and any cardiac or respiratory condition for
the winter season. These relationships were paralleled by a similar set of findings with CO. No
statistically significant associations were seen for any respiratory conditions. In fact statistically
significant negative associations were observed for COPD on lag days 1 and 2. There was no
statistically significant association with angina/myocardial infarction when two-pollutant modelling
was conducted with CO. The pooled percent increase in angina/infarction decreased from 2.7
(0.2-3.3, 95% CI) in single-pollutant model to 1.18% (-2.64-5.15, 95% CIl) in the two-pollutant
model. There was no evidence of a consistent associations between any pollutant and cardiac or
respiratory visits on sub-daily time scales.

Table 25. Percent increase in cardiac or respiratory ER visits (95% confidence interval) for a
18.4 ppb (35.1 yg/m?3) change in NO, concentration for three lag periods.

Lag Angiﬂ‘aflgh:lé/tci)g:rdial Heart Failure | Dysrhythmia Asthma COPD Rﬁiggﬁgzry
0 2.6 4.7 -1.3 -0.4 0.1 -0.9
(0.2,5.0) (1.2,84) (-4.1,1.5) (-4.4,3.9) (-5.6, 6.2) (-2.9,1.1)
1 2.7 2.8 -0.9 -1.2 -3.4 0.7
(0.2, 5.3) (-1.3,7.1) (-3.8,2.1) (-4.6, 2.3) (-6.6, -0.1) (-3.7,5.3)
2 0.7 1.9 0.3 0.0 -4.8 0.6
(-1.6, 3.1) (-3.1,7.1) (-2.6, 3.3) (-2.4,2.5) (-11.5, 2.5) (-1.4,2.6)
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Figure 13. Percent increase in emergency department visits for angina/myocardial infarction by
center. Point estimates and 95% confidence intervals are shown for NO,.

B5
H5A
45 4
3351 - Excluding
25 4 Al Edmonton

¢
15 1
T

5 A
54
15 4 3
25 1 -
a5 -
Edmonton Halifax Montreal Crtawa Sz;]"r} Taronto Yancouver Fooled

Hil-
L
— g

Percentincraase per 184 pph NO2

Figure 14. Percent increase in emergency department visits for heart failure by center. Point
estimates and 95% confidence intervals are shown for NO,.

Critique

This investigation was also well conducted and included a very large number of cases. Although
the observed associations with ER visits for angina/myocardial infarction were shown to be
confounded by CO exposures, two-pollutant modelling was not performed with the remaining
pollutants: PM1o, PM;.5, SO, and O3. Given the reliance on only a single monitoring site in some
cities there was a high likelihood of exposure misclassification because of the wide within-in city
spatial variability that is known to exist for NO, (Cyrys et al., 2012, Eeftens et al., 2012). Although
this type of exposure measurement error is frequently ignored when interpreting the results from
time series studies, it is important that the impact be considered in careful and meaningful way
(Jurek et al., 2006). The results from large scale studies such as one described here await the
development of improved hybrid models that will substantially reduce within Berkson-type error
that arises when the results from a single monitoring station are used to represent an entire
population (Baxter et al., 2013). Despite these problems, however, the results from the current
study are considered to be highly relevant since they demonstrate surrogate effects that can occur
with NO, and the importance on controlling for CO confounding.
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Asthma

1. Jalaludin, B., Khalaj, B., Sheppeard, V., and Morgan, G. 2008. Air pollution and ED
visits for asthma in Australian children: a case-crossover analysis. International
Archives of Occupational and Environmental Health 81:967-974.

Rating
Insufficient (BOO0)

Description

This case-crossover analysis occurred over a 5 year period and examined emergency department
visits for asthma in children 1-14 years of age as a function of airborne PM;,, PM,.5, SO,, O3, CO,
and NO, levels. Average 1-hr measurements of NO, from 14 fixed monitoring sites in Sydney,
Australia yielded a value of 23.2 ppb (44.3 ug/m?). The number of cases was limited to 1826 visits
when classified according to ICD 9 criteria. Temperature, relative humidity, and holiday effects
were handled using conditional logistic regression and time stratification. Lag periods of 0, 1, 2,
and 3 days were applied as well as a cumulative lag of 01 days. Single and two-pollutant models
were applied and the results were stratified by age group. Seasonal effect modification was
examined for the warm (Nov-Apr) and cool (May-Oct) periods.

Results

Statistically significant association with ED visits for asthma in single-pollutant models for age
group 1-14 years on lag day 0, 1, 3 and 01. The percentage increases also observed in children
1-4 years of age on lag 0, 1, and 01 days, but no significant increases were observed in those 5-9
or 10-14 years of age. The percentage increase in ED visits for asthma in children of different age
groups was reported per interquartile range of 9.3 ppb (17.8 ug/m?) in single and two-pollutant
models. Two-pollutant modelling was confined to the lag periods showing the strongest
associations (lag day 0 for NO,). Statistically significant changes were also observed in two-
pollutant models that used all 5 co-pollutants with the age groups of 1-4 years and 1-14 years, but
not the remaining two age groups. The strength of the associations was considerably reduced,
however with values in the 1-14 year group declining from 2.3 % (1.4 - 3.2, 95% ClI) in the single-
pollutant model to 1.3 to 1.9 in the two-pollutant modelling (see Table 29). The two-pollutant
modelling did not apply the same lag period for each pollutant, but instead utilized the lag period
showing the strongest association. A statistically significant association was seen in single-
pollutant models for warm but not cold months in age group 1-4 years and 1-14 years, but not in
the remaining age groups.
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Table 29. Percentage change in emergency department visits for asthma for interquartile
increase in air pollutants, two-pollutant models, 1997-2001, Sydney, Australia.

1-4 years PMyo LO PM,.5 LO Os1-h L1 NO, 1-h LO CcoLo SO, L0
PMy, LO 1.4 (0.7, 2.1) - 0.6(j0.3,1.5) | 0.7(;0.1,1.5) | 0.9(0.1,1.7) | 1.1(0.3,1.9)
PM,. LO - 13(0.7.2.0) | 07(0.1.1.4) | 08(0.1.1.5) | 1.0(03.1.7) | 1.1(0.5.1.8)

O L1 1.8(1.0.2.6) | 1.7(0.9.25) | 2.0(13.27) | 16(0.9.24) | 1.9(1.2.26) | 1.9(1.2 2.6)
NO, LO 25(12,38) | 23(1.0,36) | 21(0.9,34) | 3.0(1.8.42) | 24(1.1,37) | 26(1.4,3.9)
coLo 14(04.25) | 1.3(0.3.2.3) | 1.7(0.8.2.6) | 1.1(0.03.2.1) | 1.9(1.0.2.9) | 1.6(0.7.2.6)
S0, L0 1.3(0.2,25) | 1.3(0.2,2.4) | 1.3(0.2,24) | 1.0(-0.1,22) | 1.4(0.3,25) | 1.8(0.8,2.9)
5-9 years PMyo LO PM,.5 LO 0; 1-h LO NO, 1-h LO CoLo SO, L0
PMy, LO 1.6 (0.5,2.7) - 1.1(-0.1,23) | 1.6(0.4,28) | 09(-0.3,21) | 1.3(0.2 2.5)
PM,.« LO - 15(06.24) | 12(02.21) | 1.6(0.6.2.6) | 1.0(0.01.2.0) | 1.3(0.4.2.3)
0, L0 1.4(0.1,2.8) |1.3(-0.03,2.7)| 1.9(0.7,3.2) | 1.9(06,32) | 2.0(0.8,3.3) | 1.7(04,3.0)
NO,LO |0.01(-1.9.2.0)[i02(-22.1.8)| 03(-15.22) | 1.1(-0.7.2.9) | -05(-2.5.1.5) | 0.4(-1.5,2.4)
colon 23(0.7.39) 21(05 37 29(14 44 3.0(1.3 46) 28(13 43) 250110 41
SO, L0 1.3(-0.4,3.1) [ 1.3(-05,3.0) | 1.4(-0.3,3.1) | 1.8(0.04,3.6) | 1.3(-0.53.0) | 1.9(0.3, 3.6)

10-14 years PMyo L3 PM,.5 LO 0;1-h L3 NO, 1-h L2 colL2 SO, L3
PM;, L3 | 1.3(j0.2, 2.8) - 1.0 (j0.6,2.7) | 1.1(j0.5,2.7) | 0.7(j0.8,2.3) | 1.9(0.3,3.6)
PM,.c LO - 1.2(0.01,25) | 1.1(i0.1,23) | 1.1(i0.1,24) | 0.9(i0.3,2.2) | 1.2(0.02, 2.5)

013 0.6 (i0.9,2.1) | 0.9(i0.5.2.2) | 1.0(i0.3.2.3) | 0.8(i0.6.22) | 0.8(i0.5.2.2) | 1.4(-0.1,2.9)
NO,L2 | 0.8(i1.1.2.8) | 1.0(10.8,2.9) | 0.9(i1.1,2.8) | 1.2(;0.6,3.1) | i0.9(i3.1,1.3) | 1.6(-0.3,3.5)
cOl?2 2811 46) 28011 46) 3013 47 35(14 57) 30(13 48) 3215 50
SO,L3 | -1.7(-37,04) |04 (2.3, 1.4)| -1.4(-34,07) | -1.0(-3.0,0.9) | -1.2(j3.0,0.7) | -0.6 (-2.4, 1.3)

1-14 years PMyo LO PM,.5 LO Os1-h L1 NO, 1-h LO CcoLo SO, L0
PM,, LO 1.4 (0.8, 2.0) - 0.9(0.3,15) | 1.0(04,16) | 09(0.3,15) | 1.2(0.6,1.8)
PM,.< LO - 14(09.18) | 1.0(05.15) | 1.1(0.6.1.6) | 09(0.4.15) | 12(0.7.1.7)

O L1 1.1(05,1.7) | 1.0(0.4,1.6) | 1.5(0.9,2.0) | 1.2(06,1.7) | 1.4(0.8,1.9) | 1.3(0.8,1.9)
NO, LO 1.6(0.6.2.6) | 1.4(0.4,24) | 16(0.6.2.6) | 23(14,32) | 13(0.3,23) | 1.9(0.9,2.9)
coLo 1.8(1.0.2.6) | 1.6(0.8.2.4) | 2.1(1.3.2.8) | 1.8(1.0.26) | 22(15.3.0) | 2.0(1.3.2.8)
S0, L0 1.0(0.2,1.9) | 1.0(0.1,1.8) | 1.2(0.3,2.0) | 1.0(0.1,1.9) | 1.0(02,1.9) | 1.6(0.7,2.4)

Odds ratios in bold are for single pollutant models
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Critique

The study examined a very small number of cases and likely lacked enough statistical power to
reliable establish the relationship between asthma ED visits and NO, exposure. Studies using a
much large sample size from an Atlanta hospital and a longer sampling duration failed to observe
an increase in asthma admissions for children 5-17 years of age using two-pollutant models with
O; (Strickland et al., 2010). Likewise similar findings were obtained in an asthma study from
Greece where the association with asthma ED visits using a single pollutant model with NO,, were
not evident in a two-pollutant with O3, PM4,, or SO, in children 0-14 years of age (Samoli et al.,
2011). These inconsistencies in two-pollutant modelling results suggest that the current study
suffered from some methodological deficiencies that impacted the results. There was also a high
probability of lag selection bias in the two-pollutant modelling that was by the preferential use of
lag periods showing the strongest impact with each pollutant (Andersen et al., 2008). Together
these factors considerably weaken the value of this study.
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2. Samoli, E., Nastos, P. T., Paliatsos, A. G., Katsouyanni, K., and Priftis, K. N. 2011.
Acute effects of air pollution on pediatric asthma exacerbation: Evidence of
association and effect modification. Environmental Research 111:418-424.

Rating
Low quality (D OO)

Description

The preceding study looked at emergency pediatric hospital admissions for asthma in relation to
PM,, O3, SO,, and NO, levels in Athens, Greece. Daily 1-hr maximum concentrations of NO,
were measured at 14 fixed monitoring locations and yielded an average value of 84.8 ug/m3. The
study included 3601 admissions identified by ICD-9 criteria that were restricted to males and
females aged 0-14 years. Air temperature, relative humidity, day of week, holidays, and influenza
outbreaks were adjusted for using Poisson regression with unstated model and cubic splines for
smoothing. The lag periods were limited to 0, 1, and 2 days. Effect modification by age and sex
was examined.

Results

A statistically significant increase in asthma admissions was observed for boys, but not girls, aged
0-14 years in a single-pollutant model with NO, (see Table 30). No statistically significant
associations for all children in the 0-4 years age group or the 5-14 years group. The associations
were also not significant asthma admissions and mean daily 1-hr maximum measurements during
the winter, spring, summer, or fall per 10 pg/m?® increase or interquartile increase of 37.3 pg/m?in
a single-pollutant model that considered a lag period of 0, 1, or 2 days. Two-pollutant models of
NO, and PM,,, SO,, or O3 did not reveal any significant associations per 10 pg/m?® increase in 1-
hr maximum value for same day lag period (see Table 31).
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Table 30. Percent increase (and 95% Cl) in daily asthma admissions stratified by sex and age
group in Athens, Greece over the period 2001-2004, for10 mg/m?3 increase in the
levels of the corresponding pollutant on the same day (lag 0).

Pollutant All ages All ages All All
(males) (females) (04 years) (5-14 years)
PM 3.9 -0.05 1.87 3.14
10 (0.98 -6.91) (-3.74-3.79) ( -0.92-4.74) (-0.75-7.18)
so 8.97 1.09 5.71 6.49
2 (2.67 - 15.65) (-5.93-8.63) (0.10-11.64) (-2.16-15.91)
NO 2.29 -0.91 1.55 0.30
2 (0.13 - 4.50) (-3.46-1.71) (-0.46 - 3.60) (-2.60-3.29)
0 -1.13 -6.62 -2.37 -5.93
3 (-5.41-3.33) (-11.47 - -1.51) (- 6.33-1.77) (-11.23--0.31)
O, 10.32 8.25 5.35 21.25
Summer (-2.85-25.27) (-7.41-26.56) (-5.97-18.03) (2.32-43.68)

Table 31. Percent increase (and 95% Cl) in daily asthma admissions for ages 0-14 years in
Athens, Greece over the period 2001-2004 for 10 mg/m? increase in the levels of the
corresponding pollutant on the same day (lag 0), as estimated from two-pollutant

models
Pollutant Annual + PMyo +S0, +NO, +03
PM 2.54 1.72 2.28 2.28
10 (0.06 - 5.08) (-0.92-4.44) (- 0.36 - 4.99) (-0.21-4.84)
SO 5.98 4.76 7.60 5.97
2 (0.88 - 11.33) (- 0.57 - 10.38) (0.41 - 15.30) (0.87 - 11.32)
NO 1.10 0.54 -0.78 1.30
2 (-0.68, 2.91) (-1.33-2.45) (-3.22-1.73) (-0.49-3.13)
o -3.07 -2.66 -3.21 -3.37
3 (-6.55-0.53) (-6.16-0.98) (-6.67-0.37) (-6.86-0.24)
0, 9.30 8.35 7.94 6.35
summer (-1.07-20.76) | (-2.08-19.90) | (-3.19-20.34) | (- 4.89-18.93)
Critique

Given the relatively small number of admissions, the statistical power with this study is limited. The
number of lag periods selected for use was also truncated and restricted to single lag periods. This
is not a likely source of concern, however, since most examination of asthma hospitalizations and
single-pollutant NO, exposures have shown that lag days 0 and 1 yield the strongest associations
(Jalaludin et al., 2008, Pereira et al., 2010, Yamazaki et al., 2009). The study also benefitted from
the adequate treatment of effect modification by age and sex. The authors correctly noted that
NO, was likely a proxy indicator for other traffic-related pollutants. The study would have benefited
greatly from the inclusion of PM,.; and CO in the analysis.
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3. Ko,F.W.S,, Tam, W., Wong, T. W, Lai, C. K. W., Wong, G. W. K., Leung, T. F., Ng,
S. S. S, and Hui, D. S. C. 2007. Effects of air pollution on asthma hospitalization
rates in different age groups in Hong Kong. Clinical and Experimental Allergy
37:1312-13109.

Rating
Moderate quality (DD DO)

Description

This retrospective time series study focused on hospitalizations for asthma in relation to PM,.;5, O3,
SO,, and NO, in Hong Kong, China. The authors accumulated hourly NO, data from 14 fixed
monitoring and computed daily averages, which resulted in values of 53.2 pg/m? for the entire year,
61.7 pg/m? for the cold season (< 20 °C), and 50.0 pug/m? for the warm season (= 20 °C). A total
of 69,716 admissions were documented and coded using ICD-9 criteria. Male and females of all
ages were included in the analysis. Confounding from temperature, humidity, day of week, and
holidays was handled using a generalized additivity model with Poisson regression and an
unstated type of smoothing spline. Multiple lag structures were evaluated including single day lags
of 0, 1, 2, 3, 4, and 5 days and cumulative lags 01, 02, 03, 04, and 05 days. Effect modification
from season and age were also examined along with the impact of co-varying pollutants in two-
and three-pollutant models were applied to those pollutants showing a correlation coefficient
greater than 0.7.

Results

A statistically significant association was found for asthma hospitalization and NO, exposure in all
three age groups using a single-pollutant model and a cumulative 5 day (days 04) lag period (see
Table 27). A statistically significant association was also noted for the entire population at all lag
times. A significant association occurred in a three pollutant model with O; and SO, but not with a
two-pollutant model with O3 (see Table 28). The greatest relative risk per 10 ug/m? increase in
NO, was 1.039 (1.028 - 1.051, 95% ClI) for those 0-14 years of age using a single-pollutant model
and 5-day cumulative lag period.

Table 27. Relative risk and 95% confidence intervals for pollutants per 10 mg/m? increase in
concentration for hospitalization due to acute exacerbation of asthma in different age

groups
Best lag 0-14 Best lag >14-65 Best lag
el period yrs period yrs period e
NO Lag 1.039 Lag 1.018 Lag 1.023
2 04 (1.028-1.051) 0-4 (1.007-1.029) 04 (1.014-1.033)
0, (8h) Lag 1.039 Lag 1.041 Lag 1.023
3 0-5 (1.030-1.048) 0-5 (1.032-1.050) 04 (1.015-1.030)
PM Lag 1.023 Lag 1.014 Lag 1.015
10 0-5 (1.015-1.031) 0-5 (1.006-1.022) 04 (1.009-1.022)
PM Lag 1.024 Lag 1.018 Lag 1.021
z5 04 (1.013-1.034) 0-5 (1.008-1.029) 04 (1.012-1.030)
Lag 1.018
SO, NS 0-3 (1.001-1.035) NS

Best lag day was chosen by the air pollutant concentration that yielded the highest x2 score.
NS, no significant association between asthma admissions and every 10 mg/m?® increase in the concentration of
the pollutant.
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Table 28. Relative risk and 95% confidence intervals for the pollutants per 10 mg/m3increase in
the concentration for hospitalizations due to asthma in two and three pollutant models
that adjusted for PM,.5 and PMy,.

NO, O3 (8 h) SO,
oL El (lag 0-4) (lag 0-5) (lag 0)
1.014 1.029 0.988
Three pollutant model (1.003-1.025)* (1.029-1.036)* (0.975-1.001)
1.006 1.031
Two pollutant model (0.998-1.015) (1.025-1.038)*

*P < 0.05.

Critique

This study indicates that O3 levels show a stronger relationship with asthma admissions than NO,.
Other studies suggest, however, that NO, interacts strongly with weather variables such as wind
speed and airborne dust concentration may be important effect modifiers that need to be
considered (Grineski et al., 2011). In addition, evidence points to import influences of pollen levels,
the use of rescue medications, and socioeconomic status as important effect modifiers that may
affect the magnitude of the association between NO, levels and asthma hospitalization (DellaValle
et al., 2012, Grineski et al., 2010). Finally, there is abundant evidence from other studies that
adjustment for other pollutions using two-pollutant models decreases the association between NO,
levels and asthma hospitalization, rendering the relationship insignificant (Iskander et al., 2012,
Samoli et al., 2011, Ueda et al., 2010). It is important to note, however, that this study did not
consider influenza, pneumonia, or alloallergens levels as possible confounders. Another reason
behind the inconsistent observations from this study and the findings of others may be due to the
relatively high ambient air concentrations of NO, that were observed.
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Birth Outcomes

1. Bell, M. L., Ebisu, K., and Belanger, K. Ambient air pollution and low birth weight in
Connecticut and Massachusetts. Environmental Health Perspectives 115(7), 1118-
1124. 2007.

Rating
Insufficient (BOO0)

Description

This retrospective cohort study examined low birth weight (LBW) over a 4-year period (1999-2002)
maintained by National Center for Health Statistics. A total of 358,504 live births in the states of
Massachusetts and Connecticut were identified in 15 counties and paired with information on birth
location by county, prenatal care, age, race, marital status , education, alcohol and tobacco use
during pregnancy, birth order, gestational age, infant birth weight, and infant sex. Exposures to
NO2, PM1o, PM25, SO,, and CO were measured at the county level using monitoring data from one
or more fixed monitoring sites. Births were excluded if monitoring information was not available for
= 75 % of weeks for the individual trimesters. The average daily exposure to NO2 during the
gestational period was 17.4 ppb (33.2 ug/m?3). Logistic models were used to compare infants with
normal and low (< 2500 g) birth weight following adjustment for marital status, tobacco and alcohol
use during pregnancy, education, age, and race. A select group of covariates that included
temperature by trimester, type of delivery, child’s sex, use of prenatal care, birth order, gestational
length, and year of birth were investigated for inclusion in the model. An interaction model was
used to investigate the influence of race on the observed associations.

Results

LBW comprised 4.0% of the births examined, with somewhat smaller percentages in males than
females. NO:2 concentrations were moderately correlated with PM25s (r=0.64) and PM+o (r=0.55)
levels. LBW was significantly associated with female sex short gestational period, maternal
tobacco use, low maternal education, prenatal care late in pregnancy, first in birth order, unmarried
marital status, and young or old maternal age. Alcohol use was not significantly associated with
LBW. Following adjustment for these covariates, an odds ratio of 1.027 (Cl 1.002-1.051) was
observed for an IQR of 4.8 ppb (9.2 ug/m3) in a single-pollutant model (see Table 37). Adjustment
for CO and SO, in a two-pollutant model did not substantially alter the association of NO2 exposure
with declines in absolute birth weight with the values remaining near 7-10 g (see Figure 23). The
strongest associations with NO2 exposures were observed for the 15t trimester of pregnancy. Race
was not found to be an important effect modifier with no statistical difference in the regression
coefficients for infants from black or white mothers.
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Table 37. Change in birth weight per IQR increase in pollution for the gestational period (95%
confidence interval).

Pollutant Difference in birth weight Odds ratio for low birth weight
(@) (2,500 g)
NO, -8.9 (-10.8 to —7.0)* 1.027 (1.002 to 1.051)**
CcoO -16.2 (-19.7 to —12.6)* 1.028 (0.983 to 1.074)
SO, —0.9 (4.4 t0 2.6) 1.003 (0.961 to 1.046)
PMyo -8.2 (-11.1 to -5.3)* 1.027 (0.991 to 1.064)
PM, 5 -14.7 (-17.1t0-12.3)* 1.054 (1.022 to 1.087)**

*p < 0.001; **p < 0.05.
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Figure 23. Change in birth weight per IQR increase in gestational exposure to pollutant, for single
and two-pollutant linear models. The point reflects the central estimate; the vertical line represents
the 95% confidence interval.

Critique

Use of ambient fixed monitoring measurements as a surrogate for personal exposures NO:2
exposures has been shown to bias the associative relationships by failing to adequately account
for spatial variability. Although hierarchical methods are available to correct for the spatial
misalignment and misclassification error caused by the use measurements from fixed sites, these
were not applied. Research has shown that the failure to correct for this error in multi-pollutant
models can bias results towards or away from the null, depending on the degree of measurement
error for each pollutant (Zeger et al., 2000, Zeka and Schwartz, 2004). Another serious problem
with this study is the long distances that may separate the monitoring location from the individual’'s
residence. Studies have shown that this is an important consideration for NO2 that may introduce
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considerable error when the distances are great (Monn, 2001, Stroh et al., 2012) . Since some of
the counties in this were located in rural environments that occupied many square miles of area,
the failure to include some proximity weighting into the exposure assessment introduced some
severe bias in the estimates. It was also noted that the multi-pollutant modelling conducted in this
study was not performed correctly, focusing on the co-pollutants with low rather high correlation
coefficients. The measures with the highest correlations with NOz2 levels, PM1o and PM2.5, were
not examined in a two-pollutant model using Poisson log linear model (Kim et al., 2007). Finally,
the failure to show that race was an effect modifier suggests that this study was underpowered,
since racial disparity is hallmark finding in many studies on low birth weight (Collins and David,
2009).
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Rating
Low quality (D OO)

Description

This time series investigation focused on hospital admissions for cardiovascular or heart disease
in 14 Spanish cities. Associations with PM,, TSP, BS, SO,, O3, CO, and NO, were measured at
an unstated number of fixed monitoring sites in each city. Daily mean concentrations of NO,
ranged from 23.1 yg/m? in Castellon to 76.2 ug/m? in Valencia. Procedures were used to ensure
the completeness of the measurement data set, the imputation of missing values, and the
representativeness of the urban monitoring sites. Admission rates for cardiovascular disease
ranged from 4.4 per day ranged in Oviedo to 35.7 in Barcelona; whereas the rates for heart disease
ranged from 2.2 in Pamplona to 20.7 in Barcelona. Non-parametric LOESS smoothing splines
were used with a generalized additivity model and Poisson regression to adjust for temperature,
barometric pressure, humidity, influenza, and day of week effects. Lag periods of 0, 1, 2, and 3
days were applied along with average lags of 01 and 23 days. Only the pooled effects were
described using a fixed effect meta-analyses that considered the degree of heterogeneity in the
NO, results. The results were presented for both single and two-pollutant models.

Results

A statistically significant association was seen with hospital admissions for cardiovascular and
heart disease in a single-pollutant model at an average lag of 01 days. Two-pollutant models
considered the combined admissions for both disease types and found weakly significant
associations using CO and Os, but not with “particulates” or SO, (see Figure 21). The strength of
the associations in two-pollutant models was considerably weakened for all co-pollutants except
Os. The definition of "particulates" for the two-pollutant modelling with NO, was not specified and
may have constituted PM,,, TSP, or BS. The pooled relative risk for combined cardiovascular and
cardiac disease per 10 pg/m?® increase in the single-pollutant model at a lag of lag 01was
approximately 0.38 for cardiovascular disease and 0.86 for heart disease.
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Figure 21. Combined estimates of the association between hospital admissions for heart diseases
and air pollutants. The effects are expressed as relative risk (and 95% confidence interval) of
hospital admissions for a 10 mg/m3 (1 mg for CO) increase in air pollutant level using two-pollutant
models.
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Critique

The analysis revealed that the association observed for NO; in a single-pollutant model was not
robust to the two-pollutant inclusion of either particulates (PM,, TSP, or BS) or SO,, but remained
somewhat robust to CO and O; when both types of cardiovascular disease were combined. These
associations were observed using a fixed effect model that was justified on the basis of
heterogeneity tests that were acknowledged to have weak statistical power especially when the
sample sizes are small (loannidis et al., 2007). The observed weak association may have been
an artifact that arose from the use of a fixed-effect rather than random-effect model for the multi-
city analysis. Given the large number of cities examined and the failure to describe the number of
monitoring sites in each city, the lack of heterogeneity is very surprising and at odds with the results
from other studies. At a minimum both random- and fixed-effects models should have been applied
to improve overall confidence in the findings.
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