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increased

severity of
effect

admissions
emergency room vis
physician office visits
reduced physical performance
medication use
respiratory symptoms
Impaired lung function
subdlinical (subtie) effects
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VOC + Nox + Heat + Sunlight = Ozone

What is Smog?

Smog consists primarily of ozone and particulate matter
(PM} in-ambient air, Ozone is a gas formed in sunlight and
warm, stagnant air, from the precursor gases of nitrogen
oxides (NO,) and volatile organic compounds (VOC).

VOC + NOy + Heat + Sunlight = Ozone

PM is tiny solids or liquid droplets released either directly into
the air from a variety of sources such as cars, trucks, factories,
construction sites, agriculture, unpaved roads, stone crushing,
and burning of wood, or formed in the air from the chemical
change of gases. PM is indirectly formed when gases from
burning fuels react with sunlight and water vapour. These
gases can result from fuel combustion in motor vehicles, at
power plants, and in other industrial processes.
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/ Generalized Chemical Composition of Ambient PM
/ PMm / Mg \ \ |
, ’i sulphate precursor gases

[ iron
I calcium n:” 215 sulphur dioxide
" silicon ”‘ o r ——————eanitior e dioxide
| sadium I‘-‘ ead /J ." volatile organic compounds
\ chlorine \ EECiteG G ammonia
\ organic carbon (RN
\ aluminum 9 / /
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Emissions Profile — Selected Transportation and Stationary Sources
Percentage of National Totals in 1995

Sector PM, 5 50, [ NO, VOC CO, equiv
Transportation:

« On-Road Vehicles 9 2 35 22 21
« Off-Road Engines 5 1 10 3
= Rail 4 o 5 1
o A|r &Mmm 2 2 7 2 3
Stat;on ary Sources:

» Electric Power 4 20 11 18
«  Steel & Metals 4 36 1 1 3
+  Pulp & Paper/Wood 22 3 | 3 3 2
« Coatings & Solvents —-— | — 14
. Remdmua\ Wood Combustion 3 | — 15 —
To;al Pprcﬂmdge Addressed 81 I 64 72 60 51

Excluding open sources.

H(—‘TFH to direct emissions only; total PM; 5 would be greater.

Transboundary Pollution
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Index <25 25-50 50- 100 >100
SO2 1hr. ppb <170 170-340 340- 2,000 >2,000
SO2 24 hr ppb <60 60-110 110-310 >310
CO 1 hr ppm <13 13-31 31-64 >64
CO 8 hr ppm <5 5-13 13-17 >17
NO2 1 hr ppb <110 110-210 210- 530 >530
O3 1 hr ppb <50 50-80 80- 150 >150
CoH 1hr <0.25 .25-0.84 0.84- 2.5 >2.5
TSP <60 60-120 120-400 >400
PM2.5 Montreal  <12.5 12.5- 25 25-50 >50
PM10 BC& <25 25-50 50-100 >100
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Stakeholder Direction from the June 2001
Workshop in Toronto

AQl Process
June 2001- May 2002

May 2002 AQI Workshop

Stakeholder Vision for Improving
Canadian Air Quality Indices

Short-Term Improvements | | Long Term Improvements
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Revising Canada’s Air Quality

Index
Canada — Chile
Air Quality Index Forum on
Thursday May 2, 2002
Rating: Medium Risk Environment and

AQl: 5

Health Policies
Santiago, Chile
November 25-26, 2002




Outline of Presentation

Current situation
Process to revise the AQI

A Health Risk Based Index
Interim Steps and Path Forward



Current Situation

Index of the Quality of Air (IQUA)

Developed in 1976 last revised in 1991

Based on National Ambient Air Quality
Objectives (O,, CO, SO, NO,, TSP)

Applied inconsistently by provinces

NAAQO structure and objectives are obsolete

most objectives established in 1970s
ozone and PM superceded by Canada Wide Standards

mixture of science and policy inconsistently applied to different
pollutants

revision process suspended



Canadian Air Quality Indices (excepting Ontari0)

Desirable/Good Acceptable/Fair* Tolerable/Poor Very Poor

Index <25 25-50 50-100 >100
SO2 1hr. ppb <170 170-340 340- 2,000 >2,000
SO2 24 hr ppb <60 60-110 110-310 >310
CO 1 hr ppm <13 13-31 31-64 >64
CO 8 hr ppm <5 5-13 13-17 >17
NO2 1 hr ppb <110 110-210 210- 530 >530
O3 1 hr ppb <50 50-80 80- 150 >150
CoH 1hr <0.25 .25-0.84 0.84- 2.5 >2.5
TSP <60 60-120 120-400 >400
PM2.5 Montreal <12.5 12.5- 25 25-50 >50
PM10 BC& <25 25-50 50-100 >100

Montreal

* Montreal uses linear functions based on maximum acceptable concentrations



Need for Revision

* Current index 1s a poor tool for informing
the public on potential health risks
— assumption of thresholds
— 1ncorrect weighting of pollutants

— does not account for combined impact of
pollutants



Minister Anderson’s Challenge

“We need an up-to-date national air quality index that
IS consistent across the country, that tells people how
bad air pollution is in their community and that is
supported by health and action messages. | am
challenging scientists, health experts and
communications specialists both inside and outside
government to give us this tool within a year. My
commitment is to smooth the path for its adoption by
all orders of government in Canada.”

June 11, 2001



June 2001 AQI Workshop
Conclusions

First priority 1s health protection

Canada Wide Standards are long term targets; the air
quality index should be an immediate information tool

Index needs to be based on current health science and to be
updated regularly

Index development has to be collaborative and transparent
and have ownership beyond governments

Index must be national but must have some regional
flexibility



Strategy for creating a new AQI

* Create a process that
— 1s inclusive
— provides access to a wide range of expertise

 communications/market research

 health science as a basis for index structure and advisory
messages

* monitoring and data analysis

 Participation of Federal provincial and municipal
governments, media, environmental and health

advocacy groups



Stakeholder Direction from the June 2001
Workshop in Toronto

AQI Process
June 2001- May 2002

| May 2002 AQI Workshop \

Stakeholder Vision for Improving
Canadian Air Quality Indices

Short-Term Improvements Long Term Improvements




Vision of an Ideal AQI

AQI should be the best available indicator of current and forecasted
levels of the health risk attributable to common air pollutants.

The public would be aware of the availability of the information,
would trust the information and would be able to use the information
to protect themselves and those in their care.

It would contribute, as part of an overall public information process,
to public understanding of air pollutants, their effects and the
availability of actions to limit these effects.

The Management Committee and the May 2002 workshop participants
endorsed this vision for an AQI as described above and have chosen a
multi-pollutant, health-risk based index as a desirable tool to achieve
this vision.



Developing a Health Risk Based
Index

» Health risk based index derived directly
from the observed relationship between a
health outcome (mortality) and both
pollutant gases and particles

» Tested a model based on Multipollutant
relationship between Air Pollution and
Health in Canadian Cities



Inhalation Toxicology, 12(Supplement 4):15-39, 2000 .?’-"
Copyright © 2000 Taylor & Francis b
0895-8378/00 $12.00 + .00

ASSOCIATION BETWEEN PARTICULATE- AND GAS-PHASE ° Va ncouver

COMPONENTS OF URBAN AIR POLLUTION AND DAILY
MORTALITY IN EIGHT CANADIAN CITIES

R. T. Burnett

Environmental Health Directorate, Health Canada, Ottawa, and
Department of Epidemiology and Community Medicine, University of P ‘ a | a r
Ottawa, Ottawa, Canada

J. Brook

Atmospheric Environment, Environment Canada, Downsview, Canada

Ero Wind
Environmental Protection, Environment Canada, Ottawa, Canada ¢ I n SO r

C. Delocla, O. Philips

Statistics Canada, Ottawa, Canada ® I O ro nto
S. Cakmak, R. Vincent
Environmental Health Directorate, Health Canada, Ottawa, Canada o Otta Wa

M. S. Goldberg

Epidemiology and Biostatistics Unit, Research Centre on Human Health,
INRS4nstitut Armand-Frappier, University of Quebec, Laval, Quebec, and
Department of Epidemiology and Biostatistics, McGill University,
Montreal, Quebec, Canada

D. Krewski
Department of Epidemiology and Community Medicine, University of P 1 9 8 6 - 1 9 9 6
Ottawa, Ottawa, Canada

Although some consensus has emerged among the scientific and regulatory communities
that the urban ambient atmospheric mix of combustion related pollutants is a determinant
of population health, the relative toxicity of the chemical and physical components of
this complex mixture remains unclear. Daily mortality rates and concurrent data on size-

L}
fractionated particulate mass and gaseous pollutants were obtained in eight of Canada‘s () M u Itl - po | | u ta nt m Od e |
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Distribution of AQI values, 7 cities, 1986-1996

35

30

25

N
o
!

Frequency %
o

10 -

AQl

>10 extreme risk
6 to 10 high risk

3 to <6 medium risk

0 to <3 low risk

10



Air Quality Index

Thursday May 2, 2002
Time: 2:00 pm
Rating: Medium Risk
AQl: 5

» (Category Labels

Low-risk, medium-risk, high-risk,
etc. preferred to good, fair, poor by
Health Scientists

Good Fair Poor preferred by
Public



Long term policy implications of
a Health based AQI

* Perception of air quality will be based on
health risk not on standard setting decisions

» Public awareness of air quality will be
disconnected from “exceedences”

* AQI will not be dominated by a single
pollutant



Statistics Package Glitch

Subsequent to the May 27-28, 2002 workshop, evidence has come to
light of a problem with the statistical analysis that has been used for
the past 5-6 years in the analysis of time-series data of the day-to-day
association between air pollution and outcomes such as mortality and
hospital admissions. Because this new evidence raises questions about
the magnitude of the short-term association between air pollution and
mortality and morbidity, this could affect the properties of the draft
health risk based index which we have been considering over the last
several months. This underlines the need to conduct further analysis in
support of a health risk based index.



Overall Response

» Stakeholder support for a phased approach,
moving from a modified status quo index
to a multi-pollutant health risk based index
within a few years

 additional validation and development work
in the interim, including:

use of models for health outcomes other than mortality, market research
and marketing activities

consideration of appropriateness of scaling the index calculation to shorter
averaging periods

expansion of monitoring capacity to support a multi-pollutant index

development of a multi-pollutant forecasting capacity



Interim Steps

* Adding PM2.5 to index where not now
included

* Use 3 hour averages for PM2.5
« Update health messages
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Percent of Days that Parameter is Responsible

for Maximum Index Value (1998-2000)

Index Version SO, | O NG| O PMs
No PM 5 1.0%| 274 7.8%| 89.2%
24h PMy s 25 breakpoint | 0.5%|0.3%4 1.1%@93% | 49.0%
24h PMD.5 30 breakpoint | 0.9%(04% 1.7%%| 57.9%| 39.1%
3h PM5 25 breakpomnt | 0.3%]0.2%4 04%| 30.3%| 69.1%
3hPMy5 30 breakpont | 0.3%]0.2%4 0.5%)| 38.6%| 60.6%
3h PM2.5 35 breakpomnt  |1.0% 0.3%(0.6% 45.9% | 52.1%
3hPMys40 breakpont | 04%|0.4%4 0.8%| 53.7%| 44.9%
3hPMys S0 breakpomnt | 0.5%|0.5%4 1.5%| 64.8%| 32.8%




Test Messages for Different Ranges

Schedule strenuous outdoor activities during low-risk periods.

Air pollution can aggravate heart or lung conditions. During
high-risk periods, pay special attention to your doctor’s program
for maintaining your health.

Seniors and children are particularly vulnerable to air pollution.
Let’s minimize pollution and protect our vulnerable ones.

Breathing easy helps us all.
LOW

or

Air pollution can make your eyes burn or your throat itch. Help
reduce air pollution. Decrease pollution emissions by driving
less. Breathing easy helps us all.



Path Forward

Continue an open and inclusive
development process

— http://www.msc.ec.gc.ca/caqi/
Reanalysis of health science

Add PM2.5 (provincial decisions)
Develop health messages

Develop capability for multipollutant
forecasts



Air Quality Challenges in Canada

Canada — Chile
Forum on

Environment and
Health Policies
Santiago, Chile
November 25-26, 2002
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Outline of Presentation

Air Quality 1n Canada overview
Scientific challenges
Policy Challenges

Air Quality Management and Service
Challenges



Overview of Air Quality In
Canada

Ambient Measurements
Emission Inventories

Perceptions



Composite PM, ; and SO, Trend From NAPS Urban Sites
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Trend in Ozone Annual Mean
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Ozone trends depend on what you look at

Trend in Three Year Running Average of 4t Highest 8h Daily Max Ozone (ppb)
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Ozone (ppb)

....and where you look

Average Daily Ozone Concentration
Upper and Lower Limits Indicate the 90th and 10th Percentiles
1995 - 2000
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Trend in Lead Annual Mean
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Benzene Trend From NAPS Urban Sites

(Median, 25% & 75t percentiles, non outlier max and min)
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Sulphate wet deposition (kg/haly)
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Comparison of POPs Measurements at Four
Arctic Sites (Halsall & Barrie, 1999)
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Contamination of the Arctic by pesticides is widespread
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Emission Inventories
Criteria Air Contaminant Emissions 1995

8000+

Fore
Fires

7000-

1000’s  6000-

Tonnes Road Dust

5000+

4000-

3000

ining Smelting
Oil and Gas

2000

1000

PM10 SOx  NOx

Overview- Emission Inventories

VOC
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B Industrial Fuel
Combustion

Bl Non-Industrial Fuel
Combustion
[] Transportation

[0 Miscellaneous

@ Open Sources




Emissions Inventory
Canada and US

Sulphur Dioxide Emissions, Canada and the
United States, 1970 to 1995

30 —  milion tonnes Figure 7

Nitrogen Oxide Emissions, Canada and the
United States, 1980 to 1995
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Sourcea:
Mote: Environment Canada, 12998, 1997 Canadian Acid Rain Assessment, Volume 1; Summary
The data labelled as 1975 for Canada are actually from 1976, of Resuits, Downsview, Ontario.
Source:

Environment Canada, 1998, 1997 Canadian Acid Rain Assesament, Volume 1 Summary
of Results, Downsview, Ontario.

Overview- Emission Inventories 14




NPRI “Toxics” Inventory

Table 7
Top 10 On-site Releases to Air, 1996
Substance Relsases Az share of total
tonnes percent
Methanal 20 BGE.T 16.2
Ammonia |:l-:-L=aI:-1 172141 126
Hydroehlaric acid 11630.6 9.1
Sulphuric acid 92602 74
Hydrogen sulphids Fere.n 0.3
Tolusns 1914 5.0
Xylens (mixed Bomsars) o @0y o4
Zine (and its compounds) f09.8 06
Mitrate on in salution at pH == 6.0 1.8 0
Calcium fluorids’ 10 5 0.0
Mt

1. Refers to the total of both ammenia (MH3) and ammonium ion (NHy ") in solution.

2. CEPA-toxic or carcinogenic.

Source:

Environment Canada, Pollution Data Branch, Mational Pollutant Relsass Inventory Data-
base, <htip: P sc.ge.calpdbinprii> {accessed February 1, 1999),
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Public Perception of Air Quality
in Canada

« Canadians are more concerned about global problems with the
atmosphere resulting from air pollution than they are about air
pollution in their community.

« Most say air quality is fair to good in their area

« While one-half of Canadians believe that the air pollution in their
community has remained the same over the last five years; one-
third suggest that the situation has worsened. Only one in ten
suggest that it has improved.

» Industrial/factory emissions and vehicle emissions are seen as
the major sources of air pollution

« Air pollution considered to be worse in cities and worse in
summer

Overview- Public Perception 16



Health Perceptions

« One-quarter of Canadians feel that they suffer or have suffered
from health problems due to air pollution.

« A majority of health care professionals feel that air pollution
affects the health of Canadians “only somewhat” and consider it
to a less serious problem. However, a significant minority
suggested that it greatly affects health. Respiratory and lung
problems, and asthma are seen as the most likely effects on
human health.

Overview- Public Perception 17 ﬁg/%



Scientific Challenges

Health Science

Atmospheric Science
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Health Science Challenges

— Magnitude of health effect

— Relative toxicity of components of the air
pollution mix

— Exposure

Science Challenges 19



Atmospheric Science

* Objectives
— Establish the magnitude of the problem
— To guide AQ management strategies

— To help protect public health
* Challenges

— sources and transport
— composition and transformation
— regional variability

Science Challenges 20



Transport Scales
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TOMS satellite data from
April 12-14, 2001 showing the
Asian dust storm approaching
and then crossing North
America.
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Back Trajectories

1. Summer Mean PM, s = 7.6 pg m?

3. Summer Mean PM, s =25.4 pg m?

23
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Regional Modeling

« Multi-pollutant approach using A Unified Regional Air
Quality Modelling System (AURAMS).

Science Challenges B e




44 hour fost walid 20002 August 03 2002

CHRONOS - tropospheric ozone

Numerical tracer
models

Global scale transport of nuclear and
biological tracers (CTBT model)

New problems...

Science Challenges
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Global Atmospheric Transport
of Chemical Tracers

Multicompartment transport of toxics
and global atmospheric chemistry
(air, ocean, terrestrial system, MEDIA)
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Chronos Forecasting:
June 26, 2002

N8 cMC Environnement Canada I
: P24H V00Z 26 Juin-Jun 2002
P24H V00Z 26 Juin-Jun 2002 H PM 2.5 (moyenne sur 6 hres) 4 10m 10E-6g/m3

03 {maodnmum 6 hres) troposphérigque a 10m (PPB) | 6l Mean Tropospheric PM 2.5 at 10m 10E - 6g/m3

6hr Max Tropospheric Ozone at 10m (PPB) EXPERIMENTAL

EXPERIMENTAL o
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16551:5
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Neural network models

2
-2
2
b, b
Y(X,)= Z(Z tanh(lwl.le.+lbj )jzwj+2b
Advantages- S
: Disadvantages-

* can represent any continuous
function (nonlinear and/or » relatively slow to train
: : " . |
1nterract1ve;) without prior » overfitting can be a problem
specification

: e outputs can be unstable
» can be applied to a broader set of P

distributions e difficult to interpret .
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Summary of Science Challenges

* Characterizing PM

* Unifying 1ssues across space and time €.g.

— PM and ozone
— Criteria Pollutants and HAPS
— Climate Change and Air Quality

* Link emission sources (natural and anthropogenic
to air quality conditions

* Models to support Air Quality Management and
Forecasts

Science Challenges 29



Air Quality Policy
Challenges
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Current Air Quality Policy
Paradigm

 Recent scientific evidence indicates that there is no
apparent lower threshold for the effects of PM2.5 and
ozone on human health

« At current levels air pollution in Canada contributes to thousands of
premature deaths and hundreds of thousands of acute illnesses per year

« Sensitive groups include children, elderly, pre-existing cardiac and
respiratory disease - hence virtually everyone is direct or indirectly
affected

» Need to balance the desire to achieve the best health and
environmental protection possible in the relative near term and the
feasibility and costs of reducing the pollutant emissions that contribute
to elevated levels of PM and ozone in ambient air.

Policy Challenges 31



Policy Implications

 Human Health 1s the dominant policy focus

e Common air pollutants more significant than “toxics” or
carcinogens

 Air pollution 1s not just an problem of episodes and not just
urban areas

« “Keeping Clean Areas Clean” 1s an vital strategy

Policy Challenges 32 & o



Policy challenges

« Appropriate positioning of Air Quality on the Public
Agenda

— Canadian Public Agenda currently dominated by security, health
care and climate change

— Other environmental 1ssues: Drinking Water, Hazardous Waste,
Toxic Substances Species at Risk

e Quantifying the health benefits obtained from emission
reductions with accurate estimate of the costs

— Balancing imprecise estimates of benefits vs. (historically)
inaccurate estimates of economic costs

« Making air quality management practices fit the
new paradigm

Policy Challenges 33 &



Clean Air Agenda - Results and Gaps

Strategies Outcomes Ultimate
v W

Vehicles, engines ]—/\ (
and fuels Jﬁ/

Industrial &
other sectors :3
Transboundary Air quality is
pollution improved :>
Health effects of air
Engaging Canadians 7:> pollution on
Individual making choices to J Canadians are

reduce emissions
W reduced

Improving Targets | T

Canadians are better Canadians take action\l—
informed to protect their health Ji

Health and Atmospheric Science Foundation
Socio-economic Analysis

I aC JC

[Funded Unfunded }
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Air Quality Management And
Service Challenges

Canada Wide Standards
Public Right to Know
Air Quality Forecasts
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Canada Wide Standards

* Fine particulate matter

 Ground-level ozone
« Benzene
«  Mercury from incineration and base metal smelting.

« Dioxins and furans for waste incinerators and pulp and paper boilers burning salt-laden
wood

«  Petroleum hydrocarbons in soil; and

*  Mercury in lamps and dental amalgam waste.

« Additional CWSs are under development for:

« Dioxins and furans emissions from iron sintering, steel manufacturing, and conical waste
burners; and

«  Mercury emissions from electric power generation

 http://www.ccme.ca/

Management and Service Challenges AN



Canada Wide Standards
PM2.5 of 30 pug/m3, 24 hour averaging

time, 98th percentile averaged over 3 consecutive years

Ozone 65 ppb, 8-hour averaging time, 4th
highest measurement annually, averaged over 3
consecutive years

Achievement by 2010

Continuous improvement, pollution prevention,
and keeping-clean-areas-clean programs in areas
with ambient concentrations below the CWS
levels

37



Joint Initial Actions to achieve Canada Wide
Standards on fine particulate and ozone

 significant emitters of the precursor pollutants
that cause PM2.5 and ozone;

* common to most jurisdictions and affect many
communities across Canada;

+ effective action requires a multi-jurisdictional
approach

e effective action can be 1nitiated in the near-term.

Management and Service Challenges 38



Initial Action Target Sectors

* Transportation

* Residential Wood Combustion

* Pulp and Paper

* Lumber and Allied Wood Products

» FElectric Power

 Iron and Steel

« Base Metals Smelting

* Concrete Batch Mix and Asphalt Mix Plants
* Construction and Demolition

Management and Service Challenges 3



Federal Government Action on
Vehicles and Fuels

* 90% reduction in emissions
*  Sulphur content in gasoline to 30 parts per million by January 1, 2005

e 15 parts per million (ppm) in sulphur in on-road diesel fuel by 2006,
97% reduction relative to today's maximum allowable level.

« Align Canadian emission standards for a broad range of on-road and
off-road vehicles and engines with those of the United States
Environmental Protection Agency begin phase-in 2004

*  Memorandum of Understanding with manufacturers on low-emission
vehicles - similar to US program=

i 40 = s
Management and Service Challenges A



Residential Wood Combustion 1n
Canada

* Principle heating fuel in 5.4% of homes
* Supplementary heating fuel in 26%
» Aecsthetic use

* Winter of 1998-99 comparison of Riviere-des-
Prairies to downtown Montreal:
— 45% more polycyclic aromatic hydrocarbons (PAHSs)
— some VOCs doubled
— 40 to 100% more PM2.5

— 40% more of some metals.

i 4 o
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Joint Initial Actions to achieve Canada Wide
Standards on fine particulate and ozone

 New 1nitiatives to reduce emissions from
residential wood burning appliances, including:

— an update of the CSA standards for new wood-burning appliances

— development of a national regulation for new, clean burning
residential wood heating appliances

— national public education programs, and

— an assessment of the option of a national wood stove upgrade or
change-out program.

* http://burnitsmart.org/

i 42 = s
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Citizenship / “Public Right to Know”

« Public Information on air pollution sources and monitoring
data

« National Pollutant Release Inventory
— Emissions by postal code: http://www2.ec.gc.ca/pdb/

 NAPS provincial and Canada US programs provide access
to monitoring measurements

« These initiatives are important to sustaining public
trust in government and allowing public participation
in the democracy by giving people the information
necessary to address issues at a community and
national level.

* Has to be relevant accessible and comprehensible

- 43 g <
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Air Quality Service Challenge

* Air Quality Forecasts

« Thousands of hospital admissions and deaths for which air
pollution is a contributing factor.

« Medical understanding of the underlying cardiac and respiratory
illInesses that make individuals susceptible to these severe
events supports the expectation that a significant number of
these events, as yet unquantifiable, could be avoided if relatively
simple precautionary measures were taken by the victim and
their health care providers.

i 44 = s
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Air Quality Forecasts

 Health driven forecasts
— address health relevant characteristics

— address combination of stressors
* heat stress plus air pollution

« combination of pollutants
— time sensitive presentation
— daily forecasts (no threshold)

— useful and non contradictory advisory information

e (Contrasts with standards driven forecasts

45
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