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Executive Summary

This document describes the decision of the Ontario Ministry of the Environment and
Climate Change (the Ministry) in setting updated Ambient Air Quality Criteria (AAQCSs)
and air standards for sulphur dioxide (SO2) (CAS # 7446-09-5). This document builds
upon the Science Discussion Document on the Development of Air Standards for
Sulphur Dioxide (SO2), which describes the science reviewed (MOECC, 2016), and the
Rationale Document on the Development of Air Standards for Sulphur Dioxide (SO5>),
which outlines the rationale used by the Ministry in setting the new and updated AAQCs
and air standards (MOECC, 2017).

In preparing this document, the Ministry considered the available toxicological evidence,
human health risk assessments from other jurisdictions, and the science-related
stakeholder questions and comments gleaned from consultations. The Ministry relied
primarily on the recent health risk assessment carried out by Health Canada (2016) to
inform the development of the Canadian Ambient Air Quality Standards (CAAQS) for
SO2. This assessment also reflects information obtained from the United States
Environmental Protection Agency (U.S. EPA 2008; 2010) and the World Health
Organization (WHO, 2005). The Ministry used these assessments to identify the most
sensitive adverse effect associated with ambient air exposure of SOz, and concurs with
world-wide jurisdictions that respiratory morbidity is the critical adverse health endpoint
for acute SO2 exposure.

Based on the U.S. EPA and Health Canada meta-analyses of chamber studies of
exercising asthmatics, the Ministry considers 67 parts per billion (ppb) (180 micrograms
per cubic metre of air (ug/m3)) an appropriate value for deriving an acute AAQC, in
order to protect the general population and sensitive individuals against the health
effects associated with a 10-minute exposure to SO2. From this, AAQCs and air
standards with appropriate averaging times are set to support evaluation of ambient air
guality data and environmental performance of facilities regulated under Ontario
Regulation 419: Air Pollution — Local Air Quality (O. Reg. 419/05 or local air quality
regulation), respectively.

Concurrently, the Ministry considers the direct effect of SO2 on vegetation, including
foliar injury, decreased photosynthesis, and decreased growth, as the critical adverse
endpoint for chronic SO2 exposure, and considers lichens as the susceptible species in
studying the chronic effects of SO2 on the environment. Based on work performed by
the WHO, the Ministry considers 4 ppb (10 pg/m?) an appropriate value for both a
chronic AAQC and air standard for SOz, in order to protect ecological impacts, with an
annual averaging time being the most toxicologically-relevant.



Based on an evaluation of the recent scientific analyses of the U.S. EPA and Health
Canada, an examination of current toxicological research, and comments from
stakeholders, the following health-based acute AAQC for SO: is set for evaluation of
ambient air quality data:

10-minute AAQC for SOz:
Ten-minute (10-minute) Ambient Air Quality Criterion (AAQC) of 180 pg/m?
(micrograms per cubic metre of air) for SOz, based on respiratory morbidity
in exposed sensitive populations

AAQCs may be converted to different averaging times to align with the structure of O.
Reg. 419/05. The Ministry uses meteorological conversion factors referenced in section
17 of O. Reg. 419/05 to set AAQCs and air standards for different averaging times.

Using the preceding health-based 10-minute AAQC as a foundation, the following
AAQC is set for evaluation of ambient air quality data:

One-hour AAQC for SOa:

One-hour (1-hour) Ambient Air Quality Criterion (AAQC) of 100 ug/m?3
(micrograms per cubic metre of air) for SO2, based on respiratory morbidity
in exposed sensitive populations

Using the same information, the following air standard for SOz is set for evaluation of
facilities regulated under O. Reg. 419/05:

One-hour Standard for SO2:

One-hour (1-hour) air standard of 100 pg/m?3(micrograms per cubic metre of
air) for SOz, based on respiratory morbidity in exposed sensitive
populations

Based on the observable effects on lichen abundance and biodiversity with
environmental chronic exposures to SOz, the assessment of the WHO, and stakeholder
comments, the following ecologically-based chronic AAQC for SOz: is set for evaluation
of ambient air quality:

Annual AAQC for SO2:

Annual Ambient Air Quality Criterion (AAQC) of 10 pug/m? (micrograms per
cubic metre of air) for SO2, based on vegetation damage in exposed
sensitive species

Using the same information, the following air standard for SO: is set for evaluation of
facilities regulated under O. Reg. 419/05:



Annual Air Standard for SO2:

Annual air standard of 10 pg/m3(micrograms per cubic metre of air) for
SOz, based on vegetation damage in exposed sensitive species
The AAQCs will be added to the list of Ontario’s Ambient Air Quality Criteria, which can
be found on the Ministry’s website. The corresponding effects-based 1-hour and annual
standards will be incorporated into Schedule 3 of O. Reg. 419/05 and added to the Air
Contaminants Benchmarks List, which can be found on the Ministry’s website.



Résumé

Ce document décrit la décision du ministere de I'Environnement et I'Action en matiere
de changement climatique de I'Ontario (le ministére) détablir des criteres de qualité de
I'air ambiant (CQAA) et des normes de la qualité de l'air a jour pour le dioxyde de soufre
(S0O2) (CAS n°7446-09-5) . Ce document prend appuie sur le document intitulé Science
Discussion Document on the Development of Air Standards for Sulphur Dioxide (SO>)
qui décrit la science examinée (MEACC, 2016) et sur le document intitulé Rationale
Document on the Development of Air Standards for Sulphur Dioxide (SO2) qui décrit la
justification utilisée par le ministére dans I'établissement des normes de la qualité de
I'air et des critéres de qualité de I'air ambiant (MEACC, 2017) nouveaux et mis a jour.

En élaborant ce document, le ministéere a tenu en compte les données probantes
toxicologiques disponibles, les évaluations du risque a la santé humaine des autres
territoires de compétences ainsi que les commentaires et les questions des
intervenants liés a la science recueillis au cours de consultations. Le ministere s'est fié
d'abord a la derniere évaluation du risque a la santé menée par Santé Canada (2016)
pour orienter I'élaboration d’'un CQAA pour le SO2au Canada. Cette évaluation refléte
également l'information obtenue par I'agence de protection de I'environnement des
Etats-Unis (U. S. EPA 2008, 2010) et I'Organisation mondiale de la Santé (OMS, 2005).
Le ministére a utilisé ces évaluations pour mettre en évidence l'effet indésirable le plus
sensible associé a I'exposition de I'air ambiant au SO:zet est d'accord avec les territoires
de compétence de partout dans le monde que la morbidité respiratoire est I'effet
indésirable critique a une exposition a court terme au SO2.

En se fondant sur les méta-analyses d'études de laboratoire de I'EPA des Etats-Unis et
de Santé Canada sur des asthmatiques a I'exercice, le ministére considere que 67
parties par milliard (180 microgramme par metre cubique d’air (ug/m?3) est une valeur
appropriée pour établir un CQAA pour les expositions a court terme, afin de protéger la
population générale et les personnes sensibles contre les effets sur la santé associée a
une exposition de 10 min au SOz2. Ainsi, les CQAA et les normes de la qualité de l'air
avec des périodes de base appropriées sont établies pour soutenir I'évaluation des
données sur la qualité de I'air ambiant et le rendement environnemental des
installations industrielles reglementées par le Régl. de I'Ont. 419/05: Air Pollution —
Local Air Quality (Régl. de I'Ontario 419/05 ou réglement sur la qualité de l'air & I'échelle
locale), respectivement.

Parallélement, le ministere considére les effets directs du dioxyde de soufre sur la
végétation, y compris les dommages foliaires, la réduction de la photosynthese et la
réduction de la croissance, comme l'effet indésirable critique d’une exposition prolongée
au SOz, et considere le lichen comme I'espéce la plus sensible dans I'étude des effets
chroniques du SO:2sur I'environnement. En se fondant sur des travaux effectués par
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I'OMS, le ministere considéere que 4 ppb (10 pg/m?3) est une valeur appropriée pour un
CQAA et une norme de qualité de l'air basés sur une exposition chronique au SO2, afin
d'éviter les effets écologiques, avec une période de base d'un an étant la plus
appropriée sur le plan toxicologique.

D'aprés une évaluation d'analyses scientifiques récentes par la EPA des Etats-Unis et
Santé Canada, un examen de la recherche toxicologique actuelle et les commentaires
formulés par des intervenants, un CQAA pour le SO2 fondé sur la santé et les
expositions a court terme est établi pour I'évaluation des données de la qualité de l'air
ambiant comme suit:

CQAA pour 10 minutes pour le SO2:

Un critere de qualité de I'air ambiant (CQAA) de 180 pg/m? (microgrammes
par metre cube) pour dix minutes (10 minutes) pour le SOz, établi en
fonction de la morbidité respiratoire au sein des populations sensibles
exposeées.

Les CQAA peuvent étre convertis en différentes périodes de base pour s'aligner aux
termes du Régl. de I'Ontario 419/05. Le ministére se sert des facteurs de conversion
météorologiques énonces dans l'article 17 du Regl. de I'Ontario 419/05 pour établir les
CQAA et les normes de la qualité de l'air pour différentes périodes de base.

Selon le CQAA de 10 minutes fondé sur la santé mentionné ci-dessus, le CQAA suivant
est établi pour I'évaluation des données de la qualité de I'air ambiant:

CQAA pour une heure pour le SO2:

Un critere de qualité de I'air ambiant (CQAA) de 100 pg/m? (microgrammes
par metre cube) pour une heure (1 heure) pour le SO, établi en fonction de
la morbidité respiratoire au sein des populations sensibles exposées.

A partir des mémes renseignements, la norme de la qualité de I'air pour le SO2 suivante
est établie pour I'évaluation des installations régies par le Regl. de I'Ontario 419/05:

Norme d'une heure pour le SO2:

Une norme de 100 yg/m?3 (microgrammes par métre cube) pour une heure (1
heure) pour le SO2, établie en fonction de la morbidité respiratoire au sein
des populations sensibles exposeées.

Selon les effets observés sur I'abondance et la biodiversité du lichenface a une
exposition environnementale prolongée au SOz, I'évaluation de I'OMS et les
commentaires des intervenants, un CQAA pour le SO2 fondé sur I'écologie et une



exposition a long terme est établi pour I'évaluation de la qualité de I'air ambiant comme
suit:

CQAA annuel pour le SOz:

Un critére de qualité de I'air ambiant annuel (CQAA) de 10 pg/m?
(microgrammes par metre cube) pour le SOz, établi en fonction des
dommages causés a la végétation au sein des especes sensibles
exposeées.

A partir des mémes renseignements, la norme de la qualité de I'air pour le SO2suivante
est établie pour I'évaluation des installations régies par le Régl. de I'Ontario 419/05:

Norme de la qualité de I'air annuelle pour le SOz:

Une norme de la qualité de I'air de 10 pg/m?3 (microgrammes par métre
cube) pour le SOz, établi en fonction des dommages causés a la végétation
au sein des especes sensibles exposeées.

Les CQAA seront ajoutés a la liste des criteres de qualité de I'air ambiant de I'Ontario
qui peut étre consultée sur le site internet du ministére. Les normes d'une heure et d'un
an fondées sur les effets correspondants seront intégrées a lI'annexe 3 du Regl. de
I'Ont. 419/05 et ajoutées aux points de référence en matiere de pollution atmosphérique
qui pourront étre consultés sur le site internet du ministere.
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1.0 Introduction

1.1 Overview

This document provides information underlying the decision of the Ministry of the
Environment and Climate Change (MOECC, the Ministry) in setting updated Ambient Air
Quiality Criteria (AAQCs) and air standards for sulphur dioxide (SO2).

This document builds upon the Science Discussion Document on the Development of
Air Standards for Sulphur Dioxide (SO2) (the Science Document), which describes the
science reviewed (MOECC, 2016), and the Rationale Document on the Development of
Air Standards for Sulphur Dioxide (SO2) (the Rationale Document), which outlines the
rationale used by the Ministry in setting these updated AAQCs and air standards
(MOECC, 2017). The Science Document is available on request and the Rationale
Document can be found in Appendix A of this document.

A 45-day public consultation was held from October 27 to December 14, 2017, during
which time the Ministry’s proposal for updated AAQCs and air standards was posted on
the Environmental Bill of Rights (EBR) Environmental Registry. Public input was also
invited on additional proposed regulatory amendments related to the new air standards
for SO2. Details on these related amendments are not discussed in this document but
may be found in the proposal and decision postings (EBR Number 013-0903).

Key comments received from the public and stakeholders and the Ministry’s responses
to those comments are provided in Chapter 2.2. Previous comments were received and
addressed in the Rationale Document (Appendix A). The final acute and chronic AAQCs
and air standards for SOz are outlined in Chapters 3.0 and 4.0, respectively.

The updated AAQCs will be added to the list of Ontario’s Ambient Air Quality Criteria,
which can be found on the Ministry’s website.

The corresponding effects-based 1-hour and annual standards will be incorporated into
Schedule 3 of Ontario Regulation 419: Air Pollution — Local Air Quality (O. Reg. 419/05
or local air quality regulation), and added to the Air Contaminants Benchmarks List,
which can be found on the Ministry’s website. The updated standards are more
stringent than the existing standards and will be phased-in over five years. There will be
no updates to Schedule 2 standards, as Schedule 2 will be phased out on February 1,
2020, before the new SO: air standards take effect.

1.2 AAQCs and Standards Setting Process



AAQCs and air standards are set at concentrations that are protective against adverse
effects. They are based on science, informed by such factors as the substance’s
physical and chemical properties, environmental fate, environmental effects, toxicology
and human health effects, as well as current scientific analyses underlying the
approaches taken by other jurisdictions in setting effects-based criteria.

The Ministry first develops an AAQC, which is used to evaluate air quality resulting from
all sources of a contaminant to air. Air standards are based on the same science as
AAQCs and set under O. Reg. 419/05. Air standards may be numerically the same as
an AAQC, but are tools under the regulation to assess the contributions of a
contaminant to air by a regulated facility.

The current process for engagement with the public and stakeholders on new/updated
AAQCs and air standards was established in 2008, based on input from stakeholders.
The first step is for the Ministry to prepare a Science Discussion Document and to invite
interested stakeholders to discuss the science in a “pre-consultation” meeting; during
the current update of the SO2 air standards, this occurred on May 11, 2016, in Toronto.

After giving consideration to outstanding issues which may arise from the pre-
consultation phase, a regulatory proposal is made through a Rationale Document,
which undergoes formal public consultation by posting on the Ontario EBR
Environmental Registry.

The ministry considers comments received during the formal public consultation
process before making a decision and amending the regulation with new/updated air
standards.



2.0 Background

Sulphur dioxide (SOz2; CAS # 7446-09-5) was identified as a priority for air standard
update based on its release pattern in Ontario and toxicological information that was
published subsequent to the development of the existing standard in 1974, and retained
in O. Reg. 419/05 when it was promulgated in 2005. The existing air standard for SO2
is representative of a concentration which is protective against adverse health effects on
the general population, but not sensitive populations.

In preparing the Decision Document for AAQCs and air standards for SO2 that are
protective of human health and the environment, the Ministry considered the available
toxicological evidence, human health risk assessments from other jurisdictions, and the
stakeholder comments gleaned from consultation of the Rationale Document.

Some jurisdictions report their standards and guidelines as parts per billion (ppb),
whereas the Ministry generally uses micrograms per cubic metre (ug/m3). For ease of
comparison in this document, the Ministry has applied the following conversion between
the two units: 1 ppb SO2 = 2.66 ug/m?3 (at 20.0°C and 1 atmosphere (atm)), rounded.

2.1 Summary of the Rationale Document

The Rationale Document was included in the Ministry’s October 2017 proposal posting
on the Environmental Registry. It describes the scientific rationale used by the Ministry
in proposing updated AAQCs and air standards for SO2 and includes comments and
responses related to discussions with interested stakeholders prior to public
consultation about the approach for setting updated AAQC and air standards for SOz2.

Briefly, after an evaluation of the scientific rationale for SOz air guidelines and standards
from environmental agencies, recent health assessments from Health Canada and the
U.S. EPA, an examination of the current toxicology, and consideration of stakeholder
comments, the Ministry proposed acute AAQCs and air standards for SO2 based on
human health effects information described by the U.S. EPA (2008; 2015) and Health
Canada (2016).

Concurrently, after an evaluation of the scientific rationale for SOz air guidelines and
standards from environmental agencies, work performed by the WHO, and an
examination of current toxicological research, and consideration of stakeholders’
comments, the Ministry proposed chronic AAQCs and air quality standard for SO2
based on vegetation effects information described by the WHO (2005).

Appendix A of this document provides the full Rationale Document.



2.2 Comments on the Ontario Air Standards for Sulphur Dioxide and Ministry
Responses

During the 45-day public consultation period, the Ministry received comments on the
proposed AAQCs and air standards for SO2 from members of general public,
professional associations, some First Nation communities, as well as from stakeholders
representing industry and their consulting firms, public health, and environmental
groups. Of the 49 submissions received regarding the Ministry’s EBR posting 013-0903,
37 commented, at least in part, on the rationale of the proposed SO: air standards.*

Many of the comments received were the same or similar to those received prior to the
public consultation period and are summarized in the Rationale Document (see
Appendix A).

Comment:

Several stakeholders suggested that the Ministry consider the CAAQS for SO: in the
development of the Ontario air standard (CCME, 2017) as an adjustment of the CAAQS
to a never to exceed value. That is, if the CAAQS 70 ppb value was expressed on a
‘never to exceed’ basis, statistically for a normal distribution, it would be approximately
106 ppb, or 265 ug/m?3.

Response:

The CAAQS of 70 ppb was set based on considerations of health effects as well as
current standard levels, trends and projections in ambient concentrations, and elements
of achievability. In contrast to the CAAQS, Ontario’s air standards are set without
consideration of achievability and economic issues. These issues are addressed
through site-specific standards or the sector-based technical standards process.

Health Canada noted that at 70 ppb (based on the 3-year average of the annual 99t
percentile of the SO2 daily maximum 1-hour average concentrations) the general
population would be expected to be protected but there would be times when sensitive
subgroups such as individuals with asthma may not be protected, even if the 70 ppb
were not exceeded.

1 The remaining 12 comments submitted considered other regulatory amendments simultaneously posted
for consultation (i.e., clarification of the requirements for assessing operating conditions in O. Reg.
419/05) and are not addressed in this Decision Document.
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A never-to-exceed value of 265 pg/m? (~106 ppb), based on a site-specific statistical
analysis of a normal distribution around the 2020 CAAQS of 70 ppb, would similarly not
be protective of sensitive individuals.

Comment:

While there were multiple comments describing support for Ontario adopting an updated
health-protective air standard, there were a few comments suggesting that an updated
standard was not necessary due to the current state of or trends towards good air
guality in Ontario.

Response:

Ontario’s existing AAQCs and air standards have not been updated since 1974 and do
not reflect current science. The updated AAQCs and air standards are based on newer
information related to effects. Ontario does not consider air quality data in setting new
AAQCs and air standards.

Comment:

There were several comments to suggest that the proposed 1-hour air standard is more
stringent than other jurisdictional limits, and that other higher values may provide
adequate health protection (e.g., California’s Environmental Protection Agency
(CalEPA) value).

Response:

Differences in jurisdictional values may be related to several reasons such as the
following:

1) Date of the last update and changes in approach to interpretation of the science:
Some older benchmarks considered asthmatics as a group and the “clinical
significance” or “discomfort level” of effects in adopting the point of departure
(WHO, 2005; CalEPA, 2008). However, newer interpretation of the science — as
performed by U.S. EPA, adopted by Health Canada, and supported by the
Ministry — consider decrements in lung function for an individual as the point of
departure as these would interfere with normal activities and result in additional
and more frequent use of medication.

2) Use of uncertainty factors: WHO and CalEPA ambient air limits do not include
uncertainty factors in their development. However, measurable adverse effects
have been observed in some individuals in studies featuring exposure levels
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similar to these limits. The Ministry interprets this by suggesting that the WHO
and CalEPA limits would not be protective for some sensitive individuals (e.qg.,
children and those with severe or uncontrolled asthma) if either were to be
adopted as an air standard.

3) Consideration of air quality data: U.S. EPA’'s NAAQS were set based on an
interpretation of science and consideration of air quality data. National Ambient
Air Quality Standards (U.S. EPA NAAQS) are not required to be set at a zero-risk
level or to protect the most susceptible individual, but rather at a level that
reduces risk sufficiently so as to protect the public health with an adequate
margin of safety (italics added).

Additionally, it must be stated that other jurisdiction limits should be considered in the
context of their associated regulatory frameworks. In Ontario achievability and
economic issues are not considered in the setting of air standards. These challenges
are addressed through the site-specific standards or the sector-based technical
standards process. For more information on Ontario’s framework for managing risk,
please see the Ministry’s Guideline A-12: Guideline for the Implementation of Air
Standards in Ontario (GIASO).

Comment:

Some stakeholders questioned the Ministry’s use of uncertainty factors and suggested
that the approach layered uncertainty factors onto the scientific findings and drove the
proposed new standard lower, while delivering no additional health benefit to the public.
Uncertainty factors, it was suggested, may be appropriate when transposing test results
on lab rats to a human receptor. In this instance, however, the tests for SO2 are
conducted on both asthmatic and healthy humans — so stakeholders assert there is no
need for additional uncertainty factors.

Response:

Health Canada derived its Reference Concentration (RfC) as an estimate of the level of
continuous inhalation exposure to human population (including sensitive subgroups)
that is likely to be without appreciable risk of adverse non-cancer health effects over a
lifetime. Indeed, the data underpinning the determination of 67 ppb as a 10-minute
health-protective standard was gathered from the most susceptible population,
asthmatics. Thus, no additional uncertainty factors (UFs) are required in addition to the
UFs already utilized by Health Canada.

However, within the asthmatic population there will be variability in susceptibility not
captured by the individual asthmatics used in chamber studies (e.g., children and those
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with severe or uncontrolled asthma). Thus, the application of an uncertainty factor (UF)
for intra-species differences used by Health Canada in the derivation of their RfC is
supported; the rationale for this is described in detail in the Rationale Document.

Comment:

Some concerns were expressed about transient exceedance of the 10-minute reference
concentration within a 1-hour period and a recommendation was made to adopt the
Health Canada 10-minute reference concentration directly as a 10-minute standard, as
well as establishing a 30-minute standard.

Response:

Effects of SO2 on respiration are seen after 5 to 10 minutes of exposure. A 10-minute
averaging time is the most toxicologically relevant averaging time, which is reflected in
both the Health Canada 10-minute RfC and the Ministry’s 10-minute AAQC. However,
AAQCs may be converted to different averaging times to align with the structure of O.
Reg. 419/05. In particular, the selection of an appropriate averaging time for an air
standard for compliance purposes needs to reflect standard monitoring practicalities,
modelling capabilities, jurisdictional consistency, and other policy considerations; with
these latter considerations, a 1-hour averaging time is typically assigned by jurisdictions
for acute ambient air limits.

Using the health-based 10-minute AAQC as a foundation, a 1-hour air standard has
been set. Conversion factors were used to convert from 10 minutes to 1 hour based on
empirical monitoring data, ratios of concentrations observed for different averaging
times, and meteorological considerations. These are referenced in section 17 of O. Reg.
419/05. The application of conversion factors in setting the 1-hour values is intended to
minimize the times when the 10-minute RfC would be exceeded.

Comment:

There was a suggestion to take the U.S. EPA Acute Exposure Guideline Level-1
(AEGL-1) value and rationale into account, in establishing the updated air standard.

Response:

AAQCs and air standards are set at levels that are protective against adverse effects.
The U.S. EPA AEGL-1 of 520 ug/m?3 is a concentration “where the general population,
including susceptible individuals, could experience notable discomfort, irritation, or
certain asymptomatic non-sensory effects. However, the effects are not disabling and
are transient and reversible upon cessation of exposure.” These values are used



differently than AAQCs or air standards. They are used to assess concentrations of
contaminants in ambient air during an emergency (e.g., industrial spill, fire), for once in
a lifetime, rare or short-term exposures of the general population.

Comment:

A commenter questioned whether the new SO: air standards would resolve issues of
fine particulate matter (PM2.5) emissions?

Response:

Along with direct effects on the respiratory system, SOz is associated with indirect
health and environmental effects. That is, SOz is a precursor to PM2s. Exposure to PM
25 increases the risk of adverse human health effects contributing to respiratory and
cardiovascular disease and premature death. At low, environmentally-relevant
concentrations of SO2 in ambient air, it is difficult to separate the SO: effects from other
co-occurring pollutants like PM and NOx.

Reductions in emissions of SO2 will contribute to reductions in the formation of PM2s.
However, considering the sources of PMz25 not regulated by O. Reg. 419/05 (e.g.,
emissions from transportation, transboundary sources, formation by secondary
atmospheric reactions), PMzs remains a broader human health concern, and thus
addressed as a regional air pollutant.

Comment:

A request was made for the ministry to consider reports from Northern Ontario to inform
the setting of the annual standard and to reconsider the use of the lichen as it is not
representative of Ontario species.

Response:

The Ministry reviewed some archived reports. These studies were qualitative in nature
and could not be used to set a quantitative benchmark such as an air standard.

The lichen species referenced in the Science Document are common to North America
and Europe. Lichens are among the first species affected by acid deposition and serve
as early warning indicators of air pollution.

Comment:



A recommendation was made to consider disease rates or health outcome data for
Ontario in the setting of the standard.

Response:

Air standards are set based on information about the effects of contaminants and are
set at levels that are protective against adverse effects. Health statistics (which reflect
health outcomes due to any potential cause) do not specifically relate a contaminant to
an effect and are therefore not used in the setting of air standards.



3.0 Decision: Acute AAQC and Air Standard for SO>
3.1 Overview

As outlined in the Science Discussion Document (MOECC, 2016) and Rationale
Document (MOECC, 2017), the foundation for the Ministry’s decision for an updated
health-based AAQC and air standard for SOz is based on the recent health
assessments of Health Canada and the United States Environmental Protection Agency
(U.S. EPA, 2010; Health Canada, 2016). These assessments included information
obtained from the U.S. EPA (2008) and the World Health Organization (WHO, 2005).

The following points represent the basis of the Ministry decision in setting an updated
health-based AAQC and air standard for SOz, with the rationale described previously
(MOECC, 2016; MOECC, 2017):

e The Ministry considers respiratory morbidity as the critical adverse health
endpoint for short-term SO2 exposure.

e Asthmatics are considered a susceptible population in studying the effects of SOz
associated with bronchoconstriction.

e The development of an acute AAQC for SO: is better served by the quantitative
evaluation of lung function as observed in exercising asthmatics under controlled
conditions (i.e., chamber studies), supported by semi-quantitative information
from relevant epidemiological studies.

e Similar to Health Canada, the Ministry has utilized the U.S. EPA meta-analyses
of multiple chamber studies of exercising asthmatics, in place of the selection of
a single ‘key study’.

e Based on the U.S. EPA and Health Canada meta-analyses of chamber studies of
exercising asthmatics, the Ministry considers 67 ppb (180 pug/m3, rounded) an
appropriate health-based value for an acute AAQC derivation, in order to protect
the general population and sensitive individuals against the health effects
associated with a 10-minute exposure to SOx.

e A 10-minute annual averaging time is the most toxicologically-relevant for the
acute health-based AAQC.

3.2 Decision

After an evaluation of the scientific rationale for SO air guidelines and standards from
environmental agencies, recent health assessments from Health Canada and the U.S.
EPA, an examination of the current toxicology, and consideration of stakeholder
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comments, the Ministry considers the information of the U.S. EPA (2008; 2010) and
Health Canada (2016) human health risk assessments as the basis for the proposed
acute AAQC and air standards for SO..

Specifically, based on a quantitative analysis of clinical studies under controlled
conditions of exercising asthmatics experiencing respiratory morbidity, the following
health-based acute AAQC for SO: is set for evaluation of ambient air quality:

Ten-minute (10 min) Ambient Air Quality Criterion (AAQC) of 180 ug/m?
(micrograms per cubic metre of air) for SOz, based on respiratory morbidity
in exposed sensitive populations

AAQCs may be converted to a different averaging time to support ambient monitoring
comparisons, and, in air standard setting for Ontario Regulation 419: Air Pollution —
Local Air Quality, compliance purposes. The Ministry utilizes meteorological conversion
factors referenced in section 17 of O. Reg. 419/05. Thus, using the preceding health-
based 10-minute AAQC as a foundation, the following AAQC and air standard are set,
rounded:

For evaluation of ambient air quality:

One-hour (1 hr) Ambient Air Quality Criterion (AAQC) of 100 pg/m?3
(micrograms per cubic metre of air) for SO2, based on respiratory morbidity
in exposed sensitive populations

Based on the same information, the following air standard is set for evaluation of
facilities regulated under O. Reg. 419/05:

One-hour (1 hr) air standard of 100 pg/m?3 (micrograms per cubic metre of
air) for SOz, based on respiratory morbidity in exposed sensitive
populations

11



4.0 Decision: Chronic AAQC and Air Standard for SO>
4.1 Overview

The following points represent the basis of the Ministry decision in setting a new
ecologically-based AAQC and air standard for SOz, with the rationale described
previously (MOECC, 2016; MOECC, 2017):

e The Ministry considers the direct effect of SO2 on vegetation, including foliar
injury, decreased photosynthesis, and decreased growth, as the critical adverse
endpoint for long-term SO2 exposure.

e The Ministry considers lichens as the susceptible species in studying the chronic
effects of SO2 on the environment.

e The Ministry considers the lower bound of the CCME range 4 ppb (10 pg/m3) as
appropriate proposed value for a chronic AAQC for SOz, in order to protect
against ecological impacts.

e An annual averaging time would be the most toxicologically-relevant for the
chronic ecologically-based AAQC.

4.2 Decision

After an evaluation of the scientific rationale for SOz air guidelines and standards from
environmental agencies, recent health and environmental assessments from Health
Canada and the U.S. EPA, an examination of current toxicological research, and
consideration of stakeholders’ comments, the Ministry agrees with Health Canada and
considers the WHO (2005) risk assessment approach to be the most appropriate for
developing a chronic AAQC and air quality standard for SO2. Specifically, considering
the observable effects on lichen abundance and biodiversity with environmental chronic
exposures to SOz, the following ecologically-based chronic AAQC for SOz is set,
rounded:

For evaluation of ambient air quality:

Annual Ambient Air Quality Criterion (AAQC) of 10 pg/m? (micrograms per
cubic metre of air) for SOz, based on vegetation damage in exposed
sensitive species

Based on the same information, the following air standard is set for evaluation of
facilities regulated under O. Reg. 419/05:
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Annual air standard of 10 pg/m? (micrograms per cubic metre of air) for
SOz, based on vegetation damage in exposed sensitive species

13



5.0 Upper Risk Threshold

An Upper Risk Threshold (URT) is a concentration of a contaminant in air, set above the
general air standard. URTSs are risk management values based on consideration of
scientific information. The framework for establishing, implementing and assessing
URTSs was established through consultation with stakeholders including public health
associations and industry and is described in the Guideline A-12: Guideline for the
Implementation of Air Standards in Ontario (GIASO). For the purpose of sections 30
and 35 of O. Reg. 419/05, the URTSs are incorporated into Schedule 6 of O. Reg.
419/05.

Generally, the Ministry sets URTs for contaminants at 10 times the standard for non-
cancer effects, but may also consider other adverse effects that may be of concern at
higher exposure levels. Such information was considered in setting the URTSs for SO2.
Specifically, as the current 1-hour air standard for SOz is representative of a
concentration which is protective of the general population but not sensitive populations,
the URTSs are proposed to be set at the level of the current (1974) SO:2 air standards. If
the URT were set at the default level of 1000 ug/m?3 (10 times the air standard of 100
ug/m?3) sensitive individuals would have difficulty breathing.

The URTSs for the updated standards for SO2 are to be the current (1974) air standards,
namely:

e al-hour URT of 690 ug/m?3 (micrograms per cubic metre of air) for SOz, for facilities
where section 20 applies;

e a half-hour URT of 830 ug/m3 (micrograms per cubic metre of air) for SOz, for
facilities where section 19 applies.

Further details about URTs and their implementation can be found in the Ministry’s
document Guideline A-12: Guideline for the Implementation of Air Standards in Ontario.
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6.0 Additional Information

The effects-based AAQCs will be added to the list of Ontario’s Ambient Air Quality
Criteria, which can be found on the Ministry’s website.

The corresponding effects-based 1-hour and annual standards will be incorporated into
Schedule 3 of O. Reg. 419/05 and will be added to the Ministry’s Air Contaminants
Benchmarks List. No updates to Schedule 2 standards are proposed because
Schedule 2 will be phased out on February 1, 2020, before the new sulphur dioxide air
standards would take effect.

Among other things, O. Reg. 419/05 sets out the applicability of standards, appropriate
averaging times, phase-in periods, types of air dispersion model and when various
sectors are to use these models. There are three guidelines that support O. Reg.
419/05:

e “Guideline A-12: Guideline for the Implementation of Air Standards in Ontario”
(GIASO);

e “Guideline A-11: Air Dispersion Modelling Guideline for Ontario” (ADMGO); and

e “Guideline A-10: Procedure for Preparing an Emission Summary and Dispersion
Modelling (ESDM) Report.

Of note, GIASO outlines a risk-based decision making process to set site-specific air
standards to deal with implementation barriers (time, technology and economics)
associated with the introduction of new and/or updated air standards and new models.
The site-specific standard setting process is set out in section 32 of O. Reg. 419/05.
For further information on these guidelines and O. Reg. 419/05, please see the
Ministry's website and follow the links to local air quality.
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8.0 Acronyms, Abbreviations, and Definitions

AAQC
ADMGO
AEGL-1
CAAQS
CalEPA
CAS
CCME
EBR
ESDM
FEV1
GIASO
LOAEC
MOECC
NAAQS
NOAEC
NOAEL
O. Reg. 419/05
POD
PM2s
RfC
SOz
UF
URT
U.S. EPA
WHO

ppb
Hg/m?

ambient air quality criterion

Air Dispersion Modelling Guideline for Ontario

U.S. EPA Acute Exposure Guideline Level-1

Canadian Ambient Air Quality Standard

California Environmental Protection Agency

Chemical Abstracts Service

Canadian Council of Ministers of the Environment
Ontario Environmental Registry

Emission Summary and Dispersion Modelling

forced expiratory volume in 1 second

Guideline for the Implementation of Air Standards in Ontario
lowest observed adverse effect concentration

Ontario Ministry of the Environment and Climate Change
National Ambient Air Quality Standard

no observed adverse effect concentration

no observed adverse effect level

Ontario Regulation 419: Air Pollution — Local Air Quality
point of departure

Fine particulate matter; all particulates < 2.5 ym in size
reference concentration

sulphur dioxide

uncertainty factor

upper risk threshold

United States Environmental Protection Agency

World Health Organization

part per billion
microgram per cubic metre of air
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Executive Summary

This document provides the scientific rationale used by the Ontario Ministry of the
Environment and Climate Change (the Ministry) in proposing updated Ambient Air
Quiality Criteria (AAQCs) and air standards for sulphur dioxide (SO2) (CAS #7446-09-
5). This document builds upon the Science Discussion Document on the Development
of Air Standards for Sulphur Dioxide (SO2), which describes the science reviewed
(MOECC, 2016).

In preparing this document, the Ministry considered the available toxicological evidence,
human health risk assessments from other jurisdictions, and the science-related
stakeholder questions and comments gleaned from pre-consultation on the Science
Discussion Document. There was a general consensus from the pre-consultation stage
that a short-term (acute) AAQC and air standard would be supported based on human
health effects, in addition to a long-term (chronic) AAQC and air standard based on
phytotoxic effects.

The Ministry relied primarily on the recent health risk assessment carried out by Health
Canada (2016) to inform the development of the Canadian Ambient Air Quality
Standards (CAAQS) for SO2. This assessment also reflects information obtainedfrom
the U.S. EPA (2008) and the World Health Organization (WHO, 2005). The Ministry
used these assessments to identify the most sensitive adverse effect associated with
ambient air exposure of SO2, and concurs with world-wide jurisdictions thatrespiratory
morbidity is the critical adverse health endpoint for acute SO2 exposure.

Considering the fact that asthma sufferers are prone to the health effects of
bronchoconstriction, combined with the asthma prevalence rates in the Ontario
population, asthmatics are considered a significant susceptible group in establishing a
health-based AAQC and air standard for SO2. Specifically, the Ministry proposesthat
an acute AAQC and air standard for SO2 be based on bronchoconstriction as observed
by the quantitative evaluation of detriments in lung function in exercising asthmaticsin
controlled chamber studies. Bronchoconstriction is a well-supported mode of actionin
SOz respiratory morbidity, via stimulation of chemosensitive receptors initiating reflexive
contraction of smooth muscles in the bronchial airways. This mode of action is also
supported by the semi-quantitative information from relevant epidemiological studies.

Based on the U.S. EPA and Health Canada meta-analyses of chamber studies of
exercising asthmatics, the Ministry considers 67 ppb (180 pug/m?3) as an appropriate
proposed value for deriving an acute AAQC, in order to protect the generalpopulation
and sensitive individuals against the health effects associated with a 10-minute
exposure to SO2. From this, AAQCs and air standards with appropriate averaging



times are proposed to support evaluation of ambient air monitoring and compliance
under Ontario Regulation 419: Air Pollution — Local Air Quality (O. Reg. 419/05),
respectively.

Concurrently, the Ministry considers the direct effect of SO2 on vegetation, including
foliar injury, decreased photosynthesis, and decreased growth, as the critical adverse
endpoint for chronic SOz exposure, and considers lichens as the susceptible species in
studying the chronic effects of SOz on the environment. Based on work performed by
the WHO, the Ministry considers 4 ppb (10 pg/m?) as appropriate proposed value for
both a chronic AAQC and air standard for SOz, in order to protect ecologicalimpacts,
with an annual averaging time being the mosttoxicologically-relevant.

Together, based a quantitative analysis of human clinical studies under controlled
conditions of exercising asthmatics experiencing respiratory morbidity, the Ministry
proposes the following health-based acute AAQC for SO2:

Proposed 10-minute AAQC for SOa:

Ten-minute (10-minute) Ambient Air Quality Criterion (AAQC) of 180 pg/m?
(micrograms per cubic metre of air) for SO2 (67 ppb), based onrespiratory
morbidity in exposed sensitive populations

AAQCs may be converted to different averaging times to support implementing O. Reg.
419/05 compliance purposes. The Ministry utilizes conversion factors derived froman
exponential equation based on empirical monitoring data, ratios of concentrations
observed for different averaging times, and meteorological considerations, referencedin
Section 17 of O. Reg. 419/05. Thus, using the preceding health-based 10-minute AAQC
as a foundation, the following AAQC and air standard are proposed:

Proposed One-hour AAQC for SOz:

One-hour (1-hour) Ambient Air Quality Criterion (AAQC) of 100 pug/m?
(micrograms per cubic metre of air) for SO2 (40 ppb), based on respiratory
morbidity in exposed sensitive populations

For Ontario Regulation 419: Air Pollution — Local Air Quality compliance purposes, the
Ministry proposes the following air standard for SOz2:

Proposed One-hour Standard for SOz:

One-hour (1-hour) air standard of 100 pg/m3(micrograms per cubic metre of
air) for SO2 (40 ppb), based on respiratory morbidity in exposed sensitive
populations



Based on the observable effects on lichen abundance and biodiversity with
environmental chronic exposures to SO2, and the assessment of the WHO, the Ministry
proposes the following ecologically-based chronic AAQC for SO2:

Proposed Annual AAQC for SOz:

. Annual Ambient Air Quality Criterion (AAQC) of 10 ug/m3 (micrograms
per cubic metre of air) for SOz (4 ppb), based on vegetation damage in
exposed sensitive species

Additionally, for Ontario Regulation 419: Air Pollution — Local Air Qualitycompliance
purposes, the Ministry proposes the following air standard for SOz2:

Proposed Annual Air Standard for SOz:

. Annual air standard of 10 ug/m?3(micrograms per cubic metre of air) for
SOz (4 ppb), based on vegetation damage in exposed sensitive
species

These standards are proposed to be incorporated into Ontario Regulation 419/05: Air
Pollution — Local Air Quality (O. Reg. 419/05).
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1.1 Introduction

1.2 Background

The Ontario Ministry of Environment and Climate Change (the Ministry) has identified
the need to develop and/or update air standards for priority contaminants. The
Ministry’s Standards Plan, which was released in October, 1996 and revised in
November, 1999 (MOE 1996; MOE 1999), identified candidate substances for which
current air standards will be reviewed or new standards developed. Sulphur dioxide
(CAS # 7446-09-5) was identified as a high priority candidate for air standard
development based on its release pattern in Ontario, identification as a priority by
federal and national committees, and recent toxicological information that was published
subsequent to the development of the existing standard in 1974, and retained in2005.

The purpose of the document is to provide the rationale for the proposed Ambient Air
Quiality Criteria (AAQCs) and air standards for sulphur dioxide (SO2). Thisdocument
builds upon the Science Discussion Document on the Development of Air Standardsfor
Sulphur Dioxide (SO2), prepared by the Ministry of Environment and Climate Change
(MOECC, 2016).

1.3 Overview of the AAQC/Standard Setting Process

AAQCs and air standards are set at concentrations that are protective againstadverse
effects. They are based solely on science, informed by such factors as the substance’s
physical and chemical properties, its environmental fate, its environmental effects, its
toxicology and human health effects, and the scientific analyses underlying the
approaches taken by other jurisdictions in setting effects-based criteria.

The Ministry first develops an AAQC, which is used to evaluate air quality thatresults
from all sources of a contaminant to air. Air standards are based on AAQCs and set
under Ontario Regulation 419: Air Pollution — Local Air Quality (O. Reg. 419/05). Air
standards may sometimes be numerically the same as an AAQC, but are tools that
contribute to the management of local air quality. Under the regulation, airstandards
are used to assess the contributions of a contaminant to air by a regulatedfacility.

The current process for setting AAQCs and air standards was established in 2008,
through consultation with stakeholders. The first step is for the Ministry to preparea
Science Discussion Document and to invite interested stakeholders to discuss the
science in a “pre-consultation” meeting; during the current update of the SO: air
standard, this occurred on May 11, 2016, in Toronto. After giving consideration to
outstanding issues which may arise from the pre-consultation phase, aregulatory



proposal is made through a Rationale Document (i.e., this document), which undergoes
formal public consultation by posting on the Ontario Environmental Registry (i.e., the
“consultation” step). The posting of the Rationale Document provides an opportunity for
input from stakeholders regarding the proposed AAQCs and air standards. Meetings
with stakeholders may also be held during this step. The Ministry considers comments
received during the consultation to inform its decisions on the proposed AAQCs and air
standards. A Decision Document is prepared, which includes key comments from
stakeholders and the responses provided by the Ministry. The air standards are added
to O. Reg. 419/05 and the final decisions are posted on the Environmental Registry.



2.1 Background

In preparing the rationale for developing AAQCs and air standards for SOz that are
protective of human health and the environment, the Ministry considers the available
toxicological evidence, human health risk assessments from other jurisdictions, andthe
science-related stakeholder comments gleaned from pre-consultation of the Science
Discussion Document. For comparison purposes, 1 ppb SOz = 2.66 yg/m?3 (at 20.0°C
and 1 atm).

2.2 Summary of the Science Discussion Document

A summary of the finalized Science Discussion Document on the Development of Air
Standards for Sulphur Dioxide (SO2) (MOECC, 2016) is presented here by repeatingits
Executive Summary:

Sulphur dioxide is a colourless gas at room temperature and typical
environmental conditions. As it is heavier than air, it may accumulate atground
level under some ambient conditions. SO: is released from natural sources
(e.g., forest fires, wildfires), and from anthropogenic sources in quantities that
may substantially affect local air quality. Major anthropogenic sources in Ontario
include non-ferrous smelting and refining, petroleum refining, iron and steel
industry, transportation sources (e.g., air and marine transportation), incinerators,
and other industrial sources (e.g. cement plants, pulp and paper mills, chemical
industry). The odour of SO2 has been described as irritating and pungent (U.S.
National Library of Medicine, 2016), with a consensus odour threshold value of
500 ppb (1300 pg/m?3) (Health Canada, 2016).

SO:2 can affect elements of ecosystems via direct impact on plants through soil
uptake or direct adsorption of SOz from air, and indirectly through the deposition

and retention in soils of other sulphur-containing compounds such assulphuric
acid and sulphate particles. Acute and chronic exposures to SOz have
phytotoxic effects on vegetation which include foliar injury, decreased
photosynthesis, and decreased growth. Lichens are among the first species
affected by acidifying deposition and have been used as early warningindicators
of air pollution, particularly acidifying sulphur pollutants.

In humans, inhaled SO: is rapidly solubilized in the upper respiratory tractand
may be absorbed across nasal mucosa and the mucosal cells of the trachea
(ATSDR, 1998; Arts et al., 2006). With increasing physical activity, the shiftfrom
nasal to oronasal breathing results in greater SO2 penetration into the bronchial
region of the respiratory tract. SOz is not likely to reach the lungs. Once
absorbed across mucosal cells, hydrated SOz transforms to sulphite/bisulphite at



physiologic pH. However, sulphite levels in the body are predominately
influenced by endogenous production and by ingestion of sulphites infood.

Inhaled SO:2 stimulates bronchial epithelial irritant receptors in the
tracheobronchial tree. This initiates a reflexive contraction of smooth musclesin
the bronchial airways associated with bronchial constriction. It is this bronchial
constriction that is associated with respiratory morbidity. Using a weight of
evidence approach, Health Canada and the United States Environmental
Protection Agency (U.S. EPA, 2008; 2015; Health Canada, 2016) concludedthat
the strongest causal relationship exists between short-term SOz exposure and
respiratory effects. These adverse effects include bronchoconstriction, changes
in lung function, airway inflammation, airway hyper-responsiveness, and
emergency room hospital visits. Respiratory morbidity can be considered the
underlying critical effect for the formation of a SO2 AAQC. However, exposure
estimates are considered to be more accurate in human clinical studies under
controlled conditions (i.e., chamber studies) compared to epidemiological data,
and thus are typically relied upon for quantitative evaluation by various
jurisdictions.

The U.S. EPA amassed data from a series of chamber studies and performed a
meta-analysis, demonstrating dose response findings in respiratory function and
percent of affected asthmatics These studies formed the basis of the consensus
benchmarks in the development of the U.S. EPA National Ambient Air Quality
Standards (NAAQS). Health effect consensus benchmark concentrations of 200
ppb and 400 ppb were used to perform a quantitative exposure and risk
assessment on two proposed 1-hour values at 50 ppb and 100 ppb, in orderto
predict the frequency in days of 5 minute exceedences of the benchmark
concentration. From this, the U.S. EPA inferred that at a 75 ppb 1-hour limit,
there is potential for a few daily 5 minute exceedences of the health effects
benchmark concentrations of 200 and 400 ppb over a year. Thus, the 75 ppb
(200 pg/m?3) 1-hour average NAAQS for SO2 was established to be protective of
public health, with an adequate margin of safety.

Health Canada (2016) developed a SO:2 reference concentration (RfC) from the
statistically significant lowest observed adverse effect concentration (LOAEC) of
400 ppb, resulting in lung function decrements from controlled human exposure
studies of asthmatics exposed for 5-10-minutes at increased ventilation (WHO,
2005; U.S. EPA, 2008; Johns and Linn, 2011). To account for the uncertainties
in the controlled human exposure dataset, and to consider the supporting
evidence from epidemiology, a combined uncertainty factor (UF) of 6 was
applied. This resulted in a 10-minute inhalation RfC of 67 ppb (180 ug/m?3), which
was converted to a 1-hour limit of 40 ppb (100 ug/m?3) in consideration ofthe
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stability of the metric. The RfC of 67 ppb (180 pug/m?3) was used to informthe
CAAQS management levels.

In attempting to identify a key study for AAQC development, the Ministry’s will
focus on data that will allow for protection to all individuals in the general
population, including those who are likely to be susceptible to developing the
critical effect. Specific life-stages or groups thought to be at risk forincreased
susceptibility to SO2-mediated adverse health effects include asthmatics.
Estimates of exposure are considered to be more accurate in chamber studies,
and thus will be relied upon for quantitative evaluation. The Ministry proposesto
utilize these studies as a group, to be representative of the ‘key study’ for AAQC
and air standard development. In consideration of the U.S. EPA (2008) analysis
of a number of chamber studies, consensus benchmarks concentrations of 200
ppb (525 pug/m3) and 400 ppb (1050 pug/m?3) are noted, and as used by Health
Canada (2016) in developing the 10-minute RfC of 67 ppb (180 ug/m3).

A review of the mode of action and controlled human studies supportintermittent
spikes in the 5-10-minute range as being the most health-relevant. Thus, ashort
averaging time is appropriate. The selection of the appropriate averaging time,
however, needs to be balanced with monitoring practicalities, modelling
capabilities, jurisdictional consistency, and other implementation considerations.

In addition, a chronic AAQC and air standard aimed to protect vegetationfrom
direct SO:2 effects will be considered by the Ministry, based on the WHO
vegetation effects range of 4 ppb (10 ug/m?3) to 8 ppb (20 pg/m3) on anannual
basis.

2.3 Summary of the Pre-consultation Meeting and Comments

In April 2016, as part of the Standards Plan for air standards development (MOE, 1996;
MOE, 1999), the Ministry distributed the Science Discussion Document for SOz to
interested stakeholders (MOECC, 2016). The Ministry requested scientific input
regarding the toxicological information examined by the Ministry, and comments onthe
strengths and weaknesses of the possible paths towards the development of the
AAQCs and air standards for SO2. On May 11, 2016, the Ministry hosted a Pre-
consultation Science Meeting at 40 St. Clair Avenue West, Toronto, with interested
stakeholders and invited participants to provide any additional comments in writing,
following the meeting. The Ministry received oral and written comments and information
from members of some First Nation communities as well as from stakeholders
representing industry, public health, environmental groups and consultingfirms.



A summary of the key questions and comments received on the draft Science
Discussion Document is provided below.

1) Does the Ministry consider asthmatics as the most sensitive group on whichto
base the standard or does the ministry consider other groups to be more
sensitive?

The Ministry considers asthmatics to be the most sensitive group, and would not
propose a more stringent standard based on another more sensitive population.
However, the acknowledgment of the variation within the asthmatic populationremains.

2) Does the Ministry have details regarding the contribution of SO2 to air from
various sources? Setting an air standard under the regulation does notaddress
unregulated sources and this should be considered if the goal is improvementin
air quality.

The local air quality regulation is intended to address Ontario point sources of air
contaminants and is one of the many tools used by Ontario to manage air quality.

3) Will the Ministry endorse the (then-proposed) Canadian Council of Ministers of
the Environment (CCME) Canadian Ambient Air Quality Standard (CAAQS) for
SO (i.e., will the CAAQS process influence the development of the Ontario air
standards)?

As a part of the continuing implementation of the federal Air Quality Management
System, on October 3, 2016, CCME announced new Canadian Ambient Air Quality
Standards (CAAQS) for sulphur dioxide. Ontario has been an active participant with
other provinces and territories in the development of the CAAQS, which are non-
regulatory targets intended to drive improvements in ambient air quality. Health
Canada’s health risk assessment of SO2 has informed the setting of both the CAAQS
and Ontario proposed air standards. However, CAAQS are established at
concentrations that are achievable, whereas Ontario’s air standards are based solelyon
effects information. Specifically, the non-regulatory CAAQS ranges representambient
air targets developed in consideration of not only health and environmental impacts, but
also current standard levels, trends and projections in ambient concentrations, and
elements of achievability; these latter considerations are not considered in Ontario’s
AAQC and air standard development process. In Ontario, achievability and economic
issues are addressed through technology-based standards under O. Reg.419/05.

4) While it is understood that the clinical studies provide the quantitative estimate of
exposure and effects, will the Ministry consider how to give more weight to
epidemiological studies?



Epidemiological studies have shown relationships between SOz exposure and effects at
any air concentration. However, at low concentrations of SOz in ambient air, it is
difficult to separate the SO2 effects from other co-occurring pollutants like PM and NOx.

5) The effects on respiration were seen after 5-10-minutes of exposure. This effect
does not become more severe if exposure is continued for an hour. Therefore the
ministry should use the Health Canada 10-minute reference concentration (RfC)
as a 1-hour value without adjustment.

It is reasonable to assume that a 10-minute RfC of 67 ppb is biologically equivalent toa
1-hour RfC of 67 ppb; that is, the health risks associated with a 10-minute or 1-hour
exposure at a constant level of 67 ppb are indistinguishable from each other. Thisis
because biological responses to SOz inhalation exposure occur very rapidly, within the
first few minutes from commencement of inhalation; continuing the exposure further
does not increase the effects.

However, under the O.Reg. 419/05 modelling compliance structure, meeting a 1-hour
air standard (or RfC) at 67 ppb, would not take into consideration meteorological
variation and may allow for peak periods much higher than 67 ppb. As aresult,
measurements of hourly average concentrations may not be representative of short
duration (e.g., 10-minute) “peak” concentrations within the hour, because such peaks
(and “valleys”) are smoothed out in the course of meeting a 67 ppb 1-hourcompliance
point. To reduce the possible occurrences of such peaks, O.Reg. 419/05 conversion
factors are utilized in AAQC and air standard setting to convert health-based RfC
averaging times (i.e., 10-min) to different averaging times to support ambient air
monitoring and O.Reg. 419/05 compliance purposes (i.e., 1-hour),respectively.

6) The ministry included uncertainty factors for the Health Canada reference
concentration in its draft science document. Where does that informationcome
from because Health Canada does not provide it in its own SO> science
document?

The ministry received this information directly from Health Canada, and hasincluded
this in the finalized Science Discussion Document.

The above discussion informed the finalization of the Science Discussion Document
(included in the current posting) and the regulatory proposal described in thisdocument.
Moving forward, the Ministry will invite input on this Rationale Document from all
interested parties (see Section 6.0).



2.4 Strategies in the Development of SO, AAQCs

The Ministry relied primarily on the recent health risk assessment carried out by Health
Canada (2016). This assessment included information obtained from the U.S. EPA
(2008) and the World Health Organization (WHO, 2005). The strategy employed wasto
utilize these assessments to identify the most sensitive adverse effect associated with
ambient air exposure to SO2. In this document, the rationale underlying the selection of
this endpoint, the key study(s), and most appropriate health-protective point of
departures are presented, followed by a discussion of the science policy considerations
in the application of uncertainty factors and averaging times.

During the process to identify a critical effect, data for a number of effects arereviewed.
The Ministry sets a single AAQC and air standard from a single critical effect; if another
effect is of concern, then a second AAQC will be considered for development. Based
on the review of the science, the Ministry considered it appropriate to develop a short-
term (acute) AAQC based on human health effects (Section 3.0) as well as along-term
(chronic) AAQC based on phytotoxic effects (Section 4.0).

It should be noted that the CCME non-regulatory CAAQS for SO2 (Table 2.1) are also
informed by the 2016 Health Canada risk assessment, but include additional
considerations such as current standard levels, trends and projections in ambient
concentrations, and elements of achievability; these latter considerations are not
considered in the present Ontario AAQC and air standard development process.
Notable, during the CAAQS development process, Health Canada described the then-

proposed range for the 1-hour CAAQS to be 40 to 70 ppb asfollows:

e If the 1-hour CAAQS were set at 40 ppb, all members of the population, including
sensitive subgroups such as individuals with asthma, would be expected tobe
protected if 40 ppb were not exceeded.

e If the 1-hour CAAQS were set at 70 ppb, the general population would be
expected to be protected but there would be times when sensitive subgroups
such as individuals with asthma may not be protected, even if the 70 ppbwere
not exceeded.

As the 2020 CAAQS of 70 ppb is not considered to be protective of susceptible
individuals, and represents a non-regulatory limit which takes into account current
standard levels, implementation issues, projections in ambient concentrations, and
elements of achievability, it is not considered applicable to the development of an SO
AAQC, and will not be discussed further.

In contrast, the health-based 40 ppb lower bound is considered to be protective of
susceptible individuals, as it represents a 1-hour conversion of the health-based Health
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Canada 10-minute RfC of 67 ppm, it is thus considered applicable to the development
of an SO2 AAQC and air standard.

Table 2.1. As a part of the federal Air Quality Management System, on October 3, 2016,
the Canadian Council of the Ministers of the Environment (CCME) announced new
Canadian Ambient Air Quality Standards (CAAQS) for sulphur dioxide that areintended
to drive the improvement of air quality across the country. The CAAQS values and
management levels for the 1-hour CAAQS are listed in the tables below (CCME, 2017).

Management level

Yellow

and action

To improve air guality
using early and
ongoing actions for

continuous

improvement

Management levels for the 1-hour
CAAQS for SO, (ppb)

Effective 2020 Effective 2025

> 30to =50 ppb

Numerical Value

Averaging | _in parts per billion (ppb) Statistical form of the standards
time Effective Effective (metric)
2020 2025
The 3-year average of the annual 39" percentile of
1-hour Fill] 63 the 30z daily maximum 1-hour average

concentrations.




3.1 Development of an Acute AAQC for SO>

3.2 Critical Effect

As outlined in the Science Discussion Document for SO2 (MOECC, 2016), the
foundation for the Ministry’s rationale for a proposed acute AAQC and air standard for
SO: is based on the recent health assessments of Health Canada and the United
States Environmental Protection Agency (U.S. EPA, 2008; 2015; Health Canada,2016).

Briefly, the information from controlled human exposure, epidemiologic data, and
toxicological studies has been integrated by these agencies to form conclusions about
the causal nature of relationships between SOz exposure and health effects. Both
assessments examined the available scientific evidence using established
considerations for assigning causal determination (U.S. EPA, 2008), and took into
consideration the Bradford Hill criteria, which are succinctly summarized by Health
Canada (2016) (italics in original):

“the strength of the associations, including the magnitude and precision ofthe
risk estimates and their statistical significance

the robustness of the associations to model specifications and adjustmentfor
potential confounders such as weather, temporal trends, and co-occurring
pollutants

the consistency of reported associations across studies and study designs
conducted by different researchers in different locations and times

the biological plausibility of the associations in light of what is known aboutthe
effects of this chemical, referencing data from experimental studies or other
sources demonstrating plausible biological mechanisms

the coherence of the relationship between exposure to the chemical andrelated
endpoints within and across animal toxicology, controlled human exposure, and
various types of epidemiological studies”

Using a weight of evidence approach, both agency health assessments concludedthat
the strongest causal relationship exists between short-term SO2 exposure and
respiratory morbidity.

The Ministry supported the above selection of the critical adverse effect endpointbased
on the use of the Bradford Hill criteria and unequivocal evidence from multiple high
guality studies. The selected critical effect is a product of the use of the most certain
and predictive, rather than most conservative, information. That is, while
epidemiological studies describe adverse effects at exposure to SO2 concentrations
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lower than those observed in chamber studies, there remain concerns regarding the
accuracy of exposure estimates from ambient measurements typical of epidemiologic
studies. Thus, while there is consistency among evidence from epidemiologic and
toxicological studies, and biological plausibility for effects specifically related to
respiratory morbidity, estimates of exposure are considered to be more accurate in
human clinical studies under controlled conditions (i.e., chamber studies), and thuswill
be relied upon for quantitative evaluation.

MINISTRY RATIONALE: The Ministry will consider respiratory morbidity
as the critical adverse health endpoint for short-term SO2 exposure.

3.3 Susceptible Population and Selection of Key Study

An appropriate key study selection is essential for the goal of establishing an AAQC
protective for all individuals, including those who are likely to be susceptible to
developing the critical effect (e.g., children, pregnant women, elderly), when dataare
available. In this case, the evidence clearly identifies asthmatics as a susceptible
population of note.

Briefly, as discussed in the Science Discussion Document (MOECC, 2016), respiratory
morbidity manifested as bronchoconstriction is the most commonly observed adverse
effects following SOz inhalation exposure. This is observed not only in the controlled
human exposure literature, but also in the epidemiological literature. Stimulation of
chemosensitive receptors in tracheobronchial tree followed by the initiation of reflexive
contraction of smooth muscles in the bronchial airways is considered a mode of action
in SOz respiratory morbidity. Thus, it is reasonable to consider asthmatics asa
susceptible population. It is noted that asthma is characterized by inflammation and
airway hyperresponsiveness, which manifests as excessive bronchoconstriction to
contractile stimuli (Barnes, 1996; Buels and Fryer, 2012). Indeed, there is significant
evidence to demonstrate that asthmatics are at increased risk for SO2-mediated health
effects. This is especially notable, as it is estimated that asthma affects approximately 3
million Canadians, representing about 9% of the population. Of particular note, there
are higher prevalence rates in children between the ages of 4 and 11, and among
certain ethnic or racial groups, including First Nations communities (Fenton et al.,2012;
Asthma Society of Canada, 2016).

In their tabulation of key evidence underlying the causal determinations for SOz, the
U.S. EPA (2015) noted consistent evidence from multiple, high quality epidemiologic
studies at relevant SOz concentrations showing an increase in asthma-related hospital
admissions in studies of all age groups (e.g., children, older adults). The U.S.EPA
further stated that the evidence from epidemiologic studies describing long-termSO:
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exposure is generally supportive but not entirely consistent for increases in asthma
incidence and prevalence. Furthermore, the evidence from epidemiological studiesis
coherent with limited animal toxicological evidence of allergic sensitization, airway
remodeling, and enhanced airway responsiveness, which are key events (orendpoints)
in the mode of action for the development of asthma-like symptoms. Additionally, there
is some supporting epidemiologic evidence of associations with respiratory symptoms
among children with asthma. Finally, as described in Section 5.7 of the Science
Discussion Document (MOECC, 2016), the U.S. EPA (2008) performed ameta-analysis
on the evidence from multiple human clinical studies of exercising asthmatics, which
demonstrated clinically observable decrements in lung function, following as little as 5-
10-minutes of exposure.

Taken together, considering asthmatics are prone to the health effects of
bronchoconstriction, the data show that respiratory effects experienced byasthmatics
following SO2 exposure appear to be more severe than among non-asthmatics.
Combined with the significant asthma prevalence rates in the Ontario population,
asthmatics are considered a significant susceptible group in establishing a health-based
AAQC for SOo.

MINISTRY RATIONALE: Asthmatics are considered a susceptible
population in studying the effects of SO2 associated with
bronchoconstriction.

Respiratory morbidity epidemiological and controlled human chamber studies arerelied
upon by various jurisdictions in establishing ambient air limits for SO2 (WHO, 2005; U.S.
EPA, 2010; CCME, 2016). Despite such a strong causal relationship, key uncertainties
and limitations remain in utilizing epidemiological data for the development of AAQCs
for SO2 (MOECC, 2016). Briefly, measurement error in averaging ambient exposure,
co-pollutant confounding, concurrent peak exposures within long-term average
exposures, and other etiological factors (e.g., underlying disease state, life-stage) are
such limitations. As uncertainty remains in quantifying the concentration-response
relationship in epidemiological studies, estimates of exposure are considered to be
more accurate in chamber studies.

While there is consistency among evidence from epidemiologic and toxicological
studies, and biological plausibility for effects specifically related to respiratory morbidity,
there remain concerns regarding the exposure estimates from epidemiologic studiesin
their applicability of representing an individual's SO2 exposure associated withthe
generation of an episode of respiratory morbidity; that is, average estimates of SO2
exposure may not represent peak exposures, which are the key determinant of acute
effects. In contrast with epidemiological studies, controlled human clinical studies
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feature direct exposure to SOz at known levels for specific short durations, without the
interference of other pollutants, and allow for the recording of symptomatic and
asymptomatic measurements of lung function.

Estimates of exposure are considered to be more accurate in human clinical studies
under controlled conditions (i.e., chamber studies), and more relevant to the mode of
action of short-term peak exposure and respiratory morbidity. Thus, the Ministry
proposes that these chamber studies, together, lend themselves to the quantitative
dose-response effects seen with SO2 exposure among exercising asthmatics, and are,
in fact, used by various jurisdictions in establishing their limits. Such a selectionis
supported by the semi-quantitative data gleaned from epidemiologicalstudies.

MINISTRY RATIONALE: The development of an acute AAQC for SOz is
better served by the quantitative evaluation of lung function as observed
in exercising asthmatics under controlled conditions (i.e., chamber
studies), supported by semi-quantitative information from relevant
epidemiological studies.

Thus, similar to Health Canada, the Ministry will utilize the U.S. EPA
meta-analyses of multiple chamber studies of exercising asthmatics, in
place of the selection of a single ‘key study’.

3.4 Proposed AAQC Derivation

The scientific basis for short-term limits from the following jurisdictions were considered:
WHO (2005), the Office of Environmental Health Hazard Assessment (OEHHA) ofthe
California Environmental Protection Agency (CalEPA, 2008), the U.S. EPA (2010),and
Health Canada (2016). The SOz air quality criteria of the various jurisdictions identified,
while valuable in providing some context, may have different stated mandates and may
have different implementation criteria relative to the Ontario context (Table 3.1).

Pulmonary resistance to airflow is the hallmark pathophysiology of bronchoconstriction,
and can either be measured by an increase in specific airway resistance (sRaw) ora
decrease in forced expiratory volume in 1 second (FEV1). sRaw is measures changes
in volume within an organ or whole body; FEV1 is the volume of air that can forciblybe
blown out in one second, after full inspiration. For quantitative evaluations, agencies
have consistently relied upon these lung measurements, taken from subjects thatare
typically young adults with mild-to-moderate controlled asthma and not receiving
medication, while performing moderate levels of physical activity (e.g., stationary
bicycle). Due to ethical reasons, children and those with severe or uncontrolled asthma
are typically excluded.
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In the Ministry’s initial step of analysis, it was noted that the basis of the point of
departure (POD) used by different agencies varied. For example, WHO (2005) and
CalEPA (2008) appear to have considered asthmatics as a group and the “clinical
significance” or “discomfort level” of effects in adopting the POD, rather than
decrements in lung function for an individual, as performed by U.S. EPA, andadopted
by Health Canada (discussed further, below). Common to both WHO and CalEPA
ambient air limits is the fact that no uncertainty factors were utilized in their
development. This is concerning, as measurable adverse effects have beenobserved
in some individuals in studies featuring similar exposure levels. The Ministryinterprets
this by suggesting that the WHO and CalEPA limits would not be protective forsome
sensitive individuals (e.g., children and those with severe or uncontrolled asthma), if
either were to be adopted as an AAQC. Thus, the WHO and CalEPA guidelineswere
not further considered by the Ministry.

In contrast, the more recent and comprehensive assessment by US EPA (2010)-also
utilized by Health Canada (2016) — considered both the individual and group response
rates of asthmatics, as well as the degree of the lung function detriments, as being
associated with either asymptomatic or symptomatic health effects. This analysis ledto
the identification of the 200 and 400 ppb Health Effects Benchmark Concentrations, for
5 minute exposures (Table 3.2). These benchmarks are based on a quantitative
relationship between exposure and effects and are considered supportable by the
Ministry for the development of a health-based AAQC and air standard. Specifically,
with regard to the 200 ppb Health Effects Consensus Benchmark Concentrations:

e 200 - 300 ppb (525 - 800 pug/m3) for 5-10-minutes represents the lowest
concentration range in free-breathing controlled human exposure studieswhere
some individuals have moderate or greater decrement in lung function.

e Approximately 5-30% exercising asthmatics experience moderate or greater
decreases in lung function (i.e., 2 100% increase in sRaw, and/or a 215%
decrease in FEV1).

e Group mean levels of lung function changes were not statistically different.

With regard to the 400 - 600 ppb Health Effects Consensus Benchmark Concentrations:

e 400 - 600 ppb (1050 - 1600 pg/m?3) for 5-10-minutes represents the lowest
concentration range in free-breathing controlled human exposure studieswhere
moderate or greater decrements in lung function occurred and were frequently
accompanied by respiratory symptoms.

e A greater percentage (20-60%) of exercising asthmatics experiences moderate
or greater decrease in lung function (i.e., 2 200% increase sRaw, and/or a 220%
decrease in FEV1), and is increasingly associated with respiratory symptoms
(e.g., wheezing, chest tightness).

e At =400 ppb, group mean levels of lung function changes were statistically
different.
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Table 3.1 Short-Term SO Jurisdictional Limits of Agencies Considered by the Ministry

Averaging

Agency Year Limit Value Time Description Basis
AQG value considers minimum * 200 ppb — associated with small changes in
World Health Air Quality 500 pg/m?® concentrations associated with baseline FEV1 after short-term exposure (i.e 10
Organization 2005 Guideline (190 ppb) 10 min adverse effects in the most min) regarded as not being clinically significant.
(WHO) (AQG) extreme circumstances (i.e. » Dose-response relationship of increased
exercising asthmatics). detriments in lung function was observed;
ranged from 200 to 600 ppb.
CalAAQS represents value that ® 250 ppb — NOAEL consensus value from
would not result in discomfort in multiple studies of adverse respiratory effects
respiratory effects in sensitive associated with bronchoconstriction
California California individual for a period of 1 hr. ¢ NOAEL Range 200 to 250 ppb for 60-75 min
Environmental Ambient Air 660 ug/m?3 1hr Limit aims to protect sensitive « LOAELs were identified from 400 to 500 ppb
Protection 2008 | Quality Standard (250 ppb) individuals (i.e., exercising for 5 to 75 minutes.
Agency (CalAAQS) asthmatics) from respiratory « Total application of an Uncertainty Factor of 1.
(CalEPA) effects of acute exposure.
NAAQS (primary) are set © 200 and 400 ppb Health Effects Benchmark
according to the Clean Air Act Concentrations (5 minutes) were identified and
which does not require the U.S. reasonably judged to be important from a
United States National Ambient EPA to establish primary NAAQS public health perspective.
Environmental Air Quality 200 ug/m?3 1 hr at zero-risk, but rather at alevel ¢ The predicted number of days of exceedence
Protection 2010 Standards (75 ppb) that reduces risk sufficiently so of these benchmarks based on proposed 1-
Agency (NAAQS) as to protect public health with hour average values at 50 ppb and 100 ppb
(U.S. EPA) an adequate margin of safety. was used as part of a quantitative exposure
and risk assessment.
o A NAAQS set at 75 ppb would result in minimal
predicted exceedences of the benchmarks.
RfC (inhalation) is an estimate of | e 400 ppb was used as the statistically
the level of continuous inhalation significant LOAEC, which resulted in lung
exposure to the human function decrements from controlled human
population (including sensitive exposure studies of asthmatics exposed for 5-
Reference subgroups) that is likely to be 10-minutes at increased ventilation (WHO,
Health Canada 2016 Concentration 180 pg/m? 10 min without appreciable risk of 2006; U.S. EPA, 2008; Johns and Linn, 2011).
2016 (RfC) (67 ppb) adverse non-cancer health e To account for the uncertainties in the

effects over a lifetime.

controlled human exposure dataset, and
considering the supporting evidence from the
epidemiology, a combined uncertainty factor
(UF) of 6 was applied resulting in aninhalation
RfC of 67 ppb SO2
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Table 3.2 Health Canada SO, Health Effects Summary.

Health Effect Consensus

Benchmark Concentrations 2200 ppb 2400 ppb
(> 5 minute)
Measurable Effects on Lung v v
Function*

Group mean levels of
statistically significant lung X v
function changes

Respiratory Symptoms** No symptoms Symptoms

* Lung Function: Bronchoconstriction and respiratory symptoms that are often followed by rapid shallow
breathing.

** Respiratory Symptoms: Include mild (perceptible wheeze or chest tightness) to severe (breathing
distress requiring the use of a bronchodilator).

The Ministry finds the U.S. EPA approach for identifying an adverse effect following SO2
inhalation as noteworthy. Briefly, the U.S. EPA (2010) position was based on
consideration of an American Thoracic Society (ATS) publication titled “What
Constitutes an Adverse Health Effect of Air Pollution?” (ATS, 2000). The U.S. EPA
(2008) summarized their findings in the following statement:

“In their official statement, the ATS concluded that an air pollution-induced shiftin
a population distribution of a given health-related endpoint (e.g., lung functionin
asthmatic children) should be considered adverse, even if this shift does not
result in the immediate occurrence of illness in any one individual in the
population. The ATS also recommended that transient loss in lung function with
accompanying respiratory symptoms attributable to air pollution should be
considered adverse. However, it is important to note that symptom perceptionis
highly variable among asthmatics even during severe episodes of asthmatic
bronchoconstriction. An asymptomatic decrease in lung function may pose a
significant health risk to asthmatic individuals as it is less likely that these
individuals will seek treatment (Eckert et al., 2004; Fritz et al., 2007). Therefore,
whereas the conclusions in the 1994 Supplement were based on SO, exposure
concentrations which resulted in large decrements in lung function along with
moderate to severe respiratory symptoms, the current review of data fromhuman
clinical studies focused on moderate to large SO2-induced decrements in lung
function along with respiratory symptoms ranging from mild (perceptible wheeze
or chest tightness) to severe (breathing distress requiring the use of a
bronchodilator).”

The U.S. EPA’s 2010 acknowledgement that decrements in lung function for an
individual may have a significant impact on not only individual susceptibility, but alsoon
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population susceptibility, and represents a shift in regulatory approach towards SO2-
induced decrements in lung function. Further, the appreciation of transient changesin
respiratory function as being significant, and the use of the ATS (2000) definition of
adverse effects based on an individual, are supported by the Ministry.

The risk assessment approach taken by the U.S. EPA in estimating the potentialimpact
of a 1-hour limit (based on the 3-year average of the annual 99" percentile of 1-hour
daily maximum concentrations) is not considered applicable to AAQC development.
Specifically, the implication of the U.S. EPA risk assessment approach is that itallows
for a few daily 5-minute exceedences of 200 ppm and 400 ppm (i.e., Health Effects
Consensus Benchmark Concentrations) over a year, with such exceedencesassociated
with the potential to trigger adverse effects (discussed in MOECC, 2016; see Section
6.2.7). Additionally, although the U.S. EPA (2010) 75 ppb (200 ug/m?3) 1-hour average
NAAQS for SOz is set according to the Clean Air Act, it does not require the EPA to
establish a negligible-risk level (U.S. EPA, 2010). Specifically, the U.S. Federal Clean
Air Act...

“...does not require that primary NAAQS be set at a zero-risk level or to protect
the most susceptible individual, but rather at a level that reduces risk sufficiently
So as to protect the public health with an adequate margin of safety.” (italics
added)

Taken together, using the NAAQS of 75 ppb (200 ug/m?3) via this derivation approachfor
a proposed AAQC was not considered further.

In comparison, Health Canada (2016) developed an inhalation reference concentration
(RfC) using 400 ppb a lowest observed adverse effect concentration (LOAEC) fora
point of departure. The determination of the LOAEC considered the assessments ofthe
health effects by both US EPA (2008) and WHO (2005), along with the recentanalysis
of Johns and Linn (2011).

To account for the uncertainties in the controlled human exposure dataset, and
considering the supporting evidence from the epidemiology, a combined uncertainty
factor (UF) of 6 was applied resulting in an inhalation RfC of 67 ppb (180 ug/m?3) SO-.
According to the Human Health Risk Assessment for Sulphur Dioxide (2016);

“Although the above studies exposed a susceptible subpopulation (i.e.
asthmatics), further sensitivity was observed with some participants reacting at
lower concentrations (e.g. as low as 0.2 ppm in chamber studies and 0.1 ppmin
mouthpiece exposures (Johns and Linn, 2011)). A lower threshold has notbeen
identified for asthmatics (Horstman et al., 1986, US EPA, 2008, Johns andLinn,
2011, WHO, 2005). Additionally, the studies are usually conducted at room
temperature, while some increase in response has been noted when sulfur
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dioxide is administered in cold dry air (WHO, 2005). The studies generally have
small sample sizes (e.g. 15 to 20 people) and participants are usually young
adults who are otherwise healthy, therefore it is expected that further
susceptibility in the population due to genetic factors or other factors like age and
disease status may result in a lower level of response.”

In addition, Health Canada cited the epidemiological data, which include muchlower
exposure levels compared to those used in the controlled human studies. These
concentrations in air are relevant to Canadian exposure but have limited valuein
guantifying exposure-effects relationships, due to potential interaction among co-
pollutants and differing degrees of measurementerror.

According to earlier draft information from Health Canada, the UF of 6 is comprised ofa
UF of 2 for the use of a LOAEC versus a NOAEC, as the sensitive asthmatic subset
response at 200 ppb was statistically non-significant (despite being approximately half
of the value observed in healthy asthmatics), and a UF of 3 for intra-species conversion,
given that the study is already in a sensitive subpopulation of humans (personal
communication, June 1, 2016)

Health Canada’s consideration of UFs was supported by the review of Johns and Linn
(2011), and the accompanying critique by Johns et al. (2010) of controlled human
exposure studies, wherein they considered 400 ppb as the LOAEL for asthmatics. This
LOAEL was based upon consistent, coherent, statistically significant results from
controlled human exposure studies, and took into account effects at concentrations of
200-300 ppb; these latter effects at 200-300 ppb support the concept that no NOAEL
was established in the data set, thus suggesting a degree of intra-species sensitivity.
This led to the development of an RfC of 67 ppb (180 ug/m?3), and representsa
proposed approach for deriving an acute AAQC (Table 3.3).

Table 3.3 Proposed Approach #1: Health Canada RfC (2016)

Critical effect Respiratory Morbidity (bronchoconstriction)
Meta-analysis of clinical studies under
controlled conditions (i.e., chamber studies)
of exercising asthmatics (U.S. EPA, 2008,
WHO 2005 and Johns and Linn, 2011)

Point of Departure 400 ppb (as a LOAEC)

6

Uncertainty Factor(s) | (2 for use of a LOAEC vs NOAEL; 3 forintra-
species)

Proposed Acute AAQC | 67 ppb

Key studies

As an alternative approach to setting a health-based protective limit, the Ministry
considers an Ontario-modification of the Health Canada RfC as a proposedderivation
for a short-term AAQC (Proposed AAQC #2: Table 3.4). Here, the Ministry
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recommends rather than using the LOAEC of 400 ppb as the POD, the lower limit of
200 ppb be considered as the POD. This lower POD takes into consideration thatthere
are detriments in lung function observed in some individuals, despite the lack of study
group significance. As described by US EPA (2010),

“At 200 ppb, an appreciable percentage of exercising asthmatics exposed to SO2
would be expected to have diminished reserve lung function and would be
expected to be at greater risk if affected by another respiratory agent for
example, viral infection.”

Thus, the Ministry considers 200 ppb as a more appropriate POD, akin to abenchmark
dose (BMD) associated with a specified response level, based on the range of 200-300
ppb concomitant with an approximately 5 to 30% incidence of exercising asthmatics
experiencing moderate or greater decreases in lung function (i.e., 2 100% increasein
sRaw, and/or a =2 15% decrease in FEV1) (US EPA 2010). Similar to the Health
Canada approach, a UF of 3 to account for sensitive asthmatics is supported by the
Ministry, with respect to several considerations cited by Health Canada (2016),
including:

e Reactions were observed in chamber studies at lower concentrationsin
mouthpiece studies (as low as 100 ppb)

e A lower threshold (i.e., NOAEL) has not been identified for asthmatics

e Studies are conducted at room temperature while some increase inresponse
was noted at colder dry air (WHO, 2005)

e That the studies generally had small sample size (e.g. 15 to 20 people)

e Participants were generally young who are otherwise healthy; therefore, itis
expected that further susceptibility exists in the population, due to geneticfactors
or other factors like age and disease status

e More recent analysis by Linn et al. (2011) and the accompanying critique by John
et al. (2010) identifies those asthmatic individuals that respond to higher
concentrations (e.g., 600 ppb) also tend to respond at lower concentrations,
raising the uncertainty related to intra-species sensitivity

e Epidemiological data may support respiratory effects at much lower levels of
exposures relative to controlled human studies, though some uncertainty exists
in interpretation due to measurement error, and co-pollutant exposure, and other
factors noted in Section 3.2

Furthermore, the Ministry has also considered the application of an uncertainty factorfor
intra-species variability, additionally noting that:

e chamber studies relied upon by U.S. EPA (2008) and Health Canada (2016)
included a larger set of studies than those conducted by Linn, all of whichtended
not to include severe asthmatics
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e children were specifically not included in the chamber studies, although it was
noted that subtle changes in lung function (as a measure of bronchial
constriction) in an adult may be more pronounced in a child. Asthmatic children
also have generally poorer outcomes due to a smaller airway, inferior asthma
management, and other factors. A 15% or greater decline in FEV1 may be amild
effect in normal adults, but may be regarded as more severe in children

In summary, the Ministry recognizes that the chamber studies that are relied uponfor
the quantitative analysis may not fully have characterized the asthmatic sensitive
subpopulation, raising some uncertainty related to the intra-speciesvariability.
Therefore, an uncertainty factor is warranted to address intra-species variability, as
previously discussed in the Science Discussion Document (MOECC, 2016; See
Sections 7.3 and 7.4). However, a default UF of 10 may not be warranted and may be
overly conservative, as it is acknowledged that the chamber studies are making
observations in adult asthmatics under exercising conditions. As such, in takinginto
consideration a balance in the lines of evidence, and in agreement with Health Canada,
an uncertainty factor of 3 for intra-species variability is supported.

Table 3.4 Proposed Approach #2: Ontario-modified Health Canada RfC (2016)

Critical effect Respiratory Morbidity (bronchoconstriction)
Meta-analysis of clinical studies under
controlled conditions (i.e., chamber studies)
of exercising asthmatics (U.S. EPA, 2008,
WHO 2005 and Johns and Linn, 2011)
Point of Departure 200 ppb (akin to BMD)

Uncertainty Factor(s) | 3 (for intra-species sensitivity)

Proposed Acute AAQC | 67 ppb

Key studies

In summary, the two proposed AAQC derivations (i.e., Health Canada and Ontario-
modified Health Canada) are both supportable, and both result in 67 ppb (180 ug/m3).
Thus, the Ministry considers 67 ppb (180 ug/m?3) as an appropriate health-based value
to protect the general population and sensitive individuals against the health effects
associated with a 10-minute exposure to SOz2.

MINISTRY RATIONALE: Based on the U.S. EPA and Health Canada
meta-analyses of chamber studies of exercising asthmatics, the Ministry
considers 67 ppb (180 pg/m?3) an appropriate health-based value for an
acute AAQC derivation, in order to protect the general population and
sensitive individuals against the health effects associated with a 10-
minute exposure to SO2.
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3.5 Consideration of Averaging Time

In general, averaging time selection is influenced by both the underlying toxicology of a
substance, including exposure and effects (largely governed by science judgment), and
implementation considerations, including modelling and monitoring (largely governed by
science policy).

For acute exposure periods causing acute effects, the Ministry sets AAQCs and air
standards that are protective in short-term exposures. Here, the general approach isto
select averaging times based on the duration of exposure needed to cause these acute
health effects, while balanced with implementation considerations through the use ofa
limited number of averaging times (e.g, 10-minutes, 1-hour, 8 hours).

As outlined in the Science Discussion Document (MOECC, 2016), a review of the SOz
ambient monitoring data suggests that exposures associated with the incidence ofacute
effects are likely to be in the form of short-term intermittent spikes. A review of the mode
of action and controlled human studies support intermittent spikes in the 5-10-minute
range as being the most health-relevant, with regard to observed respiratory morbidity.
Thus, a short averaging time is appropriate, and a 10-minute averaging time would be
the most toxicologically relevant as an ambient air quality criteria. For this reason, 10-
minutes is the most health-relevant averaging time for an acute AAQC for SOx.

However, the selection of the appropriate averaging time for air standard compliance
purposes needs to reflect standard monitoring practicalities, modelling capabilities,
jurisdictional consistency, and other policy considerations. Typically, a 1-hour
averaging time is assigned in the setting of acute ambient air limits by other
jurisdictions.

During discussions of the science, some stakeholders recommended that the ministry
use the 10-minute RfC of 67 ppb directly as a 1-hour air standard without conversion
since the effects on respiration are observed after 5-10-minutes of exposure and donot
become more severe if exposure is continued for an hour.

The maximum concentration observed in any 5-10-minute period is most critical
because biological responses to SOz inhalation exposure occur very rapidly, within the
first few minutes from commencement of inhalation. Continuing the exposure (atthe
same concentration) further does not increase the effects. However, in setting the air
standard, consideration must be made of meteorological variation within an hour period
that can result in concentrations of SO2 above the 10-minute RfC.

As discussed in Section 2.2, Health Canada used extensive Canadian monitoring data
to calculate 40 ppb as the 1-hour concentration that would ensure 67 ppb is not
exceeded within any 10-minute period. The Ministry supports this calculation basedon
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comparison to the equivalent 1-hour concentration calculated using the conversion
factors referenced in Section 17 of O. Reg. 419/05 (MOECC, 2013). These conversion
factors are derived from an exponential equation based on empirical monitoring data,
ratios of concentrations observed for different averaging times, and meteorological
considerations. Thus, using the health-based 10-minute AAQC as a foundation, a 1-
hour AAQC and air standard equivalent to 40 ppb are proposed.

MINISTRY RATIONALE: A 10-minute averaging time would be the
most health-relevant for the proposed acute AAQC of 67 ppb (180
ng/m3). Additionally, a 1-hour AAQC and 1-hour air standard of 40 ppb
(100 pg/m?3) are proposed to support evaluation of ambient air monitoring
and compliance under O. Reg. 419/05, respectively.

It should be noted that adverse effects are often reported in epidemiological studies at
lower chronic exposures to SOz (i.e., relative to acute exposure mediatingadverse
health effects in chamber studies). However, it is generally understood that these long-
term ambient air concentrations include concurrent peak concentrations, which are
believed to be the key determinants of initiation of an adverse effect on humanhealth.
As such, a chronic AAQC/air standard based on human health will not be proposed by
the Ministry. Rather, a chronic value based on protecting ecological impacts is
proposed in Section 4.0.
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4.1 Development of a Chronic AAQC and Air Standard for SO>

4.2 Background

During the process to identify a critical effect, data for a number of effects were
reviewed and found to be relevant to the setting of the AAQC and air standard. Upon
review of the literature regarding ecological impacts of SO2 releases to air, it became
apparent that a chronic AAQC and air standard would be supported to address
ecological impacts.

4.3 Critical Effect

SOz is an acidifying substance and corrosive agent in the environment (e.g., metal
corrosion, deterioration of brick and stone, lake acidification, cracking and fading of
exterior painted surfaces). In humid air and under fog conditions, SO2 dissolves in the
water molecules leading to the formation of a sulphuric acid mist, increasing potential of
adverse effects on plants (i.e., acid deposition). While there are indirect effects on
vegetation and soils, including deposition and retention of sulphuric acid and sulphate
particles leading to increased acidification of ecosystems, it is the direct effects via soill
uptake or directly through adsorption of SO2 from air on vegetation that representthe
path forward in setting a chronic air standard.

MINISTRY RATIONALE: The Ministry considers the direct effect of SO2
on vegetation, including foliar injury, decreased photosynthesis, and
decreased growth, as the critical adverse endpoint for long-term SOz
exposure.

Plants vary widely in their tolerance to SO2. Due to their structure, lower plants such as
lichens and mosses are among the most sensitive, and have been used as indicators of
SOz pollution. Specifically, lichens are likely the most widely used biological metrics of
long-term atmospheric pollution (CCME, 2014), and considered an early warning
indicator of vegetative health (McCune, 2000).

Effects of SO2 on lichens include reduced photosynthesis and respiration, damage to
the algal component, leakage of electrolytes, inhibition of nitrogen fixation, reduced
potassium absorption and structural changes. And as described in the Science
Discussion Document (MOECC, 2016), acidifying deposition has an observable effect
on lichen abundance and biodiversity within forest and urban communities. Indeed,
lichen sensitivity to air quality stems from their reliance on airborne nutrients and water,
as well as lack of protective structures such as cuticles found in vascular plants;trees
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and other vascular plants are affected by pollution, but are much slower to show
impacts than lichens (Muir and McCune, 1988).

In Europe and the U.S., lichens are being used in assessing climate changes asa
sensitive sentinel species (McCune, 2000; van Herk et al., 2002). Specifically,
distributions of certain species are a response to regional moisture and temperature
gradients. Mapping distribution of climate-sensitive species provides an indication of
climatic conditions and monitoring over time reveals climate change effects.

Given the close relationship of lichens with other organisms, and their contribution to
biodiversity, lichens provide an ideal group to monitor for changes in diversity in
ecosystems. Lichens meet the criteria as useful indicators for assessing impacts of both
air pollution and climate change.

MINISTRY RATIONALE: The Ministry considers lichens as the
susceptible species in studying the chronic effects of SO2 on the
environment.

4.4 Proposed AAQC and Air Standard Derivation

As outlined in the Science Discussion Document for SO2 (MOECC, 2016), the rationale
for the development of a chronic AAQC and air standard is similar to the
recommendations of the CAAQS Development and Review Working Group (CDRWG),
which recommended specific values for the annual SO2 CAAQS. For the annual SOz
CAAQS, the values discussed are a range of 4 ppb (10 ug/m?) to 8 ppb (20 pug/m?3). The
CCME has since adopted 5 ppb (effective 2020) and 4 ppb (effective 2025) as the
annual CAAQS (Table 2.1).

For the 8 ppb upper bound of the range, consideration was given to the chronic effects
observed at concentrations of 8 ppb in the Sudbury area. This level is consistentwith
the European Union 8 ppb standard for the protection of vegetation, which was also
adopted by Alberta. However, there is evidence to suggest that the more sensitive plant
species (e.g., lichens) may not be fully protected at this level (WHO, 2000; WHO 2005).

The lower bound of the CCME range of values was set at 4 ppb, based on the WHO
standard for the protection of lichens. Specifically, most of the studies suggestingacute
sensitivity of lichens to SOz have involved correlation of field distributions of species
with ambient concentrations. They indicate that winter or annual means of 30 pg/m3are
sufficient to eradicate the most sensitive taxa. Community changes were observed at
average concentrations below 10-11 pg/m?3in one study around a newly established
rural point source (Will-Wolf, 1981). Critical levels of 10-11 pg/m?3 (4 ppb) annual mean
have been proposed by the WHO (2000), but it was noted that these levels may haveto
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be further reduced as detailed information becomes available for other sensitive
species. As lichens are the most widely used biological metrics of long-term
atmospheric pollution, and considered an early warning indicator of vegetative health,
the Ministry has confidence in this value as appropriate for the protection of the greater
ecological health (i.e., crops and vegetation). Additionally, the lichen speciesreferenced
throughout the WHO document are generally found in both North America and Europe,
and may be considered relevant to an Ontario AAQC and air standard. Takentogether,
it is this lower bound of the CCME range — 4 ppb — which represents an appropriate
proposed value of chronic AAQC for SOz, in order to protectvegetation.

MINISTRY RATIONALE: The Ministry considers the lower bound of the
CCME range 4 ppb (10 ug/m?3) as appropriate proposed value for a
chronic AAQC for SOz, in order to protect against ecological impacts.

4.5 Consideration of Averaging Time

As noted in Section 3.4, averaging time selection is influenced by both the underlying
toxicology of a substance, including exposure and effects (largely governed byscience
judgment), and implementation considerations, including modelling and monitoring
(largely governed by science policy).

The Ministry considers toxicological and implementation issues in assigning an
averaging time for effects due to chronic exposure. In general, an annualaveraging
time is believed to be appropriate when addressing chronic effects (i.e., effects
observed after long-term exposure), where intermittent peak exposures are not
considered likely to significantly influence the effect.

MINISTRY RATIONALE: An annual averaging time would be the most
toxicologically-relevant for the chronic ecologically-based AAQC and air
standard.
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5.1 Recommendations

5.2 Recommended Acute AAQCs and Air Standards for SO>

After an evaluation of the scientific rationale for SO: air guidelines and standards from
environmental agencies, recent health assessments from Health Canada and the U.S.
EPA, an examination of the current toxicology, and consideration of stakeholder
comments, the Ministry considers the information of the U.S. EPA (2008; 2015) and
Health Canada (2016) human health risk assessments as the basis for the proposed
acute AAQC and air standards for SO2, summarized in Table 5.1.

Specifically, based on a quantitative analysis of human clinical studies undercontrolled
conditions of exercising asthmatics experiencing respiratory morbidity, the Ministry
proposes the following health-based acute AAQC for SO2:

Proposed 10-minute AAQC for SO2:

Ten-minute (10 min) Ambient Air Quality Criterion (AAQC) of 180 pg/m?
(micrograms per cubic metre of air) for SO2 (67 ppb), based onrespiratory
morbidity in exposed sensitive populations

AAQCs may be converted to a different averaging time to support ambient monitoring
comparisons, and in air standard setting for Ontario Regulation 419: Air Pollution —
Local Air Quality compliance purposes. The Ministry utilizes conversion factors derived
from an exponential equation based on empirical monitoring data, ratios of
concentrations observed for different averaging times, and meteorological
considerations, referenced in Section 17 of Ontario Regulation 419: Air Pollution —Local
Air Quality. Thus, using the preceding health-based 10-minute AAQC as afoundation,
the following AAQC and air standard are proposed:

Proposed One-hour AAQC for SOz:

One-hour (1 hr) Ambient Air Quality Criterion (AAQC) of 100 pg/m?3
(micrograms per cubic metre of air) for SO2 (40 ppb), based onrespiratory
morbidity in exposed sensitive populations

For Ontario Regulation 419: Air Pollution — Local Air Quality compliance purposes, the
Ministry proposes the following air standard for SO2:
Proposed One-hour Standard for SOz:

One-hour (1 hr) air standard of 100 pg/m?3(micrograms per cubic metre of
air) for SOz (40 ppb), based on respiratory morbidity in exposed sensitive
populations
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5.3 Recommended Chronic AAQC and Air Standard for SO>

After an evaluation of the scientific rationale for SO2 air guidelines and standards from
environmental agencies, recent health and environmental assessments from Health
Canada and the U.S. EPA, an examination of current toxicological research, and
consideration of stakeholders’ comments, the Ministry agrees with Health Canada and
considers the WHO (2005) risk assessment approach to be the most appropriate for
developing a chronic AAQC and air quality standard for SO2. Specifically, considering
the observable effects on lichen abundance and biodiversity with environmental chronic
exposures to SOz, the Ministry proposes the following ecologically-based chronic AAQC
for SO2:

Proposed Annual AAQC for SOz:

« Annual Ambient Air Quality Criterion (AAQC) of 10 pg/m? (micrograms
per cubic metre of air) for SO2 (4 ppb), based on vegetation damage in
exposed sensitive species

Additionally, for Ontario Regulation 419: Air Pollution — Local Air Qualitycompliance
purposes, the Ministry proposes the following air standard for SOz2:
Proposed Annual Air Standard for SOz2:

. Annual air standard of 10 pg/m?3(micrograms per cubic metre of air)for
SOz (4 ppb), based on vegetation damage in exposed sensitive
species

Table 5.1 Summary of proposed AAQCs and Air Standards for SO>

Averaging AAQC Air Standard Basis
Time (ng/m®) (ug/m®)
10 min 180 — Health (respiratory morbidity)
1-hr 100 100 Health (respiratory morbidity)
Annual 10 10 Vegetation (damage)
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6.0 A Guide for Stakeholders Reviewing this Document

The Ministry welcomes written comments on this Rationale Document from all
interested parties. Stakeholders are encouraged to provide comments which indicate
whether they support or disagree with the above recommendations. It is alsoimportant
that submissions include the rationale and reasoning supporting the stated positions so
that the Ministry can make informed decisions on the proposed standard on the basis of
clear, supportable arguments.

Comments on these and any other issues relevant to setting of air quality standardsfor
sulphur dioxide can be sent to:

James Gilmore

Standards Development Branch

Ontario Ministry of Environment and Climate Change
Human Toxicology and Air Standards Division

40 St. Clair Avenue West, 7th Floor

Toronto, Ontario

M4V 1M2

Fax: 416 327-2936

E-mail: James.Gilmore@ontario.ca
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8.0 Acronyms, Abbreviations, and Definitions

AAQC
AMC
ATS
ATSDR
BMD
CAAQS

C(a)AAQS

CalEPA
CAS
CCME

ambient air quality criterion

Air Management Committee

American Thoracic Society

Agency for Toxic Substances and Disease Registry
benchmark dose

Canadian Ambient Air Quality Standard

California Ambient Air Quality Standard

California Environmental Protection Agency
Chemical Abstracts Service

Canadian Council of Ministers of the Environment

CDRWG CAAQS Development and Review Working Group

FEV:1
LOAEC
LOAEL
NAAQS
NOAEC
NOAEL
OEHHA
RfC
SO2
sRaw
UF
U.S. EPA
WHO

hr
min
ppb
Hg

forced expiratory volume in 1 second

lowest observed adverse effect concentration
lowest observed adverse effect level

National Ambient Air Quality Standards

no observed adverse effect concentration

no observed adverse effect level

Office of Environmental Health Hazard Assessment
reference concentration

sulphur dioxide

specific airway resistance

uncertainty factor

United States Environmental Protection Agency
World Health Organization

hour

minute

part per billion

a microgram, one millionth of a gram
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