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ABSTRACT 
The expansion of transportation sectors (road vehicles and marine vessels), industry (e.g., oil and gas) and urban centres in 

western Canada has triggered a growth in research, monitoring and modelling activities investigating the impacts of sulphur and 
nitrogen deposition on aquatic and terrestrial ecosystems. This special issue presents an overview of related research in British 
Columbia (Georgia Basin), Alberta (Athabasca Oil Sands Region), Saskatchewan and Manitoba. The research provides a valuable 
benchmark for future studies across the region and points the way forward for 'acid rain' policies in western Canada. 
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1. INTRODUCTION 

Elevated emissions of anthropogenic sulphur (S) and 
nitrogen (N) oxides have been a major environmental 
issue in eastern North America for decades owing to 
their impacts on precipitation chemistry (acid rain) and 
consequent negative effects on surface waters and forest 
soils. Recently there has been growing interest in west-
ern Canada (defined here as British Columbia, Alberta, 
Saskatchewan and Manitoba) where anthropogenic 
emissions of S and N oxides are expected to increase 
due to the expansion of the transportation sector (road 
vehicles and marine vessels), industry (e.g., Athabasca 
Oil Sands Region, Alberta) and urban centres (e.g., 
Georgia Basin, British Columbia). This is in contrast to 
eastern Canada where international agreements have 
resulted in significant reductions in the emissions of S 
and N oxides (Environment Canada 2004). 

This interest has lead to several projects defining 
inputs, developing critical loads and monitoring eco-
system response to S and N in western Canada. Much of 
this research has focused on specific (localised) regions 
associated with the metal smelting industry, large 
population and industrial centres (e.g., Georgia Basin) 
and the oil and gas industry (e.g., Athabasca Oil Sands 
Region). During 28–29 April 2009, monitoring and 
research activities investigating the impacts of S and N 
deposition in western Canada were presented at a work-
shop in Banff, Alberta, co-sponsored by the Canadian 
Council of Ministers of the Environment, Cumulative 
Environmental Management Association, Environment 
Canada and the Wood Buffalo Environmental Associa-
tion. Outputs from this workshop and from on-going 
research activities in western Canada are presented in 
this special issue. 

2. WORKSHOP 

The 'Western Canada Sulphur and Nitrogen Deposi-
tion Workshop' brought together researchers and stake-
holders from across Canada, the United States and 
beyond to review and assess the state of the science on 
atmospheric (S and N) deposition and ecosystem 
impacts in western Canada, the implications to current 
policies, and to identify areas for future concentration in 
western Canada. Presentations from the workshop 
included in this special issue are: Curtis et al. (2010, this 
issue), Gibson et al. (2010a, this issue), Jeffries et al. 
(2010, this issue), Nasr et al. (2010, this issue), 
Raymond et al. (2010, this issue), Scott et al. (2010, this 
issue) and Wieder et al. (2010, this issue). The work-
shop summary recognized that scientific information 
and knowledge generated through research (including 
uncertainty where appropriate) must be translated into 
policy. Moreover, there is a degree of urgency for this 
policy development, due to the rate of environmental 
change currently occurring. 

3. SPECIAL ISSUE 
The papers in this special issue describe the influ-

ence of anthropogenic S and N emissions on air quality 
and subsequent impacts on aquatic and terrestrial eco-
systems in British Columbia, Alberta, Saskatchewan 
and Manitoba (western Canada). The data provide valu-
able benchmarks for future studies across the region. 
Long-term trends in precipitation chemistry have 
responded to large-scale emissions reductions across 
North America with increased pH and decreased sul-
phate concentrations (Aherne et al. 2010, this issue; 
Feller 2010, this issue) consistent with observations in 
eastern Canada. Nitrogen deposition has also decreased 
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(Feller et al. 2010, this issue) but the pattern was not 
consistent across the study region; moreover, 
atmospheric N concentrations may be a future concern 
for specific regions (e.g., northern Alberta, Bytnerowicz 
et al. 2010, this issue). Nonetheless these results are 
based on observations from limited stations across 
western Canada; optimistically lichen and moss bioindi-
cators may provide a means to 'fill-in' the spatial gaps 
(Raymond et al. 2010, this issue). 

The majority of the papers in the special issue focus 
on impacts to water quality and aquatic systems. Recent 
water quality surveys indicate that lakes in the Georgia 
Basin (Strang et al. 2010, this issue), northern Sas-
katchewan (Jeffries et al. 2010, this issue, Scott et al. 
2010, this issue) and Manitoba (Jeffries et al. 2010, this 
issue) are very sensitive to acid deposition and have low 
critical loads of acidity (sulphate). Nonetheless, long-
term trends in surface water chemistry show recovery 
(increased pH and decreased sulphate concentration). In 
addition to water quality, these surveys employed an 
isotope approach to estimate catchment-specific runoff 
volumes required to calculate critical loads (Gibson et 
al. 2010a & b, this issue). The assessment of lakes in 
northern Alberta using macroinvertebrate, palaeolim-
nological and hydrogeochemical modelling approaches 
suggest that industrial activities associated with the oil 
sands presently have limited influence on lake acidifi-
cation (Parsons et al. 2010a & b, this issue; Curtis et al. 
2010, this issue; Whitfield et al. 2010a & b, this issue). 
Curtis et al. (2010, this issue) indicate that only one of 
their 12 study lakes showed strong evidence of acidifi-
cation with a decline in diatom-inferred pH; similarly, 
Whitfield et al. (2010a & b, this issue) found limited 
potential for modelled acidification impacts (from pri-
marily sulphate) at 50 study sites. 

Several papers in the special issue also focused on 
impacts to terrestrial (vegetation and soil) systems. 
Wieder et al. (2010, this issue) found no impact of N 
and S deposition on the growth of Sphagnum fuscum in 
bogs in northern Alberta. Similarly, while Laxton et al. 
(2010, this issue) found a correlation between atmos-
pheric N oxides and N concentrations in Pinus 
banksiana foliage in northern Alberta, there was no 
impact on N cycling. In contrast, papers focusing on the 
determination of critical loads of acidity (S and N) for 
forest soils predicted significant exceedance for the 
Georgia Basin (Mongeon et al. 2010, this issue; Nasr et 
al. 2010, this issue) and the Athabasca Oil Sands 
Region (Whitfield et al. 2010c, this issue) suggesting 
that acid-sensitive soils in both regions are at risk of 
acidifying. Although confined to 'hot spots' of sensitiv-
ity, the extent of exceedance in these regions is similar 
to eastern Canada. 

The papers in the special help point the way forward 
for future 'acid rain' science and policy efforts in 
western Canada. Moreover they present the state of the 
science on atmospheric (S and N) deposition and 

ecosystem impacts highlighting the cross-fertilisation 
between research, environmental monitoring and 
modelling. 

4. SPECIAL ISSUE DEDICATION:  
    BEVERLEY A. RAYMOND 

Beverley A. Raymond 
 
Beverley Raymond started her career with Environ-

ment Canada in Vancouver, British Columbia working 
with water resource and water quality issues. Much of 
her effort was spent in assessing the effects of contami-
nants entering aquatic environments, developing water 
quality objectives and guidelines, and conducting field 
studies to support this work. With increasing concern 
about air quality in southwest British Columbia, 
Beverley seized on research opportunities to investigate 
the consequences of atmospheric deposition on both 
aquatic and terrestrial environments. This led to studies 
to understand the accumulation of atmospherically 
transported organics and metals in stream communities 
and to contaminant biomonitoring using both plant 
tissue chemistry and patterns in plant communities. 
Recognizing the need for useful management tools for 
atmospheric emissions, Beverley led a multi-partner 
research team tasked with developing regional critical 
loads for sulphur and nitrogen (Aherne et al. 2010, this 
issue; Gibson et al. 2010a, this issue; Mongeon et al. 
2010, this issue; Nasr et al. 2010, this issue; Raymond 
et al. 2010, this issue; Strang et al. 2010, this issue). Her 
participation in this work was cut short by her untimely 
passing. This special issue in the Journal of Limnology 
is dedicated to the memory of Beverley A. Raymond. 
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