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PREFACE

In August, 1980, the Governments of Canada and the United States
signed a Memorandum of Intent concerning transboundary air pollution.
This action was taken in response to concern for actual and potential
damage resulting from the long-range transport of air pollutants
between countries and in recognition of the already serious problem
of acidic deposition.

Each country has demonstrated concern for the causing of damage to

the other's environment by transboundary movement of its pollutants.
This concern is rooted in international agreements, such as the 1909
Boundary Waters Treaty, the Great Lakes Water Quality Agreement, and

the 1979 E.C.C. Convention on Long-Range Transboundary Air Pollution,
all of which both Canada and the United States have signed.

The Memorandum noted that both countries hae set a priority on
developing a scientific understanding of long-range transport of air
pollutants and resulting environmental effects, and on developing and
implementing policies and technologies to combat such effects.

To achieve the first steps of this overall objective, the memorandum
established a plan of action for the period October, 1980 to January,
1982, during which time five documents are to be prepared by the
following work groups:

1. Impact assessment

2. Atmospheric modelling of pollutant movements

3A. Strategies development and implementation

3B. Emissions, cost and engineering assessment

4, Legal, institutional arrangements and drafting
(preparation of the actual document to be signed).

General terms of reference that apply to all work groups were
established, together with detailed terms dealing with each work
group.

General Terms of Reference (as per MOI)

1. The Work Groups shall function under the general direction and
policy guidance of a United States/Canada Coordinating Committee
co—chaired by the Department of External Affairs and the
Department of State,

2. The Work Groups shall provide reports assembling and analyzing
information and identifying measures as outlined below, which
will provide the basis of proposals for inclusion in a
transboundary air pollution agreement. These reports shall be

provided by January, 1982, and shall be based on available
information.
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3. Within 1 month of the establishment of the Work Groups, they
shall submit to the United States/Canada Coordinating Committee
a work plan to accomplish the specific tasks outlined below.
Additionally, each Work Group shall submit an interim report by
January 15, 1981. i

4, During the course of negotiations, and under the general
direction and policy of the Coordinating Committee, the Work
| Groups shall assist the Coordinating Committee as required.

5. Nothing in the foregoing shall preclude subsequent alterations
of the tasks of the Work Groups or the establishment of g
additional Work Groups, as may be agreed upon by the g
Governments. i

Specific Terms of Reference: Impact Assessment Work Group

The Group will provide information on the current and projected
impacts of air pollutants on sensitive receptor areas, and prepare
proposals for the 'Research, Modelling and Monitoring' elements of an
agreement.

In carrying out this work, the Group will do the following.

1. Identify and assess physical and biological consequences
possibly related to transboundary air pollution.

2. Determine the present status of physical and biological
indicators which characterize the ecoloigcal stablity of
each sensitive area identified.

3. Review available data bases to establish historic adverse
environmental impacts more accurately.

4, Determine the current adverse envirommental impact within
identified sensitive areas (e.g., annual, seasonal,
episodic).

5. Determine the release of residues potentially related to
transboundary air pollution, including possible episodic
release from snowpack melt in sensitive areas.

6. Assess the years remaining before significant ecological
changes are sustained within identified sensitive areas.

7. Propose reductions in the air pollutant deposition
rates (e.g., annual, seasonal, episodic) which would be
necessary to protect identified sensitive areas.
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SECTION 1

SUMMARY

1.1  INTRODUCTION

Wet and dry deposition of acidic substances and other pollutants are
currently being observed over most of eastern North America. The
Impact Assessment Work Group was charged with identifying and making
an assessment of the key physical and biological consequences
possibly related to these transboundary air pollutants.

During the Work Group's assessment of these effects it has been
necessary to conduct the work along strictly disciplinary lines.
Thus the presentation of our findings follows a sectoral approach
(i.e., aquatic, terrestrial). While this approach has been useful
for organizing and presenting our findings, it has also limited our
consideration of the interactions which exist among these sectors.
These effects do not occur in isolation.

The following sections summarize findings of the Work Group with
respect to impacts on aquatic and terrestrial sectors of the
biosphere, health and visibility, and man-made structures. There are
also summary statements with regard to methodologies for estimates of
economic benefits of controls, natural and material resource
inventory, and liming.

1.2 AQUATIC ECOSYSTEM EFFECTS - CANADA

The potential effects from the deposition of acid and associated ions
and compounds (sulphur dioxide, sulphate, nitrate, ammonia, and
others) on water quality, and on the aquatic ecosystem, appear to be
more fully quantified and understood than for terrestrial ecosystems.
Data have been drawn from a number of study areas in eastern North
America including Labrador, Newfoundland, Nova Scotia, New Brunswick,
the southern part of the Canadian Shield in Quebec, and Ontario.
Primary study areas in the U.S. are found in New Hampshire and
southern Maine, Adirondack Park in New York, the Boundary Waters
Canoe Area of Minnesota, and numerous lakes in north-central
Wisconsin.

The findings and conclusions of the Work Group with respect to
acidification effects are contained in the following statements:

Sulphuric acid has been identified as the dominant compound
contributing to the long-term surface water acidification
process. Nitric acid contributes to the acidity of precipi-
tation, but is less important in eastern North America than
sulphuric acid in long-term acidification of surface waters.
Nitric acid contributes to pH depression of surface waters
during periods of snowmelt and heavy rain runoff in some areas.
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Studies of lakes in eastern North America have provided evidence
that atmospheric deposition accounts for sulphate levels in
excess of those expected from natural processes. In the absence
of effects from mine drainage and industrial waste water, the
symptoms of acidification (e.g., pH depressions of surface
waters and loss of fish populations), have been observed only in
lakes and rivers where the accompanying elevated concentrations
of surface water sulphate (and nitrate in some cases) indicate
atmospheric deposition of these ions. Land use charnges, such as
fires, logging, and housing developments have taken place in
many areas with sensitive (low alkalinity) surface waters, but
the symptoms of acidification have not been observed unless
there is an accompanying increase in surface water sulphate
concentrations. Nitrate concentrations also increase in some
areas, especially during snowmelt.

In eastern Canada, the surface waters which have elevated excess
sulphate occur in areas which have high atmospheric deposition
of sulphate. All of the surface waters sampled in northeastern
North America that have experienced loss of alkalinity also have
elevated excess sulphate concentrations. In areas with less
acidic deposition, loss of alkalinity in surface waters has not
been observed. In Quebec, sulphate concentrations in surface
waters decrease towards the east and north in parallel with
deposition patterns. Sulphate concentrations are equal to or
greater than the bicarbonate concentration in lakes in the
southwest part of the Province. This indicates that the surface
water chemistry has been altered by atmospheric sulphur
deposition.

Observed Historical Changes

Sediments from lakes in Maine, Vermont, and New Hampshire
indicate increased atmospheric acidic deposition has affected
terrestrial and aquatic ecosystems as measured by changes in
metal concentrations and diatom populations. It has been
inferred from the sediment record that the rate of acidification
of aquatic ecosystems has increased since the late 1800s as
measured by declines in metals (zinc, copper, iron, calcium,
magnesium and manganese) in the sediments. Corditions of low pH
maintain metals in the water column, where they can be flushed
out of the system before being deposited in the sediments. .
Diatom data are less complete, but they also indicate a
statistically significant pH decline since the early 1900s.

In this report numerous historical chemistry records have been
examined for waters not influenced by local urban or industrial
discharges. Reviews have been conducted for 2 rivers in
Newfoundland and 6 in Nova Scotia; 7 lakes in Nova Scotia and 3
in New Brunswick; 40 lakes in Adirondack Park, New York; 250
lakes in New England; 2 streams in New Jersey Pine Barrens; and
275 lakes in Wisconsin. Historical records which are available




from areas of soils and bedrock with a low potential to reduce
acidity exposed to acidic deposition, show an increase in
sulphate and corresponding decrease in alkalinity and pH. Areas
of similar lithology and land use practices, but not receiving
significant acidic deposition do not show similar losses of
alkalinitye.

Lakes in the Adirondack Mountain range have some of the lowest
alkalinity values amd are located in watersheds with a low
potential to reduce acidity. They are located in the eastern
U.S. in a zone receiving high acidic deposition (26-40 kg/ha.yr
of sulphate in precipitation 1978-81). Historical data on fish
and pH are available for 40 high elevation Adirondack lakes. In
the 1930s, only 8% of these lakes had pH less than 5.0; 10% had
no fish whereas in the 1970s, 48% had pH less than 5.0 and 52%
had no fish. In some cases, entire fish communities consisting
of brook trout, lake trout, white sucker, brown trout, and
several cyprinid species apparently have been eliminated over
the 40-year period. The New York Department of Environmental
Conservation has concluded that at least 180 former brook trout
ponds are acidic amd no longer support brook trout. The
relative contribution of natural and anthropogenic sources to
acidification of these lakes is not known.

In New England, deposition of wet sulphate has been measured to
be 17-40 kg/ha.yr. A study of 95 lakes for which there are
historical pH data from the 1930s to the 1960s has indicated
that 36% either had the same pH or higher while 64% now have
lower pHs. For 56 lakes, a comparison of historical alkalin-
ities to modern values indicated that 30% of the lakes had
increased and 70% had decreased in alkalinity. Over the period
of record, measured alkalinity values have decreased by an
average of 100 neq/L. The lakes were small to medium size
oligotrophic to mesotrophic with moderately to very transparent
water, low to moderate concentrations of humic solute, low
alkalinity and conductance and with moderately disturbed to
pristine watersheds. For four rivers in Nova Scotia data from
1980-81 showed a decrease in bicarbonate, an Iincrease in

sulphate and hydrogen ion concentrations when compared to
1954-55 data.

Short-Term pH Depressions

While the rate of change of water quality of lakes (i.e., the
time required for a lake to become acidified) is one of the
least well-defined aspects of the acidification process, there
is evidence that current acid loadings are damaging to fish
populations and other biota due to short-term pH depressions
following snowmelt and storm runoff. Both sulphate and nitrate
are associated with short-term changes in water chemistry but in
the majority of surveyed cases sulphate appears to be the larger
contributor to the total acidity.




1-4

Short-term pH depressions, and elevated concentrations of
metals, particularly aluminum, have been observed during periods
of high infiltration or runoff. Metal accumulation in surface
waters (Al, Mn, Fe, Zn, Ccd, Cu, Pb, and Ni), first noted in
streams and lakes of Scandinavia, also has been reported from
such places as Hubbard Brook, the Adirondacks, amd the Great
Smoky Mountains of the U.S., and the southern Precambrian Shield
area of Ontario, Canada. Artificial acidification of a lake in
the Experimental Lakes Area of Ontario has also shown rapid
mobilization of metals from lake sediments to the water column.

Data for 57 headwater streams in Muskoka-Haliburton show that
65% experience minimum pH values less than 5.5 and 26% have
minimum pH values less than 4.5. Some inlet streams were

a observed to have pH values below 4.0 during spring snowmelt.

; Data from intensive studies of 16 lakes in the Muskoka-

! Haliburton area of Ontario currently receiving about 23-29
kg/ha.yr sulphate in precipitation have shown that lakes which
have summer alkalinity values up to about 40 neq/L, experience
pH depressions to values below about 5.5 during snowmelt. In
Ontario and Quebec there are about 1.5 million lakes on the
Precambrian Shield. In Ontario, of the 2,260 lakes sampled on
the Precambrian Shield, 19% have alkalinities below 40 ueq/Le.
In the Shield area of Quebec, a 1981 survey of 162 lakes
indicated 37% were extremely sensitive to acidification (CSI

| greater than 5.0), while 15% had summer pH values less than 5.0
(alkalinity less than 0).

A very large number of surface waters are being affected by
acidic deposition, even though the total number of lakes and

‘ rivers in eastern North America which are known to have been

1 acicified (alkalinity less than 0) by atmospheric acidic
deposition is a relatively small percentage of the total aquatic
resource.

Biological Effects

Detailed studies of watersheds have been carried out in
sensitive regions of North America and Scandinavia under a range
of sulphate deposition rates. The results of the studies

| conducted in North America are described below.

; 1 , Observed changes in aquatic 1life have been both correlated with

! measured changes in the pH of water and compared for waters of
different pH values. Differences have been documented in
species composition and dominance and size of plankton
communities in lakes of varying pH. Study results show that the
number of species is lower in low pH lakes compared to lakes of
higher pH. These alterations may have important implications
for organisms higher in the food chain. Individual lakes often
experience several symptoms of acidification at the same time.
For example, in Ontario, Plastic Lake inlet streams have low pH
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and high aluminum concentrations during spring runoff amnd
extensive growth of filamentous green algae, and fish kills have
been observed in Plastic Lake.

For those regions currently receiving loadings of sulphate in
precipitation of less than 17 kg/ha.yr (Wisconsin, Minnesota and
northwestern Ontario), there have been no observed detrimental
chemical or biological effects.

For regions currently receiving betweén 20 and 30 kg/ha.yr
sulphate in precipitation there is evidence of chemical
alteration and acidification. In Nova Scotia rivers which
currently have pH less than 5 there have been salmon population
reductions as documented by 40 years of catch records. Fish
stocks have remained viable in adjacent rivers with pH values
presently greater than 5. Water chemistry records (1954-55 to
1980-81) have indicated a decline in pH to values presently less
than 5 for other rivers in the same area. In Maine there is
evidence of pH declines over time and loss of alkalinity from
surface waters. In Muskoka-Haliburton there is historical
evidence of loss of alkalinity for one study lake and there is
documentation of pH depressions in all study lakes and streams
with low alkalinity. Fish kills were observed in the shore zone
of a study lake during spring melt. In the Algoma region there
are elevated sulphate and aluminum levels in some headwater
lakes.

For regions currently experiencing loading greater than

30 kg/ha.yr there are documented long-term chemical and/or
biological effects and short-term chemical effects in sensitive
(low alkalinity) surface waters.

In the Adirondack Mountains of New York, comparison of data from
the 1930s with recent surveys has shown that some more lakes
have been acidified. Fish populations have been lost from 180
lakes. Elevated aluminum concentrations in surface waters have
been associated with low pH and survival of stocked trout is
reduced by the aluminum.

In the Hubbard Brook study area in New Hampshire where the
influx of chemicals is limited principally to precipitation and
dry deposition there are pH depressions in streams during
snowmelt of 1 to 2 units. Elevated levels of aluminum were
observed in headwater streams.

Many species of frogs, toads and salamanders breed in temporary
pools formed by the mixture of spring rains and snowmelt. Such
pools are subjected to pH depression. Embryonic deformities and
mortalities in the yellow spotted salamander which breeds in
temporary meltwater pools have been observed in New York State
where the acidity of the meltwater pools was l.5 pH units lower
than that of nearby permanent ponds. Population densities of
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the bullfrog and woodfrog were reduced in acidic streams and
ponds in Ontario.

A lake acidification experiment in northwestern Ontario clearly
shows that alterations to aquatic food chains begin at pH values
slightly below 6.0. The remarkable agreement between these
whole-lake experiments and observational studies iIin Scandinavia
and eastern North America provides strong evidence that the
observed declines in fisheries are caused by acidification and
not by other ecological stresses.

Extent of Effects

The terrestrial mapping analysis for eastern Canada supported by
surface water chemistry has demonstrated that the watersheds

of sensitive (low alkalinity) aquatic ecosystems where effects
have been observed have a low potential to reduce acidity and
are representative, in terms of soil and geological
characteristics, of much larger areas of eastern Canada.

Similarly, using related but different criteria, maps have been
developed which characterize considerable areas of the
northeastern United States as having low potential to reduce
acidity. Therefore, there is reason to expect that there are
sensitive surface waters in these other areas which would
experience similar effects If subjected to deposition rates
comparable to those in the study areas. However, quantification
of the number of lakes and rivers susceptible to acidification
in both countries will require validation of the terrestrial
mapping methodologies and increased information on the chemistry
of lakes amd streams.

The present empirical evidence covers a broad spectrum of
physical and climatological conditions across northeastern North
America and therefore provides a reasonable basis on which to
make judgements on potential loading effect relationships.
However the data do have some deficiencies. More data on
historical trends of deposition amd associated chemical and
biological characteristics would improve our understanding of
long-term rates amd effects of acidification. In addition, a
better understanding of all the mechanisms involved in the
acidification process will enhance our ability to estimate
loading/response relationships precisely. Therefore any
estimates of loading/response relationships should be
strengthened in the light of new scientific information as it
becomes available. '

Target Loadings

Sulphate in precipitation has been used as a surrogate for total
acid loading. Sulphate in precipitation can be reliably




measured. It is recognized that dry deposition of sulphate and
sulphur dioxide, and the wet and dry deposition of nitrogen
oxides, nitric acid, particulate nitrate and ammonia, as well as
other compounds also contribute to acidic deposition. Based on
documented effects, wet and dry deposition of sulphur compounds
dominate in long-term acidification.

Sul phur deposition also predominates in the majority of cases
surveyed involving short-term pH depressions and associated
effects. Insufficient data are available to relate nitrate
deposition to short-term water quality effects. Therefore, we
are unable to determine a nitrate dose-response relationship.

The models, which are based on theory, that have been
considered, permit a quantification of the target loadings in
terms of geochemical basin sensitivity. Although these models
require further validation, the derived loading estimates are
generally supportive of the empirical observations for the study
areas discussed above.

Based on the results of the empirical studies, interpretation of
long-term water quality data, studies of sediment cores and
models that have been reviewed, we conclude that acidic
deposition has caused long-term amd short-term acidification of
sensitive (low alkalinity) surface waters in Canada and the U.S.
The Work Group concludes on the basis of our understanding of
the acidification process that reductions from present levels of
total sulphur deposition in some areas would reduce further
damage to sensitive (low alkalinity) surface waters and would
lead to eventual recovery of those waters that have already been
altered chemically or biologically. Loss of genetic stock would
not be reversible.

The Canadian members of the Work Group propose that present
deposition of sulphate in precipitation be reduced to less than
20 kg/ha.yr in order to protect all but the most sensitive
aquatic ecosystems in Canada. In those areas where there is a
high potential to reduce acidity and surface alkalinity is
generally greater than 200 ueq/L, the Canadian members recognize
that a higher loading rate is acceptable.

As loading reductions take place and additional information is
gathered on precipitation, surface water chemistry amd watershed
response, it may be possible to refine regional loading
requirements.

1.2  AQUATIC ECOSYSTEM EFFECTS - UNITED STATES
Acidic deposition has been reported in the literature as a cause of

both long-term and short-term episodic depressions in pH and loss in
alkalinity in some lakes and streams in the U.S. and Canada.




U AR

1-8

Elevated concentrations of toxic elements, such as aluminum, and
biological effects including losses in fish populations have been
reported to accompany some of these pH depressions. In most of the
reported cases, clear relationships were not established between
acidic deposition and observed effects. Conclusions are based on an
understanding of the acidification process although mechanisms which
control this process are often not completely understood.

The following summary statements are observations reported to be
occurring in areas receiving acidic deposition.

Both sulphuric and nitric acid contribute to the acidity of
precipitation. It appears, however, that sulphuric acid
contributes more to long-term acidification of surface waters
than does nitric acid. Nitric acid can contribute to pH
depression of surface waters during periods of snowmelt and
heavy rain runoff in some areas. Studies of lakes in eastern
North America indicate that atmospheric deposition accounts for
sulphate levels in some waters in excess of those expected from
natural processes. Lake study areas are located in Labrador,
Newfoundland, Nova Scotia, New Brunswick, the southern part of
the Canadian Shield in Quebec, and in eight regions of Ontario.
Primary study areas in the U.S. are found in New Hampshire and
southern Maine, Adirondack Park in New York, the Boundary Waters
Canoe Area of Minnesota, and numerous lakes in north-central
Wisconsin.

There is evidence of long-term reductions of pH and alkalinity
and other water quality changes for some low alkalinity surface
waters. The rate of change of pH and alkalinity in lakes 1is one
of the least well defined aspects of the acidification process.
However, there is evidence of short~term pH depressions in some
waters following high runoff from snowmelt and storm activity.
Both sulphate and nitrate are associated with short-term changes
in water chemistry but, in the majority of surveyed cases,
sulphate appears to be the larger contributor to total acidity.

Short-term pH depressions and elevated concentrations of metals,
particularly aluminum, iron, zinc, and manganese have been
observed during periods of high runoff. Metal mobilization from
some watersheds, first noted in streams and lakes of
Scandinavia, also has been reported from such places as Hubbard
Brook, the Adirondacks, and the Great Smokey Mountains of the
U.S., and Sudbury, Muskoka, and Plastic Lake in Ontario, Canada.
Artificial acidification of a lake in the Experimental Lakes
Area of Ontario has shown mobilization of metals from lake
sediments to the water column.

Sediments from lakes in Maine, Vermont, and New Hampshire
suggest increased acidity in aquatic ecosystems. It has been
inferred from declines in metals (zinc, copper, iron, calcium,
magnesium and manganese) in the sediments that the acidity of
the water increased since the late 1800s. Low pH maintains
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metals in the water column, where they can be flushed out of the
system before being deposited in the sediments. Diatom data are
less complete, but they also indicate a pH decline since the
early 1900s.

There are few historical records of chemistry of low alkalinity
waters not influenced by local urban or industrial discharges (i.e.,
6 rivers in Nova Scotia; 7 lakes in Nova Scotia and 3 in New
Brunswick; 40 lakes in Adirondack Park, New York; 250 lakes in New
England; 2 streams in the New Jersey Pine Barrens; 270 lakes in
Wisconsin). The above locations are exposed to various levels of
acidic deposition. Some surface waters in these areas have shown a
decrease in alkalinity and/or pH. In Wisconsin, however, most lakes
surveyed had increased in alkalinity and pH.

The total number of lakes and rivers in eastern North America that
are thought to have been acidified by acidic deposition is a very
small percentage of the total aquatic resource. In the absence of
effects from mine drainage and industrial waste water, the symptoms
of acidification (e.g., long-term pH declines and/or short-term pH
depressions of surface waters with loss of fish populations) have
been observed only in clearwater lakes and streams with accompanying
elevated concentrations of sulphate and/or nitrate. Natural
acidification processes do occur but their effects appear greatest in
coloured surface waters. Land use chamges, such as fires, logging,
and housing developments, have taken place in many areas with low
alkalinity surface waters. However, the symptoms of acidification
have not been observed in clearwater lakes and streams except in
areas receiving high levels of acidic deposition.

Lakes in the Adirondack Mountain range exhibit some of the lowest
alkalinity values found in the eastern United States and are located
in a zone presently receiving high acidic deposition (30-40 kg/ha.yr
of sulphate in precipitation). In this area, 52% of the 214 high
elevation lakes sampled in 1975 had pH values less than 5.0. Seven
percent had pH values between 5.0 and 6.0. The New York Department
of Environmental Conservation has concluded that at least 180 former
brook trout ponds are acidic and no longer support brook trout. The
factors causing these population extinctions have not been
demonstrated.

New England currently receives wet sulphate deposition loadings of
17-40 kg/ha.yr. A study of 95 relatively small low alkalinity lakes
in New England for which historical data were available showed that
64% had decreased in pH. However, accompanying historical deposition
data are not available. A comparison of present alkalinity values
with historical values for 56 lakes indicated that 70% had decreased
in alkalinity. Two other studies have indicated pH declines in some
lakes surveyed in Maine. The relative contributions of natural and
anthropogenic sources to acidification of these lakes is not known.
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Data from intensive studies of 17 lakes in the Muskoka-Haliburton
area of Ontario currently receiving about 20-30 kg/ha.yr sulphate in
precipitation have shown that some lakes with summer alkalinity
values up to about 40 ueq/L experience pH depressions to values below
5.5 during snowmelt. One inlet stream was observed to have pH values
as low as 4.1 during spring snowmelt. Other inlet streams had pH
depressions but pH did not drop as low. Of 2,624 lakes surveyed in
Ontario, 50% had alkalinity of less than 200 ueq/L, a value that may
be regarded as the upper limit for potential effects of acidic
deposition; 13% of the lakes sampled in the province had alkalinities
below 40 ueq/L. While these lakes may be representative of the areas
sampled, they may not be representative of lakes located elsewhere in
the Shield. In another survey of 199 lakes of the Precambrian Shield
of Quebec 7.5% had alkalinity of approximately 50 ueq/L or less.
There are about 1.5 million lakes on the Precambrian Shield in the
provinces of Ontario and Quebec; but it is not possible at present
to extrapolate results of the surveys to the total population of
lakes.

Observed changes in agquatic life have both been correlated with
measured changes in the pH of water amd inferred by comparisons of
waters of different pH values. Differences have been documented in
species composition and dominance amd size of plankton communities in
lakes of varying pH. Study results show that the number of species
is lower in low pH lakes compared to lakes of higher pH. These
differences may have important implications for organisms higher in
the food chain, but studies to date have not been done that might
establish this connection.

Many species of frogs, toads and salamanders breed in temporary pools
formed by the mixture of spring rains and snowmelt armd subject to pH
depression. Embryonic deformities and mortalities in the yellow
spotted salamander, which breeds in temporary meltwater pools, have
been observed in New York State where the acidity of the meltwater
pools was 1.5 pH units lower than that of nearby permanent ponds.
Population densities of the bullfrog and woodfrog were lower in
acidic streams and ponds than in those of higher pH sampled in
Ontario. These data are very limited and therefore the extent of the
problem is unknown.

Atlantic salmon populations have disappeared from nine rivers in Nova
Scotia but remain in rivers in the same area having higher pH due to
greater alkalinity. Decreases in alkalinity and the pH of water over
time have been observed in some low pH rivers in Nova Scotia.
However, historical chemical data do not exist for the period of

major decline in angling success nor do they exist for rivers in
which fish declined.

Detailed studies of watersheds and clusters of lakes have been
carried out in regions of North America and Scandinavia containing
low alkalinity lakes and streams under a range of sulphate deposition
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rates. The results of those studies conducted in North America are
summarized below.

There have been no reported chemical or biological effects for
regions currently receiving loadings of sulphate in precipitation at
rates less than about 20 kg/ha.yr.

Evidence of chemical change exists for some waters in regions
currently estimated or measured to be receiving between about 20-30
kg/ha.yr sulphate in precipitation. In Nova Scotia rivers, 40 years
of historical records document reductions in angling success for
Atlantic salmon in nine rivers of low pH. Records over later periods
for other nearby rivers document decreases in alkalinity and pH. In
Maine there is evidence of pH declines over time and loss of
alkalinity from some surface waters. In Muskoka-Haliburton
historical evidence documents loss of alkalinity for one lake and pH
depressions in a mumber of lakes and streams. Fish confined to the
inlet of one lake died during spring melt. In the Algoma region
there are elevated sulphate and aluminum levels in some headwater
lakes.

Long-term chemical and/or biological effects and short-term chemical
effects have been observed in some low alkalinity surface waters
experiencing loadings greater than about 30 kg/ha.yr. In Quebec,
sulphate concentrations in surface waters decrease towards the east
and north in parallel with the deposition pattern of sulphate.
Sulphate concentrations are equal to or greater than the bicarbonate
concentration in some lakes in the southwest part of the province.
In the Adirondack Mountains of New York comparison of data from the
1930s with recent surveys has shown that more lakes are now in low pH
categories. The relative contribution of natural and anthropogenic
sources to acidification of these lakes is not known. The New York
Department of Environmental Conservation has concluded that at least
180 former brook trout ponds are acidic and no longer support brook
trout, although a direct association with acidic deposition has not
been established. In the Hubbard Brook study area in New Hampshire
there are pH depressions in some streams during snowmelt of 1 to 2
units.

In the watershed studies summarized above, sulphate in precipitation
was used as a surrogate for total acid loading. Sulphate in
precipitation can be reliably measured. It is recognized that dry
deposition of sulphate and sulphur dioxide, and the wet and dry
deposition of nitrogen oxides, nitric acid, particulate nitrate and
ammonia, as well as other compounds, also contribute to acidic
deposition. The use of a single substance as a surrogate for acidic
loadings adds unknown error owing to site-to-site variability in: (1)
composition of deposition, and (2) ability of watersheds to
neutralize incoming acidity. Wet and dry deposition of sulphur
compounds appeared to predominate in long-term acidification.
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Insufficient data are available to related nitrate deposition to
short-term water quality effects. Therefore, we are unable to
develop nitrate loading/response relationships.

The terrestrial mapping analysis for eastern Canada has demonstrated
that the watersheds in which some surface waters have been observed
to experience effects are representative, in terms of soil and
geological characteristics, of larger areas of eastern Canada. The
level of variability within terrain classes is not Known.

An alkalinity map of the U.S. shows the location of regions where the
mean alkalinity of most of the sampled surface waters 1is less than
200 veg/L. There is reason to believe that some of these low
alkalinity surface waters could experience effects similar to those
noted in detailed study sites receiving similar total acidic
deposition loadings. However, quantification of the number of lakes
and rivers in both countries susceptible to acidification at specific
loading rates would require validation of mapping methodologies and
increased information on loading rates and the chemistry of lakes ard
streams. The present empirical evidence covers a broad spectrum af
physical and climatological conditions across northeastern North
America and therefore provides a basis on which to make only

gual itative judgements regarding relationships between acidic loading
rates and effects.

Based on the results of the empirical studies, interpretation of
long-term water quality data and studies of sediment cores that have
been reviewed, we conclude that acidic deposition has caused long-
and short-term acidification of some low alkalinity surface waters in
Canada and the U.S. Based on our understanding of the acidification
process the Work Group concludes that reductions from present levels
of total sulphur deposition would reduce further chemical and
biological alterations to low alkalinity surface waters currently
experiencing effects and would lead to eventual recovery of those
waters that have been altered by deposition.

The U.S. members conclude that reductions in pH, loss of alkalinity,
and associated biological changes have occurred in areas receiving
acidic deposition, but cause and effects relationships have often not
been clearly established. The relative contributions of acidic
inputs from the atmosphere, land use changes, and natural terrestrial
processes are not known. The key terrestrial processes which provide
acidity to the aquatic systems and/or amel iorate atmospheric acidic
inputs are neither known or quantified. The key chemical and
biological processes which interact in aquatic ecosystems to
determine the chemical environment are not known or quantified.

Based on this status of the scientific knowledge, the U.S. Work Group
concludes that it is not now possible to derive quantitative
loading/effects relationships.
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1.3 TERRESTRIAL ECOSYSTEM IMPACTS

The effects of transboundary air pollution on terrestrial ecosystems
have been reviewed on the basis of direct effects on vegetation,
effects on soils, and effects on wildlife.

1.3.1 Effects on Vegetation

\
Three main pollutants are of concern with regard to vegetation
effects. These pollutants are sulphur dioxide, ozone, and acidic
deposition. Ozone and acidic deposition occur at concentrations
above background levels at long distances from emission sources.
Sulphur dioxide is more of a concern to vegetation in proximity to
point sources of emissions than at long distances, where dispersion
effects can reduce atmospheric levels to those of background.

1.3.1.1 Sulphur Dioxide

Near point sources, the adverse effects of sulphur dioxide on
vegetation can be both visible and subtle (without development of
visible foliar injury). Visible effects can be associated with both
doses of high concentrations of sulphur dioxide over short periods of
time and low concentrations over extended periods. However, in a few
specific cases, atmospheric sulphur dioxide deposition may have
beneficial effects on agricultural vegetation grown on borderline or
sulphur deficient soils.

Visible effects of sulphur dioxide have occurred on pine forests in
Canada subjected to average growing season concentrations of sulphur
dioxide of 0.017 ppm. Visible injury to the perennial foliage of
coniferous trees results in premature needle drop, reduced radial and
volume growth and early death of trees. Reduced growth and yield of
crops without the development of visible injury have also been found
in certain field experiments.

Annual doses of sulphur dioxide of 0.02 ppm have been associated with
habitat modifications in grasslands and the elimination of certain
sensitive species of lichens near point sources. Lichens may be
markedly affected by sulphur dioxide and are considered as bioaccumu-
lators of very low level sulphur dioxide exposures. Direct effects
including visible injury, effects on reproductive capacity and
species mortality have been encountered in the field at concentra-
tions of sulphur dioxide as low as 0.006 — 0.03 ppm annual average.

Despite such documented evidence of instances of direct effects,
obviously not all, but probably most exposures to sulphur dioxide on
a regional scale are below levels producing phytotoxic reactions.
However, long-term, low-dose studies have demonstrated direct effects
on lichen communities and indirect effects on several plant species.

2
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1.3.1.2 Ozone

Ozone is the most important long-range transported pollutant with
respect to vegetation effects. Air masses carry ozone and its
precursors over long distances and can affect crops and forests in
rural areas remote from sources. As a specific example, ozone
related crop injuries in southern Ontario have been reported
associated with high ozone levels in air masses moving across Lake
Erie. 1In the U.S., experimentally derived crop yield losses ranging
from 2 to 56% (crop dependent) were equated with seasonal 7 hr/day
mean ozone concentrations of 0.06 - 0.07 ppm. Yield losses in the
various crops were as follows: kidney bean 27, soybean 10%, peanut
14~17%, and lettuce 53-56%. Although direct effects of ozone have
been documented on forest growth, an estimate of loss is difficult to
calculate because of the limitations stated in the main report.

1.3.1.3 Acidic Deposition

Acidic deposition in the form of simulated rain has been demonstrated
to induce a variety of direct and indirect effects on plants grown
under greenhouse or semicontrolled conditions. Foliar injury, growth
reductions, and growth stimulations have been found under these
growing conditions following treatment with simulated acidic precipi-
tation. However, visible foliar injury has not been documented in
the field for vegetation exposed to ambient levels of acidic
precipitation. The potential effects of acidic deposition on forest
growth have been difficult to assess because of the complicating
influence of other environmental and climatic factors. To date,
there have been too few studies to establish a clear relationship on
the interactions of acidic deposition/sulphur dioxide/ozone to reach
a definitive conclusion on effects.

1.3.2 Effects on Terrestrial Wildlife

Direct effects of acidic deposition on terrestrial wildlife have not
been reported and are not considered likely. Nevertheless, in some
instances, indirect effects have been suggested through three
possible mechanisms:

1) contamination by heavy metals mobilized by acidity;
2) reduction in nutritional value of browse or food source;
and

3) 1loss of browse species or impairment of habitats.

1.3.3 Effects on Soil

Soils vary widely with respect to their properties, support different
vegetation communities, are subjected to different cultural
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practices, are situated in different climatic zones, and are exposed
to a broad spectrum of acid loadings. The following effects of
acidic deposition probably occur and in some cases are supported by
observation, although the number of field situations where investi-
gators have been able to attribute acidity to precipitation or to
compare present with former soil pH value is small.

On soils derived from calcareous parent materials, the effects of
acidic deposition will lead to only insignificant increases in lime
requirement, except in situations near strorcg point emitters. Heavy
metal deposition from these same point source emitters may also cause
soil toxicities. :

On acid soils, the absence of clear effects upon tree growth from
radial-increment measurements covering several decades suggests there
will be no short-term effects attributable to acidic deposition.

From the few field situations where earlier investigations permit a
comparison over a reasonable time-frame, there is evidence that less
acutely acid soils increase in acidity and lose bases at a faster
than normal weathering rate. For acutely acid soils, pH may show
only minor changes, while over the same period moderate to
appreciably larger amounts of soil aluminum are mobilized. These
depend upon whether the forest cover is deciduous (e.g., beech) or
coniferous (e.g., spruce).

From one comprehensive field investigation, it has been suggested
that the additional amounts of aluminum brought into solution kill
feeding roots and permit the invasion of fungi causing tree
“dieback”, but it is not known whether this phenomenon would occur on
other sites and soils. What appears well established from a variety
of hydrological, limnological and catchment studies is that acidic
deposition can lead to the release of additional amounts of soluble
aluminum, thus disturbing previous aluminum/calcium ratios in soils,
sediments and streamwaters. An eventual reduction in base status and
fertility is suggested.

The sulphate component of acidic deposition appears to be adsorbed by
soils containing active aluminum and iron oxides, but where these are
absent or present in limited amounts, sulphate functions as a
balancing anion, leading to the leaching loss of bases and other
cations.

The fate of the nitrate component depends upon wet precipitation/
snowmelt characteristics. Nitrate, reaching the surface organic
horizons of acid forest soils is held there for assimilation by tree
roots during the growing season. There are, however, forested catch-
ments in the northeast where nitrate is passed to water bodies.

The lack of appropriate experimental approaches from which the
effects of acidic deposition on soil might be assessed and safe
deposition ceilings estimated, has caused scientists to exploit
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indirect or special situations. These include working near strong
point sources, studying soils treated with acidifying fertilizers,
and designing lysimetric experiments incorporating simulated acid
rains. From such approaches, a variety of soil effects have been
demonstrated, usually of an undesirable nature, but at the present
time the problem remains of quantifying the dose-response reactions
in the field situations.

1.3.4 Sensitivity Assessment

Regions which may be sensitive to acidic deposition have one or more
components (i.e., forests, aquatic life, soil, or water) susceptible
to degradation under the influence of acidic deposition. Relative
sensitivity of these components is reflected in the rate at which an
ecosystem component degrades under a particular acidic deposition
loading. Different underlying criteria have to be used to represent
sensitivity for the different ecosystem components, such as rate of
tree growth, characterization of the soil-base status, or water
alkalinity. Because so little is known about the acidic deposition
dose-response relationships, the underlying criteria are often
imprecise. Therefore, relative sensitivity can only be approximately
represented or mapped, and then perhaps for only a few species,
ecosystems or theoretical effects.

Attention is focused on the sensitivity of soils and bedrock because
results from studies which address vegetation and ecosystem effects
are limited and not well understood at this time. In the approach
used, the emphasis has been to map a combination of potentially
important soil attributes as a best available indicator of relative
sensitivity. Soil attributes incorporated include texture, depth to
carbonate, pH and cation exchange capacity, as well as glacial and
bedrock features. Incompleteness of survey data for certain
important properties (e.g., sulphate adsorption capacity, internal
proton production, and the role of dry deposition) precludes their
use in identifying detailed sensitivities of land or aquatic
resources. As far as possible, the eastern parts of the United
States and Canada are mapped using a similar conceptual framework
which indicates the general extent of areas of different possible
sensitivities to the effects of acidic deposition. The significance
of these categories will increase as more effects are documented.

1.4 HUMAN HEALTH AND VISIBILITY

l.4.1 Health

Available information gives little cause for concern over direct
health effects from acidic deposition. The potential indirect health
effects associated with transboundary air pollution discussed are:
(1) contamination of the food chain with metallic substances,




especially mercury; (2) leaching of watersheds and corrosion of
storage and distribution systems, leading to elevated levels of toxic
metals; and (3) health implications of recreational activities in
impacted waters.

The principal conclusions of the report are as follows:

Acidification of lakes is a concern because it may be related to
increased mercury contamination of the food chain, thus
increasing the health risks associated with high levels of
consumption of contaminated organisms. A correlation exists
between low pH in lakes and higher mercury concentrations in
some species of fish, although the mechanism for this accumu-
lation is not presently known. In addition to the effects
produced by acidic deposition, the increased input of anthropo-
genic sources (air or water effluents) of mercury and other
heavy metals may further complicate the issue and lead to health
problems when affected fish are consumed by humans in large
amounts.

Acidic deposition may liberate metals in some groundwaters,
surface drinking water supply systems and cisterns. However,
groundwater may also be acidic due to increased partial pressure
of COy at depths of a few metres or more. This should not be
confused with acidity due to atmospheric deposition. Elevated
metal concentrations in acidified drinking water supplies have
been found. Lead levels in tap water from cisterns were much
higher than those found in the source water; about 167 of the
households sampled in one western Pennsylvanian county had tap
water levels in excess of the United States drinking water
standards. Surface drinking water supplies which are not
treated (i.e., small communities or individual water supplies)
are susceptible. No adverse health effects resulting from
consumption of such water have been reported. Concern has been
expressed that recreational activities in acidified waters, such
as swimming, may prove to cause eye irritation. To date, no
compelling evidence has been forthcoming that indicates that
humans are being adversely affected by these waters in their
current state.

With respect to the direct inhalation of transported air
pollutants for which standards exist (i.e., particulate matter,
photochemical oxidants, sulphur oxides, and nitrogen oxides), no
adverse human health effects are anticipated, providing the
ambient air quality standards are not exceeded (see Table 5-2).
However, in regions where transboundary air pollution
contributes to the violation of the standard, health related
problems cannot be ruled out.

Although some concern has been expressed over the effects of
acid sulphates on mortality/morbidity, the available data appear
insufficient to single out this species as the sole pollutant of
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concern in the sulphur-particulate complex. As with the gaseous
pollutants, the long-range transport of particulate matter
should only be viewed as a concern when violation of the ambient
air quality standards occur.

1.4.2 Visibility

Effects of transboundary air pollution on visibility are related to
fine particle air quality and only indirectly to acidic deposition.
The major precursors of acid deposition that can significantly affect
visibility are sulphuric acid and various ammonium sulphate aerosols.
These form a large fraction of the fine particle loadings that
dominate visibility impairment from anthropogenic sources. Available
data do not suggest that nitrates (predominantly in the vapour phase)
play a significant role in impairment of visibility, but visible
brown plumes from NOp have been reported at a distance of 100 km
from a few isolated point sources.

From available information on background and incremental fine
particle loadings and relative humidity, estimates of visibility
impacts (reduction in visual range and contrast, discolouration from
haze or plumes) can be made. Analysis of airport data indicate a
substantial decline in regional summertime visibility in the eastern
U.S. and portions of southern and eastern Canada between 1950 and
1975, with stable or small improving trends since that time. These
changes may be associated with changes in the level and distribution
patterns of sulphur oxide emissions.

Areas such as those found in western North America, are the most
sensitive to visibility degradation. Usually, good visibility is
valued most highly in natural settings such as parks and wilderness
areas. Any area, however, with normal viewing distances of a mile or
more may be affected by episodic regional haze carrying acid
precursor substances. Studies of the value of visibility and public
perception indicate that the public cares about visibility and is
willing to pay for maintaining or improving it. Accurate economic
assessments are not, however, available for eastern North America.

1.5 MAN-MADE STRUCTURES

Certain airborne chemicals can accelerate deterioration of materials.
There is evidence that materials in urban areas of Europe and North
America have suffered and are suffering from exposure to these
pollutants. Materials at risk include statuary and structures of
cultural value as well as commonly used construction materials. 1In
the present discussion, exterior surfaces are the focus of interest.

It is reasonable to assume that acidic deposition due to long-range
transport and transformation of air pollutants contributes somewhat
to material effects. Current understanding of material decay




processes leads to the tentative conclusion that local sources of
corrosive pollution mask the effects resulting from long-range
transport of acidic deposition.

The principal findings of the Work Group are:
The majority of sensitive materials tend to be located in
urban/suburban areas. However, materials at risk cannot be

assumed to be proportional to population density.

Relationships between concentration of corrosive gases and

damage are better documented than relationships between acidic

precipitation or particulates and deterioration.

The main groups of materials which are damaged by outdoor air
pollutants are: metals, coatings and masonry. The pollutants

are delivered to the surfaces in wet and dry form.

It is generally accepted that SO is the primary species
causing damage to materials. The importance of nitrogen

compounds is closely related to its particular species and may

increase with the predicted increases in NO; emissions
relative to SOy