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ABSTRACT

Cobalt Lake located in the southeastern portion of Glacier National
Park potentially receives acid rain.

Precipitation containing sulfate

and having a low pH indicates the possible presence of acid rain.
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INTRODUCTION

"Transport of acidic materials from the atmosphere to the
earth is termed acid deposition.
•

When combined with

precipitation, acidic compounds become acid rain or acid snow,

in dry particle form, the deposition is classed acidic

dryfall.

Sulfuric acid, produced in airborne chemical

reactions involving sulfur dioxide gas primarily from power
plant and smelter emissions, is a major component of acid
deposition." (5)

The combustion of coal and oil releases sulfur dioxide and nitrous

oxides in the atmosphere via tall smokestacks, exhaust pipes on

automobiles, and other commercial emitters.

Unlike automobile exhaust

which pollutes the immediate region, tall stacks contaminate both the
upper atmosphere and lower stratosphere.

Sulfur dioxide can then be

conveyed great distances before being washed to the earth.

In 1974

during a Scottish rain storm the pH of rain was 2.4, lower than the pH
of vinegar. (8)

These rains may be responsible for some lakes becoming

increasingly acidic.

Moreover, there has been a radical fluctuation in

the hydrogen ion concentration in wet deposition over a ten year period

as recorded by a New Hampshire research laboratory. (9)
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FIGURE 1.

pH of Precipitation at Hubbard Brook, New Hampshire

"There has been a slight upward trend in . . . concentration of

hydrogen ion between 1964-1965 and 1970-1971, followed by a downward
trend until 1973-1974; overall (1964-1974), however, no trend in
concentration is statistically significant."

Liken, G. E. et al., 1977, Biogeochemistry of a Forested Ecosystem,
Sprin-Verlag, New York, p. 36.

(#)
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LITERATURE REVIEW

The acid rain controversy is a complex problem not only
scientifically but for those who interpret the data.
•

The following

argument between the Environmental Protection Agency and the

Environmental Research and Technology, Inc., funded by Communications
Satellite Corporation and Edison Electric Institute, will allow us

different perspectives on the issue of acid deposition before dealing

with the facts.

Acid Rain Dilemma:

DCD (a review by the Environmental Protection

Agency) vs. ERT (Environmental Research and Technology, Inc.)

DCD Considerations: (4)

1)

The DCD associates the transportation of sulfur dioxides with

acid precipitation for long distances.

Therefore, the Midwest

is partially responsible for acid precipitation in the
Northeast United States.
2)

The DCD reported a trend of increasingly acidic precipitation

as a result of sulfur dioxide and nitrogen oxide emissions.
3)

The DCD sited ecological damage and hazardous public health

conditions as a result of acidic precipitation.
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ERT Considerations:

1)

The variability in precipitation acidity is due to natural
chemical contributions; meteorological conditions scattering

man-made entities and the entities duration in air; and natural
Hence, the ERT found no evidence

air mass transport barriers.

for linking western sulfur dioxide emissions with eastern

acidic rain.

ERT states mountains, wind patterns, and length

of time sulfate particles remain in the atmosphere all combine

and suggest a significant impact of less than 1000 kilometers.
(4)
2)

ERT states increased acidity trend is based on unreliable
data.

The apparent change in acidic conditions began in the

1950's during a drought.

Dust is connected with less acidic

rainwater since more neutralizing cations entered the air by
wind.

Therefore, it is only natural that rain acidity

increases in later dates. (4)

3)

The ERT reported damage in less than 5% of a limited number of

lakes and ponds in the Adirondacks.

The injury resulted from

poorly buffered soils in the area of the aquatic systems.

Using buffering capacity as a criterion, the ERT predicts

minimal injury for the majority of United States surface area.
(4)
Several criteria which affect acidic deposition are:

Topography,

climatic factors, temperature inversions, and particulate composition.
Aquatic and terrestrial ecosystems are often influenced by some or a

combination of these factors.
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Topography:
European studies suggest mountain ranges affect precipitation
acidity.

Mountain ranges are transport barriers which affect

deposition patterns.

Maxima for wet deposition can be associated with

orographic precipitation; increased elevation affects the removal of
pollutants by precipitation substantially.

Glacier Park is composed of basins with a series of surrounding
mountain ranges.

Hence, pollutants are concentrated more on hillsides

than flat areas; location of the testing site determines the dispersion
and ultimate ground level concentrations of pollutants. (2)

Climatic Factors:
Climatic factors often prohibit the air from mixing causing
pollutants to be added to a constant air volume.

masses are accompanied by wind and precipitation.
permits the mixing of large air volumes.

Low pressure air

This combination

Unlike low pressure systems,

systems of high pressure resist air fluctuation compunding pollution
buildups in the Flathead Basin and other intermountain valleys in the
western United States, high north-south ridges often block the

prevailing westernly winds, thus hampering dispersion. (5)

Temperature Inversions:
Temperature inversions are correlated with different temperatures

at various heights.

Inversions refrain vertical air layers from

mixing, and instead air currents mimic the laminar flow properties of
fluids.

The absence of mixed atmospheric air can be attributed to
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slower surface winds; no dispension of particulates can occur resulting
in severe pollution episodes. (5)

Particulates:
•

In the western United States sulfur dioxide gas concentrations are

closest to their sources.

Man-made particulate matter forms as the

sulfur dioxide pollution interacts with clouds while aging.

The

maximum concentrations of particulates occur within a 300-500 kilometer

radius although increased concentration can be found at times within
1000 kilometers from the source. (3)
Air contains a multitude of tiny liquid and solid compounds besides
the gaseous molecules of nitrogen, oxygen and argon.

Particles heavier

than 10 micrometers in diameter settle back to the earth nearby the

emitter source.

Compounds smaller than 10 micrometers, however, remain

adrift in air currents overriding the gravitational effect and can

remain suspended indefinitely. (5)
There is a diversity in the types of particulate matter.

The

nature of such suspended substances depends on weather effects such as

circulation, which concentrate or settle out particles.

Volcanic ash,

volcanic fumes, smoke from wildfires, wind blown soil, oceanic salt
spray, and pollen from vegetation compose natural particulates. (5)

Aquatic and Terrestrial Ecosystems:
Sulfur oxides, nitrogen particulates, and chemical elements are

emitted into and effect ambient air quality.

6

Coal-fired power plants

TABLE 1:

Flathead Basin Emission Inventory Summary

Particulates

Source

(tons/vr)

Traffic Dust on Dirt
and Gravel Roads

88,539

Slash Burning

23,704

S02 (tons/vr)

Traffic Dust on
Paved Roads

853

Wildfires

356

Vehicle Emissions

353

161

Agriculture Activities

290

32

Residential, Commercial,
Institutional Fuel
Combustion

245

532

Aggregate Storage

75

Railroads

44

101

1

2

114,460

828

Aircraft

Source:

M.D.H.E.S. Nonpoint Source Inventory
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and open-pit coal mining producing such effluents alter terrestrial and
aquatic ecosystems. (2)

Natural resource development could contribute to regional air

pollution.
£

Open-pit coal mining operations would release "fugitive"

dust from earth-moving systems, transportation and spoil piles.
Furthermore, on-site coal drying plants and sweetening plants due to

gas development liberate sulfur by-products and gases into the
atmosphere. (2)

Glacier National Park is labeled as a Class I air quality area.

These federal lands, termed "mandatory Class I, are provided the most
stringent air quality protection under federal law and may not be

redesignated to a reduced level of protection.

limits pollution additions from new industries.

Class I very strictly

If specified pollutant

increments will apparently be exceeded, a proposed new facility must

modify its pollution control design to meet Class I air standards
before construction permits can be issued.

Mandatory Class I areas

have additional obligations to protect visibility and other quality
related values, which can include recreation, vegetation, fish and
wildlife populations if these resources are impacted by air pollution.

Visibility protection encompasses views within Class I boundries and
selected outside vistas seen from the Class I area. (5)

Modeled impacts completed on the Cabin Creek coal mine predict

emissions of particulates and sulfur dioxide from the mine site would
exceed Montana Class I air quality standards in nearby Glacier National
Park.

The maximum daily particulate average will increase by 60

8

Mg/m3.

Presently the annual average particulate gain is about 20

Mg/m"3.

Sulfur dioxide is expected to further increase due to the

mine construction.

Terrestrial Ecosystems:
In Glacier Park plants and animals have adapted to clean air
conditions; contaminated air obstructs biota psychological systems.

(5)

Pollutants are detrimental to plants and animals at various

concentrations.

Such concentrations may be low if compared to

concentrations of normal air constituents.

"Pollutants may be dangerous in concentrations below one part
per million (ppm) by volume." (5)

Respirable suspended particulates (RSP) consist of particles
smaller than 15 microns; A dichotomous sampler, which collects RSP,

simulates the human respiratory system, drawing air through filters at
the typical breathing volume of six liters per minute.

The sampler

also seperates particulate matter into coarse fractions containing

particles between 2.5 micrometers, and a fine fraction consisting of

Particles in the coarse

particles less than 2.5 micrometers.

respirable fraction usually are retained in nasal passages or larger
lung airways; fine particles can be inhaled deep into the lung alveoli

where gases are exchanged with the bloodstream.
•

Fine particles can

block this gas exchange or pass toxic or carcinogenic substanses into
the blood.

Sources of fine particles include smoke, engine exhaust,

various industrial processes and, to a lesser extent, roads and other
figurative dust sources.

In addition, many air pollutants undergo
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complex chemical reactions forming sulfuric acid droplets, salts, and
many other forms of fine particulate pollution.

The irritating and

harmful "smog" particles are the end-products of airborne reactions

involving car exhaust, suspended organic compounds, and energy from the
sun. (5)

Animals:
Sulfur dioxide affects respiration and many air exposed bodily
surfaces.

Breathing sulfur dioxide adversely hampers the body's

defense mechanism to remove inhaled particles.

It irritates membranes

of the nose, throat, lungs, and eyes while being responsible for
blocking gaseous exchange in the alveoli.

People affected with

bronchitis or asthma are susceptable to sulfur dioxide pollution at 0.1

ppm.

In addition, a sulfur dioxide-fine particulate combination is

extremely hazardous for respiratory functions. (5)

Plants:

Using regulated pollution experiments, the effects of pollution on
plants has been determined.

A pollutant's impact depends on its

ambient concentration, chemical and physical properties.

Leaf color

alteration (break down of green chlorophyll), cell structure collapse,
and irregular growth patterns are symptoms of air impurities

detrimental affects on foliage. (5)
The response to sulfur dioxide by vegetation is quite varied.

plant species have threshold levels for injury at 130 Mg/m"5.

The

complex interactions of sulfur dioxide with other air contaminants

10

Some

makes it difficult to forecast biota behavior, indigenous plants are
usually more resistant to sulfur dioxide than foreign or nonvascular

plants.

In fact, nonvascular plants are highly sensitive to sulfur

dioxide and normal functions become impaired at 40 Mg/rrP. (2)

•

Conifers, alfalfa and many vegetable crops are easily irritated by

sulfur dioxide.

Similar to that of vascular plants, apparent injury to

needles has been observed after one hour of exposure to sulfur dioxide
concentrations of 0.5 ppm.

The plants vulnerability to sulfur dioxide

is greatly enhanced if an assortment of air pollutants, such as
nitrogen oxide and other oxides are present. (5)

Aquatic:
Aquatic systems of all trophic levels are affected by both acidic

precipitation and runoff.
"The overall results are reduced productivity, disruption of

natural cycles, and simplification of food webs.

Organisms

may be eliminated by toxic effects, either directly or

indirectly (e.g. zooplankton may be reduced or eliminated by
limited algal food).

The direct effects of acid precipitation

are usually first evident by reduced reproductive capabilities
or efficiency (e.g. for fish) or by reduced organism

development (e.g., reduced insect emergence and abnormal
embryo development in amphibians).

The tolerance or organisms

to acid loadings will vary from species to species.

For

instance, the following pH ranges have adverse effects on

various fish species in the lakes of LaCloche Mountains in

Canada:" (2)
11

Species

fitt
6.0 - 5.5

Smallmouth Bass, Walleye, Berbot

5.5 - 5.2

Lake Trout, Trout-perch

5.2 - 4.7

Brown Bullhead, White Sucker, Rock Bass

4.7 - 4.5

Lake Herring, Yellow Perch, Lake Chub

Therefore, acidity and basicity is measured in units of pH.

The pH

scale ranges from 0 to 14, lower numbers indicating a more acidic
solution and high values indicating a more basic solution.

A change in

pH, pH of 4 as compared to a solution with a pH of 5, reflects a ten

fold difference on the pH scale (H+ concentration).

A pH of 4 is

then ten times more acidic than a solution with a pH of 5.

The ideal

pH value for unpolluted rain is 5.6 due to water reacting with carbon

dioxide to form carbonic acid.

C02 (g) == C02 (d)
C02 (d) + H20 == H2C03
H2C03 == H= HC03Precipitation in Glacier National Park has revealed pH ranges

between 4 and 7.

The more acidic readings are now being investigated

to determine whether the phenomenon is natural or due to longrange
transport of acidic compounds. (5)

Buffering of the Aquatic System:
Many reports suggest pinpointing emitters of sulfur dioxide, such

•

as factories, and correcting the acid deposition situation from these
individual sites.

This may be useful, however, acid precipitation is

recognized as a regional problem since industry alone is not
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FIGURE 2.

Dose-Injury Curves for S02 Sensitive Plant Species

Dose-Injury Curves for S02-Sensitive Plant Species.
Adapted from:

U.S. Environmental Protection Agency. 1973.

Effects of Sulfur Oxides in the Atmosphere on Vegetation.

Rev. Chap. 5 for Air Quality Criteria for Sulfur Oxides.
EPA-R3-73-030; PB-226 314.
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responsible for the total ambient air pollution.

Areas with low

buffering capacities (minimal Mg++ and Ca++ ions) and high annual
rainfall are susceptible to damaging acid precipitation.

The Flathead drainage area consists of elevated lakes and streams

•

with only a slight acidity to neutralize acids.

These tributaries and

reservoirs are considered susceptable to acid precipitation chemistry.

(5)
The DCD (environmental protection report on air quality) points out

fresh water lakes power to neutralize acids lies in its acidity as a
buffering watershed and depends on the amount of acid precipitation

received. (4)

A buffering watershed includes the soils minerology,

texture, structure, organic matter, pH, base saturation, salt content

and permeability.

Furthermore, vegetation such as grass, herbs and

some forests remove large amounts of cations by leaching as a balance

in the biological cycle. (11)

Acid precipitation can also effect soils by leaching buffering
nutrients while discharging toxic metals from previously harmless

chemical compounds.

Such processes will result in decreased soil

productivity. (5)
"Acidic precipitation increases the solubility and mobility of many

cations in the soil thus increasing the concentration of toxic

metal cations such as aluminum, manganese, and zinc in soil
•

solutions.
enhanced.

Solubility and mobility of other heavy metals is also
The toxic or nutrient ions leached from the soil are

transferred into surface and ground waters from which they may

enter lakes or streams or drinking water." (4)
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Both the DCD and Flathead study express concern for terrestrial and

aquatic environments.

Acidic precipitation is a major environmental concern in many
regions of the United States, Canada, Northern Europe, and Japan.

It

has caused measurable damage to aquatic ecosystems in Scandanavia,
Eastern Canada and the Northeastern United States.

Acid precipitation

has, by acidifying lakes, introduced the extinction of fish, caused by

the breakdown of nutritional food webs and reduced life in lakes to a
few acid tolerant species.

Acidic precipitation, in addition, has the

potential for damaging national monuments and buildings made of stone,

for degrading natural terrestrial ecosystems, for impoverishing
sensitive solid and for causing damage over the long term (several

decades) to forest ecosystems. (4)

The most pronounced impacts of acid deposition have been observed
in aquatic systems hundreds of miles downwind from major concentrations

of industrial sources.

Thousands of lakes in Northeastern United

States and Canada are now too acidic to support fish, as a result of

long-range transport of sulfuric acid from coal-fired power plants in

the Ohio Valley. (4)

Benefits - Use of Sulfur Precipitate;
Although detrimental effects of acid rain appear to be

•

overwhelming, there may be hopeful aspects.

Sulfur in wet deposition

could reduce the amount of sulfur needed in fertilizers, enhancing the

atmosphere’s role as a nutrient source for plants. (3)
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Field experiments with accelerated acid deposition indicate
increased growth.

The difficulty lies in analyzing a whole

interdependent range of enhancing/inhibiting factors, and obtaining

results over a sufficiently long term to take account of slow growth
•

rate/long lifetime of forest trees.

A further problem is that

management practices differ and can effect growth rate. (1)
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METHODS AND MATERIALS
Acid rain is often created from the conversion of sulfur dioxide to
sulfuric acid. The presence of sulfuric acid in the atmosphere may
precipitate in the form of sulfates. The turbidimetric method and pH
meters were used to detect acid rain.

Method 375.4 (Turbidimetric)

1.

2.

3.

4.

5.

’

Scope and Application
1.1 This method is applicable to drinking and surface waters,
domestic and industrial wastes.
1.2 The method is suitable for all concentration ranges of
sulfate; however, in order to obtain reliable readings, use a
sample aliquot containing not more than 40mg SO4/I.
1.3 The minimum detectable limit is approximately 1 mg/1 sulfate.
Summary of Method
2.1 Sulfate ion is converted to a barium sulfate suspension under
controlled conditions. The resulting turbidity is determined
by a nephelometer, filter photometer or spectrophotometer and
compared to a curve prepared from standard sulfate solutions.
2.2 Suspended matter and color interfere. Correct by running
blanks from which the barium chloride has been omitted.
2.3 Silica in concentrations over 500 mg/1 will interfere.
Comments
3.1 Proprietary reagents, such as Hach Sulfaver or equivalent,
are acceptable.
3.2 Preserve by refrigeration at 4 C.
Apparatus
4.1 Magnetic stirrer, variable speed so that it can be held
constant just below splashing. Use identical shape and size
magnetic stirring bars.
4.2 Photometer: One of the following which are given in order of
preference.
4.2.1 Nephelometer
4.2.2 Spectrophotometer for use at 420 nm with light path of
4 to 5 cm.
4.2.3 Filter photometer with a violet filter having a maximum
near 420 nm and a light path of 4 to 5 cm.
4.3 Stopwatch, if the magnetic stirrer is not equipped with an
accurate timer.
4.4 Measuring spoon, capacity 0.2 to 0.3 ml.
Reagents
5.1 Conditioning reagent: Place 30 ml cone. HC1, 300 ml
distilled water, 100 ml 95% ethanol or isopropanol and 75 g
NaCl in solution in a container. Add 50 ml glycerol and mix.
5.2 Barium chloride, BaCl2, crystals, 20 to 30 mesh.
5.4 Standard sulfate solution (1.00 ml == 100 ug SO4): Prepare
by either 5.4.1 or 5.4.2.
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6.

•

5.4.1 Standard sulfate solution from Na2S04: Dissolve
147.9 mg anhydrous Na2S04 in distilled water in a 1
liter volumetric flask and dilute to the mark with
distilled water.
Procedure
6.1 Formation of barium sulfate turbidity
6.1.1 20 ml sample is diluted to 100 ml, into a 250
Erlenmeyer flask.
6.1.2 Add exactly 5.0 ml conditioning reagent (5.1).
6.1.3 Mix in the stirring apparatus.
6.1.4 While the solution is being stirred, add a measuring
spoonful of BaCl2 crystals (5.2) and begin timing
immediately.
6.1.5 Stir exactly 1.0 minutes at constant speed.
6.2 Measurement of barium sulfate turbidity
6.2.1 Immediately after the stirring period has ended, put
solution into absorbance cell.
6.2.2 Measure turbidity at 30 second intervals for 4 minutes.
6.2.3 Record the maximum reading obtained in the 4 minute
period.
6.3 Preparation of calibration curve.
6.3.1 Prepare calibration curve using standard sulfate
solution (5.4).
6.3.2 Space standards at 5 mg/1 increments in the 0-40 mg/1
sulfate range.
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pH Determination
1)

Scope and application
1.1
To obtain pH readings for water samples
1.2
pH will give the hydrogen ion concentration .to
determine acidity of the sample.

2)

Apparatus
2.1
Glass electrode pH meter
2.2
Beaker for sample and buffer solutions

3)

Procedure
3.1
Mode switch on meter placed on standby
3.2
Electrode is placed in standard phospite buffer
(Na2HP04) at pH of 7 at 25 c
3.3
Meter temperature set to 25 c
3.4
Mode switch adjusted to calibration position to check
pH meter reading with buffer pH of 7.
3.5
Mode switch altered to standby
3.6
Remove buffer and rinse electrode with distilled water
3.7
Place electrode in sample solution
3.8
Adjust mode switch to calibration position
3.9
read pH of sample

•
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Table 2:

Standard Sulfate Concentrations and Absorbances

Standard
BaSO^ Mixture

Concentration
mg/1

Absorbance

0

0.000

0.000

1

5.0

0.020

2

10.0

0.045

3

15.0

0.060

4

20.0

0.080

5

25.0

0.10

6

30.0

0.12

7

35.0

0.145

8

40.0

0.165
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TABLE 3:

Sample Sulfate Concentrations, Absorbances, and pH Readings
at Cobalt Lake, Glacier National Park

CONCENTRATION
mg/1

SAMPLE

DATE

ABSORBANCE

1

05/15/83

0.000

0.0

5.46

2

05/22/83

0.000

0.0

5.46

3

05/29/83

0.000

0.0

5.45

4

06/04/83

0.000

0.0

5.45

5

06/11/83

0.000

0.0

5.45

6

06/18/83

0.005

1.5

5.43

7

06/25/83

0.005

1.5

5.44

8

07/02/83

0.005

1.5

5.43

9

07/09/83

0.005

0.0

5.43

10

07/16/83

0.000

0.0

5.43

11

07/23/83

0.000

0.0

5.43

12

07/30/83

0.000

0.0

5.45

13

08/06/83

0.000

0.0

5.45

14

08/13/83

0.000

0.0

5.45
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pH

FIGURE 3:

Calibration Curve for Determination of Sample Sulfate
Concentration

RESULTS

The fluctuation of sulfate concentrations in precipitation of the
Cobalt Lake region is extremely small.
•

The Turbidimetric Method

reveals only three days during the three month period with detectable
sulfate levels.

Each of the unknown samples have specific absorbances.

The

absorbances can then be compared with the calibration wave for

corresponding sulfate concentrations.

In the early weeks of the

experiment, sulfate concentrations remain constant (zero).

Precipitation on June 18, 25, and July 2 have the highest sulfate
reading with 1.5 mg/1.
These climatic concentrations of sulfate in rainwater gave way to
negligable levels throughout late July and August.

The pH of the precipitation samples ranged from 5.46 to 5.43 with
an average of 5.45 for the experiment period.
below the normal pH of 5.6 for ideal rainwater.

All of the values are

The lowest values

occurring in late June and early July; hence, the hydrogen ion
concentration is the greatest.

Decreased pH values for this interval

reflect an increase in acidity for wet deposition.
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DISCUSSION

The increase of sulfate in precipitation at Cobalt Lake for three

recorded dates followed by the elimination of detectable sulfate
•

concentrations does not support a continuous acid deposition
accumulation from a sulfur source for the experimental period.

detectable sulfate levels do exist (1.5 mg/1).

Yet,

Such recordings may

suggest the possibility of acid precipitation.

Sulfate concentrations discovered along this Class I portion of the
Continental Divide are of great concern.

First, sulfate in this region may have been formed from sulfur

dioxide.

This gas, as previously mentioned, is derived primarily from

industrial sources and combines with ozone and 1^0 to give sulfuric

acid.

These sources usually are within a 1000 km (628 mile) radius,

approximately the distance to Seattle.

Secondly, the pH readings for the precipitation samples are all
below the ideal value for rainwater (pH 5.6).

Furthermore, pH values

are lowest in the time period when sulfate was contained in the water;
however, many other factors influence pH besides sulfate compounds.

Recommendations include sponsoring further tests with higher
precision.

Conductivity tests for aqueous ions and the buffering

capacity of the Cobalt Lake aquatic system should be researched to

determine concentrations of sulfates below 1 mg/1.

In addition, air

I
analyzers should be located in the region to determine sulfur dioxide

concentrations.
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Licher tests can be instituted to establish an acceptable baseline
conduction with regards to sulfur dioxide while pH's of snowpacks can

be completed during spring thaws to determine hydrogen ion .
concentrations.

•

It is of vital importance that Glacier National Park monitor and
research sulfur dioxide's effects on the environment.

Sulfur dioxide

emissions from Sage Creek coal mine, gas and oil projects surrounding
the park must be investigated to fulfill our responsibilities to the

Clean Air Act.

As a conscientious society, we must determine how much

the ecosystem can be affected; and how industry contributes to the
formation of acid rain.
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FIGURE 4:

Comparison of Sulphate Concentrations to pH

Sulfate
Concentration
mg/1
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