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Introduction 

Our project evaluated the impact that a large, upstream body of water might have 
on buffering acidic rainfall reaching a small Michigan stream as compared to an 
adjacent stream without such an upstream body of water.  The stream selected 
for study was Cedar Creek, a small lowland stream having a moderately sized 
lake as part of its drainage basin.   Brewster Lake is a small, inland lake of glacial 
origin located in Baltimore Township of Barry County, Michigan.  It has been 
isolated from any industrial use or public access since at least 1952.  The lake 
has been classified as a meso-oligotrophic lake and has been the subject of 
limited research (Pierce, pers. comm.; Cimo and Wolfson, 2001).  The outfall of 
the lake drains into Cedar Creek. 

The lake is located entirely within the Pierce Cedar Creek Institute property and 
is part of a dedicated nature preserve.  Pierce Cedar Creek Institute is located on 
661 acres of land. The makeup of the property is 40% forest cover, 45% 
wetlands, 13% upland forest and fields, and 2% lake surface. The previous 
owner of the majority of the property, naturalist Dr. H. Lewis Batts, protected the 
land from development or degradation, and most of it has remained untouched 
for the past 50 years. The Batts family had a small cottage near the shore of the 
lake but used it infrequently so that even recreational pressures were minimal. 
Pierce Cedar Creek Institute maintains the property as a preserve under an 
easement granted by Southwest Michigan Land Conservancy (PCCI, 2005).  
This makes this lake ideal for limnological study and could serve as a basis for a 
long-term ecological research (LTER) site. 
 
The soils surrounding Brewster Lake and Cedar Creek are classified as 
Houghton muck. This soil has a typical surface layer of black muck and has a 
moderately slow to moderately rapid permeability. Also the available water 
capacity is very high and the surface runoff is very slow. Most areas of this soil 
support wetland shrubs or marsh grasses.  
 
The ridges on Pierce Cedar Creek Institute property are made of a Marlette-
Oshtemo complex that is 40-50 percent Marlette soil and 40-45 percent Oshtemo 
soil. The Marlette soils typically have a dark grayish brown loam surface layer, 
and moderately slow permeability. They also have a high available water 
capacity and very rapid surface runoff. The Oshtemo soils typically have a 
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surface layer of dark brown sandy loam, and moderately rapid permeability. Their 
available water capacity is moderate and they have a medium surface runoff.  
This complex of soil is common around lakes and swamps and along rivers.  As 
part of this study we also evaluated the buffering capacity of native soils on pH. 
 
 
 
Limnological Profiles from Previous Studies 
 
Studies conducted by Honsowitz and Rohrer of Central Michigan University in 
2005 provided a good baseline of pH data for the Brewster Lake ecosystem. 
The pH of Brewster Lake water from samples collected in the 2005 study varied 
from 6.7 to 10.1.  pH generally was highest in surface water samples and 
decreased with depth.  Organic acids in lake sediments may have been 
responsible for this observation.  There also appeared to be a relationship 
between lake water pH and the relative contribution of surface and groundwater 
sources to the lake water.  Early in the study, during an extremely dry period 
when groundwater sources would have been expected to dominate, the pH was 
higher, running from 7.5 to 9.5 at surface to mid-depths.  During one sampling 
period, approximately 24 hours after a major rain event, the pH dropped to 7.5 to 
7.8 throughout the water column.  It was expected that this was the result of the 
inflow of acidic precipitation to the lake basin after the rain event that was caught 
before buffering by carbonates and bicarbonates was complete.    
 
 
Materials and Methods 
 
The pH measurements of the water column were conducted using a YSI 
multiparameter probe with a 10-meter cable for the sensor unit.  Measurements 
were made for dissolved oxygen, pH, and temperature, a minimum of three days 
per week over the 12-week study period.  Fixed rain collection gauges were also 
established and rainfall measured throughout the study period.  Rain water pH 
was measured after precipitation events. Actual sampling events and duration 
were determined in the field based on precipitation events and weather patterns.  
Measurements were taken at the locations shown on the attached map.  The 
data collected was evaluated to determine how the two branches of Cedar Creek 
respond to inputs of acid precipitation.   
 
Limnological profiles were made periodically to show how the temperature, pH, 
and dissolved oxygen of Brewster Lake varied compared to depth. These profiles 
were made by taking measurements with the YSI multiparameter probe at one 
foot intervals, starting with the waters surface and ending approximately one foot 
above the lake bottom. Each profile was recorded and based on a northern sink 
hole of Brewster Lake.  
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A total of twenty-five soil samples were also collected from the sub-drainage 
basins of each stream watershed using a stainless steel soil borer.  The samples 
were homogenized, using ten grams from each sample to make the mixture, and 
then divided up into five samples of fifty grams each.  These five samples were 
added to given solutions with different pH values and evaluated to see how the 
general soil makeup of the sub-drainage basins responds to precipitation with 
different levels of pH. Also, samples from the upland soils as well as the wetland 
soils were prepared separately but in the same manner in order to evaluate how 
they individually respond to the solutions with different levels of pH. 
 
 
Results and Discussion 

The goal of the project was to determine if acid precipitation has a measurable 
impact on in-stream pH levels for various time periods after precipitation events 
and if upstream waters exert any buffering effect on in-stream pH.  The 
hypothesis was that the stream having a large upstream body of water (Brewster 
Lake) contributing to its flow would be able to more quickly buffer out the impacts 
of the acid precipitation and exhibit a higher pH after rain events than the 
adjacent stream which did not have this upstream body of water to provide 
buffering capacity. The null hypothesis was that there would be no significant 
difference in the results from the two streams.   

The data showed that there was no significant difference in the results from the 
two stream reaches.   By comparing the tables from all sites it could be seen that 
the variation in pH was not significant enough to state that the stream with the 
large upstream body of water contributing to its flow could more quickly buffer out 
the impacts of the acid precipitation and exhibit a higher pH after rain events than 
the adjacent stream. It could also be concluded from the data that acid 
precipitation did not have a measurable impact on in-stream pH levels.  

A possible source of error in the results was the lack of substantial rainfall for the 
research period. Also, when looking at the data it can be seen that there is a 
natural variation in the pH, temperature, and dissolved oxygen percentage of the 
waters. This natural variation could have covered up a change caused by any 
acid precipitation. 

From the soil data collected it could be concluded that the homogenized mixture 
of soil had the ability to raise the pH of the solutions added to a neutral level. It 
could also be concluded that the upland soils reacted in the same way while the 
wetland soils lacked the ability to significantly make a change to the solutions pH. 
This indicated that overall the soils in the drainage basin as well as the upland 
soils were capable of neutralizing acid precipitation however the wetland soils 
were not. 
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Recommendations for Further Study 
 
It is recommend that further study be performed to determine the specific ionic 
components of upland and wetland soils to determine which ions may be present 
and act to raise the pH of ambient precipitation from the basin. 
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DO% Variation of Site 1
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DO% Variation of Site 2
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DO% Variation of Site 3
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DO% Variation of Site 4
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DO% Variation of Site 5

0

5

10

15

20

25

30

35

40

45

50

5/1
4/2

00
7

5/1
6/2

00
7

5/1
8/2

00
7

5/2
0/2

00
7

5/2
2/2

00
7

5/2
4/2

00
7

5/2
6/2

00
7

5/2
8/2

00
7

5/3
0/2

00
7

6/1
/20

07

6/3
/20

07

6/5
/20

07

6/7
/20

07

6/9
/20

07

6/1
1/2

00
7

6/1
3/2

00
7

6/1
5/2

00
7

6/1
7/2

00
7

6/1
9/2

00
7

6/2
1/2

00
7

6/2
3/2

00
7

6/2
5/2

00
7

6/2
7/2

00
7

6/2
9/2

00
7

7/1
/20

07

7/3
/20

07

7/5
/20

07

7/7
/20

07

7/9
/20

07

7/1
1/2

00
7

Date

D
O

%

morning DO% afternoon DO%  
 
 
 



Impacts of Acid Precipitation and Buffering on Two Lotic Ecosystems 13

Temperature of Site 1
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Temperature of Site 3
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Temperature of Site 4
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Temperature of Site 5
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Limnological Profile of Brewster Lake (6-11-07)
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Limnological Profile of Brewster Lake (6-20-07)
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Limnological Profile of Brewster Lake (6-27-07)
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Limnological Profile of Brewster Lake (7-5-07)
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Limnological Profile of Brewster Lake  (7-13-07)
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Compositied Soils
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Upland Soils
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Wetland Soils
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