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Introduction 

Water: the backbone of every living organism on earth.  Water creates life; 

without it, the entire world would collapse.  Although 70% of the earth is covered by 

water, only 3% is freshwater, and only 0.0018% is found in rivers and streams.  It is 

imperative that this precious resource remains clean.  To measure the health of water, 

physical, chemical, and biological factors must be taken into consideration.  

There are many different physical factors that affect the health of streams.  First, 

the bank vegetation protects the water by filtering runoff before it enters stream.  When 

water runs through the soil and roots of the vegetation, it is filtered so that the water 

entering the stream is relatively clean.   Furthermore, the roots of bank vegetation will 

stabilize the stream bank, preventing erosion.  In addition to the presence of riparian 

vegetation, the width of the riparian vegetative zone is an important factor.  A larger zone 

will provide more filtration and a larger area of bank stability.  The flow through the 

channel will also affect the stream health.  A larger percentage of the stream channel that 

is filled will result in faster moving water and more area for macro-invertebrates to live.  

Riffles will also cause water to be fast moving, churning, and subsequently unlikely to be 

overly heated by the sun.   Colder and faster moving water contains more oxygen, 

providing a better environment for organisms.  If riffles are infrequent, then there are 

large areas of stagnant water, which can become warm and not sustainable for life.  

Furthermore, riffles keep water moving, preventing sediments from settling down and 

smothering macro-invertebrates living in the rocks.  This sediment deposition is another 

measure of stream health. Less sediment on the streambed provides attachment sites for 

macro-invertebrates.  For instance, exposed substrate such as branches or big rocks 

provides a beneficial and stable environment in which macro-invertebrates can live.  

More attachment sites mean more places for macro-invertebrates to live, increasing the 



health of the stream.  Additionally, overhead canopy cover keeps the water cool and more 

oxygenated, which is a preferable environment for fish and other aquatic life.  Adding to 

all of this is the variation of velocity and depth in the stream.  More variation provides a 

higher diversity of organisms that are able to live.  As a detrimental factor to the stream, 

channel alteration results in unnatural materials being deposited in the water, or stream 

flow being negatively impacted.  These unnatural materials and alterations will weaken 

the health of the stream by introducing materials that are harmful to the organisms and 

disrupting flow patterns.  Lastly, the land use within the watershed greatly impacts its 

health. Based upon the areas that drain into the stream, various chemicals or detrimental 

substances that are in that area can leach into the stream.  For example, if farmlands drain 

into the watershed, then fertilizers, pesticides, and excess nitrogen and phosphorus can be 

carried in runoff to the stream.  If the watershed is fed by urbanized areas, then oil, salt, 

and other manmade substances may flow off the impermeable asphalt and into the 

watershed.  All of these substances will decrease the health of the water. 

Chemical aspects of the stream also indicate the stream health.  An excess of 

phosphorus or nitrogen can cause eutrophication. This degrades the water quality, habitat 

quality, and often leads to changes in plant and animal populations. Excess nutrients 

support greater plant life in the water, including excessive algae growth. As bacteria 

decompose these plants, oxygen is consumed in the water column, creating a dead zone 

that is inhospitable for any flora or fauna.  While these nutrients occur naturally within 

the streams, they can be added or removed by outside forces, affecting the stream as a 

whole.  Ph (the measure of how acidic or basic a water body is) should ideally be 7 

(neutral).  Water bodies that are too acidic or basic make for poor plant and macro-

invertebrate life.  Lastly, the conductivity of the water impacts the water quality.  

Conductivity is the measure of the flow of electrical currents through a solution, 



measured in milliSiemens.  Since pure water is not electrically conductive, low 

conductivity indicates low amounts of ions in the water, and high conductivity indicates 

higher amounts.  The health benefits and detriments of conductivity can be seen in two 

ways.  If the conductivity is high, then there are higher amounts of ions, which may be 

harmful to the stream health.  However, aquatic life needs to osmoregulate in order to 

maintain homeostasis with the environment, and a higher amount of ions makes this job 

easier.  Low conductivity signifies fewer possibly harmful ions, while lower amount of 

ions makes osmoregulation harder for aquatic life.    

Biological aspects of the stream are also a means of determining stream health.  

Macro-invertebrates are an important indicator of the biological health of a stream or 

river.  Surveying macro-invertebrates can indicate how other physical and chemical 

factors are influencing the stream or river. For example, because of their lack of mobility, 

macro-invertebrates are more affected by sediment and other pollutants that diminish 

water quality.  Therefore, their absence in a sample can be very telling. The type of 

species living in the stream is another example of how macro-invertebrates can indicate 

stream health.  They are generally separated into two groups: those that are tolerant of 

pollutants and those that are intolerant of pollutants. Surveying these macro-invertebrates 

provides information of water quality without the need for additional testing. 

Macro-invertebrates are important because they feed on the algae and bacteria; 

they also shred and eat the leaves and other organic matter that enters the water. In this 

way, they act as the middlemen that play a critical role in the flow of energy and nutrients. 

They break down and eat the organic matter, serve as prey for other aquatic organisms, 

and decay when they die, leaving behind all of the nutrients that they have acquired 

throughout their lives.  



Almost anything people do impacts the quality of their water. Construction, 

agriculture, and even the placement of storm drains can affect what goes into a stream.  

Land use alters the contents of water runoff that enters streams. Agricultural 

developments that use pesticides and fertilizers can release these materials into streams. 

Lots of fertilizers in a stream can cause detrimental phosphorus levels. Urban settlements 

with lots of pavement can produce oil runoffs that choke the plant life in the streams. The 

stream ecosystem is very delicate and Humans must be careful to keep from disturbing 

the ecosystem.  

Our team used physical, chemical, and biological health indicators to determine 

the water quality in two streams: Centennial Brook and Potash Brook, located Burlington, 

Vermont.  We observed the physical aspects of these streams, measured various chemical 

parameters, and surveyed and analyzed macro-invertebrates.  Using our findings, we 

were able to determine the health of the two brooks. 

 

Site Descriptions 

 Centennial Brook is located within the Centennial Woods Natural Area in 

Burlington, VT. Centennial Woods encompasses over 65 acres of forest consisting of 

conifers, hardwoods, fields, streams, and wetland areas. The study reach had an elevation 

of approximately 74 meters. The river was naturally meandering and evidence of 

artificial channelization was not present. The riparian zone on either side of the river 

expanded further than 12 meters. The riparian zones on either side of the river were 

heavily vegetated with tall grasses and trees. With the exception of a well-worn trail, 

some small wooden bridges, and some pieces of trash and glass, there was little human 

disturbance in the sample area. The banks of the river were undercut and fairly eroded, 

possibly as a result of the recent flooding. There were some trees present which created 



some shade, but the majority of the river was exposed to sunlight.  The water flow was 

fairly slow, but faster at the riffle sites. The water levels were generally shallow with a 

few deeper pools of water located between riffles. The shallow water created exposed 

gravel beds in various sections of the river. The river bottom consisted of silt and gravel 

with some larger pieces of gravel.  Some logs and debris were protruding from the water, 

but other than that there was a limited amount of sediment deposition in the river.  

The watershed of Centennial Brook is 887 acres.  The main branch of centennial 

brook is about 0.8 miles long with branches to the east and the south, eventually flowing 

into the Winooski River. The southern branch of Centennial Brook drains highways I-89 

as well as Route 2. The east branch of Centennial Brook drains densely populated 

residential areas in South Burlington.  The breakdown of land use within the watershed is 

71% developed land, 4% open land, and 25% forest.  

 

 Potash Brook, the second river we observed, runs through East Woods, a 

conservation area owned by UVM.  East Woods consists of approximately 50 acres of 

mixed hardwood and conifers. The stream originates in Williston, VT, flows to the north 



until it approaches Route 2, and then flows west until emptying into the northeast corner 

of Shelburne Bay. Potash Brook was placed on the Vermont List of Impaired Waters for 

1998 specifically from its mouth to 5 miles upstream with the main concern being 

sediment, pathogens, metals, nutrients, and toxicity. The part of the brook that we 

observed was at an elevation of about 55 meters and was located down the side of a 

hiking/walking trail within the forest on which there were various walkers and dogs. In 

addition to the trails, we found bricks in the water, suggesting some human impact. With 

the exception of the bricks and the trails, evidence of human impact was not present. The 

channel flow of the brook seemed natural. From our observations of the brook we found 

Potash Brook to be heavily shaded with an approximate 85% canopy cover. Within the 

water there was a lot of exposed substrate including large boulders, small rocks, and 

tree/log debris (some of which was freshly fallen).  

The stream bottom consisted of some rocks/gravel with large amounts of 

sediment. Sandy mounds protruding from the water were also present in the area of the 

brook that we observed. The water flow varied throughout the river, moving faster in 

riffles and slower in pools. The banks of the river were undercut and eroded at parts often 

with overhanging tree roots. Although there was some bank erosion, both the left and 

right banks seemed fairly stable. The riparian zone on either side of the river was heavily 

forested with a mix of conifers and hardwoods as well as with other vegetation such as 

ferns. The trees on the banks shaded the water throughout much of the river, but sunlight 

was able to reach the water at parts and most likely increased throughout the day. This 

brook was wider than Centennial Brook, and was a lot deeper at parts, although very 

shallow at other parts mainly in the riffle zones. In some areas of Potash Brook, large 

groupings of rocks were exposed above the water. A separate reach of the Potash Brook 

was very deep, slow moving, and filled with sediment. We also observed this pool area.   



The Potash Brook watershed is 5300 acres (7.5 square miles) in area. The 

watershed area drains both residential and commercial/business sections with smaller 

portions of the watershed draining undeveloped land. Various businesses/organizations in 

South Burlington and Burlington have permits that allow them to discharge their storm 

water into Potash Brook. Some of these businesses/organizations include Greater 

Burlington Industrial Corporation, Twin Oaks Homeowners Association, Stone Hedge 

Condominiums, the Blue Mall, the Latter Day Saints Church, Butler Farms, Burlington 

International Airport, and the University Mall as well as various office buildings, 

residential areas, and other businesses. 

 

 

 

Methods 

We preformed macro-invertebrate surveys at two different brooks: Centennial and 

Potash. Here we searched for an appropriate reach and got to work. The test starts by 



collecting macro-invertebrates. This is done by placing a D- seine net, in a riffle and 

rubbing any cobbles present approximately a foot upstream from the net, this is called the 

“net area”, for twenty seconds. Next, one scratched the stream bottom with their fingers 

to collect and organisms living in the substrate. The net was then lifted and the contents 

were emptied into large tub. Using pipettes and tweezers each group sorted through their 

contents looking for anything that was alive and moved them to a holding jar to be 

brought back to the lab. Once in the lab we identified and organized the invertebrates into 

ice cube containers. We then analyzed the sample for organisms that were tolerant and 

intolerant of pollution. Tolerant macro-invertebrates include: worms, leeches, crayfish, 

and clams; they are mere tolerant of poor water quality. Non-tolerant macro-invertebrates 

such as: mayflies, stoneflies, and caddisflies are incapable of surviving in poor water 

qualities. Thus, their presence signifies healthy water conditions. Based on numbers of 

metric organisms we were able to calculate the Multimetric Index score. 

Another form of evaluation was the High Gradient Stream Habitat Assessment. 

This is done by observation of stream characteristics. At each brook the water group was 

split into 4 teams, who analyzed different reaches in the streams. Each looked for 

epifaunal substrate/available cover, embeddedness, velocity/depth regime, sediment 

deposition, channel flow status, channel alteration, frequency of riffles/bends, bank 

stability, bank vegetative protection, and riparian vegetation zone. Each condition 

category, from Optimal to poor, is given a number of points. If the sum is greater than 

153 than there are Optimal Habitat Conditions. In the lab we averaged all the assessments 

for each brook. This total told us a different aspect of the water quality in the two brooks. 

The water that was gathered from Centennial Brook and Potash Brook was 

analyzed for a variety of chemical parameters. The first test carried out was for pH. A pH 

meter, inserted into the samples, was able to measure the pH of the sample. Using a 



colorimeter, it was possible to test for the content of nitrate (NO3-) and phosphate (PO4
+) 

content in the water. Phosphate and nitrate are forms of phosphorus and nitrogen. To test 

for orthophosphate, 10mL of water was mixed with one Phos Ver 3 Phosphate Powder 

Pillow and shaken for 15 seconds. This chemical reacted with the phosphates in the water 

to make blue particles during a two-minute reaction period. A blank sample was then 

inserted into the colorimeter, covered to block out light, and the meter was zeroed. The 

phosphate solution was inserted and compared to the measure of the color of the blank 

sample, converted to milligrams of phosphate per liter. The same basic process was used 

to measure nitrogen in the water. A vacuum-sealed bottle with Nitra Ver 5 Nitrate was 

broken into a 50mL beaker of the sample. The vacuum of the bottle drew in the water to 

fill the space. Once a sufficient amount was taken in, the solution was mixed for one 

minute. Five minutes were allowed for the reaction to take place. After the meter was 

zeroed once again, the sample was put in and the results were once again in milligrams of 

nitrates per liter. 

Other measurements were taken as well. Using a conductivity probe it was 

possible to measure the speed of electricity in the water. The millisiemen (ms) 

measurement of the speed is a direct reflection of how many conductive particles are in 

the water in the form of dissolved ions (sodium, calcium, magnesium, potassium). With 

more conductive particles, there was a higher reading for conductivity and vice versa. 

Another characteristic of the brooks that was tested was the water speed. Using a turbine 

flow meter, it was possible to measure the revolutions per minute of a propeller, and 

convert those numbers to meters per second. The width and depth of the stream was also 

taken and averaged.  

 Lastly, we did an e-coli sample by adding 2 ml of stream water from both Centennial and 

Potash, to Agar. Agar is a polymer made up of subunits of the sugar galactose. The 



mixture was poured into a sterile petri dish and covered. In about 40 minutes, ions 

diffused from the agar into the water samples, which formed a gel. After about two days 

any coliform bacteria present in the water eats the sugar in the agar forming visible 

colonies. Each of these colonies has different enzymes, which reacts to form a color. 

General coliforms produce red or blue colonies. E-coli, on the other hand, reacts both the 

red and the blue sugars producing purple colonies. As a group we gathered the number of 

colonies in various ways. Some groups estimated by counting one square region and 

multiplying the result by the number of regions present in the petri; other groups counted 

each individual colony. The number of colonies reported was then multiplied by 50 to 

provide total coliforms per 100 mL.  

 While the protocols were followed closely, there were still sources of error. The 

first error was that in some of the macro-invertebrate sampling, the net that was used to 

capture the organisms did not capture the entire flow of sediment that was stirred up in 

the process. The net was placed in the wrong place and the flow of the water would bring 

the sediment past it. This means that some of the organisms were not captured by the 

survey.  When the macro-invertebrates were brought back to the lab, they were counted 

manually and many of them could have been missed or misidentified by human error. 

Another major error in the survey and Riparian Habitat Report was where the samples 

were taken. All of the samples in both brooks were within 50 meters of each other. The 

samples were taken in these locations were taken there purely because of the convenience. 

This means that enormous sections of the brooks were not sampled, possibly creating an 

extremely limited look at much larger brook. The final error was in the Riparian habitat 

assessment, which was subjective. All the ratings selected in the survey were judged by 

the group, with no data behind the decisions. Some people may have felt the brook was in 

worse shape than others, causing data that was inaccurate. 



 

Results 

Riparian assessment showed both rivers, Centennial and Potash, fell in the range between 

suboptimal and optimal which is between 130 to 153. 

 

Phosphorus had high levels in both brooks compared to levels of other streams within the 

watershed of Lake Champlain.  Centennial Brook measured a greater concentration of 

phosphorus then Potash.   

 



 

When comparing nitrate concentration in Centennial and Potash Brooks, we saw that 

Potash had a higher concentration potentially due to the greater proportion of agriculture 

and fertilizer use in this watershed 

.  



Comparing pH in the Centennial and Potash Brook our data told us that Centennial Brook 

had a lower pH than Potash Brook, but both were more basic than the neutral they were 

supposed to be.  

 

The ICP was a process in which we identified all the substances in the stream water. We 

found that there were high concentrations of sodium in the Centennial Brook, and traced 

it to road salt which came from all the parking lots and sidewalks so close to the stream. 

We also insinuated that of calcium and magnesium were from rocks in the stream, 

because the chemicals get leached into the water. 



 

Our tolerant and intolerant graph was compiled from the amount of macroinvertebrates 

that were either tolerant of polluted water or ones that had trouble adapting to polluted 

water. It was found that there were less intolerant macros in Centennial because it was so 

polluted. The multi-metric index score was three out of twelve for Centennial Brook and 

six out of twelve for Potash Brook. 

 

 



Conclusion 

In Conclusion, our findings indicated that Potash Brook is healthier than 

Centennial Brook. This is based on our data which showed that Potash Brook had a 

higher biological multimetric index as well lower phosphate levels. However, both 

brooks are relatively unhealthy with biological assessments indicating unacceptable 

ecological environments. Phosphate and nitrate levels in both Centennial and Potash 

Brook are higher than average levels for streams in the Lake Champlain basin. Although 

study areas had the appearance of health, the riparian habitat scores for both brooks were 

suboptimal overall.  
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