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Abstract 

 

Eutrophication, water quality degradation due to nutrition overload, is difficult problem 
to detect because even a relatively rapid water quality degradation occurs over many 
years.  In first half of my research I concentrated on analyzing 15 years of volunteer 
water quality data of a small, currently pristine Chocorua Lake in New Hampshire.  I 
attempted to uncover a trend in water quality change by analyzing and presenting the data 
in various ways.  All analysis results showed significant downward trends in water 
quality indicators and I concluded that a rapid water quality degradation occurred in 
Chocorua lake over past fifteen years between 1982 and 1996.  In later part of my 
research, I tried to conduct an impact assessment of each nonpoint pollution sources in 
the watershed to find out which source needs to be regulated in order to prevent further 
eutrophication of Chocorua lake.  Three pollution sources were identified as possible 
major phosphorus sources based on previous research results and my personal 
observations.  However, I was not able to make a numerical comparison among each 
phosphorus sources because necessary data did not exist for the time being.  Uniqueness 
of each individual watershed development pattern also made it difficult to extract useful 
information from other researches and apply them to the Chocorua Lake eutrophication.  
Nevertheless, my research result should be useful to any reader who is involved in a lake 
water quality monitoring program.   
 
* My thesis contains a number of graphical representations of the Chocorua Lake water 
quality data which should be particularly useful to readers who want to learn how to 
present water quality indicator data in an effective format.  
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Introduction:  Nonpoint pollution, eutrophication and Chocorua lake 
 

Harmful pollutants are often perceived to be originated from few large ‘point’ sources 

in urban and industrial areas.  For instance, an image of dark smoke stacks of a gigantic 

factory come to our mind when we think of air pollution sources.  Similarly, it is easy to 

imagine massive dark sewage gushing out of a huge factory pipe when we think of water 

pollution sources.  However our perception of pollution sources can be quite misleading.  

In fact, a majority of pollution problems are caused by a group of numerous small 

pollution sources called nonpoint sources.  An automobile is a typical example of 

nonpoint air pollution source.  Similarly, road runoff, septic tanks, agricultural runoff and 

logging operations are the most common examples of nonpoint water pollution sources.  

These nonpoint pollution sources cause a large percentage of water pollution problems in 

the U.S.  According to the EPA, “nonpoint sources of pollution account for 45%, 76% 

and 65% of the degradation of estuaries, lakes, and rivers, respectively. ( EPA, 1989 ).”  

[Palmstorm pg. 1 ]  On the other hand, municipal and industrial point source discharge 

accounts for only 9-30% of the degradation of these water resources. ( EPA, 1989 ). 

[Palmstorm pg. 1 ] 

 

A water-body can be polluted in many different ways.  For example, it can collect 

excessive amount of heavy metals & organic waste and eventually become toxic and 

simply inhabitable to lake organisms.    Eutrophication is a more common water pollution 

problem that surfaces when nonpoint pollution sources introduce extra nutrients to a 

water-body.   EPA summarized characteristics of such nonpoint source related 

eutrophication process in following paragraph on its web site. 
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Eutrophication is a natural process, but human activities can accelerate 

eutrophication by increasing the rate at which nutrients and organic substances 

enter lakes from their surrounding watersheds. Agricultural runoff, urban runoff, 

leaking septic systems, sewage discharges, eroded streambanks, and similar 

sources can enhance the flow of nutrients and organic substances into lakes. These 

substances can overstimulate the growth of algae and aquatic plants, creating 

conditions that interfere with the recreational use of lakes and the health and 

diversity of indigenous fish, plant, and animal populations. Enhanced 

eutrophication from nutrient enrichment due to human activities is one of the 

leading problems facing our Nation's lakes and reservoirs.  

[ U.S. EPA < http://www.epa.gov/owowwtr1/305b/trophic.html > ] 

 

Naturally eutrophication take place over a geological time frame of thousands of 

years. [ Craycraft pg. 19 ]   Thus, an undisturbed lake can stay in a pristine oligotrophic 

state with clean water quality for thousands of years before its water ages and decays into 

a less pristine mesotrophic state.  For instance, a sediment study at Mirror lake showed 

that the Mirror lake has been oligotrophic for fourteen thousand years since its birth.  

[Likens pg. 420 ]  However various human activities in a lake watershed are capable of 

adding a significant amount of nutrients to a lake system and cause it to age and 

degenerate into a murkier mesotrophic state in as little time as twenty to thirty years.  

Chocorua lake, NH might be one such lake subjected to human activity related water 

pollution problem known as ‘cultural eutrophication.’ 

 

 6 

http://www.epa.gov/owowwtr1/305b/trophic.html


Chocorua lake is a small sized oligotrophic lake in New Hampshire.  It has clear 

water with minimal biological activity as many other oligotrophic lakes in New 

Hampshire do.  In fact, it was voted as the favorite view on the Rt. 16 in New Hampshire. 

[ Rt. 16 Corridor Study pg. 46  ]  However some signs of cultural eutrophication began 

appearing in the  1980’s and 90’s degrading its water quality and rendering its view less 

beautiful.  Visually, lily pads increased their range and density and water became murky 

during the summers.  In addition, algae population more than doubled in the last 18 years.   

 

There is not any large point pollution source in the Chocorua lake watershed.  

However numerous nonpoint pollution sources exist within the area.  First, more than 88 

houses are located within the watershed.  In addition a paved two lane road (Rt. 16) runs 

adjacent to the east shoreline.  A dirt road runs about 150 yards from the west shoreline.  

Moreover, some logging operations have been taking place on the northern watershed.  

All those nonpoint pollution sources are suspected to be adding extra nutrients to the 

Chocorua lake, causing the lake to become increasingly productive and lose its clean 

water. 

 

Most lakes have all the necessary components to promote much higher productivity  

except for two vital nutrients: phosphorus and nitrogen.  [ Craycraft pg. 8 ]  In other 

words, limited availability of either phosphorus or nitrogen protects NH lakes from 

eutrophication. Therefore controlling nitrogen and phosphorus, especially phosphorus, 

the more limiting nutrient in most NH lakes, should successfully prevent cultural 

eutrophication. [ U.S. EPA < 

http://www.epa.gov/owowwtr1/monitoring/volunteer/spring94/ppresf19.htm >]  Blue green algae are 
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capable of assimilating gaseous nitrogen from natural atmosphere to a lake ecosystem. 

[Likens pg. 325 ] and as a practical matter controlling nitrogen supply is almost 

impossible. [ U.S. EPA < http://www.epa.gov/owowwtr1/monitoring/volunteer/spring94/ppresf19.htm 

>] 

 

Since nitrogen supply is impractical to regulate, phosphorus is the key nutrient that 

can be regulated in order to prevent eutrophication problems.  A statewide data analysis 

concluded that 60-70% of total phosphorus originate from nonpoint pollution source.  

[Chester pg. 13 ]  The majority of nonpoint pollution studies have focused on agricultural 

runoff because phosphorus is a natural component of fertile soil.  Erosion of fertile soil 

from agricultural land and animal manure from farm land have been causing many large 

scale eutrophication problems national-wide.1  Fortunately, Chocorua lake watershed 

does not have any large farmland.  Therefore, phosphorus seems to be coming from other 

sources. 

 

Other nonpoint sources are suspected to be significant sources of phosphorus to small 

lakes.  For instance, the Flint Pond Nutrient Study concluded that about 75% of total 

phosphorus entering Flint Pond, originates from the septic tanks of 52 houses on 

shoreline.  [ Flint Pond Study pg. 16 ]  However, the Chocorua lake volunteer monitoring 

project coordinator and longtime resident on Chocorua lake watershed, professor Talbot 

Page suspects that Route 16 runoff might be one of the most prominent phosphorus 

source to the Chocorua lake.  Unnaturally high  phosphorus measurement data at Route 

16 culverts support his speculation.  Also an expert liminologist Jeff Schloss believes that 

                                                           
1 90% of articles in the special nonpoint pollution issue of Conservation were focused on agricultural pollution sources. 
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Rt. 16 runoff might be the main source of phosphorus as well.  Residents are also 

concerned about proposed logging activities on the northern watershed because logging 

activities are known to mobilize phosphorus-rich fertile soil to enter streams and 

stimulate eutrophication of receiving water-bodies. [ Likens pg. 440 ]  Lastly, Mirror lake 

study concluded that temporary unpaved road built for logging operation can be a long-

lasting sediment source. [ Likens pg. 440 ]  Thus, Chocorua lake road, a dirt road off 

route 16, might also be a substantial contributor of phosphorus to the lake.   

 

Nonpoint pollution problems are usually much more difficult to mitigate than point 

pollution problems for several reasons.  First, it is very difficult to asses how much each 

nonpoint sources are contributing to the overall problem.  In addition, regulating many 

smaller pollution sources can be significantly more difficult than regulating a single large 

source.  Nonpoint pollution related eutrophication problems seem especially difficult to 

analyze because pollution sources can not be easily identified and progression of 

eutrophication can not be easily detected.  Fortunately, volunteers have monitored 

Chocorua lake water quality for past 18 years by collecting indicator data which can be 

analyzed to reveal its water quality trend history.  In addition, they collected 202 

phosphorus samples which may help us to identify more prominent phosphorus sources 

among other suspected sources.   

 

A large amount of potentially useful Chocorua lake data exist such as the water 

quality data, phosphorus data, aerial photograph, watershed map and etc.  Currently, these 

data are not sufficiently organized enough to give us a clear picture of what has happened 

in the lake in the past and how it is now.  Nevertheless an integrated analysis of existing 
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data should provide an opportunity to let us achieve following objectives.  First, statistical 

analysis of past water quality data will enable us to identify suspected progression of 

Chocorua lake eutrophication process.  For instance, a significant change in water quality 

indicators over past 15 years would be interpreted as a strong evidence of cultural 

eutrophication because such process often take thousands of years in nature.  Second, 

analysis of phosphorus data from various locations of the lake will help us estimate 

contribution of different nonpoint sources.  For instance, higher phosphorus concentration 

level from a certain inlet would suggest us to focus future study on human activities that 

take place near that specific inlet.  Finally, a close analysis of watershed map and aerial 

photograph will help us visually identify precise location of weed blooms and each 

nonpoint pollution sources.  Overall, integrated analysis of existing data would help us 

understand contribution of each pollution sources in the Chocorua lake more thoroughly 

and suggest what need to be done for mitigation.  This study focuses on such analysis of 

the existing data with respect to findings from previous nonpoint pollution study results. 
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Chapter 1 Water quality indicators and their interpretation 

 

 Water quality of a lake is usually determined by how productive the lake is as 

whole, how much plant and algae population it supports in its water.  Some water quality 

indicators are known to  effectively indicate overall productivity of a lake.  Chlorophyll a 

concentration level and Secchi Disk Index (SDI) are the two such water quality 

indicators.  For example, Chlorophyll a concentration effectively indicate plant 

population density of a lake because it measures how much Chlorophyll a pigment, the 

main plant pigment that exist in every plant tissue, exist in 1 liter of water.  [ Craycraft C-

1 ] [ Craycraft pg. 11 ]   Similarly, SDI also effectively indicate water quality since water 

is clearer when there is less algae and suspended organisms such as plankton. [ Craycraft 

pg. 10 ]  Water quality can be classified  into several trophic states depending on 

Chlorophyll a concentration level and Secchi Disk Index level.  [ Craycraft pg. 19 ] 

Indicators 

Trophic states 

Secchi Disk Index  Chlorophyll a 

Oligotrophic 4m or deeper 3 ppb and lower 

Mesotrophic Between 4m and 2.5m Between 3ppb and 7ppb 

Eutrophic  2.5m and lower Above 7 ppb 

 

Trophic states  [ U.S. EPA < http://www.epa.gov/owowwtrl/305b/trophic.html > 

Waters show following characteristics in each trophic states:  

 Oligotrophic - Clear waters with little organic matter or sediment and minimum 

biological activity. 
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 Mesotrophic - Waters with more nutrients and, therefore, more biological 

productivity. 

 Eutrophic - Waters extremely rich in nutrients, with high biological productivity. 

Some species may be choked out. 

 Hypereutrophic - Murky, highly productive waters, closest to the wetlands status. 

Many clearwater species cannot survive. 

 Dystrophic - Low in nutrients, highly colored with dissolved humic organic 

matter. (Not necessarily a part of the natural trophic progression.) 

 

A. Chocorua lake Secchi Disk Index Data Trend Analysis : Transparency level can be 

measured by dipping a shaded disk called ‘Secchi disk’ into a lake and measuring 

how far down it can go before it becomes invisible to the observer.  Water 

transparency level decrease as a lake become less clear with more algae, plankton and 

various other suspended particles. [ 4. Craycraft, pg.10 ]  Thus, decreased 

transparency can effectively indicate increased biological activity in a lake.  

Therefore, a sharp decline in transparency level over a relative short period of time 

can be interpreted as a sign of cultural eutrophication. SDI data has been collected at 

Chocorua lake for past 17 years by volunteers.  Currently available data of 1982 – 

1996 was analyzed with various methods in order to identify any trend in water 

quality and signs of eutrophication. 
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1. Data characteristics 

 

 

 

Volunteers made 92 Secchi Disk Index ( SDI ) measurements over 15 years 

between 1982 and 1996.  Number of observations varied from year to year from 

minimal of 1 observation per year in 1992 to maximum of 11 per year in 1983.  

Average number of measurements per year was 6.1.  Measurements were taken at 

various time point of a year ranging from April to October.  Most measurements, 

64% of measurement (59 out of 92) were taken during summer months of July 

and August. 
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2. Trend in transparency level of a typical year  

 

 

Monthly Transparency level fluctuation pattern in 1983, 1987, 1991, 1994 
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Transparency level in a typical lake tend to decrease toward summer because a lake 

become more productive during summer as temperature rise and more sunlight become 

available.  Monthly SDI averages of several years show above transparency level 

fluctuation characteristic at Chocorua lake.  It should be noted that fluctuation magnitude 

became much greater in past years such as 1983 compared to a more recent year of 1991.  

Assuming there is no significant temperature change between 1983 and 1991, this 

intensified transparency level fluctuation suggests increased availability of limiting 

nutrient, phosphorus in the lake.  Otherwise, the fluctuation magnitude would have stayed 

the same in each year since limited supply of phosphorus should effectively limit lake 

productivity even in a productive warm summer season.   
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This particular graph shows very low transparency level in October every year.  This 

seemingly unusual sign of high productivity in cooler October seems to be related to 

characteristics of a particular algae specie called diatoms that thrive in lower temperature 

of early fall than hot summer.  [ Craycraft pg. 15 ]  In fact, Diatoms and blue green algae 

are two main constituents of a typical NH lake aquatic plant community [ Likens pg. 176] 
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3. Precipitation related short term SDI fluctuation 

 

Correlation between transparency level and accumulated 
7 day precipitation before each observation date in 1983

0

1

2

3

4

5

6

7

04-04 05-24 07-13 09-01

SDI

Precip.

* Precipitation data was shifted by 4 inches for better visual compariso

The seasonal transparency level fluctuation can be explained by change in 

temperature, sunlight availability as well as characteristics of certain algae.  In summar

transparency level usually decrease during productive season of summer and increase 

during other seasons as algae and plankton population decrease.  However, it can also 

fluctuate largely in relatively short period of time as short as a week.  For instance, this 

portion of 1983 SDI data show

n. 

y, 

s a dramatic change in transparency level of Chocorua lake 

between every week of July. 
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This high magnitude fluctuation seems to be related to precipitation amounts.  In fact,

above graph shows a strong correlation between accumulated precipitation of 7 days 
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before the day of each transparency data measurement (AP7BM) and each transparency 

data point in 1983. 

Transparency level seems to increase temporarily after rainy days as precipitation su

clear water to lake and reduce its plant population by dilution and flushing.  This 

indicator data characteristic suggests that some transparency measurements can be 

unnaturally high if they were taken only several days after a significant amount of 

pply 

tly since the measurements might be artificially high. 

 

 Note: Correlation analysis between 3, 15, 30, 45, 75 days accumulated precipitation 

and SDI measurements showed a much weaker correlation.  

precipitation.  Consequently, monthly average of only one or two data points per month 
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In fact, correlation between AP7BM and SDI data has correlation coefficient of 0.77 as 

shown on the graph above.   
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4. Analysis of SDI data 

 Chocorua SDI data shows a slight downward trend when all the data points 

are plotted for analysis.  The transparency level shows a decrease by 

approximately 0.5m over past 15 years. 

 

Chocorua Lake Water Quality Monitoring: 1996 Summary and Recommendation 

suggests that whole data should be plotted in order to avoid misrepresentation.  [Craycraft 

pg. 3 ]  However, I decided to use averages of each year’s July + August data for water 

transparency trend analysis for following reasons. 
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a. A typical lake productivity is phosphorus limited only during summer.   ( In 

other seasons sunlight and temperature are limiting component for lake 

productivity.  [Likens pg. 88 ]   

b. Number of measurement per non summer month is below 1 per each month. 

c. If one year’s data set contains higher number of transparency measurement in 

non summer season that particular year can be misrepresented as a clean year 
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even if it contained a very low transparency measurement during the summer 

season.)   

d. Only summer months have significant number of observation that can offset 

dilution and flushing effect of precipitation events that temporarily raises 

transparency level. 

Annual average of July + August data trend analysis result shows a slightly 

sharper decrease in transparency level by 0.7m from 1982 to 1996. 

 

 

 

 

 

 

 

 

 

 

 

 

Identical analysis of August data shows a even stronger trend of approximately 

1m decrease in transparency level between 1982 amd 1996.  Moreover, August data trend 

analysis result shows that Chocorua lake has entered mesotrophic state with transparency 

level of less than 4m as of 1996.  Jeff Schloss of New Hampshire concluded that 

Chocorua lake water is in a transitional state as of 1996.  [ Craycraft pg. 6 ] 
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* Certain presentation method of data seem to be more effective in identifying trend.  

Following graph seem to show an interesting trend.  It can be easily seen that 

transparency in any given month has declined between 1983 and 1995. 
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B. Chlorophyll a index analysis 

1. Data characteristics 

 

Volunteers collected 97 chlorophyll a concentration measurement data over 15 

years between 1982 and 1996.  Number of measurements varied from maximum of 

14 measurements in 1983 to minimum of 1 in 1992.  On the average, 6.5 

measurements were made in a typical year.  Each measurement was taken between 

the month of April and October.  62 % of measurements were made in the summer 

months of July and August. 
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2. Chlorophyll a concentration level trend in a typical year. 

 

In a typical year, chlorophyll a concentration steadily rise from April to early 

 

year 

lthough average temperature drops from low 70’s F down to low 50’s F between 

d 

 fall.  
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October.  This pattern reflects increasing primary (plant) productivity of a typical 

lake in a typical year due to increasing temperature and sunlight availability.  

However this monthly increase pattern from 1.0 ppb in May to 2.2 ppb in October

might have been less dramatic if the lake was phosphorus limited.  In fact, the 

increase has been very small in earlier years such as 1983 and 1985.  

 

October Chlorophyll a concentration level is the highest in any given 

a

August and early October.  This retained high plant population might be explaine

by a fact that some algae species, diatoms thrive at lower temperature of early

[ Craycraft pg. 15 ] 
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3. Precipitation related fluctuation   

AP7BM and Chlorophyll a concentration
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Date 6-28-83 7-4-83 7-10-83 7-16-83 7-25-83
CHL 1.3 0.6 0.6 1 0.9

 

In 1983 Chlorophyll a concentration fluctuated with a great magnitude in as little

time as a w

 

eek.  For instance it dropped by 0.7 ppb between June 28th  and July 4th.  

This particular decrease in chlorophyll a concentration level seems to be related to a 

large precipitation event that took place several days before the a measurement was 

taken on July 4th.  In fact, Chlorophyll a concentration data shows a strong correlation 

with AP7BM2 just as transparency data does.  In summary, precipitation events seem 

to reduce algae and plankton population significantly by dilution and flushing.   

 

Visual correlation between Chlorophyll a and AP7BM seem significant.  CHL a 

rise and fall as AP7BM increase and decrease.  However, the magnitude of their 

change differ by a magnitude.  As a result, mathematical correlation coefficient was 

                                                           
2 accumulated precipitation of 7 days  before the day of each data measurement 
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extremely low, 0.18.  By contrast, the correlation coefficient between AP3BM and 

 coefficient with other 

AP#BM

Chl ection of 

light rain events in total of 3 inch over 7 days must have different effect on the lake 

compared to a heavy rain of 3 inch in just one day.  However, such detailed analysis 

could not be performed in the given time frame.   

 

Close analysis of the data suggests that Chlorophyll a data of a month with low 

number of measurements can be artificially low.  For example, July average of 1983 

chlorophyll a concentration could have been calculated as 0.4 ppb if only one 

measurement was taken on June although the actual average was 0.85 ppb.  In fact, 

the average might have been much higher if more measurements were made in that 

month.    

 

 

Chlorophyll a level was much higher, 0.54.  Correlation

 were all below 0.2.  This result suggests that the correlation between 

orophyll a and precipitation should be analyzed more in detail since a coll
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4. Analysis of Chlorophyll a concentration level data 

For identical set of reasons used for analysis method selection of SDI data 

analysis, Chlorophyll a level data was analyzed in three different ways.   

odified data set shows an increase of 1.7 ppb over 15 years.   
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July + August average data analysis shows a similar result. 
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August Monthly Average of Chlorophyll a Trend 
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August data shows a slightly greater increase of 2.1 ppb over 15 years.  

Chocorua lake water has become mesotrophic as of 1996 according to the analysis 

result.   
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Summary  

 

 water 

 

ncy level measurements could have been limited by 

the lake depth in earlier years not by suspended plants in the water column.   

 

Overall, both water quality indicator data shows a strong sign of rapid lake 

quality degradation.  Chlorophyll a concentration level rose by 200% from oligotrophic 

level of 1 ppb in 1982 to mesotrophic level of 3 ppb in 1996.  Transparency data trend 

also shows 0.8 m decrease from 5.2 m in 1982 to 4.4m in 1996.  However decrease in

transparency could have been greater than 0.8m since lake depth at measurement site is 

only around 6m and many measurements in the 80’s shows transparency level greater 

than 6m.  In other words, transpare

Note:  Analysis of average of aggregated two summer months, July and August data, was 

emphasized in my study because a typical lake is phosphorus limited only during 

summers.  ( Chocorua lake productivity is limited by other factors such as sunlight 

availability and temperature in non-summer seasons. )   

  

 28 



Recommendation for future data collection 

 

It has been demonstrated that water quality can significantly vary temporarily 

depending on the precipitation amount before each measurement and what time of yea

the measurement is taken.  I attempted to perform a seasonal adjustment analysis for the 

past data yet I could not find adequate data and enough time to do so.  Such analysis 

requires close analysis of each precipitation event before each measurement and I found 

rather difficult to clarify relationship between different pattern of rainfall 

r 

it 

before each 

measurement and water quality.   

able to 

For 

indicators would show a very low Chlorophyll a level although the lake may have a 

ncentration of Chlorophyll a in its water.  Transparency level should be 

me

 

I believe that my finding of relationship between precipitation and water quality data 

is much more important in its future application.  In short, the volunteers would be 

collect much better water quality indicator data if they take it after several dry day.  

example, they should wait many days after a heavy rainfall event so algae population can 

recover from the flushing effect of a rainfall.  Otherwise, their water sample would 

contain waters that has been recently flushed of Chlorophyll a.  Consequently, the 

usually high co

asured after several dry day for the identical reason.  Data collection should be 

concentrated between June and October.  And multiple measurements should be made in 

each month.  
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Chapter 2 Key nutrients: Phosphorus & Nitrogen 

 

Balanced diet is recommended to young children since a wide variety of nutrients 

nee

vity is often limited by phosphorus and nitrogen availability.  In the late 

20th century, plant productivity has increased dramatically because invention of chemical 

umans to supply a great quantity of phosphorus and nitrogen to 

agr

iting 

   

ears 

r it kept on declining.  Few years later, 

agricultural researchers discovered that Korean farm lands were nitrogen limited because 

inte

d to be supplied in order to promote their healthy growth.  A balanced diet is also 

recommended to adults since it contains various vitamins and minerals that are necessary 

for maintaining their health.  Similarly, plants also need to be supplied with balanced 

nutrients in order to grow.  Therefore, lack of single key nutrient can limit plant growth 

even if all other necessary nutrients and elements were already supplied. 

 

Plant producti

fertilizer enabled h

icultural lands.  Aquatic plant productivity such as weed & algae growth is also 

limited by phosphorus and nitrogen availability.  However human activities are supplying 

excess amount of nutrients to many water-bodies, removing the sole productivity lim

factor of a water-body and cause algae bloom and rapid water quality degradation.

 

A. Nitrogen 

In Korea, farmers experienced a sudden decline in crop productivity several y

after introduction of chemical fertilizer.  They tried to maintain soil productivity by 

supplying more chemical fertilizer howeve

nsive farming had drained natural nitrogen supply in the soil.  Today, farmers are 
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recommended to plant soybeans and other legumes on cropland occasionally because 

these crops are capable of fixing gaseous nitrogen from the atmosphere to the soil.   

 

Supplied with a large amount of phosphorus only, lake productivity can only rise up 

to a limited level because nitrogen is also vital for plant growth.  For instance, mirror

experiment showed that plant productivity can not rise infinitely unless adequate amou

of nitrogen is supplied. [ Likens pg. 254 ]  However, blue green algae, a major consti

of aquatic plant in a typical NH lake, a

to a lake ecosystem and it is thus impossible for humans to regulate nitrogen supply. 

[Likens pg.255 ] 

 

B. Phosphorus  

 lake 

nt 

tuent 

re capable of fixing nitrogen from the atmosphere 

Phosphorus is also a vital component of animal tissues and bones. Phosphorus exist in 

fert e 

 

f time. 

ile natural soil and rocks. [ 10. MS Encarta “Phosphorus” ]  Phosphorus molecules ar

inherently sticky.  Consequently, phosphorus often enter a water-body, attached to 

sediments and other debris in runoff.  These phosphorus can stay in the lake for a 

prolonged period of time in the bottom sediments.  However dissolved phosphorus can 

leave a water-body almost instantly especially during low productivity seasons since 

there is no plant to assimilate them. [ Likens pg. 344 ]  In other words, dissolved 

phosphorus can flush right out of a lake when there is no vegetation to assimilate them or 

provide attachment.   

 

Phosphorus usually enters a lake attached to a certain sediment because phosphorus is

inherently sticky.  Therefore, Phosphorus usually stay in a lake for a long period o
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These phosphorus may not seem harmful to lake water quality.  However studies

that this phosphorus can also contribute to euthropication process because they can be 

released from the sediments during productive seasons in several ways. [ 3. Likens pg. 

359 ]  First, top 10-20cm of lakes’ bottom sediment in shallow littoral zone (0-5m depth)

can release phosphorus through biological and bacterial activities, especially durin

summer. [ 3. Likens pg. 343 ]  In addition, sediment

 suggest 

 

g 

 in deeper region can also release 

phosphorus when the lake water become stratified and make the bottom deprived of 

oxygen during summer. [ U.S. EPA < 

http://www.epa.gov/owowwtrl/monitoring/volunteer/spring94/ppresfl9.htm >]  Phosphorus release by 

both mechanisms can be especially harmful to water quality because they release 

phosphorus during the most productive season of a year when algae growth is limited 

only by phosphorus availability. 

 

In Mirror Lake, no element including phosphorus and nitrogen showed a signific

net loss.  Moreover, net phosphorus balance showed a statistically significant increa

ant 

se 

over the year the study was conducted.  [ Likens pg. 147 ]  Lakes retain some amount of 

pho us 

n 

rshed 

 every year.  No 

lakes can physically reverse the flow pattern.  However, there are few ways for nutrients 

to move out of a lake back to its watershed.  For example, The Mirror lake study 

sphorus each year ranging from 32%-84% of the total input.  [ Likens pg. 154 ]  Th

relatively low phosphorus inflow from inlets over many years should be able to cause 

eutrophication since they get accumulated in lake sediment over time increasing i

concentration.  Phosphorus and other nutrients always flow into a lake since a lake often 

functions as a pollution sink of its watershed.  In other words, everything in a wate

flows into its lake and it keeps on accumulating pollutant and nutrients
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researchers discovered that some insect larvae can take as much as 11% of total 

phosphorus of a lake out of the lake when the adult insects fly out at maturity. [ Likens 

 to remove phosphorus from a lake by removing 

algae which store phosphorus in ]  However, overall effect 

very clear since it also brings a significant amount of 

phosphorus from

Some phosphorus can stay in a lake without playing a signif

eutrophication process.  For instance, as m

tissues and stay in the fish as long as the fi

in deeper sedim stem 

because m

sedim

phytes such as lily pads r

sedim

The majority of cultural eutrophication studies have focused on urban sewage and 

agricultural pollution sources be

amount of phosphorus.  In essence, any 

consum

to eutrophication problem

sedimentation are the most common examples of phosphorus source.  

pg. 154 ]   Precipitation events also seem

 their tissue. [ Likens pg. 324 

of precipitation event is not 

 the watershed and atmosphere.     

 

icant role in its 

uch as 9% of phosphorus can be stored in fish 

shes live.  Similarly phosphorus can be stored 

ent of littoral zone and do not get reintroduced back to the lake ecosy

uch of bacterial and biological activities take place on top 10-20cm of the 

ent.  However, this does not apply to the Chocorua Lake since established macro-

oots are capable of assimilating phosphorus from the deep 

ents and make it available to other organisms in the lake.  [ Likens pg. 315 ] 

 

cause pollution from these sources tend to contain a rich 

activity related to crop production, food 

ption and organic material can be interpreted as phosphorus sources contributing 

s.  Any food waste, fertilization, pet waste, phosphorus, 
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Ch

Ch

 

A.  Route 16 as phosphorus source    

 

apter 3  Impact Assessment of each nonpoint phosphorus source in 

ocorua lake watershed  

EPA published a table of road runoff pollutants which identified Roadside 

fertilizer application as the prime source of phosphorus in road runoff.  [ U.S. EPA < 

www.epa.gov/OWOW/NPS/MMGI/Chapter4/table431.gif >  The same study suggested that 

there exist trace amount of phosphorus in runoff from a heavily traveled road with 

over 30,000 average daily traffic.  Average daily traffic on Rt. 16 is approximately  

10,000 according to a  NH DOT official.  ADT of 10,000 is relatively high for a 

narrow road in rural area of Tamworth, NH.  However, estimated phosphorus deposit 

from the road usage seem quite small according to previous study results.  In fact, 

only one study identified road salt application and road deposit as a phosphorus 

source.  Instead, Mirror Lake study identified terrestrial litter (roadside trash) as 

source of about 5% of total phosphorus to a lake. [ Likens, pg 154 ] 

 

Phosphorus concentration in road deposit is likely to be very low for Rt. 16.  EPA 

identified road-size fertilizer application as a phosphorus source yet only a very 

shallow vegetative buffer strip exist along the roadside suggesting minimal amount of 

fertilizer application around the road. [ U.S. EPA < 

www.epa.gov/OWOW/NPS/MMGI/Chapter4/table431.gif >  In addition, the strip looked 

heavily eroded and did not appear to have been fertilized at all in my inspection.  

However, this shallow vegetative strip seems to be adding  phosphorus to the lake 
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through erosion and sedimentation of its own soil.  The erosion seem to have been 

caused by a fast surface runoff flow created by smooth impervious surface of Rt. 16.   

om 

 

A study by Barrett concluded that 95% of solids on the roadway come fr

sources other than cars.  [ NPS ( vehicle fluid / runoff ) 

http://Chebucto.ns.ca/Science/SWCS/INFO/env07-highways ]  In other words, vehicles b

various debris to the road which did not originate from the car itself.  Therefore, 

spilled gas, oil and tire-wear seem to constitute a very small percentage of road 

deposit materials.  Furthermore, it is not clear how much nutrient exist in substances 

such as motor oil, gas and tires.  Some phosphorus may exist in gasoline and gasoli

additives since phosphorus is extremely flammable.  However, motor oil and tires are 

not likely to contain flammable phosphorus as their component.  Further research 

might be necessary but the lack of research on such topic seem to suggest that 

phosphorus in gasoline, motor oil and tire might be insignificant.   

 

ring 

ne 

Rt. 16 seems to be accumulating a relatively large amount of soil particles from its 

ma

om 

ed 

oil particles are bound to 

e that those soil 

e 

16.  This can be 

ny nearby unpaved local roads.  Some cars may never touch one of the dirt roads 

before passing Chocorua Lake section of Rt.16.  However, some cars such as ones 

that belong to the local residents must bring some soil particles to the Rt. 16 fr

numerous unpaved roads and parking lots. For instance, roadside snow stacks show

a visibly significant amount of soil on top of them.  These s

get washed into the lake during a precipitation event. It seems plausibl

particles came from the Rt. 16  surface deposits brought by local traffics.  Som

photographs show a large amount of soil in the spring runoff from Rt. 
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a problem to the Chocorua Lake since soil particles naturally contain phosphorus and

phosphorus molecules naturally attach themselves on debris such as soil particles. 

 

 

Phosphorus reading from Rt. 16 runoff shows a very high phosphorus 

con on 

at 

er 

 

 

 

07-

centration level ranging from 1000 to 30 ppb.  These unusually high concentrati

level are almost certainly influenced by presence of sediments and suspended 

particles in the runoff.  Some people may argue that reading with sediments and 

suspended particles should not be accounted in a phosphorus budget study because 

attached phosphorus can not be assimilated by plankton.  And it is certainly true th

these particles with attached phosphorus do not provide nutrients to aquatic plants 

immediately.  However, those phosphorus can become available to plankton and oth

organisms in a long term by bacterial activities and chemical reactions.  Therefore, 

high phosphorus concentration measurement of a water sample with sediments from

the culverts should be considered as important as dissolved phosphorus to a lake 

eutrophication problem. 

U.S. DOT estimated in 1986 that highway runoff contain total phosphate of 0.5 to

0.9 mg/liter.  [ NPS (vehicle fluid / runoff ) <http://chebucto.ns.ca/science/swcs/INFO/Env

highways >]  And approximately one mile of Rt.16 runs adjacent to the easter

shoreline.  Assuming 0.7 mg/liter of phosphate in Rt. 16 runoff, phosphorus inpu

from Rt. 16 surface runoff can be estimated as following.   

- road area = 1 mile * (1600m/mile)*9m(estimated road width) 

- phosphate = 0

n 

t 

.7 mg/liter * 144,000,000cm2 * 37 inch (precipitation) * 

(2.5cm/inch)*(1liter/1000cm3 ) = 9324000mg= 9324g= 9.3kg 

 36 

http://www.epa.gov/OWOW/NPS/roads.html
http://www.epa.gov/OWOW/NPS/roads.html


This estimate is very crude and slightly less than 9.3kg seem to be entering the lake 

since some buffer zone exist on the most part of the eastern lake shore.  It is unclear 

how

a 

 

 

 large the effect of estimated 9.3kg of phosphorus is to the Chocorua lake. 

 

In summary, road with 10,000 average daily traffic may not be considered as 

prominent source of phosphorus.  However, its close location to the lake and its rural

surrounding seem to have made Rt. 16 a non-negligible source of other pollutants and

some phosphorus, combined with the road’s complete lack of runoff control.  [ 11. 

U.S. EPA < 13. http://www.epa.gov/OWOW/NPS/roads.html >  A study by U.S. 

DOT emphasized that concentration of heavy metal pollutant such as copper and le

is much higher because of highway fallout accumulated on the road.  Yet it did not 

mention if highway runoff contains a particularly high concentration of phosphorus 

it.  Nevertheless, Rt. 16 runof

ad 

in 

f may contain some phosphorus in its runoff since it 

seems to have been collecting a large amount of sediments from local traffic and 

num

t 

 

herefore, its structure should be improved in order to 

control its runoff with heavy metal and various other toxic pollutant.  In fact, Rt. 16 

Cor tudy 

erous near-by dirt roads & parking lots. In conclusion, route 16 may not be 

contributing a large amount of phosphorus to the Chocorua lake.  However it migh

still be playing a major role in the eutrophication process because Chocorua lake is a

such a small lake. Anyhow, this complete lack of runoff control of Rt. 16 does not 

comply with EPA’s recommended road runoff control standard titled “Best 

Management Program.”  T

ridor Protection Study made a similar recommendation.  [ Rt. 16 Corridor S

Group NH pg. 59 ]   
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B. C

 can 

land area. [ Chester pg. 98 ]  Heavy machinery 

usage on the road are also known to accelerate erosion by mobilizing surface soil of 

the

hocorua Lake Road is a private road that branches off from Rt. 16.  It also has 

sev

 

e 

and 

 

e 

hocorua lake road as Phosphorus source 

 

Temporary roads built for logging operations have been identified as a significant 

source of erosion for several reasons.  First, its unpaved and un-vegetated surface

be easily eroded and its smooth surface are capable of creating fast runoff flows 

which can cause erosion of adjacent 

se roads as well.   [Chester pg. 98 ]  In other words, temporary roads can increase 

transportation of nutrient such as phosphorus to a nearby waterbody because poorly 

designed and operated roads cause erosion.  [ Likens pg. 440 ]  Some roads in the 

Chocorua lake watershed share a few similar characteristics of temporary road built 

for logging operations.  Chocorua Lake Road is one such unpaved road that is built 

along the western shoreline. 

 

C

eral branch roads of its own.  One branch runs from 200 to 400 yards from the 

entire western shore and three others stretch away from the western shore.  Several

driveways stretch toward the western shore from one of the branch that lies along th

shoreline.  That particular branch of the Chocorua Lake Road is about a mile long 

one and half lane wide.   

Chocorua lake road branches, especially one that is built along the western 

shoreline may be adding nutritious fresh soil to western shore of the lake.  During th

snow-melting season of 1998, the road becomes extremely loosely-bounded and 
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unstable.  In fact, its lack of stability caused difficulty in driving at a low speed of 

15miles per hour.  According to my personal observation on March 27th 98, Stra

brook, was receiving muddy runoff directly from the road.  Roadside snow stacks o

Chocorua lake road showed a significant amount of s

tton 

n 

and + mud.  Snow removal 

perations remove some surface dirt and soil from the road along with the snow, 

ion, 

dirt 

 

In summary, Chocorua lake road is only a narrow road with a very little traffic.  It 

is only used by residents of 22 houses on the western watershed and their guests.  

However, it shares a few characteristics with a temporary logging operation (TLO) 

road.  This similarity suggest that Chocorua lake road  might be doing things that 

most TLO roads do, adding nutritious soils to a water-body.  The ‘fill-adding’ road 

maintenance operation provides evidence that soil has been eroded from the road in 

the past.  In fact, some photographs show muddy runoff flowing into the one of the 

lake’s inlet, the Stratton brook.  A significant weed growth on the Western shore of 

Chocorua lake seems to support this speculation of road erosion.  Furthermore, a high 

o

increasing sediment mobilization.   

 

Numerous pot holes were formed on the road by local traffic.  Disturbed surface 

sand + soil  from the potholes are susceptible to erosion.  On the day of observat

local government trucks were pouring sand + soil onto the road for repairing road 

damages accumulated over the winter.  This suggests surface soil + sand loss from the 

road in the spring melt.  The road repair operation left a very thick layer of loose soil 

on the road surface.  I believe that surface runoff can carry sediment from the 

roads into the lake over a year.   
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phosphorus concentration of 51ppb  was detected at Stratton brook near Chocorua 

lake road after a large precipitation event of 4.71 inch on October 21st 1996.  In 

con e 

se a large 

o 

ed 

clusion, Chocorua lake road seem to be playing a larger role in Chocorua lak

eutrophication problem than previously assessed.     

 

Note:  Most part of the dirt road is located couple hundred yards away from the 

western shoreline.  However, it still seems like a source of problem becau

amount of muddy runoff can flow into a water inlets such as Stratton brook and enter 

the lake without much filtration.  Dirt road built for logging operations are also 

known to be especially problematic to a waterbody when it crosses a water inlet such 

as a stream.  [ Chester pg.98 ]  Similarly, Chocorua Lake Road might be a problem t

Chocorua lake because it crosses a couple of water inlets of the lake.  A more detail

assessment and observation will be necessary to determine the full impact of 

Chocorua Lake Road erosion to the eutrophication problem. 
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C. Human settlement as phosphorus source ( septic tanks ) 

 

The Flint Pond Study estimated that 56.4 Kg,  72% of total phosphorus was 

originated from the human settlement in the area. [ Flint Pond Study pg. 16 ]   

Although there might be more than 52 houses in the Flint Pond watershed, 

researchers concluded that those 52 houses were the main source of phosphorus.  

Chocorua lake also has several houses near the shoreline and has total of 

approximately 90 houses in its watershed.  However phosphorus loading patterns and 

their contribution from these approximately 90 houses are likely to be different from 

that of 52 houses in the Flint Pond area for several reasons.  First of all, the houses on 

the d to 

re 

rus 

 

r 

ween Flint Pond residents and Chocorua Lake resident are 

 Chocorua lake watershed are dispersed over a relatively large area compare

the house on the Flint Pond area.  In addition, most Chocorua lake area houses a

built at least a few hundred feet away from the Chocorua lake shoreline while all 52 

Flint Pond area houses are located right on the shoreline.  Overall, houses on 

Chocorua lake watershed are located further away from the lake shores and it also 

seem to have a larger leach field per house, which is essential for filtering phospho

from septic discharges.   

 

One third of the 52 Flint Pond residents responded that they apply fertilizer to

their lawns.  In addition, they also responded that they have cloth washers and 

garbage disposals in their houses which can add more nutrient to the septic tanks.  It 

is not clear if the houses in Chocorua Lake watershed have garbage disposal or dish 

washers.  The difference between the ownership of such appliance and fertilize

application pattern bet
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crucial in determining difference between the impact of residents of each watershed 

in t

 

tely 

oreline.  These houses seem to have 

a good sized leach fields with a far greater phosphorus filtering capacity compared to 

the

 

 to 

ount of phosphorus to the inlet in order to increase its phosphorus 

concentration level. ) 

heir eutrophication problems.  Assuming a minimal difference in such 

characteristics, the dispersed human settlement in Chocorua lake seem to be reducing 

phosphorus input to the lake since each houses are endowed with larger leach fields 

compared to that of Flint Pond houses.  Nevertheless, even a dispersed human 

settlement seem to have a potential to aggravate a lake eutrophication problem.  For 

instance, Mirror lake researchers concluded that Mirror lake was receiving 39% of 

phosphorus from only 5 year-round residences, 3 camp ground, 2 mobile home, and a

tiny farm [ 3. Likens pg. 443 ]   

 

Dispersed human settlement might be contributing a significant amount of 

phosphorus to the Chocorua lake for several reasons.  First of all, although the 

majority of houses are built more than 1 mile from the Chocorua lake, approxima

20 houses are located within 0.5 mile from the sh

 houses on the Flint Pond area.  However, some of the houses are located near 

water inlets of the Chocorua lake and appear capable of carrying septic discharge 

directly into the inlets and the lake.  For instance one house is built on the northern 

shore of Chocorua lake right adjacent to one of the inlets, Chocorua brook.  The

houses on northern portion of Chocorua watershed are also located near the same 

inlet. ( The phosphorus contribution from such house would not almost impossible

detect since Chocorua river is a very large inlet and a single house will need to add a 

gigantic am
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Flint Pond Study concluded that septic tanks were contributing approxima

72% of total phosphorus to the lake. [ 7. Flint Pond Study pg. 16 ]   According to the 

studies’ assessment, septic tanks’ contribution of  72% of total phosphorus is 6 tim

greater than the contribution of second largest phosphorus source, Forest.  [ 7. Flint 

Pond Study pg. 16 ]   However, the study also suggested that previous contribution of

the septic tanks might have been even greater because a septic tank discharge much 

less phosphorus when properly maintained by pumping. [ Flint Pond Study pg. 10 

and Flint Pond residents had pumped out their septic tanks once or even twice 

before the Flint Pond study was conducted.  Thus, Flint Pond Study researchers 

believed that their measurement of phosphorus concentration could have been mu

higher if the septic tanks were not pumped before the year of study.  Consisten

pumping of septic tanks are recommend and septic tan

tely  

es 

 

]   

shortly 

ch 

t 

ks are known to lose their 

functionality if they are not pumped regularly.   

ge per 

pond 

 

harge of 

 larger leach fields in the Chocorua 

 

The conclusion of Flint Pond researchers suggests that  phosphorus dischar

individual septic tank in Chocorua lake area might be higher than that of Flint 

area if they have not been properly maintained in the past.  The result also showed 

that proper maintenance of septic tanks can reduce nutrient and other pollutant

loading to the lake. [ Flint Pond Study pg. 10 ]  Overall, phosphorus disc

approximately 20 house near Chocorua lake might be comparable to that of Flint 

Pond houses although there are fewer houses with

lake area. 
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y concluded that large 

0 

nance + pumping 

 

 as Jeff Schloss of University of New 

use of these evidences, that septic tanks of these 22 

ty of previous eutrophication studies concluded that human waste from 

septic t , 

pho

inc

bui

con

s 

as more than 90 houses and some of them are located 

relatively close to the lake than other houses.  Few houses are also located 

phosphorus outflow of septic tanks of the area was largely accountable to the fact that 

most of houses and their septic tanks were well over 20-30 years old. [ Flint Pond 

Study pg. 4 ]  Most houses in the Chocorua lake watershed are also more than 20-3

years old.  Casual interviews of local residents suggest that mainte

may has been irregular.  Besides, some Chocorua lake residents have lawns and some

animals which could be adding more phosphorus to the lake.  Yet the houses also 

have larger buffer zone.  An expert such

Hampshire concluded that septic tanks may not be a major phosphorus source.  

However, I still believe, beca

houses in Chocorua lake watershed could be discharging phosphorus amount 

comparable to that of Flint Pond house septic tanks.   

 

The majori

anks were the largest source of phosphorus to for most waters.  In fact

sphorus and nitrogen contribution from the west watershed of Mirror lake 

reased dramatically after 3 year-round residences and several tourist cottages were 

lt.  [ Likens pg. 147 ]  Overall, human settlements seem to be a prominent 

tributor of phosphorus to the Chocorua lake for following reasons.   

1. Majority of researches including Flint Pond study concluded that septic tank

were a prominent phosphorus source.  

2. Chocorua watershed h
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close to one of its water inlets.  However, Chocorua lake settlement are

directly comparable to the Flint Pond houses. 

3. The septic tanks do not seem to have been properly maintained. ( It should b

noted that although phosphorus discharge of Flint Pond area septic tanks w

very high it could have been even higher if they were not pumped at least 

once, less than two years before the study was conducted. 

4. The septic tanks are over 20-30 years old.  ( Flint Pond study concluded 

 not 

e 

as 

that 

old septic tanks are poorly designed and do not filter phosphorus efficiently. )  

[ Flint Pond Study pg. 4 ]   

5.  Some houses have lawns and animals which are known to be significant 

phosphorus sources. 

6. Some houses are built relatively close to water inlets although houses are 

supposed to be built at least 75 feet away from an inlet. [ Craycraft pg. B-2] 

 

 D.  Summary 

This study did not focus on phosphorus in septic discharge and other 

household activities of residents in the area.  However the focus had inevitably 

shifted because only few researches found small amount of phosphorus from road 

deposits and many literatures pointed out that septic tank discharge was the one of 

the more prominent phosphorus source.  Excessive weed growth on the western 

and northern shore of the Chocorua lake seem to indicate that septic tanks and 

human settlement could be playing a major role in the Chocorua lake 

eutrophication problem.  
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Note:  It is extremely difficult to assess impact of human settlement in the 

a lake houses on the eutrophication process.  Settlement is very dispersed 

 a 

od of time.  Close 

observation and survey of each houses seem necessary for further research. 

 

Chocoru

and I could not find any research that discussed the effect of human settlement 

comparable to that of Chocorua lake watershed.  Many houses seem to have

large leach field per their septic tank.  However, I wonder if leach field can be 

overly saturated with septic discharge over a prolonged peri
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Chapter 4 Phosphorus data analysis 

  

 Over 200 phosphorus measurements were taken at various locations around the 

Chocorua lake including its inlets and outlet between 1996 and 1997.  Preliminary 

analysis result of phosphorus data show varying patterns of phosphorus concentration 

level at various inlets depending on following weather conditions. 

Chocorua lake phosphorus data analysis
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 Large rain fall event: Phosphorus concentration level has been measured to be below 

10 ppb on dry days after a little precipitation at most inlets.  However,  phosphorus 

concentration jumped sharply from below 10 ppb level to 51 ppb at the Stratton brook 

on the Oct.-21-1996 after a large precipitation of over 4.7 inches.  The water sample 

pollutant from septic leach field, fertilizer application or animal manure.  In this case, 

must contained some sediment in the sample.  Phosphorus concentration level rose up 

to 25ppb at Chocorua brook as well.  This kind of sudden jump in pollutant 

concentration level is referred as ‘shock loading’ by nonpoint pollution researchers.   

A shock loading event is often caused by erosion of nearby land or washed-off 
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shock loading at Stratton brook may have been caused by both Chocorua Lake Road

erosion and runof

 

f from nearby septic leach fields.  In fact,  phosphorus level also 

jumped up by 6 ppb from 4ppb to 10ppb during the spring melting season of 1996 at 

l 

long the Rt. 16 and Chocorua brook.  

This moderately high concentration level of Chocorua river could be contributing a 

significant amount of phosphorus to the lake since the river carries a much greater 

amount of water to the lake.  The most prominent weed growth appear on the 

northern shore.  However, it is not very clear whether human settlement in the 

northern watershed caused such weed growth since the lily pads existed in that region 

for a long period of time. 

 

 @ Culvert on a rainy day:  Shock loading of extremely high phosphorus 

concentration as high as 1000 ppb has been measured at Rt. 16 culverts.  The culverts 

seem to be carrying a large amount of sediment and phosphorus during precipitation 

events from the Rt. 16 surface.  Significant weed growth recently began appearing on 

Stratton brook, suggesting road erosion and stream bank erosion as well. 

Furthermore, the result suggests that some of the leach field could be contributing 

much of phosphorus during the shock loading events as rain wash phosphorus off 

from the leach fields.   

 

 Relatively Dry days:  Phosphorus concentration level is usually higher at the 

Chocorua brook than at Stratton brook.  This higher phosphorus concentration leve

might be related to septic tank discharges from relatively concentrated human 

settlement of approximately 50 houses located a
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some sections of the eastern shore where Rt. 16 is located only few feet away from 

the lake water.   

Note:  Phosphorus concentration at Stratton brook can be higher than Chocorua river 

during large precipitation event.  However, the phosphorus input from Chocorua river 

seem to be much more important than the 

 

 

Chocorua because it carries much greater 

mount of water to the lake.   

 

 tratton brook has higher concentration of phosphorus in the runoff.  However, 

 

a

S

Chocorua river is carrying far more phosphorus than Stratton brook because of its 

size.  Following graph shows how much phosphorus Chocorua river is carrying to the

Chocorua lake compared to the Stratton brook. 

*  Phosphorus reading at culvert has been extremely high, ranging from 280ppb to 

1000ppb.  However, these measurement could not be compared with inlet data. 

Phosphorus input from two inlets assuming Choc. River carries 40 times 
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Note:  I could not analyze phosphorus reading at culvert for a few reasons.  First, I 

could not locate culverts on the map and I only had several measurement data.  I also 

 out how water samples were taken at culverts before performing an 

analysis since a volunteer might have collected some extra amount of sediment if he 

hel ar 

n day within a 

short time interval.  Such data collection should make it easier for future researchers 

to c

nce, it would be 

teresting to know how much phosphorus exist in the water of Chocorua river in 

wanted find

d sampling tube on the culvert longer than a split second.  Overall, it is not so cle

how I should interpret the data at culvert. 

 

Recommendation for future phosphorus data collection 

 

It might be helpful to collect water samples from various sites on a give

ompare each phosphorus sources better.  Volunteers should also try to collect 

phosphorus data away from the watershed at the same time.  For insta

in

upstream before it flows by houses on the northern watershed.  For instance, even a 

slight increase in phosphorus concentration may indicate a problem since Chocorua 

river is a relatively large inlet and a lot of extra phosphorus is required to raise its 

concentration level.  ( Phosphorus concentration of pure rain would be also interesting 

to know. ) 
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Chapter 5 An overview and conclusion 

he 

strip seem to make it impossible for it to function as a 

pollution filtering device).  Consequently, Rt. 16 drains its runoff directly into the 

utants 

 

A. Overview  

 

A lake is a complex ecosystem.  Hundreds of organisms live and die within the 

system and each plays its role in the lake nutrient cycle.  Thus, it is not possible to 

fully understand how Chocorua Lake works nor find out how much each nonpoint 

pollution sources is contributing to the current problem.  However I believe 

researchers have accumulated enough knowledge on cultural eutrophication which 

can be combined to help us understand origin of the problems better.   

 

Following paragraphs summarize my assessment of each nonpoint sources to t

Chocorua lake based on previous study results and my data analysis. 

 

1. Route 16 does not have any of runoff control devices recommended by the EPA 

except a thin roadside vegetative strip that looks rather heavily eroded (the steep 

slope of the vegetative 

lake without filtering any pollutants such as lead, and phosphorus containing soil 

particles.  Phosphorus data  and photographic evidences show a large amount of 

sediment and phosphorus in its run-off.   The Rt. 16 may not be the sole most 

significant source of phosphorus.  However, its structure should be improved in 

order to control its runoff that contains heavy metals and other harmful poll

as well as phosphorus-rich sediments. 
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d 

e.  

 

rowth 

 

k and 

ture should be improved in order to prevent future 

erosion problem.  Paving might reduce erosion of the road itself yet it has a 

d 

% of 

e  

potential to increase erosion from adjacent land and also cost a lot of money.  

Instead, runoff diversion at small sections of roads where it crosses water inlets 

might be more cost-effective.  The road would not be such a problem if it did not 

cross any water inlets. 

 

3. Human settlement on the eastern shore:  The Flint Pond Nutrition Study identifie

septic tank discharge as the most prominent source of phosphorus of over 75 

total phosphorus although many of them had been inspected and pumped out just 

a year or two before the study was conducted.  On the Chocorua lake watershed, 

only approximately 20 houses are located relatively close to the shore line 

compared to over 50 houses on the Flint Pond shoreline.  However Chocorua lak
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izer application on the lawns of the Chocorua lake houses 

also could be adding phosphorus to the lake.  Some Chocorua lake houses are 

g summer seasons.  However, septic tank discharge 

hich can be immediately 

 

ir septic tanks and pump them out immediately if they 

 damage 

n 

 

 of 

e 

t maintained their septic tanks properly.  Septic 

more 

only used intensively durin

from the summer houses can be particularly harmful to the water quality since 

septic discharge contains dissolved phosphorus w

assimilated by lake organisms during productive summer seasons.  An aerial 

photograph of Chocorua lake shows significant weed growth along the western

shore line where these 22 houses are located.  Consequently, I believe the 

residents should inspect the

have not done so in past few years.  Irregular maintenance are known to

septic tanks permanently. 

 

4. Human settlement on the northern watershed:  Over 50 houses are located o

northern watershed of the Chocorua lake.  Six of them are located relatively close 

to the northern shore where Chocorua river drains into the lake.  Some houses are

located as far as 1.5 mile to 2 mile away from the lake.  However the majority

the houses are located relatively close to Chocorua River, the largest inlet to th

Chocorua Lake.  Consequently, I believe septic discharge from over-used leach 

field of these houses could be entering the lake through the Chocorua River, 

especially if the residents have no

tanks of these houses should be inspected and properly maintained.  Overall, 

attention should be paid to houses on the northern watershed.  ( Even a slight 

increase in phosphorus concentration can be very important since a lot of extra 
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ch 

ilar contribution of roadside litter to the Chocorua 

g 

 

e past.  If this proves to be true, proposed logging 

operation on the northern watershed should be more carefully managed since 

ct 

e.  of total nitrogen input can be 

retained in a lake.  [ 3. Likens pg. 152 ]  In fact, lake sediments often function as a 

nutrient sink [ 3. Likens pg. 152, 341 ]  The top 10-20cm of sediments in littoral 

Lake phosphorus loading. 

c. Increased temperature caused by global warming could be accelerating 

eutrophication problems by slowing down water renewal rate which increases 

nutrient concentration in a lake.  [ Schindler pg. 967 ] 

d. Cropped soil and farmed soil tend to contain more phosphorus because of 

fertilizer application and animal manure in them. [ 3. Likens pg. 434 ]  Accordin

to local logging representatives northern region of Chocorua lake watershed had

been used for farming in th

eroded soil from that particular region might be especially rich in phosphorus.  

Anyhow, logging should be done during the winter in order to reduce its impa

on the eutrophication problem.   

32-84% of total phosphorus input and 59-87%
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zone can release phosphorus via biological activity and chemical reaction. [ 3. 

Likens pg. 359 ]  In addition, nutrients in deeper sediment can be released by 

diment 

ce 

rend 

. 

hen enough sediment accumulate on the lake 

bottom to provide a large amount of nutrients to support them.  Lily pads can be 

t 

 

e 

 

 

macro-phyte such as lily-pads because their roots can reach down the se

and assimilate nutrients. [ 3. Likens pg. 177 ]   In fact, the Mirror Lake study 

concluded that primary productivity of a lake is ultimately dependent on recycled 

nutrients in the sediment. [ Likens pg. 314 ]   In summary, accumulated  

sediments is the largest source of phosphorus.  Therefore, septic tank maintenan

and road erosion control is likely to bring a gradual change in eutrophication t

than an immediate change. 

f. Lily-pads:  Mirror lake study concluded that appearance of large macro-phytes 

such as lily pads were signs of sediment accumulation in the area.  [ Likens, pg

315 ]  Lily-pads can grow in a lake w

harmful to a lake because they reintroduce inactive nutrients from deep sedimen

to lake plankton and algae.  However they can also protect rest of the lake from

becoming eutrophied in short term because its large leaves can trap phosphorus 

for a short period of time. 

 

Note:  It might be beneficial to let lily-pads grow during the summer and localiz

eutrophication to the northern watershed.  Then careful removal of its leaves 

before the winter might remove a good amount of phosphorus from the lake since

its tissue contain much phosphorus in them. 
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B. 

 Secchi Disk Index and Chlorophyll a 

oncentration clearly shows a strong trend of the Chocorua lake water quality heading 

tow  

e 

  

ad runoff 

 conclusion, I believe Rt. 16 should be improved in order to control 

its runoff because the runoff contains heavy metal as well as some phosphorus. Septic 

tanks of human settlement on the western shore as well as unpaved Chocorua lake 

road also seem to be significant sources of phosphorus.  However specific evidence 

could not be gathered in this study to concretely support my conclusion.  Lastly, the 

impact of houses on the northern shore of Chocorua lake should also be studied since 

they are located near Chocorua river inlet and their septic tank discharge might be 

adding a significant amount of extra phosphorus to the lake through leaching.  

Conclusion & Recommendations 

 

Both indicators of water quality,

c

ard more productive mesotrophic state from 1982 to 1996.  The transparency level

decreased by 2 feet and Chlorophyll a concentration level increased by 200% from 

1ppb to 3 ppb.  Phosphorus data shows a moderate phosphorus concentration level 

under 10ppb at two inlets except during heavy precipitation events. However th

lake’s bottom sediment seem to be gradually accumulating nutrients and supplying 

them to weeds and algae during summers via bacterial activity and chemical reaction.

Therefore moderate phosphorus concentration level from the inlets should not be 

interpreted as an evidence of no impact. 

 

I concentrated on compilation and analysis of existing literature on ro

and various other Chocorua Lake data in this project.  I also aimed to construct a 

more holistic picture of  the Chocorua Lake cultural eutrophication problem through 

my research.  In
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Overall, every nonpoint sources seem to be contributing phosphorus quite evenly.  

And it could not be determined whether a certain source is contributing more 

phosphorus to the Chocorua lake.   

 

Chocorua lake is unfortunate to be losing its pristine water quality.  However it

also lucky to be receiving much attention from the volunteers who kept a record of its

water quality history that revealed an emerging sign of eutrophication.  I hope my 

analysis results provide useful information that can be used to mitigate rapidly 

progressing Chocorua lake eutrophication.  As a next step, I recommend a septic tank 

study to be conducted.  Even a simple survey of residents in the watershed would be 

helpful since septic tanks are known as one of the largest phosphorus sources in oth

lake studies.  The number 

 is 

 

er 

of septic tanks in the Chocorua lake watershed may not be 

very large compared to size of the watersheds however they seem old and old septic 

tanks do not filter out phosphorus and other pollutants very effectively.  

Consequently, inspection of the septic tanks and dye-testing might provide crucial 

information on the impact of human settlement on current eutrophication problem of 

Chocorua lake. 
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Final Remark:  Historically, it has been extremely difficult for humans to co-exist 

with nature without harming it.  We always seem to disrupt the delicate balance of 

 septic tanks 

could be aggravating Chocorua lake eutrophication problem although there are not 

eptic 

t eutrophication problem.  

ata on 

septic tanks in the area.  I hope volunteers carry out a septic tank study similar to that 

ed to 

 prevent further eutrophication and 

preserve Chocorua Lake. 

nature whenever we build a road or few houses.  Similarly, I believe

too many of them.  I believe that residents have responsibility to clean their s

tank and always try to minimize their impact on the curren

In this study, I tried to analyze every nonpoint pollution sources in the watershed.  

However, a big piece of puzzle seem to be missing because I did not have any d

of Flint Pond study and complete the puzzle.  Only then we shall know what ne

be done to each phosphorus sources in order to
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