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Introduction
The 2OOS VLAP Sampling Season

The Volunteer Lake Assessment Program (VLAP) celebrated its twentieth anni-
versary in 2005. A new volunteer participation record was set this season as a total of
161 lakes were sampled by volunteers throughout the state. In addition, approdmately
450 volunteer monitors participated in the program!

DES would like to extend a special welcome to those volunteer monitoring groups
that joined VLAP for the first time this year; these volunteers represent the following
waterbodies: Sandown Pond in Sanbornton; Martin Meadow Pond in Lancaster; Otternick
Pond in Hudson;Angle Pond in Sandown; Contention Pond in Hillsboro; Lake pemigewasset
in Meredith; and French Pond in Haverhill.

And, we welcome back our friends and new monitors at Pequawket Pond in Conway,
Gregg Lake in Antrim, and the Brentwood Mitigation Wetlands in Brentwood, who re-joined VLAP during the 2005 season.

2OO5 Sleather Conditions in New Hampshire

The Summer of 2005 was a summer of extremes. As many of you may remember,
May and June were marked by numerous rainy days. The rain that fell-during this
period was often very intense and caused a great deal of sediment and nutrient loading
into waterbodies throughout the state. As a result, many of you reported much less
than average transpa-rency readings in May, June, and even July.

July was hot and humid and most lakes heated up rapidly. The nutrient-enriched
warm water created ideal conditions for algae (microscopic plant) and a greater abun-
dance of aquatic plants (macrophytes), including bladderwort in many lak; and ponds.
August was relatively warm and dry which caused tributaries to dry and deeper trans-
pa-rency readings were measured at most deep spots.

2OOS Prosram Updates

During the annual biologist visit, the biologist may have helped you take Secchi
Disk transparency readings with and without the use of a viewscope (a white plastic pVC
pipe with a clear plexiglass end). The purpose of this exercise was to determine if the
viewscope made it easier to view the Secchi Disk by reducing the amount of glare and
wave action on the water surface. Readings with and without the views.op. *.r.
collected at different times of day under different weather conditions at many lakes.
While the data are still being analyzed, it appears that, under certain conditions, the
viewscope does increase the depth to which the Secchi Disk can been seen. Unfortu-
nately, since the majority of the groups participating VLAP have never used. a viewscope
before, switching to using viewscope would make it difficult to compare transparency
data collected without a viewscope in the past. Stay tuned for the 2006 newsletter in
which the use of a viewscope in VLAP sampling will be discussed in greater detail.

r-1
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2OOS Annual Report Updates

Past VLAP Annual Reports have compared individual VLAP lake data to calculated
state means for most parameters. However, since means can be aJfected by outlier data
(a value far from most others in a set of data), it is more appropriate to compare your lake
data to calculated state medians for each parameter. A median is a value in an ordered
set of values below and above which there is an equal number of values (i.e.; the 5o%percentile). Medians are not typically affected by outlier data. You may notice that thecomparison lines on the chlorophyll and transparency graphs have bJen'moved Jo*r,
because the statewide results for these pat"-eters was skewed due to atypicaliy t igtchlorophyll and deep transparency readings. The comparison lines on the pt o"it o.rr"graphs have remained unchanged as the median statewide values have been used for
comparison purposes for many years.

Also, an additional reference line, referred to as the ..Similar Median, line, isincluded on the chlorophyll, transparency, and total phosphorus graphs this year. Usingdata collected from all of the state's public lakes and 
-ponds 

tnrlugn th; DES Lake
Survey Program, we are now able to compare data collecled from youi lake or pond to
data collected from "similar" lakes or ponds in the state. Specifically, 1"k"" and ponds in
New Hampshire have b".r, grouped into ten different categories based on maximum
depth and lake volume. While this is a simple classification scheme, it can be useful in
comparing the quliaty of your lake to waterbodies of similar depth and volume. To find
out what group your lake or pond is in and what the basic statistics are that describe the
data for that group, refer to Appendix F.

Concludine Remarks

. Please read the "Observations and Recommendations" and "Data euality Assess-
ment & Quality Control" sections of your report carefully, and pay speciat atiention to
the recommendations that we have made to improve the quality oi your lake as well asyour current sampling program.

In Appendix D, you will find this year's Special Topic Article "Lake Foam - Natural
or Caused by Laundry Detergent?" While lake foam is typically a natural occurrence, it
can indicate that laundry detergent, as well as other horr""hold pollutants, may be
leaching into surface waters and eventually into your lake. You wiit learn how to test
lake foam to better determine what is causing it.

We tealize that there is a lot of information to digest in the following pages. If you
have any questions regarding your 2005 report, please feel free to call us.

Limnologr Center Director
Tel: (603) 271-341-4
Email: jconnor@des. state. nh. us

See you soon!

,nilo 
sincererY' 

Q
* / ,tou connor

VLAP Coordinator
Tel: (603) 271-2658
Email: alamoreau><@des. state.nh.usr-2



Data Interpretation:
Graphs and Tables
Observation: A sample or
data point.

Mean: Average. To calcu-
Iate the mean, the reading
or concentration for a par-
ticular parameter on each
sampling event is added to-
gether, which results rn a
total for the season. The sea-
son total is then divided by
the number of sampling
events during the season,
which results in an aver-
age concentration or read-
ing per sample event.

Standard deviation: A sta-
tistic measuring the spread
of the data around the
mean.

Raage: Difference between
the high and low values.

Regression Llne: A statis-
tical tool used to predict
trends in data.

'aa '49 '90 '91 '92 '93 '94 '95 ',96 '97 '9a ',99 '.OO 'Ol 'O2 'O3 'O4 ,O5
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There are two types of graphs in Appendix A, a line graph and bar graph.
Each graph conveys much more to the reader than a table or verbal
description, so it is important to be able to interpret it correctly. It must be
stressed that a fewer number of obsenrations causes a cqrresponding decline
in the reliability of the information (the more data the better!).

Line Graph

The line graph summarizes sampling results for the years you have collected
data (see sample line graph below). The graph shows the mean for a given
year as an up-turned or down-turned triangle. The triangle points in the
direction of more desirable values. For example, chlorophyll-a and total
phosphorus have downward triangles, indicating lower values are better,
while transparency has upward triangles, signifying higher values are more
desirable' Line Graph Depicting Historical Data

A measure of the spread of the data around the mean, or standard deviation,
is shown as the vertical lines extending up and down from the mean.
Standard deviation is similar to range except standard deviation is a more
exact measure of variation. In this case, the lines indicating standard
deviation on your graphs illustrate the amount of variation in the results
for a particular test for all the times you sampled in that year. For example,
if all the chlorophyll readings came back with similar results each time you
sampled this year, then the amount of deviation from the average would be
small. If there was a wide range of chlorophyll concentrations in the lake,
then the deviation would be large.

Trends in the yearly data can be discerned by looking at the regression line
and noting its direction and degree of slant (see example next page). If the
line is slanted downward (like this "\"), it indicates an improving trend in
chlorophyll-a and total phosphorus but a declining trend in transparency
values. If the line is sloped the opposite way (like this " l"l, it depicts a
worsening trend in chlorophyli-a and phosphorus, but an improving trend in
transparency values. The steeper the regression line's slope the stronger
the trend. A horizontal regression line indicates the parameter presented
is stable, neither improving nor worsening over time. 

U-1



DATA INTERPRETATION: GRAPHS AND TABLES
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Skew:A measurment of con-
sistency, or more precisely,
the lack of consistencv.

Medlan: A value in an or-
dered set of values below
and above which there is
an equal number of values
(i.e.; the 50olo percentile).
Medians are not alfected by
outlier data.

Mean: The average of a set
of values. Means can be af-
fected by outlier data.

Outller: A value far from
most others in a set of data.

NH Medlan: A descriptive
statistic for data collected
from all of the approximately
800 lakes in the state
through the NH Lake As-
sessment Program.

NH Meaa: A descriptive sta-
tistic for data collected from
all of the approximately 8OO
lakes in the state for the NH
Lake Assessment Program.

Slmllar Medlan: Using
NH Lake Assessment pro-
gram data, NH lakes have
been classified into ten cat-
egories based on lake maxi-
mum depth and lake volume.
Median values for particu-
lar parameters have been
determined for each of the
ten groups.

Caution is warranted when drawing absolute conclusions from annual data
if the lake data set is small. Don't panic if the line graph shows a parameter
worsening - check your raw data first. Look for y""." with one extremely
high or low sampling point; this could skew the trind line. Remember, you
need manyyears of data before trends become apparent, and ten years before
they are considered statistically significant. Aiter your lake or pond has
been monitored through VLAp for at least 10 consecutive years, we will
analyze the in-lake data with a simple statistical test. specifically, a linear
regression analysis will be used to determine if there has been an increase
or decrease of the annual mean for chlorophyll-a, Secchi-disk transparency,
and total phosphorus in your lake/pond since monitoring began.

The last element in the line graph are two reference lines. one reference
line represents the New Hampshire Medlan for that particular parameter.
The data from your lake can be compared to the New HampshirgMedlan to
qet an idea of how your lake quality compares to all of thJlakes and ponds
in the state as a whole. The second reference line on the graph represents
the simllar Median (short for Similar Lake Median) foi that particular
parameter. Using the similar Median, the data from your lake can be
compared to median values for similar lakes and ponds, based on lake volume
and maximum depth. This simple classification scheme can be useful in
better characterizing the quality of your lake.

Bar Graph

The second type of graph found in this report is the bar graph. It represents
this year's monthly data for a given parameter. when more than one
sampling event occurred in a month, the plotted value will represent an
average result for that month. Please check your raw data report (Table
15) to find all of the results. The bar graph emphasizes individuai values for
comparison rather than overall trends and allows for easy data comparisons
within one sampling season.

Bar Graph Depicting Monthly Data

Median
dian

Tables JUNE AUO sEn ocT

Bathymetrlc aap: A map
which shows the topogra-
phy of the lake's bottom;
contours depict lake depths.

rr-2

Tables in Appendix B summarize data collected during 2005 and previous
years. Maximum, minimum, and mean values are given for each station
by sampling year for most tests, where applicable.

Lake Maps

A bathymetric map in Appendix c shows the depth contours of your lake. A
station map in Appendix c shows the name and location of the tributary and
deep spot samples collected from your lake. Tributary nannes for major
inlets and outlets are labeled on the map, and should be referred to when
labeling sample bottles and studying the data in Appendix B. If stations are
missing, please make corrections and send the map to the VLAP coordinator.

m
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Interpreting D ata
Lake aglng: Natural
process by which a lake
fills-in over time.

Watershed: The land
that drains to a particular
water body; often
described as a funnel.

Eutrophlcatlon: Lake
aging accelerated by
increased nutrient input
exceeding the natural
supply.

Fertlllty: Capacity to
sustain plant growth.

Blologlcal Productlon:
Total amount or weight
of living plants and
animals.

Ltmtttng nutrlent:
Nutrient that in small
increases can cause
larger changes in
biological production

Oligo: Little.

Trophlc: Food.

Ollgotrophlc:
low biological production
and nutrients; highest
lake classification.

Eutrophlc:
High biological prod-
uction, nutrient rich;
lowest lake
classification.

Cultural
eutrophication: When
increased nutrient input
and debris into a lake is
caused by human
activity.

Impervious:
Impenetrable.

Epilinnetic:
Upper water layer.

Hypollmnetic:
Lower water layer.

Anoxla: No oxygen
present.

2005

Like all of us, lakes age over time. Lake aglng is the natural process by which
a lake fills in over geologic time. They fill-in with erosional materials carried
in by the tributary streams, with materials deposited directly through the air,
and with materials produced in the lake itself. From the time that a lake is
created, the aging or filling-in process begins. Although many New Hampshire
lakes have the same chronological age, they change and fill-in at different
rates because of differences in runoff and watersbed characteristics. Lakes
can fill-in more quickly than natural due to human impacts. Eutrophication
is the process of increased nutrient input to a lake exceeding the natural
supply. The fertility of the watershed, which is dependent upon land use and
geologr, determines the rate of lake aging. Increased. lake fertilization results
in an increase in biologlcal production.

The key chemical in the eutrophication process is the nutrient phosphorus.
Phosphorus is the liniting nutrient in New Hampshire lakes; the greater the
phosphorus concentration in a lake, the greater the biological production.
Biological production can be measured in terms of plant growth, algal growth,
decreased transparency, and an overall decrease in lake,quality.

It is very important to understand the meaning of biological production when
referring to lakes. we often think of biological production as something good.
For example, a productive garden yields an abundance of vegetables. But,
when speaking about lake productivity, usually the low biological production
associated with a clear, ollgotrophic lake is the ideal condition. Fisherman,
on the other hand, o?y prefer a productive lake, especially if they are fishing
for warm water species, such as bass. Warm water species thrive in productive
lakes because of the abundance of food and presence of plants used for protection
and spawning. Excessive plant growth and algae blooms are present in a highJg
productive, eutrophic lake.

when eutrophication is caused by human activity it is termed cultural
eutrophication. This accelerated aglng results from watershed activities that
increase nutrient loading or the deposition of other debris, such as fertilizing,
converting forest or pasture to cropland, and creating impenrious areas such
as rooftops, parking lots, and driveways. Studies in New Hampshire have shown
that phosphorus exports from agricultural lands is at least 5 times greater
than from forested lands, and in urban areas may be more than 10 times
greater. Other contributers to cultural eutrophication include lechate from
septic systems, bathing in or near the lake, sediment erosion into the lake,
dumping or burning leaves and trees in or near a lake, and feeding ducks.

As you interpret the data on the following pages, pay close attention to the
trends. Look for increases or decreases in the epilimnetic and hypolimnetic
phosphorus. If you observe an increase in hypolimnetic phosphorus as the
summer progresses, a process called internal phosphorus loading is occurring.
This means phosphorus that was tied up in the lake floor sediments is now
available to enter the water column. Anoxia initiates this process by creating
a chemical change in the sediment that allows the phosphorus to separate
from iron and aluminum compounds. 

II-g



INTERPRETING DATA
2005

Traaspareacy: Water
clarity.

Chlorophyll-a: Green
pigment found in plants;
used to measure the amount
of algae in a lake.

Turbldlty: The amount of
suspended particles in
water, such as clay, silt, and
algae that cause light to be
scattered and absorbed, not
transmittted in straight
lines through the water.

IYon-polnt pollutlon:
Pollution originating in the
watershed, often entering
the water body via surface
runoff or groundwater.

Eplllmnioa: Upper water
layer.

Metallnnlon: Middle water
layer (a.k.a. thermocline.)

Hypolimnion: Bottom
water layer.

Trlbutary: Stream, inlet.

what if there was an increase in epilimnetic phosphorus? As you look at
the data from the inlets, notice if this yearL daia show an increase in
phosphorus from a particular inlet. If the increase is large, the new source
of phosphorus should be investigated. Investigatioti" m"y include a
watershed walk or bracketing the brook for furtheisampling.

correlations between transpareney and chlorophyll-a are important. If
the chlorophyll-a increased and the secchi aisk tiansparency decreased.,
increased algae populations are affecting the water clarity. If the chlorophyll-
a has not increased, but the transparency has undeigone a declini, lhe
reduced transparency could be attributed to an incriase of suspended
particles (turbidityf caused by stream inputs, motorboat activity, shoreline
construction, or disturbances of bottom sediments. In shallow lakes less
than 15 feet in depth, the wind creates enough enerry to prod.uce wave
action and bottom currents that disturb the bottom sediment which results
in high turbidity.

conductivity, acid neutralizing capacity (ANc), and pH should also be
examined. conductivity is a good indicator of disturbance or non-point
sources of pollution. The lower the pH or ANC value for your lake the more
vulnerable it is to acid precipitation. A marked increase or decrease in anv
parameter should be investigated.

All of the data might seem overwhelming to you at the start. First, take a
look at the in-lake data. The tables in Appendix B will list in-lake data
either as Epilimnion, Metalimnion, or Hypolimnion. The number of layers
formed in a given year is dependent upon lake depth and seasonal
temperatures; if your lake has two layers, only epilimnetic and hypolimnetic
data will be displayed, or epilimnetic data only if the lake is too shallow to
form layers. Follow the trends within each layer and note any changes for
each parameter.

Then examine the tributary data. Iook at each inlet, one at a time. some
will likely reflect good conditions (low total phosphorus, low conductivity,
and pH between 6.0 and 7.0). others might reflect poor tributary quality,
sending off a warning light (high total phosphorus, high conductivity, or low
pH). List the possible problems you identified from your data and prioritize
them according to your association's goals. Keep in mind that weather
patterns during the sampling season will strongly affect the lake quality.
High-impact rainfall or large amounts of snow-melt can result in nutrient-
rich and sediment-laden runoff to the lake. on the other hand, a dry season
will have an absence of such runoff, potentially resulting in low enerry runoff
and less nutrients to feed algae and plant growth and greater water clarity.

weather patterns shouldbe carefullg consldered ushen assessing lclce
changesfromgedrto gear, and euen utthin a sampllng season. Large
aariatiotts in sample resrlf,s nag be obsentedfrom monthto month utlun
comparlng a usd summ;e" monthto a dry month.
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To provide an understanding of how your water body compares to other New
Hampshire lakes the following table summarizes key biological, chemical,
and physlcal parameters for all the state's lakes surveyed since 1976.Blological: Living plants

or organisms.

Chemlcal: Parameters
related to the chemistrv
of water.

Physlcal: Parameters
that can be perceived
using the senses, such
as Secchi Disk
transparency.

Characteristics of New Hampshire Lakes and ponds

Sunmer Epilimnetic Values

Parameter

pH (units)

Alkalinity (me/L)

Total Phosphorus (ug/L)

Conductivity (umhos/cm)

Chloride (me/L)

Chlorophyll-a (mg/m3)

Secchi Disk (m)***

#* Min Max

780 4.3 9.3

Mean Median
**6.5 6.6

78r
772

768

742

-3 85.9 6.6 4.9

<1 121 - t2
13.1 696 59.4 40.0

<2199-4
776 0.19 143.8 7.76 4.58

663 0.40 13 3.7 3.2

* = the number of lake stations sampled
** = aueragepH reading; not auerage of hgdrogenionconcentration
*** = does not include "uisible on bottomo readings

Finally, refer to the Observations and Recommendations section of this report,
which discusses the basic trend data and also lists some suggestions for future
sampling. Then, formulate a management plan and call us for guidance. once
you have identilied your and/or your association's concerns, we will work with
you to modi& the current sampling program to address these goals. you may
also be eligible to be involved in the New Hampshire Clean Lakes program
(NHCLP) which provides more detailed watershed diagnostic tests and
recommends Best Managment Programs (BMPs) to reduce pollutants to the
lake. The NHCLP can lead to watershed management programs through the
local Initatives Grants offered bv DES.
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Monitoring Parameters

Biological Parameters

Algal Abundance

Algae are photosynthetic plants that contain chlorophyll but do not have
true roots, stems, or leaves (a.k.a. "phytoplankton"). They do, however, grow
in many forms such as aggregates of cells (colonies), in strands (filaments;,
or as microscopic single cells. They may also be found growing on objects,
like rocks or vascular plants, in the bottom sand or free-floatingln the watei
column.

Regardless of their form, these primitive plants carr5r out photosynthesls
and accomplish two very important roles in the process. First, inorganic
material is converted to organic matter. These tiny plants then form the
base of a lake food chaln. Microscopic animals (zooplankton) graze upon
algae like cows graze on grass in a field. Fish also feed on the algae along
with other aquatic organisms. second., the water is o:rygenated, aiding th!
chemical balance and biological health of the lake syst-m.

Algae require light, nutrients, and certain temperatures to thrive. All of
these factors are constantly changing in a lake from day to day, season to
season, and year to year. Therefore, algae populations and the abundance
of individual species of algae naturally fluctuate with weather changes or
changes in lake quality.

VLAP uses the measure of chlorophyil-a as an indicator of the algae
abundance. Because algae is a plant and contains the green pigm-nt
chlorophyll, the concentration of chlorophyll found in the water givis us an
estimation of the concentration of algae. If the chlorophyll-a concentration
increases, this indicates an increase in the algal population. Generally, a
chlorophyll-a concentration of less than 5 mg/m3 typically indicates *.t".
quality conditions that are representative of oligotrophic lakes, while a
chlorophyll-a concentration greater than 15 mg/m3 indicates eutrophic
conditions. A chlorophyll concentration greater than lo mg/m3 g.tte."lly
indicates an algae bloom (excessive reproduction of algae).

The median chlorophyll concentration for New Hampshire lakes is 4.sg
mg/m3 (the mean is 7.16 mglm3). Figure 1 (Appendix A) and Table 1
(Appendix B) present the mean chlorophyll-a concentration for each year of
participation in vLAP. Table I also presents the minimum and maximum
values recorded for the same vears.

Chlorophyll-a (mglm3l
0-5 C'ood

5.1-15 More than desirable

Photosynthesls:
Producing carbohydrates
with the aid of sunlight.

Food chaln: Arrangement
of organisms in a
community according to the
order of predation.

Oxygeaated: Holding
oxygen in solution.

Cblorophyll-a: A green
pigment found in algae.

Oligotrophlc:
Low biological production.

Eutrophlc: High biological
production; nutrient rich.

Median: A value in an or-
dered set of values below
and above which there is
an equal number of values
(i.e.; the 5O7o percentile).
Medians are not affected bv
outlier data.

Mean: The average of a set
of values. Means can be af-
fected by outlier data.

Outller: A value far from
most others in a set of data.
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Phytoplankton:
Microscopic algae
drifting through the
water column.

Plankton net: Fine mesh
net used to collect
microscopic plants and
animals.

Perlphytoa:
An assemblage of
microorganisms (plants
and animals) firmly
attached to and growing
upon solid surfaces such
as the bottom of a lake or
stream, rocks, logs, and
suuctures.

Succession: The decline
of dominant species of
algae over a period of
time as another species
increases and becomes
dominant.

200s

Phvtoplankton

The type of phytoplankton present in a lake can be used as an indicator of
general lake quality. The most direct way to obtain phytoplankton information
involves collection of a sample with a plankton net, measurement of the
quantity of phytoplankton contained in the sample, and identification of the
species present using a microscope. An abundance of cyanobacteria, such as
Anabaena, Aphnnizomenon, Oscillatoia, or Microcgsfrs may indicate excessive
phosphorus concentration or that the lake ecologr is out of balance. On the
other hand, diatoms such as Asteionella, Melosira, and rabellaria or golden-
brown algae such as Dinobryon or chrysosphaerella are typical phytoplankton
of New Hampshire's less productive lakes. In shallowwarm waters with minimal
wave action (such as a cove), filamentous green algae may grow in a form that
looks like a mass of green cotton candy. Periph5rton may grow on rocks or
vegetation, causing these to be slippery.

Phytoplankton populations undergo a natural succession during the growing
season. Many factors influence this succession: amount of light, availability
of nutrients, temperature of the water, and the amount of grazing occurring
from zooplankton. As shown in the diagram on the next page, it is natural for
diatoms to be the dominant species in the spring and then green algae in the
early summer, while cyanobacteria may dominate in mid to late summer.
The plankton samples from your lake will show different dominant species,
depending on when the samples were taken. Phytoplankton are identified in
Table 2 in Appendix B. Phytoplankton groups and species are listed. below.

Phytoplankton Groups and Species Common to
New Hampshire Lalee and ponds

Greens
Adinostum htdorina
Artlvodesmus Kirchneiella
Dictgosphaerium Micrac,tinium
Elakotativix Mouaeotia

Pandorbtn Spiroggra
Pediasfutm Stnurastrum
ftenedesmus Stigeodonium
SptmerocEstb Uothrix

Rhizosolenia Sgnedra
Suirella Tabellaria

Microcgstis
Oscillatoria

Diatoms
Asterionella
Cgclotella
Fragilaria

Ceratium

Melosira
Pleurosigma

Dinoflagellates
Peridinium Ggxtvlodinium

Cvanobacteria (formerlv known as blue-sreen alqae)
Chroococcus Gloeotrbhia,anohsto.

.\pl'wniznmeran fulosptnerium Lgngbga
Aptwttoupsa

Golden-Browns
ChrgsosphaereLla Mallamonos Sgrura
Dirwbryon

Uroglenopsis
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Cyanobacterla:
Bacterial microorgan-
isms that photosyn-
thesize and may produce
chemicals toxic to other
organisms, including
humans. They have tJle
ability to produce their
own nitrogren. They
have the ability to
produce gases to move
vertically through the
water column. Some
have structures that fall
to the sediment when
environmental con-
ditions in the water
column are not
condusive for growth and
can regenerate when
water column conditions
are more favorable.

Zooplankton: Small,
usually microscopic
animals found in lakes
and reservoirs that
possess limited means
of propulsion. Con-
sequently, animals
belonging to this class
drift along with the
currents.

II.8

A Typtcal Seasonal Succession of Lake Algae

Cvanobacteria

cyanobacteria are bacterial microorganisms that photosynthesize. Many spe-
cies of cyanobacteria may accumulate to form surface water "blooms". They
produce a blue-green pigment but may impart a green, blue, or pink color to
the water. Cyanobacteria are some of the earliest inhabitants of our waters.
and they are naturally occurring in all of our lakes. However, research indi-
cates that their abundance increases as the phosphorus in a lake increase.
They are part of the aquatic food web and can be eaten by various grazers in
the lake ecosystem, such as zooplankton and mussels.

Although they are most often seen when floating near the surface, many
cyanobacteria species spend a portion of their life cycle on the bottom of the
lake during the winter months. As spring provides more light and warmer
temperatures, cy€rnobacteria move up the water column and eventually rise
toward the surface where they can form dense blooms or scums, often seen in
mid to late summer and, weather permitting, sometimes well into the fall.

Some cyanobacteria produce toxins that adversely affect livestock, d.omestic
animals, and humans. According to the world Health organization (wHo), toxic
cyanobacteria are found worldwide in both inland and coastal waters. The first
reports of toxic cyanobacteria in New Hampshire occurred in the 1960s and
1970s. During the summer of 1999, several dogs died after ingesting toxic
cyanobacteria from a bloom in Lake Champlain in Vermont. The wHo has
documented acute impacts to humans from cyanobacteria from the u.s. and
around the world as far back as 1931. while most human health impacts have
resulted from ingestion of contaminated drinking water, cases of illnesses
have also been attributed to swimming in waters infested with cyanobacteria.
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Neurotoxla: Nerve toxins.

Hepotoxlns: Liver toxins.

Dermatoxins: Toxins that
cause skin irritations.

2005

The possible effects of cyanobacteria on the "health', of New Hampshire lakes
and their natural inhabitants, such as fish and other aquatic iife, are un-
der study at this time. The center for Freshwater Biologr (cFB) at the uni-
versity of New Hampshire (uNH) is currently examining the potential im-
pacts of these toxins upon the lake food web. The potential human health
hazards via exposure through drinking water and/or during recreational
water activities are also a concern to the CFB and DES.

cyanobacteria occur in all lakes, ever5rwhere. There are many types of
cyanobacteria in New Hampshire lakes. Most cyanobacteria do not have
the ability to produce toxins. In New Hampshire, there are several common
cyanobacteria that include: Gleotichia, Merismopeida, Annbaena, oscillato11q
coelosphaium, Lgngba and Microcg stis. Anabaena and. Aplnnizomenon pro-
duce neurotoxins that interfere with the nerve function and have almost
immediate effects when ingested. Microcystis and Oscillatoiaare best known
for producing hepatotoxins known as microcystins. osollatono and. Lgngbga
produce dermatotoxins, which cause skin rashes.

Both DES and uNH have extensive lake monitoring programs. Generally,
the water quality of New Hampshire's lakes is very good. However, DES
strongly advises against using lake water for consumption, since neither
in-home water treatment systems nor boiling the water will eliminate
cyanobacteria toxins if they are present.

If you observe a well-established potential cyanobacteria bloom or scum in
the water, please comply with the following:

o Do not wade or swim in the water!
o Do not drink the water or let children drink the water!
r Do not let pets or livestock into the water!

Exposure to toxic cyanobacteria scums may cause various symptoms, in-
cluding nausea, vomiting, diarrhea, mild fever, skin rashes, eye and nose
irritations, and general malaise. If anyone comes in contact with a blue-
green algae bloom or scum, they should rinse off with fresh water as soon as
possible.
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If you,observe a cyanobacteria scum, please call DES at2zr-3414. DES will
sample the scum and determine if it contains cyanobacteria that are asso-ciated with toxic production. An advisory will be posted on the immediate
sh-oreline indicating-that the area may not be suilable for swimming. DESwill notify the town health oflicer, beach manager, and/or property owner,and the New Hampshire Department of Health and Human services. DESwill continue to monitor the water and will notify the appropriate parties
regarding the results of the testing. when monitorini indicates that
cyanobacteria are no longer present at levels that could f,"* humans or
animals, the advisory will be removed.

Secchi Disk Transparencv

The secchi disk is a 20 centimeter disk with alternating black and whitequadrants. It has been used since the mid-1go0s to measure the
transparency of water. The Secchi disk is named after the Italian professor
P.A. secchi whose early studies established the experimental procedures
for using the disk. The disk is used to measure the depth that a p.r*o., 

"-see into the water. Transparency, a measure of the *at", clarityj is affected
by the amount of algae, color, and particulate matter within a lake. In
addition, the transparency reading may be affected by wave action, sunlight,
and the eyesight of the volunteer monitor. Therefoie, we recommend that
two or three monitors take a secchi disk reading, and then these readings
should be averaged. In general, a transparency greater than 4.5 meters
indicates oligotrophic conditions, while a transparency of less t]'an2 meters
is indicative of eutrophic conditions.

The nedian transparency for New Hampshire lakes is 3.2 meters (one
meter equals 3 feet, 4 inches) and the mean transparency is o.zmeters.
Figure 2 in Appendix A presents a comparison of thl transparency values
for each of the VLAP monitoring years, while Table 3 of Appendix B shows
the minimum, maximum, and mean values for ail years of participation.

Medlan: A value in an or-
dered set of values below
and above which there is
an equal number of values
(i.e.; the 507o perientile).
Medians are not affected bv
outlier data.

Mean: The average of a set
of values. Means can be af-
fected by outlier data.

Outlier: A value far from
most others in a set of data.

Water Clarlty (Transparencyf
Ranges for Lakes and Ponds

Category Water Clarity (m)
Poor <2
Good 2-4.5
Exceptional >4.5
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Chemical Parameters

d
pH is measured on a
logarithmic scale of 0 to
14. The lower the pH the
more acidic the solution.

pH Scale

due to higher
;9

od -{
concentrations of 

o'

hydrogen ions. Acid rain
typically has a pH of 3.5
to 5.5 due to pollutants < 

Acidic N$tr Arkarinc/B*ic 
>added from the air. In

contrast, the median pH for New Hampshire lakes is 6.6.

Lake pH is important to the survival and reproduction of Iish and other aquatic
life. A pH below 5.0 severely limits the growth and reproduction of fish. A pH
between 6.0 and 7.0 is ideal.

Many lakes exhibit lower pH values in the deeper waters than nearer the
surface. This effect is greatest in the bottom waters of a thermally stratlfied
lake. Decomposition carried out by bacteria in the lake bottom causes the pH
to drop, while photosynthesis by phytoplankton in the upper layers ca.n cause
the pH to increase. Tannic and humic acids released to the water by decaying
plants can create more acidic waters in areas influenced by wetlands. After
the acidic spring-time snow melt or a significant rain event, surface waters
may have a lower pH than deeper waters and may take several weeks to recover.
(Snowmelt and rainfall typciaily have pH values of 4 or lower.)

Table 4 in Appendix B presents the in-lake and tributary true mean pH data.

pH Ranges for New Hampshire Lakes and Ponds

Category pH (units)
Critical (toxic to most fish) <5
Endangered ltoxic to some aquatic organisms) 5-6
Satisfactory >6

Acid NeutralizinE Capacitv

Buffering capacity or Acid Neutralizing Capacity (ANC) describes the ability of
a solution to resist changes in pH by neutralizing the acidic input to the lake.
The higher the ANC the greater the ability of the water to neutralize acids.
This concept can be compared to a person taking an antacid, to neutralize
stomach acid indigestion. Low ANC lakes are not well buffered. These lakes
are often adversely affected by acidic inputs. 

il_1l

**'*'uu"t o* r"..4^,..".C"f
2 3 4 5 6 7 8 9 l0 ll 12 13 14

, Acid Rain Safc for fish

Thermally stratlfied:
Water layered by
temperature differences.
During the summer,
cooler, more dense water
is typically found closer
to tlee lake bottom, while
warmer, Iess dense
water is found closer to
the lake surface.

Bacterla: Tiny organisms
that break down dead
matter.

Phytoplaakton:
Microscopic algae
drifting through the
water column.
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Median: A value in an or-
dered set of values below
and above which there is
an equal number of values
(i.e.; the 507o percentile).
Medians are not alfected bv
ouUier data.

Mean: The average of a set
of values. Means can be af-
fected by outlier data.

Outller: A value far from
most others in a set of data.

Ionlc partlcle(sl: An atom
or group of atoms carrying
an electrical charge

Erosion: Soil materials
worn away by the action of
water or wind.

Historically, New Hampshire has had naturally low ANC waters because of
the prevalence of granite bedrock. Granite contains only a Small amoirnt of
buffereing elements, unlike limestone which contains a large amoung of
buffereing elements. The median ANc for New Hampshire lakes is 4.9
m'gll, while the mean ANC is 6.6 r^gll' This relativ.ty to* value makes
these surface waters vulnerable to the effects of acid precipitation. Table 5
in Appendix B presents the mean epilimnetic ANC for each year your
association has been involved in this program.

Acid Neutralizlng Capacity Ranges for New Hampshire
Lakes and Ponds

Category ANC (mgll.)
Acidified <O
Extremely Vulnerable O-2
Moderately Vulnerable 2.I.1_O
Low Vulnerability 10.1-25
Not Vulnerable >25

Conductivitv

conductivity is the numerical expression of the ability of water to carry an
electrical current. lt is determined primarily by the number of lonic
pattlcles present. The soft waters of New Hampshire have traditionally had
low conductivity values. High conductivity may indicate pollution fromsuch
sources as road salting, faulty septic systems, or urban/agricultural runoff.

specific categories of good and bad levels cannot be constructed for
conductivity, because variations in watershed geolory can result in natural
fluctuations in conductivity. However, values in New Hampshire lakes
exceeding 100 umhos/cm generally indicate cultural (man-made) sources
of ions. The conductivity should remain fairly constant for a given lake
throughout the year. Any major changes over a short period oflime may
indicate erosion resulting from heavy rain or a large flush of runoff from a
problem site. Conductivity less than 50 umhos/cm is typical of oligotrophic
lakes. conductivity greater than 100 umhos/cm is more tvpical of lakes
with greater human impacts.

The median conductivity for New Hampshire lakes is 4o.o umhos/cm while
the mean conductivity is 59.4 umhos/cm. Table 6 in Appendix B presents
mea.n conductivity values for tributaries and in-lake data.
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Algal blooms: Over-
population of algae.

Median: A value in an
ordered set of values be-
low and above which
there is an equal num-
ber of values (i.e.; the
507o percentile). Medr-
Erns are not affected by
outlier data.

Phosphorus

Phosphorus is the most important water quality parameter measured in our
lakes. It is this nutrient that limits the algae,s auitity to grow and reproduce.
Limiting phosphorus in a lake will result in lower or reJuced, natural algae
concentration. Increased phosphorus levels encourage excessive plant gro,irth
and algal blooms. Phosphorus occurs in many forms in a lake and is absorbed
Py "1q1., becoming part of a living cell. when the algae cell dies the phosphorus
is still organically bound, even as the dead cells settle to the lake bottom.

Phosphorus sources around a lake include septic systems, animal waste, lawn
fertilizer, road and construction erosion, natural wetlands, and atmospheric
deposition.

An in-lake epilimnetic (upper layer) phosphorus concentration of less than 10
ug/L indicates oligotrophic conditions, while a concentration greater than 20ug/L in the epilimnion is indicative of eutrophic conditions. The median
phosphorus concentration in the epilimnion layer of New Hampshire lakes is
12 uglL. The median phosphorus concentration in the hypolimnion (lower
layer) is 14 ugll.

Figure 3 in AppendixA shows the epilimnetic and hypolimnetic total phosphorus
values for 2005 and the historical data. Table g in Appendix B presents mean
total phosphorus data for in-lake and tributarv data.

Total Phosphonrs Ranges for New Hampshire
Lakes and Ponds (Epillmneticf

Category Tp (ug/L)
Ideal
Average
More than desirable 2I-4O
Excessive >40

The presence of dissolved oxygen is vital to bottom-dwelling organisms as well
as fish and amphibians. If the concentration of dissolved oxygen is low, species
intolerant (meaning sensitive) to this situation, such as troui, will be forted to
move up closer to the surface (where the water column is generally warmer)
and may not surrrive.

Temperature is also a factor in the dissolved oxygen concentration. Water
can hold more o)<ygen at colder temperatures than at warmer temperatures.
Therefore, a lake will typically have a higher concentration of dissolved oxygen
during the winter, spring, and fall than in the summer.

<10
tr-20
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Thermal stratiflcatloa:
Water layering by
temPerature.

ppm: Parts per million;
equal to mg/L.

Internal phosphorus
loading: Addition of
phosphorus to the
hypolimnion from the lake
sediments due to a chemical
change initiated by low
oxygen conditions.

Thermocllne:
Barrier between warm
surface layer (epilimnion)
and cold deep layer
(hypolimnion) where a rapid
decrease in water
temperature occurs with
increasing depth.

At least once during this summer, a DES biologist measured the dissolved
oxygen and temperature at set intervals from the bottom of the lake to the
surface. These measurements allow us to determine the extent of thermal
stratlfication as well as the lake oxygen content. Many of the more
productive lakes experience a drop in dissolved oxygen in the deeper waters
as the summer progresses. Bacteria in the lake sediments d.ecompose the
dead organic matter that settles out, a process that depletes o)<ygen in the
bottom waters. Since more productive lakes tend to have organic-rich
sediments there will be greater decomposition on the bottom of such lakes,
potentially creating a severe dissolved oxygen deficit (less than 1 ppm). This
low oxygen condition can then trigger phosphorus that is normally bound to
the sediment to be released into the water (lnternal phosphorus loading).

Dissolved oxygen percent saturation shows the percentage of oxygen that is
dissolved in the water at a particular depth. [pically, the deeper the reading
the lower the percent saturation. A high reading at or slightly above th-
thermocline may be due to a layer of algae, producing oxygen during
photosynthesis. colder waters are able to hold more dissolved o>rygen than
warmer waters, and generally, the deeper the water the colder the
temperature. As a result, a reading of 9 mglL of oxygen at the surface will
yield a higher percent saturation than a reading of 9 mg/L of o:<ygen at 25
meters, because of the difference in water temperture. Table 9 in Appendix
B illustrates the Dissolved o:<ygen/Temperture prolile(s) for 2005, and Table
10 shows historical hypolimnetic dissolved o)iygen readings.

Chloride

The chloride ion (cl-) is found naturally in some surface waters and
groundwaters and in high concentrations in seawater. Higher-than-nor-
mal chloride concentrations in fresh water, due to sodium chloride (table
salt) that is used on foods and present in body wastes, can indicate sewage
pollution. The use of highway deicing salts can also introduce chlorides to
surface'water or groundwater.

In New Hampshire, the application of road salt for winter accident preven-
tion is a large source of chloride to the environment, which is increasing
over time due to the expansion of road networks and increased vehicle traf-
fic. Road salt (most often sodium chloride) readily dissolves and enters aquatic
environments in ionic forms. Although chloride can originate from natural
sources, most of the chloride that enters the environment is associated
with the storage and application of road salt. As such, chloride-containing
compounds commonly enter surface water, soil, and ground water during
late-spring snowmelt (since the ground is frozen during much of the late
winter and early spring).
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Acute toxiclty: An
adverse effect such as
mortality or debilitation
caused by an exposure of
96 hours or less to a toloc
substance (i.e; short
period of time).

Chronlc toxlclty: An
adverse effect such as
reduced reproductive
success or growth, or
poor survival of sensitive
life stages, which occurs
as a result of prolonged
exposure to a toxic
substance (i.e; long
period of time).

2005

chloride ions are conservative, which means that they are not degraded in
the environment and tend to remain in solution, once dissblved. Chloride ions
that enter ground water can ultimately be expected to reach surface water
and, therefore, influence aquatic environments and humans.

Research has shown that elevated chloride levels can be toxic to freshwater
aquatic life. Among the species tested, freshwater aquatic plants an4 inverte-
brates tend to be the most sensitive to chloride. In order to protect freshwater
aquatic life in New Hampshire, the state has adopted acute and chronic chlo-
ride criteria of 860 and 230 rrrglL respectively.

Chloride levels in drinking water would be unpalatable before they became
toxic. The maximum contaminant level for drinking water is 250 mg/L and
the recommend action level is less than 100 mg/L.

The chloride content in New Hampshire lakes is naturally low (mediar- = 4
m,glLl in surface waters located in remote areas away from habitation. Higher
values are generally associated with salted highways and, to a lesser extint,
with septic inputs.

Other Parameters

Tirrbidity

Turbidity in water is caused by suspended matter, such as clay, silt, and algae
that cause light to be scattered and absorbed, not transmittted in straight
lines through the water. Secchi disk transparency, and therefore water clarity,
is strongly influenced by turbidity. High turbidity readings are often found in
water adjacent to construction sites; during rain events unstable soil erodes
and causes turbid water downstream. Also, improper sampling techniques
(hitting the bottom of the lake with the Kemmerer bottle or stirring up the
stream bottom when collecting tributary samples) may also cause high turbidity
readings. The New Hampshire median for lake turbidity is 1.o NTU. Table 11
in Appendix B lists turbidity data for 2005.

Statistical Summary of Turbidity Values
for New Hampshire Lakes and Ponds

Cateeorv Value (NTU)
Minimum <0.1
Maximum
Median

22.O
1.0
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Bacteria

Surface waters contain a variety of microorganisms including bacteria, fungi,
protozoa, and algae. Most of these occur naturally and have little or no impact
on human health. Health risks associated with water contact occur generally
when there is contamination from human sources. warm blooded animals
such as ducks, beaver, geese, and pets can also contribute bacteria to surface
waters. Contamination arises most commonly from sources of fecal waste
such as failing or poorly designed septic systems, leally sewage pipes, nonpoint
source runoff from wildlife habitat areas, or inputs from wastewater treatment
plant outflows within a watershed. Swim beaches with heavy use, shallow
swim areas, and/or poor water circulation also have commonly reported
bacteria problems. Therefore, water used for swimming should be monitored
for indicators of possible fecal contamination. Contamination is typically
short-lived, since most bacteria cannot survive long in cold water; their
natural environment is the gut of warm blooded animals. A recent study has
shown that E. coli can live fairly long periods of time in the sediments.

Specific types of bacteria, called indicator organisms, are the basis
bacteriological monitoring, because their presence indicates that sources
fecal contamination exist.

Indicators estimate the presence and quantity of things that cannot be meaured
easily by themselves. We measure these sewage or fecal indicators rather

Pathogene: Disease- than the pathogens themselves to estimate sewage or fecal contamination
causing organisms. and, therefore, the possible risk of disease associated with using the water.

New Hampshire closely follows the bacteria standards recommended by the
U.S. Environmental Protection Agency (EPA). Following a 1988 EPA report
recommending the use of E. coli as a standard for public water supplies and
human contact, DES followed suit by adopting Escheichia coil (8. colz) as the
new indicator organism. The standards for Class B waters specify that no
more than 406 E. coli counts/ 100 mL, or a geometric mean based on at least 3
samples obtained over a 60 day period be greater than 126 E. coli counts/ 100
mL. Designated public beach areas have more stringent standards: 88 E. coft
counts/ 100 mL in any one sample, or a geometric mean of three samples over
60 days of 47 E. coli counts/ 100 mL. Table 12 shows bacteria (8. coll results for
2005 and for previous sampling seasons.

of
of
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OgSERVATIoNS &
RpCoMMENDATIoNS

A^.After reviewing data collected from CLOUGH POND, LOUDON, the
progr€rm coordinators have made the following observations and
recommendations:

Tttuttt you for your continued hard work sampling the pond this season!
Your monitoring group sampled three times this season and has done so
for many years! As you know, with multiple sampling events each
season, we will be able to more accurately detect changes in water
quality. Keep up the good work!

Frcunp Irrpnpnptarror

historical and current year chlorophyll-a concentration in the water
column. Table 1 (Appendix B) lists the maximum, minimum, and
mean concentration for each sampling season that the pond has been
monitored through the program.

Chlorophyll-a, a pigment found in plants, is an indicator of the algal
abun'dance. Because algae are usually microscopic plants that
contain chlorophyll-a, and are naturally found in lake ecosystems,
the chlorophyll-a concentration measured in the water gives an
estimation of the algal concentration or lake productivity. The
median summer chlorophyll-a concentration for New Hampshire's
lakes and ponds is 4.58 mglmg.

The current year data (the top graph) show that the chlorophyll-a
concentration decrea.sed. greatlg frorn June to July and then
increased greatlg from July to August. The chlorophyll-a
concentration on each sampling event was greater than the state
median and similar lake median (for more information about the
similar lake median, refer to Appendix F).

The chlorophyll concentration on the August sampling event (14.3
raglLl was the highcst chlorophyll concentration that has been
measured at the deep spot since monitoring began in 1989 and
suggests that an algal bloom may have been occurring.
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overall, visual inspection of the historical data trend line (the bottom
graph) shows a aariable, but overall increasing (meaning
worsening), in-lake chlorophyll-a trend since monitoring began. The
2oos annual mean is the highest annual mean since monitoring
began.

After 10 consecutive years of sample collection, we will be able to
conduct a statistical analysis of the historical data'to objectively
determine if there has been a significant change in the annual mean
chlorophyll-a concentration since monitoring began.

While algae are naturally present in all ponds, an excessive or
increasing amount of any type is not welcomed. In freshwater ponds,
phosphorus is the nutrient that algae depend upon for growth. Algal
concentrations may increase with an increase in nonpoint sources of
phosphorus loading from the watershed, or in-lake sources of
phosphorus loading (such as phosphorus releases from the
sediments). Therefore, it is extremely important for volunteer
monitors to continually educate residents about how activities within
the watershed can affect phosphorus loading and pond quality.

Figure 2 and. Table 3: The graphs in Figure 2 (Appendix A) show
historical and current year data for pond transparency. Table 3
(Appendix B) lists the maximum, minimum and mean transparency
data for each sampling season that the pond has been monitored
through the program.

Volunteer monitors use the secchi-disk, a20 cm disk with alternating
black and white quadrants, to measure water clarity (how far a
person can see into tl.e water). Transparency, a measure of water
clarity, can be affected by the amount of algae and sediment from
erosion, as well as t-Le natural colors of the water. The median
summer transparency for New Hampshirers lakes and ponds is
3.2 meters.

The current year data (the top graph) show that the in-lake
transparency rerrrcrined relatiuelg stable from June to July and
then increased from July to August. The transparency on each
sampling event was greater than the state median and similar lake
median (refer to Appendix F for more information about the similar
lake median).
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As previously discussed, after 10 consecutive years of sample
collection, we will be able to conduct a statistical analysis of the
historical data to objectively determine if there has been a significant
change in the annual mean transparency since monitoring began.

Tlpically, high intensity rainfall causes erosion of sediments into
ponds and streams, thus decreasing clarity. Efforts should
continually be made to stabilize stream banks, pond shorelines,
disturbed soils within the watershed, and especially dirt roads located
immediately adjacent to the edge of tributaries and the pond. Guides
to Best Management Practices designed to reduce, and possibly even
eliminate, nonpoint source pollutants, such as sediment loading, are
available from DES upon request.

amount of phosphorus in the epilimnion (the upper layer) and the
hypolimnion (the lower layer); the inset graphs show current year
data. Table 8 (Appendix B) lists the annual maximum, minimum,
and median concentration for each deep spot layer and each tributary
since the pond has joined the program.

Phosphorus is the limiting nutrient for plant and algae growth in New
Hampshire's freshwater lakes and ponds. Too much phosphorus in a
pond can lead to increases in plant and algal growth over time. The
median summer total phosphorus concentration in the
epilimnion {upper layerf of New Hampshire's lakes and ponds is
L2 uglL. The median summer phosphorus concentration in the
hypolimnion (lower layerf is 14 uglL.

The current year data for the epilimnion and hypolimnion show that
the phosphorus concentration on the June sampling event was much
greater than the state median and similar lake median. Please note
that the pond is typically sampled once per summer for phosphorus
due to a limited lake association sampling budget.

The turbidity and total phosphorus concentration in the hypolimnion
(lower layer) sample was eleaated on the June sampling event and
the turbidity was afso eleaated on the Juty and August sampling
events. Historically, the turbidity and phosphorus levels have been
eleaated in the hypolimnion on most sampling events. This suggests
that the lake bottom is composed of a thick layer of organic material
that is easily disturbed. The presence of a thick organic layer on the
lake bottom (which is likely comprised of decomposed plants and
algae, and also sediment) would also explain the lower dissolved
o>(ygen concentration near the pond bottom.
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Overall, visual inspection of the historical data trend line for the
epilimnion and hypolimnion shows a fluctuating, but overall
increasing (meaning uorsening| phosphorus trend since
monitoring initially began in 1989.

Please keep in mind that these trends are based on limited data as
the pond was not sampled during 7996 through 2000 and has only
been sampled per year for phosphorus during2OO2 through 2005.

One of the most important approaches to reducing phosphorus
loading to a waterbody is to continually educate watershed residents
about its sources and how excessive amounts can adversely impact
the ecologr and value of lakes and ponds. Phosphorus sources within
a lake or pond's watershed typically include septic systems, animal
waste, lawn fertrTizer, road and construction erosion. and natural
wetlands.

Tesr,s INtpRPREratroN

Table 2 (Appendix B) lists the current and historical phytoplankton
species observed in the pond. specifically, this table lists the three
most dominant phytoplankton species observed in the sample and
their relative abundance in the sample.

The dominant phytoplankton species observed in the July sample
w er e Dinob ry on ( golde n -b rown f , Chry s o sphaerella ( golde n -brown f ,
and Peridinium (diatomf .

Phytoplankton populations undergo a natural succession during the
growing season (Please refer to the "Biological Monitoring Parameters"
section of this report for a more detailed explanation regarding
seasonal plankton succession). Diatoms and golden-brown algae are
typical in New Hampshire's less productive lakes and ponds.

A small amount of tl'e cyanobacterium Anabaenol was observed in
the July plankton sample. This species, if present in large
amouttts, can be toxic to livestock, wildlife, pefc,, and humsns.
(Please refer to the "Biological Monitoring Parameters" section of this
report for a more detailed explanation regarding cyanobacteria).

Cyanobacteria can reach nuisance levels when phosphorus loading
from the watershed to surface waters is increased (this is often
caused by rain events) and favorable environmental conditions occur
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(such as a period of sunny, warm weather).

The presence of cyanobacteria serves as a reminder of the
lake's/pond's delicate balance. Watershed residents should continue
to act proactively to reduce nutrient loading to the pond by
eliminating fertllizer use on lawns, keeping the pond shoreline
natural, re-vegetating cleared areas within the watershed, and
properly maintaining septic systems and roads.

In addition, residents should also observe the pond in September and
October during the time of fall turnover (lake mixing) to document
any algal blooms that may occur. Cyanobacteria have the ability to
regulate their depth in the water column by producing or releasing
gas from vesicles. However, occasionally lake mixing can affect their
buoyancy and cause them to rise to the surface and bloom. Wind
and currents tend to "pile" cyanobacteria into scums that accumulate
in one section of the pond. If a fall bloom occurs, please collect a
sample (any clean jar or bottle will be suitable) and contact the VLAP
Coordinator.

Table 4: pH
Table 4 (Appendix B) presents the in-lake and tributaqr current year
and historical pH data.

pH is measured on a logarithmic scale of 0 (acidic) to 14 (basic). pH
is important to the survival and reproduction of fish and other
aquatic life. A pH below 6.0 limits the growth and reproduction of
fish. A pH between 6.0 and 7.0 is ideal for fish. The median pH value
for the epilimnion (upper layer) in New Hampshire's lakes and ponds
is 6.6, which indicates that the surface waters in the state are slightly
acidic. For a more detailed explanation regarding pH, please refer to
the "Chemical Monitoring Parameters" section of this report.

The mean pH at the deep spot this season ranged frorn 6.20 in the
hypolimnion to 6.90 in the epilimnion, which means that the water is
sltghtlg acidic near the lake bottom and approximatelg neutral
near the lake surface.

It is important to point out that the pH in the hypolimnion (lower
layer) was lower (more acidic) than in the epilimnion (upper layer).
This increase in acidity near the lake bottom is likely due the
decomposition of organic matter and the release of acidic by-products
into the water column.
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Due to the presence of granite bedrock in the state and acid
deposition (from snowmelt, rainfall, and atmospheric particulates) in
New Hampshire, there is not much that can be done to effectively
increase pond pH.

Table 5: Acid Neutralizing Capacity
Table 5 (Appendix B) presents the current year and historical
epilimnetic ANC for each year the pond has been monitored through
VLAP.

Buffering capacity (ANC) describes the ability of a solution to resist
changes in pH by neutralizing the acidic input. The median ANC
value for New Hampshire's lakes and ponds is 4.9 rrnglL, which
indicates that many lakes and ponds in the state are at least
"moderately vulnerable" to acidic inputs. For a more detailed
explanation, please refer to the "Chemical Monitoring Parameters"
section of this report.

The mean Acid Neutralizing Capacity (ANC) of the epilimnion (the
upper layer) was 6.1 mgll- this season, which is slightlg greater
than the state median. In addition, this indicates that the lake/pond
is moderatelg trulnerable to acidic inputs (such as acid
precipitation).

Table 6 (Appendix B) presents the current and historical conductivity
values for tributaries and in-lake data. Conductivity is the numerical
exprgssion of the ability of water to carry an electric current (which is
determined by the number of negatively charged ions from metals,
salts, and minerals in the water column). The median conductivity
value for New Hampshire's lakes and ponds is 4O.O uMhos/cm. For
a more detailed explanation, please refer to the "Chemical Monitoring
Parameters" section of this report.

The mean annual conductivity in the epilimnion at the deep spot this
season was 76.5O uMhoslcm, which is greater than tl;re state
median.

The conductivity has increased in the pond and tributaries since
monitoring began. Typically, sources of increased conductivity are
due to human activity. These activities include septic systems,
agricultural runoff, and road runoff (which contains road salt during
the spring snow melt). New development in the watershed can alter
runoff patterns and expose new soil and bedrock areas, which could
contribute to increasing conductivity. In addition, natural sources,
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such as iron and manganese deposits in bedrock, can influence
conductivity.

we recommend that your monitoring group conduct a shoreline
conductivity survey of the lake and the rnlet tributary to help
pinpoint the sources of eleaated conductivity.

To learn how to conduct a shoreline or tributary conductiuitg surueA,
please refer to the 2OO4 "Special Topic Article" or conta.ct the VLAp
Coordinator.

It is possible that de-icing materials applied to nearby roadways
during the winter months may be influencing the conductivity in the
lake/pond. In New Hampshire, the most commonly used de-icing
material is salt (sodium chloride).

Therefore, we recommend that the epilimnion (upper layer) and the
rnlet be sampled for chloride next season. This sampling may help
us pinpoint what areas of the watershed which are contributing to the
increasing in-lake conductivity.

Please note that there uill be an a.dditional cost for each of the chloride
samples and that these samples must be analgzed at the DES
laboratory in concord. In addition, it is best to conduct chlorid,e
sampling in the spring as the snow is melting and during rain euents.

Table 8 (Appendix B) presents the current year and historical total
phosphorus data for in-lake and tributary stations. phosphorus is
the nutrient that limits the algae's ability to grow and reproduce.
Please refer to the "Chemical Monitoring Parameters" section of this
report for a more detailed explanation.

The total phosphorus concentration was eleaated in the rnlet and
Outlet sample on the Julg sampling event (29 and ZS ug/L,
respectiuelg). The turbidity of these samples was also eleaated
(3.52 and 7.O6 JYlUs, respectiaelg/. These stations have had a
history of elevated. and fTucfitating total phosphorus and turbidity
concentrations which suggests that erosion is occurring in the
watershed. we recommend that your monitoring group conduct a
stream survey and storm event sampling along the rnlet so that we
can determine what may be causing the elevated levels.

For a detailed explanation on hou to conduct rain euent sampling,
please refer to the 2002 VLAP Annual Report "special ropic Article" or
contact the VLAP Coordinator.
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Table 9 (Appendix B) shows the dissolved o>rygen/temperature
profile(s) for the 2005 sampling season. Table 10 (Appendix B) shows
the historical and current year dissolved o>qygen concentration in the
hypolimnion (lower layer). The presence of dissolved o)$/gen is vital to
fish and amphibians in the water column and also to bottom-dwelling
organisms. Please refer to the "Chemical Monitoring Parameters"
section of this report for a more detailed explanation.

The dissolved o>{ygen concentration was greater than LOO/o
saturation at 4, 7, and 8 meters at the deep spot on the July
sampling event. Wave action from wind can also dissolve
atmospheric o>(ygen into the upper layers of the water column.
Layers of algae can also increase the dissolved oxygen in the water
column, since o>cygen is a by-product of photosynthesis. Considering
that the depth of the photic zone (depth to which sunlight can
penetrate into the water column) was approximately 4.2 meters on
this date (as shown by the Secchi-disk transparency), and that the
metalimnion (the layer of rapid decrease in water temperature and
increase in water density - a place where algae are often found) was
located between approximately 6 and 1O meters, we suspect that an
abundance of algae in the metalimnion caused the o>(ygen super
saturation.

During this season, and many past sampling seasons, the lake/pond
has had a lower dissolved oxygen concentration and a higher total
phosphorus concentration in the hypolimnion (lower layer) than in
the epilimnion (upper layer). These data suggest that the process of
internal phosphottts loading is occurring in the lake/pond. When
o>(ygen levels are depleted to less tfran l rnglL in the hypolimnion (as
it was this season and in many past seasonsf , the phosphorus that
is normally bound up with metals in the sediment may be re-released
into the water column. Since an internal source of phosphorus in the
lake/pond may be present, it is even more important that watershed
residents act proactively to minimize phosphorus loading from the
watershed.

The DES biologist visit has conducted the temperature/dissolved
o>rygen profile in June or July since monitoring began. We
recommend that the annual biologist visit for the 2006 sampling
season be scheduled during August so that we can determine if
oxygen is depleted in the hypolimnion later in the sampling season.
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Table 11 (Appendix B) lists the current year and historical data for in-
lake and tributary turbidity. Turbidity in the water is caused by
suspended matter, such as clay, silt, and algae. Water clarity is
strongly influenced by turbidity. Please refer to the "Other Monitoring
Parameters" section of this report for a more detailed explanation.

As discussed previously, the turbidity of the epilimnion, Inlet, and
outlet samples was eleaated on the June sampling event. This
suggests that a rainstorm may have recently contributed sediment-
laden stormwater runoff to the lake and/or an atgal bloom had
occurred in the lake.

Table 12 lists only the historical data for bacteria (E.cotfi testing.
(Please note that Table 12 now lists the maximum and minimum
results for all past sampling seasons.) E. coli is a normal bacterium
found in the large intestine of humans and other warm-blooded
animals. E.coli is used as an indicator organism because it is easily
cultured and its presence in the water, in defined amounts, indicates
that sewage MAY be present. If sewage is present in the water,
potentially harmful disease-causing organisms MAy also be present.

It should be noted that bacteria sampling was not conducted this
year. If residents are concerned about sources of bacteria such as
failing septic systems, animal waste, or waterfowl waste, it is best to
conduct E. coli testing when the water table is high, when beach use
is heavy, or immediately after rain events.

This table lists the most current sampling season results. Since the
maximum, minimum, and annual mean values for each parameter
are not shown on this table, this table displays the current year *raw,,
(meaning unprocessed) data. The results are sorted by station, depth
zone (epilimnion, metalimnion, and hypolimnion) and parameter.

As of the spring of 2oo4, all historical and current year VLAp data are
included in the DES Environmental Monitoring Database (EMD). To
facilitate the transfer of VLAP data into the EMD, a new station
identilication system had to be developed. while volunteer
monitoring groups can still use the sampling station names that they
have used in the past (and are most familiar with), an EMD station
name also exists for each VLAP sampling location. For each station
sampled at your lake or pond, Table 15 identifies what EMD station
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name corresponds to the station names you have used in the past
and will continue to use in the future.

Dere Quer,rrv Assunencs anp Conrnor,

Annual Assessment Audit:

During the annual visit to your pond, the biologist conducted a
"Sampling Procedures Assessment Audit" for your monitoring group.
Specifically, the biologist observed the performance of your monitoring
group while sampling and filled out an assessment audit sheet to
document the ability of the volunteer monitors to follow the proper field
sampling procedures (as outlined in the VLAP Monitor's Field Manual).
This assessment is used to identify any aspects of sample collection in
which volunteer monitors fail to follow proper procedures, and also
provides an opportunity for the biologist to retrain the volunteer monitors
as necessary. This will ultimately ensure that the samples that the
volunteer monitors collect are truly representative of actual lake and
tributary conditions.

Overall, your monitoring group did an excellentjob collecting samples
on the annual biologist visit this season! Specifically, the members of
your monitoring group followed the proper field sampling procedures and
there was no need for the biologist to provide additional training. Keep
up the good work!

Sample Receipt Checklist:

Each time your monitoring group dropped off samples at the laboratory
this summer, the laboratory staff completed a sample receipt checklist to
assess and document if the volunteer monitors followed proper sampling
techniques when collecting the samples. The purpose of the sample
receipt checklist is to minimize, and hopefully eliminate, future re-
occurrences of improper sampling techniques.

Overall, the sample receipt checklist showed that your monitoring group
did an excellentjob when collecting samples and submitting them to the
laboratory this season! Specifically, the members of your monitoring
group followed the proper field sampling procedures and there was no
need for the laboratory staff to contact your group with questions, and no
samples were rejected for analysis.
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www. des. state.nh.us / factsheets / sp / sp-4. htm.

Soi/ .Erosion and Sediment Control on Construction sites, NHDES Fact
Sheet WQE-6, (603) 27I-2975 or
www. des. state. nh.us / factsheets /wqe / wqe- 6. htm.

Through the Looking Glass: A Field Guide to Aqtatic Plants, North
America5r Lake Management Society, 1988, (608) 233-2836 or
www.nalms.org.

Weed Watchers: An Association to Halt the Spread of Exotic Aqtatic
Plants, NHDES Fact Sheet WD-BB-4, (603) 27I-2975 or
www. des. state.nh.u s / factsheet s / bb / bb- a.htm.

WatersLrcd Di"stricts and Ordinanceq NHDES Fact Sheet WD-WMB-16,
(603) 27 I -297 5 or www. des. state.nh.us / factsheets / wmb / wmb- 1 6. htm.
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Flgure 2. Monthly and Historical Transparency Results
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Table I
CLOUGH POND

LOUDON
ll-a results (m 3) for current and historical sam

Station I.D Station Name Year Minimum Maximum Mean
CLC )LOUD CLOUGH POND-DEEP SPOT I 989 4.36 7.23 5.59

I 990 l.54 1.54 r.54
r99l 3.22 8.20 5.81

1992 4.38 8.39 5.84
r993 3.82 t2.51 7.20
1994 3.82 t0.t7 6.92
1995 2.51 5.81 3.80

2002 4.20 9.15 6.68
2003 6.43 6.43 6.43

2004 4.50 4.60 4.s5
2005 7.33 t4.33 10.94



Tzhle2.
CLOUGH POND

LOUDON

Date of Sample

6t29n989

7/r7/1990

7t17/1991

7/23/1992

7tr6/1993

7/20/1994

712611995

7/2/2002

6/10/2003

7/2r/2004

Phytopllnkton species and relative percent abundance.

Summarly for current and historical sampling seasons.t-
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Table 3
CLOUGH POND

LOUDON
Summary of current and historical Secchi Disk Transparency results (in meterrs).

Station Name
LOLOUD LOUGH POND-DEEP SPOT

3-1



Table 4

CLOUGH POND
LOUDON

pH summary for current and historical sampling seasons. Values are in units, listed by station, depth and year.

- 

:
Station Name Denth Zone Year Minimum Maximum Mean

lcI-oucH 

PoND-DEEP sPor

I

I

EPILIMNION 1989 7.04 7.25 7,1:;

r99C 7.10 7.r0 7,r(l
r99l 4.43 7.15 6,23i

r992 5.05 6.71 6.141

r993 6.86 7.42 7,l4l
r994 7.03 7.10 7,0i,

t995 6.98 7.02 7,0c1

2002 6.80 6.85 6.83i

2003 6.71 6.71 6.71

2004 6.61 6.83 6.72:.

2005 6.83 6.9s 6.9Ct

HYPOLIMNION 989 6.27 6.51 6.391

990 6.1I 6.1r 6.11

991 6.13 6.40 6.25

992 5.53 6.32 6.0r
993 6.t9 6.32 6.26

994 5.88 6.32 6.12

99s 6.26 6.35 6.31

2002 6.r0 6.16 6.13

2003 6.04 6.04 6.04

2004 6.10 6.1I 6.1I
2005 6.06 6.27 6.20

METALIMNION r989 6.79 7.27 7.,09

I 990 7.06 7.06 7lJ6
t991 6.14 7.25 6.180

t992 o.J) 7.04 6.69

t993 6.6r 6.83 6.'75

1994 6.16 6.93 6.:50

1995 6.75 I.JJ 7.05

2002 6.43 6.52 6.,+8

2003 7.01 7.01 7.01

2004 6.72 7.07 6.90

2005 6.2s 7.16 6.67

4-l



Table 4
CLOUGH POND

LOUDON
pH summary for current and historicat sampling seasons. Values are in units, tisted by station, depth and year.

Station Name Depth Zone Year Minimum Maximum Mean
CLOUGH POND-INLET 989 6.41 6.49 6.4:;

990 6.69 6.69 6.6t)

99 6.70 7.00 6 8i'
992 s.90 6.67 6 3:;

993 6.64 6.87 6.7(i

994 6.17 6.52 6,3i;
995 6.52 6.61 6,5i1

2002 6.94 6.94 6,941

2003 5.99 5.99 s.991

2004 6.39 6.78 6.591

200s 6.36 6.90 6.691
CLOUGH POND-OUTLET I 989 6.52 7.00 6.8Cr

I 990 6.88 6.88 6.88i

r991 6.81 7.r0 6.92

t992 6.50 6.7r 6.59'

1994 6.64 7.16 6.90

1995 6.51 6.96 6.74

2002 6.90 6.90 6.90
2003 6.s7 6.57 6.57

2004 6.32 6.53 6.,13

2005 6.54 7.00 6.73

tan-L



Table 5
CLOUGH POND

LOUDON
Summary of current and historical Asid Nggqslrzlng !4pacity. Values expressed in mpl/I-, as CaCO3.

Station ID Station Name Year Minimum Maximrum Mean
CLOLOUD CLOUGH POND-DEEP SPOT 989 4.9 5.9 5.5

990 6.4 6.4 6.4

991 5.1 12.9 8.0

992 4.5 ).1 4.8

993 6.2 6.4 6.3

994 6.3 7.4 6.8

99s 5.8 7.5 6.7

2002 5.3 6.1 5.7
2003 5.5 5.5 5.5

2004 4.6 6.3 5.5

2005 5.9 6.5 6.1

5-l



Table 6

CLOUGH POND
LOUDON

Specific conductance results from current and historic sampling seasons. Results in urylhos/cm.

itation Nanne Denth Zone Year Minimum Maximum Mean
LOUGH POND-DEEP SPOT EPILIMNION I 989 47.84 49.80 48.9r

r990 53.20 53.20 53.20

t991 s0.00 51.50 50.73

1992 49.50 s3.20 51.93

r993 51.90 59.40 54.50

1994 54.40 55.00 54.67

1995 54.20 s5.40 54.70

2002 55.73 63.85 s9.79

2003 72.38 72.38 72.38

2004 72.09 76.t\ 74.10

2005 71.20 84.1 6 76.50
HYPOLIMNION r 989 50.20 59.00 53.57

I 990 52.50 52.50 52.50

t99l 51.40 54.90 52.87

992 46.10 s6.40 52.33

993 63.90 74.90 68.53

994 59.70 68.90 63.33

995 55.60 63.90 60.93

2002 59.49 64.92 '62.21
2003 80.66 80.66 180.66

2004 76.05 89.36 'i82.71

200s 90.03 112.60 97.85

METALIMNION 989 47.20 47.90 ,+7.57

990 s3.80 53.80 :53.80

991 49.80 52.20 :51.37

992 45.90 52.70 :i0.10

993 48.30 59.80 :i3.30
994 50.40 55.50 :t3.43

99s 54.20 55.30 :i4.60

2002 53.47 60.t2 :t6.80

2003 66.52 66.52 1i6.52

2004 71.70 74.27 ',72.99

2005 73.17 83.86 ',77.47

6-"1



Table 6

CLOUGH POND
LOUDON

Specific conductance results from current and historic sampling seasons. Results in uNlhros/cm.

Station Narne Depth Zone Year Minimum Maximum Mean
CLOUGH P'OND-INLET l 989 34.10 38.00 36.20

l 990 40.50 40.50 40.50
r99l 44.50 49.60 47.77

r992 26.80 48.40 36.90

1993 43.10 51.80 47.45

1994 3s.30 45.30 40.30
1995 40.20 s3.90 47.05

2002 62.93 62.93 62.93

2003 29.05 29.05 29.05

2004 64.60 76.12 70.36

2005 52.15 84.31 67.81
CLOUGH POND-OUTLET 989 36.30 50.00 45.03

990 53.00 53.00 53.00

991 49.60 55.30 51.97

992 50.00 58.90 54.33

993 51.50 51.50 51.50

994 55.70 57.00 56.35

99s 55.40 61.10 s8.25

2002 62.84 62.84 62.84

2003 74.77 74.77 74.77

2004 76.3s 83.87 80.1 1

2005 71.67 89.68 '78.56

o-z



Table 8

CLOUGH POND
LOUDON

Summary of historical and current sampling seasons for Total Phosphurus data. Results in ugl1,

Station ID Station Name Deoth Year Minimum Maximum Mean
ICLOUGH POND-DEEP SPOT EPILIMNION I 989 J l0 6.7

1990 8
(,
() 8.0

1991 8
()
o 8.0

1992 9 t) 9.0
1993 7.0
1994 l8 18 18.0

r995 7 'tl 7.0
2002 ) l6 10.5

2003 ll ll I 1.0

2004 t1 ll I 1.0

2005 25 25 25.0
HYPOLIMNIO} 1989 ll 53 31.7

1990 19 l!) 19.0

t991 29 2t) 29.0
t992 21 2l 21.0

t993 36 315 36.0
1994 22 2'.2 22.0

1995 28 2t3 28.0

2002 30 4l) 39.5

2003 29 2l) 29.0

2004 t5 l:t r 5.0
2005 36 3ti 36.0

METALIMNIOl I 989 IJ r',7 15.3

1990 t2 ttl t2.0
1991 14 l4 14.0

t992 l7 t',1 17.0

t993 8 8 8.0

1994 l5 :) 15.0

1995 t2 t2.0
2002 l3 B 15.5

2003 15.0

2004 l4 1l 14.0

2005 27 2il 27.0
TIILOLOUI CLOUGH POND-INLET 1989 38 A',1 42.0

1990 38 3ti 38.0

t99l 71 71 71.0

1992 5t 5l 5 1.0

1993 65 65; 65.0
1994 96 96; 96.0
2002 5 5 ).u
2003 39 {U 39.0
2004 l) l5 15.0

8-1



Table 8

CLOUGH POND
LOUDON

Sumrnary of historical and current sampling seasons for Total Phosphurus data. Resultsi in ug/L.

Station ID Station Name Depth Year Minimum Maxi.mum Mean
CLOLOUI ]LOUGH POND-INLET 2005 29 29 29.0
CLOLOUO CLOUGH POND.OUTLET r989 45 18.7

1990 l7 17 t7.0
r99l 28 28 28.0

r992 7 ,'|
7.0

1994 T4 I4 14.0

2002 6 6 6.0
2003 17 t7 17.0

2004 47 47 47.0
2005 45 45 45.0

8-2



Table 9
CLOUGH POND

LOUDON
n and tem

Station ID Station Name Date Depth
(m)

DO
(mg/L)

DO Sat
(%)

Temp
(Deg C)

ICLOLOUD CLOUGH POND-DEEP SPOT 107/rt/200s 0.1 7.82 92.3 23.6

1.0 7.82 92.3 23.6

2.0 7.84 92.5 23.6

3.0 8.01 93.r 22.8

4.0 9.86 103.4 17.6

5.0 7.89 90.5 22.2

6.0 9.33 97.0 17.2

7.0 13.15 t2t.',1 I 1.9

8.0 12.68 I12.tl 10.0

9.0 5.18 43.8 8.0

0.0 1.15 9.4 6.6

1.0 0.38 3.1 5.8

2.0 0.34 2.7 5.5

3.0 0.34 2.7 5.1

4.0 0.37 2.9 5.0

5.0 0.40 3.2 4.9

6.0 0.44 3.5 4.8

6.5 0.s2 4.1 4.8

9-1



Table 10
CLOUGH POND

LOUDON
Historic Hypolimnion dissolved oxygen and temperature data.

Station ID Station Name Sample Date Depth
(m)

DO
(mg/L)

DO Sat
("/o)

Temp
(Deg C)

CLOLOUD CT,OUGH POND.DEEP SPOT 06129t1989 3.0 0.0 0.0 6.0

07/17/1990 3.0 no 7.1 5.5

07/lt/1991 4.0 0.0 0.0 5.0

07/23/1992 2.0 0.1 0.8 6.3

07/16/1993 4.) 0.3 2.0 5.8

07120/1994 5.0 0.2 1.0 6.2

07/26/1995 6.0 0.2 2.0 ).)
0710212002 6.0 u.) 4.5 6.8

06/r0/2003 6.5 0.4 3.0 6.2
07/2U2004 7.0 0.7 5,8 5.5

07/11/2005 6.5 0.5 4,1 4.8

10-1



Table 11
CLOUGH POND

LOUDON
Ilummarv of current year and historic turbiditv sampling. Results are in NTllIs.

Jtation Nanre Depth Zone Year Minimum Maximum Mean
CLOUGH POND-DEEP SPOT EPILIMNION 2002 0.97 0.97 0.97

2003 0.96 0.96 0.96

2004 0.71 1.21 0.96
2005 0.69 3.13 1.56

HYPOLIMNION 2002 4.43 4.43 4.43
2003 4.30 4.30 4.30

2004 3.03 6.s7 4.80

2005 3.l8 4.96 4.00
METALIMNION 2002 2.92 2.92 2.92

2003 1.54 r.54 1.54

2004 |.39 r.68 r.54
2005 0.82 t.73 t.20

OLOUGH POND-INLET 2002 L01 1.01 l.0l
2003 3.50 3.50 3.50

2004 l.l0 1.38 1.24

2005 0.63 3.52 r.65
LOUGH POND-OUTLET 2002 2,07 2.07 2.07

2003 8.58 8.58 8.58
2004 0.96 24.00 12.48

200s 0.93 7.06 3.24

t 1-1



Table 12

CLOUGH POND
LOUDON

Summary of current year and historic E. coli data. Results are in Counts/l0Oml.

srarton lu I Station Name Year MinimLum Maximum
CLOLOU-GE}.I ICLOUGH POND.GENERIC 2002 0 0

12,1
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Table 15
SAMPLING STATONS

CLOUGH POND

LOUDON

Station ID Jtation Name Depth Zone
]LOLOU.CiEN LOUGH POND-GENERIC
CLOLOUD ]LOUGH POND-DEEP SPOT SOMPOSI'IE

]LOUGH POND-DEEP SPOT ]PILIMNION
]LOUGH POND-DEEP SPOT {YPOLIM\ION
]LOUGH POND-DEEP SPOT \4ETALIMNION
]LOUGH POND-DEEP SPOT

]LOLOUI LOUGH POND-INLET
]LOLOUO LOUGH POND-OUTLET

15-1
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Appendix D: Special Topic



SPECIAL TOPIC ARTICLE
2005

Lake Foam - Natural or caused by Laundry Detergent?

I,akeshore property owners are often concerned when foam appears on their beach or
they observe large patches of foam on the lake. However, ttroJffoa* observed in lakes
and streams is a product of nature; foam is not necessarily an indicator of pollution.
Small trout streams, for example, often have naturally occurring pools of foam where
fish will hide.

What causes the of surface waters on lakes?
The foaming of surface
waters on lakes is not
a new phenomenon. It
is a natural process
that has been going on
for a long time. Foam
is created when the
surface tension of
water (attraction of
surface molecules for
each other) is reduced
and the air is mixed
in, forming bubbles.
Man-made agents can
also reduce surface
tension.

All lakes contain organic matter, such as algae and plants, and when these decompose
they release cellular products (surfactants) into the water, reducing the "uif"".tension. Windy conditions result in waves that agitate this surface agent, thus
transforming it into sudsy white foam. Currents and boats also mix aii wittr ttre
organic compounds present in the lake to produce foam.

During the 1950s through the 1970s, many communities experienced unnatural foam
problems in waterbodies. This foam was caused by synthetii laundry detergents that
were highly resistant to chemical breakdown and were only slowly degradable (broken
down by bacteria). New Hampshire now makes it mandatory that all cieaning
products sold in the state must be biodegradable and phosphate-fiee. Only automatil
dish detergent is exempt from the phosphate-free requirement. A material is
considered biodegradable if it a "material that, left to itself, will be decomposed by
natural processes."

D-1



SPECIAL TOPIC ARTICLE
2004

where is lake foam found and what does it look rike?
The foam will frequently form parallel streaks in the open water, caused. by wind-induced surface currents. It will also collect in large quantities on windward. shores,
coves, or in eddies. Natural foam has a somewhatirtlfry fishy aroma and may havean off-white, tan, or brown color. Detergent foam in contrast will have a noticeable
perfume smell, and is usually whiter in color.

Testing Lake Foam: Is it from natural sources or laundry detergent?
optica] brighteners, dyes used to make clothes appear whiter andlrighter, are foundin most laundry detergents used in the United St"t.". Although optical brighteners
are not actually harmful to the water itself, their presence in 

"u.fa". waters indicatesthat there is laundry detergent seepage into the water. This could mean thatwastewater flowing into the waterbody is being inadequately treated, possibly due to a
flti.t$ septic system or a complete lack of a'irastewater treatment system altogether.Untreated wastewater may not only contain optical brighteners, bui pollutanti from
the home such as phosphorus and nitrogen a.rd househo.-ld cleaning chemicals.

If you suspect that laundry detergent may be leaking into a surface water, there are
l-o DES-approved sampling procedures you can follow to determine if optical
brighteners are present in the water, as follows:

Procedure 1: Simple foam collection and analysis
If you observe foam along the shoreline or in a tributary, simply fill a clean jar with thefoam and surface water and submit it to the DES Limnolog, Center foi an optical
brighteners test. In the Limnologr Center, a biologist will "o.t un untreated cotton
pad- in the sample and then will place the cotton sample, a standard, and a blank
under a black light. If the cotton pad with the sampl. hrro..""es, this indicates that
optical brighteners a-re present in the surface water. It is important to point out thatthe cotton pads used in this procedure are specially obtained to assur. fh"t they have
not been in contact wifh anv detergents or optical brighteners.

This is the simplest and quickest procedure to test for optical brighteners in a surface
water; however, this method may not accurately depict the conditions in the stream if
the concentration of optical brighteners is exceptionally dilute, or laundry detergent is
flowing into the waterbody but foam is not present.

Procedure 2: Prolonged exposure
This option requires you to immerse untreated cotton pads in stream along the
shoreline for an extended period of time. This will provide the cotton the gre=atest
potentiai to absorb optical brighteners that may be leaching into the surface water
without producing foam or may be leaching into the water during times when you are
not able to observe the presence of foam. This method is most suitable for streams.
storm drains, pipes, and catch basins.

D-2



SPECIAL TOPIC ARTICLE
2005

1. obtain a supply of untreated cotton and laboratory gloves. you can
acquire these items via vwR Graphics (8s6-467-26o0) or by contacting
the VLAP Coordinator (603-271-2658). You must wear gloves whenever
you handle the cotton. Do not touch the cotton with your bare
fingers and do not let the cotton brush up against your clothes.

once you have obtained the appropriate cotton, you will need to
construct or obtain a simple trap to hold the cotton in place while in the
water. This can be made with a PVC pipe that is two inches in diameter
and approximately six to eight inches long, or by obtaining a rigid plastic
cage. If using a PVC pipe, stretch the cotton across one end of the pipe to
the other and then secure it with a rubber band or metal clamp. If using
a plastic cage, make sure that the holes in the cage are small enough so
that the cotton will not escape. (Again, please remember to wear
gloves while handling the cotton and do not let it touch your
clothes!f

2.

3. Attach a wire or fishing line to the
pipe or plastic cage. This will hold
the trap in place at the testing site.
It can be tied to a rock, branch,
roots, dock, or anything else at the
site that will keep it fixed. If using a
pipe, the end of the pipe with cotton
on it should be facing upstream
against the direction of flow, and it
should not be touching the bottom
of the stream.

4. Keep the cotton in the waterbody for seven days.

5. After seven days, put on sterile gloves (make sure these gloves have not
been in contact with laundry detergent!) and remove the cotton. If there
is any sediment on the cotton, sirnply rinse the cotton in the surface
water. Place the cotton in a plastic bag (making sure to keep it out of
direct sunlight), and bring it to the DES Limnologr Center as soon as
possible for testing.

Additional Questions
If you have any additional questions about lake foam, or the optical brighteners
sampling procedures, please do not hesitate to contact the VLAP Coordinator, at (603)
271-2658.

Sources:
www. epa. gov/owoilmonitoring/volunteer/newsletter/volmon I I no2.pdf
www. longwood. edu/cleanva/images/Sec5. opticalbri ghtlesson.pdf
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STATISTICAL ANALYSIS
2005

STATISTICS FOR HISTORICAL TREND ANALYSIS

For those lakes and ponds that have participated in VLAP for at least 10 consecutive
years, we are now analyzing the in-lake data with a simple statistical test. The test is
used to determine if there has been a significant change in the annual mean value for
the three major sampling parameters during the period that the lake/pond has been
sampled in VLAP. Specifically, we are using a linear regression line and reg"ession
statistics to determine if there has been an increase or decrease of the annual mean
for chlorophyll-a, Secchi-disk transparency, and total phosphorus. Since this is a new
addition to the VLAP annual report, we would greafly ippreciate any feedback or
comments that you can provide. Statistical analysis can be confusing, so please let us
know if the analysis or explanation is difficult to understand.

Wnar enp sterrstrcs?

A statistical test provides a mechanism for making an objective, not subjective,
decision about a process. The intent of a statistical test is to determine whether there
is enough evidence to "reject" a hypothesis about the process. In the past, we have
evaluated the data by "eyeing" (looking at) the trendline to determinJ if an overall
increase or decrease in water quality for these parameters has occurred. This
statistical test will allow mathematic equations to determine if there has been a
change over time.

How wrr,r, stetrsrrcs gp uspp ru VLAP?

For VLAP, we are using a simple linear regression statistical test to determine if there
is enough evidence to "reject" the null hypothesis that the annual mean value for the
water quality parameter of interest (chlorophyll-a concentration, Secchi-disk
transparency, or total phosphorus concentration) has not changed during the time
that that lake/pond has been sampled in VLAP. If there is enough evidence to "reject"
the null hypothesis, then we will accept the alternative hypothesis, which s"y" that
the mean value has changed (either increased or decreased) during the time that the
lake/pond has been sampled in VLAP.

Ho (the null hypothesis): The annual mean value for the water quality
parameter of interest (either chlorophyll-a concentration, Secchi-disk
transparency, or total phosphorus concentration) has not changed during the
time that the lake/pond has been sampled in VLAP.

Ha (the alternative hypothesis): The annual mean value for the water quality
parameter of interest (either chlorophyll-a concentration, Secchi-disk
transparency, or total phosphorus concentration) has changed (either increased
or decreased) during the time that the lake/pond has been sampled in VLAp.
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Srcnrrrcercp Lpvpr,s

We want to know if the null hypothesis (that the annual mean value for the water
quatity parameter of interest has not changed over time) is "true" or "false", which is
why we are "testing" it. The alternative hypothesis (that the annual mean value for the
water quality parameter of interest has changed over time) might be true. The
procedure to "test" the null hypothesis is constructed so that the risk of "rejecting" t]re
null hypothesis, when it is in fact "true", is relatively small. The risk is referredlo ""the significance level of the "test'. By having a significance level for the "test',, we feel
that we have actually "proved" something when we reject the null hypothesis.

For VLAP we are using a significance level of 0.05, which implies that the null
hypothesis is only "rejected" 5o/o of the time, when it is in fact "trud'. Specifically, this
means that only 5o/o of the time, we will be claiming that the annual mean value of the
water quality parameter of interest has changed over time, when, in reality, it has not
changed over time. Or, stated in another way, this means that we are 95Zo confident
when we "reject" the null hypothesis that the annual mean value of the water quality
parameter of interest has changed over time.

How Do wE DETERMTNE IF THE iluLL HyporHEsls Is,,TRuE', oR,,FALSE"?

To determine if the null hypothesis is "true" or "false" we look at a_probability value.
The probability value (p-valuef of a statistical hypothesis test is the probability of
getting a value of the test statistic as extreme or more extreme than that observed by
chance alone, if the null hypothesis, is true. The p-value is compared with th;
significance level, and, if it is smaller, the result of the "test" is signifrcant. Small p-
values suggest that the null hypothesis is unlikely to be true. The smaller the p-value
is, the more convincing the "rejection" of the null hypothesis is.

Specifically, for VLAP, since we are using a significance level of 0.05, this means that if
the p-value is less than 0.05, we will "reject" the null hypothesis (that the annual
mean value of the water quality parameter of interest has not changed over time). If
we "reject" the null hypothesis, then we will accept the alternative hypothesis (that the
annual mean value of the water quality parameter of interest has changed over time).
Again, the smaller the p-value is, tJre more convincing the "rejection" of the null
hypothesis is.

p-value Action
sreater than 0.05 "fail to reiect" the null hvpothesis
Iess than 0.05 "reject" the null hypothesis and

"acceptn the alternative hvpothesis
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If we "reject" the null hypothesis and conclude that the annual mean value for the
water quality parameter of interest has changed since VLAP sampling began, then we
will need to determine if the change over time has been an "indrealin{trend,' or a
"decreasing trend". To determine this, we look at the regression coefficient that is
assigned to the "x" variable, which is actually the slope of the regression line. If the
"x" variable coefficient is negative (less than O), then this indicates that tJ:e change in
the annual mean value of the water quality parameter of interest with r6spect totme
is "decreasing". If the "x" va.riable (slope of the regression line) is positivL, then this
indicates that the change in the annual mean value of the water quality parameter of
interest with respect to time is "increasing".

"x" variable coefflclent (slope
ofthe regresslon linel

Tiend Interpretation

negative (less than 0) decreasing trend
positive (greater than 0) increasing trend

How po wp xlgow rttp stRtlvcrH or rHp tRtltp?

If we have "rejected" the null hypothesis and have concluded that the annual mean
value for the water quality parameter of interest has changed since VLAP sampling
began, and we have also determined if the change over time has been an "increasin!
trend" or "decreasing trend", then we will want to know how strong of an increase oi
decrease this trend is. The strength of the trend can be reported as a percent change
over time. ' To calculate the percent change in time for the water quality parameter of
interest, we divide the slope of the regression line (the regression coeifitient that is
assigned to the "x" variable) by the mean value of the water quality parameter of
interest over time. (To calculate the mean value over time, we sirnply add together the
annual mean value for the water quality parameter of interest for each sampling
season, and then divide this total by the number of years the lake/pond has Ue.rt
sampled in VLAP.) This number represents the percent change in ttre water quality
parameter interest over time. The larger the percent change over time for the watei
quality parameter of interest indicates the greater the strength of the trend.

As an example, let's discuss the historical chlorophyll-a data frornKezar Lake in North
Sutton:

We inputted the historical data from 1988 to 2OQI for the chlorophyll-a
concentration into the computer software program, and the results of the
regression gave a p-value of o.oo7, which is less than 0.05, so we
"reJected" the null hypothesis and caccepted' the alternative hypothesis,
which says that the chlorophyll-a concentration has changed over time.
Since the coefficient of tfre *x' variable (slope of the regression linef is
"- 0.992", w€ know tllat the change in the annual mean chlorophyll-a
concentration since the lake has been sampled is a decrease.

1.

2.
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3' Now we want to know how strong the decrease is, so we calculate thepercent change in the annual mean chlorophylt-a concentration over
time (as shown below):

Sampling Season Mean Annual
Chlorophyll-a
concentration

lms/m3l
1988 12.20
1989 /.cc
1990 9.93
199 I 7.85
1992 5.47
1993 11.3i
t994 8.76
1995 6.73
1996 6.08
1997 3.B4
1998 6.22
t999 7.L3
2000 5.31
200I 5.14

Total
1|qum of annual means) = 103.51
Overall Mean
(Total/number of samplins seasons) = 6.90
"x"-variable coefficient
(slope of regression line) = -o.392
Percent Change over Time
("x" variable coeflicient/Overall mean) x 100 = -5.650/o

4. This calculation shows the average percent change over time is -5.65%.
Specifically, tJris means t.l.at the annual mean chlorophyll-a concentration in
Kezar Lake has decreased on average by s.6svo per year during the
sampling period 1988 - 2OOI. (We know that this is a decrease because
there is a negative sign.)

To determine how much (or how little) of the change in the water quality parameter of
interest is correlated with time, or stated another way, to determine the percentage of
the variability in the water quality parameter of interest that is explained by the
variability in time, we look at the R-squared value. The R-square value is a melsure
of the degree of relationship between two variables ("x" and "y'). (Again, the ,,x',

variable is time (sampling season), and the "y/' variable is the annual mean value of
the water quality parameter of interest.) The R-squared value can have any value
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between "0" arld "+1". An R-squared value of "Ot' indicates that there is no
correlation, meaning that there is no amount of variability in the ,,y" variable (the
water quality parameter of interest) that is explained by the variability in the "x"variable (time). An R-squared value o1 erli indicates that there is a perfect
correlation, meaning that all the variabitty in the "y" variable (the water quality
parameter of interest) is explained by the variability in the "x" variabie (time).

R-squared
value

Relationship between *x', and ,ny" variables

0 no correlatiqn, no variability explained
0to 1 some correlation, some variabiliW explained

1 all variability explained

Let's look at the Kezar Lake data again:

1. We determined the strength of the decrease in the annual mean chlorophyll-
a concentration in Kezar Lake from 1988 to 2OOI by calculating the percenr
change in the annual mean chlorophyll-a concentration ovei time. We
determined that the annual mean chlorophyll-a concentration in Kezat Lake
has decreased on average by approximately s.6s% per year during the
sampling period 1988 - 2OOI.
Now we want to know how much of the 5.6 % decrease is explained by the
variation in time. To do this, we look at the correlation cbefficient (R-
squared valuef that was generated by the regression.
The results of the regression gave an R-squared value of O.46.
This means that approximately half of the decrease in the annual mean
chlorophyll-a concentration is explained by the variation in time. Since the
R-square value is not "1", which would indicate that all of the variability in
the annual mean chlorophyll-a concentration is explained by the variability
in time, this means that there may be other variables that explain the
variability in the chlorophyll-a concentration. These other variables could
be the total phosphorus concentration in the lake or the amount of
precipitation during the summer. We would need to conduct a multiple
variable regression to determine what additional variables account for the
remainder of the variation in the annual mean chlorophyll-a concentration.

2.

4.
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2OO5 VLAP LAKES: SIMILAR GROUPINGS BASED ON LAKE VOLUME AND MAXIMUM DEPTH

Maximum Depth Category Breakpoints = O-lO m; 1O-25 m; >= 25 meters
Volume Gategory BreakpoinG = 1-100,000 m3; ioo,0oo - s,000,000 m3; 5,000,000-5o,o0o,ooo m3; >50,000,000 m3

GROUP 1

Volume=l -<100.000m3

GROUP 2
Volume =
Maximum

100,000 - < 5,000,000 m3

= 0-<10m



GROUP 2 (CONflNUED)
Volume = 100,000 - < 5,000,000 m3
Maximum = 0-<10m

GROUP 3
Volume = 5,000,000 < S0,0OO,0OO m3

GROUP 4
Volume = 1 . < 100.000 m3
Maximum =10-<25m

FLUSHRATE

MaximumDepth= 0-<1Om
TOWil 

.

. ftIEAN
..'. j i ..

DEPTH fm)
WATERSHED

AREA {har.{rret
Flg:ff:r

FRENCH POND HAVERHILL 7.t 43191 50( 12.54 ali c z.:HIGHLANIJ LAKE STODDARD 2.4 697150( 288.14 7692.:
RINDGE 7.t z.l 809350( 2E7.71 5037.\ORTHWOOD LAKE NORTHWOOD 3.1 848800( 271.91 6225.(JROVINCE LAKE EFFINGHAM 4.5 z.a 1 126850( 410.3) 1890.; 1



GROUP 5
Volume= 100,000 . < 5,000,000 m3
Maximum :10-<25m

GROUP 6
Volume = 5,000,000 - < 50,000,000 m3

= 10 - <25 m



GROUP 7
Volume = >= 50,000,000 m3

= 10 - <25 m

GROUP 9
Volume = 5,000,000 . < 50,000,000 m3
Maximum


