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1.0 Introduction
The Churchill Community Foundation, Inc. (the Foundation), contracted Princeton
Hydro, LLC (Princeton Hydro) to conduct a single-event water quality survey to further
assess the existing water quality conditions of Lake Churchill. This action was taken in
response to the poor water quality conditions observed during the 2006 bathymetric and
water quality survey marked particularly by a high density blue-green algae bloom.
Therefore, this report is comparative and will be used in conjunction with the 2006 report
to evaluate whether the water quality conditions observed last year were aberrant or
typical of water quality conditions in Churchill Lake. This report is an important step in
establishing a multi-year database by which to measure water quality metrics over time
and to expand the current understanding of lake ecology.
Water quality was assessed in the lake through four specific survey techniques: the
collection of in-situ water quality data measured with a multi-probe water quality meter,
the collection of water samples for discrete water quality analysis at a third-party
laboratory, a plankton survey of both phytoplankton and zooplankton, and a submerged
aquatic macrophyte survey.
The following sections relate the sampling methodology, a discussion of the choice of
data parameters, the results, and an analysis of water quality at the time of collection and
in comparison to 2006. Recommendations to mitigate water quality and improve lake
ecology, aesthetics, and recreational value are included and are based on the findings of
the last two years’ water quality data. Data tables and graphs will be inserted as
appropriate and included in the report appendices.
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2.0 Methods

2.1 In-situ Water Quality Measurements
In-situ water quality sampling was conducted on August 21, 2007. At the time of
sampling the ambient temperature was in the low 70° F (21°C) range with a light drizzle
continuing from the previous evening. Sampling was conducted at six (6) stations within
the lake and the major tributaries to account for both horizontal spatial variation in water
quality throughout the waterbody, as well as variation with depth (Table 1). Princeton
Hydro utilized a HydroLab 15-meter Quanta Multi-probe water quality sonde and
Hydrolab Surveyor to collect all in-situ data. This instrument was calibrated according to
Princeton Hydro and manufacturer’s standard protocols and New Jersey Department of
Environmental Protection (NJDEP) requirements immediately before data collection on
August 21, 2007. Specifically, the instrument was calibrated for pH, Dissolved Oxygen,
and Specific Conductance. All sampling was conducted in vertical profile throughout the
water column at 0.5 to 1.0 meter intervals.
Table 1: Summary of Sampling Stations
Station ID
2006 Station ID
East End of Lake
IS-1
South Cove
IS-5
Mid-Lake
IS-7
Spillway
IS-8
East Tributary
NA
South Tributary
NA

Temperature
The temperature regime of a lake is a function of ambient air temperatures, lake
morphometry, topographic placement, and various water quality metrics. Temperature is
an important lake parameter and responsible for regulating many chemical and biological
reactions within the lake. One of the most biologically important temperature effects is
the decrease in oxygen solubility with increasing temperature which can lead to the
formation of hypoxic or anoxic dissolved oxygen concentrations (very low dissolved
oxygen concentrations). Other important lake processes, such as biological growth rates,
rates of chemical and biological reactions, the solubility of particulate compounds, and
thermal stratification are also affected by temperature.
Temperature affects lake mixing due to its relationship with water density. Density
steadily increases with decreasing temperature until 4°C (39° F), the temperature at
which fresh water is most dense. During the summer, as one proceeds from the surface to
the bottom of most lakes, temperature will change, and, along with it, density. If the
difference in density is too great along a given depth interval, there will be a tendency for
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these layers of water to resist intermixing. This condition is termed thermal stratification
and is defined as the phenomenon whereby the deep water layers of the lake
(hypolimnion) do not mix with the lake's shallow water layers (epilimnion). The area
delineating these strata is known as the thermocline. Because these layers do not mix, the
rate of atmospheric oxygen diffusion into the lower layer becomes negligible. Under
such conditions, depending on the rate of bacterial respiration and temperature, it is
possible for the deep layer to become oxygen depleted (anoxic) and to remain so until the
density differences are no longer substantial enough to impair mixing.
In the fall, as surface temperatures cool and water temperatures become uniform from
surface to bottom, the density differences between layers are reduced. Stratification
breaks down and the lake experiences "turn-over", or undergoes a "purge". In temperate
lakes of sufficient depth turn-over usually occurs twice annually, once in the spring and
once in the fall. In smaller lakes which do not become stratified, density differences are
usually too slight to impede internal circulation, and these lakes remain constantly mixed.
pH
The pH of water is a common, easily measured parameter. However, the importance and
relevance of this parameter is often not fully appreciated. The pH of water is an
important general water quality indicator because it is a major factor affecting most
chemical and biological reactions.
By definition, pH is a measure of the concentration of free hydrogen ions. The pH of
pure water is 7.0; this is also known as a neutral pH. Salts, acids, and bases are normal
components of natural waters and will result in some deviation in pH from neutral.
Those materials which increase the concentration of hydrogen ions (H+) will decrease the
pH (more acidic), whereas those which decrease the concentration of H+ will increase the
pH (more basic).
Since pH is expressed on a logarithmic scale, each 1 unit change in pH represents a tenfold increase or decrease in hydrogen ion concentration. For example, a pH of 6 is 10
times more acidic than a pH of 7 and 100 times more acidic than a pH of 8. The pH of
normal rainwater (containing no pollutants) is about 5.6. As the rainwater travels over
and through rocks and soil, chemical reactions with minerals affect the pH and buffering
capacity of the water.
Changes in the pH of the lake, as well as being influenced by the addition of salts, acids
and bases, are influenced by photosynthesis and respiration. During photosynthesis,
plants and algae fix soluble carbon dioxide (CO2). As CO2 is fixed the lake's buffering
system is shifted resulting in a decrease in the concentration of H+. This causes the pH to
increase, and the lake to become more basic. Under conditions of excessive productivity,
photosynthesis may elevate the pH to 8 or 9. This is particularly true in soft water lakes
with poor buffering capacity. The complementary biological reaction, respiration, causes
the reverse trend with a reduction in pH. Respiration is the process whereby organic
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matter created through photosynthesis is broken down to supply energy. While bacteria
breaking down plant and algal material are the greatest fraction of respiration in a lake all
organisms including fish, zooplankton, and even plants and algae respire. As organic
matter is broken down CO2 is released as a by-product which reduces pH values.
The pH typically ranges from 6 to 8 in mid-Atlantic temperate lakes. In seepage lakes
which drain calcareous or limestone deposits, pH may be substantially in excess of 9. In
contrast, the pH may be below 5 for lakes which drain igneous deposits and are subject to
the accumulation of acidic runoff and humic substances. Lakes which display wide daily
fluctuations in pH are indicative of a poorly buffered (low alkalinity) system.
Specific Conductance (SpC)
Conductivity is a measure of the ability of water to conduct an electric current and is
dependent on the number of dissolved ions in solution. Conductivity is closely related to,
and highly correlated with, the concentration of dissolved solids and may be treated as a
proxy measure of dissolved solids concentrations. Observed conductivities in lake waters
vary widely, and are largely a function of geology and soils in the watershed.
Conductivity varies significantly with temperature and to a lesser extent with the nature
of the individual ions present. Because temperature has a relatively large effect on
conductivity, conductivity is typically corrected to 25°C and reported as specific
conductance (µmhos/cm @ 25°C (77°F) or milliSiemens/centimeter) to allow direct
comparison of samples collected at different temperatures.
Specific conductance can be used in several capacities in lake studies. Since it is closely
related to dissolved solids concentrations, specific conductance can be used as a
predictive measure of productivity in freshwater systems because dissolved solids are
necessary to support aquatic life forms. Conductivity is also useful in describing lake
communities as waters with varying conductance will support different types of aquatic
organisms. Finally, conductivity can also be a useful measure of pollutants in a lake and
elevated conductance can indicate loading of road de-icing salts and various other
contaminants.
Dissolved Oxygen (DO)
The dissolved oxygen (DO) concentration of a waterbody is an important indicator of the
"health" of a lake. A great amount of information can be obtained solely through the
analysis of this parameter. DO gradients can supply insight into the mixing patterns of
the lake, and, as DO is inherently related to the photosynthetic activity of algae and
weeds, it can supply insight into the productivity of the lake. It also has important
bearing on the physical-chemical properties of the lake and the composition of the lake's
biota.
Dissolved oxygen is supplied to a waterbody through:
(1) the diffusion of atmospheric oxygen into the water and
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(2) the photosynthetic production of oxygen by algae and aquatic weeds.
Respiratory processes, oxidation of inorganic wastes, and the decomposition of organic
matter decrease oxygen concentrations in water.
Usually, a natural gradient exists favoring the diffusion of oxygen from the atmosphere
into water. Agitation of water by wind and waves, such as occurs in the riffles or falls of
a stream, accentuates the diffusion process, and helps distribute oxygen throughout a
waterbody. The solubility of oxygen in lake water is also related to temperature. Oxygen
is more soluble in cold water than in warm water.
The production of oxygen by plants, either algae or aquatic weeds, can greatly affect the
DO concentration of a lake. Oxygen is a metabolic by-product of photosynthesis. Thus,
the more productive a lake, the more oxygen that will be liberated into the water column
by photosynthesizing plants and algae. In highly productive waterbodies, termed
eutrophic, it is possible during the summer to reach supersaturated DO conditions
because of the photosynthetic production of oxygen. This means that the DO
concentration of the water is greater than that possible through diffusion processes alone.
As lakes become increasingly productive they also tend to consume more oxygen because
of community respiration. At night, when photosynthesis ceases, the plants take up
oxygen. Coupled with the bacterial respiration resulting from the decomposition of
organic material, and the respiration of fish and invertebrates, this can lead to a serious
depletion or the exhaustion of the dissolved oxygen content of the lake. Under such
hyper-eutrophic conditions, DO concentrations will cyclically fluctuate from
supersaturation to depletion to supersaturation within 24 hours. This places a great stress
on the organisms living in the lake. Most of the more important game fish species cannot
tolerate such conditions.
In the surface waters of an oligotrophic (low-productivity) lake, summer DO
concentrations typically range from 8.5 to 9.0 mg/L depending on temperature. In the
summer, eutrophic waterbodies may have DO concentrations as high as 13.0 mg/L during
the day, but at night, the DO may plummet to zero. It is therefore important to recognize
that supersaturated daytime concentrations suggest that nighttime concentrations may be
very unacceptable.
Secchi Depth Transparency
A widely used, very simple means of determining the productivity of a lake is Secchi disk
transparency. The Secchi depth is the depth at which a weighted, contrasting white and
black disk known as the Secchi disk, when suspended from the shaded side of a boat, just
disappears from view. The Secchi depth generally corresponds to the depth in the lake
where light penetration is 10% or less. This is defined by limnologists as the boundary of
the limnetic zone; the lower limit of major photosynthetic activity. Rooted aquatic plants
will typically grow at depths less than twice the Secchi depth.
Princeton Hydro, LLC
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Secchi disk transparency is affected by suspended sediment, algae blooms and water
color. But, in its simplest interpretation, Secchi disk depths in excess of 8 m are
indicative of low productivity lakes (oligotrophic). Secchi depths of 8 m to 4 m are
associated with medium productive lakes (mesotrophic). Lakes with Secchi disk depths
of 2 m or less are typically eutrophic lakes.
2.2 Discrete Water Quality Measurements
Discrete water quality sampling is the process of collecting water samples which are then
processed at an aqueous chemistry laboratory. Analytes collected for discrete analysis at
Churchill Lake included Total Phosphorus, Soluble Reactive Phosphorus, NitrateNitrogen, Ammonia-Nitrogen, Total Suspended Solids, Chlorophyll a, Alkalinity, and
Hardness. The full battery of discrete samples was collected at the East and South
Tributaries, East End of Lake, and Spillway, while nutrients (both Phosphorus and both
Nitrogen species) were collected at the Mid-Lake Deep station, and Chlorophyll a only at
the South Cove and Mid-Lake stations. Sampling for this project was relatively simple
and consisted of directly filling bottles with lake water from a depth of about 0.5 meters,
with the exception of a deep water collection which was sampled using a decontaminated
Van Dorn sampling bottle. To account for the variety of sampled parameters, the
appropriate volume of lake water was collected and preserved according to the
requirements of each parameter. All samples were cooled to 4°C (39°F) in an ice filled
cooler and delivered to Environmental Compliance Monitoring, Inc. laboratory for
sample processing and analysis.
Phosphorus
By far, phosphorus is the nutrient which has received the greatest amount of attention in
relation to lake eutrophication. Phosphorus is an essential element for both plant and
animal life. Its importance stems from the fact that it is usually available in a form
amenable to bio-uptake and at a concentration relatively much lower than that of other
essential elements relative to biological demand. As a result, it is usually limiting. That
is, it is the essential nutrient in shortest supply. In eutrophic waterbodies, phosphorus
from external and internal sources becomes available in concentrations sufficient to
support and sustain algae blooms and nuisance aquatic plant density. Since the rate and
extent of primary production in most freshwater systems is limited by phosphorus, the
more that becomes available, the more algae and plant production that can be supported.
Thus, most lake management programs attempt to limit phosphorus loading and thereby
decrease plant and algae production.
Some of the important external sources of phosphorus are fertilizers, septic leachate,
sewage effluent, detergents and soaps, particulate material transported by stormwater,
and even precipitation. Lake sediments, particularly those which are highly organic or
mucky, can serve as an internal source of phosphorus loading, especially if the overlying
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waters become devoid of oxygen or anoxic. The decomposition of dead algal cells and
aquatic weed tissue is another internal source of phosphorus.
Of the various forms of phosphorus, the two most commonly measured are total
phosphorus (TP) and soluble reactive phosphorus (SRP). Total phosphorus represents the
sum of all phosphorus forms, including dissolved and particulate organic phosphates
from algae and other organisms, inorganic particulate phosphorus from soil particles and
other solids, polyphosphates from detergents, and soluble (dissolved) orthophosphates.
Soluble orthophosphate is the form most important to plant life as it is readily available
for bio-uptake.
The soluble orthophosphate concentration in unproductive lakes is usually less than 0.007
mg/L. Much higher concentrations are measured in eutrophic waterbodies, particularly
toward the bottom of the lake. Although only a small fraction of total phosphorus is
available for use by primary producers, its measurement is of great importance.
Numerous models exist which enable investigators to determine the trophic status (the
degree of eutrophication) based on the concentration of TP. In general, the following
productivity/TP concentration relationship can be utilized to categorize lakes.
General Degree of Productivity
Oligotrophic (low productivity)
Mesotrophic (moderate productivity)
Eutrophic (high productivity)
Hypereutrophic (excessive productivity)

Concentration of TP (mg/L)
<0.005
0.005-0.030
0.030-0.100
>0.100

Although these relationships are an oversimplification, they do demonstrate that the
greater the concentration of phosphorus, the greater the amount of productivity which can
occur in a lake. In most situations, it is imperative that the measurement of phosphorus
be accurate.
Nitrogen
The nitrogen cycle in lakes is considerably more complicated than the phosphorus cycle.
Nitrogen can exist in either oxidized forms, usually nitrate (NO3-N) or nitrite (NO2-N), or
reduced forms, including ammonia (NH3-N) and organic nitrogen. Atmospheric nitrogen
(N2) can also be used as a nutrient source by cyanobacteria (blue-green algae), which
gives them a considerable competitive advantage especially when phosphorus
concentrations are in high supply relative to soluble nitrogen forms, and various other
reduced forms of nitrogen can be produced by decomposition processes. Of these various
forms, NH3 and NO3-N are readily available to aquatic primary producers for metabolic
uptake. In most monitoring programs, these nitrogen compounds are usually analyzed.
Some regulatory agencies are now requiring the analysis of total nitrogen (TN), which
includes all non-gaseous nitrogen forms.
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Ammonia-nitrogen (NH3-N) is a metabolic by-product of the decomposition of organic
material, such as proteins. In most healthy freshwater systems, ammonia is present in
low concentrations, usually less than 1.0 mg/L; it is the preferred form of nitrogen for
uptake by algae and plants. In highly eutrophic waterbodies, particularly those which
become devoid of oxygen (anoxic), much higher ammonia concentrations may be
present. High ammonia concentrations can prove lethal to organisms if the pH of the lake
or pond is greater than 8. Under these conditions, the un-ionized form of ammonia
begins to replace ammonium ion (NH4+) as the predominant form of ammonia, and the
un-ionized form is particularly toxic to fish. Another important source of ammonia in
developed watersheds is septic effluent.
Nitrate-nitrogen (NO3-N) is readily utilized by algae and plants; however, it must be
reduced before it can be metabolically used. Therefore, most algae and plants prefer
ammonia to nitrate. The concentration of this nutrient, particularly when measured over
a prolonged time scale, can shed a great deal of information on the productivity and
trophic status of a lake. Although the amount of nitrate present at any given time is a
function of the extent of metabolism in a waterbody, the typical concentration for a
relatively "healthy" lake is less than 0.05 mg/l. In eutrophic waterbodies, the
concentration of nitrate is usually low in the upper layers due to uptake and utilization by
algae. In the deeper parts of the lake, the concentration of nitrate will be greater due to
the decomposition of organic material.
Total Suspended Solids (TSS)
The amount of particulate material, both organic and inorganic, present in the water
column is referred to as total suspended solids (TSS). Suspended solids include both
organic matter, such as various micro-organisms, algae and other plant material, and
inorganic material, including sand, silt, and clay particles. The amount of suspended
solids present in a lake will affect Secchi transparency and can affect water temperature
and density. Because many pollutants imported to a lake during storm events will be in
the particulate form, the amount of suspended solids in a lake or its tributaries can serve
as an indication of general water quality. Lakes having TSS concentrations in excess of
25 mg/L will generally be turbid and perceived as water quality issue. TSS is also the
primary source of phosphorus in most lakes because phosphorus is generally bound to
soil particulates.
Chlorophyll a
Chlorophyll is a photosynthetic pigment common to all green plants. It is often used to
quantify the in-lake productivity associated with phytoplankton or algae. The following
generalization of the relationship between the concentration of chlorophyll and the
productivity of a lake was adapted from Wetzel (1983):
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General Degree of Productivity
Oligotrophic
Mesotrophic
Eutrophic
Hypereutrophic

Concentration of Chlorophyll (µg/L)
<2.0
2.0-6.0
6.0-40.0
>40.0

An alternate way of viewing chlorophyll data is to examine the effects of algal blooms on
user perceptions of lake water quality. Walmsley and Butty (1979) presented the
following relationships between chlorophyll and user perceptions:
Nuisance Value - Chlorophyll Concentration (µg/L)
No problems evident - 0 to 10
Algal scums evident - 10 to 20
Nuisance conditions encountered - 20 to 30
Severe nuisance conditions encountered - >30
Mathematical models are available which can predict the summer concentration of
chlorophyll based on the spring concentration of total phosphorus. This has important
bearing on the management of lakes. In addition, relationships exist between other water
quality parameters such as Secchi disk depth, alkalinity, dissolved oxygen and pH which
have important bearing on the trophic status and ecological balance of a freshwater
system.
Alkalinity and Hardness
Alkalinity and acidity are measures of the capacity of water to neutralize acids and bases,
respectively. Alkalinity and acidity are capacity factors and not directly related to pH,
which is a measure of the overall intensity of acid and base reactions in water.
Carbonate minerals are the major source of alkalinity in most waters, with bicarbonate
ion representing the major form of alkalinity in natural waters at neutral pH levels. As a
result, alkalinity is usually expressed as mg CaCO3/L. The salts of other weak acids,
such as borates, silicates and phosphates can be significant in some cases, particularly in
more arid regions.
Hardness is the complimentary parameter to alkalinity. While alkalinity effectively
measures the concentration of anions, particularly carbonates, hydroxides, and others,
hardness is the concentration of positive ions or cations, particularly calcium and
magnesium ions. In effect, alkalinity measures the buffering capacity of the system while
hardness measures the concentrations of other necessary ions. Generally, both
parameters are found in similar concentrations; any concentration in excess of 25 mg/L in
lake water is capable of supporting most forms of aquatic life.
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2.3 Plankton Survey
Plankton surveys were conducted to investigate two specific components of the lake
plankton: phytoplankton and zooplankton.
Phytoplankton
Phytoplankton is the group of photosynthetic organisms that freely float in aquatic
environments; they are specifically adapted to living in suspension, and depend upon
wind and currents for transportation. Phytoplankton are photosynthetic (i.e. autotrophic)
organisms that convert sunlight into fixed organic compounds through photosynthesis.
They typically form the base of aquatic food webs. Freshwater phytoplankton include
several groups of algae and a distinctive group of photosynthetic bacteria called
cyanobacteria, or blue-green algae.
While a certain number and diversity of phytoplankton are absolutely required for a
healthy lake ecosystem, high concentrations of certain groups, genera or species can
produce unpleasant, aesthetically displeasing conditions. Such a situation is referred to as
a bloom. If a bloom is large enough it can form surface scums or mats, create oxygen
depletion in the deeper waters, cause fish kills, cause minor health problems such as
"swimmer's itch" and may even be responsible for some long term health problems due to
the production of neurotoxins, cyanotoxins, and hepatotoxins (Carmichael, 1994).
In freshwater environments the algal group most frequently responsible for the problems
cited above is the cyanobacteria. Generally speaking, cyanobacteria are an undesirable
group of algae; in addition to the problems they produce, they are generally not grazed
upon by zooplankton (see the next section for details). If other algal groups, such as
green algae, diatoms, chrysophytes, etc., dominate a lake, their numbers are easily and
naturally kept in control by the zooplankton.
A reduction in the nutrient load entering a waterbody will commonly reduce the amount
of algal biomass and/or abundance. However, such reductions can also have a substantial
effect on the diversity and type or groups of algae that will dominant a waterbody. If
algal blooms commonly plague a lake, then a minimum amount of data must be collected
on its phytoplankton assemblage in order to make knowledgeable restoration decisions.
Zooplankton
Zooplankton are the animals or protists that exist in the plankton (free floating, open
water) of a lake ecosystem. The zooplankton of freshwater ecosystems is dominated
primarily by four major groups: protozoans, rotifers and two subclasses of Crustacea:
cladocerans and copepods.
Zooplankton are important primarily because they are the "keystone" component of
aquatic food webs as they can control algal growth by grazing and are utilized as forage
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by many other invertebrates, juvenile fishes, and adults of smaller fishes. In this regard,
they are one of the most important biological components in any lake ecosystem.
In order to substantially control algal growth, large, herbivorous zooplankton, such as the
cladoceran Daphnia spp. and the copepod Diaptomus spp., must be the most abundant
"types" of zooplankton. Smaller sized organisms such as the cladoceran Bosmina and
most rotifers and protozoans feed primarily on detritus, bacteria or themselves, thus
making these types of zooplankton ineffective in controlling algal growth.
As mentioned earlier, zooplankton are also a source of food for many types of fish (i.e.
golden shiners, minnows, juvenile fish, etc.), which in turn are used as food by larger
fish. Due to the importance of zooplankton within the open water food webs of lakes, it
is important, especially in lakes used for recreational fishing and/or plagued with algal
blooms, to identify what species dominate this biological community.
Phytoplankton are sampled by collecting whole water samples. Zooplankton on the other
hand are collected using the Schindler trap, a sampling device of known volume which is
drained through a 153 µm mesh net. The zooplankton was sampled both at the surface
and near the thermocline above anoxic waters. All sample processing was conducted inhouse at Princeton Hydro and most groups identified to genus, while quantitative
analyses such as biomass and density were also performed.
2.4 Macrophyte Survey
Macrophytes, or rooted aquatic vegetation, are an important component in the ecological
function of most lake systems. Plants play an important role in the nutrient dynamics and
nutrient recycling of the lake, serve as habitat for all aquatic life forms, are important
forage for many aquatic species and terrestrial animals and waterfowl, and provide
stability to sediments and can improve water clarity.
Macrophytes were surveyed visually in Lake Churchill, although weighted sampling
devices were also used to sample rooted plants on the benthic substrate.
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3.0 Results
Compared to the 2006 data the 2007 water quality study showed a much more moderated
system, although one that is still eutrophic according to most indices. The cause of this
apparent jump in water quality is likely related to inter-annual variation in weather
patterns and in some part due to the rain preceding the 2007 sampling.
Generally, the in-situ data showed Lake Churchill to be a eutrophic waterbody subject to
high summer water temperatures, thermal stratification, and the formation of an anoxic
hypolimnion. Compared to 2006 high pH values and supersaturated DO concentrations
were not observed indicating less overall production than last year and somewhat better
water quality. However, sampling on a single date does not allow strong statistical
comparisons on multi-year datasets and perceived improvements in water quality may be
due more to varying weather conditions at the sampling dates than significant
improvements in water quality. Overall, water chemistry continues to vary greatly
between the epilimnion and the hypolimnion of the lake.
3.1 In-situ Results
Measured temperatures at the surface were approximately 24°C (75°F) throughout the
lake, slightly cooler than last year, but likely a result of the rain as the tributary
temperatures were both approximately 4°C (7°F) cooler than the lake. As with last year,
the presence of a strong thermocline was detected within the lake at around 3 meters in
depth at the deeper stations in the lake, although signs of dropping temperatures and DO
concentrations were observed in as little as 2 meters. The temperatures at the surface
were sufficiently high to sustain rapid plant growth and algae blooms, but were within the
acceptable bounds for a warm water fishery. The strong stratification observed in the
lake indicated that water quality in the hypolimnion was likely to be very different than
that observed above the thermocline nearer the surface. The greatest observed difference
in temperatures at the surface and at the bottom was recorded at the Mid-Lake station,
which was the deepest sampled station, with a difference of nearly 14°C (25°F). This
indicates very strong stratification, a pattern that was also observed in 2006.
pH and DO concentrations in particular varied greatly from 2006. pH throughout the
lake approached or exceeded 9 throughout the lake at the surface in 2006; in 2007 it was
consistently 1.0 to 1.5 standard units lower. This data indicates a much more moderate
level of productivity without the density of blue-green algae driving up pH levels. DO
also showed the same pattern with DO concentrations measured at approximately 7.7
mg/L at the lake surface and in the tributaries compared to the 9 and 10 mg/L supersaturated concentrations measured last year. Both of these parameters dropped with
depth, particularly DO. pH generally remained above 7, except at the very deepest
measured points at the spillway and mid-lake where pH barely dropped below 7. Overall,
this indicates much less bacterial respiration even within the anoxic hypolimnion and
indicates much less production in the form of organic matter respired by bacteria. DO
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concentrations, which were acceptable at the surface, dropped to hypoxic and anoxic
concentrations below 3 meters and were less than 1.0 mg/L below 4 meters at the deeper
stations. It can be safely concluded that anoxia is common throughout the summer
months, as this pattern was also observed in 2006. The ecological impact of this oxygen
sag is significant. Of itself, it indicates that Churchill Lake is eutrophic, but also
indicates that the internal release of phosphorus generated under anoxic conditions in the
hypolimnion is a major source of nutrient loading in the lake and contributes to the high
productivity of the system. Furthermore, the establishment of a strong thermal
stratification represents a major loss in usable fish habitat as most species will avoid
oxygen concentrations below 4.0 mg/L.
Specific conductance exhibited an interesting pattern. Of particular note was the
variation in conductivity between the two tributary stations and the surface water of the
lake where conductance values were half of those measured in the streams. Higher
conductivity in lakes compared to streams is not unusual under baseflow conditions but is
strange during a storm event. However, the precipitation event was fairly minor and the
streams were noted to be fairly clear. Compared to last year, surface conductivity was
almost 80% higher than 2006. This may be related to the very dry summer weather
conditions experienced in 2007 which can serve to elevate conductance values. The
pattern with respect to depth was identical to that observed last year where the
conductance values measured in the hypolimnion were nearly 5 times greater than those
measured at the surface.
Secchi depths were much improved over 2006. The lowest measured Secchi depth in
2006 was 0.4 meters, while the greatest measured Secchi reading was 0.85 meters. In
2007, the lowest Secchi depth was measured at 0.55 meters; the best recorded Secchi
depth was 1.2 meters. Again, this represents much less productivity and does not indicate
algae bloom conditions. While the Secchi depths were an improvement depths measured
in Churchill Lake in 2007 are still indicative of a eutrophic system and may still be
perceived as a water quality issue. It is interesting to note that in both years the lowest
recorded Secchi depths were taken at the eastern end of the lake. A major contribution to
turbidity in this shallow part of the lake in 2007 was the Common Carp (Cyprinus carpio)
which are known to cause turbidity issues through their feeding mechanism in which they
resuspend silty bottom sediments. It is safe to say that at a minimum the invasive carp
causes negatively impacts water clarity in Churchill Lake.
A summary table of In-situ Water Quality Results is provided as Appendix I.
3.2 Discrete Water Quality Results
As with the in-situ water quality data, the discrete results showed the lake is eutrophic.
However, there was a marked reduction in some of the key parameters particularly
Chlorophyll a, which was the biggest problem last year, and to a lesser degree total
phosphorus.
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TP and SRP are probably the most important parameters to analyze in terms of trophic
class and are overall good representatives of the variations in water quality throughout
the lake. Surface levels of TP at the mid-lake station and at the spillway was respectively
0.04 and 0.03 mg/L. While these are fairly high concentrations that could sustain at least
a moderate phytoplankton bloom TP concentrations of 0.03 mg/L are recognized as the
minimal concentration to sustain very heavy algae growth. In contrast, TP levels of 0.06
mg/L were recorded last year in the eastern part of the lake which was high enough to
sustain a heavy bloom and also identified the eastern tributary as a major source of TP.
Despite the improved TP at the surface, TP levels recorded at the mid-lake station were
very high at 0.15 mg/L an increase of 500% versus the surface concentration. This
indicates that TP releases from the sediment under anoxic conditions as were observed is
an extremely important source of TP within the lake, and that internal loading is an
important component of the phosphorus budget in the lake. The SRP analysis also
revealed some valuable data. The highest observed SRP concentration in the lake at the
surface was 0.006 mg/L, an acceptable value, while SRP at the deep station was only
0.003 mg/L. In contrast, SRP was non-detectable at all surface stations last year, but this
must be viewed in light of the algae bloom in 2006. When a sufficiently large algae
bloom persists SRP is rapidly taken up by the expanding population and the detectable
results this year indicate much less rapid biological cycling and uptake of this nutrient
and therefore overall lower primary production.
In order to better understand and more accurately quantify the nutrient dynamics of the
lake some additional tributary sampling was performed in 2007. Even at the relatively
low flows and clarity of the tributaries both are shown to be important contributors to the
phosphorus load in the lake. TP and SRP in the eastern tributary were measured at 0.04
and 0.011 mg/L, while the south tributary was analyzed at 0.09 and 0.045 mg/L, which
are moderately high levels of TP and high concentrations of SRP. Overall, phosphorus
data shows Churchill Lake to be a eutrophic system and that the tributaries are important
contributors.
The various nitrogen species analytes showed great variability between species and
spatially than did the other measured parameters. NO3-N in particular was highly
variable. Tributary sampling indicates the importance of watershed and tributary loading
for this nutrient; deep concentrations of NO3 were much lower than tributary levels. The
highest measured NO3-N concentration, 1.4 mg/L in the southern tributary, was over an
order of magnitude greater than that of the spillway station at 0.08 mg/L. The eastern end
of the lake also experienced high nitrate values due to the association with the tributary
contributions. Nitrate levels were somewhat elevated in the lake but within acceptable
ranges. The depletion of NO3 concentrations on the western side of the lake compared to
the south and the east is probably due to biological uptake. Nitrate was observed in lower
concentrations in 2007 than in 2006. Concentrations of ammonia were relatively low and
comparable to the previous year’s data. Again, there was a depletion of this nutrient
towards the spillway. Tributary concentrations were similar to the remainder of the lake.
Hypolimnetic concentrations of ammonia were particularly high at 6.8 mg/L, which
shows the strength of the stratification and the overall productivity of the lake, and which
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represents a very large nutrient flux upon fall and spring turnover to the point that
ammonia may become toxic in the lake.
TSS concentrations within Lake Churchill ranged from 12 mg/L in the turbid eastern end
of the lake to 5 mg/L at the spillway. These values are surprisingly low and represent
good water clarity. Furthermore, these values are less than half of the concentrations
measured last year. As with the other observed parameters, TSS concentrations were
highest at the eastern end of the lake, concurrent with lower Secchi depths and
perturbation of the sediments by carp. The reduction in TSS is probably due to reduced
solids loading during the summer drought and the decrease in algal cells in the water
column. Despite the low TSS concentrations, Secchi depths are still somewhat low and
indicate some soluble substance may be contributing to the impaired clarity.
Alkalinity and hardness concentrations fall within acceptable ranges and are capable of
supporting healthy ecosystems, although the buffering capacity indicated by alkalinity is
slightly low and may contribute to the large variations observed in pH throughout the
water column especially during periods of algae blooms. Alkalinity was fairly stable
throughout the lake, but eastern tributary concentrations were considerably lower.
Hardness was within an acceptable range and can be described as moderately hard. Both
alkalinity and hardness were slightly lower than in 2006 which is probably related to the
dry summer conditions in 2007.
Chlorophyll a concentrations showed the starkest contrast with the 2006 survey data and
exhibited a marked drop. Last year, chlorophyll a concentrations were very high
indicating that the lake was hyper-eutrophic and had impaired water quality. In 2006,
chlorophyll concentrations ranged from 23.2 to 33.0 µg/L, while in-lake chlorophyll
concentrations in 2007 ranged from 9.8 to 19.8 µg/L. A definite spatial pattern was
observed this year in which chlorophyll concentrations increased near the spillway and
were lower near the tributary mouths. Overall, while chlorophyll remained high and was
indicative of a eutrophic system, much less algal biomass was present as indicated by
chlorophyll values. The resulting lower chlorophyll values were a direct result of lower
nutrient levels which again is probably related to the drier conditions of the 2007
summer.
A summary of the Discrete Water Quality Results is included as Appendix II.
3.3 Plankton Survey
As with other water quality metrics described above, the plankton survey indicated better
water quality in 2007 relative to 2006 with improved diversity and abundance metrics for
both phytoplankton and zooplankton. However, the plankton composition as a whole is
still representative of a eutrophic system.
The phytoplankton at the spillway station was dominated by cyanophytes, or blue-green
algae, although the chlorophytes, or green algae, were also well represented in total
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abundance. Other important groups observed included the diatoms (Bacillariophyta) and
dinoflagellates (Phyrrophyta). At the eastern lake station overall phytoplankton density
and biomass was reduced although blue-greens remained the dominant algal group.
Collectively the blue-greens account for 83% of phytoplankton biomass and are found in
low bloom densities; the dominance of blue-greens is an indication of impaired water
quality in Churchill Lake.
Blue-green algae do best in highly enriched TP waters because of their ability to utilize
organic species of phosphorus that other algae cannot and because they fix atmospheric
nitrogen, both of which provide a competitive advantage during warm periods. Besides
the general lack in water clarity and the potential for producing bad odors, blue-greens
negatively affect the ecology of the system by depleting DO concentrations at night
during blooms periods and upon senescence at the end of the bloom. This depletion in
DO concentrations is stressful to most aquatic life in the system and also can be
responsible for releasing TP under anoxic conditions which can further sustain more
blue-green growth in a harmful positive feedback cycle. Additionally, blue-green algae
are a poor forage source for zooplankton and the remainder of the trophic web and are not
grazed to acceptable densities as are other phytoplankton.
The zooplankton community also showed improvements relative to last year with greater
density and a better overall community structure with important herbivores. The increase
in herbivore density was probably due to increased densities of favored food items such
as green algae. The zooplankton at the spillway was dominated by some important
herbivorous zooplankters including the cladocerans Ceriodaphnia and Diaphanosoma
and the copepod Diaptomus. Other zooplankton observed in the samples included
rotifers, which rely on organic compounds and bacteria as the primary forage base. The
prevalence of herbivorous zooplankters indicates that the phytoplankton forage base is
improved, but low densities indicate a lack of an abundant food source. These types of
large bodied zooplankters are favored food for many fish species and all juvenile fishes.
The continued prevalence of blue-green algae also strongly point to the need to reduce
the phosphorus budget both within the lake and externally in the watershed and the need
to adopt an algal control program.
A summary of the Plankton Survey Results is included as Appendix III.
3.4 Macrophyte Survey
As with the 2006 survey, the 2007 macrophyte survey yielded very little data. Despite
better Secchi depths, no true submerged plants were observed. Turbidity not only
obscures the view through the water column, it also effectively eliminates plant growth in
turbid systems because of the lack of light. Aquatic plants for the most part require fairly
clear water to survive and this type of clarity was not observed in Lake Churchill. The
only observed macrophyte was the emergent pickerelweed (Pontederia cordata),
although this plant is generally confined to no more than 18” in depth. The shoreline
Princeton Hydro, LLC
Project Number 0099.005

16

2007 Water Quality Monitoring Report
Churchill Lake
Germantown, Montgomery County, Maryland
January 20, 2008

itself was fairly well colonized in places by cattails (Typha spp.), various trees such as
maples (Acer spp.) and a few other herbaceous species such as cardinal flower (Lobelia
cardinalis). Some minor filamentous mat algae was observed in the very shallow
portions of the eastern end of the lake. No hydrilla (Hydrilla verticillata) was observed
in 2007. Lake Churchill was clearly dominated by phytoplankton as is common in turbid
systems.
3.5 Water Quality Summary
Overall, water quality in Lake Churchill is moderately low, despite improvement in most
of the various water quality metrics measured during the 2007 survey. Despite decreases
in nutrient concentrations and chlorophyll a, and improved plankton communities and
Secchi depth clarity, the lake still exhibits water quality characteristics consistent with
eutrophic waterbodies. Artificial impoundments often have poor water quality due to a
very large watershed compared to a relatively small volume. This is exacerbated in Lake
Churchill by the highly developed nature of the watershed which contributes large
amounts of nutrients and solids which impair water quality and contribute to rapid
sedimentation in the lake. Overall nutrient concentrations remain high in Lake Churchill
and these concentrations sustain nuisance algae blooms and impact the water clarity. In
addition to the external pollutant loading of the lake, due mainly to untreated runoff or
non-point source pollution, there is a substantial internal load generated within the lake
due to the strong thermal stratification of the system and the formation of an anoxic
hypolimnion.

Princeton Hydro, LLC
Project Number 0099.005

17

2007 Water Quality Monitoring Report
Churchill Lake
Germantown, Montgomery County, Maryland
January 20, 2008

4.0 Recommendations
As noted above water quality in Churchill Lake remains impaired, although improved
from the results of last year. In-situ sampling showed the lake to be subject to strong
thermal stratification and as a result very high levels of internal nutrient loading.
Discrete sampling also showed the lake to high nutrient levels, while the plankton
analysis again showed a community dominated by blue-green algae. In light of data
gathered in 2006 and 2007 key management steps in improving water quality in Churchill
Lake must include reducing nutrient loading and controlling algae blooms.
The first management goal is to commence a more regular cycle of water quality studies
at the lake. It is evident at this time that a more thorough diagnostic feasibility study be
completed for the lake and its watershed. This would include at a minimum three
monitoring events conducted along a similar scope as this study to track changes in water
quality throughout the growing season. Sampling should be conducted in April, July, and
early September to effectively sample the lake in the Spring, mid-Summer, and late
Summer. Sampling should focus on the interactions between water chemistry and algal
response and should include both tributary and in-lake sampling with in-situ and discrete
monitoring. This data can be used in several capacities: first, additional data will help
expand the multi-year dataset that is currently collected to allow a refinement of the
understanding of the ecosystem overtime within a single year, second, the data can then
be used to aid in the employment of various water quality models which can then be used
to formulate management plans specifically designed to address water quality issues
within the watershed. Up to this point, each water quality survey has consisted of a
single point. While valuable for describing a discrete moment in what is typically the
worst water quality period for most lakes, this approach is inadequate for a thorough
understanding of the nutrient dynamics that affect the lake. In addition to in-field
sampling pollutant and hydrologic modeling should be performed that would include
pollutant Unit Areal Loading models and the Modified Rational Method for describing
annual hydrology. Thorough studies combining these various components will allow for
much more effective management strategies.
Various strategies could be designed and include the following that are likely candidates
to improve water quality at Churchill Lake. Again, development of effective
management plans and application of these various techniques will require further study.
Based on the limited data available the best management strategy for Churchill Lake will
probably be the installation of a submerged destratification/aeration system. A
destratification/aeration system mechanically mixes and aerates the water column using
compressed air released from diffusers located on the lake bed. Keeping a lake
thoroughly mixed accomplishes several goals. First, it maintains adequate dissolved
oxygen levels throughout the water column which prohibits the release of nutrients bound
in the lake sediments which effectively limits internal nutrient cycling. The effect of this
is to limit nutrients that promote algae growth and thereby eliminating many of the
problems associated with continued algae blooms. Also, by maintaining adequate
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aeration in the system it effectively increase usable habitat thereby benefiting the fishery
of the lake. Aeration can also make algicide applications much efficacious. Finally,
aeration is helps prevent the formation of blue-green algae blooms. Blue-greens in
particular bloom at the lake surface because of increased light demands and vertical
mixing helps to break up blooms and prevent their formation. The installation of an
aeration system in Churchill Lake could be expected to cost between $30,000 to $50,000.
Another important strategy to consider is the use of chemical algicides to reduce
phytoplankton concentrations. Chemical treatment is the most efficient means of shortterm control for algae. However, chemical control requires periodic application
throughout the growing season to maintain low algae densities in a lake. A shortcoming
of chemical treatment is that it does not address the root causes of algae growth, namely
elevated nutrient concentrations. As mentioned above, treatment efficacy is much
improved when utilized in conjunction with aeration techniques. A chemical algicide
treatment program could be expected to cost nearly $20,000 per year at Churchill Lake.
Some other management strategies should be considered for Churchill Lake but could not
be enacted without further scientific and/or engineering studies. Biomanipulation may be
an option that could work effectively in Churchill Lake. This strategy alters the fishery in
a “top-down” manner in which the food web is altered at the top with resultant changes in
the algae community. In Churchill Lake this would require a thorough fishery survey
followed by the stocking of predators such as Largemouth Bass or hybrid Striped bass
where necessary and the removal of unwanted species such as Carp or Golden Shiners.
Another treatment strategy would be the application of alum (aluminum sulfate). Alum
binds phosphorus and particulates both in the water column and in the sediments and
makes them unavailable for algal uptake, and is especially effective in systems driven by
internal nutrient loading such as Churchill Lake. Alum can have carry-over effects
lasting several years, but prior to application numerous sediment and aqueous alum bench
tests would need to be conducted. Finally, watershed management strategies must be
adopted to help control nutrient loading. This would include the installation,
construction, or retrofitting of structural BMPs (best-management-practices) to control
non-point source nutrient and sediment loading in storm water conveyance systems,
which is especially important in urban and suburban environments. Watershed residents
and other stakeholders can also be educated about various practices that reduce nutrient
loading, such as the application of non-phosphorus fertilizers.
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APPENDIX I
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Total Depth
Secchi Depth
Depth
meters
0.0

Total Depth
Secchi Depth
Depth
meters
0.2
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Secchi Depth
Depth
meters
0.0
0.5
1.0
1.5
2.0
2.5
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East Tributary
0.20
Meters
NA
Meters
Temp
°C
°F
19.82
67.68

SpC
mS/cm
0.214

DO
mg/L
8.43

pH
7.63

East End of Lake
0.55
Meters
0.55+
Meters
Temp
°C
23.66

°F
74.59

SpC
mS/cm
0.457

South Cove
2.60
1.10

Meters
Meters

Temp
°C
°F
24.14
75.45
24.15
75.47
24.14
75.45
24.06
75.31
23.39
74.10
22.93
73.27

SpC
mS/cm
0.465
0.464
0.466
0.459
0.419
0.379

DO
mg/L
7.34

DO
mg/L
6.58
6.61
6..61
6.46
5.24
5.14

pH
7.74

pH
7.73
7.75
7.77
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7.72
7.58
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Mid-Lake
Total Depth
Secchi Depth
Depth
meters
0.0
1.0
2.0
3.0
4.0
5.0
6.0

6.10
1.15

Meters
Meters

Temp
°C
°F
24.13
75.43
24.14
75.45
23.45
74.21
22.10
71.78
18.77
65.79
13.06
55.51
10.31
50.56

SpC
mS/cm
0.461
0.461
0.417
0.359
0.630
1.069
2.580

DO
mg/L
6.28
6.46
6.01
4.36
0.51
0.20
0.13

pH
7.76
7.75
7.74
7.54
7.15
6.98
6.78

Spillway
Total Depth
Secchi Depth
Depth
meters
0.0
1.0
2.0
3.0
4.0
5.0
5.7
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Meters
Meters
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mS/cm
0.463
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1.232
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DO
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0.27
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pH
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Station
East End of Lake
South Cove
Mid-Lake, Surface
Mid-Lake, Deep
Spillway
East Tributary
South Tributary

Alkalinity Chlorophyll a Hardness

NH3-N

NO3-N

SRP

TP

TSS

mg/L
42.8

µg/L
9.8
14.5
18

mg/L
88.2

mg/L
0.05

mg/L
0.33

mg/L
0.006

mg/L
0.04

mg/L
12

52.8
27.9
45.8

19.8
3.7
2.8

100
60.8
62.7

6.8
0.02
0.06
0.06

0.11
0.08
0.59
1.4

0.003
0.002
0.011
0.045

0.15
0.03
0.04
0.09

5
7
5
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Plankton Survey Results
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Spillway
Phytoplankton
cells/mL
Chlorophyta
Kerichalmys
5930
Scenedesmus
70216
Asterococcus
809
Chlorella
135
Protococcus
270
Ankistrodesmus
270
Pediastrum
270
Staurastrum
270
Oocystis
539
Total
78706
Bacillariophyta
Cyclotella
539
Total
539
Phyrrophyta
Ceratium
135
Total
135
Cyanophyta
Microcystis
37736
Chroococcus
48922
Coelosphaerium
77493
Aphanothece
3235
Total
167385
Total
246765

Spillway
Zooplankton
Organism
#/L
Copepods
Cyclops
45
Nauplii
91
Diaptomus+
91
Total
227
Rotifers
Keratella
45
Kellicotia
11
Polyarthura
57
Asplanchna
23
Total
136
Cladocerans
Diaphanosoma+
57
Ceriodaphnia+
113
Bosmina
181
Total
351
Total
714
+herbivore
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ug/L
3.30
3.29
0.81
0.11
0.21
0.01
1.71
2.70
0.07
12.21
0.25
12.53
1.21
13.99
70.81
39.14
86.17
0.23
196.34
235.07

ug/L
9.22
70.82
153.81
233.85
1.51
1.13
54.89
30.20
87.73
75.81
199.72
183.11
458.64
780.23
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East End of Lake
Phytoplankton
cells/mL
Chlorophyta
Kerichlamys
1617
Ankistrodesmus
135
Scenedesmus
5256
Staurastrum
270
Chlorella
135
Total
7412
Cyanophyta
Chroococcus
8491
Aphanizomenon
3100
Microcystis
2695
Total
14286
Total
21698

East End of Lake
Zooplankton
Organism
#/L
ug/L
Copepods
Nauplii
113
88.53
Total
113
88.53
Rotifers
Keratella
261
8.68
Total
261
8.68
Total
374
97.21
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ug/L
0.90
0.00
0.25
2.70
0.11
3.96
6.79
0.18
5.06
12.03
15.99

