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1.0 Introduction 
 
This report marks the fourth annual water quality monitoring event conducted by 
Princeton Hydro, LLC in Lake Churchill as contracted by the Churchill Community 
Foundation, Inc.  As such, it represents the continued development of the water quality 
database and expands the understanding of the ecology of Lake Churchill.  The original 
intent of this monitoring program was to document water quality conditions in Lake 
Churchill concurrently with the bathymetric survey conducted during the summer of 
2006.  Water quality conditions were determined to be somewhat impaired at the time of 
sampling, as highlighted by a dense cyanobacteria (blue-green algae) bloom, which 
encouraged annual monitoring of the lake thereafter.  This report documents the methods 
and results of this year’s water quality sampling event.  Furthermore, it compares the 
results of this year’s study to previous data collected in 2006, 2007, and 2008.  The 
recommendations section will discuss the implementation of strategies to improve the 
aesthetic, ecological, and recreational functions and services of Lake Churchill.  
 
Lake Churchill is a moderately impaired system with water quality symptoms 
characteristic of impounded lakes within urbanized watersheds.  The specific problems 
observed include moderately high nutrient concentrations, elevated Chlorophyll a 
concentrations, poor clarity, high coloration, and high algal density.  These issues are 
largely the result of watershed loading of nutrients and solids (non-point source 
pollution), basin morphometry, and to a lesser degree internal loading related to seasonal 
patterns of extremely strong thermal stratification.  High nutrient concentrations have 
been confirmed in the water quality metrics over the last several years both in the lake 
and tributaries, while solids loading evidence was presented in the 2006 bathymetric 
survey exhibiting in-lake delta formation relative to the 1999 survey.  As mentioned in 
previous reports, artificial impoundments often have poor water quality due to elevated 
non-point source (NPS) loading originating in the large watershed compared to a 
relatively small lake volume.  This loading pattern 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. 
 
The format of this report is slightly modified relative to past reports to present a more 
cohesive and intuitive analysis of the collected data.  However, the overall content and 
specific range of topics covered remain intact.  The areas discussed below will include in-
situ water quality, discrete water quality, biological surveys of the plankton and 
macrophyte (plant) communities, and comparative analyses of all collected data.  A 
glossary of key terms is included in the final appendix to facilitate understanding of these 
complex topics.  Recommendations to mitigate water quality presented herein are based 
on site-specific data, current ecological research, and represent the professional and 
scientific opinion of Princeton Hydro.      
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 2.0 In-Situ Water Quality 
 
During the sampling event, temperature, dissolved oxygen (DO), pH, and specific 
conductance were measured at 0.5 to 1.0 meter intervals from surface to bottom at all in-
lake stations and the two tributary stations.  All in-situ measurements were collected with 
a calibrated multi-probe water quality, specifically a Eureka Manta multi-probe and 
Amphibian datalogger.  Calibration procedures follow those outlined by the 
manufacturers and quality assurance/quality control standards.  Clarity or Secchi depth 
was measured with a standard Secchi disk.  The monitoring event was conducted on 
September 1, 2009.  The sampling stations were identical to the scheme laid out in 
previous years.  The sampling station map can be found in Appendix I and the summary 
sampling table is included below (Table 1). 
 
 

Table 1: Summary of Sampling Stations 
 

Station Identification 2006 Station Equivalent 
East End of Lake IS-1

South Cove IS-6
Mid-Lake IS-7
Spillway IS-8

East Tributary NA
South Tributary NA  

 
 

 2.1 Temperature 
 
Temperature is one of the most important water quality parameters, since it controls the 
rate of all chemical and biological reactions and determines the ecological structure of a 
lake or pond.  As the air temperature increases through the growing season, the 
temperature of the surface waters increases.  This results in the surface waters being 
warmer than the bottom waters.  Once the temperature difference between the surface and 
the bottom waters is large enough (i.e. a difference > 1 C per meter) a waterbody 
becomes thermally stratified.  These conditions substantially minimize the transfer of 
materials and gases between the surface waters (the epilimnion) and the bottom waters 
(the hypolimnion).  Once the hypolimnion is cut off from the epilimnion atmospheric 
oxygen cannot diffuse into the deeper waters.  This can easily result in a depletion of 
dissolved oxygen in the bottom waters of productive lakes, a condition termed anoxia.  
Such conditions have a substantial impact on the overall water quality of a lake. 
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The temperature regime recorded in 2009 is nearly identical to those previously measured 
(Appendix II) (Figure 1).  Surface water temperatures hovered around 25°C (77°F) and 
surface temperatures generally increased with distance from the tributary inlets.  As seen 
before, the tributary temperatures were much cooler than the main body of the lake; the 
south tributary remained somewhat cooler than the east tributary.  These differences 
between lake and tributary temperatures illustrate the thermal effects of stream 
impoundment.  Once again the lake the lake was observed to be strongly thermally 
stratified with a temperature gradient in excess of 16°C (61°F) from the surface to the 
bottom.  The thermocline extended from approximately 3 m (9.8 ft.) to 5 m (16.4 ft.) with 
a nearly 11°C difference in temperature over 2 m.  The 2009 temperature profile at the 
mid-lake station is very similar to previous data.  Strong thermal stratification has been 
repeatedly measured in Lake Churchill and contributes to the vastly different water 
quality conditions of the epilimnion relative to the hypolimnion.        
 

Figure 1: Temperature Profiles 
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 2.2 Dissolved Oxygen 
 
Dissolved oxygen (DO) concentration is another important factor controlling the 
ecological structure of a lake system, but unlike temperature is influenced not only by 
abiotic processes but by biotic processes as well.  Water temperature is one of primary 
determinants of DO concentration in lake ecosystems as the solubility of DO decreases as 
water temperatures increase.  In other words, DO concentrations decrease as water 
temperature increases and increase as water temperatures cool.  This explains in part the 
seasonal variation in DO as the summer months generally have the lowest DO 
concentrations concurrent with peak water temperatures.  Biological influences are also 
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extremely important in determining DO levels and may alternately increase or decrease 
DO concentrations depending on a variety of conditions.  Phytoplankton (algae) and 
plants are considered primary producers, the organisms at the base of the trophic web that 
fix carbohydrates through photosynthesis.  A byproduct of photosynthesis is the 
production of oxygen which drives up DO concentrations.  In extremely productive 
waterbodies DO concentrations in the photic zone (the upper portions of a waterbody 
where photosynthesis occurs) may exceed temperature-dependent concentrations, a 
condition termed supersaturation.  Conversely, respiration by plants and algae, fish, and 
bacteria consumes oxygen which lowers DO concentrations.  In extremely productive 
systems the accumulation of excessive organic matter including dead and living algae 
cells and plants may drive down DO concentrations at night when photosynthetic oxygen 
production has ceased or in the deeper waters of stratified lakes where oxygen is not 
exchanged with the atmosphere.  For healthy and diverse lake ecosystems that support 
warmwater fisheries DO concentrations should be equal to or greater than 4.0 mg/L. 
 
Another important component of DO is its role in redox chemistry at the sediment-water 
interface.  Specifically, internal loading is the process whereby phosphorus, which is 
normally bound in the sediments in molecular complex with iron and other metals, is 
released to the overlying waters.  While this process naturally occurs during normally 
oxygenated periods it has been proven to occur at rates up to an order of magnitude 
greater during periods of hypolimnetic anoxia.  During these periods of anoxia (DO < 1 
mg/L) the lake sediments may release a substantial portion of phosphorus to the waters 
overlying the sediments which may create an additional pulse of nutrients into the system 
during the summer when plants and algae are growing at their fastest rates.   Essentially, 
oxygenated conditions serve to keep phosphorus, the most important nutrient in regional 
freshwater lakes, bound to iron in the sediments.   
 
DO concentrations were relatively similar at all four in-lake stations at the surface 
although concentrations were somewhat reduced near the tributary inlets.  All stations 
exhibited supersaturated conditions (DO% saturation > 100%) in the uppermost 2 m of 
the lake indicating excessive production or algae bloom conditions throughout the lake in 
the photic zone.  Even tributary DO concentrations exceeded saturation.  These 
concentrations mark the highest yet observed in the surface water of Lake Churchill 
although are similar to those measured in 2006.  Unlike in past years, however, DO 
concentrations remained relatively stable throughout the water column and were oxic 
even in the hypolimnion never falling below 4.0 mg/L (Figure 2).  This is a remarkable 
shift as concentrations never exceeded 1.0 mg/L at depths below 5.0 m (16.4 ft.) in the 
previous sampling events.  The cause of oxygenated conditions in the hypolimnion of the 
lake in 2009 is unknown, but it may indicate some amount of reduced organic loading or 
algal senescence earlier in the summer which lowered bacterial respiration and the 
consumption of oxygen.  Higher oxygen concentrations in the hypolimnion could also be 
the result of density differences related dissolved solids loading during storm events that 
pulse dense, oxygenated waters into the hypolimnion.  In any case it is certain that no 
traditional lake mixing or the breakdown of thermal stratification has occurred as the 
thermal gradient is simply too high as thermal stratification can occur with temperature 
gradients as low as 1°C.   
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Figure 2: DO Profiles 
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Overall, 2009 represented an improvement in the DO regime of the lake.  In particular the 
oxic conditions observed in the hypolimnion greatly expanded the usable habitat volume 
of the lake for fish and other aquatic organisms.  However, many of the benefits of an 
oxygenated hypolimnion, namely the reduction in the release or accumulation of nutrients 
and other toxins was not realized, which will be discussed below.  Similarly the high DO 
concentrations measured at the surface are indicative of an algae bloom.   
 
 

 2.3 pH 
 
pH is a unit-less measurement of the hydrogen ion concentration in water.  The pH of 
pure water, which has no net ionic component, is 7 and is termed neutral.  Any value less 
than 7 is termed acidic while any value greater than 7 is termed basic.  The pH of water is 
an important general water quality indicator because it is a major factor affecting most 
chemical and biological reactions, and in turn is affected by many chemical and 
biological reactions.  Photosynthetic reactions affect pH values through uptake of 
hydrogen ions while releasing anions.  This decrease in hydrogen ion concentration is 
represented by an increase in pH.  Respiration serves to decrease pH values through the 
active release of carbon dioxide.  Therefore, marked changes in pH values throughout the 
water column are strong indicators of relative rates of productivity versus respiration.  pH 
typically ranges from 6.0 to 8.0 in mid-Atlantic temperate lakes.  Lakes which display 
wide daily fluctuations in pH are indicative of a poorly buffered (low alkalinity) system 
and high primary productivity. 
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pH values replicated patterns observed previously in the lake with surface water values 
averaging approximately 8.5.  pH values tended to decrease with depth as a result of 
increased respiration in the water column, although this variability is somewhat 
moderated by the relatively high buffering capacity of the lake as indicated by alkalinity.  
Tributary pH values were both around 7.5.  The lake pH values are somewhat high and 
indicative of elevated primary productivity which is evident when compared to the 
tributary values.  The lake pH values slightly exceed state water quality standards and 
may preclude the use of the lake by some sensitive aquatic organisms, although most 
common warmwater fish species and macroinvertebrates can tolerate these levels. 
 
 

2.4 Specific Conductance (SpC) 
 
Specific conductance is defined as the ability of water to conduct an electrical current 
normalized for temperature.  Increases in specific conductance are generally attributed to 
an increase in ionic constituents from watershed soils and biological reactions and are 
also temperature dependent.  Specific conductance can be used to estimate concentrations 
of dissolved solids and ions in the water column and to estimate lake productivity.  As 
with many other water quality parameters certain levels of dissolved ions, as indicated by 
specific conductance, are necessary to support aquatic life forms but extreme highs and 
lows can change species composition and impede growth.  Watershed geology, pH, and 
the dissolved solid load in stormwater runoff play an important part in conductance 
values for a particular lake.  Many lakes with predominately suburban or urban 
watersheds experience an increase in specific conductance values following periods of 
significant rainfall.  Increased volume and velocity of surface runoff often transports 
suspended solids and their associated nutrients into the waterbody which increases 
specific conductance values.   
 
Specific conductance values at the surface were approximately 0.250 mS/cm.  This 
marked the lowest measured values since the initial sampling in 2006, which was likely a 
result of the increased precipitation throughout the growing season which may have 
served to somewhat flush the system.  While these values are on the low end of the range 
measured for the surface waters of Lake Churchill these conductance values are 
acceptable and capable of supporting a wide range of aquatic life.  However, as in year 
past, conductivity increased very sharply with increasing depth reaching peak values 
immediately above the sediment.  This type of profile is another indicator of the strength 
of stratification in the lake as density differences indicated by conductivity (picnocline) 
are also very high and show both a thermal and density-driven inertia to resist mixing.  
Unlike previous years specific conductance was measured at 9.5 mS/cm immediately 
above the sediments in 2009, marking a nearly 2.7 fold increase in hypolimnetic 
conductance.  In fact conductance is so high that these values replicate measurements 
made in estuaries and would be characterized as brackish.  This high conductivity is the 
result of extraordinary dissolved solids loading to the lake, although the source can only 
be guessed utilizing a single data point.  The theory promulgated above for the 
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oxygenation of the hypolimnion could explain in part the values measured in 2009.  This 
theory stated that during storm events high conductance stormwater, which was both cold 
and dense, may exhibit a laminar flow from the tributary inlets and move along the lake 
bed until settling in the deepest parts of the basin without disrupting the stratification of 
the lake.  However, even if this does occur it seems unlikely that even during storm 
events tributary conductance values would become so elevated.  Groundwater fluxes, 
elevated because of wet conditions, also likely contribute to these increased conditions.  
These values are cause for concern and aside from straight conductance issues are 
indicative of excessive loading of dissolved solids including nutrients and other 
pollutants.  Additionally, these conductance values are too high to be able to sustain most 
freshwater organisms in the hypolimnion.  
 
    

2.5 Secchi Depth Transparency 
 
A widely used, very simple method of determining the productivity of a lake is Secchi 
disk transparency.  At its most basic the Secchi depth is simply a measure of clarity or 
transparency.  Secchi disk transparency is affected by suspended sediment, algal cells, 
and water color.  Low Secchi depths therefore are an indication of excessive particulate 
and dissolved matter in the water column indicating high concentrations of algae and 
inorganic suspended solids both of which are indicative of high levels of productivity.  In 
its simplest interpretation, Secchi disk depths in excess of 8.0 m (26.2 ft.) are indicative 
of low productivity lakes (oligotrophic).  Secchi depths of 8.0 m (26.2 ft.) to 4.0 m (13.1 
ft.) are associated with medium productive lakes (mesotrophic).  Lakes with Secchi disk 
depths of 2.0 m (6.6 ft.) or less are typically eutrophic lakes.  To many people lower 
productivity lakes are generally recognized as having better water quality defined in part 
by decreased coloring and increased clarity.  In contrast, high productivity systems are 
generally deemed to have lower water quality which in urbanized watersheds is likely 
related to nutrient pollution.     
 
Secchi depths in the deeper lake stations were measured at 0.9 m (3 ft.) in 2009.  On 
average this marks the second worst Secchi clarity behind only 2006, a year which was 
marked by a high density cyanophyte (blue-green algae) bloom.  Generally Secchi depths 
less than 1.0 m (3.3 ft.) are considered problematic and indicate dense bloom conditions.  
These values also characterize the lake as eutrophic.  Water coloration was a bright green.  
The Secchi depth in 2009 is below acceptable standards and represents a loss of aesthetic 
value and excessive algae density. 
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3.0 Discrete Water Quality 
 

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 
Lake Churchill included Total Phosphorus, Soluble Reactive Phosphorus, Nitrate-
Nitrogen, Ammonia-Nitrogen, Total Suspended Solids, Chlorophyll a, Alkalinity, and 
Hardness.  Sampling for this project consisted of directly filling bottles with lake water 
from a depth of about 0.5 meters (1.6 ft.), with the exception of a deep water collection 
which was sampled using a decontaminated Van Dorn sampling bottle.  All samples were 
cooled to 4°C (39°F), transported under chain of custody procedure, and delivered to 
Environmental Compliance Monitoring, Inc. for sample processing and analysis.  
 
 

3.1 Phosphorus 
 
Phosphorus is the primary limiting nutrient in most freshwater waterbodies within the 
Mid-Atlantic region of the United States.  In other words, it takes very little phosphorus 
to stimulate large amounts of algal and/or aquatic plant growth; as phosphorus 
concentrations increase, the amount of algal and/or aquatic plant biomass will also 
increase.  Thus, reducing current phosphorus loads, as well as controlling future loads, is 
an effective, long term strategy in improving and preserving the water quality of a lake or 
pond. 
 
It has been well documented that in-lake TP concentrations greater than 0.03 mg/L can 
stimulate high levels of algal and/or aquatic plant growth.  Under such conditions, a lake 
or pond is described as being eutrophic, meaning it is highly productive.  Thus, such 
water bodies have the potential to experience algal blooms and excessive densities of 
aquatic plants.  Based on Princeton Hydro’s in-house project experience, if the in-lake TP 
concentration is greater than 0.06 mg/L, and no large storms are expected within the next 
week, nuisance-level algal blooms will more than likely occur sometime within the next 
several days.  This threshold of 0.06 mg/L is based on in-house project experience of 
lakes located throughout the Mid-Atlantic region. 
 
Two forms of phosphorus were measured within Churchill Lake, total phosphorus and 
soluble reactive phosphorus.  Total phosphorus (TP), measures all the phosphorus in the 
water; inorganic and organic, particulate and dissolved.  Some of this phosphorus is 
already incorporated into the tissue of phytoplankton and zooplankton or bound to 
suspended sediment particles.  Thus, not all of the measured TP is available for uptake 
and use by algae or plants.  Nonetheless, most water quality models are based on in-lake 
TP concentrations.  Soluble reactive phosphorus (SRP) is the form of phosphorus most 
easily assimilated by both planktonic and benthic algae.  Although SRP is usually not 
present in the water column in great amounts, this is the one of the primary forms of 
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phosphorus that stimulates algae blooms.  Thus, when elevated amounts of SRP are 
measured, an algal bloom is likely to be experienced.    
 
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 
waters become devoid of oxygen or anoxic.  The decomposition of dead algal cells and 
aquatic weed tissue is another internal source of phosphorus. 
 
TP concentrations in Lake Churchill were shown to be elevated in the surface waters of 
the lake, ranging from 0.03 to 0.04 mg/L, while tributary concentrations were somewhat 
lower (Appendix III).  These values are typical of those measured in the previous years in 
the surface waters, although the tributary concentrations were lower than any of the 
previous sampling events.  These values are fairly high and capable of supporting 
nuisance densities of algae growth and high enough to sustain bloom conditions.  Of 
particular concern was the dramatic increase in TP concentrations in the hypolimnion.  
While this phenomenon has been measured every year the magnitude of this increase was 
substantially higher in 2009.  Hypolimnetic TP concentration at the mid-lake station was 
0.60 mg/L or 150% of the next high concentration measured in 2008.  This is a 
significantly negative trend and one that is somewhat difficult to explain.  Because the 
hypolimnion was not anoxic at the time of sampling TP concentrations should have been 
reduced as there was no anoxic sediment nutrient release.  The increased concentration is 
indicative of some other loading, but groundwater loading is an unlikely source as TP 
tends to be very immobile in groundwater.  Again, the deliverance of particulate 
phosphorus sources during storm events seems to be the most likely scenario.   
 
SRP continued to be relatively low in the system.  Typically, SRP concentrations have 
been non-detectable or immediately above detection limits in all the in-lake sampling 
stations including the deep station.  Surface water concentrations have been typically low 
due to rapid bioassimilation.  SRP was non-detect in the surface water stations in 2009, 
while a modest value of 0.004 mg/L was measured in the hypolimnion.  This indicates 
low anoxic sediment release due to oxic conditions.  It also shows that the very high TP 
load is predominantly particulate with little soluble component.  Values measured in the 
tributaries were slightly higher than the other sampling stations, but were in-line with 
previous data.   
 
 

3.2 Nitrogen 
 
While phosphorus is the primary nutrient limiting algal and aquatic plant growth, 
nitrogen is another extremely important nutrient.  Nitrogen can be found in an aquatic 
system in a variety of forms; particulate and dissolved, inorganic and organic.  However, 
the form that is most commonly utilized by algae and aquatic plants is nitrate.  This is a 
dissolved, inorganic form of nitrogen.  Nitrate (NO3-N) tends to be mobile in surface and 
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groundwater and can be generated through microbial activities, such as nitrification.  
However, bacterial decomposition of organic matter does not produce nitrate-N.  Algal 
and aquatic plant uptake of nitrate tends to keep its concentration relatively low in lakes 
and ponds.  For sources of potable water, the Federal limit for nitrate is 10 mg/L.  In 
contrast, summer nitrate concentrations greater than 1 mg/L can generate excessive 
amounts of algal and aquatic plant biomass.  Ammonia (NH3-N) is also an important 
form of nitrogen that is readily assimilated by plants and is contributed to waterbodies 
from decaying plant material or from anthropogenic sources such as failing septic 
systems or leaking sewer lines.  The standard for ammonia is somewhat complicated and 
varies by both temperature and pH and is based primarily on toxicity to aquatic 
organisms rather than ecological effect.  Ammonia rarely persists in most lakes because it 
quickly oxidizes under oxic conditions or is assimilated.    
 
Nitrate concentrations in the surface waters of Lake Churchill were relatively modest and 
within the range observed in previous years although higher than 2008 data.  
Concentration was higher near the tributary mouths and decreased moving towards the 
spillway as the nutrient was assimilated to fuel the algae bloom.  The hypolimnetic 
concentration was over 300% of any previously measured value, but was still less than 
1.0 mg/L.  While this is still a relatively low value, particularly for a strongly stratified 
lake, the large increase in concentration indicates increased loading.  Groundwater is a 
prime suspect in this increased loading.  While not alarming in itself the sudden increase 
could indicate loading of other pollutants.  Tributary nitrate concentrations were 
considerably higher than in-lake concentrations, but below historic values.  Nitrate 
concentration tends to be much higher in stream systems during baseflow conditions 
because these streams are fed by groundwater sources which generally have high nitrate 
concentrations.   
 
Ammonia in the surface waters of the lake was quite low and non-detectable in the 
tributaries and on the low end of the measured range up to this point.  These low values 
are likely a result of rapid assimilation of this nutrient.  However, the hypolimnetic 
ammonia concentration was extremely high, measured at 8.29 mg/L.  This value is cause 
for concern and must be investigated more thoroughly for a variety reasons.  First, it 
exceeds state water quality criteria for both acute and chronic conditions.  Second, these 
concentrations are sufficiently high to be extremely toxic to fish and aquatic 
invertebrates, although there is small risk to human health.  Once liberated during fall 
turnover, even with an 80% dilution and oxidation, concentrations may still remain high 
enough to be toxic.  Finally, the source of this ammonia is something of a mystery and 
may indicate serious problems in the watershed that could lead to increased loss of 
ecologic function of the lake.   
 
As stated above, ammonia is generally non-persistent in many lakes because it tends to be 
assimilated by plants and algae as a nutrient stimulant or is oxidized in oxic conditions to 
form nitrate.  The heavy accumulation of this pollutant in the hypolimnion seems quite 
bizarre given the fact that the hypolimnion is well oxygenated this year and therefore 
should be rapidly oxidized.  The source then must originate outside the lake.  The two 
most likely sources include tributary inflow or groundwater flux, but the lack of high 
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concentrations higher in the water column may direct more attention to groundwater 
loading.  An evaluation of precipitation shows a strong relationship between August 
precipitation totals and hypolimnetic ammonia concentration over the course of the water 
quality evaluations (Figure 3).  Thus wet years see much higher ammonia concentrations 
in the hypolimnion which provides a potential link to groundwater loading which is 
higher during relatively wet periods prior to sampling.  The question then revolves to the 
origin of ammonia in groundwater.  One potential answer is perhaps sanitary sewer leaks.  
During periods when the groundwater table is elevated any leaked effluent could easily 
enter the groundwater and be transported into the lake via interflow.  This could also 
explain other observed signals such as the extremely high conductance values measured 
in the hypolimnion and elevated phosphorus concentrations.  In any case this 
phenomenon needs to be investigated more fully to avoid potential fish kills and other 
ecological impairments or contamination of receiving waters downstream.   
 

Figure 3: Ammonia vs. Precipitation 
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3.3 Total Suspended Solids 
 
Total suspended solids (TSS) are a measure of the amount of sediment or particulate 
matter in water.  The State limit for turbidity, a proxy for TSS, is narrative and indicates 
that levels may not exceed concentrations detrimental to aquatic life.  TSS concentrations 
greater than 25 mg/L, under baseline (non-storm event) conditions, can negatively impact 
aquatic habitats.  Some of these negative impacts include in-filling of wetlands, lakes, 
and waterways, the destruction of spawning habitat, and added physiological stress on 
fish through suspended sediments entering their gills.  In addition, TSS concentrations 
greater than 25 mg/L are perceived by the layperson as being “dirty” or “muddy”. 
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TSS concentrations throughout the surface waters and the tributaries remained low and 
matched the general magnitude observed over the past three years.  Like the last several 
years TSS concentrations were slightly higher in the eastern end of the lake, which is 
likely due to bioturbation and tributary contributions.  Otherwise, these levels are 
relatively low, especially given the relative density of the algae bloom at the time of 
sampling.  Similar to 2008, TSS concentrations in the hypolimnion are quite high.  
Concentrations of TSS tend to be highest in the deep waters of most lakes because solids 
eventually settle towards the bottom including both soil particles and senesced algal cells.  
The extreme difference measured in Lake Churchill is unusual however.  The cause of 
this phenomenon is almost certainly the high density of the water in the hypolimnion, as 
indicated by both specific conductance and temperature, which is simply too dense to 
allow complete settling of organic solids deep in the hypolimnion.   
 
While suspended solids are of seemingly little consequence in the lake solids loading 
remains a problem as evidenced by the continued formation of delta features at the 
mouths of the tributaries and the infilling of the eastern end.  Most of the solids therefore 
seem to settle quickly in the lake and are likely larger particles liberated during storm 
events.  To alleviate such influx of sediment requires the implementation of Best 
Management Practice (BMPs) and stream bank stabilization in the tributaries.   
 
    

3.4 Chlorophyll a 
 
As described above, data were also collected on the biology of this watershed.  One such 
biological parameter included Chlorophyll a, the primary photosynthetic pigment all 
plants and algal groups possess.  Since all algal groups contain Chlorophyll a, measuring 
its concentration in lake water is an excellent means of quantifying the relative biomass 
of the phytoplankton within the open water of a waterbody.  Concentrations of 
Chlorophyll a are also utilized in gauging the in-lake productivity associated with the 
phytoplankton.  In turn, this information can be used to quantify the trophic state of a 
waterbody, as well as measure the relative efficacy of an implemented in-lake restoration 
technique. 
 
To the layperson, Chlorophyll a concentrations greater than 30 µg/L produce algal 
blooms and surface scums that are considered unpleasant for recreational waterbodies.  
The Chlorophyll a concentrations in Lake Churchill were very high in 2009, and the 
highest measured to date.  The concentrations were remarkably uniform; around 49 µg/L 
at three of the stations, but were slightly lower at the spillway station.  These 
concentrations are very high, are indicative of a dense algae bloom, and characterize the 
lake as a hypereutrophic.  They also indicate that water quality continues to be poor in the 
lake and is perhaps continuing to decline as Chlorophyll a concentrations were 50% 
higher than the next highest measurement recorded in 2006.  The strength of this algae 
bloom is strongly correlated to high nutrient concentrations and relatively stable weather 
conditions highlighted by bright sun.  These concentrations are high to be easily 
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perceived as a water quality impairment and are confirmed by poor Secchi clarity and 
green coloration.  
 
         

3.5 Alkalinity and Hardness 
 
The concentration of ions that serve to buffer against pH changes is known as alkalinity. 
The collective concentration of carbonates, bicarbonates, and hydroxides are the primary 
components of alkalinity measurements in this region.  Serving to buffer against changes 
in pH, these components may either take up or release hydrogen ions in order to regulate 
pH.  Without sufficient alkalinity there would be drastic pH changes due to relative rates 
of photosynthesis and respiration as well as external inputs of water through rainfall or 
stormwater infiltration.  The ions responsible for alkalinity are also necessary to support 
biological growth and are often used as a proxy of lake productivity.  Alkalinity values 
should range between 20 mg/L to 200 mg/L with optimal concentrations between 100 
mg/L to 200 mg/L.  Values lower than 100 mg/L may cause undue shifts in pH which 
will stress fish and other aquatic organisms while values over 200 mg/L are generally 
unsuitable for most aquatic life in this region.  
 
Hardness is the measure of the concentration of divalent ions (salts with two positive 
charges) such as calcium, magnesium, and iron in water, and is a complimentary 
measurement to alkalinity.  Calcium and magnesium are vital elements in freshwater 
ecosystems.  Calcium is the primary component in bone and scale production while 
magnesium is crucial in blood clotting and other metabolic reactions. 
 
Alkalinity and hardness both exhibited moderate concentrations in 2009.  Overall, the 
concentrations were somewhat reduced relative to previous years which may indicate a 
bit of a dilution factor relative to increased hydrologic inputs in 2009.  Despite these 
lowered concentrations both alkalinity and hardness are sufficient to support aquatic 
organisms although the reduced alkalinity will offer less buffering capacity which may 
lead to slightly less stable pH values.  As with other water quality metrics alkalinity and 
hardness were much higher in the hypolimnion than at the surface.  This again is related 
to the concentration of dissolved solids in these waters, which matched patterns seen in 
previous years.  
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4.0 Biological Surveys 
 

Phytoplankton and zooplankton samples were collected at all in-lake stations.  Samples 
were taken to Princeton Hydro’s biological laboratory and organisms were identified to 
genus and enumerated.  In addition to plankton sampling a qualitative macrophyte survey 
was also conducted.  
 
 

4.1 Phytoplankton 
 

Phytoplankton is the base of the trophic web in any lake system, and largely determines 
the quality of the waterbody from ecological, recreational, and aesthetic perspectives.  
Phytoplankton is described here as single cell and colonial algae forming surface and 
benthic (bottom) colonies that act as primary producers through photosynthesis within the 
lake.  Phytoplankton growth is largely a function of nutrient concentrations, specifically 
phosphorus and nitrogen as discussed above.  Excessive nutrient levels can cause 
undesirable phytoplankton blooms that negatively impact water clarity and may form 
dense, floating surface mats.  In addition to limiting phytoplankton biomass, nutrient 
levels can directly affect the phytoplankton assemblage, most notably when there are low 
N:P environments that favor the undesirable Cyanobacteria division (blue-green algae).  
Phytoplankton are often the most visible sign of impairment in lake systems exhibited by 
reduced clarity, high coloration, and the development of odors.  While critical for 
maintaining the food web in lakes, excessive algal density leads to severe impacts aside 
aesthetic degradation.  As discussed in the dissolved oxygen section above, algae blooms 
are capable of causing wild DO swings that can negatively impact other aquatic life.   
 
The algae population once again showed bloom densities as indicated by both the 
abundance and biomass metrics; while the biomass metrics were below highs measured 
in 2007 bloom conditions were once again observed.  The community is very diverse and 
represented by a number of taxon that have not been previously identified in the plankton 
of the lake.  In particular, the chlorophytes or green algae were the dominant organisms, 
in terms of both density and biomass.  This is a shift relative to previous years when the 
cyanophytes or blue-green algae Anabaena and Microcystis dominated the community.  
While green algae were dominant cyanophytes continue to be a major contributor to the 
plankton of the lake.  The algae continues to be problematic in Lake Churchill and 
causing loss of certain function resulting in impaired clarity.  The continued high density 
of blue-greens, and all algae in general, is problematic and indicative of the highly 
eutrophic conditions of the lake.  Cyanophytes cause a variety of problems in lake 
systems, not least of which is the production of cyanotoxins, organic compounds that are 
toxic to lake organisms and other users as well as depletion of DO levels.  Cyanotoxins 
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are gaining increased prominence as lakes throughout the United States are becoming 
increasingly eutrophic resulting in more intense blooms that can result in the death of 
livestock and pets that drink from waterways experiencing blooms.  These blooms should 
be controlled through the implementation of nutrient reduction management and periodic 
algicide application to treat both source and symptom.   
 
  

4.2 Zooplankton 
 

Zooplankton are micro-animals that live in the open waters of lakes and ponds.  Many 
zooplankton are a primary source of food for forage fish and all larval fishes.  Some types 
of zooplankton are herbivorous (eat algae) and thus may provide a natural means of 
controlling excessive algal growth.  Therefore, given the important role of zooplankton in 
the aquatic food web, the Lake Churchill monitoring program included these organisms. 
 
The zooplankton of Lake Churchill continues to be quite diverse and well represented by 
all the primary groups including cladocerans, copepods, and rotifers.  In 2009 the 
community improved considerably in two important aspects: much increased density and 
biomass meaning that there was a larger natural community, and the increased presence 
of large-bodied herbivores.  This is a positive sign and one that may indicate the 
increased potential of the zooplankton to control phytoplankton density.  The high 
abundance of zooplankton is certainly a function of the phytoplankton community in 
2009 as palatable algae such as chlorophytes were dominant.  It must be noted however 
that zooplankton do not graze blue-green algae due to a variety of reasons including cell 
morphometry and the production of cyanotoxins and thus offer no control on these algae.  
The increased density of zooplankton including herbivores is positive, but the benefit is 
limited to the control of palatable algae, which up to this point, have been 
underrepresented in the plankton of the lake.   
 
 

4.3 Macrophytes 
 

Similar to past surveys no submerged aquatic vegetation was observed in 2009.  The 
cause for this, as in years past, is the poor Secchi depth of the lake which inhibits the 
growth of plants due primarily to light limitation.  Additionally, there is relatively little 
littoral habitat in the lake except for the eastern end which likely is not colonized by 
plants due to the continuous deposition of solids.  As Lake Churchill is an algae 
dominated system little plant growth would be expected unless there is a significant 
persistent increase in Secchi depths.   
 
Several emergent plants were again observed; the shoreline has a patchy distribution of 
common emergents such as cattails (Typha spp.) and the invasive plant purple loosestrife 
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(Lythrum salicaria).  Other plants found at a much lower density included pickerelweed 
(Pontederia cordata) and cardinal flower (Lobelia cardinalis).  These plants are generally 
confined to areas immediately adjacent to the shore and rarely exhibit colonization in 
areas exceeding 0.4 meters.  In addition almost no filamentous algae growth was 
documented either at the surface or on the sediment. 
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5.0 Recommendations 
 
The water quality sampling in 2009 was similar to past monitoring events.  Lake 
Churchill continues to be an impaired system with documented water quality problems 
causing a loss of limnological function in the lake.  While the data was similar several 
problems areas were even more noticeable in 2009.  The following list represents the key 
components that must be recognized to affect positive change in the lake. 
 

 High nutrient concentrations 
 Stable stratification that generally causes anoxia 
 Dense algae blooms 
 Blue-green algae dominance or sub-dominance  
 Toxic concentrations of ammonia 
 Loss of aesthetics and recreational uses 

 
The following recommendations are similar to those provided previously, but the 
impetus to enact these recommendations has become increasingly strong with the 
collection of additional data.  Indeed, the same problems have been encountered every 
year and show no signs of improvements.  The high concentration of ammonia in 
particular is cause for concern.  Upon the breakdown of stratification this fall, which 
should occur once the water temperature reaches approximately 9°C (49°F), a large pulse 
of ammonia will be liberated that is likely to remain at a sufficiently high concentration 
that there could be some toxic effects including fish kills.  Other extant problems include 
the generation of cyanotoxins during large algae blooms that could impact wildlife and 
pets that drink lake water.  Additionally, the possibility of leaky sanitary sewers should 
also be investigated as a human health concern.  The threats posed to the lake and lake 
users are real and need to be addressed.   
 

5.1 Increased Monitoring Intensity  
 
The most important step to affect positive changes in water quality and overall lake 
function is to increase monitoring and sampling intensity.  The current scheme involves 
the collection of data at the suspected nadir of water quality which has been valuable for 
documenting these conditions, but is problematic in recreating the conditions that lead to 
impairments.  In particular the formation of stable stratification in the lake needs to be 
investigated to determine the extent to which the lake mixes and to investigate the 
changes in hypolimnetic chemistry over time as well as any pulsed releases of nutrients 
or toxins during spring turnover.  The same holds true for the fall mixing event which is 
even more critical this year as there may be impacts related to ammonia release 
throughout the upper water column.  
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The monitoring should be done on a roughly monthly basis starting in April and 
continuing through October.  The end goal is to thoroughly investigate spring turnover 
and nutrient loading, the formation of the thermocline, the resultant changes in 
hypolimnetic chemistry, the formation of algae blooms, and the results of fall turnover.  
Documenting these events would greatly increase the working knowledge of the ecology 
of Lake Churchill.  Storm sampling should also be included as a component of the 
sampling effort to more accurately determine the nutrient dynamics of the system to 
allow for a highly targeted management strategy to control nutrient loading to the lake.  
At this point it is uncertain what is the major source of nutrient loading to the lake and 
storm sampling within the lake and the tributaries could greatly aid in this determination.  
The implementation of a storm sampling is often found to be ideal for volunteers because 
no specialized equipment or knowledge is required and it imparts a greater community 
understanding and interest in the ecology of the lake.     
 
At a minimum we recommend that an additional sampling event be conducted this fall at 
turnover in late October or early November in order to assess the impacts of ammonia on 
the lake.  Again, it is important to remember that Lake Churchill is tributary to a potable 
water reservoir and could create ecological and monetary impacts downstream.  This 
sampling event would utilize similar methodology with an expansion and focus on 
nitrogen chemistry and impacts to aquatic life.   
 
 

5.2 Phase I Diagnostic Feasibility Study  
 
 
It is evident at this time that a thorough diagnostic feasibility study should be completed 
for the lake and its watershed.  A Phase I study as laid out by the EPA Clean Lakes 
Guidance Manual (1990) is an in-depth watershed scale study to identify, define, 
characterize, and analyze important characteristics of lake and tributary function to 
document impairments in function and to develop site specific recommendation and 
management solutions.  Many of these solutions rely on the implementation of best 
management practices, including both cultural and structural aspects to attain important 
lake uses. 
 
A Phase I study combines in-field sampling efforts with modeling to present a complete 
assessment of lake function.  Up to this point, Lake Churchill has had a limited amount 
of field sampling, but its limited scope has hampered the ability to formulate a 
meaningful lake management plan.  The first component of a Phase I study therefore 
would include the implementation of the monitoring program described above to sample 
the lake and its watershed throughout the course of the growing season and potentially 
beyond.  The second component of this type of study relies on running a wide variety of 
water quality models.  These models are numerical descriptions of the hydrology or 
water budget, pollutant loading budget, and trophic state analysis of the lake based on 
watershed characteristics such as land use and land cover, geology, soils, precipitation, 
and point-sources of pollution.  It is this second component combined with field work 
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that lends descriptive and analytical power to craft a useful lake management plan to 
ensure acceptable ecological function balanced with aesthetic and recreational uses.  This 
expanded study and the development of a an efficacious and cost effective lake 
management plan will be crucial in rectifying and mitigating documented water quality 
impairments that will persist and become more severe in the near future.    
 
  

5.3 Aeration   

 
Water quality data collected over the past four years has shown Lake Churchill to 
become strongly thermally stratified, a state that likely persists all summer.  Associated 
with this thermal stratification are significant depth related differences in dissolved 
oxygen concentrations and a variety of other water quality metrics.  The most important 
difference is the observed marked reduction in dissolved oxygen with depth.  That is, we 
have repeatedly observed a sizable decrease in dissolved oxygen with increasing water 
depth.  The marked lack of oxygen within the bottom waters of the lake is the primary 
cause for the documented increases in total phosphorus and ammonia concentrations 
within these bottom waters.  During the spring and fall turnover events this phosphorus 
and toxic ammonia is transferred throughout the water column becoming either 
immediately available for algal growth or available for algal uptake the following spring.  
As such, Princeton Hydro strongly recommends the installation of a submerged aeration 
and destratification system. 
 
The objective of this system is to pump compressed air through an air supply line, which 
is then released via a series of strategically placed diffusers.  The air released through the 
diffusers is described as micro-sized air bubbles.  The released air bubbles serve as an 
air-lift mechanism that keeps the entire water column vertically circulated.  This process 
keeps the lake unstratified and the water column vertically mixed.  The introduction of 
the compressed air also adds additional dissolved oxygen to the system.  It is the 
continuous mixing of the water column by the induced air lift that continually exposes 
the water to the atmosphere thereby adding oxygen to the water column.  The breakdown 
of thermal stratification and promotion of vertical mixing facilitates atmospheric 
diffusion of dissolved oxygen into the water column.  The most important aspect of this 
management solution is to curtail internal nutrient loading under anoxic conditions and 
the oxidation of ammonia.  An additional benefit is the creation of additional habitat 
volume as fish and other organisms can subsequently use the deeper portions of the lake 
once oxygenated.  
 
 

5.4 Aquatic Pesticide Control Program   
 
Currently, there is no pesticide control program in place at Lake Churchill, but this must 
be explored as an important alternative in the management of the lake.  The application 
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of aquatic pesticides would focus on controlling the nuisance algae blooms, especially 
cyanophyte blooms.  Chemical treatment is the most efficient means of short-term 
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, but this would be addressed separately with the implementation 
of a Phase I study and ultimately the development of a lake management plan.  Despite 
not addressing root causes, it is important to control algae density until nutrient loading 
is effectively managed through the application of algaecides.  This requires the judicial 
application of copper algaecides based upon tracking water quality metrics such as 
Chlorophyll a concentration, TP concentration, and Secchi depth in order to provide cost 
savings and to avoid secondary ecological impairments such as the depletion of DO and 
the production of harmful algae blooms and cyanotoxins.  As mentioned above, 
treatment efficacy is much improved when utilized in conjunction with aeration 
techniques.   
       
 

5.5 Additional Strategies 
 

Some other management strategies should be considered for Lake Churchill but could 
not be enacted without further scientific and engineering studies.  Biomanipulation may 
be an option that could work effectively in Lake Churchill.  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 Lake Churchill 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 Lake Churchill.  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, simple 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.  A positive step that has been taken in this direction starts 
with the stream restoration activities on the eastern tributary.  Stream restoration helps 
mitigate erosion, solids loading, and decrease nutrient concentrations.  This type of 
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active work within the watershed upstream of the impacted waterbody is a crucial step in 
urban lakes.  Furthermore this type of work indicates the commitment of the Churchill 
Community Foundation to improving water quality within their watershed.   
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Conductivity pH       
m ft m ft m ft   (°C)   (°F) (mS/cm) (S.U.) (mg/L) %

0.0 0.0 24.70 76.46 0.264 8.24 9.75 119.27

0.4 1.3 24.41 75.94 0.274 8.05 9.66 117.52

0.0 0.0 24.85 76.73 0.251 8.70 9.61 117.88

0.5 1.6 24.62 76.32 0.252 8.65 9.74 118.94

1.0 3.3 24.50 76.10 0.252 8.60 9.74 118.70

1.5 4.9 24.44 75.99 0.252 8.57 9.79 119.16

2.0 6.6 23.34 74.01 0.282 7.55 7.68 91.58

2.5 8.2 23.18 73.72 0.336 7.00 5.33 63.46

2.8 9.2 22.99 73.38 0.320 7.00 6.35 75.25

0.0 0.0 25.21 77.38 0.253 8.63 10.94 135.04

1.0 3.3 24.25 75.65 0.251 8.09 10.14 122.95

2.0 6.6 23.87 74.97 0.251 8.41 10.27 123.62

3.0 9.8 22.49 72.48 0.454 6.93 4.52 53.09

4.0 13.1 16.44 61.59 1.159 6.87 4.11 42.84

5.0 16.4 11.90 53.42 3.096 6.77 4.02 38.22

6.0 19.7 9.54 49.17 6.280 6.77 4.59 41.81

7.0 23.0 8.80 47.84 9.490 6.93 4.59 41.56

0.0 0.0 25.48 77.86 0.251 8.25 10.11 125.40

1.0 3.3 24.33 75.79 0.250 8.29 10.54 128.01

2.0 6.6 23.77 74.79 0.254 7.90 9.95 119.63

3.0 9.8 22.60 72.68 0.437 6.91 4.80 56.52

4.0 13.1 16.61 61.90 1.203 6.83 5.18 54.17

4.9 16.1 12.13 53.83 3.176 6.78 5.30 50.69

East Tributary 0.20 0.66 NA NA 0.1 0.3 17.45 63.41 0.514 7.54 11.11 118.04

South Tributary 0.20 0.66 NA NA 0.1 0.3 16.33 61.39 0.298 7.55 12.84 133.13

Station

East End of Lake 0.50 0.501.6 1.6

Spillway 5.00 0.90

9.5 3.0

23.3 3.0

16.4 3.0

South Cove 2.90 0.90

Mid-Lake 7.10 0.90

Dissolved Oxygen

Lake Churchill, Montgomery County, MD - 9/1/2009
DEPTH Secchi  Sample Temperature    
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Conductivity pH       
m ft m ft m ft   (°C)   (°F) (mS/cm) (S.U.) (mg/L) %

0.0 0.0 27.52 81.54 0.339 8.59 7.23 91.70

0.5 1.6 27.46 81.43 0.338 8.69 7.05 89.30

0.9 3.0 26.77 80.19 0.337 8.80 7.18 89.90

0.0 0.0 28.03 82.45 0.339 8.70 7.36 94.10

0.5 1.6 26.68 80.02 0.336 8.95 7.68 96.80

1.0 3.3 26.36 79.45 0.336 8.95 7.68 95.70

1.5 4.9 25.79 78.42 0.337 8.85 7.16 88.30

2.0 6.6 25.18 77.32 0.352 8.33 5.80 70.50

2.4 7.9 24.95 76.91 0.363 7.92 0.88 13.20

0.0 0.0 27.44 81.39 0.336 8.85 7.73 97.90

1.0 3.3 26.16 79.09 0.337 8.90 7.59 94.00

2.0 6.6 25.44 77.79 0.343 8.59 6.79 82.90

3.0 9.8 23.74 74.73 0.386 8.02 3.03 35.90

4.0 13.1 18.39 65.10 0.676 7.70 0.59 6.30

5.0 16.4 11.94 53.49 2.030 7.33 0.32 3.00

6.0 19.7 9.91 49.84 3.050 7.17 0.24 2.40

7.0 23.0 9.30 48.74 3.360 7.09 0.20 1.90

7.5 24.6 9.12 48.42 3.500 7.02 0.20 1.80

0.0 0.0 27.65 81.77 0.339 8.50 7.53 95.80

1.0 3.3 26.21 79.18 0.340 8.86 7.58 93.90

2.0 6.6 25.59 78.06 0.341 8.70 7.01 85.90

3.0 9.8 23.57 74.43 0.393 8.14 2.18 25.10

4.0 13.1 17.79 64.02 0.679 7.77 0.47 4.90

5.0 16.4 12.85 55.13 1.790 7.46 0.31 2.60

East Tributary 0.20 0.66 NA NA 0.1 0.3 19.34 66.81 0.511 7.87 6.90 75.10

South Tributary 0.20 0.66 NA NA 0.1 0.3 16.77 62.19 0.244 8.18 7.25 74.80

4.6

5.10 16.7 1.40 4.6

Mid-Lake

East End of Lake

South Cove 2.50 8.2 1.30 4.3

24.9

Spillway

7.60 1.40

Lake Churchill, Montgomery County, MD - 8/21/2008

Station
DEPTH Secchi  Sample Temperature    Dissolved Oxygen

0.95 3.1 0.95 3.1

 
 
 



2009 Water Quality Monitoring Report for Lake Churchill 
Germantown, Montgomery County, Maryland 

Churchill Community Foundation, Inc. 
 

 

 

Princeton Hydro, LLC                                                                                                                                                      27  
Project Number 0099.008 
 

 

 

Conductivity pH       
m ft m ft m ft   (°C)   (°F) (mS/cm) (S.U.) (mg/L) %

East End of Lake 0.55 1.8 0.55 1.8 0.2 0.7 23.66 74.59 0.457 7.74 7.34 85.57

0.0 0.0 24.14 75.45 0.465 7.73 6.58 78.17

0.5 1.6 24.15 75.47 0.464 7.75 6.61 78.52

1.0 3.3 24.14 75.45 0.466 7.77 6.61 78.52

1.5 4.9 24.06 75.31 0.459 7.76 6.46 76.74

2.0 6.6 23.39 74.10 0.419 7.72 5.24 61.09

2.5 8.2 22.93 73.27 0.379 7.58 5.14 58.79

0.0 0.0 24.13 75.43 0.461 7.76 6.28 74.60

1.0 3.3 24.14 75.45 0.461 7.75 6.46 76.74

2.0 6.6 23.45 74.21 0.417 7.74 6.01 70.06

3.0 9.8 22.10 71.78 0.359 7.54 4.36 49.87

4.0 13.1 18.77 65.79 0.630 7.15 0.51 5.39

5.0 16.4 13.06 55.51 1.069 6.98 0.20 1.90

6.0 19.7 10.31 50.56 2.580 6.78 0.13 1.15

0.0 0.0 24.12 75.42 0.463 7.70 6.23 74.01

1.0 3.3 24.12 75.42 0.465 7.68 6.37 75.67

2.0 6.6 24.11 75.40 0.464 7.68 6.32 75.08

3.0 9.8 21.83 71.29 0.416 7.61 2.85 31.97

4.0 13.1 19.01 66.22 0.625 7.41 0.62 6.68

5.0 16.4 12.69 54.84 1.232 7.18 0.27 2.51

5.7 18.7 11.56 52.81 1.750 6.97 0.16 1.45

East Tributary 0.20 0.66 NA NA 0.1 0.3 19.82 67.68 0.214 7.63 8.43 90.88

South Tributary 0.20 0.66 NA NA 0.1 0.3 19.70 67.46 0.200 7.62 7.52 81.07

South Cove 2.60 8.5

Lake Churchill, Montgomery County, MD - 8/21/2007

Station
DEPTH Secchi  Sample Temperature    Dissolved Oxygen

1.10 3.6

Mid-Lake 6.10 20.0 1.15 3.8

Spillway 5.80 19.0 1.20 3.9
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Conductivity pH       
m ft m ft m ft   (°C)   (°F) (mS/cm) (S.U.) (mg/L) %

0.0 0.0 25.44 77.79 0.266 7.82 7.26 87.86

0.3 0.9 24.80 76.64 0.320 7.52 7.13 84.70

0.0 0.0 26.39 79.50 0.254 8.93 9.32 114.88

0.3 1.0 26.42 79.56 0.254 8.90 9.62 118.58

0.6 2.0 26.44 79.59 0.255 8.86 9.80 120.79

0.9 3.0 26.45 79.61 0.255 8.86 9.75 120.18

1.2 4.0 26.45 79.61 0.255 8.85 9.65 118.94

1.5 5.0 26.34 79.41 0.256 8.77 9.50 117.10

1.8 6.0 26.10 78.98 0.255 8.63 9.21 113.52

2.1 7.0 25.88 78.58 0.256 8.35 8.84 106.98

2.4 8.0 25.75 78.35 0.260 7.05 4.00 48.41

0.0 0.0 26.82 80.28 0.253 9.00 10.48 129.18

0.3 1.0 26.60 79.88 0.253 8.99 10.49 129.30

0.6 2.0 26.43 79.57 0.253 8.99 10.51 129.55

0.9 3.0 26.42 79.56 0.253 8.98 10.53 129.79

1.2 4.0 26.20 79.16 0.253 8.73 10.48 129.18

1.5 5.0 26.11 79.00 0.254 8.56 9.43 116.23

1.8 6.0 25.99 78.78 0.255 8.20 7.62 92.22

2.1 7.0 25.58 78.04 0.256 7.55 6.40 77.45

2.4 8.0 24.16 75.49 0.260 7.43 4.81 57.14

2.7 9.0 23.50 74.30 0.281 7.17 3.15 36.72

3.0 10.0 22.90 73.22 0.295 7.07 2.20 25.16

3.4 11.0 22.22 72.00 0.312 7.08 2.03 23.22

3.7 12.0 19.19 66.54 0.515 7.10 1.87 20.16

4.0 13.0 17.32 63.18 0.616 7.14 1.80 18.62

4.3 14.0 16.53 61.75 0.685 7.04 1.44 14.59

4.6 15.0 14.43 57.97 0.793 7.01 1.10 10.67

4.9 16.0 13.95 57.11 0.813 6.99 0.93 8.83

5.2 17.0 13.02 55.44 1.097 6.86 0.70 6.64

5.5 18.0 13.17 55.71 1.230 6.85 0.68 6.45

5.8 19.0 12.57 54.63 1.540 6.82 0.58 5.38

6.1 20.0 11.02 51.84 1.870 6.80 0.50 4.53

6.4 21.0 10.84 51.51 1.900 6.79 0.48 4.25

6.7 22.0 10.57 51.03 1.950 6.59 0.43 3.81

0.0 0.0 27.05 80.69 0.253 8.96 10.28 129.02

0.3 1.0 26.93 80.47 0.253 8.96 10.30 126.96

0.6 2.0 26.71 80.08 0.254 8.96 10.17 125.35

0.9 3.0 26.52 79.74 0.255 8.97 10.08 124.25

1.2 4.0 26.38 79.48 0.257 8.91 8.31 102.43

1.5 5.0 26.16 79.09 0.260 7.88 5.67 69.89

1.8 6.0 25.92 78.66 0.262 7.42 3.75 45.38

2.1 7.0 25.38 77.68 0.268 7.23 2.01 24.33

2.4 8.0 24.95 76.91 0.278 7.09 1.50 17.82

Dissolved Oxygen

East End of Lake  
(IS-1)

0.30 1.0 0.30 1.0

Lake Churchill, Montgomery County, MD - 8/16/2006

Station
DEPTH Secchi  Sample Temperature    

Spillway          
(IS-8)

2.59 8.5 0.75 2.5

South Cove       
(IS-6)

2.53 8.3 0.75 2.5

Mid-Lake         
(IS-7)

6.71 22.0 0.80 2.6
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Discrete Water Quality Results 
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Alkalinity Hardness NH3-N NO3-N SRP TP TSS Chlorophyll a
mg/L mg/L mg/L mg/L mg/L mg/L mg/L µg/L

2009 36.1 72.0 0.02 0.16 ND<0.002 0.04 12 49.3

2008 58.3 92.2 0.03 0.04 ND<0.003 0.03 5 7.7

2007 42.8 88.2 0.05 0.33 0.006 0.04 12 9.8

2006 54.0 93.0 0.30 0.25 ND <0.002 0.06 43 33.0

2009 49.0

2008 8.1

2007 14.5

2006 48.6 77.0 0.03 ND <0.02 ND <0.002 0.04 34 23.2

2009 49.0

2008 7.1

2007 18.0

2006 46.4 77.0 0.09 0.34 ND <0.002 0.04 38 26.2

2009 104.0 171.0 8.29 0.96 0.004 0.60 80

2008 125.0 153.0 0.17 0.28 ND<0.003 0.40 76

2007 6.80 0.11 0.003 0.15

2006 81.0 101.0 2.70 0.10 0.002 0.06 27 29.4

2009 34.0 62.0 0.02 0.10 ND<0.002 0.03 6 37.0

2008 57.7 88.2 0.04 0.04 ND<0.003 0.03 4 8.0

2007 52.8 100.0 0.02 0.08 0.002 0.03 5 19.8

2009 53.6 148.0 ND<0.01 1.70 0.007 0.02 ND<3

2008 71.4 161.0 ND<0.01 3.20 0.012 0.02 ND<3

2007 27.9 60.8 0.06 0.59 0.011 0.04 7 3.7

2009 36.1 103.0 ND<0.01 1.90 0.024 0.03 ND<3

2008 42.8 88.2 0.01 3.00 0.013 0.08 ND<3

2007 45.8 62.7 0.06 1.40 0.045 0.09 5 2.8

Spillway (IS-8)

East Tributary

South Tributary

Station

East End of Lake (IS-1)

Station

Lake Churchill, Montgomery County, MD Discrete Data

South Cove (IS-6)

Mid-Lake (IS-7)

Mid-Lake Deep (IS-7)
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Bacillariophyta Cladocerans

Cyclotella 206.2 94.5 Daphnia 23.0 53.7
Stephanodiscus 618.6 3,400.3 Alonella 11.5 8.3

Synedra 206.2 708.4 Bosmina 138.0 139.4
Total 1,031.0 4,203.1 Ceriodaphnia 115.0 202.7

Diaphniosoma 126.5 169.2
Chlorophyta Total 414.0 573.3

Chlamydomonas 1,031.0 107.5
Chlorella 2,268.3 1,795.6 Copepods

Coelastrum 51,964.1 36,115.1 Cyclops 11.5 2.3
Gloeocystis 24,538.6 13,642.5 Diaptomus 92.0 156.1

Haematococcus 412.4 447.8 nauplii 57.5 44.9
Oocystis 206.2 28.7 Total 161.0 203.3

Sphaeriocystis 10,722.8 1,777.6
Total 91,143.4 53,914.7 Rotifers

Brachionus 23.0 9.5
Chrysophyta Conochilus 11.5 1.4
Mallomonas 412.4 1,022.1 Trichocerca pilla 11.5 4.8

Total 46.0 15.7
Cryptophyta
Cryptomonas 412.4 399.1 Grand Total 621.0 369.7
Rhodomonas 1,031.0 201.7

Total 1,443.4 600.8

Cyanophyta
Anabaena 42,272.4 10,076.5

Aphanizomenon 115,475.8 6,762.3
Aphanocapsa 1,649.7 229.3

Total 159,397.9 17,068.0

Grand Total 253,428.2 76,808.8

Zooplankton
South Cove 2009

Phytoplankton
South Cove 2009
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Bacillariophyta Cladocerans

Cyclotella 297.8 136.4 Bosmina 11.3 11.4

Chlorophyta Copepods
Chlamydomonas 1,191.2 124.2 Diaptomus 11.3 19.1

Chlorella 595.6 471.5 nauplii 157.5 123.0
Chlorogonium 297.8 Total 168.8 142.1
Coelastrum 20,845.2 14,487.4
Crucigenia 1,191.2 55.9 Rotifers
Gloeocystis 43,179.4 24,006.0 Brachionus 11.3 4.7

Oocystis 1,191.2 165.6 Conochilus 22.5 2.8
Sphaeriocystis 15,485.0 2,567.1 Keratella 33.8 1.1

Total 83,976.6 41,877.6 Trichocerca pilla 11.3 4.7
Total 78.8 13.2

Cryptophyta
Cryptomonas 595.6 576.4 Grand Total 258.8 166.7

Cyanophyta
Anabaena 29,778.9 7,098.4

Aphanizomenon 89,336.8 5,231.6
Aphanocapsa 24,418.7 3,394.0

Total 143,534.4 15,723.9

Grand Total 228,404.3 58,314.3

Zooplankton
East End 2009

Phytoplankton
East End of Lake 2009
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Bacillariophyta Cladocerans

Cyclotella 411.8 188.6 Daphnia 1,574.1 3,675.0
Bosmina 14,166.7 14,305.4

Chlorophyta Ceriodaphnia 3,148.1 5,547.8
Chlamydomonas 823.6 85.9 Diaphniosoma 393.5 526.5

Coelastrum 39,532.8 27,475.3 Total 19,282.4 24,054.6
Cosmarium 411.8 119.1
Gloeocystis 34,179.4 19,002.4 Copepods

Gonium 1,647.2 171.7 Cyclops 787.0 160.0
Kirchneriella 2,470.8 411.9 Diaptomus 787.0 1,335.2

Sphaeriocystis 52,710.4 8,738.4 Mesocyclops 393.5 853.8
Total 131,776.0 56,004.6 nauplii 7,083.3 5,533.1

Total 9,050.9 7,882.1
Cryptophyta
Cryptomonas 411.8 398.5 Rotifers

Conochilus 787.0 96.8
Cyanophyta Trichocerca pilla 787.0 326.7
Anabaena 30,885.0 7,362.0 Kellicottia 5,509.3 550.6

Aphanizomenon 20,590.0 1,205.8 Total 7,083.3 974.1
Total 51,475.0 8,567.8

Grand Total 35,416.7 32,910.8
Grand Total 184,074.6 65,159.5

Zooplankton
Mid-Lake 2009

Phytoplankton
Mid-Lake 2009
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Chlorophyta Cladocerans

Chlorella 383.2 303.3 Daphnia 294.0 686.4
Closterium 383.2 375.5 Bosmina 2,645.8 2,671.7
Coelastrum 24,523.0 17,043.5 Ceriodaphnia 147.0 259.0
Gloeocystis 21,457.6 11,929.6 Diaphniosoma 1,028.9 1,376.6

Haematococcus 766.3 832.2 Total 4,115.7 4,993.7
Oocystis 3,065.4 426.1

Scenedesmus 1,532.7 71.9 Copepods
Sphaeriocystis 45,980.7 7,622.7 Cyclops 1,028.9 209.2

Total 98,092.1 38,604.7 Diaptomus 294.0 498.7
nauplii 2,204.9 1,722.3

Cyanophyta Total 3,527.8 2,430.2
Anabaena 26,822.0 6,393.6

Rotifers
Grand Total 124,914.1 44,998.3 Kellicottia 294.0 29.4

Keratella 441.0 14.7
Polyarthra 588.0 569.5

Total 1,322.9 613.6

Grand Total 8,966.4 8,037.5

Zooplankton
Spillway 2009

Phytoplankton
Spillway 2009
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Chlorophyta Cladocera

Chlamydomonas 11,629.8 1,212.3 Bosmina 21.7 21.9
Haematococcus 211.5 229.6 Total 21.7 21.9
Scenedesmus 1,127.7 52.9

Coelastrum 9,515.3 661.3 Copepods
Eudorina 2,607.9 2,086.3 Nauplii 86.7 67.7

Total 25,092.2 4,242.4 Cyclops 10.8 2.2
Total 97.5 69.9

Cryptophyta
Cryptomonas 141.0 136.4 Rotifers

Total 141.0 136.4 Keratella 32.5 1.1
Asplanchna 10.8 14.4

Cyanophyta Trichocerca 10.8 3.6
Anabaena 6,555.0 15,625.1 Total 54.2 19.1

Total 6,555.0 15,625.1
Grand Total 173.3 110.9

Grand Total 31,788.1 20,003.9

Phytoplankton
East End of Lake 2008

Zooplankton
East End of Lake 2008
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Chlorophyta Cladocera
Coelastrum 7,376.6 512.7 Ceriodaphnia 34.6 60.9

Oocystis 719.7 100.0 Diaphanosoma 34.6 46.3
Chlamydomonas 8,816.0 919.0 Chydorus 6.9 5

Gloeocystis 719.7 400.1 Bosmina 6.9 7
Eudorina 719.7 575.7 Total 83.0 119.2

Haematococcus 989.5 1,074.7
Total 19,341.2 3,582.2 Copepods

Nauplii 152.2 118.9
Cryptophyta Cyclops 69.2 14.1
Cryptomonas 179.9 174.1 Diaptomus 27.7 46.9

Total 179.9 174.1 Mesocyclops 13.8 30
Total 262.8 209.9

Cyanophyta
Anabaena 5,307.6 12,651.7 Rotifers

Total 5,307.6 12,651.7 Polyarthra 69.2 67
Keratella 110.7 3.7

Grand Total 24,828.7 16,408.0 Trichocerca 27.7 9.2
Conochilus 27.7 3.4

Total 235.2 83

Grand Total 581.0 412.4

Phytoplankton
Spillway 2008

Zooplankton
Spillway 2008
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Bacillariophyta Cladocerans

Cyclotella 539.1 246.9 Diaphanosoma 56.7 75.8
Ceriodaphnia 113.3 199.7

Chlorophyta Bosmina 181.3 183.1
Kerichalmys 5,929.9 3,296.8 Total 351.3 458.6

Scenedesmus 70,215.6 3,292.4
Asterococcus 808.6 808.6 Copepods

Chlorella 134.8 106.7 Cyclops 45.3 9.2
Protococcus 269.5 213.4 Nauplii 90.7 70.8

Ankistrodesmus 269.5 5.6 Diaptomus 90.7 153.8
Pediastrum 269.5 1,706.9 Total 226.7 233.9
Staurastrum 269.5 2,702.5

Oocystis 539.1 74.9 Rotifers
Total 78,706.2 12,207.9 Keratella 45.3 1.5

Kellicotia 11.3 1.1
Cyanophyta Polyarthura 56.7 54.9
Microcystis 37,735.8 70,806.8 Asplanchna 22.7 30.2

Chroococcus 48,921.8 39,137.5 Total 136.0 87.7
Coelosphaerium 77,493.3 86,167.1

Aphanothece 3,234.5 229.6 Grand Total 714.0 780.2
Total 167,385.4 196,341.0

Phyrrophyta
Ceratium 134.8 1,212.9

Total 134.8 1,212.9

Grand Total 246,765.5 210,008.8

Phytoplankton
Spillway 2007

Zooplankton
Spillway 2007
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Taxon Cells/mL µg/L Taxon Animals/L µg/L
Chlorophyta Copepods
Kerichlamys 1,617.3 899.1 Nauplii 113.3 88.5

Ankistrodesmus 134.8 2.8 Total 113.3 88.5
Scenedesmus 5,256.1 246.5
Staurastrum 269.5 2,702.5 Rotifers

Chlorella 134.8 106.7 Keratella 260.7 8.7
Total 7,412.4 3,957.6 Total 260.7 8.7

Cyanophyta Grand Total 374.0 97.2
Chroococcus 8,490.6 6,792.5

Aphanizomenon 3,099.7 181.5
Microcystis 2,695.4 5,057.6

Total 14,285.7 12,031.6

Grand Total 21,698.1 15,989.2

Phytoplankton
East End of Lake 2007

Zooplankton
East End of Lake 2007
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Phytoplankton Zooplankton
IS-7 2006 IS-7 2006

Taxon Taxon
Chlorophyta Cladocerans
Pediastrum Daphnia
Staurastrum Ceriodaphnia
Cosmarium Diaphanosoma

Chlorella
Synedra Copepods

Diaptomus
Cyanophyta Cyclops
Microcystis

Anaphanocapsa Rotifers
Anabaena Kerratella

Coelosphaerium Conochilus

Phyrrophyta
Ceratium  
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Phytoplankton Zooplankton
IS-1 2006 IS-1 2006

Taxon Taxon
Chlorophyta Cladocerans
Pediastrum Bosmina

Haematococcus
Copepods

Chrysophytes Nauplii
Cymbella

Rotifers
Cyanophyta Keratella

Coelosphaerium
Microcystis*
Anabaena

Anaphanocapsa
Synedra

Phyrrophyta
Ceratium  
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Glossary of Key Terms 

 

 Acidity - The state of being acid that is of being capable of transferring a hydrogen ion in 
solution; solution that has a pH value lower than 7. 

  

 Alkalinity - The capacity of water for neutralizing an acid solution. Alkalinity of natural waters 
is due primarily to the presence of hydroxides, bicarbonates, carbonates and occasionally 
borates, silicates and phosphates. It is expressed in units of milligrams per liter (mg/l) of 
CaCO3 (calcium carbonate).  Low alkalinity is the main indicator of susceptibility to acid rain. 
Increasing alkalinity is often related to increased algal productivity. Lakes with watersheds 
having a sedimentary carbonate rocks geology then to be high in dissolved carbonates (hard-
water lakes), whereas those in a watershed with a granitic or igneous geology tend to be low in 
dissolved carbonates (soft water lakes). 

 

 Anthropogenic activities – Impacted by, created by, or resulting from human activities.   
 

 Aeration - A process which promotes biological degradation of organic matter in water.  The 
process may be passive (as when waste is exposed to air), or active (as when a mixing or 
bubbling device introduces the air).   

 

 Algae - Microscopic plants and other organisms which contain chlorophyll and live floating or 
suspended in water.  Algae may also form dense colonies and mats.  Algae also may be 
attached to structures, rocks, or other submerged surfaces.  It serves as food for fish and small 
aquatic animals.  Excess algal growths can impart tastes and odors to potable water. Algae 
produce oxygen during sunlight hours and use oxygen during the night hours.  They can affect 
water quality adversely by lowering the dissolved oxygen in the water during the night or after 
die-off.  See also phytoplankton.   

 

 Alum Treatment - Process of introducing granular or liquid alum (aluminum sulfate) into the 
lake water, to create a precipitate or floc that is used to strip the water column of fine particles 
and algae or used to treat the bottom sediment for the purpose of limiting the internal recycling 
of phosphorus.   

 

 Ammonia - A colorless gaseous alkaline compound that is very soluble in water, has a 
characteristic pungent odor, is lighter than air, and is formed as a result of the decomposition of 
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most nitrogenous organic material.  A key nutrient.   
 

 Anoxic – Devoid of oxygen or dissolved oxygen.  DO concentrations less than 1.0 mg/L are 
generally treated as anoxic. 

 

 Autotroph – Autotrophs are primary producers that sustain their energy from photosynthesis.  
Phytoplankton and macrophytes are autotrophs.  

 

 Bathymetry - (1) The measurement and mapping of water depths and bottom contours.  
 

 Best Management Practices - Schedules of activities, prohibitions of practices, maintenance 
procedures, and other management practices to prevent or reduce the pollution of waters of the 
United States.  BMPs also include but are not limited to treatment requirements, operating 
procedures, and practices to control plant site runoff, spillage or leaks, sludge or wastewater 
disposal, or drainage from raw material storage. Practices or structures designed to reduce the 
quantities of pollutants -- such as sediment, nitrogen, phosphorus, and animal wastes that are 
washed by rain and snow melt from farms into surface or ground waters.  

 

 Chlorophyll a - A green pigment found in photosynthetic organisms; used as an indicator of 
algal biomass.   

 

 Clarity - The transparency of a water column.  Commonly measured with a Secchi disk 
 

 Conductivity or Conductance – See Specific Conductivity. 
 

 Cyanobacteria – This group of algae is also known as blue-green algae or cyanophytes.  This 
taxon consists of algae that are prone to bloom formation.  This is due to certain competitive 
advantages including the ability to fix atmospheric nitrogen and to utilize organic forms of 
phosphorus, traits which no other algae share.  They are also not consumed by zooplankton.  As 
a result they are not subject to nitrogen limitation, grazing, and can utilize other forms of 
phosphorus.  Blooms produce foul odors and can deplete dissolved oxygen levels at night and 
upon senescence.    

 

 Debris - A broad category of large manufactured and naturally occurring objects that are 
commonly discarded (e.g., construction materials, decommissioned industrial equipment, 
discarded manufactured objects, tree trunks, boulders).   
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 Detritus - Any loose material produced directly from disintegration processes. Organic detritus 
consists of material resulting from the decomposing organic materials or from terrestrial 
sources like leaves. 

 

 Diel – Refers to the course of events over a day and includes both diurnal and nocturnal cycles.  
In limnology diel variations are measured in a variety of parameters.  

 

 Dissolved oxygen – The concentration of the gas oxygen (O2) present in water.  Dissolved 
oxygen (DO) can be an indicator of the ecologic function of the waterbody.  Oxygen is more 
soluble at lower temperatures and less soluble at higher temperatures.  Contributors to DO in 
water include atmospheric diffusion and photosynthetic processes of algae and aquatic 
vegetation.  Percent saturation refers to maximum concentration of DO per a given temperature 
due to atmospheric diffusion.  Supersaturated conditions occur when excessive photosynthesis 
contributes more DO to a system than would occur through inorganic processes alone at a 
given temperature.    

 

 Dredging - Removal of sediment from the bottom of a water body. 
 

 Epilimnion- The upper layer of water in a thermally stratified lake or reservoir. This layer 
consists of the warmest water and has a fairly uniform (constant) temperature. The layer is 
readily mixed by wind action.   

 

 Eutrophication - A process that occurs when a lake or stream becomes over-rich with nutrients; 
as a consequence it becomes overgrown in algae and other aquatic plants.  These autotrophs 
senesce or die and are decomposed by microbes.  This decomposition or respiration by 
microbes can significantly reduce dissolved oxygen levels to the impairment of other aquatic 
organisms.  Eutrophication can be a natural process or it can be a cultural process accelerated 
by an increase of nutrient loading to a lake by human activity.  Fertilizers, which drain from the 
fields, and nutrients from animal wastes and sewage are examples of cultural processes and are 
often the primary causes of the accelerated eutrophication of a waterbody. 

 

 Erosion- The wearing away of land surface by wind or water. Erosion occurs naturally but can 
be caused by farming, residential or industrial development, mining, or timber-cutting. 

 

 Fecal contamination - The presence in water bodies of living organisms (bacteria and viruses) 
or agents derived by fecal bacteria that can cause negative human health effects.  Fecal 
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contamination may be a result of wildlife, livestock, pet, waterfowl or septic and sewage 
discharges. 

 

 Herbicides - A compound, usually a man-made organic chemical, used to kill or control plant 
growth.   

 

 Hydrology - The occurrence, circulation, distribution, and properties of the waters of the earth, 
and their reaction with the environment.  For lakes this is usually associated with the 
quantification of the water flow into and out of the system and the study of pollutant transport 
that occurs in concert with the inflow.  

 

 Hypereutrophic - Pertaining to a lake or other body of water characterized by excessive nutrient 
concentrations such as nitrogen and phosphorous and resulting high productivity.  Such waters 
are often shallow, with algal blooms and periods of oxygen deficiency.  Slightly or moderately 
eutrophic water can be healthful and support a complex web of plant and animal life.  However, 
such waters are generally undesirable for drinking water and other needs. Degrees of 
eutrophication typically range from oligotrophy (maximum transparency, minimum 
chlorophyll-a, minimum phosphorus) through mesotrophy, eutrophy, to hypereutrophy water 
(minimum transparency, maximum chlorophyll a, maximum phosphorus).  Also see Trophic 
State. 

 

 Hypolimnion - Bottom waters of a thermally stratified lake. This layer consists of colder, 
denser water.  Temperatures may remain relatively constant year around and it may experience 
little or no mixing with the upper warmer layers of the water body, although almost all lakes of 
moderate depth (<100 feet) will periodically mix.  The hypolimnion of a eutrophic lake is 
usually low or lacking in oxygen.  

 

 Hypoxic – low or depressed dissolved oxygen concentrations generally less than 2.0 mg/L, but 
may be applied to DO concentrations less than 4.0 mg/L.  

 

 In-situ water quality parameters - in place; in-situ measurements consist of measurements of 
water quality parameters in the field, rather than in a laboratory.  

 

 Invasive species - A species whose presence in the environment causes economic or 
environmental harm or harm to human health.   

 

 Limnology - The study of bodies of fresh water with reference to their plant and animal life, 
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physical properties, geographical features, etc.  The study of the physical, chemical, 
hydrological, and biological aspects of fresh water bodies.   

 

 Littoral Zone - 1. That portion of a body of fresh water extending from the shoreline lakeward 
to the limit of occupancy of rooted plants.  Sometimes characterized as twice the Secchi depth 
or at a depth equal to 1% of incident light penetration at the surface.  2. A strip of land along 
the shoreline between the high and low water levels.   

 

 Land use/ Land cover - The arrangement of land units into a variety of categories based on the 
properties of the land or its suitability for a particular purpose. It has become an important tool 
in rural land-use planning.  

 

 Macroinvertebrates – Large aquatic invertebrates.  Generally applied to aquatic insects, 
mollusks, and crustaceans. 

 

 Macrophyte – Vascular (higher order) plants that grow in water.  Includes different growth 
forms such as emergents, submerged, rooted floating-leaf, and floating.  Also known as 
submerged aquatic vegetation or aquatic weeds.  Includes waterweeds, pondweeds, water lilies, 
and duck weed amongst others.   

 

 Mesotrophic - Reservoirs and lakes which contain moderate quantities of nutrients and are 
moderately productive in terms of aquatic animal and plant life. 

 

 Microbes – Bacteria, fungus, and other microscopic life forms.  Generally responsible for the 
decomposition of organic materials.   

 

 Morphometry or Lake Morphometry – The three-dimensional shape of lake including depth.  
This term is generally interchangeable with bathymetry.  Lake morphometry is characterized by 
bathymetry surveys.  

 

 Nitrate – The most common form of nitrogen nutrient in most aquatic ecosystems and the 
nitrogen species most often utilized by plants and algae.  Nitrates are generally found in high 
supply relative to phosphorus and highly mobile in water.  

 

 Nitrogen - An essential nutrient in the food supply of plants and the diets of animals.  Animals 
obtain it in nitrogen-containing compounds, particularly amino acids. Although the atmosphere 
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is nearly 80% gaseous nitrogen, very few organisms have the ability to use it in this form with 
the exception of cyanobacteria or blue-green algae.  The higher plants normally obtain it from 
the soil after micro-organisms have converted the nitrogen into ammonia or nitrates, which they 
can then absorb.  There are various forms of both oxidized and reduced nitrogen including 
Ammonia and Nitrates. 

 

 Non-point source pollution – Non-point source pollution is the enrichment of pollutants or 
nutrients through stormwater runoff. Natural or human-induced pollution caused by diffuse, 
indefinable sources that are not regulated as point sources, resulting in the alteration of the 
chemical, physical, and biological integrity of the water.   

 

 Oligotrophic - Deep lakes that have a low supply of nutrients and thus contain little organic 
matter.  Such lakes are characterized by high water transparency and high dissolved oxygen. 

 

 pH - A measure of the acidity or basicity of a material, or the concentration of the positive 
hydrogen ion, liquid or solid.  pH is represented on a scale of 0 to 14 with 7 representing a 
neutral state, 0 representing the most acid and 14, the most basic. 

 

 Periphyton abundance - Microscopic underwater plants and animals that are firmly attached to 
solid surfaces such as rocks, logs, and pilings.  In smaller streams this can indicate nutrient and 
thermal enrichment.   

 

 Phosphorus - An element that while essential to life, contributes to the eutrophication of lakes 
and other bodies of water.  There are various species or forms of phosphorus including Total 
Phosphorus (sum of all species), Organic Phosphorus, and Dissolved Phosphorus amongst 
others. Soluble reactive phosphorus is a measure of soluble orthophosphates. 

 

 Photic Zone – The upper layers of lake in which photosynthesis occurs.  Generally depths less 
than twice the Secchi depth. 

 

 Photosynthesis - The process by which plants and algae transform carbon dioxide and water 
into carbohydrates and other compounds, using energy from the sun captured by chlorophyll in 
the plant. The rate of photosynthesis depends on climate, intensity and duration of sunlight, 
nutrient availability, temperature, and carbon dioxide concentration.  

 

 Phytoplankton - Very tiny, often microscopic, plants and other photosynthetic or autotrophic 
organisms found in fresh and saltwater.  Phytoplankton drift near the surface of the water where 
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there is plenty of sunlight for growth.  Phytoplankton form the base for most lake food chains.  
 

 Point-source pollution - Easily discernible source of water pollution such wastewater treatment 
plants and other facilities that directly discharge to waterways. 

 

 Pollutant loading - The amount of polluting material that a transporting agent, such as a stream, 
a glacier, or the wind, is actually carrying at a given time.   

 

 Residential discharge - Any flow of surface water or the collective flow of residential 
development generated in single and multi-family homes.  May include storm water collected 
from the roof, lawn, driveway, a basement sump pump, or effluent from a malfunctioning 
septic system.   

 

 Respiration – The consumption of organic materials by living organisms in a lake.  All aquatic 
life forms, including microbes, algae, zooplankton, and fish respire organic materials.  
Respiration can lower pH values and for most organisms except certain bacteria requires 
dissolved oxygen.  

 

 Secchi disk transparency - A flat, white disc lowered into the water by a rope until it is just 
barely visible. At this point, the depth of the disc from the water surface is the recorded Secchi 
disc transparency.  

 

 Sedimentation - 1. Process of deposition of waterborne or windborne sediment or other 
material; also refers to the infilling of bottom substrate in a waterbody by sediment (siltation). 
2. When soil particles (sediment) settles to the bottom of a waterway.   

 

 Specific conductance - A rapid method of estimating the dissolved-solids content of a water 
supply. The measurement indicates the capacity of a sample of water to carry an electrical 
current, which is related to the concentration of ionized substances in the water. Also called 
conductance.   

 

 Stormwater runoff - Stormwater runoff, snow melt runoff, and surface runoff and drainage; 
rainfall that does not infiltrate the ground or evaporate because of impervious land surfaces but 
instead flows onto adjacent land or watercourses or is routed into drain and sewer systems. 

 

 Stratification - Formation of water layers each with specific physical, chemical, and biological 
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characteristics. As the density of water decreases due to surface heating, a stable situation 
develops with lighter water overlaying heavier and denser water. During stratification there is 
no mixing between layers, establishing chemical as well as thermal gradients. 
http://iaspub.epa.gov/trs/trs_proc_qry.org_info?P_REG_AUTH_ID=1054&P_LIST_OPTION_CD=ORG 

 

 Submerged aquatic macrophyte - Large vegetation that lives at or below the water surface; an 
important habitat for young fish and other aquatic organisms.  
http://iaspub.epa.gov/trs/trs_proc_qry.org_info?P_REG_AUTH_ID=8&P_LIST_OPTION_CD=ORG 

 

 Suspended solids - 1) Solids that either float on the surface or are suspended in water or other 
liquids, and which are largely removable by laboratory filtering. 2) The quantity of material 
removed from water in a laboratory test, as prescribed in standard methods for the examination 
of water and wastewater.  

 

 Thermal Stratification – A natural phenomenon in which lakes of sufficient depth are divided 
into distinct depth zones of varying temperatures.  In the summer months the coolest and 
densest water is located at the lake bottom.  In winter months the upper depths of a lake may be 
warmer than the bottom.  The maximum density of freshwater occurs at 39°F.  Thermal 
stratification prevents the mixing of the entire water column. 

 

 Thermocline - The middle layer in a thermally stratified lake or reservoir. In this layer there is a 
rapid decrease in temperature with depth. Also called the Metalimnion. 

 

 Trophic State – Indicates the level of primary production as measured by photosynthetic 
activity or other metrics.  Various models exist to describe trophic state.  Perhaps the most 
widely used is Carlson’s Trophic State Index (TSI) which relies on the use of summer average 
chlorophyll, Secchi depth, and Total Phosphorus values. 

 

 Tributary – A stream or other flowing waterbody discharging to a lake or a larger stream. 
 

 Turbidity - A cloudy condition in water due to suspended silt or organic matter often 
attributable to algae blooms or increased sediment loads.  

 

 Water quality - The biological, chemical, and physical conditions of a waterbody. It is a 
measure of a waterbody's ability to support beneficial uses.   
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 Watershed management - A holistic approach applied within an area defined by hydrological, 
not political, boundaries, integrating the water quality impacts from both point and nonpoint 
sources. Watershed management has a premise that many water quality and ecosystem 
problems are better solved at the watershed scale rather than by examining the individual 
waterbodies or dischargers.  Use, regulation and treatment of water and land resources of a 
watershed to accomplish stated objectives.   

 

 Zooplankton - Tiny, sometimes microscopic, floating, aquatic animals and protozoans.  
Zooplankton generally feed upon phytoplankton, organic detritus, microbes, and other 
zooplankters.   


