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been reduced, and light penetrates deeper into the lake.

An experimental method of hypolimnetic withdrawal is in progress I
at Lake Waramaug, Connecticut. In addition to hypolimnetic
withdrawal and discharge, a second withdrawal system treats
withdrawn bottom water and returns it to the middle depths of the
lake. The second system has the effect of hypolimnetic withdrawal
at the inlet end and the effect of hypolimnetic aeration at the
outlet end. The water withdrawn is treated to remove some of the
phosphorus, to increase dissolved oxygen content, and to oxidize
chemically reduced substances, specifically ferrous iron. The
oxidized (ferric) iron precipitates, removing phosphorus from the
water both in the treatment system and after its return to the
lake. Removal of phosphorus by reaction with iron is similar to
(and more rapid than) precipitation of phosphorus by alum. The l
hypolimnetic treatment systems at Lake Waramaug do not aerate the
entire hypolimnion, but increase the depth to the anoxic boundary
and reduce phosphorus transported to the epilimnion. Deepening
the anoxic boundary also may improve survival of the cold water |
fishery and zooplankton. Essentially, the systems at Lake
Waramaug are "hypolimnion skimmers" which help to isolate bottom
water (hypolimnion) from surface water (epilimnion). I

Algae Control: Nutrient Precipitation/Inactivation l

The "alum treatment" is the application of aluminum sulfate to a
lake for the purpose of precipitating phosphorus from the water
column and making it chemically unavailable in the sediments.
Criteria for selecting lakes for phosphorus inactivation by alum
follow.

1. Lakes should be eutrophic or mesotrophic so that improvement I
in lake water quality will be significant.

2. Water retention time should be long enough to produce |
observable and persistent improvement. Generally, that means the
watershed/lake area ratio should be small.

3. Phosphorus should be the limiting nutrient for planktonic
algae, and should remain so (or become so) after treatment.

4. A substantial proportion of phosphorus in a lake should be in |
forms susceptible to inactivation at the time of treatment.

5. Phosphorus inputs from a lake watershed should not be large |
enough to negate the effects of treatment. That means phosphorus
present in the lake and supplied from internal sources (such as
from the sediments) should be a substantial proportion of the
total annual supply.

6. Lake depth should be great enough to allow adequate settling |

I
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and to prevent resuspension of precipitated phosphorus.

7. Lake surface area should be small enough to permit treatment
at acceptable cost, but large enough to behave like other lakes
which have been treated.

8. A lake should have sufficient recreational or other value to
justify the expense of the treatment.

9. Background data (natural resource data base) should be
available or be obtained on physical, chemical, and biological
characteristics of the lake and watershed.

"Surrogates" for alum are currently under study, which could
provide similar nutrient inactivation benefits without the related
short- and long-term impact potential.

Algae Control: Other Methods

A number of other methods, still experimental or theoretical, may
become useful in the future and under special circumstances.

Addition of nitrate to lake hypolimnia has had some success in
Europe. Nitrate behaves like oxygen in decomposition processes,
and may reduce sediment phosphorus release.

An "Automatic Discharge Control Assembly" (U.S. patent) can be
installed in most lakes to automatically remove a selected ratio
of surface and deep water (any depth) without affecting lake level
or involving annual energy costs. In lakes where over-bottom
water contains adequate oxygen, but slightly higher nutrient
concentrations than surface water, downstream effects are not
problematic. If anoxia develops, carefully planned treatment of
the withdrawn water is necessary and a permit is required from the
State.

"Enhanced Interflow" can be designed to deliver watershed inflow
to specific and optimum depths in the lake's thermal structure.

Experiments are in progress with a new algicide (not available at
this time) which kills algae while reducing adverse effects of the
decaying biomass.

Finally, it must be emphasized that watershed management is the
first step in restoration and preservation programs. It should be
noted, also, that no "cure-all" exists for lake problems. Every
lake is a unique individual which must be studied and carefully
diagnosed before treatment is prescribed. Perhaps a new,
inexpensive technique will work in your lake, more likely not.
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I
Table 4. Summary of Management Methods

"Watershed" Methods

A. Erosion and Sedimentation Controls: |

Source Controls: mulch, seeded barriers, miramat, rip-rap,
outlet protection, etc. |

Recovery Methods: sedimentation basins, wetland/floodplain
management, water velocity reduction, check dams, etc. 3

B. Detention and Diversion:

Agricultural Management: best management practices (BMP's)
for animal waste, cover crops, buffer strips, fencing,
agricultural land use, etc..

Urban Runoff Controls: "first flush techniques", fertilizer
use, waste- and stormwater management.

Wastewater Management: sewering, septic system management,
land-use, potential spill containment.

Wetland Function Enhancement: runoff renovation, sediment,
nutrient, and contaminant removal, groundwater |
recharge.

Enhanced Interflow: injection of streamflow below photic
zone of lakes, sediment and turbidity containment
and management.

I
I
I
I
I
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"In-Lake" Methods

A. Nutrient Control Methods:

Chemical Methods:
Nutrient Inactivitation (see #1. below)
Sediment Oxidation (see #2. below)

Physical Methods:
Depth-Selective Discharge (see #3. below)
Dredging: "wet" and "dry" (see #4. below)

B. Biomass Control Methods:

Chemical Methods: (see #5. below)
Algicides
Herbicides
pH/Alkalinity Control Methods
Dyes/Light Limitation

Physical Methods: (see #6. below)
Harvesting: weeds, fish, etc.
Lake Level Manipulation: seasonal elevation, outlet

configuration
Sediment Covers
Aeration:

Destratification
Hypolimnion Aeration
Layer Aeration/Circulation

Biological Methods: (see #7. below)
Plant Pathogens: viruses affecting plants and
blue-green algae (cyanophages).

Plant Predators: zooplankton upon phytoplankton,
phytophagqs (plant eating) insects and fish.

Trophic Level Management: phytoplankton, zooplankton,
and fish.
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Table 4. Summary of Management Methods (cont.)

Specific "In-Lake" Techniques

#1. Nutrient Inactivation - |

Principle:

Phosphorus is chemically bound to aluminum hydroxide; P stripped
from water column and trapped in sediments as insoluble compound.

Advantages: I
* Aluminum-phosphorus complex insensitive to redox changes.
* Effective in deep lakes with large internal phosphorus loads.
* Aluminum hydroxide stable at pH's commonly found in lakes

(pH 6-8).

Disadvantages:

** pH dependent: toxicity from Al (III) and reduced phosphorus
binding capacity may occur below pH 6 (acid conditions).

* Phosphorus must be in inorganic compounds for best results
(humic materials in bog lakes may interfere).

* A large "dose" often is needed for long term results.
Watershed inputs of phosphorus must be controlled for treat-
ment longevity.

#2. Sediment Oxidation -

Principle:

Treatment oxidizes the upper anaerobic sediments, reduced internal *
load where iron dominates redox, enhances denitrification (nitrate
acts as alternate electron acceptor). Addition of ferric chloride
will remove hydrogen sulfide and form ferric hydroxide to bind
phosphorus. Addition of lime (calcium hydroxide) will raise pH |
and stimulate denitrifying bacteria.

Advantages:

* Nontoxic alternative to aluminum (alum treatment).
* Treatment longevity may be better than alum.
* May favor green over blue-green algae.

Similar Techniques:

* Nitrate treatment of hypolimnion.
* Application of advanced wastewater treatment effluent at

sediment interface.

I
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* Injection of nitrate-rich agricultural runoff

Disadvantages:

* External load must be controlled.
* If internal phosphorus load already co-exists with high pH

and high temperature (as in shallow system), treatment may
be ineffective.

*3. Depth-Selective Withdrawal -

Principle:

Changes the depth at which water leaves a lake for a variety of
reasons including:

Removal of nutrient-rich water
Removal of anoxic, chemically reduced water
Removal of water at a particular temperature
Removal of water at a particular light level.

Although used primarily in deep, thermally stratified lakes, can
be effective in shallow lakes when temperature/density gradients
are ephemeral or poorly defined.

Advantages:

* May be gravity driven in many systems
* Net reduction of phosphorus budget

* Reduced algal bloom intensity
* Reduced intensity of anoxia.

Disadvantages:

* Adverse effects downstream from discharge
* Operation costs if not gravity-operated
* Depends upon existing thermal stratification
* Limited by water budget (hydraulic turnover)

#4. Sediment Removal: "wet" or "dry" dredging -

Principle:

Removal of sediment for:

Deepening
Nutrient control
Removal of toxic substances,
Removal of aquatic macrophytes ( crutc €cck)
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I
Effectiveness depends upon:

Depth of light penetration
Composition of remaining sediments

"Dry" dredging by conventional excavation after lowering of lake.
"Wet" dredging by grab bucket/dragline, hydraulic dredge, or
"siphon" dredge.

Advantages:

* Long-term reversal of succession.

Disadvantages:

* In-Lake Effects of Excavation: resuspension, toxins, etc.
* Adverse Effects on phosphorus diffusion from sediments due

to changed surface area to water volume ratio.
Adverse effects on benthic fauna (possible 2-3 year recovery)

* Dewatering and disposal of spoils.

#5. Chemical Methods of Biomass Control -

Algicides: e.g. copper sulfate/"Cutrine", Aquazine, Endothall,
Diquat, etc.

Herbicides: e.g. Diquat, Floridone (Sonar), 2,4-D Ester,
Endothall, Dichlobenil, Rodeo, Amitrol, etc.

Principle:

Kill by direct contact, interferes with photosynthesis, or
disrupts normal growth and cell division.

Advantages:

* "Target organism" control
* Immediate or rapid effects |
* Short term cost.

Disadvantages:

* Toxic effects on other organisms
* Does not treat underlying causes
* Repeated use necessary and expensive
* Direct and indirect consequences; e.g. algal blooms

following weed kill, oxygen loss, habitat loss, etc.
* Use restrictions. I

I
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Aquashade:

Principle:

Dyes water to reduce light penetration and plant growth.

Advantages:

* Non-toxic
* Relatively inexpensive.

Disadvantages:

* Intensified light/heat absorption and stratification
* Oxygen loss at depth.

pH/Alkalinity Control - "Liming":

Principle:

Increases alkalinity of water and counters acidification.
Increases and stabilizes pH.

Advantages:

* Non-toxic
* Lowers solubility/mobilization and toxicity of metals

Disadvantages:

* Toxicity of metals may increase briefly during pH shift
due to hydrolysis.

* Decreases effectiveness of copper sulfate if pH and
alkalinity too high.

#6. Physical Methods of Biomass Control -

Harvesting:

Principle:

Physical removal of unwanted plants by manual removal,
mechanical mowing, "tillage" suction dredging, and
diver-operated dredging.

Advantages:

*Non-toxic
* Area-selective
* Immediate removal of nuisance
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I
* Multiple-uses not affected
* Harvested plants may have use

Disadvantages:

* Capital, operation, energy, and labor costs high
* Seasonal
* Relatively limited areas, little nutrient removal
* Fragmentation, regrowth, species composition
* Fishery effects
* Limited operating depth
* Weather dependent operation
* Damage by or to physical obstructions.

Lake Level Manipulation:

Principle:

"Drawdown" of a lake or pond is a multipurpose method for
control of certain plants, fishery management, structural
repairs, "dry" dredging, installation of sediment covers,
etc. Weed control results from the dessication (heat or
freezing) of plants and perenniating organs (seeds, rhizomes,
etc.).

Advantages:

* Low cost
* Species selective (with good planning)

Oxidizes sediments
* Consolidates sediments
* Combines wtih other techniques (e.g. dredging)

Disadvantages:

* Requires outlet structures
Depends on water budget and light penetration

* Effects variable on plant species
*Algal blooms may follow reflooding
Needs further study

*Residual volumes of water and oxygen needed for fish.

Sediment Covers: |

Principle:

Covering of bottom sediments with screening or sheeting to |
control rooted macrophytes. Floating covers may be used
for swimming areas for 15-35 days in spring.

I
I
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Advantages:

* Non-toxic
*Selective treatment area
*Bottom obstacles less problem

* Ease of installation and licensing

Disadvantages:

* Costs
* Difficult over large areas
* May float or slip on steep slopes
* Does not correct cause of problem (nutrients & light)
* May be damaged
* Material may degrade in sunlight
* Sediment accumulation on cover.

Destratification Aeration:

Principle:

Complete circulation, eliminating thermal stratification,
to maintain aerobic conditions. 'Raising oxygen content
decreases solubility of phosphorus.

Advantages:

* Increased habitat.
* Reduces phosphorus and metal load in some cases.
* Relatively low cost.
* May reduce spring diatom bloom by increasing "critical

depth" and decreasing growth rate.
* Stimulates zoolankton.
* Increases nitrification.
* Favors green/diatom algae over blue-green algae.

Disadvantages:

Eliminates thermal stratification.
May increase internal phosphorus.
May increase phosphorus in photic zone.
Rapid mixing necessary for best effects.
Transparency worsens more often than not.

*Phytoplankton decrease in less than 1/2 cases.
Operating cost.
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Hypolimnetic Aeration:

Principle:

Increase oxygen content of hypolimnion without destroying
thermal stratification.

Advantages:

* Improved habitat
* Decreased phosphorus load
*Decreased ammonium, manganese, iron, and hydrogen sulfide

* Potential for depth-selective withdrawal remains.

Disadvantages: I
* Nitrogen supersaturation (rarely troublesome)
* Increased mixing

Metalimnetic oxygen deficits remain
* Capital and operating costs.

Layer Aeration: I
Principle:

Manipulation of natural heat and oxygen distribution to create
aerated isothermal layer(s) and multiple "thermoclines".

Advantages:

*Smaller compressors and shorter operation season
* Improved habitat
* Density/viscosity gradients altered
* Decreased internal phosphorus and transport
* Depth-selective withdrawal enhancement
* Can be used to prolong spring circulation and to

increase critical depth of mixing.

Disadvantages: I
* Nitrogen supersaturation (rarely troublesome). I
*Capital costs.

I
I
I
I
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#7. Biological Control -

Principle:

Obtain a more acceptable balance of plant biomass by
manipulating existing flora and fauna or by introducing
certain species.

Advantages:

*Non-toxic, non-mechanical
* Costs
* Potential effectiveness
* Potential positive side effects.

Disadvantages:

* Unknown ecological effects and consequences
* Undesirable migrations to neighboring systems.
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Appendix I.

Sources of Information and Assistance

A. Local: use "Town and City" Blue Pages in telephone book

Inland Wetland Agency
Conservation Commission
Planning and Zoning Commission
Health Department
Regional Planning Agency
Soil Conservation Service

B. State: use "Connecticut State Of ..." in Blue Pages

State Department of Environmental Protection (566-5599)
Water Compliance Unit
Inland Wetland Division
Fish and Wildlife
Pesticide Control Unit

Connecticut Agricultural Experiment Station (789-7214) I
The University of Connecticut (486-2000)

P. H. Rich, Ph.D, Dept. of Ecology &
Evolutionary Biology (486-5705)

State Universities and other colleges and universities
The Institute of Water Resources (486-4523)

C. National:

U. S. Environmental Protection Agency (Boston) |
U. S. Geological Survey (Hartford) (244-2528)
North American Lakes Management Society

D. Private Consultants:

Look in "Business to Business Directory" and "Yellow Pages" under
"Environmental" and "Ecological", e.g.

R. W. Kortmann, Ph.D., Ecosystem Consulting
Service, Inc. (742-0744)

I
I
I
I
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Glossary

absorbed: to be engulfed or incorporated; in contrast to
"adsorbed": to be deposited on the surface.

acid rain: strong mineral acids in precipitation (wet and dry),
originating as oxidized sulfur and nitrogen compounds
created by the combustion of fossil fuels.

adsorbed: to be deposited on the surface; in contrast to
"absorbed": to be engulfed or incorporated.

aerate, aeration: to charge with or expose to air or oxygen.

aerobic respiration: biological oxidation of organic matter to
carbon dioxide and reduction of oxygen to water.

algicide: a substance which kills algae.

algae (singular: alga) one-celled, filamentous, or colonial
*plants; freshwater species mostly microscopic;
collectively called "phytoplankton" when suspended and
drifting in water (planktonic).

algae bloom: episodes of over-abundant growth of (usually)
planktonic algae; generally refers to conditions obvious to
a lay observer.

allowable phosphorus: maximum phosphorus loading which will not
destroy lake water quality with intense algal blooms or
nuisance weed growth; calculated from phosphorus models.

alum treatment: application of aluminum sulfate in lakes to
precipitate phosphorus from the water column and make
phosphorus in the sediments chemically unavailable.

anaerobic respiration: biological oxidation of organic matter to
carbon dioxide without reduction of oxygen to water;
instead produces chemically reduced inorganic by-products
such as ferrous iron and hydrogen sulfide; distinct from
"fermentation": anaerobic oxidation of organic matter
to carbon dioxide producing chemically reduced organic
by-products such as alcohol and methane.

anoxia, anoxic: devoid of oxgyen; in contrast to "oxic": oxygen
present.

autotroph: "makes its own food"; generally refers to
photosynthetic plants, algae, and bacteria; primary
producers.
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I
base flow: groundwater discharge by streams between episodes of

storm runoff; calculated using a unit hydrograph. I

bathymetric map: a map showing the depth contours of a body of
water; an underwater topographic map. U

biomass: the total weight of living material, generally
calculated on an areal basis; refers to both roots and
shoots of plants.

blue-green algae: a group of bacteria also classified as a
phylum of algae; many species: capable of converting
nitrogen gas from the atmosphere into nitrogen compounds I
needed for plant growth; generally abundant in lakes
having excess phosphorus; four genera most often involved
in algae blooms: "Annie, Fanny, and Mike" (= Anabaena,
Aphanizomenon, and Microcystis).

carbon: the "building-block" element used in photosynthesis to
create organic matter; exists in air as carbon dioxide,
dissolved in water as a variety of compounds called DIC
(Dissolved Inorganic Carbon), and in innumerable organic I
compounds derived from living processes.

chemical reduction: a chemical process which adds electrons to
atoms; generally accompanied by the removal of
electrons (oxidation) from other atoms; photosynthesis
and respiration are oxidation-reduction reactions;
photosynthesis reduces carbon dioxide to organic matter
and oxidizes water to oxygen; respiration oxidizes
organic matter to carbon dioxide and reduces oxygen to
water; in the absence of oxygen anaerobic respiration I
reduces other substances such as ferric iron to ferrous
iron and sulfate to sulfide.

chemolithotrophy: a special case of respiration in which
chemically reduced inorganic matter is oxidized by
bacteria; in the sulfur cycle of lakes, for instance,
chemolithotrophic bacteria grow by oxidizing hydrogen I

sulfide (produced by anaerobic respiration) to sulfur and
sulfur to sulfate; chemolithotrophic bacteria and
blue-green algae often produce dense layers of pigment
and organic matter deep in thermally stratified lakes.

clay content: the proportion of soil particles (small)
classified as clay; clay content increases renovation
capacity, but decreases percolation and drainage.

clinolimnion: approximately equivalent to the metalimnion; I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
clinolimnion: approximately equivalent to the metalimnion; *

the stratum of a lake in which temperature change
decreases exponentially with depth during the onset of
summer stratification.

I
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coefficient of eddy diffusion: a measure of the intensity of
mixing across the clinolimnion; the slope of a semi-log
plot of temperature change per depth in the clinolimnion.

contour interval: the difference between elevations of the
contours drawn on topographic and bathymetric maps.

depth to bedrock: the depth of surficial deposits overlying
bedrock; approximately the same as "depth of refusal".

destratification aeration: aeration designed to destroy thermal
stratification and mix a lake from top to bottom.

detritus: dead organic matter (mostly plant material) subject to
decay and ingestion by detritus feeders (detritivores).

diffusion: molecular diffusion (mixing on a microscopic scale
produced by molecular thermal motion) plus eddy diffusion
(random molecular motion induced in lake water by wind);
produces mixing which transports heat and substances
through the clinolimnion (metalimnion).

dimictic: mixing twice a year, as in a temperate dimictic lake;
in contrast to monomictic: mixing once a year, and
meromitic: never mixing completely.

drainage: a property which affects flow of water through soils.

drainage basin: the area surrounding a lake which provides
groundwater and surface runoff water to a lake; also called
the "watershed" and "paralimnion".

dystrophic: a class of lakes in which decomposition of organic
matter is deficient (generally nutrient limited); a bog lake.

ecological pyramid: refers to the progressive loss of numbers of
individual organisms and biomass observed in food
chains/webs between the plants (primary producers),
herbivores (primary consumers), and carnivores
(secondary consumers) in an ecosystem.

ecosystem: the unit of natural organization in which living
organisms interact collectively with physical and
chemical processes in the environment; a habitat in
which the organisms derive their energy and nutrients
from the same source(s).

effective precipitation: the proportion of precipitation falling
on the drainage basin which enters a stream as surface
and groundwater runoff.

epilimnion: the warm, well-mixed, well-illuminated surface
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stratum of a lake during summer stratification.

equilibrium: when forces which counteract each other are in
balance; in chemistry: when the rate of the forward
reaction equals that of the back reaction (note that
reactions do not stop, their rates simply come into balance
with no net changes observed in products and reactants).

erosion: mobilization of soil particles by water and wind.

eutrophic: the status of a lake in which the concentration of
phosophorus exceeds 30 mg/cubic meter; eutrophic lakes
commonly have anoxic hypolimnia and periodic algae blooms.

eutrophication: the biological response of a lake to increased
phosphorus inputs; not to be confused with lake
"succession": the filling-in of a lake basin by geological
processes.

evapo-transpiration: the loss of water vapor through the leaves
of living plants; amounts to about half the annual volume of I
water passing through a southern New England drainage basin.

exponential: pertaining to exponents; changing by powers greater
than one.

fall overturn: the period of top to bottom mixing in a
temperate, dimictic lake following summer thermal
stratification.

fermentation: a special case of anaerobic respiration in which
organic (as opposed to inorganic) substances are reduced
during the oxidation of organic matter.

filter feeders: specialized consumers which prey on small
organisms suspended in water by straining the water through
various kinds of filters; for instance most zooplankton
sweep the water with comb-like appendages to capture
phytoplankton.

food-chain, food-web: pathways of material and energy through I
the prey and predator network of an ecosystem; a simple
system of one kind of producer, first, second, and I
tertiary consumer, etc. is called a food-chain; a more
complicated system with more than a one kind of organism
at each level and with organisms feeding on more than one
level is called a food-web. |

grazer: predator on living prey; in contrast to a detritus
feeder which eats organic matter already dead and decaying.

green algae: a phylum of algae commonly growing in lakes and
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indicative of balanced nutrient inputs.

groundwater: water saturating soil; water contained in soil
when all soil intersticies (spaces) are filled.

hard water: water having high concentrations of dissolved
alkaline earth elements, such as calcium and magnesium;
typical of limestone areas.

herbivore: a predator upon plants; "plant-eater".

heterotroph: "feeding upon others", incapable of creating its
own food, animals; in contrast to "autotroph": "makes its
own food", plants.

humic material: common organic compounds produced in terrestrial
vegetation and found dissolved in natural waters; makes
water "tea-colored" and reduces transparency in many soft
water lakes in New England (abundant calcium in hard water
precipitates humic materials).

hydrogen: a constituent element of water and organic matter.

hydrogen bond: a strong inter-molecular bond forming between
hydrogen and oxygen atoms in neighboring water molecules;
dramatically affects the properties of water.

hypolimnetic aeration: aeration designed to increase oxygen
concentration at the bottom of a lake without destroying
thermal stratification.

hypolimnion: the bottom stratum of a lake during summer
stratification; cold, dark, and isolated from re-aeration
from the atmosphere.

hypsographic curve: the plot of lake area against depth; used to
obtain the volume of a lake at specific depths for the
calculation of mass balances.

impoundment: a lake or pond created by damming a stream or river.

infra-red radiation: part of the solar radiation spectrum just
below the frequency of visible light; quickly absorbed by
hydrogen bonds in the first few molecular layers of lake
water.

inorganic: not made of carbon or, if containing carbon, not
having organization characteristic of living material.

internal loading: the regeneration and release of nutrients,
particularly phosphorus, from lake sediments.
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I
iron: exists in lake hypolimnia as insoluble, oxidized ferric

iron in the presence of oxygen, or as soluble, reduced
ferrous iron in the absence of oxygen; ferric iron combines
with and precipitates phosphorus, but releases that
phosphorus when reduced to ferrous iron.

lake succession: (see "succession")

latent heat: heat (released by the formation of hydrogen bonds)
which must be removed from water at 32 F (0 C) to form ice,
and added to water at 212 F (100 C) (to break hydrogen bonds)
to form water vapor.

leaching field: the part of a septic system which returns
wastewater to the ground.

light: the visible part of the solar spectrum between infra-red
and ultra-violet which provides the energy to drive
photosynthesis, the conversion of carbon dioxide and water
to organic matter and oxygen.

limnology: the study of lakes.

littoral zone: the shallow part of lakes in which large aquatic
plants grow.

loading: the amount of nutrients annually available on an areal
basis.

mass-balance: calculation and comparison of the amount of a |
substance present in a lake at different times.

mesotrophic: the status of a lake intermediate between |
oligotrophic (total phosphorus less than 15 mg/cubic meter)
and eutrophic (total phosphorus greater than 30 mg/cubic
meter); mesotrophic lakes generally show hypolimnetic anoxia
by the end of summer stratification and have occasional
algal blooms.

metalimnion: the stratum of water between the warm "epilimnion" |
above and the cold "hypolimnion" below during summer
thermal stratification; where the temperature of the water
changes at least one degree C per meter depth.

non-point source: a diffuse input from a watershed, for instance
surface runoff; not coming out of pipe.

non-polar compound: a compound without partial charges induced
on the molecule by asymmetries, generally somewhat soluble *
but immiscible in (won't mix with) water.

non-volatile: very low vapor pressure, slow to evaporate.

I
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nutrient: an element or compound needed for growth in plants,
animals, and bacteria; major (macro-)nutrients needed for
the production of organic matter are "CHONPS": Carbon,
Hydrogen, Oxygen, Nitrogen, Phosphorus, and Sulfur.

nutrient budget: annual gains and losses of nutrients in an
ecosystem.

nutrient sink: a destination for nutrients from which there is
no escape except in a geological timescale; for instance,
permanent lake sediments.

oligotrophic: "poorly nourished", the status of a lake with
little phosphorus loading (total phosphorus concentration
less than 15 mg/cubic meter); generally having a well
oxygenated hypolimnion and few periodic algae blooms.

omnivore: eats anything, plant or animal.

organic: made of carbon and having organization characteristic
of living materials.

oxic- oxygen present; in contrast to "anoxic": devoid of oxygen.

oxidized microzone: a thin (less than a tenth of an inch to a
few inches) layer of oxidized sediments overlying deeper,
chemically reduced sediments; suppresses the release of
phosphorus from sediments; disappears when overlying water
becomes anoxic.

oxygen: a colorless, odorless gas; one fifth of the volume of
the atmosphere; produced by chemical oxidation of water
in photosynthesis; supports combustion and aerobic biological
respiration, both of which chemically reduce oxygen to water;
not very soluble in water, under atmospheric pressure water
generally contains less than 10 ppm (parts per million =
milligrams per liter).

paralimnion: lake drainage basin; informally called "watershed".

percolation: a measure of the rate at which water flows through
soil; in contrast to "renovation capacity": the ability of
soil to remove contaminants from water flowing through it.

periphyton: catchall term for algae and bacteria growing
attached to surfaces in lakes; a more accurate
classification of attached algae: "epiphytic" (attached to
other plants), "epipelic" (growing on mud), and "epilithic"
(attached non-living surfaces).

phosphorus: rarely found in elemental form in nature; the
nutrient element most commonly limiting growth of
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organisms in lakes; exists in lake water in parts per
billion concentrations (= milligrams/cubic meter).

phosphorus tolerance: the amount of phosphorus a lake can
receive without destruction of water quality from excess
growth of algae; like "allowable phosphorus", calculated
from phosphorus models.

photolithotrophy: a primitive, bacterial type of
"photosynthesis" in which water is not oxidized to oxygen
(instead oxidizes chemically reduced by-products of
anaerobic respiration and fermentation); produces deep
pigment layers in anaerobic waters of thermally stratified I
lakes.

Photosynthesis: the simultaneous oxidation of water to oxygen
and reduction of carbon dioxide to organic matter driven
by sunlight; the ultimate source of organic matter on Earth;
occurs in lakes above the "compensation depth"
(= approximately 1% of surface light).

PAR (Photosynthetically Active Radiation): the specific
wavelengths of visible light used in photosynthesis; the
part of the solar radiation spectrum which should be measured
in lakes. I

phytoplankton: algae suspended and drifting in water; prey upon
by zooplankton.

piscivorous: fish-eating. I
plant: technically, both large plants and algae, but generally I

used by limnologists to mean a large, rooted plant growing
in the littoral zone; a more precise term is "macrophyte":
Greek for "large plant".

point source: a well-defined input from a lake watershed; coming
out of a pipe, etc.

polar compound: a compound having partial charges induced on the
molecule by asymmetrical arrangement of constituent atoms;
the partial charges interact with the same type of charges
induced on the asymmetrical water molecule; polar compounds
are both extremely soluble and miscible in water.

postpeak flow: the period of return from peak storm discharge
to baseflow in a hydrograph.

precipitation: wet precipitation = rain or snow; dry atmospheric
precipitation includes phosphorus and the substances which
represent "acid rain".

I
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prepeak flow: the onset of storm discharge in a unit hydrograph.

primary consumer: a herbivore; preyed upon by secondary
consumers (carnivores).

primary producer: a photosynthetic autotroph; a green plant.

productivity: the rate of production of organic matter by a
trophic level; e.g. primary productivity of plants;
includes dead as well as living (biomass) material.

regulated wetland: in Connecticut, any area consisting of
poorly drained, very poorly drained, or floodplain soils;
subject to Inland Wetland and Watercourses Act jurisdiction.

renovation capacity: the ability of soil to remove contaminants
(including nutrients) from water passing through it; in
contrast to "percolation": the rate at which water travels
through soil.

respiration: the reverse of photosynthesis and source of energy
for animals including ourselves; the simultaneous oxidation
of organic matter to carbon dioxide and reduction of oxygen
to water; in anaerobic respiration something other than
oxygen is reduced.

runoff: technically, both groundwater and surface runoff from a
drainage basin; informally, surface runoff (storm runoff) as
distinct from groundwater baseflow.

sediment, sedimentation: particulate matter which accumulates on
the bottom of lakes and streams; informally used as a verb to
mean "sink", "settle",or "precipitate"

septic plume: the volume of soil affected by septic seepage
containing high concentrations of nutrients.

septic seepage: the liquid produced by a leaching field, septic
leachate.

septic tank: the part of a septic system in which solid
materials which sink or float are separated from liquids.

soft water: water having low concentrations of alkaline earth
elements such as calcium and magnesium; typical of
granitic watersheds.

soil map: map designating the types and properties of soils
contained in an area.

solute: the substance dissolved in a solvent to produce a
solution (e.g. phosphorus dissolved in water).
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solvent: the (usually liquid) substance in which a solute is
dissolved (e.g. water containing phosphorus).

specific heat: the amount of heat required to raise the
temperature of a gram of substance one degree C;
extraordinarily high for water due to hydrogen bonds.

spring overturn: the period of top to bottom mixing in a
temperate dimictic lake between ice-out and the onset of
summer thermal stratification.

standing crop: the amount of organic matter present at a given
moment.

stratum (plural: strata): a layer of material distinct from
that above and below it.

succession: long term filling of lakes by geological processes
which may or may not be accompanied by changes in
nutrient availability; in contrast to "eutrophication":
a biological response to increased availability of
phosphorus.

summer stratification: the appearence in summer of three thermal I
layers in lakes: epilimnion (warm, well-mixed surface
water), metalimnion (the gradient zone between warm water I
above and cold water below), and hypolimnion (cold, stagnant
bottom water).

synoptic field sampling: a condensed, "quick and dirty" sampling
schedule to find specific means and extremes of
environmental variables; best employed after the results
of a more systematic sampling schedule have been studied.

thermal motion: vibration of atoms and molecules by heat energy;
produces diffusion; augmented with mixing momentum in lake I
water induced by wind to produce eddy diffusion.

thermocline: the depth of maximum temperature change in a
metalimnion; approximately equivalent to metalimnion in
older usage.

topographic map: a map upon which contours of surface elevation I
are drawn; useful for determining boundaries of lake
drainage basins.

transparency: a property of water which determines the depth
to light penetrates and photosynthesis provides oxygen in
lakes; measured with a Secchi disk or with an underwater
light meter.

ultra-violet radiation: part of the spectrum of solar radiation

I
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just above visible light; quickly absorbed at the surface
of lakes; destroys dissolved organic matter in lakes
(including humic substances), inhibits algal photosynthesis
near the surface, and causes sunburn.

unit hydrograph: an graphical analysis of stream discharge data
before, during, and after a unit rainstorm (e.g. 1 inch or
1 cm. effective precipitation) which provides extremely
useful information about watershed hydrology and nutrient
inputs.

universal soil loss equations: a method of estimating the
mobilization of soil by water movement based on soil type,
slope, etc.

visible radiation: part of the spectrum of solar radiation
observed by the human eye; between the infra-red and
ultra-violet; includes PAR.

volatile: high vapor pressure; strong propensity to become
vapor; easily evaporated.

water budget: annual inputs and losses of water through a
drainage basin-lake system; the amount of water passing
through a lake in a year.

watershed: technically, the divide separating drainage basins;
informally, the drainage basin of lake.

zooplankton: small to microscopic animals suspended and drifting
in water; includes mostly crustaceans and rotifers; preys
upon phytoplankton and itself, is preyed upon by small fish.


