	Lake Water Quality: the natural factors and the human factors
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There are many factors that contribute to a lake's current condition, including natural factors and human factors.  Once these factors are understood, a better understanding of past, present and future lake water quality is possible.

Most of the lakes in Minnesota were formed as glaciers receded during the last ice age. Approximately 15,000 years ago to about 9,000 years ago, glaciers alternately retreated and advanced over the landscape, carving out holes and leaving behind ice chunks. As these ice chunks melted in the holes left behind, lakes were formed.  Northern Minnesota was scraped fairly clean down to the bedrock, with boulders, sand and clay left behind, while southern Minnesota was left with a rich, fine prairie (now agricultural) soil.

The first thing that goes into understanding a lake is what sort of geological area it is in. Northern Minnesota lakes are commonly very deep, rocky lakes in forested areas. These lakes have very clear water and characteristically low phosphorus and algae concentrations due to the abundance of sandy, relatively infertile soil. The lakes in southwestern Minnesota are shallower prairie lakes surrounded by fertile soil.  Lakes in this area tend to have more nutrients available for plants and algae to grow, and therefore get "greener" in the summer.

The geology and glacial formation of a lake usually determines its shape, size and depth.  These factors contribute to nearly all physical, chemical and biological properties of a lake.  Lake users such as fishermen are probably aware of these characteristics already because they also determine where the fish are.  A lake that is one large round hole is different than a lake that has a lot of bays, points and bottom structure.  A long narrow lake is more affected by wind (which mixes the lake) than a round lake.  Deep lakes have different dynamics than shallow lakes, and most of all, deep lakes have more water.  The more water a lake has (volume), the better it is able to dilute what runs into it.  

Shallow lakes are lakes where the sunlight can reach the entire bottom. Generally, this corresponds to about 15 feet deep or less.  Since the sunlight can reach the bottom, aquatic plants are able to grow there.  In deep lakes, the bottom does not receive sunlight, so no plants grow there and it stays dark and cold.

Another major factor affecting lake condition is the size of its watershed and where the lake sits within the watershed.  A watershed is an area of land where all the water drains into the same river system.  These watershed areas are defined by topography, or ridges of elevation. Therefore, watersheds are mainly driven by gravity – water runs down hill.  

If a lake has a very small watershed or is at the top of a watershed (in topography terms), the lake usually has better water clarity than a lake at the bottom of a large watershed.  As water flows downhill through a watershed it picks up sediment from erosion and nutrients from runoff.  This sediment and nutrients can feed algae and cause the lake to become "greener". 

Lakes go through a natural ageing process where they gradually receive nutrients (phosphorus and nitrogen) and sediment from erosion in the surrounding watershed and become more fertile and shallow. This process is called eutrophication.  Eutrophication is a natural process that a lake goes through over thousands of years. 
Humans can speed up the process of eutrophication by adding excess nutrients and sediment quickly, where the lake will change trophic states in a matter of decades instead of centuries. This type of [image: image2.jpg]


eutrophication is called cultural eutrophication because humans cause it.  We have changed the landscape around lakes, which changes their water quality and speeds up eutrophication.
[image: image3.jpg]



[image: image4.jpg]Time: Decades



Around lakes, we have added a lot of impervious surface. Impervious surface is any surface on land that is impenetrable to water and prevents its absorption into the ground. Examples include rooftops, sidewalks, parking lots, and roads. The more impervious surface in a concentrated area, the less surface there is for rain to be absorbed into the ground. Instead, it ends up running into lakes and streams and carrying nutrients and sediment from the land it flows over. 
Land practices such as urban areas, factories, agriculture, animal feedlots contain very concentrated amounts of nutrients. These nutrients wash into lakes and streams during heavy rains or through storm sewers. The additional nutrients that run into lakes and streams cause algal blooms and additional plant growth.
When erosion occurs along a lakeshore or a stream bank of a lake inlet, that extra soil can get washed into the lake. The extra soil particles cause cloudier water and eventually settle on the bottom of the lake making it mucky and less stable. The soil also carries with it nutrients such as phosphorus and nitrogen. 
Eutrophication can be slowed if the inputs of nutrients (especially phosphorus) and sediment are slowed.  Creating natural vegetation buffers along lakeshores and streams soak up nutrients and filter runoff.  When planning new construction near water, make sure erosion is prevented by silt fences and minimize creating more impervious surface. 
So how can one tell if the lake's water quality is declining or improving?  The best way to determine long-term trends is to have 8-10 years of lake water quality data such as clarity (secchi disk), phosphorus, and chlorophyll-a (algae concentration).  Only short-term trends can be determined with just a few years of data, because there can be different wet years, dry years, weather, water levels, etc. that affect the water quality naturally.  The data needs to be analyzed with a statistical test (i.e.: Mann Kendall Trend Analysis) to be confident in a true trend.
In summary, lakes start out with a certain natural condition that depends on their location, their watershed size, and their area, depth and shape.  Then we humans add to that by what type of land practices we implement near the lake and upstream from the lake.  Lakes that are in more heavily populated areas usually have had more cultural eutrophication than lakes that are in sparsely populated areas.
When it comes to protecting our lakes, stewardship is an attitude.  It is the understanding that what we do on land and in the water affects the lake.  It is recognition that lakes are vulnerable and that in order to make them thrive, citizens, both individually and collectively, must assume responsibility for their care.  Once you learn more about all the factors that potentially affect your lake, you can practice preventative care of your lake, and hopefully avoid costly problems.
“In the end, we will conserve only what we love; we will love only what we understand; and we will understand only what we have been taught.” - Baba Dioum, a Senegalese ecologist.
Written by Moriya Rufer, RMB Environmental Laboratories, Inc, 218-846-1465, lakes.rmbel@eot.com
	Glossary


Anoxic: without oxygen.  Organisms cannot survive in prolonged periods of anoxia.

Chlorophyll-a: the pigment that makes plants and algae green.  Chlorophyll-a is measured in lakes to determine algal concentration.

Dissolved oxygen: oxygen that is dissolved in the water column.  Aquatic organisms (zooplankton, aquatic invertebrates and fish) need this oxygen to survive.
Epilimnion: The top layer of a lake where the sunlight penetrates and provides energy for plants and algae to grow.
Eutrophic: A lake that has low water clarity and high productivity (phosphorus and chlorophyll-1).  Eutrophic lakes have a Trophic State Index between 50 and 70, an anoxic hypolimnion in the summer, algal and aquatic plants are prevalent, and can only support warm water fish.

Fall turnover: when the summer stratification layers of a lake mix due to the cooling epilimnion (upper layer of the lake).  This mixing distributes all the nutrients evenly through the water column.
Fertility: the amount of plant and animal life that can be produced within a lake.  Fertility is directly related to the amount of nutrients present in the lake to "feed" plants and animals (phosphorus, nitrogen).

Hypereutrophic: A lake that has very low water clarity and very high productivity (phosphorus and chlorophyll-a).  Hypereutrophic lakes have a Trophic State Index over 70, and usually have heavy algal blooms and very dense aquatic plants.

Hypolimnion: The deep part of a lake that is cold and dark due to no sunlight penetration.  This area of a lake can be anoxic in the summer due to stratification and decomposition.

Littoral area: the area around a lake that is shallow enough to support plant growth (usually less than 15 feet).  This part of the lake also provides the essential spawning habitat for most warm water fishes (e.g. bass, walleye, and panfish).
Mesotrophic: A lake that has moderate water clarity and productivity (phosphorus and chlorophyll-a).  Mesotrophic lakes have a Trophic State Index between 30 and 50, and the hypolimnion can become anoxic during the summer.

Nitrogen: a nutrient important for plant growth.  Nitrogen can enter a lake through groundwater, surface runoff and manure.
Oligotrophic: A lake that has very clear water and very low productivity (phosphorus and chlorophyll-a).  Oligotrophic lakes have a Trophic State Index under 30, the hypolimnion contains oxygen throughout the year and can support trout.
OP (Ortho Phosphate): the amount of inorganic phosphorus within a lake.  Inorganic phosphorus is readily usable by algae and plants for growth.

Phosphorus: a nutrient needed for plant growth.  Phosphorus can enter a lake through runoff from manure and fertilizer or through seepage from leaking septic and holding tanks.

Productivity: the amount of plant and animal life that can be produced within a lake.  Productivity is directly related to the amount of nutrients present in the lake to "feed" plants and animals (phosphorus, nitrogen).

Secchi Depth: a measure of water clarity that can indicate the overall health of a lake.  A black and white metal disc is lowered into the water on a rope until it can't be seen anymore and raised to the point it can be seen.  The depth of the disk to the surface of the water is the Secchi Depth.

Spring turnover: when the ice melts off the lake in the spring and cold water on the top of the lake sinks.  This mixing distributes all the nutrients evenly through the water column.

Stratification: The process in which most Minnesota lakes separate into three layers during the summer.  The upper layer (epilimnion) becomes warm and is penetrated by sunlight, the lower layer (hypolimnion) is cold and dark and the middle area (thermocline) separates the top and bottom layers.  Warm water is less dense than cold water, which is why the upper layer floats on top of the bottom layer and does not mix in the summer.  Minnesota lakes mix in the spring and the fall, when the top layer of the lake cools off.

Thermocline: The area between the warm top layer of a lake and the cold bottom part of the lake.  The thermocline is characterized by a sharp drop in temperature.

TP (Total Phosphorus): the total amount of organic and inorganic phosphorus within a lake.  Organic phosphorus includes detritus, feces, dead leaves and other organic matter.

TMDL (Total Maximum Daily Load): the amount of a particular pollutant that a body of water can handle without violating state water quality standards.

Trend Analysis (Mann Kendall statistic): a way to test the probability of a trend being real versus just happening by chance.  A trend probability of 90% (minimum probability used by MPCA) means that there is a 90% probability that the observed trend is real and a 10% probability that the observed trend is just from random chance.

Trophic State: Trophic states are defined divisions of a continuum in water quality.  The continuum is Total Phosphorus concentration, Chlorophyll a concentration and Secchi depth.  Scientists define certain ranges in the above lake measures as different trophic states so they can be easily referred to. See Oligotrophic, Mesotrophic, Eutrophic, Hypereutrophic.
TSI: Trophic State Index is a measurement of overall lake productivity (nutrient enrichment).  The overall TSI of a lake is the average of the TSI for phosphorus, chlorophyll-a and secchi depth.

Turbidity: refers to how clear the water is.  Cloudiness (turbidity) in the water can be due to suspended matter such as silt, clay, plankton and other organic matter.  The more turbid the water is, the less sunlight can pass through.
Watershed: the area of land that drains into a lake directly or by way of a stream that flows into the lake.  The land use practices of an entire watershed can affect the water quality of a lake.









