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Doug Fuller, Tip of the Mitt Watershed Council, October, 1999

Factors  affecting the clarity of lake water

The clarity (a.k.a. transparency) of lake water is primarily a function of the light absorbing  characteristics of the atoms and molecules of water, and of the dissolved and suspended particulate material it contains.  The amount of suspended particles, such as sediment and phytoplankton (microscopic algae suspended in the open water), has the greatest effect on the clarity of lake water.  It is rare for surface waters to have little or no suspended particles.  Tropical ocean waters, alpine lakes, and ponds fed by large amounts of spring water often have the lowest amounts of suspended particles, with resulting transparencies of a hundred feet or more.

In fact, water clarity has long been used to provide a very generalized estimate of the population density of phytoplankton.  During the 1860's, an Italian scientist named Secchi developed a method for measuring water transparency by lowering a 20 centimeter weighted white disk until it disappeared from site.  The Secchi disk is still widely in use today, and is used by Huffman Lake Association volunteers when participating in the Watershed Council's Volunteer Lake Monitoring Program.  In general, the greater the abundance of algae, the less the Secchi disk reading.

Secchi depth transparency varies seasonally within a lake.  In most lakes, Secchi depths are highest during winter or other cold-water periods because phytoplankton populations are low.  Algae does not grow and reproduce rapidly during winter due to cold water temperatures and low light levels.  

After the ice melts, the water warms somewhat and circulates from surface to bottom.  Conditions become more conducive to phytoplankton growth at this time.  Rapid reproduction of a type of algae called diatoms often occurs, causing a decrease in water clarity.  This "spring maximum" of phytoplankton is generally short lived, only a month or so.  As these algae die, many of the nutrients that were utilized for growth settle to the bottom, becoming unavailable to subsequent growths of phytoplankton.  As a result, during mid- to late-summer, phytoplankton is often less abundant because of a lack of nutrients.  Waters of northern Michigan lakes are often quite clear at this time, although never as clear as during winter.  As the lake cools down in autumn, the water actively circulates from surface to bottom, and a second algae maximum develops.  This fall maximum is usually not as strongly developed as the spring maximum.

The seasonal variation of phytoplankton differs from lake to lake.  Small, shallow lakes warm quickly, and the spring maximum occurs early.  In large inland lakes and the Great Lakes the water warms slowly, and the spring maximum can last into early summer.  In highly productive lakes, the algae abundance may have a series of peaks and crashes.  The surface of these waters may be clouded by heavy growths of blue-green algae in late summer.  However, the seasonal patterns are relatively constant from year to year within a lake, although the abundance of algae may vary quite a bit from year to year.

In addition to phytoplankton, there is another factor which affects water transparency in many lakes in the northwest lower peninsula - the precipitation of calcium carbonate in lake water.  This precipitate is also known as marl.  Because of the presence of limestone in the bedrock and glacial deposits, high levels of calcium carbonate are dissolved in the ground water in this part of the state.  This feature is commonly referred to as calcium "hardness".  In surface waters with high levels of dissolved calcium carbonate, blue and green wavelengths of light are reflected and scattered giving hardwater lakes a very characteristic color appearance.

When the ground water flows into a lake, photosynthesis of the phytoplankton and reduced pressure decrease the level of dissolved carbon dioxide, in turn causing dissolved calcium carbonate to come out of solution (precipitate).  Warm water temperatures can also cause a marl precipitate to form.  When calcium carbonate precipitates, it forms very fine particles which stay suspended for a long time, giving the water a milky greenish appearance.  These tiny particles take a long time to settle or dissolve, so that marl turbidity persists longer than the spring phytoplankton maximum. 

An examination of Huffman Lake’s bottom sediments confirms that it is a marl-forming hardwater lake.  The bottom sediments have the light greyish or “dirty” white color of marl bottom sediments.  This indicates that Huffman Lake probably receives a large percentage of its water from calcium carbonate rich ground water.  Marl which precipitated in Huffman Lake last summer is probably still in suspension.  It may not come out of suspension until the quiet conditions associated with winter ice cover.

Observed conditions on Huffman Lake in 1999

Greater than normal turbidity has been reported on Huffman Lake in 1999.  

Several Lake residents reported this to the Watershed Council during late summer.  Watershed Council staff explained that marl precipitation was the likely cause, and that the clarity would likely increase later in the fall, when water temperatures cooled and phytoplankton abundance declined.  When clarity did not improve by mid-October, the Huffman Lake Association requested that water quality testing be conducted to help understand the cause of the low transparency.

Results of water quality testing
On October 11, the a site visit was made to conduct preliminary water quality testing.  Because marl turbidity was suspected, initially a quick field test for this phenomena was conducted.  A sample of the turbid water was collected and placed in two 6" test tubes.  Concentrated hydrochloric acid was added drop by drop to one of the test tubes and mixed by shaking until the pH of the water was reduced to 3 to 4 (as indicated with litmus paper).  When viewed from top to bottom and compared to the reference tube of water, the acidified tube appeared noticeably clearer, but not perfectly clear.  Because hydrochloric acid will dissolve the calcium carbonate but not the other particulate substances commonly found in lake water, the partial clarifying indicates that a marl suspension is responsible for a large portion of the turbidity.  The remainder of the turbidity is likely from phytoplankton.  The greenish cast of the lake supports this presumption.

Preliminary tests were also conducted for temperature, dissolved oxygen, conductivity, and pH on the lake water in the central deep basin and the inlet stream at the Lake’s west end using an electronic device called a Hydrolab.  These were compared to test results obtained during the Watershed Council’s Comprehensive Monitoring testing in May, 1998 (see enclosed comprehensive monitoring report).  A Secchi disk measurement and chlorophyll-a sample (to indicate the amount of phytoplankton) was taken in the lake.  An accumulation of grey scum was observed near the lake’s outlet.

The Secchi disk measurement was 2.3 feet, a very low reading.  Results of the Hydrolab testing are presented in the following table:

	SAMPLE LOCATION
	TEMPERATURE

(Farenhheit)
	DISSOLVED OXYGEN

(parts per million)
	pH
	CONDUCTIVITY

(micromohs per sq. centimeter)

	Huffman Lake Surface--May 13, 1998
	67
	9.10
	7.92
	325

	Huffman Lake Bottom (18.3 feet)--May 13, 1999
	56
	7.03
	7.58
	325

	Huffman Lake Surface--October 11, 1999
	54
	10.80
	7.68
	252

	Huffman Lake Botom (12.5 feet)--October 11, 1999
	53
	10.50
	7.82
	253

	Inlet Stream--October 11, 1999
	53
	7.95
	6.37
	333


A temperature measurement at this time really does not reveal much with regard to turbidity.  Temperature measurement of the stream and lake bottom in summer could reveal more--whether the stream has significant direct ground water inputs, or the degree to which the lake stratifies (develops a warm surface layer and cold bottom layer--see attachment about lake stratification).  This, in turn, could help indicate how much calcium carbonate-rich groundwater is contributed by the stream, and whether nutrients are released into the lake water from bottom sediments.

Two of the three oxygen readings in the lake indicate saturated conditions.  The bottom reading from May, 1998 indicated some oxygen depletion.  This is an indication that more severe oxygen depletion may occur in the bottom waters of the lake by late summer, especially in years with a long, hot summer, such as occurred this year.  The oxygen reading in the stream is below saturation, indicating that a lot of oxygen consuming organic materials are contributed to the stream water from the surrounding wetland.  These materials may also contribute nutrients to the lake water, especially in time of drought conditions, such as occurred this past summer.

Conductivity readings are in the normal range for northern Michigan’s surface water.  The lowest readings were found on the October 11th testing date.  These lower readings would be consistent with a marl precipitation caused by increased algae levels.  

pH readings in the lake are also consistent with marl forming lakes of moderately high hardness and alkalinity.  The reading in the stream is slightly acidic, indicating that there is not much ground water input.  This is supported by the observation that not much marl coating is found on the rocks in the stream.  The lack of ground water input indicates that the stream is strongly connected hydrologically to surrounding surface wetlands, and thus susceptible to nutrient release from drought conditions.  However, the observation of a nearby property owner that the water level of the stream did not fall noticeably during the summer’s drought does not support this theory.

Chlorophyll-a samples require laboratory analysis, and will not be available until a later date.  The results will be provided later, possibly along with Huffman Lake’s 1999 Volunteer Lake Monitoring report.  

A grey scum was observed trapped behind a log near the outlet stream.  The scum is from tiny bits of debris trapped on the surface film of lake water, and skimmed off as the current flows under the floating log.  The scum had the color of marl--the same color as the lake’s bottom sediments.  

Acid placed on calcium carbonate produces a foaming action.  In fact, this is a standard geological test to identify limestone rocks.  Dropping acid on the scum produced a foaming action, as did dropping acid on both a piece of limestone and on a marl coated rock from the lake bottom.  Acid dropped on a greenish igneous rock did not produce foaming.  If Huffman Lake has been strongly marl-forming in recent months, as suspected, it is logical that the tiny debris in the surface film would also have coatings of marl.

Conclusion
These observations and preliminary tests confirm that Huffman Lake is a marl-forming hard water lake.  They indicate that the greater-than-normal turbidity is being caused by a lush growth of phytoplankton and the marl precipitate it caused.  If that is the case, the phytoplankton are growing in response to higher-than-normal levels of nutrients.  Likely explanations are that the nutrients primarily came from wetlands adjacent to the lake and/or from regeneration from bottom sediments during the abnormally dry, warm summer of 1999.  

Wetlands are normally traps for nutrients and sediments.  As such, shoreline wetlands are crucial for protecting water quality.  However, during very dry conditions, the organic soils (muck and peat) can dry out.  This allows the carbon in the soil to combine with atmospheric oxygen and form carbon dioxide gas.  The wetland soil literally evaporates, leaving behind all the mineral and nutrient components, which can then leach downstream toward the lake.  The attached map from the Huffman Lake area of the Charlevoix County Soil Survey shows the large area of organic soils (indicated by cross-hatching) adjacent to the lake and its inlet stream.  This area of wetlands is nearly as large as the lake itself!  I believe that is likely that large amounts of nutrients were liberated from this area during this summer’s prolonged dry spell.  

Huffman Lake is only about 22 feet deep.  Because it is shallow, it may not normally stratify.  Stratification would be most likely during a long, hot summer, especially if windy conditions were not present in late spring.  If greater than normal stratification occurred during 1999, oxygen depletion in the deepest waters could also result in large amounts of nutrients being liberated from bottom sediments.

Although development of the lake and its watershed is probably causing some subtle water quality impacts, it is unlikely that the dramatic clarity change observed this year would be due to only to that, since there have apparently been no big development changes in the lake’s watershed.  This is not meant to imply that lakeshore development and associated activities (i.e septic systems, replacement of native vegetation with lawns, lawn fertilizing, soil erosion, etc.) are not important, controllable sources of nutrients.   Of course, it is always possible that a large amount of fertilizer or some other nutrient-rich material was accidently spilled or deliberately dumped into the lake, but that would be nearly impossible to determine at this point.  

Although the turbidity of Huffman Lake has been more severe and lasted longer than in most years, it is likely that the clarity will improve as fall progresses.  Additionally, phosphorus, the lake’s most important nutrient, co-precipitates with marl.  As the marl settles to the lake bottom over winter, it will reduce the availability of phosphorus for future phytoplankton growth.  Even though Huffman Lake seemed excessively turbid, especially compared to normal conditions, marl-forming lakes with turbidity conditions equal to those observed on Huffman Lake on October 11th are not uncommon in northwest lower Michigan.

Suggested future testing

Preliminary testing and observations indicate that the turbid conditions are not directly caused by pollution, but rather seem to be an extreme manifestation of a natural occurrence.  If desired, more extensive testing of the lake and the inlet stream periodically throughout the summer and early fall would help better characterize Huffman Lake and reveal the dynamics between phytoplankton, chemical composition of the waters, the physical dynamics of the lake, and the interactions between the lake and its watershed.  Such a testing program could consist of the following:

total nitrogen, nitrate nitrogen, chloride, total phosphorus, total suspended solids, total dissolved solids, alkalinity, hardness, pH, and conductivity.

A more detailed description of most of these components can be found in the attached Comprehensive Monitoring report.  Many of these components would need to be analyzed in a laboratory by a consulting chemist.  In general, the more frequent the testing, the better the understanding.  However, a more practical scenario would be to test during the following five times in 2000:

spring, mid-summer following a lengthy dry spell and just after a heavy rain event, late summer, and early fall.

Each sampling/testing date would cost about $300.  The cost breakdown is as follows:


1.5 hour round trip to Huffman Lake @ $30.00 hr. = $45.00


60 miles travel round trip @ $0.31/mile = $18.60

1.5 hour for hydrolab calibration, water testing, and water sample collection @ $30.00/hr. = $45.00


1.0 hr. sample delivery to consulting lab (Pellston) @ $30/hr = $30.00

Laboratory analysis for two lake (top and bottom) and one creek sample = $150.00


45 miles travel round trip to lab = $13.95

Allowing 4 hours for report production at the end of all sampling and testing, the total cost for a water quality project involving five sampling periods would be about $1,630.  Please note that this testing would not necessarily pinpoint the exact source of nutrients or other substances, and it is not designed to identify all types of water pollutants.  Many other types of water testing programs are available to address other concerns which may exist regarding Huffman Lake’s water quality.

