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1.0  Executive Summary

Since 1970, when the Bassett Creek Water Management Commission (Commission) was formed, water quality conditions in the ten major lakes have been periodically monitored.  The objective of the lake monitoring program is to detect changes or trends in water quality over time, thereby determining the effect of changing land use patterns in the watershed and the effectiveness of the Commission’s efforts to prevent water quality degradation in the lakes.

This report presents the results of water quality monitoring in 2000 of Northwood Lake, Parkers Lake, Sweeney Lake, and Twin Lake.  The lakes were monitored for water quality (Appendix A) and biota (Appendix B).  The latter included macrophytes (i.e., aquatic vascular plants), phytoplankton, and zooplankton.  Monitoring results are summarized by lake using a narrative description of the results, accompanied by a one page graphical summary of the data. 

The conclusions from the water quality monitoring are as follows:

1.1
Northwood Lake

· Water quality in Northwood Lake during the year 2000 growing season was substantially better than the last monitoring period in 1996

· The Secchi disc was visible to the bottom of the lake (5 feet) for most of the summer

· Unlike previous years, macrophytes (aquatic plants) were found during both June and August surveys and filamentous algal mats were less dense at the south end of the lake.

· Historical records show that the average chlorophyll a concentration has dropped from a high of 116 µg/L in 1977 to 17 µg/L in 2000.

 Northwood Lake is classified as a Level II water body—appropriate for all recreational uses except full body contact activities.  The Level II goals are:  (1) Total phosphorus concentration of 45 µg/L, (2) Maximum chlorophyll a concentration of 20 µg/L, and (3) Secchi disc transparency of 1.4 meters (4.5 feet).  In 2000, Northwood Lake did not meet goals (1) and (2), but did meet goal (3). 

1.2
Parkers Lake

· Water quality at the single sample station was in the mesotrophic range (i.e., mildly rich in nutrients).

· Based on the summer average Secchi disc transparency, the recreational suitability index was 2, indicating the lake had only minor recreational use impairment.

· Macrophytes (aquatic plants) were abundant on the two sampling dates (6/14/00 and 8/24/00) and were particularly noteworthy because of the presence of Eurasian watermilfoil and curlyleaf pondweed, both nuisance exotic species.  Eurasian watermilfoil has expanded its distribution in the lake compared to 1996.

· Historical records dating back to 1972 indicate Parkers Lake’s water quality has greatly improved since 1977. 

· Parkers Lake water quality in 2000 met the Level I water quality goals for total phosphorus (maximum concentration of 30 µg/L), chlorophyll a (maximum mean summer concentration of 10 µg/L).  It also met the Level 1 goal for Secchi disc transparency (minimum depth of 2.2 meters) during June through August.

1.3
Sweeney Lake

· Water quality in Sweeney Lake was borderline eutrophic/hypereutrophic (i.e., rich in nutrients).

· Based on the summer average Secchi disc transparency, the recreational suitability index was 5, indicating excessive use impairment in the lake.

· Macrophytes (aquatic plants) were abundant on the two sampling dates and curlyleaf pondweed were identified throughout the littoral (i.e., shallow) area of the lake in the first survey

· Phytoplankton and zooplankton were more abundant in 2000 than they were in 1996.  The reason for the increase is not evident in the routine data collection

· Historical records dating back to 1972 indicate Sweeney Lake’s water quality declined in 2000 compared to previous years, although given the natural variability, additional years of data will be needed to confirm if the water quality is truly declining.  

· Sweeney Lake’s water quality in 2000 did not quite meet Level I water quality goals for total phosphorus (maximum concentration of 30 µg/L), chlorophyll a (maximum mean summer concentration of 10 µg/L), or Secchi disc transparency (minimum depth of 2.2 meters).

1.4
Twin Lake

· Water quality at the single sample station was in the mesotrophic range (i.e., moderate levels of nutrients); and was has the highest water quality of all the lakes discussed in this report.

· Based on the summer average Secchi disc transparency, the recreational suitability index was 1, indicating no recreational use impairment in the lake, caused by algae.

· Macrophytes (aquatic plants) were abundant on the two sampling dates (6/14/00 and 8/25/00).  The nuisance exotic species, curlyleaf pondweed, was  identified in the June survey.

· The zooplankton community remained fairly constant throughout June, July, and August, and was dominated by rotifiers.  Unlike 1996, the large-bodied cladoceran, Daphnia pulicaria, did not appear until the late‑August sample period.

· Historical records dating back to 1972 indicate Twin Lake’s water quality has not changed significantly from 1992 to 2000, and total phosphorus concentrations remain well below the peak concentrations measured in 1982.

· Twin Lake’s water quality in 2000 generally met the Level I water quality goals for total phosphorus, chlorophyll a, and Secchi disc transparency.  The exception was the first sample collected soon after ice-out (3/28/00), which had a total phosphorus concentration of 80 µg/L, and Secchi disc transparency of 3.0 feet (1.0 meter) and chlorophyll a concentration of 42 µg/L.

2.0  Introduction

Since 1970, when the Bassett Creek Water Management Commission (Commission) was formed, water quality conditions in the ten major lakes have been periodically monitored.  The Commission’s policy is to preserve water quality conditions, and to improve them where possible.  Nonpoint source pollution—pollutants transported by stormwater runoff—is the predominant cause of lake water quality degradation.  The objective of the lake monitoring program is to detect changes or trends in water quality over time, thereby determining the effect of changing land use patterns in the watershed and the effectiveness of the Commission’s efforts to prevent water quality degradation in the lakes.  

In 1991, the Commission established an annual lake water quality monitoring program that generally followed the recommendations of the Metropolitan Council (Osgood, 1989a) for a “Level 1, Survey and Surveillance” data collection effort.  The lake sampling program generally involves monitoring of ten lakes on a four-year rotating basis, three or four lakes per year.  Major lakes include the following water bodies, with prior monitoring years indicated parenthetically:

	· Crane (1977, 1982, 1993, 1997)
	
	· Sunset Hill (Cavanaugh) (1977, 1982, 1994, 1998)

	· Lost (1977, 1982, 1993, 1997)

	
	· Sweeney (1977, 1982, 1985, 1992, 1996, 2000) 

	· Medicine (1977, 1982, 1983, 1984, 1988, 1994
, 19991) 
	
	· Twin (1977, 1982, 1992, 1996, 2000)

	· Northwood (1977, 1982, 1992, 1996, 2000)
	
	· Westwood (1977, 1982, 1993, 1997)

	· Parker’s (1977, 1982, 1992, 1996, 2000)
	
	· Wirth (1977, 1982)




Wirth Lake is currently monitored by the Minneapolis Park Board.  Hence, Wirth Lake is not included in the Commission’s lake monitoring program.  Medicine Lake is currently monitored by Suburban Hennepin Regional Park District (Hennepin  Parks).  The Commission periodically participates with Hennepin parks to monitor Medicine Lake.

The lake sampling program occasionally includes limited monitoring for other water bodies, which has included the following ponds and the year sampled in parenthesis: 

· Courtland, East Ring, and West Ring Ponds (1993)

· Grimes Pond (1996)

· North Rice and South Rice Ponds (1994, 1998)

This report presents the results of water quality monitoring in 2000 of Northwood Lake, Parkers Lake, Sweeney Lake, and Twin Lake (Figure 1).  The lakes were monitored for water quality (see Appendix A) and biota.  The biotic monitoring included macrophytes (i.e., aquatic vascular plants), phytoplankton, and zooplankton.  Monitoring results are summarized by lake; a narrative description of the results is accompanied by a one page graphical summary of the data.  More detailed results can be found in the appendices of the report. 

The discussion of water quality conditions focuses on the three principal water quality indicators:  total phosphorus and chlorophyll a concentrations, and Secchi disc transparency.  Phosphorus is a nutrient that usually controls the growth of algae.  Chlorophyll a is the primary photosynthetic pigment in lake algae; therefore, the concentration in a lake water sample indicates the amount of algae present in the lake.  Secchi disc transparency is a measure of water clarity, and is inversely related to algal abundance.

The water quality conditions were classified as to trophic state, based on the total phosphorus concentration, chlorophyll a concentration, and Secchi disc transparency (Table 1).

Table 1
Trophic State Classifications for Total Phosphorus, Chlorophyll a, and Secchi Disc Transparency

	Lake Classification
	Total Phosphorus
	Chlorophyll a
	Secchi Disc Transparency

	Oligotrophic

(nutrient poor)
	less than 10 µg/L
	less than 2 µg/L
	greater than 15 ft (4.6 m)

	Mesotrophic
(moderate nutrient levels)
	10 µg/L – 24 µg/L

	2 µg/L - 7.5 µg/L

	15 ft - 6.6 ft

(4.6 m - 2.0 m)


	Eutrophic
(nutrient rich)
	24 µg/L – 57 µg/L
	7.5 µg/L - 26 µg/L
	6.6 ft – 2.8 ft 

(2.0 m - 0.85 m)

	Hypereutrophic (extremely nutrient rich)
	greater than 57 µg/L
	greater than 26 µg/L
	less than 2.8 ft (0.85 m)


Reserved for:

Figure 1
Location of Lakes and Ponds Included in 2000 Water Quality Study

The Recreational Suitability Index (RSI) was calculated for each lake.  The RSI is an index of recreational impairment in a lake caused by degraded water transparency.  The index represents degrees of use-impairment and parallels an index of physical condition (Table 2).  Secchi disc transparency data were used to calculate the RSI, which was originally based on empirical relationships developed by Osgood (1989a) using data from lakes in the Twin Cities metro area.

Table 2
Recreational Suitability Index Compared to a Physical Conditions Index

	Scale
	Recreational Suitability Index
	Physical Condition Index

	1
	Beautiful, could not be better
	Crystal clear

	2
	Very minor aesthetic problems
	Not quite crystal clear; some algae visible

	3
	Swimming and aesthetic enjoyment slightly impaired
	Definite color caused by algae

	4
	Desire to swim and level of enjoyment substantially reduced
	High algal levels with limited clarity and/or mild odor apparent

	5
	Swimming and aesthetic enjoyment nearly impossible because of algae
	Severely high algal levels; includes massive floating scums, strong foul odor, or fish-kill

	Source:  Osgood, 1989b


Several types of biological data were compiled and evaluated during this study.  Macrophyte (aquatic plants), phytoplankton, zooplankton, and fisheries data provide insight into the health of the aquatic ecosystem associated with each water body.  Aquatic communities interact with each other and influence both short- and long-term variations in observed water quality.

Macrophytes (vascular aquatic plants)—describe the aquatic plants growing in the shallow (littoral) area of the lake.  They are a natural part of most lake communities and provide many benefits to fish, wildlife, and people.  Macrophytes are the primary producers in the aquatic food chain, providing food for other aquatic life.

Phytoplankton (algae)—form the base of the lake’s food web and directly influence the lake’s fish production and recreational use.  Chlorophyll a is a measure of total phytoplankton biomass; however, identifying the species and their abundance provides additional information on the health of the ecosystem, as well as an explanation for some of the changes that occur in the chlorophyll a levels over time.  Algae that can be eaten by zooplankton are considered desirable over the larger algal species that cannot be easily consumed.  The larger species that cannot be consumed by the zooplankton also have the ability to form “blooms”—very high concentrations of algae—which can impair recreational use.

Zooplankton (microscopic crustaceans)—are vital to the health of a lake ecosystem because they feed upon the phytoplankton and are food themselves for many fish species.  Protection of the lake’s zooplankton community through proper water quality management practices protects the lake’s fishery.  Zooplankton are also important to lake water quality.  The zooplankton community is generally comprised of three groups:  Cladocera, Copepoda, and Rotifera.  If present in abundance, large Cladocera can decrease the number of algae and improve water transparency within a lake.

3.0  Northwood Lake

3.1
Site Description

Northwood Lake is located along the North Branch of Bassett Creek, south of Rockford Road and immediately west of Highway 169 in the City of New Hope (Figure 1).  It has a water surface area of approximately 15 acres (6.1 hectares), a maximum depth of 5 feet (1.5 meters), and a mean depth of 2.7 feet (0.8 meters).  The Northwood Pond watershed area is about 1,341 acres (543 hectares), excluding the Northwood Pond water surface area.  The watershed lies within the Cities of Plymouth and New Hope, and is fully developed in the latter community.  The lake formerly consisted of the North Branch of Bassett Creek and the surrounding wetland area.  During the early-1960s, the water level was raised and the basin dredged, creating the present Northwood Lake.  

Northwood Lake has been designated by the DNR as a Type V wetland (DNR designation #627P).  Type V wetlands typically have a water depth of less than 10 feet, may contain submergent vegetation species and may be fringed by a border of emergent vegetation.  The Northwood Pond shoreline is developed with single family homes, except for a short stretch of the northwest shore that abuts Highway 169, and a section of the northeast shore lying in the City of New Hope’s Northwood Park.  Most of the residential lawns extend to the waters edge.  Approximately 25 to 30 percent of lakeshore property owners have installed riprap.  

Most of the lakeshore residents currently use Northwood Lake for aesthetics and wildlife viewing, however the lake is also used for some fishing and boating.  Numerous geese and ducks have summered on Northwood Lake during the past few years, and appear to graze heavily on the lawns at Northwood Park.  The Northwood Lake residents have not organized a lake association, and there is no record of any chemical treatment application in the lake.

The Northwood Lake outlet currently consists of a two-stage weir and 48‑inch reinforced concrete pipe.  The outlet discharges at the southeast side of the lake under Boone Avenue. 

The Northwood Lake Watershed and Lake Management Plan was completed in June 1996 by the Commission (Barr 1996b).  The Northwood Lake watershed was divided into four drainage districts for evaluating nutrient loading to the lake and recommending best management practices.  The recommended BMPs are described in the management plan.

In April 2000, the City of New Hope placed 1,800 pounds of barley straw in Northwood Lake to reduce algal growth.  The straw was in 320 mesh bags, staked to 55 posts around the lake.  The straw remained in the lake until October.  Tom Schuster, City Forester and coordinator for the project, noted that algal mats were greatly reduced compared to previous years and the water appeared much clearer.  Thanks to the success of the barley straw application in 2000, the plan is to place 3,000 pounds of barley straw in the lake in 2001.  This same barley straw treatment has been used in Valley Lake in Lakeville and resulted in similar improvements in the lake’s water quality.  Northwood Lake will continue to be monitored in 2001 as part of the Citizen Lake Monitoring Program.

3.2
Water Quality

Northwood Lake was sampled six times in 2000 at the south hole sampling station and the data are tabulated in Appendix A.  In 1996, Northwood Lake was sampled at the south and north holes, but prior to 1996, all monitoring of the lake was at the southeast end.  

Temperature and dissolved oxygen concentrations indicated Northwood Lake is not stratified and is likely “polymictic” (usually well-mixed), based on earlier years of monitoring.  In 1996, the lake differed from previous years in that stratification occurred during the summer.  In 2000, the lake was well-mixed at all six sample periods and showed no oxygen depletion near the bottom.  The lake may stratify during short periods, which could lead to loss of oxygen near the bottom and release of phosphorus from the sediments. 

The water quality in Northwood Lake was considerably better in 2000 than it was in 1996.  From 1996 to 2000, total phosphorus (TP) and chlorophyll a concentrations decreased sharply, and Secchi depth increased (Figure 2).  Despite lower TP than in 1996, Northwood Lake continued to have TP in the hypereutrophic range throughout the growing season,.  The average summer (June, July, and August) concentration in 1996 was 308 µg/L at the south hole and in 2000 the summer average was 121 µg/L—a 61 percent decrease.  Northwood Lake’s unusually high levels of soluble reactive (dissolved) phosphorus (SRP) were discussed in the lake’s watershed management plan (Barr 1996b), based on data from 1992 and earlier. As suggested in the watershed management plan, dissolved phosphorus may be entering Northwood Lake from several sources, such as sediment phosphorus release (“internal load”); from the presence of benthivorous (“bottom-feeding”) fish; from the feces of geese and other waterfowl; or from stormwater runoff.  The concentrations of SRP were again high in 1996 samples, and even higher in 2000, despite the lower TP concentrations in 2000.  SRP was approximately 50 percent of TP in 2000, while in 1996, SRP was usually less than 7 percent of TP.  Thus, the large drop in TP concentrations from 1996 to 2000 are apparently due to a drop in particulate phosphorus concentrations.  

Chlorophyll a—an indicator of algal biomass—also had a large decline from 1996 to 2000. Average summer chlorophyll a in 1996 was 69 μg/L, and in 2000, it was 17 μg/L—a 75 percent decrease.  The decline in chlorophyll a represents a shift from hypereutrophic to eutrophic conditions, despite the TP remaining in the hypereutrophic range.  

Summer average Secchi disc transparency was 4.3 feet (1.3 meters), which is considerably better than the 1996 average Secchi depth of 1.6 feet (0.5 meters), but this difference may actually be an underestimate of the improvement in transparency because four out of five measurements in 2000 were on the lake bottom.  The Secchi disc was visible on the bottom at the mid-June, August, and September sample periods; therefore it does not provide an accurate indicator of the water transparency compared to other lakes.  Although the light penetration was high, the observations in 2000 were of  reduced algal mats on the bottom of Northwood Lake.  The reduction in algal mats was attributed to the barley straw that was added to the lake.

3.3

Historical Trends

Historical water quality data is available for the ice-out periods of 1972, 1977, 1982, 1992, and 1996.  Secchi disc transparency was not measured in 1972 and 1977.  As discussed above, there were substantial improvements in the water quality indicators from 1996 to 2000.  The Secchi depth and chlorophyll a indicated that the lake had shifted trophic status from hypereutrophic to eutrophic.  The City of New Hope intends to apply barley straw to Northwood Lake in April 2001 at a higher dose (200 lbs/acre) than was applied in 2000 (120 lbs/acre).  The representative for the Citizen Lake Monitoring Program will continue to sample the lake for the water quality indicators, which will provide further evidence whether the barley straw is responsible for the dramatic improvement in Northwood Lake’s water quality.

3.4
Recreational Suitability

Based on average summer Secchi disc transparency in Northwood Lake, the recreational suitability index (RSI) was 4, which indicates use-impairment; however, as discussed above the Secchi disc was on the bottom of the lake for most of the growing season.  Therefore, in this particular circumstance, the RSI and the Secchi depth are not valid indicators of water quality or use-impairment.

Reserved for:

Figure 2
Northwood Lake 2000 Chemical and Biological Data Summary

3.5
Biota

There are three components of the biota in the lake that are discussed here: macrophytes (vascular aquatic plants), phytoplankton (algae), and zooplankton (micro-crustaceans).  Fisheries are managed by the Minnesota Department of Natural Resources, and are not discussed in this report.

3.5.1
Macrophytes

In 1996, no macrophytes were found in Northwood Pond on either the June or August surveys.  In contrast, the 2000 surveys, on June 14th and August 25th, found submerged macrophytes throughout the 0‑3 feet depths, as well as several patches of emergents along the southern shores of the lake.  Filamentous algal mats were noted as less dense and numerous in the southern two-thirds of the lake in both surveys.  Tom Schuster, City of New Hope Forester, noted that the algal mats were considerably less dense in 2000 than they had been in 1999. 

3.5.2
Phytoplankton

Phytoplankton (algae) species were sampled five times from July through early-September from the south hole sample station, and then identified and enumerated.  The phytoplankton community was dominated by cryptomonads throughout the growing season.  These results for the 2000 growing season are very different from 1996 when the phytoplankton community was dominated by approximately equal numbers of green algae, bluegreen algae, and diatoms.  Also, the total phytoplankton density in 1996 was 6-10 times the density in 2000.  In 1996, the bluegreen algae were over 30,000 units/mL in late-August, while in 2000 there were only 153 units/mL in late-August.  There is no information at this time to determine if the barley straw application was responsible for the species shift in the phytoplankton community.

3.5.3
Zooplankton

Zooplankton samples were collected from June through September at the south hole station.  Total zooplankton increased from June to August, reaching a peak density of nearly 600,000 per square meter in late‑August.  Although there was a significant change in the phytoplankton community, the zooplankton community in 2000 remained remarkably similar to the community in 1996.  The total numbers of zooplankton and the seasonal pattern are very similar between the two sample years.   Comparing the taxa between 1996 and 2000 indicates that rotifers were substantially a greater proportion of the total zooplankton density in 2000 than they were in 1996 and copepods abundance was reduced.  In August, 2000, rotifers comprised approximately 80 percent of the zooplankton, whereas in 1996, they comprised only 20-40 percent of the zooplankton in August.  The improved transparency in 2000 may have increased the fish predation of larger zooplankters, resulting in a higher percentage of rotifers, a smaller zooplankter.

3.6
Conclusions

· Water quality in Northwood Lake during the year 2000 growing season was substantially better than the last monitoring period in 1996

· The Secchi disc was visible to the bottom of the lake (5 feet) for most of the summer

· Unlike previous years, macrophytes (aquatic plants) were found during both June and August surveys and filamentous algal mats were less dense at the south end of the lake.

· Historical records show that the average chlorophyll a concentration has dropped from a high of 116 µg/L in 1977 to a summer average concentration of 17 µg/L in 2000.

· Northwood Lake is classified as a Level II water body—appropriate for all recreational uses except full body contact activities.  The Level II goals are:  (1) Total phosphorus concentration of 45 µg/L, (2) Maximum chlorophyll a concentration of 20 µg/L, and (3) Secchi disc transparency of 1.4 meters (4.5 feet).  In 2000, Northwood Lake did not meet goals (1) and (2), but did meet goal (3). 

4.0  Parkers Lake

4.1
Site Description

Parkers Lake and its watershed are located entirely within the city limits of Plymouth, Minnesota, on the far western side of the Bassett Creek watershed.  The lake has a surface area of 97 acres (39.3 hectares), a maximum depth of 37 feet (12 meters) and a mean depth of 12 feet (3.7 meters).  The lake’s watershed is 950 acres (380 hectares).  A narrow strip of park land, containing walking paths, encircles most of the lake.  Single family residential housing is the predominant land use to the west and to the south of the lake.  Park land extends to the northwest.  The lake is used for all types of recreational activities, including swimming.

The Parkers Lake Watershed and Lake Management Plan was completed in November 1993 by the Commission (Barr 1993b).  The Parkers Lake watershed was divided into six drainage districts for evaluating nutrient loading to the lake and recommending best management practices.  The recommended BMPs are described in the management plan.

4.2
Water Quality Data

Parkers Lake was sampled six times in 2000 at the deep hole.  Total phosphorus concentrations, chlorophyll a concentrations, and Secchi disc transparencies during 2000 are graphically summarized in Figure 3.  These data, along with other water quality data (i.e., temperature, dissolved oxygen, specific conductivity) are tabulated in Appendix A.

Vertical profile measurements of temperature and dissolved oxygen concentrations during 2000 indicate the lake had become vertically stratified by mid-June.  The lake was anoxic (no oxygen) below a depth of 7.0 meters in mid-June and generally remained anoxic below 6.0 meters for the remaining growing season.

Epilimnetic (0‑2 meter composite) total phosphorus concentrations ranged from 15 µg/L to 27 µg/L, which is a decrease from the 26 to 37 µg/L range in 1996.  The average summer concentration (June, July, and August) was 18 µg/L, compared to 32 µg/L in 1996.  This decline is average summer phosphorus concentration moved the lake from the eutrophic to the mesotrophic range.  Phosphorus concentrations near the lake’s bottom ranged from 29 µg/L to 320  µg/L, indicating phosphorus release from the sediments (i.e., internal loading) when the lake’s hypolimnion became anoxic.  There was not sufficient information to determine how much of the internally released phosphorus was entrained in the upper waters (i.e., epilimnion), where it could become available for uptake by algae, because at the time of the last sample in September, the lake remained vertically stratified.  

Reserved for:

Figure 3
Parkers Lake 2000 Chemical and Biological Data Summary

Chlorophyll a concentrations, like phosphorus concentrations, remained steady from June to September and were in the mesotrophic range.  The summer average chlorophyll a was 6.3 µg/L, compared to about 12 µg/L in 1996.

Secchi disc transparency had a summer average of 8.0 feet (2.45 meters), which was slightly better than the 1996 summer average of 7.5 feet (2.3 meters).  The highest transparency, 11.5 feet (3.5 meters), was in June, which corresponded to the highest zooplankton abundance and lowest algal abundance (see below).

4.3
Historical Trends

Average water quality conditions in Parkers Lake have improved tremendously since 1977.  From 1992 to 2000, the lake’s trophic status has changed from eutrophic to mesotrophic.  In 1977, the growing season mean phosphorus concentration was 103 µg/L and in 2000, it was 18.6 µg/L.  Secchi depth has increased from a 1977 summer average of 0.67 meters to a 2.45 meter summer average in 2000.  Clearly, Parker’s Lake has shown big improvements in water quality for the period of record.  The lake’s recreational use problem has shifted from water clarity to the invasion of nuisance macrophytes (see below).

4.4
Recreational Suitability

Based on average summer Secchi disc transparency in Parkers Lake, the recreational suitability index (RSI) was 2, indicating the lake has only minor recreational use-impairment.  The RSI in 1996 was also 2.

4.5
Biota

The biota discussion is comprised of three components: macrophytes (vascular aquatic plants), phytoplankton (algae), and zooplankton (micro-crustaceans).  Fisheries are managed by the Minnesota Department of Natural Resources, and are not discussed in this report.

4.5.1
Macrophytes

Macrophytes were surveyed on June 14 and August 24, 2000 in Parkers Lake.  Stands of submerged plants were found around the entire shoreline in varying densities and compositions.  Some emergent plants were found along the shoreline.  Twelve species were identified in the first survey and 11 species in the second.  

Parkers Lake noted two nuisance exotic (non-native) plants during 2000, Eurasian watermilfoil and curly-leaf pondweed.  Exotic or non-native species are undesirable because their natural control mechanisms are not introduced with the species.  Consequently, exotic species frequently exhibit rapid unchecked growth patterns.  These exotic plant species usually require a control program to prevent damage to the natural plant communities.

The nuisance exotic or non-native species Eurasian watermilfoil (Myriophyllum spicatum) was present during both surveys (i.e., June and August).  Eurasian watermilfoil is a particularly problematic exotic aquatic plant in North America due to its ability to reproduce from fragments and spread rapidly, its high growth rate in a range of temperatures and environmental conditions, and its tendency to reach the surface and form extensive mats of plant at the surface, which can allow it to shade and outcompete native vegetation (Madsen et al. 1991; Valley and Newman 1998). In 1996, Eurasian watermilfoil was only found near the north public beach, while in 2000, the Eurasian watermilfoil had spread to the southern part of the lake.  A particularly dense patch of Eurasian watermilfoil was observed in the southeast littoral area of the lake during the August 2000 survey.  It appears that Eurasian watermilfoil coverage has increased.  Consequently, coverage of native plants has decreased.

The nuisance exotic species curlyleaf pondweed (Potamogeton crispus) was present during the first survey (i.e., June).  In June, curlyleaf pondweed occurred in a light density throughout the littoral (shallow) area of the lake.  Therefore, this  species was not problematic in Parker’s Lake during 2000.  However, prudent management is recommended to avoid problems resulting from increases in coverage and/or density.  Types of problems that can be caused by curly-leaf pondweed include:

· It tends to crowd out native aquatic macrophyte (i.e., aquatic plant) species.

· Dense colonies of the weed may interfere with recreational activities on the lake.

· After curly-leaf pondweed dies out in early July, it may sink to the lake bottom and decay.  When dense colonies of the weed decay, oxygen depletion and release of phosphorus may occur.

Because curlyleaf pondweed dies out in early July, it was not found in the August survey, although it may have been present again later in the growing season.

4.5.2
Phytoplankton

Phytoplankton species were sampled five times from June through early-September, and then identified and enumerated.  Phytoplankton (algae) in Parker’s Lake remained at low densities in June through early-August.  The phytoplankton community was primarily comprised of green algae, bluegreen algae, and cryptomonads during this period.  A bluegreen algae bloom was observed in late-August (8/21/00) followed by a decline in total phytoplankton during September.  The September phytoplankton community was primarily comprised of green algae and cryptomonads.

4.5.3
Zooplankton

Rotifers dominated the zooplankton community during much of the growing season. However, copepods predominated the zooplankton community during mid-July and early September.  It appears that there was a rotifer bloom in mid-June when a rotifer density of nearly 1.5 million per square meter was reported.  Cladocera and Copepods were also most abundant during June. The large-bodied cladocera, Daphnia  pulicaria, remained present throughout the growing season.  Thus, it appears that some biological control of the lake’s phytoplankton community occurred throughout the growing season.  Typically when D. pulicaria is found in a lake, it is only at measurable densities in the spring or possibly the fall.

4.6
Conclusions

· Water quality at the single sample station was in the mesotrophic range (i.e., mildly rich in nutrients).

· Based on the summer average Secchi disc transparency, the recreational suitability index was 2, indicating the lake had only minor recreational use impairment.

· Macrophytes (aquatic plants) were abundant on the two sampling dates (6/14/00 and 8/24/00) and were particularly noteworthy because of the presence of Eurasian watermilfoil and curlyleaf pondweed, both nuisance exotic species.  Eurasian watermilfoil has expanded its distribution in the lake compared to 1996.

· Historical records dating back to 1972 indicate Parkers Lake’s water quality has greatly improved since 1977.

· Parkers Lake water quality in 2000 met the Level I water quality goals for total phosphorus (maximum concentration of 30 µg/L), chlorophyll a (maximum mean summer concentration of 10 µg/L).  It also met the Level 1 goal for Secchi disc transparency (minimum depth of 2.2 meters) during June through August.

5.0  Sweeney Lake

5.1
Site Description

Sweeney Lake has a water surface area of approximately 67 acres (27.1 hectares), a maximum depth of 25 feet (7.6 meters), and a mean depth of 11.8 feet (3.6 meters).  The Sweeney Lake Branch of Bassett Creek flows into the lake on the south end and outlets at the north end over a concrete dam.  Sweeney Lake is connected to Twin Lake by a meandering channel through a cattail marsh from the northeast shore of Sweeney to the north shore of Twin Lake.  The surface elevation of the two lakes are the same, indicating flow between the two lakes is minimal.  The entire west and south shoreline of Sweeney Lake consists of privately-owned single family homes.  The east shore is bordered by the Hidden Lakes residential development (former Glenwood Hills Hospital) and park land.  The north shore is bordered by the Golden Valley Health Center.  The lake is primarily used by area residents for canoeing, boating, fishing, and aesthetic viewing purposes.

The Sweeney Lake Watershed and Lake Management Plan was completed in January 1994 by the Commission (Barr 1994).  The management plan recommended a two-phase program. Phase 1 included shutting down the aeration system and monitoring the lake, and implementing some watershed-wide BMPs.  The recommendation for Phase II would be contingent on the results of the monitoring once the aeration system was shut off.  

5.2
Water Quality Data

Sweeney Lake was sampled six times during the 2000 growing season.  In 1996, the lake was sampled at two locations: the north and south holes.  In 2000, samples were only collected at the south hole.  An aeration system was operated at the south hole throughout the growing season.  The water quality data (Appendix A ) for Sweeney Lake includes:

· Vertical profiles of temperature, dissolved oxygen concentration (DO), and specific conductivity

· 0‑2 m composite sample analyzed for chlorophyll a, turbidity, total phosphorus (TP), soluble reactive phosphorus, total nitrogen, total Kjeldahl nitrogen, nitrate-nitrite nitrogen, and pH

· TP and pH at mid-depth and near-bottom (0.5 m above bottom) depth.

· Secchi disc transparency

Vertical profile measurements of temperature and dissolved oxygen concentrations during 2000 indicate the lake was generally well mixed, although a weak stratification was noted during June. The mixing likely resulted from operation of the lake’s aeration system. 

A portion of the lake’s bottom waters contained oxygen concentrations less than 5 mg/L during the summer period. The lake’s panfish and gamefish require oxygen concentrations greater than 5 mg/L and experience stress when oxygen concentrations fall below these levels.  Hence, the lake’s panfish and gamefish were restricted to the upper portion of the lake’s water column during the summer period.  The cause of the oxygen depletion in the lake’s bottom waters is presumed to be oxygen demand from decaying algal cells and/or stormwater runoff.  The data suggest the aeration system is unable to overcome the oxygen demands of the lake’s bottom waters and provide sufficient oxygen for the lake’s panfish and gamefish to occupy the entire water column.  

Dissolved oxygen concentrations in the sample nearest the bottom (23 feet) were generally greater than 1 mg/L, although a decline to 0.1 mg/L in mid‑July occurred.  Because the lake’s sediments are rich in organic matter, microbial decomposition and respiration can deplete hypolimnetic waters of their dissolved oxygen.  Phosphorus contained in the sediment may then be released into the water column as a result of changes in the oxidation-reduction (REDOX) potential of the system caused by oxygen depletion.  This phosphorus will contribute to the growth of algae in surface waters when the lake is mixed by the aeration system.  Because the lake’s sediments may add phosphorus to the water column when oxygen concentrations are less than 1 mg/L and oxygen concentrations were less than 1 mg/L during July, some internal phosphorus loading is believed to occur in Sweeney Lake.  The data indicate phosphorus concentrations of the bottom waters were higher than surface water concentra​tions during June and July, suggesting the occurrence of internal loading during this period.  

Total phosphorus concentrations, chlorophyll a concentrations, and Secchi disc transparencies are the three general indicators of lake water quality and they are graphically summarized in Figure 4.  Total phosphorus concentrations ranged from 33 µg/L in June to 70 µg/L in September.  The average summer phosphorus concentration (from June, July, and August) was 49 µg/L, slightly higher than the 41 µg/L summer average in 1996.  Phosphorus concentrations near the lake’s bottom were generally similar to the epilimnion concentrations. 

The lake’s average summer chlorophyll a concentration was 32 µg/L, more than double the summer average in 1996 (14 µg/L).   The 2000 summer average chlorophyll a concentration was in the hypereutrophic range, whereas in 1996, the summer average was in the eutrophic range.
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Figure 4
Sweeney Lake 2000 Chemical and Biological Data Summary

Secchi disc transparencies were borderline between eutrophic and hypereutrophic, averaging about 3.3 ft (1.0 m) depth.  The 2000 average transparency was less than the 1996 average summer Secchi disc transparency of 5.6 feet (1.7 meters) at the south hole.  Secchi disc transparency generally exhibited seasonal changes that were similar to chlorophyll a changes, indicating the lake’s algal community determined its transparency.  An exception occurred in September when chlorophyll a declined while Secchi disc transparency remained unchanged. 

Overall, the water quality in Sweeney Lake declined compared to 1996—the last time the lake was sampled.  Although the summer average phosphorus concentrations have been much higher in previous years, the summer average Secchi disc transparency was the lowest value since monitoring began in 1972.  However, there would need to be several years of declining water quality to confirm that overall water quality is declining, . 

5.3
Recreational Suitability

Based on average summer Secchi disc transparency in Sweeney Lake (0.9 m), the recreational suitability index (RSI) was 5.  In 1996, the RSI was 3.  An RSI change from 3 to 5 indicates Sweeney Lake has gone from slight recreational use-impairment to severe recreational use-impairment.  Hence, the lake no longer supports swimming and aesthetic enjoyment because of summer algal blooms.

5.4
Historical Trends

Historical water quality data for Sweeney Lake is available for the ice-out periods of 1972, 1977, 1982, 1985, 1992, 1996.  The growing season means for Secchi depth, total phosphorus, and chlorophyll a for each of those years, as well as 2000, are shown in Figure 2.  As discussed above, total phosphorus concentrations have been much higher in the past, with the highest concentrations measured in 1982.  The highest phosphorus concentration in 1982 was 254 µg/L in mid-August and the growing season mean was 152 µg/L  Phosphorus concentrations dropped sharply in the ten years following that peak, to a mean in 1992 of 32 µg/L.  However, phosphorus concentrations have risen steadily since 1992, to a growing season mean in 2000 of 53 µg/L.  Average phosphorus concentrations have increased since 1992 at the rate of approximately 2.5 µg/L per year.

Unlike total phosphorus, the growing season mean for Secchi disc transparency in 2000 indicated the lowest water quality since 1972.  The mean Secchi depth was 0.9 m (3.0 ft) in 2000 and 1.1 m (3.6 ft) in 1982.  Therefore, the 2000 results raise a concern that the water quality in Sweeney Lake could be declining.

5.5
Biota

There are three components of the biota in the lake that are discussed here: macrophytes (vascular aquatic plants), phytoplankton (algae), and zooplankton (micro-crustaceans).  Fisheries are managed by the Minnesota Department of Natural Resources, and are not discussed in this report

5.5.1
Macrophytes

Macrophytes were surveyed on June 14 and August 25, 2000, in Sweeney lake.  Sixteen species were identified in the June survey and 15 species in the August survey.  The nuisance exotic species, curlyleaf pondweed (Potamogeton crispus) was identified throughout the littoral area of the lake in June, but was no long present in August.  Curlyleaf pondweed typically dies back in mid-summer (i.e., after the fourth of July) because of higher water temperatures.  The remaining macrophyte species distribution was essentially the same in June and August.  Submerged and floating-leaf macrophytes were growing from the 0‑ to 10‑foot depth around the entire perimeter of the lake.  A few additional species were found in 2000 that were not seen in the 1996 macrophyte surveys.  The new species include elodea (Anacharis canadensis) and water star grass (Zosterella dubia).  The general distribution of macrophytes in 2000 was similar to 1996, although some species, such as sago pondweed (Potomogeton pectinatus) increased its distribution around the lake.

5.5.2
Phytoplankton

Phytoplankton (algae) species were sampled, identified, and enumerated five times from June through early-September.  The total number of algae was usually around 10,000 units/mL during the 2000 growing season; however, an algal bloom was evident in late-August when the total algae count was 27,000 units/mL.  The August bloom was dominated nearly equally between bluegreen algae (9,700 units/mL) and green algae (9,400 units/mL).  Relatively high numbers of diatoms (3,100 units /mL) and cryptomonads (4,500 units/mL) were also noted in August.  The algal counts in 1996 were much lower, ranging from about 6,000 to 15,000 units/mL. 

The comparison of phytoplankton densities to chlorophyll a concentrations demonstrates that chlorophyll is packaged differently in different phytoplankton species, primarily because of the wide range of shapes and sizes of algal cells.  The chlorophyll a concentrations did not show the sharp peak in August that was seen in the phytoplankton counts.  The green algal species, diatoms, and cryptomonads comprising approximately two thirds of the algal community during August were small cells.  Hence, these species noted low biovolumes and contained relatively low quantities of chlorophyll per cell.  The discrepancy between chlorophyll concentrations and numbers of algal cells demonstrates the need to assess the actual phytoplankton species along with chlorophyll a as an estimate of changes in the phytoplankton community and changes in phytoplankton biomass.

5.5.3
Zooplankton

In 2000, total zooplankton in Sweeney Lake showed a pattern similar to previous years and to other lakes, in that the highest density was in June and then declined throughout the remaining growing season.  The actual densities, however, were much higher than in 1996.  The total number per square meter in 2000 was above 500,000 in all five sample periods, while in 1996 four out of five of the samples had zooplankton densities less than 400,000 and two were less than 200,000.  The species composition was also different between 1996 and 2000.  In 1996 the zooplankton community was dominated by rotifers.  Although rotifers were certainly abundant in June and September of 2000, the dominant taxa throughout the growing season were copepods.  Large-bodied cladocera, such as Daphnia pulicaria, were not found in the 2000 samples of Sweeney Lake.  The moderate-sized cladoceran, Daphnia galeata mendotae, was present in the mid-June sample but continued to decline throughout the growing season.  

5.6
Conclusions

· Water quality in Sweeney Lake was borderline eutrophic/hypereutrophic (i.e., rich to extremely rich in nutrients)

· Based on the summer average Secchi disc transparency, the recreational suitability index was 5, indicating severe use impairment in the lake

· Macrophytes (aquatic plants) were abundant on the two sampling dates and curlyleaf pondweed, a nuisance exotic species, was identified throughout the littoral (i.e., shallow) area of the lake in the first survey

· Phytoplankton and zooplankton were more abundant in 2000 than they were in 1996.  The reason for the increase is not evident in the routine data collection

· Historical records dating back to 1972 indicate Sweeney Lake’s water quality declined in 2000 compared to previous years, although given the natural variability, additional years of data will be needed to confirm if the water quality is truly declining.  Reduced water quality may be the result of Highway 100 construction during 2000

· Sweeney Lake’s water quality in 2000 did not meet Level I water quality goals for total phosphorus (maximum concentration of 30 µg/L), chlorophyll a (maximum mean summer concentration of 10 µg/L), or Secchi disc transparency (minimum depth of 2.2 meters).

6.0  Twin Lake

6.1
Site Description

Twin Lake has a water surface area of approximately 21 acres (8.5 hectares), a maximum depth of 54.5 feet (16.6 meters), and a mean depth of 25.7 feet (7.8 meters).  The lake has no inlet or outlet, except via the channel that connects Twin Lake and Sweeney Lake.  The north half of the lake is surrounded by the wooded Hidden Lakes residential development (former Glenwood Hills Hospital grounds), which predominate along the east shore.  The south half of the lake is surrounded by Minneapolis park property and consists of mixed wooded-brush areas, including a marsh at the south end of the lake.  The lake is used for all types of recreational activities, including swimming.

The Twin Lake Watershed and Lake Management Plan was completed in June 2000 by the Commission (Barr 2000).  Because Twin Lake water quality was meeting the Level I goals and watershed modeling results indicated structural BMPs will yield only slight reductions in phosphorus concentrations in the lake, the emphasis of the management plan was on general BMPs for the watershed.

6.2
Water Quality Data

Twin Lake was sampled six times in 2000 at the deep hole.  With a maximum depth of 52.5 feet (16 meters), Twin Lake was the deepest lake sampled in 2000.  Total phosphorus concentrations, chlorophyll a concentrations, and Secchi disc transparencies during 2000 are graphically summarized in Figure 5.  These data, along with other water quality data (i.e., temperature, dissolved oxygen, specific conductivity) are tabulated in Appendix A.

Vertical profile measurements of temperature and dissolved oxygen concentrations during 2000 indicate the lake had become vertically stratified by the first sampling event in March.  Dissolved oxygen concentrations in the March sample were less than 1.0 mg/L below a depth of 8 meters.  By mid-June the water below 20 feet (6 meters) was anoxic (no oxygen).  This volume of anoxic hypolimnion remained fairly constant throughout the growing season.  Temperatures in the hypolimnion remained at in the 39 – 41°F (4 – 5°C) range.
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Figure 5
Twin Lake 2000 Chemical and Biological Data Summary

Average total phosphorus concentration in Twin Lake (0‑2 m composite) was the lowest of the lakes sampled in 2000 and the bottom sample total phosphorus concentrations were the highest among the four lakes sampled in 2000.  The summer average total phosphorus in the epilimnion was 14 µg/L, compared to 20 µg/L in 1996.  Phosphorus concentrations in the epilimnion decreased, in general from the March concentration of 80 µg/L to the late-August TP concentration of 10 µg/L.  Overall, phosphorus concentrations were in the low end of the mesotrophic range.  The high TP concentrations near the bottom, which ranged from 441 to 640 µg/L, were also measured in 1996.  Phosphorus was being released from the sediments, but the data are not sufficient to determine how much of the released phosphorus was eventually entrained in the upper mixed layer.  At the time of the last sample (9/6/00 ) the lake remained strongly stratified.

Chlorophyll a in Twin Lake was also the lowest of the four lakes monitored in 2000.  The summer average chlorophyll a was  4.0 µg/L, which is identical to the summer average in 1996.  As with total phosphorus, the chlorophyll a concentrations were in the mesotrophic range.

Summer average Secchi disc transparency was 11.7 feet (3.6 meters), which is not as deep as the summer average in 1996 of 13.5 feet (4.1 meters).  Except for the March Secchi depth, which was  3.3 feet (1.0 meters) and in the eutrophic range, the Secchi depths remained in the mesotrophic range throughout the growing season.

6.3
Historical Trends

Historical water quality data are available for ice-out periods of 1972, 1977, 1982, 1992, and 1996.  For historical trends, the growing season mean (May through September) is used rather than the summer mean (June through August).  Comparison of growing season mean values suggests there was a significant improvement in water quality conditions between 1982 and 1992, and the water quality has been fairly stable since 1992.  The seasonal patterns of the three water quality parameters discussed in this report for 2000 were very similar to the patterns in 1992 and 1996.  Average TP decreased from 1996 to 2000 (from 18 to 15 µg/L), but chlorophyll a and Secchi disc transparency growing season mean values changed little (i.e., chlorophyll means of 4.7 and 4.8 µg/L and Secchi disc means of 3.6 and 3.3 meters in 1996 and 2000). 

6.4
Recreational Suitability

Based on the average summer Secchi disc transparency, Twin Lake has a recreational suitability index (RSI) of 1, indicating there is no recreational use impairment caused by algae.  When compared with other lakes in the Twin Cities Metro Area, Twin Lake has unusually high transparency.

6.5
Biota

There are three components of the biota in the lake that are discussed here: macrophytes (vascular aquatic plants), phytoplankton (algae), and zooplankton (micro-crustaceans).  Fisheries are managed by the Minnesota Department of Natural Resources, and are not discussed in this report

6.5.1
Macrophytes

Macrophytes were surveyed on June 14 and August 25, 2000, in Twin Lake.  The lake had the greatest species richness of the lakes surveyed in 2000;  18 species were identified in June and 17 species in August.  

The nuisance species, curlyleaf pondweed, (Potamogeton crispus) was identified at a low density  on the east side of the lake during the June survey.  As is typical of curlyleaf pondweed, it died off during July and was not seen in the August survey.  Curlyleaf pondweed had not been seen in the 1996 macrophyte survey.  Therefore, it will be important to monitor macrophytes in the future to determine if curlyleaf pondweed is increasing in Twin Lake.  As discussed previously, curlyleaf pondweed has a tendency to outcompete native species and cause problems in lakes.  

A native milfoil species, northern watermilfoil, Myriophyllum exalbescens, was identified in several locations in the lake.  The northern watermilfoil is not considered a nuisance species and provides valuable habitat for the lake’s fishery.  However, it often is very hard to distinguish from Eurasian watermilfoil, a nuisance exotic (i.e., not native) aquatic plant.  Northern watermilfoil is sensitive to reduced water clarity and declines or disappears in lakes that become eutrophic.  Its presence in Twin Lake provides confirmation of the lake’s mesotrophic status and good water transparency.

6.5.2
Phytoplankton

Phytoplankton (algae) species were sampled five times from June through early‑September, and then identified and enumerated.  The phytoplankton community in 2000 was dominated by green algae in June, July, and August.  The bluegreen algae became the dominant group in late-August and early-September.  Overall, total phytoplankton density was low compared to other lakes monitored in 2000. 

6.5.3
Zooplankton

Total zooplankton in Twin Lake were highest in June, at 540,000 per square meter.  Zooplankton were more abundant in 2000 than 1996 and remained above 400,000 per square meter during June through August.  Zooplankton densities during 1996 ranged from 154,000 to 324,000 units per square meter during the July through August period and were above 400,000 units per square meter only during June.  Rotifers were the dominant taxa throughout the growing season in 2000.  Although rotifers were generally the dominant taxa in 1996, Cladocera were dominant during June of 1996.  In 1996, the large-bodied, Daphnia pulicaria, was abundant in June and were not found by August.  By contrast, during 2000 D. pulicaria were not seen until late-August and they increased in September, but at densities far below the levels in 1996.  The absence of the large-bodied cladocera in June and July of 2000 resulted in algal densities that were twice as high as densities during August and September, when large-bodied cladocera were present.  

6.6
Conclusions

· Water quality at the single sample station was in the mesotrophic range (i.e., moderate levels of nutrients); and was has the highest water quality of all the lakes discussed in this report.

· Based on the summer average Secchi disc transparency, the recreational suitability index was 1, indicating no recreational use impairment in the lake, caused by algae.

· Macrophytes (aquatic plants) were abundant on the two sampling dates (6/14/00 and 8/25/00). The nuisance exotic species,  curlyleaf pondweed was  identified in the June survey.

· The zooplankton community remained fairly constant throughout June, July, and August, and was dominated by rotifiers.  Unlike 1996, the large-bodied cladoceran, Daphnia pulicaria, did not appear until the late-August sample period.

· Historical records dating back to 1972 indicate Twin Lake’s water quality has not changed significantly from 1992 to 2000, and total phosphorus concentrations remain well below the peak concentrations measured in 1982.

· Twin Lake’s water quality in 2000 generally met the Level I water quality goals for total phosphorus, chlorophyll as, and Secchi disc transparency.  The exception was the first sample collected soon after ice-out (3/28/00), which had a total phosphorus concentration of 80 µg/L, and Secchi disc transparency of 3.0 feet (1.0 meter)and chlorophyll a concentration of 42 µg/L.

References

Barr Engineering Company.  1993a.  Draft Water Quality Management Plan.  Prepared for the Bassett Water Management Commission

Barr Engineering Company.  1993b.  Parkers Lake Watershed and Lake Management Plan.  Prepared for the Bassett Water Management Commission.

Barr Engineering Company.  1994.  Sweeney Lake Watershed and Lake Management Plan.  Prepared for the Bassett Water Management Commission.

Barr Engineering Company.  1996b.  Northwood Lake Watershed and Lake Management Plan.  Prepared for the Bassett Water Management Commission.

Barr Engineering Company.  2000.  Twin Lake Watershed and Lake Management Plan.  Prepared for the Bassett Water Management Commission.

Osgood, R.A. 1989a.  An Evaluation of Lake and Stream Monitoring Programs in the Twin Cities Metropolitan Area.  Metropolitan Council Publication No. 590-89-128

Osgood, R.A. 1989b. A 1989 Study of the Water Quality of 20 Metropolitan Area Lakes. Metropolitan Council, St. Paul, MN. Publication No. 590-89-129. 12 pp.

Osgood, R.A. 1989c.  Assessment of Lake Use-Impairment in the Twin Cities Metropolitan Area.  Metropolitan Council Publication No. 590-89-130.

Appendix A

Lake Water Quality Data for 2000

Appendix B

Macrophyte Surveys; Phytoplankton and Zooplankton Analyses for 2000

Appendix C

Field and Laboratory Methods

Appendix C:  Field and Laboratory Methods

Sample Collection

The epilimnetic sample at each lake’s central sampling site was collected with a 0‑ to-2‑meter integrated composite sampler.  Additional samples were collected for total phosphorus from 2 meters below the surface to 1/2‑meter above the lake bottom, at approximately 3‑meter depth intervals. 

Phytoplankton samples were collected as subsamples from the epilimnetic composite sample.  Zooplankton samples were collected with a Wisconsin-type net towed from just above the lake bottom to the surface.  

At every sample site the following parameters were measured at 1‑meter depth intervals:

· Water temperature

· Dissolved oxygen concentration

· Specific electrical conductivity 

· Secchi disc transparencies were also measured at each site.  

Macrophytes were surveyed and mapped twice in each lake using a transect method.

Chemical Analyses

Procedures for the chemical analyses are presented in the accompanying table. 

Table C‑1

Procedures for Chemical Analysis Performed on Water Samples
	Analysis
	Procedure
	Reference

	Total Phosphorus
	Persulfate digestion, manual ascorbic acid
	Standard Methods, 16th Edition, 1985, 424 C.III, 424F, and Eisenreich, et al., Environmental Letters 9(1), 43-53 (1975)

	Ortho Phosphorus
	Manual ascorbic acid
	Standard Methods, 16th Edition, 1985, 424F(1985) and Eisenreich, et al., Environmental Letters 9(1), 43-53 (1975)

	Nitrite + Nitrate Nitrogen
	Colorimetric
	Lachat Instruments Quik Chem Method No. 10-107-04-1-C and Standard Methods, 16th Edition, 1985, 418C and 418F

	Ammonia Nitrogen
	Automated
	Standard Methods, 16th Edition, 1985, 417C and 417G and Manual of Analytical Methods, Water Chemistry Unit, Laboratory of Hygiene, Madison, Wisconsin

	Total Kjeldahl Nitrogen
	Semi-automated
	Jirka, et al., Environ. Science and Technology 10:1038-1044, (1976) and Standard Methods, 15th Edition, 1980, 424E

	Chlorophyll a
	Spectrophotometric
	Standard Methods, 16th Edition, 1985, 1002G

	pH
	Potentiometric measurement, glass electrode
	Standard Methods, 16th Edition, 1985, 423

	Specific Conductance
	Wheatstone bridge
	Standard Methods, 16th Edition, 1985, 205

	Temperature
	Thermometric
	Standard Methods, 16th Edition, 1985, 212

	Dissolved Oxygen
	Electrode
	Standard Methods, 16th Edition, 1985, 421F

	Phytoplankton Identification and Enumeration
	Inverted microscope
	Standard Methods, 16th Edition, 1985, 1002F (2‑d), 1002H (2)

	Zooplankton Identification and Enumeration
	Sedgewick Rafter
	Standard Methods, 16th Edition, 1985, 1002F (7)

	Transparency
	Secchi disc
	


� Monitoring performed jointly with Suburban Hennepin Regional Park District.
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