SISSABAGAMA LAKE PHOSPHORUS ASSESSMENT, 2010
Craig Roesler, DNR – Hayward
 March 2011
Introduction

An initial screening of Sissabagama Lake (Sawyer Co.) indicated total phosphorus (TP) concentrations exceeded the recreational impairment threshold value for potential 303d listing.  The threshold value for a deep seepage lake is 20 ug/l TP, and initial screening indicated the lake had an average TP concentration greater than 20 ug/l.  An assessment was made to determine if Sissabagama Lake’s inclusion on the 303d list of impaired waters is appropriate.
Tributary stream and groundwater monitoring was done in 2010 to assess background conditions in the lake’s watershed.  A sediment core was collected and analyzed to compare lake conditions before and after watershed development.  An extensive set of existing in-lake data was also reviewed.  A lake phosphorus model was developed to evaluate the relative significance of the existing phosphorus sources and the potential for phosphorus reductions.
Methods

Locations of the two small tributary streams that were monitored are shown in figure 1.  The drainage areas for both of these streams are entirely undeveloped forest and wetland.  The streams were sampled for TP on eight dates (appendix 1).  Flow was estimated and dissolved oxygen, temperature, and conductivity were measured.
Samples from ten residential wells (figure 2) were collected by Robert Tiede, a lakeshore resident.  Samples were tested for TP.  
A 42 cm. sediment core was collected near the lake’s deepest spot.  A top and bottom layer of sediment were analyzed for diatoms.  The bottom sediment layer was dated using Lead 210 (Garrison and LaLiberte 2011).

Various methods were used to estimate TP loading to the lake.  They are described later in this report.  The Wisconsin lake modeling suite (WILMS) program was used to relate TP loads to in-lake TP concentrations.
Tributary Stream Results
Stream monitoring data is listed in appendix 1.  A flow-weighted mean TP concentration for the eight monitored dates was calculated for each stream.  These means were converted to TP export rates by coupling them with the long term average runoff value for the area (11.7 in.; USGS).  The calculated TP concentrations and TP export rates are shown in the table below.
                  Figure 1.  Locations and Watersheds for Monitored Tributary Streams
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Figure 2.  Sampled Well Locations
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	Stream Site
	Flow-weighted mean TP (ug/L)
	TP export rate (kg/ha/yr)

	WS-1
	90.1
	0.268

	NS-2
	51.9
	0.154


The stream on the southwest side of the lake (WS-1) was more influenced by groundwater than the stream on the northeast side (NS-2).  This is indicated by higher conductivity measurements for stream WS-1.  On three dates with moderate streamflows, stream site WS-1 had conductivity measurements ranging from 63 to 82 umhos/cm, while stream site NS-2 had conductivity measurements ranging from 33 to 58 umhos/cm.  On those dates, stream site WS-1 had conductivities that averaged 65% higher than those at stream site NS-1.
Well Sampling Results

Well sample TP concentrations ranged from 48 to 388 ug/l, with a median of 217 ug/l (figure 3 and appendix 1).  A review of well construction reports for the area showed wells range from 42 to 233 feet deep and draw water from a sand aquifer.  Wisconsin groundwater TP concentrations average about 25 ug/l, so these values are unusually high.  Similarly high groundwater TP concentrations have been found at other locations in north central Wisconsin.  The high groundwater TP concentrations influence the TP export rates found at the stream sites, which are high for undeveloped areas.

Lake Sediment Core

Dating of the bottom layer of the sediment core found that it was not old enough to represent pre-development conditions.  Another core is planned to be collected in 2011.
Existing Lake Data 
A large amount of in-lake data is available for Sissabagama Lake.  Monitoring has been done by USGS, DNR, and Self-help lake volunteers (primarily Robert Tiede with assistance from James Nyburg).  Concerns about the potential impacts of a cranberry bog prompted some of the monitoring.
Table 1 (p. 7) shows TP and chlorophyll a (CHL) data for the lake for 1986-1995 and 1999-2010.  The data is summarized below:
	Years
	June 1-Sept 15 TP (ug/l)
	Spring (April) TP** (ug/l)
	Growing Season Mean TP (ug/l)
	July15- Sept 15 CHL (ug/l)

	1999-2010*
	21.3
	33.2
	23.6
	10.2

	1986-1995
	19.2
	23.2
	20.3
	11.2

	All
	20.2
	28.2
	22.0
	10.7


*2002 and 2004 not included; data not available
**April TP available for only 5 years of each 10 year period

Figure 3.  Total Phosphorus Concentrations (ug/l) of Well Samples
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Mean summer TP and CHL concentrations are similar for the two ten-year periods.  Spring TP concentrations have tended to be higher in the recent years, with three years exceeding 40 ug/l.  The reason for this tendency is unclear.  The mean spring TP concentration in 2003, 2006, and 2010 was 45 ug/l.  This is 17 ug/l higher than the long term spring TP concentration (28 ug/l).  This 17 ug/l increase indicates an increase in lake TP mass of 270 kg.  Spring runoff in those years was not above normal based on USGS flow records for the Chippewa River at Bishops Bridge in Sawyer County.  Internal phosphorus loading due to sediment resuspension or winter sediment phosphorus release seems to be the only other potential large source, but if so, it is not known why this would be greater in recent years. 
Results from lake samples collected on March 10, 2011, through the ice, are shown below:

	Sample Depth (m)
	Calcium (mg/l)
	Magnesium (mg/l)
	Dissolved Oxygen

(mg/l)
	TP (ug/l)
	Conductivity (umhos)

	2
	9.1
	3.1
	9.0
	19
	79

	14
	13.8
	4.4
	0.1
	276
	166


The near-bottom TP concentration was quite high (276 ug/l) and similar to near-bottom peak TP concentrations found in summer months (240-310 ug/l).  Lake mixing during spring turnover will distribute this TP thoughout the water column.  High near-bottom TP concentrations typically result from release of iron-bound sediment phosphorus due to anoxic conditions.  In Sissabagama Lake it is also possible that inflow of high TP concentration groundwater may be contributing to the near-bottom lake TP concentrations.  Thermal and density differences between lake water and groundwater may allow inflowing groundwater to sink and pool at the lake bottom.  The higher calcium concentration in the near-bottom sample suggests this may be occurring.      

In about half of all years, peak TP concentrations occur in April or early May.  In the majority of all years, lowest TP concentrations occur in late May or June.  

	TABLE 1.  LAKE SISSABAGAMA TROPHIC STATE DATA (DEEP HOLE SITE)

	1999-2010 DATA (10 YEARS WITH DATA; OLDER DATA, 1986-1995, BELOW)

	*GSM = GROWING SEASON MEAN

	
	
	
	
	TP mean (ug/l)
	TP
	CHL mean (ug/l)
	CHL
	GSM*

	YEAR
	DATE
	TP(ug/l)
	CHL (ug/l)
	June 1-Sept 15
	n
	July 15-Sept 15)
	n
	TP(ug/l)

	2010
	20-Apr
	47
	
	17.7
	3
	9.6
	2
	28.6

	
	12-May
	43
	
	
	
	
	
	

	
	07-Jun
	14
	2.4
	
	
	
	
	

	
	19-Jul
	19
	8.4
	
	
	
	
	

	
	04-Aug
	20
	10.7
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2009
	25-May
	16
	
	19
	3
	9.4
	1
	18.3

	
	22-Jun
	18
	2.2
	
	
	
	
	

	
	14-Jul
	18
	5
	
	
	
	
	

	
	10-Aug
	21
	9.4
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2008
	28-May
	25
	7.1
	25
	3
	7.5
	2
	25

	
	17-Jun
	28
	12.4
	
	
	
	
	

	
	15-Jul
	26
	8.6
	
	
	
	
	

	
	05-Aug
	21
	6.4
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2007
	24-Apr
	28
	
	19.7
	3
	10.9
	2
	22.4

	
	22-May
	25
	
	
	
	
	
	

	
	12-Jun
	14
	8.1
	
	
	
	
	

	
	19-Jul
	20
	7.4
	
	
	
	
	

	
	24-Aug
	25
	14.3
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2006
	02-May
	44
	
	21
	4
	11.7
	3
	25.6

	
	12-Jun
	19
	6.9
	
	
	
	
	

	
	16-Jul
	24
	8.6
	
	
	
	
	

	
	07-Aug
	20
	15.9
	
	
	
	
	

	
	12-Sep
	21
	10.6
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2005
	06-Jun
	20
	4.6
	20.5
	4
	11.2
	2
	20.5

	
	12-Jul
	19
	3.8
	
	
	
	
	

	
	09-Aug
	24
	9.2
	
	
	
	
	

	
	12-Sep
	19
	13.2
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2004
	NO DATA
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2003
	24-Apr
	43
	
	22.5
	2
	9.7
	2
	29

	
	05-Jun
	22
	5.4
	
	
	
	
	

	
	17-Jul
	no sample
	7.6
	
	
	
	
	

	
	18-Aug
	23
	11.8
	
	
	
	
	

	
	16-Sep
	28
	14.1
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2002
	SD DATA ONLY
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2001
	01-Mar
	11(ice)
	
	20.5
	3
	10.5
	2
	22.7

	
	03-May
	25
	11
	
	
	
	
	

	
	17-May
	24
	
	
	
	
	
	

	
	12-Jun
	19
	5
	
	
	
	
	

	
	11-Jul
	17
	2.2
	
	
	
	
	

	
	13-Aug
	27
	10
	
	
	
	
	

	
	28-Aug
	24
	11
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	2000
	03-Mar
	13(ice)
	
	24
	1
	8
	1
	22

	
	11-Apr
	29
	6
	
	
	
	
	

	
	08-Jun
	13
	3.4
	
	
	
	
	

	
	12-Jul
	no sample
	2.3
	
	
	
	
	

	
	11-Aug
	24
	8
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1999
	13-Apr
	19
	
	22.7
	3
	13
	1
	21.8

	
	02-Jun
	23
	9.4
	
	
	
	
	

	
	14-Jul
	21
	7.6
	
	
	
	
	

	
	16-Aug
	24
	13
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	10 YEAR MEANS =
	
	
	21.3
	
	10.2
	
	23.6

	
	
	
	
	
	
	
	
	

	In 5 of 10 years, peak TP is in April or early May (red font)

	
	
	
	
	
	
	
	
	

	SPRING TP (APRIL) 

	RANGE = 19 - 47
	
	
	
	
	
	
	

	MEAN = 33.2
	
	
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1986-1995 DATA (10 YEARS) (TP VALUES IN PARENTHESES ARE BOTTOM SAMPLES)

	
	
	
	
	
	
	
	
	

	
	
	
	
	TP mean (ug/l)
	TP
	CHL mean (ug/l)
	CHL
	GSM*

	YEAR
	DATE
	TP(ug/l)
	CHL (ug/l)
	June 1-Sept 15
	n
	July 15-Sept 15)
	n
	TP (ug/l)

	1986
	24-Apr
	26(22)
	19
	21.3
	3
	16
	2
	22.5

	
	13-Jun
	17(620)
	7
	
	
	
	
	

	
	15-Jul
	25(93)
	11
	
	
	
	
	

	
	14-Aug
	22(290)
	21
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1987
	24-Apr
	17(41)
	3
	19
	3
	16.5
	2
	18.5

	
	23-Jun
	14(75)
	4
	
	
	
	
	

	
	20-Jul
	24(240)
	12
	
	
	
	
	

	
	20-Aug
	19(240)
	11
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1988
	21-Apr
	22(20)
	
	19.7
	3
	13
	2
	20.2

	
	16-Jun
	13(189)
	6
	
	
	
	
	

	
	25-Jul
	19(220)
	6
	
	
	
	
	

	
	18-Aug
	27(240)
	20
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1989
	25-Apr
	20(27)
	5
	18.7
	3
	14
	2
	19

	
	13-Jun
	14(79)
	3
	
	
	
	
	

	
	11-Jul
	21(170)
	6
	
	
	
	
	

	
	22-Aug
	21(310)
	22
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1990
	23-Apr
	19(20)
	12
	22
	3
	6.5
	2
	21.2

	
	18-Jun
	29(156)
	11
	
	
	
	
	

	
	18-Jul
	22(134)
	6
	
	
	
	
	

	
	14-Aug
	15(201)
	7
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1991
	23-Apr
	35(24)
	14
	16.3
	3
	6.5
	2
	21

	
	10-Jun
	20(87)
	5
	
	
	
	
	

	
	15-Jul
	13(94)
	7
	
	
	
	
	

	
	20-Aug
	16(280)
	6
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1992
	03-May
	33
	15
	21
	3
	12
	2
	24

	
	15-Jun
	16
	5
	
	
	
	
	

	
	15-Jul
	23
	11
	
	
	
	
	

	
	15-Aug
	24
	13
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1993
	04-May
	25(47)
	17.2
	19
	3
	15.1
	2
	20.5

	
	29-Jun
	16(196)
	9.5
	
	
	
	
	

	
	16-Jul
	20(130)
	8.1
	
	
	
	
	

	
	12-Aug
	21(120)
	22.1
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1994
	03-May
	21(25)
	
	18
	3
	7.6
	2
	18.8

	
	13-Jun
	12(118)
	3.6
	
	
	
	
	

	
	15-Jul
	19(200)
	5.1
	
	
	
	
	

	
	15-Aug
	23(285)
	10
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	1995
	01-May
	20(34)
	
	16.7
	3
	4.8
	2
	17.5

	
	19-Jun
	13(132)
	<0.1
	
	
	
	
	

	
	18-Jul
	19(115)
	0.4
	
	
	
	
	

	
	18-Aug
	18(252)
	9.3
	
	
	
	
	

	
	
	
	
	
	
	
	
	

	10 YEAR MEANS =
	19.2
	
	11.2
	
	20.3

	
	
	
	
	
	
	
	
	

	In 4 of 10 years, peak TP is in April or early May (red font)

	
	
	
	
	
	
	
	
	

	SPRING TP (APRIL) 
	
	
	
	
	
	
	

	RANGE = 17 - 35
	
	
	
	
	
	
	

	MEAN = 23.2
	
	
	
	
	
	
	


TP concentrations during the summer months are greatly influenced by the amount of internal phosphorus cycling that occurs.  Sissabagama Lake has a maximum depth of 48 feet.  Thermal stratification is maintained during the summer.  Anoxia (near zero dissolved oxygen concentrations) typically develops in the lower half of the water column.  Anoxia allows the release of iron-bound phosphorus from the lake sediment.  Near bottom TP concentrations in July ranged from 93 – 240 ug/l, and in August ranged from 120 – 310 ug/l.  Downward movement of the thermocline during summer causes partial mixing of high phosphorus hypolimnetic water with the epilimnetic water and results in increased TP concentrations near the lake’s surface.

For example, in 1988 the thermocline moved downward each month between June and August.  TP concentrations show a corresponding increase each month, going from 13 ug/l in June to 19 ug/l in July to 27 ug/l in August (table 1).  In a year without downward thermocline movement such as 1990, TP concentrations dropped steadily from 29 ug/l in June to 22ug/l in July to 15 ug/l in August.  Without the delivery of TP from partial mixing of the hypolimnion, surface TP concentrations decline due to sedimentation of TP to the lake bottom.
Total Phosphorus Loading and Lake Phosphorus Model Estimates

Watershed Area
The watershed for Sissabagama Lake is shown in figure 4.  The watershed is partitioned into two sections.  The section immediately surrounding the lake is considered the direct watershed.  It has a total area of 5.96 mi2.  
The second area, to the southwest, is considered the indirect watershed.  It has a total area of 3.77 mi2.  The indirect area is assumed to deliver most of its drainage to Sissabagama Lake via the groundwater.  Because of this, the boundary for the indirect watershed follows the general topographic divides rather than the details of topography that control surface drainage.  

Little Sissabagama Lake is located within the indirect drainage area.  It has a potential surface outlet at its northeast end.  There was no discharge at this outlet in 2010.  Surface outflow may occur in some years.  However, there is no stream channel evident between Little Sissabagama and Sissabagama Lake, so surface outflow is likely to be minimal.

Watershed Land Use

The direct watershed for Sissabagama Lake is mostly undeveloped forest and wetland.  Only 6% of the drainage area is developed.  Development includes 120 acres of residential areas and 78 acres of cranberry bogs.
Land use in the indirect watershed is also mostly undeveloped forest and wetland, and includes several lakes.  Less than 5% of the area is developed.  The only significant 
Figure 4.  Sissabagama Lake Watershed Areas (Direct Watershed in North, Indirect Watershed in South)
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development is residential.  Areal estimates of development were not needed since discharge of TP from this area is assumed to be via groundwater flow.

Direct Watershed TP Load from Undeveloped Areas
TP loading from the undeveloped areas of the direct watershed was estimated by 

applying the TP export rate calculated for stream site NS-1 (0.154 kg/ha/yr) to the watershed’s undeveloped area.  The TP load from the undeveloped areas of the direct watershed is estimated at 180 kg/yr (1,172 ha x 0.154 kg/ha/yr).  

Indirect Watershed TP Load

TP loading from the indirect watershed was estimated by applying the TP export rate calculated for stream site WS-1 to the watershed’s area.  The surface drainage area for site WS-1 is outside of the indirect watershed, but is adjacent to it.  The stream is substantially influenced by groundwater discharge.  It had a flow-weighted mean TP concentration of 90 ug/l, which is equivalent to a TP export rate of 0.27 kg/ha/yr.  The TP load from the indirect watershed is estimated at 262 kg/yr (976 ha x 0.268 kg/ha/yr).  

Groundwater TP concentrations also indicate the drainage from the indirect watershed has a high TP content.  The four well TP concentrations down-gradient from this area had a mean TP concentration of 256 ug/l.  However, due to the depth of these wells, their TP concentration is likely to be higher than that in the groundwater actually entering Sissabagama Lake.  
Heron Creek (formerly Squaw Creek) provides additional evidence of naturally occurring, high TP content drainage in the area.  Heron Creek drains the watershed immediately to the southeast of Sissabagama Lake’s indirect watershed (figure 4).  The Heron Creek watershed is completely undeveloped woodland and wetland.  TP samples and flow estimates were obtained from Heron Creek on five dates during 2007 (SEH and DNR 2009).  The flow-weighted mean TP concentration was 165 ug/l.  This is equivalent to a TP export rate of 0.49 kg/ha/yr.  The mouth of Heron Creek is about 90 feet lower in elevation than Sissabagama Lake, and so may receive groundwater discharge with somewhat higher TP concentrations.  
Cranberry Bog TP Load

There is a 78 acre cranberry bog along the southeast side of Sissabagama Lake.  Estimates of TP export rates for other cranberry bogs were reviewed and are listed below: 

	Estimate Source
	TP export rate (kg/ha/yr)

	Manitowish Waters (1971-6)(in Schreiber 1988)
	0.59

	Thunder Lake (1980)(in Schreiber 1988)
	0.70

	Musky Bay (2000-3)(Tyrolt 2004)
	1.65 – 2.67

	Musky Bay (2007)(Tyrolt 2011)
	0.92 – 1.28

	Musky Bay (2008)(Tyrolt 2011)
	0.68 – 0.76


Sampling of drainage from the Sissabagama Lake cranberry bogs in 1987 and 1988 found TP concentrations ranging from 120-280 ug/l, with a median value of 175 ug/l.  These concentrations are similar to those found in Musky Bay in 2007-8.  A TP export rate of 1.05 kg/ha/yr was applied to the Sissabagama Lake cranberry bogs to estimate the TP contribution to the lake.  This indicates a TP load of  33.2 kg/yr to the lake (31.6 ha x 1.05 kg/ha/yr). 
Residential Area TP Load 

There are 120 acres of residential areas in the lake’s direct watershed.  A TP export rate of  0.55 kg/ha/yr was applied to these areas.  This indicates a TP load of 26.7 kg/yr to the lake (48.6 ha x 0.55 kg/ha/yr).
Septic System TP Load       
TP loading from septic systems was based on the following assumptions:

· 185 shoreline residences

· 165 are seasonal with 3 month occupancy

· 20 are year round occupancy
· an average of 3.5 persons per residence

· 0.5 kg TP per person

· 90% TP retention by soils

This indicates a TP load of 10.7 kg/yr to the lake.

Atmospheric TP Load
Precipitation and dry fallout (dust, pollen, etc.) delivers TP directly to the lake’s surface.  The atmospheric TP load was estimated as 0.30 kg/ha/yr across the lake area (719 acres = 291 hectares).  This indicates a TP load of 87.3 kg/yr to the lake.

Lake Phosphorus Model
The TP loading estimates above, along with hydrologic estimates were used to model the lake’s phosphorus response using the Wisconsin lake modeling suite (WILMS) program.  Model inputs are listed below:
Hydrologic inputs –

Lake area = 799 acres (323 ha)

Lake volume = 12,865 acre-feet (1.59 x 107m3 )
Average annual runoff = 11.7 inches (USGS)
Average precipitation minus evaporation = 6.0 inches

Total drainage area =  5,508 acres (2,229 ha)

TP load inputs –

Direct watershed background load =  180 kg/yr (1,172 ha x 0.154 kg/ha/yr)

Indirect watershed load =  262 kg/yr (976 ha x 0.268 kg/ha/yr)

Cranberry bog load =   33.2 kg/yr (31.6 ha x 1.05 kg/ha/yr)

Residential area load =  26.7 kg/yr (48.6 ha x 0.55 kg/ha/yr)

Septic system load =  10.7 kg/yr

Atmospheric load =  87.3 kg/yr (291 ha x 0.30 kg/ha/yr)
Using these inputs, WILMS estimates the resultant in-lake TP concentrations that would be expected based upon several lake phosphorus models.  Three of the lake phosphorus models produce good estimates of the growing season mean (GSM) TP concentrations found in Sissabagama Lake:
	Lake Phosphorus Model
	Predicted GSM or ANN TP (ug/l)
	Observed GSM TP (ug/l)

	Rechow 1977 water load <50m/yr
	23
	22

	Vollenweider 1982 
	23
	22

	Nurnberg 1984 
	22
	22


Two of the three lake models that estimate spring overturn (SPO) TP concentrations produce fair estimates:

	Lake Phosphorus Model
	Predicted SPO TP (ug/l)
	Observed SPO TP (ug/l)

	Dillon-Rigler-Kirchner
	22
	28.2

	Larsen-Mercier 1976
	34
	28.2


The observed SPO TP concentrations in the lake have been variable and ranged from 17 to 47 ug/l.  The mean value for the earlier 10 years was 23.2 ug/l, and the mean value for the later 10 years was 33.2 ug/l.
The reasonable correlation between model predicted TP concentrations and observed TP concentrations suggests the model inputs are reasonable values.

Watershed TP loading estimates indicate development has increased TP loading to the lake by 10% above pre-development conditions (542 kg to 601 kg).  
Sissabagama Lake has higher than typical TP concentrations for a deep seepage lake.  This appears to largely be a result of the higher than typical groundwater TP concentrations in the area.  A typical TP export rate for undeveloped forest or wetland areas in Wisconsin is 0.10 kg/ha/yr.  The TP export rates estimated for the Sissabagama Lake watershed were 0.154 and 0.268 kg/ha/yr.  With current development, if a typical TP export rate (0.10 kg/ha/yr) was present, the lake has a model predicted TP concentration of 12 to 13 ug/l based on the three GSM lake phosphorus models shown in the table above.  Since the TP concentrations in Sissabagama Lake are largely the result of atypical natural conditions, it is probably not appropriate to apply the statewide recreational impairment threshold for deep seepage lakes (20 ug/l) to Sissabagama Lake. 
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