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Introduction: Inland Lakes Monitoring 
Ohio EPA has implemented a sampling strategy that focuses on evaluating chemical conditions near the 
surface and physical conditions in the water column of inland lakes. Physical profile measurements are 
summarized either for the entire water column or the epilimnion depending on the existence of thermal 
stratification. The sampling target consists of an even distribution of 5 sampling events over a one-year 
period and collected during the recreation season of May 1 
through October 31.  

Key parameters analyzed in lakes include chlorophyll-a, 
ammonia, D.O., pH, total dissolved solids along with various 
metals for multiple beneficial use assessments. Other 
parameters used to evaluate lakes include secchi depth, total 
phosphorus and total nitrogen. Details of the sampling 
protocol used at the time of this sampling are outlined in the 
2016	Inland	lakes	sampling	Procedures	Manual. Sampling 
objectives for inland lake surveys are defined in Ohio EPA’s 
Inland Lakes Sampling QAPP, and the rules relative to inland 
lakes beneficial uses are described in the 2010 and 
successive Water Quality Monitoring Integrated Reports. 

Study Lake: Tycoon Lake  
This lake report will describe the physical characteristics of 
Tycoon Lake and the watershed that feeds it. It will then discuss the physical, chemical and biological 
aspects that existed during the 2016 sampling effort. These sampling results are then applied to relevant 
beneficial uses, and a trend assessment is provided comparing 2016 results to data collected from Tycoon 
Lake during 1990. Finally, lake management implications are provided for potential water quality 
improvement strategies.  

Tycoon Lake is located within the Tycoon Lake Wildlife Area and is owned and managed by the Ohio 
Department of Natural Resources. It is located in Gallia County, about 3.5 miles north of the Village of Rio 
Grande (Error!	Reference	source	not	found.). An in-stream impoundment fed by two unnamed 
tributaries to Raccoon Creek, Tycoon Lake lies within the Barren Creek-Raccoon Creek watershed 
(hydrologic unit 05090101-06-02) and is within the Western Allegheny Plateau (WAP) ecoregion. It has a 
surface area of 183 acres and a maximum depth of 7 meters. The lake was built in a pre-Illinoian glacier 
stream channel by placing the main dam (1460 feet) at the southern unnamed tributary (UNT) and placing 
the Tycoon Lake East Dike at the northern UNT, creating a 183 acre lake contained within a 1.7-square mile 
watershed	(Ohio Department of Natural Resources, 2018) (Table 1). 

Table 1. Tycoon Lake Key Attributes 
Lake Type:   Dam/Permanent Impoundment1 

Ecoregion  Western Allegheny Plateau (WAP) 

Surface Area:   183 acres1 

Length of Dam:  1460 & 1100 feet1 

Storage Capacity:   *797 million gallons1 (106 million ft3)  

Shoreline:   3.3 miles 

Watershed:  1.7 square miles 

 
Figure 1: Location of Tycoon Lake in 
southeastern Ohio 
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Maximum Depth:   7 meters (22.75 ft.)2 
*at Principal Spillway Elevation 
1 ODNR Division of Water Resources‐ Dam Safety  
2 Ohio EPA 2016 study data 

 

Physical Attributes  
The L1 sampling location on Tycoon Lake is approximately mid-lake, centered at GPS location 38.9269 
latitude -82.3536 longitude (see Figure 2). The “L1” naming convention indicates a primary sampling 
location that is deemed representative of the whole lake and is the location used to determine attainment 
status of applicable beneficial uses. Other locations (e.g. L2, L3 etc.) may be determined necessary to 
support attainment decisions on larger lakes and reservoirs. Constructed in 1960, Tycoon Lake is managed 
solely for recreation fishing. Tycoon Lake is a no-wake lake and does not have a beach.  It is a popular 
fishing destination for nearby residents, as well as tourists. There is a concrete public boat ramp located on 
the south side of the lake and the lake also features a handicap accessible fish pier. 

Watershed Overview  
The unnamed tributaries that feed Tycoon Lake enter Raccoon Creek at RMs 33.3 and 34.63.  The two UNTs 
drain approximately 1.7 square miles, 61 percent of which makes up the Lake Tycoon Wildlife Area.  The 
landscape is heavily wooded and is dominated by mixed oak forests.  Land use within the Lake Tycoon 
watershed is comprised of 31.5 percent agriculture (almost entirely hay and grazing) and 34.8 percent 

Figure 2. Aerial imagery of Tycoon Lake with location of L1 shown.  
Sources: Esri, DigitalGlobe, GeoEye, Earthstar Geographics, 
CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User 
Community. 

Figure 3. Land cover in the watershed draining 

to Tycoon Lake.  
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forested areas. The remaining 33.65 percent is composed of open water (17.3 percent), grassland areas/ 
clear-cut logging, (10.9 percent), developed and open spaces (5.3 percent), and wetlands (0.15 percent). 
(Figure 3).  

Geological characteristics associated with the Tycoon Lake area are made up of Pennsylvanian-aged 
Conemaugh Group - shale, siltstone, and mudstone.  The pre-Illinoian glacier stream channel that contains 
Tycoon Lake is comprised of lacustrine deposits of Minford clays and silt often covered with a thin colluvial 
sand, silt and gravel.  The Tycoon Lake area is moderately hilly with a change in elevation of only 120 feet.  
The soils surrounding Tycoon Lake itself are moderately to poorly well drained. 

Results Discussion 

Water Column Chemistry 
A physical profile of the water column was evaluated during each sampling event in 2016 at the L1 
sampling location at Tycoon Lake. Readings were recorded at the surface (which is defined as a 0.5-meter 
depth), at 0.5 meter intervals thereafter, with a final measurement collected at 0.5 meters above the 
bottom of the lake. 

Physical conditions changed 
throughout the sampling 
season in this relatively 
shallow lake. Stratification 
occurred early in the sampling 
season and ended in late 
summer. Thermal stratification 
occurs in deep lakes during the 
warm summer months, 
consisting of an upper mixed 
zone (epilimnion), a slightly 
denser middle zone 
(metalimnion), and a lower 
zone (hypolimnion) where 
mixing is impeded by a density 
barrier caused by lower water 
temperatures near the bottom 
of a lake. A sharp decrease in 
temperature and dissolved oxygen is often noted where the hypolimnion forms. However, in the case of 
Tycoon Lake, water temperature and dissolved oxygen decreased steadily through the water column, with 
a somewhat sharper drop-off near the bottom of the lake, indicating the presence of a small, abbreviated 
hypolimnion (Figure 4). The hypolimnion of productive lakes can become depleted of oxygen (hypoxic) if 
consumption by decomposing organic matter exceeds reaeration by atmospheric diffusion and 
photosynthesis. Dissolved oxygen levels in the metalimnion and epilimnion can swing significantly over a 
24-hour period under such conditions.  

Fish access to habitat, cool water and benthic prey can be limited if any part of the water column becomes 
hypoxic. An oxygen deficit, defined for the purposes of this report as a concentration of 4 mg/L or less, was 
documented during all but one sampling event at L1. The zone of oxygen deficit extended from the bottom 

Figure 4. Temperature profiles recorded during the summer of 2016. 
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of the lake to 3.0-meters in depth. Under these conditions, organically bound phosphate in lake sediments 
decomposes and is converted to orthophosphate (the biologically available form of phosphate), is available 
for biological uptake. Because orthophosphate is a reactive form of phosphorus, its concentration is often a 
good indication of the amount of phosphorus that is readily available for plant and algae growth.  Although 
orthophosphate was below the detectable limit of 1.0 ug/L. 

Tycoon Lake transparency at L1 averaged 0.97 meters over the sampling period (median 0.895 m). Low 
Secchi readings in Tycoon Lake were likely caused by algal growth and suspended solids in this shallow, 
productive lake environment. Profile data indicated dissolved oxygen trending downward as summer 
progressed, likely resulting from lack of inflow and increasing water temperatures. Dissolved oxygen levels 
in the epilimnion did not fall below the EWH inland lakes minimum criterion of 5.0 mg/l, although bottom 
DO concentrations and average DO concentrations through the entire water column were consistently 
lower during most of the summer (Table 2Error!	Reference	source	not	found.). The dissolved oxygen 
criterion of 5.0 mg/l applies in the epilimnion of stratified lakes, and throughout the water column in 
unstratified lakes. 

Table 2. Dissolved oxygen concentration in Tycoon Lake during 2016. 
Dissolved Oxygen Concentrations, Tycoon Lake L1 2016 

Parameter (mg/L)  
D.O. (mg/L) 
‐ Surface 

D.O. 
(mg/L) ‐ 
Bottom 

Mean D.O. (mg/L) – 
Whole Water Column 

Aquatic Life Criterion   ≥5.01     

6/29/2016  10.52  12.09  6.46 

7/19/2016  12.18  4.88  9.04 

8/10/2016  9.16  0.81  4.9 

9/6/2016  9.33  0.74  4.86 

9/29/2016  5.86  1.2  5.15 

 

Metals, nutrient and other physical parameters such as dissolved oxygen, pH, turbidity, and alkalinity were 
collected and analyzed from the surface at L1. The results were compared to the statewide EWH criteria 
and aquatic life use benchmarks. No exceedances were recorded during this sampling effort.  

The amount of phosphorus in a lake is important because it is commonly the growth limiting nutrient.  
Sources of phosphorus to a lake can be external (i.e. tributary loading or precipitation) and internal (i.e. 
biota, sediment or groundwater).  Only a small portion of organic phosphorus is available for biological 
uptake, but in dissolved ionic form (orthophosphate) it passes easily through membranes and is readily 
available.  Decomposition of dead plants and animals releases inorganic phosphorus into the water column.  
Phosphorus bound to particulate matter in the sediment can also be released to the water column under 
anoxic conditions if the bond is redox sensitive (i.e. iron or calcium). 

Nutrient parameters were analyzed to help understand trophic dynamics in Tycoon Lake. Internal loading 
of phosphorus was determined to be a potential factor in this system. Total phosphorus concentration at 
the surface based on the 5 sampling events averaged 23.4 µg/l while bottom mean concentration was 46.8 
µg/l. Dissolved orthophosphate was not detected at the bottom nor at the surface sample.   

 
1 The dissolved oxygen criteria apply in the epilimnion of stratified lakes and throughout the water column in 
unstratified lakes. 
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The presence of nutrients, especially phosphorus, can stimulate the growth of algal blooms. This process 
may be exacerbated during autumn when thermal stratification degrades, and the lake experiences the 
complete mixing associated with fall turnover. Total nitrogen (TN) is the sum of total Kjeldahl nitrogen 
(TKN) and nitrate/nitrite and can be an important factor in systems that are nitrogen limited. TN values 
were more reflective of a mesotrophic (medium productivity) or even oligotrophic (low production) 
system in May and June and then steadily increased during the summer of 2016, culminating in a 2510.0 
µg/l measurement in late September (Error!	Reference	source	not	found.). This result is more indicative 
of a eutrophic to hyper-eutrophic (highly productive) system that often experience seasonal shifts in 
phytoplankton structure (Wetzel, 2001).  

 

Figure 5. Tycoon Lake surface nutrient data for 2016. 

 

Sediment Chemistry  
A sediment grab sample was collected using a Petite Ponar dredge during July 
2016 at L1 and was analyzed for metals, nutrients, s-VOCs (PAHs), PCBs and 
pesticides (organo-chlorine insecticides) (Figure 6) (Table 3. Chemical 
parameters measured above screening levels in samples collected by Ohio EPA 
from bottom sediments in Tycoon Lake, July 2016. ).  

Sediment data were evaluated using Ohio	Sediment	Reference	Values	(SRVs) 
(Ohio EPA, 2008) along with guidelines established in Development	and	
Evaluation	of	Consensus‐Based	Sediment	Quality	Guidelines	for	Freshwater	
Ecosystems (MacDonald, Ingersoll, & Berger, 2000). Ohio EPA SRVs represent 
ecoregion background conditions for metals based on data collected at Ohio 
reference sites. These values were developed for lotic (flowing) water bodies 
and are based on Ohio ecoregions. Sediment concentrations for lentic (non-
flowing) surface water bodies can be screened using these values. MacDonald 
guidelines define two levels of ecotoxic effects. A threshold effect concentration 
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(TEC) is a level of sediment chemical quality below which harmful effects are unlikely to be observed and 
can be considered comparable to background conditions. A probable effect	concentration (PEC) indicates a 
level above which harmful effects are likely to be observed. These guidelines include both metals and 
organic parameters. 	

Finally, guidelines established by the Ontario Ministry of the Environment (Persuad, Jaagumagi, & Hayton, 
1993) were used to evaluate sediment sample results for total organic carbon (TOC) and total phosphorus 
(TP). These guidelines include the lowest effect level (LEL) and the severe effect level (SEL). The LEL is a 
level of sediment concentration that can be tolerated by a majority of benthic organisms. The SEL is a 
concentration considered harmful to most benthic organisms.	

Organic compounds were undetected in the sediment sample collected at L1, and, thus, are not reported in 
Table 3. Chemical parameters measured above screening levels in samples collected by Ohio EPA from 
bottom sediments in Tycoon Lake, July 2016. . Concentrations of metals were below the Ohio SRVs for the 
Western Allegheny Plateau ecoregion. Cadmium, chromium, copper, lead, and manganese exceeded the 
LEL, but were still below the SEL. Arsenic, nickel and zinc exceeded both the TEC and LEL, but were also 
still below the PEC and SEL. Thus, the sediment sample collected at L1 did not contain metals in 
concentrations exceeding the paired, more protective reference value (the PEC or the SEL) (Table 3. 
Chemical parameters measured above screening levels in samples collected by Ohio EPA from bottom 
sediments in Tycoon Lake, July 2016. ). 

Table 3. Chemical parameters measured above screening levels in samples collected by Ohio EPA from bottom 
sediments in Tycoon Lake, July 2016.  
Parameter  L1 Concentration 
TOC (%)  3.5 

Arsenic (mg/kg)  14.3 

Cadmium (mg/kg)  0.917 

Chromium (mg/kg)  28.3 

Copper (mg/kg)  24 

Lead (mg/kg)  32.1 

Nickel (mg/kg)  45.7 

Selenium (mg/kg)  <2.57 

Aluminum (mg/kg)  34800 

Barium (mg/kg)  350 

Calcium (mg/kg)  2800 

Iron (mg/kg)  53800 

Magnesium (mg/kg)  3790 

Manganese (mg/kg)  2570 

Potassium (mg/kg)  3670 

Sodium (mg/kg)  <6430 

Strontium (mg/kg)  <39 

Zinc (mg/kg)  191 

Mercury (mg/kg)  <0.076 

Ammonia (mg/kg)  160 

T‐Phosphorus (mg/kg)  893 

B ‐ Method blank contamination. The associated method blank contains the target analyte at a reportable level. 
ND ‐ not detected at or above the method reporting limit.  
Contamination levels were determined for parameters using Ohio Sediment Reference Values (SRVs), consensus‐
based sediment quality guidelines (MacDonald, et.al. 2000) and guidelines from the Ontario Ministry of the 
Environment (Persuad et. al. 1993). Bold numbers indicate values above the Lowest Effect Level (LEL). 
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Sediment nutrient concentrations were slightly elevated at L1. The sample result of 3.5 percent for TOC 
exceeded the LEL of 2.5 percent. Additionally, the sediment sample result of 893 mg/kg TP exceeded the 
LEL of 600 mg/kg. This indicates a baseline concentration of phosphorus is present in the lake’s sediment, 
further reinforcing that internal loading of phosphorus may be occurring and contributing to algal bloom 
growth. Ohio EPA does not currently utilize a reference guideline for ammonia concentrations in sediment 
similar to the Ontario research-based thresholds for phosphorous or total organic carbon. The sediment 
concentration of ammonia at L1 was 160 mg/kg. 

Phytoplankton Results 
The phytoplankton community in Tycoon Lake was characterized based on water samples collected using 
an integrated tube sampler deployed to either a maximum of two meters (m) or twice the Secchi depth if 
less than one meter. Samples were collected at L1 during three of the five sampling events (June, August 
and September). Samples were preserved with Lugol’s solution and submitted to BSA Environmental 
Services, Inc.  for analysis. The phytoplankton present in a representative aliquot were identified to at least 
genus level (usually species), in accordance with Standard	Methods	for	the	Examination	of	Water	and	
Wastewater Method No. 10200 (American Public Health Association 2012). Cell densities (cells/L) and bio-
volumes (µm3/L) were then estimated. Phytoplankton communities exhibit a seasonal succession when 
factors like water temperature, nutrients, transparency and photoperiod favor certain types. Grazing by 
larval fish and zooplankton also affects community composition. Temperate lakes in Ohio are usually 
dominated by diatoms (Bacillariophyta) in the spring until micronutrients like silica are depleted, then by 
blue green algae (cyanobacteria) in the fall, when an ability to control buoyancy and fix nitrogen from the 
atmosphere gives certain types a competitive edge.  

The population at Tycoon Lake L1 contained six to seven different classes of algae in all samples collected. 
Cyanobacteria represented about 36.15 percent of the total biovolume of phytoplankton during the early 
summer with diatoms and green algae (Chlorophyta) making up 25.06 and 21.77 percent, respectively. 
When breaking down the results by sampling event, the total biovolume of cyanobacteria increased sharply 
throughout the summer.  The August and September phytoplankton samples were comprised of 88.56 and 
90.10 percent cyanobacteria.   
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A community dominated by cyanobacteria is of concern when toxin-producing phytoplankton are present. 
Discussion of cyanotoxin sampling results is contained below in the Recreation Use Assessment section. 
Genera of phytoplankton that can produce cyanotoxins identified within the samples collected at Tycoon 
Lake included Aphanizomenon,	Cylindrospermopsis, Dolichospermum (fka: Anabaena), Microcystis,	and	
Planktonlyngbya (D'Anglada, 2016). Seasonal phytoplankton succession in reservoirs can be quite 
complicated and highly variable. This variability can even exist longitudinally, with completely different 
communities dominating the upper, middle and lower sections of larger reservoirs (Wetzel, 2001). 
However, the existence of toxin producing cyanobacteria along with a major shift toward cyanobacteria 
dominance are symptomatic of a eutrophic (nutrient enriched) system. A breakdown of the seasonal 
phytoplankton composition is presented in Figure 7. 

Beneficial Use Assessment 

Public Drinking Water Use Assessment 
Like all public lakes in Ohio (except Piedmont Reservoir), Tycoon Lake is designated a public water supply 
(PWS) in the Ohio WQS. However, Tycoon Lake does not serve as a public drinking water supply (PDWS) 
source. Recreation Use Assessment 

Ohio conducts a monitoring and notification program of selected 
public and semi-private beaches to test the water quality and notify 
the public whenever bacteria and algal toxin levels present a potential 
health risk to those engaged in water activities. In support of this 
monitoring program, bacteria and algal toxin concentrations were 
examined to determine suitability for Primary Contact Recreation 
(PCR) use. Escherichia	coliform (E.	coli) bacteria were measured just 
south of the L1 station near boat ramp. This site was sampled four	
times over the assessment period.  

“The geometric mean value for E.	coli results was compared to the Primary Contact Recreation (PCR) 
criterion of 126 CFU/100 mL. Furthermore, each data point was also compared to the Statistical Threshold 
Value (STV) of 410 CFU/100 mL using a minimum of 5 sampling results in a 90-day period. The geometric 
mean of this data was 7.0 CFU/100 mL, well below the PCR	criterion, and none of the data points were 
above the STV. However, since only 4 samples were collected, there was insufficient data to verify Tycoon 
Lake attained the recreation use for PCR  
Standards for algal toxin concentrations are currently being developed, but the State of Ohio has 
established thresholds for recreational advisories. For public beaches, a recreational public health advisory 
is posted when a possible harmful algal bloom (HAB) is visually confirmed and/or when cyanotoxin levels 
are equal to or exceed recreational public health advisory thresholds, whether or not a HAB is still present. 
An elevated recreational public health advisory (no contact) is posted when cyanotoxin levels are equal to 
or exceed the elevated recreational public health advisory thresholds (State of Ohio, 2016).  

Samples were collected and analyzed for microcystin, saxitoxin and cylindrospermopsin on three of the five 
events at L1 during 2016. The results for all toxin samples were below the current advisory thresholds for 

Figure 7. Phytoplankton dynamics at Tycoon Lake during 2016. 

Table 4. 2016 E. coli results 

Parameter  E. coli 
(CFU/100 
mL) 

Bathing Water 
Criterion 

126 PCR   / 
410 STV 

7/18/2016  <10 

7/26/2016  10 

8/16/2016  10 

8/17/2016  <10 

Geomean  10 
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recreation water for all three toxins, indicating safe levels based upon these advisories. Anatoxin was not 
analyzed during this survey (Table 5).  

 

 

 

Table 5. Summary of data used to determine the recommended advisory thresholds for  
cyanotoxins in recreational waters. 

Parameter (µg/L)  Microcystin   Cylindrospermopsin   Saxitoxin  
Proposed Criterion (Advisory)  6  5  0.8 

Proposed Criterion (No Contact)  20  20  3 

6/29/2016  0.34  <0.05  <0.022 

8/10/2016  0.65  <0.05  <0.022 

9/29/2016  0.34  <0.05  <0.022 

% Over Threshold  0  0  0 

Narrative  support  support  support 

 

Human Health ‐ Fish Consumption 
Ohio has been sampling streams annually for sport fish contamination since 1993. Fish are analyzed for 
contaminants that bioaccumulate in fish and that could pose a threat to human health if consumed in 
excessive amounts. Contaminants analyzed in Ohio sport fish include mercury, PCBs, DDT, mirex, 
hexachlorobenzene, lead, selenium and several other metals and pesticides. Other contaminants are 
sometimes analyzed if indicated by site-specific current or historic sources.   

Fish tissue sampling was conducted on Tycoon Lake during summer, 2018. A new consumption advisory 
was implemented as a result of that effort. In conjunction with the standing statewide advisories, black 
crappie, bluegill, and channel catfish should be eaten no more than once every two weeks due to mercury 
levels. In a separate sampling effort in 1999, fish tissue samples were collected and analyzed for fish 
consumption advisory determination (PCB, pesticide and heavy metal contamination).  No consumption 
advisories were issued beyond the statewide advisory for mercury as a result of this sampling effort. 
Statewide fish consumption advisories can be found at epa.ohio.gov/dsw/fishadvisory/index.aspx.	

Aquatic Life Use Assessment 
The aquatic life use (ALU) designation for all inland lakes in Ohio is exceptional warmwater habitat (EWH) 
except for upground reservoirs which are designated warmwater habitat (WWH). In order to evaluate the 
ALU in Tycoon Lake, ammonia, dissolved oxygen, pH, total dissolved solids and various metals were 
analyzed.  Statewide water quality criteria for these parameters are summarized in Table 35-1 of the Ohio 
water quality standards. Other important parameters for assessing lake condition in Tycoon Lake included 
nutrient parameters (e.g. total phosphorus, total nitrogen) and biological response variables (e.g. 
chlorophyll-a).  

Where criteria do not exist, a common approach to assessing relative lake condition is to compare lake 
water quality sampling data to a regional and lake type derived percentile (e.g. 25th) of existing lake 
data.  The lower 25th percentile generally represents minimally impacted conditions protective of 
designated uses.  For Ohio EPA, inland lake aquatic life use benchmarks were calculated for total nitrogen 
(T-N), total phosphorus (T-P) and chlorophyll-a (Chl. a) based on the lower 25th percentile of lake median 
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data and for secchi depth based on the upper 75th percentile of lake median data.  All data used for 
benchmarks were collected by Ohio EPA from Ohio inland lakes between 1989 and 2006. 

Lake samples were collected from near the surface of Tycoon Lake five times during the 2016 recreation 
season. Statewide Outside Mixing Zone Average (OMZA) water quality criteria listed in tables 35-1 through 
35 of section 3745-1-35 of the OAC (Water Quality Standards) were used for most parameters to evaluate 
the existing EWH designated use for Tycoon Lake. Dissolved Oxygen is compared against the statewide 
OMZM (M=minimum) criteria.  

The median chlorophyll-a concentration of 24.8 µg/l exceeds aquatic life use benchmark of 6.2 µg/l and pH 
was above the WQS of 9.0 S.U. in twenty percent of the samples for this ecoregion and lake type. 
Furthermore, neither Secchi, nitrogen or phosphorous metrics met their benchmarks (Table 6). There were 
no exceedances of EWH chemical criteria based on the results from samples collected in the epilimnion of 
Tycoon Lake during the summer of 2016. 

Table 6. Summary of important lake data collected in Tycoon Lake. 

Aquatic Life Use Benchmarks 

Parameter 
Chl. a 
(µg/L) 

Secchi 
(m) 

TN 
(µg/L) 

TP 
(µg/L) 

D.O. 
(mg/L) 

pH 
(SU) 

NH3‐N 
(mg/l) 

ALU Benchmarks   
≤6.2 median 

 
2.16 min 

 
≤350 median 

 
≤14 median 

 
≥5.0 

 
6.5>pH<9.0 

 
(WQS) 

6/29/2016  8.5  1.325  530  15.2  10.1  9.1  <0.05 

7/19/2016  34.4  1.06  780  23  12.2  9.1  <0.05 

8/10/2016  64.4  0.895  960  28.2  8.2  8.1  <0.05 

9/6/2016  89.2  0.73  1210  25  6.4  7.0  <0.05 

9/29/2016  24.8J  0.85  2510  25  5.5  6.6  <0.05 

Median  24.8  0.895  960  24.5       

 

Trend Assessment  
Ohio EPA conducted a detailed assessment of chemical, physical and biological conditions of Raccoon Creek 
watershed and its tributaries during the summer of 2016 to determine if the streams within the watershed 
were attaining water quality goals. The survey revealed that Raccoon Creek possessed good water quality 
with few exceedances of Ohio WQS. Iron exceeded the WQS of 5000 mg/l, possibly due to past mining.  
Ammonia was in exceedance of the WQS downstream stream of some of the wastewater treatment plants.  
Dissolved oxygen was below the minimum WQS, mostly due to slow moving water.  Specific conductivity 
and total dissolved solids exceeded the WQS due exclusively to past coal mining. There were some elevated 
bacteria counts were found throughout the watershed, likely due to sewage discharges from unsewered 
areas, inadequate manure management and unrestricted cattle access to streams. Three sites were 
assessed downstream from Tycoon Lake, on Raccoon Creek located at RM 29.2, RM 22.0 and RM 10.2.  All 
three site were recommended for the Exceptional Warmwater Habitat aquatic life use.  The technical 
support document (TSD) titled Biological	and	Water	Quality	Study	of	Raccoon	Creek	and	Selected	Tributaries 
is posted at: 
https://epa.ohio.gov/Portals/35/tmdl/TSD/Raccoon%20Creek/2016_RaccoonCreek_TSD.pdf. 
 
Tycoon Lake was assessed in May and August 1978 and April and August 1990 as a part of a Section 314 
Clean Lakes Assessment Grant. This data was summarized in the 1982 305(b)	Report and eventually 
integrated into Volume 3 of the 1996 Ohio	Water	Resource	Inventory	305(b)	Report, which can be found at 
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epa.ohio.gov/portals/35/documents/96vol3.pdf	(Ohio	EPA,	1996). The report describes trophic state 
index (TSI) as one of several metrics used to assess the condition of Ohio’s public lakes. Carlson’s TSI is a 
numerical representation of a lake’s state of productivity along a scale of 0 to 100. Each major division (10, 
20, 30, etc.) represents a doubling in algal biomass based on transparency, total phosphorus and 
chlorophyll-a measurements (Carlson, 1977). Unproductive, oligotrophic lakes score on the lower end of 
the scale, mesotrophic lakes are in the middle and eutrophic/hyper-eutrophic lakes occupy the upper end 
of the continuum. In 1990, Tycoon Lake was determined to have a final TSI of 58.0, a eutrophic condition. It 
is worth noting that the Ohio Water Resources Inventory 305(b) Report indicates lake are hyper-eutrophic 
if the TSI is greater than 66. 

The Carlson TSI values were calculated in the same manner as in the 1990 Ohio	305(b)	Lakes	Report, using 
formulas from Reckhow and Chapra (Reckhow & Chapra, 1983) as follows: 

 Secchi disk TSI = 60 - 14.41 ln (SD	meters) 

 Chlorophyll-a TSI = 9.81 ln (Chl‐a	ug/l) + 30.6 

 Total phosphorus TSI = 14.42 ln (TP	ug/l) + 4.15 

The linear regressions for Carlson’s TSI were calculated using data collected from thousands of lakes in and 
outside the U.S. The TSI represents absolute values that can be applied to most lakes to characterize their 
trophic status and general condition. Trophic State Index ranges based on Carlson’s classification system are 
as follows: 

-Oligotrophic (lacking nutrients):    Less than 38 TSI 

-Mesotrophic (midrange nutrient availability):  38-47 TSI 

-Eutrophic (nutrient enriched):    48-66 TSI 

-Hypereutrophic (over Enriched):    >66 TSI 

 A TSI value was calculated for each of the three variables collected from Tycoon Lake in 2016 (Table 7). 
Per Carlson’s (1977) recommendation, average summer (July, August, September) chlorophyll-a and spring 
(April, May, June) total phosphorus TSI values were used to determine the final TSI value. Transparency 
based (Secchi depth) TSI values were calculated but Carlson warns against using transparency as a variable 
in waters with high non-algal turbidity, namely, sediment and silt (Carlson, 1980).  Such is the case with 
many lakes and more specifically, reservoirs in Ohio.  

  
Table 7. Trophic state classification, TSI data and trends in trophic state for Tycoon Lake data from 2016. 

Site  Date 
Chl. a 
(µg/L) 

TSI 
Chl‐a 

SD (m) 
Raw Data 

TSI 
SD 

TP 
(µg/L) 

TSI 
TP 

Fina
l TSI 

Trophic 
Classificatio
n 

Tycoon Lake L1  6/29/2016  8.5  52  1.325  56  15.2  43  56  Eutrophic 

Tycoon Lake L1  7/19/2016  34.4  63  1.06  59  23  49 

Tycoon Lake L1  8/10/2016  64.4  71  0.895  62  28.2  52 

Tycoon Lake L1  9/6/2016  89.2  75  0.73  65  25  51 

Tycoon Lake L1  9/29/2016  24.8  62  0.85  62  24  50 

 

Since Ohio does not have a very robust baseline of lake data, the use of TSI as a general tool for trend 
assessment is appropriate. Based on data collected in 2016, the final TSI for Tycoon Lake was calculated to 
be 56, which is slightly lower than the 1990 TSI value of 58.  Although there appears to be a slight decrease 
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in water quality based on trophic state analysis, both studies indicate the lake is productive and reflects a 
eutrophic status. While nutrient availability in sediment and biomass is not considered, the TSI value 
shows there are enough nutrients (TP) present in the water column to cause this lake to be considered 
nutrient enriched, since the TSI-TP values are almost all above the eutrophic/nutrient-enriched threshold 
of 48. 

Conclusions  
Tycoon Lake, constructed in 1960 is a medium size reservoir fed by two very small drainage areas. The 
residence time is 3.3 years at baseflow indicating the water entering the lake remains in the lake a long 
time. The turnover rate in Tycoon Lake is 30% which means that 30% the lake’s volume is replaced each 
year. The challenges that exist in Tycoon Lake are symptomatic of a watershed impacted by nutrient 
loading exacerbated by the long residence time. Tycoon Lake had an elevated median concentration of 
chlorophyll-a	during the sampling period.	Chlorophyll an increased as the summer progressed, while 
transparency decreased. The results of these two parameters suggested that algal production was 
amplified later in the summer.  

TN and TP levels were also elevated, suggesting that nutrient loading from outside sources may be a 
significant factor in this watershed. Since 31.5 percent of the relatively small watershed is impacted by 
agriculture, these outside sources of nutrients likely included agricultural run-off, cattle with unrestricted 
access to streams, and/or sewage discharges from unsewered areas. Additionally, bottom phosphorus 
levels were elevated, which was an indication of internal loading. In a hypoxic environment, this source of 
internal nutrient loading initiates and promotes algal bloom activity.  

Fortunately, bacteria levels in Tycoon Lake were very low, thus limiting the risk of acquiring pathogen-
related diseases that can result from skin contact with the water. Analyses of sediment and water column 
samples indicated that the lake is free of heavy metal contamination. Finally, although algal bloom 
production was noted with cyanobacteria dominating the biomass, cyanotoxin test results did not reveal 
any toxins above the current advisory thresholds for recreation.  

Tycoon Lake met aquatic life use based on the 2016 chemical data as compared to the EWH criteria. 
Attainment of the recreation use was met as well. The Public Drinking Water Supply Use does not pertain 
to Tycoon Lake since Tycoon Lake is not a public water supply. Federal, state and local stakeholders can 
utilize the information summarized in this report to help develop an appropriate lake or watershed 
management plan with a goal of decreasing internal and external nutrient load, and ultimately slowing the 
rate of eutrophication in Tycoon Lake. 
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