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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 10 
sampling events divided over a two-year period and collected during the recreation season of May 
1 through October 31.  Because of restricted resources, the second year of sampling at Turkey Creek 
Lake was cancelled and, therefore, the use status assessment is qualified to be from a limited 
dataset.  However, it is believed that observed conditions and monitoring data would likely have 
been the similar in the second study year because of the nature of the watershed. 
 
 
Key parameters analyzed in lakes include chlorophyll-a, ammonia, dissolved oxygen (DO), 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 Procedure Manual (Ohio EPA, 2016), available as Appendix I of the Ohio EPA Surface 
Water Field Sampling Manual (Ohio EPA, 2015). Ohio EPA has revised those sampling protocols in 
the 2019 Inland Lakes Sampling Procedure Manual (Ohio EPA, 2019). Sampling objectives for 
inland lake surveys are defined in Ohio 
EPA’s Inland Lakes Sampling Quality 
Assurance Project Plan (QAPP), and the 
rules relative to inland lakes beneficial 
uses are described in the 2010 and 
successive Water Quality Monitoring 
Integrated Reports. 
 

Study Lake 
Turkey Creek Lake is part of the 1,095-
acre Shawnee State Park located within 
the 63,000-acre Shawnee State Forest in 
Scioto County (Figure 1). Turkey Creek 
Lake is formed by the impoundment of 
its two major tributaries, Turkey Creek 
and Lampblack Run. The lake is nestled 
in the state forest, approximately 6 
miles northwest of the town of 
Friendship, OH at the intersection of 
State Forest Service Road 16 (NF-126) and 
State Route 125. The lake can be accessed 
via a concrete boat ramp located on the south side of the lake accessible from a driveway on the 
west side of SR 125.   

Figure 1. Location of Turkey Creek Lake in Southern Ohio 

https://epa.ohio.gov/Portals/35/documents/Inland_Lake_Sampling_Manual.pdf
https://epa.ohio.gov/Portals/35/documents/Inland_Lake_Sampling_Manual.pdf
https://epa.ohio.gov/Portals/35/documents/SW%20Sampling%20Manual%202015%20Update%20Final%20Main.pdf
https://epa.ohio.gov/Portals/35/documents/SW%20Sampling%20Manual%202015%20Update%20Final%20Main.pdf
https://epa.ohio.gov/Portals/35/bioassess/Inland_Lake_Sampling_Manual_2019_Update_web.pdf
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Attributes of Turkey Creek Lake 
Turkey Creek Lake is approximately 43 acres in size with a maximum depth of 30 feet. It is 
contained within the Western Allegheny Plateau ecoregion, in Southern Ohio. The lake receives the 
majority of its water from Turkey Creek and is fed by approximately 9 acres of drainage (Table 1).  
 
Table 1. Key Attributes of Turkey Creek Lake 

 

 

Watershed Overview  
The Turkey Creek Lake dam is located at latitude 38.73348, Longitude -83.18921. The area of the 
watershed above the dam, including the lake, is 8.69 square miles (Figure 2). The drainage gradient in 
the watershed is approximately 91 feet per mile. The watershed is heavily (97.5 percent) forested with 
only about 5 percent of the watershed developed. The average percent impervious area determined by 
National Land Cover Dataset (NLCD) in 2011 was 0.5 percent. The mean annual precipitation in the 
Turkey Creek Lake watershed is about 39 inches per year (USGS StreamStats). 
  

 
Figure 2. Turkey Creek Lake Watershed 

The moderately small drainage area includes roads, parking lots and buildings associated with the 
Shawnee State Park lodge.  A wastewater treatment plant serving the lodge is located 
approximately 0.3 mile from the lake (and 0.5 mile from the swimming beach).  The treatment plant 
has a design flow of 40,000 gpd and its NPDES permit number is 0PP00029. 

Ecoregion: Western Allegheny Plateau 
Lake Type: Dammed Impoundment  
Surface Area:  43 acres 
Watershed: 8.7 square miles 
Maximum Depth:  9.14 meters (30 ft.) 
Shoreline:  15 miles 
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Results Discussion 
Water Column Chemistry 
A physical profile of the water column was evaluated during each sampling event at the L1 sampling 
location during 2016. Readings were recorded at the surface of Turkey Creek Lake (which is defined 
as a 0.5-meter depth), at 1.0-meter intervals thereafter, with a final measurement at 0.5 meters above 
the bottom of the lake (Ohio EPA, Inland Lakes Sampling Procedure Manual, 2016). 
 
Physical conditions remained fairly stable throughout the sampling season. The L1 sampling 
location is at the deepest portion of the lake, near the dam (Lat. 38.7739, Lon -83.1900) (Figure 3). 
All sampling events showed a moderate to strong degree of stratification at L-1. Thermal 
stratification often occurs in deeper 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.  
  

 
Figure 3. Location of sampling location L-1 near the Turkey Creek Lake dam 

Turkey Creek is a moderately deep inland lake in Ohio with a maximum depth of 30 feet at L-1. The 
lake did experience stratification making it a typical dimictic lake.  A sharp decrease in temperature 
and dissolved oxygen is often noted in stratified lakes where the hypolimnion forms. In the case of  
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Turkey Creek Lake, a temperature change was observed between the 4.5- to 6.5-m depth 
measurement, depending the sampling date (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 on the bottom during all sampling 
events at L1.  
 
Table 2. Dissolved oxygen concentration (mg/l) in Turkey Creek Lake during the 2016 sampling season. 

 D.O. – Surface D.O. – Bottom 
Mean D.O. – Whole 

Water Column 
Mean D.O. – 
Epilimnion  

Aquatic Life Criterion     ≥5.0 
5/24/2016 9.16 4.57 7.73 Not Stratified 
6/14/2016 8.50 0.27 5.19 8.94 
7/12/2016 8.63 0.18 3.75 8.63 
8/16/2016 8.16 0.23 3.63 8.45 
9/13/2016 7.14 0.24 3.22 7.48 

 
Except for May, when the minimum dissolved oxygen level in the unstratified water column was 4.5 
mg/l, the zone of oxygen deficiency extended from the bottom of the lake to a depth of between 3.5 
to 5.5 meters. Under these conditions, organically bound phosphate in lake sediments decomposes 
and is converted to orthophosphate (the biologically available form of phosphate), that can then be 
released to the water column for 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. 
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  Figure 4. Temperature profiles at the L-1 sampling location of Turkey Creek Lake.  

Sediment Chemistry  
A surface sediment sample was collected on September 13, 2016 using a Petite Ponar dredge.  The 
sediment sample was analyzed for TOC, metals, nutrients (except for phosphorous), s-VOCs (PAHs), 
PCBs and pesticides (organo-chlorine insecticides). There were no detections for PAHs, PCBs or 
pesticides.   
 
Ohio does not currently have codified WQS for the protection of aquatic life based on sediment data, 
so the evaluation of results consists of referencing several commonly-cited resources to determine 
if sediment pollutants may potentially contribute to ecological stress. 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 et. al. 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 (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.  
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Finally, guidelines established by the Ontario Ministry of the Environment (Persuad et. al. 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 most benthic organisms.  The SEL 
is a concentration considered harmful to most benthic organisms. Values shaded orange in the table 
below indicate values above the Sediment Reference Level (SRV) and values shown in red font 
indicate values above the Lowest Effect Level (LEL). 
 
Arsenic and Cadmium were slightly above Ohio SRVs for the Western Allegany Plateau ecoregion. 
Arsenic, TOC, Copper, Nickel, and zinc were above the LEL, but were still below the SEL.  Arsenic, 
Nickel and Zinc were above the TEC.  No parameters were above the PEC (Table 3).   
 
Table 3. Sediment Concentrations in Turkey Creek Lake and Screening Values 

Sediment Concentrations (mg/kg) 

Parameter 
Lowest 

Effect Level 
(LEL) 

Ohio Reference 
Values 
(SRV) 

Threshold Effect 
Concentration 

(TEC) 

Probable Effect 
Concentration 

(PEC) 
Turkey Creek Lake 

TOC (%) 1 - - - 2.5 
Arsenic  6 19 9.79 33 20.6 

Cadmium  0.6 0.8 0.99 4.98 0.86 
Chromium  26 53 43.4 111 21.5 

Copper  16 33 31.6 149 16.7 
Lead  31 - 35.8 128 20.0 

Nickel  16 61 22.7 48.6 33.7 
Selenium  - 2.6 - - ND 

Aluminum  - 53,000 - - 15,500 
Barium  - 360 - - 160 

Calcium  - 27,000 - - ND 
Iron  - 51,000 - - 44,300 

Magnesium  - 9,900 - - 2,570 
Manganese  460 3,000 - - 417 

Potassium  - 14,000 - - ND 
Strontium  - 250 - - ND 

Zinc  120 170 121 459 161 
T-Phosphorus  600 - - - NT 
NT=Not Tested 
ND = Not Detected 
SRV values applicable in Western Allegheny Plateau 
Above LEL 
Above SRV 
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Phytoplankton Results 
The phytoplankton community was characterized based on water samples collected from the 
photic zone using an integrated tube sampler deployed to twice the Secchi depth, up to a maximum 
of 2 meters (m). Samples were collected during three of the five sampling events (May, July, and 
September) of 2016. 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), and cell densities (cells/L) and bio-volumes 
(µm3/L) were estimated in accordance with Standard Methods for the Examination of Water and 
Wastewater Method No. 10200 (Rice, Baird, & Eaton, 2017). 
 

 
Figure 5. Percent Phytoplankton Biovolume (um3/L) in Turkey Creek Lake. 

Phytoplankton communities typically exhibit a seasonal succession when factors like water 
temperature, nutrients, transparency and photoperiod favor certain types.  Grazing by larval fish 
and zooplankton also effect community composition.  Temperate lakes in Ohio are usually 
dominated by diatoms in the spring until micronutrients like silica are depleted 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 advantage.   
 
The population returned from the study period at each water body contained five to seven different 
classes of algae.  When breaking down the results by sampling event, the total biovolume of 
cyanobacteria was notably higher in the mid to late summer samples. The breakdown of the 
phytoplankton dynamics from each sampling event is presented in Figure 5. A community 
dominated by cyanobacteria is of concern when toxin-producing phytoplankton are present.  
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Discussion of cyanotoxin sampling results is contained below in the Recreation Use Assessment 
section. Genera of phytoplankton that can produce cyanotoxins (D'Anglada, 2016) identified within 
the samples collected at the Water Supply Reservoir in July included Aphanizomenon, Aphanocapsa, 
Dolichospermum, Merismopedia, Planktonlyngbya, and Pseudanabaena with Pseudanabaena 
dominating (35%).The sample for September included Aphanizomenon, Dolichospermum, and 
Planktonlyngbya, with Planktonlyngbya dominating (90%).   

Beneficial Use Assessments 
Public Drinking Water Use Assessment 
Like all public lakes in Ohio (except Piedmont Reservoir), Turkey Creek Lake is designated a public 
water supply (PWS) in the Ohio WQS.  However, Turkey Creek Lake is currently not being used as a 
public drinking water supply.   
 
Recreation Use Assessment 
The recreation use of Turkey Creek Lake was not evaluated for Escherichia coliform (e-coli) 
bacteria because of the inability to analyze samples within the prescribed holding time.   Because of 
the swimming beach located at the north end of the lake, Ohio Department of Natural Resources 
conducts both e-coli and cyanotoxin monitoring throughout the recreation season and is 
responsible for posting advisories if necessary.  Results from each of the five monitoring events 
conducted by Ohio EPA revealed no detections of cyanotoxins.  
 

Human Health - Fish Consumption 
No consumption advisors have been issued beyond the state-wide advisory. Statewide fish 
consumption advisories can be found at the following link: 
http://www.epa.ohio.gov/dsw/fishadvisory/index.aspx. 
 

Aquatic Life Use Assessment 
The current aquatic life use designation for all inland lakes in Ohio is EWH except for upground 
reservoirs that are designated warmwater habitat (WWH).  Important criteria for assessing lake 
condition include nutrient parameters (e.g. total phosphorus, total nitrogen) and biological 
response variables (e.g. chlorophyll-a). Presently, no nutrient or biological criteria exists for inland 
lakes in Ohio. Ohio EPA is currently evaluating data and methodologies to develop appropriate ALU 
criteria for inland lakes. 
  
Where criteria do not exist, a common approach to assessing relative lake condition is to compare 
lake water quality sampling data to a regionally 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 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. 

http://www.epa.ohio.gov/dsw/fishadvisory/index.aspx
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Lake samples were collected from near the surface of Turkey Creek Lake five times during the 2016 
recreation season. Statewide Outside Mixing Zone Average (OMZA) water quality criteria listed in 
tables 35-1 through 35-12 of section 3745-1-35 of the OAC (Water Quality Standards) were used 
for most parameters to evaluate the existing EWH designated use for Turkey Creek Lake. Dissolved 
Oxygen is compared against the statewide OMZM (M=minimum) criteria. There were no 
exceedances of EWH chemical criteria based on the results from samples collected in Turkey Creek 
Lake during the summer of 2016 (Table 4). 
 
Table 4. Summary of important data collected in Turkey Creek Lake. 

ALU Targets/Benchmarks WQS Criteria 

Parameter Chl. a 
(µg/L) 

Secchi 
(m) 

TN 
(µg/L) 

TP 
(µg/L) 

D.O. 
(mg/L) 

pH 
(SU) 

NH3-N 
(mg/l) 

Target & WQS ≤6.2 median 2.16 min ≤350 
median 

≤14 
median ≥5.0 6.5>pH<9.0 (WQS) 

5-24-2016 4.4 2.3 420 17 7.7 (2) 7.0 (4) <0.03 (2.1) (5) 
6-14-2016 5.3 1.98 260 11.7 8.9 (3) 7.3 (4) <0.03 (1.6) (5) 
7-12-2016 5.8 2.36 300 11 8.6 (3) 7.8 (4) <0.03 (1.0) (5) 
8-16-2016 5.4 2.35 330 12 8.5 (3) 7.8 (4) <0.03 (0.9) (5) 
9-13-2016 15.8 1.66 310 15 7.5 (3) 7.5 (4) <0.03 (1.4) (5) 

Median 5.4 2.3 310 12    
% Exceeded 0 % 0 % 0 % 0 % 0 % 0 % 0 % 

(1) Values are sum of TKN and Nitrate+Nitrite. Where results were reported to be below detection, the 
detection limit was used.   

(2) Value is average of measurements in entire water column as there was no thermal stratification 
(3) Value is average of measurements in epilimnion as thermal stratification existed. 
(4) Value is median of measurements in epilimnion.  Median values for the entire water column during 

each event were all between 6.5 and 9.0 S.U.  
(5) WQS value is the OMZA from Table 35-6 of OAC 3745-1-35 and is based on average temperature 

and median pH in epilimnion. 
 
In addition to the parameters listed in Table 4, other parameters that were monitored include 
dissolved solids, arsenic, cadmium, chromium, copper, lead, nickel, selenium and zinc.  None of the 
sample results exceeded the Outside Mixing Zone Average aquatic life criteria established in Ohio 
Administrative Code 3745-1.   
 
 
 

Bottom Samples 
Useful information was also obtained from samples collected near the bottom of the lake.  The 
hypolimnion can become depleted of oxygen if consumption by decomposing organic matter 
exceeds reaeration by atmospheric diffusion and photosynthesis.  Fish access to habitat, cool water 
and benthic prey can be limited if conditions become hypoxic (Dissolved oxygen < 2 mg/L).  
Dissolved oxygen measurements show that hypoxic conditions existed at a depth of 5.5 meters in 
June and 4.5 meters in July, August and September.  Mean total phosphorus concentration at the 
surface for the five sampling events was 13 ppb and the mean concentration for bottom samples 
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was 30 ppb.  These low levels and nominal difference do not point to the existence of phosphorous 
in sediment being released through redox reactions under the anoxic conditions measured at the 
bottom of the lake.   

Trend Assessment  
Turkey Creek Lake was assessed in August 1992 and May 1993 as a part of a Section 314 Clean 
Lakes Assessment Grant. This data was integrated into Volume 3 of the 1996 Ohio Water Resource 
Inventory 305(b) Report, which can be found at 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. 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 

 
In the 1996 report, Turkey Creek Lake was determined to have a final TSI of 36.0, an oligotrophic 
condition. The Carlson TSI values were calculated for samples collected from Turkey Creek Lake 
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. 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.  
 
 
Table 5. Trophic state classification, TSI data and trends in trophic state for Turkey Creek Lake data. 

Date 
SD (m) 
Data TSI SD 

Chl. a 
(µg/L) 

TSI 
Chl-a 

TP 
(µg/L) TSI TP 

Final 
TSI(1) 

Trophic 
Classification(2) 

8-5-92 1.9 33* - - 12 40 
36 Oligotrophic 8-27-92 3.44 42 2.2 38 8 34 

5-25-93 4.11 40 -  8 34 

http://epa.ohio.gov/portals/35/documents/96vol3.pdf
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(1) Based on average chlorophyll-a TSI values for summer (July, August, September) and/or average of Total Phosphorous TSI 
values for spring (April, May, June).  When seasonal TSI values are available for both, the average is used to derive the annual 
Final TSI.  Values used to establish Final TSI are underlined. 
*This value from the 1996 report should have been listed as 51 

 
 
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.  Secchi 
data was eliminated from the “trophic state” assessment process in 1988. 
Summer Secchi depth TSI values are otherwise useful if compared against summer chlorophyll–a 
TSI values. A higher TSI based on Secchi depth may indicate non–algal turbidity and possible light 
limitation of algal growth. 
 
Because 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 Turkey Creek 
Lake was calculated to be 48, which is markedly higher than the 1996 TSI value of 36 (Table 5).  
The current TSI value is reflective of higher chlorophyll-a and TP concentrations observed in 
Turkey Creek Lake in 2016.  The notably higher chlorophyll-a result in September impacted the 
Final TSI and resulted in the trophic classification otherwise being mesotrophic.   
 

Conclusions 
When it comes time to expand or replace the wastewater treatment plant serving the state park lodge 
that discharges upstream from Turkey Creek Lake, consideration should be given to locating it 
downstream – possibly along US 52 with a discharge to the Ohio River. Prevention and mitigation of 
erosion along logging roads, especially on steep hillsides, would be beneficial to tributary streams 
and the lake. 
  

 

5-24-16 2.3 48 4.4 45 17 45 

48 

(47.6) 
Eutrophic 

6-14-16 1.98 50 5.3 47 11.7 40 
7-12-16 2.36 48 5.8 48 11 39 
8-16-16 2.35 48 5.4 47 12 40 
9-13-16 1.66 53 15.8 58 15 43 
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