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Introduction

In 1996, Clermont County established a monitoring program to characterize surface water quality within the County.  Data collected through this program allow the County to analyze watershed conditions, identify potential water quality problems, support planning and management programs, and track trends and progress over time.  As of 2009, the County’s data meets level 3 criteria as defined in OAC 3745, which is suitable for regulatory purposes.  The 2010 study plan was designed with these goals in mind, and consisted of five project components.  Diurnal dissolved oxygen (D.O.) profiles and event-based sampling are addressed in this report.  The continuous water quality monitoring station data and qualitative habitat evaluations are stored in a database and available upon request.  The biological monitoring component will be addressed in a separate report.  Details on the objectives and study design for all five study components can be found in the 2010 Project Study Plan.  

Diurnal Dissolved Oxygen Profiles

Table 1.  Weather conditions during diurnal dissolved oxygen profiles.  Conditions are reported for the day of sampling as well as 24 hrs, 48 hrs, and 72 hrs prior to sample collection.  Precipitation is reported in inches and discharge is reported in cubic feet/second. [image: ]




Sampling Design

OEQ conducted diurnal dissolved oxygen studies to investigate the effect of nutrients and organic loads from wastewater treatment plants (WWTPs) on D.O. concentrations in the East Fork of the Little Miami River (EFLMR) and O’Bannon Creek during low flow conditions.  D.O. levels naturally swing from high levels during the day to low levels at night.  This is due to aquatic algae photosynthesizing (producing oxygen) during the day and respiring (consuming oxygen) at night.  High nutrient loading promotes excessive algal growth (eutrophication), which can lead to greater swings in D.O. levels and cause nighttime levels to dip dangerously low for the aquatic biota.  Additionally, effluent from WWTPs can contribute organic materials that increase oxygen demand during biodegradation.  Diurnal D.O. monitoring above and below WWTPs helps to identify any impact from WWTP effluent on D.O. concentrations.  


Table 2. Sample identifications and descriptions of each sample site monitored in the dissolved oxygen studies. Sites are color coded --- white: upstream from plant, dark grey: near field downstream from plant, light grey: far field downstream from plant ---  based on their proximity to the wastewater treatment plant (WWTP).
[image: ]
Results

Generally, in the EFLMR, diurnal D.O. swings were very similar between sites upstream and downstream from the Batavia, Lower East Fork, and Middle East Fork WWTPs.  One site downstream from the Milford WWTP was an exception with a high D.O. concentration of 13.67 mg/L compared to a maximum concentration of 9.29 mg/L upstream from the plant (Figure 2).  All of the sites remained above 5.0 mg/L (OEPA’s minimum DO concentration criterion for exceptional warm water habitats (EWH)) overnight and only a few sites downstream from either the Milford or MEF WWTPs dropped below 6.0 mg/L.  D.O. in O’Bannon Creek dropped below 5.0 mg/L at both sites downstream from the treatment plant; however, levels remained above OEPA’s minimum D.O. concentration criterion of 4.0 mg/L for warm water habitats (WWH) (Figure 1).  The site immediately downstream from the outfall showed signs of eutrophication with 12.62 mg/L D.O. during the afternoon; and had a large diurnal swing of 7.76 mg/L D.O. (Table 3). The site upstream from the WWTP only had a diurnal swing of 2.76 mg/L D.O. (Table 3).  



Table 3.  Minimum and maximum dissolved oxygen (D.O.) concentrations during the diurnal D.O. monitoring.  D.O. swing is the difference between the minimum and maximum D.O. concentrations. Sites are color coded based on their proximity to the wastewater treatment plants.
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Figure 1.  24-hour Diurnal Dissolved Oxygen profiles in O’Bannon Creek upstream and downstream from the outfall at O’Bannon Creek WWTP. 

[image: ]
Figure 2.  24-hour Diurnal Dissolved Oxygen profiles in the East Fork of the Little Miami River upstream and downstream from the outfall at Milford WWTP. 
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Figure 3.  24-hour Diurnal Dissolved Oxygen profiles in the East Fork of the Little Miami River upstream and downstream from the outfall at Lower East Fork WWTP.  
[image: ]
Figure 4.  24-hour Diurnal Dissolved Oxygen profiles in the East Fork of the Little Miami River upstream and downstream from the outfall at Middle East Fork WWTP.  
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Figure 5.  24-hour Diurnal Dissolved Oxygen profiles in the East Fork of the Little Miami River upstream and downstream from the outfall at Batavia WWTP.
Conclusions/Recommendations
DO concentrations have consistently reached criteria in the East Fork LMR in previous monitoring years and even during 2010, which was a worst case scenario given the drought conditions. The U.S. Army Corp of Engineers (USACE) is required to maintain a minimum flow of 30 c.f.s. out of the dam at Harsha Lake.  This minimum flow kept the D.O. concentrations elevated during a drought year when the river would normally be interstitial.  D.O. concentrations also met criteria in O’Bannon Creek during 2010; however we observed very high diurnal D.O. swings.  D.O. should continue to be monitored in O’Bannon Creek under very low flow conditions to ensure criteria is being met.  Future D.O. monitoring in the East Fork LMR is not required due to the long established data record. 





Event Based Sampling

Sampling Design
As part of a collaborative effort with the U.S. Environmental Protection Agency (USEPA) and USACE, one of the County’s objectives in 2010 was to characterize the loadings to Harsha Lake to understand the source of increasing blue-green algae blooms in the lake.  Three dry weather and three wet weather sampling events were planned for ten sites, nine of which drain into Harsha Lake (Figure 6).  Due to unforeseen time constraints, staff availability, and weather, the plan was adapted to sample only eight of the ten sites during wet weather events (the two excluded sites were being monitored in conjunction with biological monitoring objectives instead of the lake loading objectives).  Three dry weather events were conducted as planned; however, only one wet weather event was conducted for each of the eight sites due to the late summer drought experienced in the mid-west in 2010.  Additionally the dry weather events were scheduled to coincide with USACE and USEPA’s sampling dates, resulting in the 7/13/2010 sampling event occurring following some rain (Table 4).

Table 4.  Precipitation information from the Grassy Fork and East Fork LMR at Williamsburg (RM 34.8) monitoring stations on and prior to sampling dates. Conditions are reported for the day of sampling as well as 24 hrs, 48 hrs, and 72 hrs prior to sample collection.  Precipitation is reported in inches.
[image: ]
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Figure 6. Locations of event sampling sites.


Dry Weather Results
During dry weather, all streams had mean nitrate-nitrite concentrations below OEPA’s recommended levels for wadeable and headwater streams (EWH: 0.5 mg/L & WWH: 1.0 mg/L).   Nitrogen concentrations were lowest at Slab Camp Run and Cabin Run, which both have predominantly forested watersheds.  Mean total phosphorus concentrations were above OEPA’s recommended criteria for wadeable streams (EWH: 0.05 mg/L & WWH: 0.08 mg/L) at all sites (Figure 7).  Five Mile Creek had exceptionally high phosphorus concentrations ranging from 0.23 – 0.61 mg/L total phosphorus (Figure 7).  Mean organic carbon was similar across all ten sampling sites (Figure 8).  E. coli was highest at Ulrey Run (1200 #/100mL), Five Mile Run (1600 #/100mL), and Pleasant Run (768 #/100mL, Figure 8). None of the streams had E. coli concentrations below the 161 #/100mL criteria for class B primary streams; however, Slab Camp was close with a geometric mean of 161.4 #/100mL.  Suspended solids were similar across sites (means < 15 mg/L), with the exception of Stonelick Creek which had an average of 26.9 mg/L suspended solids (Figure 8).

Wet Weather Results
Expectantly, pollutant concentrations were much higher during the wet weather events than during dry weather.  The three streams draining agricultural watersheds Grassy Fork, 5 Mile Creek and Howard Run, had higher nitrogen, phosphate, and suspended solids concentrations than the other five study sites (Figures 9 & 10).  However, these three streams were sampled during a different rain event with higher rainfall amounts than the other five sample sites (Table 4). Sampling during stronger rain events might have revealed similar loadings from Slab Camp, Cabin Run, Poplar Creek, Ulrey Run, and the East Fork LMR.  Even still, nitrate concentrations in the agricultural draining streams and streams with WWTPs upstream (EFRM34.8 & Ulrey Run) remained above the recommended levels of 1.0 mg/L for WWH.  All eight sampling sites had phosphate concentrations above the recommended level of 0.1 mg/L for WWH.  Organic carbon concentrations were similar across sites and slightly higher than during low flow conditions (Figure 10).  E. coli was above the maximum detection limit of 8,000 #/100mL for all sites except for Slab Camp and Cabin Run, which were lower (3900 and 6700 #/100mL respectively), but still exceeded instream criteria for class B primary contact streams.  


  

Table 5.  Physical parameters collected at ambient sampling sites.  Wet weather events are in blue font. [image: ][image: ][image: ]

Figure 7. Mean nitrogen and phosphorus concentrations from three dry weather sampling events.
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Figure 8 Mean organic carbon, E.coli, and suspended solids concentrations from three dry weather sampling events.  
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Figure 9. Nitrogen and phosphorus concentrations from one wet weather sampling event.
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Figure 10. Organic carbon, E.coli, and suspended solids concentrations from a wet weather sampling event. 
Conclusions/Recommendations

OEQ recommends continuing intensive sampling upstream of the lake in following years to obtain a more thorough record of loading to Harsha Lake.  To get a more accurate record of wet weather loading, staff should limit sampling to a few streams at a time and get multiple samples throughout the hydrograph.  Autosamplers which can be triggered by rain events should be used in Grassy Fork and Howard Run to get background data on these streams for the planned demonstration watershed experiment (discussed further in the 2011 Project Study Plan).  Five Mile Creek should continue to be monitored due to the abnormally high concentrations of phosphorus and bacteria observed in 2010.  Additional sites in Five Mile Run at different locations in the watershed should be sampled to identify any significant sources of nutrient or bacteria loading. 
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Site Identification Location

USBAT14.3 EFLMR Upstream Batavia WWTP

USBAT13.5 EFLMR Upstream Batavia WWTP

DSBAT12.6* EFLMR Downstream Batavia WWTP

USMEF12.6* EFLRM Upstream Middle East Fork (MEF) WWTP

DSMEF11.9 EFLMR Downstream (nearfield) Middle East Fork (MEF) WWTP

DSMEF11.2 EFLMR Downstream (farfield)  Middle East Fork (MEF) WWTP

USLEF5.2 EFLMR Upstream Lower East Fork (LEF) WWTP

DSLEF4.0 EFLMR Downstream (nearfield) Lower East Fork (LEF) WWTP

DSLEF3.6 EFLMR Downstream (farfield) Lower East Fork (LEF) WWTP

USMIL2.1 EFLMR Upstream Milford WWTP

DSMIL0.8 EFLMR Downstream (nearfield) Milford WWTP

DSMIL0.2 EFLMR Downstream (farfield) Milford WWTP

USOB3.1 O'Bannon Creek Upstream O'Bannon WWTP

DSOB2.4 O'Bannon Creek Downstream (nearfield) O'Bannon WWTP

DSOB1.9 O'Bannon Creek Downstream (farfield) O'Bannon WWTP

*same location
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Site ID

minimum DO 

(mg/L)

maximum DO 

(mg/L)

DO swing 

(mg/L)

USOB3.1 6.73 9.49 2.76

DSOB2.4 4.86 12.62 7.76

DSOB1.9 4.99 10.07 5.08

USLEF5.2 6.25 9.45 3.2

DSLEF4.0 6.31 9.69 3.38

DSLEF3.6 6.39 10.07 3.68

USMIL2.1 6.15 9.29 3.14

DSMIL0.8 5.74 10.37 4.63

DSMIL0.2 6.65 13.67 7.02

USMEF12.6 5.97 9.02 3.05

DSMEF11.9 5.63 8.78 3.15

DSMEF11.2 5.86 8.36 2.5

USBAT14.3 7.09 8.79 1.7

USBAT13.5 7.76 9.23 1.47

DSBAT12.6 7.25 9.43 2.18
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Diurnal D.O. Profile in O'Bannon Creek at O'Bannon WWTP, 

August 2nd-3rd, 2010
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Diurnal D.O. Profiles in the East Fork Litttle Miami River at the 

Milford WWTP, August 4th-5th, 2010
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DSMIL0.2

Mean Water Temp.=  28ºC

OEPAMinimum Instantaneous EWH DO conc. 5.0 mg/L 
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Diurnal DO Profiles in the East Fork Little Miami River at LEF 

WWTP, August 9-10, 1020

USLEF5.2

DSLEF4.0

DSLEF3.6

Average Water Temp. = 26.9ºC

OEPA MinimumInstantaneous  EWH D.O. conc. 5.0 mg/L
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Diurnal DO Profiles in the East Fork Little Miami River at MEF 

WWTP, August 10-11, 1020

USMEF12.6

DSMEF11.9

DSMEF11.2

Average Water Temp. = 28.6ºC

OEPA Minimum Instantaneous EWHD.O. conc. 5.0 mg/L
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Diurnal DO Profiles in the East Fork LIttle Miami River at 

Batavia WWTP, August 25-26, 2010
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72 hour 48 hour 24 hour  same day 72 hour 48 hour 24 hour  same day

A

1

5/10/2010

-- -- -- -- 0.28 0.28 0 0

B

2

5/11/2010

-- -- -- -- 0.28 0 0 0

A 6/3/2010 -- -- -- -- 0.89 0.84 0.84 0

C

3

6/12/2010

-- -- -- -- 2.35 2.19 2.19 2.19

A 7/12/2010 0.3 0.05 0.05 0.05 0.78 0.04 0.04 0.04

B 7/13/2010 0.07 0.07 0.07 0.02 1.35 1.35 1.35 1.31

B 9/7/2010 0.18 0.18 0.18 0.18 0 0 0 0

A 9/8/2010 0.18 0.18 0.18 0.18 0 0 0 0

-- indicates data was not available
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2

 ST17.3, GRSSY0.2, HWRD0.2, 5MILE0.5, PLEAS0.2

3
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StationID Sample Date Flow (cfs)

sp.cond. 

(µmho/cm)

D.O. (mg/l) pH (SU) T (°C)

11-May-10 0.58 0.41 9.70 8.01 12.31

12-Jun-10 -- 0.12 7.70 7.34 21.92

13-Jul-10 0.02 0.34 5.44 7.57 23.31

07-Sep-10 0.00 0.33 6.54 7.78 17.27

10-May-10 0.24 AE AE AE AE

03-Jun-10 1.11 0.37 8.34 7.91 20.73

12-Jul-10 0.03 0.44 7.70 7.50 22.00

08-Sep-10 0.00 0.46 2.67 7.45 17.57

10-May-10 57.62 0.28 11.80 8.30 16.60

03-Jun-10 -- 0.34 6.60 7.85 22.31

12-Jul-10 48.81 0.39 7.35 7.98 27.16

08-Sep-10 0.34 0.38 4.39 7.59 21.69

11-May-10 1.38 0.48 10.07 8.20 11.92

12-Jun-10 -- 0.24 7.72 7.53 21.26

13-Jul-10 0.06 0.46 3.54 7.63 22.96

07-Sep-10 0.00 0.39 7.27 8.00 16.99

11-May-10 0.32 0.42 9.83 8.14 12.22

12-Jun-10 -- 0.13 7.65 7.33 21.86

13-Jul-10 0.02 0.32 5.29 7.45 23.01

07-Sep-10 0.00 0.68 6.46 7.74 16.81

11-May-10 0.67 0.44 10.70 8.20 12.53

13-Jul-10 0.02 0.31 6.94 7.58 23.17

07-Sep-10 0.00 0.36 8.18 8.08 17.88

10-May-10 1.84 0.42 10.81 8.32 10.77

03-Jun-10 -- 0.20 8.18 7.65 20.02

12-Jul-10 0.87 0.29 7.11 7.68 23.90

08-Sep-10 0.01 0.39 4.78 7.69 19.23

10-May-10 0.27 0.44 11.11 8.23 9.44

03-Jun-10 2.52 0.36 8.28 8.20 22.31

12-Jul-10 0.03 0.37 6.44 7.53 22.95

08-Sep-10 0.00 0.49 3.16 7.42 18.41

11-May-10 6.22 0.44 8.07 8.01 13.34

13-Jul-10 0.07 0.37 2.09 7.13 24.09

07-Sep-10 0.00 0.28 2.36 7.22 17.30

10-May-10 0.67 0.57 10.86 7.77 9.04

03-Jun-10 5.08 0.24 8.03 7.83 19.81

12-Jul-10 0.08 0.57 7.79 7.59 21.50

08-Sep-10 0.05 0.63 7.11 7.99 17.34

GRSSY0.2

EFRM34.8

CABIN1.4

5MILE0.5

ULREY1.3

ST17.3

SLAB0.5

POPLR2.1

PLEAS0.2

HWRD0.4
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72 hour 48 hour 24 hour  same day 72 hour 48 hour 24 hour  same day

8/2/2010 0 0 0 0 1.91 1.45 1.43 1.76

8/3/2010 0 0 0 0 1.45 1.43 1.76 1.13

8/4/2010 0 0 0 0 35 36 31 30

8/5/2010 0 0 0 0 36 31 30 37

8/9/2010 0 0 0 0 39 33 33 35

8/10/2010 0 0 0 0 33 33 35 34

8/11/2010 0 0 0 0 33 35 34 59

8/25/2010 0 0 0 0 38 38 40 38

8/26/2010 0.02 0.02 0.02 0.02 38 40 38 36

Hall Run Precipitation Discharge-Perintown Gage (cfs)*

Date

* All Discharge data reported is from the USGS Perintown Gage, except for data 8/2-8/3, which is from the USGS 

O'Bannon Creek Gage


