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Introduction

In 1996, Clermont County established a monitoring program to charactarfizeeswater
guality within the @unty. Data collected through this prograhow the @unty to analyze
watershed conditions, identify potential water quality problems, support planning and
management programs, and track trends and progress over time. Marking the thirteenth year of
theprogram, the 2008 sampling schedule was designed with these goals in mind, and consisted
of two components.The first component, Pepper Ridge sampliwgs designed to investigate
the source obccasiondy elevated levels abtal phosphorus (TRYndE. coli in Hall Run
Samples were collected from Hall Run and an unnamed tributary tdRdal(Pepper Ridge
Tributary) and analyzed for nitriteitrate (NQ-NOs), dissolved orthgphosphates (orthB), total
phosphorus (TP), fivelay carbonaceous biochemiocalygen demand (CBQY), total suspended
solids (TSS), and bacterial pollutioB.(coli). Pepper Ridge sampling consisted of two sampling
subcomponentthe original sampling desigwith wet and dry weather samplirend an
extended sampling desigwith additional dry weather sampling in Pepper Ridge Tributary. The
original sampling desigwas created undéne assumption thanycontaminatiorfrom home
sewagdreatment systenia the Pepper Ridge Subdivisigrould be higlest during base flow
conditions,due to minimal dilution effeciavhere agontaminatiorfrom sewer system
exfiltration would exist primarilyduring wet weather eventsThe extended sampling design
was created at the end of the season and was aimed at determining sources of pafteppei
Ridge Tributary.

The secad component involved4-hour (diurnal) monitoringof dissolved oxygen (DO)
above and below the effluent outfall of four wastewater treatment glAMW&T P) that discharge
into the East Fork of the Little Miami Rivd&atavia, Middle East Fork, Lower East Fork and
Milford WWTPs. High nutrient loadsoften associated with WWTP effluesan cause algal
blooms,which can subsequentigadto oxygen depletion due to overnight respiration and
eventual algal decompositioil€omparison otliurnal DO profiles above and below thnt®
outfall should indicate whether nutrient loading is leading to DO deplebevnstream of
WWTPs, which couldinturni mpact the riveTlhe ©®o0 whtdggd < ad b ihleia
monitor DO hasrecentlyincreased due to the acquisitiontwb additional multiparameter data
sondeswith internal memory.In 2008 the Office of Environmental Quality (OEQ) vedse to
simultaneously monitoupstream ath downstream sampling locations. Since vaiet in
weather can impact DO levels, simultaneous monitoring provides an extra level of control and
eliminatesthe uncertaintyssociated witkomparingdata collected on differelates Sites
weremonitoredduringsummerbase flow conditions to maximezany impacts frorhigh
temperatures anautrients orDO concentrations

Thisreport summarizes the results froinese two components ofthe@ nt y6s 200 8
sampling program. No biological sampling was performed by Clermont County in 2008.



Pepper Ridg Survey

Subcomponent One Original Sampling (Dry and Wet Weather)
Sampling Design

As mentioned in the introduction, 2007 sampling revealed high levels of bacterial and
nutrient pollution in Hall Run.The Pepper Ridge Subdivisidifocated west of Beechwood
Road)hasapproximately60 discharging home seage treatment systems (HSTiBat are
possible pollutant sourcescemany were installedh the 1970s In addition, here is a large
sanitary sewer line located adjacent to Falhwhich could be contributingollutant loadings
to the streandue toexfiltration duringrain events. Sampling in 2008 was aimed at determining
the major soure of pollutantsn Hall Run. OEQsampledhe Pepper Ridge Tributary
(PRTRIB), which enters &ll Run at river mile 1.4and Hall Rurupstrean(HALL1.5) and
downstreanfHALL1.4) oft he t r i b u(Figurey dable In Samplés were taken in
these thredocatiors duringtwo wet weatherandthreedry weatherevents. Dry events were
characterized as having no more than 0.1 inch of rain within the last 72 hours and wet events
were characterized as having greater than 0.1 inches of rain, on a day that had no rainfall within
the previous 72 hours (Table Buring the wetveather evetron August &', two sampling
events were conducted. One series of samples wiastedl during the rising limb @ahe Hall
Run hydrograph, and the second series of samnm@s<ollected during the peaktbe Hall Run
hydrograph (Figure 2)Parameter measurements from these two sampling events were averaged
when reporting mean wet weather valaesl conducting statistical analyses late summer
drought prevented sample collection for the third wet weather event proposed in the sampling
plan.
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Figure 1 Map of sampling sites for the Pepper Ridge Survey.
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Figure 2 Rainfall and stream level during the Pepper Ridge Wet Weather Sampling
events. Data is from the Hall Run monitoring station at river mile @etical lines denotéhe
time of sample collectian



Table 1 List of Pepper Ridge Survesubcomponet One (Wet and Dry Weather)
sample IDs and locatisn

Location Sample ID
Hall Run, u/s Confluence of Tributary HALL1.5
Hall Run, d/s Confluence of Tributary HALL1.4
Pepper Ridge Tributary, just u/s Confluence PRTRIB

Table 2 Sample dates and weather categories along with total precipitation at Hall Run river
mile 0.2 within 72 hours prior to the sampling event.
Sample Date Sample Time Sample CategoryPrecipitation (in)

7/17/2008  10:08 AM Dry 0.00
7/22/2008 8:33 AM Wet 0.47
7/25/2008 9:50 AM Dry 0.00
8/5/2008 10:58 AM Wet 0.80
8/5/2008 1:28 PM Wet 0.80
8/14/2008 9:33 AM Dry 0.02

et weather event with two sampling events

Results

During dry weathenone of the sampling locations haittogenconcentrationsabovethe
Ohio EPA recommended critenalueof 1.0 mg/l for wadeable streams designated as warm
water habita(WWH; Association Between Nutrients, Habitat, and Aggiatic Biota in Ohio
Rivers and Stream®hio EPA Technical Bulletin MAS/199%-1; Table 3) However, during
wet weatherboth HALL1.4 and PRTRIB haditrogenconcentrationgxceeding the
recommended limit of 1.0 mg/l andmrcentréions in PRTRIB and HAL1.4 weresignificantly
higher than in HAL1.5 (Table,Figure 3. This indicateshat Pepper Ridge Tributary is a
significant source of tiogen for Hall Run, asitrogenconcentrations increas@bove the
recommended limit of 1.0 mgdlownstream of itsanfluence withPepper Ridge Tributary.

Ortho-phosphate levels werggher in PRTRIB than in the Hall Run sites, and
concentrations increagén Hall Run downstream of the confluence with Pepper Ridge Tributary
(Table 3). There is no Ohio EPA proposedstream criteria value for orthghosphate, buin
all wet weather events and two out of three dry weather exmths;phosphateoncentrations
in PRTRIBwereabove thdotal phosphorusriteria valueof 0.10 mg/I(0.170.28 mg/I;0.09-

0.11 mg/l; Tabled). Pepper Ridge Tributary had the highest concentrations of total phosphorus
as well. During dry weathemtal phosphorugoncentrations only exceedthe Ohio EPA

proposed criteri@alueof 0.10 mg/l inthe Pepper Ridge Tributafyable 3) Though tdal
phosphorus levelgeresignificantly higher in HALL1.4 than in HALL1.5otal phosphorus
concentrationsit both Hall Run sitegerestill lower than 0.10 mgknd ranged between 0.05
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and 0.06 mg/(Table 3,Figure 3. During wet weatheevents PRTRIBandHALL1.4 both had
phosphorugoncentrations significantly higher than HALL1Bdure 3. During storm gents,
Pepper Ridge tributary wasntributing enough phosphorus to Hall Rurstbbstantiallyincrease
the concentration dbtal phosphoruslownsteam of the confluence. However, despite the
significantphosphorugontributions of Pepper Ridge TributaryHall Run, it should be noted
thatconcentratioaof phosphous upstream of the confluenaerealready abovete proposed
value of 0.10 mg/l par to merging with the tributary.

There is bacterial contamitian in Hall Run both from HSTSin the Pepper Ridge
subdivision and from unknown sourdesHall Runupstream of PRTRIB. During dry weather,
all three sampling locations h&dcoli concentrations below the Ohio EPA standards for waters
designated as Primary Cawt Recreational Use (126 c.f/@00ml; Table 4). During rain events
however, all three locations greatly exceeded these standardg, with concentrations in the
thouands. Itis likely that failing HSTSs in the Pepper Ridge Subdivision are contributing
disproportional amounts of bacterial pollution to Hall Run since Pepper Ridge Tributary had the
highest concentrations &f coliamong the three sampling sites. Howevkeese concentrations
were not significantly higher than those found in Hall Riigre 3. Concentrations in Hall
Run also increased downstream of the Pepper Ridge tributary. Yet high concentrations during
wet weather events both upstream and dowastref Pepper Ridge Tributary indicate that
bacterial pollution cannot be pinned solelydischargingHSTS in the Pepper Ridge
Subdivision. Othepotentialsources of bacterial pollution in Hall Run upstream of Pepper
Ridge Tributary include nepoint souice pollutants, a result of remff from suburban areas or
farms, orexfiltration from the sewer system

During dry weather, carbonaceous biochemical oxygen demand was higher in PRTRIB
However thisdifference was not significarindtherefore measurbde increases in oxygen
demand were ndoundin HALL1.4 (Table 5 Figure 3. Wet weathelCBODs was lower in
Pepper Ridge Tributary than in both Hall Reampling locationsKigure 3. Total suspended
solids were lower in Hall Run than in Pepper Ridgiutary during dry weather, but were
higher in Hall Run than in Pepper Ridge Tributary during wet weather (Tallh®).EPA has
not published proposed criteria values for CB@DTSS.



Table 3 Meansand ranges of nutrient concentrations
(reported in mg/l) for all sample locations during wet and dry sampling events.

Concentrations reported in red text indicate
criteria for nutrientsn Warm Water Habits. There ar@o recommended criteria for ortho
phosphate.

Nitrite - Ortho- Total
Nitrate Phosphorus Phosphorus
HALL1.5
Dry mean 0.24 0.02 0.05
range 0.04-0.60 0.02-0.03 0.05-0.06
Wet mean 0.71 0.05 0.24
range 0.51-0.92 0.02-0.10 0.069.58
PRTRIB
Dry mean 0.29 0.10 0.13
range 0.10-0.68 0.09-0.11 0.13-0.14
Wet mean 1.88 0.22 0.44
range 1.62-2.07 0.17-0.28 0.26-0.56
HALL1.4
D mean 0.23 0.03 0.06
Y range 0.05-0.58  0.02-0.03  0.05-0.06
Wet mean 1.62 0.10 0.34
range 1.40-2.02 0.09-0.11 0.21-0.56

Table 4 E.coliconcentrationseported in colony forming units (c.f)yfLl00 ml. Not Applicable

(N/A) was reported for values where the mean could not be accurately determined due to some

samples being above the maximum detection limit. Concentrations reported in red text indicate
concentrations ab ondérEtcdiam Prinary ContacPRedeatiosat a n d a

Waters.
DRY WET
geo. mean range geo. mean range
HALL1.5 79 38-120 N/A 1200->800C
PRTRIB 23 8-38 N/A 6800->800C
HALL1.4 81 62-100 N/A 4100->800C




Table 5 Means and ranges ofBay Carbonaceous Biochemical Oxygen demand (Cg@bd
Total Suspended Solids (TSB) all sample locations during wet and dry sampling eventth B
parametes arereported in mg/l.Not Applicable (N/A) was reported for values where the mean
could not be accurately determined due to some samples being above the maximum detection
limit (2.0 mg/l CBODQ and 1.0 mg/l TSS). There are no Ohio EPA criteria for TISSROD:.

CBODg TSS
HALL1.5
mean N/A N/A
Dry
range <2.0-2.5 <1.0-2.5
mean 3.2 713
Wet
range 2.7-1.4 2.8-201.0
PRTRIB
mean N/A N/A
Dry
range <2.0-5.5 <1.0-9.7
mean 2.8 69.5
Wet
range 2.7-2.9 14.2-124.0
HALL1.4
mean N/A N/A
Dry
range <2.0-2.5 <1.0-2.1
mean 3.1 80.0
Wet
range 2.7-3.9 15.8-149.0

Conclusions

During wet weather,igh levels of nutrients leaving Pepper Ridge Tributary appeared to
elevate nutrient levels in Hall Run above the Ohio EPA recommended standards for obtaining
WWH designation. Bcteria levels in Pepper Riddeibutary were also very highContrary to
what OEQ had predictednpacts from PRTRIB were strongest during wet weather evéas
pollutant concentrations during dry weather were probably obseeaalise Pepper Ridge
Tributary becomes intermitteduring the summer arttierefore has limited connection to Hall
Run duing dry weathermeaningmany of theHSTScontaminantsre possiblypeing contained
in theupperreaches of the stream until a large rain event o@asvashes the contaminants
downsteam To further investigate sources of pollutants in Pepper Ridge Tributary, OEQ
designed an additional sampling event discussed in the following section of this report.

Although Pepper Ridge Tributary typically had the highest concentrations of ptdluta
bacteria and total phosphate concentrations were above Ohio EPA standards in Hall Run above
and below the confluence with Pepper Ridge Tributary during wet weather as well. This
indicates that during wet weath&epper Ridge Tributary is a sourcepoflutantloads to Hall
Run, but other sources upstream of the tributary, such as sanitary sewer exfiltratiorpminion
sourceollutants are contributing to Hall Run pollution as well.



Nitrite-Nitrate Total Phosphorus

~ 2.00 - 0.50 - i
) Ay -
2150 - . 040 "
2 € 0.30 - L
£ 1.00 - mDRY g 0.90 . ®DRY
= pay V.=U - \
Z. mWET o L ®WET
4 20T a BId - b
£ 0 0.00 - ‘ ‘ ‘
2 HALLI 4 HALLL.S PRTRIB HALLI1.4 HALL1.5 PRTRIB
E.coli CBOD,

e
g 44 a a =
= 4 a o 3
% ﬁ a a EmDRY = 2.0 mDRY
< T a 7 Q r
S » = WET 2 10 mWET
& &
o e - — 0.0

HAIILl1.4 HAILL1.5 PRTRIB HAIILl1.4 HALL1.5 PRTRIB

Figure 3 Comparison of selected parameters between sites on dry and wet weather sampling events. Different letters above bars
indicate significarly different concentrations froie other site§¢ ANOV A, T u.kStatistical artalgsestwgre conducted
separately for wet and dry wbar events. DE 8 for dry weather evés and 5 for wet weather events



Subcomponent Two- Extended Sampling Ory Weather in Pepper Ridge Tributary)
Sampling Design

Theoriginal sampling plardiscussed in the previous sectwas adapted to include one
additional dry weather sampling event. This sampling event was conducted in order to
deternine whether pollutants from HSTSs were being contained in the upper reaches of Pepper
Ridge Tributary during dry weatheGamples were collected at three additional locations in
Pepper Ridge Tributary upstream of the PRTRIB dangpocation (Figure 1; Tiale 6. Since
Pepper Ridge Tributary is reduced to interstitial flow or isolated pools during dry weather, OEQ
sampled sites further upstream (closer to the discharging HSTSs in Pepper Ridge Subdivision) to
ensure that samples taken from the PRTRIB sangpdication during dry weather events were
indeed capturing any pollution from HSTSs. The PRTRIBRR site was located immediately
downstream of the Pepper Ridge Subdivision and drained more of the HSTSs than the
PRTRIBRL site drainedThe PRTRIBO.5 site walocated on the main stem of Pepper Ridge
Tributary and drained all of the Pepper Ridge Subdivision plus some HSTSs servicing properties
east of Beechwood Road.

Table 6 List of Pepper Ridge Survey Subcomponent Two (Pepper Ridge Dry Weather)
sample IDs and locations. Samples were collected around 10:11 A.M. on October 13, 2008 with
0.00 inches of precipitatioturingthe previous 7zhours.

Location Sample ID
Hall Run, u/s Confluence of Tributary HALL1.5
Hall Run, d/s Confluence of Tributary HALL1.4
Pepper Ridge Tributary, just u/s Confluence PRTRIB
Pepper Ridge Tributary, 0.5 RM u/s Confluence PRTRIBO0.5

River Right Tributary to Pepper Ridge Tributary, d/s of Beechwood Rd. PRTRIBRR
River Left Tributary to Pepper Ridge Tributary, d/s of Beechwood Rd. PRTRIBRL

Results

During dry weather, nuents in Pepper Ridge Tributary were concentrated in the upper
reaches of the stream due to the lack of flow carrying the pollutants downstream. Total
phosphate and orthehosphate concentrations wenaigar in PRTRIBRR and PRTRIBRL and
were well abovehe Ohio EPA WWH total phosphaseandardf 0.1 mg/l (Figure 4).The
concentration of total phosphat&s lowerin sample locationgurther downstrearfrom the
HSTSs in the Pepper Ridge Subdivision because phosphate particles adsorb to the soil particles
and are typically transported best during high flows.

All sampling locations had nitritaitrate concentrations below the Ohio EPA standard for
WWH nitrite-nitrate concentration of 1.0 mg/Interestingly, nitritenitrate was highest at



PRTRIBO.5 Since nitrates are more mobile than phosphates and can reach streams through
groundwater connect i ondugingdryweaherpaoseswt ofkdmench hi s h
point source of nitrogen in the watershddowever,OEQ is unsure of the accuracy of thesult

and would need to collect duplicate samples to verifyfihdsng.

Thethreeupstream locations Pepper Ridge Tributamsxhibited ligher concentrations
of bacteriathan PRTRIB(Figures 9. Since bacteria often adsorbs to soil particles, was
probably due to the lack of stream flow carrying pollutants fdisnhargingHSTSs downstream
to PRTRIB during dry weathetdALL1.4, HALL1.5, and PRTRIB were onlslightly above the
Ohio EPA standards for waters designated as PrimaryaCoRecreational Use (126 c.f.u
/100ml; Figure 5) whereas PRTRIB1.5, PRTRIBRR, and PRTRIBRL alEhedli
concentrations much higher than 126 c.f.u./100ntese results suggest that HSTSs are a major
source of bacterial contamination during dry weatet likely contribute high bacterial loads to
Hall Run when flow resumes in the tributary

PRTRIBRR, the tributary to Pepper Ridge Tributary with the tsgdensity of HSTSs,
had higher CBOBthan PRTRIBRL and PRTRIB (Figures 6). All of the sites in Pepper Ridge
Tributary had lower CBOBthan HALL1.4 and HALL1.5 (Figure 6). OEQ was unable to
determine the sources of elevated CB@DHall Run during thistsidy.
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Figure 4 Chemical parameters collected from the single dry weather sampling event of
additional locations in Pepper Ridge Tributary, along with standard sample sites.
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Figure 5 E.coliconcentrations collected from the single dry weather sampling event of
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Figure 6 Five-Day Carbonaceous Biochemical Oxygen Demand collected from the
single dry weathesampling event of additional locations in Pepper Ridge Tributary, along with
standard sample sites.

Conclusions
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Overall, pollutant concentrations in Hall Run were low during dry weather, indicating
thatdry weathersewer exfiltration is nodbccurring ora large scale On the contrary, pollutant
concentrations at sites in the Pepper Ridge Tributary near the HSTSs are high and generally
above Ohio EPA standards. Although these pollutants are trapped in isolated pools in the upper
reaches of Pepper Riddeibutary during dry weatherhésepollutantsareflushed out during
rain eventsand contribute to the very high pollutant concentrations found in PRaRiB
HALL1.4 during wet weather even(Bigure 3 & Tables®). These results sugges
originalsampling desiggSubcomponent One&yas unlikely to fully capture a large part of the
pollution coming from failing HSTSduring dry weather; ahfurther implicate Pepper Ridge
HSTSs as a greaburce of pollutiorio Hall Run Further sampling could dirdgttarget the
outfall of the discharging HSTSs in Pepper Ridge Subdivision.

Diurnal DO Profiles

Sampling Design

In 2008, Clermont County monitored dissolved oxygen concentrations in the East Fork of
the Little Miami River(EFLMR) upstreamanddownstream othe outfals offour wastewater
treatment plant8atavia(BAT), Middle East ForMEF), Lower East ForKLEF) and Milford
(MIL) , which discharge into the EFLMRIThe same location was used the upstream site at
the Middle East Fork WWTP drthe downstream site at the Batavia WW®&Rd was therefore
monitored twice Similar monitoringoccurred in2007;howeveran additionamonitoringsite
wasadded in 2008 @he Milford WWTP. Also the acquisition of two new muparameter data
sondes @awedsimultaneous DO monitoring above and below the effluergrovingthe level
of controlin the 2008 samplindesign

This sampling designh waseated to determiné BOD andnutrient loads from treated
sewage are having an impact on dissolvedyergoncentrationsn theEFLMR. DO levels
naturally swingfrom high levels during the dag lower levels at night. This is due to aquatic
algae photosynthesizing (producing oxygen) during the day and respiring (consuming oxygen) at
night. However, higmutrient loading promotes excessive algal growth, which can lead to greater
swings in DO levels and allow nighttime levels to dip dangerouslyfdowthe aquatic biota
Also, effluent from WWTPs can contribute organic materials that increaggen demaah
during biodegradatianDiurnalDO monitoring above and below wastewater treatment plants
should identify any impact from WWTP effluent on @Oncentrations.

Results

Average DO concentrations at each site wer
standardgor DO, which requires a minimum 24 hour average concentration of 6.0 mg/l in
Exceptional Warm Water Habitats (EWH; Tafdle DO concentrationslid exhibit greater
swingsdownstream of WWTPs. However this difference is not great, with all skogam sites
having diurnal DO swings no more than 0.50 mg/l higher than their upstream counterparts (Table
7).
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DO levels downstream of WWTP outfalleerelower thanDO concentrationgpstream
of the WWTP outfallg{Table7). Individual DO profiles bowedthat dissolved oxygen levels
dip below 6 mg/I for a few hours over night both upstream and downstream of the outfall at the
the MEF WWTP, and downstream of the outfall at the LEF WWHigufe 7. The other two
WWTPO6s have mini munbove 60 mgd, withéeha miminaum icamaestratian
being 6.75 mg/l downstream of bdBhat av i a 6 s 0 & n d{ritdied)lf Gbserded
differences in minimum DO concentratiobstween upstream and downstream |lacegtare
likely not biologically significah since allminimumconcentrations areell above5.0 mg/l,the
Ohi o EPAOGSs standarddor pajnusanhpieg iy EWIStreams

Table 7 Summary oDO monitoring conductedpstream andownstream of WWTRutfalls
discharging tahe East Fork of theittle Miami River.

Diel Variation (mg/l) Minimum DO (mg/l) Average DO (mg/l)
WWTP  upstream downstream upstream downstream  upstream downstrean
BAT 2.47 2.75* 7.24 6.76* 8.41 7.96*
MEF 2.63* 3.04 5.97* 5.42 7.04* 6.82
LEF 1.96 2.37 6.09 5.77 6.97 6.87
MIL 1.66 1.80 7.40 6.75 8.17 7.56

*same sampling location
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Figure 7 Dissolved Oxygen (DO) diurnal profiles upstream and downstredaheddffluent outfall fromA.) Batavia WWTP, B.)
Middle East Fork WWTP, C.) Lower East Fork WWTP, and D.) Milford WWWatertemperaturand DOranges are reported for
each profile.
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