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1.0 INTRODUCTION 

 

Civil & Environmental Consultants, Inc. (CEC) conducted bacterial sampling as part of the City 

of Maryville’s Municipal Separate Storm Sewer System (MS4) Phase II NPDES permit – 

TNS075116 (Permit), issued by the Tennessee Department of Environment and Conservation 

(TDEC). According to the permit, the City is required to perform bacterial sampling in streams 

identified by TDEC as waters with unavailable parameters for pathogens within a five-year permit 

cycle. Two biomonitoring sites were selected for Escherichia coli (E. coli) bacterial sampling and 

water quality measurements (pH, temperature, conductivity, turbidity and dissolved oxygen). The 

two stream sampling locations are identified as: Brown Creek (BROWN000.4BT) and Pistol Creek 

(PISTO009.4BT). A map identifying the sampling locations can be found on Figure 1. All stream 

sampling locations are in the Watts Bar Lake/Fort Loudon watershed (HUC 8 – 06010201) and 

the Level III Ecoregion 67f (Southern Limestone/Dolomite Valleys and Low Rolling Hills). 

 

2.0 METHODS 

2.1 FIELD 

Five water samples were collected at each sampling site, on Brown Creek and Pistol Creek, 

between the dates of June 21, 2022 and July 12, 2022 in accordance with TDEC Standard 

Operating Procedure for Chemical and Bacteriological Sampling of Surface Water (2018). At 

each sampling site, a 100-mL sample was collected from the thalweg of the stream in a sterile 

sampling bottle preserved with sodium thiosulfate (Na2S2O3). Appendix A contains photos of 

upstream and downstream views of each site.  

 

In-situ water quality measurements were taken for dissolved oxygen, pH, conductivity, and 

temperature using a YSI ProPlus portable water quality meter. Measurements were taken in the 

same location as the sample collection. Water velocity and depth at each specific sampling site 

were measured using a Hach FH950 flow meter. All meters were calibrated prior to field use. Field 

and lab data is summarized in Tables 1 and 2 below. Additionally, chain-of-custody forms are 

included in Appendix C. 
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2.2 LABORATORY AND DATA ANALYSIS 

All bacterial samples were transported to Microbac Laboratories, Inc. in Maryville, Tennessee 

within two hours of collecting each sample. The samples were processed according to laboratory 

standards as stated in the TDEC Standard Operating Procedure for Chemical and Bacteriological 

Sampling of Surface Water (2018). Results for each sample include a concentration of Escherichia 

coli in units of most probable number (MPN) per 100 mL, which is equivalent to colony forming 

units (CFU). The sample chain of custody forms can be found in Appendix C and the pathogen 

laboratory data can be found in Appendix B.   

 

Each sample was analyzed for Escherichia coli using EPA method SM 9223 B (Colilert Quanti-

Tray)-2004 by Microbac Laboratories.  

 

3.0 RESULTS 

 

Measurements of in-situ water quality parameters, water discharge, and E. coli concentrations for 

each sampling event are presented in Tables 1 and 2 below. 

 

Table 1. In-situ Water Quality Measurements and E. coli Findings for Brown Creek 

(BROWN000.4BT)  

Maryville, Tennessee 

Date Time 

Average 

Flow 

(cfs) 

pH (su) 
Conductivity 

(μS/cm) 

Temp 

(˚C) 

D.O. 

(mg/L) 

Turbidity 

(NTU) 

E. coli 

(MPN per 

100 mL) 

6/21/22 14:25 2.03 8.49 402.7 20.8 9.67 6.22 148.3 

6/23/22 9:40 2.19 8.34 421.4 21.2 8.95 7.12 290.9 

6/24/22 9:50 1.47 8.36 409.5 20.2 9.27 8.02 435.2 

7/5/22 12:45 2.92 8.25 421.3 22.3 9.24 9.6 648.8 

7/12/22 9:30 8.05 8.47 407.7 21.8 9.35 15.1 547.5 

Geometric Mean E. coli Concentration Over 30-Consecutive Days 367.1 
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Table 2. In-situ Water Quality Measurements and E. coli Findings for Pistol Creek (PISTO009.4BT)  

Maryville, Tennessee 

Date Time 

Average 

Flow 

(cfs) 

pH (su) 
Conductivity 

(μS/cm) 

Temp 

(˚C) 

D.O. 

(mg/L) 

Turbidity 

(NTU) 

E. coli 

(MPN per 

100 mL) 

6/21/22 15:15 5.36 8.61 385.4 20.4 10.02 9.71 230.0 

6/23/22 8:45 6.72 8.33 377.8 19.2 9.54 8.13 456.9 

6/24/22 9:00 5.22 8.36 373.3 18.7 9.97 7.31 547.5 

7/5/22 14:00 5.97 8.44 390.1 21.3 9.79 23.5 1046.2 

7/12/22 10:15 17.04 8.55 347.4 18.7 10.22 19.9 410.6 

Geometric Mean E. coli Concentration Over 30-Consecutive Days 477.1 

 

In-situ water quality measurements were taken to understand the water quality at each of the 

bacteriological sampling locations. The pH values at the Brown Creek location ranged from 8.25 

to 8.49, while pH values at the Pistol Creek location ranged from 8.33 to 8.61.  Conductivity is a 

measurement of waters ability to pass an electric current and indicates the physical presence of 

dissolved inorganic solids (ie. chloride, phosphate, nitrate, etc.) in the water. Readings in Brown 

Creek ranged from 402.7 to 421.4 μS/cm. Pistol Creek’s conductivity measurements were lower 

than that of Brown Creek, ranging from 347.4 to 390.1 μS/cm. Dissolved oxygen refers to the level 

of free oxygen in the stream. Aquatic organisms are dependent on sufficient dissolved oxygen 

levels to survive. Dissolved oxygen ranged from 8.95 to 9.67 mg/L in Brown Creek and 9.54 to 

10.22 mg/L in Pistol Creek. Turbidity measures clarity of water and is an indication of the amount 

of light scattering material (particulates) in the water. Turbidity at Brown Creek ranged from 6.22 

to 15.1 NTU and 7.31 to 23.5 NTU at Pistol Creek.  

 

E. coli concentrations at the Brown Creek sampling location ranged from 148.3 MPN on June 21st 

to 648.8 MPN on July 5th. At the Pistol Creek sampling location concentrations ranged from 230 

MPN on June 21st to 1046.2 MPN on July 5th. Concentrations of E. coli were highest at both 

locations on the July 5th sampling date. These samples were taken 2 days after a rainfall event of 

0.46 inches (NOAA, McGhee Tyson), although discharge had returned to baseflow levels. 
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A historical comparison of E.coli concentrations at the same sampling locations is provided in 

Tables 3 and 4 below. 

 

 

According to the city’s TMDL plan, the geometric mean E. coli concentration in a 30-day sampling 

period should not exceed 126 CFU per 100mL. Both the Pistol Creek and Brown Creek sampling 

locations had a higher 30-day geometric mean concentration of E. coli than the set limit (477 MPN 

and 367 MPN, respectively). Additionally, the TMDL plan states that for bodies of water other 

than “a lake, reservoir, State Scenic River, or a Tier II or III stream” individual samples should not 

exceed E. coli concentrations of 941 CFU per 100mL. Brown Creek had no samples exceeding 

Table 3. Historical Comparison of E. coli Concentrations for Brown Creek (BROWN000.4BT)  

Maryville, Tennessee 

Year 

Geometric Mean E. coli 

Concentration Over 30-

Consecutive Days (MPN per 

100 mL) 

Number of Individual 

Samples Exceeding Limit of 

941 CFU 

Concentrations of Individual 

Samples Exceeding 941 CFU 

2022 367 0 N/A 

2017 255 0 N/A 

2012 676 1 >2420 

Table 4. Historical Comparison of E. coli Concentrations for Pistol Creek (PISTO009.4BT)  

Maryville, Tennessee 

Year 

Geometric Mean E. coli 

Concentration Over 30-

Consecutive Days (MPN per 

100 mL) 

Number of Individual 

Samples Exceeding Limit of 

941 CFU 

Concentrations of Individual 

Samples Exceeding 941 CFU 

2022 477 1 1046 

2017 295 0 N/A 

2012 392 1 1100 

2008 283 1 2100 
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this limit, but Pistol Creek had one sample, taken on July 5, 2022, exceeding this limit at 1046 

CFU. The resulting geometric mean E. coli concentration over 30 days for both the Brown Creek 

and Pistol Creek sampling locations showed an increase in E. coli concentration from the last 

sampling events in 2017 (Table 3 and 4).  
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FIGURE 1 – PATHOGEN SAMPLING LOCATION MAP 
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APPENDIX A – PHOTO SUMMARY 

 

  



Maryville Pathogen Monitoring Report – Location Photos 
City of Maryville MS4, CEC Project Number: 314-405 

 

 

 

Photo 1: Brown Creek sampling location looking downstream at flow transect 

 

Photo 2: Brown Creek sampling location looking upstream 

  



Maryville Pathogen Monitoring Report – Location Photos 
City of Maryville MS4, CEC Project Number: 314-405 

 

 

 

Photo 3: Pistol Creek sampling location looking downstream 

 

Photo 4: Pistol Creek sampling location looking upstream 

 



 

   

   

 

APPENDIX B – LABORATORY DATA 

 

  



Knoxville, TN 37920

Project / PO Number: N/A

Received: 

Civil & Environmental Consultants, Inc.

2704 Cherokee Farm WAY STE 101

Daniel Spradlin

Reported: 

Microbac Laboratories, Inc., Maryville

Project Name: 314-405

R2F1166

06/21/2022

06/23/2022

CERTIFICATE OF ANALYSIS

Analytical Testing Parameters

R2F1166-01

Client Sample ID:

Lab Sample ID: Collection Date:

166-01[TOC]

06/21/2022  14:25

Brown 000.4BT

Sample Matrix: Surface Water

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 06/22/22  1456148.3 06/21/22  1738Escherichia coli AMG 1

R2F1166-02

Client Sample ID:

Lab Sample ID: Collection Date:

166-02[TOC]

06/21/2022  15:15

Pisto0009.4BT

Sample Matrix: Surface Water

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 06/22/22  1456230 06/21/22  1738Escherichia coli AMG 1

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

MDL: Minimum Detection Limit

MPN/100mL Most Probable Number per 100 Milliliters

RL: Reporting Limit

Project Requested Certification(s)

Microbac Laboratories, Inc., Maryville

TN Dept. of Environment and ConservationTN02017

Report Comments
Reviewed and Approved By:

Paige Drouillard

Quality Assurance Specialist

Reported:  06/23/2022 10:11

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents only the 

sample(s) analyzed.  This report is incomplete unless all pages indicated in the footnote are 

present and an authorized signature is included. The services were provided under and 

subject to Microbac's standard terms and conditions which can be located and 

reviewed at <https://www.microbac.com/standard-terms-conditions>.

Microbac Laboratories, Inc.

505 East Broadway Avenue | Maryville, TN 37804-5744 | 865-977-1200 p | www.microbac.com Page 1 of 2



Knoxville, TN 37920

Project / PO Number: N/A

Received: 

Civil & Environmental Consultants, Inc.

2704 Cherokee Farm WAY STE 101

Daniel Spradlin

Reported: 

Microbac Laboratories, Inc., Maryville

Project Name: 314-405

R2F1270

06/23/2022

06/24/2022

CERTIFICATE OF ANALYSIS

Analytical Testing Parameters

R2F1270-01

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - R2F1270-01[TOC]

06/23/2022   8:45

PISTO009.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 06/24/22  1047456.9 06/23/22  1043Escherichia coli EXC 1

R2F1270-02

Client Sample ID:

Lab Sample ID: Collection Date:

OC_1]Results - R2F1270-02[TOC]

06/23/2022   9:40

BROWN000.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 06/24/22  1047290.9 06/23/22  1043Escherichia coli EXC 1

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

MDL: Minimum Detection Limit

MPN/100mL Most Probable Number per 100 Milliliters

RL: Reporting Limit

Project Requested Certification(s)

Microbac Laboratories, Inc., Maryville

TN Dept. of Environment and ConservationTN02017

Report Comments
Reviewed and Approved By:

Paige Drouillard

Quality Assurance Specialist

Reported:  06/24/2022 16:16

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents only the 

sample(s) analyzed.  This report is incomplete unless all pages indicated in the footnote are 

present and an authorized signature is included. The services were provided under and 

subject to Microbac's standard terms and conditions which can be located and 

reviewed at <https://www.microbac.com/standard-terms-conditions>.

Microbac Laboratories, Inc.

505 East Broadway Avenue | Maryville, TN 37804-5744 | 865-977-1200 p | www.microbac.com Page 1 of 2



Knoxville, TN 37920

Project / PO Number: N/A

Received: 

Civil & Environmental Consultants, Inc.

2704 Cherokee Farm WAY STE 101

Daniel Spradlin

Reported: 

Microbac Laboratories, Inc., Maryville

Project Name: 314-405

R2F1333

06/24/2022

06/27/2022

CERTIFICATE OF ANALYSIS

Analytical Testing Parameters

R2F1333-01

Client Sample ID:

Lab Sample ID: Collection Date:

Collected By: Claudia Bible

OC_1]Results - R2F1333-01[TOC]

06/24/2022   9:00

PISTO009.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 06/25/22  1516547.5 06/24/22  1426Escherichia coli AFS 1

R2F1333-02

Client Sample ID:

Lab Sample ID: Collection Date:

Collected By: Claudia Bible

OC_1]Results - R2F1333-02[TOC]

06/24/2022   9:50

BROWN000.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 06/25/22  1516435.2 06/24/22  1426Escherichia coli AFS 1

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

MDL: Minimum Detection Limit

MPN/100mL Most Probable Number per 100 Milliliters

RL: Reporting Limit

Project Requested Certification(s)

Microbac Laboratories, Inc., Maryville

TN Dept. of Environment and ConservationTN02017

Report Comments
Reviewed and Approved By:

Paige Drouillard

Quality Assurance Specialist

Reported:  06/27/2022 09:30

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents only the 

sample(s) analyzed.  This report is incomplete unless all pages indicated in the footnote are 

present and an authorized signature is included. The services were provided under and 

subject to Microbac's standard terms and conditions which can be located and 

reviewed at <https://www.microbac.com/standard-terms-conditions>.

Microbac Laboratories, Inc.

505 East Broadway Avenue | Maryville, TN 37804-5744 | 865-977-1200 p | www.microbac.com Page 1 of 2



Knoxville, TN 37920

Project / PO Number: 314-405

Received: 

Civil & Environmental Consultants, Inc.

2704 Cherokee Farm WAY STE 101

Daniel Spradlin

Reported: 

Revised Report: Amended - See 

Case Narrative.

Microbac Laboratories, Inc., Maryville

Project Name: 314-405

R2G0229

07/05/2022

07/06/2022

CERTIFICATE OF ANALYSIS

Case Narrative [TOC_1]Case Narrative[TOC]

Amended to correct the project name and PO number - PDD 7/6/2022

Analytical Testing Parameters

R2G0229-01

Client Sample ID:

Lab Sample ID: Collection Date:

Collected By: Daniel Spradlin

OC_1]Results - R2G0229-01[TOC]

07/05/2022  14:00

PISTO009.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 07/06/22  11151046.2 07/05/22  1520Escherichia coli EXC 1

R2G0229-02

Client Sample ID:

Lab Sample ID: Collection Date:

Collected By: Daniel Spradlin

OC_1]Results - R2G0229-02[TOC]

07/05/2022  12:45

BROWN000.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 07/06/22  1115648.8 07/05/22  1520Escherichia coli EXC 1

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

MDL: Minimum Detection Limit

MPN/100mL Most Probable Number per 100 Milliliters

RL: Reporting Limit

Project Requested Certification(s)

Microbac Laboratories, Inc., Maryville

TN Dept. of Environment and ConservationTN02017

Report Comments

07/06/2022 15:01

The data and information on this, and other accompanying documents, represents only the 

sample(s) analyzed.  This report is incomplete unless all pages indicated in the footnote are 

present and an authorized signature is included. The services were provided under and 

subject to Microbac's standard terms and conditions which can be located and 

reviewed at <https://www.microbac.com/standard-terms-conditions>.
Paige.Drouillard@microbac.com

Paige Drouillard

Quality Assurance Specialist

Reviewed and Approved By:

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

Microbac Laboratories, Inc.

505 East Broadway Avenue | Maryville, TN 37804-5744 | 865-977-1200 p | www.microbac.com Page 1 of 2



Knoxville, TN 37920

Project / PO Number: N/A

Received: 

Civil & Environmental Consultants, Inc.

2704 Cherokee Farm WAY STE 101

Daniel Spradlin

Reported: 

Microbac Laboratories, Inc., Maryville

Project Name: 314-405

R2G0558

07/12/2022

07/14/2022

CERTIFICATE OF ANALYSIS

Analytical Testing Parameters

R2G0558-01

Client Sample ID:

Lab Sample ID: Collection Date:

Collected By: Claudia Bible

OC_1]Results - R2G0558-01[TOC]

07/12/2022  10:15

PISTO009.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 07/13/22  1242410.6 07/12/22  1221Escherichia coli EXC 1

R2G0558-02

Client Sample ID:

Lab Sample ID: Collection Date:

Collected By: Claudia Bible

OC_1]Results - R2G0558-02[TOC]

07/12/2022   9:30

BROWN000.4BT

Sample Matrix: Aqueous

Microbiology Result RL PreparedUnits AnalyzedNote  AnalystDF

SM 9223 B (Colilert Quanti-Tray)-2004

MPN/100mL1 07/13/22  1242547.5 07/12/22  1221Escherichia coli EXC 1

[TOC_1]Analytical Sample Results[TOC]

Definitions [TOC_1]Notes and Definitions[TOC]

MDL: Minimum Detection Limit

MPN/100mL Most Probable Number per 100 Milliliters

RL: Reporting Limit

Project Requested Certification(s)

Microbac Laboratories, Inc., Maryville

TN Dept. of Environment and ConservationTN02017

Report Comments
Reviewed and Approved By:

Paige Drouillard

Quality Assurance Specialist

Reported:  07/14/2022 13:49

Samples were received in proper condition and the reported results conform to 

applicable accreditation standard unless otherwise noted.

The data and information on this, and other accompanying documents, represents only the 

sample(s) analyzed.  This report is incomplete unless all pages indicated in the footnote are 

present and an authorized signature is included. The services were provided under and 

subject to Microbac's standard terms and conditions which can be located and 

reviewed at <https://www.microbac.com/standard-terms-conditions>.

Microbac Laboratories, Inc.

505 East Broadway Avenue | Maryville, TN 37804-5744 | 865-977-1200 p | www.microbac.com Page 1 of 2



 

   

   

 

APPENDIX C – CHAIN-OF-CUSTODY FORMS 
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