Description of Sampling and Analysis of Antimicrobial Resistant Bacteria in Surface Water Samples Collected in the East Fork Watershed in Southwest Ohio
Overview
In July 2022 sampling and analysis of antimicrobial resistant bacteria in surface water locations within the East Fork Watershed in southwest Ohio was initiated at 35 locations. Sampling locations represented a mix of surface water types (i.e. mainstem, tributaries, lake, drinking water plant intake, etc.). Six of these locations (EFK, ELW, ELI, EAW, 506, and LBW) were upstream (reference site) and downstream (point source site) of wastewater treatment plants (WWTPs) located in the watershed.  Later additional samples included treated effluent (FEF and WEF) from two of the three WWTPs (the two largest WWTPs in the watershed). Most of the samples were collected every three weeks, while four sites upstream and downstream of the two larger WWTPs were collected weekly (EFK, ELW, ELI, and EAW). 
In all, from July 2022 through May 2023, five hundred and eighty (580) samples were collected from the East Fork watershed. Samples were analyzed for total Escherichia coli (E. coli), extended beta-lactamase producing E. coli (ESBL E. coli), total Enterococcus spp, vancomycin resistant Enterococcus (VRE), and Salmonella spp. Additional work not included in this data set included molecular analyses:  identifying antimicrobial resistance genes (ARGs) and genes related to antimicrobial resistance via qPCR, metagenomics, and whole genome sequencing of confirmed ESBL, VRE, and Salmonella spp. 
In addition to the surface water and effluent samples that were processed each week, 263 quality control samples were processed, including 53 field blanks and 210 positive and negative controls for processing E. coli, Enterococcus, and Salmonella. These quality control samples were collected and/or processed in the same manner as the surface water and effluent samples. 
Samples were typically collected on Mondays, except for lake samples that were collected approximately every three weeks on Tuesdays (unless otherwise noted). Samples were collected in  1 L sterilized bacteriological sample bottles with three liters collected at each sampling location. Samples were taken as close to the middle of the stream as safely possible and approaching the sampling location slowly from downstream or downwind. If samples were taken from a boat, the sample was taken as far away from the boat as safely possible and with the open end of the bottle pointed away from the boat. The sampling depth was 30 cm (12 inches) below the water surface. If the water is static, an artificial current was created by moving the container horizontally in the direction it is pointed and away from the sampler. The containers (opening down) were plunged down into the water to avoid introducing surface scum, vegetation, and substrates. Samples and field blank were held in coolers on ice after collection and being transported to the receiving laboratory. 
At each sampling location, a sonde was utilized to collect water quality parameters, including pH, temperature, specific conductivity, dissolved oxygen, turbidity, oxidation-reduction potential, chlorophyl, and blue-green algae. If sampling from a bridge, distance from the bridge to the water’s surface was measured and noted. Log sheets were filled out during each sampling day including information like sites sampled, time of sampling, sampling personnel, weather conditions, bridge height, etc. A chain of custody form was also filled out for the samples contained in each cooler. 
Once received by the processing laboratory, E. coli and ESBL E. coli were isolated and quantified following a modified version of EPA Method 1603 and Enterococcus and VRE were isolated and quantified following a modified version of EPA Method 1600. Briefly, E. coli and Enterococcus were quantified via membrane filtration using 3 dilutions (100 mL, 10 mL, 1 mL) of sample water with phosphate buffered saline filtered in duplicate through sterile 47-mm diameter membranes of 0.45-μm pore size and aseptically placed on modified mTEC agar and mEI, respectively. ESBL E. coli and VRE were enumerated from 400 mL of sample filtered in duplicate and placed on mTEC agar supplemented with 4 µg/mL cefotaxime and mEI agar supplemented with 16 µg/mL of vancomycin, respectively. For E. coli and ESBL E. coli, plates were inverted and dry incubated at 35±0.5℃ for 2±0.5 hours followed by incubation for 22–24 hours at 44.5±0.2℃ in a water bath. For Enterococcus and VRE, plates were inverted and dry incubated at 41±0.5℃ for 24±2 hours. E. coli, resistant E. coli, Enterococcus, and resistant Enterococcus were quantified in colony-forming units (CFU) 100 mL-1 by counting the number of red or magenta colonies for E. coli and resistant E. coli and colonies with blue halos for Enterococcus and resistant Enterococcus. 
Salmonella spp. were cultured from the surface waters using a modified version of Standard Method 9260B. The method involved suspending 0.5 g of perlite (amorphous alumina silicate) in approximately 1 L of water sample. After thoroughly mixing, the samples were filtered through autoclaved 47-mm glass fiber filters (3.0 μm). Filter cakes were aseptically transferred to Whirl-Pak bags containing 25 mL of buffered peptone water and incubated at 37℃ for 18–24 hours. BPW enrichment (1 mL) was then added to 9 mL of both Tetrathionate (TT) and Gram-Negative Hajna (GN) broth and incubated at 37°C for 48 and 24 hours, respectively. After respective incubation time periods, 100 μl of TT-enriched or GN-enriched samples were then added to 9.9 mL of Rappaport-Vassiliadis (RV) broth and incubated at 37℃ for 24 hours. GN/RV and TT/RV enrichments were then aseptically streaked onto separate plates of XLT4 and Brilliant Green Sulfa (BGS) agar and incubated at 37℃ for 24 hours. All presumptive Salmonella colonies (black raised centers with clear halos for XLT4 or red to pink-white colonies surrounded by a red zone for BGS) from every agar plate were re-streaked onto fresh XLT4 and BGS plates for isolation. Isolates were then grown up in brain heart infusion broth and saved away in 15% glycerol stocks at –80°C. 
Total phosphorus (TP), dissolved reactive phosphorus (DRP), total nitrogen (TN), ammonium, and nitrite-nitrate (nitrate) were analyzed using a flow injection autoanalyzer (QuickChem 8500) and standard colorimetric methods that were tuned to the instrumentation by the manufacturer. Briefly, ammonium, nitrate, and DRP were processed from grab samples using 0.45 mm polyvinylidene fluoride (PVDF) membrane filters followed by phenolate, cadmium reduction, and molybdenum blue for orthophosphate reactions, respectively. TP and TN were determined using the cadmium reduction and orthophosphate methods on unfiltered samples after an acid and alkaline persulfate digest, respectively.  
Quality control measures were performed during sampling events and laboratory analyses. During each sampling event, one field blank was taken at a randomly selected location by pouring molecular grade water (1 L sealed bottle) into a sample bottle. Field duplicates were collected every 10 sampling sites throughout the study. Field duplicates and blanks were processed and analyzed in the same manner as and concurrently with experimental samples. Positive and negative culture controls were run with each set of samples to ensure consistency in sample processing and absence of contamination.
Data from this study can be found in the following Excel files:
1. Sampling Site information
· EFLMR_AMR_sample_sites.xlsx
2. E. coli, ESBL E. coli, Enterococcus, and VRE 
· Watershed Study_E.coli_Entero_Final.xlsx – Raw data and sample collection information
· NARMS_EFLMR_masterdata_Final.xlsx – Processed data and metadata in a form to use for data analysis, modeling, etc. 
3. Salmonella 
· Salmonella_Data_Watershed_Study.xlsx
4. E. coli Isolate Metadata
· NARMS-EPA surface water_MASTER_WGS_Data_E.coli_NARMS.xlsx
5. Enterococcus Isolate Metadata
· NARMS-EPA surface water_MASTER_WGS_Data_Enterococcus_NARMS.xlsx
6. Salmonella Isolate Metadata
· NARMS-EPA surface water_MASTER_WGS_Data_Salmonella_NARMS.xlsx
7. Sonde – In situ Measurement
·  NARMS_EFLMR_Sonde_Master.xlsx
8. Nutrient Data 
· NARMS_EFLMR_NutrientData_SiteMetadata.xlsx

Point of Contact:  Alison Franklin, US EPA/ORD/CESER/WID/BCB
Disclaimer:  This research dataset has been reviewed in accordance with U.S. Environmental Protection Agency (U.S. EPA), Office of Research and Development, and approved for release. Mention of brand names or vendors does not constitute an endorsement of products or services by the U.S. EPA. 

Sampling periods included in this data release:  18 July 2022 through 22 May 2023
P04 Tributary to East Fork Little Miami River (78.45) @ Rapid Forge Road - Bridge Crossing
· Downstream of a hog farm
· Sampling Dates:  7/18/2022, 8/1/2022, 8/22/2022, 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
506 East Fork Little Miami River Upstream of Lynchburg WWTP - Bridge Crossing
· Lynchburg WWTP reference site
· LBW is paired downstream site
· Sampling Dates:  8/1/2022, 8/22/2022, 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
LBW EFLM mainstem. 
· Downstream of Lynchburg WWTP. 
· Site 506 is the paired reference
· Sampling Dates: 8/1/2022, 8/22/2022, 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
890 Tributary to Dodson Creek (RM 4.2) @ U.S. 50
· Sampling Dates: 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
S51 Dodson Creek @ 134 - Bridge Crossing
· Sampling Dates: 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
S50 West Fork of the East Fork Little Miami River @ St. Rt. 123 - Bridge Crossing
· Sampling Dates: 8/22/2022, 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
EFG East Fork Little Miami River Fork @ Morgan Rd. and Hwy 68 - Bridge Crossing
· Sampling Dates: 8/22/2022, 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
EFM East Fork Little Miami River near Marathon @ St. Rt. 286 - Bridge Crossing
· Sampling Dates:  9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
CWL Cornwell Farm Site @ Ingle Rd. and Marathon-Edenton Rd
· Sampling Dates:  8/15/2022, 9/6/2022, 9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
GRR Grassy Fork, South of Marathon @ Glancy Corner-Marathon Rd. - Bridge Crossing
· Sampling Dates:  8/15/2022, 9/6/2022, 9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
HWR Howard Run @ Burdsall Rd. - Bridge Crossing
· Sampling Dates: 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
FVM Five Mile Creek, Headwater Region at stream crossing just North of Rt. 68 and Rt. 286 Junction
· Sampling Dates: 8/22/2022, 9/12/2022, 10/3/2022, 10/24/2022, 11/21/2022, 12/5/2022, 1/23/2023, 2/13/2023, 3/6/2023, 3/27/2023, 4/17/2023, 5/8/2023
FVC Five Mile Creek @ Blue Sky Park Rd (Lower Crossing) - Bridge Crossing
· Sampling Dates: 8/15/2022, 9/6/2022, 9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
EFB East Fork Little Miami River (RM 44.2) at Blue Sky Park Rd. - Bridge Crossing
· Sampling Dates: 9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
ELI East Form Little Miami River @ Main St., Williamsburg, Oh. - Bridge Crossing
· Williamsburg WWTP point source (downstream)
· EAW is paired reference site
· Sampling Dates: 7/25/2022, 8/1/2022, 8/8/2022, 8/15/2022, 8/22/2022, 8/29/2022, 9/6/2022, 9/12/2022, 9/19/2022, 9/26/2022, 10/3/2022, 10/11/2022, 10/17/2022, 10/24/2022, 10/31/2022, 11/7/2022, 11/14/2022, 11/21/2022, 11/28/2022, 12/5/2022, 1/9/2023, 1/17/2023, 1/23/2023, 1/20/2023, 2/6/2023, 2/13/2023, 2/22/2023, 2/27/2023, 3/6/2023, 3/13/2023, 3/20/2023, 3/27/2023, 4/3/2023, 4/10/2023, 4/17/2023, 4/24/2023, 5/1/2023, 5/8/2023, 5/15/2023, 5/22/2023
EAW EFLM mainstem. 
· Reference site for Williamsburg WWTP
· ELI site is the paired downstream site
· Sampling Dates:  7/25/2022, 8/1/2022, 8/8/2022, 8/15/2022, 8/22/2022, 8/29/2022, 9/6/2022, 9/12/2022, 9/19/2022, 9/26/2022, 10/3/2022, 10/11/2022, 10/17/2022, 10/24/2022, 10/31/2022, 11/7/2022, 11/14/2022, 11/21/2022, 11/28/2022, 12/5/2022, 1/9/2023, 1/17/2023, 1/23/2023, 1/20/2023, 2/6/2023, 2/13/2023, 2/22/2023, 2/27/2023, 3/6/2023, 3/13/2023, 3/20/2023, 3/27/2023, 4/3/2023, 4/10/2023, 4/17/2023, 4/24/2023, 5/1/2023, 5/8/2023, 5/15/2023, 5/22/2023
CLC Cloverlick Creek Northeast of Bethel, Oh. @ St. Rt. 133
· Sampling Dates:  8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
SHA South Harsha Tributary @ Elk Lick Rd. crossing in East Fork Lake State Park
· Sampling Dates: 8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
EMB Harsha Lake (or East Fork Lake) Main Public Beach
· Sampled by wading from the beach
· Sampling Dates:  8/8/2022, 8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
TBS Twin Bridges Stream crossing in East Fork Lake State Park
· Sampling Dates: 8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
DWT Inside Bob McEwen Drinking Water Treatment Plant 
· Lake water prior to any treatment
· Sampling Dates: 8/8/2022, 8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
DAM East Fork Little Miami River at spillway of Harsha Lake Dam
· Main outflow from Harsha Lake (or East Fork Lake)
· Sampling Dates: 8/8/2022, 8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
SLT South Lucy Tributary Headwater off of Apple Rd.
· Sampling Dates:  9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
LRC Lucy Run, South of Batavia, OH
· Sampling Dates: 8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
NWT Tributary to Stonelick Creek (RM 10.61) @ Cedarville Rd. - Bridge Crossing
· Sampling Dates: 8/15/2022, 9/6/2022, 9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023
STC Stonelick Creek @ U.S. 50 - Bridge Crossing
· Sampling Dates:  8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
SHC Shayler Crossing Headwater
· Shaylor Crossing Subdivision of off private drive @ County lift station
· Sampling Dates:  9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
USR Upper Salt Run on private drive off of Shepard Rd. @ County lift station
· Sampling Dates:  9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
SAR Salt Run @ Barg Salt Run Rd. near Roundbottom Rd. - Bridge Crossing
· Sampling Dates:  9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
EFK East Fork Little Miami River @ Experimental Stream Facility intake
· Little East Fork WWTP reference site
· ELW is the paired downstream site
· Sampling Dates:  7/25/2022, 8/1/2022, 8/8/2022, 8/15/2022, 8/22/2022, 8/29/2022, 9/6/2022, 9/12/2022, 9/19/2022, 9/26/2022, 10/3/2022, 10/11/2022, 10/17/2022, 10/24/2022, 10/31/2022, 11/7/2022, 11/14/2022, 11/21/2022, 11/28/2022, 12/5/2022, 1/9/2023, 1/17/2023, 1/23/2023, 1/20/2023, 2/6/2023, 2/13/2023, 2/22/2023, 2/27/2023, 3/6/2023, 3/13/2023, 3/20/2023, 3/27/2023, 4/3/2023, 4/10/2023, 4/17/2023, 4/24/2023, 5/1/2023, 5/8/2023, 5/15/2023, 5/22/2023
ELW EFLM mainstem. 
· Downstream of Lower Eastfork WWTP near Milford
· EFK site is the paired reference site
· Sampling Dates:  7/25/2022, 8/1/2022, 8/8/2022, 8/15/2022, 8/22/2022, 8/29/2022, 9/6/2022, 9/12/2022, 9/19/2022, 9/26/2022, 10/3/2022, 10/11/2022, 10/17/2022, 10/24/2022, 10/31/2022, 11/7/2022, 11/14/2022, 11/21/2022, 11/28/2022, 12/5/2022, 1/9/2023, 1/17/2023, 1/23/2023, 1/20/2023, 2/6/2023, 2/13/2023, 2/22/2023, 2/27/2023, 3/6/2023, 3/13/2023, 3/20/2023, 3/27/2023, 4/3/2023, 4/10/2023, 4/17/2023, 4/24/2023, 5/1/2023, 5/8/2023, 5/15/2023, 5/22/2023
HST Heiserman Stream at old intake to the Experimental Stream Facility
· Sampling Dates:  8/29/2022, 9/19/2022, 10/11/2022, 10/31/2022, 11/14/2022, 1/30/2023, 2/22/2023, 3/13/2023, 3/20/2023, 4/3/2023, 4/24/2023, 5/15/2023
EFC East Fork Little Miami River near Terrace Park Country Club @ South Milford Rd. - Bridge Crossing
· Sampling Dates:  9/6/2022, 9/26/2022, 10/17/2022, 11/7/2022, 11/28/2022, 1/17/2023, 2/6/2023, 2/27/2023, 3/20/2023, 4/10/2023, 5/1/2023, 5/22/2023
ENN Harsha Lake (or East Fork Lake) North shore before narrows near campground beach
· Sampling Dates:  8/9/2022, 10/11/2022, 11/1/2022, 11/16/2022, 2/8/2023, 2/21/2023, 4/4/2023, 4/25/2023, 5/26/2023
EFL Harsha Lake (or East Fork Lake) at DWTP intake
· Sampling Dates: 8/9/2023, 10/11/2022, 11/1/2022, 11/16/2022, 2/8/2023, 2/21/2023, 4/4/2023, 4/25/2023, 5/26/2023
FEF Lower East Fork WWTP effluent
· Sampling Dates:  1/9/2023, 1/17/2023, 1/20/2023, 2/13/2023, 2/27/2023, 3/13/2023, 3/27/2023, 4/10/2023, 4/24/2023, 5/8/2023, 5/22/2023
WEF Williamsburg WWTP effluent
· Sampling Dates:  1/9/2023, 2/6/2023, 2/22/2023, 3/6/2023, 4/3/2023, 4/17/2023, 5/1/2023, 5/15/2023


