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Background and Project Summary
The Pigg River is the major tributary flowing into Leesville Lake (LVL). Although water quality in LVL remains good, the Pigg River is classified as an impaired river for bacteria by the Virginia Department of Environmental Quality (VDEQ) and this poor water quality has been confirmed by the Leesville Lake Association (LLA) and University of Lynchburg (UL).  Indeed, monitoring efforts by the LLA and UL indicate that the quality of water flowing into LVL from the Pigg River remains impaired as documented in the annual LVL Water Quality Reports. Of considerable concern is the sediment and bacteria suspended in the waters of the Pigg then transported to Leesville Lake. This has resulted in degradation of water quality in the upper region of Leesville Lake, which is concerning to residents and visitors to LVL. Furthermore, storm events promote entrainment of poor-quality water in the upper regions of LVL and pumping of that water into Smith Mountain Lake during pump-back operations is also of concern.
LLA/UL initiated monitoring of water quality in the Pigg River during the 2018 season, under the sponsorship of Tri-County Lakes Administrative Commission (TLAC). Data from our continuing investigations (2018 – 2022) yielded insights into sources of contaminates in the Pigg River. While it has generally been accepted that poor water quality in the Pigg River watershed is due to agricultural/pasture runoff, our results revealed that urban centers (Rocky Mount) and non-agricultural sources contribute significantly to river impairment, as our bacterial source tracking found that bacterial contamination from human and wildlife (deer) sources could predominate in different regions of the river.  It was additionally hypothesized that internal loading of sediment was a significant source of contamination we observed.
In 2019, we employed bacterial source tracking (BST) to detect severe contamination by human waste at Furnace Creek (Rocky Mount, VA). Appropriate authorities were notified, and in 2020 the source of contamination was identified, and the problem rectified. In 2020, Powder Mill Creek, which flows into the Pigg at Chestnut Hill, was evaluated, and found no evidence of bacterial contamination from human, cattle, or deer. However, we found contamination from cattle and deer to be problematic at Chestnut Hill and downstream. Contamination of the river by cattle was prevalent in the region below Chestnut Hill and contamination from deer prevalent closer to Leesville Lake. Overall, bacterial contamination from deer and cattle appeared most evident after significant precipitation (>1 inch over 24 hours period). In 2020, bacterial contamination from deer prevailed in the areas investigated (Pigg River below Rocky Mount) and contamination from cattle was considerably less.
While we have found that bacterial contamination of the Pigg River was predominantly due to ruminant sources (deer and cattle), it was evident in 2021 that the pattern of E. coli contamination and BST identification were not congruent.  Because these techniques do not distinguish between bacterial loading due to input from surrounding lands and bacteria derived from sediment in the river, we hypothesized that a significant proportion of bacteria present in Pigg River waters during and after major rain events is derived from river sediment resuspended during the rain events. Accordingly, we quantified this contribution during the 2022 season. Water was evaluated for bacterial contamination prior to and after disturbance of the stream bed. While there was a dramatic increase in E. coli in the water after bed disturbance, there was no increase in Bacteroides (BST) expressing markers for bacteria of ruminant or human origin, indicating that these bacteria were not harbored in the sediment.  The results may indicate that Bacteroides are incapable of establishing a foothold in the sediment and not indicative of the lack of contamination by other microorganisms of human or ruminant origin. However, the literature does not support this interpretation.
In 2023, we conducted a further investigation of bacterial content in the waters of the Pigg River and its sediment. While employing the same sampling strategy as utilized in 2022, bacteria was also assayed using 16s next generation sequencing (16s NGS). This analysis provided information about the classes of bacteria present, their metabolism and pathogenicity. With this analysis, we looked at quantifying whether large quantities of E. coli present a human health threat or reflects ongoing processes of vegetative decay in the sediment. 
Other key parameters tracked in the 2023 study were turbidity, total phosphorus, pH, dissolved oxygen, and E. coli bacteria. Because 16s NGS was utilized to further characterize the prevalence of different classes of bacteria in the Pigg River and its sediment. We anticipated this information would allow us to identify appropriate potential risks to human health, courses of action and partners (government agencies and municipalities) that can address the problem.

2023 Study Objectives
(1) Closely study the area between Chestnut Hill and Colonial Turnpike (the area implicated as contaminated with an abundant supply of sediment from the Power Dam removal) to quantify bacterial/nutrient/sediment water quality in the Pigg River. 
(2) Identify sources of bacterial contamination by identifying the bacterial content of water during both low flow and storm events. 
(3) Quantify the impact of sediment by conducting sediment disturbance experiments (water collected before and after sediment disturbance) in conjunction with 16s NGS to specifically characterize bacteria in the sediment and overlying waters. 

2023 Methodology
For the 2023 season, we sampled the lower Pigg River (Figure 1).  We conducted one  sampling event during low river flow and one during high flow to capture the dynamics of bacterial/nutrient/sediment load, drought conditions only permitted sampling during low river flow. 
The first sampling (October) focused on an area of concern from Chestnut Hill through Colonial Turnpike and including Truevine Road.  At these sites, we sampled overlying water and water with the sediment disturbed.   During the second sampling (November), only overlying water was  sampled without sediment disturbance.  
· The October sampling involved sampling at three sites (CHR, CT and TV) before and after disturbing sediment in the riverbed.
· The November sampling involved sampling at four sites, (CHR, CT, TOS and LVL-TLR) without disturbance of the riverbed.
· Samples were processed in-house and sent to LuminUltra (Linthicum Heights, MD) for 16s-NGS and identification of sources of fecal contamination by quantitative polymerase chain reaction (BST Analysis).
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Figure 1 – Sampling sites along the Pigg River.  Identifications are as follows: Dam=Power Dam, Chestnut Hill = CHR, Colonial = CT, Truevine = TV, Toshes = TOS and Toler = LVL-TLR

For each sample, 16s-NGS was used to evaluate the nature of bacteria In the sample.  The 16s rRNA sequencing and bacterial source tracking was performed by (LuminUltra Technologies Inc, Baltimore, MD). For this purpose, samples were shipped to their facility overnight in ice coolers. Other parameters evaluated were nutrients (TP and Nitrate Nitrogen), oxygen, E. coli, and turbidity. 
2023 Results
Conventional data along with E. coli were used as the primary detectors of degrading water quality in the watershed.  Here, we show this data along with the phylogenetic categories of bacteria that were identified in the water samples.  The addition of bacterial analysis by DNA sequencing and bacterial source tracking (BST) was incorporated to provide additional insight into the nature and sources of bacterial contamination. 
Disturbance studies in area of focus
The study was initiated in response to our inability to accurately pinpoint sources of E. coli pollution.  These observations suggest (Table 1):
· E. coli is very elevated in the Pigg River and is extremely elevated during high flow (2019 and 2022 storms greater than 1” of precipitation).
· BST employed molecular targets of Bacteroides suggested that as storm water increases flow into the river, ruminant bacteria predominate the source of bacteria.  This is a very broad category including both deer and cattle throughout the watershed.  Isolating Bovine in these samples suggested some elevation during storm events but the increase was very minor in comparison to the ruminant category.  Human markers were present at low levels in all of the samples.
Table 1 – Results from the BST analysis for each of 5 years where this type of analysis was conducted throughout the Pigg River and at all stations measured.  All data in this table displays means +/- Standard Deviations of all stations where BST was measured.  A variable number of samples were taken in each year.
	
	2019
	2020
	2021
	2022
	2023

	E coli (CFU/100ml)
	3207  5109
	252  117
	486  466
	20467  2367
	172  85.3

	Human (copies/100ml)
	1378  2810
	252  258
	183  104
	1647  1614
	[bookmark: OLE_LINK2]567  365

	Ruminant (copies/100ml)
	42265  66491
	6380  6642
	1021  1787
	523000  459213
	36.5  1.5

	Bovine (copies/100ml)
	2005  1266
	11.1  22.3
	1378  1908
	2914  2471
	34  0



Looking at the data at each specific station and using more data to aid interpretation, we conducted specific measured sampling in 2023.   Water quality at Truevine Road demonstrated some levels of moderate contamination (Table 2).  Bacterial loading represented by E. coli was elevated but below state standards for instantaneous readings.  Total Phosphorus (TP) is elevated and above the 0.1 mg/l threshold.  Other parameters are within expected norms for river water quality.
Burkholderiaceae was the predominate family in water samples taken at this site, and Pedosphaeraceae were released from the sediment during the disturbance event (Figure 2).  Bacteria were dominated by nitrate reducing and sulfur bacteria (Figure 3).  Through the disturbance event, we were able to elevate E. coli by 2X, TP by 4X and turbidity to levels typically observed in the river during high rainfall.  
Table 2 – Data measure from Truevine Road crossing over Pigg River measured on October 11, 2023. Undisturbed represents a water sample in the river and disturbed represents a water sample taken in the river while members of the term manually disturbed the bottom sediments.  E. coli is bacterial contamination (CFU/100 ml), TP is total phosphorus (mg/L), Turbidity (NTU), pH (unitless) and DO% is Dissolved Oxygen (percent of saturation relative to temperature).
	
	E. coli
	TP
	Turbidity
	pH
	DO%

	Undisturbed
	162.4
	0.116
	0.65
	7.46
	98.8

	Disturbed
	300.9
	0.473
	43.6
	7.08
	90.4





Figure 2 - Phylogenetic Distribution of Predominant Bacteria, Truevine Road

Figure 3 - Bacterial Data Organized by Metabolic Categories,
Water quality measures at Colonial Turnpike were similar to Truevine Road (Table 3).  Bacterial loading represented by E. coli were similarly elevated but below state standards for instantaneous readings.  Total Phosphorus (TP) was elevated and above the 0.1 mg/l threshold.  One difference in the disturbance experiments was an inability to bring turbidity up to the same levels as the other sites.  
Based on the distribution of bacteria, Burkholderiaceae was the predominate family in all of the samples and Pedosphaeraceae were released during the disturbance event (Figure 4) almost identical to observations at Truvine.  Bacteria were dominated by nitrate reducing and sulfur bacteria (Figure 5) similar to Truevine.  Through the disturbance event, we were able to elevate E. coli by 3X, but TP only 1.5X.  Interestingly and unlike Truevine or Chestnut Hill, the lower turbidity stimulated less phosphorus release but actually increased E. coli (Table 3).  We did not detect any bacterial explanation for this.
Table 3 – Data From Colonial Turnpike (See Table 2 captions for explanations)
	
	E. coli
	TP
	Turbidity
	pH
	DO

	Undisturbed
	133.4
	0.121
	0.38
	7.43
	101.1

	Disturbed
	355
	0.197
	18.6
	7.13
	95.1






Figure 4 - Phylogenetic Distribution of Predominant Bacteria, Colonial Turnpike

Figure 5 - Bacterial Data Organized by Metabolic Categories,
Water quality parameters at Chestnut Hill were elevated in comparison to Truevine Road and Colonial Turnpike (Table 4).  Bacterial loading represented by E. coli were elevated but below state standards for instantaneous readings.  Total Phosphorus (TP) was elevated and above the 0.1 mg/l threshold.  In this instance we were able to elevate turbidity to the highest levels in all of the experiments.
Based on the distribution of bacteria, Sphingomonas was the predominate genus in all of the samples and greatly stimulated during the disturbance events (Figure 6).  Bacteria were dominated by nitrate reducing bacteria (Figure 7). Through the disturbance event, we were able to elevate E. coli by 3X, and TP 4X.  These were the highest measures in all of the disturbance experiments (Table 4).

Table 4 – Data From Chestnut Hill
	
	E. coli
	TP
	Turbidity
	pH
	DO

	Undisturbed
	172.5
	0.187
	1.69
	7.38
	97

	Disturbed
	417
	0.872
	50.6
	7.12
	92.4




  

Figure 6 - Phylogenetic Distribution of Predominant Bacteria, Chestnut Hill

Figure 7 - Bacterial Data Organized by Metabolic Categories dominated by nitrate reducers.
The Bacteroides BST data demonstrated only moderate contamination as most markers were not detected.  Chestnut Hill did display some Human waste and this is likely from the WWTP upstream.  Only Colonial Turnpike detected bacteria of ruminant origin.
Table 5 - BST data from the sediment disturbance experiments in 2023.  Data are copies per 100ml.
	
	
	Bovine
	Ruminant
	Human
	

	
	
	Cow-M2
	Rum2Bac
	HF183
	HumM2
	

	Truevine
	
	
	
	
	
	

	     undisturbed
	
	ND
	ND
	80
	0
	

	     disturbed
	
	ND
	ND
	39
	0
	

	
	
	
	
	
	
	

	Colonial Turnpike
	
	
	
	
	
	

	     undisturbed
	
	ND
	504
	0
	0
	

	     disturbed
	
	ND
	ND
	0
	0
	

	
	
	
	
	
	
	

	Chestnut Hill
	
	
	
	
	
	

	     undisturbed
	
	ND
	ND
	206
	124
	

	     disturbed
	
	ND
	ND
	250
	84
	




General Observations under low flow conditions
Water quality in the Pigg River demonstrated levels of contamination throughout (Table 6).  Bacterial loading represented by E. coli was elevated throughout and greatest at Chestnut Hill, where it clearly exceeded state standards.  Total Phosphorus (TP) was elevated and above the 0.1 mg/l threshold yet greatest at the Toler Station most likely due to elevated turbidity through water movements.  Other parameters are within expected norms for river water quality and dissolved oxygen at Toler Bridge was depressed most likely due to SML release.

Table 6 – Data From November 17, 2023 Collections throughout the lower Pigg River (see Table 2 for explanations).
	
	E. coli
	TP
	Turbidity
	pH
	DO

	Chestnut Hill
	360.9
	0.171
	2.2
	8.29
	122.8

	Colonial Turnpike
	235.9
	0.096
	3.5
	7.96
	114.7

	Toshes Road
	261.3
	0.205
	6.6
	7.9
	102.3

	LVL-Toler
	53.1
	0.116
	1.2
	7.96
	84.7



Based on the distribution of bacteria, Burkholderiaceae was the predominate family in all of the November samples (Figure 8).  However, when compared with October samples (Figures 2, 5 and 7) it is evident that bacterial distribution is variable and changing.  The detected presence of Legionella (a known pathogen) throughout the samples (close to 2%) and particularly in Leesville Lake may warrant further investigation.  However, this genus of bacteria is commonly found in surface waters of rivers and lakes and likely does not pose a threat to human health unless present in higher concentrations as found in stagnant waters of air conditioning units, etc.  While E. coli was elevated in all of the Pigg River samples (Table 5), NGS did not assist in the prediction of sources for this potential pathogen.   Similar to the October sampling, sulfur and nitrate bacteria dominated the samples (Figure 9).  What is unclear is the increase in fermentative bacteria in the samples.  







Figure 8 - Phylogenetic Distribution of Predominant Bacteria From Water Samples obtained on 11/17/23 without sediment disturbance.




Figure 9 - Bacterial Metabolic Categories - Water Samples obtained on 11/17/23 without sediment disturbance.
BST data (Table 7) suggested that fecal waste of human origin was the predominant source of bacteria measured as E. coli (Table 6) during low baseline flow.  This result is very concerning as water input without either sediment from runoff or internal disturbance is very contaminated from human sources.  With the exception of Toler Bridge in LVL, E. coli measures were above instantaneous state standards and contaminated with human markers.  
 
Table 7 – BST data from water collected at sites on 11/17/23.  Data is in copies per 100ml.

	
	
	Bovine
	Ruminant
	Human
	

	
	
	Cow-M2
	Rum2Bac
	HF183
	HumM2
	

	Toler
	
	
	
	
	
	

	     undisturbed
	
	ND
	ND
	   407
	40
	

	
	
	
	
	
	
	

	Toshes
	
	
	
	
	
	

	     undisturbed
	
	34
	34
	430
	0
	

	
	
	
	
	
	
	

	Colonial Turnpike
	
	
	
	
	
	

	     undisturbed
	
	ND
	37
	1112
	40
	

	
	
	
	
	
	
	

	Chestnut Hill
	
	
	
	
	
	

	     undisturbed
	
	ND
	ND
	322
	0
	



Discussion
Disturbance Experiments
Several conclusions were drawn from our disturbance experiments in October.  Considerable concentrations of bacteria (measured as E. coli) and nutrients (measured as TP) are contained in the sediments lining the bottom of the Pigg River.  And once disturbed, these sediments elevate the pollution load carried down river and delivered to Leesville Lake.  When you consider and estimated 53 miles of river from power dam to the mouth of the Pigg River in Leesville Lake, this is a considerable amount of contamination throughout the river bed.  Whether sources of contamination can be identified or not, this phenomenon must be understood and properly managed if this problem is to be solved.  
To identify the sources of this contamination, 16s NGS was performed to permit phylogenic classification of bacteria in the water samples before and after sediment disturbance.   We found that the percentages of the most abundant bacteria were lower in water samples obtained after sediment disturbance than samples obtained in overlying water.  This suggests, and the data confirm, that the sediment contains a much greater diversity of bacterial species.   Water flowing without significant sediment disturbance will contain contamination from water sources rather than sediment sources from land use surrounding the Pigg River or sediment in bedload along the river.  
The most prominent bacteria in both the undisturbed and disturbed samples were of the Burkholderiaceae and Pedosphaeraceae families of bacteria.  Burkholderiaceae family of bacteria can reduce ammonium in the waters by oxidation and nitrate by nitrification.  Some bacteria in this family produce volatile sulfur compounds that are antifungal in the soil.  Information about Pedospaeraceae was more difficult to discern.  The Phylum (several steps higher in phylogeny) is Verrucomicrobiota.  This phylum is of Gram-negative bacteria that have not been well studied, but common in fresh water.  
The phylogenic profiles among water samples in October and November were similar but differed somewhat with site and time of sampling.  In particular, the November water sample from Chestnut Hill was unique in that the predominant bacteria at that time were of the genus Sphingomonas (Burkholderiaceae were second most prominent).  These bacteria are gram negative, but do not contain lipopolysaccharide in their outer envelope and so are not endotoxin producing.  The bacteria are metabolically unique.  Along with bacteria of the Burkholderiacea family observed as the predominant family in all other water samples, they are the subject of bioremediation research because of their ability to utilize environmental contaminants, including forever chemicals such as PCBs.  Burkholderiaceae strains have been identified with outstanding ability to degrade PCBs.  
The most prevalent bacteria fall into categories involving nitrogen metabolism (nitrate reduction and/or nitrite oxidation and ammonia oxidation), sulfur metabolism (sulfur oxidation and reduction) and fermentation.  In the October disturbance study, the profile of bacteria in the waters at Chestnut Hill clearly stood out from those present at other sites.  At that site, bacteria that had nitrate reducing capability greatly predominated.  That percentage was 45% and 27% percent of the total population in undisturbed and disturbed waters, whereas at other sites that percentage ranged from 1.6 to 1%.  Similarly, nitrate reducing bacteria were more abundant at Chestnut Hill than other sites, but the margin was much less (2.99 vs. 1.58-2.66% at other sites).  
In Leesville Lake, water samples near Toler Bridge contained bacteria that seemingly provided a balance between nitrogen oxidation and reduction, wherein the prevalence of ammonia oxidizing and nitrite oxidizing bacteria was balanced by the prevalence of nitrate reducing bacteria.  At other sites, especially Chestnut Hill, prevalence of bacteria with nitrate reduction capacity exceeded those with ammonia and nitrite oxidizing capacity. 
It is noteworthy that the Chestnut Hill site is the closest to the Rocky Mount water treatment plant.  The bacteria in that water may either be reacting to the expulsion of nitrogen into the waters or reflect the presence and discharge of those bacteria by the treatment plant.  Perhaps discharge from the treatment plant was much lower at the time of the November sampling than the October sampling.  
This data demonstrated a very diverse and environmentally sensitive array of bacteria in the sediment in the river.  Clearly, this sediment is dominated by nutrient reducing and metabolizing bacteria as nutrient loading in the river is excessive due both to WWTP in Rocky Mount and significant agricultural activity throughout the watershed.  Some pathogens were identified in this analysis but not associated with any particular source and other than a ubiquitous presence in all samples not stimulated by sediment disturbance in a similar way that E. coli and TP were.  This analysis, while very informative in demonstrating the vast diversity of bacteria, did not assist in our effort to pinpoint sources of bacteria in the water associated with our E. coli measures.
Bacterial Source tracking: Bovine, Ruminant and Human
During the sediment disturbance study in October, bacterial contamination from Ruminant sources (agricultural and wildlife ruminants) was detected only at Colonial Turnpike in the undisturbed water sample (Table 5).  Bacterial contamination from human waste was detected at Chestnut Hill and at Truevine. Sediment disturbance did not change what we found in the river and in several instances lowered detected sources. 
Contamination at Chestnut Hill is consistent with the presence of the water treatment plant.  Values were not excessive and likely detected dead bacteria discharged by the facility.  Lack of any human markers at Colonial Turnpike suggests potential error in the measures.  Human markers were present in the Nov sampling and detection at Chestnut Hill and Truevine suggest the markers were present.  Some of the ruminant markers are difficult to interpret other than a presence in the watershed.  
Surprisingly, evidence for human fecal contamination was present throughout the river. Of considerable concern and during the November sampling, human markers dominated the BST analysis and E. coli was elevated in baseflow waters with minimal turbidity.   This strongly suggest human waste significantly contaminates Pigg River at low flow.  And with E. coli elevated above action levels these water pose a significant health risk.  It appears at high stormwater flow, the base level of human contamination persists but is then overwhelmed by bovine and most significantly ruminant markers as the storm flow increases.  It is still unclear specific sources of this storm flow contamination but it is highly correlated with sediment whether flowing off of agricultural fields and throughout the river bed.  But what is clear from this study is that low flow is contaminated with human waste and is a likely source of E. coli present from Chestnut Hill into Toler Bridge and LVL.  

Conclusions
Although the quality of water in LVL is only marginally impaired in the upper regions, water quality in the Pigg River continues to be concerning.  It has been hypothesized that input from SML is responsible for dilution of Pigg River input.  LVL is beneficial to residents and visitors therefore managing the long-term health of the lake is important. Furthermore, the Pigg River is of local importance for fishing and health of communities and efforts to improve water quality are worthwhile.  Monitoring and understanding the threats to the Pigg River and ultimately LVL is critical toward maintaining good water quality and environmental health.  
This study was designed to identify key pollution parameters in the Pigg River and then use molecular techniques to help identify and understand the potential sources of those pollutants.    It is clear that the sediments that line the bottom of the river provide a means of contamination.  It is also clear that the flowing water under low flow conditions is a significant health threat to LVL.   Bacterial communities are very diverse both in the sediment and overlying waters.  While this diversity is very environmentally beneficial, it is difficult to discern specific bacterial sources using these techniques.  Some inferences are possible but at this stage allowing sediment to continually flush through the system along with positive developments in land use and limiting development are the best course of action to improve water quality.
It is suggested that future monitoring efforts focus on the presence of bacterial contaminants near the mouth of the Pigg River as it flows into LVL throughout the recreational season and associated weather changes.  We are concerned about the evidence for human waste contamination found in samples throughout the Pigg River.  While we understand the water quality from the Pigg River will continue to be degraded, understanding how it impacts LVL will continue to be the greatest focus for this work.
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Colonial Tpk,  Sediment Undisturbed
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Coloniall Tpk, Sediment Disturbed
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Colonial Tpk
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Chestnut Hill Rd, Sediment Undisturbed
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Chestnut Hill Rd, Sediment Disturbed
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Undisturbed	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.16	1.1399999999999999	45.17	0.33	0.33	1.1499999999999999	0.49	Disturbed	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.45	1.0900000000000001	0.32	0.08	27.37	0.49	0.08	0.28000000000000003	2.4700000000000002	0.73	0.08	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	
Bacteria Abundance, %




Chestnut Hill Rd

Burkholderiaceae	Legionella	Cloacibacterium	Flavobacterium	Bdellovibrio	Corynebacterium	Muribaculaceae	Rhodoferax	0319-6G20	Pedosphaeraceae	SM2D12	Sporichthyaceae	Pseudoxanthomonas	Diplorickettsiaceae	Chitinophagaceae	Peredibacter	Pseudomonas	Bacteriovoracaceae	Sphingomonadaceae	Tepidimonas	Luteolibacter	Candidatus_Omnitrophus	Anoxybacillus	Lachnospiraceae	Rhizobiaceae	Enterobacteriaceae	4.8499999999999996	2.08	1.98	1.95	1.43	1.2	1.1000000000000001	1.07	1	0.97	0.97	0.91	0.87	0.84	0.81	0.74	0.71	0.71	0.65	0.61	0.61	0.61	0.57999999999999996	0.57999999999999996	0.48	0.48	Bacterial Genus or Family


% of Total Bacteria



Colonial Tpk

Burkholderiaceae	Cloacibacterium	Legionella	Pseudoxanthomonas	Corynebacterium	Tepidimonas	0319-6G20	Flavobacterium	Anoxybacillus	SM2D12	Bdellovibrio	Pedosphaeraceae	Pirellulaceae	Rhodocyclaceae	Rhodoferax	Sphingomonadaceae	Aquicella	Neisseriaceae	Oligoflexaceae	Chitinophagaceae	Diplorickettsiaceae	Muribaculaceae	Meiothermus	Bacteriovorax	Peredibacter	env.OPS_17	5.07	2.85	1.92	1.6	1.46	1.46	1.42	1.32	1.21	1.1399999999999999	1.07	0.82	0.75	0.71	0.64	0.64	0.64	0.6	0.6	0.56999999999999995	0.56999999999999995	0.56999999999999995	0.53	0.53	0.53	0.53	Bacterial Genus or Family


% of Total Bacteria



Toshes Rd.

Burkholderiaceae	Flavobacterium	Pedosphaeraceae	Pseudarcicella	Rhodoluna	Novosphingobium	Geobacter	Pirellulaceae	SC-I-84	Chitinophagaceae	Sporichthyaceae	Legionella	Cloacibacterium	Crenothrix	Sphingomonadaceae	Gemmataceae	Methylomonaceae	Pseudoxanthomonas	Bdellovibrio	Anaerolineaceae	Corynebacterium	Polynucleobacter	Tepidimonas	Rhodocyclaceae	0319-6G20	BSV26	7.85	3.03	2.17	1.78	1.64	1.07	0.96	0.91	0.89	0.87	0.85	0.82	0.76	0.76	0.74	0.73	0.73	0.69	0.67	0.65	0.57999999999999996	0.56000000000000005	0.54	0.54	0.52	0.51	Bacterial Genus or Family


% of Total Bacteria



Leesville Lake, TLR

Burkholderiaceae	Sporichthyaceae	Pseudarcicella	Cloacibacterium	Legionella	Flavobacterium	Pedosphaeraceae	Fluviicola	CL500-3	Rhodoluna	Pseudoxanthomonas	Corynebacterium	Anoxybacillus	Pirellulaceae	0319-6G20	Sediminibacterium	Tepidimonas	Gemmataceae	NS11-12_marine_group	Cyanobium_PCC-6307	Chthoniobacter	NS9_marine_group	Methylocystis	Rhodobacteraceae	Sphingomonadaceae	env.OPS_17	5.33	4.3899999999999997	3	2.5499999999999998	1.79	1.65	1.47	1.1200000000000001	1.03	0.89	0.8	0.76	0.76	0.76	0.76	0.71	0.71	0.71	0.71	0.71	0.71	0.62	0.57999999999999996	0.57999999999999996	0.57999999999999996	0.57999999999999996	Bacterial Genus or Family


% of Total Bacteria



Chestnut Hill Rd

CHR	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.09	2.1599999999999997	0.32000000000000006	0.06	0.09	2.9899999999999998	1.1199999999999999	0.32	0.96	3.3499999999999996	1.35	0.06	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Nitrification + Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	
Bacteria Abundance, %



Colonial Tpk

CT	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Simultaneous Nitrification Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.09	2.6299999999999994	0.17	0.28000000000000003	0.03	2.660000000000001	0.24000000000000002	0.21000000000000002	0.28000000000000003	2.5300000000000002	0.75000000000000011	7.0000000000000007E-2	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Simultaneous Nitrification Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Simultaneous Nitrification Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	
Bacteria Abundance, %



Toshes Rd

TOSHES	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Simultaneous Nitrification Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.14000000000000001	1.52	0.2	0.12	0.04	2.2699999999999996	0.53	0.19	0.48	2.48	1.3900000000000001	0.03	
Bacteria Abundance, %



Leesville Lake, TLR

TLR	Ammonia Oxidizing	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Simultaneous Nitrification Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.69000000000000006	1.4600000000000004	0.16	0.08	1.58	0.96	0.12	0.43	2.59	0.73	0.04	
Bacteria Abundance, %



Truevine, Sediment Undisturbed

Burkholderiaceae	Rhodoluna	Flavobacterium	Pseudarcicella	Sphingomonas	Sporichthyaceae	Pedosphaeraceae	Sphingomonadaceae	Chitinophagaceae	Bdellovibrio	0319-6G20	Legionella	Novosphingobium	Rhodoferax	Polynucleobacter	Rhodocyclaceae	env.OPS_17	Gemmataceae	Rhodobacteraceae	Geobacter	Candidatus_Planktoluna	Microbacteriaceae	Sandaracinaceae	Neisseriaceae	Pirellulaceae	Rhizobiales_Incertae_Sedis	13.8	5.39	5.05	4.96	1.68	1.46	0.93	0.88	0.86	0.78	0.74	0.74	0.65	0.59	0.57999999999999996	0.52	0.5	0.5	0.5	0.48	0.46	0.46	0.44	0.43	0.43	0.43	Bacterial Genus or Family


% of Total Bacteria



Truevine, Sediment Disturbed

Pedosphaeraceae	Burkholderiaceae	Gemmataceae	Pirellulaceae	Flavobacterium	Geobacter	Anaerolineaceae	Chitinophagaceae	Gemmatimonadaceae	Sphingomonas	Bdellovibrio	Rhodoluna	0319-6G20	Pirellula	Pseudarcicella	Saprospiraceae	BSV26	Crenothrix	ADurb.Bin063-1	Legionella	AKYH767	env.OPS_17	Methylomonaceae	Haliangium	Rhodocyclaceae	Chthoniobacter	4.4800000000000004	4.38	1.69	1.25	1.1100000000000001	1.05	0.95	0.93	0.86	0.82	0.77	0.77	0.7	0.69	0.68	0.66	0.63	0.6	0.59	0.56000000000000005	0.55000000000000004	0.49	0.49	0.48	0.47	0.46	Bacterial Genus or Family


% of Total Bacteria



Truevine Rd

Undisturbed	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Simultaneous Nitrification Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.1	0.57999999999999996	0.09	0.15	0.01	3.08	0.3	0.13	0.4	2.12	1.02	0.05	Disturbed	Ammonia Oxidizing	Anammox	Fermentative	Filamentous	Foaming	Glycogen Accumulating	Nitrate-Reducing	Nitrite-Oxidizing	Phosphorus-Accumulating	Simultaneous Nitrification Denitrification	Sulfur-Oxidizing	Sulfur-Reducing	Viscous Bulking	0.27	0.5	0.09	0.11	0	1.41	0.28000000000000003	0.12	0.22	1.46	1.25	0.01	
Bacteria Abundance, %
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