
Presenter
Presentation Notes
All Buffalo National River (BNR) pictures were taken by USGS and NPS colleagues and/or Connor Tiersch.   In 2017, USGS and NPS started a partnership to study “Effects of a confined animal feeding operation (CAFO) on water quality in the BNR.”.



Today’s Objectives

 Present hypothesis and results
 Show how hypotheses are tested
 Introduce lab capabilities
 Consider ideas



Phylogenetic tree displaying species studied by flow cytometry in this laboratory 

Arthropods 

Mollusks (Red Abalone, Eastern Oyster)

Fish

Frogs (Bronze Frog, Wood Frog, African Clawed Frog)

Reptiles

Mammals

Crocodilians (American Alligator)

Birds 

Sturgeon (Pallid , Shovelnose, Gulf, Lake Sturgeon)
Catfish (Channel Catfish, Pleco)

Perches 

Insects (Honeybee)

Crustaceans (Red Swamp Crawfish, Giant Freshwater Prawn)

Carp (Grass-, Black-, Koi-, Bighead-, Silver-Carp, Fathead Minnow, Razorback Suckerfish, Largescale 
Suckerfish, Bonytail Chub, Goldfish) 

Yellow Bass 

Yellow Perch 

Smallmouth  Bass, Largemouth Bass 
Ricefish (Japanese Medaka) 

Livebearers (Western Mosquitofish, Green Swordtail)

Carnivores (Domestic Dog, African Wild Cat)

Odd-toed Ungulates (Elk, Cattle, Bongo) 

Nile Tilapia

Even-toed Ungulates (Horse) 

Amphibians

Mullets (Striped Mullet)

White Crappie, Black Crappie

Song birds (Zebra Finch)

Fowl (Domestic Chicken)

Xenarthrans (Sloth)

Rodents (Mouse) 

Bacteria
Gram - (Escherichia coli)

Eukaryotes 

Gram + (Streptococcus spp.)
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Presentation Notes
Dr. Jill Jenkins is a comparative immunologist which means she studies cells from many species, including bacteria.  



Hypothesis: Potential differences in water quality along the Buffalo National 
River: determined via overall bacterial counts and metabolic activity

Red dots are the water sampling sites.

Presenter
Presentation Notes
Within the study area, there are 20 State Species of Concern for Arkansas, including 12 freshwater mussels, 4 fishes, 3 aquatic insects, and 1 crayfish species. Reaches of the Buffalo River below the confluence of Big Creek are listed as critical habitat for the threatened rabbitsfoot mussel.  Buffalo National River draws a lot of recreational activities.  The surrounding community has expressed concern due to a nearby agricultural operation on Big Creek (a tributary).  Hog farms are considered confined animal feeding operations (CAFO) and one such farm is located near site 3 (see map; red dots indicate CAFOs.  Thus, we hypothesized that bacterial counts and metabolic activity would be higher at site 3 due to nutrients, such as phosphate and nitrate species, from the farm that may make their way into the watershed.  



Water 
samples 
collected 

monthly at 6 
sites 

Shipped 
overnight to 
USGS WARC

Processed

Bacterial 
Metabolic 

Activity 

Culturable 
Bacterial 
Counts

Proposal Concepts-Experimental Design

• Basic water quality parameters: turbidity, DO, pH, temp., conductivity
etc. (USGS database - NWIS)

• Nutrient compounds: N species (NH4, NO2, NO3), P species (Ortho P, etc.)
• Hydrology: use of gages and hydrographs, flow regime, mass balance of water, 

precipitation
• Periphyton, Chl A quarterly
• Total coliforms and Esherichia coli, fecal indicators with IDEXX system
• Heterotrophic bacteria
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Presentation Notes
WARC’s contributions in yellow



Aquatic Food Web

Presenter
Presentation Notes
This part of the research project focused on the water constituents, specifically the heterotrophic bacteria.  What happens at the base of the food chain influences other parts of the food web.  Arrows indicate food sources for life forms higher up in the web. At the bottom of the web are nutrients, bacteria, and fungi. These are used by algae and aquatic plants, which provide food for various animals and birds. 



A B

Water resuspended and 
allowed to reach 24°C

1st Filtration
7 µm nylon mesh to 

remove algae

2nd Filtration
0.22 µm membrane 

250mL 
per 

bottle

Concentrated 
Bacterial Filtrate

Bacterial 
Metabolic Activity 

Live, Culturable Bacteria, 
Plate Counts

Fluorescence Staining Assay 
for Flow Cytometry

• 5(6)-Carboxyfluorescein 
Diacetate (CFDA)

• Propidium Iodide (PI)

Cell 
Preservation 

Per 
Site

To be used for total 
bacterial count

Laboratory Processing

Presenter
Presentation Notes
Flow chart of our methods. USGS shipped water sample replicates from the 6 study sites on ice overnight. Water was filtered in the lab to obtain tubes of concentrated bacterial numbers for bacterial metabolic activity and live plate counts. The count data we are discussing in this presentation represents the unstressed and live cells because only those cells are able to grow on agar plates. The preserved samples should give a more accurate representation of the total bacterial count, as all cells, live, stressed, and dead, will be counted by a flow cytometric method. 



Presenter
Presentation Notes
Left image: water filtration processRight image: stained bacteria from a filtered water sample



Presenter
Presentation Notes
Video of bacterial motility in the water. (video not attached for this version of the presentation)



September 2018

Site 1 Site 3

Presenter
Presentation Notes
Luria agar plates supported growth from 200 mL of water from each site, in triplicate.  The results are expressed in terms of 100 mL to be in accord with E. coli and coliform counts obtained by NPS. 



On the Results of Cultural bacterial colonies per site analyzed by ANOVA:

Heterotrophic plate count (HPC) measures a range of Gram positive and Gram negative 
bacteria that are naturally present in the environment.

March 2018 – flooding event in AR made sampling unsafe so no samples were 
received.

October 2018 – unable to process samples for sites 4, 5, and 6 due to delayed receipt 
of shipment.  48 hours too late for processing. 

11 out of 15 months showed significant differences in bacterial counts among sites 
sampled (73%)

Site 3 showed the highest bacterial counts for 5 of those 11 months (45%)



Flow Cytometry

Injector 
Tip

Fluorescence
signals

Focused laser
beam

Presenter
Presentation Notes
Flow cytometry was used to collect metabolic activity data based on esterase enzymes.  Cells or nuclei go through the laser beam and multiple parameters are collected on 10K+ events per tube at 300-2000 events per second and replicate samples per site and bottle are analyzed. 



Staining Controls Using 5(6)-Carboxyfluorescein Diacetate (CFDA)

Presenter
Presentation Notes
Esterase enzymes cause 5(6)-carboxyfluorescein diacetate (CFDA) to become fluorescent in active cells.  The cytogram on the left shows heat-killed E. coli cells stained with CFDA and the one on the right shows live E. coli cells stained with CFDA. Cells are represented as dots and higher densities are shown with the color difference.



Staining Controls Using Propidium Iodide (PI)

Presenter
Presentation Notes
Propidium iodide (PI) is a stain that binds to DNA.  PI was used to stain dead and metabolically inactive cells with damaged membranes.  The cytograph on the left shows heat-killed E. coli cells stained with PI and the cytograph on the right shows live E. coli cells stained with PI. Cells are represented as dots and higher densities are shown with the color difference.This dual staining technique has been successfully applied in other studies to identify organically polluted sites.  



Method Validated:  E. coli esterase analyzed by two flow cytometric software
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Presentation Notes
Controlled lab experiment by making mixtures of live and dead bacteria and using the dual staining procedure for flow cytometry analysis for staining and to validate the method and comparing contour cytograms with density plot cytograms with two different software analysis packages.



Typical Cytograms, Month 6, Oct 2017

Site 1 Site 3
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Presentation Notes
Images of flow cytographs as data was collected – ungated. 



Sample Flow Cytograms

Presenter
Presentation Notes
Example of data:A certain software was used for “magnetic” gating that is objectively gating out debris, and unstained and auto-fluorescent cells (left side of slide).  Only clearly stained cells are gated and then counted for percent active and inactive bacteria (right side).  



Bacterial metabolic activity (n = 4) by site analyzed by ANOVA 

We investigated if there was a statistical difference in metabolic activity
among sites for 17 months.

16 out of 17 months showed significant differences in metabolic activity among sites 
sampled (94%)

Site 3 showed the lowest metabolic activity for 12 of those 17 months (71%)

There were 4 months out of the 15 months analyzed that showed site 3 as having 
the lowest metabolic activity as well as the highest bacterial counts. Perhaps the 
total cell counts will yield insight into this result.



Bacterial Cell Wall Types

Presenter
Presentation Notes
Step back to think about the two major types of bacteria: Gram positive and Gram negative.  Structural differences influence their staining characteristics and their functions in the environment.Lipopolysaccharide –greenLipoproteins – purple lineGram positives have much thicker cell walls.



Environmental Fungi

Presenter
Presentation Notes
To put a scale to this thinking, these are images of microscopic organisms.  The environmental fungi are the larger organisms and the bacteria are the size of the small dots on the right (about 1 to 2 microns large). 



DNA sequencing: Environmental 
Metagenomics:  Univ. of NH – Dr. B. Brown

21 BNR water samples:  PCR amplified 16S ribosomal subunit V4.

Looks at large database of sequences from known microbes, sees the 
taxonomic composition of that water sample.

The relative proportions gives a rough estimate of the abundance
of the taxa identified in a sample.

The data also can be used to predict functions of the microbial consortia.

Presenter
Presentation Notes
A previous study looked at the bacterial composition of 21 BNR sites.  The results of the PCR were analyzed briefly by Dr. Bonnie Brown using software to analyze genetic sequences of the bacteria to categorize them phylogenetically. 



Proteobacteria

Bacteroidetes

Firmicutes

Actinobacteria

Presenter
Presentation Notes
Some year ago 21 water samples from along the BNR were analyzed metagenomically.Generally, proteobacteria is a major phylum of Gram-negative bacteria. They include a wide variety of pathogens and many other notable genera. Others are free-living (non-parasitic) and include many of the bacteria responsible for nitrogen fixationThe phylum Bacteroidetes is composed of three large classes of Gram-negative, nonsporeforming, anaerobic or aerobic, and rod-shaped bacteria that are widely distributed in the environment, including in soil, sediments, and sea water, as well as in the guts and on the skin of animals.The Firmicutes are mostly Gram-positive bacteria, so they are less predominant. The species identified have been isolated from fresh water and soil.  The Actinobacteria are a phylum of Gram-positive bacteria. They can be terrestrial or aquatic.  These bacteria behave much like fungi, helping to decompose organic matter.Cyanophyta (dark blue), are a phylum of bacteria that obtain their energy through photosynthesis .  Cyanophyta also includes cyanobacteria.So, there were differences in microbial communities across sites.  Some sites were more similar to each other than others.  This type of data could be useful or linked to the counts and metabolic activity data being collected and analyzed as part of this study.  This approach may be useful if further studies are done. 



17 α ethinylestradiol (EE2): 25, 5, 1 ng/L
Trenbalone 80, 40, 10 ng/L
Atrazine 10, 3, 1 ug/L

Penicillin 1500, 750, 375 ug/L
Pen/Streptomycin 100 units-100 ug/mL; 50-50; 25-25
Tylosin 1000, 500, 100 ug/L
Tetracycline 1500, 750, 375 ug/L

Pharmaceutically Active Compounds

Hypothesis:  Is metabolic activity influenced by simulated 
confined animal feeding operation (CAFO) mixtures?

Presenter
Presentation Notes
We have a grad student working on simulated CAFO exposures to a fish model.  We have examined these mixtures, as well as antibiotics, against a laboratory culture of Escherichia coli.  This was to test the updated hypothesis that metabolic activity was being influenced at site 3 (Big Creek) by compounds typically used at swine production facilities, whereby farm extension documents point to swine facilities typically using 11 antimicrobial compounds.   We tested single compounds in three concentrations each.



Penicillin

Control Low High

Presenter
Presentation Notes
This is just some proof of concept results.  We are going to perform more directed studies of lab E. coli and a Gram positive strain versus specific compounds from EPA STORET data warehouse from BNR water samples.  Presented here are results of penicillin use on E. coli metabolic activity using the same assay as discussed.  Penicillin is an antibiotic that breaks down peptidoglycan in cell wall biosynthesis



Atrazine

Control Low HighMed
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More proof of concept: Results of atrazine on E. coli.  Atrazine is a herbicide that disrupts photosystem II, which is a protein complex involved in photosynthesis.  An indirect effect on E. coli populations has been shown when light is present.Atrazine caused a decrease in metabolic activity and an increase in dead cells here.



Trenbolone

Control Low HighMed
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Presentation Notes
More proof of concept: Results of trenbolone use on E. coli.  Trenbolone is an androgenic anabolic steroid which is a form of growth hormone and is used in livestock to cause muscle growth.  Trenbolone had little affect on E. coli culture. 



Western Mosquitofish, Gambusia affinis
Biomarker study w/ simulated CAFO runoff
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Presentation Notes
Just some lab capabilities, for example.  Caroline’s fish model – excellent as Genus appears globally.



Results
• Although higher bacterial metabolic 

activity was hypothesized to occur at Big 
Creek due to likely introduction of 
organic nutrients into BNR from a swine 
farm, Big Creek showed the lowest 
metabolic activity for 71% of the months 
analyzed.

• Overall bacterial metabolic activity at all 
sites was lower in the colder, winter 
months.

• Highest live bacterial counts were 
associated with local rain events.



• The results presented in this study are part 
of a 19-month project and will be 
combined with other environmental water-
quality data and fecal bacterial indicators.

• Nutrients/organics and bacteria may 
originate from other distant sources in the 
Big Creek watershed. 

• Results point to broader implications for 
river ecosystem services.

Conclusions

Presenter
Presentation Notes
We will be performing some additional experiments based on information from the EPA data.  Changes in microbial ecology are likely occurring in the composition of microbes, numbers of microbes, and potential for antimicrobial resistance conveyance. 



USGS-NPS Natural Resources Preservation Project (NRPP)

USGS Ecosystems Mission Area

This information is preliminary and is subject to revision. It is being provided to meet the need for timely 
best science. The information is provided on the condition that neither the U.S. Geological Survey nor the 
U.S. Government shall be held liable for any damages resulting from the authorized or unauthorized use of 
the information products.

Any use of trade, firm, or product names is for descriptive purposes only and does not imply endorsement 
by the U.S. Government. 
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