| The impact of a poultry processing plant on
the concentration of antibiotic-resistant
bacteria in a stream in northwestern South
Carolina
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Introduction

 Human activity can have a serious impact on stream
ecology

e Streams in urban areas tend to have more solutes
and higher concentrations of bacteria than pristine

streams
e Contaminants from two kinds of sources:

— Non-point sources: impervious surfaces (e.g. paved areas,
roads), agricultural fields, lawns

— Point sources: sewage treatment plants


Presenter
Presentation Notes
In this project, we investigated how contamination can affect antibiotic-resistance in freshwater streams.
It is becoming obvious that human activity has a serious impact on stream ecology
Urban streams tend to have more solutes and bacteria than pristine streams
What’s interesting is the solutes and bacteria can come from non-point sources or point sources
In Greenville, SC, we are fortunate to have a more unique point source of contamination...


Location

e House of Raeford’s Columbia Farms chicken
processing plant in Greenville, SC

* Plant has drainage pipe that releases
wastewater effluent into a nearby stream

— Bacteria of animal fecal origin
— Antibiotic-resistant bacteria



Presenter
Presentation Notes
Our study focused on a stream that runs right next to this plant
There is a drainage pipe
Now, given that farm animals are fed antibiotics to promote growth and often host antibiotic resistant bacteria, we think this could potentially be a source of contamination


Hypotheses

* Higher levels of solutes and fecal
bacteria downstream from the
drainage pipe

e Higher levels of antibiotic-resistant
bacteria downstream from the pipe

* Differences in the genetic diversity of
Escherichia coli populations


Presenter
Presentation Notes
- We aren’t looking to prove anything conclusively one way or the other, we just want to figure out what questions need to be asked of these kinds of streams to determine if they are being adversely affected by human influence. 
Then we wanted to focus on the bacterial community and see if we can see changes there due to the plant’s influence.
Do predictions/hypotheses here



Sampling Methods

Two water sampling trips
— July 61" and July 26t in 2010

Analyzed water chemistry
Indicator bacteria analyzed using IDEXX

Bacteria were isolated using the EPA’s
standard membrane filtration protocol

Investigated phylogenetic diversity of E. coli
using multiplex PCR


Presenter
Presentation Notes
- In order to do this, we took water samples from the chicken plant stream and from several reference streams twice…
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Presenter
Presentation Notes
Here is an aerial view of the stream in question
Headwater for Brushy Creek Watershed
Samples were taken from several places along the stream, up and downstream from the effluent pipe
We hoped that by comparing upstream and downstream, we’d be able to see some changes



¥ e A . \ ,.’_.'_" . .”
£ oy T 4t
1 J & & 7
- .*, 5 A 4

e

Wi
7,
/.f'

¢

ImagenyiDa



Presenter
Presentation Notes
Here is  a close-up of the drainage pipe area. The pipe forms a short tributary to the main stream
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Presenter
Presentation Notes
On our second sampling trip, we surveyed 5 streams that were similar to the chicken plant stream to get a baseline of what our stream SHOULD look like. All reference streams had similar surrounding land cover so they should represent what the chicken plant stream would be if there were no chicken processing plant.
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Presenter
Presentation Notes
-Here are two of the reference streams close-up just to demonstrate that the surroundings are very similar
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Water chemistry

Ammonium

nearby
reference
stream

ND

I July 6
I July 26

Concentration (mg/L)

BY38 BY18 BY18T BY18A BY18E2

Chloride

ND

I July 6
I July 26

BY38 BY18 BY18T BY18A BY18E2

Concentration (mg/L)

10

Phosphate

ND

I July6
I July 26

BY38 BY18 BY18T BY18A BY18E2

Dissolved organic carbon

I July 6
I July 26

BY38 BY18 BY18T BY18A BY18E2


Presenter
Presentation Notes
-When we looked at our water chemistry data, we saw that near the pipe, the stream was high in dissolved ions
- Something interesting, I was reading a newspaper article about one of this company’s other plants that burned down and it mentioned that these plants use a large amount of ammonium


Indicator Bacteria
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Presenter
Presentation Notes
We measured several kinds of indicator bacteria, a common method of water quality testing
The blue bars are data from our first sampling excursion and the red bars are from the second 20 days later
The bar groups that have chickens standing on them represent samples taken from right next to the drainage pipe
Big spike at the drainage pipe
Above the upper limit of the 95% confidence interval for our measurements at the reference streams
You’ll notice that the blue bars don’t really show the same spike that the red bars do
We think that may be because we took our first set of samples right after the fourth of july weekend so the plant may have been closed that day


Tetracycline

* Promotes growth in livestock

e Agricultural use has increased 15 times in the
past 30 years

e Over 70% of all antibiotics used in the US are
used as feed additives

e Shown to select for resistant bacteria

Sources: Dibner and Richards 2005,
Boston College Environmental Affairs Law Review 2000,
Union of Concerned Scientists


Presenter
Presentation Notes
-Next we’re going to zoom in on tetracycline-resistant bacteria because of tetracycline is used as a growth promoter in agriculture
-Mechanism of growth promotion is not known 

http://www.bc.edu/bc_org/avp/law/lwsch/journals/bcealr/28_1/02_TXT.htm
http://www.pnas.org/content/99/9/5752.long
http://www.keepantibioticsworking.org/pages/basics.cfm
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Presenter
Presentation Notes
On our first sampling trip levels were very lower at the tributary but increase sharply  directly downstream before tapering off, which you would expect if the drainage pipe were introducing contamination
On the second trip, levels were too numerous to count at and around the drainage tributary
There is some fluctuation in bacterial concentrations in this stream
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Presentation Notes
Now I’d like to zoom in further within tet-resistant bacteria and look at E. coli
When we look at E. coli we see the usual too numerous to count spike at the drainage pipe on the second sampling trip, but there is something else odd that you may have noticed in some of the other graphs too: a spike right BEFORE the pipe
This combined with the fluctuations in concentration between the sampling dates suggests that while these trends are interesting, numbers can’t tell the whole story
We need to look at the situation from a different perspective, which is where EcoR typing comes in


E. coli Reference Collection (ECOR)

e Established in 1984 by e 5
Hochman and Selander f—“-*—-“-if-”—i ;_m_i,_,_\__-
* Divides environmentally- I SN
®© ©

isolated E. coli in several large ‘f ‘f * L
phylogenetic categories ez le) e =
including A, B1, B2, D
e Compare to reference
collection samples

A A Bl1 D D B2B2


Presenter
Presentation Notes
The E. coli reference collection was established…blah blah blah
Read slide
Basically, you use multiplex PCR to match your samples to samples from the reference collection
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Presenter
Presentation Notes
We ECOR typed some of our isolates from several of our sites
Several interesting trends
Upstream and downstream populations are different
At the top there’s a lot of B1 and some B2 but as you go downstream there is gradually more A and D
Just for fun, on the side is a population of E. coli taken from sewer samples
Plant effluent has a large amount of A, which is what comes to prominence immediately downstream from the pipe


Summary

Higher levels of dissolved ions in the pipe
tributary

Higher concentrations of antibiotic resistant
environmental bacteria just downstream from
drainage pipe

High concentrations of indicator bacteria at
drainage pipe

Populations of E. coli up and downstream of
the pipe were different
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