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Business and Activity Section
 
(a)  Contract Activity
 
Discussion about contract modifications or proposed modifications
Discussion about materials purchased
1. VWR filter membrane, syringe filters, buffer for cell counting $265.84
2. DNA extraction kid $350.00
3. filter for -80 C freezer for sample storage $69.40
4. Magnesium chloride $33.86
5. Pipette tips and lab notebook $518.64
6. Centrifuge tubes $817.33

(b) Status Update of Past Quarter Activities
 
High level summary of the work performed for the reporting period.

In this quarter we continued running electrochemical experiments with microorganisms obtained from new water samples from DNV-GL.  Those samples are ongoing.
 
(c)   Cost share activity
 
Cost share is the 0.5 academic year salary and fringe for Co-PIs Monty-Bromer and Senko totaling $16,053 for the quarter.


High level accounting of cost share and use, categorized such as Materials Purchased, Tuition Assistance, etc.
 
 
(d)  Task X: Task Title
Description of work performed for the task this quarter.  Subtasks completed or foreseen challenges or those challenges overcome are suggested topics.
 
Detailed discussion and descriptions for the following:

 
Development of electrochemical approach to detect MIC in natural gas transmission lines using split chamber zero-resistance ammetry.
 
Enrichment Updates
We recently received a new pipeline sample to better replicate and understand the environment of the pipeline interior. As we transfer the sample into our enrichment media, we will run several analyses to establish the overall water chemistry of the sample. These include anion concentrations through the use of ion chromatography, cation concentrations by way of inductively coupled plasma mass spectrometry (ICP-MS), as well as ferrozine and sulfide assays to establish baseline concentrations of iron and sulfide, respectively. Due to the viscosity of the sample, it was necessary to create a 5 % solution of the sludge and dilute it with our synthetic water solution, in order to properly inoculate our media bottles.
In order to decrease the amount of ambiguity in the taxonomic analyses of our samples, we made the decision to remove any sulfate from our media recipes, that are not explicitly looking for sulfate-reduction. This ensures that the bacteria of interests are the only ones occupying the environment of the serum bottles, without the potential for sulfate-reducing bacteria (SRB) being classified as one of the predominant bacteria strains. 
 
Enrichments in Progress:
·      Sulfate-Reducing Bacteria (SRB)
·      Methanogenic
·      Fermenters
·      Iron-Reducing Bacteria (IRB/FeRB)
·      Thiosulfate-Reducing Bacteria (with lactate acting as the electron donor.)
·      Thiosulfate-Reducing Bacteria (with Fe0 acting as the electron donor.) 
[image: ]
Figure 1: Sulfide concentrations of Thiosulfate-Reducing media over the course of a six-day duration.
[image: ] 
Figure 2: A graph depicting the steady increase of sulfide ions in the Sulfate-Reducing media. As the concentration of sulfide increases, the sulfate concentrations will decrease. 

Taxonomic Analysis
After inoculating the new sample in our set of enrichments, we will extract DNA from the samples. However, because we’ve eliminated the sulfate from our recipes, the sequencing data  should more adequately reflect the microbes present in the serum bottles. Similar to our previous analyses, we will send the quantified DNA samples (performed via a DNA Extraction) to Mr. DNA (http://mrdnalab.com/). They will conduct 16s rRNA gene sequencing on the samples in order to provide us with data necessary for constructing phylogenies and taxonomy graphs. 
 




Split Cell Zero Resistance Ammetry (SC-ZRA) Report
We continued to analyze the synthetic media, originally formulated from the pig sludge by using Split chamber zero-resistance ammetry (SC-ZRA) technique for detecting and quantifying MIC in natural gas pipelines. To monitor MIC, we deployed two low carbon steel working electrodes in the chambers separated by a KCl salt bridge. One chamber (WE1) is inoculated with a Sulphate Reducing Bacteria (SRB) originally found in the sludge provided by DNV-GL and other side is kept sterile (WE2). Potential and current measurements were analyzed to evaluate potential microbial activities, and this could also lead to establishing electrochemical signatures of MIC. To understand and evaluate the electrochemical signature of the activity of SRBs, we designed various experiments by altering vital media components in the ZRA chamber, such as analyzing the activity of SRBs in the presence and absence of lactate in the media. Also, incubation period of the experimental run is set to run for 21 days.
 
Experimental Design:
[bookmark: _GoBack]All non-metal components of the experimental setup were placed in acid-bath overnight and autoclaved before the corrosion incubation of carbon steel. To maintain anoxic environment for the SC-ZRA, the setup was arranged in an anaerobic glove compartment.
    
Corrosion incubations: Carbon steel (UNS G10180) cylindrical coupons were ground using progressively finer SiC papers including 240, 320, 400 and 600 grit according to ASTM standard E1558 [1]. Cylindrical coupons were sterilized by placing them in the ZRA chambers filled with non-reactive nitrogen. The chambers were placed in an oven at 1600C for 4 hours sterilizing the coupons without compromising the metal surface. 
 
Saturated calomel electrode (SCE) reference electrode was used for the deployed WE1 and WE2. A saturated KCl salt-bridge was used to connect the two split chambers.
 
Current and potential were recorded using a Bio-Logic potentiostat/galvanostat, Model VSP-300 (SN 0001). Current and Potential were recorded using EC-Lab 
 
Samples were removed periodically from both chambers to measure pH, sulphate/Sulphide concentration, lactate and dissolved Fe(II). 
 
Corrosion rates were determined by weight loss analysis (WLA) using ASTM method G01-03 [2]. Corrosion rate was calculated using the following equation.
 
(CR = (W*K)/(D*A*t)
 
where CR is the corrosion rate in mm/yr, K (8.76 x 104) is a dimensionless constant, W is the mass loss in grams, A is the exposed surface area in cm2, T is the exposure time in hours and D is the density of carbon steel UNS G10180 in g/cm3.
 
Analytical techniques: pH was measured using Thermo Scientific Orion Laboratory instrument with the model STARA2150. Dissolved Fe(II) was calculated by ferrozine assay [3] using UV-Vis spectroscopy.
 
Results and Discussion:
Four sets of SC-ZRA SRB was ran with complement of negative control experimental runs. SC-ZRA SRB 2 and SC-ZRA SRB 4 are the negative control where both the cell (WE1 and WE2) are kept sterile. For SC-ZRA SRB 3 and SC-ZRA SRB 5, WE1 side is inoculated with SRBs after two days of the start of the experiment. Figure 3, 4, 5 and 6 shows the galvanic current readings. From the weight loss data in Table 1, the mass loss for both WE1 and WE2 for the negative control is very similar as expected. On the other hand, the weight loss for WE2 side for both delayed inoculated experiments are on average 40% less when compared to the WE1(inoculated side). At this time, it is very difficult to pinpoint the reasons for the weight loss. Further analysis is required to understand SRBs behavior in the SC-ZRA settings.
Initially SC-ZRA SRB 2 and 3 was ran for 21 days. To explore any changes in the galvanic current, SC-ZRA 4 and 5 was ran for 30 days. This is to see how long it takes for the current to stabilize, thus understanding when the bacteria cease to react. From figure 5, it seems like the galvanic current started to level after day 21 and continue to do so until the end of the experiment.
[image: ]
Figure 5: Galvanic current reading from SC-ZRA SRB 4 for negative control, where both the chambers are sterile.
 

[image: ]
Figure 6: Galvanic current reading from SC-ZRA SRB 5 delayed Inoculation, where the bacteria was inoculated on the WE1 side at day 2.
 
[image: ] 
 
Table 1: Weight loss data from each coupons and corrosion rate associated with each coupon.
 [image: ]
Figure 7: Comparing pH level with the negative control and delayed inoculation experiment for both WE1 and WE2 side. 
 
Future Work:
Future Enrichments 
In our future enrichment studies, we plan on prepping a sulfate-reducing media that utilizes iron metals (Fe0) as an electron donor, as opposed to lactate. Because sulfate-reducing bacteria are a major candidate for microbes involved in pipeline corrosion, it is key to establish the necessary components that could possibly allow for the functionality of their metabolisms. It should be noted that the newest sludge sample has a high opacity, meaning that performing an optical density test in order to monitor cell growth will not be feasible. However, as we continue to grow our new cultures, we plan on performing a cell count as a means of quantifying the concentration of bacteria in a known volume. This will supplement the data that we compile of the various assays as well as the water chemistry. We may also start culturing acetogenic bacteria, or anaerobic bacteria that produce acetate as their byproduct.

Future SC-ZRA Experiments
We will be conducting SC-ZRA experiments by altering media content, such as, acquire electrochemical data in the absence of lactate. We will have to perform further analysis on lactate concentration in the previous experiments and also analyze sulphate/sulphide concentration to evaluate corrosion mechanism in the presence and absence of SRBs.

Future Batch Experiments
 We are running batch experiments using synthetic media for 10 day and 30 day incubation times where samples are collected periodically. Post incubation we will study the surface of the metal coupon using profilometry techniques (confocal microscopy and scanning electron microscopy) to understand the biofilm formation. The samples collected will be analyzed for iron, sulfide, acetate and lactate. Using this information we will be able to correlate biofilm formation and corrosion with the consumption of metabolites.
 
 
References:
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Weight Loss Analysis

Name of Experiment Mass Loss WE1 (mg) | Mass loss WE2 (mg) | Corrosion Rate WE1 (mmpy) | Corrosion Rate WE (mmpy)
SC-ZRA SRB 2 negative Control 1 167 0.05 0.05

SC-ZRA SR 3 delayed Inoculation 215 95 0.06 0.03
SC-ZRA SR 4 Negative Control 23 269 0.06 0.07

'SC-ZRA SRB 5 Delayed Inoculation 235 174 0.06 0.05





