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Business and Activity Section

(a) Contract Activity

Discussion about contract modifications or proposed modifications:  N/A
Discussion about materials purchased:  
1. Pipette tips for routine fluid transfer in experiments: $641.00
2. Cuvettes for colorimetric assays: $328.64
3. DNA extraction kit for analysis of sludge and enrichment microorganisms $470.69
4. pH standards kit: $107.87
5. Tryptic Soy Broth 500 g: $60.20

 (b) Status Update of Past Quarter Activities

In this quarter we began classification of the water chemistry obtained from pipeline samples.  We also began running electrochemical experiments with those water samples.

(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.


(d) Task X: Task Title

Task 1: Water Chemistry Analysis from produced water samples.
Task 2: Zero Resistance Ammetry Experiments from produced water samples.
Task 3: Trained two undergraduate students to begin work on the project.



Detailed discussion and descriptions for the following:
1. 	Background and Objectives in the 1st Quarter
1.1 Background
Split chamber zero-resistance ammetry (ZRA) technique is applied on the basis of 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 NaCl salt bridge. One chamber is inoculated with a consortium of organism originally found in the sludge provided by DNV-GL and other side is the same sludge without the consortia of organisms. Potential and current measurements were analyzed to evaluate potential microbial activities and this could also lead to establishing electrochemical signatures of MIC.
1.2 Objectives in the 1st Quarter
	a. Analysis of water chemistry from produced water samples
	b. ZRA experiments using produced water samples.

2.  Experimental Program in the 1st Quarter
2.1 Water Chemistry Analysis
pH: Through the use of a pH probe, we were able to collect the overall acidity of the specimen.
Enrichment Media: The microbes of the specimen need specific conditions in order to grow. The implementation of several enrichment media helps promote the growth of a particular organism. The media provides essential nutrients, but can also prevent the growth of competitive organisms. This ensures that the desired microbe will be the only type “enriched” on the plate or in the container. It should be noted that both types of microbes that we were trying to isolate needed to be grown in anaerobic conditions, or in the absence of oxygen.
· Sulfate-Reducing Bacteria: Sulfate Reducing bacteria (SRB) are a class of bacteria that are able to perform anaerobic respiration by utilizing sulfate (SO42-) as a terminal electron acceptor. The byproduct of the reaction is hydrogen sulfide (H2S). This specific growth media is able to indicate the promotion of SRB by the visible presence of iron sulfide (FeS). A black precipitate (FeS) is the most obvious sign that the sulfur has been reduced and the byproduct hydrogen sulfide has formed. (The left bottle shows an uninoculated SRB media, which acts as the control, while the right bottle is inoculated with the sample and displays a prominent black precipitate.)
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	[image: ]



· Methanogens: Compared to sulfate-reducing bacteria, methanogens are a type of archaea that produce methane as their metabolic byproduct in an oxygen deprived environment. The environment of all of the enrichments must be completely devoid of oxygen to allow for any type of growth.
DNA Extraction: In order to substantiate the results of our enrichment and further learn of the microbial makeup of the specimen, we performed a DNA extraction of the original produced water sample, as well as several of the enrichments. We made use of a DNeasy PowerBiofilm Quantification Kit in order to have samples to run with the Qubit 4 Fluorometer.
[image: ]
(DNeasy PowerBiofilm Quantification Kit, Produced by the company, Qiagenhttps://www.qiagen.com/us/shop/sample-technologies/dna/genomic-dna/dneasy-powerbiofilm-kit/#orderinginformation)
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 (Qubit 4 Fluorometer and Reagents)
https://www.thermofisher.com/us/en/home/industrial/spectroscopy-elemental-isotope-analysis/molecular-spectroscopy/fluorometers/qubit.html
Ion Chromatography: For our analysis of the ion concentrations, we used the technique known as Ion Chromatography. Specifically, we used the technique to obtain concentrations for anions (negative charged ions). We used a Dionex ICS-1100 with ASDV Auto Sampler to run the analysis. We looked for the anions (Cl-, NO3-, NO2-  PO43-, SO42-). To properly calculate the necessary concentrations, serial dilutions were performed if the sample was too concentrated for the machine to quantify the anion.
Ferrozine Assay: A ferrozine assay is used to measure the concentrations of Fe (II). An initial analysis was run with the sample upon arrival [3].
Sulfide Assay: Sulfide concentrations play a major role in microbially induced corrosion, as dissolved free sulfides (such as hydrogen sulfide) can prove to be very detrimental to many types of metals. Therefore, a preliminary test to quantify free sulfides was run with the specimen. 
Inductively Coupled Plasma Optical Emission Spectrometry (ICP-OES): In order to measure concentrations of cations (positively charged ions) in the pigging specimen, we made use of an Aligent Technologies 700 Series Inductively Coupled Plasma Optical Emission Spectrometry(ICP-OES). The machine uses inductively coupled plasma that causes atoms and ions to become excited. This causes the emission of electromagnetic radiation which can indicate specific elements based on the wavelength that is produced. To establish a standard curve to better quantify concentrations, we used a solution standard that would specifically test for 8 elements (Al+, Co+, K+ , Mg+ Mn+ ,Ca+ ,Fe+, Na+).

2.2 ZRA Experimental Set-up
All non-metal components of the experimental setup were placed in acid-bath overnight and autoclaved before the corrosion incubation of carbon steel.
 
Medium preparation: Water received from gas transmission pipelines were used as the medium. One chamber consists of the original sludge (WE1) and the sterile sludge (WE2) was in the other chamber. The sterile sludge was achieved by autoclaving the sample for 30 min at 250 F and the resulting visual is as shown in figure 1.
 [image: ] 
Figure 1: Original Sludge (left), sludge after autoclaving (Right)
            
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 NaCl salt-bridge was used to connect the two split chambers.  Current and potential were recorded using a Gamry Reference 600 potentiostat/galvanostat.  Samples were removed periodically from both the chambers to measure pH 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.
[image: ] 
Figure 2: Split chamber zero-resistance ammetry separated by a NaCl salt bridge. WE2 (left) WE1 (right).


3.  Results and Discussion

Table 1: Water Chemistry analysis of collected pipeline sample (Pig Sludge Specimen) (2019)
	 
	Concentrations (mM)

	pH
	7.45 ± 0.5374

	Cl-
	402.989 ± 5.364

	NO3-
	0.0381 ± 0.0305

	NO2-
	0.0636 ± 0.083

	PO43-
	0.5587 ± 0.522

	SO42-
	0.3127 ± 0.0266

	Al+
	0.1958 ± 0.00606

	Co+
	N/A

	K+
	2.722 ± 1.0159

	Mg+
	13.94 ± 4.2756

	Mn+
	0.0032 ± 0.00058

	Ca+
	26.01 ± 6.8034

	Fe+
	0.3449 ± 0.0417

	Na+
	400.2 ± 55.353

	DNA Extraction (ng/µL)
	2.12 ± 0.1

	S2-
	0.2491

	Ferrozine (Undiluted)
	0.7199



Potential and current reading were monitored for the SC-ZRA for 10 days. The potential was constant during the experimental run approximately around -621 mV. The initial current reading with a negative galvanic current suggests that there is flow of electrons from WE2 to WE1. From the weight loss analysis, WE2 lost 1.5 mg and WE1 did not show any weight loss. Figure 4. shows the visual of both the electrodes at the end of the experiment. Considerable amount of pitting was seen on WE1. The pH remained fairly constant for both the chamber, where WE1 was around 7.7 and WE2 side pH was around 8.7 as shown in Figure 5.  It should be noted that these experiments were run aerobically.  To get more realistic results, further experiments will be run anaerobically.   
[image: ] 
Figure 3: Galvanic Current readings from split chamber zero resistance ammetry (SC-ZRA).
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Figure 4: Cylindrical carbon steel coupon at the end of Run1. WE2 (left) WE1 (right).
[image: ]
Figure 5: pH readings from the sample collected periodically over the span of experimental run.
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Figure 6: Dissolved Fe2+ concentration from the samples collected periodically from the experimental run.

4. Future Work

[bookmark: _GoBack]Currently we are running an aerobic negative control with the SC-ZRA (ZRA 2) to understand galvanic current and potential when both the chambers contain no microorganism. We are expecting to see minimal or no galvanic current as the two chamber contains the same sterile water sample.  We will also be running 3 additional produced water samples from pipeline sites around Ohio and Pennsylvania.  After analyzing these samples, we will agree on a water chemistry to run further laboratory experiments with microbial isolates.
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