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Business and Activity Section
 
(a)  Contract Activity
 
Receipts for expenses for this quarter are on university computers that are currently inaccessible.  We will report these next quarter, if possible. 
(b) Status Update of Past Quarter Activities
 
High level summary of the work performed for the reporting period.
 
(c)   Cost share activity
 
The salary of Drs Senko and Monty-Bromer is used for cost share.
 
(d)  Task X: Task Title
Task 1: Continued enrichments
Task 2: Continued ZRA experiments
 
Detailed discussion and descriptions for the following:

NOTE: Due to the recent unfortunate event of the pandemic and the following lockdown, we were not able to work in the lab for 2.5 months. Now our university is allowing graduate students to return to campus following safety protocols. Everyone is not allowed at the same time so students are only permitted in the lab 3 out of 7 days in a week. Work hours are also affected as they are allowed to work or stay in the labs for limited hours. Additionally, the university is functioning at a much slower rate in terms of purchasing and facility use. Therefore, students are currently functioning at 50% of their regular working capacity.
Batch Experiment
Background
Batch experiments were conducted to establish a baseline for corrosion caused by the SRB. Batch experiments were conducted in the presence of SRB with no lactate in static conditions. Batch experiments will be vital in understanding the formation of biofilm and the metabolic process of the bacteria. We wanted to study the effect of lactate depleted SRB on the corrosion.
Experimental Design for Batch Experiment
Batch experiments were conducted using flat carbon steel coupons that have been prepared by polishing using progressively fine SiC papers including 240, 320, 400 and 600 grit, as described in ASTM standard in E1558. Batch experiments were run in triplicates where the coupons were immersed in serum tubes of 20 ml with synthetic media solution. A 10% volume of inoculum of synthetic media water with nutrients and SRB bacteria was added to the bottles and chambers at an optical density of 1.17 at 600 nm, after being washed with synthetic media water three times.The set-up was prepared in a glove compartment and the headspace was filled with nitrogen to maintain anaerobic conditions and mimic the same environment as the ZRA experiments. These batch experiments were incubated for 50 days and samples were periodically recovered. Cells were removed from suspension by centrifugation, and the supernatant was removed for subsequent measurements of dissolved Fe(II), lactate and anion concentrations. Samples intended for measurement of dissolved Fe(II) were preserved in 0.5 M HCl.
Post experiment, the coupons were prepared for SEM to look at the bacterial attachment and biofilm formation. Weight loss analysis was also done using ASTM method G01-03. Samples were rinsed in deionized water, wire brushed, and then immersed in Clarke’ Reagent (1000 mL 12.1 M HCl, 20 g antimony trioxide, and 50 g stannous chloride) for 30 seconds to remove surface oxides. After Clarke's Reagent bath, the coupons were rinsed with DI water, dried, and weighed. The Clarkes’ reagent wash, DI wash, and weighing were repeated until no mass was lost between wash cycles, indicating that all oxides were removed. The total mass loss was recorded indicating the physical weight that was lost due to corrosivity of the environment.

Results and Discussion
Initially, we were planning on doing a 30 day run for the batch incubation without lactate, but extended the incubation time because we could still see the activity of the microorganisms and decided to study the microbial activity with a longer incubation time. The batch incubation is still on-going. The last sample was taken on Day 47 and the data for sulfide accumulation, sulphate reduction, and pH  is presented in the figures below.
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Figure 1. Sulfide accumulation from Day 0- Day 47
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Figure 2. pH from Day 0- Day 47
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Figure 3. Sulfate reduction from Day 0- Day 47
The mass loss data is as follows,
	Day 3

	 
	Initial
	Pre-Wash
	1
	2
	3
	4
	5
	Total (grams)
	Total (mg)

	A
	2.5979
	2.5977
	2.5971
	2.597
	2.597
	2.597
	2.597
	0.0009
	0.9

	B
	3.1437
	3.1435
	3.1428
	3.1427
	3.1427
	3.1427
	3.1427
	0.001
	1

	C
	2.257
	2.2571
	2.2563
	2.2562
	2.2562
	2.2562
	2.2562
	0.0008
	0.8


 
	Day 6

	 
	Initial
	Pre-Wash
	1
	2
	3
	4
	5
	Total (grams)
	Total (mg)

	A
	2.199
	2.2024
	2.1968
	2.1966
	2.1963
	2.1959
	2.1959
	0.0031
	3.1

	C
	2.772
	2.773
	2.7705
	2.7706
	2.7705
	2.7705
	2.7705
	0.0015
	1.5





 
	Day 9

	 
	Initial
	Pre-Wash
	1
	2
	3
	4
	Total (grams)
	Total (mg)

	A
	3.0184
	3.0176
	3.0161
	3.0158
	3.0156
	3.0154
	0.003
	3

	B
	2.7512
	2.7507
	2.7491
	2.7492
	2.7488
	2.7489
	0.0023
	2.3

	C
	2.7195
	2.7187
	2.7174
	2.7173
	 
	 
	0.0022
	2.2





 
	Day 12

	 
	Initial
	Pre-Wash
	1
	2
	3
	4
	Total (grams)
	Total (mg)

	A
	2.7782
	2.7815
	2.7751
	2.775
	2.775
	 
	0.0032
	3.2

	B
	3.4605
	3.463
	3.4583
	3.4585
	3.4582
	3.4583
	0.0022
	2.2

	C
	2.1161
	2.1173
	2.114
	2.114
	2.114
	 
	0.0021
	2.1


  
	Day 22

	 
	Initial
	Pre-Wash
	1
	2
	3
	4
	Total (grams)
	Total (mg)

	A
	3.0626
	3.0708
	3.0589
	3.0589
	3.0587
	3.0587
	0.0121
	12.1

	B
	1.486
	1.4919
	1.4832
	1.4832
	1.4832
	 
	0.0087
	8.7

	C
	3.2162
	3.2565
	3.2134
	3.2131
	3.213
	3.2131
	0.0434
	43.4


 



	Day 30

	 
	Initial
	Pre-Wash
	1
	2
	3
	4
	Total (grams)
	Total (mg)

	A
	2.9329
	2.931
	2.9274
	2.9278
	2.9278
	2.9278
	0.0032
	3.2

	B
	3.2637
	3.2628
	3.259
	3.2584
	3.2588
	3.2588
	0.004
	4

	C
	2.2627
	2.2616
	2.2589
	2.2589
	 
	 
	0.0027
	2.7


 
	Day 40

	 
	Initial
	Pre-Wash
	1
	2
	Total (grams)
	Total (mg)

	A
	2.5252
	2.5275
	2.5206
	2.5206
	0.0069
	6.9

	B
	2.6871
	2.6893
	2.6826
	2.6826
	0.0067
	6.7

	C
	2.7002
	2.699
	2.6947
	2.6947
	0.0043
	4.3


 



	Day 47

	 
	Initial
	Pre-Wash
	1
	2
	3
	Total (grams)
	Total (mg)

	A
	3.1694
	3.1668
	3.1647
	3.1645
	3.1646
	0.0022
	2.2

	B
	2.6635
	2.6605
	2.6579
	2.6577
	2.6577
	0.0028
	2.8

	C
	3.4597
	3.4577
	3.4549
	3.4548
	3.4547
	0.003
	3





Split Cell Zero Resistance Ammetry (SC-ZRA)
Introduction
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 enriched Sulphate Reducing Bacteria (SRB) originally found in the sludge provided by DNV-GL and another chamber (WE2) is kept sterile. Figure 4 shows how the setup for SC-ZRA is set up. 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, the incubation period of the experimental run is set to run for 21-30 days.

Experimental Design

[image: ]
Figure 4. Split Cell Zero Resistance Ammeter (SC-ZRA) setup 

All non-metal components of the experimental setup were placed in acid-bath overnight and autoclaved twice before the corrosion incubation of carbon steel. To maintain an 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 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 the Thermo Scientific Orion Laboratory instrument with the model STARA2150. Dissolved Fe(II) was calculated by ferrozine assay [3] using UV-Vis spectroscopy. Lactate analysis (info), Sulphide analysis (info), Sulfate analysis (info)

Results and Discussion
From previous runs for the ZRA experiments, we have collected and reported data on current and potential signature pertaining to various environments in order to understand the corrosion rate, nutrient depletion, pH, and other analytical techniques to predict and understand mechanism for MIC of SRBs for the synthetic media. Currently we are repeating the experiments, by adding Resazurin, a redox indicator [4] which can also be used as an indicator for cell viability. Initially the color of the synthetic media is blue and eventually turned pink indicating that all dissolved oxygen has been removed from the system. Figure 1, figure 2 and figure 3 shows the indicator color changes as the experiment run time progresses.  As SRBs metabolizes, we are expecting the solution to turn clear as the concentration of the H2S increases. 

[image: ]
Figure 5: Day 0, the synthetic media for the ZRA run is blue indicating that….


[image: ]
Figure 6: On day 2, Resazurin indicator turns pink, indicating that all dissolved oxygen is removed from the system.

[image: ]
Figure 7: After the SRBs are inoculated in the WE1 side, the Resazurin indicator turns clear, indicating the H2S is being produced by MIC.


By the end of next quarter, we will be able to report the analysis results for the current run of two ZRA experiments for lactate, sulfate, and sulfide concentrations enabling us to better understand the mechanism of MIC of SRBs. 

Future SC-ZRA Experiments
For the next quarter, we will be completing the current run for the ZRAs with lactate and SRBs inoculated on WE1 side. We will also investigate the following:
1. ZRA experiments without lactate, inoculated with SRBs, followed by a negative control
2. ZRA experiments with lactate, inoculated with SRBs but the lactate will be added as the SRBs metabolize them during the experimental run, followed by a negative control.

Future Batch Experiments
We will have 30-day batch incubations for SRB (with lactate) and negative control. 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 that can be used as a baseline for our SC-ZRA experiments.
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