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Hydrogen Sulfide Removal by Thiobacillus Denitrificans Encapsulated in Sodium Alginate Gel Beads

ABSTRACT


The purpose of this investigation was to determine whether the obligate chemolithitroph Thiobacillus Denitrificans has the ability to metabolize hydrogen sulfide gas when encapsulated in sodium alginate gel beads.  The goals of the project included: Determining a procedure to make uniformly-sized beads, measuring the pH of the sodium alginate solution prior to jellification, and determining the composition of gas in bottles that contained a small concentration of hydrogen sulfide.  The researchers synthesized sodium alginate gel beads, some of which contained media and some of which contained Thiobacilli in addition to the media.  The investigators then placed the two types of samples into containers that had 1000 ppm H2S in the headspace gas, incubated the samples for 48 hours, and then analyzed the final H2S concentration of the headspace gas.  Though the researchers determined that pH was not a contributing factor to the H2S-metabolizing potential of the bacteria, they failed to obtain conclusive data regarding the H2S, as the final concentration in all bottles following incubation was 0 ppm.  Suggestions for future experiments include: Determining a method for efficiently removing beads from calcium chloride, saturating the sodium alginate solution with H2S prior to jellification, centrifuging the bacteria media to obtain a higher concentration of Thiobacilli, and determining possible leakage of H2S gas from the bottles.  

INTRODUCTION

The purpose of this investigation was to determine whether Thiobacillus Denitrificans has the ability to metabolize hydrogen sulfide gas when encapsulated in sodium alginate gel beads.  Thiobacillus Denitrificans is an obligate chemolithitroph (Kuenen 6) that uses inorganic substances – namely hydrogen sulfide and nitrogen – for energy.  The goals included: Determining a procedure to make uniformly-sized beads, measuring the pH of the sodium alginate solution prior to jellification, and determining the composition of gas in bottles that contained a small concentration of hydrogen sulfide.  For the latter goal, the investigators used the gas chromatograph at Oregon State University to analyze the composition before and after the metabolism by the bacteria.  


This investigation is part of a large effort to discover the most efficient way to eliminate the presence of hydrogen sulfide in a gas emitted by the Coffin Butte landfill in Corvallis, Oregon.  Such gas purification is necessary because any trace of the toxic gas will destroy a hydrogen fuel cell using the landfill gas to power a significant portion of the city.  The use of microorganisms to eliminate undesired gases by means of metabolic processes is one of the most inexpensive and efficient ways to achieve this goal (Chung).  


Encapsulating Thiobacillus Denitrificans in jellified sodium alginate has many advantages.  Due to the natural quality of the sodium alginate polymer, living cells can be encapsulated in one step without any harm and therefore, alginate beads have been extensively used for the immobilization of various biomolecules (Kim).  Other advantages encapsulated cells have over free cells include improved process control, protection against damage, and reduced susceptibility to contamination (Lee).  


Sodium alginate is the sodium salt of alginic acid derived from varieties of seaweed such as lavar (Porphyra tenera), green lavar (Enteromorpha linza), agaragar (Gelidium amansii), marine brown alga (Undaria pinnatifida), and tangle weed (Kjellmaniella crassfolia).  It quickly dissipates when mixed with cold water to form a viscous solution, which is useful in many industries, particularly that of the food and textile, as a stabilizer, thickener, gelling agent, or emulsifier.  When the solution comes in contact with polyvalent cations such as Ca
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, it becomes a water-insoluble gel (Kim).  The jellification that occurs when the mixture comes in contact with calcium chloride is the result of a cross-linking that occurs between the chains of the sodium alginate polymer, forming a loose two-dimensional network.  


The researchers believed that encapsulation of Thiobacillus Denitrificans in sodium alginate would be most productive for their ultimate goal, which is the removal of hydrogen sulfide using a biofilter containing Thiobacillus Denitrificans.   In addition to the advantages of encapsulation mentioned above, entrapment of the bacteria in sodium alginate beads would include easy transfer of bacteria and isolation from food sources other than hydrogen sulfide.  Therefore, the researchers believed that the method of encapsulation must be tested before further advances.   


Past experiments involving sulfur-metabolizing bacteria encapsulated in beads have proved successful in eliminating significant amount of hydrogen sulfide from gas streams.  The investigators of these experiments tested many variables including fluctuations in pH environment of the bacteria and changes in temperature.  Based on the information in these journal articles, the researchers of this paper decided to maintain the pH at a neutral level (within 6.5-7.5), feed the bacteria hydrogen sulfide in concentrations below 150 parts per million, and keep the bacteria warmed at 37˚C (Chung).


The researchers believed, in accordance with the results of previous investigations, that the Thiobacillus strain would metabolize hydrogen sulfide gas when encapsulated in sodium alginate beads.  They also believed that the pH of the alginate solutions prior to jellification would be relatively unaffected by the addition of Thiobacillus Denitrificans, thus proving that the change in pH would not be a contributing factor to the decrease of bacteria population.  

METHODS
Materials
1 Sodium alginate powder

2 Calcium chloride

3 Distilled de-ionized water (DDW)

4 Media for Thiobacillus Denitrificans (without bacteria)

5 Thiobacillus Denitrificans culture in media

6 Hydrogen sulfide gas (1% in argon)

7 160 mL glass bottles with rubber tops

8 Sterile 10 mL syringes

9 25 gauge needles with filters

10 21 gauge needles

11 Bottle shakers in 37C incubator

12 Gas chromatograph

13 Pipetters (1000 microliters, 10 mL)

14 pH meter

Procedure
Making gel beads: At Gleeson, 5-17-05 and 5-23-05

1) Dissolve 20 g of sodium alginate in 1000 mL DDW to make a 2% wt solution.  

2) Dissolve 3 g of calcium chloride in 150 mL DDW to make a 2% wt solution. 

3) Using a 10 mL pipetter, place 50 mL of sodium alginate solution into a sterile beaker.

4) Add 5 mL of TD media to the beaker.  Stir the solution with the pipetter.

5) Calibrate the pH meter, and then measure the pH of the solution.

6) Using a 1000 microliter pipetter, drop the sodium alginate into the calcium chloride so that spherical gel beads are formed.

7) Repeat steps 3-6 using media with the bacteria.

8) Pour off the excess calcium chloride from the beads and dispose.  Transfer the gel beads in a sterilized manner to the 160 mL glass bottles.  Label each bottle accordingly.  After the bottles are filled, place three sheets of parafilm over the openings of the bottles.

9) Store the bottles in a 37C incubator for 20 hours.  

Inserting the gas:
1) Attach Bunsen burner to gas valve and open the valve.  Use a striker to light a flame.

2) Dip the forceps in alcohol and sterilize them with flame.  Repeat three times.

3) Using the clean forceps, insert the rubber stopper into the opening of the bottle.  Place the metal cap onto the stopper and secure the cap with a crimper.  Repeat this process for all bottles.

4) Fold back the metal tab on the caps.  Spray the surface with ethanol to further sterilize the bottles, and dab the surface dry with Kim wipes.  

5) Attach the 25 gauge needle to the 10 mL syringe

6) Remove approximately 11 mL of H2S gas from the bag, but be sure to take out more than that amount to ensure adequate gas concentration.  Remove the 25 gauge needle and replace it with the 21 gauge needle.  Insert the needle into the rubber top and push the H2S gas into the bottle.  Reseal the top by folding the metal clasp over the rubber top.

7) Repeat step 6 for all bottles.  

8) Place the bottles onto shakers in a 37C incubator for 48 hours.  Record all start and stop times.

9) Analyze the composition of headspace gas using the gas chromatograph.  Record time of GC analysis.

RESULTS
PHASE I: PH OF SODIUM ALGINATE SOLUTIONS PRIOR TO JELLIFICATION

Table I: Bottles with media (control)

	BOTTLE
	PH READING

	5-17-05
	6.640

	#1: 5-23-05
	6.293

	#2: 5-23-05
	6.319

	#3: 5-23-05
	6.402

	Average
	6.414


Table II: Bottles with Thiobacillus Denitrificans in media 

	BOTTLE
	PH READING

	5-17-05
	6.629

	#1: 5-23-05
	6.737

	#2: 5-23-05
	6.604

	#3: 5-23-05
	6.743

	Average
	6.678


PHASE II: H2S CONCENTRATION IN HEADSPACE GAS

Table I: Bottles with media (control)

	BOTTLE
	HOUR 0 (PPM)
	HOUR 48 (PPM)

	#1: 5-23-05
	1000
	0

	#2: 5-23-05
	1000
	0

	#3: 5-23-05
	1000
	0


Table II: Bottles with Thiobacillus Denitrificans in media

	BOTTLE
	HOUR 0 (PPM)
	HOUR 48 (PPM)

	#1: 5-23-05
	1000
	0

	#2: 5-23-05
	1000
	0

	#3: 5-23-05
	1000
	0


DISCUSSION


The researchers successfully accomplished two of their three goals, namely finding an effective procedure for making uniformly-sized gel beads and measuring the pH of the alginate solutions prior to jellification.  From these results, the investigators were able to determine several significant conclusions.  


The difference between the average pH of the alginate solutions containing solely media and the pH of alginate solutions containing Thiobacillus Denitrificans in media was 0.264.  The researchers regard this number as an insignificant shift in pH; such a small modification is unlikely to adversely affect the bacteria population within the beads.  Obviously, a decrease in the bacteria population would result in a decrease in the potential H2S consumption, as the two quantities are directly proportional.  Since the pH was not a contributing factor to the death of bacteria, this aspect would also not contribute to the potential H2S consumption, thus eliminating an important variable from the methods.  


Surprisingly, the gas chromatograph testing of the headspace gas was inconclusive, as demonstrated by the data.  Though the investigators followed precise procedures, the GC analyses of all bottles following the incubation periods of 48 hours showed that none of the initial 1000 ppm of H2S remained in the headspace gas.  The researchers concede that several experimental errors may have occurred.  Error while using glass pipettes to measure out sodium alginate solution may have occurred due to the high viscosity of the fluid.  The researchers found the alginate difficult to expel from the mechanized pipette tubes, and residue of the alginate may have remained in the tubes between subsequent measures.  As this error would have resulted in a smaller volume of beads in the bottles, the factor would have a notable effect on the H2S consumption of the bacteria.  Other experimental errors were the spillage that occurred during the transfer of beads from the calcium chloride to the glass bottles and the usage of possibly contaminated metal utensils to aid in the transfer process.  Again, these errors would decrease the effectiveness of the bacteria to consume H2S due to the decrease in total bead volume and the interference of other bacterial populations to the beads.  Another final reason for the loss of such great quantities of H2S may have been leakage of the bottles due to inefficient methods of covering them (i.e. foil and Parafilm).  


However, the researchers believe that the major reason for the unsuccessful data was due to failure of fully saturate the sodium alginate solutions prior to the addition of H2S gas into the headspace.  All liquids have a solubility constant, which determines the potential solubility of specific gases in designated liquids.  As the solubility of H2S in water is relatively high, and as the sodium alginate solutions were largely aqueous, the investigators believe that the H2S injected into the headspace gas was simply absorbed by the gel beads or by the residual calcium chloride in the bottle.  In fact, the inefficient method of removing gel beads from calcium chloride was another factor in the experimental error.  A significant amount (approximately 15 mL) of calcium chloride remained in the bottles.  The calcium chloride also most likely absorbed a significant amount of the headspace H2S, further skewing our results.  


After setting the foundation for working with bacteria and gas absorption, the investigators have several suggestions for researchers working on similar projects and for future ideal extensions of this current project.  An important routine that must be determined is the efficient removal of sodium alginate beads from calcium chloride because residual calcium chloride is undesirable in the glass bottles.  Another significant variable to be eliminated is the possible leakage of gas from the bottles due to inadequate coverings of apertures, particularly the relatively fragile coverings of foil and Parafilm.  To measure the gradual decrease of H2S concentration in the headspace gas, the investigators suggest taking GC analyses at regular intervals, such as every five or ten hours.  The researchers also suggest centrifuging the bacteria-containing media, thereby separating the bacteria from the media and using a higher concentration of pure Thiobacillus Denitrificans and also eliminating the necessity of adding media to the control beads.  However, the most important suggestion to future researchers would be to fully saturate the alginate solutions with H2S prior to the injection of additional H2S into the headspace.  


The researchers of this investigation contributed to the overall goal of determining a method to eliminating hydrogen sulfide from gas streams.  Though they did not manage to determine whether the strain Thiobacillus Denitrificans indeed metabolized significant amounts of hydrogen sulfide, they established solid procedures and essential suggestions for researchers of the future who will resolve this problem.    
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