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Introduction

The goal of this study is to determine the amounts of H2S gases specific organic materials produce in a landfill setting. Landfill gases are composed of hundreds of different types of gases.  The largest components in the mixture of gases are methane and carbon dioxide which make up 40-60 percent of the mixture ( Crawford, 4).  The other acquired gases are nitrogen, oxygen, ammonia, trichloroethylene, benzene, and vinyl chloride.  Although these are some of the basic gases in the mixture of many different elements, there are many other measured amounts of organic compounds (carbon containing material).  


There are four basic stages of bacterial decomposition where natural organic waste is broken down by bacteria covered by soil used in the landfill (Mormile, 7). Considering material is disposed into the landfill at different times, one landfill can be experiencing many different stages at the same time.  Phase I begins with the aerobic stage of decomposition of bacteria when bacterial that only live in the presence of oxygen consume oxygen and break down different organic wastes.  This process can last for days or months depending on the level of oxygen that is present and when the waste was disposed.  Phase 2 starts after the oxygen has been used up and begins the anaerobic process.  The bacterium begins to convert the compounds created by the aerobic bacteria into acetic, lactic and formic acids and alcohols which cause the landfill to become highly acidic.  Phase 3 is the stage where anaerobic bacteria consume the organic acids produced in stage 2.  A methanogenic bacterium is what consumes the carbon dioxide and acetate.  Too much of this would make the material become highly toxic and acid producing.  Stage 4 comes into play when the production of landfill gases becomes constant.  By this point, the landfill gas is composed of about 45-60% of methane, 40-60% of carbon dioxide and the rest for miscellaneous gases (Vazoller, 10).  This gas production could be higher based upon larger amounts of organic wastes to be decomposed.  


As these landfill gases are produced and broken down, there are many conditions in which this process is affected. These include: the presence of oxygen, moisture content, waste composition, age of refuse, and temperature.  Depending on how old the waste is, the more recently buried waste produces more chemical reactions and decomposition than older waste.  The greatest level of gas production generally occurs from 5 to 7 years after waste is buried (Mormile, 8). Almost all gases are emitted from the material within 20 years after the garbage is disposed.  The rate at which it is produced can also be affected by what the landfill contains.  Organic wastes containing sodium, potassium, calcium, and magnesium, are examples of factors that help bacteria increase in production levels.  On the other side, there are also other gases such as methane producing bacteria with high salt level concentrations which cause less gas to be produced.  If there are large amounts of oxygen in the landfill, the longer the process will take to create methane.  Moisture content is another affecting factor of the decomposition of organic material.  The presence of moisture increases gas production because it transports nutrients and bacteria faster to different areas of the landfill.  When the moisture content reaches 40% or higher, it produces maximum gas (Crawford, 5).  Warm temperature is the last major factor in which increases bacterial activity.  Colder temperatures inhibit bacterial activity, and generally temperatures below 50°F decreases bacterial production drastically.  Bacterial activity produces relative amounts of heat and usually stabilizes the temperature in a landfill between 77-113°F (Crawford, 7).  


This information over the topic of landfill gases is important because if it continues, it can be detrimental to health and create other issues for the environment.  This is why open dumps have now been prohibited because they have no control to prevent contamination and pollution and as a result, they caused serious damage to the open environment.  Although dumps such as municipal solid waste and other types of landfills have methods of regulating gas emissions, they still pose potential threat.  This is why further research and examination relative to this topic is important to discover how to produce resourceful gases such as methane to use as energy sources. This experiment will yield information regarding which materials produce the most H2S.
Materials and Methods

 * 20 grams of the following:

· Chicken Breast (cooked)

· Iceberg Lettuce (shredded)

· Sawdust 

· Banana peel

· Bread (shredded)

· Notebook paper (shredded)

* 490 grams of dirt obtained from a landfill site
* 7 large beakers with corks

* Automatic scale (in grams)

* 14 glass rods, 3 inches each

* H2S Hand pump

* 35 glass H2S test rods (.2 ppm – 3.5 ppm) 

* 5-7 glass H2S test rods (2.5 ppm – 60 ppm)

* 7 small balloons

* 21 inches of Tygon Tubing 

* 7 clamps

* Hand cork screw

* 7 rubber bands

* Incubator 

* Masking tape 

To Test:

1. Before beginning set the incubator to 90 degrees Fahrenheit (about the middle of  the range of temperatures in landfills)

2. In the first beaker measure 70 grams of dirt and 20 grams of chicken. Place both in the beaker and gently mix by shaking side to side. 

3. Repeat step one for the lettuce, sawdust, banana peel, bread, and paper. 

4. In the seventh beaker place the remaining 70 grams of dirt. 

5. Use th masking tape to label each beaker according to the waste put in it.

6. With the hand cork screw drill two holes all the way through the seven corks.

7. Push two glass rods into each cork. 

8. On one glass rod, place a small balloon and fasten it with a rubber band. Push a three inch piece of Tygon Tubing over the other glass rod. Use a clamp to cut off air flow. 

9. Repeat step eight for each cork. 

10. Push the corks firmly into the openings at the top of the beakers. 

11. Place all seven beakers in the incubator and shut the door tightly. 

12. Leave one week before testing for the first time. 

13. To test for H2S, set the beaker on its side to allow heavy gasses at the bottom mix for a more accurate sample.

14.  Break each end of the H2S test rod (.2 - 3.5 ppm) in the hole on the hand pump. 

15. Insert the test rod into the hand pump with the white tip pointing out (make sure the handle is pushed all the way in).

16. Place the white tip into the Tygon Tubing on the first beaker.

17. Unhook the clamp and slowly pull the hand pump handle out. 

18. If the yellow color inside the test tube changes, read the amount of H2S off the markings on the sides of the tube. 

19. If color extends past the last marking on the tube, repeat steps 13 – 18 again with a test tube ranging from 2.5ppm – 60ppm. 

20. Repeat steps 13-19 for each of the seven beakers. Be sure to record all H2S found during testing.

Results
Although dumps such as municipal solid waste and other types of landfills have methods of regulating gas emissions, they still pose potential threat. The results of this experiment can be used to determine what types of materials scientists should focus on to reduce landfill emissions of H2S. Under controlled 90 degree dry conditions, the results yielded that only chicken produced a significant amount of H2S over the five week period. This is accurate to other experiments which have proven salmonella as a leading producer of H2S. There was a lot of fluctuation in the results of the chicken. The first and second week showed no signs of H2S. Then, in the third week, levels jumped to 25ppm. In the next two weeks it reduced to 2.5ppm and 1.5ppm. This fits what is known about phases of bacteria. In the first two weeks the bacteria was in what is called the lag phase, where bacteria is not yet multiplying at a rapid rate. In the third week the bacteria was in what is called the exponential phase where it reproduces at a alarmingly fast until the final phase. This was seen over the next two weeks when bacteria experienced the declining phase which is the result of a lack of food source. Visual observations over the five weeks show the decomposition of chicken into a paste-like substance. The salmonella was using the chicken as its nutrition source. However, when the chicken decomposed over the five weeks, there was no longer a food source for the salmonella and it could no longer produce new cells. As a result, H2S could not continue to be produced. This experiment is helpful because it shows that H2S can only be produced a) in certain waste products and b) as long as there is a food source to fuel growth. From the results, landfill operators can assess whether or not facilities are being run in a practical way. Waste products known to produce bacteria causing H2S could placed in a separate facility than wastes producing methane or carbon dioxide, allowing these H2S-producing wastes to be dealt with on a separate basis. This would increase the ability to produce electricity without having to worry about how to remove H2S from the air, once it has been mixed with the other gases. 
As with most other experiments, the tests performed in this study have minor errors that may be easily overlooked. One problem that was experienced each testing period was the inability to keep oxygen from entering the beakers. Even when the test rods were in the Tygon Tubing, there was wiggle room. When the clamp was unhooked to pull a sample, it was very possible that oxygen could have entered the beaker, making the mock landfill less controlled. 

Despite the knowledge gained through this experiment, there are many alterations that would bring further knowledge if the test were to be run again. Since the focus was on H2S, there is little known about what other types of gas the variables produced when H2S was not detected. Also, the experiment performed only addressed the temperature aspect of a landfill. In future tests, it would be beneficial to consider weather as well, since some days are rainy. Lastly, there are more than seven types of waste found in landfills, looking at other materials, or greater quantities of materials, will yield differing results than those obtained in this experiment.   
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Abstract


An investigation of H2S gas production in isolated landfill wastes was undertaken. Everyday materials such as sawdust, paper, bread, banana peels, lettuce, and chicken as well as dirt samples from a landfill site were taken for experiment variables. Samples were kept in a controlled, dry environment of 90°F. Bacterial growth was produced in four of seven waste samples while H2S was detected in only the chicken sample. Results were obtained once a week over a period of five weeks.  








