Experimental Study on Testing Soil with Water Arsenic Tests

Margaret Yeh


Jenny Koch

Intro –  

In every year, the amount of fossil fuels burned triggers the release of at least 80,000 tonnes of Arsenic into the environment. Arsenic is a harmful substance that settles in the soil. It can contaminate groundwater, as well as become absorbed into crops. Not all of the arsenic is due to fossil fuels; every year 3000 tonnes of arsenic is created through volcanic explosions while microorganisms create 20,000 tines. Normally, the only way to accurately determine the amount of arsenic in the soil is to send a sample of the soil to a reactor. However, reactors are large and costly, and it may take several weeks for a single sample to come back from testing. A solution to this problem would be to develop an in-field method of accurately determining arsenic levels in soil. This way, it would be much easier to monitor arsenic levels across the globe. 

The purpose of this experiment is to find a way in which Arsenic Water Test Kits can be used to determine the level of arsenic within soil. The experiment will test if shaking a solution of Sweethome soil with distilled water for different amounts of time will enhance the effect of detecting arsenic using arsenic water test kits. The soil from Sweethome has high levels of arsenic, which is creating a problem for the residents. The high arsenic levels are due to arsenic being carried into Sweethome through multiple ash flows. This arsenic coming from the ash flows deposits into the soil where it may then be washed into a local well. Hopefully, if viable results are produced, this experiment may help in the efforts of finding a method to detect and reduce arsenic levels before people are poisoned. 

Abstract – 

In many countries across the world arsenic is contaminating soil and leaching into groundwater. There are soil arsenic tests but they are large, expensive and impractical for fieldwork. This investigation was meant to find a way to increase the accuracy of testing soil with a water arsenic test kit. This would give an inexpensive, on-site test for arsenic in soil. This investigation attempted to find if shaking soil and water together before testing would give a positive result. Soil was taken with a high level of arsenic and it was mixed with distilled water to create a water sample. To attempt to increase the accuracy of the test the water and soil were mixed together for varied amounts of time.  It was thought that shaking the arsenic would apply energy and excite the atoms and help release arsenic form the soil. The tests showed that there was little to no arsenic content and that shaking had no effect on the test.

Hypothesis and problems– 



We believe that shaking of the solution will result in a higher accuracy arsenic test the longer we shake. The constant tossing and turning within the container will cause soil particles to break apart, exposing more arsenic into the water. This shaking will also rub together soil particles, in an action similar to scrubbing, washing arsenic into surrounding water. Another reason we hypothesize that the test kit will be affected through shaking the mixture is because the function of water test kits were originally meant to measure the level of arsenic coming from water bodies passing through arsenic soil. This proves arsenic is washed out along with water. By shaking the soil and water, the condition simulates water passing through soil and washing out arsenic. 


A problem to our experiment is that the density of soil is always changing, so the results of our experiment may be very different the results of others. To correct this, this experiment includes a step to crush the soil into a powdery state. However, soils with different densities most likely contain different amounts of arsenic. Therefore, even by crushing the soil, another group collecting soil in the same place at a different time may not come up with the same results to be found in this experiment.

Procedure

1. Before starting, set up the stand, clamp, and Bunsen burner. Crush the some soil with a pestle and mortar until it has reached a powdered state. Measure out one gram of the powdered soil, seal it in a secure container, and then send it to a reactor to be tested for arsenic. This will be your control test.

2. Heat 500 ml of distilled water in a 1000 ml beaker until the temperature of the water reaches 60°C. 

3. As the water is heating, measure out another gram of the soil that was previously powdered. 

4. When the water has reached 60°C, immediately pour the water into a sealable container along with the 1-gram of powdered soil. Tightly seal the container.

5. Begin inverting the container, once about every ½ second. After 2 minutes, open the container and pour contents into a Hach EZ Arsenic Test Kit beaker. Follow instructions in the Hach EZ Arsenic Test Kit to determine the amount of arsenic.

6. Record results and repeat steps 2-5, changing the shaking times to 4, 6, 8, then 10 minutes. Test each variable 5 times to insure accuracy.

Data Analysis – 

When we analyze the data, we will be sure to look for any trends within the values that we gathered. We will also look for outlying results, and think of explanations for why they are so different from the rest of the data. To assist us in looking for trends, and to display our results in a visual, we will create a scatter plot graph of our results. If our hypothesis was correct, we can explain whatever it was which caused us to be correct. If our hypothesis was wrong, we can explain where we were mistaken, as well as how the experiment worked to create such results. We will also list any problems we had during our experiment, as well as ways to make this experiment more accurate and useful. Lastly, we will suggest ways that this experiment could be continued by people other than ourselves, so that the time we spent in our work is not wasted and forgotten.

Hazardous Chemicals, Activities & Devices – 

During our experiment, we took caution in our actions. We wore wear eye goggles as well as latex gloves to provide extra safety. Through the experiment, there were two hazardous chemicals present, those were arsenic and sulfuric acid. Sulfuric acid is used as reactant 1 in the arsenic test kit, yet it is also the corroding ingredient in acid rain. Therefore, the solution with sulfuric acid was placed into a waste container and set in a hood to evaporate completely. Arsenic is a powerful poison, which could be fatal if ingested in large quantities. However, the arsenic in our water was too diluted to do any harm, so it was safe to pour the contents into the sink.

In this experiment, we also used Bunsen burners to heat the distilled water. We were cautious in handling the Bunsen burners, using fireproof gloves and tongs to maneuver items in the flame. 

Results

	Results of Different Variations of Time Shaking Sample Before Tests in ppb

	Trials
	2 min
	4 min
	6 min
	8 min
	10 min
	No Shaking
	Reactor

	1
	0
	0
	0
	.5
	0
	10
	45707.52

	2
	0
	0
	0
	2
	5
	1
	

	3
	5
	3
	1
	0
	0
	1
	

	4
	1
	2
	5
	0
	10
	3
	

	5
	3
	8
	8
	0
	2
	7
	

	Average
	1.8
	2.6
	2.8
	.5
	3.4
	4.4
	


 All Results shown in ppb

Reactor Test was converted to ppb from ppm by multiplying the value by 1000
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Analysis


From the results of this experiment, we discovered that shaking the sample beforehand for different amounts of time creates no significant increase to the detection ability of arsenic with water arsenic kits. The results recorded in this experiment are too varied, and do not show any visible trend. 


Our hypothesis was incorrect, as our results show that more shaking does not have an effect in physically loosening arsenic from soil. In our hypothesis, we stated that shaking the test sample would be similar to a river collecting arsenic in nature. A reason why this observation resulted falsely could be that in a river scenario, the river will only loosen small particles of dirt containing arsenic, and not wash out the actual arsenic. Another reason could be due to the time rivers have to erode through rock and soil. Our tests only lasted for a few minutes, yet rivers have years and decades to slowly dissolve materials. Our tests may not have been long enough to show any significant results.


A difficulty encountered while testing arsenic samples was related to the test kits used. The amount of arsenic is determined by comparing the color on the resulting test strip to specific color increments. This test kit, however, is a kit intended to test for higher levels of arsenic, from 0-500 ppb. However, the amount of arsenic detected in the soil could only reach in the 0-10 increment range. This caused much confusion about the amount detected on the test strip, since the increments were not small enough for us to accurately check. The method of determining the level of arsenic also had many faults. The method depended on qualitative observation, and guesses at the correct value. During the experiment, it was very likely that one examiner would think the value was at 0, yet the other examiner would feel that the value was at 10. Since 0 is the lowest value in our experiments, and 10 is the highest, this method of determining a value is very inaccurate. To try to reduce the level of uncertainty, we include pictures showing a strip from each variable test, as well as a copy of the color code we used to determine the level of arsenic.


To make this test more accurate, a more precise arsenic testing kit should be used. Longer intervals of shaking time variables would also be beneficial, since in this test, the intervals between the shaking times were too short to show a distinct result.


For future scientists researching this field, we conclude that shaking anytime from 0 to 10 minutes will not have an effect on enhancing arsenic detection using water test kits. To confirm the effect of shaking on arsenic detection, another experiment can set up, allowing the test sample to shake for days within a mechanical device. This method would not only allow a longer time period for shaking, but would also shake each sample consistently the same, with the same amount of force.
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