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How Temperature of Water Affects the Removal of Arsenic from Soil
Abstract 
At the beginning of the semester the class was presented with a challenge. It had been discovered that Sweet Home, Oregon contained very high levels of arsenic in its soil and water. Arsenic can be very dangerous to your health and is considered one of the most prevalent contaminants of health concern in drinking water. The challenge that was presented to the class was to find out a way that could help further the research of the arsenic problem in Sweet Home. A question was formulated and research began. The question was whether the temperature of water affected the leaching of arsenic into the soil. The hypothesis was that the warmer the water was the more arsenic it would extract from the soil. After numerous tests using different temperatures of water and the HACH arsenic testing kit, the results suggested the hypothesis was correct. It was discovered that when water temperature is warmer, more arsenic leaves the soil and contaminates the water. Many other resources found say that similar things occurred when water temperature and leaching were tested. This discovery could ultimately lead to a stop in arsenic contamination in Sweet Home and in other places in danger like Bangladesh. If arsenic can be extracted from soil in a practical way, it will prevent the element from contaminating the soil and harming lives across the world.   

Introduction

The purpose of this study is to find the affects of arsenic transfer from soil to water.  The experiment was based on the varying temperature of tap water.  The goal was to find which temperature of water causes the highest level of arsenic leaching.  The constant for these tests was the room temperature tap water.  Sweet Home, Oregon was chosen for arsenic research because previous studies show there are high concentrations of arsenic in the area. Due to the significant amount of arsenic in Sweet Home a question was developed: How does water temperature affect the arsenic leaching from soil to water? 

Arsenic is usually found in trace amounts in soil.  The contamination of groundwater occurs from arsenic slowly leaking through the soil. (Mukherjee, 1999)  Groundwater containing arsenic is harmful to your health.  “Arsenic is one of the most prevalent contaminants of health concern in drinking water, and is present in the water of over 12 million Americans at a concentration above 10 ppb.” (Sierra Club, 2003)  Studies have shown that long-term ingestion of water containing high levels of arsenic is harmful to your health.  Cancers linking to arsenic exposure include bladder, skin, lungs, kidney, nasal passages, liver, and prostate cancer. Other symptoms include cardiovascular, neurological, [image: image1.emf]Soil Arsenic Leaching vs. 
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pulmonary, immunological, and endocrine effects. In 1975 a standard limit of 50ppb (parts per billion) in drinking water was put into affect because arsenic was known to cause cancer.  The1999 report from the National Academy of Science arsenic in water report showed that drinking water containing arsenic levels of 50ppb will result in 1 in 100 people developing cancer. (Sierra Club, 2003)  In 2001 the arsenic limit was lowered from 50ppb to 10ppb.  (Sierra Club, 2003) All of this information is important because soil containing arsenic may be one of the causes for the contamination of the drinking water.  The experiment that will be performed will be based on trying to find the level of arsenic that is transferred from the soil to the ground water.  Tap water at room temperature will be used to simulate the ground water being exposed to the arsenic contaminated soil.

Another reason for conducting this experiment is to explore the possibility of removing the arsenic from the soil.  It is possible that one of the water temperatures tested will remove high amounts of arsenic from the soil.  It is known that there is a relationship between the arsenic in the soil and water. If research did support this it would be very helpful for future decontamination of soil.  

Bangladesh has been struggling with arsenic for many years.  They drink well water containing arsenic in addition to eating crops with a high level. Western non-governmental organizations installed huge tube well-drinking water systems without testing for arsenic in groundwater.  This has put the 70 million people living there at risk.  As stated earlier, arsenic is the cause of many different illnesses.  If proven that our method works to remove arsenic it would be a cheap and easy method of removal that anyone could use. It has been discovered that Sweet Home, Oregon has very high arsenic levels in its soil and water. Information found could lead to further research and ultimately the removal of arsenic in the soil. This would make unusable soil (exceeding the legal limit) exploitable. Therefore, the research conducted by CV students would be of great use to residents of Sweet Home. If the results show a trend, scientists would be interested in doing further research involving temperature affecting arsenic leaching.  Neighborhoods, farmers, and other groups would be interested in what is found.    

The information found on previous tests was used to develop the hypothesis.  The hypothesis that has been developed states that warmer water will extract more arsenic from the soil.  This was hypothesized because, “boiling water does remove arsenic from soil, however, not a high enough level for it to be effectual.”  (Islam, 2003)

Methods

Materials:

· 17 500 ml beakers

· 1 ceramic strainer

· filter paper

· 1 glass stirring rod

· 1 thermometer

· 1 electric scale

· 1 HACH arsenic kit

· 3000 grams of high arsenic concentration soil

· 1 refrigerator (set at 4degrees Celsius)

· 1 freezer (set at –10degrees Celsius)

· 2 ovens (one set at 47degrees Celsius and other at 71degrees Celsius)

· An area at room temperature (22degrees Celsius)

· 4500 ml of tap water

· 1 200ml graduated cylinder

· 5-gallon bucket
A five gallon bucket was gathered from Sweet Home, Oregon containing high levels of arsenic soil. One soil sample was prepared and sent to the reactor to test the exact level of arsenic the soil contained, which was 69.9 ppb. Then a series of soil tests were done at different temperatures over a period of four weeks. First, 200 grams of soil was placed in one of the 500 ml beakers. 300 ml of water was then added to the soil and stirred with a stirring rod. This process was repeated 15 times. The beakers sat in groups of 3 at 5 different temperatures for a total of four days. These temperatures included: -10 degrees Celsius, 4 degrees Celsius, 22 degrees Celsius (room temperature), 47 degrees Celsius and 71 degrees Celsius.
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Once four days had passed then the testing process had begun. The samples were stirred and the liquid was poured into a glass funnel with filter paper on top to help sift the water through. The funnel led into another glass beaker. Once about 50ml of water was collected from one sample it was then poured into the HACH kit (a kit that tests arsenic in liquids) containers and directions on the kit were followed from that point on. After 20 minutes the test strips were observed and the arsenic level was recorded. This process was repeated with all 15 of the separate samples. 
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Results

After the numerous HACH tests were preformed, the data proved that the warmer temperatures help the removal of arsenic from soil. Various temperatures were tested to suggest that heat affected the removal of arsenic. According to the results, only one of the temperatures that were tested proved that the warmer the water the more likely arsenic was leached. The extraction of arsenic occurred at the warmest temperature, 71 degrees Celsius. When this sample was tested the HACH kit showed a reading of light yellow which represents 10 parts per billion (ppb) of arsenic. The four other temperatures tested (-10 degrees Celsius, 4 degrees Celsius, and 22 degrees Celsius, 47degrees Celsius) did not show any signs of arsenic in the water. Below is a table that shows the different temperatures tested and the amount of arsenic that was extracted.
	
	Arsenic (ppb)

	Temperature

(Degrees Celsius)
	Test 1
	Test 2
	Test 3
	Average

	-10
	0
	0
	0
	0

	4
	0
	0
	0
	0

	22
	0
	0
	0
	0

	47
	0
	0
	0
	0

	71
	10
	10
	10
	10


Discussion

The tests that were performed suggest that temperature does affect the removal of arsenic from soil into the water.  This is suggested because the T-test results show a significant difference.  The results showed that very high temperatures remove low arsenic levels from soil.  Other temperatures tested ranging from -10 degrees Celsius to 47 degrees Celsius extracted no arsenic.  This data supports the hypothesis stated previously.  


The trend line shown portrays the general pattern between the temperatures of water versus the extraction of arsenic from soil. Two different trend lines are shown because they both display different R2 numbers. The linear trend line (blue) shows that there is a .5734 (on a scale from 0 to 1) correlation between arsenic levels and water temperature. Anything greater than .5 means there is a strong correlation. The polynomial trend line (black) shows the highest correlation (1) between arsenic levels and water temperature. By inserting temperatures into the X value one could predict how much arsenic would be leached from the soil. This would be extremely useful for further testing.   
There are several different scientific causes that generated the results that were found. A study was done with nitrogen and its fertility. In this study they found that warmer temperatures (over 60 degrees C) leached more ammonia from the soil. This can be related to the study because at higher temperatures arsenic was removed from the soil. According a recent study from “United States Patent” treating water at high temperature diffuses many impurities. (Mukherjee, 1999) This backs up the results of this experiment.
Another study was found that supported the removal of arsenic from soil.  The study was performed by the University of Bangladesh and the researchers concluded that hot water temperatures can remove arsenic from soil. (Islam, 2003) One problem with their findings was that they also concluded that water only extracts small levels of arsenic. (Islam, 2003) 

Another conclusion can be drawn from the results found.  According to the results, rainwater will not extract arsenic from contaminated soil.  This is because rainwater is at too cool of a temperature to extract noticeable amounts of arsenic.  This could possibly mean that groundwater is not contaminated by high levels of arsenic in soil.

The findings in the tests conducted could possibly help many people in the future.  The results suggest that high temperatures remove arsenic from soil.  Bangladesh has suffered high levels of arsenic concentration in their soil. (see map on the right)  This would enable areas such as Bangladesh to easily remove arsenic from their soil and grow plants containing safer levels of arsenic.  As stated previously, high temperatures of water can remove arsenic from soil but not necessarily enough to be effective.  This removal technique could be very helpful in areas with arsenic levels just above the legal limit.  If as little as 10ppb of arsenic was removed the soil would be much safer. 

A few complications were endured as the experiment was carried out. The first of these was that it took a very long time to figure out that the soil samples had to sit in the water for four days. The procedure was rewritten time and time again and lots of precious time was wasted. Originally the procedure involved just pouring water at different temperatures through the soil and then testing it with the HACH kit, but however this did not provide sufficient results. It was soon discovered, however that the soil needed a much longer amount of time to sit. Another complication was that while trying to find the perfect length of time to let the soil sit, water was completely evaporated from two of the samples because they were in the oven too long. From there more adjustments were made and the procedure was finally reliable.
Many things could be done to extend and improve this study. Improvements that can be done to make the process of removing arsenic from soil more efficient would be to use more than five temperatures. This would provide more supporting results and yield a more exact trend line. Another addition that could have been made to this experiment would be to have a wider range of temperatures. By doing this the coldest temperature of water that still extracts arsenic from the soil, would be revealed. Since arsenic was found at seventy-one degrees Celsius, it would have been better to run warmer temperatures through the water. 


Another method to improve this experiment would be to use superior instruments to remove the arsenic. When measuring the water, different sized graduated cylinders were used. It would have been more competent to use the same sized graduated cylinders for better accuracy. A way to improve the cleanliness of the water would be to use a water purifier. The strainer and the filter could have skewed the results by allowing soil to pass through the holes in the strainer.  
 In order to relate the findings to the real world an experimental set-up would need to be created and tested. How would one go about using warm water to remove arsenic from the soil in Sweet Home? What methods and procedures would be used to do this? How would we remove the arsenic that is already in the water? How would we remove arsenic from such a large amount of soil? Questions like theses would need to be answered in order to make use of the data that was found. All these would be logical steps to extend the experimental process.   
Overall this experiment was a success because our findings supported the research of other reliable sources. This gives us a logical reason to continue further research of the removal of arsenic at different temperatures. 
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For more information on how to use the HACH Kit visit:


� HYPERLINK "http://www.hach.com/fmmimghach?/CODE:L37785090|" ��http://www.hach.com/fmmimghach?/CODE:L37785090|�








Then 50ml of the filtered water was poured into the small HACH beaker





HACH Test Strip





HACH Kit Beaker 





Filter Paper





Glass Strainer





Beaker containing soil soaked in water after four days at a specified temperature





The HACH kit directions were followed and the colored results on test strip were compared to the result chart.  All results were then recorded and analyzed.





The water was filtered into another beaker 








