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Abstract
The effect of various acidities of water on arsenic-rich soil in the Sweet Home area was relatively unknown. We conducted an experiment using Sweet Home soil samples, as well as store-bought control soils, to investigate these effects. In order to replicate realistic occurrences, we created solutions of varying pH’s to leech the arsenic from the soil. By using Neutron Activation Analysis at Oregon State University, we found that the acidic solution with a pH of 5 leached more arsenic from the soil samples than did the more basic solution with a pH of 8. We attribute this to the fact that at pH lower than about 7 both As(III) and As(V) are very mobile and would leach from the soil easily. 

Introduction

The objective of this report is to test the arsenic leeching of various acidities of groundwater from soil near Ames Creek Road in Sweet Home, Oregon. Our goals are to: identify the amount of arsenic in various soils, determine the bioavailability of arsenic in these soils, ascertain how various sources of water leech arsenic from soil differently, prepare samples to simulate these occurrences, and analyze the samples to fulfill these goals at the Oregon State University reactor using Neutron Activation Analysis. 

Bioavailability, an element’s capability to transfer to other substances, presents a serious problem at certain levels. If soil contains a high amount of arsenic, and that arsenic is readily transferred to surrounding materials by the presence of leeching chemicals, groundwater is at risk for being contaminated with arsenic. 

Since groundwater flows into water sources and other areas with soil, arsenic can spread far from its source. When habitats are contaminated with arsenic, plant life and food sources are altered, thus threatening the entire ecosystem (Health Effects, 1). Soil containing high amounts of arsenic has become a common problem in Sweet Home and many other parts of the world. Because of this type of arsenic’s presumably high bioavailability, plant life, food sources and the entire ecosystem are threatened. Humans face this threat too. As arsenic can remain in water for long periods, human water sources are at risk. Prolonged arsenic consumption can cause diabetes, cancer, heart disease, lung disease, hypertension and skin lesions (Health Effects, 2). 

It is pertinent, then, to understand how various acidities of water affect the bioavailability of arsenic. This experiment will test the different effects of leeching arsenic-rich soil with either an acidic solution or a basic solution. By gaining a better understanding of the effects of leaching pH on soil, and, if it is true that certain acidities leech more arsenic from soil than others, communities can take steps towards preventing this harmful process.

Neutron Activation Analysis (NAA) is an effective method of testing the arsenic content of soil. The process begins when samples are placed inside a nuclear reactor and bombarded by neutrons. The nuclei of these samples take in the neutrons, causing decay and giving off gamma rays (Minc, 1). By examining the rate of decay and the gamma ray anounts, trace elements can be detected at even the most miniscule amounts, meaning that NAA is extremely accurate.  

No one knows for sure whether different levels of pH help to leach arsenic out of the soil and there is much debate on this topic because so many other factors play a key role in leaching arsenic from soil, such as the presence of iron oxides, mineral components and redox status (Warren and Alloway, 1).  As such many scientists have found varying results of how pH affects arsenic (As), Chen and Liu (1993) found that increased pH raised As toxicity in rice, but on the other hand Marin et. al (1993) found that increased pH lowered As toxicity in rice.            
We expect that the soil samples leeched by the acid rain solution will yield more arsenic. Leeching arsenic from soil is essentially dissolving it into a soluble form that can remain in water for long periods (How does…, 1). Because acidic materials tend to be more aggressive in dissolving, it makes sense that acid would leech a greater amount of arsenic from the soil.

Methods
Several soil samples were collected from Sweet Home, Oregon by the Crescent Valley Science Department on March 11, 2004.  Numerous samples were collected, and four were chosen at random, these samples were numbers 33, 34, 35 and 56.  Store-bought potting soil and peat moss were also used to act as control soils without the contamination of arsenic.  There were therefore a total of six samples: four from Sweet Home, one composed only of potting soil and one made of half potting soil and half peat moss.  


Samples were spread separately over baking sheets, which were then placed in drying ovens to evaporate the moisture in each sample. Samples were dried until mass no longer decreased over several days, indicating complete moisture evaporation.  The soil samples were not burned.  The following chart depicts the mass of each sample before and after evaporation.


After samples were thoroughly dried, one of each type of soil was sent to the Oregon State University reactor in 2 dram vials in January of 2005 to be tested for arsenic content. Then acid rain and carbonate leaching solutions were prepared.  To prepare the acid rain solution, 1000 ml of distilled water was put into a large beaker. Its pH was approximately 5. One full pH 7 buffer was then added to make the solution’s pH 7.  Next, 15 ml of one molar H2SO4 and 15 ml of one molar HNO3 were put into a smaller beaker.  Then, 70 drops of the 30 ml of HNO3 and H2SO4 solution were put into the 1000 ml of distilled water in order to make the pH 5. The pH level was tested frequently to achieve an accurate pH level, which could range from 4.8 to 5.6. 


Next, the carbonate leaching solution was made.  First, 1000 ml of distilled water was put in a large beaker.  Next, 13.528 grams of one molar NaHCO3 was added to the 1000 ml of distilled water.  Then 12.491 grams of one molar CaCO3 was added to the same 1000 ml of distilled water.  This made the pH approximately 8.  The pH level was tested frequently to achieve an accurate pH level, which could range from 8 to 9.

Next, 16 grams of each soil sample was measured. This amount was divided into two 8 gram samples and each was placed in 200 ml beakers. There were therefore 2 separate containers of each soil sample, making 12 containers of soil samples total. 

After all soil samples were weighed, 150 ml of the acid rain solution was added to one of each type of sample.  Then, 150 ml of the carbonate leaching solution was added to the other six samples.  Each of the leached samples was then placed on a magnetic stirrer and stirred for about 24 hours to thoroughly mix the solution into the sample. 

After samples were thoroughly soaked, the solution was filtered from the soil. Next, the 12 filtered soils were dried in a drying oven.  NAA preparations were followed to prepare and encapsulate the dry 12 samples for Neutron Activation Analysis, and the 12 samples were sent to the reactor in May of 2005.  NAA procedures were then followed to test for the arsenic present in the soil samples after leeching (Muecke, 23). 
Results
Figure 1
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Figure 1 shows the amount of arsenic in the dried soils that were sent to the reactor in January. Control soil results indicate high arsenic content. Samples from Sweet Home contained significantly higher amounts of arsenic than their store-bought equivalents. The acceptable level of arsenic in soil in industrial areas is 3 ppm(mg/kg). In residential areas, it is 0.4ppm. The average content of the Sweet Home control soil samples is 6.7ppm.
Figure 2
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Figure 2 shows the amount of arsenic in the soils after leaching with the carbonate solution.  After being leached in carbonate, three of the samples contained no arsenic.  The three that still had remaining arsenic had an average of 1.28 ppm(mg/kg).  This is still above the acceptable rate for arsenic in residential areas.

Figure 3
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Figure 3 shows the amount of arsenic in the soils after leaching with the acid rain stimulant.  Five out of the six samples showed little to no arsenic left in the soil after leaching. Sample #35 from Sweet home was the only exception.  Sample #35 started out with the highest amount of arsenic and was the only sample that had a significant amount of arsenic left in the soil after being leached in the different solutions.
Discussion

The results suggest that the hypothesis was correct because 5 out of the 6 samples leached in an acid rain stimulant had either none or insignificant amounts of arsenic (fig. 3).  This can be attributed to many factors.  Arsenic is most commonly present in nature in two forms: Arsenic (III) and Arsenic (V) (How does..., 5).  As(III) is always mobile until it reaches a pH of above 9.22 (How does...,2; Dean, 5-14).   Since the samples were leached with solutions of pH 5 and pH 8, As(III) would have leached out of each sample.  As(V) is different though, and would only leach out easily in a pH from 2.22 to 6.98 (How does...1; Dean, 5-14). This explains why the samples leached with the acid rain stimulant lost the most arsenic because the pH was 5 so both As(III) and As(V) could leach out.  Three of the samples that were leached in carbonate still had significant amounts of arsenic left.  This may be because when the pH gets above 6.98 (Dean, 5-14) As(V) becomes more negatively charged and will bind to positive charged minerals left in the soil (How does...,1).  The other three samples that were leached in carbonate had no arsenic left (fig 2).  This could be because all of the arsenic present was in As(III) form, but this is unlikely (Chin and Liu, 3).  The more likely explanation is that some of the arsenic present was in As(V) form but there were no positively charged soil minerals to bind to.
The only sample that does not follow the trends of the others is sample #35 (fig 3).  This may be because arsenic is also found in non-soluble forms such as orpiment (As2S3) and arsenopyrite (FeAsS) (How does...,5).  Since being leached in the two different solution did not affect sample #35 the conclusion can be drawn that the arsenic was probably present in a non-soluble form.   

Samples 34 and 56 from Sweet Home and the peat moss/potting soil mix had no trace of arsenic left in the soil after being leached in either of the solutions.  This means that the bioavailability of the arsenic was very high in those soils (Paulenova, 1).  The high bioavailability in these soils presents a threat to the ecosystem because when the arsenic can be readily leached out; it can go into the drinking water and plants (Health..., 1).  As(III) is more toxic than As(V) so leaching with the various acidities hurts the groundwater that the soil leaches into because below 9.22 pH the more toxic As(III) will always be transferred to the groundwater (Dean, 5-14; How does..., 3)  

To improve this study in the future one should take the weight of the soil after it has been filtered and before it is divided for the reactor (Paulenova, 1).  This will help to see how much soil was lost in the filtering process and then one can determine the accuracy of the results. Another factor that should be taken into account is the amount of iron in each of the soils because iron information is crucial in determining the types of solid arsenic in the soil (Warren and Alloway, 1).  This will help to go further in the study to see how leaching soil with various pHs affects certain arsenic compounds.  For the most accurate account of how pH affects arsenic compounds all elements need to be accounted for.  Then one can figure out exactly what types of arsenic compounds were in the soil. 

If this study were to be continued a leaching solution should be made for each of the integers for a 0-14 pH.  This will allow for a more extensive knowledge of how pH affects soil leaching and the bioavailability of arsenic.  While some general trends were found in the data there is still no proof that acidic solutions leach arsenic better than basic solutions because of many other varying factors that exist in nature.      
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