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This study determined which factors influenced arsenic leaching from the soil to groundwater in Sweet Home, Oregon.  It was discovered that cooler water temperatures leach less arsenic from the soil into the water, and that at a very hot temperature the level of arsenic leached from the soil again decreases.  It was also determined that the more acidic the water is, the less arsenic will be leached from the soil into the water.  The most surprising data is that both neutral PH and room temperature water leach the most arsenic from the water, creating a problem that faces most water sources in the world today.
Introduction

The goal of this study is to determine what factors contribute to the transfer of arsenic from the soil to the water in Sweet Home, Oregon.  The Objectives of this project are to research past studies, collect soil samples from Ames Creek Road in Sweet Home, and to find out which kind of water leaches the most arsenic from the soil.  By the end of this project the hope is that in the future, people can use the findings to minimize the transfer of arsenic from the soil to the water.
Sweet Home is a very unique place because the arsenic levels in the soil are extremely high, hence the reason for choosing such a site to study.  Past studies have proven this fact.  For example in a 2003 report on the arsenic levels in Sweet Home conducted by CVHS students, they stated that “All of the previous studies provided conclusive evidence that the ground water of the Willamette Basin was tainted with high levels of arsenic.  The results of the well water studies in 1962, 1963, and 1971 were confirmed by the results of the 1996 study.”(Analysis of Arsenic Concentration in Sweet Home Oregon, 2003.)  The arsenic in the soil is leached into the groundwater by water running over the soil or water running through the soil.  Although the reasons for arsenic existing in Sweet Home are unclear, there are many studies being done to try and find out why.
There are many different elements in the world, some harmful, some beneficial, and some with no effect at all.  Arsenic is an element that in many cases is lethal.  According to a study reported in a clean water policy by the Sierra Club, the EPA established a standard of 50 parts per billion arsenic in water in 1975, because arsenic was not known to cause cancer (Sierra Club 2003).  After millions of dollars and an immense amount of research the EPA lowered the arsenic standard to 10ppb in January of 2001 (Sierra Club 2003).  Yet again that standard was revised to 0ppb by the Bush administration in March of 2001 (Sierra Club 2003).  According to the same study done by the Sierra Club “Arsenic is one of the most prevalent contaminants of health concern in drinking water, [and] drinking water at the 50ppb standard could easily result in one in 100 persons getting cancer.”(Sierra Club 2003).  “Long-term exposure to arsenic in drinking water can lead to cancer of the bladder, lungs, skin, kidney, nasal passages, liver, and prostate” (Sierra Club 2003).  Due to the many serious health effects of arsenic exposure it is vital to study and understand every aspect of arsenic affecting the people of Sweet Home.
The soil in Sweet Home is not the only part of Sweet Home that is contaminated.  Water in this region is highly susceptible to arsenic as well.  For this reason it is extremely important to study how the arsenic in the soil transfers to the water.  In Sweet Home the arsenic is assumed to have started in the soil and later arrived in the water.  Due to this it is imperative to find out what causes arsenic leaching.  By doing this, it will be possible to provide many people with valuable insight as to the transfer of arsenic from the soil to the water and hopefully reduce that transfer so that less people are contaminated by poisonous water from their own homes.  There are many different kinds of liquids that could be used in this experiment, but realistically hot water, cold water, water with high PH, and water with low PH are all found at various places in the unscathed wild.  Due to previous research there is knowledge about PH levels and arsenic solubility.  In a study done by the USGS it states that “desorption of arsenate…commonly results from high PH…” (USGS 2003).  From this research we can determine that the more basic the solution the more arsenic it will dissolve, which gives us an idea that bases dissolves arsenic.  It is also common knowledge that in hot water elements become more soluble.  Hotter temperatures create more room for the molecules to move around, creating a more highly dissolved solution.  For these reasons we believe that the liquid at higher temperatures and the liquid with more basic PH will leach more arsenic from the soil.
Materials/ Methods
Materials: 

Hot distilled water

Cold distilled water

Room temperature distilled water

Water with high PH

Water with low PH

PH paper

Arsenic water level test kit (Hach kit) 

200ml graduated cylinder

5 beakers

2 funnels 

100 pieces of filter paper (coffee filters) 

Bunsen burner

Thermometer

Sulfuric Acid- H2SO4

Sodium Hydroxide- NaOH

Soil scale

Methods:

· The soil was collected from Sweet Home on Ames Creek road at site 153.

· Soil was then gathered from 16inches below the surface of the ground. One gallon of soil is needed.  The soil was gathered by digging down to a depth of 16inches measured by a ruler that was placed in the hole.  Then the soil was collected by digging a hole that was wide enough so that the soil could be congregated within a 1cm depth.
· The soil was divided into sample sizes of 20 grams of dried soil.  There were 24 samples, each weighing 20 grams.
· Each liquid to be used was measured out to 200ml each.  The liquids for this experiment were distilled water at temperatures of 5˚C, 11˚C, 21˚C, 31˚, 41˚C, and 61˚C.  Also water with sodium hydroxide added and water with sulfuric acid added to it with PHs of 1,3,7,8.5,10, and 12.  The constant used was room temperature (21˚C) distilled water and water at 7ph.  Each kind of liquid was tested 2 different times with a new sample each time.  The PH will be measured using PH paper and comparing the color of the paper to the color and number on the case.  The temperature will be determined by a thermometer placed within the beaker.
· The 200ml of each liquid was then poured through the soil.  The soil was in filter paper (coffee filter) within a funnel placed in a beaker.  The water that ran through the soil was then caught by the beaker.  After each test the beaker was rinsed out with water from the tap.
· The liquids that were poured through the soil were then tested to determine the amount of arsenic transferred to the water.  The liquid was tested by using the arsenic water level test provided by Crescent Valley High School Science Department.
· The average arsenic levels from each type of liquid were gathered.  From there the liquid that leached the most arsenic from the soil was detected.
· After taking the average arsenic levels for all of the tests the next step was plotting this data on a scatter plot.  By doing this it was easy to see which liquid leached the most arsenic from the soil and which one leached the least arsenic from the soil.  This gave people in Sweet Home more information on how to stop the transfer of arsenic from soil to water.
This work was done at Crescent Valley High School during March through May 2004.
Results


When changing the temperature of the water that was run through the soil it was found that the arsenic levels also changed.  This is shown in table 1 listed below, and in table 2 in the appendix.  Also refer to graph.
When changing the PH of the water it was determined that the more neutral water produced the most arsenic leached from the soil.  This is shown in table 1 below and in table 3 in the appendix.
Table 1 

The Average Temperature/PH compared with the Average Arsenic Level 

	Temperature
	Average Arsenic Level 
	PH Level
	Average Arsenic Level 

	5ºC
	150ppb
	1
	0ppb

	11ºC
	250ppb
	3
	100ppb

	21ºC
	400ppb
	7
	300ppb

	31ºC
	375ppb
	8.5
	250ppb

	41ºC
	400ppb
	10
	225ppb

	61ºC
	250ppb
	12
	288ppb
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Discussion


According to the data collected in this experiment there is a correlation between arsenic levels in the soil and temperature of the water.  There is also a correlation between the arsenic in the soil and the PH level in the water.  In our hypothesis it was said that water with more basic PH and water at high temperatures would leach the most water from the soil into the water.  From the results collected from this experiment it was found that as the water temperature increases, the amount of arsenic leached from the soil increases, until the water reaches a certain temperature.  At that point the arsenic levels drop in the water that runs through the soil.  This proves our hypothesis to be partly correct; predicting that when the temperature rises more arsenic will leach from the soil.  However, it was not expected to have the water reach a certain temperature and then for the arsenic leached from the soil to decrease.  The other part of our hypothesis was that the more basic the PH is the more arsenic will be leached from the soil.  This part of the hypothesis was completely incorrect.  It was found out that the more neutral the water is, the more arsenic will leach from the soil.  This is very odd, considering that most of all water in the world is close to, or supposed to be, at some neutral PH.  As the water became more acidic or more basic, the arsenic level leached from the water dropped significantly.

There are many different reasons, having nothing to do with arsenic that made the results come out the way that they did.  For example, the arsenic water test kits may 

have had a different ingredient which was leached from the soil that made the tests appear positive.  When reading the results from the test kits there were dots on the test strip.  It was not clear as to what was supposed to be on the test strip.  These dots could have come from something other than arsenic and could have been caused by some chemical or compound found in the soil which was then transferred to the water.  After researching the new Hach Test Kit, it was discovered that due to the new reactants added to the water when performing the test, it eliminates any interference from sulfide that may be present in the water.  Although, the test kit used in this experiment only had two reactants, the new test kits have five reactants.  The new test kits may have been reformulated in order to account for the sulfide that was causing the test strips to spot.  Other factors that were not accounted for were the temperature and PH of the water after it was run through the soil.  After the water was run through the soil, it was placed in the arsenic test kit to be measured.  However, it was not taken into consideration that the temperature of the water or PH of the water might affect the test kit, giving faulty results.  One of the reactants that is used in the test kit is sulfamic acid.  This provided reasonable doubt that the results from the different PH water may be skewed.  Knowing that sulfamic acid affects the tests because the test kits depend on changing the PH of the water and by changing the PH in the experiment there is no way of knowing what that could have done to the test.

Another conclusion that can be hypothesized from the data collected is that there would be a correlation between PH and temperature of water and that mixing the right amount of each could dramatically increase the effectiveness of some sort of solution to put in the water to prevent arsenic leaching from the soil to the water.

This experiment can be improved in many areas.  The most important would be to keep the same person determining every result.  Every arsenic test result had to be decided by comparing the color on the test strip to the color on the can.  Due to many factors, the test strip having spots instead of one solid color, it was very difficult to make a determination between two different colors.  It was also made more difficult by the fact that the increments for arsenic levels on the test can range from 10-500ppb and every increment was different. The colors were very similar.  Having only one person read the results and determine the value of arsenic will give more similar results.  It would have also helped to have done more research on the arsenic water Hach test kits before using them.  The directions did not clearly specify what the results were supposed to look like.  It would have been a good idea to allow the water to cool down and find some way to get the PH back to 7 before it was put into the arsenic level test.  This would have given less room for error, making sure that nothing else, but arsenic, could have affected the test strip.

The next logical step in this experiment is to do more tests.  As stated in the results, at a certain temperature the arsenic level appeared to drop.  It would be helpful to have done more tests with higher temperatures to determine if there is actually a temperature where the arsenic level drops.  Another step would be to determine exact amounts of PH and temperature that could be added together and put in the water in order to prevent arsenic leaching from the soil to the water.  It would also be extremely beneficial to find better methods of determining arsenic water levels and retesting this experiment.  Another great test  would be to find out what could be put into the soil to trap the arsenic and prevent it from leaching into the water.
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Appendix

Chart 2 

Original data collected when measuring Water Temperature PH Level vs. Arsenic Filtrate Level

	Temperature
	Arsenic Level
	Soil Weight

	5ºC
	150ppb
	20.004g

	5ºC
	150ppb
	20.005g

	11ºC
	250ppb
	20.000g

	11ºC
	250ppb
	20.003g

	21ºC
	400ppb
	20.003g

	21ºC
	400ppb
	20.002g

	31ºC
	350ppb
	20.000g

	31ºC
	400ppb
	20.001g

	41ºC
	400ppb
	20.000g

	41ºC
	400ppb
	20.001g

	61ºC
	250-300ppb
	20.002g

	61ºC
	300ppb
	20.001g

	
	
	


 Chart 3

Original data collected when measuring PH Level vs. Arsenic Filtrate Level

	PH Level
	Arsenic Level
	Soil Weight

	1ph-4drops ()
	0ppb
	20.000g

	1ph-4drops ()
	0ppb
	20.001g

	3ph-1drop ()
	100ppb
	20.002g

	3ph-1drop ()
	100ppb
	20.000g

	7ph-0 drops
	300ppb
	20.003g

	7ph-0 drops
	300ppb
	20.003g

	8.5ph-1 drop (NaOH)
	250ppb
	20.000g

	8.5ph-1 drop (NaOH)
	250ppb
	20.003g

	10ph-2 drops (NaOH)
	200ppb
	20.003g

	10ph-2 drops (NaOH)
	250ppb
	20.0006g

	12ph-5 drops (NaOH)
	300ppb
	20.001g

	12ph-5 drops (NaOH)
	275ppb
	20.000g
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