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Experimental Study on Testing Soil with Water Arsenic Tests

Abstract:

In many regions of the world, soil arsenic is suspected to be contributing to hazardous levels of arsenic in ground water.  It is important to locate these regions, but most methods are costly and time-consuming.  This investigation seeks to find an inexpensive, in-the-field means by which to test soil arsenic.  Currently, there are not many soil arsenic test kits and this experiment seeks to modify a water arsenic test kit to test ground soil.  In this investigation, soil samples with high-level arsenic were used.  Samples for ICP analysis are heated to digest the arsenic out.  For that reason, heat was chosen as the variable.  Soil samples were mixed into distilled water to create an artificial water sample.  Then, to increase the effectiveness of the test, the distilled water was heated prior to being mixed with the soil sample.  Results showed that all temperatures other than room temperature gave a result, but all the results were less than 25 ppb.  Heat shows a protential, but a more in-depth investigation needs to be conducted for more adequate data.
Introduction:
The goal of this study is to determine a method of using water arsenic test kits to test levels of arsenic in ground soil.  The study will test how well the water arsenic test kit will test levels of arsenic in soil and if there are any methods to improve results on how accurately the test kit performs.  This study is different than previous arsenic projects because the goal is not to find a way to remove arsenic from water or soil, or to see how arsenic affects anything.  The goal of this study is to adapt arsenic tests designed to measure arsenic levels in water to measure arsenic levels in soil.

The project was very simple.  The group went and collected a soil sample.  A small sample of 1 gram was sent to the radiation center at OSU for INAA analysis to measure an absolute control, which gave the group an idea of how much arsenic was transferred out later.  The group took a water arsenic test kit and tried to figure out a way to measure soil with that kit.  The plan was to heat the soil to transfer soil arsenic into water.

It was speculated that heat shows potential and that the higher the temperature, the more arsenic would be transferred out.  Heat was chosen to be the variable because samples for ICP analysis are heated to digest the arsenic out (Kirsch, 2007).  The hypothesis was that heating will work and levels of arsenic drawn out would gradually increase as the heat applies increases.
Arsenic is a naturally occurring element.  Arsenic and all of its compounds are poisonous, but the toxicity varies (“Arsenic Facts” 2006).  Inorganic compounds are thought to be more toxic than organic compounds.  

Arsenic is also a poison and carcinogenic.  Welch and Stollenwerk (2003) state that this causes problems for many people in the world because their water is contaminated with arsenic due to rainwater washing arsenic into aquifers.  This is why people create water arsenic test kits that are easy to use.  Arsenic is not water-soluble, but it is very to be washed off or out of items and materials.

However, Arsenic also appears in soil.  It is the 20th most abundant element in the Earth’s crust.  Because of human use of arsenic, the levels have skyrocketed.    

The main reason arsenic can be found so close to homes is because, up until a little while ago, the wood used to build homes, playgrounds, office buildings, and other outdoor structures were treated by a chemical called copper chrome arsenate (CCA).  These chemical preservatives were used to protect wood from rotting, being attacked by fungus, termites, or other wood-boring insects (“Arsenic Based Timber Treatments” 2006).  A good aspect of copper chrome arsenate is that wood treated with it would last up to 20 times longer than if it was not treated.  


Food put on a picnic table made with wood treated with arsenic would be contaminated.  Inorganic arsenic in the dissolved form is absorbed from the gastrointestinal tract in humans and animals (“Arsenic” 2004).  The arsenic found on the wood would commonly leach into the ground, where it could be leaked into an aquifer or into the plants of a family’s vegetable garden.  This is another way that humans can easily consume arsenic.  The plants that they eat take up the poison.  Huang, Poynton, Kochian, and Elles (2004) have stated that arsenic is a nonessential element for plants.  Huang Poynton, Kochian, and Elles (2004) have also stated that at higher concentrations, arsenic interferes with plant metabolic processes and can inhibit growth, often leading to death.

However, the fern Pteris vittata has been proven to absorb arsenic in the ground.  This plant has shown the strength of phytofiltration, a method of using plants to absorb hazardous waste from the soil into their shoots, and then disposing of the plants properly- a method much more “low-tech” than cleaning sewers with chemicals, like large cities do.  These plants are also planted in people’s lawns to absorb the arsenic that is present in the soil.
This brings the topic back to the research question.  If someone plans on re-mediating an arsenic contaminated field, how would he or she measure the difference between soil before and after the remediation without sending soil samples to a nuclear reactor?  

If this project is successful, then the main issue it would solve would be a relatively quick, inexpensive, in-the-field way to measure arsenic in the soil.  It would be quick and simple to figure out if there is arsenic on a property or facility and if there is, if it is at a dangerous level.  During the remediation stage, the test could tell how much arsenic is being removed.  Lastly, the test could tell if the arsenic is at a safe level or not.

Currently, the main way for soil arsenic to be measured is to be sent to various labs to do testing such as INAA analysis.  There are home test kits for soil but these test kits are extremely expensive.  This project does not figure out a solution to the excess arsenic in the world, but it does help measure the excess arsenic in the world.
Methods:

List of Materials

· Soil sample from Sweet Home (at least 1000grams) and Buckets
· Hach EZ Arsenic Test Kit (Water testing kit)

· Bunsen burner

· Gram scale to the thousand
· Distilled water

· Thermometer

· Rod with clamp used to hold vial/beaker for boiling

· 500 mL Beaker

· 100 mL Beaker
· Small Plastic Vials

· Trowels
· Digital Camera

· Data Table for Recording Data

· Plastic Baggies

Be sure to conduct the experiment indoors of a room temperature of 19ºC.
Procedure
1. Take five soil samples from five different locations

2. Dry 50 grams of each sample at 60˚C for 2 days

3. Grind each dried sample with a mortar and pestle

4. Carefully measure 1 gram of each sample into small vials

5. Solder the lids of the vials onto the vials and label each sample  

6. Send the vials to the OSU Radiation Center for INAA testing the parts per million of arsenic in each sample.  This will tell the percent composition of the soil, which tells how much arsenic is in the soil

7. Test the sample that contains highest concentration of arsenic.  Do so with the remainder of the dried soil sample

8. Measure out 1 gram of the soil sample that is being tested

9. Boil distilled water in a 500 mL beaker with a Bunsen burner.  When the water is 5˚C  above the temperature that is being tested (55˚C in this case), take the beaker off the Bunsen burner and pour 50 mL into a 100 mL beaker.  Wait for the water temperature to drop to 50˚C

10. The moment the water is 50˚C, place the gram of soil into the water and stir with a stirring rod until all the soil is completely submerged.

11. Wait for 5 minutes and let the soil soak

12. After 5 minutes, place the water solution into the Hach reaction vessel, then follow the “Hach EZ Arsenic Test Kit” instructions for the 0-500 ppb range

13. These instructions are:

1. Lift the flap on the back of the cap and slide a test strip into the groove so that the reactive pad faces the small opening and completely covers it; secure by pressing flap back in place

2.  Fill the reaction vessel with sample water to the top edge of the line (50 mL).  [For the sake of the altered experiment, it is alright if the water is a bit over or under the line]

3(a).  Add the contents of one Reagent #1 [powder pillow to the reaction vessel].

Only perform [the following] step if sulfide is present at interfering levels (a rotten egg smell can be detected after adding Arsenic Reagent #1).

Optional: Sulfide removal:  Tear off a small piece of cotton and form a ball the size of a pea.  Saturate the cotton ball with Lead Acetate from the dropping bottle (a few drops).  Squeeze the excess liquid out of the cotton leaving it damp.  Press the saturated cotton ball into the small opening of the reaction vessel cap from the bottom.  Be sure that the cotton is firmly in place but that a gap still remains between the cotton and the top surface of the cap.  Insert the test strip as usual and proceed with the test.  Note:  The lead acetate must not contact the test strip!

3(b). [Add the contents of] one Reagent #2 powder pillow to the reaction vessel.

4. Immediately attach the black cap, with the test strip inserted, to the reaction vessel.  Swirl to mix.  Do not shake or invert!  Do not allow sample to contact the test strip pad.  Allow vessel to react for 20 minutes.  Swirl twice during the reaction period.

5. Remove the test strip and immediately compare the developed color to the chart on the test strip bottle.  Use the row for 50 mL sample, 0-500 ppb.  (“Hach EZ Arsenic Test Kit Instructions”)

14. Record the data

15. Repeat steps 9-15 for each of the temperatures being tested.  (The heats being tested are 50˚C, 60˚C, 70˚C, 80˚C, and 90˚C. 100˚C is not being tested because arsenic may become volatile)  
16. Record all data

17. Repeat the testing of each temperature 5 times and record the data
	Heating Results

	 
	50˚C
	60˚C
	70˚C
	80˚C
	90˚C
	Room Temp (19˚C)
	Reactor Result

	Amount of Arsenic in Test 1 (ppb)
	0
	10
	3
	10
	18
	0
	45.7 (ppm)

	Amount of Arsenic in Test 2 (ppb)
	3
	7
	5
	5
	10
	0
	45.7 (ppm)

	Amount of Arsenic in Test 3 (ppb)
	2
	8
	10
	18
	5
	0
	45.7 (ppm)

	Amount of Arsenic in Test 4 (ppb)
	1
	7
	1
	10
	25
	0
	45.7 (ppm)

	Amount of Arsenic in Test 5 (ppb)
	4
	10
	9
	10
	25
	0
	45.7 (ppm)

	Average Amount of Arsenic (ppb)
	2
	8.4
	5.6
	10.6
	16.6
	0
	45.7 (ppm)


Results:
(Figure 1)
Figure 1 shows that increased heating does increase that amount of arsenic absorbed by water. However, there seems to be a correlation problem at 70ºC.
	 
	Average Amount of Arsenic Detected

	
	50˚C
	60˚C
	70˚C
	80˚C
	90˚C
	19˚C (Room Temp)

	Amount of Arsenic Detected (avg-ppb)
	2
	8.4
	5.6
	10.6
	16.6
	0

	% of Total Arsenic Detected
	0.004%
	0.018%
	0.012%
	0.023%
	0.036%
	0%


(Figure 2)
Figure 2 shows increased heating increases the amount of arsenic coming out.
(Figure 3)
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Figure 3 shows a polynomial fit of the temperature of the water and the percent of arsenic that was detected.  Note the small percentages (Fig. 3).
Discussion: 

The goal of this study is to figure out how accurately water arsenic test kits can test ground soil by using heat as a variable.  The hypothesis stated that heat would help drain arsenic out of the soil.  The data collected showed that an increase of temperature does help the removal of soil arsenic as shown in Figure 3, but the percentages gained were small.

Distilled water was heated on the Bunsen burning prior to the mixing.  Then 50 mL of water was poured into a 100 mL smaller beaker.  Then 1 gram of soil was mixed into the 100 mL beaker.  This mixture sat on the table for 5 minutes before it was poured into the reaction vessel and tested.    

Heat was the major factor during the experiment.  Except for gas, solutions become more soluble as heat is increase.  As stated in the abstract and summary, heat was chosen to be the variable because samples for ICP analysis are heated to digest the arsenic out (Kirsch, 2007).   
Heat was also lost fairly quickly.  Once the soil is added in, the heat will drop during a 5 minute span.  This was important for the experiment because the reaction vessels of the HACH test kit were plastic and high temperatures could damage the vessels.  

However, 5 minutes is also a very short amount of time to draw arsenic out of soil.  Also, the more heat lost during the waiting period also means that less arsenic would be drawn out of the soil.  When temperature is decreased, solubility goes along with it.  This is one of the key reasons as to why the data appeared the way it did.  A much better way to test heat as variable is to use a hot plate and continuously mix the water and soil mixture at the desired temperature.  The temperature would then be able to stay consistent for any length of time.  Then, the soil and water mixture could be taken off the hot plate to cool before it is tested. 
Another reason for such small numbers is probably that the arsenic was trapped in the soil structures.  No matter how small the dust particles that are placed in the water and tested, only the arsenic on the surface area would be detected.  So even if all the soil was dumped into the reaction vessel with water, not all arsenic would be detected.  A good area that modifying water arsenic test kits could expand into is to figure out a way to draw out arsenic.  Arsenic found in soil clay layers tends to associate with aluminum and iron oxides/hydroxides (Thomas, 1999).  If there is a way to break the soil structure surrounding arsenic, perhaps by finding other substances that aluminum, iron oxides, and hydroxides would prefer to react to, then it would easier to draw the arsenic out.

Another reason for such small numbers may be because not all the water and soil mixture that are mixed in the 100 mL vial was completely dumped into the reaction vessel.  The mixture was quickly dumped in, but there were still some soil left on the side of the beaker.  To stay consistent with the length of time each sample was given to soak, the soil in the beaker was simply left there.  Arsenic may be lost in that fashion- another weakness in the experiment.  Other possibilities that may contribute to the small numbers are both the cooling of the water and the short amount of time the soil has to soak in the water.  Arsenic is insoluble in water.  However, the speculation was heat would be able to help water draw out arsenic.  And that was the case.  The data is not completely consistent, as shown by the small decrease at 70ºC, but it does suggest that more heat does equals more arsenic being drawn out of the soil.
Inaccuracies could be due to the use of different sized beakers and different thermometers.  There are limited beakers, and for the sake of time, multiple beakers had to be used at the same time.  Different thermometers means that water at possible different temperatures were used to conduct the experiment.  To fix this problem, use same sized beakers and an electronic thermometer.

Another problem is that the HACH test kits only work accurately at most 40˚C, and after 5 minutes, it cannot be guaranteed that 90˚C dropped to a temperature lower than 40˚C.  The reason that the temperature of the water is not measure during the 5 minute soaking period is because the thermometer looks like a stirring rod and it is too tempting to stir the sample while it soaks.  To fix this problem of high temperatures, simply create a longer waiting period.  

The biggest weakness in this experiment was that only one soil sample was used throughout the experiment.  At this stage, with the way heat was used, it makes sense that only a little bit of arsenic was leached out.  Had a successful attempt to leach soil out be discovered, another step that is crucial to take is to use more samples.  Soil samples that contained arsenic more or less than 45.7 ppm –the amount of arsenic in the soil sample that this experiment tested- should be used to see if the testing method does correlate someway to the amount of arsenic being tested.  
Another method is to simply test the current equation created by the data from this experiment.  If the equation holds true after multiple trials, then even the small numbers that this experiment gave can be used to determine the level of arsenic in soil.  

Our specific results have shown that heat is a possible factor in drawing out arsenic.  If this experiment was to continue on, it would be better to work with bigger percentages.  Heat has shown potential, but not all that potential was used.  To fully utilize heat, the experiment must be conducted with a hot plate instead of a Bunsen burner.  Then, the samples could be continuously mixed with the water at the desired temperature.  The data would hopefully give a bigger percentage.  Then, to test the percentage, test samples with varying levels of arsenic.  It is even arguable that the current data could be tested and then used to find specific amounts of arsenic.  

However, not all forms of arsenic may be soluble with water alone.  Other factors such as pH may need to be involved.       

A very scary thought that this experiment help prove is just how easily it is for arsenic in the soil to get into water.  Today, there are many countries that have arsenic in their water because they have arsenic in their soil.  Within 5 minutes, at least 0.004% of the arsenic in the soil came out when the water is at 50ºC.  Compare that to how long water has soaked soil in the history of the earth.  It is no wonder that there are arsenic problems dealing with drinking water.  This experiment just proves how much research needs to be done in this field.  In the meantime, people should be able to measure the arsenic levels in the ground and water in an inexpensive and fast way.   
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