SWEET HOME PROJECT

Arsenic Concentration in Fossils and the Soil in Which They Were Found

By Sasha Milonova

Abstract:

Enclosed is an account of one group’s attempt to discover how long arsenic has been present in Sweet Home, a town in Oregon that was found to have unusually high levels of this poisonous element in their drinking water. By collecting soil and fossil samples from various sites, the group hoped to see if the arsenic was present during the formation of the fossils, or got into the soil afterwards, is present in both, or neither of the two. Pieces of basalt from the area were collected to find the approximate age of the fossils. Originally, the samples were sent to a nuclear reactor, but due to malfunction, the samples had to be analyzed using the ICP method. This method proved to be unsuccessful and did not give enough data to establish any correlation between the fossils and the soil. Due to time constraints, the age of the basalt was not found either. This study, however, created a solid base for future investigation of fossils. 

Introduction:

The goal of this study is to find out whether there is a correlation between the arsenic content of fossils found in Sweet Home and the arsenic content of the soil in which they were found. This experiment will help determine how long arsenic has been present in Sweet Home and how much of it was present originally, if it was there all. Comparing this data to the arsenic concentration of the soil will give researchers an idea of how much the level has fluctuated over time. It may also provide another possibility for how the arsenic was transported into the water. 

Arsenic is a metalloid element that occurs naturally in the earth’s crust. People use it for many things, such as pesticides, fertilizers, and wood preservation. Almost half (about 8,500 tons per year) of the arsenic that is released into the air comes from these man-made processes. The other is released through volcanic eruptions and forest fires. (“Arsenic: Hoosier Energy Toxics Release Inventory”, March 26) Although harmless in rock, this element becomes highly toxic when put in water. Arsenic-rich water can be found in places where water flows through rocks that contain this element, and has been found in places such as Chile, Argentina, China, India, and many others. (Arsenic Contamination, March 26)

Studies have shown that water containing a higher arsenic concentration than 50 parts per billion has caused an increased rate of lung, kidney, skin, and bladder cancers. Even at lower concentrations, it has been shown to cause diarrhea, nausea and vomiting. The U.S. Environmental Protection Agency (EPA) has acknowledged that arsenic is a naturally occurring substance that cannot be removed from water easily. It has, however, set a concentration maximum of 10 parts per billion in all drinking water (Arsenic Contamination, March 26).

The U.S. Geological Survey was a study done in 1996 to check the water in the Willamette Basin. The goal of this study was to make sure that the water did not contain high concentrations of poisonous elements. Sweet Home, Oregon was found to have an elevated arsenic concentration. (Hinkle, 1999) In the spring of 2003, a group of students from Crescent Valley collected samples from various sites in Sweet Home, and their data shows that some of the sites had arsenic concentrations of over 100 parts per million. (Kirsch, 2003) It is unknown how long the arsenic level has been like this, and whether it has been fluctuating with time.

The area around Sweet Home had some volcanic activity in the Oligocene era, about 24 million years ago. As mentioned before, arsenic is released into the air during volcanic eruptions, and this may be the reason for the arsenic-rich water in Sweethome. A researcher at OSU by the name of Erwin Schutfurt, who began research on this, took a group of students to a site in Holley, Oregon. It is an area located east of Sweet Home, and had been clear-cut during the timber harvest in the summer of 2003. All the trees that were at least 8 inches in diameter were harvested and the others burned. The only things that remained in the area were pieces of petrified wood and other fossils that do not burn, which made this site perfect for the collection of data. For wood to become petrified, it must be covered in volcanic ash or lava to block off oxygen and prevent decay, which is what happened to this site. It left an entire forest petrified, and people have been taking pieces of this forest as souvenirs over a long period of time. However, this still left plenty of fossils to be collected.

A woman named Irene Gregory also did research in this area, but she focused on the types of trees that existed in the area before the lava flows. She found many different types of trees, and hypothesized that many of them were transported via water (as driftwood) from places all around the world. A group of students from CVHS would like to continue research in this area, and hope to tie in her work to what they find about arsenic.

It is possible that the fossils will show that arsenic was not present during that time period, whatever that time period will turn out to be. There may have not been enough arsenic released into the air by the eruption to significantly change the concentration in the fossils. But if the soil shows a high concentration, there must be some way that the arsenic got there. The arsenic may also have been put there when the trees were burned after the clear cut, because fires release arsenic. In that case, the element would only be present in the soil, not the fossils. 

All of these things explain the arsenic being there, but so far there is no correlation between the two time periods and or any way of telling whether the arsenic has traveled from here into the water. The students in Mr. Kirsch’s class will attempt to find a correlation by collecting and comparing data for both the soil and the fossil concentrations of arsenic. Because no previous study has been done before, it is nearly impossible to predict what will happen. If the fossils end up being rich in arsenic, and the soil is not, it would show that there was arsenic from the volcanic eruption but got petrified and did not leak into the soil. If it is the other way, where the soil is rich in arsenic but the fossils are not, the study would show that the arsenic came from a source other than the volcanic eruptions. If neither of the two have a high concentration of arsenic, it can be concluded that Holley did not contribute to Sweet Home’s arsenic-rich water. And finally, if both contain a lot of arsenic, it can be hypothesized that there was arsenic in the fossils from the eruption, and water from a flood, rain, or possibly a river traveled through the rocks, picked up the arsenic and deposited it in the soil. In this case, further studies would have to be done to check for presence of water. The last option seems to be the most likely.

Materials:
· Plastic bags, for collection of data

· Fossils, gathered at the sites

· Digital camera and GPS receiver for recording the locations of the sites

· Trowel, for collecting soil 

· Ruler for measuring depth

· Basalt for finding the approximate age of the fossils

· Potassium-Argon Dating machinery at OSU (done by Bob Duncan)

· Hammer for crushing fossils, 

· A mortar for crushing soil and fossils into powder

· Filter to sift the powder through to make it even smaller

· Nitric acid for the ICP analysis

· Dryer oven for drying samples

· ICP machine

Methods:

Collection of Data:

Soil and fossils were collected at every site. First, the topsoil was removed from an area about 15 cm in diameter. Then the soil collected soil by removing it equally from a random depth of 0 to 30 cm, put it in the plastic bag, and labeled with the site number. A picture of the site was taken with a pink flag marking the sample spot and the vegetation around it. Sites were chosen depending on whether soil and fossils were present at the same spot. Most of the fossils were petrified rock and therefore were in big piles where trees once stood, which made site selection easy. The fossils were collected by hand and placed into a plastic bag, labeled with the site number. 

The following site contains information about the place from which each sample was taken, and by whom. It also indicates whether it was a fossil or a soil sample.

http://www2.corvallis.k12.or.us/cvhs/science/SH%20Spring%202004%20Data%20Entry%20Spreadsheet.xls (Kirsch, 2004)

Potassium Argon Dating:

Because the fossils were too old to be carbon dated separately, the estimated age of all of the fossils had to be found using the Potassium-Argon Dating Method.  This method is used for dating materials from as long as 4 billion years ago. 

Potassium (K) is one of the most abundant elements in the Earth’s crust. One out of every 10,000 of its atoms is radioactive, known as Potassium-40 (K-40). These K-40 atoms have 19 protons and 21 neutrons. When they begin to decay, a beta particle hits one of these protons, and converts it into a neutron, creating an atom that has 18 protons and 22 neutrons, making it a gas known as Argon-40 (Ar-40). Potassium-Argon Dating compares the proportion of K-40 to Ar-40 in a sample of volcanic rock. The decay rate of K-40 is known, so the age of the rock can be determined.

To use this method, pieces of basalt had to be collected at the site. This was also not difficult, because there were pieces of it lying around, and it too was collected in a plastic bag and labeled. This was sent to Bob Duncan, an expert on Potassium-Argon Dating at OSU. To find it’s approximate age, this igneous rock would be crushed and treated with hydrofluoric acid to remove some of the argon. Then, it would be heated to extract the argon gas, and these gases would be monitored by a mass spectrometer, which would give a reading of the amount of K-40 originally in the sample, the percentage of the K-40 that is left, which would give the age of the rock.

The INAA (Instrumental Neutron Activation Analysis) Method:


This is the method that has been used by all previous groups that have studied the arsenic in Sweethome. This method detects arsenic, as well as all the other elements in the periodic table. 

Fossils and soil samples dried for 24 hours in a drying oven at CVHS. Then, the samples were crushed into thin powder in a mortar and sifted through a very fine sifter. About one gram of each sample was measured out, put into a test tube, and labeled with the sample number and group number. (Done: 4/15/04)  These samples were sent to OSU (Done: 4/28/04). There, the sample was to be irradiated in a nuclear reactor. A neutron collides with the nucleus of an atom, and creates a compound nucleus, which has very high activity. The compound nucleus begins to decay to settle into a less active state, and this gives off radiation. (Fig. 1) This radiation, it’s quantity and type, are recorded on a spectrometer and then compared peaks to charts of all the elements to determine if the element is present in the sample. 

Fig. 1 (Kirsch 2003. PowerPoint presentation: “Description of INAA Analysis”)
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The INAA machine at OSU was shut down, so we sent samples to Reed College, which had equipment malfunction. We were unable to use this method.  

Instead, we used the ICP, (Inductively Coupled Plasma) Method. 

This is also supposed to detect all the elements in a sample, and theoretically gives the same results at the INAA method. However, this method requires more preparation. 

 “Acid Digestion Procedure” (Kirsch, 2004)

1. Wash glassware

2. Rinse glassware with distilled water

3. Label beaker with group number and sample number

4. Determine mass of empty beaker and record

5. Tare balance and add 1.0 grams to 1.5 grams of soil sample to beaker. (sample is already ground up into powder)

6. Record mass of sample.

7. Add 10 ml dilute nitric acid (“DIL HNO3”)

8. Cover beaker with watch glass.

9. Record time and sample number.

10. Place beaker on hot plate.

11. Monitor sample to see that it does not boil

12. After 15 minutes, remove beaker from hot plate and place on lab bench to cool.

13. After beaker is cool, add 5 ml concentrated nitric acid (“conc HNO3)

14. Record time and sample number.

15. Return beaker to hot plate.

16. After 30 minutes, remove beaker from hot plate.

17. Add 5 ml concentrated nitric acid 

18. Record time and sample number

19. Return beaker to hot plate

20. After 30 minutes, remove beaker from hot plate.

After the acid digestion was done, the samples were sprayed with argon gas, and heated at 10, 000 C. In this process, both the sample and the gas become atomized and ionized, forming a plasma which consists of excited and ionized atoms. It is then put into a spectrometer, the mass is obtained, and the element is determined.  (“Description of the ICP Analysis”, Kirsch 2004)

The preparation was done at CVHS and sent to the DOE (Department of Energy) in Albany. Ten samples were also sent to Hewlett Packard for ICP analysis. HP prepared the samples by themselves.

Results: 

Reed College sent back results on June 19th, 2004. All the samples came back with zero arsenic content. They later called in and said that they had had an equipment malfunction, and that the results were wrong. These results were discarded for this experiment. 

The DOE tested 50 of the samples (using ICP analysis), the majority of which came back with zero arsenic content as well

The results from HP: (Kirsch, 2003. “ICP Results”)
	Table 1.  ICP-MS Results for Soil Samples in ug/g (PPM).
	
	
	

	Sample:
	As
	Ba
	Co
	Cr
	Pb

	Sample #153   
	19
	250
	17
	8.4
	7.9

	Sample #17   
	24
	280
	21
	17
	9.0

	Sample #35   
	6.6
	390
	21
	22
	14

	Sample #36   
	3.8
	240
	16
	30
	18

	Sample #37   
	6.1
	190
	23
	27
	25


The age of the fossils was not determined because OSU never analyzed the basalt.

Discussion:

There were not enough results sent back to support hypothesis, and the few results that were received were so unexpected that their accuracy had to be questioned. 

This study has been done for several years, and all the samples that were done with the NIAA have come back with some trace of arsenic, even if was only 0.1PPM. The only way that all of the samples could have zero arsenic is if the element disappeared from the soil and the water since last semester. It is either that, or there is something wrong with the ICP analysis and/or preparation. Because the arsenic has no where to disappear to in that short of a time period, the latter explanation makes more sense. 

A possible explanation to this is that the arsenic is in a form that could not be detected by the ICP process. Arsine (AsH3) is a form of arsenic that goes to gas at 80 degrees C.  During the acid digestion procedure, the samples may have been exposed to temperatures higher than that. In a few of the samples, the acid boiled, which requires a temperature of about 115 C. If this is the form in which arsenic is found in Sweethome, only the INAA would detect it, because the ICP method would evaporate all of the arsenic. This would explain our results. However, another form of arsenic, called Arsenious Acid, which also seems to fit the characteristics of Sweet. This form is usually found in water, and when the pH of the water reaches 9 or above, the arsenic begins to lose hydrogen atoms. This makes it bond with the iron in soil, which would explain the high concentration of arsenic in the soil from previous studies. This would not, however, explain why the ICP process did not work.


Hewlett Packard had different results because they prepared their samples on their own rather than having the CVHS students prepare them using the procedure above. The ten samples that were sent to them came back with some arsenic content, but it was still lower than previous studies. It is known that their procedure differed from the DEO in that HP used a microwave, although how they used it and why it changed the results needs to be further examined. 

The thing that is strange is that the ICP and the INAA both were able to detect the other elements in the samples. The only one that was missing from the ICP was arsenic. This suggests an error in the calibration of the spectrometer. It may have not been set up to look for arsenic. Had time permitted, the samples would have been sent back to DOE to be done again, this time checking the calibration of the machine. 

Nothing could be determined about how long the arsenic has been in Sweet Home because the fossil samples were not analyzed. However, the fossil project has a lot of promise and should be continued. The fossil groups worked together to begin identifying the different types of trees in the area, the basalt has been collected to determine the age, and there are plenty of fossils in the area for collection and further study. Once the reactor is back up at OSU and Reed College, the samples can be analyzed, and students can begin looking for a correlation between the arsenic in the soil, and the arsenic in the fossil found at the same site. They can also look at the arsenic content in different types of trees, or different areas with fossils and whether the arsenic content varies. If students are able to continue research and find a correlation between any of these things, and others, they could add a big piece to the puzzle. 

There were several different conclusions that could have been made, had the results been anything but zero for the arsenic content. If the soil showed a higher arsenic content than the fossils, it would suggest that arsenic got to the area after the volcanic eruption, or possibly that the arsenic had somehow leaked out of the fossil. The next step would be to figure out if that is possible or come up with ways that the arsenic could have gotten there after the eruption. If the fossils had a high arsenic content, but the soil did not, it could be hypothesized that arsenic does not leak out of the fossils – what was there after the eruption stayed inside the petrified wood and did not affect the soil. If both the soil and the fossils had high arsenic content, it would be harder to make a correlation, but it would be obvious that arsenic existed back then and still exists now, and has not moved anywhere. If both have a moderate amount of arsenic, it could still be concluded that arsenic has been around for millions of years, and that maybe some of it leaked out of the fossils, or that there was not a lot of arsenic to begin with.

This study was unsuccessful but has provided a solid base for future students to work on discovering the history of arsenic in Sweet Home. 
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