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Relationship Between Fern Density and Arsenic Concentration in Sweet Home

Abstract: 


Levels of arsenic in the soil of Sweet Home, Oregon, have been found to be abnormally high. Some types of ferns have been shown to consume arsenic in soil. This study attempted to determine if there is a correlation between the concentration of arsenic in a soil sample and the number of ferns within a one-meter radius of the sample location. Because results from the ICP, which was used to determine arsenic levels, were flawed, no conclusions have been drawn. Using the data that has been collected and organized in this paper, it is possible for future studies to establish whether or not there is a correlation. 

Introduction: 


The goal of this study is to determine whether or not there is a correlation between the concentration of ferns and the level of arsenic in the soil in Sweet Home, Oregon. An average amount of arsenic found naturally in soil is one to two parts per million (ppm). In some rock samples in Sweet Home, however, levels as high as 500 ppm have been found (Allen, 2003). This is significant because in high quantities, arsenic can be harmful to humans and animals, which could consume the arsenic in ground water or in plants and animals living in areas where the soil is high in arsenic (ATSDR, 2003). Even arsenic levels of 10 ppm have been shown to cause cancer (Turner, 2004). 


Previous studies have shown that some types of ferns, such as the brake fern which is common to southeastern California, are able to pull arsenic out of the soil and store it in their fronds, which can be easily collected, thus effectively removing arsenic from the soil (Guldvog, 2001). These ferns actually thrive in soil with high levels of arsenic (Spotts, 2001). If ferns that are able to collect arsenic could be planted in areas where the arsenic concentration is high, it is possible that they could reduce the amount of arsenic n the soil in a very efficient and economical way. The ferns that are common in the Sweet Home area are the sword fern and bracken fern. It is also possible that these ferns, like many other plants, could be harmed by high levels of arsenic. The hypothesis of this study is that where there are higher levels of arsenic there will also be a greater number of ferns because bracken and sword ferns, like the brake ferns of previous studies, should be able to thrive in high levels of arsenic (Spotts, 2001). 

Methods: 


Forty or more groups of about four students each went to Sweet Home March 11, 2004. They collected soil samples from more than 100 randomly selected sites in the areas south and south east of the town. About two gallons of soil were collected from each site and placed in ziplock bags labeled with the number of the sample site. The dimensions of the holes dug to collect samples were approximately 30cm by 30cm, and the depth of each hole was recorded at the depth where collection began, usually between 5cm and 30cm. The precise location of each site was recorded using a Global Positioning System (GPS), and a rough description of the location was also recorded. The number of bracken, sword, and other ferns within a one-meter radius was counted and a photograph was taken of the vegetation at each site. The general vegetation density of each site was classified as light, medium, or heavy, and information such as elevation and slope were recorded. The data spreadsheet of all the findings can be found at http://www2.corvallis.k12.or.us/cvhs/science/1stsem0304sweethomepage.html#2ndsem0304 under “Spring 2004 Sample Data Spreadsheet.” 


The soil was be sent to an Inductively Coupled Plasma Emission Spectraphotometer (ICP) at the Department of Energy in Albany. The ICP measures the light spectras emitted by elements at a specific heat. Before going through the procedure, the soil samples were put through an acid digestion cycle, a description of which can be found in Appendix A. At the ICP, the prepared samples are sprayed onto a gas that has been heated to 10,000 degrees Celsius (Barnette, 2004). The gas and samples are ionized and atomized, forming a plasma that can then be focused down a quadripole mass spectrometer, which obtains a mass spectrum (Barnette, 2004). From the spectra emitted, it is possible to determine which elements are present in the sample (Barnette, 2004). The detection limitation of the ICP varies from element to element, but for arsenic it is just over 10 ppb. In previous studies performed at Crescent Valley High School, the soil samples were sent to the INAA reactor at OSU, but it was unavailable this semester, causing difficulties in obtaining congurent results. 

List of Materials:

· Trowel or shovel

· Ruler or yardstick

· Personal GPS

· Digital camera

· Plastic bags and labels

· Computer graphing program

Results:


The results from the ICP indicated that there was no arsenic present in any of the soil samples collected from Sweet Home. This data is most likely to be erroneous because samples sent for previous studies to the reactor at OSU have always shown measurable amounts of arsenic to be present (Allen, 2003). If results were found by further studies, the next step would be to analyze the arsenic level data in relationship to the fern density data to determine a correlation. The best way to do this would be to use a computer graphing program, such as Excel, to graph a scatter plot of the data. On the X-axis would be the number of ferns counted in a one meter radius of the sample, organized in groups of zero (no ferns), low (one to four ferns), medium (five to eight ferns), and high (more than nine ferns). The sample numbers with fern data in this study were organized into these categories and can be found in Appendix B. The Y-axis would show the levels of arsenic found in the soil. These numbers would also be grouped into categories of low (1-100 ppm), medium (100-300 ppm), and high (more than 300 ppm) by arsenic concentration. 

Using Excel to find the correlation coefficient will determine how strong a relationship exists between the arsenic concentration in the soil and the fern density. A positive correlation would indicate that as arsenic levels rise, so does the fern population. A negative correlation would indicate that as arsenic levels rise, the fern population drops or, alternately, as fern density rises, arsenic levels drop. 

Discussion:


Because the results from the ICP analysis were unreliable, it is difficult to draw conclusions about the study. Because ICP technology is fairly new and the procedure is quite demanding, it is very possible that there was an error in analyzing the soil samples. The process used to prepare the samples could have been incorrect due to human error. Also, the temperature of the flame used in the ICP must be very exact for the results to be accurate (Barnette, 2004). The ICP must be properly calibrated for each element on the periodic table, and if the spectras overlap each other, the results will be skewed (Barnette, 2004). Essentially, every aspect of the ICP must be exact to obtain conclusive data (Barnette, 2004). 


If a correlation is found between the arsenic concentration and the fern density, it is important to remember other aspects that were not taken into account during the study. One potential influence on fern density is the climate at the time of the data collection. If many of the ferns we were looking for were not in season at the time of the study, it would be difficult to determine a relationship. Also, arsenic levels could influence other vegetation, causing high arsenic areas to be either more or less vegetated, which could affect the growth of ferns due to over crowding or lack of sunlight. Nutrients other than arsenic should also be studied to determine if their presence is the true cause of differences in fern density. The locations where the soil was collected, while varied, might not have taken into account very dry or very wet areas of land, both of which might affect the fern population. If this study were to continue, it would be beneficial to collect soil samples and record data during different seasons and in varied locations. 

Literature Cited: 

Allen, Pamela and Margaret Hendrick. (2003). Analysis of Arsenic Concentration in Sweet Home Oregon, [Online] Available: http://www2.corvallis.k12.or.us/cvhs/science/pamandmargaretreport2003.doc
Agency for Toxic Substances and Disease Registry. (2003). ToxFAQs for Arsenic, [Online] Available: http://www.atsdr.cdc.gov/tfacts2.html
Barnette, Brad and Jordan Plemmons and Isaac Otto. (2004) ICP Analysis, [Online] Available: http://www2.corvallis.k12.or.us/cvhs/science/ICP%20Analysis.ppt

Guldvog, Tormod. (2001). Fern Soaks Up Arsenic Like a Sponge, [Online] Available: http://www.hypography.com/article.cfm?id=29644
Spotts, Peter N. (2001). ThisDdelicate Fern is a Sucker for Arsenic, [Online]. Available: http://search.csmonitor.com/durable/2001/02/01/fp15s1-csm.shtml

Turner, Christine. (2004). Environmental Issues, [Online] Available: http://www.epri.com/corporate/discover_epri/news/HotTopics/env_arsenic.pdf 

Appendix A

Summary of Soil Sample Preparation for ICP Analysis
As Performed by CVHS Students

ACID DIGESTION

Wash glassware

1. Rinse glassware with distilled water

2. Label beaker with group number and sample number

3. Determine mass of empty beaker and record

4. Tare balance and add 1.0 grams to 1.5 grams of soil sample to beaker.

5. Record mass of sample.

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

7. Cover beaker with watch glass.

8. Record time and sample number.

9. Place beaker on hot plate.

10. Monitor sample to see that it does not boil

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

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

13. Record time and sample number.

14. Return beaker to hot plate.

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

16. Add 5 ml concentrated nitric acid 

17. Record time and sample number

18. Return beaker to hot plate

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

From: http://www2.corvallis.k12.or.us/cvhs/science/SummaryOfICPsamplePrep.doc
Appendix B

Sample Numbers Arranged by Fern Density

	Density Classification
	Number of Ferns in One-Meter Radius
	Sample Numbers
	Total Number of Samples in Category

	Zero
	0
	1-5, 7, 10-12, 14-17, 20-22, 25-26, 28-31, 33-34, 37, 39, 41, 43, 47-51, 53, 57-59, 61-64, 69, 71-73, 76, 79-81, 83, 96, 98, 100-103, 106, 108, 111-117, 119-122


	69

	Low
	1-4
	8-9, 13, 18, 23, 27, 32, 35, 38, 40, 44-46, 52, 54-56, 60, 65-68, 77-78, 82, 91-92, 99, 104-105, 118
	31

	Medium
	5-8
	6, 19, 24, 36, 42, 75, 90, 109-110
	9

	High
	9+
	70, 74, 97
	3


