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Correlation between Soil Arsenic and Fern Density in Sweet Home, Oregon

In this project, a correlation between soil arsenic and fern density in Sweet Home, Oregon was being researched since high levels of arsenic has been detected in soil and water.  After 122 soil samples were collected in the spring of 2004, they were analyzed with the ICP (Inductively Coupled Plasma Emission Spectrophotometer) at the DOE (Department of Energy) in Albany, Oregon.  The analysis from it was not conclusive enough to create a definite conclusion to the project although graphs could be developed and ready to be filled in with the appropriate information.     

Introduction:

The purpose of this project was to find if the level of arsenic in the soil affects the fern density in Sweet Home, Oregon along Ames Creek Road.  To go about this, soil samples from at random sites along the road were collected to be analyzed.  The samples were sent to the DOE (Department of Energy) in Albany, Oregon to be analyzed with an ICP (Inductively Coupled Plasma Emission Spectrophotometer).  The data will then be put into a GIS database, which allows future studies about arsenic.    
Sweet Home has been cited for having an unusually high arsenic level (Kirsch, 2003).  The students at Crescent Valley High School in Corvallis, Oregon have taken on the project to investigate this further.  The arsenic level is a concern because arsenic has negative effects upon humans, plants, and other living things (Peryea, 2001).  It is commonly used in poisons for rats and weeds, which shows that high levels arsenic is not healthy (Grolier, 1997).  Arsenic can cause nerve injury, stomachaches, brain damage, and miscarriages (Lenntech, 2004). 

Students from Crescent Valley High School in Corvallis, Oregon have been studying the arsenic in Sweet Home, Oregon for three years (Kirsch, 2004).  In 2002, 92 samples from various areas in Sweet Home were collected (Kirsch, 2004).  From this, it was concluded that along Ames Creek Road contained the highest amount of arsenic compared to other areas which contained less than 143.3 ppm (Kirsch, 2004).  In 2003, the sampling was concentrated along Ames Creek Road instead of eight areas throughout Sweet Home (Kirsch, 2004).  In this year, it was found that the arsenic levels were 3.10 ppm in plants, 54.0 ppm in soil, and 111.2 ppm in bedrock along the road (Kirsch, 2004).   

The research being done by the students is beneficial for the community of Sweet Home and for other scientists.  The community interest in this project lies with the fact that the high arsenic levels affect the plants and vegetation around their homes.  Knowing the arsenic levels in certain areas will help residents determine where they would like to plant flower beds or vegetable gardens.  For one, their gardens could not flourish and produce healthy plants.  There is also the fact that the food grown in the gardens could contain the arsenic that they consume creating the concern in the community.  

Scientists and other researchers will have another use for the data collected.  Scientists researching arsenic could use the information, data, and papers created by the Crescent Valley High School students as a basis of their own reports.  It is possible that other cities and towns with high arsenic levels will be investigated and the research done at the Sweet Home, Oregon site will help those researchers come to their own conclusions.

According to previous research and background knowledge of how arsenic affects plants, a hypothesis can be made that a high arsenic concentration in soil will affect plant density.  Since arsenic is commonly used in weed killer, it is obvious that arsenic must be harmful to plants (Nault, 2000).  Although, plants can actually have their growth stimulated when only a low level of arsenic is present in the soil (Walthert, 2004).  This then suggests that from different levels of arsenic concentration in the soil will affect the fern density: high levels will be harmful to ferns, low levels will promote plant growth, and a natural level will cause fern density to be somewhere between the two.   

Materials:

· Ruler at least 30 centimeters

· Two one-gallon Ziploc bags per site

· Flags with the number of the site- one per site

· Trowel /shovel

· Permanent marker

· Blank paper

· A meter stick or a string that is one-meter

· Data sheet

· GPS receiver

· Digital camera

· Laptop

· ICP (Inductively Coupled Plasma Emission Spectrophotometer) 

Methods:

After doing the necessary preparations, go to Sweet Home near Ames Creek Road in March.  Once there, gather materials necessary for collecting the soil samples (bags, ruler, trowel, flags, permanent marker, paper, data sheet, GPS receiver, and Digital camera).   Look at the map of Sweet Home provided by Kirsch that marks the designated locations for sampling.  Before going to the sites, instructions were given for how to go about obtaining the samples.

To collect the samples, chose a location at random on the map to gather the samples (make sure that the chosen area is one of the areas approved for sampling).  Once found, clear off the topsoil and put it aside to be replaced later.  Loosen the soil in the hole and when enough has been dug, start filling the two plastic bags for the site.  Measure the depth of the hole with the ruler in centimeters after removing the two gallons worth for sampling.  Replace the topsoil that was removed at the beginning of the sampling. 

Place the string on the edge of the hole and move it around the hole counting the total number of ferns and the specific type of ferns.  On the data sheet, make the notes necessary.  

Before leaving, there are two pictures to be taken of the site.  With the blank paper, use half of it and clearly write the number of the site on it with the permanent marker.  Place the string at the edge of the hole pointing to the North, put the number near the string.  Take an aerial picture that includes the length of the string and paper with the number.  Also, take a picture that features the piece of paper and the surrounding area in the background.  

Use the GPS receiver to take the location coordinates.  Record them on the data sheet provided.  

Label the bags with the site number.  To be able to find the sample easily, place the paper with the number inside the bag on the side, try to keep the soil away from the front of it so it is clearly visible.  Place the flag at the site and go through the check list on the data sheet to make sure all is completed.  

Prepare the samples to send to an ICP (Inductively Coupled Plasma Emission Spectrophotometer).  In this case, the ICP was located at the DOE (Department of Energy) in Albany, Oregon.  Refer to Appendix A for the procedure used to prepare the samples for the ICP.  When the samples return, organize the data and analyze the data to form a conclusion.    

At the ICP, to determine the level of arsenic begins when argon gas is sprayed on the samples and heated at 10,000 degrees Celsius (Barnette, et. al., 2004).  This then forms plasma with ionized atoms because it has become ionized and atomized(Barnette, et. al., 2004).  A light spectrum is then emitted to reveal the different elements present in the sample.  The level of arsenic can then be determined from it in parts per million (ppm) (Barnette, et. al., 2004).  

	Sample #
	# of Ferns
	Sample #
	# of Ferns
	Sample #
	# of Ferns
	Sample #
	# of Ferns
	Sample #
	# of Ferns
	Sample #
	# of Ferns

	1
	0
	20
	0
	39
	0
	58
	0
	76
	0
	103
	0

	2
	0
	21
	0
	40
	1
	59
	0
	77
	2
	104
	2

	3
	0
	22
	0
	41
	 
	60
	2
	79
	0
	105
	2

	4
	0
	23
	4
	42
	5
	61
	0
	80
	0
	106
	0

	5
	0
	24
	6
	44
	2
	62
	0
	81
	0
	108
	0

	6
	7
	26
	0
	46
	1
	63
	0
	82
	1
	109
	5

	7
	0
	27
	3
	47
	0
	64
	0
	83
	0
	110
	5

	8
	1
	28
	0
	48
	0
	65
	1
	90
	6
	111
	0

	10
	0
	29
	0
	49
	0
	66
	2
	91
	2
	112
	0

	12
	0
	30
	0
	50
	0
	67
	1
	92
	3
	113
	0

	13
	2
	31
	0
	51
	0
	68
	3
	96
	0
	114
	0

	14
	0
	32
	3
	52
	1
	70
	10
	97
	10
	115
	0

	15
	0
	33
	0
	53
	0
	71
	0
	98
	0
	116
	0

	16
	0
	34
	0
	54
	3
	72
	0
	99
	1
	118
	1

	17
	0
	35
	1
	55
	3
	73
	0
	100
	0
	119
	0

	18
	3
	36
	8
	56
	1
	74
	17
	101
	0
	121
	0

	19
	5
	37
	0
	57
	0
	75
	8
	102
	0
	122
	0


Results

From the results collected from the ICP, graphs and charts will be made to find correlations between the arsenic concentration in the soil and fern density.  Use the data for numbers of ferns that have been recorded on the data spreadsheet (fig. 1).  

(Fig. 1)
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Two different graphs will be made.  The first is to find if a correlation actually exists between arsenic concentration and fern density.  To do so, a scatter plot will be develop on Excel (fig. 2).  On the x-axis, the number of ferns will be 
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placed while the arsenic concentration levels (in parts      per million) will be on the y-axis.  


The second graph (fig. 3) will show how different amounts of arsenic affect plant growth.  The x-axis showing bare, medium, or dense vegetation is taken from data that was collected in Sweet Home and filled out on the data sheet.  


Discussion

Throughout the study of Sweet Home, Oregon in the spring of 2004, many complications have presented themselves.  One significant one would be that unreliable results came back from the ICP.  The numbers received suggest that zero arsenic was present in the soil samples which do not seem correct since there is always some sort of natural level of arsenic.  While more samples have been sent to the ICP at the DOE, others have also been sent to the INAA at Reid College in Oregon.    

Although the analysis has not returned, by using the graph in fig. 2 and placing in the necessary data, conclusions can be made.  The graph in fig. 2 will show if a correlation between the arsenic concentration in the soil and fern density exist.  Using Excel, a correlation can be determined by using the correlation function.  If the number is within 0.15 of one, the conclusion can be drawn that a correlation does exist.  The number that is produced will then allows a conclusion of whether or not arsenic in soil affects fern growth.  

By using the second graph in fig. 3, other conclusions can be made once the analysis of the soil samples returns with arsenic levels.  Since this graph compares the arsenic level with the vegetation of an area, it can be determined at what level the arsenic concentration has to be before significant changes occur.  It will also give valuable information to the people of Sweet Home to know if a certain level has been detected around their homes because it could affect their decisions on gardening.    

The growth of ferns and other plants in Sweet Home, though, can be affected by other things other than arsenic.  One possibility could be the lack of or too much of other nutrients in the soil.  If the plants do not receive enough nutrients such as nitrogen, phosphorus, or potassium, it can be expected that the health of the plants decline.  This is why most people add fertilizers to gardens.

Another possibility other than arsenic or soil nutrients that could also have an affect upon fern growth is that high levels of barium have been detected in the samples sent to the ICP.  Barium can be found in soil and water and have been found to cause difficulties in breathing, increased blood pressures, muscle weakness, swelling of the brain and liver, and kidney and heart damage (Lenntech, 2004).  When a graph was made, a correlation was shown which could be a possibility for another study in the future.   
To expand on the study of the correlation between arsenic concentration in the soil and fern density, research could be conducted on specific types of ferns.  After a conclusion has been made over ferns in general, further investigation can be pursued.  To do so, experiments can be performed by planting different types of ferns in soil containing different levels of arsenic and comparing the growth changes between each fern.  

In the study to find the correlation, some things could have been done differently.  One aspect from the data collection is if one person did the counting of ferns and plant density.  That way, when the plant density (bare, medium, or dense) was collected, the method used would be more accurate.  Also, to obtain a more accurate data on the fern count would be to go to Sweet Home during a time when more ferns were out instead of dead looking.    

Another thing that would be worth while studying weather patterns in the Sweet Home area.  This is because if the weather changes over the past years could be changing enough to affect plant or vegetation growth. If pictures from past research were available, 
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Appendix A:h

Summary of soil sample preparation for ICP analysis

ACID DIGESTION

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.

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.

HYDROGEN PEROXIDE DIGESTION

1. After the sample has cooled, add 2ml of distilled water to the beaker.

2. Add 3ml of 30% hydrogen peroxide (H2O2)

3. Cover the beaker with a watch glass and CAREFULLY heat the sample on a hot plate.  IF THE SAMPLE BEGINS TO EFFERVESCE (BUBBLE) ENOUGH THAT MATERIAL MAY BE  LOST FROM THE BEAKER, REMOVE THE BEAKER FROM THE HEAT.

4. When the effervescence subsides, cool the beaker and repeat steps 1 – 3 above.

5. If the sample continues to effervesce strongly after adding the second 3 ml of hydrogen peroxide, steps 1 – 3 may be repeated again for a total of 9 ml of hydrogen peroxide added.  Do not add more than 9 ml hydrogen peroxide.

6. Allow the sample to cool.

FINAL ACID DIGESTION

1. To the cooled sample, add 10ml distilled water and 5 ml concentrated hydrochloric acid (HCL).

2. Place the sample on a hot plate and heat without boiling for 15 minutes.

3. Remove the sample from the heat and allow to cool.

(Fig. 2)





(Fig. 3)








