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Abstract:

This study looked at the relationship between plant health and population versus the amount of arsenic in the soil.  Plant sample information was gathered from Sweet Home Oregon and analyzed the soil samples using Neutron Activation Analysis at the Oregon State University to determine arsenic concentrations.  The data was compiled and analyzed and some odd results were found, indicating opposite conclusions from the hypothesis.  The results seem to indicate that plant population will decrease in elevated arsenic levels, while the plant health will increase in higher arsenic levels.  There is still much that can be done to improve this study and make it's results more concrete and useful.  

Introduction:


The goal of this study was to determine how various arsenic levels of the soil in Sweet Home, Oregon affected the plants that grew in that soil.  Areas were sampled that had been flagged as a variety of levels of arsenic concentrations from previous studies in this area.  At these locations  plant information was recorded about health and abundance of the plants, and soil samples were obtained from each site.  The soil samples were analyzed using neutron activation analysis at the Oregon State University nuclear reactor.  The study then compared each arsenic concentration with the plant information to gain an understanding of the effects of this poison on plants.  


Arsenic contamination of soil and drinking water is a source of major concern in various places around the world.  Ingesting arsenic can cause various cancers and is very harmful to the immune system.(Casestudy: Arsenic, 2003)  Ongoing research into causes of high arsenic levels are still being conducted and there is some evidence of how arsenic contaminates the ground and soil.  Some scientists think that high arsenic levels in drinking water come from higher levels of pumping water out of wells for irrigation.  This pulls carbon-rich surface water down into aquifers to replenish the water being pumped out.(Harder, 2002)  The carbon-rich water will eventually contain organic arsenic.  Other researchers argue that high concentrations of peat deposits add organic arsenic to underground aquifers.(Harder, 2002)  


The arsenic problem in Sweet Home has not been the subject of many studies.  This11 study possibly contributed unique information to help fully research the unique issue of high arsenic concentrations found at locations near Sweet Home.  Inorganic arsenic was used widely up until 1968  as a herbicide and pesticide.(Casestudy: Arsenic, 2003)  Excesses of these compounds spread on the surface eventually contaminate nearby soil and water with higher than normal arsenic levels.  Organic arsenic is still used for various applications because it is less harmful than inorganic arsenic, but it is still a valid contaminate of ground water and soil.  The use of arsenic as a herbicide indicates that arsenic is harmful to plant life when high quantities of arsenic are exposed to the plants.  


The question posed by this study will benefit scientists looking into the matter of arsenic located at Sweet Home.  They might be able to easily identify arsenic levels in soil by analyzing the concentrations or health of plants by comparing them to the findings.  


Community members might be able to use the information to plant similar plants and find out an arsenic reading by how the plants grow.  They could also use information about high arsenic locations to organize cleanups or to guide new housing or well digging to low arsenic locations.  


The hypothesis was that the plants the study tested will show signs of ill health and be less abundant where higher levels of arsenic are found in the soil.  Based on the fact that arsenic was used as an effective herbicide it seems evident that arsenic will kill the plants or severely retard their growth.  

Methods:


Materials:


Tape measure of at least 10 feet in length


GPS unit 


Compass


Data collection equipment (pencil, data chart)


Site marker (plastic flag)


Permanent marker (for marking flag with information)


In order to aid the collection of data, a data chart was created and then utilized.  The information spaces were used to collect data for soil sample numbering, GPS coordinates, number of plants along the tape line in each N, S, E, and W direction, and the health condition of the plants along the N, S, E, and W direction, and any other observations that were necessary.  The health conditions were given a rating of 1 through 3.  A 1 indicated that the plant was in perfect condition, a 2 meant some plants were turning brown, and 3 meant that there were not many leaves, with the plant near death.


Once the data chart had been created the site selection began.  The study used a map from the previous year to gauge approximate locations for low, medium, and high arsenic concentrations.  Once at the sites the study used an adapted version of the Line Intercept Method from the Interagency Technical Reference’s “Sampling Vegetation Attributes.”  This method involved measuring ten feet in each direction (North, South, East, West) and then counting the number of plants intersected with the tape along each direction and marking them down on the data chart; grass was not included.  The North, South, East, West directions were the main directions used, but occasionally it was necessary to use different directions when an obstacle, such as a road or dense woods, were in the way.  The plant health would then be assessed and recorded with a 1-3 rating based on the guidelines.  


The soil arsenic levels were obtained using soil samples from other groups that were collected at these sites.  The soil samples were processed and packaged by the field biology class for the reactor.  

Neutron Activation Analysis:


During the study a technique called Neutron Activation Analysis, or NAA, was used to determine the amount of arsenic contained in the soil samples.  In the NAA process a sample is bombarded with neutrons from a reactor.  These neutrons enter some of the nuclei in the sample.  When a nuclei has been excited it becomes unstable and begins to emit gamma radiation.  The gamma radiation is emitted at different energy levels for each element, similar to a fingerprint.  These different energy readings are detected and counted over a period of time.  The elements with a higher frequency of “hits” make up a larger percentage of the sample than elements with less gamma radiation “hits”.  


In order to register these hits a special detector made of germanium is used.  The gamma radiation causes a potential difference through the germanium detector, with a higher gamma radiation energy level producing more potential difference.  A computer is then able to interpret the results to a graph of the different gamma radiation energy levels with their corresponding hit count.  Peaks are formed where an element is in a relatively high concentration, and the area beneath the peak is the number of counts for that element.  These peaks occur over the top of background noise.  This background noise is random gamma radiation that is detected.  The random radiation comes from the Compton effect. This is when a gamma ray collides with another atom, causing the gamma ray to lose energy, throwing off the detector and creating a fairly level graph of “background” noise that must be taken into account when determining the final arsenic concentration.  


In order to determine the actual composition of the sample it is necessary to use standards.  These standards are samples that are irradiated that contain a known quantity of a target element.  By irradiating this like a normal sample and then using the detector to determine the amount of hits of that particular element it is possible to create a ratio of hits to actual composition.  The ratio is (Sample counts)/(Standard counts) = (Sample arsenic)/(Standard arsenic) where counts are in counts/second (gamma radiation energy hits) and arsenic concentration is in parts per million (ppm).This allows you to find the composition of the samples accurately.  There will most likely be a difference in the mass of the standard and the sample.  This is taken into consideration by creating a ratio of the masses and multiplying that by the resulting concentration (100 counts in a 1 gram standard is different than 100 counts in a 2 gram sample, this would mean that there was twice as much of the element in the 1 gram sample as in the 2 gram sample, 100 counts/gram versus 50 counts per gram).


By allowing these samples to sit for a few days it is possible to eliminate some elements' peaks from the gamma radiation energy level chart.  Arsenic has a half life of approximately 1 day (26.3 hours), meaning that it will only have experienced a couple of half lives by the time that elements with lower half lives will be decayed almost to nothing.  This allows shorter lived elements to decay away before the sample is detected.

Results:

	Arsenic concentration (ppm)
	Number of plants touching the tape in each direction
	Average number of plants in each direction
	Health condition
	Average health condition

	45.2
	7,9,9,8
	8.25
	2,2,2,2
	2

	22.2
	5,7,8,8
	7
	2,1.5,1,2
	1.65

	9.5
	10,11,7,11
	9.75
	2.5,2.5,2,2.5
	2.75


The data shows that the amount of plants was lower at the site of the two soil samples with the higher levels of arsenic, while more plants grew in the low (9.5 ppm) of arsenic soil.  It also shows that the health conditions of the plants present at the sites were healthier with the two higher arsenic samples and less healthy at the site of the low arsenic reading.  

Discussion:


The study’s question was aimed toward finding a relationship between the level of arsenic in the soil and the abundance and overall health of plants growing in that soil.  The study originally hypothesized that the higher levels of arsenic would be detrimental to the health of the plants, causing less plants, and lower overall plant health.  This was based upon the fact that arsenic is known to kill plants and animals.  Part of the hypothesis was supported by the fact that the 22.2 and 44.5 ppm arsenic soil samples yielded less plants (7 and 8.25 average, respectively).  The data also indicated an unexpected result, the high arsenic (22.2 and 44.5 ppm) soils seemed to produce healthier plants(1.65 and 2 average), than the low arsenic (9.5ppm), at an average of 2.75.  


The plants that were studied showed higher health but less overall abundance in high arsenic soils.  The reason for the plants showing resistance to disease could be explained by the plant actually absorbing some arsenic.  Studies have shown that some aquatic plants absorb large amounts of arsenic into the plant.  This may be the case for the plants that were sampled.  Arsenic is known to be harmful to humans and other animals, which could explain why insects will leave these plants alone.  The explanation for lower plant abundance might be explained by arsenic's poisonous effects on plants.  If arsenic harms plants, it might only allow the fittest and hardiest plants to survive in soil with high concentrations of arsenic.  


The data also seems to indicate that elevated arsenic levels encourage only the hardiest plants to grow, causing healthier, more disease resistant plants to sprout.  This seems to be indicated by the lower numbers of plants, but the higher health of the plants that are present.  The data might also indicate that the higher levels of arsenic provide some kind of barrier to disease and insects for the plants, keeping them healthier.  


There were many things that could have been improved during the course of this study.  The restrictions placed on the amount of samples that were possible severely limited the ability for greater diversity in samples, leading to less conclusive information.  With more data points it would be possible to identify and support trends in the data.  Another factor that would have improved the study would be to sample during various seasons of the year.  It was necessary to sample during the winter, while there was one to two inches of snow on the ground.  This could have made measurements of health and population skewed, with lower visibility and overall health degradation simply from the harsh conditions.  By sampling in the spring and summer it would be possible to have a much clearer picture of seasonal effect on the plants, making it possible to isolate the effects of the arsenic.  It would also be easier to evaluate data if a single type of plant were selected for study, by requiring less research and study of plant types.  


With a more reliable study of this nature, it could be possible to use certain types of plants as arsenic indicators.  This would be something worth researching further.  This study could also be expanded to many different types of plants and trees, broadening the knowledge of how various plants react to arsenic.  This could possibly lead to new discoveries for bioremediation plants which might be able to provide cheaper and more efficient techniques for naturally taking care of an arsenic problem.  In order to determine exactly why the plants are healthier in higher arsenic soil it would also be productive to examine arsenic contents in the plants themselves.  This could further the understanding of what causes higher health in these plants.  It is still not known exactly how arsenic affects many types of plants, and whether these affects are positive or negative.
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