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Abstract

This research was first developed after there were reports of elevated arsenic readings in the groundwater of Sweet Home, Oregon. As we took part in the third year of this research at Crescent Valley High School, our group studied both the amount of arsenic in horse blood and hair. The samples taken off three Sweet Home horses were then dried and prepared before they were sent to the Oregon State University Nuclear Reactor. These samples were irradiated at the reactor, and were tested for arsenic using INAA (Instrumental Neutron Activation Analysis). After the results from our samples came back from the reactor, we used the data to attempt to create some conclusions about our study. Due to some problems in the transporting of samples to the nuclear reactor, we lost some of our samples and making a conclusion from our results was difficult. Since we did not have multiple samples that were usable, it was impossible for us to draw any conclusions based on our original hypothesis. However, the samples did show some surprisingly elevated arsenic levels in the blood of one of the horses. While our methodology in our research was not perfect, there is room for our study to grow in future testing for arsenic concentrations in Sweet Home. 


Introduction

The goal of this study was to find a correlation between the amount of arsenic in the blood and hair of horses in Sweet Home, Oregon. In conducting this study, we attempted to provide new research that would be beneficial for both horse owners in the Sweet Home area, as well as any grazing animal owners in areas with known elevated levels of arsenic. With the assistance of Dr. Hixson of Alpine Animal Hospital in Corvallis, Oregon, we obtained hair and blood samples from two horses in Sweet Home. These samples were sent to the Oregon State University Nuclear Reactor after they were dried and prepared by Mrs. Hee’s Biology class. 


Arsenic is a trace metal on the periodic table, and comes in two forms: organic and inorganic. The organic compound is created when arsenic is combined with carbon and oxygen, while the inorganic compound is made when mixed with oxygen, chlorine and sulfur. The inorganic compound is used in pressure treated wood, as found in all traffic signs in the state of Oregon (Arsenic). Arsenic can be found in the earth’s crust, wood preservatives, alloying agents, and runoff from industrial sites (Arsenic in Drinking Water). Humans generally are exposed to arsenic in one of two ways, ingestion of water or breathing contaminated air. Because of this, people who work in industrial situations are at risk if either of the arsenic compounds are used in the workplace. Citizens can be exposed to these same hazards by inhaling the smoke from arsenic-treated wood or sawdust, or misusing pesticides, weed killers, fungicides, or wood preservatives (Air Toxics- Arsenic and compounds). There are no unique diseases that are caused by prolonged exposure to arsenic, which makes it hard to distinguish arsenic poisoning from any other type of poisoning. It is very difficult to get arsenic poisoning via touching contaminated water. Touching water with arsenic does not pose any health threat, and long as hands are washed on a semi-regular basis. Some symptoms may include: vomiting, abdominal pain, and bloody diarrhea. In the long-term process of poisoning, cancer in the skin, lungs, urinary bladder, and kidney are common (Arsenic in Drinking Water). The process of arsenic contamination is called arsenicosis (Arsenic).


During the past two years, the AP Physics class at Crescent Valley High School has studied various effects of arsenic on the local community, and we are continuing the study this year. Studies have been done by the USGS in the same Sweet Home area for the past 40 years in addition. Being a fairly abundant substance worldwide, arsenic has had its problems outside of the Willamette Valley also. Most notably, Bangladesh, India has had an ongoing problem with arsenic. For many years this large city in West Bengal had no known problems with arsenic. However, lately there have been multiple reports of diarrhea, dysentery, typhoid, cholera and hepatitis for the locals. Most drinking water in Bangladesh is gained by open dug wells and ponds, and with the always-growing population of India, there is a potential that millions could be affected. The  number of symptomatic cases is disturbing. There have been over 100,000 cases of skin lesions, and an estimate of between 200,000 to 270,000 people will die of cancer due to arsenic poisoning in Bangladesh alone (Arsenic in drinking water).


While there is some previous study of arsenic content in horses, there has not been any study in the correlation between arsenic in the blood and the hair. Because research is very limited in this field, any additional information could prove to be important to any scientist who is studying this field. As for the non-scientist population, this study is important as well, because horses are most likely exposed to the arsenic in the soil, which grows with the arsenic-laden groundwater of Sweet Home. When horses eat grass, they eat both the grass along with some of the soil. This is the most plausible situation where horses would intake arsenic. This method is very similar to the grazing methods of livestock, and while people generally don’t eat horses, they do eat cattle. Therefore, high arsenic concentration in horses could also mean livestock would also contain elevated arsenic levels. After we collected our data, we expected to see a direct correlation between the levels of arsenic in the blood and hair of horses. We expect to see this because previous studies show that cows tend to retain the arsenic that is in the soil upon which they are grazing on, and since horses graze similarly to cows, this supports my hypothesis (Colby, 1999). 


Methods

The first step we took in our study was contacting Dr. Hixson, a veterinarian at Alpine Animal Hospital and the stepfather of student Kristen Cannity. He had a contact in Sweet Home who he would be able to take samples for blood and hair from the owner’s horses. To extract the blood from the horse, he punctured the jugular vein in the horse’s neck and took out 15 mL of blood, which was collected in a vacuum tube. This tube is placed inside another tube to ensure that other chemicals don’t contaminate the blood. Dr. Hixson cut a few grams of hair from the horse’s tail and mane and put it in a Ziploc bag. These steps were repeated for the other horse. After these samples were collected in the field, they were brought back to Crescent Valley, where they were placed in a drying oven for 48 hours to remove any water content in the samples. The hair samples were ground up in a coffee grinder and a small vial was filled with the hair, and it was sent to the reactor. The dried blood was placed in another small vial and also sent to the reactor to be irradiated. The samples were irradiated at the nuclear reactor at OSU, and were analyzed using INAA to determine the arsenic concentration in the samples. 


Instrumental Neutron Activation Analysis

INAA (Instrumental Neutron Activation Analysis) is the process used by the Oregon State University Nuclear Reactor when they irradiate samples, as used in our Sweet Home study. When the sample is placed in the reactor, it is sent into a neutron field where a neutron is sent into the sample’s nucleus. Once it has been combined with the nucleus, it creates a radioactive isotope of the element, meaning that it is unstable. It then sends out gamma rays, which is detected and counted by monitors. INAA can determine the amount of various elements in the sample, and is sent to a graph that shows a few characteristics of the sample. On the graph produced from the counting, the height of the peak represents the energy produced by each element, and the area below the peak is the amount of the element that is present. In our study, if there were a large peak in the column for arsenic, it would mean that there is a large amount of arsenic caused by the sample, with the amount of area below the peak representing the amount of arsenic in the sample. In our study the samples were counted for 30 minutes, and if it were to be counted for a longer amount of time, it would show higher concentrations of arsenic. However, due to the extreme amount of samples that had to be irradiated, 30 minutes would both show relatively accurate results while also minimizing the amount of time needed for all of the samples combined.   

Results

	Sample #
	Arsenic Content (ppm)
	Type of sample

	A09AO1
	0.9
	Horse hair

	A10A92
	61
	Horse blood

	A09A02
	Not irradiated
	Horse hair


Unfortunately, we were unable to obtain all of the data that we intended to process. Sample A09A02 was sent, but was unable to be irradiated, due to a lack of space inside the reactor. In addition, the group we worked with, Group 10A, discarded the blood sample we needed for one of the horses because they didn’t know that we needed the sample for our study. Therefore, we only had two samples that were irradiated and analyzed, and they came from different horses. This means that we have the arsenic content in the hair of one horse, and the arsenic content in the blood of another horse. 

Discussion

Due to the lack of sufficient data in our research we are unable to make any conclusions surrounding our original hypothesis. However, we are able to make some positive conjectures that are important based on our small amount of data. The Sweet Home horse that we received data for its blood arsenic concentration had high traces of arsenic, 61 ppm. Conversely Group 10A, who also was using our same samples, tested a horse in Corvallis to see how the arsenic concentration in the blood varies. They found the horse in Corvallis didn’t have any arsenic in the blood. This means that the horses are being exposed to arsenic in Sweet Home and that the horses in Corvallis are not living under the same conditions. While we are unsure what level of arsenic concentration is either unsafe or deadly, having one horse with 61 ppm of arsenic and another with 0 ppm, is significant to note. 

To improve our project, it would have been beneficial to take a few extra steps as a precautionary measure. While we are extremely grateful for his time and effort, having Dr. Hixson operate the data collection without our help made it difficult to completely understand what processes were taken when both the blood and hair samples were obtained. In addition, we would have prepared all of our samples in our group, and would not have been dependent on another group’s work. If another group were to attempt to replicate this study, only a few minor additional adjustments would be needed. Having a reliable source for the samples is crucial, and while Dr. Hixson was incredibly helpful, after his stepdaughter dropped the class it was difficult to communicate with their family. The most critical aspect that our group suffered from was a lack of communication. This refers to lack of communication between group mates, other groups, and the sample collectors. 


If our study were to be continued, which it easily could be with the right connections, it would be further pursued into various paths. By obtaining both more hair and blood samples, from multiple horses, it would make it possible to come up with a conclusion based on our original hypothesis. Some factors that we are currently unsure about, and future groups would also need to take into consideration, are the exact locations of the sample areas. Taking all of the hair samples from the same region of the horse, and extracting all of the blood from the same vein would all be necessary. 


It is difficult to make any strong statements about the data that we received because it is coming from two different horses. Either of the horses could have been grazing on the arsenic-filled land all its life or could have just been purchased and began living in Sweet Home a few weeks ago. While we are unable to make any conclusions about our hypothesis, we are sure that this is a study that needs to be continued. 
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