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Abstract


In it’s third year of study by CV students, the Sweet Home Project has spread widely and now involves many students covering a broad array of topics. The project started because of reports of elevated levels of arsenic in the Sweet Home area. CV physics teacher Adam Kirsch decided this issue was a worthwhile topic to pursue for students, and thus the project originated. Using the nuclear reactor at OSU, with the help of OSU staff, samples of soil and plants could be analyzed to see how many parts per million (ppm) of arsenic were present in a given sample by using Instrumental Neutron Activation Analysis (INAA). We are the first group to attempt to deal with animals in a study of arsenic in the Sweet Home area. Our goal of this project was originally to study cows and relate them to various things in their surroundings. We could not find the resources to test cows, but we did have a resource to test horses, and we pursued that option. We related the levels of arsenic in a horse’s blood to the levels of arsenic in a horse’s hair with two different horses in the Sweet Home area. We are excited to open this new topic because we feel that horses and other animals will have more relations to humans as the study moves forth. Dr. Hixson, a local veterinarian traveled to Sweet Home and collected our samples for us, and then the samples were sent to the nuclear reactor at OSU and underwent INAA. Once we received our results we realized where things had gone wrong. Lack of communication caused our outcome to not contain half of the results we needed. There are many things we would do differently, but there are many things people could do to pick up where we left off. We can only mostly make hypothetical conclusions about our study, but we are excited nonetheless to watch this topic of animals progress along with the rest of the Sweet Home Project as well.

Introduction


The goal of our project is to find the correlation between the levels of arsenic in a horse’s blood and the levels of arsenic in a horse’s hair in the town of Sweet Home, Oregon. The intent of our study is to take this project where it hasn’t gone before and deal with animals. After our group has finished collecting all of our samples we will prepare them for neutron activation analysis (INAA) at the OSU nuclear reactor. We plan to collect data of horse hair and blood. Our study is only opening the door for people to deal more intensely with animals and take this project to new heights.


Arsenic is found under the trace metals section of the periodic table, and appears naturally in two forms, organic and inorganic. The inorganic compound was used in the making of pressure treated wood, which is used as all of the posts or road barriers in the state of Oregon, but the pressure treated wood is no longer being made containing arsenic (University). Citizens can be exposed to hazards by inhaling the smoke from pressure treated wood or sawdust, or misusing pesticides, weed killers, fungicides, or wood preservatives (World). There is no specific common disease associated with arsenic poising so it is hard to distinguish between arsenic and other types of toxins when someone is poisoned by arsenic. Simply touching something that contains arsenic is usually not enough to create high exposure to it unless hands are not washed before eating. Some symptoms of arsenic poisoning may include: vomiting, abdominal pain, and bloody diarrhea. Long-term results of arsenic poisoning can be: cancer in the skin, lungs, urinary bladder, and kidney (World).


If we find arsenic in horses the information from our study could be very useful and that is why we decided to do this topic. Maybe not while we are working on this project, but sometime down the road the information that we gather will enable certain decisions and actions to take place due to the information gathered about the arsenic in horses. If we find arsenic in horses then there are numerous things that could be done. If horses seem to have an increased level of arsenic, then precautions may need to be taken for the horse’s sake. Once our study of horses is complete, people then can relate horses to cows, because cows have a more direct correlation to humans because of the products cows produce.


Horses are very similar to cows in terms of their eating form and habits. In 1999, a research study explained why cows acquire more arsenic than other livestock such as sheep or pigs. Cows obtain more arsenic because the arsenic that livestock would come in contact with is usually in the soil that the cows graze on and not the grass that the cows eat. When a sheep eats it nibbles at the grass with a smaller tongue and does not come in contact with as much soil as a cow does, but a cow has a much larger tongue and eats much more soil while it is trying to eat the grass (Colby). This same study also said that cattle that move from arsenic affected areas to non-arsenic affected areas often lose condition. The same goes for the reverse of that move (Colby). This could mean that if we discover cattle that have arsenic levels that are high, that information could be used so that people do not move their cattle from place to place so that they do not lose condition. Also, if we find arsenic in cattle, it would lend itself to a study taking place in the near future dealing with the correlation between the cattle and the soil. 


Our question asks ‘what is the correlation between the arsenic levels of a horse’s blood and hair?’ Our question might be valuable to scientists because our information will be able to be used to conduct further studies and actually look at the effects arsenic has on horses, how arsenic in horses relates to arsenic in cows and other animals, and how they get that arsenic in the first place. A scientist cannot try to figure out how to solve the problem if they do not know where the problem originates. Once our study is complete, future studies will know what part of a horse would be best for testing, or how to average the results they get from testing only one area of a horse. Future tests may involve issues dealing with how horses might acquire arsenic in the first place, and that is one step closer to solving the problem. We are simply setting a general and solid foundation for others to improve upon.  


I believe the information we are going to collect as a group will be extremely valuable to the people of Sweet Home; specifically to the people who own animals. We know from previous studies about where arsenic levels in soil are higher in the Sweet Home area (Hass). If there is a connection with the higher levels of arsenic in soil and the horses grazing that land, people could test to see if that is how horses are getting the arsenic and the owners of the horses could make decisions on the relocation of horses. For instance, if a farmer was raising horses on land and the horses were becoming poisoned by the arsenic due to the soil of the land they are on, the farmer would now know this and now know that it will be better for him to move any new horses he may get. Other research has concluded that animals should not move from an arsenic affected area to non-arsenic affected area and vise versa, it would be important for the farmers to not move their horses that have already been raised on that land, however, a farmer would have to be careful when using products of that animal (Colby). When a farmer acquires new horses then they should raise them on different, non-arsenic affected land, but make sure not to move the horses from one type of area to another. One more issue that is brought up here, however, is the factor of human health in the consumption of any products made from an animal that is affected by high levels of arsenic. Animals have not been tested in the Sweet Home area for arsenic yet, so we are opening a whole new field for questioning and research in that community. If we do find horses that are affected enough to the point where it is said to be unsafe to use the products of the animal, then further research should be done and this research will be very important to the people who are using any products of the horses or other animals in Sweet Home. People care about their own safety so the information we collect will get attention and interest from the community of Sweet Home.  


We fully expect to see a correlation between the levels of arsenic in a horse’s blood and the levels of arsenic in their hair. This does not mean the numbers will be equal, but we believe that there will be a consistent ratio correlating to blood to the hair and visa versa because the arsenic might travel better to some areas of the animal than others. We believe that the horses will contain arsenic because due to the study we have previously discussed, horses digest much more soil than other farm animals due to their eating styles (Colby). 

Methods 


During our process of data collection we tested two horses in Sweet Home. In Sweet Home we tested two different horses in different locations. We hoped to be able to test as close to Ames Creek Road as possible because we already have knowledge that the levels of arsenic in the area tend to be higher there than other areas (Hass).      

The first problem we ran into with the pursuit of a new topic is contacting our resources to begin collecting research material. We have had a great resource in Kristen Canity’s dad, Dr. Bret Hixson. He is a vet locally and has many contacts with farmers who own animals all over Oregon. We had Dr. Hixson contact people and ask them if it would be ok for him to collect small samples of blood and hair from some of their horses. Dr. Hixson also was a good source because he was a professional which made everything much smoother from a political standpoint. 


Next, Dr. Hixson and Kristen traveled to Sweet Home and collected the samples. He arranged for us to be able to test horses in at least two different areas of Sweet Home. Once he arrived at the places where he planned on collecting samples he had to follow very precise and consistent methods for collecting those samples to eliminate any other variables that could possible come into play and cause error. 

Horse Hair Sample Collection Procedure:

When they took samples of horse hair they removed .5-1 g of hair to test from each of the horses. When they took hair from a horse, they used an electric razor like you would find in a beauty salon to remove the hair from the horse. They cut the hair from both sides of the horse’s belly, one location on the back of its rear leg, and one last location on the back of the horse’s neck. When they cut the hair they put the razor flat against the skin and cut a strip of hair about one inch in length. Because we are not testing to find information on any specific part of a horse we mixed all the hairs we collected together in the same baggie and tested them for the average arsenic level of the entire horse. Immediately after we removed hair from the horse, we placed it in a little baggie labeled with the appropriate label that was assigned to our group for each one of our samples. 

Blood Sample Collection:


 Dr. Hixson’s profession is very important in this section of our procedures. He took a sample of 15 ml of blood from the jugular vein, which I located in the neck. Using a needle and vacuum tube he inserted the needle into the horse and sucked the blood into the vacuum tube. Now, in the laboratory at Dr. Hixson’s veterinary practice, he transferred the blood into a red top tube. There are no special tactics here with the transfer, but it must receive extra attention to ensure that the blood is not contaminated upon the transferring of the blood. We then obtained the hair and blood samples from Dr. Hixson and Kristen.


We had our samples once we reached this point, but collecting the samples does us absolutely no good unless we analyze the samples, I think. We took our samples (all labeled) and prepared those samples for Neutron Activation Analysis. Once we prepared our samples for INAA we took those samples (still labeled) to the OSU reactor to perform the actual task of INAA. 

INAA


INAA, which stands for Instrumental Neutron Activation Analysis, is an extensive and extremely useful process now used worldwide to analyze numerous types of samples. This tool has opened the door to a whole new world of science, because it is seen as nearly 100% reliable, and therefore can be used to check the accuracy of many other scientific methods. The process of INAA specifically is used so that someone can determine what elements, and what amounts of those elements present in a sample that is tested. When INAA analyzes the amounts of an element in a sample, it gives results as parts per million (ppm), and even sometimes in parts per billion (ppb). Sometimes, however, samples cannot be analyzed if they are too radioactive, which makes it important to not irradiate things in excess.  


For a sample to generate useful results from INAA, there are a few steps the sample must go through first. Depending on the type of results someone wishes to obtain, it must be prepared in different ways. In the case of the Sweet Home project, we dried all of our samples because we were not concerned with the levels of hydrogen or oxygen present in the sample. Once the samples are prepared they are sent to the reactor, put into plastic vials, and lowered into the reactor by the staff. The samples are irradiated on a Friday (in the case of the OSU reactor), and are left in the reactor until Monday, when they are removed. After the samples have been irradiated they are then ready to be counted, which requires the counting equipment. Once the samples have been counted we can then use those results and the results of a standard, which has a known amount of the element that is being analyzed, to put them into an equation to solve for the unknown concentration of an element in the sample. 
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When a sample is down in the reactor, it is being irradiated. When something is irradiated, it means that a stream of neutrons is being sent through the samples. While these neutrons are going through these samples, they are colliding with the nuclei of the sample in an inelastic collision. This collision creates an unstable isotope of the element. When there is an unstable isotope of an element in a sample, the isotopes give off radiation. The radiation in this case is usually given off as gamma rays, alpha particles, or beta particles. These samples are then taken to go through the counting process. During the counting process, the samples continue to give off radiation, which is then detected by detectors and sent through wires to computers that are running programs to analyze what they are seeing. Each element within any sample gives off a specific radiation energy that separates all elements from each other, making elements easy to identify when being counted.  These computer programs create graphs that show the counts of certain elements at different energy levels. The peaks of the graph represent where certain elements are present, and at what energy that occurs. The graph shown is one that would most likely be similar to a graph you would see when analyzing and counting samples.   

After the counting process is done that information must be used to find the concentration of arsenic. The graph represents the ppm at a certain energy level only, so that is not the total ppm of the sample. The entire ppm is represented by the area of the graph underneath the peak that is created by the presence of an element. It is important to have a standard sample with a known amount of the element that is being tested because the results of that irradiated standard must be used to mathematically calculate the concentration of the sample. After calculating the ppm by finding that area, the final value in ppm of the sample is present.  


This process makes it possible for us to conduct studies on arsenic containing samples from the Sweet Home area with much more accuracy than we could obtain otherwise. There are other methods of finding the arsenic content in samples, but those methods are significantly less reliable and consistent. That is why it is so important for us to understand what goes on in the reactor and why we can trust that. This project would most likely not be able to exist without INAA, therefore INAA rules!

Results

We received these results on January 23 after the samples were originally sent to the reactor and being irradiated on the 16th instead of the 9th due to the days of school lost because of snow. We did not get results for all of our samples that were collected in Sweet Home due to some bad luck with space left in the reactor, and with poor communication between our group and group ten. 


The samples were collected during winter break by Dr. Hixson and Kristen Cannity and were ready to be given to our group on the 5th of January so that they could be prepared for the reactor and irradiated on the 9th. We received the samples on the 8th. There were six samples total, three hair samples and three blood samples, one of each from each horse. Group ten wanted to analyze a horse in Corvallis while that had no relevance to what we wanted to know. They were going to analyze the results from one horse in Corvallis and one horse in Sweet home, while we wanted to analyze the results from both the horses that were sampled in Sweet Home only. 


All six of the samples were prepared to go to the reactor, and group ten decided not to send our second blood sample because they did not need it, and forgot that we did. This was not only their fault, however, because we did not remain in constant communication with them, but they also made a decision concerning the samples of two different groups before asking the second group what they needed. There is no way around that now. That is why we do not have our second blood sample. We do not have the other hair sample that we needed because there was not enough room in the reactor that week and our group was one of the unlucky few who didn’t get to have all of their samples irradiated. 


Although we do not have complete results, we have still been able to determine that our results have told us that there is a high level of arsenic in the blood sample and a small amount in the hair sample. What conclusions can be made with these results is weak, but these are the results we acquired nonetheless. 
	Horse
	Sample Type
	ppm –(Arsenic)
	
	Error
	Empty Vial Mass
	Full Vial Mass
	Sample Mass

	
	
	
	
	
	
	
	

	Sundance
	Hair
	0.3
	±
	0.11
	1.21 g
	1.429 g
	0.219 g

	Sundance
	Blood
	Not Irradiated
	±
	
	
	
	

	Leo
	Hair
	Not Irradiated
	±
	
	1.215 g
	1.487 g
	0.272 g

	Leo
	Blood
	61
	±
	28
	1.217 g
	1.735 g
	0.518 g


	Horse
	Sample Number
	Sample Type
	Original Sample Size

	
	
	
	

	Leo
	A10A92  
	Blood
	15 ml

	Leo
	A09A02
	Hair
	.5-1 g

	Sundance
	A10A91
	Blood
	15 ml

	Sundance
	A09A01
	Hair
	.5-1 g


Discussion


We asked the question “What is the correlation between the levels of arsenic in a horse’s blood compared to the hair of that same horse?” We hypothesized that there would be a correlation between the levels of the two either directly or in some type of ratio. According to our data, we still don’t know the answer to our question and whether or not our hypothesis is correct or not. Being that only half of our samples were actually irradiated, we have no results that give us a correlation for either of the horses we sampled from. 


Because our question was not answered, it is hard to research why we got the results we did because we really did not get any results that we can apply to anything. We can talk about things hypothetically though and relate those to research we have done so that is what I am going to do. I am going to set up a situation that could have happened and explain why that would happen speaking from a scientific standpoint. The situation is (this situation did not occur within our research, although it could be possible if we had the second hair sample’s results): A horse is sampled for hair and blood, and when the results are returned they show high concentrations of arsenic in the blood and low concentrations of arsenic in the hair. The reason for this would be due to a few factors. When arsenic first enters the body of a horse, it quickly goes into the liver, kidneys, spleen, and lungs. For arsenic to travel to the hair of a horse, it takes much more time than it does for it to reach these organs that contain blood. Once arsenic reaches the hair, it remains there until that hair falls off, but the arsenic in the organs and bloodstream clears out of the body once the horse discontinues the intake of the source. These means the possible reasons for the situation explained above could be that the horse has only been exposed to a source of arsenic for a short amount of time.


If a horse was exposed to arsenic for a long amount of time and was still consuming the source of the arsenic, then the levels of arsenic in the blood and hair should be equal. Now, if the hair had much higher levels of arsenic then the blood, it could be hypothesized that the horse had been exposed to arsenic for a long period of time so the arsenic reached the hair, but the horse was no longer consuming the arsenic source which would cause the levels of arsenic in the organs and blood to be low. (Veterinary Medicine)


Our results did not show much, but this topic of mammals still must be connected to the bigger picture of this entire research project as a whole. Because of the magnitude of this research project in it’s entirety, at some point down the road it will be important to perform studies dealing with mammals so that all aspects of the research will be touched upon so a conclusion can be made. The research of the Sweet Home area is concerned with the health of all the various living organisms in this contaminated area. Therefore, we feel it is crucial to study mammals as a type of living organism
, and not just focus on the soil, plants, and critters. Mammals are a very big part of the big picture in most areas of life, including humans in that category of mammals, and even though we did not obtain results that we can connect to the big picture, we feel this topic is worthy to pursue for others in the future if it is possible.

We were not able to answer the question that we asked, but using another group’s information and results we can make some other conclusions about arsenic in horses relative to Sweet Home. A horse was tested in the Corvallis area, which is known for having no traces of arsenic in any locations that have been tested thus far. The blood from that horse returned results saying that there wasn’t the slightest trace of arsenic in that horse. The horse from Sweet Home, however, had a very high level of arsenic in it’s blood (approx. 61 ppm). We cannot make a general statement saying that horses in Sweet Home have more arsenic than those in Corvallis, because we only tested one horse, and nothing says that the results from those couldn’t be outliers. What this does tell us is that there is a sufficient amount of arsenic in this one horse in Sweet Home. We cannot conclude or compare anything, but we can hypothesize now that there is no arsenic in the horses in Corvallis and there is a lot of arsenic in the horses in Sweet Home, and that hypothesis may indicate the need for research in the future.


If we had the opportunity to go back and change a few things we did we would not change our question; although our topic is a hassle, I find it extremely interesting and important. We left too much in the hands of some people who no longer had any reason to care about the project, and it was our fault for trusting that things would go smoothly with that person. That is as much our fault as theirs and that problem could have also been avoided with better communication. Better communication would have also allowed us to test the levels of arsenic in the soil and the levels of arsenic in the horses, which I would have rather done out of personal interest. I strongly feel how frequently we communicated with the teachers, group members, and Dr. Hixson was the reason our study went haywire. I want this topic to continue to be researched in the future but these are some recommendations I want to make to any group wanting to pursue this topic:

1.   Don’t pursue this topic unless you are extremely interested and are willing to go far above and beyond requirements given to you to complete this project.

2. Be careful in choosing your question by making sure you will have the resources to obtain the things needed to complete the study

3. The communication between resources, teacher, other groups, and group members must happen very often, regularly every week because the project has such a short window of time for groups to obtain results and analyze them, especially when it is extremely hard to get samples like it is with animals.

If our study was continued and not repeated by another group, they could first obtain the results from the rest of our samples that did not get irradiated. Once results are obtained and conclusions are made, there are many directions they could take it. They could ask many new questions and obtain many more samples to take the topic or large mammals anywhere they want to go with it, as long as it is within their means.

If a group completing analyzing our data that did not get irradiated and if there was a correlation found between levels of arsenic in blood and hair, they could then ask another question. They could begin to research that, and for example they could ask “if it is more worthwhile to test the blood or the hair of a horse if only one sample can be taken?” This would be a very useful thing to know to be able to minimize the number of samples taken so that more samples can be taken on other thing outside of a horse, yet things that still impact a horse.

If there is no correlation between blood and hair content, then they could ask the question “what is the correlation between a horse’s blood and the soil is grazes upon?” This would be a good question because our results have shown us that blood in one horse has a sufficient amount of arsenic, so it would be interesting to compare the blood of that horse with the soil around it instead of its own hair to see if they can’t find out the source, or at least one of the sources of the arsenic in the horse. 

There are many things we are still uncertain about now that our window of opportunity to research this topic has concluded. We do not know if there is a correlation between the blood and hair regarding the levels of arsenic and we do not know if that matters either. Maybe it would be better to simply decide to always test the blood of an animals or always collect the hair, as long as the methods are kept consistent. We are uncertain where the horses are getting the arsenic, although we can hypothesize on that based on small amounts of evidence regarding the area of Sweet Home as a whole. And lastly, we are still uncertain if the effects arsenic has on horses or cows can in turn have a negative affect on humans, and that is where I hope this topic is able to go someday down the road. 

We have stated many times that we did not acquire any relevant results, but even considering that I am happy I decided to persevere through the troubles and continue on with this topic. Even though this is a complicated topic, I was personally far more interested in this topic than I would have been with plants or animals, and I truly want to see this topic continued in the future. Interesting results and extremely useful results could be a resultant of well-directed effort toward the research of arsenic in mammals in the Sweet Home area, and I think it can be done. 
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