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Abstract


This project was initially developed, to locate and find the reasons for such high levels of arsenic concentrations in Sweet Home, Oregon. The arsenic is at such a dangerous level, that inquiries must be made to understand where this problem arises from. The study was intended to determine the location and reason for the arsenic. Similar to the problem in Bangladesh, studying upon the hazardous phenomenon here in Sweet Home might be able to help others in further parts of the world. 


Our project deals with the relationship between arsenic and the level of pH in soil. Our purpose was to find an easier way of testing for arsenic while in the field. We not only tried to make our study related to our own goals and purposes but also related to the bigger project at hand, the study and determination for the location of the high level of arsenic content. 

Introduction


Our original purpose had been to find a cheap, accurate method of testing for arsenic in the field, or while at the location. This was to provide future groups with a easier, at the moment test that could be used for general data, instead of having to waste OSU’s precious resources every time we sent a sample in. Since our purpose was so vast, and filled with possibilities of different variables, we decided to go with a testing method that was based upon a commonly used one.

The goal of our study was to find a connection or relevancy of any common quantitative tests to arsenic. We chose pH since it has been used in so many places, and since was one of the most common tests that could take place.  Focusing upon pH, we decided to find a method of testing for pH to arsenic in soil, since we decided most people were interest in soil data collecting to find locations of high arsenic.

We had consciously gone beyond the question of how the arsenic would endanger the people of Sweet Home, to a morning pushing question of where is the arsenic coming from, and how can we find it. To find this how, we focused our group on finding a method of finding the arsenic quickly, which brought us to our inquiry of pH relevancy in soil to Arsenic. Not only have we had experience since middle school with testing, almost everyone knows how to read the data easily. We had to base the question so that anybody from any background could use the tests, thus again, specifying our cause by another variable. Knowledge, accuracy, and money those were what our top priorities were, and to achieve the satisfactory test, we would have to plan carefully on the question, which in fact turned out simple and accurate enough for our first step.


Many studies have been previously done on arsenic to pH, but mostly concentrated upon water since most danger has always come from drinking the natural arsenic in water. Known to cause dangerous side affects, even causing death in extreme cases, arsenic is not only a trouble and a hazard to humans, but also a danger to plants and animals as well. (CGWA 1) (CMBEEP 5) Finding a way to test soil for arsenic would help greatly improve farmers from picking their fields as well as grazing places. All the past water to pH studies can help us decide what kind of hypothesis we might come up with. Since arsenic is an intermediate element between the metals and non-metals we could figure out what affect it might have upon the pH test, which concentrates on reaction of hydrogen for acidity. (MacRae 1) “PH represents the effective concentration (activity) of hydrogen ions… The activity of hydrogen ions can be expressed most conveniently in logarithmic units.” (Murphy June 2002). Since pH depends solely the actions of the hydrogen ions, it would be an ideal testing measurement for finding arsenic. However, the minor problem with testing pH is the lack of common kits for soil. pH is, and has been an ideal test for water. It interacts with the hydrogen ions in water, which are clearly abundant, and gathers information through the logarithmic functions. If we were planning to use pH, we would need to find a new way of testing pH without having to spend more money on a electronic soil pH sampler.  

“I hypothesize that there will be less arsenic in soils that are very acidic or alkaline.  I based my hypothesis on this because of a study done by the EPA that found “availability of arsenic is decreased in soils that are very acidic or alkaline” (http://www.epa.gov/ttbnrmrl/ArsenicPres/509.pdf )(EPA).” 


This was one of my partner’s hypotheses. Following his source, I agreed with his hypothesis, that truly, in a more alkaline or acidic soil type, arsenic would be harder to find, which will be proven later. I came to agree upon this fact since arsenic was a non-metal element that reacted with the hydrogen ions at a slower pace than other metallic elements in the table. Another reason came upon the idea that most of the ions would be linked closer to the water then to the soil. (MacRae 2)


The value of our study could be dependent upon how successful we were with our data collecting and results. If we were able to show a corollary relevancy between arsenic and pH testing in soil, the study would be able to help others in the field to perhaps find another way to look at the other corollary data that might come up at times. If this correlation works, the hope is that, it won’t only be a boost for the group, but also for everyone else in the future who might need a quick way of getting a rough estimates for the levels of arsenic.


If the correlation were possible, it would most likely be the biggest boon to the non-scientists who live in Sweet Home. PH is a common testing method that even middle schoolers can learn. Building Site planners could choose locations based on rough estimates of arsenic instead of having to go without any information, or pay excessive amounts to the nuclear reactors. Farmers could also use the rough estimate, since non-aquatic plants do not do well in arsenic, to plot lands on where to plant and where to avoid. (CMBEEP 5) Home owners, could also know where to avoid drill well water, instead of having to rely in costly tests taken by expensive arsenic soil field kits.

Methods

Materials

3: 8” x 11” freezer bags or larger

1: Shovel

3: Water Buckets

1: Duct Tape

1: Sharpie

1: GPS Coordinate Finder

1: Notebook

Gathering the soil

We went to Sweet Home, taking all the objects listed above, in case of safety as well as necessities. The buckets were a necessity, but the bags were safety, just for the case of not having enough buckets. The GPS coordinate finder was given to us by Mr. Kirsch, to collect data, mark the spot and mark the location. Since our data didn’t call for any specific spots to take the samples, as long as they were low, med and high arsenic samples, we merged with a similar interest group, also looking for low medium and high arsenic, and we followed Mr. Kirsch directions to a high arsenic place.

Once there, we put a picket and a flag into the ground to mark our place, and we wrote the GPS coordinates onto the flag for future use. We found a spot where we would not disturb too much of the environment, and removed the top soil along with the extra shrubbery and fallen leaves.

The spot we dug from was a circle around the flag where we marked, that had a radius of one foot. We marked it with our shovel, and then dug one foot deep into the ground. This ensured us a rich diversity of soil, horizontally, as well as vertically but still staying in the region where we started, we would not vary too far off for the data to be useless when considered to the GPS coordinates.

With the shovels we transferred dirt into the marked “high” bucket. Covering our hole with top soil, we went onto the medium soil sample site. With the same procedure of marking the flags and transferring soil, we finally moved onto Sankey Park where we took the last soil sample. All three soil samples were put into separately marked buckets of individual qualities. 

Data Collecting


After the INAA we got the approved soil samples back. We had a high, medium and a low. Since we did not have an electronic pH soil testing kit, we used a method that theoretically seemed sound. We took equal share of soil to pH neutral water (100 grams of soil and water), and we mixed the substances up into a watery mud, resting the substances in very clean, neutral containers, so as not to affect our testing. We left it sit there for 24 hours, letting all of the soil to sink back down. Making three different dishes for each of the three different types of soils, which gave us nine different dishes of samples, we put the mixtures in for 24 hours, and then came back. We used the normal pH strips to take the pH of the water, which had by now, transferred ions from the soil into the water as much as vice versa. Our conclusion for the transfer was that since the soil did have a pH level of sort, we were certain that the hydrogen ions would interact with themselves as well as the hydrogen ions in the neutral distilled water. We were taking a risk on this issue, but since we did not have an electronic soil sampler, and since we were focusing on a common testing kit, we decided to risk our chances of destroying our data. If we failed, we would have gotten no difference from our beginning neutrality, but seeing as how our data changed and deviated from the neutrality of seven, we could safely say that, since we stayed constant all the way through, the pH was showing some kind of correlation between the arsenic to the pH levels.

Instrumental Neutron Activation Analysis

Neutron activation analysis is only available if the tester has a nuclear reactor to work with. The reason for necessity of the nuclear reactor is due to the special emissions that are given off by the reactor. One special emission is of course the neutrons that fly out of the reactor, due to the chain reaction of over filled ores that hold the neutrons. When the test samples are exposed to the flying neutrons, most all of the elements react and start emitting radiation due to gamma ray reactions to the neutrons colliding with the nucleus of the samples. (Wisconsin 1) The samples are left in the reactor to “cool down” which actually is meant on a radiation term. The gamma rays keep on giving off, but they die down as the now unstable elements begin to decrease.

 The time to take the samples comes around, 36 to 72 hours afterwards, when the radiation will not be as dangerous to the testers who must come in direct contact with the samples. Testers are always reminded to stay way as far from the radiated sample as possible, and always have protection instead directly making contact with the samples. (Erwin) 

The waves given off at this time are now captured by a counter, who receives not only the waves, but also the repetition and frequency of the waves. This means, that the counter can take in and plot one after another, all the gamma rays that come into his field. There is a pause that goes on inside the counter, so instead of counting every 1 second, it counts and registers the rays every “Real” seconds. These seconds are very close to the “live” seconds, the seconds in reality, but differ enough that tester normally takes the counts into consideration, of not by time, but by real seconds. (Erwin) 


The elements that are registered into the computer can be plotted out into a tally on a graph that forms peaks. The peaks can usually be read to see what elements are high and what elements are not. Another possibility is to highlight a certain region, the elemental region, and record what kind of readings the region gets, even if it isn’t one of the high peaks. Since we are playing with high-contaminated soil from Sweet home, the peaks of arsenic were very prevalent and easy to find. (Erwin) However since the unstable arsenic only has a quick half-life, if we were to take the counter again, on the same sample, three weeks later, we would get different peaks of elements who had a longer half-life. Usually the elements with longer half-life’s gave off less amounts of count compared to the elements with shorter half-lifes, however since the elements lasted longer, the peaks would become much more prevalent over time. (Erwin) This meant, that we could keep on using samples at different points of time to record new information on the elements that were in the soil, and not just focus on arsenic.


We were lucky and we only had to focus on the arsenic information, which came back quickly, and we were able to move along with our lab. If we didn’t have the INAA possibility, our whole project would have been useless since we would never have been actually correlate any quantitative data against the pH levels. We have Mr. Erwin, and the OSU reactor to thank for their efforts.

Results


Since we were sharing data, we never actually got back our results from Blaine Kisler’s group. What we got was an assurance that the data samples we had collected had been high, medium and low samples, but only comparatively. We started on our methods, and we finally got the correlation that we were trying to find.

	Trials /Arsenic soil batch #
	Trial 1
	Trial 2
	Trial 3

	Low Arsenic 1
	6
	6
	6.5

	Low Arsenic 2
	5.5
	6
	6

	Low Arsenic 3
	 5.5
	5.5
	5.5

	Medium Arsenic 1
	5.5
	5.5
	5

	Medium Arsenic 2
	5
	5
	5

	Medium Arsenic 3
	4.5
	5
	4.5

	High Arsenic 1
	7
	6.5
	7

	High Arsenic 2
	6.5
	6.5
	6.5

	High Arsenic 3
	7
	7
	7


I found this correlation slightly odd since it went against what the EPA had said about arsenic. If we look at an average table it should become even clearer that our study is going against the EPA data and hypothesis. “… availability of arsenic is decreased in soils that are very acidic or alkaline” EPA).

	
	Low Sample
	Medium Sample
	High Sample

	Averages
	6.777
	5.83333
	5


This shows a correlation where the higher the arsenic content got, the stronger the acidity was. This means that, quite opposite to the study done by the EPA, instead of lacking in higher pH areas, arsenic was in fact, rising as well. 

Discussion

Our results showed that the arsenic was in fact correlated with the pH in a very interesting way. We found that arsenic would rise in content as the pH varied farther away from the neutral 7. This mean that the arsenic was in some shape or form affecting the pH in very linear ratio. The low arsenic was around 20 ppm, the medium had been around 40 while the highest had been at 60 ppms. This meant that we could make a simple relevancy equation that said, every time the arsenic rose by 20 ppm, the pH level in that area grew more acidic by an average of 1 pH.


This was not only going against our hypothesis, but also the EPA’s study. Since we knew that the EPA can’t be very wrong in a lot of matters, we decided that there was perhaps another correlating factor between the arsenic and our pH.


This means that the reason we got our results could have been due to some other corresponding elements that correlated with arsenic in a compound level, because we know arsenic is not just in soil as pure arsenic, but as a compound to other metals. This would explain why arsenic might not be found in diverging pH’s but the metals that interact constantly with arsenic would change the pH severely. 


Another possibility could have been the flaw of our experiment, whether it was a fluke in the location we got our data or because we were sampling collecting the pH in a very flawed manner. This could mean that there might have been some kind of interaction between the soil and distilled water that we didn’t plan on. Any kind of reaction would, or could change our data with out having actual correlation to the arsenic. Either results would mean we had too much correlation and too many variables, or too little correlation with a lack of very basic variables. 


For now all we can say is that, pH either is affecting the soil in some way to maybe either attract arsenic in to the location of the soil samples, or that arsenic or the compounding chemicals are working to increase the pH level in the soil. I think logically, the latter seems very likely. Working in a none controlled environment like random soil samples we cannot just know that arsenic is in the soil, but also the other elements that are included in the sample.


Perhaps that is why the next time we take on the project, we would change our data collecting method so as to include a control group that we could work with. A soil group that starts with the INAA analysis, and then tested for pH. We would increase just the arsenic in the soil, by getting a hold of pure arsenic concentrations and using it to see the differences that happen throughout the pH levels. This would help us support whatever conclusions we could get. If the arsenic in the control sample did not affect the pH, we would know that there was some other variable in the soil that was affecting the pH, instead of having to go on inferences we could be a little more sure about where the data was coming from.


Besides that change, I think we colleted a good amount of data to work with, although you can never have too little, and our method, although a little barbaric, worked like a charm. If our correlation was useful, we could use this method in the future, to actually go to Sweet Home and find the right amount of divergences in the soil pH. All we were trying to do is improve the information/data collection process, and overall I think we were able to come up with some interesting results that could help in future cases.
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