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Abstract

For this project, the class group attempted to study arsenic by gathering samples of soil from Sweet Home, Oregon, and running tests on them. The area around Sweet Home has been shown to have above average levels of arsenic present. The smaller party that I was a member of attempted to research the viability of developing a field test for arsenic that would not require sending samples to a nuclear reactor for Neutron Activation Analysis. Some of the necessary parts for the best test didn’t arrive until very late, and that prevented much of the research from getting done. Most of our project revolved around discussing the reasons for why a viable field test would be possible to create or not. 


Can a field test be developed for arsenic that does not involve a nuclear reactor? That is something that we, Chemistry Group 7, decided to investigate. We had thought that there were probably ways to do such a thing, though we were unsure that they would be viable for field use. Indeed, speaking with different individuals on the topic and doing internet-based research suggested that there were various ways, including electronic devices and laboratory tests that could show the presence of arsenic.


In order to carry out our investigation, we first needed to discover how to carry out a test or to acquire one from a company. We chose the former, as it would be cheaper. After research, the Marsh Test seemed most promising, as it had been developed in order to test for arsenic in the hair of those suspected of having been poisoned by it. As hair is small and thus would very likely hold little arsenic, the test should have been quite sensitive.

The Marsh Test requires equipment including a beaker, a drying tube, a long, glass tube, a heat source such as a Bunsen burner, some zinc, a sample to be tested for arsenic, and some sulfuric acid. The beaker is attached to the drying tube by a rubber stopper that creates an airtight seal. Then, attached to the drying tube by another rubber stopper is the long glass tube. The heat source is placed so that it heats the glass tube near the drying tube. The zinc and sulfuric acid are both put inside the beaker before it is attached. Then, immediately before attachment, the arsenic-containing sample is added and the beaker is attached. Soon after, bubbles should begin to form on the zinc. These are arsine gas bubbles formed by the reaction of the arsenic and acid. This gas then rises out of the solution, eventually going up through the drying tube, which causes water to be drawn out of it, and eventually into the glass tube, where it is heated. As it goes by the heat source and onto the area that is not heated, it begins to cool. The gas, formed out of the arsenic from the sample and hydrogen from the acid, then begins to break down. As it breaks down, it forms reasonably pure, solid arsenic and gaseous hydrogen. The arsenic, being more dense than the surrounding gases, tends to collect on the sides of the tube. As it collects, it forms a film or “mirror,” somewhat like condensing water forming fog. This film is visible, and can be measured in a variety of ways. If it appears, it is evidence that there is arsenic or antimony in the sample, Unfortunately, antimony is also a silvery-colored metal and reacts in much the same way arsenic does, so this test is not completely foolproof.

The glass tube our group used was approximately a centimeter in diameter and half a meter long. However, the diameter of the tube should be increased, as the speed that the reaction produced gas was greater than that the tube we used could evacuate. Thus, pressure built up inside the beaker, eventually pushing out the rubber stopper. Also, our group sealed the end of the glass tube, which was probably foolish, allowing pressure to build up. 

Had we had time to use soil samples, we would have measured the mass of the soil sample before the test, then measured the mass of the arsenic film in the tube. We would have then compared the percent of the arsenic in the sample to the percent of arsenic found in similar samples from the same site found through Neutron Activation Analysis. This would only be truly effective if all of the arsenic was changed to arsine gas by the acid. However, we were only halfway through the tests when an unfortunate pressure buildup in the beaker caused a small gas explosion, which made one of the instructors forbid continuing on the grounds of student safety.


In Neutron Activation Analysis, samples are placed inside a nuclear reactor, where the radiation from the reactor causes the neutrons in the sample to become excited, thus becoming radioactive. After this has occurred, the sample is removed from the reactor and placed inside a test chamber. Because each element has different numbers of neutrons, as do the different isotopes of each element, each gives off a different amount of the excess energy the reactor forced upon them. A sensor inside the test chamber can detect the energy released and interprets it as a single occurrence of the element that released it. The computer the sensor is attached to then shows a small dot on the graph on the monitor. The more of a single isotope of an element that is present the higher the lines of dots for that isotope becomes. Thus, the highest lines show the elements that are the most prevalent. This can also show the amount of each element that is in the sample, which, in the case of this project, is arsenic.


Unfortunately, the lack of timeliness for the necessary parts to arrive for the test and the explosion severely limited the number and quality of the data that was collected. The data that was collected was largely qualitative and not quantitative, which would have been preferred. The only useful data that was collected was about certain problems with the test itself. The tests involved variations in the amount of arsenic water, all of which was at one-percent arsenic and ninety-nine percent water, and variations in the amount of sulfuric acid, all of which was at a three-molar concentration.
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In this case, the No Film results mean that no film was visible after approximately twenty minutes. Thin Film means that during the twenty-minute period, a film appeared, but was extremely thin and appeared to be fog, as water would form if it condensed on glass. No Test means that due to pressure buildup in the beaker and ensuing consequences that lead to further testing being forbidden, the planned test was not carried out.


The results that were acquired are inconclusive. This did not answer the question of whether an effective field test could have been developed, as another test could work. With many refinements, the Marsh Test could also be used, though transporting the sulfuric acid could be dangerous. The results probably were inconclusive because the test was flawed. We felt that the tubes were too small, thus restricting the gas’ movement, the zinc was not measured at all, and not enough tests were carried out to get conclusive idea of what was happening. Overall, the Marsh Test was not researched enough to make an effective field test out of. If possible, the test should be changed by fixing the problems detailed above and then testing again. Further tests might involve testing how long it takes for all the arsenic to be removed by a sulfuric acid and zinc combination.
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