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Developing an Infield Test for Soil Arsenic Content

The development of an infield test for soil arsenic content was attempted using nitric acid. Experiments were performed to test the reaction between arsenic and nitric acid. Diluted As and diluted HNO3 were combined in a laboratory, testing different concentrations and amounts. The experiments yielded no visible or detectable reactions between arsenic and nitric acid. Conclusions were that nitric acid is not an effective chemical for use in an infield test for soil arsenic content. Recommendations are for further research of arsenic and the reactions between arsenic and other chemicals; also recommend looking into possible applications for the Marsh Test.   

Introduction


The goal of this study was to develop an infield test that could be used to estimate the arsenic content of soil. This was achieved by gathering soil samples from areas with supposed arsenic content and sending these samples to an ICP (Inductively Coupled Plasma Emission Spectrophotometer) for exact arsenic concentration measurements. Meanwhile, research was done to find substances that react with arsenic, and were used in the testing of the soil sample portions that were allotted to our group. 


The soil samples were taken from areas near Ames Creek Road in Sweet Home, Oregon. Our samples were taken from Sweet Home 
because exceptionally high concentrations of arsenic in groundwater, soil, and bedrock had been found there.   The Oregon Water Recourse Department and the U.S. Geological Survey conducted a study of Sweet Home’s ground water in 1996 and found that 8% of the samples had arsenic levels that exceeded the Maximum Contaminant Level of 50 micrograms per liter. Previous physics classes have carried out similar investigations and found soil and bedrock samples with high arsenic concentrations ranging from less than 1 to 143.3 parts per million (Allen, 2003). 


Arsenic is a poisonous substance and therefore is unfavorable to have in groundwater and soil. If arsenic is ingested over a long period of time, it can cause atrophy of the limbs, gangrene, and eventual death (Overland, 2002). Epidemiological studies have shown that long-term exposure to arsenic can cause lung, skin, bladder, and liver cancer (Hei, 1999). Currently a large epidemic of arsenic poisoning is spreading through Bangladesh. Charles F. Harvey of the Massachusetts Institute of Technology has reason to believe that the irrigation is to blame. The people of Bangladesh get much of their water from wells in which scientists have discovered toxic levels of arsenic (Harder, 2002). 


In order to determine the levels of arsenic in a substance such as water or soil, a lengthy and expensive process is currently required involving neutron activation analysis (NAA) carried out in a laboratory environment (for more information about INAA, see Appendix A). The development of an infield test for arsenic would replace the need for unnecessary tests. An infield test would provide an estimate of any arsenic levels in a substance and therefore would be helpful in determining whether water is safe to drink.  It could also be used to find nontoxic soil for planting trees and other vegetation. An infield test would be beneficial to the community. For example, a city planner might find this test useful when planning where to build a school. If groundwater was tested to have a high arsenic concentration, they might be discouraged from choosing this area. 


A group from last semester’s physics class also attempted to create an infield test for arsenic concentration. The Marsh Test tests for arsenic in the hair of animals or humans suspected of arsenic poisoning. This group tried using the basis of the Marsh Test for testing arsenic levels in substances such as soil. After experimenting with the Marsh Test, the test was decided to be flawed and results were inconclusive. Due to the failure of the Marsh Test, our group decided to develop our own test. Through research, it was found that arsenic reacts mildly with HNO3 (nitric acid). When arsenic is added to nitric acid, it produces arsenic acid, nitrogen monoxide, and nitrogen dioxide:

3HNO3 + As  -->  H3AsO4 + NO + 2NO2 + Heat


The nitrogen monoxide and nitrogen dioxide are released as visible brown fumes (Hsu, 1997). The development an infield test for soil arsenic levels was attempted using nitric acid. Nitric acid would be combined with soil samples and any reactions involving heat and fumes would be documented. It was hypothesized that the varying intensity of the reaction between the soil samples and the nitric acid would directly correlate with the varying levels of arsenic in each sample.   

Methods


Soil samples were collected from Sweet Home, Oregon. Students collected samples from random locations off of Ames Creek Road, an area notorious for having high arsenic levels in the soil. Students placed labeled flags into the sample area. The topsoil was removed, wide holes were dug, and 2 gallons of soil were collected from each hole. Soil was taken from varying depths (1 cm to 20 cm); depths were measured with a ruler and recorded after soil was removed. The sample number was written on the flag and on the bags containing the soil. The hole was refilled with soil. One end of a meter-long string was placed in the middle of where the hole had been, and the other end was stretched out pointing north. Two photographs were taken of each hole and the time and GPS coordinates were recorded. 


Soil samples were sent to an Inductively Coupled Plasma Spectrometer (ICP) for testing of arsenic concentrations. 

The following procedures were carried out during class in the classroom lab:


The reactions between arsenic and nitric acid were determined. In the first test, 5 mL of a 1% concentration As (arsenic), H2O (water) solution were measured with a pipette in a 25 mL graduated cylinder. Then 5 mL of a one-molar HNO3 (nitric acid), H2O solution were measured with a pipette in a separate 25 mL graduated cylinder. The temperature of each was measured and recorded. The 1% As solution was poured into a 250 mL beaker, and the one-molar HNO3 solution was added. The temperature of the As, HNO3 solution was measured and recorded and any visible reactions were also recorded. In the second test, the same procedure was followed as the first, but the one-molar HNO3 solution was increased to 15 mL. The third test followed the same procedure, but 5 mL of the one-molar HNO3 solution was used and the 1% As solution was increased to 10 mL. The same procedure was followed in the fourth test, using 5 mL of the one-molar HNO3 solution and 5 mL of a 5% concentration of As, H2O solution. In the fifth and final test, the same procedure was followed, using 5 mL of the 5% As solution and 15 mL of the one-molar HNO3 solution. All temperatures and observations were recorded in each test.        

Materials   
* Thermometers.  

* 25 mL graduated cylinders.

* Pipettes. 

* 250 mL beakers. 

* 1% concentrated As, H2O solution. 

* 5% concentrated As, H2O solution. 

* One-molar HNO3, H2O solution. 

Results 


The reactions between arsenic and nitric acid were tested in the lab by combining different amounts and concentrations of As and HNO3. As and HNO3 have been shown to react together to emit visible brown fumes and heat (Hsu, 1997). No fumes or other visible signs of a reaction were observed in our testing, and measurements did not reveal any heat emissions. 

	
	Test 1
	Test 2
	Test 3
	Test 4
	Test 5

	Arsenic Concentration/

Amount
	1% /

5 mL
	1% /

5 mL
	1% /

10 mL
	5% /

5 mL
	5% /

5 mL

	Temperature of Arsenic

(Celsius)
	24º
	24º
	24º
	24º
	24º

	Nitric acid Concentration/ Amount
	1 molar /

5 mL
	1 molar / 15 mL
	1 molar / 5 mL
	1 molar /

5 mL
	1 molar / 15 mL

	Temperature of Nitric Acid

(Celsius)
	24º
	24º
	24º
	24º
	24º

	Temperature of Arsenic, Nitric Acid Solution
	24º
	24º
	24º
	24º
	24º

	Visible Signs of a Reaction
	None
	None
	None
	None
	None


Discussion


The purpose of this investigation was to develop an infield test for arsenic using nitric acid. An infield test would provide an estimation of the arsenic content in soil, and could take the place of lengthy and expensive laboratory tests such as INAA and ICP spectrophotometry. Initially, the proposal was to determine the reaction between diluted nitric acid and diluted arsenic and follow this with tests using diluted nitric acid and soil likely to have higher than average concentrations of arsenic. The plan involved straining water through the soil and adding diluted nitric acid to this mixture. Then observations would have been taken regarding heat emission and reactions similar to those between pure diluted arsenic and diluted nitric acid. The process would have been repeated using 15 of the soil samples taken from Sweet Home. It was hypothesized that there would be a correlation between the magnitude of the reaction between the soil water and nitric acid, and the concentration of arsenic in the soil. 


The investigation was unable to proceed to the second part due to the results from the first part of the investigation. In our experiments between pure diluted arsenic and pure diluted nitric acid, there were no visible reactions or increases in temperature. Several trials were carried out using different amounts of arsenic and nitric acid and different concentrations. No reactions were observed when using equal parts of arsenic and nitric acid, when increasing only the amount of arsenic, or when increasing only the amount of nitric acid. The concentration of arsenic was increased to 5%, but no reactions were observed. Any higher concentrations of arsenic were insoluble and therefore not tested. 


After performing the first part of the investigation, the results suggested that nitric acid would not be an effective chemical for use in an infield arsenic test. The reaction between arsenic and nitric acid, if any, seemed to be too small to determine any correlation between the reaction and the concentration of arsenic in a substance. The supposed reaction between arsenic and nitric acid is described as “mild, with heat.” However, arsenic is said to react with air the same way, and therefore it may not be obvious that any reaction is occurring (Hsu, 1997). 


There are other possible explanations for the results obtained from the experiment. Arsenic occurs naturally in many different ores: realgar, orpiment, and arsenopyrite. The common commercial source is arsenopyrite. Perhaps different compounds of arsenic react differently with other chemicals and the size of the reaction depends on the form of the arsenic (Spain, 2004). The arsenic in the soil in Sweet Home could be a compound that doesn’t react with the same chemicals that the common ores do. 


Another possible fault in the experiment is the fact that the arsenic solution was not heated. In the preparations of arsenic-containing soil samples for ICP analysis, the soil goes through an acid digestion procedure. In order for any elements to be detected, they must be made soluble. In the acid digestion, nitric acid solutions are added to the soil and the mixture is repeatedly heated. By heating the soil and acid, any arsenic in the soil is made soluble and therefore can be detected in the ICP (Kirsch, 2004). Leaving our arsenic and nitric acid at room temperature could have left the arsenic insoluble and therefore unable to react. 


If testing were to continue for an infield arsenic test involving nitric acid, one might want to try not only varying concentrations of arsenic, but varying concentrations of nitric acid. One might also want to look into heating the solutions in order to digest the arsenic completely. Since the results suggest that nitric acid is not a very good choice for an infield test, one might want to approach the investigation differently. Though last semester’s group attempting the development of an infield arsenic test used a variation of the Marsh Test and failed, the Marsh Test may still be worth experimenting with. The Marsh Test has proved an effective method of detecting even trace amounts of arsenic. However, it is a complicated procedure that requires many chemicals and instruments, and last semester’s groups’ inconclusive results could have been the consequence of method errors (Spain, 2004).    
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Appendix A – Neutron Activation Analysis (NAA)


Neutron activation analysis is a technique with which to sensitively analyze elements in samples from a wide variety of sources. NAA has been found a better method than others, as it can detect concentrations of elements as precise as parts per billion. NAA is based on the fact that after being exposed to neutrons, naturally-occurring elements become highly radioactive. When nuclear reactions take place on samples, the generated radioactivity can be measured and elements in the sample can be identified. 


When neutrons come into contact with the nuclei of the sample, the neutron is bound to the nucleus, causing the nucleus to obtain biding energy. The nucleus immediately stabilizes by emitting the energy in the form of gamma rays. The nucleus, now radioactive, decays by emitting delayed gamma rays along with beta particles. The gamma rays are detected and the elements present can be identified (Glascock, 2003).
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