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Analyzing Arsenic Concentrations Teacher’s Guide
The Principal Objective: Determine the concentration of arsenic compounds in a water sample.

This activity utilizes materials and chemicals included in the Hach EZ Arsenic Test Kits available at the following web site (as well as from other vendors).  These web sites also provide information about the EZ Kit and the testing procedure.

· http://www.hach.com/hc/search.product.details.invoker/PackagingCode=2822800/NewLinkLabel=EZ+Arsenic+Test+Kit,+0-4000+ppb,+100+tests
· http://bicn.com/acic/resources/infobank/Hach-Arsenic-Test-Kit-Application-Note-L7085.pdf

The following web site provides information about the more expensive Hach Arsenic Test that utilizes 5 reagents.  This web site also provides links to documents that describe the use of the Hach Arsenic Test Kits.

· http://www.hach.com/hc/search.product.details.invoker/PackagingCode=2800000/NewLinkLabel=Arsenic+Test+Kit,+0-500+ppb,+100+tests
Examples of National Science Education Learning Standards:

· As a result of their activities in grades 5-8, all students should develop an understanding of the properties and changes of properties in matter.

· Substances react chemically in characteristic ways with other substances (compounds) with different characteristic properties…….(Page 154)
· As a result of their activities in grades 5-8, all students should develop an understanding of personal health.

· Natural environments may contain substances (for example, radon and lead) that are harmful to human beings. Maintaining environmental health involves establishing or monitoring quality standards related to the use of soil, water, and air. (Page 154)

· As a result of their activities in grades 9-12, all students should develop an understanding of chemical reactions.

· A large number of important reactions involve the transfer of either electrons (oxidation/reduction reactions) or hydrogen ions (acid/base reactions) between reacting ions, molecules, or atoms…... (Page 179)
· As a result of their activities in grades 9-12, all students should develop an understanding of natural and human induced hazards.

· Natural and human-induced hazards present the need for humans to assess potential danger and risk.…... (Page 199)
   www.umassk12.net/ipy
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STEM Contexts include the study of:

· Sources, concentrations, and implications of harmful compounds in the environment.
· Elements of The Periodic Table and their compounds.

Important Precautions 
· Hydrogen is generated during the test.  Therefore you must work in a well ventilated area away from open flames and other sources of ignition. 
· Arsine gas is also generated during the test. The reaction vessel cap keeps arsine gas contained as it reacts with the reactive pad on the arsenic test strip.

· The reactive pad on the test strip is saturated with mercuric bromide. For this reason, students must wear gloves.  Goggles will increase the level of protection.
· A package for the proper storage and disposal of the test strips is provided.

· A strategy needs to be developed to distribute contaminated water samples to students. This can be done using small capped containers.  Contaminated water can also be put into reaction vessels.
· Information about the chemicals is available on the Material Safety Data Sheets. 
Tips and Techniques
· Do not expose the reacted test strips to direct sunlight. The reaction products are photosensitive and will tend to darken, which may cause difficulty in color matching.

· At no time should the solution in the reaction vessel come into direct contact with the test strip. The test strip reacts with gases released from the chemical reaction, not with the solution in the reaction vessel.

· It is critical that the pad on the test strip face downward, centered over the hole in the black cap. If the placement of the test strip is incorrect, the generated gases may not contact the pad correctly and the final reading may be low.
A General Description of the Reaction Mechanism
· One of the reaction packets contains powdered zinc metal.

· The other reaction packet contains sulfamic acid that acidifies the solution.

· The reaction is similar to the reaction shown below (between zinc metal and sulfuric acid) and produces hydrogen gas.

Zn    +    H2SO4   →   Zn O4   +    H2↑
· The acidic solution also initiates a reaction with arsenic compounds that results in the production of arsine gas (AsH3). 
· Arsine is heavier than air.

· The purpose of the production of hydrogen gas is to propel the arsine gas up to the reaction pad on the test strip.

· The arsine gas then reacts with mercuric bromide, impregnated onto a test paper to form mixed arsenic/mercury halogenides (e.g. AsH2HgBr).  
· The range of color changes correspond to different concentrations of arsenic compounds.
Obtaining Water Samples
Older pressure treated wood may contain arsenic compounds

· Filter paper soaked in a small amount of distilled water and stored in a plastic reaction vessel with a cap.

· The wet filter paper can be used to wipe pressure treated lumber.

· Students should wear gloves and be careful of splinters.

· The wet filter paper can be wiped across a location on pressure treated lumber three times.

· The filter paper can then be put into a plastic reaction vessel and closed 

· Store the closed plastic reaction vessel in a plastic bag for transport.

· Add 50 mL of distilled water before conducting the arsenic analysis.
Soil Samples may contain arsenic compounds.
· Collect 2 or 3 teaspoons of soil in a plastic container.

· Measure 1.0 gram of soil.

· Put the 1.o gram of soil in a reaction vessel.

· Add 50 mL of distilled water before conducting the arsenic analysis.

Preparing solutions of different concentrations:

If you have access to a chemistry lab or can find someone to make the solution, there are two ways to prepare a standard arsenic solution with a concentration of 1mg/mL of arsenic (1000 ppb).

Anydrous sodium arsenate Na2HAsO4
· Measure 248 milligrams of anydrous Na2HAsO4 version dissolve with crushing and stirring (glass rod) and in 50 mL of water in a glass beaker.

· Transfer to a 100 mL volumetric flask.

· Add distilled water to a total volume of 1L and mix. 
· Transfer to a plastic bottle for storage (label and date the bottle). 

· This solution can then be diluted to either 200 ppb or 50 ppb
Arsenic Trioxide 

· Dissolve 0.132 g of arsenious oxide (As2O3) in 10 mL of 10% sodium hydroxide solution in a one liter volumetric flask. 
· Neutralize with 1N sulfuric acid solution, and add 20 mL in excess.
· Add distilled water to a total solution volume of 1.0 L and mix.

· Pipet 10 mL of solution into a 1-L volumetric flask.
· Add 20 mL of 1N sulfuric acid, dilute to volume with distilled water

· Add distilled water to a total solution volume of 1.0 L and mix.
· This solution can then be diluted to either 200 ppb or 50 ppb.
Disposing of Test Materials
There are a number of options for disposal of test materials. They include utilizing:
· The disposal process in the science department at your school or a local college or university.

· Toxic waste collection at town landfills and transfer stations.

Examples of Arsenic Internet Resources
Sources, Uses, and Production of Arsenic


Arsenic Information Related to Ester Dome, Alaska

· http://www.uaf.edu/water/projects/ester/arsenic/ainfo.html
An EPA web site

· http://www.epa.gov/safewater/arsenic/index.html.
USGS Data

· http://minerals.usgs.gov/minerals/pubs/commodity/arsenic/arsenmcs96.pdf
Arsenic in wood preservatives

· http://en.wikipedia.org/wiki/Wood_preservation#Chromated_copper_arsenate_.28CCA.29
EPA Standards for Arsenic Contamination
· http://www.epa.gov/safewater/arsenic/index.html
Monitoring Arsenic

The Fairbanks Area

· http://wwwbrr.cr.usgs.gov/Arsenic/FinalAbsPDF/mueller.pdf
· http://www.uaf.edu/water/projects/ester/arsenic/ainfo.html
Test water when drilling for oil or natural gas in the Arctic

· http://arctic.pembina.org/op-ed/609
USGS Mapping Arsenic

· http://www.agiweb.org/geotimes/nov01/feature_Asmap.html
· http://water.usgs.gov/nawqa/trace/pubs/geo_v46n11/fig3.html
EPA Drinking Water System Map

· http://www.epa.gov/safewater/dwinfo/index.html
Removing Arsenic from the Environment

Filters to Remove Arsenic in Bangladesh

· http://www.usatoday.com/tech/science/2007-02-12-arsenic-filter_x.htm
Bacteria found that cleans up arsenic

· http://www.ens-newswire.com/ens/sep2008/2008-09-08-01.asp
A Commercial Removal System

· http://es.epa.gov/ncer/sbir/success/pdf/arsenic.pdf
Descriptions of Arsenic and Arsenic Compounds

· http://www.inchem.org/documents/ehc/ehc/ehc224.htm
· http://en.wikipedia.org/wiki/Arsenic
· http://chemicalland21.com/industrialchem/inorganic/ARSENIC%20TRIOXIDE.htm
Arsenic is a monoisotopic element

· http://ciaaw.org/atomic_weights8.htm
