
Experiment 6: Detection of Heavy Metals in Water
CH3420: Environmental Chemistry, Plymouth State University

"Hach EZ Arsenic Test Kit, 28178-88" Hach Company; EPA Method 7000b : Flame Atomic Absorption Spectrophotometry 
(http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/7000b.pdf); EPA Method 3050B: Acid Digestion of Sediments, 
sludges, and soils (http://www.epa.gov/osw/hazard/testmethods/sw846/pdfs/3050b.pdf); and 

“Methods for the Determination of Metals in Environmental Samples, Supplement 1” EPOA-600/R-94/111, U.S. EPA 
(available at http://nepis.epa.gov)

Introduction:  

Arsenic (As) is a naturally occurring, toxic, heavy metal.  Exposure to arsenic has been linked to cancer 
of the skin, bladder and lung, cardiovascular disease, immunological disorders, and diabetes.  Human 
exposure to arsenic occurs most commonly through drinking well water, as it is found in different types 
of bedrock and is leached out by groundwater.  The U.S. EPA's Maximum Contamination Level (MCL) 
for arsenic in drinking water is 10 ppb.  In the New England area of the United States, well water is 
often found to have arsenic levels is excess of the MCL.  

Arsenic in water is quantified by first reducing and converting it to volatile arsine with zinc in acid:

As5+  +  4Zn  +  3H+  →  AsH3 (g)  +  4Zn2+

The arsine can then be quantified either by atomic absorption spectroscopy or by colorimetry after 
complexing with silver diethyldithiocabamate to form a red compound.  In this lab, you will use a Hach 
kit to perform these reactions and quantify arsenic is various samples of water.

For information on Arsenic in New Hampshire wells, see:

• http://www.concordmonitor.com/apps/pbcs.dll/article?AID=20102120313

• http://des.nh.gov/organization/divisions/water/dwgb/capacity/arsenic.htm

• http://des.nh.gov/organization/commissioner/pip/factsheets/dwgb/documents/dwgb-3-2.pdf

Lead is a toxic heavy metal that has been widely dispersed by anthropogenic activities, including using 
the additive tetraethyl lead in gasoline, lead oxide in paints, and lead in solder for copper water pipes. 
In the last few decades, all of these activities have been outlawed and phased out in the United States 
and other developed nations.  Nonetheless, it is still common to find lead-based paint and solder in 
older houses, continuing our exposure to this material.  

Acute lead poisoning is rare but can cause vomiting, diarrhea, convulsions, coma or even death.  Long-
term exposure to low levels of lead is the common form of lead poisoning, and the major concern is 
brain and neurological damage.  This is particularly of concern for children, where even very low levels 
of lead can have significant impact on proper neurological development.

A common and very accurate method of determining low concentrations of lead in environmental 
samples involves Atomic Absorption Spectrophotometry (AAS).  AAS takes advantage of the 
absorption and emission of light of very specific frequencies by elements, and of Beer's law (A = εcl). 
In Flame Atomic Absorption Spectrophotometry, an aqueous sample is introduced into a very hot 
flame, ensuring the element of interest is converted to its elemental form.  A lamp with a filament made 
of the element of interest is used to generate light with the correct frequencies; this light is shone 
through the flame, and the amount of light absorbed by the sample in the flame is measured.  By 
creating a series of standards, a standard curve of Absorbance vs Concentration is constructed, which 
allows for the quantification of the element in unknown samples.  Concentrations of various elements 
in the parts per million range can typically be measured in this way.
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Safety Considerations: 

H2 and AsH3 are produced during the arsenic procedure.  Work in a well ventilated area, away from 
ignition sources.  If sulfide is present in the water, a lead acetate solution must be used in the arsenic 
procedure.  Caution should be taken when handling this solution to limit exposure to lead.

Lead is a toxic metal, and any solutions containing lead in any amounts are considered toxic waste.  All 
solutions made in this lab MUST be disposed of in the proper waste container.  DO NOT THROW 
ANY SOLUTIONS DOWN THE SINK.  In addition, the first rinse of any glassware that had a lead 
solution in it must also go into the waste container.

Procedure:

Detection of Arsenic (via Hach Kit)

(CAUTION: Arsine gas generated in this procedure is highly toxic!  Perform all work in a fume hood.)

 1. Lift the flap on cap of the test bottle and place a test strip into the groove so that the reactive 
surface faces down over the opening to the bottle.  Secure by pressing the flap back into place.

 2. Fill reaction bottle to the line with sample water (50 mL).

 3. Add the contents of a Reagent 1 powder pillows to the bottle.

 4. If sulfide is present (indicated by the smell of rotten eggs), complete the steps below to remove 
the interference.  Else, go to step 6.

 a) Saturate a pea-sized piece of cotton with a few drop of the lead acetate solution.

 b) Squeeze out excess lead acetate solution into the designated waste container.

 c) Remove the test strip from the cap.  Press the saturated cotton ball inot the small opening of 
the reaction vessel cap from the bottom.  Be sure that the cotton is firmly in place, but that a 
gap remains between the cotton and the top surface of the cap.  Re-insert the test strep and 
proceed with the test (Notes: 1) Do not let the lead acetate contact the test strip!  2) Wash 
hands thoroughly after handling lead acetate!).

 5. Add the contents of a Reagent 1 powder pillows to the bottle.

 6. Cap the bottle and swirl the contents to mix. DO NOT SHAKE or allow the solution to contact 
the cap of the bottle.

 7.  Allow the reaction to continue for 20 minutes, swirling twice during that time period.

 8.  After the allotted time, remove the test strip and compare the color to the chart on the side of 
the test strip bottle.

 9. Report the ppb of As in your sample.

Detection of Lead (via Flame AAS)

Making Standard Solutions
 1. A stock solution of ~100 ppm will be provided.  The exact concentration will be given to 4 

significant digits.  Record and use this to calculate the standards to 3 significant digits.
 2. You will prepare a series of standards of 0.1, 0.2, 0.5, 1, 2, 5, 10, 20, 30, and 40 ppm using the 

serial dilution method in the following manner:
 a) 40 ppm: Add 20 mL of Stock (100 ppm) to a graduated cylinder.  Add distilled water to a 

total of 50 mL.  Transfer to a labeled beaker
 b) 20 ppm: Add 25 mL of 40 ppm to a graduated cylinder.  Add distilled water to a total of 50 
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mL.  Transfer to a labeled beaker
 c) 10 ppm: Add 25 mL of 20 ppm to a graduated cylinder.  Add distilled water to a total of 50 

mL.  Transfer to a labeled beaker
 d) 5 ppm: Add 25 mL of 10 ppm to a graduated cylinder.  Add distilled water to a total of 50 

mL.  Transfer to a labeled beaker
 e) 2 ppm: Add 20 mL of 5 ppm to a graduated cylinder.  Add distilled water to a total of 50 

mL.  Transfer to a labeled beaker
 f) 1 ppm: Add 20 mL of 2 ppm to a graduated cylinder.  Add distilled water to a total of 40 

mL.  Transfer to a labeled beaker
 g) 0.5 ppm: Add 20 mL of 1 ppm to a graduated cylinder.  Add distilled water to a total of 40 

mL.  Transfer to a labeled beaker
 h) 0.2 ppm: Add 10 mL of 1 ppm to a graduated cylinder.  Add distilled water to a total of 25 

mL.  Transfer to a labeled beaker
 i) 0.1 ppm:  Add 10 mL of 0.2 ppm to a graduated cylinder.  Add distilled water to a total of 20 

mL.  Transfer to a labeled beaker

Sample preparation
You will be given two water samples.  One will be from a drinking water source, and one will be a 
prepared unknown.

 1. Use a graduated cylinder to measure 50 mL of sample into a 100-150 mL beaker.
 2. Acidify the water to pH < 2 by adding concentrated nitric acid dropwise, stirring with a glass 

stirring rod, and testing the pH with a pH meter.

Instrument Setup: Your instructor will walk you through the steps to set up the instrument

Measure Standards and Samples
1. Beginning with the least concentrated sample, record the absorbance of each of your standards
2. Run distilled water through the aspirator for a couple minutes
3. Record the absorbance of your samples
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Analysis

The following should be done in your notebook.  You may choose to do this after the lab, but your lab  
will not be signed off, and your duplicate pages will not be accepted, until it is completed.  This  
analysis should also appear in your formal lab report.

Lead:

 1. Make a plot of absorbance versus concentration for your standards. (Note: do note make a  
trendline or calculate the best-fit line yet!)

 2. Notice on the plot where the linear region is, and where the Standard Curve begins to curve at 
both the upper and lower regions.

 3. Using your best judgment, make a second plot of absorbance versus concentration for your 
standards that does NOT include the non-linear upper and lower data points.  Use this plot to 
calculate a standard curve and calculate the concentrations of your samples.  Notice that if your 
concentrations do not fall on the linear portion of the standard curve, you should NOT report a 
number!  Instead, you should report that the concentration is “Below the detection limit” or is 
“Outside the linear range of the instrument and too high to calculate correctly.”  For either case, 
you should also report the number that is the limit of the range (ie: “Below detection limit, < 
2ppm” if 2ppm is the lower detection limit).

Conclusions

Answers to these questions must be included as part of your Conclusions in your written lab report.  
Include them in your Conclusions narrative, not as numbered list of questions and answers.

1. Discuss the results of your analysis in terms of whether you consider this water sample safe to 
drink (as far as the elements you analyzed for today).

2. Discuss the analytical techniques used in this lab.  What are some potential sources of error? 
How much would you trust the results of these analyses  when considering whether or not to 
drink this water?  Are there any potential sources of error that could lead you to believe this 
water is safe if it in fact is not?

3. For the measurement of lead using flame AAS: what is the linear region of response for this 
technique?  What is the lower detection limit?

4. Check the Department of Environmental Services website listed in the Introduction.  If you 
have a well that is found to have higher than acceptable levels of arsenic, what can you do?
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