FORENSIC SCIENCE
Identifying heavy metal pollution
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Summary
During construction activities, a drum was found. The drum was leaking some undefined fluid. Some years ago there were three companies that each had a small factory near this location. An historical investigation was made and three possible suspects were pointed out. It is your task to prove which company is responsible - the environmental delinquent.

Activity type

G
Use of scientific knowledge and understanding to solve problems

Working in teams to solve problems

Communication

Resource/budget management

Techniques

Volumetric and gravimetric analysis (Argentometry)

Ultraviolet and Visible (UV-VIS) absorption spectroscopy
Atomic Absorption Spectrophotometry (AAS)
Potentiometry

Identification reactions
Field
Environmental

Time

Practical lessons:
420 minutes

Theory lessons: 
  90 minutes

Out of class


  90 minutes
StandardBase procedures
Determination of iron in mosskiller using AAS

Determination of iron in water using visible spectrophotometry
Determination of phosphate in diet Coca Cola using visible spectrophotometry

Determination of phosphoric acid in diet Coca Cola using potentiometry

Determination of copper in pig food using AAS

StandardBase techniques

Volumetric and gravimetric analysis (Argentometry)

Ultraviolet and Visible (UV-Vis) absorption spectroscopy
Atomic Absorption Spectrophotometry (AAS)
Potentiometry

Other resources
Technomatch, Emmen, Netherlands: www.technomatch.nl
http://en.wikipedia.org/wiki/Pollution

http://www.who.int/water_sanitation_health/en/

http://toxnet.nlm.nih.gov/cgi-bin/sis/search

Student’s document
FORENSIC SCIENCE: Identifying heavy metal pollution

During construction activities several drums were found. The drums were leaking some undefined fluid. Some years ago there were three companies that each had a small factory near this location. An historical investigation was made and three possible suspects were pointed out. The sample was taken directly from the drum. Your laboratory was involved in taking the sample.
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A
Company name: European Steel Company


General manager: Mrs Icara Coldsma
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According to the neighbours, the company went broke because the removal of toxic compounds in their waste water became too expensive. The factory was torn down in 1993. Since then, the land has not been used for anything else. The waste was a complex mixture of anions and different metal ions.

The waste contained sulfuric acid, phosphoric acid, iron(III), copper(II) and strontium(II). The iron concentration was relatively high in proportion to the copper content.
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B
Company name: Chromium Plating


Owner: Mr Ferdinand Bosmean MSc

This company produced chromium plating and coating on trophies. About 10 years ago, the company moved to a country where the wages were much lower.
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During an interview, Mr. Bosmean declared that no responsibility would be taken for any chemical waste. No phosphoric acid was used during the process; they did use sulfuric acid and hydrochloric acid. The metals known to be used at the time are iron(III), chromium(III) and strontium(II).
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C
Company name: Lightning Fireworks


Managing director: Mr Angus McIterson

In 2001 there was a tragic accident and an enormous explosion took place. Most of the factory was blown to pieces. There were no survivors but the fireworks were great.
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Fireworks were made with mixtures of 3 different metal salts (sulfates, chlorides and nitrates). The waste contained sulfuric acid, phosphoric acid, iron(III), copper(II), and a lot of strontium(II). The iron concentration was relatively low in proportion to the copper content.

From earlier measurements made by the national environmental laboratory, the table below was recovered. The drums with waste used to be examined yearly so the lab wrote its annual report about this waste. Companies A, B and C are in the first column.
	
	H3PO4
ppm
	RSD

%
	H2SO4
mol/L
	RSD

%
	HCl

mol/L
	Fe3+
ppm
	RSD

%
	Cu2+
ppm
	RSD

%
	Sr2+
ppm
	RSD

%
	Cr3+
ppm
	RSD

%

	A
	1000 
	4
	0.1 
	5
	0
	100 
	2
	 20 
	2
	100 
	6
	0
	8

	B
	
	
	0.01 
	5
	0.05 
	200 
	2
	0
	2
	100 
	6
	200 
	8

	C
	800 
	4
	0.1 
	5
	0.05
	 20 
	2
	150 
	2
	100 
	6
	0
	8


RSD means relative standard deviation

Your brief
You work in an environmental laboratory and you want to confirm which company caused the pollution.
Minimum number of groups: 2
Group size: 4-6 students
If there are several groups, you either might be working in parallel or different groups might be using different techniques. (For example, iron can be determined by AAS as well as VIS spectroscopy.)
Your investigation

Analyse the sample for the expected components. The sample has been filtered to give a clear solution. First, make sure you know which components are present in the sample, by performing an identification test.

When you know which components are present, then you can start the quantitative analyses. You will have to prove which company is most likely to have caused the pollution in court. You must calculate the confidence interval of each analysis (use the t test, see: http://en.wikipedia.org/wiki/Student%27s_t-test). This matter is closely related to your time plan (suitable number of parallel measurements). The judge or jury will call you as witness for the State. The defence will challenge your results. Make sure that you can prove you reached the correct conclusion. Since the costs of the investigation can be repaid, you need to calculate the total cost.
For all the groups:
Task 1
Identify the metal ions and anions with specific and spot tests. (Student sheet: Identification of ions and possible techniques to use for determinations)
Task 2
Determine the concentration of the substances. (Student sheets: Determination of Sr in water using AAS and Determination of chromium using AAS; StandardBase procedures for Fe3+, Cu2+,  PO43-, and Cl- determinations)

Task 3
Complete your own table and draw a conclusion about which company had caused the pollution.

Draw conclusions about which producer(s) could not have caused the pollution.

Read the text about the three companies. For each component, the group must decide how to analyse it. In some cases you have to choose between different techniques. Later in court, the jury should be convinced that you have chosen the appropriate technique with regard to the expected concentration range.
Look up the StandardBase procedure you have chosen; each member of the group should have a copy of the procedure. Read the procedures carefully and make sure everyone understands what needs to be done.

Make a plan for all activities and book the necessary instruments and chemicals.

Estimate the costs of each analysis.

Make a table with all your results. You may want to calculate a mean and standard deviation.

Draw a conclusion as to which suspect is the culprit.

As your group is helping the prosecution to find the responsible company, you will need to go to the trial. Decide, as a group, how you will make the presentation in order to convince the jury.

A risk assessment must be carried out before starting practical work.

Your findings

Gather information about the techniques you will use.

Discuss the plan with your teacher (including instruments and chemicals).

Draw a conclusion about which producer has caused the pollution
Gather the results of all the analyses.

Compare your results within your group and, if possible, with the results of another (or more) group. Make a comparison table.

Do your results and precision match with the historical facts?

How confident are you with the reliability of your findings?
Write a detailed report with your results and conclusions.

Student self assessment

Use the file: Evaluating skills.doc from the ProBase website
Student sheet: Identification of ions and possible techniques to use for determinations
Flame test

Perform a flame test to investigate the presence of Sr.

Take, with a platinum wire loop, one drop of the solution and hold in a colourless flame. The colour(s) that appear may give an indication of the metal. In the presence of Sr an intensive red colour should be seen.
	Metal
	Colour

	Na
	Yellow

	Li 
	Red

	Sr
	Red (intensive)


Spot tests

In some cases, a special test is available to make sure a certain ion or component is present in a sample.

Cu2+
Cu2+ can be proved with an ammonia solution. It gives a dark blue colour.

	Cu2+ (aq)
+
4 NH3 (aq)
	(
	[Cu(NH3)4]2+

	Light blue
	
	dark blue


When iron(III) is also present, then you have to add an excess of ammonia. You might have to wait to complete precipitation and then add more ammonia.

After adding of a solution of dimethylglyoxime, a dark brown solution is formed.
Fe3+
Iron(III) ions give a very intensive red brown colour with NH4SCN solution.
PO43-
Phosphate ions give an intensive blue solution with an ammonium heptamolybdate solution.

Cl-
Cl- can be identified with an Ag+ solution. It gives a white precipitate.
SO42-
SO42- can be identified with a Ba2+ solution. It forms a white precipitate.

Fill in the table with a positive or negative result

	
	PO43-
	SO42-
	Cl-
	Fe3+
	Cu2+
	Sr2+

	A
	
	
	
	
	
	

	B
	
	
	
	
	
	

	C
	
	
	
	
	
	


Draw a conclusion about which producer(s) could not have caused the pollution.
Analyse the substances quantitatively in accordance with the following:
	Component
	Analysis

	Sr2+
	AAS (Student sheet: Determination of Sr in water using AAS)

	Cr3+
	AAS (Student sheet: Determination of chromium using AAS)

	Fe3+
	AAS or VIS spectrophotmetry (StandardBase)

	Cu2+

	AAS (StandardBase)

	PO43-
	VIS spectrophotometry (StandardBase)

	Cl-
	Argentometry (ProBase SALT AND DIET activity)


Student sheet:
Determination of Sr in water using AAS

Scope 

Atomic Absorption Spectroscopy is used for the determination of more than 70 elements, mostly metals such as strontium. The determination of strontium can only be performed in a gaseous medium where strontium is in an atomic or ionic state.

Principle

A water sample is taken and, after filtering the solution, the solution is nebulised into a flame. In the flame, gaseous atoms and elementary ions are formed from the solid particles. The gaseous metal atoms can absorb light of a specific wavelength. Absorption is directly proportional to the concentration of the metal. It is necessary to use an air-acetylene flame which is oxidising (rich, red).

Standard strontium solution, 100 mg Sr/L
Dissolve 0.2415 g strontium nitrate Sr(NO3)2 in 100 mL of deionised water and 10 mL of concentrated HCl, and dilute to 1 L with deionised water.

Procedure
Sample 

Filter the water over a glass filter into a dry flask. Measure the absorbance of the sample and the standards with an AAS spectrophotometer using a wavelength of 460.7 nm and a slit width of 0.2/0.4 nm.

Preparation of a calibration curve

Transfer 0.00, 1.00, 2.00, 3.00, 4.00 and 5.00 mL of the standard strontium solution to 100 mL volumetric flasks. Fill up with distilled water to the mark and mix well by inverting it at least 10 times.

Measure the absorbance of the sample and the standards with an atomic absorption spectrophotometer using a wavelength of 460.7 nm and a slit width of 0.2/0.4 nm.
Calculation
The absorbance is plotted versus the concentration (mg/L); the concentration of the sample can be determined by interpolation. Microsoft Excel can also be used.

Expression of results

The results will be given in ppm Sr.

Example

	Concentration Sr

mg/L
	Absorbance

	 0.000
	 0.000

	 1.000
	 0.058

	 2.000
	 0.113

	 3.000
	 0.172

	 4.000
	 0.227

	 5.000
	 0.286


Regression curve using the least squares method gives the results:

Function: A = 0.0570 C + 0.0001

Samples

	 
	 VI (95%)

	Y value
	X (calculated)
	 X (min)
	 X (max)

	  0.136
	 2.3831
	 2.3253
	 2.4408

	  0.140
	 2.4532
	 2.3955
	 2.5110 

	 Mean
	 2.4182
	 2.3745
	 2.4618


Student sheet: Determination of chromium using AAS

Follow the procedure described on Student sheet: Determination of Sr in water with AAS for Sr and use a chromium hollow cathode lamp with the specific wavelength of 357.9 nm and a slit of 0.7 nm. The calibration is linear up to 5 ppm Cr.

Standard chromium solution, 100 mg Cr/L

Dissolve 0.4577 g chromium(III) nitrate Cr(NO3)3 in 100 mL deionised water and 10 mL of concentrated HCl, and dilute to 1 L with deionised water.

Teacher’s document

Overview

Students work as analysts in an environmental laboratory and they will have to prove in court which company is most likely to have caused a pollution incident. Students learn to solve a scientific puzzle. How do the pieces fit together? They do a variety of tests from flame reaction to spectroscopy but the end result is, simply, guilty or innocent.
Developing students’ skills

Students learn to:
· tackle scientific problems by applying their practical skills and their knowledge and understanding of spectrophotometry (UV/VIS) and Atomic Absorption Spectroscopy
· observe, measure and analyse scientific data, including from spectrophotometry, and to evaluate these

· work with others and manage relationships with people
· use scientific knowledge and understanding to solve problems
· work in teams to solve problems
· communicate by writing a working paper to be discussed with a range of audiences
· manage resources and budget
Organising and managing the class

Minimum number of groups: 2
Group size: 4-6 students
If there are several groups, tasks can either be carried out in parallel or different groups can use different techniques. (For example, iron can be determined by AAS as well as VIS spectroscopy.)
Students may need help with working relationships in their group. Every student should take part in the planning, the practical activity and the report.
Make sure the group or groups present the techniques they have chosen to you.

In some cases you might want to make changes.

Session plan for teachers
If you organise a ‘real’ trial, it will be an additional motivation for the students to give a good presentation. You would need a jury or a judge. You would also need a lawyer (call him Mr. John Devil) to represent the companies. He or she should challenge the results by trying to prove that the group did not follow the correct procedures or calculations. (For example: how did you take the aliquot; how did you preserve it; did you make sure the samples were not mixed up by using labels; can we be absolutely sure we have the company that was responsible.)
· Teacher’s introduction to the scenario (45 minutes)

· Outline the purpose of the project

· Statement of expected output (content, format)

· Collecting information; diagnostic assessment with questions related
to the subject; organisation of the teamwork (45 minutes)

· Carrying out practical work (420 minutes)
· Writing the final report, evaluating results and presenting the results to an audience (90 minutes)

(Where relevant students can complete work at home.)

Tips for teachers on how to use this activity
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	In a farmer’s small field, we marked an area about the size of a basketball pitch. We used special CSI white-red plastic ribbon to secure the area. Each group of about 6 students had to enter the crime scene. We offered the use of disposable paper overalls. This enhanced the CSI feeling.
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	Before entering, they were given a list of possible items to look for: a small barrel, which we put there. The group had to talk about the different tasks. The logbook and marking the spot where items are found is an important task. Then each item was labelled. We told them that all items would be transported to school and it would be best if they were sure it was their own items being analysed.
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	Each group had their own items that we put there before they entered the site. The metal detector you see in the picture is an easy to use amateur detector. Before entering the site, the group had to divide the tasks between members. 
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	This part is optional:

There were some footprints to take. The students had to  find out how to mix the ingredients to make a mixture that hardens rapidly enough so that the print can be transported to school for further investigation. A small map had to be drawn to pinpoint each location where items were found.

The teacher and technicians hid new items for each group while the new group was being briefed. Of course they were allowed to take pictures of their own investigation. These photos were used during an introduction for parents.
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	At school, the groups had to analyse all samples. Techniques varied from straightforward Visible Spectroscopy to more advanced Atomic Absorption Spectroscopy. In our first trial of this ProBase project, first year students perform the tasks and second year students helped to guide them during analyses and calculations.
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	That labelling is most important was made clear when groups had to sort out which footprint was theirs. We had thought the identification of the print and comparison with the suspect footprint would be difficult. One group had forgotten to label their plastic box.
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	After analyses and calculations, each group had to make a poster to be used in court to explain the procedures and convince the judge or jury. In the end, all students were very keen to make an impressive poster. We did not allow PowerPoint at this time, to speed up the final hearing with the judge and jury. During the trial, the three suspects were represented by Mr Devil leading the defence. Mr Devil made remarks about how the so‑called evidence was taken and whether the labelling with time and date was logged correctly.



Technical notes

Equipment and materials

Materials and their CAS numbers

	Name
	Grade
	CAS-No.

	chromium(III) nitrate
	AR
	13548-38-4

	ammonium heptamolybdate
	Reagent
	12027-67-7

	copper sulfate pentahydrate
	Reagent
	7758-99-8

	ammonium thiocyanate
	Reagent
	13746-66

	silver nitrate
	Reagent
	7761-88-8

	barium chloride
	Reagent
	10361-37-2

	ammonia
	Reagent
	7664-41-7

	dimethylglyoxime
	Reagent
	95-45-4

	phosphoric acid
	Reagent
	7664-38-2

	sulfuric acid
	Reagent
	7664-93-9

	hydrochloric acid
	Reagent
	7647-010-0

	ammonium ferric sulphate 12 H2O 
	Reagent
	10138-04-2

	strontium nitrate
	AR
	10042-04-2


Equipment
Instruments
· UV/VIS spectrophotometer

· Atomic absorption photometer

· calibrated analytical balance

Tools for flame and spot tests
· platinum wire (O form)

· burner

· lighter

· test tubes

· commercial spot tests (rapid tests) for ion identification

Glassware and other equipment
· 100 mL volumetric flasks (class A)

· calibrated volumetric pipettes (1, 2, 3, 4, 5 mL)
· 1000 mL volumetric flasks
Preparation

Sample
The person who prepares the samples for the students should follow the instructions below. You normally need one sample per group. It is possible to give the same samples to all groups, for a little competition between groups.

The groups will give suggestions for specific apparatus for analyses. Most likely they will use: atomic absorption and VIS photometer. For instance, to determine iron the students must choose between VIS o-phenantroline or AAS. You might not be free to use both, depending on the availability of the apparatus.

Make sure you prepare a sample matching the profile of company A or B or C.

It adds an extra dimension when you have all groups presenting their evidence and give their conclusions in a ‘court’, where one colleague acts as judge.

One colleague might want to act as Mr Devil, the lawyer for the defence.

Mr Devil can try to shoot holes in the so-called evidence and make sure the procedures for labelling and sampling have been done correctly.

Every sample is linked to a company: A, B and C.
Choose a company to be responsible and prepare the appropriate sample.

Sample A

100 ppm Fe = 862.8 mg NH4Fe(SO4)2.12H2O

20 ppm Cu = 78.55 mg CuSO4.5H2O
100 ppm Sr = 241.53 mg Sr(NO3)2
9.40 mL 1 mol/L H3PO4
100 mL 1 mol/L H2SO4
Fill up to the mark for 1 L

Sample B

200 ppm Fe = 1725.6 mg NH4Fe(SO4)2.12H2O 
100 ppm Sr = 241.53 mg Sr(NO3)2
200 ppm Cr = 915.4 mg Cr(NO3)3
10 mL 1 mol/L H2SO4
50 mL 1 mol/L HCl
Fill up to the mark for 1 L

Sample C

20 ppm Fe = 172.6 mg NH4Fe(SO4)2.12H2O

150 ppm Cu = 589.14 mg CuSO4.5H2O

100 ppm Sr = 241.53 mg Sr(NO3)2
7.55 mL H3PO4
50 mL 1 mol/L HCl
100 mL 1 mol/L H2SO4
Fill up to the mark for 1 L

An example of a resource and budget management table

The students should use Excel and base calculations on actual prices in your country. An example for one analysis:
	Chemicals
	Price
€ /kg
	Quantity used kg
	Cost*
€

	sulfuric acid
	10.00
	0.88
	9

	
	
	
	

	Hire
	Price
€ /hour
	Time used

hours
	Costs
€

	apparatus
	50.00
	4
	200

	building (including water, electricity, heating)
	200.0
	4
	800

	analysis time 
	50.00
	4
	200

	
	
	
	

	Total cost
	
	
	1209


*cost = price x quantity used
Testing prior knowledge

1. Looking at the table (see in the Student’s document), which company had the least total metal concentration?
a. A

b. B

c. C

2. Looking at the table (see in the Student’s document), which company had the largest total metal concentration?
a. A

b. B

c. C

3. The National Institute for Public Health and the Environment determined the toxicity of chromium(III) compounds present in waste. On the extent to which plants take in some chromium, the conclusion was:

a. It depends of the solubility of the chromium salts in water

b. There was no difference between soluble and insoluble chromium(III) compounds

c. Chromium(III) compounds are not toxic

4.  Another group of students had the results- µ: 80 ppm Fe and σ: 15 ppm Fe. Based on a 95% confidence interval, the responsible company must be… 

a. A

b. B
c. C
5. Looking at the table (see in the Student’s document), what metal is not useful to analyse?

a. iron

b. strontium


c. copper


d. chromium

6. To be sure one of the companies cannot be responsible you can test for:


a. chloride and chromium


b. chloride and strontium


c. strontium and iron

7. Is it possible to just investigate H3PO4, H2SO4 and HCl, and not the metals, and be able to link the sample to its owner?
a.
Yes

b.
No

c.
No, but company B can be excluded

8. Which lamp is recommended for the analysis of the metals?
a. 
single lamp
b.
multi element lamp
c.
It does not matter

Note: answers are given in red. These need to be removed before test is used.

Testing prior knowledge

1. Looking at the table (see in the Student’s document), which company had the least total metal concentration?

a. A

b. B

c. C

2. Looking at the table (see in the Student’s document), which company had the largest total metal concentration?

a. A

b. B

c. C

3. The National Institute for Public Health and the Environment determined the toxicity of chromium(III) compounds present in waste. On the extent to which plants take in some chromium, the conclusion was:

a. It depends of the solubility of the chromium salts in water

b. There was no difference between soluble and insoluble chromium(III) compounds

c. Chromium(III) compounds are not toxic

4.  Another group of students had the results- µ: 80 ppm Fe and σ: 15 ppm Fe. Based on a 95% confidence interval, the responsible company must be… 

d. A

e. B
f. C
5. Looking at the table (see in the Student’s document), what metal is not useful to analyse?


a. iron


b. strontium


c. copper


d. chromium

6. To be sure one of the companies cannot be responsible you can test for:


a. chloride and chromium


b. chloride and strontium


c. strontium and iron

7. Is it possible to just investigate H3PO4, H2SO4 and HCl, and not the metals, and be able to link the sample to its owner?

a.
Yes

b.
No

c.
No, but company B can be excluded

8. Which lamp is recommended for the analysis of the metals?

a. 
single lamp

b.
multi element lamp

c.
It does not matter
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