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Summary

How much salt do you take in every day? Eating salt can raise your blood pressure and increase the risk of developing heart disease or a stroke. Adults are consuming about 10 g a day. The target amount is 6 g a day, so most people need to reduce their salt intake. Salt is present in foods like vegetables, fruit, fish, meat and dairy products, but also in processed foods, like sauces, cereals, soups and sweets.

You will calculate how much salt you eat every day, using a salt calculator.

In addition, you carry out two procedures, one by each group, for the determination of salt:

- Determination of sodium using flame photometry

- Determination of chloride using precipitation titration

Activity type 
B

Use of scientific knowledge and understanding to solve problems

Working in teams to solve problems

Communication

Techniques

Precipitation titration

Flame photometry

Field

Foods

Time

Practical lessons: 
180 minutes
Theory lessons:
  50 minutes

Out of class time:
  40 minutes

StandardBase procedures

Determination of sodium ion content in water using flame photometry

StandardBase techniques

Techniques for Volumetric Analysis (Precipitation Titration)

Flame Photometry

Other resources

Technomatch, Emmen, Netherlands; www.technomatch.nl 
http://www.saltinstitute.org/
http://www.healthyeatingclub.com/info/books-phds/books/foodfacts/html/data/data5a.html 

http://www.akzonobelsalt.com/
http://www.salt.gov.uk/
http://www.standardbase.com
Student’s document

SALT AND DIET: Analysing salt and your salt intake
Where does salt come from?
Salt is primarily found underground in rock form or dissolved in the world's oceans and some lakes. Salt is also found on the surface of ancient evaporated sea beds. Salt is produced in plants all over the world using different methods, rock salt mining and evaporation. 

Why do we need salt?

Salt is a commonly occurring mineral, the technical name of which is sodium chloride. It is the sodium part of salt that is important. The body needs a certain amount of sodium to function properly. Sodium helps to maintain the concentration of body fluids at correct levels. It also plays a central role in the transmission of electrical impulses in the nerves, and helps cells to take up nutrients.

Why is too much salt bad?

In adults, when levels of sodium are too high, the body retains too much water and the volume of body fluids increases. Many scientists, although not all, believe this process is linked to high blood pressure, or hypertension, which in turn is linked to a greater risk of coronary heart disease and stroke.

How much salt should we eat?

The government recommends that adults should eat 6 g of salt a day. However, the average intake of salt is between 9 g and 10 g a day. Processed foods are thought to account for around 75% of the average person's salt intake. Salt is added to processed foods to aid preservation and to improve taste. Sodium is present in additives such as monosodium glutamate and sodium bicarbonate. Small amounts of sodium can be found naturally in some foods such as eggs and fish. The salt we sprinkle on our food at the table accounts for only 10%-15% of our intake.
Your brief

You work in the laboratory of a salt production plant and want to establish the best procedure to determine the content of sodium chloride in the plant’s product. 

You will work in two groups, A and B. The groups will be given:

- A sample of NaCl

Your brief is to:

Group A

- Use precipitation titration to determine Cl- content in the sample.
- Calculate your daily average intake of salt.
Group B

- Use atomic emission spectrophotometry to determine Na+ content in the sample.
- Calculate your daily average intake of salt.
For both groups (A and B):

- Interpret your results and write a report for the head of the laboratory.
- Write a short working paper about how to decrease the daily intake of salt.

Your investigation

Your teacher will tell you when the analyses are to be carried out.

Gather information about the techniques to use.
Make a plan for all analyses and book the necessary instruments and chemicals.

Discuss your plan with your teacher, including the instruments and chemicals selected.

Plan to complete the salt calculator for 1 day.
A risk assessment must be carried out before starting practical work.

Group A

Task 1

Standardised solutions of silver nitrate (0.1 mol/L) and potassium thiocyanate (0.1 mol/L) are required. If not available, look up an appropriate procedure in a textbook, and perform the standardisations.

Task 2

Using Student sheet: Determination of chloride in pure sodium chloride by precipitation titration with silver nitrate - Volhard's method, determine the Cl- content.

Task 3

Using Student sheet: Salt intake calculation, calculate your salt intake for one day.
Group B

Task 1

Use www.standardbase.com: Determination of sodium ion content in water using flame photometry (adjust the procedure for the sample for pure sodium chloride).
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Task 2

Using Student sheet: Salt intake calculation, calculate your salt intake for one day.
Group A and B together

Task 1
Summarise the groups’ results of the determinations of Cl- and Na+ and write a report for the head of the laboratory (teacher) explaining which procedure you would recommend for the plant’s laboratory.

Task 2

Gather and summarise the results on the daily salt intake of each member of the groups.
Your findings

Write a report with your results and conclusions for the head of the laboratory (teacher). Use your data to explain which method of determining the sodium chloride content in the salt production plant you would recommend for your laboratory, with respect to precision and accuracy.

Write a short working paper about the intake of salt of the individual members of both groups and indicate how you can decrease (if necessary) the intake. Discuss the working paper with an audience of fellow students and teachers.
Student self assessment

Use the file: Evaluating skills.doc from the ProBase website.
Student sheet: Determination of chloride in pure sodium chloride by precipitation titration with silver nitrate - Volhard's method

Scope
Silver nitrate solutions are used almost exclusively for the determination of halides, i.e. chloride, bromide and iodide. Silver nitrate solutions can be standardised by using the Volhard method.

Principle
This method uses a back titration with potassium thiocyanate to determine the concentration of chloride ions in a solution:





Ag+(aq) + Cl-(aq) → AgCl(s) 




Ag+(aq) + SCN -(aq) → AgSCN(s) 

Once all the silver ions have reacted, the slightest excess of thiocyanate reacts with Fe3+ indicator to form a dark red complex:




Fe3+(aq) + SCN -(aq) → [FeSCN]2+(aq) 

The concentration of chloride ions is determined by subtracting the amount of silver ions that reacted with the thiocyanate (calculated from the titration results) from the total amount of silver ions in the silver nitrate added to the solution.
Apparatus
Equipment

Instruments

· Analytical balance; accuracy 0.1 mg

· Burette and stand

Glassware and other equipment

· 250 mL volumetric flasks

· 10 mL measuring cylinder

· 25 mL pipette

· 50 mL pipette

· conical flasks

Materials
	Name
	Grade
	CAS Number

	Nitric acid
	Reagent
	7697-37-2

	Silver nitrate
	Reagent
	7761-88-8

	Potassium thiocyanate
	Reagent
	333-20-0

	Potassium nitrate
	Reagent
	7757-79-1

	Iron(III) ammonium sulfate dodecahydrate
	Reagent
	7783-83-7

	 Sodium chloride
	AR
	7647-14-5


Reagent solutions

· Concentrated nitric acid (6 mol/L) 

· Standardised silver nitrate solution (0.1 mol/L)

If possible, dry 5 g of AgNO3 for 2 hours at 100 °C and allow cooling. Accurately weigh about 4.25 g of solid AgNO3 and dissolve it in 250 mL of distilled water in a volumetric flask. Store the solution in a brown bottle.

· Standardised potassium thiocyanate solution (0.1 mol/L)

Weigh 2.43 g of solid KSCN and dissolve it in 250 mL of distilled water in a volumetric flask.

· Potassium nitrate (solid)
· Indicator solution: ferric ammonium sulphate solution (saturated)

Add 8 g of NH4Fe(SO4)2.12H2O to 20 mL of distilled water and add a few drops of concentrated nitric acid.

Preparation

Preparation of sample
Dry the sample at 140 °C for 1 hour.

Procedure

Sample
Weigh accurately about 120 mg sodium chloride. Transfer it to a conical flask; add 5 mL 6 mol/L nitric acid, 50.00 mL 0.1 mol/L silver nitrate solution and 2 g potassium nitrate. Shake well. Add 1 mL of the iron(III) indicator. Titrate the residual silver nitrate with standard 0.1 mol/L thiocyanate until a permanent faint reddish-brown coloration appears.

Standardisation of 0.1 mol/L KSCN solution

Pipette 25.0 mL of the standard 0.1 mol/L silver nitrate solution (calculate the exact concentration) into a conical flask, add 5 mL 6 mol/L nitric acid and 1 mL of the iron(III) indicator. Titrate the solution with the 0.1 mol/L thiocyanate, shaking vigorously, until a permanent faint reddish-brown coloration appears.

Calculations
Calculate the concentration of the potassium thiocyanate solution:
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25.0 = mL silver nitrate solution pipetted
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AgNO

c

= concentration silver nitrate solution (calculated) in mol/L

VKSCN = volume potassium thiocyanate titrated in mL

cKSCN = concentration potassium thiocyanate in mol/L

Calculate the concentration of sodium chloride in the sample (% by mass salt).
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AgNO

c

= concentration silver nitrate solution (calculated) in mol/L

VKSCN = average volume of potassium thiocyanate titre in mL

cKSCN = concentration potassium thiocyanate in mol/L

58.5 = molar mass sodium chloride in g/mole
m = mass of sample in mg

Expression of results

The result is given as the % by mass sodium chloride.
Student sheet: Salt intake calculation
Calculate your salt intake for 1 day.
You may use:

http://www.salt.gov.uk/cgi-bin/saltcalc.pl 

http://www.safefoodonline.com/article.asp?article=1216
Teacher’s document
Overview 
Students work as analysts in a salt production plant laboratory specialising in the analysis of the purity of salt. In two groups, they carry out two methods to determine the sodium chloride content in a sodium chloride sample. They choose the ‘best’ method for their laboratory, with respect to precision and accuracy. They also write a short working paper about the intake of salt of the individual members of both groups and indicate how they can decrease (if necessary) the intake, and discuss the working paper with an audience of fellow students and teachers. To be effective they need to have appropriate scientific skills and knowledge, be able to work together as a team and to communicate effectively.

Students learn to:
- Tackle scientific problems by applying their practical skills and their knowledge and understanding of precipitation titration and atomic emission spectrophotometry

- Observe, measure and analyse data from precipitation titration and atomic emission spectrophotometry, and to evaluate these

- Work with others and managing relationships with people

- Communicate by writing a working paper to be discussed with a range of audiences 

Developing students’ skills
Half of the students will carry out a precipitation titration, the other half atomic emission spectrophotometry. They should receive feed back after each one. 

Appropriate questions should be asked as prompts for their thinking.

The development of other skills will depend on the required assessment objectives for the course being followed by the students. The completed report on the ‘best’ method for the determination of the purity of salt and the working paper on the daily salt intake may all provide summative assessment evidence, judged against published grading criteria.
Organising and managing the class
The students should have experience of precipitation (back) titration and atomic emission spectrophotometry. 

It is suggested that students work in groups, minimum group size: 3.
Number of groups: 2 or more

- In case of 2 groups: split up the activities.

- More than 2 groups: some groups can do the same procedure.
Students from different groups compare their results to look at differences in measurements.

Every student should participate in the planning, the practical activity and the report. Make sure students have sufficient time to share and discuss their results before starting to write the report for the head of the laboratory (teacher) and the working paper on the daily salt intake.

Students need to recognise the importance of taking care and pride in their work. They need to be gently reminded of this while they are working. They may need three types of help:
- help with technical details, including manipulative skills and correct handling of chemicals and equipment
- help with, and vigilance over, health and safety issues

- help with working relationships in their group

Session plan for teachers

A suggested approach is:

- Teacher’s introduction to activity and check prior knowledge (about 25 minutes)

- Arranging students into groups to discuss and allocate the work (10 minutes)

- Carry out the practical work (about 180 minutes)
- Groups come together to share and discuss results (about 15 minutes)

- Completing the report and working paper (about 40 minutes)

Technical notes
· Equipment and materials

Materials and their CAS numbers

	Name
	Grade
	CAS Number

	Nitric acid
	Reagent
	7697-37-2

	Silver nitrate
	Reagent
	7761-88-8

	Potassium thiocyanate
	Reagent
	333-20-0

	Potassium nitrate
	Reagent
	7757-79-1

	Iron(III) ammonium sulfate dodecahydrate
	Reagent
	7783-83-7

	Sodium chloride
	AR
	7647-14-5

	Sodium chloride
	spectra pure
	7647-14-5


Equipment

Instruments

· flame photometer

· burette (brown)
· magnetic stirrer with stir bar

· calibrated analytical balance

Glassware and other equipment 

· 1000 mL volumetric flask (Class A)

· 2 x 250 mL volumetric flask (Class A)

· 7 x 100 mL volumetric flasks (Class A)

· 50 mL, 25 mL, 10 mL, 5 mL, 2 mL, 1 mL pipettes (Class A).

· 10 mL measuring cylinder
· conical flask
· Preparation

Sample

Sodium chloride

Dry the sample at 140 °C for 1 hour.

Solutions

Standardised silver nitrate solution (0.1 mol/ L)

If possible, dry 5 g of AgNO3 for 2 hours at 100 °C and allow to cool. Accurately weigh about 4.25 g of solid AgNO3 and dissolve it in 250 mL of distilled water in a volumetric flask. Store the solution in a brown bottle.

Standardised potassium thiocyanate solution (0.1 mol/ L)

Weigh 2.43 g of solid KSCN and dissolve it in 250 mL of distilled water in a volumetric flask. Standardise the solution using silver nitrate.

Ferric ammonium sulfate solution (saturated) 

Add 8 g of NH4Fe(SO4)2.12H2O to 20 mL of distilled water and add a few drops of concentrated nitric acid (6 mol/L).
Standards

Stock solution

Dissolve 2.542 g NaCl dried at 140 °C and dilute to 1000 mL with water. 1.00 mL contains 1.00 mg Na+.

Intermediate sodium solution

Dilute 10.00 mL stock solution with water to 100.0 mL. 1 mL contains 100 µg Na+. Use the intermediate solution to prepare the calibration curve in sodium range 1 to 10 mg/L.

Flame photometry

To prepare the calibration curve it is necessary to know the sodium range for the instrument you use. The students dissolve the sample; the concentration of the sodium in the volumetric flask should give a reading in the middle of the calibration curve.

Testing prior knowledge

Choose only one answer

1. The advised daily sodium intake for adults is not more than:

a) 6 g 

b) 7 g

c) 8 g

d) 10 g

2. You have to weigh out a sample containing 75 mg sodium. For sodium chloride this will be:

a) 30 mg

b) 191 mg

c) 300 mg

d) 382 mg

3. Why do you add potassium nitrate after the addition of silver nitrate to the chloride sample in Volhard’s method?

a) To see a clear endpoint of the titration

b) To precipitate impurities

c) To coagulate and shield the precipitate against the SCN- ions

d) To shield the precipitate against the Ag+ ions in the solution

4. The wavelength and colour of emitted light is characteristic of the excited element. This phenomenon makes qualitative analysis possible. What colour is emitted by sodium?

a) Violet
b) Purple
c) Yellow
d) Pale green

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

Testing prior knowledge

Choose only one answer

1. The advised daily sodium intake for adults is not more than:

a)
6 g 

b)
7 g

c)
8 g

d)
10 g

2. You have to weigh out a sample containing 75 mg sodium. For sodium chloride this will be:

a)
30 mg

b)
191 mg

c)
300 mg

d)
382 mg

3. Why do you add potassium nitrate after the addition of silver nitrate to the chloride sample in Volhard’s method?

a)
To see a clear endpoint of the titration

b)
To precipitate impurities

c)
To coagulate and shield the precipitate against the SCN- ions

d)
To shield the precipitate against the Ag+ ions in the solution

4. The wavelength and colour of emitted light is characteristic of the excited element. This phenomenon makes qualitative analysis possible. What colour is emitted by sodium?

a)
Violet
b)
Purple
c)
Yellow
d)
Pale green
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