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Introduction 
 
Corals are marine animals. They typically live in colonies of many identical individual ‘polyps’. The group includes the 
important reef builders that inhabit tropical oceans and secrete calcium carbonate to form a hard skeleton. Reefs are 
extremely diverse marine ecosystems which host over 4,000 species of fish and many other marine animals. Coral reefs 
are under stress around the world. Localized threats to coral ecosystems include coral mining, agricultural and urban 
runoff, pollution, overfishing, disease and the digging of canals and access into islands and bays. Broader threats are sea 
temperature rise, sea level rise and pH changes from ocean acidification, all associated with greenhouse gas emissions. In 
an attempt to educate the public about these problems and also to protect endangered types of corals and associated fish 
species ‘Ocean World’ has established large coral ecosystem tanks at their aquaria to facilitate breeding programmes and 
research. However, some of the tanks are exhibiting signs of ‘coral distress’. Your task is to analyse the water from the 
affected tanks and to try to deduce the root cause. 
 
Background 
In this section, the theory of each analytical method is explained. Enough detail is provided to allow you to understand 
what you are doing and why you are doing it. You will also be provided with information of the typical concentrations 
necessary for healthy aquaria. 
 
Units and ppm 
In this booklet you will encounter several ways of describing concentration. The first is “molarity”. This should be familiar 
to you and describes the number of moles per cubic decimetre (mol dm

-3
) of each chemical. This is also sometimes 

referred to as mol L
-1

 or M. The second is “parts per thousand” or “ppt”. This unit may not be familiar to you, but it simply 
describes the number of g of a particular analyte per litre of aqueous solution, for example 1 g of sodium in 1 litre of 
water would be 1 ppt sodium. The third is “parts per million” or “ppm”. This again describes the number of mg of a 
particular analyte per litre of aqueous solution, for example 1 mg of copper in 1 litre of water would be 1 ppm copper. It is 
frequently encountered for elements rather than molecules, i.e. copper rather than copper sulphate. Other common units 
for concentration are mg L

-1
 & g L

-1
. 

 

Titrimetric analysis of calcium 

Calcium can be determined using many analytical techniques, but a straightforward method is to titrate the calcium 
solution with ethylenediaminetetraacetic acid (EDTA) using a coloured indicator to determine the ‘end point’. The calcium 
solution is pipetted into a conical flask, the pH buffered and a total hardness tablet added as an indicator. At this stage, 
the solution is red. The burette is filled with EDTA solution, and then it is slowly delivered into the conical flask. The EDTA 
reacts with any available calcium to form a complex ion. At the end point a blue solution is produced. 
 
Calcium is the fifth most abundant element in the Earth’s crust. It is essential for living organisms, particularly in cell 
physiology, and is the most common metal in many animals. Corals need sufficient calcium and magnesium amongst 
other trace elements to flourish. For healthy coral growth a typical concentration of between 350-400 ppm is needed. 
This is much higher than the level of calcium needed for other sea life such as snails and shrimps where 70-140 ppm is 
sufficient. 

 

Spectrophotometric determination of copper 

Many molecular species absorb radiation in the UV or visible regions of the electromagnetic spectrum. Solutions 
containing such molecules may be colourless or coloured, and the amount of light absorbed depends on the 
concentration of the molecules. It is slightly more complex than that, indeed the absorbance (A) of any solution is related 

to three parameters; the molar absorptivity coefficient () of the molecules at the wavelength used, the concentration of 
the absorbing species (c) and the path length (l) through the solution. This is expressed as Beer’s law (equation 1) and 
describes the relationship between the measured absorbance and the concentration of the absorbing species. 
 

A = cl                                        (equation 1) 
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In experiments like the one here, the pathlength is usually fixed at 1 cm. This is simply achieved by using a glass, plastic, or 
quartz cuvette that has holds a column of liquid exactly 1 cm in thickness. The molar absorptivity coefficient is usually 
different for each absorbing species present, and has the units of  
mol

-1
dm

3
cm

-1
. The molar absorptivity coefficient can readily be determined by producing a calibration graph of 

absorbance versus concentration (measure the absorbance of a series of solutions of known concentration). Assuming a 1 

cm cuvette was used, then the gradient of the line is . Once the calibration graph has been produced, it is relatively 
simple to determine the concentration of the analyte in a solution where the concentration of the analyte is not known. 
The absorbance of the solution can be read from the graph and by rearranging equation 1, the concentration can easily 
be calculated.  
 
The only problem with this method is that many species do not absorb light at a convenient wavelength or there are 
interferences. An alternative approach is to measure the analyte indirectly, by derivatising it to a species that absorbs at a 
suitable wavelength. Ideally this procedure should eliminate any interference since the derivatising reagent should only 
react with the analyte of interest. Copper is a good example where direct analysis by spectrophotometry would be 
difficult. Instead, we react the copper with cuprizone and ammonia to form a blue complex. This gives a blue solution 
whose absorbance is conveniently measured at 600 nm.  
 
Copper is an essential nutrient to all higher plants and animals but in sufficient amounts it can be poisonous or even fatal 
to all organisms. Copper is used in anti-fungal/anti-bacterial treatments and against ‘Ich’ (ichthyophthirius multifiliis) a 
parasitic disease which appears as random white spots on the surface of the skin or gills in fish so is very helpful in 
maintaining a healthy fish population. It is typically added as copper sulphate at a concentration of 0.1 mg L

-1
 copper. 

Corals are very sensitive to copper poisoning. In an aquarium tank it is imperative that calcium levels are maintained as 
these help to prevent copper absorption by the corals leading to ‘coral bleaching’ which is often fatal. 
 

Atomic emission spectrometric determination of sodium 

When ions are heated in a flame, some of them become electronically excited. In order to return to the electronic ground 
state, they have to emit light at a characteristic wavelength. The amount of light is proportional to the temperature of the 
excitation source and the concentration of ions present. Thus if a flame in used to excite the ions, and the flame 
temperature is constant, then the amount of light emitted will be proportional to the concentration.  
 
While all elements can be made to emit light, the temperatures required can be extreme. For some elements, e.g. lithium, 
sodium, and potassium, emission can be obtained at much lower temperatures. Flame photometry uses a cool flame to 
excite the ions, and thus only a few elements emit. This means that the emission spectrum is very simple, and unwanted 
emission wavelengths can be readily removed using a filter. Here, we use a flame photometer to measure the sodium 
emission from a suspect sample. Aqueous samples of sodium ions are aspirated into the methane/air flame and a 
percentage become electronically excited. As they return to the ground state, they emit light; this gives rise to the 
characteristic yellow colour in the flame. A filter is used to block out the other wavelengths so that only that due to the 
sodium emission reaches the detector. The amount of sodium in the sample can easily be determined from a calibration 
graph. This is produced by first analysing a set of calibration standards and plotting a graph of sodium concentration vs. 
instrument reading. The unknown concentrations can then be determined from the graph.  

 
Seawater has an average salinity of about 3.5% or 35 ppt ie 35 g of dissolved salts, predominantly sodium chloride in 1000 
g water. Equivalent to 14 ppt sodium. 

 
What is required? 
In your team of three decide who is going to do each analysis; then read the experiment you are going to do. Each 
experiment has a section explaining the hazards of the chemicals you will be using; you should read this section carefully. 
Once you are happy with what you are going to do, you should begin the practical work. Pool the results of the three 
experiments in your ‘neat copy’ of the answer booklet and hand this in together with the graphs. Make sure your names 
are correctly and clearly spelled as there is nothing worse than a participation certificate with your name spelled 
incorrectly! Good luck and enjoy the challenge. There are marking guidelines alongside the tasks to guide you in the depth 
of answer required. Good communication is very important so make sure your calculations are laid out well. 
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Experiment 1: Titrimetric analysis of calcium 
 
The ions involved in water hardness i.e. calcium (Ca

2+)
 and magnesium (Mg

2+
) ions can be determined by titration with a 

chelating agent, ethylenediaminetetraacetic acid (EDTA). It is these ions which allow the coral to build up its structural 
integrity. In this practical, tablets for detecting Ca

2+
 ions will be utilised as the end point indicator in the titration as they 

change from yellow to red. One EDTA molecule reacts with one metal ion to form a complex ion. (Image from Wikimedia 
commons) 
 
Safety: 
PPE  must be worn. Safety spectacles and lab coat. 
Spillages must be mopped up immediately. 
If you get any on your skin wash off with water. 
 
Reagents: 
0.005 mol dm

-3
 EDTA solution 

aquarium water 
NH3-NH4Cl buffer solution 
‘total hardness tablets’ – indicator (5 provided) 
distilled water 
 
Apparatus: 
50 mL burette 
25 mL bulb or graduated pipette 
5 mL calibrated pipette (2 mL buffer) 
pipette filler 
funnel 
250 mL conical flask 
glass rod/stirrer 
white tile/filter paper for under titration flask 
clamp, boss and stand 
permanent marker or labels 
 
Results Table: 
 

 rough Run 1 Run 2 Run 3 

Final reading (mL)     

Initial reading (mL)      

Titre (mL)     

Identify results 

used in average 

titre 

    

Average titre  

 
 
Experimental Procedure: 
Take all precautions to ensure an accurate titration 

1. Fill burette with EDTA 
2. Pipette 25 mL aquarium water into the conical flask 
3. Add 2 mL buffer solution and one calcium tablet 
4. Crush tablet with the glass rod and swirl to dissolve 
5. Carry out a rough titration with 0.005 mol dm

-3
 EDTA until the solution turns from red to blue 
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6. Complete accurate titrations until concordant results (within 0.10 mL) are achieved 
7. Calculate average titre value 
8. Calculate the number of moles of EDTA in the titre 

 
 

9. From the reaction equation determine the number of moles of calcium ions in the 25 mL aquarium water sample 
 
 
 

10. Calculate a value for the molarity of Ca
2+

 ions in mol dm
-3

 in the aquarium water 
 
 
 
 

11. Determine the concentration of Ca
2+

 ions in mg dm
-3

 and ppm (Periodic table on inside front cover of  booklet) 
 

12. Comment on your findings 
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Experiment 2: Spectrophotometric determination of copper 

 
This analytical test is based on the quantitative formation of a blue complex when Cu

2+
 ions react with cuprizone (oxalic 

acid bis cyclohexylidine hydrazide) in an ammoniac solution. The absorbance of the complex can be measured 
photometrically at 600 nm. 

 
 

(image from labint-online.com) 

 

 

 

 

Safety: 

PPE  must be worn. Safety spectacles and lab coat. 
Spillages must be mopped up immediately. If you get any on your skin wash off with water. 
copper solutions are accumulatively poisonous but at this strength no significant adverse health effects 
cuprizone at this strength no significant adverse health effects 
2 mol dm

-3
 ammonia irritant at this strength 

 
Reagents: 
2 mol dm

-3
 ammonia solution 

cuprizone solution 
copper (II) stock solution (100 mg L

-1
) 

aquarium water 
distilled water 
 
Apparatus: 
7 x 100 mL volumetric flasks 
1 mL graduated pipette for ammonia solution 
5 or 10 mL graduated pipette for copper (II) solution 
20 mL bulb pipette for cuprizone solution 
cuvette(s) 
spectrophotometer set at 600 nm 
permanent marker or labels 

Preparation of a 10 mg L
-1

 intermediate copper (II) solution: 

Transfer 10 mL copper stock solution to a 100 mL volumetric flask and fill to the mark with distilled water. Invert several 
times to ensure thorough mixing. 
Below is an explanation of how to use the dilution equation. 
 c1v1 = c2v2 
Where: 
c1 is concentration of initial solution (100 mg L

-1
) 

v1 is volume of initial solution (10 mL) 
c2 is final concentration 
v2 is final volume (100 mL) 
 
rearranging v2 = c1 v1 ÷ c2 
                         = 100 x 10 ÷ 100 
                         = 10 mg L

-1
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Preparation of calibration solutions: 
Transfer the required amounts (calculate using the dilution equation) of copper (II) intermediate  
(10 mg L

-1
) solution, cuprizone solution and ammonia solution as laid out in the table below to a 100 mL volumetric flask 

and fill to the mark with distilled water. Invert the flask several times. 
 
Preparation of test solution from aquarium water: 
Pipette 20 mL cuprizone and 1 mL ammonia solution into a 100 mL volumetric. Fill to the mark with aquarium water. 
Invert the flask several times. 
 
ALLOW THE VOLUMETRIC FLASKS TO STAND FOR THE BLUE COLOUR TO DEVELOP – 20 MINUTES 
 
Consult a demonstrator about the operation of the spectrophotometer. 
 
Check the wavelength on the spectrophotometer is set to 600 nm then measure the absorbance of your calibration 
standards and the aquarium standard.  
 

1. Complete the results table. You should obtain two readings for each solution.  
 

2. Calculate the average absorbance for each solution. 
 
 

copper (II) 
strength  
(mg L

-1
) 

Volume of 
intermediate 
copper (II) 
solution (mL) 

Cuprizone 
solution 
(mL) 

ammonia 
solution (mL) 

absorbance 
run 1 

absorbance 
run 2 

average 

0.0  20 1  
 

  

0.1  20 1  
 

  

0.2  20 1  
 

  

0.3  20 1  
 

  

0.5  20 1  
 

  

aquarium 
water 

 20 1    

 
3. Plot a graph of concentration vs average absorbance for the cuprizone complex. 

 
4. Use your graph to determine the concentration of copper (II) ions in the aquarium water. 

 
Answer:  _______________ mg L

-1 

 
               _______________ ppm 
 

5. Is the copper ion content appropriate for the prevention of Ich? 
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Experiment 3: Atomic emission spectrometric determination of sodium 

Safety: 

PPE  must be worn. Safety spectacles and lab coat. 
Spillages must be mopped up immediately. 
 
Reagents: 
oven dried sodium chloride 
aquarium water 
distilled water 
 
Apparatus: 
1 L volumetric flask 
6 x 100 mL volumetric flask 
10 mL graduated pipette 
pipette filler 
permanent marker or labels 
 
Procedure: 

1. Prepare a 100 ppm stock solution of sodium (from sodium chloride) by weighing 0.255 g of sodium chloride, and 
dissolving it in deionised water. Make up to 1 L. 

2. By dilution of the 100 ppm stock solution, prepare five calibration solutions in the range 0-40 ppm sodium. (see 
page 7 for dilution equation) 

3. Prepare a diluted sample of aquarium water as follows: 
Take 1 mL aquarium water and dilute to 100 mL – call this the intermediate aquarium water 
Take 10 mL of this intermediate aquarium water and dilute to 100 mL – call this the diluted sample 

4. Consult a demonstrator about the operation of the flame photometer. 
5. Check the filter on the flame photometer is set to sodium, and then aspirate your 40 ppm calibration solution 

into the flame photometer to check that the response is on the scale. 
6. Once you are happy that the top calibration standard is on the scale, aspirate each of your standards in 

increasing concentration order and then the aquarium diluted sample. Note down the readings in the table 
provided. It is best to take two readings for each solution. 
 

ppm sodium volume  of  
100 ppm used 

reading run 1 reading run 2 average reading 

0     

10     

20     

30     

40     

diluted aquarium 
water 

    

 
7. Plot a graph of concentration vs. average reading for the sodium emission. 

 
8. Use your graph to determine the concentration of sodium in the diluted aquarium sample. 

 
Answer:____________ 
 

9. Now work back to estimate the concentration of sodium in the neat aquarium water. 

 
 
 


