








 
 

Environmental Biotechnology 

 

Estimation of Halides in Water Samples by Potentiometer 

Aim: 

To find out the strength of mixture of halides by titrating it against silver nitrate using 

potentiometer. 

 

Principle: 

The analysis of solutions made up of chloride and iodide by ordinary method is very long 

and tedious. But such mixture can be analyzed potentiometrically under proper conditions by a 

single titration with silver nitrate in presence of silver electrode. The first peak obtained gives the 

precipitation of least stable silver iodide, then immediately soluble silver chloride. From the 

volume of silver nitrate solution required to produce these peaks, the amount of each halide 

present in the mixture can be easily calculated. 

 

Chemicals Required 

 Silver nitrate            - 0.05N 

 Potassium chloride    - 0.05N 

 Potassium iodide       - 0.05 N 

 Saturated KNO3 solution 

 

Apparatus Required: 

Digital potentiometer, Silver electrode, Calomel electrode, Beaker, Pipette and burette 

 

Procedure 

The given solution of mixture of halides is made upto 100ml in a standard flask. 10ml of 

the made up solution is pipetted out into a clean beaker, 10ml of water is added and a silver 

electrode was dipped in it. This is connected by a KNO3 salt bridge to the other half cell, a 

calomel electrode. The potentiometric circuit is setup and the silver nitrate solution was added 

from the burette in 1ml portions and the EMF (Electromotive Force) for this was found out. 



 
 

The addition of AgNO3 is repeated until there is no considerable change in EMF. The 

rough graph is drawn by plotting EMF against the volume of AgNO3 to estimate the range of two 

end points. The experiment was repeated to determine the accurate end point and near the end 

point silver nitrate is added in 0.2ml aliquots and after each addition, the EMF is found out. 

ΔE/ΔV is plotted against the mean volume of AgNO3. A graph with two sharp peaks was 

obtained. The strength of KI and KCl in the mixture is calculated from the strength of AgNO3 

solution. 

Calculation: 

Strength of KI  

 Volume of AgNO3 required for KI in the mixture = 

 Normality of AgNO3 = 

 Volume of Mixture of Halides = 

 Normality of KI = 

 

Strength of KCl 

Volume of AgNO3 required for KCl in the mixture (V2-V1) - 

Normality of AgNO3= 

 Volume of Mixture of Halides = 

 Normality of KCl = N1V1 

                                                                    ------------------ 

                                                      V2 

Observation 

S.No. Volume of 

AgNO3 

added (ml) 

EMF 

(volts) 

∆V (ml) ∆E/∆V 

(volts/ml) 

Mean 

value of 

AgNO3 

(ml) 

      

 

Results: 

Strength of KI  : __________N 

Strength of KCl : __________N 



 
 

Estimation of Nickel using Spectrophotometer 

 

Aim: 

To estimate the concentration of Ni2+ aliquots from water sample 

 

Principle: 

When DMG is added to an alkaline solution of nickel salt which has been treated with an 

oxidizing agent a red colour is obtained. The red soluble complex contains Nickel in a higher 

oxidation state. The nickel complex in a higher about 445nm provided absorbance reading is 

made within 10mins of mixing. 

 

Chemicals Required: 

Nickel Ammonium Sulphate, Bromine Water, DMG. 

 

Apparatus Required: 

Standard flask, Beaker, spectrophotometer 

 

Nickel DMG complexation 

Prepare different aliquots of various concentration of Ni2+ from the standard solution and 

perform the complexation of Ni2+ (10ml pipetted out from each varying concentration). With 

DMG by employing the appropriate reagent 3ml Bromine water and Con.NH3 solution drop by 

drop till the colour of bromine disappears, then add ammonia in excess followed by 1ml of 1% 

DMG. 

 

Procedure 

The instrument was warmed up for 15mins after turning the zero control knob to the 

appropriate position for the selected wavelength. Adjust the display to 0% transmittance with the 

zero control knob. The sample compartment should be wakened during these operations. The 

blank solution (Double distilled water) was taken in the cuvette (The cuvette is wiped with a 

tissue paper in order to remove the liquid droplets and finger prints). The cuvette was placed in 

the sample compartment so that the guide mark on the cuvette matches with that at the front of 



 
 

the sample compartments. The cuvette was pressed inside the compartment and close the lid. 

Adjust the display to 100% transmittance with 100% T knob. The cuvette should be removed 

from the sample compartment and the lid was closed. A series of standard solutions of varying 

concentrations [10, 20, 30,…ppm] was prepared. 10ml of 20 ppm standard solutions of varying 

concentrations was pipetted out and Nickel DMG complex was prepared by adding suitable 

reagents. The cuvette was filled with and placed in the sample compartment and close the lid and 

the absorbance reading was noted. Repeat the procedure for other standard solution .The given 

unknown nickel solution was made up to 50ml. 10ml was pipetted out and complexation was 

performed as before. The complex was taken in cuvette and placed in the sample compartment 

and the lid was closed. The absorbance reading for the unknown was determined. A graph was 

drawn by plotting absorbance versus concentration. From the graph the concentration of 

unknown was determined. 

 

Result 

 The concentration of the unknown solution is _____ mg/l. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Determination of Sulphates by Turbidimetric method 

 

Aim: 

To determine the concentration of sulphates by turbidimetric method. 

 

Principle: 

Sulphate concentration is determined on the fact that light is scattered by particulate 

matter in aqueous solution.  When barium and sulphate react in water, they make the solution 

turbid which means the concentration of the sulphate can be measured by using 

spectrophotometer.   

  SO4
2-  +  Ba2(aq)   →  BaSO4(S) 

 

Chemicals Required: 

Glycerol, conc. HCl, Isopropyl alcohol, NaCl, BaC, distilled water.  

 

Apparatus Required: 

Glass wares and apparatus:  250ml Erhlenmeyer flask, 10ml test tubes   10nos.,  

 

Procedure:  

Preparation of conditioning reagent: 

Mix 50ml of glycerol with a solution containing 30ml conc. HCl, 300ml distilled water, 

1100ml isopropyl alcohol, and 75g. NaCl.  

 

Preparation of standard solution and graph 

1. Prepare a stock solution of sulphate and create four 100ml standards with the concentrations 

of 10ppm, 20ppm, 30ppm and 40ppm as follows 

2. Add 10ml of standard and 10ml of distilled water to a 250ml Erhlenmeyer flask.  Then add 

5ml of the conditioning reagent and stir gently.  Measure about 0.1g-0.2g of 20-30mesh 

BaCl and add to the flask.  Stir the contents of the flask for one minute.  After the 

completion of the stir time, quickly and carefully pour the contents into a spectrophotometer 



 
 

cell and let stand for five minutes.  Zero set the spectrophotometer at 420nm with distilled 

water and then take the absorbance of the standards (10, 20, 30 and 40ml).  Create a curve of 

absorbance vs concentration using the original concentrations of the standards.   

3. To find the concentration of the sulphates of the sample, take 20ml of water sample instead 

of standard, and allow the reaction.  Find the OD.  Extrapolate the result with standard 

graph. 

 

Calculation 

Optical Density = 

The amount of sulphates present in 2ml = 

The amount of sulphates present in 20ml of water sample = 

 

Observation 

Concentration of sulphates OD Values 

  

 

 

Result 

The amount of sulphites present in water sample________________________mg 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

Detection of Heavy Metals in Polluted Samples 

 

Aim: 

To detect the heavy metals in polluted samples. 

 

Chemicals Required: 

Sodium hydroxide, Aqueous ammonia, Potassium ferrocyanide 

 

Apparatus Required: 

Atomic-Absorption Spectroscopy  

 

Principle: 

          The technique uses the principle that free atoms (gas) generated in an atomizer can 

absorb radiation at specific frequency. Atomic-absorption spectroscopy quantifies the absorption 

of ground state atoms in the gaseous state . The atoms absorb ultraviolet or visible light and 

make transitions to higher electronic energy levels. The analyte concentration is determined from 

the amount of absorption.  

Concentration measurements are usually determined from a working curve after 

calibrating the instrument with standards of known concentration. Atomic absorption is a very 

common technique for detecting metals and metalloids in environmental samples. 

            

Zinc 

Zinc Ions are detectable in unknown samples using two test reagents: 

• Sodium Hydroxide and 

• Aqueous ammonia 

 

With Sodium Hydroxide Solution 

Limited Sodium Hydroxide Solution:  

Unknown salt solution containing zinc ions will form white gelatinous precipitate (white 

gel ppt) when sodium hydroxide solution is added in drops. The white gel precipitate so formed 

is zinc hydroxide, ZnOH. 

Zn2+(aq) + 2NaOH(aq) → Zn(OH)2(s) + 2Na+(aq) 



 
 

 

Excess Sodium Hydroxide Solution:  

The white gelatinous precipitate solublize zincate(II) when excess sodium hydroxide 

solution is added 

Zn(OH)2(s) + 2NaOH(aq) → Na2Zn(OH)4(aq) 

 

Note: Lead(II) ions, Pb2+, and Aluminium(III) ions, Al3+, are also positive with sodium 

hydroxide solution. Hence it is reasonable to suspect the presence of all three ions in any 

unknown sample treated with sodium hydroxide solution. 

 

With Aqueous Ammonia 

Limited Aqueous Ammonia:  

Unknown salt sample containing zinc ions will also form white gelatinous precipitate of 

zinc hydroxide, zn(oh)2, in the presence of limited amount of aqueous ammonia. 

Zn2+(Aq) + 2OH-(Aq) → Zn(OH)2(S) 

 

Excess Aqueous Ammonia: 

 The white gelatinous precipitate, Zn(OH)2, will also dissolve in excess aqueous ammonia 

Zn(OH)2(s) + 4NH4
+(aq) + 4OH-(aq) → Zn(NH3)4

2+(aq) + 2OH-(aq) + 4H2O(l) 

 

Lead(II) ions, Pb2+, and aluminium salts will also form white gelatinous precipitates in 

the presence of limited aqueous ammonia, but they will not dissolve in excess aqueous ammonia. 

Hence, it is accurate to infer that, Zn2+ is confirmed when the white gelatinous precipitate is 

soluble in excess aqueous ammonia. 

 

Test for detection of cadmium 

Make the sample slightly acidic by adding dil. HCl and then pass H2S gas. A yellow 

coloration or ppt. confirms presence of Cd2+ ion. Or, to the sample add sol. of potassium 

ferrocyanide.Greenish white ppt. or coloration confirms Cd2+ ion.  For titration method EDTA 

solution can be used. The pH of solution must be 5 and the indicator xylenol orange can be used . 

The end point will be blue to grey. 



 
 

 

Test for iron 

To test for the presence of iron (III) ion add potassium thiocyanate (KSCN) to the 

solution to get a blood red color. 

 

Test for cobalt 

To a drop of unknown solution, add several drops of NH4SCN in acetone or butanol. The 

bright blue color is the indication of Co2+.  

 

 

Detection of lead 

The solid is treated with hot water to dissolve any PbCl2 that is present. The hot solution 

containing Pb2- ion is then mixed with a solution of K2CrO4; if lead is present, a yellow 

precipitate of PbCrO4 will be produced. 

 

 

Observation 

Heavy Metal Observation/End Result Result 

Zinc   

Cadmium   

Cobalt   

Lead   

Iron   

 

 

 

 

 

 

 

 



 
 

Sampling Techniques for Waste Water Analysis 

a. Determination of pH 

 

Aim: 

To determine the pH of waste water 

Materials Required:  

1. Waste water collected from lake. 

2. Acetate buffer (pH = 4) 

3. Ammonium buffer (pH = 10) 

4. pH meter 

5. Tissue paper 

 

Procedure: 

1. Collect water from the polluted lake and transfer it into a beaker. 

2. Switch on the pH meter. 

3. Remove electrodes from storage solution and rinse with water. 

4. Bloat with soaked tissue paper. 

5. Standardize the instrument with electrodes immersed in a buffer solution (Acetate buffer 

pH = 4). 

6. Rinse, bloat and dry the electrodes to each tie. 

7. Check the pH on the pH meter (pH = 7). 

8. Rinse, bloat and dry the electrodes. 

9. Standardize the instrument with electrodes immersed in a buffer solution (Ammonium 

buffer pH = 10). 

10. Rinse, bloat and dry the electrodes and check the pH on the pH meter (pH = 7). 

11. Dip the pH electrode in the beaker containing waste water to be tested. Note the pH. 

12. Replace the electrodes in the storage solution. 

 

Result 

The pH of waste water collected from the pond is ______________. 

     The pH of treated water collected from dyeing factory is ________. 



 
 

b. Conductivity 

  

Aim: 

To determine the electrical conductivity in the given water sample. 

 

Method: 

EC meter method 

 

Apparatus required: 

Electrical conductivity meter, Water sample 

 

Procedure 

1. Rinse conductivity cell with three portions of KCl, 0.01M 

2. Immerse in the standard KCl solution 

3. Adjust temperature compensation dial to 0.0191/ °C 

4. Adjust meter to read 141µmho/cm 

5. Rinse cell with one of more portions of sample 

6. Adjust sample temperature to about 25°C 

7. Immerse cell in sample: sample level above vent holes 

8. Read & note conductivity of sample 

9. Measure temperature of sample & record to nearest 0.1°C 

10. Calculate EC at 25°C 

 

Results: 

         The electrical Conductivity of the given water sample _____________µmhos/cm.  

 

 

 

 

 

 



 
 

c. Estimation of Total Dissolved Solids 

 

Aim: 

To estimate the total dissolved solids in waste water sample 

 

Requirements 

Evaporating dish,crucible, weighing balance, Whatman filter paper, water bath, oven, 

dessicator. 

 

Procedure 

Total dissolved solids or TDS are the dissolved minerals in water. Take 250ml of given 

sample in glass or polythene wide mouthed bottle. Filter it through Whatman filter paper, and 

collect clear filtrate. Evaporate the clear filtrate in evaporating dish on a water bath. Heat at 

105°C for 1 hour in an oven. Cool in dessicator and take the final weight. 

 

Results: 

The amount of total dissolved solids in water sample is _______________ppm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

 

d. Determination of Dissolved Oxygen Content in Water Sample 

 

Aim: 

To measure dissolved oxygen content in water sample. 

 

Principle 

Under alkaline conditions (by adding Alkaline-iodide-azide), the manganese sulphate 

produces a white precipitate of manganese hydroxide. This reacts with the dissolved oxygen 

present in the sample to form a brown precipitate. On acidic condition, manganese diverts to its 

divalent state and release iodine. This released iodine is titrated against Sodium thiosulphate 

using starch as an indicator 

 

 

 

Apparatus Required: 

Water sample, narrow  mouthed stoppered glass bottle, burette, 250ml conical flask, 

measuring jar, standard flask of 1000ml capacity and glass rod. 

 

Chemicals Required: 

Manganese sulphate, Sodium hydroxide, sodium iodide, concentrated sulphuric acid, 

sodium thiosulphate, starch solution. 

 

Preparation of reagents: 

Manganese sulphate: Dissolve 480gms of MnSO4.4H2O in 1000ml distilled water. 

Alkaline iodide:  Dissolve 100gm NaOH+156g NaI in 1000ml distilled water. 

N/40 Sodium thiosulphate: Dissolve 6.025g sodium thiosulphate in hot distilled water 

to make 1000ml. 

2% starch solution: Add 2gm starch power gradually in warm distilled water by slow 

stirring.  

 



 
 

Procedure: 

Take 250ml glass stoppered narrow mouthed glass bottle and fill with sample water and 

stopper it.  Add 2ml MnSO4 and 2ml alkaline iodide and shake slowly to ensure precipitate 

formation. Let the precipitate settle.  Add 2ml concentrated H2SO4 to dissolve the precipitate and 

shake well.  Take 200ml of this sample in a conical flask and titrate it against standard NaS2O3.  

When colour changes to straw colour add 1-2 drops of starch solution as indicator and blue 

colour develops.  Add more Na2S2O3 drop wise till blue colour disappears.  The volume of 

Na2S2O3 used is equal to the dissolved O2 content in ppm, Multiply by 0.698 to get O2 content in 

ml/lit. 

 

Observation  

S. No 
Value of 

sample 

Burette Reading Volume of 

Na2S2O3 

Concordant 

Value (ml) Initial Final 

1      

2      

 

 

Calculation 

Dissolved oxygen content (DO) = (Volume x Normality x8 x 1000)    

                                                 -------------------------------------- 

                                                             Volume of sample 

Results 

The dissolved oxygen persent in the given water sample is _____________mg/l. 

 

 

 

 

 

 

 

 



 
 

 

 

e. Biological Oxygen Demand 

Aim 

To estimate the biological oxygen demand in the water sample 

 

Principal 

All the aquatic animals rely on the oxygen present in the water (dissolved oxygen) to live. 

Aquatic microorganisms use the organic matter discharged into the water as food source. 

Common natural sources of organic matter include plant decay and leaf fall. Bacteria will break 

down this organic matter using the dissolved oxygen in the water and there by produce less 

complex organic substances. With increased disposal of waste materials (including organic 

compounds), the utility of dissolved oxygen by the microorganisms will also increase.  So the 

water becomes depleted in oxygen. In this anaerobic condition, microorganisms will produce 

offensive products and may result in undesirable effects like fish asphyxiation. So the amount of 

dissolved oxygen in the water is an indicator of the quality of water. 

Biological oxygen demand is a widely used technique to express the concentration of organic 

matter in waste water samples. It is a measure of the amount of dissolved oxygen used by 

microorganisms in the water. If the amount of organic matter in sewage is more, the more 

oxygen will be utilized by microorganisms to degrade dumping sewage which containing high 

BOD value. Digestion of these organic compounds in neutral ecosystem such as lakes, rivers etc. 

can deplete available oxygen and result in fish asphyxiation. The BOD of a water sample is 

generally measured by incubating the sample at 20oC for 5 days in the dark room under aerobic 

condition (in BOD incubator). In the water samples where more than 70% of initial oxygen is 

consumed, it is necessary to aerate or oxygenate and dilute the sample with BOD free water (de 

ionized glass distilled water) pass through a column of activated carbon and redistilled to avoid 

O2 stress. 

 

 

 

 



 
 

Principle 

There is loss of oxygen in pond water due to decomposition. The estimation of BOD in 

fresh and incubated pond sample tends to indirectly indicate about the organic content as BOD is 

widely used by microorganisms and decomposers. 

 

Materials required 

• Alkaline-iodide-azide solution 

• Manganese sulphate 

• Con. Sulphuric acid 

• Starch solution 

• 0.025N sodium thiosulphate 

• BOD bottle 

• Water bottle 

• Pipettes 

• Measuring cylinders 

• BOD Incubator 

• Burette and burette stand 

• Standard flask 

• Magnetic stirrer 

• Stir bar 

• Glass funnel 

• Gloves 

• Glove box 

• Tissue paper 

 

Procedure  

1. Collect the water sample from a pond. 

2. Carefully fill a BOD bottle with sample water without making air bubbles. 

3. Add 2ml of manganese sulfate to the BOD bottle carefully by inserting the pipette just 

below the surface of water. So that you can avoid the formation of air bubbles. 



 
 

4. Add 2 mL of alkali-iodide-azide reagent in the same manner. 

5. Close the bottle and mix the sample by inverting many times. A brownish cloud will appear 

in the solution as an indicator of the presence of Oxygen. 

6. Allow the brown precipitate to settle out to the bottom. 

7. Add 2ml of Conc.H2SO4 carefully without forming air bubbles. 

8. Close the bottle and mix the solution well to dissolve the precipitate. 

9. Keep the bottle in BOD incubator for 5days of incubation. 

10. After incubation, titrate 50 ml of sample water with 0.025N Sodium thiosulphate to a pale 

yellow color. 

11. Then add 2ml of starch solution. So the sample turns blue in color. 

12. Continue the titration till the sample gets clear and note the readings. 

13. The concentration of dissolved oxygen in the sample is equivalent to the number of 

milliliters of titrant used.   

Calculation: 

Oxygen content in the sample A =  __________mg/l 

Oxygen content after incubation at 200 ±C for 5 days (B)  =  ________________mg/l 

BOD in the given sample (A-B) =  _________________. 

 

Observation 

S. No 
Volume of 

sample 

Burette Reading 
Difference A Mean 

Initial Final 

1      

2      

 

 

Results: 

The BOD for the given sample _ _________________ mg/l. 

 

 

 

 



 
 

f. Determination of Chemical Oxygen Demand (COD) 

 

Aim: 

To determine the chemical oxygen demand of the given water sample. 

 

Requirement: COD reflux apparatus consisting of a flat bottom 500ml flask with condenser.   

 

Chemicals: 

Potassium chromate, concentrated sulphuric  acid, ferrous ammonium sulphate, mercuric 

sulphate, Ferroin indicator. 

 

Reagents Preparation 

Potassium chromate solution (0.25N):  Weigh 1.22 gm of Potassium di chromate and 

dissolve in distilled water (100ml) and make upto 100ml. 

Sulphric acid-Silver sulphate reagent : Add 10gm of Silver sulphate in 1000ml con. 

Sulphuric acid and keep over night for dissolution. 

Ferrous ammonium sulphate : 0.25N : Dissolve 24.5087 gm of FAs in 150ml of 

distilled water and add 5ml of con. Sulphuric acid and dilute to 250ml in SMF. 

 

Procedure  

Take 500ml capacity flat bottom flask and add 0.4gm Mercuric sulphate.  Add 30ml of 

sample and dilute with 20ml of distilled water and mix well.  Add few glass beads followed by 

10ml of 0.25 N potassium dichromate depending upon the expected COD.  Add slowly 30ml 

Con. Sulphuric acid and silver sulphate reagent and mix thoroughly.  The slow addition on 

swirling prevents fatty acids to escape due to high temperature.  Mix well. If the colour turns 

green take either fresh sample with lesser aliquot.  Connect the flask to condenser. Mix the 

contents before heating/. Improper mixing will result in bumping and sample may be blown out. 

Reflux for a minimum of 2hrs.  Cool and then wash down the condenser with distilled water.  

Then titrate with 0.25N ferrous ammonium sulphate by using ferroin indicator (2 to 3 drops).  

The end point Is  the change of green colour to wine red.  Perform blank in the same manner 

using distilled water instead of sample. 



 
 

Calculation 

  COD (mg/l)  =      Blank-Sample xNormality of FAS x 8 x 1000 

                                     ------------------------------------------------------       

                                                Volume of the sample 

 

Observation 

 

S. No 
Value of 

sample (ml) 

Burette Reading Total Volume 

Final-Initial (ml) 

Concordant 

Value (ml) Initial Final 

1      

2      

 

 

Result: 

The chemical oxygen demand of the given sample ______________mg/l. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

g. Estimation of Free CO2 

Aim 

To determine the amount of free carbon di-oxide content in the water sample. 

Requirements 

Sample bottle, titration flask, burette, phenolphthalein indicator 1N NaOH stock solution, 

N/44 NaOH. 

Reagent Preparation 

Preparation of 1.0N NaOH as stock solution: Weigh 40 g NaOH in 1000ml boiled CO2 

free distilled water. Store in a polythene air tight bottle. 

N/44 NaOH: Take 22ml of 1N NaOH and dilute to 1000ml. standardize this solution 

with H2SO4 or HCl. 

 

Procedure 

Take 100ml of the sample water in a conical flask and add a few drops (2-3) of  

phenolphthalein indicator. If the colour changes to pink, it indicates the absence of free CO2 in 

the sample. If the sample remains colourless, titrate with N/44 NaOH till the light pink colour 

just appears. Note this reading. 

Calculation 

Free CO2 (mg/l) =    Volume of NaOH used x 1000 

                                        ------------------------------------- 

                                           Volume of the sample used 

 

Observation 

S. No 
Value of 

sample (ml) 

Burette Reading 
Volume of NaOH 

Concordant 

Value (ml) Initial Final 

1      

2      

 

 

Result 

The amount of free CO2 I n the given sample _________________mg/l. 



 
 

g. Estimation of Total Alkalinity 

Aim 

To estimate the total alkalinity of the given water sample 

 

Requirements 

Methyl orange indicator, Sample bottle, titration flask, burette, phenolphthalein indicator, 

1N NaOH stock solution, N/44 NaOH. 

Reagent Preparation 

Preparation of 1.0 N NaOH as stock solution: Weigh 40 g NaOH in 1000ml boiled 

CO2 free distilled water. Store in a polythene air tight bottle. 

N/44 NaOH: Take 22ml of 1N NaOH and dilute to 1000ml. standardise this  solution 

with H2SO4 or HCl. 

 

Procedure 

Take 100ml of the sample in the flask, add 2-3 drops of methyl orange indicator and 

titrate with N/50 H2SO4 till colour changes to orange. 

 

Calculation 

Alkalinity (mg/l) = Volume of H2SO4 x Normality of H2SO4 x 50 x 1000 

                            --------------------------------------------------------------- 

                                                          Volume of sample 

Observation 

S. No 

Value of 

sample 

(ml) 

Burette Reading 
Volume  

H2SO4(ml) 

Concordant 

Value (ml) Initial Final 

1      

2      

 

 

Result 

The total alkalinity of the s ample __________mg/l. 



 
 

 

h. Hardness of Water 

Aim: 

To estimate the hardness of the given water sample. 

 

Principal 

Presence of carbonates, bicarbonates, sulphates and chlorides of calcium and magnesium 

causes hardness of water. EDTA titration method is used. 

 

Requirements 

Titration flask, burette, beaker, reagent bottle. 

 

Reagent Preparation 

EDTA Solution: Dissolve 4 g EDTA and 0.1 gm of MgCl2 in 800ml distilled water. 

Standardize it against standard calcium of or magnesium solution and store in plastic bottle. 

Hardness indicator make saturated solution in 80% C 2H 5OH. 

Buffer solution: Dissolve 67.5 g NH4Cl in 570ml ammonia solution and dilute it to 1 

litre. Keep in glass or plastic bottle. 

 

Procedure 

Take 50ml of the sample and add 1 ml buffer solution and few drops of hardness 

indicator Titrate with EDTA with continuous shaking till redish colour disappear and blue colour 

appears.EDTA forms colourless complex with Ca and Mg and colour of indicator changes to 

blue. 

 

Calculation 

    Total Hardness    =   Volume of EDTA x Normality of EDTA x 50 x    100                           

                                 ----------------------------------------------------------- 

                                                         Volume of sample 

 

 



 
 

 

Observation 

S. No 
Value of 

sample (ml) 

Burette Reading Concordant 

Value 
End Point 

Initial Final 

1      

2      

 

Results 

The total hardness of the given water sample is _____________mg/l. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 
 

                                       Bioremediation of Heavy Metal from Soil 

                          Removal of Iron by Fenugreek Plants from Foundry Soils.   

 

Analysis of Iron  

The test for the iron (III) ion is done in solution and is based on the following reaction: 

Fe3+(aq)  +   SCN-(aq)  →  Fe(SCN)2+(aq) 

The deep read color of the iron (III) thiocyanate ion is directly related to the 

concentration of iron (III) originally present in the solution.  Iron in soil/foods /plants are in the 

form of either iron (II) or iron (III).  In this test, all iron in the original sample is either converted 

to iron (III) ions or is not determined through the thiocyanate test. 

 

Materials/Equipment: 

• 0.001M Fe(NO3)3 solution in 0.1 M HCl 

• 0.1M KSCN 

• 0.1M HCl 

• 2.0 M HCl 

• Distilled water 

• Fenugreek (Trigonella foenum) 

• Crucible 

• Muffle furnace 

• Funnel 

• Filter paper 

• Beakers 

• 20x150 mm test tubes/test tube rack 

• Spectrophotometer or UV-VIS 

• Cuvettes 

 

Procedure: 

            Preparing the Standards 

1. The following solutions were prepared in five test tubes.   



 
 

Test Tube 0.001 M Fe(NO3)3 (mL) H2O (mL) Concentration (mM/L) 

1 0 20 mL 0.1 M HCl 0.00 

2 5 15 0.25 

3 10 10 0.50 

4 15 5 0.75 

5 20 0 1.00 

 

       The contents were mixed thoroughly with a stirring rod. 

2. 2.5 mL of 0.1 M KSCN was added to each test tube and mixed well.  A red color will appear   

from the formation of the FeSCN2+ ion based on the intensity of Fe (III) 

3. To convert mM in the above table to ppm,  the concentration in mM  was multiplied by the    

molecular weight of   the solute. 

Cultivation of Fenugreek: 

Fenugreek seeds were soaked overnight and known number of seeds was sown in pots 

with foundry soil and garden soil. The plants were irrigated using de-ionised water. Germination 

percentage and iron content of the plant as a whole were measured in 21, 28 and 35 seedlings. 

Preparing the Plant Samples 

Weighed out about 2.5 g of the plant sample and placed in a crucible. The crucible was 

kept in a muffle furnace until the plant sample has turned to ash.  The ash was allowed to cool 

and transferred to a small beaker. Then 10 mL of 2.0 M HCl was added and carefully stirred for 

one minute.  10 mL of distilled water was then added and stirred well. The mixture was filtered 

and to this. 2.5 mL of 0.1 M KSCN was added and contents mixed well. The red colour solution 

formed is measured for its absorbance at 458nm on UV visible spectrophotometer. Both foundry 

and garden soils were also tested for their iron content before and after raising the seedlings by 

the same procedure. 

The results were compared with standard graph drawn using known concentrations of 

iron as described above. 

 

Results: 

Amount of iron in garden soil ________________kg/ha 

Amount of iron present in the foundry soil _________kg/ha. 




