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Lab Experiments:
1. Physical Characterization of water: Turbidity, Electrical Conductivity, pH
EXPERIMENT- 1.1
Object- To determine the pH value of the given water sample using digital pH meter.
Apparatus and reagent- pH meter, Standard flasks, Magnetic Stirrer, Funnel, Beaker Wash Bottle, Tissue Paper, Forceps , Buffers Solutions of pH 4.0, 7.0 and 9.2 , Potassium Chloride, Distilled Water
Procedure -Using the buffer solutions calibrate the instrument.
In a 100 ml beaker take pH 9.2 buffer solution and place it in a	magnetic stirrer, insert the Teflon coated stirring bar and stir well. Now place the electrode in the beaker containing the stirred buffer and check for the reading in the pH meter. If the instrument is not showing pH value of 9.2, using the calibration knob adjust the reading to 9.2.Take the electrode from the buffer, wash it with distilled water and then wipe gently with soft tissue. In a 100 ml beaker take pH 7.0 buffer solution and place it in a magnetic
Stirrer, insert the Teflon coated stirring bar and stir well.
Now place the electrode in the beaker containing the stirred buffer and check For the reading in the pH meter. If the instrument is not showing pH value of 7.0, using the calibration knob adjust the reading to 7.0. Take the electrode from the
buffer, wash it with distilled water and then wipe gently with soft tissue. In a 100 ml beaker take pH 4.0 buffer solution and place it in a magnetic stirrer, insert the Teflon coated stirring bar and stir well. Now place the electrode in the beaker containing the stirred buffer and check
for the reading in the pH meter. If the instrument is not showing pH value of 4.0, using the calibration knob adjust the reading to 4.0.Take the electrode from the buffer, wash it with distilled water and then wipe gently with soft tissue. Now the instrument is calibrated.

Observation Table-
	S.No
	Temperature of Sample (ºC)
	pH

	1
	
	

	2
	
	

	3
	
	

	4
	
	



Calculation –
To determine the value of pH of the given water sample the readings obtained are required to be tabulated
Result-

Precaution- 1.	For warming the instrument, proper time duration  should be given.



2. Temperature of the solution should not change appreciably during the measurements.
3. Glass electrode should be properly washed & dried before use.


Experiment No.1.2
Objects- To determine the turbidity in given sample using Nephelometric Turbidity meter
Apparatus and material required: Nephlometric turbidity meter, standard solutions, distil water and sample solutions.
Theory: Turbidity is the measure of interference by the suspended matter present in water to the passage of light. It is caused by wide variety of suspended and colloidal materials. Slit
, clay, untreated industrial and domestic elements, organic materials, effluents from sewage treatment plants and agricultural runoff contribute to turbidity . Due to turbidity , filtration of water is rendered more difficult and costly.
Many of the pathogenic bacteria cause health problems in public water supplies. The standard unit for turbidity is generally that which is produced by 1 milligram of finely  divided silica dissolved in 1 Litre of distilled water. Turbidity can be expressed in ppm also. A turbidity measurement could be used to provide an estimation of total suspended solids.
Procedure:
Preparation of standard solutions:
1. Dissolve 1g hydrazine sulphate in distilled water and dilute to 100 ml in a volumetric flask. (Solution)
2. Dissolve 10g hexamethylenetetramine and dilute to 100 ml in a volumetric flask
.(solution 2)
3. Mix 5 mL each of ‘solution 1’ and ‘solution 2’. Allow the mixture to stand for 24
hours and dilute to 100mL. After completion of reaction. The mixture will have a turbidity of 400NTU. Solution of 200NTU can be prepared by mixing 50mL of 400NTU solution with 50mL distil water and 100mL NTU solution can be prepared by mixing 25 mL NTU solution with 75 mL distil water
Calibration of apparatus and operation of instrument:
1. Switch on the instrument and keep is ‘on’ for some time till it warm up.
2. Take a blank solution (turbidity free water) and set Zero with ‘set Zero’ knob.
3. Take standard suspension and set ‘display ‘ to the value of standard suspension with
calibrating knob.
4.  Now take unknown sample solution and note their turbidity.



Observation table:

	S.No.
	Samples
	Turbidity (NTU)

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	




Results: Turbidity of given water sample 1, 2, 3, 4, 5----------------NTU
Precautions:
1. Turbidity meter should be switch on for few minutes till it warm up.
2. Sample should be shaken well to remove the air bubbles.
3. Hydrazine sulphate is carcinogenic inhalation, ingestion and skin contact must be avoided.


EXPERIMENT -1.3
Object-  To determine the conductivity of water sample using digital conductivity meter.
Apparatus and reagent- Conductivity Meter with Electrode /ATC probe, Magnetic Stirrer with stirring bead, Standard flask, Measuring jar, Beaker 250 ml, Funnel, Tissue Paper, Potassium Chloride, Distilled Water
Procedure- For testing the given water sample first the reagents are to be prepared. Than the Conductivity Meter is required to be calibrated.
PREPARATION OF REAGENTS-
Potassium Chloride Solution (0.1N):-
Switch on the Electronic balance, keep the weighing pan, and set the reading to zero. Measure 50 ml of distilled water and transfer it to the beaker Weigh 0.7456g of Potassium chloride. Transfer the 0.7456g of potassium chloride to the beaker contains distilled water and mix it by the glass rod until it dissolves thoroughly.
Transfer the contents to the 100 ml standard flask. Make up the volume to 100 ml, by adding distilled water and shakethe contents well. This solution is used to calibrate the conductivity meter. An electrical conductivity meter is used to measure the conductivity in a solution. Basically the conductivity unit consists of before starting  the experiment switch on the instrument for at least 30 minutesso that the instrument stabilizes.  Using the same electrode the  conductivity	meter can measure three parameters	1. Conductivity, 2. Selenity,  3 Total Dissolved Solids (TDS)The Room temperatures can also be displayed using Automatic	Temperature  control (ATC) probe. The Mode button is pressed to select the parameter to be	measured. The Display can show conductivityReading in microsiemens or in millisiemens. The Conductivity of a solution is highly influenced by temperature	therefore it is



necessary to calibratethe instrument at the same temperature as the solution is being measured Take 0.1N Potassium Chloride in a beaker. Switch on the magnetic stirrer and place the beaker on the stirrer. Insert the magnetic bead in the beaker.
Place the electrode inside the solution. Select the calibration button and using up anddown key adjust the conductivity of the 0.1N potassium chloride solution to 14.12millisiemens / cm at 30oc. Now the meter millisiemens / cm at 30oc. Now the metersamples. Rinse the electrode thoroughly with deionizer water and carefully wipe with a tissue paper.
Observation Table-

	S.No.
	Temperature of Sample (ºC)
	conductivity

	1
	
	

	2
	
	

	3
	
	

	4
	
	

	5
	
	




Calculation –
Result-The strength of given HCl solution……………………..g/L
Precaution-1 Temperature of the sample should be carefully noted as conductivity changes with temperature.
2. Conductivity cell should be properly dipped in the solution.
3. At the end conductivity cell should be properly washed and dipped into distilled water



2. Analysis of solids content of water: Dissolved, Settle-able, suspended, total, volatile, inorganic etc.
Object- To determine the total, dissolved and settable solids in sewage water sample gravimetrically.
Requirements:- silica and porcelain crucible, Beakers, Measuring cylininders ,Whatmann Filter paper No .44 , imnoff cone.
Theory:
The term total solids in sewage refers to the matter that remains as residue after evaporation and drying at 103-105 0C .The total solids can be classified as filterable and suspended solids. The filterable solids are those that are able to pass through a specified and consist of colloidal and dissolved solids.
The colloidal solid ranges 10-3 to 10-6 mm in size, where as dissolved solids are smaller than 10-6mm.
The suspended solids are retained on the filter and their minimum diameter is about is about 1um. The settle able solids are those suspended solids which settle in a cone shaped container called imhoff cone in a definite time period.
Procedure:
1. Measurement of Total solids:
The 50 ml .of sewage water sample in a weighed crucible of beaker place the sample in an oven and evaporate to dryness at 980C.Then dry the evaporated sample for at least at 103- 1050C , cool the crucible / beaker in a desiccators and weigh it.
2. Measurements of Dissolved and suspended Solids:
Take 50ml. of sewage water sample and filter it by using whatmann filter paper no.44. place the filtrate in a dry, weighed crucible and evaporate to dryness in an oven at 970C . Then dry for one hour at 103-1050C. Cool the crucible with residue in desiccators and weigh it.
Observations and Calculations:
1. Total solids.
Wt. of Crucible = W1g
Wt. of Crucible + residue = W2g Wt. of residue = (W2-W1) g
Vol. of Sample taken = V ml
Total Solids (mg/1) = (W2-W1) mg X 1000/ Volume of sample ml
= (W2-W1) X 1000 / V




2. Dissolved and Suspended Solids:
Wt. of Crucible = W3g
Wt. of Crucible + residue = W4g Wt. of residue = (W4-W3) g
Dissolved Solids (mg/L) = (W4-W3) mg X 1000/V ml = Y mg / L (suppose) Suspended Solids
= Total Solids – dissolved solids
= X-Y mg/L
= Z mg /L (suppose)
Result:
Total Solids = X mg /L Dissolved Solids = Y mg /L Suspended Solid =Z mg /L
 (
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3. Alkalinity and acidity, Hardness: total hardness, calcium and magnesium hardness
EXPERIMENT -3.1
Object: To determine the total, permanent and temporary hardness in the given water sample by EDTA method
Apparatus and Reagents required:	EDTA Solution, EBT Indicator, Hard water sample,  Ammoniumbuffer, Burette, Pipette, conical flask.
Principle:
EDTA is ethylene Damien tetra acetic acid. Since pure EDTA is not dissolved inwater,disodium	salt of EDTA is taken for this experiment. It is a complexionagent. Actuallyhard water contains Ca2+ / Mg2+ ions, during this experiment. EBT is added to hard water. This will from a week complex and the reaction is as follows: When EDTA is added to this hard water (complex), EBT is replaced by EDTA and a stable metal ion with EDTA complex is formed.
Procedure:
1. Pipette out 10 ml of the standard hard water sample into a 250 ml conical flask. Add	2 ml of ammonium buffer solution and 2-3 drop of EBT indicator. Titrate the solution against standard EDTA solution (filled in burette). Until the color changes from wine red to clear blue. This is the end point. Note the final reading (V1).
2. Now take10 ml of hard water sample into a 250 ml conical flask 2-3 drop of EBT indicator and add 2 ml ammonium buffer. Titrate the solution against standard EDTA solution (filled in burette) until the color changes from wine red to clear blue. This is the end point. Note the finalreading (V2).
3.  Now take tap water and boil it gently in 500 ml beaker an hour and thoroughly pipette out again 10 ml of this sample into a 250 mlconical flask add 2 m ammonium solution and 2-3 drop of EBT indicator. Titrate the solution against standard EDTA solution (filled in burette) until the color changes from wine red to clear blue. This is the end point. Note the final reading (V3).
Observation table 1:
Titration of EDTA with standard hard water sample:

	S. No.
	Volume of std.
hard water sample (ml)
	Burette reading (ml)
	Volume of EDTA used(V1) (ml)

	
	
	Initial
	Final
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	





Observation table 2:
Titration of EDTA with hard water sample:


	S. No.
	Volume of hard water sample(ml)
	Burette reading (ml)
	Volume of EDTA used(V2) (ml)

	
	
	
Initial
	
Final
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	


Observation table 3:
Titration of EDTA with boiled water sample:


	S. No.
	Volume of hard water sample(ml)
	Burette reading (ml)
	Volume of EDTA used(V3) (ml)

	
	
	
Initial
	
Final
	

	
	
	
	
	

	
	
	
	
	

	
	
	
	
	




Calculation:
1.   Total hardness of water sample

V1/ V2 x 1000 ppm Permanent hardness of hard water sample:
V3/ V1 x1000 ppm
2. Temporary hardness = Total hardness - Permanent hardness

Result:
Temporary hardness = …………………..ppm
Precautions:
1. The amount of EBT indicator should be the same (2-3 drops) in each titration
2. pH 10 should be maintained throughout the experiment.
EXPERIMENT -3.2
Object -	To determine the alkalinity of a given water sample
Chemicals and Apparatus: - N/10 HCl, phenolphthalein and methyl orange indicators, Sample water, Burette, pipette, conical flask, beakers, funnel, and dropper



Principle -		- Alkalinity of water means the total content of those substances in it which causes an increased OH-   ion concentration up on dissociation or due to hydrolysis. The alkalinity of  water is attributed to the presence of
(i) Caustic alkalinity ( Due to O Hand CO32-
(ii) Temporary hardness (Due to HCO3-)
Alkalinity is a measure of ability of water to neutralize the acid
Determination of alkalinity- OH-, CO32-and HCO3-    be estimated separately by titration against	standard acid using phenolphthalein  methyl orange as indicators The determination  is based on the following reactions

(i) OH-	+ H+	------------	H2O
(ii) CO3 2-    + H+	--------------	HCO3-
(iii) HCO3-  + H+   -----------	H2O + CO2

The titration of water sample against a standard acid up to	phenolphthalein end point (P) marks the
completion of reaction (i) and (ii) only. This amount of acid used thus corresponds to OH- plus one  half  of the normal CO32- present On the other hand, titration of the water sample against a standard	acid to methyl orange end point (M) marks the completion of reaction (i), (ii) and (iii). Hence the total  amount of acid used represents the total alkalinity. Thus,
P =	OH-     +	½ CO3 2-
M =	OH-    +	CO3 2- + HCO3-

PROCEDURE: -
1. Pipette out 10 ml of water sample into a conical flask. Add 1-2 drops of Phenolphthalein indicator Rinse and fill the burette with N/10 HCl. Titrate the water sample in conical flask with N/10 HCl	till the pink color just disappears. Note down the reading and repeat to get concordant readings. Again take 10 ml of water sample in conical flask and add methyl orange indicator to it. Titrate the water sample in conical flask with N/10 HCl till the yellow orange color Titrate the water sample in conical flask with N/10 HCl till the  yellow orange Note down the reading and repeat to get concordant readings.  OBSERVATION TABLE-
a) Using Phenolphthalein

	S.NO.
	Volume of the solution taken in
	Burette readings (ml)
	Volume of the titrate used





	
	the titration flask(in ml)
	Initial
	final
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	





b) Using Methyl orange-

	S.NO.
	Volume of the solution taken in the titration flask(in ml)
	Burette readings (ml)
	Volume of the titrate used

	
	
	
Initial
	
final
	

	1
	
	
	

	2
	
	
	

	3
	
	
	




RESULT: - Alkalinity of the given water sample is__ ppm
PRECAUTIONS: -
1. All glass wares should be properly washed
2. Before use, rinse burette and pipette properly and find the correct end point.


EXPERIMENT NO. 3.3
Object -To determine the acidity of the given water sample
Apparatus and reagent- NaOH (0.02N), Phenolphthalein ,Methyl orange, Ethyl alcohol, Distilled water, Burette ,pipette, conical flask ,beaker
Principal- hydrogen ions present in a sample as a result of dissociation or hydrolysis of solute reacts With additions of standard alkali (NaOH) acidity thus depends on end point the Indicator used. The color change of the phenolphthalein indicator is close the to PH 8.3 at 250c corresponds to stoichiometric naturalization of carbonic acid To bicarbonate
Procedure- pipette out 10 ml water sample take in conical flask add 2 drops methyl indicator in Conical flask fill the burette with NaOH solution titrate the contents with NaOHContinue the titration till the color change to yellow add 2 drops phenolphthaleinIndicator continue the titrate with NaOH solution continue the titration till the  Color change to pink calculate acidity of the sample



Observation table- (1) mineral acidity (2) total acidity

	S.No.
	Volume of sample(ml)
	Burette reading(ml)
	Concordant reading

	
	
	Initial
	final
	

	1
	
	
	
	

	2
	
	
	
	

	3
	
	
	
	




Calculation- Result-
Precaution- take wash every glassware



4. Optimum coagulant dose
Object – To determine the Optimum does of alum by Jar Test.
Apparatus:
1. Jar testing apparatus
2. Turbidity meter
3. Beaker, burette, pipette
Reagents required: Alum Solution (1 ml containing 10 mg of alum)
Procedure:
1. Take 1000ml of given sample in 6 beakers.
2. Find the PH  of the sample and adjust it to 6 to 8.5
3. Now add 1 ml, 2ml, 3ml, 4ml, 8ml, 10ml, and 12ml of alum respectively in each one of the beakers.
4. Now insert the paddle of the jar testing apparatus inside the beakers and start it.
5. Initially maintain a speed such that the paddles rotate at and angular velocity of 100 rpm for a time of 1 minute.
6. Now adjust the speed such that the paddles rotate at 40 rpm / min for a time of 9 minutes.
7. Now allow the beakers to settle down for 10 minutes.
8. Make an observation as of which of the 6 beakers is clearer. Also measure the turbidity of each beaker using a turbidity meter and tabulate your results.
9. Plot a graph Settled turbidity Vs Coagulant dosage

Result:
The Optimum value of coagulant dosage from the graph should be reported.
The optimum value of coagulant generally lies between 8 to 10 for normal water from rivers.
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5. Chemical Oxygen Demand (COD)
AIM:To determine chemical oxygen demand in the given water sample
The chemical oxygen demand (COD) test is commonly used toindirectly measure the amount of organic compounds in water. Most applications ofCODdetermine the amount of organic pollutants found in surface water (e.g. lakesandrivers), making COD a useful measure of water quality.	It	is expressedinmilligramsperliter(mg/L),whichindicatesthemassofoxygenconsumedperliter ofsolution.



COD is the measurement of the amount of oxygen in water consumedforchemical oxidation ofpollutants.

COD determines the quantity of oxygen required to oxidize the organic matterinwater or waste water sample, under specific conditions of oxidizingagent, temperature, andtime.
1. PRINCIPLE
The organic matter present in sample gets oxidized completely by potassium dichromate (K2Cr2O7) in the presence of sulphuric acid (H2SO4), silver sulphate (AgSO4) and mercury sulphate (HgSO4) to produce CO2 and H2O. The sample is refluxed with a known amount of potassium dichromate (K2Cr2O7) in the sulphuric acid medium and the excess potassium dichromate (K2Cr2O7) is determined by titration against ferrous ammonium sulphate, using ferroin as an indicator. The dichromate consumed by the sample is equivalent to the amount of O2 required to oxidize the organicmatter.
2. ENVIRONMENTAL SIGNIFICANCE
COD values are particularly important in the surveys designed to determine and control the losses to sewer systems.

The ratio of BOD to COD is useful to assess the amenability of waste for biological treatment. Ratio of BOD to COD greater than or equal to 0.8 indicates that wastewater highly polluted and amenable to the biological treatment.

It is useful to assess strength of wastes, which contain toxins and biologically resistant organic substances.

COD can be related to TOC, however, does not account for oxidation state of the organic matter.

BOD value is always lower than COD value. For domestic and some industrial wastewater, COD value is about 2.5 times BOD value.

3. MATERIALSREQUIRED APPARATUS REQUIRED
1. CODDigester
2. Burette & Burettestand
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3. COD Vials withstand
4. 250 mL conical flask (ErlenmeyerFlask)
5. Pipettes
6. Pipettebulb
7. Tissuepapers
8. WashBottle
CHEMICALSREQUIRED
1. Potassiumdichromate
2. Sulfuricacid
3. Ferrous ammoniumsulphate
4. Silversulphate
5. Mercurysulphate
6. Ferroinindicator
7. Organic free distilledwater
PRECAUTIONS
The following precautions should be observed while performing the experiment:
· Chlorides are quantitatively oxidized by dichromate and represent a positive interference. Mercuric sulfate is added to the digestion tubes to complex the chlorides so that it does not interfere in thedetermination.
· Nitrites also interfere in the determination of COD and hence during the determination of samples with high concentration of nitrites, 120mg of sulphuric acid is added to the potassium dichromatesolution.
· Traces of organic material either from the glassware or atmosphere may cause a positive error. Extreme care should be exercised to avoid inclusion of organic materials in the distilled water used for reagent preparation or sampledilution.
PROCEDURE
For testing the given sample, first the reagents are required to be prepared.
PREPARATION OF REAGENTS
a) Standard Potassium Dichromate Reagent - DigestionSolution
Weigh accurately 4.913 g of potassium dichromate, previously dried at 103ºC for 2
- 4 hours and transfer it to a beaker.
Weigh exactly 33.3g of mercuric sulphate and add to the same beaker. Measure accurately 167 mL of concentrated sulphuric acid using clean dry measuring cylinder and transfer it to the beaker. Dissolve the contents and cool to room temperature. (If not dissolved keep it over night).






Take 1000 mL standard measuring flask and place a funnel over it.
Carefully transfer the contents to the 1000 mL standard flask and make up to 1000 mL using distilled water.
This is the standard potassium dichromate solution to be used for digestion.
b) Sulphuric Acid Reagent - CatalystSolution
Weigh accurately 5.5 g silver sulphate crystals to a dry clean 1000 mL beaker. To this carefully add about 500 mL of concentrated sulphuric acid and allow to stand for 24 hours (so that the silver sulphate crystals dissolvecompletely).
c) Standard Ferrous Ammonium Sulphatesolution
Weigh accurately 39.2g of ferrous ammonium sulphate crystals and dissolve it in distilled water.
Take 1000 mL standard measuring flask and place a funnel over it.
Carefully transfer the contents to the 1000 mL standard flask and make up to 1000 mL mark using distilled water.
TESTING OFSAMPLE
· Take three COD vials with stopper (two for the sample and one for the blank).
· Add 2.5 mL of the sample to each of the two COD vials and the remaining COD vial is for blank; to this COD vial add distilledwater.
· Add 1.5 mL of potassium dichromate reagent - digestion solution to each of the three CODvials.
· Add 3.5 mL of sulphuric acid reagent - catalyst solution in the same manner.
· CAUTION: COD vials are hotnow.
· Cap tubes tightly. Switch on the COD Digester and fix the temperature at 150º C and set the time at 2hours.
· Place the COD vials into a block digester at 150°C and heat for twohours.
· The digester automatically switches off. Then remove the vials and allow it to cool to the roomtemperature.
· Meanwhile, get ready with the burette for thetitration.
· Fill the burette with the ferrous ammonium sulphate solution, adjust to zero and fix the burette to thestand.
· Transfer the contents of the blank vial to conicalflask.
· Add few drops of ferroin indicator. The solution becomes bluish green in colour.
· Titrate it with the ferrous ammonium sulphate taken in theburette.
· End point of the titration is the appearance of the reddish browncolour.
· Note down the volume of ferrous ammonium sulphate solution added for the blank (A) is 14.1mL.
 (
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· Transfer the contents of the sample vial to conicalflask.
· Add few drops of ferroin indicator. The solution becomes green incolour.
· Titrate it with the ferrous ammonium sulphate taken in theburette.
· End point of the titration is the appearance of the reddish browncolour.
· Note down the volume of ferrous ammonium sulphate solution added for the sample (B) is 13.2mL.

CALCULATION
For determining the Chemical Oxygen Demand in the given water sample, the readings should be tabulated.
TABLE


	
Sl No.
	
Sample
	Volume of Sample (mL)
	Burette Reading (mL)
	
Volume of 0.1 N FAS (mL)

	
	
	
	Initial
	Final
	

	1.
	
	
	
	
	

	2.
	
	
	
	
	

	3.
	
	
	
	
	





6. Dissolved Oxygen (D.O) and Biochemical Oxygen Demand (BOD)
EXPERIMENT No.6.1
Object: To determine the dissolved oxygen contents of given water sample by Winkler’s
method.


Apparatus and Reagents Required: Burette, pipette, conical flask, funnel,
D.O. Bottles (300 mL), Manganoussulphate solution (4%), alkaline   azide iodide solution, sodium thiosulphate solution(N/50), conc.H2SO4, water sample, starch.


Theory: Dissolved oxygen is the amount of oxygen present in water. It is an important characteristic of any water body and is essential for maintaining its natural ecology. DO also reflects the physical, chemical and biological processes occurring in a water body, and is indirect measure of photosynthetic activity in water ecosystem. The DO of unpolluted natural water is usually in the range of 4 to 8 mg/L.
The determination of dissolved oxygen is done by Weinklen’s method which is based on the estimation of iodine liberated during KI reaction with dissolved oxygen. When solution having dissolved oxygen reacts with manganese sulphate, it oxidizes it into higher oxidation state.


If we add NaOH and KI solution to it, we get brown colour precipitate of MnO(OH)2. On adding conc. H2SO4, the precipitate get dissolved which oxidizesiodide of KI into iodine. This liberated iodine is then estimated with sodium thiosulphate using starch indicator. Disappearance of iodo starch complex indicates end point.


MnSO4 + 2NaOH  Mn(OH)2 + Na2SO4


2Mn(OH)2 + O2MnO(OH)2
DO	brown colour ppt


MnO(OH)2   + H2SO4	MnSO4 +2H2O + [O]


2KI + H2SO4 + [O]	K2SO4   + H2O + I2



2Na2S2O3 + I2	Na2S4O6	+	2NaI
Sodium tetrathionate


Starch + I2	Blue colour complex


Procedure:


1) Take 200 mL water sample in a DO bottle.
2) Add 2mL MnSO4 and 2mL alkaline iodine azide solution (NaOH+KI+NaN3) with the help of pipette to it. Brown precipitate of MnO(OH)2 appears in DO bottle and allow it to settle down.
3) When settling produced atleast 100 mL of clear supernatant, add 2 mL of concentrate H2SO4 and mix it well till the precipitate is completely dissolved.
4) Take 20mL of above solution in a conical flask. Titrate it with standardize hypo solution until the sample solution becomes pale yellow.
5) Add 2-3 drops of starch indicator solution, the colour of solution becomes blue.
6) Continue the titration till blue colour disappears. This shows the end point of the titration.

Observation Table:


Titration between standard Hypo solution and water sample



	S.No.
	Vol. of water sample
(mL)
	Burette Reading (mL)
	Vol. of hypoconsumed (mL)
	Concordant reading (mL)

	
	
	Initial
	Final
	
	

	1.
	50
	
	
	
	
V1 mL

	2.
	50
	
	
	
	

	3.
	50
	
	
	
	




Calculations:




Result:The amount of dissolved oxygen in given water sample is	ppm.



EXPERIMENT No.6.2
To determine biochemical oxygen demand in the given sewage water sample
1. INTRODUCTION
The biochemical oxygen demand determination is a chemical procedure for determining the amount of dissolved oxygen needed by aerobic organisms in a water body to break the organic materials present in the given water sample at certain temperature over a specific period of time.
BOD of water or polluted water is the amount of oxygen required for the biological decomposition of dissolved organic matter to occur under standard condition at a  standardized time and temperature. Usually, the time is taken as 5 days and the temperature is 20°C.
2. ENVIRONMENTAL SIGNIFICANCE
BOD is the principle test to give an idea of the biodegradability of any sample and strength of the waste. Hence the amount of pollution can be easily measured by it.
Efficiency of any treatment plant can be judged by considering influent BOD and the effluent BOD and so also the organic loading on the unit.
Application of the test to organic waste discharges allows calculation of the effect of the discharges on the oxygen resources of the receiving water. Data from BOD tests are used for the development of engineering criteria for the design of wastewater treatment plants.
Ordinary domestic sewage may have a BOD of 200 mg/L. Any effluent to be discharged into natural bodies of water should have BOD less than 30 mg/L.
This is important parameter to assess the pollution of surface waters and ground waters where contamination occurred due to disposal of domestic and industrial effluents.
Drinking water usually has a BOD of less than 1 mg/L. But, when BOD value reaches 5 mg/L, the water is doubtful in purity.
3. PRINCIPLE
The sample is filled in an airtight bottle and incubated at specific temperature for 5 days. The dissolved oxygen (DO) content of the sample is determined before and after five days of incubation at 20°C and the BOD is calculated from the difference between initial and final DO.
The initial DO is determined shortly after the dilution is made; all oxygen uptake occurring after this measurement is included in the BOD measurement.
4. MATERIALSREQUIRED APPARATUSREQUIRED
1. BODIncubator
2. Burette & Burettestand
3. 300 mL glass stopper BODbottles
4. 500 mL conicalflask
5. Pipettes with elongatedtips
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7. 250 mL graduatedcylinders
8. Washbottle
CHEMICALSREQUIRED
1. CalciumChloride
2. MagnesiumSulphate
3. FerricChloride
4. Di Potassium HydrogenPhosphate
5. Potassium Di HydrogenPhosphate
6. Di sodium hydrogenphosphate
7. AmmoniumChloride
8. Manganoussulphate
9. Potassiumhydroxide
10. Potassiumiodide
11. Sodiumazide
12. Concentrated sulfuricacid
13. Starchindicator
14. Sodiumthiosulphate
15. Distilled ordeionized water
16. Sodium hydroxide
17. Sodium Iodide
PRECAUTIONS
The following precautions should be observed while performing the experiment:
· Prepare dilution water 3 to 5 days before initiating BOD test to ensure that the BOD of the dilution water is less than 0.2 mg/L. Discard dilution water if there is any  sign of biologicalgrowth.
· The sample should be adjusted to a pH between 6.5 and 7.5, using sulfuric acid for samples with pH in the alkaline side i.e., greater than 7.5 or sodium hydroxide for samples with pH in the acidic side i.e., less than6.5.
· Add sodium sulfite (Na2SO3) to remove residual chlorine, if necessary. Samples containing toxic metals, arsenic, or cyanide often require special study and pretreatment.
· While still letting sample water flow down the tube, slowly pull the tube from the bottom of the bottle and fill the bottle to its brim. Check for bubbles. Carefully stopper the BOD bottle as describedabove.

PROCEDURE
For testing the given sample, first the reagents are required to be prepared.

PREPARATION OFREAGENT
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a) ManganousSulphateSolution
Dissolve Manganese Sulphate

480g ofMnSO4.4H2O(or) 400g ofMnSO4.2H2O(or) 364 g of MnSO4.4H2O
in freshly boiled and cooled distilled water, filter the solution and make up to 1000 mL
(One litre). In this experiment, we are using Manganese sulphate Mono hydrate.
Take 364g [image: ]of and transfer it to the beaker. To dissolve the content, place it in the magneticstirrer
Note: The solution should not give blue color by addition of acidified potassium iodide solution and starch.

b) Alkaline Iodide Sodium AzideSolution
To prepare this reagent we are going to mix three different chemicals
Dissolve either
500 g of Sodium Hydroxide (or) 700 g of Potassium Hydroxide 135 g of Sodium Iodide (or)  150 g of Potassium Iodide
To prepare this reagent, take 700 g of potassium hydroxide and add 150 g of potassium iodide and dissolve it in freshly boiled and cooled water, and make up to 1000 mL (One litre).
Dissolve 10 g of Sodium Azide[image: ]in 40 mL of distilled water and add this with constant stirring to the cool alkaline iodide solutionprepared.
c) Sodium Thiosulphate stocksolution
Weigh approximately 25 g of sodium thiosulphate [image: ]and dissolve it in boiled distilled water and make up to 1000 mL. Add 1 g of sodium hydroxide to preserveit.
d) StarchIndicator
Weigh approximately 2 g of starch and dissolve in 100 mL of hot distilled water. In case if you are going to preserve the starch indicator add 0.2 g of salicyclic acid aspreservative.
e) SulphuricAcid

f) Calcium Chloridesolution
Weigh accurately 27.5 g of anhydrous calcium chloride and dissolve it in distilled water.
Take 100 mL standard measuring flask and place a funnel over it.
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Transfer it to the 100 mL standard flask and make up to 100 mL using distilled water.
g) Magnesium Sulphatesolution
Weigh accurately 22.5 g of magnesium sulphate and dissolve it in distilled water. Take 100 mL standard measuring flask and place a funnel over it.
Transfer it to the 100 mL standard flask and make up to 100 mL using distilled water.
h) Ferric Chloridesolution
Weigh accurately 0.15 g ferric chloride and dissolve it in distilled water. Take 100 mL standard measuring flask and place a funnel over it.
Transfer it to the 100 mL standard flask and make up to 100 mL using distilled water.
i) Phosphate buffersolution
Weigh accurately 8.5g of Potassium Di Hydrogen Phosphate (KH2PO4) and dissolve it in distilled water.
Then add exactly 21.75 g of Di Potassium Hydrogen Phosphate (K2HPO4) and dissolve it.
To the same beaker 33.4 g of Di sodium hydrogen phosphate [image: ]7H2O), is weighed andadded.
Finally to the beaker containing all the salts, add accurately 1.7 g of Ammonium Chloride (NH4Cl) and dissolve it.
Take 1000 mL standard measuring flask and place a funnel over it.
Transfer it to the 1000 mL standard flask and make up to 1000 mL using distilled water. The pH should be 7.2 without further adjustment.
j) DilutionWater
High quality organic free water must be used for dilution purposes.
The required volume of water (five litres of organic free distilled water) is aerated with a supply of clean compressed air for at least 12 hours. Allow it to stabilize by incubating it at 20ºC for at least 4 hours.
For the test we have taken five litres of organic free aerated distilled water, hence add 5mL each of the nutrients.
· Add 5mL calcium chloridesolution
· Add 5mL magnesium sulphatesolution
· Add 5mL ferric chloride solutionand
· Add 5mL phosphate buffersolution
This is the standard dilution water. Prepare dilution water 3 to 5 days before initiating BOD test to ensure that the BOD of the dilution water is less than 0.2 mg/L.
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TESTING OFSAMPLE
· Take four 300 mL glass stoppered BOD bottles (two for the sample and two for theblank).
· Add 10 mL of the sample to each of the two BOD bottles and the fill  the remaining quantity with the dilution water. i.e., we have diluted the sample 30 times.
· The remaining two BOD bottles are for blank, to these bottles add dilution water alone.
· After the addition immediately place the glass stopper over the BOD bottles and note down the numbers of the bottle foridentification.
· Now preserve one blank solution bottle and one sample solution bottle in a BOD incubator at 20ºC for fivedays.
· The other two bottles (one blank and one sample) needs to be analysed immediately. Avoid any kind of bubbling and trapping of air bubbles. Remember – no bubbles!
· Add 2mL of manganese sulfate to the BOD bottle by inserting the calibrated pipette just below the surface of theliquid.
· Add 2 mL of alkali-iodide-azide reagent in the samemanner.
· (The pipette should be dipped inside the sample while adding the above two reagents. If the reagent is added above the sample surface, you will introduce oxygen into thesample.)
· Allow it to settle for sufficient time in order to react completely withoxygen.
· When this floc has settled to the bottom, shake the contents thoroughly by turning it upsidedown.
· Add 2 mL of concentrated sulfuric acid via a pipette held just above the surface  of thesample.
· Carefully stopper and invert several times to dissolve thefloc.

· Titration needs to be started immediately after the transfer of the contents to Erlenmeyerflask.
· Rinse the burette with sodium thiosulphate and then fill it with sodium thiosulphate. Fix the burette to thestand.
· Measure out 203 mL of the solution from the bottle and transfer to an Erlenmeyer flask.
· Titrate the solution with standard sodium thiosulphate solution until the yellow color of liberated Iodine is almost faded out. (Pale yellowcolor)





Add 1 mL of starch solution.
· and continue the titration until the blue color disappears tocolourless.
· Notedownthevolumeofsodiumthiosulphatesolutionadded,whichgivesthe
D.O. in mg/L. Repeat the titration for concordant values.
· After five days, take out the bottles from the BOD incubator and analyse the sample and the blank forDO.
· Add 2mL of manganese sulfate to the BOD bottle by inserting the calibrated pipette just below the surface of theliquid.
· Add 2 mL of alkali-iodide-azide reagent in the samemanner.
· If oxygen is present, a brownish-orange cloud of precipitate or floc willappear.
· Allow it to settle for sufficient time in order to react completely withoxygen.
· When this floc has settled to the bottom, shake the contents thoroughly by turning it upsidedown.
· Add 2 mL of concentrated sulfuric acid via a pipette held just above the surface of thesample.
· Carefully stopper and invert several times to dissolve thefloc.
· Titration needs to be started immediately after the transfer of the contents to Erlenmeyerflask.
· Rinse the burette with sodium thiosulphate and then fill it with sodium thiosulphate. Fix the burette to thestand.
· Measure out 203 mL of the solution from the bottle and transfer to an Erlenmeyer flask.


· Titrate the solution with standard sodium thiosulphate solution until the yellow color of liberated Iodine is almost faded out. (Pale yellowcolor)
· Add 1 mL of starch solution and continue the titration until the blue color disappears tocolourless.
· Notedownthevolumeofsodiumthiosulphatesolutionadded,whichgivesthe
D.O. in mg/L. Repeat the titration for concordant values.
CALCULATION
For determining the Biochemical Oxygen Demand in the given water sample, the readings should be tabulated.
TABLE
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Trial No.
	

Day
	Volume of  Sample  (mL)
	Burette Reading (mL)
	Volume of Titrant
(mL) (Na2S2O3

solution used)
	Dissolved  Oxygen  (mg/L)

	
	
	
	
Initial
	
Final
	
	

	Blank
	
	
	
	
	
	

	1.
	
	
	
	
	
	

	2.
	
	
	
	
	
	

	Blank
	
	
	
	
	
	

	1.
	
	
	
	
	
	

	2.
	
	
	
	
	
	





7. Break point Chlorination
Aim:
To determine the Residual Chlorine present in water Chlorine will liberate free iodine from potassium iodine (Kl) solutions at pH 8 or less.
The liberated iodine is titrated with a standard solution of sodium thiosulphate (Na2S2O3) with starch as the indicator. The liberated iodine is directly proportional to the concentration of chlorine present in sample. Titrate at pH 3 to 4 because the reaction is not stoichiometric at neutral pH due to partial oxidation of thiosulphate to sulphate.
Select a sample volume that will require not more than 20mL 0.01N sodium thiosulphate. For residual chlorine concentration of 1 mg/L or less, 100mL sample for chlorine range 1- 10 mg/L, 500ml for chlorine above 10mg/L and proportionally less as per chlorine concentration. Apparatus: Titration Stand with Burette, Conical Flask, Beaker, Measuring Cylinder, Pipette, Funnel, Wash Bottle etc.
Reagents
1. Acetic acid, conc. (glacial) 2. Potassium iodide, Kl, crystals 3. Standard sodium thiosulphate, 0.01N: Dissolve 2.482gm Na2S2O3.5H2O in 1L freshly boiled distilled water. 4. Starch indicator solution: Prepare slurry by adding small quantity of water to 1.0 gm starch powder. Add 100 mL boiling water to it and continue boiling for a few minutes until solution becomes clear. The solution is cooled and preserved with 1.25gm salicylic acid or a few drops of toluene or chloroform.
Procedure:
1. Volume of sample: Select volume that will require not more than 20 ml. 0.01N Na2S2O3 and not less than 0.2 ml for the starch-iodide end point. For a chlorine range of 1 to 10 mg/L, take 200 ml of chlorinated water sample in a conical flask (V). 2. Add 5 ml Acetic Acid and mix well. To acidify the sample. It is used to reduce the pH between 2 and 4 in the conical flask. 3. Add about 1 gm potassium Iodide (KI) measured using the spatula and dissolved it by thoroughly mixing it with stirring rod.Perform the titration quickly, since Iodine liberate faster. 4. Titrate the solution with standard Na2S2O3 solution until the yellow colour of librated iodine is almost faded out. (Pale yellow colour appears) 5. Add 1 ml of starch solution, the yellow colour changes to dark blue colour, continue the titration until the blue colour disappears. Note Down the volume of titrant used (A). 6.



In many cases residual chlorine is very low and starch needed to be added before starting up the titration.


Observation:
1. Titrant :
2. Indicators : Starch Solution


3. End Point: : Blue to Colorless

	Sr. No.
	Volume of Sample (ml)
	Burette Reading (ml)
	Volume of Hypo (ml)
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Calculation:

. o Volume Sodium Thiosulphate (A) x N x 3545 x 1000
Residual Chlorine in mg/L =

v
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Design

Population forecasting and water demand
Water Quality parameters

Design of Sedimentation tanks, coagulation and flocculation tanks
Design of rapid and slow sand fliers

Design of disinfection units and transmission systems

Design of Sewer lines and storm water systems.

Design of acrobic and anacrobic treatment urits

Design of suspended and attached growth systems

1. Physical Characterization of water: Turbidity, Electrical Conductivity, pH

2. Analysis of solids content of water: Dissolved, Settlcable, suspended, total,
volatile, inorganic ctc.

Allalinity and scidity, Hardness: total hardness, calcium and magnesium

hardness

Optimum coagulant dose

Chemical Oxygen Demand (COD)

Dissolved Oxygen (D.0) and Biochemical Oxygen Demand (BOD)

Break point Chlorination

Bacteriological quality measurement: MPN,





