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B. Tech. CIVIL VI SEMESTER 
 

ENVIRONMENTAL ENGINEERING LAB 
Course Code: A3126                                                                                               L T P C 
                                                                                                                                                          - -  3  2 

LIST OF EXPERIMENTS 
 

1. Determination of pH and Turbidity 
2. Determination of Conductivity and Total dissolved solids. 
3. Determination of Alkalinity/Acidity. 
4. Determination of Chlorides. 
5. Determination and Estimation of total solids, organic solids and inorganic solids. 
6. Determination of iron. 
7. Determination of Dissolved Oxygen. 
8. Determination of Nitrogen. 
9. Determination of total Phosphorous. 
10. Determination of B.O.D  
11. Determination of C.O.D 
12. Determination of Optimum coagulant dose. 
13. Determination of Chlorine demand. 
14. Presumptive coli form test. 

 
LIST OF EQUIPMENT 
 

1. pH meter, 
2. Turbidity meter, 
3. Conductivity meter, 
1. Hot air oven, 
4. Muffle furnace, 
5. Dissolved Oxygen meter, 
2. U – V visible spectrophotometer, 
3. Reflux Apparatus, 
4. Jar Test Apparatus, 
5. BOD incubator. 

 
 
 
TEXT BOOKS: 
 
1. Chemistry for Environmental Engineering by Sawyer and Mc. Carty 
2. Standard Methods for Analysis of water and Waste Water – APHA 
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DETERMINATION OF pH 

 
AIM: To measure the pH in a given water sample. 

APPARATUS: Digital pH meter 

REAGENTS 
Preparation of buffers: Prepare buffer solution (7 pH & 4pH) with buffer tablets by 

dissolving in 100 ml distilled water separately in 7pH and 4 pH. The buffer solutions last 
for 4-5 months. 

 
PRINCIPLE:  
pH is determined by measurement of the electromotive force of a cell comprising an 

indicator electrode (an electrode responsive to hydrogen ions) immersed in the test 
solution and a reference electrode is usually achieved by means of liquid junction, 
which forms a part of the reference electrode. The EMF of this cell is measured with pH 
meter. 

 
THEORY 

1) pH is defined as: pH = - log[H+]. 
2) It is a measure of hydrogen ion, i.e., [H+] concentration in water. 
3) Neutral pH, i.e., pH of pure water is 7. 
4) High pH (>7) means that the water is alkaline. 
5) Low pH (<7) means that the water is acidic. 
6) pH is measured using pH electrode 
7) The pH electrode consists of a reference electrode, and glass electrode sensitive or 

pervious to [H+] ions only. 
8) The reference electrode is indifferent to the solution conditions, and always has the 

same voltage. 
9) The glass electrode is sensitive to [H+] ions only. It contains a solution with fixed [H+] 

concentration. 
10) When the glass electrode is dipped in a solution, depending on the concentration of 

[H+] ions in the solution, [H+] ions either flow out of the bulb into the solution, or flow 
into the bulb from the solution. 

11) The potential difference, which causes this current, is measured by a device known as 
the pH meter. 
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CALIBRATION OF THE INSTRUMENT:  
Calibration is done as under- 

1. Set the temperature knob to the buffer solution temperature. 

2. Dip the electrode on 7 pH solution 

3. Set the display value to 7 pH by turning CAL knob. 

4. Dip the electrode in the 4 pH solution after washing it with distilled water. 

5. Set the display to 4 pH by rotating slope knob 

6. Instrument is ready for measurement of any solution. 

PROCEDURE: 
To measure the pH value of the given solution,  
1. Wash the electrode with distilled water and clean with filter paper.  

2. Take the solution in a clean glass beaker and immerse the electrodes in it.  

3. Measure the temperature of the solution and adjust the temperature compensator to 

that value.  Set the range control in the expected range.   

4. Turn the control from stand by to READ position.  The reading shown in the 

appropriate scale of the meter is the pH value of the given solution 

RESULTS: 
The pH of the given sample is  
 
PRECAUTIONS:  
1. The instrument should be kept in the stand by position only, unless during the actual 

measurement. 

2. "Set 7" control should be operated only in the stand by position. 

3. While cleaning the electrodes, do not touch the tip of the electrodes. 

 
VIVA QUESTIONS: 
 
1. What is pH? 

2. pH determination is important for civil engineering constructions. How? 

3. What is the role of pH in coagulation and flocculation? 

4. Importance of pH for designing of hydraulic structures. 

5. Effect of pH on structures? 
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OBJECTIVE QUESTIONS: 

1.pH is defined as__________. 

a) Logarithm of Hydrogen ions concentration 

b) Negative logarithm of Hydrogen ions concentration 

c) Hydrogen ion concentration 

d) OH ion concentration 

2. pH of neutral water is__________. 

a) less than 7 

b) more than 7 

c) 7.0 

d) 0.0 

3. The acceptable value of pH of potable water is__________. 

a) 7.0 to 8.5 

b) 6.5 to 9.5 

c) 6 to 8.5 

d) 6.5 to 10 

4. The inner solution present in the glass electrode of pH meter is__________. 

a) HCl 

b) KCl 

c) NaCl 

d) MgCL 

5. The buffer solution can be stored for a minimum period at room temperature. 

a) True 

b) False 

6. Possible reasons for a relatively low pH value in a river water sample is due to ___. 

a) Organic material decomposition to form acidic substances 

b) Running long distances 

c) Presence of fishes 

d) Presence of aquatic plants 

7. Possible reasons for a relatively high pH value in a river water sample is due to ___. 

a) Running over clay 

b) Running long distances 
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c) Running of fishes 

d) Presence of aquatic plants 

8. A weak acid is one that ionize incompletely in aqueous solution. 

a) True 

b) False 

9. A strong base is one that ionizes incompletely in aqueous solution. 

a) True 

b) False 

10. The measurement of pH made by determining the e.m.f of the__________. 

a) Cell constant 

b) Solution 

c) Electrode cell 

d) Calomel electrode 

 

KEY TO ITEMS: 

 

1) b 

2) c 

3) a 

4) b 

5) False 

6) a 

7) d 

8) True 

9) False 

10) c 
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DETERMINATION OF TURBIDITY 

AIM: To determine the turbidity of the given sample. 

APPARATUS: Nephelo – Turbidity meter with sample cell 

REAGENTS FOR CALIBRATION OF THE INSTRUMENT: 

Solution 1: Dissolve 1 gm Hydrazine Sulphate (NH2)2H2So4 (carcinogen) in distilled water 

and dilute to 100 ml in a volumetric flask 

Solution 2: Dissolve 10 gms Hexamine LR grade (CH2)2N4 in distilled water and dilute to 100 

ml in a volumetric flask 

Take 12.5 ml of solution 1 and 12.5 ml of solution 2 in a 100 ml volumetric flask and dilute 

to 100 ml, allow to stand for 24 hours at 250C. the turbidity of this suspension is 1000 

Nephelometric Turbidity Unit (NTU). 

THEORY: 

Turbidity is an expression of optical property that uses light scattering properties of 

suspension in the sample. Turbidity in water is caused by suspended matter such as 

clay, silt, finely divided organic and inorganic matter soluble, colored organic 

compounds, plankton and other microscopic organisms. 

Turbidity is measured by shining light through a sample and measuring the degree of 

scattering as measured by a light detector placed at right angles to the original light 

path. Above measuring technique is known as Nephelometry. 

Turbidity can also be measured by shining light through a sample and measuring the 

degree of light penetration as measured by a light detector placed in line to the original 

light path. This measuring technique is known as Turbidimetry. 

PRINCIPLE 

Nephelo-Turbidity meter operates on the principle that light passing through a substance is 

scattered by matter suspended in the substance. In this instrument, a strong light beam 

is passed upward through a tube containing the sample. As the beam passes through 

the sample, the light is scattered in proportion to suspended particles. At 900 to the 

light path, this scattered light is sensed by the phototube to give the turbidity reading. 

The unit of measurement is NTU. 

CALIBRATION OF THE INSRTRUMENT 
 

1. Switch on the instrument and keep it ON for some time. 
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2. Select appropriate range depending upon the expected turbidity of the sample. 

3. Set zero of the instrument with turbidity free water using blank solution and adjust 

000 with the ‘set zero’ knob. The CAL control should be moved by 5 turns clockwise 

from 0 position. 

4. Now in another test tube, take standard suspension that already prepared. For 0-200 

NTU range use 100 NTU solution and for higher range use 400 NTU solution as 

standard. 

PROCEDURE  

1. Take the test tube containing distilled water in the test tube holder and close the test 

tube holder lid. 

2. Select the required range for measurement. 

3. Adjust the display to 000 by adjusting ‘set zero’ knob. 

4. Remove the test tube containing distilled water & insert another test tube containing 

standard solution (say 400 NTU). Place it in the test tube holder. 

5. Take the measurement of the solution suspension& adjust the ‘calibrate’ knob so that 

the display reads the selected standard solution value. 

6. Again check the display zero with the test tube containing distilled water. 

7. Now the instrument is ready to take measurement of any unknown suspension. 

 
RESULTS 
 
Turbidity of the given sample of water  = NTU 
 
INTERFERENCE 
 

1. Turbidity can be determined for any water sample that is free of debris and rapidly 

settling coarse sediments. 

2. Dirty glass ware or the presence of air bubbles disturb the surface visibility of the 

sample & will give false results. 

3. Water color due to dissolved substances that absorb light causes measured turbidities 

to be lowest. 

 
PRECAUTIONS  

1. Sample test tube must be thoroughlycleaned both inside and outside. In case the test 

tube gets scratched, discard it. 
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2. Do not touch the test tube where the light strikes i.e.at the sides of the test tube. So 

hold the test tube only at the top end. 

3. Fill the test tube with samples or standards which have been thoroughly agitated. 

Allow sufficient time for the air bubbles to escape otherwise the reading will slowly 

come down. When the readings are taken in the agitated state with air bubbles, the 

readings will be higher. 

VIVA QUESTIONS: 
 

1. Turbidity is caused by Clay, Silt, Organic matter and Microbes. 

a) True 

b) False 

2. The turbidity is measured based on the 

a) Light absorbing properties 

b) Light Scattering properties 

c) Particle Size 

d) Particle mass 

3. The colour of the water sample affects the turbidity. 

a) True 

b) False 

4. In a nephelo turbidity meter the light detectors are at 

a) 180° 

b) 360° 

c) 90° 

d) 270° 

5. What is the unit of turbidity. 

a) TU 

b) MTU 

c) NTU 

d) IU 

6. What is the light source for the nephelo turbidity meter? 

a) Tungsten filament lamp 

b) Deuterium lamp 
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c) Hallow Cathode lamp 

d) Sodium vapour lamp 

7. The turbidity affects the aquatic life in the water. 

a) True 

b) False 

8. The standard unit of turbidity is considered as that produced by 

a) 2ppm of silica in distilled water 

b) 1ppm of silica in distilled water 

c) 4ppm of silica in distilled water 

d) 9ppm of silica in distilled water 

9. The material used in the standard solution for nephelometer is ___. 

a) Silica 

b) Clay 

c) Formazin 

d) Barium Chloride 

10. Mixture of hydrazine sulphate and hexamethylenetetramine solution is 

allowed to 

stand for _____. 

a) 24 hours 

b) 12 hours 

c) Minimum 6 hours 

d) No specific time 

 

4. KEY TO ITEMS: 

 

1) True 

2) b 

5. 3) True 

6. 4) c 

7. 5) c 

8. 6) a 

9. 7) True 
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10. 8) b 

11. 9) c 

12. 10) a 
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DETERMINATION OF CONDUCTIVITY 

 
AIM: To determine the specific conductivity of the given sample. 
 
APPARATUS 
 
Digital conductivity meter  
 
REAGENTS 
 
Standard KCl Solution: Dissolve 0.7456 gms of Potassium Chloride(dried at 1800C for 1 

hour) in distilled water and dilute to 1000 ml. The specific conductance of this solution 

at 250C is 1408 S/Cm. 
 
THEORY  
The conductivity of the water is its capacity to carry an electrical current and varies both 

with number and types of ions the solution contains, which in turn is related to the 

concentration of ionized substances in the water. Most inorganic substances in water 

are in the ionized form and hence contribute to conductance.  The unit of specific 

conductivity is micro Siemens per Cm (S/Cm). 

 
PRINCIPLE 
The specific conductivity is measured by employing the wheat-stone bridge principle.  The 

cell and temperature probes of the instruments are dipped into the given sample to find 

the specific conductivity of the given sample.  The specific conductivity multiplied by a 

conversion factor gives the total dissolved solids. 

 
CELLCONSTANT VERIFICATION 
Checking the cell constant as per the following procedure is recommended before any 

measurement. 

1. Set the ‘Function’ switch to check position & adjust the display to 1.000 with CAL 

control. 

2. Dip the Conductivity cell in a solution of known value. 

3. Adjust the temperature control to the temperature of the solution. (not required when 

measuring in ATC mode) 

4. Move the Function switch to Cond. Position and Range switch to appropriate range. 

5. Adjust the cell constant knob so that the display reads the known value of the solution. 

6. Bring the Function switch to Cell Const. position. 
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7. The display shows the cell constant of the conductivity cell. 

PROCEDURE 
1. Rinse the conductivity cell with solution whose conductivity is to be measured. 

2. Dip the conductivity cell in the solution under test 

3. Set the function switch to check position 

4. Display must read 1.000. If it doesn’t , set it with CAL control provided at the back panel. 

5. Put function switch to cell constant position and set the cell constant control to the cell 

constant value of the conductivity cell 

6. Move the function switch to the COND. Position and switch to appropriate range 

7. Connect the conductivity cell at the rear of the instrument 

8. Set the temperature control to the temperature of the solution 

9. Bring the range switch at a position where maximum resolution is obtained 

10. Read the display 

11. This would be the exact conductance of sample at 250C. 

 
RESULT 
 

The specific conductivity of the given sample  = S/Cm 

PRECAUTIONS 

1. Rinse the cell in demineralized water. 

2. Do not finger the cell electrodes. 

3. Check the cell constant as frequently as possible because deposition of film on the 

plates affects the cell constant. 

VIVA QUESTIONS 

1. Conductivity is the measure of the ability of water to carry the ions. 

a) True 

b) False 

2. The unit of conductance is _____ . 

a) Mho 

b) Ohm 

c) Ampere 

d) Watts 

3. The conductivity of standard 0.01M KCl solution is 
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a) 1412 μmhos/ cm 

b) 1412 mmhos/ cm2 

c) 1412 μmhos/ mm 

d) 1412 mmhos/ mm2 

4. The conductivity of a sample depends on Temperature. 

a) True 

b) False 

5. Using a conductivity meter we can measure _______ of the solution. 

a) Specific conductance 

b) Equivalent conductance 

c) Specific resistance 

d) Concentration 

6. The Conductivity is the maximum for _______ water. 

a) Distilled 

b) Deionized 

c) Ground 

d) Sea 

7. The conductivity of potable water varies from 

a) 2501 to 5000 μmhos /cm 

b) 50 to 1500 μmhos /cm 

c) 1501 to 2000 μmhos /cm 

d) 2001 to 2500 μmhos /cm 

8. The measurement of conductivity may lead to the estimation of ___. 

a) Total solids 

b) Total dissolved solids 

c) Colloidal solids 

d) Suspended solids 

9. Freshly made distilled water has a conductivity of 

a) 2.0 to 3.0 μmhos /cm 

b) 0.5 to 2.0 μmhos /cm 

c) 2.5 to 4.5 μmhos /cm 

d) 4.5 to 5.0 μmhos /cm 



15 

 

Department of Civil Engineering                          Environmental Engineering Laboratory Manual 

10. The conductance of a solution placed between two electrodes of 1 cm2 area 

& kept 1 cm apart is Molar conductance. 

a) True 

b) False 

 

KEY TO ITEMS: 

 

1) False 

2) a 

3) a 

4) True 

5) a 

6) d 

7) b 

8) b 

9) b 

10) False 
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ESTIMATION OF TOTAL SOLIDS&TDS 

 
1. TOTAL DISSOLVED SOLIDS 

AIM: To determine the total solids present in the given water sample. 
 

APPARATUS 
 

1. Evaporating Dishes 

2. Oven   

3. Muffle Furnace 

4. Desiccator 

 

PRINCIPLE  
 

Residue after the evaporation and subsequent drying in oven at specific temperature 103 – 

1050 C of a known volume of sample are total solids. Whereas loss in weight on ignition 

of the same sample at 5500 C in which organic matter is converted in to CO2 & H2O while 

temperature is controlled to prevent decomposition and volatilization of inorganic 

matter as much as consistent with complete oxidation of organic matter, are volatile 

solids. 

 

PROCEDURE 
 

1. Take a known volume of a well mixed sample in a tared (W1) dish ignited to constant 
weight. 

2. Evaporate the sample at 1030C for 24 hours. 

3. Cool in desiccator, weigh and record the reading (W2). 

4. Ignite the dish for 15 – 20 min. in a muffle furnace maintained at 550 ± 500C. 

5. Cool the dish partially in air until most of heat has been dissipated and then in 
desiccators and record final weight (W3). 

 
CALCULATIONS 

  (W2 – W1) x 1000 

Total solids  =          --------------------- 
  ml of sample  

 W1 = Initial weight of the dish in mg. 

 W2 = Final weight of the dish in mg. 

   (W2 – W3) X 1000 
Total Volatile solids = ----------------------------- 
   ml of sample  
 W 3 = weight of the dish after drying in muffle furnace.  
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2. TOTAL SUSPENDED SOLIDS 
 

AIM: To determine the total dissolved solids of the given sample. 
 

APPARATUS 
 

1. Evaporating Dishes 

2. Oven   

3. Muffle Furnace 

4. Desiccator 

5. What’s man filter paper for TSS and GF Filter paper for Volatile Suspended solids. 

 

PRINCIPLE 
 

Non filterable residue left on the filter paper and further dried at 1030C – 1050C are 

suspended solids and the loss in weight of the filter paper ignited at 5500C are volatile 

suspended solids. 

 

PROCEDURE 
 

1. Take known volume of a sample in a beaker. 

2. Pour on the filter paper which is already weighed (W1). 

3. After filtration keep filter paper in an oven at 1050C for one hour 

4. Cool in a desiccator and take final weight (W2). 

5. Ignite the GF filter paper in a muffle furnace at 5500C for 15 – 20 minutes. 

6. Cool the dish partially in air until most of heat has been dissipated and then in a 

desiccator and record (W3). 

 
CALCULATIONS 
    (W2 – W1) X 1000 
Total suspended solids = ------------------------- 
    ml of sample 
 
    (W2 – W3) X 1000 
Volatile suspended solids =  ----------------------- 
    ml of sample 
 
 
 
RESULT: Total Suspended solids in given water sample is                   mg/l. 
 
 

VIVA QUESTIONS 
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1.The pore size of the filter paper used for filtration is 

a) 2.0μm or smaller 

b) 2.0μm or bigger 

c) 2.0μm 

d) 20.0μm 

2. The type of crucible used for the experiment is made of _______. 

a) Porcelain 

b) Clay 

c) Silver 

d) Iron 

3. Total Suspended Solids are mostly responsible for 

a) Turbidity. 

b) colour 

c) Odour 

d) Taste 

4. The chemical substance used in the desiccators is _____. 

a) Calcium Chloride 

b) Calcium Carbonate 

c) Sodium Chloride 

d) Sodium Hydroxide 

5. Always the Total Suspended Solids value will be 

a) Less than Total Dissolved Solids 

b) Greater than Total Dissolved Solids 

c) Less than Total Solids 

d) Greater than Total Solids 

6. High total dissolved solids indicates lower level of hardness. 

a) True 

b) False 

7. The concentration of dissolved solids in water can be determined by specific 

conductance. 

a) True 

b) False 
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8. The settleable suspended solids with diameter 0.15 to 0.2mm are generally 

a) Inorganic 

b) Organic 

c) Algae 

d) Fungi 

9. The dissolved solids that impose BOD are ______. 

a) Volatile solids 

b) Non volatile solids 

c) Inorganic solids 

d) Total solids 

10. As per IS Code the acceptable TDS value is 

a) 250 ppm 

b) 500 ppm 

c) 750 ppm 

d) 900 ppm 

 

KEY TO ITEMS: 

 

1) a 

2) a 

3) a 

4) a 

5) c 

6) False 

7) True 

8) a 

9) a 

10) b 
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DETERMINATION OF ALKALINITY 
 

AIM: To determine the alkalinity present in a given water sample. 
 
APPARATUS 

1. Burette 

2. Pipette 

3. Conical flask 

4. Glazed tile 

 
REAGENTS 

1. Sulphuric acid 0.02 N 

2. Methyl orange indicator 

3. Phenolphthalein indicator 

 
THEORY 
The alkalinity of water is a measure of its capacity to neutralize acids. Although many 

materials may contribute to the alkalinity of the water, the major portion of the 

alkalinity in natural waters is caused by Hydroxides(OH 
-
), Carbonates(CO3

-- 
), Bi-

carbonates(HCO3
-
). 

Alkalinity values provide guidance in applying proper doses of chemicals in water and waste 

water treatment processes, particularly in coagulation, softening and operational 

control of anaerobic digestion. 

 

PRINCIPLE 
Alkalinity of sample can be estimated by titrating with standard H2SO4. Titration to pH 8.3 

or decolorization of phenophthalein indicator will indicate complete neutralization of 

OH and ½ of CO3 while to pH 4.5 or sharp change from yellow to orange of methyl 

orange indicator will indicate total alkalinity (complete neutralization of OH, CO3, and 

HCO3). 

 
 pH  0  4.5  8.3    14.0  
 
 Indicator  Methyl orange              Phenolphthalein 
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INTERFERENCE 
Color, turbidity, iron, aluminium and residual chlorine are prime sources of interference. 

Color and Turbidity can be avoided using potentiometric titrations. Residual chlorine 

can be removed by adding thiosulfate. 

PROCEDURE 
1. Take 20ml sample in a conical flask and add 2-3 drops of Phenolphthalein indicator. 

2. If pink color develops titrate with 0.02 N H2SO4 till itdisappears indicating pH 8.3.  Note 

the volume of H2SO4 required. 

3. Add 2-3 drops of Methyl orange to the same flask.  The sample turns yellow / red.  

Continue titration till yellow / red colour changes to orange indicating pH 4.4 – 4.5.  

Note the volume of H2SO4 required. 

4. In case pink colour does not appear after addition of phenolphthalein continue as in 3 

above. 

5. Calculate total (T), Phenolphthalein (P)and Methyl orange (MO) alkalinity as follows 

and express as mg / l as CaCO3. 

 
OBSERVATIONS 

S. No. 

Volume 
of 
sa

mpl
e 

(ml) 

Phenolphthalein indicator Methyl orange indicator 

Remarks 

Burette reading  Volume 
of 

H2SO

4 
run 

dow
n 

(ml) 

Burette reading Volume of 
H2SO4 

run down 
(ml) 

Initial 
(ml) 

Final 
(ml

) 

Initial 
(ml) 

Final 
(ml

) 

         

         

         

         

 
CALCULATIONS 
Phenolphthalein alkalinity (P) mg/l as CaCO3 =    A x 1000/ml of sample taken 

Methyl Orange alkalinity (M) mg/l as CaCO3 =    B x 1000/ml of sample taken  

Total alkalinity (T) mg/l as CaCO3  =    (A+B) x 1000/ml of sample taken  
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In case H2 So4 is not 0.02N apply the following formula: 
 
A/B*N*50000   

Alkalinity, Mg/l as CaC03= --------------------- 
                                                  Ml of sample 

 
Where, A=ml of H2S04 required to bring the pH to 8.3 
B= ml of H2S04 required to bring the pH to 4.5 
N= Normality of H2So4 used. 
 
RESULT: 
 
Alkalinity of given water sample is     -------  mg/l 
 
 
 
VIVA QUESTIONS 

1. Which is the major form of alkalinity? How is it formed? 
2. What is excess alkalinity? How do you express it? 
3. Why do we take 0.02 N H2SO4 for the titration? 
4. The water where algae are flourishing is alkaline. Why? Will there be diurnal variation in 
pH? 
5. Why does the pH change on aerating the water? 
6. For efficient coagulation the water must be alkaline. Why? 
7. Why do we use CO2 free distilled water for analysis? 

Objective Questions: 

 

 
1.Alkalinity of water is an indication of 

a) Base neutralizing capacity 

b) Acid neutralizing capacity 

c) Quantity of base present 

d) Quality of base present 

2. Mixed indicator is a combination of 

a) Bromcresol Blue and Methyl Orange 

b) Bromcresol Green and Methyl Red 

c) Bromcresol Blue and Methyl Red 

d) Bromcresol Green and Methyl Orange 

3. Alkalinity is present due to all except _____. 

a) Bromates 



23 

 

Department of Civil Engineering                          Environmental Engineering Laboratory Manual 

b) Phosphates 

c) Silicates 

d) Chlorides 

4. Alkalinity is not caused by 

a) Carbonates ions 

b) Bicarbonates ions 

c) Hydroxyl ions 

d) Chloride ions 

5. The phenolphthalein alkalinity is present then the pH of that water will be More 

than 

a) 8.3 

b) 9.3 

c) 7.3 

d) 6.3 

6. Alkalinity of natural water is mainly due to the presence of _______. 

a) Bicarbonates 

b) Bromates 

c) Phosphates 

d) Silicates 

7. The bicarbonate equivalence point normally occur at pH 

a) 2.5 

b) 3.5 

c) 4.5 

d) 5.5 

8. What is ppm? 

a) Parts per meter square 

b) Parts per meter 

c) Parts per million 

d) Parts per millimeter 

9. The normality of the acid used in the titration is ___. 

a) 0.2 N 

b) 0.02 N 
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c) 0.002 N 

d) 2.0 N 

10. A standard solution is a 

a) Solution of accurately known strength 

b) Solution of accurately known pH 

c) Coloured solution 

d) Colourless solution 

 

KEY TO ITEMS: 

 

1) b 

2) b 

3) d 

4) d 

5) a 

6) a 

7) c 

8) c 

9) b 

10)a 
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DETERMINATION OF ACIDITY 
 

AIM: To determine the acidity in the given water and waste water samples. 

 

APPARATUS 
 
Burette, Pipette, conical flasks, volumetric flasks and beakers 

REAGENTS 
 

1. 0.02N NaOH Solution: Dissolve 0.8g of NaOH in distilled water and dilute to 100ml  
2. Methyl orange indicator: Dissolve 50g of methyl orange powder in distilled water 

and dilute to 100ml  
3. Phenolphthalein indicator: Dissolve 1g of phenolphthalein in 100ml of 95% ethyl 

alcohol or isopropyl alcohol, and add 100ml of distilled to it and 0.02N NaOH 

solution drop wise until faint pink colour appears. 

THEORY 
 
      Acidity is the measure of the amount of base required to neutralise a given sample to 

the specific pH. Strong mineral acids, weak acids such as carbonic, acetic and 

hydrolysing salt such as ferric and aluminium sulphates may contribute acidity. It is 

important because acid contributes to corrosiveness and influences certain chemical 

and biological processes. Dissolved CO2 is usually the major acidity component of 

unpolluted surface water. In the sample, containing only carbon dioxide-bicarbonate 

carbonate, titration to pH 8.3 at 25°C corresponds to stoichiometric neutralisation of 

carbonic acid to carbonate. Since the colour change of phenolphthalein indicator is 

close to pH 8.3, this value is accepted as a standard end point for the titration of total 

acidity. For more complex mixture or buffered solution fixed end point of pH 3.7 and pH 

8.3 are used. Thus, for standard determination of acidity of wastewater and natural 

water, methyl orange acidity (pH 3.7) and phenolphthalein acidity (pH 8.3) are used. 

 
PRINCIPLE 
 
Hydrogen ions present in a sample as a result of dissociation or hydrolysis of solutes are 

neutralized by titration with standard alkali. The acidity thus depends upon the end point 

pH or indicator used. 
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PROCEDURE 

1. Pipette out 25 ml of sample into conical flask. Add 2 drops of methyl orange indicator  

to the sample solution.  

2. Titrate the sample solution against 0.02N sodium hydroxide solution. The end point is \  

Noted when change from orange red to yellow colour.  

3. Add two drops of phenolphthalein indicator and continue the titration till a pink colour  

Formation. Note down the volume of the titrant used.  

 

OBSERVATIONS AND CALCULATIONS  

Burette solution: NaOH  

Pipette solution: Sample  

Indicator: Methyl orange, Phenolphthalein  

End Point: Yellow, Pink 

 

 
 
Methyl orange acidity due to mineral acids (as CaCO3) = (V1*N of NaOH *50,000)/Vol. of 

sample  

Phenolphthalein acidity = Total acidity (as CaCO3) = (V2*N of NaOH *50,000)/Vol. of sample  

 

RESULT  

Methyl orange acidity =  

Phenolphthalein acidity =  

Total acidity = 

 

 

 

 

S.No  
 

Volume of 
sample(ml)  
 

Burette reading Volume of  
NaOH (ml)     

Initial (ml)   Final (ml)  
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VIVA QUESTIONS 

1. Acidity is _____. 

a) Base neutralizing capacity 

b) Acid neutralizing capacity 

c) Quantity of acid present 

d) Quality of acid present 

2. An Indicator is a substance that facilitate colour change at the end point. 

a) True 

b) False 

3. The indicators used in the titration are 

a) Methyl orange and phenolphthalein 

b) Methyl red and phenolphthalein 

c) Methyl orange and Methyl red 

d) Bromocresol green and Methyl red 

4. To prepare 100 mL of 0.02 N of NaOH from 1 N NaOH, dilute ________ 

of 

NaOH. 

a) 20 mL 

b) 2 mL 

c) 0.2 mL 

d) 0.02 mL 

5. The major acidic component of surface water is 

a) Dissolved oxygen 

b) Dissolved carbon di oxide 

c) Dissolved sulphur di oxide 

d) Dissolved nitrous oxide 

6. The end point determination in titration will be based on the __________. 

a) Temperature 

b) Hardness 

c) Residual Chlorine 

d) Conductivity 

7. The methyl orange acidity is at pH ______. 
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a) 3.7 

b) 3.9 

c) 4.5 

d) 4.7 

8. The phenolphthalein acidity is at pH is 8.3 

a) 8.3 

b) 9.3 

c) 4.3 

d) 7.3 

9. For dilution purposes, ____________ type of distilled water is used. 

a) Organic free 

b) CO2 free 

c) O2 free 

d) Ordinary 

10. Acidity can be electrometrically measured by_______________ 

a) pH meter 

b) Conductivity meter 

c) Turbidity meter 

d) Spectrometer 

 

KEY TO ITEMS: 

 

1) a 

2) True 

3) a 

4) b 

5) b 

6) c 

7) a 

8) a 

9) b 

10) 
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ESTIMATION OF CHLORIDES 

AIM: To estimate the amount of chlorides present in the given sample of water. 

APPARATUS 

1. Pipette 

2. Burette 

3. Conical flask etc. 

REAGENTS 

1. Potassium chromate (K2CrO4) indicator 

2. Silver nitrate (AgNO3) of 0.0141N 

THEORY 

Chlorides occur widely in water and waste water and are usually associated with sodium 

ion. Although chlorides are not harmful, concentrations beyond 250 mg/l impart a peculiar 

taste to water, rendering it unacceptable from aesthetic point of view for drinking purpose. 

Presence of chlorides above the usual background concentration in water sources is also 

used as an indicator of pollution by domestic sewage. 

PRINCIPLE 

Chlorides ion is determined by titration with standard AgNO3 in which AgCrO4 precipitates 

out. The end of titration is indicated by formation of red silver chromate from excess 

AgNO3 and potassium chromate used as an indicator in neutral to slightly alkaline solution. 

INTERFERENCE 

Bromide, Iodide, Cyanide, Sulphide, Thiosulphate, Sulphate, Iron, Phosphate are prime 

sources of interference. 

PROCEDURE 

1. Adjust the pH of sample between 7.0-8.0. 

2. Standardize AgNO3against standard NaCl solution. 

3. Take 20ml well mixed sample and add 1.0ml of K2CrO4. 

4. Titrate with standard AgNO3 solution till AgCrO4 starts precipitating. 

5. For better accuracy titrate 20ml of distilled water in the same way to establish reagent 

blank. 
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OBSERVATIONS 

S. No. 
Volume of 
sample (ml) 
 

Burette reading Volume of AgNO3 
run down (ml) Remarks Initial 

(ml) 
Final (ml) 

      

      

      

      

 

CALCULATION 

Chlorides (Cl-) in mg/l  =  (A-B)xNx35.45/ml of sample 

       Where A = ml of AgNO3 run down for the sample 

                   B = ml of AgNO3 run down for the blank 

                   N = Normality of AgNO3 used 

RESULT 

Chlorides present in the given sample        =           mg/l 

 

VIVA QUESTIONS 

1. The limit of chlorides in drinking water as per IS code is 

a) 200 ppm 

b) 225 ppm 

c) 250 ppm 

d) 500 ppm 

2. Silver nitrate is stored in a brown bottle 

a) to avoid decomposition by sun light 

b) because it is dark in colour 

c) because the solution is colourless 

d) to avoid heat 

3. The colour of Silver Chromate is 

a) Milky White 

b) pale Yellow 

c) Colourless 

d) Brick Red 

4. When both hardness and chloride content are very high above 500 mg/L, then 
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the water will be 

a) Non salty in nature 

b) Fit for drinking 

c) Salty in nature 

d) Soft water 

5. Presence of chloride can corrode________. 

a) GI pipes 

b) Rubber tubes 

c) PVC pipes 

d) Glass pipes 

6. The chloride concentration in sewage is 

a) More concentrated than the municipal water supplied 

b) Equal concentration to the municipal water supplied 

c) Less concentrated than the municipal water supplied 

d) Only in trace 

7. Chloride consumed by human beings 

a) Pass through the fecal matter as it is 

b) Gets changed into other forms 

c) Gets disappeared in the body 

d) Stored in bones 

8. Chloride gives salty taste to water particularly when present as ___. 

a) Sodium chloride 

b) Magnesium chloride 

c) Potassium chloride 

d) Zinc chloride 

9. The point at which a clear visual change is observed after the reaction 

between titrant and titrates is called 

a) End point 

b) Equivalence point 

c) Equal point 

d) Double equivalence point 

10. Most common ion in the water is 
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a) Fluoride 

b) Nitrate 

c) Chloride 

d) Sulphate 

 

KEY TO ITEMS: 

 

1) c 

2) a 

3) d 

4) c 

5) a 

6) a 

7) a 

8) a 

9) a 

10) c 
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DETERMINATION OF DISSOLVED OXYGEN 

Aim: To determine the dissolved oxygen present in given water sample. 

Apparatus:Digital Dissolved Oxygen Meter. 

REAGENTS: Potassium chloride solution (7.5%) 

THEORY: Oxygendissolvedin water, often referred to as DO, is a very important parameter 

of water quality and is an index of physical and biological process going on in water. There 

are two main sources of dissolved oxygen in water i) Diffusion from air ii) Photosynthetic 

activity within water. Diffusion of oxygen from air to water is physical phenomenon and 

depends upon solubility oxygen, which in turn, is influenced by factors like temperature, 

water movement, salinity etc.  

DO MEASUREMENT METHOD:  

DO probe Assembly: 

1. Fit the membrane on the lower part of the electrolyte tube. Be careful to handle its 

membrane. 

2. Fix the ring in the electrolyte tub, covering the sides of the membrane. 

3. Fill potassium chloride solution in the electrolyte tube to its top. 

4. Insert the electrode in the electrolyte tube and tightly screw it up. Now the probe is 

ready for use. 

DO Operation:  

1. Set the temperature knob to the solution temperature, CAL knob to extreme right 

position, and Zero knob to extreme left position.\ 

2. Place the DO probe in 2% sodium sulphite solution. Allow the display to attain 

equilibrium. Set the Zero knob to bring the display to read 0.00by keeping temperature 

knob to actual temperature of the solution. Calibrate knob should be at extreme right 

position. 

3. Now calibrate the instrument with known value of DO solution. 

4. Take 250 ml flask and fill 2/3 of it with distilled water. 

5. Stopper the flask and shake it for 20 seconds. Remove the stopper and swirl the water 

back and repeat the procedure 4 times. 

6.  Measure the temperature of the water and set the temperature knob to the 

temperature of the water in the flask. 
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7. Hold DO probe in the flask and agitate the water. Note the reading.  

8. Now the instrument is ready to take DO measurements of any unknown solution. 

RESULTS: DO present in given water sample is__________mg/l. 

PRECAUTIONS:  

1. 7.5 % KCL solution acts as a good electrolyte in DO probe. Presence of any other salt in 

electrolyte solution may damage the probe. 

2. The electrolyte tube should not contain any air bubble. If it is present, it will cause 

fluctuations in the readings. 

3. Movement of the solution should be about 2 ft/sec for accurate measurement. 

VIVA QUESTIONS 

1. Winkler titration method is based on _____ property of Dissolved Oxygen. 

a) Reduction 

b) Oxidation 

c) Redox 

d) Decomposition 

2. Dissolved oxygen in the water mainly depends upon Organic content of the 

water. 

a) True 

b) False 

3. The ingredients of Alkali are NaOH, NaI 

a) NaN4 

b) NaN3 

c) NaN2 

d) NaN 

4. The precipitate formed after the addition of MnSO4 and Alkali azide is _______. 

a) Manganese Hydroxide 

b) Sodium sulphate 

c) Potassium sulphate 

d) Manganese oxide 

5. Dissolved Oxygen depends only on Physical Properties of the water. 

a) True 

b) False 
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6. Along the stream the increase in dissolved oxygen in water will be at the 

a) riffles 

b) warm pool 

c) bank erosion 

d) top 

7. The dissolved Oxygen in potable water_______. 

a) imparts freshness 

b) improves taste 

c) improves smell 

d) imparts colour 

8. Sulphide and Sulphur dioxide interfere in the determination of dissolved oxygen. 

a) True 

b) False 

9. The sample obtained for testing Dissolved Oxygen can be preserved by 

a) adding the reagents and stored at 10 to 20 for up to 8 hours 

b) storing at room temperature for up to 24 hours 

c) storing at 0 for up to 24 hours 

d) adding the reagents and stored at room temperature for up to 24 hours 

10. Minimum DO in the fresh water for the survival of aquatic life is 

a) 0 mg/l 

b) 2 mg/l 

c) 8 mg/l 

d) 4 mg/l 

 

KEY TO ITEMS: 

1) b 

2) True 

3) b 

4) a 

5) False 

6) a 

7) a 
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8) a 

9) a 

10) d 
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DETERMINATION OF BIOCHEMICAL OXYGEN DEMAND 

Aim: todetermine the BOD in given water sample. 

Apparatus: 

1. BOD bottles (capacity 300 ml) 

2. Sampling device for collection of samples  

3. Burette 

4. Pipettes. 

5. Incubator 

REAGENTS:  

1. Ferric Chloride 

2. Phosphate buffer solution 

3. Magnesium sulfate solution  

4. Calcium chloride solution 

5. Sodium sulfite solution 0.025N 

PROCEDURE 
1. Place the desired volume of distilled water in a 5-liter flask. Aeration is done by bubbling 

compressed air through water. 

2. Add 1 ml of phosphate buffer, 1 ml of magnesium sulfate solution, 1 ml of calcium 

chloride solution and 1 ml of ferric chloride solution for every liter of distilled water 

(dilution water).Mixwell. 

3. In the case of the waste water which are not expected to have sufficient bacterial 

population, add seed to the dilution water. Generally, 2 ml of settled sewage is sufficient 

for 1000 ml of dilution water. 

4. Highly acidic or alkaline sample are to be neutralized to  a pH of 7.0 

5. Add 2 to 3 ml of sodium thio -sulfate solution to destroy residual chlorine if any. 

6. Take sample as follows. 

   Strong wastes   :  0.1 to 1% 

    Settle domestic sewage  : 1 to 5%  

    Treated effluents  :  5 to 25% 

    River water   :  25 to 100%. 

7. Dilute the sample with the distilled water and mix the contents well. 

8. Take diluted sample into 2 BOD bottles. 
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9. Fill another two BOD bottles with diluted (distilled) water alone. 

10. Immediately find D.O. of a diluted wastewater and diluted water (distilled water). 

11. Incubate the other two BOD bottles at 200 C for 5 days. They are to be tightly stoppered 

to prevent any air entry into the bottles. 

12. Determine D.O content in the incubated bottles at the end of 5 days (120 hours). 

OBSERVATIONS 
 

S.No. 
Volume of 

Sample 
(ml) 

Burette Readings Volume of Na2S2O3 
run down 

(ml) 

D.O in 
(mg/l) Initial 

(ml) 
Final 
(ml) 

      

      

      

      

 
 
CALCULATIONS 
 

Initial D.O. of diluted sample     =  Do 

D.O at the end of 5 days for the diluted sample   =  D5 

Initial D.O. of distilled water (blank)     =  Co 

D.O. at the end of 5 days for the distilled water (blank)  =   C5 

D.O. depletion of dilution water     =   Co - C5 

D.O. depletion of the diluted sample    =   Do - D5 

D.O. depletion of due to microbes     =   (Do - D5) - (Co - C5) 

 

BOD of the sample at 200 C  = [(Do - D5) x Vol. of the Bottle] - (Co - C5) X ml of the                        

sample 
 
RESULTS: 
 
Bio-Chemical Oxygen Demand for the given sample  = mg/l 

 
 

VIVA QUESTIONS 

1. Biochemical oxygen demand (BOD) is an important measure of 

a) The oxygen using potential of water and wastewater 
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b) Oxygen content of water and wastewater 

c) an organism's natural level of oxygen requirement 

d) a measure of the biological activity of water and wastewater 

2. In BOD test, dilution water is aerated 

a) for supplementing air 

b) for cooling the sample 

c) for super saturation 

d) for diluting the sample 

3. Which of the following is added as nutrient 

a) Calcium chloride 

b) Calcium sulphate 

c) Magnesium chloride 

d) Magnesium phosphate 

4. Seeding is the process of addition of 

a) seeds 

b) live microbes 

c) cold water 

d) nutrients 

5. After the incubation period of BOD which is 5 days at 20°C, 

a) all the organic content would be exhausted. 

b) all organisms present will die 

c) practical convenience 

d) all the nutrients would be exhausted. 

6. In a treatment plant when the influent BOD is 245 mg/L and the effluent BOD is 22 

mg/L, the percentage of BOD removed is 

a) 19% 

b) 91% 

c) 9% 

d) 86% 

7. The reaction that occurs between iodine and sodium thiosulphate result in ______. 

a) Sodium iodide 

b) Disodium iodide 
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c) Disodium thioiodide 

d) Sodium thio iodide 

8. Manganous hydroxide takes up dissolved oxygen in molecular form to form 

Manganous oxide. 

a) Manganous oxide 

b) Manganous di oxide 

c) Manganic di oxide 

d) Manganic oxide 

9. Sulphuric acid is added to 

a) reduce tetravalent manganese to trivalent manganese 

b) reduce tetravalent manganese to divalent manganese 

c) reduce tetravalent manganese to manganese 

d) make acidic pH 

10. The increased level of BOD in water indicate that 

a) it is not fit for potable use 

b) it is fit for potable use 

c) it tastes better 

d) it smells pleasant 

 

KEY TO ITEMS: 

 

1) a 

2) c 

3) a 

4) b 

5) a 

6) b 

7) a 

8) a 

9) b 

10) a  
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DETERMINATION OF CHEMICAL OXYGEN DEMAND 
 

Aim: todetermine the COD of the given sample. 

APPARATUS:  

1. Reflux apparatus  

2. Hot plate / Heating mantle 

3. Burette 

4. Pipette 

5. Measuring jars 

REAGENTS: 

1. Standard potassium dichromate 0.25 N 

2. Concentrated sulphuric acid reagent (H2SO4) 

3. Silver sulphate (Ag2SO4) 

4. Standard ferrous ammonium sulphate 0.1 N 

5. Ferroin indicator 

6. Mercuric sulphate 

PRINCIPLE: 

COD test determine the oxygen required for chemical oxidation of organic matter with the 

help of strong chemical oxidant. The organic matter gets oxidized completely by potassium 

dichromate in the presence of sulphuric acid to produce Co2 +H20. The excess K2Cr2O7 

remaining after the reaction is titrated with Ferrous Ammonium sulphate. The dichromate 

consumed gives the oxygen required for oxidation of the organic matter. 

PROCEDURE 
 

1. Place 0.4 g of Hg So4 in a reflux flask. 

2. Add 20 ml of sample. Mix well. 

3. Add pumice stone or glass beads followed by 10 ml of std. K2 Cr2 O7. 

4. Add slowly 30 ml of H2 So4 containing Ag2 So4 mixing thoroughly. This slow addition 

along with swirling prevents fatty acids to escape out due to high temperature. 

5. Mix well. If the color turns green, either add more dichromate and acid or take fresh 

sample with lesser aliquot. 



42 

 

Department of Civil Engineering                          Environmental Engineering Laboratory Manual 

6. Connect the flask to condenser. Mix the contents before heating, improper mixing will 

result in bumping and sample may be blown out. 

7. Reflux for a minimum of 2 hours, cool and then wash down the condenser with distilled 

water. 

8. Dilute for a minimum of 150 ml, cool and titrate excess K2 Cr2 O7 with 0.01 N ferrous 

Ammonium Sulphate using ferroin indicatior. Sharp change from blue green to wine red 

indicates end point of titration. 

9. Reflux blank in the same manner using distilled water instead of sample. 

 
OBSERVATIONS 
 

S. No. 
Volume of the diluted  

sample 
(ml) 

Burette reading Volume of FAS  
run down 

(ml) 
Remarks Initial  

(ml) 
Final  
(ml) 

      

      

      

 

RESULTS: 

 

Where, A = ml of FAS for blank 

   B = ml of FAS for sample 

   N = Normality of FAS 

PRECAUTIONS:  

Theinterference caused by chlorides can be eliminated by the addition of HgSo4 to the 

sample prior to addition of other reagents. 

VIVA QUESTIONS 

1.Potassium dichromate is considered as the best 

a) Oxidizing agent 

b) Reducing agent 

c) Redox agent 

d) Chemical agent 

2. Mercury Sulphate is added to reduce the interference of 
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a) Chlorides. 

b) Sulphates 

c) Organic pollutants 

d) Hardness 

3. Silver Sulphate is added as 

a) Oxidizing agent 

b) Reducing agent 

c) Redox agent 

d) Catalyst 

4. Ferroin indicator is 

a) Phenanthroline mono hydrate 

b) Ferric sulphate 

c) Phenanthroline mono hydrate and Ferric Sulphate 

d) Ferrous Sulphate 

5. After refluxing, ___________ solution is titrated against FAS. 

a) excess potassium dichromate 

b) consumed potassium dichromate 

c) initially added potassium dichromate 

d) potassium dichromate and silver sulphate 

6. H2SO4 is added to FAS solution 

a) as it is a component of the reagent 

b) to prevent hydrolysis of ferrous sulphate into ferrous hydroxide 

c) to provide acidic medium 

d) to neutralise the medium 

7. The products formed after COD analysis are ______. 

a) Carbon di oxide and water 

b) Water alone 

c) Carbon di oxide alone 

d) Carbon monoxide and water 

8. In industrial waste water, COD value is about _____________ BOD value. 

a) 2.5 times 

b) 3.5 times 
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c) 4.5 times 

d) 5.5 times 

9. Sulphuric acid is added 

a) as it assists in oxidizing the nitrogen compounds 

b) to provide acidic medium 

c) to neutralise the medium 

d) as catalyst 

10.A blank solution is 

a) identical in all respects to the test solution except for the absence of 

test solute 

b) identical in all respects to the test solution 

c) a solution without any reagents 

d) a solution without distilled water 

 

KEY TO ITEMS: 

 

1) a 

2) a 

3) d 

4) c 

5) a 

6) b 

7) a 

8) a 

9) a 

10) a  
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DETERMINATION OF OPTIMUM DOSAGE OF COAGULANT (JAR TEST) 

Aim:To find the optimum dose of coagulant required for treating the given turbid water 

sample. 

APPARATUS: 

1. Jar test Apparatus. 

2. pH meter. 

3. One liter beakers - 6 Nos. 

4. Graduated pipette. 

5. Turbidity meter. 

REAGENTS: 

Alum 

THEORY: 

Chemical coagulation, flocculation and sedimentation together reduce suspended and 

colloidal solids, phosphorus fluorides, organic matter and certain toxicants. Alum, ferrous 

and ferric salts. When used for clarification, result in producing better effluent than by the 

plain sedimentation. The exact doses of these coagulants cannot be theoretically calculated 

and therefore, laboratory tests have to be carried out using the jar test procedure. This 

enables the investigations of such inter related factors like pH, color, turbidity, mineral 

matter, temperature, time of flocculation and the degree of agitation, which will control the 

coagulation and flocculation. 

PRINCIPLE 

Very fine particles of size 1 to 500 nano meters of clay, micro-organisms, decomposing 

organic matter, phosphates, fluorides and certain toxicants remain suspended in water 

without settling and are called COLLOIDS.  

Colloids:  Hydrophobic (water hating)  

Hydrophilic   (water loving) 

Hydrophobic colloids - Possessing no affinity for water are dependent on electrical charges 

for their stability in suspension. A coagulant destabilizes these colloids such that they 

contact agglomerate, form flocs and drop out of solution by sedimentation. 

   - - - 

2Al +++   + Al 
Colloi

d 

Colloi

d 
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Flash mixing helps the coagulant intimately get mixed with colloids and then gentle mixing 

helps the particles to contact, and then to agglomerate. 

Coagulation is dependent on pH, colour, turbidity, mineral matter, temperature, time of 

flocculation and degree of agitation. 

The minimum concentration that effectively removes all the turbidity is the ideal dose of 

the coagulant. 

PROCEDURE: 

1. Using 200 ml of sample on a magnetic stirrer, add coagulant in small increments at a pH 

6. After each addition, provide a 1 minute rapid mix followed by a 3 min. slow mix. 

Continue addition until a visible floc is formed. 

2. Using this dose place 1000 ml sample in each of six beakers. 

3. Adjust the pH to 4.0, 5.0, 6.0, 7.0, 8.0 and 9.0 with standard alkali acid. 

4. Rapid mix each samples for 1 min. follow this with 14mi. flocculation at slow speed. 

5. Measure turbidity or pertinent effluent concentration of each settled sample. 

6. Plot the percent removal of characteristics versus pH and select the optimum pH. 

7. At this pH repeat steps 2,4, and 5 varying the coagulant dosage. 

8. Plot the percent removal Vs. the coagulant dosage and select the optimum dosage. 

RESULTS 

The optimum dosage of coagulant for the given sample is ___________mg/l. 

PRECAUTIONS: 

1. Add coagulant dosages simultaneously to all beakers while stirring. 

2. Add the dosages at the point where intimate mixing is ensured. 

3. It is advisable to siphon out the settled sample form the beakers so as not to disturb the 

settled floc. 

VIVA QUESTIONS 

1. Why is alum preferred to other coagulants? 

2. What is the difference between coagulation and flocculation? 

3. What are coagulant aids? 

4. Write the significance of pH in coagulation using alum. 

5. What factors affect the sedimentation of a discrete particle setting in a quiescent 

liquid? 
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DETERMINATION OF IRON 
 

AIM:To Determine the quantity of iron present in the given sample of water using 1, 10 -

phenanthroline method 

 

APPARATUS:UV Spectrophotometer, Sample Tubes. 

 

REAGENTS:Acid Phenanthroline Indicator, Iron Reducing Reagent. 

 

THEORY: 

 

Iron is usually present in natural water and is not objectionable, if concentration is less than 

0.3 ppm. It may be in true solution in colloidal state that may be peptized by organic matter, 

in the inorganic and organic iron complexes, or in relatively coarse suspended particles. It 

may be ferrous or ferric, suspended or filterable. Iron exists in soils and minerals mainly as 

insoluble ferric oxide and iron sulphide (pyrite). It occurs in some areas, also as ferrous 

carbonate (siderite), which is very slightly soluble. 

 

PRINCIPLE: 

 

The phenanthroline method is the preferred standard procedure for the measurement of 

iron in water except when phosphate or heavy metal interferences are present. The method 

depends upon the fact that 1, 10-phenanthroline combine with Fe++ to form an orange-red 

complex. Its colour conforms to Beer’s law and is readily measured by visual or photometric 

comparison. Small concentration of iron can be most satisfactorily determined by 

colorimetric analysis. It is also based on Beer’s law. By measuring the intensities of 

transmitted and incident light through a coloured solution and knowing its optical density or 

transmission, we can prepare a calibration curve and subsequent concentration can be read. 

 

PROCEDURE: 

 

Use universal sample holder. 

1. Press and hold ON button until spectrophotometer turns on. 

2. Scroll to and select PROGRAMMED TESTS. 

3. Scroll to and select ALL TESTS (or another sequence containing53 Iron Phen) from 

TESTING MENU. 

4. Scroll to and select 53 Iron Phen from menu. 

5. Rinse a clean tube (0290) with sample water. Fill to the 10 mL mark withsample. 

6. Insert tube into chamber, close lid and select SCAN BLANK. 
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7. Remove the tube from Spectro. Remove the cap and add 6 drops of *AcidPhenanthroline 

Indicator (2776). Cap and invert the tube 4 times to mix reagents. Wait five minutes for 

maximum color development. 

8. After five minutes, mix, insert tube into chamber, close lid and select SCANSAMPLE. 

Record result as ppm Ferrous Iron. 

9. Remove tube from Spectro. Use the 0.1g spoon (0699) to add one measureof *Iron 

Reducing Reagent (2777). Cap and invert 15-20 times to mix, wait 5minutes for maximum 

color development. 

10. After 5 minutes, mix insert tube into Spectro. Close lid and select SCANSAMPLE. Record 

result as ppm Total Iron. 

11. Press OFF button to turn spectrophotometer off or press EXIT button to exit toa previous 

menu or make another menu selection. 

12. Total Iron (ppm) - Ferrous Iron (ppm) = Ferric Iron (ppm) 

 

NOTE: For best possible results, a reagent blank should be determined to account for any 

contribution to the test result by the reagent system. To determine thereagent blank, follow 

the above test procedure to scan distilled or deionizedwater blank. Then follow the above 

procedure to perform the test on a distilled ordeionized water sample. This test result is the 

reagent blank. Subtract the reagentblank from all subsequent test results of unknown 

samples. It is necessary todetermine the reagent blank only when a new lot number of 

reagents is obtained. 

 

RESULT: 

1. The quantity of ferrous iron present in the given sample is ___________ ppm. 

2. The quantity of Total Iron present in the given sample is ___________ ppm. 

3. The quantity of Ferric Iron present in the given sample is___________ ppm. 
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DETERMINATION OF TOTAL PHOSPHOROUS 

 

AIM:To determine the quantity of total phosphorous present in the given sample of water 

using ascorbic acid reduction with persulfate digestion method. 

 

APPARATUS: UV Spectrophotometer, Sample Tubes. 

 

REAGENTS:Digestion Reagent Powder, Total Phosphorus LR Hydroxide Reagent, Phosphate 

Acid Reagent, Phosphate Reducing Reagent. 

 

THEORY: 

 

Phosphorus in natural waters and wastewaters occurs almost exclusively in the form of 

orthophosphates, condensed phosphates (pyro-, meta- and other polyphosphates) and 

organically bound phosphates. Phosphates may be added in small amounts to water 

supplies during treatment. Larger amounts are introduced to water used for cleaning or 

laundering as components of commercial cleaning preparations. Phosphates are used to 

treat boiler water and are components of agricultural and residential fertilizers. Phosphorus 

is an important nutrient for aquatic plants. The amount found in natural water is generally 

not more than 0.1 mg/L unless the water has become polluted from wastewater sources or 

excessive drainage from agricultural areas. 

 

PRINCIPLE: 

 

Pretreatment of the sample with heat and acid provides conditions for the hydrolysis of 

condensed inorganic phosphates. Heat, acid and persulfate convert the organic phosphates 

to orthophosphate during the digestion. Ammonium molybdate and antimony potassium 

tartrate react in a filtered acid medium with dilute solutions of phosphate to form an 

antimonyphosphomolybdate complex. This complex is reduced to an intense blue colored 

complex by ascorbic acid. The color is proportional to the amount of phosphate present. 

 

PROCEDURE: 

 

Use universal sample holder 

1. Preheat COD reactor to 150 ±2°C. Follow safety precautions. 

2. Remove cap from a *Total Phosphorus Acid Reagent Tube (4035). Use a 1.0 mL pipet 

(0354) to add 5.0 mL of sample. 

3. Use the 0.15 g spoon (0727) and a funnel (0459) to add one level measure of *Digestion 

Reagent Powder (4036). Tap funnel to dispense powder completely. Cap tube tightly and 

shake until powder dissolves completely. 

4. Place the tube in the COD reactor for 30 minutes. 
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5. At the end of the heating period, turn the reactor off. Carefully remove the tube from the 

reactor and allow it to cool to room temperature. 

6. At the end of the cooling period, press ON button until spectrophotometer turns on. 

7. Scroll to and select PROGRAMMED TESTS from menu. 

8. Scroll to and select ALL TESTS (or another sequence containing 82 Phosphorus T LR from 

PROGRAMMED TESTS menu. 

9. Scroll to and select 82 Phosphorus T LR from the menu. 

10. Carefully remove the caps from the digested tube. Use another 1 mL pipet (0354) to add 

1.0 mL of *Total Phosphorus LR Hydroxide Reagent (4038) to the tube. Cap and invert to 

mix. 

11. Wipe the vial with a damp towel to remove fingerprints and smudges. Wipe with a dry 

towel. 

12. Insert the tube into the chamber. Select SCAN BLANK. Remove the tube from the 

spectrophotometer. 

13. Use another 1 mL pipet (0354) to add *1.0 mL of Phosphate Acid Reagent (V-6282). Cap 

and invert tube to mix. 

14. Use the 0.1g spoon (0699) and a funnel (0459) to add one level spoon of Phosphate 

Reducing Reagent (V-6283). Tap funnel to dispense powder completely. Cap tube and shake 

until powder dissolves. 

15. Wait 5 minutes. 

16. Wipe the tubes with a damp towel to remove fingerprints and smudges. Wipe with a dry 

towel. 

17. Insert the tube into the chamber. Select SCAN SAMPLE. Record the result as Total 

Phosphorus in mg/L PO4. 

18. Press OFF button to turn the spectrophotometer off or press EXIT button to exit to a 

previous menu or make another menu selection. 

NOTE: For greater accuracy, use laboratory grade pipets. 

 

RESULT: 

 

The quantity of Total Phosphorus present in the given sample is ___________ mg/L PO4. 
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DETERMINATION OF CHLORINE DEMAND 

 

AIM:To determine the chlorine demand present in the given sample of water usingliquid DPD 

method. 

 

APPARATUS: UV Spectrophotometer, Sample Tubes. 

 

REAGENTS:DPD 1A Free Chlorine Reagent, DPD 1B Free Chlorine Reagent, DPD 3 Total Chlorine Reagent. 

 

THEORY: 

 

Chlorine can be easily detected and measured makes chlorine afavorite water sanitizer of 

those concerned with the public safety of water supplies.Chlorine concentrations in the 

range of 0.1 to 0.4 parts per million are usuallymaintained in municipal supplies.Chlorine 

can be added in the form of chlorine gas, liquid sodium hypochlorite(bleach), granular 

calcium hypochlorite or as organic chlorine compounds.Chlorine is not present in natural 

water supplies; if it is present it is the result ofchlorination of a water supply or of 

chlorinated compounds being discharged aswaste from industrial operations. The presence 

of chlorine in concentrations above0.5 parts per million should be considered evidence of 

pollution from chlorinetreated effluents or from a process in which high concentrations of 

chlorine areused. 

 

PRINCIPLE: 

 

In the absence of iodide, free available chlorine reactsinstantly with DPD to produce a red 

color. Subsequentaddition of potassium iodide evokes a rapid color response from the 

combined forms of chlorine(chloramines). 

 

PROCEDURE: 

 
PROCEDURE–FREE CHLORINE 

 

Use universal sample holder 

1. Press and hold ON button until spectrophotometer turns on. 

2. Scroll to and select PROGRAMMED TESTS. 

3. Scroll to and select ALL TESTS (or another sequence containing17 Cl DPD-Liq) from 

TESTING MENU. 

4. Scroll to and select 17 Cl DPD-Liq from menu. 

5. Rinse a tube (0290) with sample water. Fill to the 10 mL line with sample. 

6. Insert the tube into chamber, close lid and select SCAN BLANK. 

7. Remove the tube from spectrophotometer. 
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8. Add 5 drops of DPD 1A Free Chlorine Reagent (P-6740). 

9. Add 5 drops of *DPD 1B Free Chlorine Reagent (P-6741). Cap and mix. 

10. Insert tube into chamber, close lid and select SCAN SAMPLE. Record resultas ppm free 

chlorine 

 
PROCEDURE–TOTAL CHLORINE 

 

11. Add 5 drops of *DPD 3 Total Chlorine Reagent (P-6743). Cap and mix. 

(NOTE: For wastewater samples, Standard Methods for the Examination of Water and 

Wastewater recommends waiting 2 minutes for full color development.) 

12. Insert tube into chamber, close lid and select SCAN SAMPLE. Record result as ppm total 

chlorine. 

13. Subtract the Free Chlorine reading from the Total Chlorine reading to determine ppm 

combined chlorine. 

14. Press OFF button to turn the spectrophotometer off or press EXIT button to exit to a 

previous menu or make another menu selection. 

 

NOTE: For best possible results, a reagent blank should be determined to account for any 

contribution to the test result by the reagent system. To determine the reagent blank, 

follow the above test procedure to scan distilled or deionized water blank. Then follow the 

above procedure to perform the test on a distilled or deionized water sample. This test 

result is the reagent blank. Subtract the reagent blank from all subsequent test results of 

unknown samples. It is necessary to determine the reagent blank only when a new lot 

number of reagents is obtained. 

 

RESULT: 

1. The quantity of free chlorine present in the given sample is ___________ppm 

2. The quantity of total chlorine present in the given sample is ___________ppm 

3. The quantity of combined chlorine present in the given sample is ___________ppm 
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DETERMINATION OF NITROGEN 

 

AIM:To determine the totalnitrogen present in the given sample of water 

usingchromotropic acid with persulfate digestion method.  

 

APPARATUS: UV Spectrophotometer, Sample Tubes, Spoon, 0.15 g, Pipets, 1.0 mL, Funnels. 

 

REAGENTS:  Digestion Reagent Powder Deionized Water, Total Nitrogen Reagent A Powder, 

Total Nitrogen Reagent B Tablets. 

 

THEORY: 

 

Nitrogen is essential for plant growth, but the presence of excessive amounts in water 

supplies presents a major pollution problem. Nitrogen compounds may enter water as 

nitrates or be converted to nitrates from agricultural fertilizers, sewage, industrial and 

packing house wastes, drainage from livestock feeding areas, farm manures and legumes. 

Nitrates in large amounts can cause “blue babies” (methemoglobinemia) in infants less than 

six months of age. Nitrate concentration is an important factor to be considered in livestock 

products, where, in addition to causing methemoglobinemia, it is responsible for many 

other problems. Nitrates in conjunction with phosphate stimulate the growth of algae with 

all of the related difficulties associated with excessive algae growth. Drinking Water 

Standards state that 10 ppm nitrate nitrogen should not be exceeded. To the sanitary and 

industrial engineer, concentrations of less than 1 ppm are acceptable. 

 

PRINCIPLE: 

 

All forms of nitrogen are converted to nitrate by an alkaline persulfate digestion. 

Interference from halogen oxides is eliminated by the addition of sodium metabisulfite. 

Nitrate in acid reacts with chromotropic acid to form a yellow color in proportion to the 

amount of nitrate in the treated sample. 

 

PROCEDURE: 

 

Use universal sample holder 

 

1. Preheat COD reactor to 100 ±2°C. Follow safety precautions. 

2. Remove caps from two *Total Nitrogen Hydroxide Reagent Tubes (4040). 

3. Use a 0.15 g spoon (0727) and a funnel (0459) to add one level measure of *Digestion 

Reagent Powder (4036) to each tube. Tap funnel to dispense 

Powder completely. 
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4. Use a 1.0 mL pipet (0354) to add 2.0 mL of Deionized Water (5115PS), or organic-free 

water, to one tube. This is the blank. 

5. Use another 1.0 mL pipet (0354) to add 2.0 mL of sample to the other tube. This is the 

sample. 

6. Cap both tubes and shake vigorously for 30 seconds. 

7. Place the tubes in the COD reactor for 30 minutes. 

8. After exactly 30 minutes, turn the reactor off. Carefully remove the tubes from 

the reactor and allow them to cool to room temperature. 

9. At the end of the cooling period, press ON button until spectrophotometer turns on. 

10. Scroll to and select PROGRAMMED TESTS from the menu. 

11. Scroll to and select ALL TESTS (or another sequence containing 62 Nitrogen T) from 

PROGRAMMED TESTS menu. 

12. Scroll to and select 62 Nitrogen T from the menu. 

13. Carefully remove caps from the digested tubes. 

14. Use a 0.15 g spoon (0727) and a funnel (0459) to add one level measure of *Total 

Nitrogen Reagent A Powder (4041). Tap funnel to dispense powder completely. Cap the 

tubes and shake for 15 seconds. 

15. Wait 3 minutes. 

16. Remove the caps from the tubes. Add one *Total Nitrogen Reagent B Tablet (4042A) to 

each tube. Cap the tubes and shake for 45 seconds or until the tablet disintegrates. 

17. Wait 2 minutes. 

18. Remove the caps from the reacted tubes. Carefully remove the caps from two *Total 

Nitrogen Acid Reagent Tubes (4043). CAUTION: Tubes contain a strong acid. 

19. Use another 1.0 mL pipet (0354) to add 2 mL of digested treated blank to one Total 

Nitrogen Acid Reagent Tube. This is the blank. 

20. Use another 1.0 mL pipet (0354) to add 2 mL of digested treated sample to the other 

Total Nitrogen Acid Reagent Tube. This is the sample. 

21. Cap the tubes and invert 10 times to mix. CAUTION: The tubes will be hot. NOTE: Invert 

slowly and completely for accurate results. Hold tubes with caps up. Invert the tube and 

wait for the air bubble to flow to the bottom of the tube. Turn the tube upright and wait for 

the air bubble to return to the top of the tube. This is one inversion. 

22. Wait 5 minutes. 

23. Wipe the tubes with a damp towel to remove fingerprints and smudges. Wipe with a dry 

towel. 

24. Insert the blank tube into the chamber. Select SCAN BLANK. Remove the Blank tube 

from the spectrophotometer. 

25. Insert the sample tube into the chamber. Select SCAN SAMPLE. Record the result as 

Total Nitrogen in mg/L N. 

26. Press OFF button to turn the spectrophotometer off or press EXIT button to exit to a 

previous menu or make another menu selection. 
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NOTE: For greater accuracy, use laboratory grade pipets. To order reagent refills, order code 

R-4026. 

 

RESULT: 

 

The quantity of Total Nitrogen present in the given sample is ___________ mg/L N 

 


