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ACIDITY

A) Methyl Orange Acidity

1. Transfer a sample of suitable size, 50 or 100 ml if possible to an Erlenmeyer flask or a white porcelain casserole.

2. If necessary, remove the residual chlorine by adding 0.05 ml (1 drop) of 0.1N Sodium thio-sulphate solution

3. Add. 0.1 ml (2 drops) methyl orange indicator solution and titrate against a white background with standard 0.02N sodium hydroxide solution till a faint orange color (pH) = 4.5) is obtained.

4. Record milliliters base consumed.

B) Phenolphthalein Acidity

1. Transfer a sample of suitable size, 50 or 100 ml  if possible to an Erlenmeyer flask or a white porcelain casserole

2. If necessary, remove the residual chlorine by adding 0.05 ml 

    (1 drop) of 0.1 N sodium thiosulphate solution.

3. Add. 0.15m1( 3 drops) Phenolphthalein indicator solution and tirate against a white background with standard 0.02 N sodium hydroxide to the appearance of the faint pink color characteristic of PH = 8.3.

4.  Record the milliliters base consumed.

Calculation:


Acidity, as Mg/CaCO3/L = A X N X 50,000

  
   

                       ml sample

Where: 


A= ml standard base used and


B= Normality of standard base

ALKALINITY

1. Measure the appropriate sample volume for the indicated alkalinity ranges and transfer   

     to a 250 ml Erlenmeyer flask.

	Sample volume mL.
	Alkalinity range mg/Las CaCO3

	                     100

                      50

                      25
	            0- 250

         251-500

        501-1,000


2. If necessary, remove the residual chlorine by adding 1 drop of sodium thiosulphate to 

    each flask and mix.

3.  Add two drops of phenolphthalein indicator solution and mix. If the sample turns pink, 

     Carbonate or hydroxide is present; proceed with step.  If the sample remains 

     Colorless, the water contains bicarbonate or is acid.  Skip steps 4 and 5 and go on to 

     Step 6.

4. If the sample turns pink, gradually add sulphuric acid titrant from the burret, shaking 

    the flask constantly until the pink just disappears.

5. Record the milliliters acid consumed

6. To the same sample, add 2 drops of mixed Bromocresol green or methyl red indicator 

    Solution.

7. Titrate with small volume of sulphuric acid titrant until the color changes from  

    Greenish blue to light pink

8.  Record the milliliters acid consumed.  Calculate the total volume of acid used in the P- 

    Alkalinity titration (If step 4 is carried out) and the M- Alkalinity titration (Step 7).

9.   Calculation:



Alkalinity mg/l as CaCO3 = A X N X 50.000





                           ml sample

Where


A= ml standard acid used and

            N= normality of standard acid

Total Hardness

EDTA Titrimetric Method

1. Measure the appropriate sample volume for the indicated hardness ranges and transfer 

    to a 250 ml Erlenmeyer flask.

	Sample volume mL.
	Alkalinity range mg/Las CaCO3

	                     50

                     25

                     10
	            0- 300

         301-600

        601-1,500


2. If a sample volume of 25 or 10 ml is used, bring the total volume to 50 ml by adding 

    distilled water.

3. Prepare a color comparison blank by placing distilled water in a similar flask and 

    Which has the same volume as the sample used for analysis?

4.  Add 1-2 ml of buffer solution to the color comparison blank and the sample and 

       Mix.

5. Add 0.2g solid indicator mixture ( Eriochrome Black T) to the color comparison 

     blank and the sample.  Mix to achieve dissolution

6. To the color comparison blank, carefully add from a burret one drop of EDTA titrant    

     at a time unit the purplish color changes to a bright blue.

7. Record the mL EDTA consumed.

8. If the sample turns a red or purple color in step 5, gradually add EDTA titrant from a 

    buret shaking the flask constantly.

9. Continue adding the titrant until the wine red color turns to a purplish tinge.  Stop the 

    titrant addition at this point for 10 seconds but continue the shaking ( or stirring).

10. Resume adding the EDTA titrant drop by drop until the purple color turns to the 

      Same bright blue color as in the color comparison blank.  Shake the flask throughout 

      the addition of the titrant.

11. Record ml EDTA consumed.

12. Calculate the net volume of titrant used for the sample alone by subtracting the ml 

     titrant consumed by the blank from the result found in step 11.

15. Calculation


Total hardness, as Mg/ CaCO3/L = ( A-B) X N X 50,000






Ml of sample

Where 


A= Ml titration for sample


B= ML titration for Blank, and


N= Normality of the EDTA titrant

Note:

1. Complete the titration within 5 minutes, measured from the time of buffer 

      addition.

2. The absence of a sharp end- point color change in the titration usually 

      Means that an inhibitor must be added at this point or that the indicator has 

      Deteriorated.

CALCIUM HARDNESS

EDTA Titrimetric Method

1. Measure the appropriate sample volume for the indicated calcium range and transfer to a 250 ml Erlenmeyer flask.

	Sample volume mL.
	Alkalinity range mg/Las CaCO3

	                     50

                     25

                     10
	            0- 200

         201-400

        401-1,000


2. Bring the total volume to 50 ml with distilled water if the sample size is less 

      than 50 mL.

3. Prepare a color comparison blank by placing distilled water in a similar flask and which has the same volume as the sample.

4. With a measuring pipet add 2 mL sodium hydroxide solution (1N) to the comparison blank and the sample; and mix.

5. Add 0.2 g solid indicator mixture (murexide or calcon) to the blank and sample.

6. To the color comparison blank carefully and from a buret one or two drops of EDTA titrant shaking constantly until the color turns to an unchanging orchid purple color if murexide is used as indicator, and from  wine red to a definite blue if calcon is used 

7. Record the mL EDTA consumed.

8. If in step 5 the sample turns a wine red colour , add EDTA titrant from a buret drop by drop, shaking the flask constantly, until the colour changes to the same deep or chid purple as the comparison blank ( if murexide is used) or to a definite blue ( is calcon is used.)

9. Record the mL EDTA consumed.

10. Calculation:

Calcium hardness, as mgCaCO3/L = (A-B) XN50,000






 Ml of sample

Where

A= Ml titration for the sample,

B= mL titration for the blank, and

N= Normality of the EDTA titrant

Note:

1. Because of the high PH used in this procedure (PH 12 to 13), titrate immediately after adding alkali and indicator.

2. Analyze hard waters with alkalinity higher than 300 mg CaCO3/L by taking a smaller portion and diluting to 50 mL.

CHLORIDE

Argentometric Method

1. Measure the appropriate sample volume for the indicated  chloride range using the 

     Following table and transfer to a 250 ml Erlenmeyer flask or porcelain casserole.

	Sample volume mL.
	Alkalinity range mg/Las CaCO3

	                     100

                      50

                      25

                      10
	            1-50

         51-100

        101-200

        201-500


2. Bring the total volume to 100 mL with distilled water if the sample size is less than 

    100 mL

3. Prepare a color comparison blank by placing distilled water in a similar flask and the 

    Volume must be equal to that of the sample

4. Add 1 mL potassium dichromate indicator solution to the blank and the sample; and 

    Mix

5. To the color comparison blank carefully add from a burette drop by drop silver nitrate 

    titrant until the yellow color changes to a brownish tinge.

6. Record the mL silver nitrate titrant consumed.

7. If the sample turns yellow, gradually add silver nitrate titrate from a burette.  Shake the 

    Flask continuously and continue adding the titrant until the sample turns the same 

    Orange- red color as in the color comparison blank.

8. Record mL silver nitrate titrant consumed.

9. Calculation:

  


  mg Cl/L = ( A-B) X N X 35,450





Ml of sample

Where

        A= mL titration for sample

       B= mL titration for blank, and

       N= normality of silver nitrate

  Mg NaCl/L = (mg Cl/L) x 1.65  

Note:

1. Directly titrate sample in the P H range 7 to 10.  Adjust sample P H to 7 to 10 

      with H2SO4 or NaOH if not in this range.

2. For highly colored samples clarification with aluminum hydroxide suspension is necessary

3. If sulfide, sulfite thiosulphate is present, add 1 ml hydrogen peroxide and stir for 1 minute.

AMMONIA NITROGEN

Direct Nesslerization Method

1. Prepare a series of standards by transferring the following amounts of standard 

      Ammonium chloride solution to a 50 mL volumetric flask stoppered graduated 

      cylinder and diluting to 50 mL with ammonia free distilled water.

	 Standard Ammonia Solution, mL
	 Ammonia Nitrogen ug /50 mL

	                         0

                      0.5

                      1.0

                      2.0

                      3.0

                      4.0

                      5.0
	             0

             5.0

           10.0

           20.0

           30.0

          40.0

          50.0


2. Nesslerize the standards by adding 1.0 mL Nessler’s reagent to each flask with a 

     Safety pipet.

3. Stopper and invert several times

4. Read the absorbance 425 nm at least 10 minutes after adding Nessler’s reagent

5. Plot a calibration curve absorbance versus concentration

Treatment of Samples

1. Take 100 mL of sample in a 100 mL volumetric flask or graduated cylinder

2. With a measuring pipet add 1 mL zinc surface solution and mix thoroughly

3. Add 0.4 to 0.5 mL 6N sodium hydroxide solution to obtain a PH of 10.5 and mix thoroughly.

4. Let treated sample stand for a few minutes, where upon a heavy flocculent precipitation should fall, leaving a clear and colorless super mate

5. Prepare a filter with a fast filter paper by washing it until it is free of ammonia (Check then filtrate with Nessler’s reagent)

6. Pour estimated 25 mL of the clear liquid through the filter paper.  Discard this filtrate.

7. Pour the remaining clear liquid through the same filter and catch the filtrate in a clean 100 mL stoppered graduated cylinder

8. Measure the appropriate volume of the filtrate for the indicated ammonia nitrogen range and transfer it to a 50 mL volumetric flask or graduated cylinder.

	 Standard Ammonia Solution, mL
	 Ammonia Nitrogen ug/50mL

	50

25

10
	                   01-1.0

                   11-2.0

                   2.1-5.0


9. If necessary, dilute to the 50 mL mark with NH3 – fee distilled water.

10. Add 0.05 to 0.1 mL (1 to 2 drops) Rochelle salt solution and mix well.

11. Add mL Nessler’s reagent with a safety pipette.

12. Stopper and mix well.

13. Allow the yellow or brownish color to develop for at least 10 minutes

14. Read the absorbance at 425 nm with a spectrophotometer.

15. Determine the microgram NH3- N from the calibration curve:

16. Calculation:

a) mg/L NH3- = (g NH3-N

                       Ml of sample

b)  mg/L NH3- = (g NH3-Nx1.22

                         Ml of sample

c) mg/L NH4- = (gNH3-Nx1.29

                       Ml of sample

NITRITE NITROGEN

Diazotization Method

1. Prepare a series of standards by transferring the following amounts of standard nitrite solution to separate 50-mL volumetric flasks or graduated cylinders.

	Standard  Nitrite solution mL
	  Nitrite Nitrogen(g/50 mL

	 0

0.1

0.2

0.4

0.7

 1.4

2.0

2.5
	0

0.05

0.10

0.20

0.35

0.70

1.00

1.25 




2. Add distilled water to the 50-mL mark, and mix thoroughly.

3. Place the clear colorless sample into a 50-mL volumetric flask or graduated cylinder.  If a smaller portion is used, dilute to the 50-mL mark with distilled water ( If the sample contains colloidal suspended solids which can not removed by ordinary filtration, filter through a 0.45 um pore diameter membrane filter)

4. Neutralize if necessary to a PH of about 7.

5. Add 1 mL sulfanilamide solution, mix and allow the reagent to react for 2 to 8 min.

6. Add 1 mL NED di hydrochloride solution and mix immediately.

7. Allow to stand for at least 10 minutes but not more than 2 hours for the reddish purple color to develop.

8. Measure the absorbance of each standard and the sample against a reagent blank in a suitable photometer at 543 nm.

9. Determine the (g of NO2- N in the sample by reference to a standard calibration curve 

10. Calculation:

a) mg/L NO2 – N = (g NO2-N

                                   Ml of sample

b) mg/L NO2   = (g NO2-N x 3.285

                                   Ml of sample

NITRATE NITROGEN

Phenoldisulfonic Acid Method

1. Determine the chloride content of the water sample and treat 100 mL with an equivalent amount of silver sulfate solution (1mL for l mg C1) to precipitate the chlorides.

2. Remove the precipitated chloride either by centrifugation or by filtration, coagulating the AgC1 by heat if necessary.

3. If the sample has color of more than 10 unit ( on platinum cobalt scale), decolorize by adding 3 mL aluminum hydroxide suspension to 150 mL sample; stir very thoroughly; allow to stand for a few minutes; then filter, discarding the first portion of the filtrate.

4. Pipette a suitable quantity of the sample or the clarified filtrate into an evaporating dish and neutralize to approximately P H 7.

5. Evaporate to dryness over a hot water bath.

6. Add 2 mL phenoldisulfonic acid reagent and rub the residue thoroughly to insure dissolution of all solids.  If needed heat on the water bath a short time to dissolve the entire reside.

7. Dilute with 20 mL of distilled water and add with stirring about 6 to 7 mL of NH4OH or about 5 to 6 mL KOH solution (12N) until maximum yellow color is developed.

8. Remove any resulting flocculent hydroxides by filtration or add the EDTA reagent drop wise with stirring until the turbidity re dissolves

9. Transfer the filtrate of clear solution to a 50-mL volumetric flask or graduated cylinder.  Rinse the dish, glass rod and filter paper with distilled water, adding the rinsing to the flask or cylinder until all the colored solution has been transferred.

10. Dilute to the 50- mL mark with distilled water, and mix thoroughly

11.  Measure the absorbance at a wave length of 410 nm against a blank prepared from the same volumes of reagents as used for the samples.

12. Construct a calibration curve in the range 0-2 mg/L NO3 – N by adding 0, 0.2, 0.5, 1.0, 3.0, 5.0, and 10 mL of standard nitrate solution to separate evaporating dishes and treating them in the same way as the sample.

13. Determine the (g of NO3- N in the sample by reference to the calibration curve.

14. Calculation:

a) mg/L NO3-N = (g NO3-N
                        mL sample

b) mg/L NO3 = (g NO3- N X 4.427
                            mL sample

Note:


Nitrite levels in excess of 0.2 mg/L erratically increase the apparent Nitrate concentration as it responds like nitrate.  Hence, the nitrite must be converted to nitrate by a suitable oxidizing agent prior to the determination of nitrate.

Nitrite Conversion


To 100 mL of sample add 1 of 1N sulphuric acid and stir, Add drop wise with stirring 0.1N KMn04 solution.  Let the treated sample stand for 15 minutes to complete the conversion of nitrite to nitrate.  (A faint pink color persists for at least 15 minutes when sufficient KMnO4 is used.) Make the proper deduction at the end of the nitrate determination for the nitrite concentration as determined by the method described in nitrogen nitrite.

FLUORIDE

Alizarin Photometric Method

1. Prepare the following series of fluoride standards by measuring the indicated volumes of the standard fluoride solution into separate 100 mL graduated cylinders

	Standard   Fluoride Solution. mL
	Fluoride (g/100 mL

	 0

 0.5

1.0

2.0

4.0

6.0

8.0

10.0
	0

5

10

20

40

60

80

100




2. Add distilled water to the 100 mL mark, and mix by inverting each cylinder four to six 

    times.

3. Measure the appropriate sample volume for the indicated fluoride range:

	Standard    Volume mL
	Fluoride Range mg/L

	100

50

25 
	0.1-1.2

1.3-2.4

2.5-4.8 




4. Place the clear and colorless sample in a 100-graduated cylinder.  If necessary dilute to the 100 mL mark with distilled water and mix.

5. Remove any residual chlorine from the sample by adding 0.05 mL (1 drop) of sodium arsenate solution for each 0.1 mg of residual chlorine present in the sample and mix

6. Allow the standards and sample to come to the same temperature, because the color 

   Development depends critically on temperature.  Adjust the temperature of samples and     standards so that deviation among them is no more than 20c

7. With a volumetric pipette, add 5 mL Alizarin Red reagent & 5mL acid zinconyl 

     Reagent to each of the standards and the sample.  Complete the addition of reagent to   

      the entire series of cylinders with in 5 minutes.

8. Mix the contents by inverting four to six times

9. Allow to stand for at least 1 hour + 5 minutes

10. Measure the standard and sample absorbance at 550 nm using distilled water to zero 

      the spectrophotometer.

11. Construct a calibration curve using the standard series

12. From the calibration curve determine the microgram fluoride in the sample making     

     the necessary blank correction

mg/L F = (g F



         ml of sample

PHOSPHATE

Stannous Chloride Method

A) Determination of Orthophosphate

1. Prepare the following series of phosphate standards by measuring the indicated volume of standard phosphate solution into separate 100 mL volumetric flasks 

     (Or graduated cylinders).

	Standard    Phosphate Solution. mL
	 Phosphate (PO43) (g/100 mL

	 0

 1

2

3

4

5

6
	0

 5

10

15

20

25

30




2. To the sample, add 0.05 ml 1 drop) of phenolphthalein indicator solution.  If the sample turns pink, add strong acid solution drop wise until the color is discharged

3. With a measuring pipette, add 4 mL acid- molybdate solution to each of the standards and sample

4. Mix thoroughly by inverting each flask four to six times.

5. With medicine dropper, add 0.5 mL (10 drops) of stannous chloride solution to each of the standards and sample.

6. Stopper and mix by inverting each flask four to six times

7. After 10 minutes, but before 12 minutes, measure the color photo metrically at 690 nm using distilled water as blank.

8. Construct a calibration curve using the standards and determine the amount of phosphate in (g present in the sample.

9. Calculation

Calculation


a) mg/L PO43 = (g phosphate




      Ml of sample


b) mg/L P =(g PO43-X 0.32614




Ml of sample

C) mg/L P2O5  = (g PO43 x 1.4946



  Ml of sample

B) Determination of Total Phosphate

1. Take a 50 mL sample in a 250 mL Erlenmeyer flask and dilute to 100 mL with distilled water

2. Add 1 drop ( 0.05 mL) of phenolphthalein indicator solution

3. If a pink color develops, add strong acid solution one drop at a time until the pink color disappears.  Then add 1 mL extra of the acid solution.

4. Boil the acid- treated sample gently for 90 minutes, adding distilled water from time to time to keep the volume between 25 and 50 mL .

5. Cool to room temperature.

6. Stirring the sample constantly; add sodium hydroxide solution until a faint pink color reappears.

7. Transfer sample to a 100 mL volumetric flask or graduated cylinder

8. Rinse the flask, glass beads, and stirring rod with distilled water and add the wash to the flask/cylinder and dilute to the 100 mL mark with distilled water.

9. Complete the determination as described for orthophosphate starting with step 3.

10. Calculate the total phosphate using the formulae given for orthophosphate.

IRON

Phenanthroline Method

1. Prepare the following series of iron standards by measuring the indicated volumes of standard iron solution in to separate 100 mL graduate cylinders or volumetric flasks.

	Standard    Iron Solution mL
	 Iron (g/100 mL

	 0

 0.5

1.0

2.0

4.0

6.0

8.0

10.0
	0

5

10

20

40

60

80

100




2. Add distilled water to the 50 mL mark and mix

3. Mix the sample thoroughly and measure the appropriate sample volume for the indicated range.

	 Sample volume mL
	 Iron Range mg/L

	 100

50

25
	 0.05-1.0

1.2-2.0

2.1-4.0




4. Place the sample in a 250-mL Erlenmeyer flask; add 2 mL conc. HC1, and mix.

5. Add 1 mL hydroxylamine hydrochloride solution and mix

6. Add a few glass beads and heat the solution to boiling until the volume reduced to about 15 to 20 mL

7. Cool, and transfer to a 100 mL volumetric flask or cylinder

8.  Rinse the flask and glass beads with distilled water, and add the wash to the volumetric flask or cylinder.

9. To the sample and the series of standards, add 10 mL acetate buffer solution with a pipette, and mix thoroughly.

10. Add 4 mL phenanthroline solution with a pipette, dilute to the mark with distilled water, and mix thoroughly.

11. Allow to stand at least 15 minutes for the orange- red cooler develop.

12. Measure the absorbance of the standard series and sample against a reagent blank in a suitable photometer at 510 nm.

13. Determine the microgram of iron in the sample by reference to a standard curve

14. Calculation:

mg/L Fe = (g Fe

                  Ml of sample

MANGANESE

Per sulfate Method

1. Prepare the following series of manganese standards by measuring the indicated 

 Volumes of standard manganese solution into separate 250- mL Erlenmeyer flasks.

	Standard     Manganese Solution mL
	 Manganese (g/100 mL

	 0

 0.5

1.0

2.0

4.0

6.0

8.0

10.0
	0

5

10

20

40

60

80

100




2. With a graduated cylinder, measure 75 ml distilled water and add to each flask.

3. Measure 100 ml of sample into a 250 ml Erlenmeyer flask which has been marked with    a line at the 90 ml level. (Use a marker to make the line).

4. Add 5 ml mixed reagent solution to the sample.

5. Add a few glass beads and heat the sample to boiling. Boil until the liquid level reaches the 90 ml level.

6. To each manganese standard prepared in step 1, add 5 ml mixed reagent solution, and mix.

7. Weigh about 1g portions of ammonium per sulfate (or potassium per sulfate crystals, and add to each manganese standard and to the sample.

8. Heat the contents of each flask to boiling; then boil gently for 1 minutes more. A pink-to-purple color will develop in the manganese standards at this stage.

9. Remove each flak from the heat source, and allow standards at this stage.

10. Cool each flask to room temperature under running tap water. Do not delay, since slow coiling may result in some loss of permanganate color

11. Transfer the contents of each flask to separate 100 ml volumetric flasks or graduated cylinders.

12. Rinse the flasks or graduated cylinders, glass with small amounts of distilled water, and add the wash to the volumetric flasks/graduated cylinders 

13. Dilute to the mark with distilled water & mix by inverting for at least six times 

14. Measure the absorbance of the standard series and the sample against a reagent blank in a suitable photometer at 525 nm.

15. Determine the microgram of Manganese in the sample by reference to a standard curve. 

16. Calculation:

       mg/L Mn = (g Mn

                          Ml of sample 

CHEMICAL OXYGEN DEMAND 

Open Reflux Method, Titrimetric Method

1. place 5 ml of sample in a 250 or 500 ml refluxing flask

2. Add about 3 glass beads to the reflux flask.

3. Add approximately 1 g mercuric sulfate 

4. Very slowly add 5.0 ml sulphuric acid reagent with mixing to dissolve the mercuric sulfate.

5. Cool under the tap while mixing to avoid possible loss of volatile materials.

6. Add 25.0 ml of 0.0417M (0.25 N) potassium dichromate solution 

7. Mix until the solution is completely homogeneous.

8. Attach the reflux flask to the condenser and turn on the cooling water 

9. Add 75 ml of sulphuric acid reagent through the open end of the condenser Continue swirling and mixing while adding the sulphuric acid reagent 

10. Cover the open end of the condenser with a small beaker and reflux for exactly 2 hours.

11. Cool, and wash down the condenser with about 50 ml of distilled water 

12. Cool to room temperature under a tap and mix well.

13. Titrate the excess K2Cr2O7 with ferrous ammonium sulfate(FAS) titrant using 2 to 3 drops of Ferroin indicator taking the end point of  the titration the first sharp color change from blue-green to reddish brown 

14. In the same manner, reflux and titrate a blank containing the reagents and 50 ml of distilled water.

15. Calculation:

         COD as mg O2/L= (A-B) X M X 8,000
                                            ML of sample 

Where          A= ml FAS used for the blank 

                    B= ml FAS used for sample 

                    C= Molarity of  FAS 

Note:

1. For samples with a COD of more than 900 mg O2/L, Use a smaller sample 

Diluted to 50 ml

2. It is necessary to cover the open end of the condenser to prevent foreign material from entering the refluxing mixture.

3. Neglect the reappearance of the blue-green color after the end point has been reached.

4. For low-COD samples use 0.00417 M (0.025 N) K2Cr2O7 and titrate with 0.025 M (N) FAS. Exercise extreme care with this procedure because even a trace amount of organic matter on the glassware or from the atmosphere may cause gross errors.

5. You can evaluate the technique and quality of reagents by conducting the test on a standard potassium hydrogen phthalate solution.

SULFATE

Gravimetric Method with Ignition of Residual

1) Adjust the volume of clarified sample to contain approximately 50 mg of sulfate in a 250 ml volume. Lower concentrations of sulphates may be tolerated if it is impractical to concentrated the sample to the optimum level, but in such cases limit the total volume to 150 ml 

2) Adjust the pH with concentrated HCl to pH 4.5-5.0 using a pH meter or the orange color of methyl red indicator. Then, add an additional 1 to 2 ml HCІ.

3) Heat the solution to boiling and while stirring gently, add warm barium chlorides solution slowly until precipitation appears to be complete. Then add about 2 ml in excess 

4) Digest the precipitate at 80-90 0C for not less than 2 hours.

5) Filter and wash the precipitate with small portion of warm distilled water until the washings are free of chloride as indicated by testing with AgNO3-HNO3 reagent. Be sure that all of the precipitate is transferred to the paper.

6) Place the filter paper and precipitate in ignited and weighed crucible and dry in the oven 

7) Ignite at 8000 C for 1 hour, cool in a desiccators and weigh. 

8)  Calculation:

             mg/L SO24 =mg  BaSO4 x 411.6

                                Ml sample

             If the silica concentration is above 25 mg/l, it must be removed by the following method prior to sulfate determination.

Removal of silica 

1) Evaporate the sample nearly to dryness in an evaporating dish on a steam bath.

2) Add 1ml HCl, tilt the dish, and rotate it until the residue is wetted. Evaporate to dryness and complete the drying at 1800C.
3) If organic matter is present, char over the flame of a burner 

4) Moisten the residue with 2 ml distilled water and 1 ml HCl. evapor ate to dryness on a steam bath

5)  Add 2 ml HCl, take up the soluble residue in hot water, and filter.

6) Wash the insoluble silica with several small portions of hot distilled water 

7) Combine the filtrate and washings and proceed starting with step 1 of the sulfate analysis procedure.
Note

1) If the total cat ion concentration in the sample is 250 mg/l or above, or if the total heavy mental ion concentration in the sample is 10 mg/L or more, pass the sample portion intended for sulfate precipitation through a cat ion-removing exchange column.

2) During the ignition process, do not allow the filter paper to flame 

3) It is advisable to use ash less filter paper pulp during filtration as filter aid to reduce the tendency of the precipitate to creep.

  DISSOLVED OXYGEN (DO)

The Azide Modification of the Winkler Method 

1) Collection the sample in glass-stoppered BOD bottle of 250-300 mL capacity. Write down the volume of the bottle.

2) Remove the glass stopper from the sample bottle, using a measuring pipet, add 1 ml if manganous sulfate solution followed by 1 ml alkali-iodide-azide reagent. Place the tip of the pipet below the surface of the water so as to allow the heavy solution to flow in without contact with the air 

3) Stopper carefully to exclude air bubbles and mix by inverting the bottle a few times 

4) Allow the resulting precipitate to settle at least to one half the bottle volume to leave clear sup mate above the manganese hydroxide floc.

5) Remove the stopper again, and with measuring pipet, add 1ml conc. Sulphuric acid 

6) Re stopper carefully to prevent air from entering the bottle Mix by inverting several times until the precipitate completely dissolves and the brown or yellow color is distributed uniformly.

7) Titrate with 0.025 N sodium thiosulfate solutions a volume corresponding to 200 ml original sample after correction for sample loss by displacement with reagents. Thus for a total of 2 ml of reagents (1 ml each of MnSO4 and alkali-iodide- azide reagents) in a 300-ml, titrate 200x300 = 201 ml

                                                           298

8) Gradually add small portions of the sodium thiosulfate titrant while constantly swirling the liquid in the flask, until the sample changes to a pale yellow or straw color 

9) Add a few drops of starch indicator solution and continue the titration to the first disappearance of the blue color.

10) Calculation 

                 mg/L DO=A x N x8000




Ml of sample

         Where:

A = ml sodium thiosulfate 

N= Normality of sodium thiosulfate 

Note 1) if the end points is over run, add a measured volume of treated sample and titrate carefully to the proper end point. Correct for the amount of sample added. 

2) Disregard subsequent re colorations.

Total solids dried at 103-1050c 

Gravimetric Method 

1) Clean a porcelain evaporating dish and place it in an oven at 103-1050C or 1 hour, or if the fixed and volatile solids determinations is also to be made, ignite at 550+500C in a muffle furnace for 1 hour 

2) Place the dish in desiccators and weigh as soon as it has cooled to balance temperature 

3) Thoroughly mix the sample and transfer a sample volume that will yield a residue between 2.5 mg and 200 mg to pre weighed dish. (Care must be taken to keep the solids in suspension while measuring)

4) Place the dish on a steam bath and evaporate the sample to dryness.

5) Dry the dish and residue in an oven maintained at 103-1050c for І hour.

6) Place the dish in desiccators and weigh as soon as it has cooled to balance temperature.

7) Repeat cycle of drying cooling desiccating and weighing until a constant weight is obtained, or until weight loss is less than 4% of previous weight or 0.5 mg.

8) Calculation 

mg total solids/l = (A-B) x 1000
                                     ML sample

Where: A= weight of dried residue + dish, mg, and 

             B= weight of dish, mg

Total dissolved Solids Dried at 180 0C

1) Filter measured volume of well-mixed sample through glass-fiber-filter, wash with three successive 10-mL volumes of distilled water, allowing complete drainage between washings, and continue suction for about 3 minutes after filtration is complete.

2) Transfer filtrate to a weighed evaporating dish and evaporate to dryness on a steam bath if filtrate volume exceeds dish capacity successive portions to the same dish after evaporation 

3) Dry for at least 1 hours in an oven at 103-1050C, cool in a desiccators to balance temperature, and weigh.

4) Calculation 

    

mg total dissolved solids/L =  (A-B)x1000

                                                                         ML sample 

Where:



A= Weight of dried residue= dish, mg and 



B= Weight of dish, mg 

Note:  1) prepare glass-fiber filter disk as in total suspended solids determination 

2) Use glass-fiber filter disks without organic binder. What man grade 934 AH, Gelman type A/E; Millipore type AP40; or equivalent. Available in diameters of 2.2 cm to 4.7 cm.
SETTLE ABLE SOLIDS 

Volumetric Method 

1) Fill an imhoff cone to the 1L mark with a thoroughly mixed sample.

2) Mix the sample by stirring with a rod and set the time.

3) Allow the solids to settle for 45 minutes. Gently stir the sides of the Imhoff cone with a rod or by spinning.

4) Settle for 15 minutes and record the settle able solids in the sample as mL/L.

SETTLED SLUDGE VOLUME (In activated sludge)

1) Fill a one-liter measuring cylinder to the 1L mark with a thoroughly mixed sample of activated sludge.

2) Keep the sample thoroughly mixed with a stirring rod until the start of the test.

3) Record after given time intervals (for example 5, 10, 15,20,30,45 and 60 minutes) the volume occupied by the settled sludge in mL.

4) Plot settled sludge volume versus time and record the volume of the settled activated sludge at 30 minutes.
TOTAL SUSPENDED SOLIDS (dried at 103- 1050C)

Centrifugation Method
1) Clean an empty centrifuge tube thoroughly and dry at 103-1050c in an oven 

2) Cool in a desiccators and weigh (A gram)

3) Place 10 mL of thoroughly mixed sample in the centrifuge tube by means of a pipet 

4) Centrifuge for 10 minutes at 2000 rpm.

5) Pour off the supernatant and add distilled water. Stir the tube and centrifuge again for 10 minutes at 2000 rpm.

6) Pour of the water and dry for 1 hour at 103-1050C 

7) Cool in a desiccators and weight (B .gram)

8) Calculation:

mg/L suspended solids= (B-A) X І,000,000





         mL of sample

Sludge volume Index (SVI)

Calculate the SVI by the following formula

Sludge Volume Index (mL/g) = Settled Sludge Volume (ML/L) x 1000

                                                       Suspended solids (mg/L)

TOTAL SUSPENDED SOLIDS 

Dried at 103-105‑0c

Gravimetric Method 

Preparation of glass-fiber disk 

1) Insert disk with wrinkled side up in filtration apparatus 

2) Apply vacuum and wash disk with three successive 20-mL portions of distilled water continue suction to remove all traces of  water, amd discard washing 

3) Remove filter from filtration apparatus along with the Gooch crucible, and dry in an oven at 103 to 1050c for 1 hour. If volatile solids are to be measured, ignite at 550 +500C for 15 minutes in a muffle furnace.

4) Cool in desiccators to balance temperature and weighing until a constant weight is obtained or until weight loss is less than 0.5 mg between successive weightings.

SAMPLE ANALYSES 

І) Assemble filtering apparatus and filter and begin suction. Wet filter 

     With a small volume of distilled water to seat it.

2). Filter a measured volume of well mixed sample through the glass fiber filter.

3). Wash with three successive 10-mL volumes of distilled water, allowing complete drainage between washings and continue suction for about 3 minutes after filtration is complete.

4) Remove the crucible and filter combination from the crucible adapter if a Gooch crucible is used.

5) Dry for at least І hour at 103 to 1050c in an oven,

Cool in  a desiccators to balance temperature, and weigh.

5) Calculation 

mg suspended solids/L = (A-B)x1000





ML sample 

            Where:



A= Weight of filter + dried residue, mg 


           B= Weight of filter, mg

SALEABLE SOLIDS 

Gravimetric Method 

І) Determine total suspended solids of well-mixed sample

2) Pour a well-mixed sample into a glass vessel of not less than 9 cm diameter using not less than 1 L and sufficient to give a depth of 20 cm.

3) Let stand quiescent for 1 h and, without disturbing the settled or floating material, siphon 250 mL from the centre of the container at a point half way between the surface of the settled material and the liquid surface.

4) Determine the total suspended solids (mg/l) of this supernatant liquor. These are the non-settle able solids.

5) Calculation 

mg settle able solids/L=mg total suspended solids/L –mg 




             non settle able solids/L

Fixed and volatile solids Ignited at 5500C

1 Ignite the residue produced from the total solids, total dissolved solids or total suspended solids determination to constant weigh in a muffle fumace at a temperature of 550 + 500c about 15 to 20 minutes.

2) Let dish or filter disk cool partially in air until most of the heat has been dissipated 

3) Transfer to a desiccators for final cooling in a dry atmosphere.

4) Weigh dish or disk as soon as it has cooled to balance temperature

5) Repeat cycle of igniting, cooling, desiccating and weighing until constant weight is obtained or until weigh loss is less than 4% of previous weight. 

6) Calculation 

           mg volatile solids/L = (A-B)x 1000





   mL sample

mg fixed solids/L = (B-C) x 1000
                                mL sample 


Where:

A. Weight of residue + dish before ignition, mg,

B. Weight of residue+ dish of filter after ignition, mg & 

C. Weight of dish of filter, mg.

Total Fixed and Volatile solid in solid and Semisolid Samples 

A) Total Solids

1) Preparation of evaporating dish- if volatile solids are to be measured, ignite a clean evaporating dish at 550 + 500c for 1 hour in a muffle furnace. If only total solids are to be measured, heat the dish at 103 to 1050C for 1 hour in an oven. Cool in a desiccators and weigh, and store in a desiccators until ready for use. 

2) Sample Analysis

a Fluid samples- If the sample contains enough moisture to flow more or less readily stir to homogenize, place 25 to 50g in a prepared evaporating dish, and weigh Evaporate to dryness on a water bath, dry at 103 to 1050C for 1 hour, cool to balance temperature in desiccators and weigh.

b. solid samples- if the sample consists of discrete pieces of solid material (dewatered sludge, for example ) pulverize the entire sample coarsely on a clean surface by hand using rubber gloves. Place 25 to 50g in prepared evaporating dish and weigh. Place in an oven at 103 to 1050C overnight cool to balance temperature in a dedicator and weigh.

B) Fixed and volatile solids –Transfer to a cool muffle furnace, heat fumace to 550+500C and ignite for 1 hour (if the residue from 2) above contains large amounts of organic matter, first ignite the residue over a gas burner and under and exhaust hood in the presence of adequate air to lessen losses due to reducing conditions, and to avoid odor in the laboratory) cool in desiccators to balance temperature and weigh.

3) Calculation 


mg 
volatile solids/L = (A-B)X 1000




       mL sample

Where:

A. Weight of residue + dish before ignition, mg

B. Weight of residue + dish or filter after ignition, mg and 

C. Weight of dish or filter, mg 

Chromium 

Diphenyl Carbazide Method 

Preparation of Calibration Curve

1) Pipet measured volumes of standard chromium solution (5(g/mL) ranging from 2.0 to 20.0 mL to give standards for 10 to 100 (g Cr, into 250-mL beakers or conical flasks.

2) Proceed with subsequent treatment of standards as if they were samples.

3) Develop color as for sample, transfer a suitable portion of each colored solution to a 1-cm absorption cell, and measure the absorbance at 540 nm. 

4) As reference, use distilled water, correct absorbance readings or standards by subtracting the absorbance of a reagent blank carried through the method.

5) Construct a calibration curve by plotting corrected absorbance values against micrograms chromium in 102 mL final volume 

Oxidation of Trivalent Chromium to Hexa valent Chromium 

І). pipette a portion of sample containing 10 to 100 (g Cr into a 125-mL conical flask.

2). Using methyl orange as indicator add conc. Ammonium hydroxide until the solution is just basic to methyl orange, then adds 1+1 H2SO4 drop wise until it is acidic plus 1 mL in excess.

3). Adjust volumes to about 40 mL add a few glass beads, and heat to boiling.

4) Add 2 drops potassium permanganate solution to give a dark red color. If fading occurs add KMnO4 drop wise to maintain excess of about 2 drops.

5). Boil for 2 minutes longer. Add 1 mL sodium azide and continue boiling gently. If the red color does not fade completely after boiling for approximately 30 seconds add another 1 mL sodium aside solution. 

6) Continue boiling for 1 minute after the color has faded completely. Cool and add 0.25 mL (5 drops) ortho phosphoric acid 

Color Development 

1). with 0.2N sulphuric acid and using a pH meter, adjust the solution pH to 

     1.0+ 0.3.

2). Transfer the solution to a 100-mL Volumetric flask or stopered graduated cylinder, diluted to 100 mL, and mix thoroughly.

3). Add 2 ml diphenyl carbazide solution, mix and let stand 5 to 10 minutes for full color development.

4) Transfer and appropriate portion to 1-cm absorption cell and measure its absorbance at 540 nm. Use distilled water as reference.

5). Correct absorbance reading or sample by subtracting the absorbance of the blank carried through the method.

6) From the corrected absorbance, determine micrograms Cr present by reference to the calibration curve.

7) Calculation 

        mg Cr/L =(g Cr

  

     mL sample 

Note: 1) If the sample contains organic matter, it must be subjected to acid digestion to destroy the organic matter.

2.If the solution is turbid after dilution to 100 mL take an absorbance reading before adding carbonize reagent and correct the absorbance reading of the final colored solution by subtracting the absorbance measured previous.
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