
 

 

 تم اعداد المادة بواسطة الشركة القابضة لمياه الشرب والصرف الصحي 

 V1 1-7-2015االدارة العامة لتخطيط المسار الوظيفي   -قطاع تنمية الموارد البشرية  

 

 

 

 

 برنامج المسار الوظيفي للعاملين بقطاع مياه الشرب والصرف الصحي

 

 

 

 

 دليل المتدرب

 البرنامج التدريبي كيميائي مياه

 

Chemical analysis -  الثالثةالدرجة 

 



 درجة ثالثة - Chemical analysis  المسار الوظيفي لوظيفة كيميائي مياه
 

 

 

 1 االدارة العامة لتخطيط المسار الوظيفي –قطاع تنمية الموارد البشرية بالشركة القابضة 

Table of contents 

Alkalinity (Titrimetric method -.2320B) ................................................................. 2 

pH .............................................................................................................................. 9 

Total Hardness (2340C) ....................................................................................... 11 

Calcium Hardness by EDTA titrimetric method ................................................ 16 

Sulfate (4500- SO4
2- E) ......................................................................................... 19 

Fluoride (4500-FB) ................................................................................................ 22 

Chloride (4500-Cl B) ............................................................................................. 25 

Nitrite (4500-NO2
- B) ............................................................................................. 28 

Nitrate (NO3
-) .......................................................................................................... 30 

Phosphates (PO4)
-3 4500-P D. Stannous Chloride Method ............................ 34 

Aluminum (3500-Al B.) ......................................................................................... 37 

Iron (Phemanthroline Method) (3500-Fe B.) ..................................................... 42 

Manganese (Persulfate Method) (3500-Mn B.) ................................................ 47 

 



 درجة ثالثةchemical analysis-  المسار الوظيفي لوظيفة كيميائي مياه
 

 

 

 2 االدارة العامة لتخطيط المسار الوظيفي –قطاع تنمية الموارد البشرية بالشركة القابضة 

 أهداف البرنامج التدريبى
 

 -:فى نهاية البرنامج التدريبى يكون المتدرب قادر على 

 القدرة على قياس القلويه -1

 phالقدرة على قياس ال  -2

 القدرة على قياس العسر الكلى وعسر الكالسيوم -3

 –البنزين  –النيترات  –الكلوريدات  –الفلوريدات  –الكبريتات ) القدرة على قياس ايونات  -4

 (الفوسفات 

 المنجنيز على جهاز سبكتروفوتوميتر –الحديد  –القدرة على قياس االلومنيوم  -5
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Alkalinity (Titrimetric method -.2320B) 

Principle: 

 Alkalinity is a measure of water’s ability to neutralize acids. In most types 

of water, alkalinity is the result of bicarbonates (HCO3), carbonates (CO3
2-(, 

and hydroxides (OH–) of the metals calcium, magnesium, and sodium. 

 Alkalinity is expressed as total alkalinity, mg/l as calcium carbonate 

(CaCO3). This alkalinity test provides results for use in interpreting and 

controlling water treatment processes. Many chemicals used in treating water 

can change its alkalinity; the most pronounced changes are caused by 

coagulants and softening chemicals. The results of this test are used to 

calculate chemical dosages needed in the coagulation and softening 

processes. Also, total alkalinity must be known for the Calcium Carbonate 

Saturation Test. 

 

Interference: 

 Color or suspended matter in large amounts will interfere. Some 

suspended matter may be removed by filtration and in waters containing large 

quantities of organic material it may not be possible to precipitate BaSO4 

satisfactorily. 

 In potable waters there are no ions other than SO4
2– that will form 

insoluble compounds with barium under strongly acid conditions. 

 Do not filter, dilute, concentrate, or alter sample. 

 

Equipments: 

 50-ml volumetric pipette to measure the sample volume. 

 250-ml conical flasks. 

 Dropping pipettes or medicine droppers of 0.05–1.00 ml for dispensing 

sodium thiosulfate (Na2S2O3.5H2O) and indicator solutions. 

 Sensitive balance. 

 50-ml burette 

 

 

 

Chemicals and reagents: 

Sodium carbonate standard solution 0.05N  

 Dry 3 to 5 g primary standard Na2CO3 at 250°C for 4 h and cool in a 

desiccator. Weigh 2.5 ± 0.2 g (to the nearest mg), transfer to 1L volumetric 

flask, fill flask to the mark with distilled water, and dissolve and mix reagent. 

(Do not keep longer than 1 week).  

 

1 ml = 1.00 mg CaCO3. 
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Standard sulfuric acid 0.1N  

 Prepare acid solution of approximate normality by dilution of 2.8 ml of conc. 

Acid to 1L by distilled water. Standardize against 50.00 ml 0.05N Na2CO3 

solution using color indicator. 

 Calculate the normality of acid: 

Where: 

 

 

 

 

- A = g Na2CO3 weighed into 1-L flask, 

- B = ml Na2CO3 solution taken for titration, and 

- C = ml acid used. 

 Use measured normality in calculations or adjust to 0.1N; 

1 ml 0.1 N solution = 5.00mg CaCO3. 

 

Standard sulfuric acid, 0.02N 

 Dilute 200.00 ml 0.100 N standard acid to 1000 ml with distilled or 

deionized water. (1ml = 1mg CaCO3). 

 

Bromocresol green indicator solution, pH 4.5 indicator 

 Dissolve 100 mg Bromcresol Green, sodium salt, in 100 ml distilled water. 

 

Mixed bromcresol green-methyl red indicator solution, pH 4.5 indicator 

 Use either the aqueous or the alcoholic solution: 

- aqueous solution: 

 Dissolve 100 mg bromcresol green sodium salt and 20 mg methyl red 

sodium salt in100 ml distilled water. 

- alcoholic solution: 

 Dissolve 100 mg bromcresol green and 20 mg methyl red in 100 ml 95% 

ethyl alcohol or isopropyl alcohol. 

 

Phenolphthalein solution, alcoholic, pH 8.3 indicator 

Dissolve 5 mg Phenolphthalein in1L distilled water. 

 

Sodium thiosulfate, 0.1N 

Dissolve 25g Na2S2O3.5H2O in 1L distilled water. 
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Procedure: 

A- Standardization of 0.02 N Sulfuric Acid 

1. Fill the burette with 0.02 N Sulfuric Acid. 

2. Place 10ml standard Sodium Carbonate solution in a 250ml flask. Add 

40ml distilled water to the flask. 

3. Also prepare a color comparison blank by placing 50 ml distilled water in 

250ml flask. 

4. Add Bromcresol green indicator to each flask and mix. 

5. For the color comparison use a blank. 

6. Add 0.02N sulfuric Acid from the burette drop by drop, with continuous 

stirring, until the greenish color appears. 

7. Titrate the standard sodium carbonate solution by adding of 0.02N sulfuric 

acid slowly, with continuous stirring, until greenish color appears as the color 

comparison blank. Record the new reading. 

8. Calculate the net volume of titrant used by subtracting the initial reading 

(step 1) from the final reading (step 7). 

9. Calculate the blank correction by subtracting the burette reading in (step 1) 

from (step 5). 

10. Calculate the total volume of titrant used for the standard sodium 

carbonate solution alone by subtracting the result found in (step 8) from the 

result found in (step 9). 

11. Calculate mg Sodium carbonate equivalent to 1ml 0.02 N sulfuric acid as 

follows:  

mg of NaCO3 equivalent to 1 ml 0.02 N sulfuric acid = 10/total ml of 0.02 N 
sulfuric acid used to titrate 10ml standard Sodium Carbonate solution. 

 

B- Analysis: 

 Select sample size that use a sufficiently large volume of titrant (20ml or 

more from a 50ml burette) to obtain relatively good volumetric precision while 

keeping sample volume sufficiently small to permit sharp end points. Adjust 

sample to room temperature, if necessary, and with a pipette discharge 

sample into an Erlenmeyer flask. 

 If free residual chlorine is present add 0.05ml (1 drop) 0.1M Na2S2O3 

solutions. 

 Add 0.2ml (5 drops) of indicator solution and titrate over a white surface to 

a characteristic change of the end point. 

 Check color at end point by adding the same concentration of indicator 

used with sample to a buffer solution at the designated pH. 

 Titrate with sulfuric acid (0.02N): 

- For total alkalinity (alkalinity to pH 4.5): use the mixed bromcresol green-

methyl red indicator, the color turns from the bluish green color to colorless, 

- While for phenolphthalein alkalinity (alkalinity to pH 8.3) the pink color of 

phenolphthalein turns to colorless. 
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Calculation: 

 
 

Calculation of alkalinity relationships: 

The results obtained from the phenolphthalein and total alkalinity 

determinations offer a means for stoichiometric classification of the three 

principal forms of alkalinity present in many waters. The classification ascribes 

the entire alkalinity to bicarbonate, carbonate, and hydroxide, and assumes 

the absence of other (weak) inorganic or organic acids, such as silica, 

phosphoric, and boric acids. If further presupposes the incompatibility of 

hydroxide and bicarbonate alkalinities. Because the calculations are made on 

a stoichiometric basis, ion concentrations in the strictest sense are not 

represented in the results, which may differ significantly from actual 

concentrations especially at pH > 10. 

 

According to this table: 

Result of 

Titration 

Hydroxide 

Alkalinity 

as CaCO3 

Carbonate 

Alkalinity 

as CaCO3 

Bicarbonate 

Concentration as 

CaCO3 

P=0 0 0 T 

P<(T-P) 0 2P T-2P 

P=(T-P) 0 2P 0 

P>(T-P) 2P-T 2(T-P) 0 

P=T T 0 0 

*Key: P=phenolphthalein alkalinity; T=total alkalinity. 

 

Quality control: 

Construction of Quality control chart: 

Accuracy chart (Schwarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing 100mg/l as CaCO3 standard 
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solution with each sample batch and plot the result in X chart to ensure that 

the results within the criteria of acceptance to continue the method. 

 

  



 درجة ثالثةchemical analysis-  المسار الوظيفي لوظيفة كيميائي مياه
 

 

 

 8 االدارة العامة لتخطيط المسار الوظيفي –قطاع تنمية الموارد البشرية بالشركة القابضة 

Laboratory Fortified matrix (LFM)  

 One sample is select from each batch to be fortified with known 

concentration of sodium carbonate standard, the fortified sample is analyzed 

and the sample is analyzed without fortification. 

 

 

Duplicate sample: 

At least 10% of each sample batch shall be analyzed in duplicate. Relative 

percent difference (RPD) 

 

 

Laboratory-Fortified Blank (LFB) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch). 

 

Reporting 

 The results reported as mg/l CaCO3. 

 Number of significant figure is two. 
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pH 

Electrometric Method-4500-H+ B  

Principle: 

Measurement of pH is one of the most important and frequently used tests in 

water chemistry. Practically every phase of water supply and wastewater 

treatment, e.g., acid-base neutralization, water softening, precipitation, 

coagulation, disinfection, and corrosion control, is pH-dependent. pH is used 

in alkalinity and carbon dioxide measurements and many other acid-base 

equilibrium. At a given temperature the intensity of the acidic or basic 

character of a solution is indicated by pH or hydrogen ion activity. Alkalinity 

and acidity are the acid- and base-neutralizing capacities of water and usually 

are expressed as milligrams CaCO3 per liter. Buffer capacity is the amount of 

strong acid or base, usually expressed in moles per liter, and needed to 

change the pH value of a 1-L sample by 1 unit. pH as defined by Sorenson1 is 

−log [H+]; it is the ‘‘intensity’’ factor of acidity. Pure water is very slightly 

ionized and at equilibrium the ion product is: 

 

[H+][OH–] = Kw                                       (1) 

= 1.01 × 10–14 at 25°C 

And   [H+] = [OH–] 

= 1.005 × 10–7 

Where: 

[H+] = activity of hydrogen ions, moles/L, 

[OH–] = activity of hydroxyl ions, moles/L.  

Kw = ion product of water. 

Because of ionic interactions in all but very dilute solutions, it is necessary to 

use the ‘‘activity’’ of an ion and not its molar concentration. Use of the term pH 

assumes that the activity of the hydrogen ion, aH
+ is being considered. The 

approximate equivalence to molarity, [H+] can be presumed only in very dilute 

solutions (ionic strength <0.1). A logarithmic scale is convenient for 

expressing a wide range of ionic activities. Equation 1 in logarithmic form and 

corrected to reflect activity is: 

 

(−log10 aH
+) + (−log10 aOH

−) = 14            (2) 

or 

pH + pOH = pKw 

Where: 

pH = log10 aH
+ 

pOH = log10 aOH
−. 
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Equation 2 states that as pH increases pOH decreases correspondingly and 

vice versa because pKw is constant for a given temperature. At 25°C, pH 7.0 

is neutral, the activities of the hydrogen and hydroxyl ions are equal, and each 

corresponds to an approximate activity of 10–7 moles/L. The neutral point is 

temperature-dependent and is pH 7.5 at 0°C and pH 6.5 at 60°C. 

The pH value of a highly dilute solution is approximately the same as the 

negative common logarithm of the hydrogen ion concentration. Natural waters 

usually have pH values in the range of 4 to 9, and most are slightly basic 

because of the presence of bicarbonates and carbonates of the alkali and 

alkaline earth metals. 

 

Apparatus: 

pH meter: consisting of potentiometer, a glass electrode, a reference 

electrode, and a temperature-compensating device. electrodes are immersed 

in the test solution. Many pH meters are capable of reading pH or mill volts 

and some have scale expansion that permits reading to 0. 001 pH unit, but for 

routine work use a pH meter accurate and reproducible to 0.1 pH unit with a 

range of 0 to 14 and equipped with a temperature-compensation adjustment. 

Reference electrode: consisting of a half cell that provides a constant 

electrode potential. Commonly used are calomel and silver/silver chloride 

electrodes. Either is available with several types of liquid junctions. 

Glass electrode: The sensor electrode is a bulb of special glass containing a 

fixed concentration of HCl or a buffered chloride solution in contact with an 

internal reference electrode. 

 

Reagents:  

 Deionized water its conductivity less than 2 μmhos/cm. 

 Standard buffer solutions of known pH prepare fresh as needed for 

accurate work at 25°C. or a set of buffer solution ready to use its values 4, 

7 and 10. 

 

Procedure: 

Instrument calibration:  

In each case follow manufacturer’s instructions for pH meter and for storage 

and preparation of electrodes for use. Recommended solutions for short-term 

storage of electrodes vary with type of electrode and manufacturer, but 

generally have conductivity greater than 4000 μmhos/cm. Tap water is a 

better substitute than distilled water, but pH 4 buffer is best for the single 

glass electrode and saturated KCl is preferred for a calomel and Ag/AgCl 

reference electrode. Saturated KCl is the preferred solution for a combination 

electrode. Keep electrodes wet by returning them to storage solution 

whenever pH meter is not in use. 
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Before use, remove electrodes from storage solution, rinse, blot dry with a soft 

tissue, place in initial buffer solution, and set the isopotential point. Select a 

second buffer within 2 pH units of sample pH and bring sample and buffer to 

same temperature, 25°C, or the temperature of a fresh sample. 

Remove electrodes from first buffer, rinse thoroughly with distilled water, blot 

dry, and immerse in second buffer. Record temperature of measurement and 

adjust temperature dial on meter so that meter indicates pH value of buffer at 

test temperature (this is a slope adjustment). 

Use the pH value listed in the tables for the buffer used at the test 

temperature. Remove electrodes from second buffer, rinse thoroughly with 

distilled water and dry electrodes as indicated above. Immerse in a third buffer 

below pH 10, approximately 3 pH units different from the second; the reading 

should be within 0.1 units for the pH of the third buffer. If the meter response 

shows a difference greater than 0.1 pH unit from expected value, look for 

trouble with the electrodes or potentiometer  

 

Note: 

Standardize the instrument before each measurement.  

 

Sample analysis:  

Establish equilibrium between electrodes and sample by stirring sample to 

insure homogeneity; stir gently to minimize carbon dioxide entrainment. For 

buffered samples or those of high ionic strength, condition electrodes after 

cleaning by dipping them into sample for 1 min. Blot dry, immerse in a fresh 

portion of the same sample, and read pH. With dilute, poorly buffered 

solutions, equilibrate electrodes by immersing in three or four successive 

portions of sample. Take a fresh sample to measure pH. 

 

Calculations: 

 Sample pH is read directly from the meter display. 

 

Total Hardness (2340C)  

Principle: 

 Originally, water hardness was understood to be a measure of the 

capacity of water to precipitate soap. Calcium and magnesium in water cause 

hardness. Total hardness is defined as the sum of calcium and magnesium 

concentrations, both expressed as calcium carbonate in mg/l. 

 The ethylene diaminetetraacetic acid (EDTA) titrimetric method can be 

used to determine total hardness or calcium hardness. This method is 

designed for the routine determination of hardness in drinking water. 
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 Ethylene Diamine Tetra Acetic acid and its sodium salts (EDTA) form a 

chelated soluble complex when added to a solution of certain metal cations. If 

small amount of dye such as Eriochrome black T (EBT) is added to an 

aqueous solution containing calcium and magnesium ions at pH of 10.0 ±0.1, 

the solution becomes wine red. If EDTA is added as titrant, the calcium and 

magnesium will be complexes and the solution turns from wine red to blue, 

marking the end point of the titrant. Magnesium ion must be present to yield a 

satisfactory end point. To insure this small amount of complex metrically 

neutral magnesium salt of EDTA is added to the buffer. This automatically 

introduces sufficient magnesium and eliminates the need for blank correction. 

 When hardness numerically is greater than the sum of carbonate and 

bicarbonate alkalinity, that amount of hardness equivalent to the total alkalinity 

is called “Carbonate hardness”, the amount of hardness in excess of this is 

called ‘ Non carbonate hardness. 

 When the hardness numerically is equal to or less than the sum of 

carbonate and bicarbonate alkalinity, all hardness is carbonate hardness and 

non-carbonate hardness is absent.  

 

Interference 

 Suspended or colloidal organic matter may interfere with the end point. 

Eliminate this interference by evaporating the sample to dryness on a steam 

bath and heating in a muffle furnace at 550°C until the organic matter is 

completely oxidized. Dissolve the residue in 20 ml in HCl, neutralize to pH 7 

with NaOH and make up to 50 ml with distilled water. Cool to room 

temperature and continue according to the general procedure. 

 The specific pH may produce an environment conductive to CaCO3 

precipitation. Although the titrant slowly re-dissolves such precipitates, a 

drifting end point often yields low results. Completion of the titration within 5 

minutes minimizes the tendency for CaCO3 to precipitate. The following three 

methods also reduce precipitation loss: 

- Dilution of sample to reduce CaCO3 concentration 

- If the approximate hardness is known or is determined by a preliminary 

titration. Add 90% or more of titrant to sample before adjusting pH with buffer. 

- Acidify sample and stir for 2 minutes to expel CO2 before pH adjustment. 

Determine alkalinity to indicate amount of acid to be added. 

 

Equipment 

 Analytical Balance 

 Cylinder 100ml. 

 Measuring flasks (1000ml, 2000ml). 

 Conical flasks 250ml  

 Pipettes: 10ml graduated: 50ml volumetric pipette. 

  Burette 
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Chemicals and reagents 

Buffer Solution 

1. Dissolve 16.9 g ammonium chloride (NH4Cl) in 143ml conc ammonium 

hydroxide (NH4OH). Add 1.25 g magnesium salt of EDTA (available 

commercially) and dilute to 250ml with distilled water. 

2. If the magnesium salt of EDTA is unavailable, dissolve 1.179 g disodium 

salt of Ethylene Diamine Tetra Acetic acid dihydrate (analytical reagent grade) 

and 780 mg magnesium sulfate (MgSO4.7H2O) or 644mg magnesium chloride 

(MgCl2.6H2O) in 50 ml distilled water. Add this solution to 16.9 g NH4Cl and 

143 ml conc NH4OH with mixing and dilute to 250ml with distilled water. Store 

Solution (1) or (2) in a plastic or borosilicate glass container for no longer than 

1 month. Stopper tightly to prevent loss of ammonia (NH3) or pickup of carbon 

dioxide (CO2). Dispense buffer solution by means of a bulb-operated pipette. 

Discard buffer when 1 or 2 ml added to the sample fails to produce a pH of 

10.0 ± 0.1 at the titration end point. 

 

Indicator 

 Eriochrome black T(EBT): dissolve 0.5 g dye in 100 g 2,2',2''-

nitrilotriethanol(also called triethanolamine) or 2-methoxymethanol (also called 

ethylene glycol monomethyl ether). 

or 

 Eriochrome black T: Mix 0.2 g dye and 500 g NaCl and grind well.  

 

Standard Calcium Solution 

 Weigh 1.0 gm anhydrous CaCO3 powder (primary standard or special 

reagent low in heavy metals, alkalis, and magnesium) into 500 ml Erlenmeyer 

flask, Place a funnel in the flask neck and add a little at a time 1: 1 HCl until all 

CaCO3 has dissolved. Add 200 ml distilled or milliQ water and boil for a few 

minutes to expel CO2. 

 Cool, add a few drops of methyl red indicator then adjust to the 

intermediate orange color by adding 3N NH4OH or 1:1 HCl as required.  

 Transfer quantitatively and dilute to 1000 ml with distilled water; (1ml= 1mg 

CaCO3). 

 

Standard EDTA titrant 0.01M 

 Dissolve 3.723 gm of EDTA (Ethylene Diamine Tetra Acetic acid disodium 

salt) in distilled water and complete to 1000 ml. Store in polyethylene or 

borosilicate glass bottle. 

 Standardize against standard calcium solution as follow: 

 Dilute 10.0 ml of CaCO3 to about 50 ml with distilled water in a conical 

flask.  
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 Add 1 to 2 ml ammonium buffer solution (Usually 1 ml will be sufficient to 

give a pH of 10.0 to 10.1),  

 Add an appropriate amount of dry-powder indicator.  

 Complete titration within 5 min, measured from time of buffer addition.  

 Add standard EDTA titrant slowly, with continuous stirring, until the last 

reddish tinge disappears. 

  Add the last few drops at 3- to 5-s intervals. At the end point the solution 

normally is blue. Calculate the Correction factor. 

 

Procedure: 

 Pretreatment of polluted water and wastewater samples(If necessary):  

 Use nitric acid-sulfuric acid or nitric acid-perchloric acid digestion (Section 

3030 SMWW). 

 Titration of sample: Select a sample volume that requires less than 15 ml 

EDTA titrant and complete titration within 5 min, measured from time of buffer 

addition. 

 Dilute 25.0 ml sample to about 50 ml with distilled water in a porcelain 

casserole or other suitable vessel. Add 1 to 2 ml buffer solution and an 

appropriate amount of indicator. Add standard EDTA titrant slowly, with 

continuous stirring, until the last reddish tinge disappears. Add the last few 

drops at 3- to 5-s intervals. At the end point the solution normally is blue.  

 If sufficient sample is available and interference is absent, improve 

accuracy by increasing sample size. 

 

Calculation 

 Hardness (EDTA) as mg CaCO3 /L =     
mLsample

BA 1000**
 

Where: 

A= ml titration for sample 

B= mg CaCO3 equvilent to 1 ml EDTA titrant  

Or, Total Hardness = ml of EDTA x 20xCF (if 50ml of sample is used( 
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Quality control 

Construction of quality control chart. 

Accuracy chart (Schwarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing 200mg/l as CaCO3 standard 

solution with each sample batch and plot the result in X chart to ensure that 

the results within the criteria of acceptance to continue the  method. 

 

Reagent Blank: 

 A reagent blank or method blank consists of reagent water and all 

reagents that normally are in contact with a sample during the entire analytical 

procedure. 

 The reagent blank is used to determine the contribution of the reagents 

and the preparative analytical steps to error in the measurement. 

 The milliQ water or Deionized water is used as reagent water and then 

treated as the sample and subtract from the result to remove the blank effect. 

The reagent blank should be analyzed with each sample batch. 

 

Laboratory Fortified matrix (LFM): 

 One sample is select from each batch to be fortified with known 

concentration of CaCO3 standard, the fortified sample is analyzed and the 

sample is analyzed without fortification. 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  

 

 

 

Relative percent difference (RPD) 

 

 

Laboratory-Fortified Blank or lab. control sample (LCS) 
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 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch) 

 

 

Reporting 

 Total hardness expressed as mg/l CaCO3 for two decimals. 

 

Calcium Hardness by EDTA titrimetric method 

Principle: 

When EDTA (Ethylene Diamine Tetra Acetic acid or its salts) is added to 

water containing both calcium and magnesium, it combines first with the 

calcium. Calcium can be determined directly, with EDTA, when the pH is 

made sufficiently high that the magnesium is largely precipitated as the 

hydroxide and an indicator is used that combines with calcium only. Several 

indicators give a color change when all of the calcium has been complexes by 

the EDTA at a pH of 12 to 13 . Murexide (with Ca) pink color at pH 12:13 and 

after addition of EDTA, Ca-EDTA are formed and Murexide being alone at the 

range of this PH appearing a purple color 
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Interference:  

Orthophosphate precipitates calcium at the pH of the test. Strontium and 

barium give a positive interference. 

Alkalinity in excess of 300 mg/l may cause an indistinct end point in hard 

water so the sample must be diluted. 

 

Apparatus 

a Erlenmeyer flask, 250-ml 

b. Burette, 50-ml. 

 

Reagent 

NaOH (1N) .Dissolve 40 gm in distilled. Water and dilute to L. by distilled 

Water  

 

Indicator (presence in the stable form with NaCl)  

Mix 200 mg Murexide with 100 g NaCl and grinding it well. 

 

NOTES: 

1. Titrate immediately after adding indicator because it is unstable under 

alkaline condition. 

2. Preparing color comparison blank contain 2.0 ml NaOH + 0.2 g indicator 

& only drop or two from EDTA to produce unchanged color  

 

Standard EDTA (0.01M): 

Dissolve 3.723 gm of disodium salt of EDTA in small amount of distilled .water 

then dilute to L, Standardized against Calcium Solution. 

 

Standard Calcium Solution: 

Place 1.0 gm of  anhydrous CaCO3 powder into a flask + 

 (1+1 ) HCl drop by drop until all CaCO3  has dissolved + 200 ml distilled 

Water cool, then dilute to L by dis. water .(1ml of EDTA = 1mg CaCO3). 

Standardization of (0.01 M) EDTA with Calcium Solution: 

10 ml of Calcium Solution + 40 ml distilled Water + 2 ml of NaOH + Muroxide 

(pink Color)                purple Color. 

 

Procedure: 

Sample preparation: 

 
EDTAagainsttitrate   
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1. Because of the high pH used in this procedure; titrate immediately after 

adding alkali & indicator and use the sample volume that give about 5 to 10 

mg Ca content. 

2. Analyze hard waters with alkalinity higher than 300 mg CaCO3/L by taking 

a smaller portion and diluting to 50ml. 

 

Titration: 

1. Add 2.0 ml NaOH solution or volume sufficient to produce pH of 12 to 13. 

Stirring by adding 0.1 to 0.2 g indicator, then add EDTA titrant slowly, with 

continuous stirring to proper end point. 

2. When using Murexide add 1 or 2 drop of EDTA to make certain that no 

change in color occurs. 

 

Calculation  

 

 

 

 

Determination of Magnesium Hardness By Calculation 

Mg hardness (mg/l) = Total hardness – Ca hardness 

mg Mg/l = mg CaO3/L x 0.24 
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Sulfate (4500- SO4
2- E) 

Principle: 

 Sulfate ion (SO4
2–) is precipitated in an acetic acid medium with barium 

chloride (BaCl2) so as to form barium sulfate (BaSO4) crystals of uniform size. 

Light Scattered is measured by a turbidity meter and the SO4
2– concentration 

is determined by comparison of the reading with a standard curve. 

 

Interference: 

 Color or suspended matter in large amounts will interfere. Some suspended 

matter may be removed by filtration. Silica in excess of 500 mg/L will interfere, 

and in waters containing large quantities of organic material it may not be 

possible to precipitate BaSO4 satisfactorily. 

 In potable waters there are no ions other than SO4
2– that will form insoluble 

compounds with barium under strongly acid conditions. 

 

Equipment: 

 Glassware 

- Beakers 250ml  

- Graduated pipettes 10ml. 

 Magnetic Stirrer: provides a 400 rpm stirring speed. 

 Tubidimeter. 

 Stopwatch or electric timer. 

 

Chemicals and reagents: 

Buffer solution A: 

 Dissolve 30g magnesium chloride, MgCl2.6H2O, 5g sodium acetate, 

CH3COONa.3H2O, 1.0g potassium nitrate, KNO3, and 20ml acetic acid, 

CH3COOH (99%), in 500 ml distilled water and make up to 1000 ml. 

 

Barium chloride: 

 BaCl2 crystals. In standardization, uniform turbidity is produced and the 

appropriate buffer. 

Standard sulfate solution 

Preparation of standard sulfate solution from sodium sulfate 

 1 ml = 100 µg SO4
2–. 

 Dissolve 0.1479 g anhydrous Na2SO4 in distilled water and dilute to 1000 

ml. 

 

Preparation from stock standard 
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 Dilute directly from stock standard 1000mg/l sulfate. 

 

Procedure: 

Formation of barium sulfate turbidity 

 Measure 100 ml sample or a suitable portion made up to 100 ml, into a 

250-ml Erlenmeyer flask. Add 20 ml buffer solution and mix in stirring 

apparatus. While stirring, add 0.2gm of BaCl2 crystals and begin timing 

immediately. Stir for 60±2 s at constant speed. 

 

Measurement of barium sulfate turbidity: 

 After stirring period has ended, pour solution into absorption cell of 

photometer and measure turbidity at 5±0.5 min. 

 

Preparation of calibration curve 

 Estimate SO4 concentration in sample by comparing turbidity reading with 

a calibration curve prepared by carrying SO4
2– standards through the entire 

procedure. Space standards at 5mg/l increments in the 0 to 40mg/l SO4
2– 

range. Above 40mg/L accuracy decreases and BaSO4 suspensions lose 

stability. Check reliability of calibration curve by running a standard with every 

three or four samples. 

 

Correction for sample color and turbidity 

 Correct for sample color and turbidity by subtracting turbidity of sample 

(when using Buffer-A) to which BaCl2 is not added. 

 

Calculations: 

The result is taken directly from the calibration curve. 

 

Quality control: 

Construction of Quality control chart. 

Accuracy chart (Schwarte -chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of  Control samples by analyzing 30 mg SO4
2–/l standard solution 

with each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the method. 

 

Reagent Blank: 
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 A reagent blank or method blank consists of reagent water and all 

reagents that normally are in contact with a sample during the entire analytical 

procedure. 

 The reagent blank is used to determine the contribution of the reagents 

and the preparative analytical steps to error in the measurement. 

 

Laboratory Fortified matrix (LFM): 

 One sample is select from each batch to be fortified with known 

concentration of nitrate standard, the fortified sample is analyzed and the 

sample is analyzed without fortification. 

 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  
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Relative percent difference (RPD) 

 

Laboratory-Fortified Blank or lab control sample (LCS) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch) 

 

Reporting: 

 The results of this method expressed as mg/l SO4
2–  

 Number of significant figures is two 

 

Fluoride (4500-FB) 

Principle: 

 The SPADNS colorimetric method is based on the reaction between 

fluoride and a zirconium-dye lake. Fluoride reacts with the dye lake, 

dissociating a portion of it into a colorless complex anion (ZrF6
2–); and the 

dye. As the amount of fluoride increases, the color produced becomes 

progressively lighter. 

 The reaction rate between fluoride and zirconium ions is influenced greatly 

by the acidity of the reaction mixture. If the proportion of acid in the reagent is 

increased, the reaction can be made almost instantaneous. Under such 

conditions, however, the effect of various ions differs from that in the 

conventional alizarin methods. The selection of dye for this rapid fluoride 

method is governed largely by the resulting tolerance to these ions.  

 

Interference: 

 The following factors may cause interferences during fluoride 

measurements. 

1. CaCO3 alkalinity concentration of 5000 mg/L or higher causes a negative 

error. 

2. Aluminum (Al3+) concentration of 0.1 mg/L or higher causes a negative 

shift error. To check for interferences from aluminum, read the concentration 

one minute after reagent addition, then again after 15 minutes. An appreciable 

increase in concentration suggests aluminum interference. Waiting 2 hours 

before making the final reading will eliminate the effect of up to 3.0 mg/L 

aluminum. 
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3. Chloride At 7000 mg/L it causes a +0.1 mg/L F– error. 

4. Chlorine should be completely removed with arsenate. SPADNS Reagent 

contains enough arsenate to eliminate interference up to 5 mg/l chlorine. For 

higher chlorine levels, add one drop of Sodium Arsenate Solution 1 to 25 ml of 

sample for each 2 mg/l of chlorine. 

5. Color and turbidity should be removed or compensated for. 

6. Iron concentration of 10 mg/L or higher causes a negative shift error. 

7. Hexametaphosphate (NaPO3) concentration of 1.0 mg/L or higher causes 

a positive shift error. 

8. Phosphate (PO4
3-) concentration of 16 mg/L or higher causes a positive 

error 

9. Sulfate (SO4
2-) concentration of 200 mg/L or higher causes a negative 

error. 

 

Equipment: 

 Spectrophotometer. 

 Volumetric pipette, , 2ml  

 volumetric pipette, , 10ml 

 Two Sample cells, 1-insh. square, 10-ml  

 Thermometer, (–10 to 110 °C) 

  

Chemicals and reagents: 

Reagent water: Deionized or milli Q water. 

Stock fluoride standard (1000 mg F/L) 

Standard Fluoride solution (10 mg F/L): dilute 1 ml of Stock solution up to 

100 ml with Deionised water. 

Standard fluoride solution: Prepare a series of standards by diluting with 

distilled water 0.3, 5.0, 10.0, and 20.0 ml of standard fluoride solution 

(prepared in step 8.3) to 100 ml with Deionised water. These standards are 

equivalent to 3.0, .0.5, 1.0, and 2.0 mg F–/l. 

 

SPADNS solution reagent 

(Caution: contains sodium arsenate, toxic - avoid ingestion). 

 

Precautions: 

 SPADNS reagent contains sodium arsenite. Final solutions will contain 

arsenate (DOO4) in sufficient concentration to be regulated as a hazardous 

waste. 

 

Procedure: 
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 Switch on the Instrument by pressing the power button at the back of the 

instrument. 

 Press "Stored Programs", and then scroll down to program No. 190, 

Fluoride. 

 Sample Preparation: Pipette 10.0 ml of sample into a dry square sample 

cell. 

 Blank Preparation: Pipette 10.0 ml of Deionised water into a second dry 

square sample cell. 

 Carefully Pipette 2.0 ml of SPADNS reagent into each cell, swirl to mix. 

 Press "Timer-> Ok", a three minute reaction period will begin. 

 When the timer expires, insert the blank into the cell holder with the fill line 

facing right. Then Press ZERO, the display will show 0 mg/L F- . 

 Insert the prepared sample into the cell holder with the fill line facing right. 

Press READ, results are in mg/L F-. 

 

Calculation: 

Results are directly read from the instrument's display. 

 

 

Quality control: 

Construction of Quality control chart. 

Accuracy chart (Schwart-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of control samples by analyzing 0.4mg/l F-
  standard solution with 

each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the method. 

 

Reagent Blank: 

 A reagent blank or method blank consists of reagent water and all 

reagents that normally are in contact with a sample during the entire analytical 

procedure. 

 The reagent blank is used to determine the contribution of the reagents 

and the preparative analytical steps to error in the measurement. 

 The milliQ water or Deionized water is used as reagent water and then 

treated as the sample and subtract from the result to remove the blank effect. 

The reagent blank should be analyzed with each sample batch. 

 

Laboratory Fortified matrix (LFM): 

 One sample is select from each batch to be fortified with known 

concentration of nitrate standard, the fortified sample is analyzed and the 

sample is analyze without fortification. 
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Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate. 

 Relative percent difference (RPD)                

 

Laboratory-Fortified Blank or lab. Control sample (LCS) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch) 

 

 Reporting: 

 The results of this method express as mg/l F- for three decimals. 

 

Chloride (4500-Cl B) 

General discussion: 

Chloride, in the form of chloride (Cl–) ion, is one of the major inorganic anions 

in water. The salty taste produced by chloride concentrations is variable and 

dependent on the chemical composition of water. Some waters containing 

250 mg Cl–/L may have a detectable salty taste if the cation is sodium. 

 

Principle: 

In neutral & slightly alkaline solution pot.Chromate can indicate the end point 

of the silver nitrate titration to chloride; silver chloride is precipitate 

quantitatively forming white precipitated before red silver chromate is formed  

 

Interference: 

Substances in amounts normally found in potable waters will not interfere. 

Bromide, iodide, and cyanide register as equivalent chloride concentrations. 

Sulfide, thiosulfate, and sulfite ions interfere but can be removed by treatment 

with hydrogen peroxide.  Orthophosphate in excess of 25 mg/L interferes by 
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precipitating as silver phosphate. Iron in excess of 10 mg/L interferes by 

masking the end point. 

Apparatus: 

Conical flask 250ml 

Burette 50ml 

 

Reagent: 

1. Standard Silver nitrate titrant (0.0141N): 

Dissolve 2.395 g AgNO3 in distilled water and dilute to 1000 ml. Standardize 

against NaCl 0.0141 N solution. 

2. Standard sodium chloride: 

Dissolve 824.0 mg NaCl (dried at 140°C) in distilled water and dilute to 1000 

ml; 1.00 ml = 500 μg Cl–. 

3. Potassium chromate indicator solution: 

Dissolve 50gm K2CrO4 in a little distilled water and add AgNO3 solution until a 

definite red precipitate is formed. Let stand 12h, filter and dilute to 1 liter with 

distilled water. 

 

Procedure: 

1. Silver nitrate standardization: 

Standardize silver nitrate standard using sodium chloride NaCl (0.0141N) 

using K2CrO4 indicator and then calculate the correction factor (CF). 

2. Analysis: 

 Fill the burette with standard silver nitrate. 

 Place 50ml of sample in a suitable Erlenmeyer flask 

 Add 1.0 ml K2CrO4 indicator solution to the sample. 

 Titrate against AgNO3 (0.0141N) until the appearance of a pinkish yellow 

color. 

 Read the burette and record the volume of silver nitrate used. 
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Calculation: 

mg Cl-/l      = (A-B) x CF x 10 

 

Where: 

A = ml titration for sample 

B = ml titration for blank, and 

CF = correction factor of silver nitrate standardization 

 

Quality control: 

1. Construction of Quality control chart. 

A. Accuracy chart (Schewarte-chart) 

The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of  Control samples by analyzing 30 mg/l as Cl- standard solution 

with each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the  method. 

B. Recovery control chart: 

The %recovery of spiked matrix is plot against time In a control chart. 

 

2. Reagent Blank 

A reagent blank or method blank consists of reagent water and all reagents 

that normally are in contact with a sample during the entire analytical 

procedure. 

 

3. Laboratory Fortified matrix (LFM): 

One sample is select from each batch to be fortified with known concentration 

of nitrate standard, the fortified sample is analyzed and the sample is 

analyzed without fortification. 
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4. Duplicate sample: 

At least 10% of each sample batch shall be analyzed in duplicate.  

Relative percent difference (RPD)    

  

 

5. Laboratory-Fortified Blank (LFB) 

A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch). 

 

Reporting: 

Results are reported as mg/l Cl-  

 

Nitrite (4500-NO2
- B) 

Principle: 

 Nitrite is an intermediate oxidation state of nitrogen, both in the oxidation 

of ammonia to nitrate and in the reduction of nitrate. Such oxidation and 

reduction may occur in wastewater treatment plants, water distribution 

systems, and natural waters. Nitrite can enter a water supply system through 

its use as a corrosion inhibitor in industrial process water. Nitrite is the actual 

etiologic agent of methemoglobinemia. Nitrous acid, which is formed from 

nitrite in acidic solution, can react with secondary amines (RR′NH) to form 

nitrosamines (RR′N-NO), many of which are known to be carcinogens. 

 Nitrite (NO2-) is determined through formation of a reddish purple azo dye 

produced at pH 2.0 to 2.5 by coupling diazotized sulfanilamide with N-(1-

naphthyl) ethylenediamine dihydrochloride (NED dihydrochloride). 

 

Interference: 

 Chemical incompatibility makes it unlikely that NO2–, free chlorine and 

nitrogen trichloride (NCl3) will coexist. NCl3 imparts a false red color when 

color reagent is added. The following ions interfere because of precipitation 

under test conditions and should be absent: Sb3+, Au3+, Bi3+, Fe3+, Hg2+, Ag+, 

and chloroplatinate (PCl6
2-) and metavandate (VO3

2-). Cupric ion may cause 

low results by catalyzing decomposition of the diazonium salt. Colored ions 

that alter the color system also should be absent. Remove suspended solids 

by filtration. 
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Equipment: 

Colorimetric equipment: Spectrophotometer for use at 543nm, providing a 

light path of 1 cm or longer 

 

Reagent: 

 For the all standards and reagents use water is free from NO2–. 

 N.B: Use nitrite-free water in making all reagents and dilutions. 

 Color Reagent: To 800 ml water add 100 ml 85% phosphoric acid and 10 

g sulfanilamide. After dissolving sulfanilamide completely, add 1 g N-(1-

naphthyl)-ethylenediamine dihydrochloride. Mix to dissolve, then dilute to 1 L 

with distilled water. (Solution is stable for about a month when stored in a dark 

bottle in refrigerator). 

 Intermediate nitrite solution: From stock standard 1000 mg/L Prepare 

intermediate 10 mg/L (1ml from stock in 100 ml D.W.) stable for about 15 

days when stored in refrigerator 

 From intermediate solution prepare series of standards for calibration 

curve: 0.006, 0.008, 0.01, 0.03, 0.05, 0.1, 0.15, 0.2, 0.25, 0.3 mg/L. 

 

Procedure 

 Removal of suspended solids: If sample contains suspended solids, filter 

through a 0.45µm-pore-diameter membrane filter. 

 Color development: If sample pH is not between 5 and 9, adjust to that 

range with 1N HCl or NH4OH as required. To 50.0 ml sample, or to a portion 

diluted to 50.0 ml, add 2ml color reagent and mix.  

 Photometric measurement: Between 10 min and 2 h after adding color 

reagent to samples and standards, measure absorbance at 543 nm. 

 

Calculation: 

Record sample concentration directly from instrument read out according to 

standard curve 

 

Quality control: 

Construction of Quality control chart. 

 Accuracy chart (Schewarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing 0.1mg NO2 / l   standard solution 

with each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the  method 
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 Reagent Blank: 

A reagent blank or method blank consists of reagent water and all reagents 

that normally are in contact with a sample during the entire analytical 

procedure 

 

 Laboratory Fortified matrix (LFM): 

One sample is select from each batch to be fortified with known 

concentration of nitrate standard, the fortified sample is analyzed and the 

sample is analyzed without fortification. 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  

Relative percent difference (RPD) 

 

 

Laboratory-Fortified Blank (LFB) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As 

a minimum, include one LFB with each sample set (batch). 

 

 

 

Reporting  

Results are reported as mg/l NO2  

 

Nitrate (NO3
-) 

Principle:  

This technique is used only for screening samples that have low organic 

matter contents. NO3
- Calibration curve follow Beer’s law up to 48.7 mg 

NO3/L. 

Measurement of absorption at 220 nm enable rapid determination NO3
-. 

Because of dissolved organic matter may be absorbed at 220 nm, second 
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measurement made at 275 nm can be used to correct the NO3
- value. (It's 

differ from one water to another according to the concentration of organic 

matter)  

Sample filtration is occur to remove possible interference from suspended 

particles . 

Acidification with (1N) HCl prevent interference from hydroxide or carbonate 

conc. up to 1000 mg/l CaCO3. 

 

Interference 

Dissolved organic matter, surfactant, NO2
- , Cr6+interfere. 

Inorganic ions such as chlorite and chlorate may interfere. 

Filter a turbid sample through 0.45 μm membrane filter. 

 

Apparatus  

Spectrophotometer, for use at 220 nm and 275 nm with matched silica cells of 

1-cm or longer light path. 

 

Reagent: 

Nitrate – free water: Use redistilled or distilled water to prepare all solutions & 

dilutions. 

Stock Nitrate solution: Dry (KNO3) in an oven at 105˚C for 24 h. 

 Dissolve 0.8153 gm in distilled. Water & dilute. to 1L (1 ml =0.5 mg NO3
-–

NO3
-) , preserve with 2 ml Chloroform (CHCl3) this solution is stable for at 

least 6 months .  

 Hydrochloric acid solution (1N HCl) Dilute 83 ml of conc.HCl to 1L with 

distilled water  

 

Procedure: 

 Treatment of sample: To 100 ml of clear sample add 2 ml (1N) HCl, filter if 

necessary & mix thoroughly then measure it on Std. Calibration curve . 

NOTE: If correction value is more than 10 % the reading at 220 nm , don't use 

this method . 

 Calibration curve for Nitrate: Prepare series of standard conc. From stock 

solution in     100 ml (5,10,15,20,25,30,35,40, 45,50 mg/l) 

 Spectrophotometeric  measurements: 

  Use distilled water blank with 2ml 1N HCl set at zero Abs. 

  Use wave length at 220 nm for NO3
- . 
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  Measure abs. for each Std. & plot relation between abs. & conc. 
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Calculation: 

Record sample concentration directly from instrument read out according to 

standard curve 

 

Quality control: 

Construction of Quality control chart. 

- Accuracy chart (Schewarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing  30 mg NO3 / l   standard solution 

with each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the  method 

- Reagent Blank: 

A reagent blank or method blank consists of reagent water and all reagents 

that normally are in contact with a sample during the entire analytical 

procedure. 

- Laboratory Fortified matrix (LFM): 

One sample is select from each batch to be fortified with known concentration 

of nitrate standard, the fortified sample is analyzed and the sample is 

analyzed without fortification. 

 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  

 Relative percent difference (RPD) 
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Laboratory-Fortified Blank (LFB) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch). 

 

 

Reporting: 

Results are reported as mg/l NO3 with two digits. 

 

Phosphates (PO4)
-3 4500-P D. Stannous Chloride Method 

Principle: 

Molybdophosphoric acid is formed and reduced by stannous chloride to 

intensely colored molybdenum blue. This method is sensitive and makes 

feasible measurements down to 7 μg P/l by use of increased light path length. 

 

Interference 

 Positive interference is caused by silica and arsenate only if the sample is 

heated. Negative interferences are caused by arsenate, fluoride, thorium, 

bismuth, sulfide, thiosulfate, thiocyanate, or excess molybdate.  

 Blue color is caused by ferrous iron but this doesnot affect results if ferrous 

iron concentration is less than 100 mg/l.  

 Sulfide interference may be removed by oxidation with bromine water.  

 Ions that do not interfere in concentrations up to 1000. 
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Apparatus: 

A. Colorimetric equipment: Spectrophotometer, for wavelength use at 690 

nm. 

B. Acid-washed glassware: 

 Use acid-washed glassware for determining low concentrations of 

phosphorus. Phosphate contamination is common because of its absorption 

on glass surfaces. 

 Avoid using commercial detergents containing phosphate.  

 Clean all glassware with hot dilute HCl and rinse well with distilled water 

 Filtration apparatus and filter paper  

 

Reagents 

A. Phenolphthalein indicator aqueous solution. 

B. Strong-acid solution:  Slowly add 300 ml conc H2SO4 to about 600 ml 

distilled water. 

When cool, add 4.0 ml conc HNO3 and dilute to 1 L. 

C. Ammonium molybdate reagent:  Dissolve 25 g (NH4)6Mo7O24⋅4H2O in 

175 ml distilled water. Cautiously add 280 ml conc H2SO4 to 400 ml distilled 

water. Cool, add molybdate solution, and dilute to 1 L. 

D. Stannous chloride reagent:  Dissolve 2.5 g fresh SnCl2⋅2H2O in 100 ml 

glycerol. Heat in a water bath and stir with a glass rod to hasten dissolution. 

This reagent is stable and requires neither preservatives nor special storage. 

E. Standard phosphate solution: Dissolve in distilled water 219.5 mg 

anhydrous KH2PO4 and dilute to 1000 ml; 1.00 ml = 50.0 μg PO4
3–-P. 

  

Procedure: 

A. Preliminary sample treatment: To 100 ml sample containing not more 

than 200 μg P and free from color and turbidity, add 0.05 ml (1 drop) 

phenolphthalein indicator. If sample turns pink, add strong acid solution drop 

wise to discharge the color. If more than 0.25 ml (5 drops) is required, take a 

smaller sample and dilute to 100 ml with distilled water after first discharging 

the pink color with acid. 

B. Color development: Add, with thorough mixing after each addition, 4.0 

ml molybdate reagent and 0.5 ml (10 drops) stannous chloride reagent. Rate 

of color development and intensity of color depend on temperature of the final 

solution, each 1°C increase producing about 1% increase in color. Hence, 

hold samples, standards, and reagents within 2°C of one another and in the 

temperature range between 20 and 30°C. 

C. Color measurement: After 10 min, but before 12 min, using the same 

specific interval for all determinations, measure color photometrically at 690 

nm and compare with a calibration curve, using distilled water blank. Light 

path lengths suitable for various concentration ranges are as follows: 
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Calculation: 

Record sample concentration directly from instrument read out according to 

standard curve. 

 

Quality control: 

Construction of Quality control chart. 

- Accuracy chart (Schewarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing  0.1 mg PO4 / l   standard solution 

with each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the  method. 
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- Reagent Blank: 

A reagent blank or method blank consists of reagent water and all reagents 

that normally are in contact with a sample during the entire analytical 

procedure 

- Laboratory Fortified matrix (LFM): 

One sample is select from each batch to be fortified with known concentration 

of nitrate standard, the fortified sample is analyzed and the sample is 

analyzed without fortification. 

 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  

Relative percent difference (RPD) 

 

 

Laboratory-Fortified Blank (LFB) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch). 

 

 

Reporting: 

Results are reported as mg/l PO4 with two digits. 

 

 

Aluminum (3500-Al B.) 

Principle: 

With Eriochrome cyanine R dye, dilute aluminum solutions buffered to a pH of 

6.0 produce a red to pink complex that exhibits maximum absorption at 535 

nm. The intensity of the developed color is influenced by the aluminum 
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concentration, reaction time, temperature, pH, alkalinity, and concentration of 

other ions in the sample. To compensate for color and turbidity, the aluminum 

in one portion of sample is complexes with EDTA to provide a blank. The 

interference of iron and manganese is eliminated by adding ascorbic acid. 

The optimum aluminum range lies between 20 and 300 µg/L but can be 

extended upward by sample dilution. 

 

Interference: 

Negative errors are caused by both fluoride and polyphosphates. When the 

fluoride concentration is constant, the percentage error decreases with 

increasing amounts of aluminum. Because the fluoride concentration often is 

known or can be determined readily, fairly accurate results can be obtained by 

adding the known amount of fluoride to a set of standards. A simpler 

correction can be determined from the family of curves in Figure (1).  

A procedure is given for the removal of complex phosphate interference. 

Orthophosphate in concentrations under 10 mg/L does not interfere. The 

interference caused by even small amounts of alkalinity is removed by 

acidifying the sample just beyond the neutralization point of methyl orange. 

 

Minimum detectable concentration 

 The minimum aluminum concentration detectable by this method in the 

absence of fluorides and complex phosphates is approximately 6 µg/L. 

 

 

 

 

Sample handling: 

A. Collect samples in clean, acid-rinsed bottles, preferably plastic, and 

examine them as soon as possible after collection.  

B. If only soluble aluminum is to be determined, filter a portion of sample 

through a 0.45-µm membrane filter; discard first 50 ml of filtrate and use 

succeeding filtrate for the determination. 

C. Do not use filter paper, absorbent cotton, or glass wool for filtering any 

solution that is to be tested for aluminum, because they will remove most of 

the soluble aluminum. 

 

Apparatus: 

A. Colorimetric equipment: Spectrophotometer, for use at 535 nm, with a light 

path of 1 cm or longer. 

B. Nessler tubes, 50ml, tall form, matched. 
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C. Glassware: Treat all glassware with warm 1+1 HCl and rinse with 

aluminum-free distilled water to avoid errors due to materials absorbed on the 

glass. Rinse sufficiently to remove all acid. 

 

Reagent: 

Use reagents low in aluminum, and aluminum-free distilled water. 

A. Stock aluminum solution: Use either the metal (1) or the salt (2) for 

preparing stock solution; 1.00 ml = 500 µg Al: 

1. Dissolve 500.0 mg aluminum metal in 10 ml conc HCl by heating gently. 

Dilute to 1000 ml with water, or 

2. Dissolve 8.791 g aluminum potassium sulfate (also called potassium 

alum), AlK(SO4)2.12H2O, in water and dilute to 1000 ml. Correct this weight by 

dividing by the decimal fraction of assayed AlK(SO4)2.12H2O in the reagent 

used. 

B. Standard aluminum solution: Dilute 10.00 ml stock aluminum solution to 

1000 ml with water; 1.00 ml = 5.00 µg Al. Prepare daily. 

C. Sulfuric acid, H2SO4, 0.02N and 6N. 

D. Ascorbic acid solution: Dissolve 0.1 g ascorbic acid in water and make up 

to 100 ml in a volumetric flask. Prepare fresh daily. 

E. Buffer reagent: Dissolve 136 g sodium acetate, NaC2H3O2.3H2O, in water, 

add 40 ml 1N acetic acid, and dilute to 1 L. 

F. Stock dye solution: Use any of the following products: 

1. Solochrome cyanine R-200 or Eriochrome cyanine: Dissolve 100 mg in 

water and dilute to 100 ml in a volumetric flask. This solution should have a 

pH of about 2.9. 

2. Eriochrome cyanine R: Dissolve 300 mg dye in about 50 ml water. Adjust 

pH from about 9 to about 2.9 with 1+1 acetic acid (approximately 3 ml will be 

required). Dilute with water to 100 ml. 

3. Eriochrome cyanine R: Dissolve 150 mg in about 50 ml water. Adjust pH 

from about 9 to about 2.9 with 1 + 1 acetic acid (approximately 2 ml will be 

required). Dilute with water to 100 ml. 

(depending on the manufacture company) 

Stock solutions have excellent stability and can be kept for at least a year. 

G. Working dye solution: Dilute 10.0 ml of selected stock dye solution to 100 

ml in a volumetric flask with water. Working solutions are stable for at least 6 

months. 

H. Methyl orange indicator solution or bromcresol green indicator solution 

specified in the total alkalinity determination. 

I. EDTA (sodium salt of Ethylene Diamine Tetra Acetic acid dihydrate), 

0.01M: Dissolve 3.7 g in water, and dilute to 1 L. 

J. Sodium hydroxide, NaOH, 1N and 0.1N. 

 

Procedure: 

A. Preparation of calibration curve: 
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1. Prepare a series of aluminum standards from 0 to 7 µg (0 to 280 µg/l 

based on a 25-ml sample) by accurately measuring the calculated volumes of 

standard aluminum solution into 50-ml volumetric flasks or Nessler tubes. Add 

water to a total volume of approximately 25 ml. 

2. Add 1 ml 0.02N H2SO4 to each standard and mix. Add 1 ml ascorbic acid 

solution and mix. Add 10 ml buffer solution and mix. With a volumetric Pipette, 

add 5.00 ml working dye reagent and mix. Immediately make up to 50 ml with 

distilled water. Mix and let stand for 5 to 10 min. The color begins to fade after 

15 min. 

3. Read transmittance or absorbance on a spectrophotometer, using a 

wavelength of 535 nm. Adjust instrument to zero absorbance with the 

standard containing no aluminum. Plot concentration of Al (mg/l) against 

absorbance. 

B. Sample treatment in absence of fluoride and complex phosphates: Place 

25.0 ml sample, or a portion diluted to 25 ml, in a porcelain dish or flask, add 

a few drops of methyl orange indicator, and titrate with 0.02N H2SO4 to a faint 

pink color. Record reading and discard sample. To two similar samples at 

room temperature add the same amount of 0.02N H2SO4 used in the titration 

and 1 ml in excess. 

To one sample add 1 ml EDTA solution. This will serve as a blank by 

complexing any aluminum present and compensating for color and turbidity. 

To both samples add 1 ml ascorbic acid, 10 ml buffer reagent, and 5.00 ml 

working dye. 

Set instrument to zero absorbance or 100% transmittance using the EDTA 

blank. After 5 to 10 min contact time, read transmittance or absorbance and 

determine aluminum concentration from the calibration curve previously 

prepared. 

C. Removal of phosphate interference: Add 1.7 ml 6N H2SO4 to 100 ml 

sample in a 200-ml Erlenmeyer flask. Heat on a hot plate for at least 90 min, 

keeping solution temperature just below the boiling point. At the end of the 

heating period solution volume should be about 25 ml. Add water if necessary 

to keep it at or above that volume. 

After cooling, neutralize to a pH of 4.3 to 4.5 with NaOH, using 1N NaOH at 

the start and 0.1N for the final fine adjustment. Monitor with a pH meter. Make 

up to 100 ml with water, mix, and use a 25-ml portion for the aluminum test. 

Run a blank in the same manner, using 100 ml distilled water and 1.7 ml 6N 

H2SO4. 

D. Subtract blank reading from sample reading or use it to set instrument to 

zero absorbance before reading the sample. 

Correction for samples containing fluoride: Measure sample fluoride 

concentration by the SPADNS or electrode method. Either:   

1. Add the same amount of fluoride as in the sample to each aluminum 

standard, or 

2. Determine fluoride correction from the set of curves in Figure 1. 
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Calculation: 

Take the reading directly from the curve in mg Al/l if you use 25 ml sample, 

else multiply the reading by the dilution to 25ml. 

 

Quality control: 

Construction of Quality control chart. 

- Accuracy chart (Schewarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing 0.2mg Al / L standard solution with 

each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the  method. 

 

- Reagent Blank: 

 A reagent blank or method blank consists of reagent water and all reagents 

that normally are in contact with a sample during the entire analytical 

procedure 
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- Laboratory Fortified matrix (LFM): 

One sample is select from each batch to be fortified with known concentration 

of nitrate standard, the fortified sample is analyzed and the sample is 

analyzed without fortification. 

 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  

Relative percent difference (RPD)                

 

 

Laboratory-Fortified Blank (LFB) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch). 

 

Reporting: 

Results are reported as mg/l    

 

 

 

 

 

 

Iron (Phemanthroline Method) (3500-Fe B.) 

Principle: 

Iron is brought into solution, reduced to the ferrous state by boiling with acid 

and hydroxylamine, and treated with 1,10-phenanthroline at pH 3.2 to 3.3. 

Three molecules of phenanthroline chelate each atom of ferrous iron to form 

an orange-red complex. The colored solution obeys Beer’s law; its intensity is 
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independent of pH from 3 to 9. A pH between 2.9 and 3.5 insures rapid color 

development in the presence of an excess of phenanthroline. Color standards 

are stable for at least 6 months. 

 

Interference: 

Among the interfering substances are strong oxidizing agents, cyanide, nitrite, 

and phosphates (polyphosphates more so than orthophosphate), chromium, 

zinc in concentrations exceeding 10 times that of iron, cobalt and copper in 

excess of 5 mg/l, and nickel in excess of 2 mg/l. Bismuth, cadmium, mercury, 

molybdate, and silver precipitate phenanthroline. The initial boiling with acid 

converts polyphosphates to orthophosphate and removes cyanide and nitrite 

that otherwise would interfere. Adding excess hydroxylamine eliminates errors 

caused by excessive concentrations of strong oxidizing reagents. In the 

presence of interfering metal ions, use a larger excess of phenanthroline to 

replace that complexes by the interfering metals. Where excessive 

concentrations of interfering metal 

ions are present, the extraction method may be used. 

If noticeable amounts of color or organic matter are present, it may be 

necessary to evaporate the sample, gently ash the residue, and re-dissolved 

in acid. The ashing may be carried out in silica, porcelain, or platinum 

crucibles that have been boiled for several hours in 6N HCl. The presence of 

excessive amounts of organic matter may necessitate digestion before use of 

the extraction procedure. 

c. Minimum detectable concentration: Dissolved or total concentrations of iron 

as low as 10 µg/l can be determined with a spectrophotometer using cells with 

a 5 cm or longer light path. Carry a blank through the entire procedure to 

allow for correction. 

 

Apparatus: 

A. Colorimetric equipment: Spectrophotometer, for use at 510 nm, providing 

a light path of 1 cm or longer. 

B. Acid-washed glassware: Wash all glassware with conc hydrochloric acid 

(HCl) and rinse with reagent water before use to remove deposits of iron 

oxide. 

C. Separatory funnels: 125ml, Squibb form, with ground-glass or TFE 

stopcocks and stoppers. 

 

Reagent: 

Use reagents low in iron in preparing standards and reagent solutions and in 

procedure. Store the reagents in glass-stopper bottles. The HCl and 

ammonium acetate solutions are stable indefinitely if tightly stoppered. 



 درجة ثالثةchemical analysis-  المسار الوظيفي لوظيفة كيميائي مياه
 

 

 

 44 االدارة العامة لتخطيط المسار الوظيفي –قطاع تنمية الموارد البشرية بالشركة القابضة 

The hydroxylamine, phenanthroline, and stock iron solutions are stable for 

several months. The standard iron solutions are not stable; prepare daily as 

needed by diluting the stock solution. Visual standards in Nessler tubes are 

stable for several months if sealed and protected from light. 

A. Hydrochloric acid, HCl, conc, containing less than 0.5 ppm iron. 

B. Hydroxylamine solution: Dissolve 10 g NH2OH.HCl in 100 ml water. 

C. Ammonium acetate buffer solution: Dissolve 250 g NH4C2H3O2 in 150 ml 

water. 

Add 700 ml conc (glacial) acetic acid. Because even a good grade of 

NH4C2H3O2 contains a significant amount of iron, prepare new reference 

standards with each buffer preparation. 

D. Sodium acetate solution: Dissolve 200 g NaC2H3O2.3H2O in 800 ml water. 

E. Phenanthroline solution: Dissolve 100 mg 1,10-phenanthroline 

monohydrate, C12H8N2.H2O, in 100ml water by stirring and heating to 80°C. 

Do not boil. Discard the solution if it darkens. Heating is unnecessary if 2 

drops conc HCl are added to the water. 

(NOTE: One milliliter of this reagent is sufficient for no more than 100 µg Fe.) 

F. Potassium permanganate, 0.1M: Dissolve 0.316 KMnO4 in reagent water 

and dilute to100 ml. 

G. Stock iron solution: Use metal (1) or salt (2) for preparing the stock 

solution. 

1. Use electrolytic iron wire, or ‘‘iron wire for standardizing,’’ to prepare the 

solution. If necessary, clean wire with fine sandpaper to remove any oxide 

coating and to produce a bright surface. Weigh 200.0 mg wire and place in a 

1000-ml volumetric flask. Dissolve in 20 ml 6N sulfuric acid (H2SO4) and dilute 

to mark with water; 1.00 ml = 200 µg Fe. 

2. If ferrous ammonium sulfate is preferred, slowly add 20 ml conc H2SO4 to 

50 ml water and dissolve 1.404 g Fe(NH4)2(SO4)2.6H2O. Add 0.1M potassium 

permanganate (KMnO4) drop wise until a faint pink color persists. Dilute to 

1000 ml with water and mix; 1.00 ml = 200 µg Fe. 

H. Standard iron solutions: Prepare daily for use. 

1. Pipette 50.00 ml stock solution into a 1000-ml volumetric flask and dilute to 

mark with water; 1.00 ml = 10.0 µg Fe. 

2. Pipette 5.00 ml stock solution into a 1000-ml volumetric flask and dilute to 

mark with water; 1.00 ml = 1.00 µg Fe. 

I. Diisopropyl or isopropyl ether. CAUTION: Ethers may form explosive 

peroxides; test before using. 

 

4. Procedure: 

A. Total iron: Mix sample thoroughly and measure 50.0 ml into a 125ml 

Erlenmeyer flask. If this sample volume contains more than 200 µg iron use a 

smaller accurately measured portion and dilute to 50.0 ml. Add 2 ml conc HCl 

and 1 ml NH2OH.HCl solution. Add a few glass beads and heat to boiling. To 

insure dissolution of all the iron, continue boiling until volume is reduced to 15 
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to 20 ml. (If the sample is ashed, take up residue in 2 ml conc HCl and 5 ml 

water.) Cool to room temperature and transfer to a 50- or 100-ml volumetric 

flask or Nessler tube. Add 10 ml NH4C2H3O2 buffer solution and 4 ml 

phenanthroline solution, and dilute to mark with water. Mix thoroughly and 

allow a minimum of 10 min for maximum color development. 

B. Dissolved iron: Immediately after collection filter sample through a 0.45-µm 

membrane filter into a vacuum flask containing 1 ml conc HCl/100 ml sample. 

Analyze filtrate for total dissolved iron and/or dissolved ferrous iron. (This 

procedure also can be used in the laboratory if it is understood that normal 

sample exposure to air during shipment may result in precipitation of iron.)  

Calculate suspended iron by subtracting dissolved from total iron. 

C. Ferrous iron: Determine ferrous iron at sampling site because of the 

possibility of change in the ferrous-ferric ratio with time in acid solutions. To 

determine ferrous iron only, acidify a separate sample with 2 ml conc HCl/100 

ml sample at time of collection. Fill bottle directly from sampling source and 

stopper. Immediately withdraw a 50-ml portion of acidified sample and add 20 

ml phenanthroline solution and 10 ml NH4C2H3O2 solution with vigorous 

stirring. Dilute to 100 ml and measure color intensity within 5 to 10 min. Do not 

expose to sunlight. (Color development is rapid in the presence of excess 

phenanthroline. The phenanthroline volume given is suitable for less than 50 

µg total iron; if larger amounts are present, use a correspondingly larger 

volume of phenanthroline or a more concentrated reagent.) 

Calculate ferric iron by subtracting ferrous from total iron. 

D. Color measurement: Prepare a series of standards by accurately 

Pipetteting calculated volumes of standard iron solutions into 125-ml 

Erlenmeyer flasks, diluting to 50 ml by adding measured volumes of water, 

and carrying out the steps in beginning with transfer to a 100-ml volumetric 

flask or Nessler tube. 

For visual comparison, prepare a set of at least 10 standards, ranging from 1 

to 100 µg Fe in the final 100-ml volume. Compare colors in 100-ml tall-form 

Nessler tubes. 

For photometric measurement, use Table as a rough guide for selecting 

proper light path at 510 nm. Read standards against water set at zero 

absorbance and plot a calibration curve, including a blank. 

If samples are colored or turbid, carry a second set of samples through all 

steps of the procedure without adding phenanthroline. Instead of water, use 

the prepared blanks to set photometer to zero absorbance and read each 

sample developed with phenanthroline against the corresponding blank 

without phenanthroline. Translate observed photometer readings into iron 

values by means of the calibration curve. This procedure does not 

compensate for interfering ions. 
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SELECTION OF LIGHT PATH LENGTH FOR VARIOUS IRON CONCENTRATIONS 

 

Calculation 

Take the reading directly from the curve in mg Fe/l if you use 50 ml sample, 

else multiply the reading by the dilution to 50ml. 

 

Quality control 

Construction of Quality control chart. 

- Accuracy chart (Schewarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing 0.3mg Fe / l   standard solution 

with each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the method 

 

- Reagent Blank: 

A reagent blank or method blank consists of reagent water and all reagents 

that normally are in contact with a sample during the entire analytical 

procedure 
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- Laboratory Fortified matrix (LFM): 

One sample is select from each batch to be fortified with known concentration 

of nitrate standard, the fortified sample is analyzed and the sample is 

analyzed without fortification. 

 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  

Relative percent difference (RPD) 

 

 

Laboratory-Fortified Blank (LFB) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch). 

 

 

Reporting: 

Results are reported as mg/l  

 

 

 

 

Manganese (Persulfate Method) (3500-Mn B.) 

Principle: 

Persulfate oxidation of soluble manganous compounds to form permanganate 

is carried out in the presence of silver nitrate. The resulting color is stable for 

at least 24 h if excess persulfate is present and organic matter is absent. 



 درجة ثالثةchemical analysis-  المسار الوظيفي لوظيفة كيميائي مياه
 

 

 

 48 االدارة العامة لتخطيط المسار الوظيفي –قطاع تنمية الموارد البشرية بالشركة القابضة 

 

Interference: 

As much as 0.1 g chloride (Cl–) in a 50-ml sample can be prevented from 

interfering by adding 1 g mercuric sulfate (HgSO4) to form slightly dissociated 

complexes. Bromide and iodide still will interfere and only trace amounts may 

be present. 

The persulfate procedure can be used for potable water with trace to small 

amounts of organic matter if the period of heating is increased after more 

persulfate has been added. 

For wastewaters containing organic matter, use preliminary digestion with 

nitric and sulfuric acids (HNO3 and H2SO4) (see the method). If large amounts 

of Cl– also are present, boiling with HNO3 helps remove it. Interfering traces of 

Cl– are eliminated by HgSO4 in the special reagent. Colored solutions from 

other inorganic ions are compensated for in the final colorimetric step. 

Samples that have been exposed to air may give low results due to 

precipitation of manganese dioxide (MnO2). Add 1 drop 30% hydrogen 

peroxide (H2O2) to the sample, after adding the special reagent, to re-dissolve 

precipitated manganese. 

c. Minimum detectable concentration: a minimum detectable concentration 

(98% transmittance) of 210 µg Mn/L when a 1-cm cell is used or 42 µg Mn/L 

when a 5-cm cell is used. 

 

Apparatus: 

Colorimetric equipment: Spectrophotometer, for use at 525nm, providing a 

light path of 1 cm or longer. 

 

 

 

Reagents: 

A. Special reagent: Dissolve 75 g HgSO4 in 400 ml conc HNO3 and 200 ml 

distilled water. Add 200ml 85% phosphoric acid (H3PO4), and 35 mg silver 

nitrate (AgNO3). Dilute the cooled solution to 1 L. 

B.  Ammonium persulfate, (NH4)2S2O8, solid. 

C. Standard manganese solution: Prepare a 0.1N potassium permanganate 

(KMnO4) solution by dissolving 3.2 g KMnO4 in distilled water and making up 

to 1 L. Age for several weeks in sunlight or heat for several hours near the 

boiling point, then filter through a fine fritted-glass filter crucible and 

standardize against sodium oxalate as follows: 

Weigh several 100- to 200-mg samples of Na2C2O4 to 0.1 mg and transfer to 

400-ml beakers. To each beaker, add 100 ml distilled water and stir to 

dissolve. Add 10 ml 
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1+1 H2SO4 and heat rapidly to 90 to 95°C. Titrate rapidly with the KMnO4 

solution to be standardized, while stirring, to a slight pink end-point color that 

persists for at least 1 min. 

Do not let temperature fall below 85°C. If necessary, warm beaker contents 

during titration; 100 mg Na2C2O4 will consume about 15 ml permanganate 

solutions. Run a blank on distilled water and H2SO4. 

 

Where: 

A = ml titrant for sample and 

B = ml titrant for blank. 

Average results of several titrations. Calculate volume of this solution 

necessary to prepare 1 L of solution so that 1.00 ml = 50.0 µg Mn, as follows: 

 

To this volume add 2 to 3 ml conc H2SO4 and NaHSO3 solution drop wise, 

with stirring, until the permanganate color disappears. Boil to remove excess 

SO2, cool, and dilute to 1000 ml with distilled water. Dilute this solution further 

to measure small amounts of manganese. 

D. Standard manganese solution (alternate): Dissolve 1.000 g manganese 

metal (99.8% min.) in 10 ml re-distilled HNO3. Dilute to 1000 ml with 1% (V/V) 

HCl; 1 ml = 1.000 mg Mn.  

Dilute 10 ml to 200 ml with distilled water; 1 ml = 0.05 mg Mn.  

[Prepare dilute solution daily]. 

E. Hydrogen peroxide, H2O2, 30%. 

F. Nitric acid, HNO3, conc. 

G. Sulfuric acid, H2SO4, conc. 

H. Sodium nitrite solution: Dissolve 5.0 g NaNO2 in 95 ml distilled water. 

I. Sodium oxalate, Na2C2O4, primary standard. 

J. Sodium bisulfite: Dissolve 10 g NaHSO3 in 100 ml distilled water. 

 

Procedure: 

A. Treatment of sample: If a digested sample has been prepared according to 

directions for reducing organic matter and/or excessive chlorides in Section 

3030G, Pipette a portion containing 0.05 to 2.0 mg Mn into a 250-ml conical 

flask. Add distilled water, if necessary, to 90 ml and proceed. 

B. To a suitable sample portion add 5 ml special reagent and 1 drop H2O2. 

Concentrate to 90 ml by boiling or dilute to 90 ml. Add 1 g (NH4)2S2O8, bring 
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to a boil, and boil for 1 min. Do not heat on a water bath. Remove from heat 

source, let stand 1 min, and then cool under the tap. (Boiling too long results 

in decomposition of excess persulfate and subsequent loss of permanganate 

color; cooling too slowly has the same effect.) Dilute to 100 ml with distilled 

water free from reducing substances and mix. Prepare standards containing 

0, 5.00, …….1500 µg Mn by treating various amounts of standard Mn solution 

in the same way. 

C. Photometric determination: Use a series of standards from 0 to 1500µg 

Mn/100ml final volume. Make photometric measurements against a distilled 

water blank. The following table shows light path length appropriate for 

various amounts of manganese in 100ml final volume: 

 

D. Prepare a calibration curve of manganese concentration vs. absorbance 

from the standards and determine Mn in the samples from the curve.  

E. Correction for turbidity or interfering color: Avoid filtration because of 

possible retention of some permanganate on the filter paper. If visual 

comparison is used, the effect of turbidity only can be estimated and no 

correction can be made for interfering colored ions. 

When photometric measurements are made, use the following ‘‘bleaching’’ 

method, which also corrects for interfering color: As soon as the photometer 

reading has been made, add 0.05 ml H2O2 solution directly to the sample in 

the optical cell. Mix and, as soon as the permanganate color has faded 

completely and no bubbles remain, read again. Deduct absorbance of 

bleached solution from initial absorbance to obtain absorbance due to Mn. 

 

Calculation: 

Take the reading directly from the curve in mg Mn/l if you use 100 ml sample, 

else multiply the reading by the dilution to 100ml. 

 

Quality control: 

Construction of quality control chart. 

- Accuracy chart (Schewarte-chart) 

 The laboratory shall construct accuracy chart to control accuracy for the 

analyzing of Control samples by analyzing 0.4mg Mn / l   standard solution 
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with each sample batch and plot the result in X chart to ensure that the results 

within the criteria of acceptance to continue the method. 

 

 

- Reagent Blank: 

A reagent blank or method blank consists of reagent water and all reagents 

that normally are in contact with a sample during the entire analytical 

procedure 

 

- Laboratory Fortified matrix (LFM): 

One sample is select from each batch to be fortified with known concentration 

of nitrate standard, the fortified sample is analyzed and the sample is 

analyzed without fortification. 

 

 

Duplicate sample: 

 At least 10% of each sample batch shall be analyzed in duplicate.  

Relative percent difference (RPD) 

 

 

Laboratory-Fortified Blank (LFB) 

 A laboratory-fortified blank is a reagent water sample to which a known 

concentration of the analytes of interest has been added. A LFB is used to 

evaluate laboratory performance and analyte recovery in a blank matrix. As a 

minimum, include one LFB with each sample set (batch). 

 

 

Reporting  

Results are reported as mg/l   
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 المراجع 

 

   تم اإلعداد بمشاركة المشروع األلمانيGIZ 
  و مشاركة السادة:- 
 شركة مياه الشرب والصرف الصحى بالفيوم  سناء أحمد اإلله/ د 

 شركة مياه الشرب والصرف الصحى بالفيوم        شعبان محمد على/ د 

 شركة مياه الشرب والصرف الصحى بالغربية        حمدى عطيه مشالى   / د 

 شركة مياه الشرب والصرف الصحى بالغربية        سعيد أحمد عباس / د 

 شركة مياه الشرب بالقاهرة الكبرى        عبدالحفيظ السحيمى / د 

 شركة مياه الشرب بالقاهرة الكبرى         مى صادق / د 

 


