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Foreword 
 
 
This Malaysian Standard was developed by the Working Group on Food Additives under the 
authority of the Industry Standards Committee on Food, Food Products and Food Safety. 
 
Major modifications in this revision are as follows: 
 
a) the title has been changed to “Phosphoric acid, food grade - Specification”; 
 
b) the scope has been amended; 
 
c) incorporation of a new clause “Normative references” in Clause 2, “Compliance with 

standard” in Clause 8, and “Legal requirements” in Clause 9; 
 
d) the characteristics, requirements, sampling method and test method have been revised 

and amended; 
 
e) the information required for labelling has been amended; and 
 
f) all test methods described in Table 1 and annexes have been revised and amended. 
 
This Malaysian Standard cancels and replaces MS 851:1983, Specification for phosphoric 
acid (food grade). 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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Phosphoric acid, food grade - Specification 
 
 

1 Scope 
 
This Malaysian Standard specifies the requirements and test methods to determine the purity 
of phosphoric acid (INS No. 338, C.A.S No. 7664-38-20) also known as orthophosphoric acid 
for use as acidity regulator, sequestrant (degumming process-oil), synergist for antioxidants. 
 
 

2  Normative references 
 
The following normative references are indispensable for the application of this standard. For 
dated references, only the edition cited applies. For undated references, the latest edition of 
the normative reference (including any amendments) applies. 
 
Food Act 1983 and Food Regulations 1985 
 
 

3  Characteristics 
 
3.1 The synonym for phosphoric acid is orthophosphoric acid. 
 
3.2 The chemical formula is H3PO4 with a formula weight of 98.00. 
 
3.3 Phosphoric acid is in the form of clear, colourless, odourless, viscous liquid.  
 
3.4 Phosphoric acid is miscible with water and with ethanol. 
 
 

4  Requirements 
 
The product shall comply with the requirements specified in Table 1. 
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Table 1.  Purity and identification requirements for phosphoric acid 
 

Property Requirement 

 
Test methods 

(Annexes) 
 

Acidity (pH)  Strong acid (1.5) A 

*Concentration (purity) as:  
 
phosphoric acid, H3PO4,% w/w  min., or  
 
phosphate P2O5, % w/w  min. 

 

85.00 
 

61.56 

 

B 
 

C 

Nitrate as NO3, max. (mg/kg) 5 D 

Volatile acids, as acetic acid, max. (mg/kg) 10 E 

Chlorides, max. (mg/kg)  10 F 

Sulphates as SO4, max. (mg/kg) 20 G 

Flouride, max. (mg/kg) 10 H 

Arsenic as As, max. (mg/kg) 0.5 J 

Lead as Pb, max. (mg/kg) 1 K 

 
*Conversion: % P2O5 = % H3PO4  
 1.38 
 
 

5  Sampling method 
 
The method of sampling may be carried out according to the method described below. 
 
5.1 All containers in a single consignment of the material drawn from a single batch of 
manufacture shall constitute a lot. 
 
5.2 Duplicate homogenous sample of 500 ml each shall be taken from the lot. 
 
5.3 Mark and seal the samples separately with details such as batch number and date of 
sampling.  
 
 

6  Test methods 
 
6.1  The test methods (refer Table 1) shall be as described under the appropriate annexes 
given in this standard. 
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6.2  Chemicals used in the tests shall be of reagent grade normally used for analytical work. 
 
6.3 The use of other equally reliable methods is allowed. However in case of disagreement 
in results the method cited for in this standard shall prevail.  
 
 

7  Packaging and labelling 
 
7.1  The material shall be packed in clean, dry and airtight containers. 
 
7.2  Every container shall display the following information: 
 
a)   phosphoric acid - Food grade INS 338; 
 
b)   name and address of manufacturer and/or distributor and trademark; 
 
c)   nett amount of chemical contained therein; 
 
d)   date of manufacture and/or expiry date; 
 
e)   batch number; and 
 
f)   safety precaution. 
 
 

8 Compliance 
 
Upon testing, when each sample is found to conform to the requirements specified in this 
standard, the lot, batch or consignment from which the sample has been drawn shall be 
deemed to comply with this standard. 
 
 

9 Legal requirements 
 
The product shall comply with the requirements of the legislation currently in force in 
Malaysia. 
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Annex A 
(normative) 

 
 

Determination of acidity (pH) 
 
 

A.1 Principle 
 
The pH of an aqueous solution shall be determined accurately by using a pH meter. 
 
 

A.2 Procedure 

 
A.2.1  Use a suitable pH meter according to the manufacturer's instructions. Rinse the 
electrodes with distilled or deionised water each time the electrodes are used. Carefully blot 
or wipe the electrodes dry with clean absorbent tissue.  
 
A.2.2  Choose two standard buffers within the anticipated pH of the sample. Immerse the 
electrodes in a portion of the first standard buffer followed by the second standard buffer, and 
adjust accordingly. Repeat this procedure with the sample.  
 
NOTE.  The manufacturer’s manual of the available pH meter can be used as reference. 
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Annex B 
(normative) 

 
 

Determination of concentration of phosphoric acid (H3PO4) 
 
 

B.1 Titration 
 
B.1.1 Reagents 
 
B.1.1.1 1.0 N Sodium hydroxide solution, dilute 250 ml of sodium hydroxide 4.0 N to 1 L 
with distilled water. 
 
B.1.1.2 Thymolphthalein indicator, dissolve 100 mg of the thymolphthalein in 100 of 
alcohol. 
 
B.1.2 Procedure 
 
Weigh accurately about 1 g of phosphoric acid sample. Add in 30 ml of distilled water to the 
acid and titrate with 1.0 N sodium hydroxide (carbonate free) using thymolphthalein as 
indicator. 
 
B.1.3 Calculation 
 
Calculate the concentration, expressed as a percentage, of the phosphoric acid using the 
equation: 
 

Concentrated H3PO4 =  % 100  
  0.0490




P

N  S
 

 

where 
 
S is the volume, expressed in millilitres (ml), of 1.0 N sodium hydroxide; 

 
P is the weight, expressed in grams (g), of the phosphoric acid sample; and 

 
N is the concentration, expressed in normality, of sodium hydroxide. 
 
 

B.2 Specific gravity (SG) 
 
The concentration of the phosphoric acid solution can be determined by using a calibrated 
hydrometer (refer to B.2.1 and B.2.2 on usage procedure). 
 
B.2.1 Apparatus 
 
Use usual laboratory apparatus and, in particular, the following. 
 
B.2.1.1 Hydrometer, calibrated hydrometer with 0.001 SG sub-divisions.  
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B.2.1.2  Measuring cylinder, 25 cm to 45 cm high with 5 cm diameter measuring cylinder. 
The height will depend on the size of the hydrometer used. 
 
B.2.1.3  Calibrated thermometer, with approximate range of 0 °C to 100 °C. 
 
B.2.2 Procedure 
 
Pour the acid sample slowly into a clean dry measuring cylinder and wait until all the air 
bubbles have raised on the surface. 
 
Using a clean dry hydrometer and place it into the measuring cylinder. Release the 
hydrometer when it is nearly in a position onto float (Make sure that the hydrometer is not 
touching the side of the cylinder). When the hydrometer floats, touch the top of the 
hydrometer to push it down a fraction of an inch. Release the hydrometer and take the 
reading (refer to Figure 1). Take the temperature reading of the acid. Refer to B.2.4 to obtain 
the acid concentration.  

 

 
Figure B.1.  Hydrometer 

 
B.2.3 Measurement of SG  
 
B.2.3.1 Measurement corrected SG by calculation   
 
The formula used as follow: 

 

25)( 0.0007521  - t XX      

 
where 
 
X1 is the corrected SG; 

 
X2  is the measured SG; and 

 
t is the measured temperature of acid. 
 
B.2.3.2 Measurement of SG by conversion table 
 
B.2.3.2.1 Measure the acid SG and temperature. 
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B.2.3.2.2 Refer to Table 2 for the temperature converted value and add this value to the 
measured SG refer to as the corrected SG. 
 
B.2.4 Procedure for calculating the concentration of phosphoric acid 
 
To obtain the acid concentration, the corrected SG value will be read against the acid 
concentration chart in Table 3. 
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Table B.1  Temperature/SG conversion table 
 

Temp. Converted Temp. Converted Temp. Converted Temp. Converted 
°C value  °C value  °C value  °C  value 

 

25.0 0.0000  49.0 0.0180  73.0 0.0360  97.0 0.0540 
25.5 0.0004  49.5 0.0184  73.5 0.0364  97.5 0.0544 
26.0 0.0008  50.0 0.0188  74.0 0.0368  98.0 0.0548 
26.5 0.0011  50.5 0.0191  74.5 0.0371  98.5 0.0551 

27.0 0.0015  51.0 0.0195  75.0 0.0375  99.0 0.0555 
27.5 0.0019  51.5 0.0199  75.5 0.0379  99.5 0.0559 
28.0 0.0023  52.0 0.0203  76.0 0.0383  100.0 0.0563 
28.5 0.0026  52.5 0.0206  76.5 0.0386  100.5 0.0566 
29.0 0.0030  53.0 0.0210  77.0 0.0390  101.0 0.0570 

29.5 0.0034  53.5 0.0214  77.5 0.0394  101.5 0.0574 
30.0 0.0038  54.0 0.0218  78.0 0.0398  102.0 0.0578 
30.5 0.0041  54.5 0.0221  78.5 0.0401  102.5 0.0581 
31.0 0.0045  55.0 0.0225  79.0 0.0405  103.0 0.0585 

31.5 0.0049  55.5 0.0229  79.5 0.0409  103.5 0.0589 
32.0 0.0053  56.0 0.0233  80.0 0.0413  104.0 0.0593 
32.5 0.0056  56.5 0.0236  80.5 0.0416   104.5 0.0596 
33.0 0.0060  57.0 0.0240  81.0 0.0420  105.0 0.0600 
33.5 0.0064  57.5 0.0244  81.5 0.0424  105.5 0.0604 

34.0 0.0068  58.0 0.0248  82.0 0.0426  106.0 0.0608 
34.5 0.0071  58.5 0.0251  82.5 0.0431  106.5 0.0611 
35.0 0.0075  59.0 0.0255  83.0 0.0435  107.0 0.0615 
35.5 0.0079  59.5 0.0259   83.5 0.0439  107.5 0.0619 
36.0 0.0083  60.0 0.0263  84.0 0.0443  108.0 0.0623 

36.5 0.0086  60.5 0.0266  84.5 0.0446  108.5 0.0626 
37.0 0.0090  61.0 0.0270  85.0 0.0450  109.0 0.0630 
37.5 0.0094  61.5 0.0274  85.5 0.0454  109.5 0.0634 
38.0 0.0098  62.0 0.0277  86.0 0.0458  110.0 0.0638 
38.5 0.0101  62.5 0.0281  86.5 0.0461  110.5 0.0641 

39.0 0.0105  63.0 0.0285  87.0 0.0465  111.0 0.0645 
39.5 0.0109  63.5 0.0289  87.5 0.0469  111.5 0.0649 
40.0 0.0113  64.0 0.0293  88.0 0.0473  112.0 0.0653 
40.5 0.0116  64.5 0.0296  88.5 0.0476   
41.0 0.0120  65.0 0.0300  89.0 0.0480   

41.5 0.0124  65.5 0.0304  89.5 0.0484 
42.0 0.0128  66.0 0.0307  90.0 0.0488 
42.5 0.0131  66.5 0.0311  90.5 0.0491 
43.0 0.0135  67.0 0.0315  91.0 0.0495 
43.5 0.0139  67.5 0.0319  91.5 0.0499 

44.0 0.0143  68.0 0.0323  92.0 0.0503 
44.5 0.0146  68.0 0.0326  92.5 0.0506 
45.0 0.0150  69.0 0.0330  93.0 0.0510 
45.5 0.0154  69.5 0.0334  93.5 0.0514 
46.0 0.0158  70.0 0.0338  94.0 0.0518 

46.5 0.0161  70.5 0.0341  94.5 0.0521 
47.0 0.0165  71.0 0.0345  95.0 0.0525 
47.5 0.0169  71.5 0.0349  95.5 0.0529 
48.0 0.0173  72.0 0.0353  96.0 0.0532 
48.5 0.0176  72.5 0.0356  96.5 0.0536 
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Annex C 
(normative) 

 
 

Determination of phosphate (as P2O5) 
 
 

Refer to Annex B for determination of concentration of phosphoric acid (H3PO4) and convert 
the value to % phosphate (as P2O5) by using the following equation: 
 

 
% P2O5 = % H3PO4 

     1.38 
       

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MS 851:2014 

© STANDARDS MALAYSIA 2014 - All rights reserved 11 

 
 
 
 

Annex D 
(normative) 

 
 

Determination of nitrate (NO3) - Limit test 
 
 

D.1 Reagents 
 
D.1.1 Sodium chloride solution, dissolve 1 g of sodium chloride with sufficient distilled 
water and make up to 500 ml. 1 ml of NaCl solution is equivalent to 2 mg of NaCl. 
 
D.1.2 Indigo carmine indicator solution, dissolve 0.18 g of C16H8N2O2 (SO3Na), sodium 
indigo in disulfonate (indigo carmine indicator), in sufficient distilled water to make 100 ml. 
The solution can be used within 60 days.  
 
D.1.3 Sulphuric acid (concentrated) 98 % w/w. 
 
 

D.2 Procedure 
 
Pipette 2 ml of phosphoric acid sample and add 2.5 ml of sodium chloride solution. Make the 
solution to 10 ml with distilled water. Add 2 to 3 drops (0.1 ml) of indigo carmine indicator 
solution and 10 ml of 98 % w/w concentrated sulphuric acid. The solution should turn colour. 
 
If the blue colour does not entirely disappear within 5 min, the sample is said to have nitrate of 
less than 5 mg/kg. 
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Annex E 
(normative) 

 
 

Determination of volatile acids (as acetic acid) 
 
 

E.1 Reagents 
 
E.1.1 Phenolphthalein test solution (TS), dissolve 1.0 g phenolphthalein in 100 ml of 
ethanol. 
 
E.1.2 0.1 N sodium hydroxide (NaOH) solution, dilute 25 ml of 4 N NaOH solution to 1 L 
with distilled water. 
 
E.1.3 0.02 N sodium hydroxide (NaOH) solution, dilute 200 ml of 0.1 N NaOH solution 
with distilled water to make 1 L. 
 
 

E.2 Procedure 
 
Pipette 30 ml (50 g) phosphoric acid sample and add in 75 ml distilled water. Distill the 
solution to 50 ml from a flask fitted with a spray trap. To the distillate add 0.25 ml of 
phenolphthalein solution and titrate with 0.02 N NaOH solution. The titrant (0.02 N NaOH 
solution) should not be more than 0.4 ml. If it is more than 0.4 ml, then it exceeds the limit of 
10 mg/kg as acetic acid. 
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Annex F 
(normative) 

 
 

Determination of chlorides - Limit test 
 
 

F.1 Reagents 
 
F.1.1 1.0 N hydrochloric acid (HCl), transfer 101.27 g of 36 % AR grade HCl into a 1 L 
volumetric flask and make up to the mark with distilled water. 
 
F.1.2 0.01 N hydrochloric acid (HCl), dilute 10 ml of 1.0 N HCl to 1 L with distilled water. 
 
F.1.3 Dilute nitric acid (HNO3), dilute 320 ml of AR grade concentrated HNO3 to 1 L with 
distilled water. 
 
F.1.4 5 % w/v silver nitrate (AgNO3) solution, dissolve 5 g of AgNO3 in 100 ml of distilled 
water. 
 
 

F.2 Procedure 
 
F.2.1  Standard 
 
Place 10 ml of 0.01 N HCl and 10 ml of dilute HNO3 in a Nessler cylinder. Dilute to 100 ml 
with distilled water and add 1 ml of 5 % w/v AgNO3 solution. (Each ml of this solution from 
0.01 N HCl will give 1 mg/kg of chloride). Stir immediately with a glass rod and allow to stand 
for 5 min. 
 
F.2.2  Sample 
 
Weigh 35.5 g of phosphoric acid sample and add 10 ml of dilute HNO3 in a Nessler cylinder. 
Dilute to 50 ml with distilled water and add 1 ml of 5 % w/v AgNO3 solution. Stir immediately 
with a glass rod and allow to stand for 5 min. 
 
Compare the sample solution with the standard solution. If the opalescence produced is not 
greater than the 0.01 N HCl (standard solution), then the result can be reported as not more 
than 10 mg/kg chloride. 
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Annex G 
(normative) 

 
 

Determination of sulphates - Limit test 
 
 

G.1 Reagents 
 
G.1.1 0.5 M sulphuric acid (H2SO4), dilute 92.0 ml of 98 % H2SO4 with distilled water in a 
1 L volumetric flask. 
 
G.1.2 0.005 M sulphuric acid (H2SO4), dilute 10 ml of 0.5 M H2SO4 with distilled water in 
a 1 L volumetric flask. 
 
G.1.3 Dilute hydrochloric acid (HCl), dilute 430 ml of concentrated HCl (36 % to 37 %) 
to 1 L with distilled water. 
 
G.1.4 0.5 M barium chloride (BaCl2) solution, dissolve 122.1 g of BaCl2.2H2O in 1 L of 
distilled water. 
 
G.1.5 Barium sulphate (BaSO4) reagent (freshly prepared), mix 15 ml of 0.5 M BaCl2 
solution, 55 ml of distilled water and 20 ml of sulphate-free alcohol (95 %), add 5 ml of 0.0181 
% (w/v) K2SO4 solution, dilute to 100 ml with distilled water and mix. 
 
G.1.6 0.0181 % (w/v) potassium sulphate (K2SO4) solution, dissolve 0.181 g of K2SO4 
in 1 L of distilled water. 
 
G.1.7 95 % sulphate-free alcohol. 
 
 

G.2 Procedure 
 
G.2.1 Standard 
 
Pipette 12.5 ml of 0.005 M H2SO4 and dilute to 100 ml with distilled water. Pipette 10 ml of 
this solution into a Nessler cylinder and add 2 ml of dilute HCl. Make up to 45 ml with distilled 
water, then add 5 ml of BaSO4 reagent (G1.5). Stir immediately with a glass rod and allow to 
stand for 5 min. 
 
G.2.2 Sample 
 
Weigh 30 g of phosphoric acid sample into a Nessler cylinder and add 2 ml of dilute HCl. 
Make up to 45 ml with distilled water, add 5 ml of BaSO4 reagent, stir immediately with a 
glass rod and allow to stand for 5 min. 
 
Compare the sample solution with the standard solution. The turbidity of the sample solution 
shall not be greater than the standard solution when viewed transversely, and therefore the 
result can be reported as not more than 20 mg/kg of sulphate. 
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Annex H 
(normative) 

 
 

Determination of fluoride - Limit test 
 
 

H.1 Principle 
 
Flouride can be determined by: 
 
a)  Ion-selective electrode method; 
 
b)  Ion-selective electrode flow injection analysis; or 
 
c)  Sodium 2-(parasulfophenylazo)-1, 8-dihydroxy-3,6-naphtalene disulphonate (SPADNS) 

solution also known as 4,5-dihydroxy-3-(parasulfophenylazo)-2,7-naphthalenedisulfonic 
acid trisodum salt. 

 
 

H.2 Ion-selective electrode method 
 
H.2.1 Apparatus 
 
Use usual laboratory apparatus and, in particular, the following. 
 
H.2.1.1 Expanded-scale or digital pH meter or ion-selective meter. 
 
H.2.1.2 Sleeve-type reference electrode. Do not use fibre-tip reference electrodes 
because they exhibit erratic behaviour in very dilute solutions. 
 
H.2.1.3 Fluoride electrode. 
 
H.2.1.4 Magnetic stirrer, with TFE-coated stirring bar. 
 
H.2.1.5 Timer. 
 
H.2.2 Reagents 
 
H.2.2.1 Stock fluoride solution, dissolve 0.221 g anhydrous sodium fluoride (NaF) in 
distilled water and dilute to 1 000 ml; 1.00 ml = 100 µg F-. 
 
H.2.2.2 Standard fluoride solution, dilute 100 ml stock fluoride solution to 1000 ml with 
distilled water; 1.00 ml = 10.0 µg F-. 
 
H.2.2.3 Fluoride buffer 
 
Place approximately 500 ml distilled water in a 1 L beaker and add 57 ml glacial acetic acid, 
58 g NaCl, and 4.0 g 1, 2 cyclohexylene diaminetetraacetic acid (CDTA). Stir to dissolve. 
Place beaker in a cool water bath and add slowly 6 N NaOH (about 125 ml) with stirring, until 
pH is between pH 5.3 and pH 5.5. Transfer to a 1 L volumetric flask and add distilled water to 
the mark.  
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H.2.3 Procedure 
 
H.2.3.1 Instrument calibration 
 
Start instrument with the 1.0 mg F-/L standard reads at the centre zero (100 mV) when the 
meter is in the expanded-scale position. To use a selective-ion meter follow the 
manufacturer’s instructions. 
 
H.2.3.2 Preparing of fluoride standards 
 
Prepare a series of standards by diluting with distilled water 5.0 ml, 10.0 ml, and 20.0 ml of 
standard fluoride solution to 100 ml with distilled water. These standards are equivalent to 
0. 5 mg F-/L, 1.0 mg F-/L, and 2.0 mg F-/L. 
 
H.2.3.3 Treatment of standards and sample 
 
In 100 ml beakers add by volumetric pipette from 10 ml to 25 ml standard or sample. Bring 
standards and sample to room temperature. Add an equal volume of buffer. The total volume 
should be sufficient to immerse the electrodes and permit operation of the stirring bar. 
 
H.2.3.4 Measurement with electrode 
 
Immerse electrodes in each of the fluoride standard solutions and measure developed 
potential while stirring on a magnetic stirrer. Avoid stirring before immersing electrodes 
because entrapped air around the crystal can produce erroneous readings or needle 
fluctuations. Let electrodes remain in the solution 3 min (or until reading is constant) before 
taking a final millivolt reading. A layer of insulating material between stirrer and beaker 
minimises solution heating. Withdraw electrodes, rinse with distilled water, and blot dry 
between readings. (WARNING: Blotting may poison electrode if not done gently). Repeat 
measurements with samples.  
 
If a direct-reading instrument is not used, plot potential measurement of fluoride standards 
against concentration on two-cycle semilogarithmic graph paper. Plot milligram F- per litre on 
the logarithmic axis (ordinate), with the lowest concentration at the bottom of the graph. Plot 
millivolts on the abscissa. From the potential measurement for each sample, read the 
corresponding fluoride concentration from the standard curve. 
 
The known-additions method may be substituted for the calibration method. Follow the 
directions of the instrument manufacturer. 
 
H.2.4 Calculation 
 
Express the concentration of fluoride using the following equation: 
 

sample ml

 -F g

L

-F
 mg

μ
  

 
 

H.3 Ion-selective electrode flow injection analysis 
 
H.3.1 Apparatus 
 
The flow injection analysis equipment consists of: 
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a) FIA injection valve, with sample loop or equivalent. 
 
b) Multichannel proportioning pump. 
 
c) FIA manifold, with tubing heater and ion-selective electrode flow cell. Relative flow rates 

are shown in the figure. Tubing volumes are given as an example only; they may be 
scaled down proportionally. Use manifold tubing of an inert material such as TFE. 

 

 
 

Figure H.1  FIA fluoride manifold 
 
d) Combination ion-selective electrode. 
 
e) Injection valve control and data acquisition system. 
 
H.3.2 Reagents 
 
H.3.2.1 Deionised water, use deionised water (> 10 megaohm) for all solutions. To 
prevent bubble formation, degas carrier and buffer with helium. Pass He at 140 kPa (20 psi) 
through a helium degassing tube. Bubble He through 1 L solution for 1 min. 
 
H.3.2.2 Carrier, 1.0 mg F-/L, add 10 ml or 10 g stock fluoride standard to 990 ml deionised 
water and mix well. 
 
H.3.2.3 Buffer, to a tared 1 L polyethylene container add 929.5 g deionised water, 59.8 g 
glacial acetic acid, 30.0 g NaOH, 58.0 g NaCl, 0.5 g stock fluoride standard and 4.0 g CDTA 
acid. Stir on a magnetic stir plate until all materials dissolved. 
 
H.3.2.3 Electrode conditioning solution, to a tared 1 L container, add 534 g buffer and 
500 g carrier. Mix thoroughly. Store fluoride electrode in this solution when it is not in use. 
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H.3.2.4 Stock fluoride standard 
 
100 mg F-/L, in a 1 L volumetric flask, dissolve 0.2210 g NaF in approximately 950 ml 
deionised water. Dilute to mark with deionised water and mix well. Store in a polyethylene 
bottle. 
 
H.3.2.5 Standard fluoride solutions 
 
Prepare fluoride standards in the desired concentration range, using the stock standard and 
dilute with deionised water. A blank or zero concentration standard cannot be prepared for 
this method because it will give an undefined response from the fluoride electrode. 
 
H.3.3 Procedure 
 
Set up manifold and follow the method supplied by manufacturer or laboratory standard 
operating procedure for this method. 
 
H.3.4 Calculations 
 
Prepare standard curves by plotting the electrode response to standards processed through 
the manifold vs. fluoride concentration. Standards greater than 1.0 mg F-/L will give positive 
peaks, standards less than 1.0 mg F-/L will give negative peaks, and the 1.0 mg F-/L standard 
having the same concentration as the carrier will give no peak. 
 
 

H.4 SPADNS Method 
  
H.4.1 Apparatus 
 
Use usual laboratory apparatus and, in particular, the following. 
 
H.4.1.1 Colourimetric equipment, either one of the following equipment can be used: 
 
H.4.1.1.1 Spectrophotometer, for use at 570 nm, providing a light path of at least 1 cm. 
 
H.4.1.1.2 Filter photometer, providing a light path of at least 1 cm and equipped with a 
greenish yellow filter having maximum transmittance at 550 nm to 580 nm. 
 
H.4.2 Reagents 
 
H.4.2.1 Standard fluoride solution, prepare as directed in the electrode method. 
 
H.4.2 2 SPADNS solution 
 
Dissolve 0.958 g SPADNS in distilled water and dilute to 500 ml. This solution is stable for at 
least a year if protected from direct sunlight. 
 
H.4.2.3 Zirconyl-acid reagent 
 
In a 500 ml volumetric flask, dissolve 0.133 g zirconyl chloride octahydrate, ZrOCl2.8H2O in 
25 ml distilled water. Add 350 ml concentrated HCl and dilute to 500 ml with distilled water. 
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H.4.2.4 Acid zirconyl-SPADNS reagent 
 
Mix equal volumes of SPADNS solution and zirconyl-acid reagent. The combined reagent is 
stable for at least two years. 
 
H.4.2.5 Reference solution 
 
Add 10 ml SPADNS solution to 100 ml distilled water. Dilute 7 ml concentrated HCl to 10 ml 
and add to the diluted SPADNS solution. The resulting solutions, used for setting the 
instrument reference point (zero), is stable for at least a year. Alternatively, use a prepared 
standard of 0 mg F-/L as a reference. 
 
H.4.2.6 Sodium arsenite solution 

 
Dissolve 5.0 g NaAsO2 and dilute to 1 L with distilled water.  
 
H.4.3 Procedure 
 
H.4.3.1 Preparation of standard curve 
 
Prepare fluoride standards in the range of 0 to 1.40 mg F-/L by diluting appropriate quantities 
of standard fluoride solution to 50 ml with distilled water. Pipet 5 ml each of SPADNS solution 
and zirconyl-acid reagent, or 10ml mixed acid-zirconyl-SPADNS reagent, to each standard 
and mix well. Avoid contamination. Set photometer to zero absorbance with the reference 
solution and obtain absorbance readings of standards. Plot a curve of the milligrams fluoride-
absorbance relationship. Prepare a new standard curve whenever a fresh reagent is made or 
a different standard temperature is desired. As an alternative to using a reference, set 
photometer at some convenient point (0.300 or 0.500 absorbance) with the prepared 0 mg F-

/L standard. 
 
H.4.3.2 Colour development 
 
Use a 50.0 ml sample or a portion diluted to 50 ml with distilled water. Adjust sample 
temperature to that used for the standard curve. Add 5.00 ml each of SPADNS solution and 
zirconyl-acid reagent, or 10.00 ml acid-zirconyl-SPADNS reagent: mix well and read 
absorbance, first setting the reference point of the photometer as above. If the absorbance 
falls beyond the range of the standard curve, repeat using a dilute sample. 
 
H.4.4 Calculation 
 
 

C

BA
x 

sample mlL

-F
 mg   

 
where 
 
A is µg F- determined from plotted curve; 
B is the final volume, expressed in millilitres, of the diluted standard solution; and 
C is the volume, expressed in millilitres, of diluted sample used for colour development. 
 

CAUTION: Toxic - avoid ingestion 
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When the prepared 0 mg F-/L standard is used to set the photometer, alternatively calculate 
fluoride concentration as follows: 
 
 
                               mg F-/L  = A0 – Ax 
                                                A0 – A1 
 
where 
 
A0 is the absorbance of the prepared 0 mg F-/L standard; 
A1 is the absorbance of the prepared 1.0 mg F-/L standard; and 
Ax is the absorbance of the prepared sample. 
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Annex J 
(normative) 

 
 

Determination of arsenic  
 
 

J.1 Principle 
 
Arsenic can be determined by any of the following methods: 
 
a)  limit test; 
 
b) atomic absorption spectrophotometer - Cold vapour hydride generation technique; or  
 
c)  Inductively Coupled Plasma Optical Emission Spectrometer (ICP-OES). 
 
 

J.2 Limit test 
 
J.2.1 Gutzeit apparatus 
 
A 60 ml glass flask or bottle fitted with a rubber stopper and glass tube of 11 mm internal 
diameter (Figure 3). A small glass tube is held in place, at the end of the main tube by elastic 
band. 
 
J.2.1.1 Rubber bung 
 
J.2.1.2 Mercuric chloride test paper 
 
J.2.1.3 Lead acetate wool 
 
J.2.1.4 Cotton wool 
 
J.2.1.5  Glass tube (Oven-dried before use), 11 mm internal diameter x 150 mm. 
 

 

 
 
 
 
 
 
 
 
 
Key 
 
1 screw cap 
2 polythene ring 

3 15 cm glass tube 

Figure J.1  Gutzeit apparatus 
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J.2.2 Reagents and materials 
 
J.2.2.1 Zinc granular, containing less than 20 mg/g of iron. 
 
J.2.2.2 Stannous chloride solution. Dissolve 40 g of stannous chloride (SnCl2.2H2O), in a 
mixture of 25 ml of distilled water and 75 ml of AR grade HCl. 
 
J.2.2.3 Acidified KI/SnCl2 solution. Dissolve 50 g of potassium iodide in 1 L of distilled 
water. Add 400 ml of AR grade HCl and 100 ml of stannous chloride solution. Dilute to 2 500 
ml and mix well. 
 
J.2.2.4 Cotton wool. 
 
J.2.2.5 Cotton wool impregnated with 10 % w/v lead acetate solution. Dissolve 10 g of 
lead acetate in 100 ml distilled water. Soak the cotton wool in lead acetate solution for about 5 
min, squeeze the cotton to discard the excess solution and dry the cotton in oven at 100 °C 
until the cotton is thoroughly dry. Store the cotton in an air-tight dark amber coloured bottle. 
 
J.2.2.6 Mercuric chloride test papers. Soak Whatman No. 4 filter papers in 5 % w/v 
mercuric chloride solution for about 1 min. Place the paper on a glass plate and dry at 95 °C 
to 100 °C for 60 min to 90 min. Cut the papers into pieces, each measuring about 25 mm x 17 
mm. Place the pieces of test papers in a tightly stoppered dark bottle. 
 
J.2.2.7 Standard arsenic stain. Refer to procedure for the preparation of standard stain. 
 
J.2.3 Procedure 
 
J.2.3.1 Preparation of standard arsenic stain 
 
J.2.3.1.1 Standard arsenic stock solution 
 
Weigh accurately 0.132 g of arsenic trioxide (As2O3). Add 50 ml hydrochloric acid to dissolve 
it. Dilute to 100 ml in a volumetric flask (1 ml of this solution contains 1.32 mg of As2O3). 
 
J.2.3.1.2 Standard arsenic solution 
 
Dilute 1 ml of standard arsenic stock solution to 100 ml with distilled water (1 ml of this 
solution contains 0.0132 mg of As2O3). 
 
J.2.3.1.3 Dilute arsenic solution 
 
Dilute 1 ml of standard arsenic solution to 100 ml with distilled water (1 ml of this solution 
contain 0.000132 mg of As2O3). 
 
J.2.3.1.4 Preparation of standard stain 
 
Place a piece of mercuric chloride test paper between the smooth surfaces of the tube and its 
extension as shown in Figure 3. Align the tubes carefully so that the gases evolved during the 
test give a circular stain of 11 mm in diameter. Add 27 ml of dilute arsenic solution and 50 ml 
of acidified KI/SnCl2 solution into a 60 ml bottle and mix well. This should give a standard 
stain of 0.00356 mg of As2O3 (equivalent to 0.5 μg/ml of arsenic). Add 7 g of granular zinc and 
immediately fit the packed tube to the bottle. Leave this sample in a dark compartment or 
cupboard. After about 40 min, remove the mercuric chloride test paper to be used for 
comparison against sample to be tested. 
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J.2.3.2 Preparation of sample 
 
Place a piece of mercuric chloride test paper between the smooth surfaces of the tube and its 
extension as shown in Figure J.1. Align the tubes carefully so that the gases evolved during 
the test give a circular stain of 11 mm in diameter. Weigh 7 g of phosphoric acid sample in a 
60 ml test bottle. Add 50 ml of acidified KI/SnCl2 solution and mix well. Add 7 g of granular 
zinc and immediately fit the packed tube to the bottle. Leave this sample in a dark 
compartment or cupboard. After about 40 min, remove the mercuric chloride test paper and 
compare the intensity of the stain against the colour of the standard stain. 
 
The samples should be prepared concurrently with the standard. 
 
J.2.3.2.1 Result 
 
Any stain produced shall not be more intense than that of the standard. 
 
 

J.3 Atomic absorption spectrophotometer - Cold vapour hydride 
generation technique 
 
J.3.1 Apparatus 
 
J.3.1.1 Atomic absorption spectrophotometer associated equipment (Vapour-
generation accessories) 
 
Instruments and accessories specifically designed for measurement of arsenic by hydride 
generation technique. 
 
J.3.1.2 Absorption cell 
 
An absorption cell complete assembly consists of a clamp/brackets designed to fit air-
acetylene burner, a cell support and the absorption cell. 
 
J.3.1.3 Air pumps 
 
Use any peristaltic pump with electronic speed control. Three pump tubes should be correctly 
installed around the pump roller. Observe the volume of water pumped out of the cylinder 
over a timed interval. With a 50 Hz power supply the uptake rate should be about 6.5 m per 
minute. The uptake rate for other pump tubes should be 1 ml per minute (50 Hz). 
 
J.3.1.4 Flow metre 
 
Inert gas supply must be dry and dust-free. Gas cylinder/regulator system capable of 
supplying gas at pressures between 300 and 350 kPa (43 and 50 psi). The working 
consumption is between 5 L and 6 L per hour (about 90 ml per minute). 
 
J.3.1.5 Reaction flask 
 
250 ml Erlenmeyer flask or a BOD bottle, fitted with a rubber stopper to hold aeration tube. 
 
J.3.1.6 Drying tube 
 
Hollow cathode lamps. 
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J.3.1.7 Connecting tube 
 
The connecting tube between the gas/liquid separator and the absorption cell is the black 
fluoro-elastomer tubing supplied with the absorption cell in 200 mm lengths. 
 
J.3.1.8 Pump tubes 
 
Three pump tubes must be fitted to the peristaltic pump already fitted to the “T” piece 
assembly at one end and to the uptake capillary tubes at the other end.  
 
J.3.2 Reagents 
 
J.3.2.1 7 M HCl. Dissolve 875 ml concentrated HCl (36-37 %) in 625 ml distilled water. 
 
J.3.2.2 1 % sodium iodide. Dissolve in 0.5 g sodium iodide in 50 ml 7 M HCl for preparing 
arsenic standard solution 10 µg/ml As. 
 
J.3.2.3 1 % ascorbic acid. Dissolve in 0.5 g ascorbic acid in 50 ml 7 M HCl for preparing 
arsenic standard solution 10 µg/ml As. 
 
J.3.3 Preparation of standard solution 
 
J.3.3.1 Stock arsenic standard solution 
 
Dissolve 1.3203 g As2O3 in a minimum volume of 20 % NaOH and neutralise with nitric acid. 
Dilute to 1 L to give 1 000 µg/ml As. 
 
J.3.3 2 Arsenic standard solution (10 µg/ml As) 
 
Pipette 1 ml of stock arsenic solution, add 1 % sodium iodide, 1 % ascorbic acid and dilute to 
50 ml level with 7 M HCl. Stand this solution for at least 45 min. 
 
J.3.3.3 Dilute arsenic standard solution 
 
Prepare 3 series of standard solution: 20 µg/ml, 40 µg/ml and 60 µg/ml by pipetting 0.2 ml, 
0.4 m and 0.6 ml of arsenic standard solution (10 µg/ml As) respectively and diluting to 100 ml 
level with 7 M HCl. 
 
J.3.4 Preparation of sample 
 
Weigh about 25.000 g sample in 100 ml volumetric flask, mark up to 100 ml by using 7 M HCl. 
 
J.3.5 Preparation of reductant solution (for reductant container/NaBH4 channel) 
 
Dissolve 2.5 g (0.5 %) sodium hydroxide in 20 ml of distilled water. Add 3 g (0.6 %) of sodium 
borohydride (NaBH4). Then add 50 g of potassium iodide (10 %). Mark up to 500 ml level 
using distilled water. 
 
J.3.6 Preparation of acid solution 10 M HCl (for acid container) 
 
Dilute about 417 ml concentrated HCl (36 % to 37 %) to 500 ml with distilled water. 
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J.3.7 Procedure 
 
J.3.7.1 Set-up instrument condition 
 
J.3.7.1.1 Instrument working condition: 
 

 
J.3.7.1.2 Vapour generation accessories: 
 
a) Fit 3 pumps tubes (sample, reductant, acid (10 M HCl) to the “T” piece assembly at one 
end and to the uptake capillary tubes at the other end. 
 
b) Fix the absorption cell to its place at the top of the burner. 
 
c) Fix the gas/liquid separator to its place and: 
 
      - Connect the top of separator tube to absorption cell. 
      - Connect the bottom tube to the drain. 
      - Connect the other tube to the inert gas. 
 
J.3.7.1.3 Lighting the flame 
 
Check light path, on the inert-gas and turn-on the instrument. Check the uptake rate for 3 
tubes: 
 
Sample uptake rate for 50 Hz power supply: 7 ml/min and acid solution (10 M HCl) uptake 
rate: 1 ml/min and reductant solution uptake rate: 1 ml/min.  
 
J.3.7.1.4 Optimisation procedure 
 
(See manufacturer’s operating manual). 
 
J.3.7.1.5 Procedure for standardization (calibration of standard) 
 
See manufacturer’s operating manual. Select at least three concentrations of standard. 
Aspirate blank and zero the instrument. Then aspirate each standard and record absorbance. 
Prepare a calibration curve by plotting linear graph paper absorbance of standards versus 
their concentrations.  
 
J.3.7.1.6 Analysis of samples: 
 
Aspirate blank (distilled water) and zero instrument. Aspirate sample and determine its 
absorbance. 
 
 
 

Lamp current                   :   10 mA 
Fuel   :   acetylene 
Support :   nitrous oxide 
Flame stoichiometry        :   reducing; red cone 1 cm to 2 cm high 
Wave length                    :   197.3 nm 
Slit width                          :   0.5 nm 
Optimum working 
range 

:   3 to 150 (µg/ml) 
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J.3.8 Result 
 
Calculate concentration of arsenic in sample, in milligrams per kilogram, by referring to the 
appropriate calibration curve prepared. Alternatively, read concentration directly from the 
instrument. If the sample has been diluted, multiply by the appropriate diluting factor (Volume 
of sample/sample weight) as per below calculations: 
 
J.3.9 Calculation 
 

Arsenic (As), mg/kg =  C x V x (DF) 

  Wt  
 
where 
  
C is the concentration, expressed in µg/ml, of arsenic solution after substracting blank 

concentration; 
 
V is the volume, expressed in millilitres, of sample solution; 
 
Wt is the weight, expressed in milligrams, of sample; and 
 
DF is the dilution factor (if necessary). 
 
 

J.4 Inductively Coupled Plasma Optical Emission Spectrometer (ICP-
OES) 
 
J.4.1 Equipment/apparatus/materials 
 
J.4.1.1 Inductively Coupled Plasma Optical Emission Spectrometer 
 
The ICP source consist of a radio frequency (RP) generator capable of generating at least 
1.1 kW of power, torch, tesla coil, load coil, impedance matching network, nebuliser, spray 
chamber and drain, High quality flow regulators are required for both the nebuliser argon and 
the plasma support gas flow. A peristaltic pump is recommended to regulate sample flow to 
the nebuliser. The type of nebuliser and spray chamber used may depend on the samples to 
be analysed as well as on the equipment manufacturer. In general, pneumatic nebulisers of 
the concentric or cross-flow design are used. 
 
J.4.1.2 Spectrometer 
 
The spectrometer is a simultaneous (polychromator) type with air-path; inert gas purged, or 
vacuum optics. 
 
A spectral band pass of 0.05 nm or less is required. The instrument should permit 
examination of the spectral background surrounding the emission lines used for metals 
determination. It is necessary to be able to measure and correct for spectral background at 
one or more positions or either side of the analytical lines. 
 
J.4.1.3 Analytical balance. 
 
J.4.1.4 Volumetric flask. 
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J.4.2 Chemical/ reagent 
 
J.4.2.1 Use reagents that are of ultra-high-purity grade or equivalent. Redistilled acids are 
acceptable. Except as noted, dry all salts at 105°C for 1 hour and store in a desiccator before 
weighing. Use deionised water prepared by passing water through at least two stages of 
deionisation with mixed bed cation/anion exchange resin. Use deionised water for preparing 
all calibration standard, reagents and for dilution. 
 
J.4.2.2 Concentrated nitric acid (HNO3) 
 
J.4.2.3 Mixture of HNO3 and concentrated hydrochloric acid (HCI) (1:5) 
 
Add 50 ml of deionised water in 500 ml volumetric flask and pipette 5 ml of HNO3 and 25 ml 
of HCI. Make up to mark with deionised water.  
 
J.4.2.4 HNO3 (2 %): 2 ml of nitric acid diluted to mark in 100 ml volumetric flask with 
deionised water. 
 
J.4.2.5 Standard solution for arsenic. 
 
J.4.3 Preparation of standard solution 
 
J.4.3.1 Preparation of standard solution for arsenic 
 
Arsenic standard solution 1 000 ppm is used directly as purchased. 
 
J.4.3.2 Preparation of stock standard solution, 100 ppm 
 
Pipette 10.0 ml of standard solution, 1000 ppm into 100 ml volumetric flask and dilute to mark 
with mixture of HNO3 and HCI (1:5). 
 
J.4.3.3 Preparation of calibration standard 
 
When preparing mix standards take care that the elements are compatible and stable. Store 
mixed standard solution in a FEB fluorocarbon or unused polyethylene bottle.  
 
Pipette 0.1 ml, 0.5 ml, 1.0 ml and 3 ml into 100 ml volumetric flask dilute to mark with mixed 
HNO3 and hydrochloric acid, HCI (1:5). This will correspond to 0.1 ppm, 0.5 ppm, 1.0 ppm 
and 3.0 ppm respectively. 
 
J.4.4 Preparation of test sample 
 
J.4.4.1 Weigh to the nearest gram about 5.0 g of sample into 50 ml volumetric flask. Add 
20 ml of deionised water into the sample and shake gently. Add 10 ml of 2 % HNO3 and make 
up to volume with deionised water. 
 
J.4.4.2 Blank is prepared according to the same procedure without the tested sample. 
 
J.4.4.3 When necessary filter the sample through a membrane filter or filter paper and 
analysed by ICP. 
 
J.4.5 Argon 
 
Use technical grade. If gas appears to be a source of problems, use pre-purified grade. 
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J.4.6 Operating Conditions 
 
The instrument setting and operating conditions shall be followed accordingly to 
manufacturer’s instructions. Verify that the instrument configuration and operating conditions 
satisfy the analytical requirements and that they can be reproduced on day-to-day basis. 
 
J.4.7 Instrument calibration 
 
Set up instrument as directed in Clause J.3.6. Warm up for 30 min. Perform an optical 
alignment using the profile lamp or solution. Check alignment of plasma torch and 
spectrometer entrance slit, particularly if maintenance of the sample introduction system was 
performed. Calibrate instrument according to manufacturer’s recommended procedure using 
calibration standards and blank. Run at least three different concentrations for each mixed 
standard solution or individual standard solution. Aspirate each standard or blank for a 
minimum of 15 s after reaching the plasma before beginning signal integration. Rinse with 
calibration blank or similar solution for at least 60 s between each standard to eliminate any 
carryover from the previous standard. Use average intensity of multiple integrations of 
standards or samples to reduce random error. 
 
J.4.8 Calculation 
 
J.4.8.1 Measurements of concentration. 
 
J.4.8.2 The concentration is measured by ICP-OES 
 
Analyse the sample according to the manufacturer recommended parameters and conditions 
for the best sensitivity. The samples are introduced automatically into the equipment and the 
results generated will be used directly into the calculation. 
 
J.4.8.3 Quality acceptance criteria for measurements. 
 
Take the absorbance reading and calculate the concentration from the calibration curve. The 
concentration should be within ± 10 %. If the concentration is beyond this range, repeat 
calibration using a new standard. 
 
J.4.8.4  Calculation 
 
Calculate the arsenic concentration as follows:  
   

Arsenic (As), mg/kg =  C x V 

   Wt  
 
where  
 
C is the concentration, expressed in µg/ml, of Arsenic solution from ICP reading after 

substracting blank concentration; 
 
V is the volume, expressed in millilitres, of sample solution; and 
 
Wt is the weight, expressed in milligrams, of sample. 
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Table J.1  Suggested wavelengths, estimated detection limits, alternate wavelengths,  
calibration concentration and upper limits 
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Annex K 
(normative) 

 
 

Determination of lead 
 
 

K.1 Principle 
 
Lead can be determined by: 
 
a)  Limit test; 
 
b)  Atomic absorption spectrophotometer; or 
 
c)  Introductively Coupled Plasma Optical Emission Spectrometer (ICP-OES). 
 
 

K.2 Limit test 
 
K.2.1 Reagents 
 
K.2.1.1 Stock lead solution (Pb). Dissolve 0.16 g of lead nitrate in 5 ml of concentrated 
nitric acid  and distilled water to produce 100 ml i.e. 1 ml equivalent to 1 mg of Pb. 
 
K.2.1.2 Standard lead solution Pb. Dilute 1.0 ml of stock lead solution (Pb) with distilled 
water to produce 100 ml. This solution must be freshly prepared. 1 ml equivalent to 0.01 mg 
of Pb. 
 
K.2.1.3 Diluted standard lead solution. Dilute 10 ml of standard lead solution to 100 ml. 
Each ml of this solution is equivalent to 0.001 mg of lead. Therefore appropriate quantity of 
this solution is added to the auxiliary to determine the actual µg/ml. 
 
K.2.1.4 Potassium cyanide. Dissolve 10 g of potassium cyanide in 80 ml of distilled 
water and 2 ml of hydrogen peroxide solution. Allow to stand for 24 hours and make up to 100 
ml with distilled water. 
 
K.2.1.5 Ammonia solution (1:1). Dissolve 50 ml of concentrated ammonia (35 %) in 50 
ml of distilled water. 
 
K.2.1.6 Sodium sulphide (Na2S) solution. Dissolve 10 g of Na2S in distilled water to 
produce 100 ml and filter. 
 
K.2.1.7 100 % acetic acid glacial. 
 
K.2.2 Procedure 
 
K.2.2.1 Sample solution 
 
Weigh 4 g of phosphoric acid sample into a Nessleriser tube. Add 5 ml of acetic acid and 
about 30 ml of ammonia solution. 
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K.2.2.2 Standard solution 
 
Weigh 2 g of phosphoric acid sample into a Nessleriser tube. Add 5 ml of dilute standard lead 
solution and about five drops of ammonia solution. 
 
To both solutions add 1 ml of potassium cyanide and dilute to 50 ml with distilled water. To 
each solution add 2 drops of sodium sulphide solution and mix thoroughly. The colour of the 
sample and the standard is compared. 
 
K.2.2.2.1 Result 
 
If the standard solution colour is greater than that of the sample, the sample is said to have 
less than 1 milligram per kilogram (ppm). 
 
 

K.3 Atomic absorption spectrophotometer (Direct air-acetylene flame 
method) 
 
K.3.1 Apparatus 
 
K.3.1.1 Atomic absorption spectrophotometer and associated equipment 
 
Use burner head recommended by the manufacturer. 
 
K.3.2 Reagents 
 
K.3.2.1 Air. Cleaned and dried through a suitable filter to remove oil, water and other 
foreign substances. The source may be a compressor or commercially bottled gas. 
 
K.3.2.2 Acetylene. Standard commercial grade. Acetone, which always is present in 
acetylene cylinders, can be prevented from entering and damaging the burner head by 
replacing a cylinder when its pressure fallen to 689 kPa (100 psi) acetylene. 
 
K.3.2.3 Deionised water. Use deionised water for preparing all reagents and calibration 
standards and as diluting water. 
 
K.3.2.4 Stock lead standard solution. Dissolve 0.1598 g lead nitrate, Pb(NO3)2, in a 
minimum amount of 1:1, v/v water:HNO3. Add 10 ml concentrated HNO3 and dilute to 1000 ml 
with deionised water; 1.00 ml = 100 µg Pb. 
 
K.3.2.5 Standard lead solutions. Prepare a series of standard lead solutions in the 
optimum concentration range by appropriate dilution of the following stock lead standard 
solutions with deionised water. 
 
K.3.3 Procedure 
 
K.3.3.1 Sample preparation 
 
Weight 25.0000 g samples in 100 ml volumetric flask, mark up to 100 ml by using deionised 
water.  
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K.3.3 2 Instrument operation 
 
See manufacturer’s operating manual. In general, proceed according to the following. 
 
Install a hollow cathode lamp for the lead metal in the instrument and roughly set the 
wavelength 217 nm. Set slit width according to manufacturer suggested setting for lead. Turn 
on instrument, apply to the hollow-cathode lamp the current suggested by the manufacturer, 
and let instrument warm up until energy source stabilises, generally about 10 min to 20 min. 
Readjust current as necessary after warm up. Optimise wavelength by adjusting wavelength 
dial until optimum energy gain is obtained. Align lamp in accordance with manufacturer’s 
instructions. 
 
Install suitable burner head and adjust burner head position. Turn on air and adjust flow rate 
to that specified by manufacturer to give maximum sensitivity for lead. Turn on acetylene, 
adjust flow rate to value specified, and ignite flame. Let flame stabilise for a few minutes. 
Aspirate a blank consisting of deionised water. Zero the instrument. Aspirate a standard 
solution and adjust aspiration rate of the nebulizer to obtain maximum sensitivity. Adjust 
burner both vertically and horizontally to obtain maximum response. Aspirate blank again and 
rezero the instrument. Aspirate a standard near the middle of the linear range. Record 
absorbance of this standard when freshly prepared and with a new hollow-cathode lamp. 
Refer to these data on subsequent determinations of the same element to check consistency 
of instrument setup and aging of hollow-cathode lamp and standard. 
 
The instrument is now ready to operate. When analyses are finished, extinguish flame by 
turning off first acetylene and then air. 
 
K.3.3.3 Procedure for standardisation (calibration of standard) 
 
See manufacturer operating manual. Select at least three concentrations of standard. 
Aspirate blank and zero the instrument. Then aspirate each standard and record absorbance. 
Prepare a calibration curve by plotting linear graph paper absorbance of standards versus 
their concentrations.  
 
K.3.3.4 Analysis of samples 
 
Aspirate blank (deionised water) and zero instrument. Aspirate sample and determine its 
absorbance. 
 
K.3.4 Result 
 
Calculate concentration of lead in sample [milligram per litre (ppm)] for trace metal If the 
sample has been diluted, multiply by the appropriate diluting factor (Volume of sample/sample 
weight) using the following calculations: 
 

Lead (Pb), mg/kg =  C x V x (DF) 

  Wt  
 
where  
 
C is the concentration, expressed in milligram per litre, of lead solution reading after 

substracting blank concentration; 
 

V is the volume, expressed in millilitres, of sample solution; 
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Wt is the weight, expressed in milligrams, of sample; and  
 
DF is the dilution factor (if necessary). 
 
 

K.4 Induced Coupled Plasma - Optical Emission Spectrometer (ICP-
OES) 
 
(See Clause J.4)  
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