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FOREWORD 
 
 
This Malaysian Standard was developed by the Technical Committee on Water Treatment 
Chemicals under the authority of the Chemical and Materials Industry Standards Committee. 
 
This Malaysian Standard is the second revision of MS 699, Specification for aluminium 
sulphate used for potable water supply (First revision). 
 
Major modifications in this revision are as follows: 
 
a)  incorporation of new definitions on by-product, recycled material, solid alum and waste; 
 
b)  clause on descriptions has been expanded; 
 
c)  incorporation of the following statement in Clause 5 on Requirements: 
 

“No recycled products, by-products and wastes from other industry shall be used as raw 
material or starting material for manufacturing aluminium sulphate for the treatment of 
water intended for human consumption provided that such output for quality/purity can be 
definitively controlled.” 

 
d)  Table 1 on Requirements for aluminium sulphate has been amended to include the 

maximum limit for manganese and note on “1/10th rule”; 
 
e)  clause on risk and safety labeling has been transferred to Clause 8 on Marking, labeling 

and storage; and 
 
f)  all annexes have been rearranged as the annex on General information on aluminium 

sulphate has become Annex A to this standard. 
 
This Malaysian Standard cancels and replaces MS 699:2002, Specification for aluminium 
sulphate used for potable water supply (First revision). 
 
Compliance with a Malaysian Standard does not of itself confer immunity from legal 
obligations. 
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ALUMINIUM SULPHATE FOR USE IN POTABLE WATER SUPPLY – 
SPECIFICATION (SECOND REVISION) 

 
 
1. Scope 
 
This Malaysian Standard specifies solid and liquid aluminium sulphate for use in potable 
water supply. 
 
This standard provides purchasers, manufacturers and suppliers with the minimum 
requirements for solid and liquid aluminium sulphate, including physical, chemical, packaging, 
transportation and testing requirements. It also gives information on the application and safe 
handling of this chemical. 
 
 
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. 
 
BS EN 1302, Chemicals used for treatment of water intended for human consumption – 
Aluminium-based coagulants – Analytical methods 
 
MS ISO 3310-1, Test sieves – Technical requirements and testing – Part 1: Test sieves of 
metal wire cloth 
 
ISO 3696, Water for analytical laboratory use – Specifications and test methods 
 
ISO 6353-2, Reagents for chemical analysis – Part 2: Specifications – First series 
 
Regulation 7 of the Occupational Safety and Health (Classification, Packaging and Labelling 
of Hazardous Chemicals) Regulations 1997 
 
 
3. Terms and definitions 
 
For the purposes of this Malaysian Standard, the following definitions shall apply. 
 
3.1 Acidic alum 
 
Acidic alum contains sulphuric acid, which is not combined as aluminium sulphate (expressed 
as ‘free H2SO4’). 
 
3.2 Aluminium sulphate 
 
Aluminium sulphate is the product of the reaction between sulphuric acid and aluminium 
hydroxide or a mineral rich in aluminium, such as bauxite.  
 
3.3 Basic alum 
 
Basic aluminium contains water-soluble aluminium, which is not combined as aluminium 
sulphate (expressed as ‘free Al2O3’). 
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3.4 By-product 
 
Product/output which is produced from other than the principal product(s) of an industrial 
process or chemical reaction.  
 
NOTE.  This definition only refers to such output that quality/purity is not controlled/monitored. 
 
3.5 Liquid alum 
 
Liquid alum is a nearly saturated solution of aluminium sulphate. Liquid alum shall contain 
water-soluble aluminium of not less than 8.0 % expressed as Al2O3 except by agreement 
between the vendor and purchaser. 
 
3.6 Recycled material 
 
A material utilised in place of raw or virgin material in product manufacturing consisting of 
materials derived from post consumer waste, industrial scrap, materials derived from 
agricultural wastes, and other items, all of which can be used in new product manufacture. 
 
3.7 Solid aluminium 
 
Solid aluminium sulphate is a dry, white solid in lump/kibbled or ground/granulated form of 
aluminium sulphate. 
 
3.8 Waste 
 
Any substance or object in the categories set out in Table A1 which the holder discards or 
intends or is required to discard. 
 
 
4. Descriptions 
 
4.1 Chemical name 
 
Aluminium sulphate. 
 
4.2 Synonym or common names 
 
Cake alum, alum, aluminium trisulphate. 
 
4.3 Empirical formula 
 
Al2(SO4)3.nH2O 
 
4.4 Relative molecular mass 
 
342.14 (Al2(SO4)3) 
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4.5 CAS1) registry number 
 
Al2(SO4)3.nH2O: 10043-01-3 
Al2(SO4)3.16H2O: 16828-11-8 
Al2(SO4)3.18H2O: 7786-31-8 
 
4.6 Appearance 
 
4.6.1 Lump/kibbled aluminium sulphate shall range in size so that 100 % passes through a 
75 mm sieve and at least 75 % shall be retained on a 13.2 mm sieve (as per MS ISO 3310-1). 
 
4.6.2 Ground/granulated aluminium sulphate shall be of such size that 100 % shall pass a 
4.75 mm sieve and not less than 90 % shall pass a 2.0 mm sieve (as per MS ISO 3310-1). 
 
4.6.3 Liquid aliminium sulphate shall be a clear to yellowish solution. 
 
4.7 Solubility 
 
410 g/L (at 15 °C) for product with 17 % Al2O3 content. 
 
4.8 Chemical properties 
 
Aluminium sulphate is an acidic hydrated salt or solution. Very dilute solutions hydrolyse and 
form a precipitate of aluminium hydroxide. 
 
 
5. Requirements 
 
5.1 Purity criteria 
 
The aluminium sulphate shall not contain any impurities and additives in such concentrations 
that is capable of producing deleterious or injurious effects on the health of those consuming 
water that has been properly treated with the aluminium sulphate. 
 
Limits have been given for impurities and chemical parameters where these are likely to be 
present in significant quantities from the current production process and raw material listed in 
Annex A.  If the production process or raw material leads to significant quantities of impurities, 
by products or additives being present, this shall be notified to the user and when necessary 
to relevant authorities. 
 
No recycled products, by-products and wastes from other industry shall be used as raw 
material or starting material for manufacturing aluminium sulphate for the treatment of water 
intended for human consumption provided that such output for quality/purity can be 
definitively controlled. 
 
 
 
 
 
 
 
 
 
1) Chemical Abstracts Services Registry Number 
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5.2 The product shall comply with the requirements specified in Table 1. 
 

Table 1. Requirements for aluminium sulphate 
 

Parameter Requirement 
A.  Chemical requirement Solid Liquid 

Method of test 

Aluminium content, as Al2O3, % w/w, 
minimum 

17.0 8.0 Annex B 

Basicity, as free Al2O3, % w/w, maximuma 0.3 0.1 Annex C 
Free acid, as H2SO4, % w/w, maximuma 0.1 0.05 Annex D 
B.  Impurity Limit  
Insoluble matter, % w/w, maximum 0.5 0.2 Annex E 
Iron, as Fe2O3, % w/w , maximum 0.75 0.35 Annex F 
C.  Physical requirement Requirement  
Specific gravity, at 25 °C, minimum - 1.310 Annex G 
D.  Toxic substance Limit, max. 
Arsenic (As), as mg/kg of Al 40 
Cadmium (Cd), as mg/kg of Al 50 
Chromium (Cr), as mg/kg of Al 700 
Mercury (Hg), as mg/kg of Al 10 
Nickel (Ni), as mg/kg of Al 700 
Lead (Pb), as mg/kg of Al 200 
Selenium (Se), as mg/kg of Al 40 
Antimony (Sb), as mg/kg of Al 40 
Manganese (Mn), as mg/kg of Al 300 

 
 
 
 

BS EN 1302 

 
NOTE. The contribution of toxic substances in the chemical used for treatment of drinking water should not be more 
than 10 % of the maximum allowable concentration of those toxic substances to the drinking water (“the 1/10th rule”). 
 
a Either basicity or free acid shall apply. 
 
 
6. Sampling 
 
6.1 Sampling point 
 
All samplings for purpose of quality verification shall be taken immediately after receipt of a 
delivery at the point of destination. For certification purposes, sampling shall be done in the 
factory and shall follow 6.2. and 6.3. 
 
6.1.1 Sampling of solid products 
 
6.1.2 If aluminium sulphate is packaged, equal quantities of aluminium sulphate shall be 
taken with a sampling device from 5 % of the total delivered packages to make up a total of 
20 kg to 30 kg of sample per delivery.  No sample shall be taken from broken package. 
 
6.1.3 For ground or granulated product, sampling tube/device shall be at least 19 mm in 
diameter. 
 
6.1.4 The gross sample shall be crushed if necessary, and mixed thoroughly and divided to 
provide three 500 g samples. These samples shall be sealed in airtight, moisture proof, of 
glass or plastic containers. 
 



MS 699:2008 

© STANDARD MALAYSIA 2008 – All rights reserved 5

 
 
 
 
6.1.5 The 500 g sample of lump/kibbled aluminium sulphate delivered to the laboratory 
shall be quartered to approximately 100 g. This amount shall be reduced by mechanical 
grinding rapidly in a mortar by hand to such size that all of it passes a 600 μm sieve (as per 
MS ISO 3310-1). After thorough mixing, this sample shall be stored in an air tight glass/plastic 
container. Samples of ground/granulated aluminium sulphate are split in the same way, 
except that the samples need not be reduced by further pulverising. The necessary amounts 
shall be weighed from the glass/plastic container rapidly to avoid change in moisture content. 
 
6.1.6 Each sample container shall be labeled for identification and shall be signed by the 
sampler. A chain-of-custody form shall accompany all samples and shall be properly 
completed by individuals collecting samples. 
 
6.2 Sampling of liquid products 
 
6.2.1 Sampling from drums and bottles 
 
Mix the contents of each container by stirring the contents with sampling tube. Equal 
quantities of liquid aluminium sulphate shall be taken from at least 5 % of the total delivered 
drums by using a sampling tube or other sampling apparatus to make up a total of 2 L to 3 L 
of sample per delivery. 
 
6.2.2 Sampling from tanker 
 
Equal quantities of liquid aluminium sulphate shall be taken from each access point by using 
a sampling tube or can or other sampling apparatus to make up a total of 2 L to 3 L of sample. 
 
6.2.3 The gross sample (2 L to 3 L) should be thoroughly mixed, and three 500 ml samples 
retained. They shall be sealed in air-tight glass or plastic containers. 
 
6.2.4 Each sample container shall be �abeled for identification and shall be signed by the 
sampler. A chain-of-custody form shall accompany all samples and shall be properly 
completed by individuals collecting samples. 
 
6.3 Samples distribution 
 
One of the three sealed samples is for immediate use by the purchaser for testing of the 
shipment. For the remaining two sealed samples, one shall be retained by the purchaser for 
third party verification in future, the other sealed sample shall be returned and kept by the 
supplier. 
 
6.4 Samples retention 
 
Samples shall be retained for at least 30 days after the date of receipt of the shipment before 
they are discarded. 
 
6.5 Test samples 
 
Test samples of aluminium sulphate shall be obtained from the sealed sample delivered to 
the laboratory. The sample container shall be unsealed only when necessary. The container 
should be immediately resealed after the test sample is removed.  
 
The sample shall be thoroughly mixed before each test portion is withdrawn for analysis. 
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7. Test methods 
 
7.1 Completion 
 
Laboratory examination of the sample by the purchaser shall be completed within seven 
working days after receipt of shipment or within a period as agreed upon between the 
purchaser and supplier or manufacturer. 
 
7.2 Methods of test 
 
Methods of testing aluminium sulphate shall conform to the procedures in annexes and 
reference listed in Table 1. Alternative recognised reference test procedures can be used with 
the written agreement of both buyer and supplier or as in-house routine quality control test 
methods.  In any case of conflict, the methods of this standard shall prevail. 
 
 
8. Marking, labelling and storage 
 
Each shipment of material shall carry with it some means of identification. 
 
8.1 Packaged product 
 
Each bag or container of aluminium sulphate shall be marked legibly. The marking shall 
include the following: 
 
a)  aluminium sulphate’ and trade name; 
 
b)  net weight; 
 
c)  name, address and telephone number of supplier and/or manufacturer; 
 
d)  batch number; 
 
e)  the date of manufacturing or packaging; and 
 
f)  any other markings as required by applicable laws. 
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8.2 Risk and safety labelling 
 
The following labelling requirements (written in both Bahasa Malaysia and English) shall apply 
to aluminium sulphate and shall comply with the requirements of Regulation 7 of the 
Occupational Safety and Health (Classification, Packaging and Labelling of Hazardous 
Chemicals) Regulations 1997: 
 
a)  name of “aluminium sulphate”, and trade name; 
 
b)  name and address of supplier and/or manufacturer; 
 
c)  symbols and indications of danger; 
 

 
Merengsa 
(Irritant) 

 
d)  nature of special risks attributed to dangerous substances; 
 
 R36/38 
 R36/38 

Merengsa kepada mata dan kulit 
Irritating to eyes and skin 

 
e)  safety advice concerning dangerous substances; 
 
Solid product: 
 
 S22 
 S22 

Jangan menyedut habuk 
Do not breathe dust 
 

 S26 
 
 S26 

Jika bersentuhan dengan mata, basuh segera dengan menggunakan air 
yang banyak dan dapatkan nasihat perubatan 
In case of contact with eyes, rinse immediately with plenty of water and seek 
medical advice 

  
 S39 
 S39 

Pakailah alat perlindungan mata/muka 
Wear eye/face protector 

 
Liquid product: 
 
 S26 
 
 S26 

Jika bersentuhan dengan mata, basuh segera dengan menggunakan air 
yang banyak dan dapatkan nasihat perubatan 
In case of contact with eyes, rinse immediately with plenty of water and seek 
medical advice 

 S36 
 S36 

Pakailah pakaian perlindungan yang sesuai 
Wear suitable protective clothing 

 S39 
 S39 

Pakailah alat perlindungan mata/muka 
Wear eye/face protector 
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8.3 Packaging, transportation and labelling 
 
Aluminium sulphate is not classified as a dangerous product for road, rail, sea and air 
transportation. 
 
Aluminium sulphate shall be delivered in bulk bag or bag forms for solid product and in 
container or tanker load for liquid product.  No contamination of aluminium sulphate by toxic 
substances must occur during transportation or storage. The supplier shall provide 
recommendations for appropriate materials of construction for the storage, handling, and 
packaging of each specific product. 
 
8.4 Certificate of analysis 
 
Certificate of analysis, with the indication of country of origin should accompany all deliveries 
for the chemical and being given to end-users. 
 
8.4.1 The contents of the certificate of analysis shall include the following: 
 
8.4.1.1 Solid product 
 
a)  aluminium sulphate content, as Al2O3, % w/w; 
 
b)  basicity, as free Al2O3, %w/w or free acid, as H2SO4 % w/w; 
 
c)  insoluble matter, % w/w; 
 
d)  iron, as Fe2O3 % w/w; and 
 
f)  size. 
 
8.4.1.2 Liquid product 
 
a)  aluminium sulphate content, as Al2O3, % w/w; 

b)  basicity, as free Al2O3, % w/w or free acid, as H2SO4 % w/w;  

c)  insoluble matter, % w/w; 
 
d)  iron, as Fe2O3 % w/w; and 
 
e)  specific gravity, at ambient temperature. 
 
8.4.2 The contents of comprehensive certificate of analysis shall include the following: 
 
8.4.2.1 Solid product 
 
a)  aluminium sulphate content, as Al2O3, % w/w; 
 
b)  basicity, as free Al2O3, % w/w or free acid, as H2SO4 % w/w;  
 
c)  insoluble matter, % w/w;  
 
d)  iron, as Fe2O3 % w/w; 
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e)  size; and 
 
f)  heavy metal (Ni, Cd, As, Cr, Pb, Hg, Se, Sb), mg/kg of Al. 
 
8.4.2.2 Liquid product 
 
a)  aluminium sulphate content, as Al2O3, % w/w; 
 
b)  basicity, as free Al2O3, % w/w or free acid, as H2SO4 % w/w;  
 
c)  insoluble matter, % w/w;  
 
d)  iron, as Fe2O3 % w/w;  
 
e)  density, at ambient temperature; and 
 
f)  heavy metal (Ni, Cd, As, Cr, Pb, Hg, Se, Sb), mg/kg of Al. 
 
8.4.2.3 Comprehensive certificate of analysis shall be given to end users upon their 
request. 
 
8.5 Storage requirement 
 
8.5.1 Storage 
 
8.5.1.1 Solid product 
 
Store in a cool, dry, well-ventilated place, separated from acids and incompatibles. 
 
8.5.1.2 Liquid product 
 
Store in cool place and out of direct sunlight.  Storage tanks shall be well-ventilated and within 
a holding bund. Storage tanks shall be of acid-resistant, e.g. natural rubber/synthetic rubber 
lined steel, stainless steel 316/L, polyvinyl chloride (PVC), fibreglass reinforced polyester 
(FRP), ceramics polyvinylidene fluoride (PVDF), tetrafluoroethylene polymer. Mild steel, 
aluminium, nickel, copper or brass are not suitable. 
 
8.5.1 Storage incompatibilities 
 
Avoid contact with chlorites, hypochlorites, sulphites. This product reacts aggressively with 
some metal surfaces (e.g. galvanised metal, aluminium, copper, zinc and alloys of these 
metals). 
 
 
9. Certification mark 
 
Each product, may by arrangement with a recognised certification body, be marked with the 
certification mark of that body, provided the product conforms to the requirements of this 
Malaysian Standard. 
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10. Compliance 
 
When on testing, each of the samples is found to conform to the requirements specified in this 
standard, the lot, batch or consignment from which the samples have been drawn in 
accordance with Clause 6 shall be deemed to comply with this standard. 
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Annex A 
(informative) 

 
 

General information on aluminium sulphate 
 
 
A1. General 
 
A1.1 Use 
 
A1.1.1 Function 
 
As primary coagulant. 
 
A1.1.2 Form in which it is used 
 
Solid product: In solution form, at concentration up to 10 % w/w. 
 
Liquid product: It can be used neat or diluted depending on treatment plant’s requirement. 
 
A1.1.3 Treatment dosage 

Variable, depending on raw water quality. 
 
A1.1.4 Secondary effects 
 
Reduction of pH value. 
 
Reduction of alkalinity. 
 
Increase of respective anion (sulphate) concentration. 
 
A1.1.5 Removal of excess product 
 
The coagulation process should be operated under conditions (e.g. pH) in which the 
aluminium ions in the system are precipitated and through settling or flotation and/or filtration, 
the aluminium content in the water is maintained below the regulated level. 
 
 
A2. First aid procedures 
 
A2.1 Safety 
 
A2.1.1 Contact with eyes and skin should be avoided. 
 
A2.1.2 Personal protective equipment should be worn. 
 
a)  Hand protection: Gloves made of rubber or polyvinyl chloride; and 
 
b)  Face shield or tight fitting goggles and dust mask. 
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A2.2 First aid should be given to the victim immediately when accidents occur. The 
relevant first aid procedure is as follows: 
 
a) Skin: Remove the contaminated clothes and wash the affected skin with plenty of water. If 

swelling, redness or irritation occurs, seek medical assistance. 
 
b) Eye: With eyelids open, rinse the eyes with plenty of water. If swelling, irritation occurs, 

seek medical advice. 
 
c) Ingestion: Rinse mouth, do not induce vomiting.  Bring the victim to seek medical 

assistance. 
 
d) Inhalation: In case of significant nasal irritation, remove the patient to fresh air.  Seek 

medical advice. 
 
A2.3 Spillage 
 
Put on protective clothing. 
 
Solid product: Collect spillage and dispose in accordance with local regulations.  Wash the 
remainder with plenty of water. 
 
Small spills of liquid: It shall be diluted with water and flushed to sewer. 
 
Large spills of liquid: It shall be neutralised and disposed of in accordance with local 
regulations.  Wash the remainder with plenty of water. 
 
A2.4 Fire 
 
Non-flammable solid/liquid. All fire extinguishing media may be used. May liberate toxic and 
corrosive fumes of sulfur dioxide and trioxide under extreme conditions when boiled to 
dryness or heated above 600 ºC. 
 
 
A3. Categories of waste 
 
Table A1 contains a list of 16 different categories of waste as stipulated in the EU Council 
Directive 75/442/EEC on Waste and amended by the EU Council Directive 91/156/EEC, 
Art.1(a). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



MS 699:2008 

© STANDARD MALAYSIA 2008 – All rights reserved 13

 
 
 
 

Table A1.  Categories of waste 
 

Category Description of waste 
 
Q1 

 
Production or consumption residues not otherwise specified below 

 
Q2 

 
Off-specification products 

 
Q3 

 
Products whose date for appropriate use has expired 

 
Q4 

 
Materials spilled, lost or having undergone other mishap, including any materials, 
equipment, etc., contaminated as a result of the mishap 

 
Q5 

 
Materials contaminated or soiled as a result of planned actions (e.g. residues from 
cleaning operations, packing materials, containers, etc.) 

 
Q6 

 
Unusable parts (e.g. reject batteries, exhausted catalysts, etc.) 

 
Q7 

 
Substances which no longer perform satisfactorily (e.g. contaminated acids, 
contaminated solvents, exhausted tempering salts, etc.) 

 
Q8 

 
Residues of industrial processes (e.g. slags, still bottoms, etc.)  

Q9 
 
Residues from pollution abatement processes (e.g. scrubber sludges, baghouse 
dusts, spent filters, etc.) 

 
Q10 

 
Machining/finishing residues (e.g. lathe turnings, mill scales, etc.)  

Q11 
 
Residues from raw materials extraction and processing (e.g. mining residues, oil 
field slops, etc.)  

 
Q12 

 
Adulterated materials (e.g. oils contaminated with PCBs, etc.)  

 
Q13 

 
Any materials, substances or products whose use has been banned by law  

 
Q14 

 
Products for which the holder has no further use (e.g. agricultural, household, office, 
commercial and shop discards, etc.)  

Q15 
 
Contaminated materials, substances or products resulting from remedial action with 
respect to land  

 
Q16 

 
Any materials, substances or products which are not contained in the other 
categories 
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Annex B 
(normative) 

 
 

Determination of water soluble aluminium compound as alumina (Al2O3) 
 
 
B1.  Gravimetric method  
 
B1.1 Apparatus 
 
B1.1.1 Filter paper, such as Whatman No. 41 or equivalent. 
 
B1.1.2 Platinum crucible, 40 ml in capacity. 
 
B1.2 Reagents 
 
The reagents used shall be of a recognised analytical reagent quality. Distilled water, or water 
otherwise produced of at least equal purity, shall be used. 
 
B1.2.1 Ammonium chloride, solid. 
 
B1.2.2 Nitric acid, concentrate, s. g. 1.42. 
 
B1.2.3 Ammonium hydroxide, approximately 4 N solution. 
 
B1.2.4 Ammonium nitrate, 2 % w/v solution. 
 
B1.2.5 Methyl red indicator, 0.1 % w/v.  Warm 0.25 mg of methyl red with 0.95 ml of 0.05 
N sodium hydroxide solution and 5 ml of 90 % v/v ethanol.  After the solution is effected add 
sufficient quantity of 50 % v/v ethanol to produce 250 ml. 
 
B1.3 Procedure 
 
Pipette out 50 ml of stock solution No. 2 (refer Annex E) equivalent to 0.5 g of the sample and 
make up to 200 ml with water.  Add 5 g of ammonium chloride and two drops of concentrated 
nitric acid to the solution, heat to boiling and add two drops methyl red indicator and add 
dilute ammonium hydroxide solution drop by drop, until the solution turns to distinct yellow 
colour. Add a few drops of ammonium hydroxide solution in excess.  Add a small quantity of 
ashless paper pulp and boil for 2 min, filter immediately through filter-paper and wash the 
residue with hot ammonium nitrate solution till the filtrate is free from chloride. 
 
Dry the residue and ignite it in a weighed platinum crucible to constant weight at a white 
glowing temperature of 1 100 °C to 1 200 °C. 
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B1.4 Calculation 
 
Water soluble aluminium compounds (as Al2O3)  
 

 % m/m  = A
W

W
−100 x 

0

1
 

 
where, 
 
W1 is the weight of residue in grams; 
 
W0 is the weight of sample taken in grams; and  
 
A is the % by weight of iron as determined in Annex F. 
 
 
B2. Titrimetric analysis method 
 
B2.1 Application 
 
This method is applicable to solid and liquid aluminium sulphate (alum) used for treatment of 
water intended for human consumption.  Application is restricted to aluminium sulphate (alum) 
in which the ratio of % of free H2SO4 to % of total Al2O3 does not exceed 0.85. 
 
B2.2 Principle 
 
The aluminium in the sample is complexed with an excess of standard 
ethylenediaminetetraacetic acid (EDTA) solution by boiling in the present of an ammonium 
acetate buffer. Xylenol orange is used as an indicator. 
 
B2.3 Interference 
 
Iron, if present, is also titrated; a correction must be made for it. 
 
B2.4 Apparatus 
 
Usual laboratory equipment. 
 
B2.5 Reagents 
 
All reagents shall be of a recognised analytical grade and the water used shall comply with 
Grade 2 of ISO 3696. 
 
B2.5.1 Ammonium acetate buffer 
 
Dissolve 500 g of ammonium acetate in 500 ml of water in a 1 500 ml beaker. Add 20 ml of 
glacial acetic acid. 
 
B2.5.2 EDTA solution, standard 0.05 M. Prepare and standardise according to  
ISO 6353-2. 
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B2.5.3 Sulphuric acid, solution 1:1. 
 
To 25 ml of water, carefully add, while stirring, 25 ml of sulphuric acid.  Allow to cool. Store in 
a polyethylene or ground glass pipette dropping bottle. 
 
B2.5.4 Xylenol-orange indicator solution, 0.1 %. 
 
Dissolve 0.1 g of xylenol-orange tetrasodium salt in 100 ml water. Store in a dropping bottle.  
Shelf life is approximately 6 months. 
 
B2.5.5 Zinc sulphate solution, standard 0.05 M. 
 
Dissolve 15 g of zinc sulphate heptahydrate in water, transfer to a 1 L volumetric flask, and 
dilute to the mark with water. Standardise the zinc solution as follows: Pipette 25.0 ml of 
standard 0.05 M EDTA solution into a 250 ml Erlenmeyer flask. Add 50 ml of water, 24 ml 25 
ml of ammonium acetate buffer, and 3 to 4 drops of xylenol-orange indicator solution. Titrate 
the EDTA with the zinc sulfate solution from a 25 ml burette to a sharp colour change from a 
tan-yellow to red violet.   
 
Calculate the factor, F, as follows: 
 

 F =   ⎟
⎠

⎞
⎜
⎝

⎛

usedZnSO mL

usedEDTA  mL

 4
   (Equation B1) 

 
B2.6 Sample preparation for alum products 
 
Calculate the sample size to be used, as follows: 
 

 Sample in gram =  ( )32O Altotal of % Expected

115
 

 
Weigh a sample of this size (+ 0.1 g), weighing with an accuracy of + 0.001 g. Quantitatively 
transfer to a 400 ml beaker and dilute to about 300 ml with water. Add 20 drops of 1:1 
sulphuric acid and mix. For solid alum sample, stir with a glass rod and heat, if necessary, to 
completely dissolve the sample. Cool the solution to room temperature. Transfer sample 
quantitatively to a 500 ml volumetric flask.  Dilute to the mark with water. 
 
B2.7 Test procedures 
 
Pipette 50.0 ml of the sample solution prepared in B2.6 into a 500 ml Erlenmeyer or conical 
flask. Pipette 50.0 ml of the standard 0.05 M EDTA solution into the prepared sample 
solution. Add 25 ml of ammonium acetate buffer. Gently swirl to mix and add a boiling chip. 
Heat the contents of the flask to boiling on a hot plate and continue the boiling for 2 min to 3 
min. Cool the solution to about room temperature. Add 3 to 4 drops of xylenol-orange 
indicator solution to the flask. Titrate the excess EDTA with standard 0.05 M zinc sulfate 
solution from a 25 ml burette to a sharp colour change from a tan-yellow to a red violet. 
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B2.8 Calculation 
 

% Al2O3  =   ( ) ( )[ ]
⎩
⎨
⎧

⎢
⎣

⎡

⎭
⎬
⎫

⎥
⎦

⎤
⎟
⎠

⎞
⎜
⎝

⎛ ×××−
sample of g

50.98
EDTA of 

L

moles
SOmlEDTA ml 4Zn F  

 
       ( )5 0.638OFe as Fe % 32 ×−      (Equation B2)  
 

NOTES: 
 
1. F   from Equation B1. 
 
2. The aliquot of sample solution used for titration should contain 0.110 g to 0.125 g of aluminum calculated as 

Al2O3.  If too large a sample size is taken for the test, the colour change may occur when the first drop of zinc 
sulphate is added.  In this event, rerun the analysis using a 25 ml aliquot of the prepared sample solution. 

 
3.   The sample solution, the added standard excess EDTA solution, and the ammonium acetate buffer solution are 

boiled together to ensure quantitative complexation of the aluminium with EDTA.  A boiling time of 2 min to 3 min 
is adequate.  Close control over the volume of liquid is not required, however, do not let the sample evaporate to 
dryness. 

 
 
B3. Atomic absorption spectrometry analysis method 
 
B3.1 Application 
 
This method is applicable to solid and liquid aluminium sulphate (alum) used for treatment of 
water intended for human consumption. 
 
B3.2 Principle 
 
Dissolution of a test sample in nitric acid/water. Determination of aluminium content by atomic 
absorption spectrometry in a nitrous oxide – acetylene flame at a wavelength of 309.3 nm. 
 
B3.3 Apparatus 
 
B3.3.1 Usual laboratory equipment  
 
B3.3.2 Atomic absorption spectrophotometer (AAS) 
 
B3.3.3 Instrument operating conditions: 
 
a)  Wavelength: 309.3 nm 
 
b)  Slit width: 0.7 nm 
 
c)  Lamp energy: 15 mA 

 
d)  Burner: N2O single slot, parallel 

 
e)  Flame: N2O – acetylene oxidising (lean, blue) 
 
f) Gas pressure setting: Follow manufacturer’s recommendations depending on the type of 

gas control in use. 
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B3.4 Reagents 
 
All reagents shall be of a recognised analytical grade and the water used shall comply with 
Grade 2 of ISO 3696. 
 
B3.4.1 25 % potassium chloride solution 
 
Dissolve 125 g potassium chloride, KCl, in 500 ml with deionised water in a 500 ml volumetric 
flask. 
 
B3.4.2 Concentrated nitric acid, HNO3. 
 
B3.4.3 Stock aluminium AAS standard solution, 1000 mg/l as Al. 
 
B3.4.4 Working aluminium standard solution 
 
Into a series of separate 100 ml volumetric flask, pipette 0.0 ml, 1.0 ml, 2.5 ml, and 5.0 ml of 
the 1 000 mg/l stock Al standard. Add 2.0 ml of 25 % KCl solution and 1.0 ml concentrated 
nitric acid to each flask. Dilute to volume with deionised water and mix. These standards have 
concentrations of 0 mg/l, 10 mg/l, 25 mg/l, and 50 mg/l as aluminium, respectively. 
 
B3.5 Procedure 
 
Obtain the test sample and make any necessary dilutions with deionised water to allow the 
final diluted sample to be in the linear working range of the instrument (< 50 mg/l). Typically, 
the first dilution is 1:50. All sample weights should be obtain to the nearest 0.001 g. 
 
Pipette 5.0 ml of above solution into a 100 ml volumetric flask.  Add 2.0 ml of 25 % KCl 
solution and 1.0 ml of concentrated HNO3 into the flask and dilute to 100 ml with deionised 
water. Mix well. Optimise the instrumental parameters, such as wavelength, burner position, 
lamp alignment, fuel-oxidant ratios, nebulisation rate, following B3.3.3 or manufacturer’s 
instructions.  
 
Aspirate and measure the absorbance of the blank and a set of working standard solutions. 
The concentration range of the standards is 0 mg/l to 50 mg/l as Al. Aspirate and measure the 
absorbance of the diluted test sample solutions. Prepare a calibration curve by plotting on 
linear graph paper or via computer program absorbance versus concentration of Al in mg/l for 
the standards.   
 
Obtain the concentration of Al in mg/l in the diluted test samples from sample absorbance 
values and the corresponding concentrations on the calibration curve.  Alternatively, a curve 
can be fit to the data using a scientific calculator or computer with linear regression program. 
Sample concentration can be read directly from some instruments with automatic calibration. 
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B3.6 Calculations 
 
B3.6.1 Concentration in mg/l of Al in test sample 
 
 Al as mg/l = (Al as mg/l in diluted sample) x D 
 
where, 
 
D is dilution factors. 

 

B4.6.2 % as Al =  
( )

10000

 AIas mg/L
 

 
B4.6.3 % as Al2O3 = (% as Al) x 1.89 
 
B4.7 Method precision 
 
Sample deviation is 1.18 % relative as determined by three replicates of four samples by one 
operator. 
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Annex C 
(normative) 

 
 

Determination of basicity as free alumina (Al2O3) 
 
 
C1. Principle 
 
The method is based on the decomposition of aluminium salts by an excess of neutral 
potassium fluoride (KF) to form two stable compounds neutral to phenolphthalein, whereas 
any free acid remains unaltered. 
 
 
C2. Reagents 
 
The reagents used shall be of a recognised analytical reagent quality. Distilled water, or water 
otherwise produced of at least equal purity, shall be used. 
 
C2.1 Phenolphthalein indicator, 1 % w/v solution in 90 % v/v ethanol 
 
C2.2 Neutral potassium fluoride solution 
 
Dissolve 250 g of potassium fluoride in 300 ml of hot water (carbon dioxide-free), add 0.5 ml 
of phenolphthalein solution, and neutralise with 0.5 N potassium hydroxide or 0.5 N sulphuric 
acid until 1 ml of solution in 10 ml of distilled water (carbon dioxide-free) shows a faint pink 
colour. Filter out any insoluble matter without washing. Transfer the filtrate quantitatively to a 
500 ml volumetric flask and make up to volume with carbon dioxide-free water. 
 
NOTE.  If stored for long periods, keep in a plastic bottle or a bottle coated inside with wax.  
 
C2.3 0.5 N potassium hydroxide  
 
Standardise the potassium hydroxide against 0.5 N sulphuric acid in approximately 40 ml of 
water to which 10 ml of potassium fluoride solution has been added. Use 0.5 ml 
phenolphthalein as indicator. 
 
NOTE.  In this method, sodium hydroxide may be used as the alkali in place of potassium hydroxide on an equivalent 
basis. 
 
C2.4 Sulphuric acid, accurately 0.5 N solution. 
 
 
C3. Procedure 
 
Use a solution of aluminium sulphate equivalent to approximately 3.5 g of dry sample or 7.0 g 
of liquid or dissolve that amount in approximately 100 ml distilled water and heat to boiling.  
Add the hot solution to 10 ml of 0.5 N sulphuric acid.  Cool to room temperature.  Add 18 ml to 
20 ml of potassium fluoride solution and 0.5 ml phenolphthalein solution.  Titrate with 0.5 N 
potassium hydroxide drop by drop until a slight pink colour persists for 1 min.  The titration 
shows whether the sample is basic or acidic. 
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C4. Calculation 
 

 % free alumina, (Al2O3)  =    
sample of Weight

100 x 0.0085 x KOH) N 0.5 of  mL - SOH N 0.5 of (mL 42  

 
 
C5. Interpretation of results 
 
Basic alumina exists if the potassium hydroxide back titration is less than the amount of 
sulphuric acid added. 
 
Free acid exists if the potassium hydroxide back titration is more than the amount of sulphuric 
acid added. The sample is neutral if the potassium hydroxide back titration is equal to the 
sulphuric acid added. 
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Annex D 
(normative) 

 
 

Determination of free acid as sulphuric acid (H2SO4) 
 
 
D1. Principle 
 
Aluminium salts will be decomposed by an excess of neutral KF to form two stable 
compounds reacting neutral to phenolphthalein, while any free acid remains unaltered, thus: 
 
Al2(SO4)3 + H2SO4 + 12 KF = 2 (AlF3.3KF) + 3K2SO4 + H2SO4 
 
The free acid is then titrated with potassium hydroxide. 
 
 
D2. Apparatus 
 
D2.1 Erlenmeyer flask 
 
 
D3. Reagents 
 
D3.1 Sulphuric acid, accurately 0.5 N solution. 
 
D3.2 Neutral potassium fluoride solution 
 
Dissolve 250 g of potassium fluoride in 300 ml of hot water (carbon dioxide-free), add 0.5 ml 
of phenolphthalein solution (D3.4), and neutralise with 0.5 N potassium hydroxide or 0.5 N 
sulphuric acid until 1 ml of solution in 10 ml of carbon dioxide-free water shows a faint pink 
colour.  Filter out any insoluble matter without washing.  Transfer the filtrate quantitatively to a 
500 ml volumetric flask and make up to volume with carbon dioxide-free water. 
 
NOTE.  If stored for long periods, keep in a plastic bottle or a bottle coated inside with wax. 
 
D3.3 0.5 N potassium hydroxide 
 
Standardise the potassium hydroxide against 0.5 N sulphuric acid in approximately 40 ml of 
water to which 10 ml of potassium fluoride solution has been added. Use 0.5 ml 
phenolphthalein (D3.4) as indicator. 
 
D3.4 Phenolphthalein indicator, 1 % w/v solution in 90 % v/v ethanol. 
 
 
D4. Procedure 
 
Weigh accurately 3.5 g of the sample into an Erlenmeyer flask, add 100 ml of water to 
dissolve the sample and add accurately 10 ml of 0.5 N sulphuric acid. Take the same amount 
of water as well as 0.5 N sulphuric acid in another Erlenmeyer flask and heat both flasks to 
boil for 1 min to 2 min. 
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Allow both solutions to cool to room temperature, add 20 ml of neutral potassium fluoride 
solution, shake well and titrate immediately with 0.5 N potassium hydroxide solution using 
phenolphthalein solution as indicator until a pink colour persists for one minute.  If the volume 
of 0.5 N potassium hydroxide solution consumed in the sample solution exceeds that in the 
blank solution, the sample shall be regarded to contain free sulfuric acid. 
 
 
D5. Calculation 
 
 Free acid (as H2SO4), % (w/w),  = 100 x 

 x)(x 0.0490

0

01
W

N VV −
 

 
where, 
 
V1 is the volume of 0.5 N potassium hydroxide solution consumed in actual test, in ml; 
 
V0 is the volume of 0.5 N potassium hydroxide consumed in blank test, in ml; 
 
N is the normality of potassium hydroxide solution; and 
 
W0 is the weight of sample taken in grams. 
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Annex E 
(normative) 

 
 

Determination of water insoluble matter 
 
 
E1. Apparatus 
 
E1.1 Sintered glass crucible, porosity No. 4 (5 microns to 15 microns pore-size) or 
Gooch crucible. 
 
E1.2 Drying oven maintained at (110 + 5) °C. 
 
 
E2. Procedure 
 
Accurately weigh about 25 g of the prepared sample. Dissolve in 100 ml of water, stir the 
solution well and warm if necessary. Filter the solution through a tared sintered glass crucible 
or Gooch crucible. Wash the insoluble residue with hot water until the washing is free of 
sulphates and dry at 110 °C + 5 °C to a constant weight. Cool and weigh. 
 
Collect the filtrate and washings in a 500 ml volumetric flask, cool, dilute to 500 ml and mix 
thoroughly.  This gives solution No. 1 (to be used in Annex F).  
 
Transfer 100 ml of solution No. 1, equivalent to 5 g of the sample, to another 500 ml 
volumetric flask, make up to the mark with distilled water, and mix thoroughly. This gives 
solution No. 2 (to be used in Annex B). 
 
 
E3. Calculation 
 

 Water insoluble matter for solid sample, % (m/m) = 100 x 
0

1

W

W
 

 
where, 
 
W1 is the weight of residue in grams; and 
 
W0  is the weight of sample taken in grams. 
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Annex F 
(normative) 

 
 

Determination of iron 
 
 
F1. Volumetric method for 0.1 % (or more) Fe2O3 
 
F1.1 Apparatus 
 
F1.1.1 Erlenmeyer flask, 500 ml. 
 
F1.1.2 Burette, 10 ml, graduated in 0.02 ml. 
 
F1.2 Reagents 
 
The reagents used shall be of recognised analytical reagent quality. Distilled water, or water 
otherwise produced of at least equal purity, shall be used. 
 
F1.2.1 Sulphuric acid, s.g. 1.84. 
 
F1.2.2 Phosphoric acid (ortho), s.g. 1.75. 
 
F1.2.3 Granulated zinc. 
 
F1.2.4 Copper sulphate solution, 10 % w/v. 
 
F1.2.5 Sodium diphenylamine sulphate indicator, 0.2 % w/v aqueous solution. 
 
F1.2.6 Potassium dichromate solution, 0.1 N standard volumetric solution. 
 
F1.3 Procedure 
 
F1.3.1 Pipette out 200 ml of stock solution No. 1 (refer Annex E) equivalent to 10 g 
sample, into a 500 ml Erlenmeyer flask. Measure and transfer 200 ml water into another flask 
to serve as reagent blank. To each add 3 g granulated zinc, 10 ml sulphuric acid and 1 ml 
copper sulphate solution. When reaction of zinc reduction is nearly complete, cool in an ice-
bath to about 20 °C and filter through a filter-paper such as a Whatman No. 541 (or 
equivalent), collecting the filtrate in another 500 ml Erlenmeyer flask. Wash with 6 portions, 
each of 10 ml of cold water. Add 5 ml ortho-phosphoric acid and cool in an ice-bath at about 
20 °C. Add 1 ml of indicator and titrate with 0.1 N potassium dichromate solution from a 10 ml 
burette to a permanent violet-blue end point. 
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F1.3.2 Calculation 
 

 Iron (as Fe2O3) % (m/m)  =  
0

01 7.984 x  x )(

W

NVV −
 

 
where, 
 
V1 is the ml of potassium dichromate solution used for sample; 
 
V0 is the ml of potassium dichromate solution used for reagent blank; 
 
N is the normality of potassium dichromate solution used; and 
 
W0 is the weight of sample taken in grams. 
 
 
F2. Spectrophotometry 
 
F2.1 Apparatus 
 
F2.1.1 Spectrophotometer. 
 
F2.2 Reagents 
 
F2.2.1 Potassium thiocyanate (KCNS) solution, 10 % by weight. 
 
F2.2.2 Sulphuric acid, 1:1 by volume or 18 N. (Carefully mix, while stirring, equal volumes 
of sulphuric acid and water in a beaker. Allow to cool to room temperature). 
 
NOTE.  Always add acid to water. 
 
F2.2.3 Potassium permanganate (KMnO4), approximately 1.0 %. Store in an amber 
glass bottle. Shelf life is approximately 6 months. 
 
F2.2.4 Standard iron solution, 1.0 mg Fe/ml. 
 
F2.2.5 Standard iron solution, 0.10 mg Fe/ml. (Prepare by dilution of 1.0 mg Fe/ml 
standard. Include 10 ml 1:1 H2SO4 per litre of standard solution.) 
 
F2.3 Calibration 
 
F2.3.1 To a 100 ml volumetric flask, using a pipette, add 1.00 ml of 0.10 mg Fe/ml 
standard iron solution, 50 ml water, 10.0 ml of 1:1 sulphuric acid, and 1 % potassium 
permanganate, drop by drop, to obtain a persistent pink colour. Add 10.0 ml of 10 % 
potassium thiocyanate and dilute to the mark. Measure in a spectrophotometer at 475 nm 
within 10 min against a blank. Prepare the blank solution by following the above procedure 
without adding the iron standard solution. 
 
F2.3.2 Repeat, using 2.00 ml, 3.00 ml, 4.00 ml, and 5.00 ml of 0.10 mg Fe/ml standard 
iron solution in successive flasks. Measure each within 10 min of preparation. 
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F2.3.3 If the spectrophotometer is not direct-reading, plot the absorbance versus 
milligrams of iron on rectangular coordinate paper or plot % transmittance versus milligrams 
of iron on semilog paper. Reducing the relationship to an equation preferable. 
 
F2.4 Procedure 
 
F2.4.1 Weigh out (accurate to 0.01 g) 10 g of liquid alum or 5 g dry alum and dilute to 1 L 
in a volumetric flask. 
 
F2.4.2 To a 100 ml volumetric flask add 10.00 ml of sample solution, 50 ml water, 10.0 ml 
of 1:1 sulphuric acid, and 1 % potassium permanganate, drop by drop, to obtain a persistent 
pink colour. 
 
F2.4.3 Cool to room temperature. 
 
F2.4.4 Add 10.0 ml of 10 % potassium thiocyanate and dilute to the mark. 
 
F2.4.5 Measure in a spectrophotometer at 475 nm within 10 min against a blank. 
 
F2.4.6 This procedure is designed to determine iron in liquid alum in the range of 0.1 % to 
0.7 % Fe2O3. If the iron content is outside of this range, the aliquot taken from the litre 
volumetric flask should be changed from the 10 ml stated in the above procedure. This will 
change B in the equation for calculating % Fe2O3 (see F2.5). 
 
F2.5 Calculations 
 

 
))((

)(100))()((

DW

CBM
= iron as Fe2O3                 (Equation F1) 

 
where, 
 
M is the milligrams iron; 
 
B  is the total volume of sample solution divided by portion used 1 000 ml/10 ml = 100; 
 
C is the conversion factor: Fe to Fe2O3 = 1.4297; 
 
W is the weight of sample, in grams; and 
 
D is the conversion factor: sample weight in grams to milligrams = 1 000. 
 
Using the values given above, the Equation F1 reads as follows: 
 

 
)(1000)(

297)(100))(100)(1.4(

W

M
= 

)(

)(14.297)(

W

M
= % iron as Fe2O3     (Equation F2) 
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If an equation is used to convert absorbance to milligrams, it should be combined with the 
Equation F2. 
 
EXAMPLE: 
 
M =  0.106 mg Fe 
 
W =  10.02 g 
 

 
10.02

.297)(0.106)(14
=  0.15 % iron as Fe2O3 

 
 
F3. Atomic absorption spectrometry analysis 
 
F3.1 Principle  
 
Dissolution of a test sample in nitric acid. Determination of the iron content by atomic 
absorption spectrometry in an air-acetylene flame at a wavelength of 248.3 nm, using the 
method standard additions. 
 
F3.2 Apparatus  
 
F3.2.1 Ordinary laboratory apparatus and glassware 
 
F3.2.2 Atomic absorption spectrometer (AAS) fitted with an acetylene-air burner and a 
non-specific absorbance correction system. 
 
F3.2.3 Iron hollow cathode lamp: The spectrometer shall be capable of detection of 0.1 
mg/l of iron in solution. 
 
F3.3 Reagents 
 
All reagents shall be of a recognised analytical grade and the water used shall conform to 
Grade 2 in accordance with ISO 3696. 
 
F3.3.1 Nitric acid, p =1.42 g/ml (approximately 14 mol/L) 
 
F3.3.2 Hydrochloric acid, p = 1.19 g/ml  (approximately 12.5 mol/L) 
 
F3.3.3 Stock iron AAS standard solution, 1 000 mg/l of iron (as Fe) 
 
F3.3.4 Iron standard solution, 100 mg/l, prepared by dilution of solution in F3.3.3. 
 
F3.4 Procedure 
 
F3.4.1 Preparation of the test solution 
 
a) Solid products 
 
Weigh, to the nearest 0.0001 g about 10 g of the test sample (m0) into 250 ml beaker. 
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Add 100 ml of water and 40 ml of nitric acid solution (F3.3.1) and dissolve the test sample by 
heating at 80 °C to 90 °C. After complete dissolution and cooling, transfer the contents of the 
beaker to a 200 ml volumetric flask. Rinse the beaker with water, adding the rinsing to the 
solution. Dilute to volume with water and homogenise (test solution V0). 
 
b) Liquid products 
 
Weigh, to the nearest 0.0001 g about 10 g of the test sample (m0) into a 200 ml volumetric 
flask. Add 40 ml of nitric acid solution (F3.3.1). Dilute to volume with water and homogenise 
(test solution V0). 
 
F3.4.2 Blank test 
 
Perform a blank test following the same procedure and using the same quantities of all the 
reagents as indicated in F3.4.3. 
 
F3.4.3 Determination 
 
To each of five 50 ml volumetric flasks add 5.0 ml, V1, of the test solution (F3.4.1). Add to the 
series of volumetric flasks, 0 ml, 0.5 ml, 1.0 ml, 1.5 ml and 2.5 ml of the standard iron solution 
(F3.3.4). This corresponds to added concentrations of 0 mg/l, 1.0 mg/l, 2.0 mg/l, 3.0 mg/l and 
5.0 mg/l of iron. Dilute to volume with water and homogenise (measurement solution V2). 
 
Determine the iron concentration using the iron hollow cathode lamp at 248.3 nm after 
optimisation of the instrument as recommended by the manufacturer, by using the standard 
addition method. 
 
F3.4.4 Calculation of results 
 
Determine the correlation line by plotting the measured absorbances of the spiked 
measurement solutions in relation to the iron content. The spiked measurement solutions are 
produced by adding defined quantities of iron to the measurement solution V2. They contain 
step wise increasing contents of iron to be determined. 
 
The concentration of iron in the test solution is to be read by extrapolation of the correlation 
line to absorbance A = 0 (Figure F1). Similarly determine the iron concentration of the blank 
solution (Figure F2) and substract from the result obtained for the test solution. Alternatively 
the evaluation can be carried out by linear regression. 
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Figure F1.  Calculation of the iron concentration in the test solution 
 

 
 

Figure F2.  Calculation of the iron concentration in the blank solution 
 
F3.5 Expression of results 
 
The iron content, X3, expressed in grams of iron per kilogram of product (Fe g/kg) is given by 
the following equation: 
 

 
where, 
 
m0 is the mass of the test sample in grams; 
 
V0 is the volume of the test solution, in grams; 
 
V1 is the volume of the aliquot analysis in millilitres; 
 

0

0

1

2
123 x x)(10

m

V

V

V
CCX −=  3-
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V2  is the volumeof the measurement solution in millilitres; 
 
C1 is the concentration of Fe in the blank solution in milligrams per litre; and 
 
C2 is the concentration of Fe in the test solution in milligrams per litre. 
 
With V0 = 200 ml , V1  = 5 ml, V2  = 50 ml, 
 

 
The iron content X ’3 expressed in grams per kilogram of aluminium is given by the equation 
 

 X ’3 = 
A

X 1000 x 
3  

 
where A is the concentration of aluminium in the product in grams per kilogram. 
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Annex G 
(normative) 

 
 

Determination of specific gravity 
 
 
G1. Method 1 - Specific gravity by means of a hydrometer 
 
G1.1 Apparatus 
 
G1.1.1 Hydrometer 
 
Hydrometers with the nominal specific range 1.300 - 1.350, with scale subdivisions of 0.001 
shall be used. The hydrometers should be calibrated at 25 °C. 
 
G1.1.2 Hydrometer cylinder 
 
Made of clear glass and cylindrical in shape. The internal diameter should be at least 25.0 
mm greater than the outside diameter of the hydrometer used in it.  The height of the cylinder 
should be such that the length of the column of the sample it contains is greater by at least 
25.0 mm than the portion of the hydrometer that is immersed beneath the surface of the 
sample after a state of equilibrium has been reached. 
 
G1.1.3 Thermometer 
 
Should have a range from -20 °C to +102 °C. 
 
G1.1.4 Water bath 
 
Capable of maintaining a temperature of 25.0 °C + 0.5 °C during the test. 
 
G1.2 Procedure 
 
Select a place that is free from air current to carry out the determination of specific gravity by 
means of a hydrometer. Cool the sample in its original container to about 24 °C. Rinse each 
piece of the equipment with a portion of the sample. Pour the sample into the clean 
hydrometer cylinder without splashing to avoid formation of air bubbles. Remove any air 
bubbles adhering to the surface of the cylinder vertically in the water bath and allow it to stand 
until the sample reaches 25.0 °C + 0.5 °C as follows: Stir the contents of the cylinder carefully 
to avoid formation of air bubbles. When the temperature of the sample reaches 24.5 °C, lower 
the hydrometer slowly and carefully into the sample to a level two smallest scale divisions 
below that at which it will float and then release the hydrometer. After it has come to rest and 
float freely away from the walls of the cylinder, read the gravity as the point at which the 
surface of the sample apparently cuts the hydrometer scale. 
 
When the temperature is 25 °C, make this observation by placing the eye slightly below the 
level of the liquid and slowly raise the eye until the surface of the sample first seen as a 
distorted ellipse seems to become a straight line cutting the hydrometer scale. Determine the 
temperature of the sample just before and also, for referee tests, just after reading the 
hydrometer. 
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G2. Method 2 - Specific gravity by means of a pycnometer  
 
G2.1 Apparatus 
 
G2.1.1 Pycnometer, 2.5 ml capacity with a ground-glass stopper having a capillary 
opening, a chamber to provide for expansion up to a room temperature, and a cap to prevent 
evaporation. 
 
G2.1.2 Water bath, capable of maintaining a temperature of 25.0 °C + 0.5 °C, or other 
required temperature, during the test.  
 
G2.1.3 Thermometer, having a range from -2 °C to + 80 °C. 
 
G2.1.4 Analytical balance, having a sensitivity of + 0.1 mg. 
 
G2.2 Procedure 
 
G2.2.1 Clean the pycnometer by filling it with a saturated solution of chromic acid in 
concentrated sulphuric acid (H2SO4, s.g. 1.84). Allow it to stand for several hours. Empty the 
contents and rinse the pycnometer well with distilled water. Fill it with freshly boiled distilled 
water that has been cooled to 22 °C to 24 °C. Place it in the water bath maintained at  
25 °C + 0.5 °C until its contents are at a constant volume at 25 °C. 
 
G2.2.2 After 30 min of immersion, adjust the level of liquid to the proper point on the 
pycnometer. Put the stopper in place and remove the pycnometer from the bath. Wipe dry 
and weigh. Both the wiping and weighing procedures should be carried out quickly to avoid 
changing of the temperature from 25 °C. Avoid touching the pycnometer with bare hands. 
 
G2.2.3 Empty the pycnometer and rinse several times with alcohol. Remove the vapour of 
the alcohol. Immerse the pycnometer in the bath, and bring the temperature to 25 °C as was 
done before. After 30 min, put the stopper in place and remove the pycnometer. Wipe it dry 
before weighing. Subtract the weight of the empty pycnometer from the weight when filled 
with distilled water to get the weight of the contained distilled water at 25 °C. 
 
G2.2.4 Cool the sample to 22 °C to 24 °C and fill the pycnometer with it. Immerse the 
pycnometer in the bath and bring to 25 °C as was done before. After immersion for 30 min at 
25 °C, adjust the liquid level and put the stopper in place. Remove from the bath and wipe dry 
and weigh.  Subtract the weight of the empty pycnometer from the weight when filled with the 
sample to get the weight of the contained sample. 
 
G2.3 Calculation 
 
Calculate the specific gravity at 25/25 °C (in air) as 
 

 Specific gravity 25/25 °C = 
W

S
 

 
where, 
 
W  is the weight of distilled water in the pycnometer at 25 °C, in grams; and 
 
S  is the weight of sample in the pycnometer at 25 °C, in grams. 
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