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[bookmark: _Toc225437227]Foreword
This Kenya Standard was prepared by the Industrial Solvents and Chemicals Technical Committee under the guidance of the Standards Projects Committee, and it is in accordance with the procedures of the Kenya Bureau of Standards.
Kenya Bureau of Standards (KEBS) has established Technical Committees (TCs) mandated to develop Kenya Standards (KS). The Committees are composed of representatives from the public and private sector organizations in Kenya.
Kenya Standards are developed through Technical Committees that are representative of key stakeholders including government, academia, consumer groups, private sector and other interested parties. Draft Kenya Standards are circulated to stakeholders through the KEBS website and notifications to World Trade Organization (WTO). The comments received are discussed and incorporated before finalization of the standards, in accordance with the Procedures for Development of Kenya Standards.
Kenya Standards are subject to review, to keep pace with technological advances. Users of the Kenya Standards are therefore expected to ensure that they always have the latest versions of the standards they are implementing.
This third edition cancels and replaces the second edition (KS 2041:2008) which has been technically revised.
During the preparation of this standard, reference was made to the following documents:
BS 507, Specification for ethanol for industrial use.
GT/T 394.1-94, Ethanol for industrial use.
Acknowledgement is hereby made for the assistance derived from these sources.
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Introduction
This Kenya Standard specifies the requirements, sampling methods, and test procedures for denatured ethanol intended for industrial use in manufacturing, chemical processing, cleaning formulations, pharmaceuticals, cosmetics, and energy applications.
The standard aims to ensure that denatured ethanol placed on the Kenyan market meets defined quality, safety, and performance criteria while preventing its diversion for potable purposes through appropriate denaturing formulations. It provides guidance on purity levels, permissible denaturants, physicochemical properties, packaging and labeling to safeguard public health, environmental protection, and industrial efficiency
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Denatured ethanol for industrial use — Specification
[bookmark: _Toc443461091][bookmark: _Toc443470360][bookmark: _Toc450303210][bookmark: _Toc225437229]1	Scope
This Draft Kenya Standard specifies requirements and test methods for denatured ethanol suitable for industrial use. 
This standard is applicable to denatured hydrous ethanol which has been produced by the fermentation of cereals, potatoes or molasses. It does not apply to material for medical and beverage use.
[bookmark: _Toc225437230]2	Normative references
The following referenced documents referred to in the text in such a way that some or all of their content constitutes requirements of this document. For dated references, only the edition cited applies. For undated references, the latest edition of the referenced document (including any amendments) applies.
KS ISO 1388-1, Ethanol for industrial use - Methods of test - Part 1: General
KS ISO 1388-2, Ethanol for industrial use - Methods of test --Part 2: Detection of alkalinity or determination of acidity to phenolphthalein
KS ISO 1388-3, Ethanol for industrial use - Methods of test - Part 3: Estimation of content of carbonyl compounds present in small amounts - Photometric method
KS ISO 1388-4, Ethanol for industrial use - Methods of test - Part 4: Estimation of content of carbonyl compounds present in moderate amounts - Titrimetric method
KS ISO 1388-12, Ethanol for industrial use - Methods of test - Part 12: Determination of permanganate time
ISO 1388-5, Ethanol for industrial use - Methods of test - Part 5: Determination of aldehydes content- Visual calorimetric method
KS ISO 1388-8 Ethanol for industrial use - Methods of test - Part 8: Determination of methanol content [methanol contents between 0.10 and 1.50 % (V/V) - Visual colorimetric method
KS EAS 104 Alcoholic beverages -Methods of Sampling and Test
[bookmark: _Toc225437231]3	Terms, definitions, symbols and abbreviations
For the purposes of this document, the following terms definitions, symbols and abbreviations apply. 
[bookmark: _Toc225278640][bookmark: _Toc225437232]3.1	Terms and definitions
3.1.1 Denaturant
completely miscible chemical substance that complies with conditions prescribed in Annex B added to alcohol to render it unpalatable and unfit for human consumption
3.1.2 Denatured ethanol
A liquid consisting of essentially ethanol, C2H5OH, and water to which a denaturant has been added as prescribed in Annex B
[bookmark: _Toc225278641][bookmark: _Toc225437233]3.2	Abbreviations
SDS - Specially Denatured Spirits
CDS - Completely Denatured Spirits
CDS-E - Completely Denatured Spirits for Export
[bookmark: _Toc225437234]4	Requirements
[bookmark: _Toc225437235]4.1	Grades
Denatured industrial ethanol shall be of 9 grades of as given in Annex B:
a) SDS-1
b) SDS-2
c) SDS-3
d) SDS-4
e) SDS-5
f) SDS-6
g) CDS-1
h) CDS-2
i) CDS-E
[bookmark: _Toc225278644][bookmark: _Toc225437236]4.2	Description
The material shall be clear and be free from matter in suspension, as assessed by visual inspection, and shall consist, apart from water and denaturants, essentially of ethanol, C2H5OH
[bookmark: _Toc225278645][bookmark: _Toc225437237]4.3	Chemical requirements
Denatured Ethanol for industrial use shall comply with the requirements given in Table 1.



Table 1 - Chemical requirement for denatured ethanol for Industrial use
	S/N
	Parameter
	Requirement
	Test method

	
	
	Grade
	

	
	
	SDS-1
	SDS-2
	SDS-3
	SDS-4
	SDS-5
	SDS-6
	CDS-1
	CDS-2
	CDS -E
	

	i. 
	Odour
	No foreign odour
	Visual

	ii. 
	Appearance
	Clear and free from suspended matter
	Visual

	iii. 
	Miscibility
	Miscible when mixed with distilled water
	EAS 104

	iv. 
	Specific gravity/density at 20, min.
	0.8150
	0.8150
	0.8150
	0.8150
	0.8150
	0.8150
	0.8150
	0.8150
	0.8150
	EAS 104

	v. 
	Ethanol content, % v/v, min.
	94
	94
	94
	94
	94
	94
	94
	94
	94
	EAS 104

	vi. 
	Higher alcohols isoamyl alcohol, mg/litre, max.
	15
	20
	1
	5
	2.5
	5
	TBD
	TBD
	TBD
	EAS 104

	vii. 
	Esters, as ethyl acetate, mg/litre, max.
	50
	TBD
	1
	1
	TBD
	1
	TBD
	TBD
	TBD
	EAS 104

	viii. 
	Methanol, mg/litre, max.
	32000
	32000
	5
	5
	5
	5
	TBD
	TBD
	TBD
	EAS 104

	ix. 
	Water content % mass, max.
	6
	6
	6
	6
	6
	6
	6
	6
	6
	KS 1181

	x. 
	Acidity as acetic acid % by
Mass, max.
	10
	10
	5
	5
	5
	5
	TBD
	TBD
	TBD
	KS ISO 1388-2

	xi. 
	Aldehydes and Ketones % by 
Mass, max.
	150
	200
	5
	5
	5
	5
	TBD
	TBD
	TBD
	KS ISO 1388-4

	xii. 
	Tert butyl alcohol mg/litre, max.
	n/a
	n/a
	n/a
	1000
	800
	n/a
	TBD
	TBD
	TBD
	Annex D

	xiii. 
	Isopropyl alcohol mg/litre, max.
	n/a
	n/a
	24000 (TBD)
	n/a
	n/a
	n/a
	TBD
	TBD
	TBD
	Annex D



[bookmark: _Toc225278647][bookmark: _Toc225437238]5	Measurement and test methods
Measurements and test methods are prescribed in Annex C, Annex D and Table 1.
[bookmark: _Toc225278649][bookmark: _Toc225437239]6	Packaging
Denatured industrial ethanol shall be packed in suitable containers in the following measurers: bulk, 20 L, 4 L, 2.5 L, 1 L, ½ L and ¼ L.
[bookmark: _Toc225278650][bookmark: _Toc225437240]7	Labelling
Each container shall be legibly and indelibly labelled with the following information:
a) the words, 'Denatured ethanol suitable for industrial use';
b) name and address of the manufacturer and/or registered trademark;
c) volume of the material, in L;
d) instructions for use, disposal and safety precautions.
e) expiry date;
f) date of manufacture;
g) country of origin; and
a) name of denaturants.

[bookmark: _Toc225278646][bookmark: _Toc225437241]8	Sampling and size of sample
The method of drawing representative samples of the material, the containers shall be as prescribed in Annex A.

[bookmark: _Toc225437242]Annex A
(normative)

Sampling
Table A.1 — Number of containers to be selected for sampling 
	S/N
	Lot size
	Number of containers to be selected

	
	N
	11

	(1)
	(2)
	(3)

	i. 
	Up to 15
	2

	ii. 
	16 to 25
	3

	iii. 
	26 to 50
	4

	iv. 
	51 to 100
	5

	v. 
	101 to 300
	6

	vi. 
	301 to 500
	7

	vii. 
	501 to 800
	8

	viii. 
	801 to 1 000
	9

	ix. 
	1 001 and above
	10



A.1	The containers shall be selected at random from a lot. In order to ensure randomness of selection random number tables shall be used. In case random number tables are not available, the following procedure may be followed: 
A.2	Arrange all the container's in the lot in a systematic manner and starting from any one, count them as 1,2, 3, r. where r is the integral part of N/n (N and n being the lot size and the sample size respectively).
A.3	Every rth container thus counted shall be included in the sample till the required number of containers specified in Table E.1 is taken out.
[bookmark: _Toc225437243]Annex B
(normative)

Substances to be mixed with industrial ethanol (spirits) for the purpose of manufacturing denatured spirits
[bookmark: _Toc225278655][bookmark: _Toc225437244]B.1	Denaturants
[bookmark: _Toc225437245]B.1.1	Completely Denatured Spirits (CDS)
a) In the case of completely denatured spirits (CDS-1), to every 90 parts by volume of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added 10 parts by volume of methyl alcohol and one-half of one part by volume of crude pyridine and to each 1000 litres of the mixture of which is added 3.75 litres kerosene petroleum oil and not less than 1.5 grams of powdered methyl violet dye. 
b) In the case if completely denatured spirits (CDS-2) to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added 2 litres of methyl ethyl ketone, 3 litres of methyl isobutyl ketone, 1 gram of denatonium benzoate and not less than 0.2 grams of powdered methylene blue dye.
c) In the case of completely denatured spirits for export (CDS-E) to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added denaturants in accordance with the regulations prescribed by the Government of a foreign country to which the denatured spirits will be exported.
[bookmark: _Toc225437246]B.1.2	Specially Denatured Spirits (SDS)
a) In the case of specially denatured spirits (SDS-1) to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added 4 litres of methyl alcohol and not less than 1 gram of denatonium benzoate. 
b) In the case of specially denatured spirits (SDS-2), to every to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added 4 litres of methyl alcohol and not less than 250 grams of sucrose octaacetate.
c) In the case of specially denatured spirits (SDS-3), to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added 3 litres of isopropyl alcohol and not less than 2 grams of denatonium benzoate.
d) In the case of specially denatured spirits (SDS-4), to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added two and onehalf litres of diethyl phthalate and not less than 125 mL of tert-butyl alcohol.
e) In the case of specially denatured spirits (SDS-5), to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added 250 grams of sucrose octaacetate and not less than 100 mL of tert-butyl alcohol.
f) In the case of specially denatured spirits (SDS-6), to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added 1 gram of denatonium benzoate and not less than 100 mL of tert-butyl alcohol. 
g) In the case of specially denatured spirits for export (SDS-E), to every 100 litres of ethyl alcohol of an alcoholic strength by volume of not less than 94 % there shall be added denaturants in accordance with the regulations prescribed by the Government of a foreign country to which the denatured spirits will be exported.
[bookmark: _Toc225437247]B.1.3	Power alcohol
a) In the case of power alcohol for use in motor spirit, to every one hundred parts by volume of anhydrous ethanol add one part by volume of motor spirit (gasoline) regular.
[bookmark: _Toc225278656][bookmark: _Toc225437248]B.2	Conditions to which denaturants shall comply with
[bookmark: _Toc225437249]B.2.1	Methyl alcohol
a) Methyl alcohol shall be clear colourless liquid and free from matter in suspension, as assessed by visual inspection, and shall consist essentially of methanol, CH3OH.
b) The density of the material at 20°C shall be not lower than 0.791 g/mL and not higher than 0.794 g/lm. 
c) When the material is distilled, the distillation range at 1013 millibars pressure shall not exceed 1.0°C and shall include the value 64.6°C. 
d) The residue on evaporation of the material shall not exceed 0.001% (m/m).
e) The material shall not be alkaline to phenolphthalein and shall not contain more than 0.003% (m/m) of acid, calculated as formic acid (HCOOH).
f) The material shall not contain more than 0.005% (m/m) of aldehydes and ketones, calculated as acetone (CH3COCH3). 
g) The material shall not contain more than 0.1% (m/m) of water. 
h) The material shall contain methyl alcohol purity of not less than 99.85% v/v.
[bookmark: _Toc225437250]B.2.2	Isopropyl alcohol
a) Isopropyl alcohol shall be clear colourless liquid and free from matter in suspension, as assessed by visual inspection, and shall consist essentially of propan-2-ol, (CH3)2CHOH. 
b) The density of the material at 20°C shall be not lower than 0.785 g/mL and not higher than 0.787 g/ml. 
c) When the material is distilled, the initial boiling point at 1013 millibars pressure shall be not lower than 81.5°C and the dry point at 1013 millibars pressure shall be not higher than 83.0°C.
d) The residue on evaporation of the material shall not exceed 0.002% (m/m). 
e) The material shall not contain more than 0.50% (m/m) of water. 
f) The material shall not be alkaline to phenolphthalein and shall not contain more than 0.002 % (m/m) of acid, calculated as acetic acid (CH3COOH). 
g) The material shall not contain more than 0.10 % (m/m) of aldehydes and ketones, calculated as acetone (CH3COCH3).
h) The material shall contain isopropyl alcohol purity of not less than 95% v/v.
[bookmark: _Toc225437251]B.2.3	Tertiary-butyl alcohol 
a) Tertiary-Butyl alcohol shall be clear colorless liquid and free from matter in suspension, as assessed by visual inspection, and shall consist essentially of 2- methyl-2-propanol, (CH3)3COH.
b) Freezing point (first needle) above 20°C.
c) Specific gravity at 25°C/25°C. 0.780 to 0.786.
d) When 100 ml of tertiary butyl alcohol is distilled, none shall distil below 78°C and none above 85°C at 1013 millibars pressure. More than 95 percent shall distil between 81°C and 83°C.
e) Acidity (as acetic acid). 0.003 percent by weight maximum.
f) Identification test. Place five drops of a solution containing approximately 0.1 percent tertiary butyl alcohol in ethyl alcohol in a test tube. Add 2 ml of Denige's reagent (dissolve 5 grams of red mercuric oxide in 20 ml of concentrated sulphuric acid; add this to 80 mL of distilled water, and filter when cool). Heat the mixture just to the boiling point and remove from the flame. A yellow precipitate forms within a few seconds. 
g) The material shall contain Tertiary-Butyl alcohol purity of not less than 95%v/v. 
[bookmark: _Toc225437252]B.2.4	Methyl ethyl ketone
a) Methyl ethyl ketone shall be clear colourless liquid and free from matter in suspension, as assessed by visual inspection, and shall consist essentially of 2-butanone (ethyl methyl ketone), CH3COCH2CH3.
b) The density of the material at 20°C shall be not lower than 0.803 g/mL and not higher than 0.805 g/ml. 
c) When the material is distilled, the initial boiling point at 1013 millibars pressure shall be not lower than 79.0°C and the dry point at 1013 millibars pressure shall be not higher than 81.0°C. 
d) The residue on evaporation of the material shall not exceed 0.002 % (m/m). 
e) The material shall not contain more than 0.15% (m/m) of water. 
f) The acidity of the material, calculated as acetic acid (CH3COOH), shall not exceed 0.004 % m/m. 
g) The material shall contain not more than 0.70 % (m/m) of alcoholic impurities, calculated as butanol (C4H9OH). 
h) The material shall contain methyl ethyl ketone purity of not less than 95%v/v.
[bookmark: _Toc225437253]B.2.5	Methyl isobutyl ketone
a) Methyl isobutyl ketone shall be clear colourless liquid and free from matter in suspension, as assessed by visual inspection, and shall consist essentially of 4- methylpentan-2-one, CH3COCH2CH (CH3)2. 
b) The density of the material at 20°C shall be, not lower than 0.799 g/mL and not higher than 0.802 g/mL. 
c) When the material is distilled, the initial boiling point at 1013 millibars pressure shall be not lower than 114.0°C and the dry point at 1013 millibars pressure shall be not higher than 117.0°C. 
d) The residue on evaporation of the material shall not exceed 0.002 % (m/m). 
e) The material shall contain not more than 0.10% (m/m) of water. The acidity of the material, calculated as acetic acid (CH3COOH). 
f) The material shall contain not more than 0.30% (m/m) of alcoholic impurities, calculated as hexanol (C6H130H
g) The material shall contain methyl isobutyl ketone purity of not less than 95% v/v.
[bookmark: _Toc225437254]B.2.6	Sucrose octaacetate
a) Sucrose octaacetate shall be white or cream-coloured powder, as assessed by visual inspection, and shall consist essentially of sucrose octaacetate, C28H38O19.
b) Melting point not less than 78.0°C. 
c) Free acid (as acetic acid). Maximum percentage 0.15 by weight when determined by the following procedure: Dissolve 1.0 gram of sample in 50 ml of neutralized ethyl alcohol and titrate with 0.1N sodium hydroxide using phenolphthalein indicator. Percent acid as acetic acid = ml NaOH used x 0.6/weight of sample.
d) Purity. Sucrose octaacetate 98 percent minimum by weight, when determined by the following procedure: Transfer a weighed 1.50 grams sample to a 500 ml Erlenmeyer flask containing 100 ml of neutral ethyl alcohol and 50.0 ml of 0.5 N sodium hydroxide. Reflux for 1 h on a steam bath, cool and titrate the excess sodium hydroxide with 0.5 N 
e) sulphuric acid using phenolphthalein indicator. Percent sucrose octaacetate = (ml NaOH — ml H2SO4) x 4.2412/weight of sample.

[bookmark: _Toc225437255]B.2.7	Diethyl phthalate
a) Diethyl phthalate shall be clear colourless liquid as assessed by visual inspection, and shall consist essentially of ethyl benzene-1, 2-dicarboxylate, c- C12H14O4.
b) Specific gravity at 25°C/25°C. 1.115 to 1.118. 
c) Refractive index at 25°C. 1.497 to 1.502. 
d) Ester content (as diethyl phthalate). Not less than 99 percent by weight.
e) Note. The sample taken for ester determination should be approximately 0.8 gram. The number of ml of 0.5 N potassium hydroxide used in saponification multiplied by 0.05555 indicates the number of grams of ester in the sample taken for assay. 
[bookmark: _Toc225437256]B.2.8	Denatonium benzoate
a) Denatonium benzoate shall be white powder as assessed by visual inspection, and shall consist essentially of benzyl diethyl [(2, 6-xylylcarbamoyl) methyl] ammonium benzoate, C28H34N203.
b) Melting point: Not less than 163°C and not more than 170°C, on a dried specimen.
c) Identification.
i. Dissolve about 150 mg in 10 ml of water, and add 15 ml of trinitrophenol: a yellow precipitate is formed. 
ii. Dissolve about 100 mg in 10 mL of water, and add 20 mL of 2N sulphuric acid and 15 mL of ammonium reineckate (shake about 500 mg of ammonium reineckate with 20 mL of water frequently during 1 h, and filter. Use within 2 days). Mix, filter through a sintered-glass crucible using gentle suction, and wash thoroughly with water. Remove as much water as possible with suction, and then dry in an oven at 105°C for 1 h: the denatonium reineckate so obtained melts at about 170°C. 
d) Assay. Contains not less than 99 percent by weight benzyl diethyl [(2,6-xylylcarbamoyl) methyl] ammonium benzoate when assayed by the following method: Dissolve about 900 mg of denatonium benzoate, previously dried and accurately weighed, in 50 ml of glacial acetic acid, add 1 drop of crystal violet (dissolve 100 mg of crystal violet in 10 mL of glacial acetic acid), and titrate with 0.1N perchloric acid to a green end-point. Perform a blank determination, and make any necessary correction. Each mL of 0.1N perchloric acid is equivalent to 44.66 mg of denatonium benzoate, C28H34N203.
[bookmark: _Toc225437257]B.2.9	Crude pyridine
a) Crude pyridine must consist of pyridine bases and must not be more deeply coloured than a mixture of 2 mL of 0.05 molar iodine with one litre of water. 
b) It must mix readily and completely with alcohol of a strength of not less than 95 % alcohol by volume and must give a clear or only slightly opalescent solution when mixed with twice its volume of water.
c) 10 mL of a 1 % solution in water must produce immediately a distinct crystalline precipitate on vigorous shaking after the addition of 5 mL of an aqueous solution of cadmium chloride containing 5 grammes of the anhydrous fused salt in 100 mL, and produce an abundant separation of crystals within 10 min. 
d) A white precipitate must be formed when 10 mL of a 1 % solution in water are mixed with 5 mL of Nessler's reagent. 
e) 1 mL of crude pyridine dissolved in 10 mL of distilled water must require not less than 9.5 mL of 0.5 molar sulphuric acid for neutralisation using screened methyl orange as an indicator. (vi) 100 mL distilled in accordance with Determination of distillation characteristics of volatile organic liquids (IP 195/98(2004)) (BS 2000-195:1998) must give a distillate of at least 50 mL at a temperature of 140°C and of 90 mL at 160°C.
[bookmark: _Toc225437258]B.2.10	Kerosene petroleum oil
Kerosene petroleum oil (mineral naphtha) must be of a specific gravity of not less than 0.800 at a temperature of 15.5°C and must possess the characteristic odour and taste of commercial paraffin oil used for burning purposes.
[bookmark: _Toc225437259]B.2.11	Methyl violet (Crystal violet) dye (Colour Index No.42555)
a) Methyl violet dye (methylrosaniline chloride, C25H30N3C1) must be in the form of small crystals readily and completely soluble in alcohol of strength of not less than 95 % alcohol by volume. 
b) Identification test. Sprinkle about 1 mg of sample on 1 ml of sulphuric acid; it dissolves in the acid with an orange or brown-red colour. When this solution is diluted cautiously with water, the colour changes to brown, then to green, and finally to blue.
[bookmark: _Toc225437260]B.2.12	Methylene blue dye (Colour Index No.52015)
a) Methylene blue dye shall be dark green powder as assessed by visual inspection and shall consist essentially of methylthionine chloride, C16H18CIN3S. 
b) Identification test. Mix 10 ml of a 0.01% solution with 1 ml of acetic acid and 100 mg of zinc powder and warm; the solution is decolourised. Filter and expose the filtrate to air; the blue colour returns.

[bookmark: _Toc225437261]Annex C
(normative)

Determination of denatonium benzoate in denatured ethanol using high performance liquid chromatography (HPLC-UV) method
[bookmark: _Toc225437262]C.1	Principle
This standard method is used for the determination of Denatonium Benzoate (DB) in Completely Denatured Alcohol (CDA) formulations using HPLC equipped with ultraviolet (UV) detection at a wavelength of 210 nm. The chemical structure of denatonium benzoate is shown in Fig.1 below. The samples are directly injected into the HPLC system after membrane filtration, if necessary. The working range for quantitative determination of DB is 5 mg/L to 200.0 mg/L.
[image: ]

[bookmark: _Toc225437263]C.2	Reagents
All reagents shall be of HPLC grade or higher purity.
C.2.1	Denatonium benzoate (CAS: 3734-33-6), purity ≥ 99%. Handle with care
C.2.2	Absolute ethanol ≥ 96% by volume
C.2.3	Sodium chloride (NaCl), extra pure
C.2.4	Acetonitrile, HPLC grade
C.2.5	Water, HPLC grade
C.2.6	Sodium chloride solution (0.2%), weigh 0.4 g of sodium chloride in a weighing bottle and dissolve it  in a beaker with 200 mL of HPLC grade water
C.2.7	Mobile phase, prepare in a 1000 mL volumetric flask by mixing sodium chloride solution in C with 800 mL of HPLC grade acetonitrile
[bookmark: _Toc225437264]C.3	Apparatus
C.3.1	HPLC system equipped with: Analytical column: HPLC columns (C18 / C8), LiChrospher® 100 CN (5 µm) in LiChroCART® or equivalent.
C.3.2	250-4 guard column
C.3.3	Thermostat column compartment
C.3.4	Diode array detector (DAD) or UV detector, capable of attaining 210 nm.
C.3.5	Electronic densitometer: used only to measure the density of the DB.
C.3.6	Analytical balance, with a precision of 0.1 mg
C.3.7	Amber volumetric flasks, 10 mL, 200 mL, and 1 000 mL
C.3.8	Weighing bottle
C.3.9	Gas-tight syringes, 1 mL
C.3.10	Cellulose membrane syringe filters, 0.45 µm
C.3.11	Glass beaker, 250 mL 
C.3.12	Wash bottle
C.3.13	Measuring cylinder, 1 000 mL graduated
[bookmark: _Toc225437265]C.4	Perfomance
[bookmark: _Toc225437266]C.4.1	Standard solutions
C.4.1.1	Preparation of the stock solution (1000 mg DB/L)
Weigh, recording the exact weight, 0.1 g of denatonium benzoate (DB) into a 10 mL beaker and dissolve it in absolute ethanol. Mix gently and transfer to 100 mL amber volumetric flask.
Measure the mass of this solution on an analytical balance and the density at 20ºC with an electronic densitometer. 
Calculate the concentration of the stock solution as follows:
[𝐷𝐵, 𝑚𝑔/𝐿] 𝑠𝑡𝑜𝑐𝑘 = (𝐷𝐵 𝑚𝑎𝑠𝑠 (𝑔) 𝑥 106)/(𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑚𝑎𝑠𝑠 (𝑔))
                                            𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 𝑑𝑒𝑛𝑠𝑖𝑡𝑦 (𝑔/mL)
C.4.1.2	Preparation of calibration standard solutions
Prepare the calibration standard solutions by serial dilution of the stock solution to the desired concentration levels between 5 mg/L to 200 mg/L.
C.4.1.3	Sample preparation
Weigh an empty 10 mL amber volumetric flask (C.3.7) and record the mass (VF1).
Draw about 0.5 mL of the sample using a gas-tight syringe (C.3.9). Wipe the gas-tight syringe with lint-free paper towel and weigh on an analytical balance. Record the mass (M1).
Transfer the sample into the pre-weighed volumetric flask and weigh the empty gas-tight syringe. Record the mass (M2).
Top the volumetric flask containing the sample to the mark with the ethanol 96% (C.2.2). Weigh the volumetric flask with its contents and record the mass (VF2).
Transfer sample solution into amber autosampler vials and perform HPLC determination within 24 h of preparing the sample.
[bookmark: _Toc225437267]C.4.2	Environmental control
The analysis should be carried out in a well-ventilated air-conditioned room maintained at 20 ºC ± 2 ºC since the retention time of the peaks fluctuates with temperature changes.
[bookmark: _Toc225437268]C.4.3	Calibration
The equipment used in this test shall be well calibrated. Periodic intermediate checks and general maintenance of the analytical balance (C.3.6) shall be done as per schedule.
[bookmark: _Toc225437269]C.4.4	Quality control
 In daily, before the first measurement one of the calibration solutions, or a separately prepared reference solution or a reference material, is injected for performing QC verification. If the results are within ± 5 % of their theoretical values, analysis may proceed. If not, an investigation should be made to find the cause of the inaccuracy and remedial action taken as appropriate (i.e. new calibration curve).
The linearity (R) of the calibration curve should be above 0.999XX. If the linearity is below the acceptable limit, repeat the calibration exercise
[bookmark: _Toc225437270]C.5	Procedure
[bookmark: _Toc225437271]C.5.1	High performance liquid chromatography setup
Degas mobile phase solvents in a sonicator for 10 min and then connect solvent reservoirs to instrument. Turn on the instrument and load the method of test in the software. Download the method into the instrument. Allow software to connect to instrument and then open the pump valve. Press the purge button to prime the pump before use. Once purging is complete, close the valve and check if pressure is building up. Check for any air bubbles in the plumbing and purge the system if necessary. Install the appropriate column and check for any leaks. If leaks are detected, tighten the connectors. Allow the equipment to run for 20 min to equilibrate, with a different solvent other than the mobile phase flowing through; in this case the solvent is Methanol. After the equipment has stabilized, switch off the pump and switch to the mobile phase and allow the equipment to run for about 10 min. Ensure that the oven temperature of 25°C has been attained and any signals arising from the noise and drift of the equipment have been reduced. Adjust the flow rate of the mobile phase to 1.2 mL/min, set runtime at 10 min, the pump mode to isocratic mode, the lamp to D2, and detector wavelength set at 210 nm.
[bookmark: _Toc225437272]C.5.2	HPLC calibration curve
To obtain a calibration curve, inject 1 µL of calibration standard solutions starting with the blank and then standards starting with the lowest concentration. Record the peak areas/heights for each corresponding concentration level. Ensure at least five replicate injections are made for each calibration standard. Prepare the calibration curve by plotting the peak areas/heights against DB concentration, in mg/L. Ensure that the results meet the stipulated acceptance criteria.
[bookmark: _Toc225437273]C.5.3	HPLC determination
Inject 1 µL of the samples and record the peak area/heights. Using the peak areas/heights of the sample calculate the concentration of the sample using the Microsoft® Excel spreadsheet calibration curve (8.2). Ensure that at least three injections are made, and the average is reported as the result if it passes the QC checks stipulated in clause 7.4.2.
[bookmark: _Toc225437274]C.6		Results
[bookmark: _Toc225437275]C.3.6.1		Determination of denatonium benzoate content
Denatonium benzoate content is determined using the following formula:
where
[image: ]

VF1		is the mass in grams of empty volumetric flask;
VF2		is the mass in grams of volumetric flask with sample solution;
M1		is the mass in grams of empty gas-tight syringe;
M2		is the mass in grams of gas-tight syringe with sample.
[bookmark: _Toc225437276]C.3.6.2	Expression of results
Levels ³ 10 mg/L but < 100 mg/L to the nearest three significant figures
Levels ³ 100 mg/L to the nearest whole number
Levels > 0.1 mg/L < 10 mg/L to the nearest two significant figures

[bookmark: _Toc225437277]Annex D
(normative)

Determination of congeners in alcoholic beverages by direct injection on GC – FID
[bookmark: _Toc225437278]D.1	Principle
Alcoholic beverages are injected directly (neat) into the gas chromatograph (GC) for separation and the analytes are detected using the flame ionization detector (FID).
[bookmark: _Toc225437279]D.2	Reagents
D.2.1	All reagents shall be of HPLC grade or better. The purity must be declared.
D.2.2	All gases shall be instruments grade and a gas filter shall be fitted.
[bookmark: _Toc225437280]D.3	Apparatus
D.3.1	Analytical balance, with an accuracy of ± 0.0001 g
D.3.2	Gas-tight syringes, 1mL, 2.5 mL, 5.0 mL, 25.0 mL
D.3.3	Clear glass vials with PFTE caps, 20 mL
D.3.4	Measuring cylinder, 100 mL
D.3.5	Gas chromatograph, equipped with flame ionization detector (GC-FID)
D.3.6	Fused silica capillary column, 60m x 0.32 mm x 0.5 µm film thickness
D.3.7	Injection syringe, 10µL GC 
D.3.8	Micro syringe, 10mL
D.3.9	Instrument grade H2, N2, and compressed air gases
[bookmark: _Toc225437281]D.4	Preparation of calibration standards
All standards shall be prepared as per the procedure for gravimetric preparation of calibration standards
[bookmark: _Toc225437282]D.5	Gas chromatograph test conditions
Detector type: FID
Injection volume: 1µL
Injection type: split
split ratio: 20
Injector temperature: 250°C
Detector temperature: 200°C
Stabilization time: 0.01s
[bookmark: _Toc225437283]D.5.1	Oven temperature program
                        15°C/min		     40°C/min
35°C (3 min)                80°C                       200°C (1 min)
                         (3 min)		        (3 min)
[bookmark: _Toc225437284]D.6	Elution order for congeners
Acetaldehyde
Ethyl acetate
Methanol
Tert-butyl alcohol
Iso-propyl alcohol
Ethanol 
n-propanol
Amyl alcohol
Furfural
[bookmark: _Toc225437285]D.7	Performance
D.7.1	Establish the retention time window for each analyte of interest.
D.7.2	All samples shall be injected (neat) directly into the gas chromatograph (GC) for screening to establish presence in the sample.
D7.3	If an analyte of interest is present in the sample, initiate the quantitative analysis of congeners procedure.
D.7.4	Ensure that you rinse the syringe thoroughly before and after injection of samples and standards to avoid cross contamination.
D.7.5	Run one standard before screening samples to ensure that retention times haven’t changed.
[bookmark: _Toc225437286]D.8	Procedure
[bookmark: _Toc225437287]D.8.1	Screening method for congeners
D.8.1.1	Inject 1µL of a reference standard mixture to ascertain that the congeners still elute within the established retention windows.
D.8.1.2	After the retention windows are confirmed, run the sample screening method to establish the presence of congeners in the samples.
D.8.1.3	Inject 1µL of each sample at least three times. When an analyte of interest peak is detected, it must appear in at least two out of three results to initiate the quantitative and confirmatory test.
D.8.1.4	If no peak corresponding to the congeners is present in all the three results of a sample, then you report “not detected”. However, if one peak corresponding to the congeners is detected, then you make three additional injections of the sample to confirm presence.
D.8.1.5	If two or more peaks corresponding to the retention time of the sample are detected, then initiate the quantitative test procedure for confirmation and quantification of the specific congeners.
[bookmark: _Toc225437288]D.8.2	Quantitative method for congeners
D.8.2.1	Weigh 0.5 mL of standards into autosampler vials and weigh 0.5 mL of internal standard into the same vial. Mix thoroughly by vortex.
D.8.2.2	Inject the calibration standards prepared using the procedure for gravimetric preparation of calibration standards for the specific congeners detected.
D.8.2.3	Record the corresponding peak areas for each concentration level of the standard and prepare a calibration curve.
D.8.2.4	Check the linearity of the calibration curve to ensure it is as close to 1 as possible. If the linearity is acceptable then you can use the equation of a straight line for quantification of the specific congener.
D.8.2.5	Calculate the relative response factor (RRF) for the calibration curve.
D.8.2.6	Prepare the samples in the same way as the standard in 10.2.1 above.
D.8.2.7	Inject the samples and record their peak area ratios.
D.8.2.8	Use microsoft excel for the quantification of specific congeners considering the dilution factors, if any.
[bookmark: _Toc225437289]D.9	Calculation and expression of results
[bookmark: _Toc225437290]D.9.1	External standard calibration method
Concentration from External Standard Calibration Method is calculated using the following formula:

[image: ]
NOTE
Sample dilution factor is determined gravimetrically and is equal to 1 when the sample is not diluted.
Response factor is the slope (gradient) of the calibration curve
This calculation is done using Microsoft Excel.
[bookmark: _Toc225437291]D.9.2	Internal standard calibration method
Concentration from internal standard calibration method is calculated using the following formula:
[image: ]

[bookmark: _Toc225437292]D.9.3	Expression of results
Levels ³ 10 mg/kg but < 100 mg/kg to the nearest three significant figures
Levels ³ 100 mg/kg to the nearest whole number
Levels > 0.1 mg/kg < 10 mg/kg to the nearest two significant figures
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