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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.
During the development of this standard, reference was made to:

i) Jabatan Kerja Raya Standard Specification for Calcium Hypochlorite Used for
Potable Water Supply 2001

ii) ANSI/AWWA B300: 1999, AWWA Standard for Hypochlorites
iii) DIN EN 900:1999, Chemicals used for treatment of water intended for human

consumption — Calcium hypochlorite

Compliance with a Malaysian Standard does not of itself confer immunity from legal
obligations.
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SPECIFICATION FOR CALCIUM HYPOCHLORITE
USED FOR POTABLE WATER SUPPLY

1. Scope
This Malaysian Standard specifies requirements for calcium hypochlorite for use in potable
water supply service. The main purpose of this standard is to provide purchasers,

manufacturers, and suppliers with the minimum requirements for calcium hypochlorite,
including physical, chemical, packaging, transportation and testing requirements.

2. Referenced documents

The following referenced documents contain provisions, which through reference in this text,
constitute provisions of this Malaysian Standard. For dated references, where there are no
subsequent amendments to, or revisions of, any of these publications do not apply. However,
parties to agreements based on this Malaysian Standard are encouraged to investigate the
possibility of applying the most recent edition of the referenced document. For undated
references, the latest edition of the publication referred to applies.

ISO 5666-1:1983 Water quality — Determination of total mercury by flameless atomic
absorption spectrometry — Part 1: Method after digestion with permanganate-peroxodisulfate

ISO 8288:1986 Water quality — Determination of cobalt, nickel, copper, zinc,
cadmium and lead — Flame atomic absorption spectrometric method

ISO 9174:1998 Water quality — Determination of chromium — Atomic absorption
spectrometric method

Regulation 7 (Classification, Packaging and Labelling of Hazardous Chemicals) 1997,
Occupational Safety and Health Act 1994 (Act 514) and Regulations and Orders

3. Descriptions
3.1 Chemical name
Calcium hypochlorite

3.2 Classification

3.2.1 Type 1: Chlorinated lime (Ca0.2CaOCl,.3H,0), contains 25 % to 37 % available
chlorine by weight.

3.2.2 Type 2: Calcium hypochlorite (Ca(OCly)), contains 65 % to 70 % available chlorine by
weight.

3.3 Synonym or common hames

Chloride of lime, bleaching powder, chlorinated lime.
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3.4 Empirical formula

3.4.1  Type 1: CaOCl,

3.4.2 Type 2: Ca(ClO),

3.5 Relative molecular mass
3.5.1  Type 1: CaOCl,

3.5.2 Type 2: Ca(ClO),

3.6 CAS registry number
7778-54-3

3.7 EINECS reference
231-908-7

4, Requirements

Calcium hypochlorite shall comply with the requirements as specified in Table 1.

Table 1. Requirements for calcium hypochlorite

Parameter Requirement Test method
A. Chemical requirement Type 1 Type 2
Available chlorine,% w/w 25 min 65 min Appendix A
C. Physical requirement
Moisture, % w/w 5 max 5 max Appendix B
Insoluble matter, % w/w - 4 max Appendix C
Sodium chloride, % w/w - 18 max Appendix D
C. Toxic substance Limit, max | Limit, max
Arsenic (As), as mg/kg of available chlorine 10 10
Selenium (Se), as mg/kg of available chlorine | 20 20
Antimony (Sb), as mg/kg of available chlorine | 15 15
Cadmium (Cd), as mg/kg of available chlorine | 10 10 Appendix E
Nickel (Ni), as mg/kg of available chlorine 10 10
Lead (Pb), as mg/kg of available chlorine 15 15
Chromium (Cr), as mg/kg of available chlorine | 15 15
Mercury (Hg), as mg/kg of available chlorine 7 7 Appendix G

NOTE. Limits have been given for impurities and toxic substances where these are likely to be present in

significant quantities from the current production process and raw materials.

If a change in the production

process or raw water materials leads to significant quantities of other impurities or by products being present,

this shall be notified to the user.
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4.1 Physical properties

4.1.1 Appearance

Calcium hypochlorite shall be of free flowing, white powder or granule.

4.1.2 Solubility

Theoretical solubility is approximately 180 g/L, but practical solubility is closer to 30 g/L.
4.1.3 Bulk density

4.1.3.1 Type 1: Granular powder, 0.6 g/cm3— 0.9 g/cm3

4.1.3.2 Type 2: Granular powder, 0.5 g/cm3 -0.8 g/cm3
Granules, 1.1 g/cms— 1.3 g/cm3

4.2 Chemical properties

Calcium hypochlorite is a strong oxidant, it reacts with acids and acidic salts to form chlorine.
In the presence of inflammable substances, it causes fires and explosions of organic
compounds, oxidation reactions occur with release of heat and of moisture, it is highly
corrosive to most metals.

4.2.1 Chloride content

Minimum 25 % for Type 1 and 65 % for Type 2 of available chlorine.

4.3 Purity criteria

Calcium hypochlorite supplied according to this standard shall not contain any impurities and

additives in such concentrations that are capable of producing deleterious or injurious effects
on the health of those consuming water that has been properly treated with the product.

5. Sampling
5.1 Location

Sampling for purpose of quality verification shall be taken immediately after receipt of a
delivery in bags, at the point of destination. For certification purposes, sampling shall be done
in the factory and shall follow 5.2.

5.2 Sampling from bags

5.2.1 Equal quantities of chloride of lime shall be taken from at least 20 % of the total
delivered bags by using a powder-sampling device to make up a total of 2 kg to 3 kg of
sample per delivery.

5.2.2 The individual sample shall be combined by mixing in a closable container (of plastics
or glass) to give a composite sample if necessary. A laboratory sample of about 2 kg shall be
taken from the well-mixed composite sample.
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5.2.3 About 500 g of the laboratory sample shall be filled into three glass or plastic bottles,
which shall then be closed airtight, sealed and labelled. One of these samples is intended for
testing by the recipient, and the others are held ready against the ease of a later complaint.
5.3 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, and the other sealed sample shall be returned and kept by the
supplier.

5.4 Samples retention

Samples shall be retained for at least 30 days after the date of receipt of the shipment before
they are discarded.

5.5 Test samples
Test samples of chloride of lime 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.

6. Test methods

6.1 Completion

Laboratory examination of the sample by the purchaser shall be completed within five working
days after receipt of shipment or within a period as agreed upon between the purchaser and
supplier or manufacturer.

6.2 Methods of test

Methods of testing calcium hypochlorite shall conform to the procedures in appendices
reference in Table 1. Alternative recognised reference test procedures can be used with the
written agreement of both buyer and supplier or as in-house quality control (QC) test
methods. In any case of conflict, the methods of this standard shall prevail.

7. Marking, labelling and storage

Each shipment of material shall carry with it some means of identification.

71 Packaged product

Each bag of chloride of lime shall be marked legibly. The marking shall include the following:

a) “calcium hypochlorite” or “chloride of lime”, trade name and grade/type;

b) net weight;
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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.

7.2 Packaging, transportation and labelling

Calcium hypochlorite shall be delivered in metal/plastic drums with plastic lining. No
contamination of calcium hypochlorite 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.

7.2.1  The product shall be categorised under the following transportation guidelines and
labelling:

a) RID": Class 5.1;

b) ADR? : Class 5.1;

c) IMO-IMDG?: Class 5.1, UN No. 1748; and
d) IATA?: Class 5.1, UN No. 1748.

7.3 Certificate of analysis

A general certificate of analysis, with the indication of country of origin should accompany all
deliveries for the chemical and being given to end users.

7.3.1  The contents of the certificate of analysis shall include the following:

a) calcium hypochlorite, % w/w; and

b) moisture, % w/w.

7.3.2 The contents of comprehensive certificate of analysis shall include the following:
a) calcium hypochloride, % w/w;

b) moisture, % w/w;

1 ) . ) ) .
Regulations concerning International carriage of Dangerous goods by rail.

European Agreement concerning the International carriage of Dangerous goods by road.
International Maritime Organization - International Maritime of Dangerous Goods.
International Air Transport Association.

W N

)
)
)
)

I



MS 1584:2003

c) (for Type 2) insoluble matter, % w/w;
d) (for Type 2) sodium chloride, % w/w; and
e) toxic substances (Cr, Cd, Hg, Pb, As, Ni, Se, Sb), mg/kg of product.

7.3.2.1 A comprehensive certificate of analysis should be given to end users upon their
request.

7.4 Storage requirement

7.4.1 Storage

Product shall be stored in airtight containers in a cool, dry and well-ventilated room.
7.4.2 Storage incompatibilities

Avoid contact with acids, acidic salts, strong alkalis, inflammable substance, organic
compounds and moisture.

7.5 Long term stability

7.5.1 Heat stability

At temperatures above 177 °C, decomposition is rapid with evolution of oxygen and heat and
thus increasing the risks of pressure build-up to blow off the lid or rupture the container.
Decomposition also occurs at temperatures maintained above 50 °C for longer period.
Decomposition products are calcium chloride (CaCl,), oxygen (O2) and chlorine (Cly).

7.5.2 Chemical stability

Contamination can initiate a vigorous chemical reaction resulting in fire and/or explosion.

8. 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.

9. Compliance
When tested, each of the samples which 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 5 shall be deemed to comply with this standard.
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Appendix A
(normative)

Determination of available chlorine

A1. Determination of calcium hypochlorite content

A1.1  General

This method applies to products with available chlorine contents within the range 40 % m/m to
70 % m/m.

A1.2  Principle

Calcium hypochlorite reacts with potassium iodide to release iodine in the presence of acetic
acid. The iodine is titrated with sodium thiosulphate standard volumetric solution in the
presence of starch indicator solution.

A1.3 Reagents

All reagents shall be of a recognised analytical grade. Distilled water, or water of at least
equal purity, shall be used.

A1.3.1 Potassium iodide crystals (KI)
A1.3.2 Glacial acetic acid
A1.3.3 Sodium thiosulphate standard volumetric solution, c(Na,S>03.5H.0) = 0.1 mol/L.

Dissolve 24.8 g of Na,S»03.5H,0 in water. Add 0.5 mL of chloroform as preservative, dilute to
volume with water in a 1 000 mL one-mark volumetric flask and mix thoroughly.

To standardise: Weigh, to the nearest 0.1 mg, 160 mg + 10 mg, m, of primary standard
potassium dichromate into a tared glass beaker. Place the contents of the beaker in a 500 mL
stoppered conical flask, add 100 mL of water and 2.0 g + 0.5 g of potassium iodide and stir to
dissolve. Add 15 mL £ 1 mL of hydrochloric acid solution (diluted 1 + 1 by volume), swirl, and
allow to stand for 5 min. Titrate with the sodium thiosulphate solution until the solution is pale
yellow. Add 5 mL + 1 mL of starch solution (A1.3.4) and titrate to the end point, i.e. to the
disappearance of the blue-black colour. Record the volume, V used.

The concentration, ¢, of the sodium thiosulphate standard volumetric solution, Na>S>03.5H-0,
expressed in moles per litre is given by the following equation:

m

c=———
V x 49.0317
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where,
m is the mass of potassium dichromate (K>Cr.O;) weighed, in milligrams; and

is the volume of the sodium thiosulphate standard volumetric solution used, in
millilitres.

A1.3.4 Starch solution, 1 % m/m

Make a slurry with 1.0 g + 0.1 g starch and 5 mL +1 mL water. Add 90 mL +5 mL boiling
water to the slurry. Stir to dissolve it and cool the solution. This solution needs refrigeration to
avoid the decomposition of the starch which results in a vague end point. Keep the solution
cool and use it within one week.

NOTE. Commercial indicators for iodine titration exist and can be used in place of the described starch solution
provided that their efficiency has been previously tested.

A1.4. Apparatus

Ordinary laboratory apparatus and glassware, together with the following.
A1.4.1 Laboratory sonic vibrator

A1.5 Procedure

A1.5.1 Test portion

Weigh, to the nearest 0.1 mg, 3.5 g of the laboratory sample, my into a tared stoppered
weighing bottle.

A1.5.2 Determination

Transfer the test portion to a 500 mL volumetric flask with 300 mL of water, stopper, and
place in the sonic vibrator for 10 min, swirling it occasionally until the test portion is in solution.
Dilute to the mark with water.

Place a magnetic stirring bar into the volumetric flask and begin stirring. Transfer 25 mL, while
the test portion is being stirred and without allowing any insoluble matter to settle out, into the
500 mL conical flask.

Add 100 mL of water and 2 g of potassium iodide and mix to dissolve. Add 8 mL of glacial
acetic acid, stir and titrate immediately with the sodium thiosulphate standard volumetric
solution to a light yellow colour. Add 3 mL of the starch solution and continue titration to the
disappearance of the blue-black colour. Record the volume V; of the sodium thiosulphate
standard volumetric solution used.
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A1.6 Expression of results

The chlorine, Clo content, Cy, expressed as a percentage by mass, is given by the following
equation:

\/1 X ¢ x35.453 x20 x100

C =
1 m
1
where,
V4 is the volume of the sodium thiosulphate solution used for the titration, in millilitres;
c is the concentration of the sodium thiosulphate standard volumetric solution, in moles
per litre;

my is the mass of the test portion, in milligrams; and

35.453 is the mass of chlorine, Cl, corresponding to 1.00 mL of sodium thiosulphate solution,
c(Na>S203.5H,0) = 1.000 mol/L, in milligrams.

The Ca(CIlO). content, C, expressed as a percentage by mass of product, is given by the
following equation:

_ C1x35746
2 35453

A1.7 Repeatability limit
The absolute difference between two single test results, obtained under repeatability
conditions, shall not be greater than the repeatability value, r, as calculated from the following
equation:

r=0.01 z
where,

z is the mean of the two results, in % m/m.

NOTE. Repeatability conditions are conditions where mutually independent test results are obtained with the same
method on identical test material in the same laboratory by the same operator using the same equipment within short
intervals of time.
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A2. Dissolution quality (available chlorine after 1 min)

A2.1 Principle

After dissolving in water, a representative sample of calcium hypochlorite is stirred for 1 min.
The available chlorine is determined by measuring active chlorine in the solution. The
oxidising chlorine reacts with potassium iodide releasing iodine which is then titrated with
sodium thiosulphate in the presence of starch indicator solution.

A2.2 Reagents

All reagents shall be of a recognised analytical grade. Distilled water, or water of at least
equal purity, shall be used.

A2.2.1 Sodium thiosulphate standard volumetric solution c¢(Na,S->03.5H,0) = 0.1 mol/L
(see A1.3.3).

A2.2.2 Potassium iodide, crystals

A2.2.3 Glacial acetic acid

A2.2.4 Starch indicator solution, 1 % m/m (see A1.3.4).

A2.3 Apparatus

Ordinary laboratory apparatus and glassware.

A2.4 Procedure

From a representative sample of the product weigh 1.5 g to the nearest 1 mg (m2). Add the
test portion to a beaker containing 1 000 mL of water (at a temperature of 20 °C to 25 °C) and
by use of a magnetic stirrer agitate the contents.

After 1 min stop the stirrer and remove a 25 mL aliquot by use of a pipette. Transfer to a
conical flask containing 100 mL of water, add 2 g of potassium iodide crystals (A2.2.2), 8 mL
of acetic acid (A2.2.3) and titrate the liberated iodine with sodium thiosulphate standard
volumetric solution (A2.2.1) to a light yellow colour. Add 3 mL of the starch indicator solution
(A2.2.4) and continue titration to the disappearance of the blue-black colour. Record the
volume (V2) of the sodium thiosulfate standard volumetric solution used.

A2.5 Expression of results

The available chlorine which is released within 1 min, (C3), expressed as a percentage by
mass, % m/m product is given by the following equation:

_ V5, xcx35.453 x 40 x100

3 m,

C

10
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where,

c is the concentration of sodium thiosulphate standard volumetric solution, in moles per
litre (A2.2.1);

Vo is the volume of the sodium thiosulphate standard volumetric solution in millilitres,
(A2.2.1);

mo is the mass of the test portion, in milligrams; and

35.453 is the mass of chloride (Cl,) corresponding to 1.00 mL of sodium thiosulphate
standard volumetric solution, ¢(NaS»03.5H,0 = 1.000 mol/L, in milligrams.

11
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Appendix B
(normative)

Determination of water content

SAFETY PRECAUTIONS: Danger of explosion is possible when heating the product at
too high temperatures.

The determination of the water content of calcium hypochlorite can be achieved, by drying a
sample at temperature between 105 °C and 110 °C until the mass of dried residue remains
constant.

This determination shall be carried out by specialists only and not by the end user.

12
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Appendix C
(normative)

Determination of insoluble matter

C1. Principle

A representative sample of calcium hypochlorite is dissolved into water. The insoluble matter
is separated by filtration then dried and weighed.

C2. Apparatus

Ordinary laboratory apparatus and glassware together with the following:

C2.1 Sintered glass crucible of porosity P40 (pore size between 16 um to 40 um).

C2.2 Oven capable of being controlled at 105 °C £ 3 °C.

C3. Procedure

Weigh approximately 10 g of the representative sample, m4 to the nearest + 0.01 g and
dissolve in 1 000 mL of water by stirring for 30 min. Then filter the solution under vacuum
through a dried and weighed glass filter (C2.1). After the filtration, wash the residue with 20
mL of water and remove excess water by filtering under vacuum. Dry the residue at 105 °C %
3 °C in the oven (C2.2) until the mass remains constant and weigh it, ms, after cooling in a
desiccator.

C4. Expression of results

The insoluble matter expressed as percentage per mass, % m/m, Csin the product is given by
the following equation:

m
c =—2x100
5 m
4
where,
ms is the mass of the residue in grams; and
my is the mass of the test portion in grams.

13
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Appendix D
(normative)

Determination of sodium chloride

D1. General

This method applies to products with sodium chloride contents in the range of 15 % m/m to 25
% m/m.

D2. Principle

Calcium hypochlorite is acidified, digested to remove all traces of available chlorine, and
diluted to a known volume. Sodium is analysed in solution by atomic absorption
spectrometry.

D3. Reagents

All reagents shall be of a recognised analytical grade. Distilled water, or water of at least
equal purity, shall be used.

D3.1  Hydrochloric acid, concentrated, HCI.
D3.2 Sodium standard solution (1 000 pg/mL).

Weigh 2.542 1 g of sodium chloride that has been previously dried for 1 h at 110 °C. Dissolve
in water and dilute to 1 L. Mix well.

D3.3 Commercial iodide starch te st paper

NOTE. Provided that its efficiency has been previously tested.

D4. Apparatus

Ordinary laboratory apparatus and glassware, together with the following.

D4.1  Atomic absorption spectrometer equipped with sodium hollow cathode lamp.
D4.2 Hot plates

D4.3 Laboratory sonic vibrator

14
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D5. Procedure

D5.1 Test portion

Weigh, to the nearest 0.1 mg, 3.5 g of the laboratory sample, mj into a tared stoppered
weighing bottle.

D6. Determination

Transfer the test portion to a 500 mL volumetric flask with 300 mL of water, stopper, and place
in the sonic vibrator (D4.3) for 10 min, swirling occasionally until the sample is in solution. Dilute
to the mark with water.

From the prepared solution, transfer accurately 25 mL to a 150 mL beaker.
Add 10 mL of the concentrated hydrochloric acid and place on a hot plate.

Boil to reduce the volume to 25 mL or, until the salt begins to precipitate, rinse the side of the
beaker with water and test for available chlorine using the iodide starch test paper. If chlorine is
still present add 50 mL of water and reduce the volume again to 25 mL. Rinse the side of the
beaker with water and test for available chlorine.

Repeat the procedure until available chlorine is not present, then cover the beaker and digest
for 1 min, allow to cool then transfer to a 100 mL volumetric flask and dilute to the mark with
water.

Measure the absorbance of the solution on the atomic absorption spectrometer with sodium

hollow cathode lamp at a wavelength of 330.2 nm with slit setting at "4" using an air-acetylene
flame.

D7. Calibration

Transfer accurately from the sodium standard solution (D3.2) 1.0 mL, 2.0 mL, 3.0 mL, 4.0 mL,
5.0 mL, 10.0 mL and 20.0 mL portions to a series of 100 mL volumetric flasks, dilute each to the
mark with water and mix well. Prepare a calibration blank.

Measure the absorbance of each calibration solution as described in D6 and prepare a
calibration graph.

15
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D8. Expression of results

The sodium chloride content, C4, expressed as a percentage by mass of product, is given by
the following equation:

_¢x100 x 20 x 2.542 1
4=

my x10 000
where,
m; is the mass of the test portion in grams; and
c is the concentration of sodium in the test portion as determined from the calibration

graph, in micrograms per millilitre.

D9. Repeatability limit

The absolute difference between two single test results, obtained under repeatability
conditions, shall not be greater than the repeatability value, r, as calculated from the following
equation:

r=0.025 z

where z is the mean of the two results, expressed in % m/m.

NOTES:
1. A98.3%to 100.7 % recovery was obtained at Na content of 20 % m/m.
2. Repeatability conditions are conditions where mutually independent test results are obtained with the same

method on identical test material in the same laboratory by the same operator using the same equipment within short
intervals of time.

16
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Appendix E
(normative)

Determination of toxic substances — Antimony (Sb), arsenic (As),
cadmium (Cd), chromium (Cr), lead (Pb), nickel (Ni) and selenium (Se)

E1. Principle

The elements arsenic, antimony, cadmium, chromium, lead, nickel and selenium are
determined by atomic absorption spectrometry.

E2. Reagents

All reagents shall be of a recognised analytical grade. Distilled water, or water of at least
equal purity, shall be used.

E2.1  Nitric acid, concentrated, density p = 1.42 g/mL.

E3. Procedure
E3.1 Test portion

Weigh to the nearest 0001 g, 10 g (m) of the laboratory sample into a 100 mL one-mark
volumetric flask.

E3.2 Test solution

Add 1 mL of nitric acid (E2.1) to the test portion, dilute with a few millilitres of water and mix.
Dilute to volume with water and homogenise.

E4. Determination

Determine the content of toxic substances in the test solution (E3.2) in accordance with the
following methods:

a) Cd, Ni and Pb: In accordance with ISO 8288, Method A;
b) Cr: In accordance with ISO 9174; and
c) As, Se and Sb: In accordance with the method given in Appendix F.

These methods will given an interim result, y expressed in milligrams per litre which needs to
be corrected to give the final concentration according to the equation in E5.

17
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E5. Expression of results

From the interim result, y determined (see E4), the content, Gs, of each toxic substance in the
laboratory sample, expressed in milligrams per kilogram of available chlorine is given by the
following equation:

Ce=yx 1 X 100
C1
where,
y is the interim result (see E4);
%4 is the volume of the test solutions (see E3.2) (=100 mL), in millilitres;
m is the mass of the test portions, in grams; and
C is the available chlorine content in percentage by mass of product (A1.6).
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Appendix F
(normative)

Determination of arsenic, antimony and selenium
(atomic absorption spectrometry hydride technique)

SAFETY PRECAUTIONS: Arsenic, antimony and selenium and their hydrides are toxic.
Handle with care.

F1. General principle

Arsenious acid, antimonic acid and selenious acid, the As(lll), Sb(lll) and Se(IV) oxidation
states of arsenic, antimony and selenium, respectively, are instantaneously converted by
sodium borohydride reagent in acid solution to their volatile hydrides. The hydrides are purged
continuously by argon or nitrogen into an appropriate atomiser of an atomic absorption
spectrometer and converted to the gas-phase atoms. The sodium borohydride reducing agent,
by rapid generation of the elemental hydrides in an appropriate reaction cell, minimises dilution
of the hydrides by the carrier gas and provides rapid, sensitive determinations of arsenic,
antimony and selenium.

The sample is digested to solubilise particulate As, Sb and Se. The digested solutions are
treated separately for determination of As, Sb and Se to convert them to As(lll), Sb(lll) and
Se(IV) oxidation states respectively.

F2. Interferences

Interferences are minimised because the As, Sb and Se hydrides are removed from the
solution containing most potential interfering substances. Slight response variations occur
when acid matrices are varied. Control these variations by treating standards and samples in
the same manner. Low concentrations of noble metals (approximately 100 pg/L/L of Ag, Au,
Pt, Pd, etc.) concentrations of Cu, Ni and Pb at or greater than 1 mg/L, and concentrations
between 0,1 mg/L and 1 mg/L of hydride-forming elements Bi, Sn and Te) can suppress the
response of As, Sb and Se hydrides due to the formation of mixed metal -As, Sb or -Se
compounds. The presence of As, Sb and Se in each other's matrices can cause similar
suppression. Reduced nitrogen oxides resulting from HNO; digestion and nitrite also can
suppress instrumental response for all elements. Large concentrations of iodide interfere with
the Se determination by reducing Se to its elemental form. Do not use any glassware for
determining Se that has been used with iodide reduction of As(V).

F3. Reagents

All reagents shall be of a recognised analytical grade. Distilled water, or water of at least
equal purity, shall be used.
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F3.1 Sodium tetrahydroborate (sodium borohydride)

Dissolve 8 g NaBH, in 200 mL of NaOH, ¢(NaOH) = 0.1 mol/L. Prepare fresh daily.
F3.2 Sodium iodide, prereductant solution.

Dissolve 50 g Nal in 500 mL water. Prepare fresh daily.

F3.3 Sulphuric acid, solution ¢(H>S04) = 9 mol/L.

F3.4  Sulphuric acid, solution ¢(H2S04) = 1.25 mol/L.

Cautiously add 35 mL sulphuric acid, density p = 1.84 g/mL to about 400 mL water, allow to
cool, and adjust volume to 500 mL.

F3.5 Nitric acid, density p = 1.42 g/ml.

F3.6 Perchloric acid, density p = 1.66 g/mL.

F3.7 Hydrochloric acid, density p = 1.16 g/mL.

F3.8 Argon (or nitrogen), commercial grade.

F3.9 Hydrogen, commercial grade.

F3.10 Arsenic(lll) solutions

Stock As(lll) solution: Dissolve 1.320 g arsenic trioxide, AsoOs, in water containing 4 g NaOH.
Transfer, quantitatively to 1 000 mL one-mark volumetric flask and dilute to the mark with
water and mix; 1.00 mL = 1.00 mg As(lll).

Intermediate As(lll) solution: Dilute into 1 000 mL one-mark volumetric flask 10 mL stock
As(lll) solution to the mark with water containing 5 mL hydrochloric acid (F3.7) and mix; 1.00
mL = 10.0 pg As(ll).

Standard As(lll) solution: Dilute into 1 000 mL one-mark volumetric flask 10 mL intermediate
As(lll) solution to the mark with water containing the same concentration of acid used for
sample preservation (2 mL to 5 mL nitric acid (F3.5)) and mix; 1.00 ml = 0.100 pg As(lll).
Prepare diluted solutions daily.

F3.11 Arsenic(V) solutions

Stock As(V) solution: Dissolve 1.534 g arsenic pentoxide, As;Os, in water containing 4 g
NaOH. Transfer, quantitatively to 1 000 mL one-mark volumetric flask and dilute to the mark
with water and mix; 1.00 mL = 1.00 mg As(V).

Intermediate As(V) solution: Prepare as for As(lll) above; 1.00 mL = 10.0 pg As(V).

Standard As(V) solution: Prepare as for As(lll) above; 1.00 mL = 0.100 pg As(V).
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F3.12 Selenium(lV) solutions

Stock Se(lV) solution: Dissolve 2.190 g sodium selenite, Na,SeO3 in water containing 10 mL
hydrochloric acid (F3.7) and transfer quantitatively to 1 000 mL one-mark volumetric flask
and dilute to the mark with water and mix; 1.00 mL = 1.00 mg Se(lV).

Intermediate Se(lV) solution: Dilute into 1 000 ml one-mark volumetric flask 10 mL stock Se
(IV) solution to the mark with water containing 10 mL hydrochloric acid (F3.7) and mix; 1.00
mL = 10.0 pg Se(lV).

Standard Se(lV) solution: Dilute into 1 000 ml one-mark volumetric flask 10 mL intermediate
Se(lV) solution to the mark with water containing the same concentration of acid used for
sample preservation (2 mL to 5 mL nitric acid (F3.5)) and mix. Prepare solution daily when
checking the equivalent of instrument response for Se(lV) and Se(VI); 1.00 mL = 0.100 pg
Se(lV).

F3.13 Selenium(VI) solutions

Stock Se(VI) solution: Dissolve 2.393 g sodium selenate Na,SeO, in water containing 10 mL
nitric acid (F3.5). Transfer quantitatively to 1 000 ml one-mark volumetric flask and dilute to
the mark with water and mix; 1.00 mL = 1.00 mg Se(VI).

Intermediate Se(VI) solution: Prepare as for Se(lV) above; 1.00 mL = 10.0 pg Se(VI).

Standard Se(VI) solution: Prepare as for Se(lV) above; 1.00 mL = 0.100 pg Se(VI).

F3.14 Antimony solutions

Stock Sb solution: Dry 2 g of potassium antimonyl tartrate hemihydrate (antimony potassium
tartrate) (C4H40;SbK.0.5H20) at 100 °C for 1h. Dissolve 1.669 g in water transfer
quantitatively to 1 000 ml one-mark volumetric flask and dilute to the mark with water and mix;

1.00 mL = 1.00 mg Sb.

Intermediate Sb solution: Dilute into 1 000 ml one-mark volumetric flask 10 mL stock Sb
solution to the mark with water containing 10 mL hydrochloric acid (F3.7) and mix; 1.00 mL =
10.0 ug Sh.

Standard Sb solution: Dilute into 1 000 ml one-mark volumetric flask 10 mL intermediate Sb
solution to the mark with water containing the same concentration of acid used for sample
preservation (2 mL to 5 mL nitric acid (F3.5)) and mix; 1.00 mL = 0.100 pg Sb. Prepare diluted
solutions daily.

F4. Apparatus

Ordinary laboratory apparatus and glassware, together with the following.
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F4.1 Atomic absorption spectrometer, equipped with gas flow meters for argon (or
nitrogen) and hydrogen, As, Sb and Se electrodeless discharge lamps with background
correction at measurement wavelengths and appropriate strip-chart recorder.

NOTE. Certain atomic absorption atomisers and hydride reaction cells are available commercially for use with the
sodium borohydride reagent.

F4.2 Atomiser
Use one of the following:
a) boiling-type burner head for argon (or nitrogen)-air entrained-hydrogen flame;

b) cylindrical quartz cell, 10 cm to 20 cm long, electrically heated by external Ni-Cr wire to
800 °C to 900 °C; or

c) cylindrical quartz cell with internal fuel rich hydrogen-oxygen (air) flame.

The transparency of quartz cells deteriorates over several months of use. The transparency
can be restored by treatment with 40 % hydrofluoric acid (HF).

SAFETY PRECAUTIONS: Be careful in handling HF which is toxic and corrosive and
avoid prolonged contact of quartz with HF.

F4.3 Reaction cell for producing As, Sb or Se hydrides

An example of reaction cell is given in Figure F1.
NOTE. A commercially available system is acceptable if it utilises liquid sodium borohydride reagents; accepts

samples digested in accordance with F5.3, accepts between 4 mol/L to 6 mol/L (HCI); and is efficiently and precisely
stirred by the purging gas and/or a magnetic stirrer.
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Figure F1. Reaction cell for producing arsenic, antimony or selenium hydrides
Irrespective of the hydride reaction cell-atomiser system selected, it shall meet the following
quality-control considerations:

a) It shall provide a precise and reproducible calibration curve between 0 pg /L and 20
pg/L As, Sb or Se and detection limit between 0.1 ug/L and 0.5 pg /L As, Sb or Se.

b) When carried through the entire procedure, oxidation state couples (As(lll) - As(V) or
Se(lV) - Se(VI)) shall cause equal instrument response.

c) Sample digestion shall yield 90 % or greater recovery of added As(lll), As(V), Se(VI),
Se(lV) or Sb.

F4.4 Dropper and syringe capable of delivering 0.5 mL to 3.0 mL sodium borohydride

reagent. Exact and reproducible addition is required so that production of hydrogen gas does
not vary significantly between determinations.
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F5. Procedure

F5.1 Preparation of the apparatus

Connect inlet of reaction cell with auxiliary purging gas controlled by flow meter. If a drying cell
between the reaction cell and atomiser is necessary, use only anhydrous CaCl, and not
CaSO, because it can retain SeH,. Before using the hydride generation/analysis system,
optimise operating parameters. Aspirate aqueous solutions of As, Sb and Se directly into the
flame to facilitate atomiser alignment. Align quartz atomisers for maximum absorbance.
Establish purging gas flow, concentration and rate of addition of sodium borohydride reagent,
solution volume, and stirring rate for optimum instrument response for the chemical species to
be analysed. If a quartz atomiser is used, optimise cell temperature. If sodium borohydride
reagent is added too quickly, rapid evolution of hydrogen will unbalance the system. If the
volume of solution being purged is too large, the absorption signal will be decreased.

Recommended wavelengths are 193.7nm, 196.0 nm and 217.6 nm for As, Se and Sb,
respectively.

F5.2 Preparation of calibration solutions

Transfer 0.00 mL; 1.00 mL; 2.00 mL; 5.00 mL; 10.00 mL; 15.00 mL and 20.00 mL of standard
solutions of As(lll), Se(IV) or Sb to 100 mL volumetric flasks and make up to volume with
water containing the same acid concentration used for sample preservation (commonly 2 mL
to 5 mL nitric acid (F3.5)). This yields calibrations solutions of 0 pg/L, 1 pg/L, 2 pg/L, 5 pg/L,
10 pg/L, 15 pg/L and 20 pg/L As, Se or Sb. Prepare fresh daily.

F5.3 Preparation of test solutions and standard solutions

Add 50 mL of the sample or As(lll), Se(VIl) or Sb standard solution to 250 mL beaker.
Alternatively, prepare standard solutions by adding 100 pg/L of standard As, Se or Sb
solutions directly to the beaker and dilute to 50 mL in this beaker. Add 7 mL sulphuric acid
c(H2S04) = 9 mol/L (F3.3) and 5 mL nitric acid (F3.5). Add a small boiling chip or glass beads
if necessary. Evaporate to SOz fumes. Maintain oxidising conditions at all times by adding
small amounts of nitric acid, to prevent solution from darkening.

Maintain an excess of nitric acid until all organic matter is destroyed. Complete digestion
usually is indicated by a light-coloured solution. Cool slightly, add 25 mL water and 1 mL of
perchloric acid (F3.6) and again evaporate to SOz fumes to expel oxides of nitrogen.

Monitor effectiveness of digestion procedure used by adding 5 mL of a standard arsenic
solution, 5 mL of a standard selenium solution or 5 mL of a standard antimony solution to 50
mL of the sample and measuring recovery. Average recoveries shall be greater than 90 %.
Alternatively, use 100 mL micro-Kjeldahl flasks for the digestion of total recoverable arsenic,
selenium or antimony, thereby improving digestion effectiveness. After final evaporation of
SO; fumes, dilute to 50 mL for arsenic measurements or 30 mL for selenium and antimony
measurements.
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F5.4 Determination of arsenic with sodium borohydride

To 50 mL of the digested standard solution or test solution in a 250 mL beaker (see Figure
F1) add 5 mL hydrochloric acid (F3.7) and mix. Add 5 mL sodium iodide prereductant
solution (F3.2), mix and wait at least 30 min.

NOTE. The sodium iodide has not been found necessary for certain hydride reaction cell designs if a 20 % to 30 %
instrument sensitivity is not important and variables of solution acid conditions, temperatures, and volumes for
production of As(V) and arsine can be controlled strictly. This can require an automated delivery system.

Attach one beaker at a time to the rubber stopper containing the gas dispersion tube for the
purging gas, the sodium borohydride reagent inlet, and the outlet to the atomiser. Turn on
strip-chart recorder and wait until the base line is established by the purging gas and all air is
expelled from the reaction cell. Add Q5 mL sodium borohydride reagent (F3.1). After the
instrument absorbance has reached a maximum and resumed to the base line, remove
beaker, rinse dispersion tube with water, and proceed to the next test solution or standard
solution. Periodically compare standard As(lll) and As(V) curves for response consistency.
Check for presence of chemical interferences that suppress instrument response for arsine
by treating a digested sample with 10 pg/L, As(lll) or As(V) as appropriate. Average
recoveries shall be not less than 90 %.

F5.5 Determination of selenium with sodium borohydride

To 30 mL of the digested standard solution or the test solution, or to 30 mL of the undigested
standard, or the sample in a 250 mL beaker, add 15 mL hydrochloric acid (F3.7) and mix.
Heat for a predetermined period at temperature between 90 °C to 100 °C. Alternatively
autoclave at 121 °C in capped containers for 60 min, or heat for a predetermined time in
open test tubes using a 90 °C to 100 °C hot water bath or an aluminium block digester.
Check effectiveness of the selected heating by demonstrating equal instrument responses for
calibration curves prepared either from standard Se(lV) or from Se(VI) solutions. Effective
heat exposure for converting Se(VI) to Se(lV), with no loss of Se(lV), ranges between 5 min
to 60 min when open beakers or test tubes are used. Do not digest standard Se(lV) and
Se(VI) solutions used for this check of equivalency. After prereduction of Se(VI) and Se(lV)
attach beakers, one at a time, to the purge apparatus. For each, turn on the strip-chart
recorder and wait until the base line is established. Add 0.50 mL sodium borohydride reagent
(F3.1). After the instrument absorbance has reached a maximum and returned to the base
line, remove beaker, rinse dispersion tube with water and proceed to the next test solution or
standard solution. Check for presence of chemical interferences that suppress selenium
hydride instrument response by treating a digested sample with 10 pg/L Se(lV). Average
recoveries shall be not less than 90 %.

F5.6 Determination of antimony with sodium borohydride

To 30 mL of the digested standard solution or the test solution, or to 30 mL of the undigested
standard solution, or the test solution. In a 250 mL beaker, add 15 mL hydrochloric acid (F3.7)
and mix. Heat for a predetermined period (between 5 min and 60 min) at a temperature
between 90 °C to 100 °C. After prereduction of Sb attach beakers, one at a time, to the purge
apparatus. For each, turn on the strip-chart recorder and wait until the base line is
established. Add 0.50 mL sodium borohydride reagent (F3.1). After the instrument
absorbance has reached a maximum and returned to the base line, remove beaker, rinse
dispersion tube with water and proceed to the next test solution or standard solution. Check
for presence of chemical interferences that suppress antimony hydride instrument response
by treating a digested sample with 10 pg/L Sb. Average recoveries shall be not less than 90
%.
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F6. Calculation

Determine the calibration curve by plotting peak heights of standard solutions versus
concentration. Measure peak heights of samples and read concentrations from the calibration
curve. If sample was diluted (or concentrated) before sample digestion, apply an appropriate

factor.
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Appendix G
(normative)

Determination of mercury content (Hg)

G1. Principle

The element mercury is determined by flameless atomic absorption spectrometry in
accordance with ISO 5666-1.

G2. Reagents

All reagents shall be of a recognised analytical grade. Distilled water, or water of at least
equal purity, shall be used.

G2.1 Potassium permanganate solution, ¢(KMnQy) = 50 g/L.
G2.2 Sulphuric acid, concentrated, density p = 1.84 g/mL.
G2.3 Hydroxylammonium chloride solution, ¢(NH,OH.HCI) = 100 g/L.

G2.4 Potassium dichromate solution, c(K>Cr.O;) = 4 g/L in 50 % V/V nitric acid
solution.

G3. Procedure

G3.1 Test portion

Weigh, to the nearest 0.01 g, 10 g (ms) of the laboratory sample, into a glass beaker.

G3.2 Test solution

Quantitatively transfer the test portion to washing flask (e.g. Durand bottle), capacity 250
mL, the gas inlet of which is made of porous frit. Dilute the contents of the washing flask
with water to obtain a total volume of 100 mL. Transfer to a volumetric flask (solution A).
Pipette, accurately 10 mL of the solution A. Transfer to a 250 mL conical flask and add 60
mL of water, 20 mL of a potassium permanganate solution (G2.1) and five 1 mL portions of
sulphuric acid (G2.2). Heat and keep boiling for 10 min. Allow to cool. Just dissolve the
precipitate (MnO.) with hydroxylammonium chloride (G2.3), add 5 mL of the potassium
dichromate solution (G2.4) and transfer to a 100 mL (Vy) volumetric flask. Dilute to the
mark with water and mix.

G3.3 Determination

Proceed as described in ISO 5666-1.
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G4. Expression of result

The interim result for mercury content, y expressed in milligrams per litre is given by the
following equation:

Vi
Y=YaX—
A 7100
where,
Ya is the result obtained, for the concentration of mercury in solution A, expressed in
milligrams per litre; and
¥r is the volume of the test solution in millilitres.

The content of mercury, Cr, in milligrams per kilogram of available chlorine is given by the
following equation:

CT =yX r:]—ox1cﬂ
6 1
where,
mg is the mass of the test portion in grams; and
C is the available chlorine content in percentage by mass (A1.6).
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Appendix H
(informative)

Application guidelines

H1. General

H1.1  Function

Oxidation and disinfection agent.

H1.2 Form in which it is used

It is used in aqueous solution, usually of 1% w/w to 4 % w/w concentration.

H1.3 Treatment dosage

The treatment dose depends on the composition of the raw water or its usage.

H1.4 Secondary effects

Increase in water pH, chloride content and local precipitation of carbonate at injection point.
H1.5 Removal of excess product

Excess active chlorine can be removed by utilising a reducing agent such as sulfur dioxide
gas or and aqueous solution of a sulphite compound.

H2. Safety requirements

Keep away from fire. When heated above 177 °C, it liberates oxygen and causes explosive
decomposition. In contact with organic compounds, it easily causes combustion and
explosion. Use the usual precautions in handling chemicals. Avoid contact with eyes and skin.
Wear appropriate protective clothes, e.g. rubber or polyvinyl chloride apron, gloves and face
shield/goggles.

H2.1  Risk and safety labelling

The following labelling requirements (written in both Bahasa Malaysia and English) shall apply
to calcium hypochlorite 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) the name “calcium hypochlorite” or “chloride of lime” and trade name;

b) name and address of supplier and/or manufacturer;
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c)

H3.
H3.1
H3.1.1

H3.1.2

symbols and indications of danger;

B

PENGOKSIDAAN
(OXIDISING)

&

Pengoksidaan Mengakis
(Oxidising) (Corrosive)

nature of special risks attributed to dangerous substances; and

R31
R31

R34
R34

Sentuhan dengan asid membebaskan gas toksik
Contact with acid liberates toxic gas

Menyebabkan luka terbakar
Cause burns

safety advice concerning dangerous substances.

S2
52

S26

526

S$43

543

Jauhkan daripada kanak-kanak
Keep out of the reach of children

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

Jika berlaku kebakaran, gunakan air. Gunakan kelengkapan pernafasan
persendirian untuk memadamkan api

In case of fire, use water. Use air-independent respiratory equipment for fire
fighting.

First aid procedures

Safety requirement

Contact with eyes and skin should be avoided.

Personal protective equipment should be worn.

Hand protection: Gloves made of rubber or polyvinyl chloride.

Face shield or tight fitting goggles and dust mask.
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H3.2 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, including foot-ware. Wash the affected skin
with plenty of water. If swelling, redness or irritation occurs, immediately seek medical
assistance.

b) Eye: With eyelids open, rinse the eyes with plenty of water. If swelling, irritation

occurs, immediately seek medical assistance.

c) Ingestion: Corrosion and freeze burns shall be expected. Do not induce vomiting.
Rinse mouth with plenty of water. Bring the victim to seek assistance.

d) Inhalation: Remove the victim to fresh air area and immediately bring the victim to
seek medical assistance if problem with breathing occurs.

H3.3 Spillage

Put on protective clothing. Collect spillage in plastic container and dispose in accordance with
local regulations. Wash the remainder with plenty of water.

H3.4 Fire
The product is not combustible, but due to the formation of oxygen as decomposition by
product it will support combustion. Use air-independent respiratory equipment for fire fighting.

Use water to extinguish fire and to cool containers exposed to fire. Do not use dry chemicals
extinguishers containing ammonium compounds, e.g. mono-ammonium phosphate.
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