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Definitions

Dehydration Loss of water and dissolved salts from the body, occurring, for
instance, as a result of diarrhoea.

Rehydration The correction of dehydration.

Oral Rehydration The administration of fluid by mouth to prevent or correct the
Therapy (ORT) dehydration that is a consequence of diarrhoea.

Oral Rehydration Specifically, the complete, new WHO/UNICEF formula.
Salt (ORS) solution
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Introduction

Acute diarrhoeal diseases are one of the leading causes of mortality in infants and young children
in many developing countries. In most cases, death is caused by dehydration. Dehydration from
diarrhoea can be prevented by giving extra fluids at home, or it can be treated simply, effectively,
and cheaply in all age-groups and in all but the most severe cases by giving patients by mouth an
adequate glucose-electrolyte solution.

This way of giving fluids to prevent or treat dehydration is called oral rehydration therapy
(ORT). ORT, combined with guidance on appropriate feeding practices, is the main strategy
recommended by the WHO Department of Child and Adolescent Health and Development (CAH)
to achieve a reduction in diarrhoea-related mortality and malnutrition in children.

To achieve this short-term objective, as well as the longer-term one of reduced diarrhoea
morbidity, the CAH Department is collaborating with WHO Member States in the planning,
implementation, and evaluation of national diarrhoeal diseases control activities. The United
Nations Children’s Fund (UNICEF) is actively supporting these activities by promoting ORT and
providing large quantities of oral rehydration salts (ORS), the balanced mixture of glucose and
electrolytes recommended by both organizations for the treatment of dehydration.

This document is updating an earlier document (WHO/CDD/SER/85.8), and provides
information on the manufacture of the new ORS that, since 2003, is recommended by WHO and
UNICEF. It has been prepared to assist national authorities in establishing the local manufacture
of a product of pharmaceutical quality, in order that they may become self-reliant in meeting the
needs of their national diarrhoeal diseases control activities. It is emphasized that the methods
recommended in the document are meant to serve as guidelines, and that they need to be adapted
to meet local requirements and conditions, provided they follow the principles of Good
Manufacturing Practices for pharmaceutical products (WHO Technical Report Series, No 908,
2003) that can be found in the annexes of this document. Specific information on “Quality
Management”, “Personnel”, “Validation” and “Qualification” can be found in this annex.

INTRODUCTION

1
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Oral rehydration therapy and oral
rehydration salts (ORS)

2
2.1 Practical application

Oral rehydration therapy (ORT) can be delivered by village health workers and practiced in the
home by mothers with some guidance, and thus is a technology highly suited to the primary
health care approach. Moreover, when given along with advice on proper feeding practices, ORT
has been found to contribute to better weight gain and thus to reduce the ill effects of diarrhoea
on nutritional status.

ORT should begin at home with the use of available “home fluids” or a home-prepared “sugar
and salt” solution given early during the diarrhoea episode to prevent dehydration (1). Once a
child becomes dehydrated, however, ORT should be provided in the form of a balanced and
complete standard mixture of glucose and salts (ORS). Detailed guidelines for the treatment of
acute diarrhoea are available, as is information on the scientific basis for ORS, studies of its
clinical efficacy and safety (2-4).

2.2 Composition of oral rehydration salts

Oral Rehydration Salts (ORS) is the non-proprietary name for a balanced glucose-electrolyte
mixture, first used in 1969 and approved, recommended, and distributed by UNICEF and WHO
as a drug for the treatment of clinical dehydration throughout the world. In 1984, another mixture
containing trisodium citrate instead of sodium hydrogen carbonate (sodium bicarbonate) was
developed with the aim of improving the stability of ORS in hot and humid climates.  For more
than 20 years,  WHO and UNICEF have recommended this single formulation of ORS to prevent
or treat dehydration from diarrhoea irrespective of the cause or age group affected. This product,
which provides a solution containing 90 mEq/l of sodium with a total osmolarity of 311 mOsm/l,
has proven effective and without apparent adverse effects in worldwide use. It has contributed
substantially to the dramatic global reduction in mortality from diarrhoeal disease during the
period. During this period, numerous studies have been undertaken to develop an “improved”
ORS. The goal was a product that would be at least as safe and effective as standard ORS for
preventing or treating dehydration from all types of diarrhoea but which, in addition, would
reduce stool output or have other important clinical benefits. One approach has consisted in
reducing the osmolarity of ORS solution to avoid possible adverse effects of hypertonicity on net
fluid absorption. This was done by reducing the solution’s glucose and salt (NaCl) concentrations.

Studies to evaluate this approach were reviewed at a consultative technical meeting held in
New York (USA) in July 2001 (4), and technical recommendations were made to WHO and
UNICEF on the efficacy and safety of reduced osmolarity ORS in children with acute non-cholera
diarrhoea, and in adults and children with cholera.

These studies showed that the efficacy of ORS solution for treatment of children with acute
non-cholera diarrhoea is improved by reducing its sodium concentration to 75 mEq/l, its glucose
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concentration to 75 mmol/l, and its total osmolarity to 245 mOsm/l. The need for unscheduled
supplemental IV therapy in children given this solution was reduced by 33%. In a combined
analysis of this study and studies with other reduced osmolarity ORS solutions (osmolarity 210-
268 mOsm/l, sodium 50-75 mEq/l) stool output was also reduced by about 20% and the incidence
of vomiting by about 30%. The 245 mOsm/l solution also appeared to be as safe and at least as
effective as standard ORS for use in children with cholera.

The reduced osmolarity ORS containing 75 mEq/l sodium, 75 mmol/l glucose (total osmolarity
of 245 mOsm/l) is as effective as standard ORS in adults with cholera. However, it is sometime
associated with an increased incidence of transient, asymptomatic hyponatraemia.

Because of the improved effectiveness of reduced osmolarity ORS solution WHO and UNICEF
now recommend that countries use and manufacture, for diarrhoea of all etiologies and in all age
groups, the following formulation with a total osmolarity of 245 mOsmol/l, in place of the previously
recommended ORS solution with a total osmolarity of 311 mOsm/l. It should be emphasized that
the new ORS is considered as a medicine, like the old formulation, and has been included in the
WHO model list of Essential Medicines. Therefore, it should be manufactured as a pharmaceutical
product, following all the requirements of the Good Manufacturing Practices.

This ORS composition has passed extensive clinical evaluations and stability tests. The
pharmacokinetics and therapeutic values of the substances are as follows:

glucose facilitates the absorption of sodium (and hence water) on a 1:1 molar basis in the
small intestine;

sodium and potassium are needed to replace the body losses of these essential ions during
diarrhoea (and vomiting);

citrate corrects the acidosis that occurs as a result of diarrhoea and dehydration.

Dissolution in drinking water yields the following concentrations, as shown in Table 2.

TABLE 1. Composition of the new ORS formulation

New ORS

Sodium chloride

Glucose, anhydrous

Potassium chloride

Trisodium citrate, dihydrate

Total

grams/litre

2.6

13.5

1.5

2.9

20.5

%

12.683

65.854

7.317

14.146

100.00

New ORS

Sodium

Chloride

Glucose, anhydrous

Potassium

Citrate

Total Osmolarity

mmol/litre

75

65

75

20

10

245

ORAL REHYDRATION THERAPY AND ORAL REHYDRATION SALTS (ORS)
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TABLE 2. Substance concentrations of components of ORS solution

Molecular Formula

NaCl

KCl

C
6
H

5
Na

3
O

7
.2H

2
O

Glucose, anhydrous

TOTAL

g/l

2.6

1.5

2.9

13.5

20.5

mmol/l

44.5

20.1

9.9

74.9

Concentrations in mmol/l

Na+

44.5

29.6

74.1

Relative

molecular

mass

58.44

74.55

294.10

180.20

Glucose

74.9

74.9

K+

20.1

20.1

Cl-

44.5

20.1

64.6

C
6
H

5
O

7
3-

9.9

9.9

In accordance with the International System of Units (SI), the concentrations are given in
mmol/l. They correspond exactly to “milliequivalents”/l for all salts listed with the exception of
trisodium citrate, where 9.86 mmol/l (rounded up to 9.9 mmol/l) citrate (C

6
H

5
O

7
) corresponds to

about 29.6 “milliequivalents” per litre.

2.3 Properties of ORS-citrate

The particular advantage of citrate containing ORS (over bicarbonate containing ORS) is its
stability in tropical countries, where - up to temperatures of 60°C - no discoloration occurs. A
shelf-life of 2-3 years can be assumed without any particular storage precautions.

Packing in hermetically sealed aluminum laminate is not imperative. For example, the use of
polyethylene or any other locally available (permeable) packaging material is possible. This kind
of material has particular advantages in dry and hot countries, where the pores allow the gradual
escape of the product’s evaporated water of crystallization, thus reducing the moisture content
and keeping the product in free-flowing condition. On the other hand, in hot and humid climates
the packing of citrate containing ORS in permeable material can have the reverse effect of causing
the product to lump or harden owing to the absorption of moisture through the packaging material.
This does not, however, prevent its satisfactory dissolution in water. In cases where only a perfectly
free-flowing product is acceptable, it will be necessary to observe strict specifications and
requirements with regard to the raw material, packaging material, and manufacturing process that
are described in section 4.5.

2.4 Pharmaceutical aids

With the aim of making an essential drug available at an affordable price in the public health
system, the recommended composition should contain only the four above-mentioned basic
ingredients for preparing an effective (clinically tested) oral rehydration solution.

Excipient such as colloidal silicon dioxide (Aerosil) improve the flow characteristics but do not
dissolve in the solution and render it turbid. Their use is normally only indicated when automatic
packaging equipment is used, and only recommended if the flow properties of the available raw
materials hamper accurate dosing and proper functioning of the equipment.

The four ingredients of ORS (glucose, sodium chloride, potassium chloride and trisodium
citrate) in the concentrations described in this document yield an effective solution for rehydration
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and for the prevention of dehydration. The addition of other ingredients, such as other minerals
(especially zinc) or vitamins, has not been shown to improve the solution’s efficacy. For this
reason neither UNICEF nor WHO approve or provide ORS with additives. If additional ingredients
are included, they should be clearly described on the packet. The responsibility for demonstrating
their clinical value, safety, and chemical stability rests with the manufacturer.

Additional ingredients may increase the total and individual substance concentration of a
solution. They must be considered when the total substance concentration of a new product is
calculated for comparison with the criteria mentioned in this document.

A clear distinction should be made between products recommended for treating/preventing
dehydration caused by diarrhoea and preparations with compositions that are designed for replacing
water and salt losses during exercise (sport drinks). In order to avoid confusion among health
professionals and the population at large, it is important that manufacturers of the latter limit
their commercial promotion strictly to the indication of the product and that no reference is made
to their use for treating diarrhoea or cholera.

The theoretical advantage of flavoured and coloured ORS is greater acceptability, and
consequently increased use. Because this, in turn, might lead to over-consumption, the WHO/
CDD Programme conducted a safety/efficacy study in Egypt and an acceptability study in the
Philippines of flavoured and coloured ORS solutions (5,6) The results of these studies showed
neither an advantage nor disadvantage for the flavoured and coloured ORS when compared to the
standard ORS with regard to safety, acceptability and correct use. For this reason, and with the
aim of making an essential drug available at low price in the public health system, UNICEF and
WHO recommend that governments should use the ORS composition that contains only the four
basic ingredients needed to effectively treat dehydration due to diarrhoea.

ORS produced for use in the private sector (commercial sales) and indicated for the prevention
and treatment of dehydration due to diarrhoea, may contain flavouring or colouring agents, if this
is seen as vital by a manufacturer for promoting the product or to compete with other brands. In
practice, two or more types of flavouring are often needed, and saccharine is added to increase
their effect. The ingredients used for flavouring ORS must be among those listed as “Generally
Recognized as Safe” for their intended use by the US Food and Drug Administration (FDA) or by
the US Flavour Extract Manufacturer’s Association (FEMA). The responsibility for demonstrating
the clinical efficacy, safety and chemical stability of such products remains with the manufacturer.

Special attention must be given to the type of sweetener used. In 1968, cyclamic acid was
reported to cause cancer and is therefore banned in the USA; high dose of saccharine are suspected
to be carcinogenic; dulcine is recognized as toxic and carcinogenic; and aspartame is known to be
unstable at temperatures above 40 degrees Celsius. For all these products, the above mentioned
guidelines specify the maximum dose to be consumed per kg of body weight and per day (i.e.,
aspartame 40 mg/kg body weight/day). The amount of ORS solution consumed per day is extremely
variable from child to child. Some children with high purging diarrhoea may consume very large
amounts of ORS solution.

Because of difficulties in controlling the amount of ORS solution consumed per kg of body
weight and per day, it is almost impossible to determine whether the consumed doses of colouring
and/or flavouring agents are within the safe limits. Although not documented, it also seems that
certain flavouring agents can cause allergies and other side effects, particularly in infants and
small children. Finally, it must be noted that the flavouring of ORS may increase cost of the
product by up to 20-30%, especially when the additional ingredients must be imported.

ORAL REHYDRATION THERAPY AND ORAL REHYDRATION SALTS (ORS)
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Planning the provision and production
of oral rehydration salts

3
3.1 National policies and priority health problems

The setting of national policies for primary health care normally involves the identification of
priority health problems in a country.  If a country has identified diarrhoeal disease control as a
priority activity within its primary health care programme, it is justified in undertaking a detailed
evaluation and estimation of its ORS needs.

3.2 Estimating the demand

Before a new commercial product is marketed, it is vital to evaluate carefully the demand, publicity
needs, clients’ purchasing power, necessary investment, and expected sales. Likewise, the health
authorities should evaluate and justify the provision or production of ORS in relation to the plan
of operation of the national diarrhoeal diseases control activities. Such activities normally include
specific objectives, targets, and a good promotion and training component, as well as estimations
of the amounts of ORS required in the years for which activities are planned, and realistic plans
for its reliable distribution. (Simplified procedures for calculating the needs of ORS are presented
in Annex 1.)

Once the amount of ORS required per year has been determined, the Ministry of Health will
need to ensure that funds are available for local production (or for local purchase or importation)
of ORS. Ideally, funds for ORS should be allocated in the national health budget. If this is not
immediately possible, support may be sought from bilateral or international agencies.

3.3 National standard dose

It is important that all packets used in the country conform to a national standard dose. This will
avoid confusion in the field and reduce the risk of over- or under-concentration resulting from
varying packet and container sizes. The adoption of a national standard dose also simplifies the
development of appropriate promotional and educational material, an important factor for the
success of the national diarrhoeal diseases control activities. Depending on the plan of operation
of the national diarrhoeal diseases control activities, the health authorities may find it appropriate
to have one national standard dose for individual use in health centres and for distribution to
mothers and another (bulk dose) for use in hospitals and possibly larger health centres. These
doses are best identified at the time when the plan of operation is being prepared.

3.3.1 Standard individual dose

The dose for a one-litre solution of ORS, as provided through UNICEF, has been endorsed by and
is used in most countries for the local production of ORS. The dose can, however, be adapted to
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meet local requirements provided that there is an economic justification for doing so and a prior
field study or investigation has shown that the most widely available and best-known containers
or receptacles in the households of the country hold a different volume.

3.3.2 Hospital (bulk) dose

The size of the bulk dose should be based on the daily consumption and available containers in
larger health facilities. Such doses are generally for solutions of 5-10 litres (1-2 gallons) or more.
Ideal containers for daily quantities are plastic thermo-pots with a cover and spigot for dispensing
the solution into glasses. Use of bulk doses not only eliminates the need for time-consuming
weighing of ORS in hospitals, but also significantly reduces the cost as less packaging material is
used. The saving may be considerable when compared with the use of small doses individually
packed in expensive aluminium laminate to make up 5-10 litres.

Bulk preparation in larger health facilities also allows the small packets to be reserved for use at
the community level where they are most needed.

3.3.3 Technical implications of the chosen dose

The choice of dose also has direct implications for the planning of production, equipment needs,
and the final unit price. For example, if a machine has a capacity for packing 60 doses of 20.5 g
per minute, the capacity for packing doses of 4.1 g will be almost identical (60 doses per minute)
but the quantity of ORS packed will be only a fifth of the amount. Alternatives to obtain the same
amount of ORS per minute would be (a) to increase the speed of the machine to 300 doses of 5.5
g per minute (which is not feasible because of dust development), or (b) to purchase 5 machines,
which would add considerably to the space requirements.

The choice of dose of ORS will also have an impact on the packaging material required. For
example, for 5 doses of 4.1 g respectively about 2.5 times more packaging material is required
than for a dose of 20.5 g.

3.4 Presentation

3.4.1 Dosage form (final pharmaceutical product)

The recommended formulations of ORS can be produced in three dosage forms: powder, tablet,
and liquid.

In view of the overriding need to make available an essential drug through the simplest and
most appropriate technology at an affordable price, this document deals only with the production
of ORS in powder form, which also is the the dosage form on the WHO model list of Essential
Medicines.

3.4.2 Physical appearance of the packet

The physical appearance and appeal of an ORS packet are very important for its acceptance in the
field. Thus, at the planning stage of local ORS production, it is advisable to consider carefully not
only the ideal dose (as indicated in section 3.3) but also the choice of presentation. The presentation
will normally conform to standard requirements set by the health authorities, and will usually
correspond to one of the two following options:

PLANNING THE PROVISION AND PRODUCTION OF ORAL REHYDRATION SALTS
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A packet resembling the ORS packet supplied by UNICEF and WHO in which the product
is packed in laminated aluminium foil. This choice usually requires substantial foreign
currency resources in countries where aluminium foil is not produced locally. Experience
has shown that about 40% of the final product price is attributable to the packing material
when aluminium foil is used. The available surface on the front and back of this type of
packet may not allow the inclusion of diagrams or illustrations, or the printing of a text in
more than one language.

A country-specific packet, made from locally-available or locally produced packaging
material, selected on the basis of the local climate, available financial resources, and standard
of available local materials and production facilities.

3.4.3 Text and design of label

The following text is used at present by UNICEF and WHO on the label of their globally distributed
packets:

This text and label design, if adopted, need appropriate adaptation to ensure local understanding,
taking into account the cultural characteristics of the population and the need to provide clear
“instructions for use” in all the national languages or dialects. It is recommended that the
“instructions for use” be illustrated with simple drawings or pictures (previously field-tested) that
focus on the following items:

How to measure the required amount of water, showing the amount and a picture of a
common container for measuring (e.g., a cup or a bottle);

How to mix ORS in the water, preferably showing that both elements are poured into a
wide-mouthed container;

The need to stir the solution;

The fact that ORS is best given by spoon to infants;

Any other health-oriented messages (e.g., breast-feeding).

It may be convenient to print the above as a separate sheet or pamphlet to be inserted in or
affixed to the packet itself.

RECTO:

New Formulation -

Low Osmolarity Oral Rehydration Salts Ph. Int. 4th

For the treatment of dehydration due to diarrhoea

For children and adults

Store in cool, dry place

Each sachet contains:

Glucose, anhydrous Food Grade 13.5 g

Sodium chloride Ph. Int. 4th    2.6 g

Trisodium citrate, dihydrate Ph. Int. 4th 2.9 g

Potassium chloride Ph. Int. 4th 1.5 g

Net weight: 20.5 g

VERSO:

Preparation of solution for oral use:

Dissolve entire content of packet in one litre of

drinking water

Infants: one litre over a 24 hour period

Children: one litre over an 8 to 24 hour

period, according to age

Adults: drink freely as required

Continue treatment until diarrhoea stops

WARNING: DISCARD REMAINING SOLUTION

AFTER 24 HOURS
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3.4.4 Specific brand name

The adoption of a specific brand name which is locally recognized as a symbol or synonym of
rehydration can further help to popularize the product. Examples of ORS product names from
various countries include: Chorosol (India); Dextrolyte (Iraq); Gesolyte (Malaysia); Jeevan Jal
(Nepal); Jeevanee (Sri Lanka); Litrosol (Honduras); Nimkol (Pakistan); Oralit (Indonesia); Orasaline
(Bangladesh); Oresol (Philippines); Prodia (Burkina Faso); Salvadora (Peru);  Serum Oral (Haiti);
Sueroral (Costa Rica, Colombia).

3.5 Options for provision

Once the required amount of ORS per year has been estimated, the national standard dose
identified, the desired presentation determined, and the required funds made available, the health
authorities will have to evaluate ways of procuring ORS. The following options exist:

3.5.1 Importation

Importation of ORS packets (registered brand with WHO-recommended formula) from a
commercial ORS manufacturer abroad, preferably based on tender.

Importation of ORS packets produced and packed on a contractual basis by a private
packaging company abroad which does not produce its own brand of ORS (identical
procedure to UNICEF’s purchases of ORS based on tender).

Importation of ORS packets through UNICEF (warehouse in Copenhagen) on a
reimbursable basis.

3.5.2 Local purchase

Purchase of ORS packets from a local manufacturer in the country, if possible based on
tender.

Purchase of ORS packets produced and packed under contract by a private local
pharmaceutical or food company which does not produce its own brand of ORS (identical
to UNICEF’s international purchases of ORS based on tender).

3.5.3 National production (government-owned)

ORS production integrated into an existing government-owned pharmaceutical factory or
laboratory.

Production of ORS in facilities erected exclusively for this purpose and owned by the
Government

Decentralized mixing and packing of ORS (e.g., “cottage industry”) in regions/districts;
responsibility for logistics, supervision, and quality control rests with the health authorities.

Hospital-based preparation of ORS (in liquid or powder form) for in- and outpatients
only.

One of the main criteria in choosing among the above-listed options is the number of ORS
packets required per year. The following summary may be used as a guide for such evaluations:

PLANNING THE PROVISION AND PRODUCTION OF ORAL REHYDRATION SALTS
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3.6 Approaches to national production

Although the manufacture of ORS does not require complicated production procedures and
sophisticated equipment, it nevertheless needs proper planning which includes (besides the points
mentioned in sections 3.1-3.5) an evaluation of the available infrastructure, production facilities,
competent manpower, and existing distribution system. In addition, a country has to choose
between the following broad approaches to ORS production:  central or decentralized, integrated
or independent, and seasonal or regular production.

3.6.1 Central production

This type of production is, in general, the most economic. Logistic problems are at a minimum,
since the procurement and storage of raw materials, supervision of production activities, quality
control, and distribution of the finished product are handled in a single location.

However, faced with certain constraints (e.g., seasonal transport problems, high transport costs,
poor road conditions, fluctuating demand etc.), a country may find that the above considerations
are outweighed by the need to ensure a steady and guaranteed supply of ORS at the regional or
district level.

3.6.2 Decentralized production

Decentralization of production facilities - e.g., on a regional or district basis - can be particularly
advantageous in situations (e.g., large countries) where the required raw and packaging materials
are already available.  However, when these conditions are not present, and transportation and
distribution of ORS, vaccines, or other essential drugs from central production units are
unsatisfactory or unreliable, it can be assumed that the same logistic constraints will also occur in
the delivery of raw materials to decentralized ones.  Smooth production and steady supply of
ORS in the region will not be guaranteed unless these constraints are carefully considered in the
production planning stage.

Number of packets needed per year:

1-50 000

50 000 - 500 000

500 000 - 3 000 000

3 000 000 - 10 000 000

Recommended type of provision

importation

purchase from local sources

hospital-based preparation

importation

purchase from local sources

hospital-based preparation

integration into government-owned pharmaceutical laboratory

importation

purchase from local sources

decentralized hospital-based preparation

integration into government-owned pharmaceutical laboratory

purchase from local sources

integration into government-owned pharmaceutical laboratory

independent, central production unit (if justified by economic

evaluation study)
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The ingredients of ORS can usually be purchased at a lower price if ordered in large quantities.
Decentralized production does not normally require such large orders, and therefore a higher
price is paid for ingredients than would be the case with central production. Depending on the
quantities of raw materials required, central procurement for all production units may offer the
same advantages, but involves an additional logistic load at the central level - e.g., ordering, receipt
of material, quality control, transit handling, and distribution to regions.

Another important factor to be considered in planning decentralized production (whether this
is industrial or a “cottage industry”) is control of the product’s safety and quality. Since the same
specifications are to be applied regardless of quantity and type of production, even a modest
production unit producing a limited number of packets will have to be equipped with quality
control facilities. Therefore, depending on the quantities produced, the control costs will have a
direct influence on the price of the product, and will need careful consideration in the planning
and evaluation stage.

3.6.3 Integrated or independent ORS production

Generally, the most appropriate approach to ORS production is to integrate it into an existing
pharmaceutical production facility, preferably one that is producing other essential drugs and
where ORS can be manufactured according to demand with existing equipment that is used for
other drugs in powder form.

Separate, independent sections or decentralized units established exclusively for ORS production
are economically (investment) and managerially (employment of staff) justified only if regular
production of large quantities of ORS throughout the year is guaranteed. Small quantities are
economically unattractive in such cases as the overhead costs of infrastructure, maintenance, and
labour have all to be charged to a single product, i.e., ORS, which increases the price of the final
product.

3.7 Price of ORS and evaluation of costs

ORS is produced commercially by several companies and is available in different presentations
and doses as an OTC (Over The Counter) product. The prices vary considerably; some are relatively
high, mostly because their compositions are not the same as the WHO/UNICEF-recommended
formula or because additional ingredients, such as food colouring, sweetener, vitamins, etc., have
been added.

Standard packets, containing the complete WHO/UNICEF-recommended formula for one litre
of solution, are produced for UNICEF by various manufacturers on a contract basis (tender). The
product is listed in the UNIPAC** Catalogue as “Salts oral rehydration powder for 1 Ltr”, and has
the code number S1561121 for export packet of 1000 sachets and code number S1561120 for
boxes of 100 sachets. The present price ex UNIPAC is approximately US$ 0.05 per sachet
(depending on the current exchange rate), not including sea freight, land transport costs, and
handling charges. Thus, depending on the country’s location and access to international transport
routes, the price of an imported packet may finally vary from US$ 0.06 - 0.10.  This price may be
taken as a guide when evaluating local procurement or the feasibility of local ORS production.

As noted above, the main cost factor in an ORS packet is the packaging material, which in the
case of laminated aluminium foil can account for 40% of the total cost of a dose for one litre.
Other important factors are the required investment (depending on whether ORS production is

PLANNING THE PROVISION AND PRODUCTION OF ORAL REHYDRATION SALTS
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integrated into existing facilities or established in a new independent unit), the local labour costs,
and the number of packets to be produced. All of these will eventually have a direct influence on
the final price of the product.

The cost evaluation forms in Annex 2 and Annex 3 indicate a procedure that can be followed
for a comprehensive study and estimation of production costs and the final price of locally produced
ORS in comparison with an imported product. Although the national product is usually no less
expensive than imported packets, local production in most cases offers other advantages which
cannot be expressed in monetary terms. Not only does it conform to the important principle of
national self-reliance, it provides the flexibility to produce ORS according to local needs (including
the ability to respond immediately in the case of an emergency), the liberty to choose a dose that
is adapted to a commonly available container, and the important opportunity to produce an
illustrated label with instructions for use in local languages; the latter is a particular advantage
which often cannot be obtained with an imported packet.
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Raw materials 4
This section provides specifications for each of the raw materials used in the ORS mixture and
describes the procedures for quality control tests. It also includes specifications and other
information on various types of packaging material. Before suppliers are approved and included
in the approved supplier’s list or specifications, they should have been evaluated (see Good
Manufacturing Practices for Pharmaceutical Products. in annex 4).

4.1 Glucose1

Glucose, anhydrous

Molecular formula C
6
H

12
O

6

Relative molecular mass: 180.2

Chemical name: α-D-Glucopyranose;

CAS Reg. No. 492-62-6 (anhydrous)

Glucose, monohydrate

Molecular formula: C
6
H

12
O

6
,H

2
O

Relative molecular mass: 198.2

Chemical name: α-D-Glucopyranose monohydrate

CAS Reg. No. 14431-43-7 (monohydrate)

Other name: Dextrose

4.1.1 Description

Glucose is a sugar, usually obtained by the hydrolysis of corn, potatoes, or tapioca originating
starch.  It either contains one molecule of water of hydration (monohydrate) or is anhydrous. It is
commercially available in the form of colourless crystals or a white, crystalline or granular powder;
it is odourless.

4.1.2 Quality for use in ORS

The use of glucose for the preparation of an oral rehydration solution does not require a pyrogen-
free, pharmaceutical grade such as that used for parenteral preparations, except where tax regulations
indicate that the latter would be economically advantageous compared with other qualities. An
“oral grade” quality is therefore fully acceptable, provided that the quality is within the limits set
in the International Pharmacopoeia (Ph. Int., 4th ed).

RAW MATERIALS

1 Glucosum - International Pharmacopoeia (Ph. Int., 4th ed).
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If such a quality is not available, or the limits set in the specifications prove to be a serious
constraint for the establishment of local production and the provision of ORS in general, the
health authorities may adopt the food standard “Codex Stan 212-1999 (Amd-1-2001)” set by the
Codex Alimentarius Commission of the Joint FAO/WHO Food Standards Programme (http://

www.codexalimentarius.net/download/standards/338/CXS_212e.pdf)

Although preference is given to glucose because it is more efficacious in mediating the absorption
of electrolytes, health authorities may wish (in exceptional cases or if glucose is not available) to
replace it by sucrose (40 g for a one-litre solution), and apply “Codex Stan 212-1999 (Amd-1-
2001)” set by the Codex Alimentarius Commission of the Joint FAO/WHO Food Standards
Programme (http://www.codexalimentarius.net/download/standards/338/CXS_212e.pdf)

Only anhydrous glucose is recommended. Contact of glucose monohydrate with trisodium
citrate and prolonged exposure to tropical (hot and humid) conditions can lead to liquefaction of
the whole mixture.

4.1.3 Bulk density

Depending on the manufacturing process of the glucose and the given particle size, the bulk
density can vary between 500 - 900 g per litre.

Experience has shown that often no guarantee is given by manufacturers of uniformity in the
bulk density, even throughout a single shipment. It is therefore strongly recommended that this
fact be taken into consideration when deciding on the size of the packet for the final ORS mixture.

4.1.4 Price

Depending on the type of packaging material (e.g., multi-ply paper/ polyethylene bags, corrugated
cardboard boxes, fibre drums, steel drums) and the size of the order (e.g., container load), the
price for glucose (anhydrous and monohydrate) ex factory is normally within the range of US
$0.43 - 0.85 per kilo.

4.1.5 Order specifications

Reference is normally made to the relevant monograph in a recognized national or international
pharmacopoeia. However, in certain circumstances the health authorities may wish to establish
country-specific requirements. The following order specifications are given as an example and
may need to be revised, completed, or adapted in each particular case. The same specifications
may also be used as a “tender document” for obtaining comparable quotations from various
bidders.

Glucose, anhydrous, oral grade

Colourless crystals or a white, crystalline or granular powder; odourless
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Specify: according to Ph. Int., 4th ed. or

according to “Codex Stan 212-1999 (Amd-1-2001)”, Codex Alimentarius
Commission, or

with at least the following essential requirements:

Assay min. 99% (calculated with reference to the
dried substance)

Heavy metals max. 5 µg/g

Sulfated ash max. 2.5 mg/g max

Loss on drying max. 10 mg/g

The three quality standards mentioned above are not comparable and may vary considerably
in price. Only the endorsed quality should therefore be mentioned.

Additional requirement - Whenever appropriate facilities for microbiological control are available,
it is recommended that the microbiological purity of the glucose be checked. Relevant methods
and limits are described in the report of the Committee of Official Laboratories and Drug Control
Services and the Sections of Industrial Pharmacists FIP, July 1975, in the article “Microbiological
purity of non-compulsorily sterile pharmaceutical preparations, methods of examination”, published
in Pharmaceutica Acta Helvetiae, 51(3): 33 - 40 (1976).

Quantity: …kg net.

Packing: in multi-ply polyethylene/paper or polyester bags of 25 or 50 kg (max.),

shrink-wrapped on standard pallets

shipped in standard overseas containers (if consignment is over 17 000 kg)

Labeling: The following information has to be given on each bag with weatherproof
ink:

-  name of the product

-  quality or grade of the product

-  name and address of the manufacturer

-  country of origin

-  lot identification (batch number)

-  net weight

Quality For each batch a detailed analytical quality certificate with reference to
certificate the ordered standard must be supplied with the goods.

4.1.6 Quality assurance/test procedures

After receipt of the glucose, the whole shipment is placed in a quarantine area. It may be transferred
to the final storage place in the warehouse only after the quality control laboratory has analyzed
each batch of the supply and released it for production. Normally, the product should be analyzed
fully according to the monograph in the pharmacopoeia indicated by the manufacturer. However,
for the preparation of ORS, the various tests may be reduced to the four essential requirements
given above. In cases where the required instruments, facilities, and resources are not available, at
least the WHO-recommended “Basic Tests” should be applied. The two options mentioned are as
follows:

RAW MATERIALS
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4.1.6.1 Identification (basic tests)

Description: Colourless crystals or a white, crystalline or granular powder; odourless.

Melting behaviour: Heat gently a small quantity of the test substance; it melts. The melt
becomes yellow, then brown and an odour of burning sugar is perceptible. On ignition the
melt swells, then ignites and chars.

Colour and other reactions: Dissolve 250 mg of glucose in 5 ml of water. Add a few
drops of this solution to 5 ml of hot potassio-cupric tartrate TS; a copious red precipitate
is produced.

Alternative test allowing the distinction between different sugars: Dissolve 0.05 g in
5 ml of water, add 1.0 ml of copper (II) acetate (45 g/l) TS and heat for 10 minutes in a
water-bath; a fine red precipitate is formed, which adheres to the walls and the bottom of
the test-tube (distinction from lactose and sucrose, which produce green or brown
precipitates).

4.1.6.2 Purity and Assay

Heavy metals (max 5 µµµµµg/g):  The limit test for heavy metals is performed to demonstrate
that the content of metallic impurities that are coloured by sulfide ions does not exceed
the heavy metals limit given in terms of micrograms of lead per gram of the test substance.

The test consists of two operations: preparation of the test solution, and comparison of
the colour obtained with that produced with standard lead solution.

The test solution is prepared as specified below. A blank is prepared in a similar manner.

The reaction with sulfide ions is carried out by mixing the test solution with freshly prepared
thioacetamide (6.5 g/l) TS. The colour thus obtained is directly compared with the coloration
of the liquid in suitable comparison tubes.

Carry out the test in comparison tubes of transparent glass of about 20 ml capacity. Nessler
cylinders are suitable.

Buffer solution: dissolve 5 g of ammonium acetate R in 5 ml of water and add 8 ml of
hydrochloric acid (~250 g/l) TS. Check the pH, correct it if necessary to 3.5, and add 20
ml of water.

Stock solution: dissolve 5.0 g glucose in 25 ml of water.

Test solution:  to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 12 ml of stock
solution and 2 ml of buffer solution and mix.

Reference solution: to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 9 ml of water,
1.0 ml of solution lead, dilute PbTS, 2 ml of stock solution, and 2 ml of buffer solution
and mix.

After 2 minutes the colour of the test solution should not be darker than that of the
reference solution.

Sulfated ash (max. 2.5 mg/g)

Tare a crucible  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
1

Weigh accurately with about 1 g of sample and the crucible  . . . . . . . . . . . . . . . . . . . . . g
2

Moisten with concentrated sulfuric acid (~1760 g/l) TS, heat gently to remove
excess acid, ignite at about 800° C until all black particles have disappeared.

Again moisten with concentrated sulfuric acid (~1760 g/l) TS and re-ignite.

Add a small amount of ammonium carbonate R and ignite to constant weight  . . . . . . g
3
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(g
3
 - g

1
) x 1000

Calculate: ————————––——— = sulfated ash (mg/g)
     (g

2
- g

1
)

Loss on drying: Glucose, anhydrous: max. 10 mg/g, and

Glucose, monohydrate: max. 100 mg/g

Tare a crucible or weighing bottle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
1

Weigh accurately the crucible or the weighing bottle with 1-2 g of sample  . . . . . . . . . . g
2

Dry at 80°C for 2 hours, then let cool to room temperature in a desiccator.

Reweigh crucible or weighing bottle and sample  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
3

(g
3
 - g

1
) x 1000

Calculate: ——————————–––– = loss on drying (mg/g)
     (g

2
 - g

1
)

Assay (min. 99%)

Weigh accurately about 100 mg of sample  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mg

Place the sample in a 250-ml glass-stoppered flask. Add 50 ml of water,
25 ml of iodine (0.05 mol/l) VS, and 10 ml of sodium carbonate (50 g/l) TS.

Keep the solution in the dark for 20 minutes, shaking it from time to time.

Add 15 ml of sulfuric acid (~100 g/l) TS.

Titrate the excess of iodine with sodium thiosulfate (0.1 mol/l) VS, using
starch TS as indicator  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ml

1

Repeat operations (2) - (5) without the sample.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ml
2

(ml
2
 - ml

1
) x 900.8

Calculate: —————————————— = % glucose, anhydrous
mg x f

(ml
2
 - ml

1
) x 990.8

or: –––––––––––––––––––––––––– = % glucose, monohydrate
mg x f

1000 - loss of drying (mg/g)
where f = ––––––––––––––––––––––––––––––––––––––

     1000

RAW MATERIALS
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4.2 Sodium Chloride1

Molecular formula: NaCl

Relative molecular mass: 58.44  (Na = 22.99, Cl = 35.45)

Chemical name: Sodium chloride;

CAS Reg. No. 7647-14-5.

4.2.1 Description

It is commercially available as colourless crystals or a white, crystalline powder;  it is odourless. It
is listed in the category of ionic equilibration agents.

4.2.2 Quality for use in ORS

The oral rehydration mixture (ORS) is considered as a pharmaceutical preparation, and reference
is therefore made to the monograph in the International Pharmacopoeia. However, if sodium
chloride is produced locally, but is not of the mentioned pharmaceutical grade, the health authority
may apply a standard for a food grade quality.

4.2.3 Price

The pharmaceutical grade of sodium chloride is normally supplied in steel drums containing 25-
50 kg. With this type of packing, and depending on the size of the order, the price may vary
between US $0.19 and 0.72 per kg.

4.2.4 Order specifications

Reference is normally made to the relevant monograph in a recognized national or international
pharmacopoeia. However, in certain circumstances as when sodium chloride is produced locally,
the health authorities may wish to establish country-specific requirements. The following order
specifications are given as an example, and may need to be revised, completed, or adapted in each
particular case. The specifications may also be used as a “tender document” for obtaining comparable
quotations from various bidders.

Sodium chloride

Colourless crystals or a white, crystalline powder; odourless.

Specify: according to Ph. Int., 4th ed. or

with at least the following essential requirements:

Assay min. 97% (calculated with reference
to the dried substance)

Heavy metals max. 10 µg/g

Loss on drying max. 10 mg/g

Food grade salt may contain anti-caking agents (max. 20 mg/g), free-flowing agents (max. 10 µ/g),
and processing aids (max. 10 µ/g).

1 Natrii chloridum - Ph. Int., 4th ed.



19

The two quality standards listed above are not comparable and may vary considerably in price.
Only the endorsed quality should therefore be mentioned.

Quantity: ….kg net

Packing: quantities of 25 to 50 kg (max.), sealed in heavy duty polyethylene bags,
packed in airtight steel or fibre drums,

shrink-wrapped on standard pallets,

shipped in standard overseas containers.

Minimum order for shipment in a container is about 17,000 kg.  If this product is shipped together
with potassium chloride and trisodium citrate, dihydrate, the total order may reach the minimum
quantity for shipping in a container.

Labeling: The following information has to be indicated on each drum with
weatherproof ink:

-  name of the product

-  quality or grade of the product

-  name and address of the manufacturer

-  country of origin

-  lot identification (batch number)

-  net weight

Quality For each batch a detailed analytical quality certificate  with
certificate reference to the ordered standard must be supplied with the

goods.

If salt contains fluoride or iodine, it must be declared as “fluoridated salt” or “iodized salt”:

4.2.5 Quality assurance/test procedures

After receipt of the sodium chloride, the whole shipment is placed in a quarantine area. It may be
transferred to the final storage place in the warehouse only after the quality control laboratory has
analyzed each batch of the supplied material and released it for production. Normally the product
should be analyzed fully according to the monograph in the pharmacopoeia indicated by the
manufacturer.  However, for the preparation of ORS, the various tests may be reduced to the three
essential requirements given above.  In cases where the required instruments, facilities, and resources
are not available, at least the WHO-recommended “Basic Tests” should be applied. The two options
mentioned are as follows:

4.2.5.1 Identification (Basic tests)

Description

Colourless crystals or a white, crystalline powder; odourless.

Colour and other reactions

Apply one of the following alternatives:

a. Moisten a small quantity of the substance with hydrochloric acid (~250 g/l) TS and
introduce it into a non-luminous flame using a magnesia stick, or a nichrome or
platinum wire sealed to a glass rod; a strong yellow colour can be observed (sodium).

RAW MATERIALS
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b. Dissolve 0.10 g in 1.0 ml of water, acidify with acetic acid (~300 g/l) TS and add 2.0
ml of magnesium uranyl acetate TS: a light yellow, crystalline precipitate is formed
(sodium).

c. Dissolve 250 mg of the test substance in 5 ml of water and add 5 ml of potassium
pyroantimonate (13 g/l) TS. A white, crystalline precipitate is formed. If necessary,
heat the solution to obtain a precipitate (sodium).

d. Dissolve 25 mg of the test substance in 5 ml of water, add 0.5 ml of nitric acid (~130
g/l) TS and 0.5 ml of silver nitrate (40 g/l) TS; a white, curdy precipitate is formed.
Separate the precipitate, wash with water, and add an excess of ammonia (~100 g/l)
TS; the precipitate dissolves (chlorides).

4.2.5.2 Purity  and Assay

Heavy metals (max. 10 µµµµµg/g)

The limit test for heavy metals is performed to demonstrate that the content of metallic
impurities that are coloured by sulfide ions does not exceed the heavy metals limit given in
terms of micrograms of lead per gram of the test substance.

The test consists of two operations: preparation of the test solution, and comparison of
the colour obtained with that produced with standard lead solution.

The test solution is prepared as specified below. A blank is prepared in a similar manner.

The reaction with sulfide ions is carried out by mixing the test solution with freshly prepared
thioacetamide (6.5 g/l) TS. The colour thus obtained is compared directly with the coloration
of the liquid in suitable comparison tubes.

Carry out the test in comparison tubes of transparent glass of about 20 ml capacity. Nessler
cylinders are suitable.

Buffer solution: dissolve 5 g of ammonium acetate R in 5 ml of water and add 8 ml of
hydrochloric acid (~250 g/l) TS. Check the pH, correct it if necessary to 3.5, and add 20
ml of water.

Stock solution: dissolve 2.5 g of sodium chloride in 25 ml of water.

Test solution: to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 12 ml of stock
solution and 2 ml of buffer solution and mix.

Reference solution: to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 9 ml of water,
1 ml of solution lead, dilute PbTS, 2 ml of stock solution, and 2 ml of buffer solution and
mix.

After 2 minutes the colour of the test solution should not be darker than that of the
reference solution.

Loss on drying (max. 10 mg/g)

Tare a crucible or weighing bottle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
1

Weigh accurately the crucible or the weighing bottle with 1-2 g of sample  . . . . . . . . . . g
2

Dry at 130°C for 2 hours, then let cool to room temperature in a desiccator.

Reweigh crucible or weighing bottle and sample  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
3
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(g
2
 - g

3
) x 1000

Calculate: ––––––––––––––––––––––– = loss on drying (mg/g)
     (g

2
 - g

1
)

Assay (min. 97%)

Accurately weigh about 100 mg of dried sample (from the last-mentioned test)  . . . . mg

Titrate with silver nitrate (0.1 mol/l) VS using potassium chromate (50 g/l) TS
as indicator  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ml

    ml x 584.4
Calculate: ––––––––––––––––––––––– = % of NaCl

mg

4.3 Potassium Chloride1

Potassium chloride (non-injectable) Potassium chloride for parenteral use

Molecular formula: KCl

Relative molecular mass: 74.55 (K = 39.10, Cl = 35.45)

Chemical name: Potassium chloride;

CAS Reg. No. 7447-40-7.

Other names: Sylvine, Sylvite.

4.3.1 Description

It is commercially available as colourless crystals or a white, crystalline powder; it is odourless. It
is listed in the category of ionic equilibration agents.

4.3.2 Quality for use in ORS

The oral rehydration mixture (ORS) is considered as a pharmaceutical preparation, and reference
is therefore made to the monograph in the International Pharmacopoeia. However, if potassium
chloride is produced locally, but is not of the mentioned pharmaceutical grade, the health authority
may apply the standard for a food grade quality such as that set in the FAO Food and Nutrition
Paper IECFA 23, Vol. 12, page 90, “Food colours, flavouring agents and other food additives”.

4.3.3 Price

The pharmaceutical grade of potassium chloride is normally supplied in airtight steel drums
containing 25-50 kg. With this type of packing, and depending on the size of the order, the price
may vary between US $0.90 and 1.75 per kg.

4.3.4 Order specifications

Reference is normally made to the relevant monograph in a recognized national or international
pharmacopoeia. However, in certain circumstances or when potassium chloride is produced locally,

RAW MATERIALS

1 Kalii chloridum - Ph. Int., 4th ed.
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the health authorities may wish to establish country-specific requirements. The following order
specifications are given as an example, and may need to be revised, completed, or adapted in each
particular case. The same specifications may also be used as a “tender document” for obtaining
comparable quotations from the various bidders.

Potassium chloride (non-injectable)

Colourless crystals or a white, crystalline powder;  odourless.

Specify: according to Ph. Int., 4th ed. or

according to FAO Food and Nutrition Paper JECFA 23, Vol.12, page 90,
“Food colours, flavouring agents and other food additives”, or

with at least the following essential requirements:

Assay min. 99% (calculated with reference to
the dried substance)

Heavy metals max. 10 µg/g

Loss on drying max. 10 mg/g

The three quality standards mentioned above are not comparable and may vary considerably in
price. Only the endorsed quality should therefore be mentioned.

Quantity: ….. kg net

Packing quantities of 25 to 50 kg (max.), sealed in heavy duty polyethylene bags,
packed in airtight steel or fibre drums,

shrink-wrapped on standard pallets,

shipped in standard overseas containers

Minimum order for shipment in a container is about 17,000 kg. If this product is shipped together
with sodium chloride and trisodium citrate, dihydrate, the total order may reach the minimum
quantity for shipping in a container.

Labeling: The following information has to be indicated on each drum, with
weatherproof ink:

-  the name of the product

-  quality or grade of the product

-  name and address of the manufacturer

-  country of origin

-  lot identification (batch number)

-  net weight

Quality For each batch a detailed analytical quality certificate with reference
certificate to the ordered standard must be supplied with the goods.

4.3.5 Quality assurance/test procedures

After receipt of the potassium chloride, the whole shipment is placed in a quarantine area. It may
be transferred to the final storage place in the warehouse only after the quality control laboratory
has analyzed each batch of the supplied material, and released it for production. Normally, the
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product should be analyzed fully according to the monograph in the pharmacopoeia indicated by
the manufacturer. However, for the preparation of ORS, the various tests may be reduced to the
three essential requirements given above. In cases where the required instruments, facilities, and
resources are not available, at least the WHO-recommended “Basic Tests” should be applied. The
two options mentioned are as follows:

4.3.6.1 Identification (Basic tests)

Description

Colourless crystals or a white, crystalline powder; odourless.

Colour and other reactions

Dissolve 5 mg of the test substance in 2 ml of water, add 4 drops of sodium cobaltinitrite
(100 g/l) TS; a yellow-orange precipitate is produced (potassium).

Dissolve 10 mg of the test substance in 4 ml of water, add 5 drops of silver nitrate (40 g/l)
TS; a white, curdy precipitate is formed. Separate the precipitate, wash it with water, and
add an excess of ammonia (~100 g/l) TS; the precipitate dissolves (chlorides).

Heat a small amount of the test substance with a few drops of sodium hydroxide (~ 80 g/l)
TS; no odour of ammonia is perceptible.

Moisten a small amount with hydrochloric acid (~ 420 g/l) TS and introduce the mixture
into a non-luminous flame using a magnesia stick or a nichrome or platinum wire sealed to
a glass rod;  a violet colour is observed and, when viewed through a suitable blue glass, the
flame is reddish purple (potassium).

4.3.6.2 Purity and Assay

Heavy metals (max. 10 µµµµµg/g)

The limit test for heavy metals is performed to demonstrate that the content of metallic
impurities that are coloured by sulfide ions does not exceed the heavy metals limit given in
terms of micrograms of lead per gram of the test substance.

The test consists of two operations: preparation of the test solution, and comparison of
the colour obtained with that produced with standard lead solution.

The test solution is prepared as specified below. A blank is prepared in a similar manner.

The reaction with sulfide ions is carried out by mixing the test solution with freshly prepared
thioacetamide (6.5 g/l) TS. The colour thus obtained is compared directly with the coloration
of the liquid in suitable comparison tubes.

Carry out the test in comparison tubes of transparent glass of about 20 ml capacity. Nessler
cylinders are suitable.

Buffer solution: dissolve 5 g of ammonium acetate R in 5 ml of water and add 8 ml of
hydrochloric acid (~ 250 g/l) TS.  Check the pH, correct it if necessary to 3.5 and add 20
ml of water.

Stock solution: dissolve 2.5 g of potassium chloride in 25 ml of water.

Test solution: to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 12 ml of stock
solution and 2 ml of buffer solution and mix.

Reference solution: to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 9 ml of water,
1 ml of solution lead, dilute PbTS, 2 ml of stock solution and 2 ml of buffer solution and
mix.

After 2 minutes the colour of the test solution should not be darker than that of the
reference solution.

RAW MATERIALS
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Loss on drying (max. 10 mg/g)

Tare a crucible or weighing bottle  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
1

Weigh accurately the crucible or the weighing bottle with 1-2 g of sample  . . . . . . . . . . g
2

Dry at 130°C for 2 hours, then let cool to room temperature in a desiccator.

Reweigh crucible or weighing bottle and sample  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
3

(g
2
 - g

3
) x 1000

 Calculate: –––––––––––––––––––––––– = loss on drying (mg/g)
     (g

2
 - g

1
)

Assay (min. 99%)

Accurately weigh about 100 mg of dried sample (from the last-mentioned test)
and dissolve it in 50 ml of water  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . mg

Titrate with silver nitrate (0.1 mol/1) VS, using potassium chromate (50 g/l) TS
as indicator  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ml

    ml x 745.5
Calculate: –––––––––––––––––––––––– = % KCl

mg

4.4 Sodium Citrate1

Sodium citrate, anhydrous:

Molecular formula: C
6.
H

5
Na

3
O

7

Relative molecular mass: 258.1 (anhydrous) (C
6
 = 72.07)

(H
5
 =  5.04)

(Na
3
 = 68.97)

(O
7
 = 112.00)

Chemical name: Trisodium citrate, anhydrous;

CAS Reg. No. 68-04-2 (anhydrous)

Sodium citrate, dihydrate

Molecular formula: C
6
H

5
Na

3
0

7
,2H

2
0

Relative molecular mass: 294.1 (dihydrate)

Chemical name: Trisodium citrate, dihydrate

CAS Reg. No. 6132-04-3

4.4.1 Description

Sodium citrate is commercially available in the form of colourless crystals or a white, crystalline
powder; it is odourless. It is slightly deliquescent in moist air. It is listed in the category of systemic
alkalizing agents and is used as a buffer, sequestrant, and emulsion stabilizer. It is freely soluble in
water; practically insoluble in ethanol.

1 Natrii citras -  Ph. Int., 4th ed.
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4.4.2 Quality for use in ORS

To achieve the required pH limits in the ORS solution, only trisodium citrate is indicated.

The recommended ORS-citrate composition contains trisodium citrate, dihydrate in view of
the fact that this quality is more widely available on the market and produced in large quantities.
Anhydrous trisodium citrate can, however, be used without hesitation where such a quality is
available and preferred, but a higher price (by about 40%) must be expected.

It might seem logical to replace anhydrous glucose with the monohydrate quality where trisodium
citrate, dihydrate is used; however, stability tests have shown that such a combination is far less
stable, and the high total content of water of crystallization in both ingredients eventually leads
to a liquefaction if packed in polyethylene and exposed to tropical conditions (23°-40°C and 82%-
92% Rh).

The oral rehydration mixture is considered as a pharmaceutical preparation and reference is
therefore made to the monograph in the International Pharmacopoeia. However, if sodium citrate
is produced locally, but is not of the mentioned pharmaceutical grade, the health authority may
apply the standard set in the specifications for identity and purity of some food additives prepared
at the 19th JECFA (1975), published in NMRS 55B (1976) and in FNP 52 (1992).

4.4.3 Price

The pharmaceutical grade of sodium citrate is normally supplied in airtight steel drums containing
25 kg to 50 kg (max.). With this type of packing, and depending on the size of the order, the price
may vary between US $1.25 and 2.00 per kg.

4.4.4 Order specifications

Reference is normally made to the relevant monograph in a recognized national or international
pharmacopoeia.  However, in certain circumstances, as when sodium citrate is produced locally,
the health authorities may wish to establish country-specific requirements. The following order
specifications are given as an example, and may need to be revised, completed, or adapted in each
particular case. The same specifications may also be used as a “tender document” for obtaining
comparable quotations from various bidders.

Trisodium citrate, dihydrate

Colourless crystals or a white, crystalline powder; odourless.

Specify: according to Ph. Int., 4th ed. or

according to the specifications for identity and purity of some food additives,
19th JECFA (1975), published in NMRS 55B (1976) and in FNP 52 (1992),
or

with at least the following essential requirements:

Assay min. 99% (calculated with reference to the
dried substance)

Heavy metals max. 20 µg/g
Water min. 100 - max. 130 mg/g

The three quality standards mentioned above are not comparable, and may vary considerably in
price. Only the endorsed quality should therefore be mentioned.

RAW MATERIALS
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Quantity: …kg net.

Packing: quantities of 25 to 50 kg (max.). sealed in heavy duty polyethylene bags,
protected from humidity, packed in airtight steel or fibre drums,

shrink-wrapped on standard pallets,

shipped in overseas containers.

Minimum order for shipment in a container is about 17,000 kg. If this product is shipped together
with potassium chloride and sodium chloride, the total order may reach the minimum quantity
for shipping in a container.

Labelling: The following information has to be indicated on each drum with
weatherproof ink:

-  name of the product

-  quality or grade of the product

-  name and address of the manufacturer

-  country of origin

-  lot identification (batch number)

-  net weight

Quality For each batch a detailed analytical quality certificate with reference
certificate to the ordered standard must be supplied with the goods.

4.4.5 Quality assurance/test procedures

After receipt of the sodium citrate, the whole shipment is placed in a quarantine area. It may be
transferred to the final storage place in the warehouse only after the quality control laboratory has
analyzed each batch of the supplied material and released it for production. Normally the product
should be analyzed fully according to the monograph in the pharmacopoeia indicated by the
manufacturer. However, for the preparation of ORS, the various tests may be reduced to the three
essential requirements given above. In cases where the required instruments, facilities, and resources
are not available, at least the WHO-recommended “Basic Tests” should be applied. The two options
mentioned are as follows

4.4.5.1 Identification (Basic tests)

Description

Colourless crystals or a white, crystalline powder; odourless.

Colour and other reactions

Test solution:  dissolve 1.0 g of sodium citrate in 20 ml of water.

Apply one of the following alternatives:

a. Moisten a small quantity of the substance with hydrochloric acid (~250 g/l) TS and
introduce it into a non-luminous flame using a magnesia stick or a nichrome or platinum
wire sealed to a glass rod; a strong yellow colour can be observed (sodium).

b. Acidify 2.0 ml of the solution from test 1 with acetic acid (~300 g/l) TS and add 2.0
ml of magnesium uranyl acetate TS: a light yellow, crystalline precipitate is produced
(sodium).
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c. To 5 ml of the test solution add 5 ml of potassium pyroantimonate (13 g/l) TS. A
white crystalline precipitate is formed. If necessary, heat the solution to obtain a
precipitate (sodium).

d. To 1.0 ml of the test solution add 4 ml of water and 3 ml of mercuric chloride (65 g/l)
TS, and heat to boiling. To the boiling solution add a few drops of potassium
permanganate (10 g/l) TS  the violet colour is immediately discharged and a white
precipitate is produced (citrate).

e. The test solution is slightly alkaline when tested with pH-indicator paper R (citrate).

4.4.5.2 Purity and Assay

Heavy metals (max. 20 µµµµµg/g)

The limit test for heavy metals is performed to demonstrate that the content of metallic
impurities that are coloured by sulfide ions does not exceed the heavy metals limit given in
terms of micrograms of lead per gram of the test substance.

The test consists of two operations: preparation of the test solution, and comparison of
the colour obtained with that produced with standard lead solution.

The test solution is prepared as specified below. A blank is prepared in a similar manner.

The reaction with sulfide ions is carried out by mixing the test solution with freshly prepared
thioacetamide (6.5 g/l) TS. The colour thus obtained is compared directly with the coloration
of the liquid in suitable comparison tubes.

Carry out the test in comparison tubes of transparent glass of about 20 ml capacity. Nessler
cylinders are suitable.

Buffer solution: dissolve 5 g of ammonium acetate R in 5 ml of water and add 8 ml of
hydrochloric acid  (~250 g/l) TS. Check the pH, correct it if necessary to 3.5 and add 20
ml of water.

Stock solution: dissolve 1.25 g of sodium citrate in 25 ml of water.

Test solution: to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 12 ml of stock
solution and 2 ml of buffer solution and mix.

Reference solution: to 1.2 ml thioacetamide (6.5 g/l) TS add a mixture of 9 ml of water,
1 ml of solution lead, dilute PbTS, 2 ml of stock solution, and 2 ml of buffer solution and
mix.

After 2 minutes the colour of the test solution should not be darker than that of the
reference solution.

Loss on drying (100 - 130 mg/g)

Tare a crucible  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
1

Weigh accurately the crucible with 1-2 g of sample  . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
2

Dry at 180° C to constant weight, then let cool to room temperature in a desiccator.

Reweigh crucible and sample  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . g
3

(g
2
- g

3
) x 1000

Calculate: ––––––––––––––––––––––– = loss on drying (mg/g)
     (g

2
 - g

1
)
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Assay (min. 99%)

Dissolve about 150 mg of sodium citrate, accurately weighed, in 20 ml of
glacial acetic acid R, heat to about 50 C, and allow to cool to room temperature  . . . mg

Titrate with perchloric acid (0.1 mol/l) VS, using 0.25 ml 1-naphtholbenzeine/
acetic acid TS as indicator, or determine the end point potentiometrically  . . . . . . . . ml

1

Repeat the titration without the sample in the same manner  . . . . . . . . . . . . . . . . . . . ml
2

      (ml
1
 - ml

2
) x 860.3

Calculate: ––––––––––––––––––––––– = % sodium citrate
      mg x f

1000 - loss on drying (mg/g)
where f = ––––––––––––––––––––––––––––––––––––––

                                                1000

4.5 Packaging material

The kind of packaging material to be used for ORS depends mainly on the required standard of
stability, the climatic conditions, and the available resources.

4.5.1 Multi-ply laminations with aluminium foil

Specifications

This type of packaging material is available in numerous different combinations of compounds. A
compound of polyethylene, aluminium, and polyester (or any other suitable coating compound)
has proved to be a very satisfactory combination for packing ORS. The polyethylene on the inner
side is essential for heat-sealing the compound together, the aluminium in the middle reduces the
permeability to gas and steam (so that it is no longer effectively measurable1), and the polyester
on the outside protects the aluminium, and the ink on the aluminium, and improves the mechanical
qualities in general.

1 International standards allow aluminium foil of less than 20 microns to have 100 pin holes per 100 cm2.

Only foil of more than 20 microns has to be free of pin holes.

FIGURE 1. Laminated aluminium foil
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For recommended ORS compositions the thickness should, whenever possible, be selected
within the following limits:

INSIDE: Polyethylene (PE) 0.040 - 0.050 mm or 36.9 - 46.1 g/m2

MIDDLE: Aluminium (ALU) 0.009 - 0.015 mm or 24.3 - 40.5 g/m2

OUTSIDE: Polyester (P) 0.012 - 0.015 mm or 12.9 - 20.9 g/m2

Choice of the recommended compound does not guarantee a stable and satisfactory product if
the raw material is not dry, the sealing is imperfect, and the final product is not stored appropriately.

The laminations with aluminium foil are available in printed form on rolls, cut according to
the required width for handling on automatic dosing/sealing equipment, or as ready-made pouches
sealed on 3 sides and printed, for use with semi-automatic dosing equipment.

It is normally more economical to purchase printed aluminium foil in quantities for at least
one million packets, since the initial costs for the printing cliches or cylinders are much less for
large quantities than for small orders.

The price of laminations with aluminium foil depends mainly on the thickness of the aluminium
foil, as well as the particular combination, the type of printing, the ink coverage, and the reel
width. A detailed and exact specification is therefore important if valid and comparable prices are
to be obtained. The following example may be used as a guide, and adapted as required:

Product to be packed: 13.6 g glucose, anhydrous

2.6 g sodium chloride

2.9 g trisodium citrate, dihydrate

1.5 g potassium chloride

Format of packet: 75 mm x 105 mm

Quantity: for 1 million packets

(16 000 m2 or about 70 000 metres incl. waste)

RAW MATERIALS

FIGURE 2. Manufacture of pouches from aluminium foil on rolls

1of 2
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2 of 2

Quality: Polyethylene 50 microns

Aluminium 9 microns

Polyester 12 microns

shiny side of alu foil outside

roll width 220 mm

cut off 90 mm

roll ext. dia. 390 mm max.

flexoprint, 2 colours

ink coverage 80%

Packing: in heavy wooden cases of 500 kg max., safely protected and secured

against friction

The price of this particular quality, and for the minimum quantity specified above, is approx.
US $50.00 per 100 m, inclusive of overseas packing ex factory but excluding transport/shipping
costs. This total cost represents an approximate price per packet of US $0.010. Ready-made
pouches (sealed on three sides), meeting basically the same quality specifications as above, would
cost approximately US $0.016. The prices are directly dependent on the price of aluminium on
the world market, and may change at any time.

Precautions for handling and storage

For satisfactory use of this type of packaging material, particularly on automatic machines, the
following precautions are recommended:

Do not drop the wooden cases containing aluminium foil. Only mechanical handling,
either with hand pallet trucks or mechanical lifters, should be permitted.

Store and keep aluminium foil in its original packing material, such as wooden overseas
freight cases, until the foil is used on an automatic packaging machine. If this is not
possible, do not stack more than 4-5 rolls on top of each other.

Handle rolls of aluminium laminate very carefully. Never roll them on the floor, but use a
small trolley for transport from one room to another. Avoid damaging the edge of the rolls,
since this can seriously affect the proper sealing of packets on automatic equipment.

Never store the material directly exposed to sunlight and heat.

Optimal storage conditions: 20°C and 60% relative humidity.

It is not recommended that the material be kept in a cold store, but rather in a constant,
ambient atmosphere, to exclude the possibility of condensation at the time of use.

Manufacturers normally guarantee a shelf-life of one year, if foil is stored under normal
conditions. Material stored for a longer period may still be usable, but it would be best to
have the material analyzed by the manufacturer, and to obtain his release or extension of
guarantee.

4.5.2 Polyethylene foil

ORS can in certain cases be perfectly well packed in transparent or printed polyethylene (low
density), which in fact offers a particular advantage in dry and hot climates; in such conditions
the evaporating water of crystallization in the raw material can escape through the pores of the
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foil and thus the moisture content of the product is reduced.  In hot and humid climates, however,
the reaction may be the reverse, and the moisture may penetrate through the pores into the
packet, where it is absorbed by the mixture, causing lumping or even deterioration.

ORS-citrate does not absolutely require an impermeable packaging material. If packed in
polyethylene it may, however, absorb moisture and some lumping, which is usually acceptable.
The possibilities for the use of polyethylene packets are basically as follows:

use of a single polyethylene bag for the whole ORS mixture, with the composition,
instructions, brand, and other information printed on the polyethylene,

use of two unprinted polyethylene bags, one for the whole ORS mixture and a second to
hold together the first bag containing ORS and a printed insert (with composition,
instructions for use, illustrations, etc.).

Suitable sizes for these packets and the minimal gauges of polyethylene recommended for each
are as follows:

The price for a set of two bags may vary between US $0,005 - 0.01, costs for sea or airfreight
not included.

4.5.3 Collecting boxes

Whether ORS is packed in aluminium laminate or polyethylene, the finished product will need to
be packed in boxes for easy handling, transport and distribution. Collecting boxes normally contain
between 25 and 50 ORS packets of 20.5 g, representing a total weight of 0.520 - 1.05 kg. The total
number of packets in a collecting box may, however, be much higher, particularly if packets
containing smaller doses (4.1 g) are packed. Therefore, the type and quality of carton to be used
(common carton, 2-ply, or 3-ply corrugated cardboard) will depend on the size of the box, the
total weight, the expected strain, and finally, on the local availability of packing material.

These collecting boxes, containing 25-50 packets, are themselves normally packed in a transport
carton, which again should not be too heavy for manual handling.  The standard quantity held by
one carton is normally between 500 packets (approx. 15 kg) and 1000 packets (31 kg, such as
supplied by UNIPAC).

RAW MATERIALS

Size of bag Gauge of PE

Inner bag containing glucose, KCl, NaCl, 65 mm x 100 mm min. 0.04 mm

and trisodium citrate (27.9 g)

Outer bag holding ORS and label 70 mm x 120 mm min. 05 mm
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Production  premises5
5.1 General

In view of the fact that ORS is considered as a drug, and is included in the WHO model list of
Essential Medicines, it is strongly recommended that countries apply and use as a guide, wherever
possible, the standards laid down in the document “Good Manufacturing Practices for
pharmaceutical products: main principles” when planning manufacturing premises and production
procedures (see Annex 4).

The main requirements that have a direct influence on the kind of construction and finishing
material used inside the rooms are: prevention of cross-contamination with other pharmaceutical
products produced in the same facility, prevention of mix-up with other chemicals, cleanliness in
general, and minimal maintenance.

The flow of material should be designed in such a way that back-tracking and possible confusion
with other materials/chemicals are avoided. The same precaution should be observed with regard
to the possible contamination of products or personnel.

Depending on the country’s climatic conditions, the type of packing equipment required, and
the ORS composition chosen, special attention must be given to the treatment of air, which can
vary from simple air filtration to dehumidification, with all the necessary instruments, controls,
and constructional features. In the context of planning ORS production, whether it is to be included
in an existing factory or an independent unit, it is essential to take into account the need for
adequate space for storing material and appropriate staff facilities.

For an average annual production of 3-4 million packets of ORS containing a dose for one litre
of solution, regardless of whether packaging is automatic or semi-automatic, the premises should
include the following rooms and facilities:

Section I

(i) Warehouse for raw and packaging materials (including quarantine, reception, and
handling area)

(ii) Warehouse for finished product

Section II

(i) Airlock (with cleaning facilities for incoming goods)

(ii) Bulkstore for raw and packaging materials
(covering one week’s production) approx. 25 m2

(iii) Room for grating, sifting, sieving (possibly drying), weighing,
and mixing approx. 30 m2

(iv) Cubicle for washing equipment approx. 6 m2

(v) In-process quality control laboratory approx. 15 m2

(vi) Room for dosing, sealing, and packing approx. 45 m2

(vii) Bulkstore for finished product (quarantine) approx. 20 m2
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Section III

(i) Office for production manager/supervisor 10 m2

(ii) Recreation room for personnel 15 m2

(iii) Lockers for men 10 m2

(iv) Lockers for women 10 m2

(v) Toilet for women 10 m2

(vi) Toilet for men   8 m2

(vii) Cupboard for cleaning materials   1 m2

(viii) Storeroom for uniforms, spare parts, tools
(preferably a separate room) 10 m2

(ix) Storeroom for reference samples
(preferably a separate room) 10 m2

The proportion of space required for each of the three main sections can vary considerably, and
depends mainly on how the raw material is ordered and stored. The following example may illustrate
the allocation of space in a case where raw materials for 2 million packets are ordered once a year
and all stored on the floor:

- storage area: 70%

- production area: 16%

- staff facilities: 14%

These figures clearly show that the most economical solution is to incorporate ORS production
into a larger plant where storage and staff facilities are already available. Where there is no other
alternative to independent ORS production, the total infrastructure and all possible additional
services (e.g.; quality control; laundering, catering, waste water treatment) will have to be included
in the cost estimate and considered when planning ORS production.

The cost of civil works depends mainly on the availability of construction materials. Experience
has shown that costs can vary from US$130 - 750 per square metre. It is therefore advisable to
evaluate these costs locally.

5.2 Storage facilities

Whether ORS is imported or locally produced, and whether it is produced on a large or small
scale, in all cases sufficient and adequate storage space must be available or prepared. If ORS is
produced locally, space for both raw material and finished product may need to be considered in
the planning stage. Information on storage can be obtained in the document entitled “Guide to
Good Storage Practices for Pharmaceuticals”, WHO Technical Report Series, No 908, 2003, Annex
9, pages 125-136 (http://www.who.int/medicines/library/TRS/trs908/trs908-9.pdf).

The storage area or warehouse should be well-ventilated, dry, and ideally have a ceiling height
of at least 350 cm. The door width should be at least 100 cm, and the door height around 230 cm,
for easy passage of pallets, equipment, and other items. ORS is relatively heavy, a carton of 1000
packets weighing 25 kg. Therefore, it is more conveniently handled mechanically, particularly if
produced in large quantities. For this reason the storage area should preferably have a smooth
floor, and be constructed to support the expected load (tons/m2); this is particularly important in
a multi-storey building. The required load capacity will mainly depend on whether goods are
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stored on racks or exclusively on the floor. The normal capacity requirement in a warehouse with
racks is about 1500 - 2000 kg/m2. It is, however, strongly recommended that the required floor
load capacity (in tons per square metre) be evaluated and calculated in each individual case.

Exclusively horizontal storage of pallets (at floor level only) normally requires an extensive
storage area, particularly if large quantities of goods have to be stored. The use of racks, however,
can drastically reduce the need for floor surface, depending on how many stock levels are created.
In cases where a hand stacker with a lifting height capacity of 1625-2900 mm is used, but also for
safety reasons, it is preferable to limit the stock levels to three (floor level, 135 cm above floor
level, and 250 cm max. above floor level).

The racks should preferably be of a strong and solid quality, designed for storing pallets; all the
required frames, adjustable beams, crossbars, and diagonal strips should be made of rolled sheet
steel and specified (safe) for the expected total load of goods to be stored. The suppliers of racks
normally offer consulting services to help identify the parts and accessories needed in order to
assure safety and provision of the capacity required for storage of a given total quantity.

5.3 Handling and transportation of goods

The storage of goods directly on the floor should be avoided wherever possible, particularly in
countries where humidity can penetrate the packaging material and eventually harm the products.
For this reason, but also for more convenient handling and transportation, it is strongly
recommended that movable pallets be used, which in most countries can be purchased or
manufactured locally. The standard pallet size that is most suitable for pharmaceutical production
is 80 x 120 cm. This standard pallet size (EURONORM, DIN 15146) is commercially available in
wood or plastic and normally has a load capacity of 1000 kg. If used for storing ORS or raw
materials, the following are the quantities of each product that can reasonably be placed on one
pallet and used as a standard for calculating the number of pallets and the total storage space
required:

12 000 packets of ORS (dose for one litre) in 12 cartons measuring 80 x 38 x 24 cm, with
a total weight of 300 kg per pallet;

OR

approx. 10 bags of glucose each containing 50 kg, with a total weight of 500 kg per pallet;

OR

3-5 drums (depending on the diameter), each containing 50 kg of salts, with a total weight
of 150-250 kg per pallet;

A loaded pallet can easily be removed from the storage area and transported to another location.
This is preferably done mechanically with a hand-operated pallet truck and, if racks are used, with
a hand- or battery-operated stacker.

5.4 Storage space requirements

The required storage space depends basically on two main factors: storage system (with or without
racks), and quantity of goods.

The quantity of goods in turn depends on the sequence of ordering: whether the ingredients
for ORS are ordered and delivered only once a year or deliveries are staggered over the year, and
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whether the finished goods are kept in the same store or handed over to a central medical store
immediately after production.

The variety of country-specific factors does not allow the preparation of a table indicating the
required storage space in relation to the number of packets to be produced. It is therefore essential
that the required storage space be calculated individually in each particular case, considering all
the above-mentioned aspects. A simple method of calculation is given below:

For each specific item:
(1) Determine the quantity of goods to be stored on one pallet, preferably

no higher than 100 cm above the pallet  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (A)

(2) Determine the total quantity of goods to be stored at the same time  . . . . . . . . . . . . . (B)

(3) Calculate the total amount of pallets required:

  B
——  = total pallets required  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . (C)
  A

(4) Calculate the total storage space needed: C x 1.2 m2= total storage space in m2  . . . . (D)

Space for access to pallets (corridors) in warehouse is not included in this calculation.

(5) The figure (D) represents the required storage space, but not the required floor space if
racks (vertical storage) are available. In such case, the following calculation can be made:

               D
——————————— = total required floor space (net) in m2  . . . . . . . . . . . . . . . . (E)
  No. of stock levels

PRODUCTION PREMISES

EXAMPLE

The following may serve as a rough guide and illustration of the importance of careful planning and calculation of

storage space for raw materials in each individual case:

(a) Available information: yearly ORS production 1 million packets

ordering of raw material once a year only

storage system horizontal (no racks)

(b) Calculation: 14 175 kg glucose (500 kg per pallet) 29 pallets

2 730 kg sodium chloride (150 kg per pallet) 19 pallets

1 575 kg potassium chloride (150 kg per pallet) 11 pallets

60 000 m aluminium foil (24 000 m per pallet) 3 pallets

20 000 collecting boxes for 50 packets 10 pallets

2 000 collecting boxes for 10 boxes 10 pallets

Labels, rubber gum tape 2 pallets

––––––––

Total pallets for raw material for 1 million packets of ORS 84 pallets

Required net storage space 84 x 1.2 m2 101 m2

Required store-room size, with corridor:

36 x 5.5 metres or 18 x 11 metres 200  m2



ORAL REHYDRATION SALTS: PRODUCTION OF THE NEW ORS36

5.5 Production rooms

The production rooms should allow a logical and easy flow of material once all the equipment is
installed. The manufacturing process and required space must therefore be studied carefully, and
all relevant technical information about the planned equipment (size, power supply, load) should
be available in advance. The floor must be smooth, and allow easy cleaning, including the corners.
The walls and ceiling should also have a smooth finish and, if possible, should be washable.

The ideal room height is 300 cm, but another measurement may be required depending on the
kind and height of the equipment to be installed. The door width should be at least 100 cm and
the door height around 230 cm, for easy passage of pallets, equipment, and other items. In tropical
climates, the number of windows should be kept to the strict necessary, and where possible avoided
altogether, so that heat transfer can be kept to a minimum or totally prevented. The window sill
should be at a minimum of 200 cm above floor level, or better still, not lower than door height; a
row of small windows just below the ceiling may provide sufficient daylight. Where air conditioning
is used, the walls and ceiling may need to be isolated against condensation. For this reason also,
windows should preferably be made of double glass panels and all joints hermetically sealed.

Production rooms should never be directly exposed to outside or ambient conditions. Wherever
possible, access to production rooms should be through an airlock, which in fact can be a corridor
with self-closing doors at both ends. Internal partitions/walls can be made of wood or aluminium,
with single glass panels for easy supervision of production activities. Depending on the nature of
the production equipment, the necessary infrastructure (single phase/three-phase electricity, gas,
compressed air, water, drain, exhaust) will have to be installed in the respective rooms. In the
actual production rooms, no water and drainage should be installed.

5.6 Staff facilities

In the case of an established pharmaceutical plant, such facilities are normally shared by all
employees in the factory. In an independent unit, however, at least the most important facilities
such as changing rooms (with lockers), showers, toilets, and a recreation room must be installed.
All these rooms should be well-ventilated and not depend on artificial light. The rooms should be
functional and can be built according to local housing standards (e.g., with septic tank).

5.7 Air treatment

The required ambient conditions for producing pharmaceutical preparations are product-specific.

In the case of ORS-citrate, if a perfectly free-flowing product (packed in aluminium laminate),
is desired, and particularly if packing is done on automatic equipment, the conditions in the
production room will need to be within reasonable limits and not exceed 24°C and 60% Rh (about
11 g water/m3).

Where ORS is packed manually or semi-automatically in polyethylene, the required conditions
are no longer product-specific; rather they are set to provide convenient working conditions.

Before the air is treated to a specific temperature and humidity, three important requirements
have to be observed if ORS production is to conform to the “Good Manufacturing Practices for
pharmaceutical products: main principles” WHO Technical Report Series. No 908, 2003, (see
Annex 4):

Filtration of outdoor air at the entry points to the production room (with washable pre-
filter, G3 or EU4/DIN 24185)
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Change of air at least 8 times per room per hour

Extraction of dust on equipment with mobile vacuum cleaner.

Depending on the composition and packaging material chosen, these three minimal requirements
may be sufficient where local ambient conditions are stable throughout the year and within a
range of 20°-25°C and 40%-60% Rh. However, where temperature and humidity are expected to
be higher or lower, either heating or cooling, or both, and possibly dehumidification, may be
necessary to achieve the required conditions.

Cooling with air conditioners (window type), such as UNIPAC 01 001 10, can be quite
satisfactory.  The capacity (BTU) or the number of units will depend on the size of the room
(volume of air to be cooled) and the expected heat load. The joints between the air conditioner
and the wall are normally very difficult to seal, and do not prevent humidity (event insects) from
entering the room. As the units are normally not designed for use in pharmaceutical production
rooms, they usually are not equipped with the required filter quality, and as a result the ORS
powder may enter the air conditioner and ultimately cause damage.

The split-type air conditioner has none of the negative aspects mentioned above, reduces noise,
and is easier to maintain. The fan coil can be positioned in the most convenient place in the room
to achieve a proper airflow.

Cooling of the air alone does not necessarily mean that the air is dried; in fact, the relative
humidity may be increased. For example, ambient air of 30°C and 60% Rh contains 17 g water/
m3. If cooled down to 24°C the air would still contain 17 g water/m3, but the relative humidity
would increase to 88%, since the dew point (saturation temperature) is only at 22.5°C.

The ideal conditions of 22°C and 40% Rh for the manufacture of ORS are therefore equivalent
to other conditions such as 18°C and 50% Rh or 27°C and 30% Rh, all of which have the same
absolute humidity of 7 g/m3 but different relative humidity.

Therefore, window and split-type air conditioning units normally do not dehumidify sufficiently.
If, in cases where such units are installed, the humidity has to be reduced further, a mobile
dehumidifier can normally provide this additional function. The type and size to be chosen depend
again on the volume of air to be treated and the degree of dehumidification required. Dehumidifiers
may cause slight air turbulence in the room.

If central air conditioning is available, the type of diffuser should be carefully chosen and
placed in such a way that turbulence in the room is avoided. This is best done by placing the
return air duct openings (with dust filter) near to floor level, which allows a laminar flow of air
through the room and prevents cross contamination.

Experience has shown that the costs of the required air conditioning (electricity) can be extremely
high, and may indirectly influence the final price of ORS. One way to reduce these costs is to keep
the heat load in the room to a minimum. This can be done by reducing window surfaces as much
as possible, installing double glass panels, insulating walls and ceilings, and hermetically sealing
all joints and cracks that might allow the penetration of heat, moisture, and insects. Such insulation
has an important additional value in places where the difference between the inside and outside
temperature is such that the outside (saturated) air condenses on all parts of the building that
have been cooled down to the temperature in the room (windows, walls). Such condensation
normally has undesirable results such as wet walls, mould, deterioration of wooden window frames,
etc.

The most suitable insulation material, and its quality and thickness, will depend on the type of
construction, the orientation of the room, and the climatic conditions.

PRODUCTION PREMISES
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Manufacturing procedure6
Whether ORS is produced in a hospital on a very small scale, or industrially in large quantities,
the basic procedure remains the same. The only difference is the requirement for space, particularly
for storing raw materials, and the methods of packing ORS, which for large quantities is normally
most efficiently done by mechanical means on suitable equipment. This section focuses only on
procedures that are directly related to ORS production.

Additional information on manufacturing procedures can be obtained in the document entitled
“Good Manufacturing Practices for Pharmaceutical Products: main principles”, WHO Technical
Report Series. No 908, 2003, Annex 4, pages 37-89 (see Annex 4). Information on storage can be
obtained in the document entitled “Guide to Good Storage Practices for Pharmaceuticals”, WHO
Technical Report Series, No 908, 2003, Annex 9, pages 125-136, http://www.who.int/medicines/library/

TRS/trs908/trs908-9.pdf).

6.1 Identity test

If a raw material arriving in the ORS production unit has already been analyzed for its identity
and quality by a government owned or central quality control laboratory, and has been released
for production, the identity test to be performed before production may be considered as optional.
The same applies in places where goods have been analyzed in house and released for production.
However, if the goods have not previously been analyzed or quality control facilities are not
available, an identity test is strongly recommended.

6.2 Drying

After prolonged storage in hot and humid climates, the raw materials may have absorbed a
substantial amount of moisture, and have a water content higher than the indicated limit of 1%.
The use of such ingredients for the manufacture of ORS may result in accelerated decomposition.
Therefore, if a raw material containing water in excess of the indicated limit is to be used, it is
preferable to dry it at the recommended temperature, as follows:

Glucose, anhydrous at max. 105°C

Sodium chloride at max. 130°C

Potassium chloride at max. 130°C

Citrate tri-sodium at max. 130°C

The time required for drying to the specified limit depends on the amount of water absorbed,
but should not exceed 16 hours (overnight). In tropical countries, special attention must be given
to the temperature and relative humidity of the air to be used for drying. For example, outside air
of 33°C and 95% Rh (about 33 g water/m3), heated up to 50°C, has its relative humidity reduced
by 40%, but the water content per m3 is still 33 g. These conditions may not be sufficient to dry
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the raw material properly, and higher drying temperatures, or pre-drying of the intake of air, will
be necessary.

It is therefore important to compare the moisture content in the raw material both before and
after the drying process, in order to ascertain the extent of water loss during drying (efficacy of
drying). The condition of the intake of air is less critical in countries with a cold and dry climate.

Fluid bed dryers have been found suitable for drying the raw materials for ORS since the
drying system, with its turbulence, can have an abrasive effect on the crystals so that a considerable
portion of the raw material becomes a dust-like powder, which later cannot be packed on automatic
equipment.

Whenever possible, for economic and practical reasons, drying should be avoided. This can be
done by ordering raw materials with a specified low water content, or by placing orders at intervals
so that the goods are fresh when used, and storing them in such a way that they are protected from
humidity, rain, and other possible negative influences.

Dried material should not be exposed to high humidity and heat after it has been taken out of
the dryer. It is therefore advisable to install the drying equipment in a controlled, air-conditioned
room where the dried material can be filled into airtight drums and safely stored until required for
use.

6.3 Grating/Sifting/Sieving

In most cases the raw materials are imported, which means that they may have been stacked for
long periods, and thus may not have the same characteristics on arrival as when they left the
factory (free-flowing). They may therefore need chopping and grating. The most suitable sizes of
perforations on the grating drum are 3.0 mm and 6.0 mm. Sifting (possibly milling) may be
required to obtain a uniform particle size, which is important for uniform mixing of the product.
Sieving is recommended to screen off any foreign particles such as fibre, wood, paper, plastic,
hairs, etc., and assure an uncontaminated product. The recommended meshes for obtaining particle
sizes between 1000 and 1500 microns are 1.0 mm and 1.5 mm (equivalent to mesh numbers B.S.
16 and 12 or A.S.T.M. 18 and 14).

6.4 Weighing

The ingredients are normally weighted in batches, the size of which is determined by the capacity
of the mixer. Whenever possible, and depending on the bulk density of the raw materials, the
batch sizes can also be based on the standard bags containing 50 kg of glucose, giving for example
the following proportions:

50.000 kg glucose anhydrous 65.854%

9.630 kg sodium chloride  12.683%

5.555 kg potassium chloride    7.317%

10.740 kg trisodium citrate, dihydrate  14.146%

 –––––––––

75.925 kg total batch size 100.00%

MANUFACTURING PROCEDURE
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The weighting of the ingredients should be done only when they are ready for mixing - that is,
after drying, grating, and sieving. The containers from which the raw materials are taken and the
containers or plastic bags into which the desired quantities are filled must be clearly marked with
the names of the respective ingredient to avoid any error of weighting and incorrect mixing of
ingredients.

All the ingredients are white, and a mistake can easily happen if precautions are not taken. The
ingredients must therefore be filled after weighing into individual, labeled containers (plastic
bags) and kept separate from each other until mixing is initiated. All the weighed materials for
each batch should be double checked and verified by a second person, who fills out the “Process
Control Sheet”.

6.5 Mixing

Mixing is not only the fundamental operation in ORS production, but one of the basic processes
in pharmaceutical production in general. Thus, a country setting up ORS production will have a
corner-stone on which gradually to build up the production of other essential drugs.

Mixing may appear to be a very simple operation, but in fact good and uniform blending can
be rather demanding. The reasons may be the type of mixer, the mixing time, and the different
densities of the components, but are primarily the differences in particle size of the four ingredients,
which may produce a dispersing effect and unfavorable cohesive forces. All four ingredients should
therefore be of the same medium or fine crystalline grade, and all below 1000 microns, a requirement
which can be specified when the ingredients are ordered, but is in fact usually difficult to obtain.
Occasionally, therefore, milling, grinding, or sifting to the required uniform particle size may be
required.

6.5.1 Type of mixer

The ploughshare mixer, with chopper, provides an excellent and uniform mixture. However, if
used for blending ORS, particularly in tropical countries, the following points should be noted:

Glucose, with its abrasive characteristics and especially when it is in fine powder form,
may enter into the mechanical parts and damage shaft-seals and gaskets; it may even cause
the product to become contaminated with fine particles from the seals. In such case, the
ordinary shaft-seals should be replaced by air-purged seals, using compressed air (oil-free
and dry).

ORS, with its tendency to caramelize rapidly in humidity and heat, requires almost daily
cleaning of the mixing machine. Ideally, the machine should be taken out of the production
room, if this is dehumidified and air conditioned, and cleaned in a cubicle or elsewhere,
since cleaning with water in a dehumidified room is counter-productive. The ploughshare
mixer normally is a fixed installation, which means that it cannot be removed from the
room for cleaning.

Therefore, whenever possible, it is advisable to select and use a mixer that can be easily cleaned,
has no shaft passing through the mixing container, and in which none of the product can come

WEIGHING THE INGREDIENTS CAREFULLY AND CORRECTLY IS THE SINGLE MOST

IMPORTANT STEP IN THE PRODUCTION OF ORS
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into contact with lubricated mechanical parts such as ball bearings, motors, gears, etc: Two mixers
that have proved to be ideal are the tumbler with kinematics principles (inversion) and the drum
hoop mixer, with its two traditional and fundamental motions (rotation and translation). The
advantages of these mixers are that they use the product’s holding drum, so that the handling of
dusty material, and the filling and emptying of mixing containers are avoided; and the hoop is
designed for the dual purpose of tumbling and conveying the mixing drum to the washing room
for cleaning or to the storage site. Drums are available in sizes from 20 to 900 litres, and therefore
the mixers can be used for small, medium, and large-scale ORS production.

The mixing time is product-specific, and is normally between 10 and 20 minutes for a drum-
mixer.

In order to obtain exactly the same mixing time for all batches, and avoid over- or under-
mixing, it is recommended that a timer be installed between the main switch and the mixer.

6.5.2 Size of mixer

There is a tendency to calculate the capacity of a mixer according to the quantity of ORS to be
produced per day.  In such case, only a single batch is mixed per day, an approach which keeps the
cost of analytical control to a minimum, but does not make efficient use of the equipment unless
the mixer is used for mixing other products. Batches of 75-150 kg are ideal and can still be
handled manually. It is therefore preferable to divide large quantities into such batch sizes, unless
the necessary mixing and handling equipment is available. However, if ORS is produced regularly
(every day) the blender should, for practical reasons and if possible, not be used to produce other
drugs, which would require repeated extensive cleaning before use for ORS production, and always
be a possible source of contamination.

Satisfactory blending can be achieved only if the recommended minimal and maximal quantities
(capacity) are observed. Normally these limits are 30-70% of the blender’s volume, but
reconfirmation for each particular type is recommended. This detail is of particular importance
where production is planned for half working days, and only half the quantity of ORS is to be
mixed in a large blender.

6.5.3 Validation of mixer

It is essential to determine the correct mixing time for the available ingredients on the available
mixer. This can be done by mixing the ingredients for 20 minutes, during which time samples are
taken every 2 minutes from at least 4 different places in the mixer (e.g., bottom, top, left side,
right side). Based on these results, the optimum mixing time can be determined. New deliveries of
raw materials and supplies from other manufacturers may have different characteristics. It is
therefore most important to verify the characteristics of new deliveries, or of supplies from a new
source, and repeat each time the procedure to identify the correct mixing time.

6.5.4 Uniformity test of mixture

Before a batch is transferred to the packaging room for filling into packets, the mixture must be
analyzed for uniformity. For this purpose, samples are taken from various places in the mixer (e.g.,
top, bottom, left and right sides). Recommended methods for analysing the mixture are given in
section 7. The batch is released for packing only if the results are satisfactory. In ORS production,
this analytical procedure is considered as in-process control.

MANUFACTURING PROCEDURE
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6.6 Dosing/filling/sealing

The various options and systems for dosing, filling, and sealing are described below.

6.6.1 Hand dosing

This is normally done by weighing each individual dose, or by using a container (plastic cup)
representing the volume of the required weight in grams of ORS. These methods are normally not
very accurate and the uniformity of the weight basically depends on the worker’s individual
performance. Where the volumetric method (with cups) is used, special attention must be given
to the bulk density of the product, particularly the glucose. It is very important to compare the
volume with the required weight each time a new delivery of goods is received, and to replace the
dosing utensils (cups) or adapt them to the new volume.

Approximately 10-15 packets per minute can normally be dosed and filled by hand; the capacity
may be much higher depending on the worker’s experience, routine, and individual ability.

6.6.2 Hand sealing

For the hand sealing of filled packets a large variety of welding machines are available on the
market. However, there is a distinct difference between the sealing of polyethylene and aluminium
laminate:

Heat impulse sealing: Heat impulse sealing is a method for bonding thin, thermoplastic
film. The advantage is that the sealing period can be accurately set, and the sealed surface
can be cooled under pressure, which will result in a perfectly tight and clean-looking seal.

To seal, the sealing bar is firmly pressed against the plastic film to be sealed, and the heater
band is heated by means of a short, powerful current impulse from the impulse sender.
The voltage required for heating depends on the specific resistance and length of the
heater band, as well as on the required strength of current. The sealing bars are best equipped
with a heater band 4 mm wide, which provides a seal of pertinent width without separating
the film. A coding device is unfortunately not possible with this method of sealing.  For
places where ready-made bags are not available, such a film welding unit (as described in
section 8) can be complemented with a cutting device which cuts the bags to the specific
length required, and a rolling-off device, which can hold the polyethylene film rolls
(polyethylene tube).

Heat welding: Heat welding is the traditional method for welding all kinds of laminates,
particularly compounds with aluminium. With this system the two sealing jaws are
constantly heated and uniformly pressed together during an adjustable sealing time. The
most common types of jaws are:

- smooth jaws (mainly for products in liquid form)

- vertically corrugated jaws

- horizontally corrugated jaws

- diamond-point jaws

In some models, a device can be incorporated that allow coding of the packet at the time
of sealing.
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6.6.3 Semi-automatic dosing

The three most common methods for dosing and filling powder (ORS), whether for semi-automatic
or automatic equipment, are as follows:

(a) slide filler

(b) volumetric cup filler

(c) auger filler

Experience in the field has shown that, for semi-automatic dosing of ORS, the auger system
has particular advantages in tropical countries. Besides its high degree of accuracy in dosing (even
for doses of 2.5 grams), the equipment allows easy daily cleaning and requires a minimum of
maintenance. The capacity of such a machine depends on the dose selected, the type of packaging
material, and the ability of the operator. With some practice, an operator can fill up to 25 or more
doses per minute. This equipment does not demand any particular type of packaging material,
and ORS can be dosed and filled directly in polyethylene bags, packets of aluminium laminate,
plastic containers, bottles, etc. The dosing can easily be adjusted and both small and large doses
filled on the same machine by simply changing the auger worm and funnel. It is therefore ideal
equipment for universal use, being easily adaptable to all situations.

6.6.4 Automatic dosing and filling

Automatic dosing and filling is usually combined with sealing, coding and cutting of the packet.
For this kind of equipment also, and especially if used in tropical conditions, preference is given to
the auger feeding method. Other dosing methods may be perfectly suitable, but a practical trial
with the product prior to ordering the equipment is advisable.

Depending on the quality of the raw materials, particularly glucose, the handling of ORS on
automatic equipment is normally accompanied by the development of dust, which can negatively
influence the sealing operation. The intensity of dust formation is directly linked to the speed of
the machine, and experience has shown that an output of 50-60 packets per minute is a reasonable
rate from this point of view. A higher output can be achieved only if all the ingredients in the ORS
mixer are of a dust-free, uniform medium crystalline or granular size, which guarantees an easy
flow.

The machines are normally equipped with a general dedusting system (vacuum cleaner). It
should be possible to adjust each of the suction nozzles so that the sealing jaws can be kept clean;
but the suction should not be so strong that all small particles are sucked up and the chemical
composition is altered.

Automatic equipment is normally designed exclusively for use with laminated packing material,
which is available in rolls of 24-25,000 metres length and a width according to the size of the
packet. There is usually some flexibility for adjustment to other sizes of packet, though rather
limited. Dosing and filling in anything other than the specific packets (e.g.; bottles, plastic
containers) is not possible.

Hand feeding of the hopper with ORS mixture should be avoided where possible. This is
particularly important when packets of 20.5 g are to be filled, when the frequent supply of the
product to the hopper, if done by hand, may cause the formation of additional dust and the
occasional spill over onto the sealing tools is likely to interfere with the proper functioning of the
machine. It is therefore advisable to plan the purchase of an automatic dosing/filling/sealing machine
with appropriate feeding systems. The automatic equipment, with its sensitive mechanical and

MANUFACTURING PROCEDURE
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electronic parts, performs to full satisfaction only if installed in ambient conditions of about 24°C
and a maximum of 60% relative humidity. The installation of an appropriate air conditioning
system is therefore imperative where an automatic machine is planned. Where voltage fluctuations
are common, the procurement of an adequate voltage stabilizer must also be considered.

6.6.5 Weight/dosage control

Whether done by hand, semi-automatically, or automatically, in all cases the dosing must be
controlled by weighing some random samples at intervals of 10-15 minutes. The results are
permanently recorded in order to evaluate the production yield and observe the performance of
the machine in general.

6.6.6 Leak test

Where an aluminium laminate is used, the packets must be submitted to an air leak test at intervals
of 10-20 minutes.

6.7 Packing/labeling

Once the ORS has been filled and sealed and the batch number printed or embossed on the
packets, these are packed directly into collecting boxes, and then into cartons for transportation.
The boxes and cartons must be provided with labels indicating the following:

- name of product

- quantity

- batch number (date of manufacture)

- expiry date

- name of manufacturer

The batch number and the date of manufacture can be incorporated in a single code number,
which should be stamped or written by hand on the printed label.

6.8 Quarantine

All batches are kept in a separate quarantine area until they have passed the quality control tests
(see section 7). When released by the quality control laboratory, the cartons are moved to the
storage area for dispatch. The production records and a box of packets from each batch are retained
for one year longer than the shelf life of the product as reference samples.

CAUTION

Intentional excess filling/dosing to compensate for any product that might remain in the packet at the

time of use should be strictly avoided as it may result in a higher sodium concentration in the solution

and ultimately lead to hypernatraemia, particularly in infants.
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Quality control of finished product 7
ORS, because of its specific nature (tendency to absorb moisture), demands rapid analysis and
release after mixing for final packing. It is therefore recommended that a quality control/in-process
control laboratory be established and linked directly to the mixing/production room. For reasons
of economy, responsibility, investment, and staffing, the functions of such a laboratory should,
where possible, be limited specifically to analysis of the final ORS product (uniformity). The
receipt, analysis, and release of raw materials for production should be handled by a central /main
quality control laboratory, where one exists. The analytical methods described in this document
have been selected and adapted for use in developing countries and situations where more
sophisticated methods cannot be considered. The methods have been field-tested, but may need
further adaptation to local conditions (depending, for example, on the temperature and quality of
the water, room temperature and relative humidity, available chemicals). Any other analytical
methods that give reliable and accurate results may be applied.

7.1 Physical properties

7.1.1 Appearance of product

A white, crystalline powder, odorless.

7.1.2 Storage

Oral Rehydration Salts should be kept in a sealed packet; if a free-flowing powder is required, it
should be kept in an air-tight packet, preferably made of aluminium laminate.

7.1.3 Uniformity of mass (standard dose for a solution of 1000 ml)

Weigh the contents of 20 packets selected at random every 10 to 15 minutes and determine the
average mass. Not more than two of the individual masses should deviate from the average mass
by more than 5% and none should deviate by more than 10%.

If one or more of the packets exceed the above limits, reject the batch or weigh every packet in
the batch (for gross weight).

7.1.4 Labeling

The designation on the packet of Oral Rehydration Salts should state: (1) the total net mass and
the mass of the contents of each constituent, both expressed in grams, (2) the  required volume of
water to reconstitute the solution, (3) directions for the preparation of the solution and its
administration, and (4) a warning that any solution that remains unused 24 hours after preparation
is to be discarded.

Check 10 packets for completeness and legibility of the label. If 2 or more packets are
unacceptable, reject the batch, or check every packet in the batch.

QUALITY CONTROL OF FINISHED PRODUCT
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7.1.5 Seal (only if packed in aluminium laminate)

Check 10 packets every 10 to 20 minutes. Bundle up the packets and submerge them under water
in a vacuum desiccator or equivalent device. Draw a vacuum of about 18kPa (15 cm of mercury or
-0.8 bar) and hold for one minute. Examine for air leakage indicated by a fine stream of bubbles.
Re-establish normal pressure and open packets to examine for water penetration.

If water penetration (leakage) is observed, search for the reason (e.g., dirty sealing jaws, wrinkles,
pinholes in laminate, product sealed with laminate), and reject the batch if necessary.

7.1.6 Moisture content (only if packed in aluminium laminate)

Limits: maximum 2%

Check two packets by drying the contents  to constant mass at 50°C. This means that the
drying process should be continued until the results of two consecutive weighings do not differ by
more than 0.5 mg, the second weighing being made after an additional hour of drying under the
prescribed conditions. They should not lose more than 20 mg/g. If the limit is exceeded in one
packet, check another 18 packets.

If two or more packets are found to exceed the limit, reject the batch, and investigate the
source of moisture absorption during the production operation.

7.1.7 Appearance of solution

Dissolve the entire contents of one packet of ORS or about 20.5 g of the mixture in 1000 ml of
water. The solution should be clear and odorless, or should have only a faint yellow stain.

7.1.8 pH of solution

Check the pH of the solution reconstituted as directed on the label. It should be within the range
of 7.0 - 8.8.

7.2 Chemical composition/identification (basic tests)

7.2.1 Melting behaviour

Heat gently a small quantity of the test substance; it melts. The melt first becomes yellow, then
brown, swells up and burns, evolving an odor of burnt sugar.

7.2.2 Identity tests

Dissolve the entire content of one packet of ORS, or about 20.5 g of the mixture, in 250 ml of
water. The solution is slightly alkaline when tested with a pH indicator paper R.

7.2.2.1 Glucose

Add a few drops of the solution prepared above to 5 ml of hot potassio-cupric tartrate TS; a
copious red precipitate is produced (glucose).
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7.2.2.2 Sodium

Apply one of the following alternatives:

(a) introduce the solution prepared above into a non-luminous flame using a magnesia stick
or a nichrome or platinum wire sealed to a glass rod; a strong yellow colour can be observed.

(b) dissolve 2.5 g of ORS mixture in 5 ml of water and add 5 ml of potassium pyroantimonate
(13 g/l) TS. A white, crystalline precipitate is formed. If necessary, heat the solution to
obtain a precipitate.

7.2.2.3 Chlorides

To 5 ml of the solution prepared above add 0.5 ml of nitric acid (130 g/l) TS and 0.5 ml of silver
nitrate (40 g/l) TS; a white, curdy precipitate is formed. Separate the precipitate, wash it with
water, and add an excess of ammonia (100 g/l) TS; the precipitate dissolves.

7.2.2.4 Potassium

To 5 ml of the solution prepared above add 4 drops of sodium cobaltinitrite (100 g/l) TS; a yellow-
orange precipitate is produced.

7.2.2.5 Citrate

To 5 ml of the solution prepared above add 3 ml of mercuric chloride (65 g/l) TS and heat to
boiling. If turbid, filtrate the hot solution, heat again, and add a few drops of potassium
permanganate (10 g/l) TS; the violet colour is immediately discharged and a white precipitate is
produced (citrate).

7.3 Chemical composition

Oral Rehydration Salts contain not less than 90.0% and not more than 110.0% of the equivalent
amounts of sodium (Na+), potassium (K+), chlorides (Cl-), citrate (C

6
H

5
O

7
3-) of the relevant

constituents stated on the label, and not less than 90.0% and not more than 110.0% of the
amount of anhydrous glucose (C

6
H

12
O

6
) stated on the label.

Limits: 18.45  -  22.55 g   (90%  -  110%)

In addition to the samples taken after mixing, random samples of the packed finished product
should be taken and analyzed for uniformity (for example, at the beginning, middle, and end of
the dosing process). In view of the fact that a single dose may represent a complete treatment, the
content of each packet should comply with the given requirements. The concentrations and
acceptable limits, calculated for the standard weight of 20.5 g dissolved in 1000 ml of water, are as
follows:

Na+ 74.1 mmol/l limits 66.7  -  81.5 mmol/l (90%  -  110%)

Cl- 64.6 mmol/l limits 58.1  -  71.1 mmol/l (90%  -  110%)

K+ 20.1 mmol/l limits 18.1  -  22.1 mmol/l (90%  -  110%)

Citrate-3 9.9 mmol/l limits 8.9  -  10.9 mmol/l (90%  -  110%)

Glucose 74.9 mmol/l limits  67.4 -  82.4 mmol/l (90%  -  110%)

QUALITY CONTROL OF FINISHED PRODUCT
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All the assays should be carried out on quantities taken from a single packet. If the quantity of
one packet is insufficient to carry out all the assays, take another packet for the assay for citrates
and for the assay for glucose from the same batch.

7.3.1 Sodium and potassium

For the assays of sodium, potassium and chlorides prepare the “solution A” by dissolving
8 g of ORS, accurately weighted, in sufficient water to produce 500 ml.

7.3.1.1 Sodium

a) Solutions

Test solution: Dilute 3 ml of solution A to 500 ml with water.

Standard solution “100%”: Use a standard solution prepared by dissolving sodium
chloride R, previously dried to constant mass, in 1000 ml of water to contain 508.4 mg of
NaCl (0.2 mg of Na+ per ml). For the preparation of the reference solution, dilute 2 ml of
standard solution “100%” with water to 50 ml.

Standard solution “90%”: Use a standard solution prepared by dissolving sodium chloride
R, previously dried to constant mass, in 1000 ml of water to contain 457.6 mg of NaCl
(0.18 mg of Na+ per ml). For the preparation of the reference solution, dilute 2 ml of the
standard solution “90%” with water to 50 ml.

Standard solution “110%”: Use a standard solution prepared by dissolving sodium chloride
R, previously dried to constant mass, in 1000 ml of water to contain 559.2 mg of NaCl
(0.22 mg of Na+ per ml). For the preparation of the reference solution, dilute 2 ml of the
standard solution “110%” solution with water to 50 ml.

Each g of sodium chloride and of trisodium citrate dihydrate is equivalent to 0.3934 g and
0.2345 g of Na+, respectively.

b) Assays

Select the filter of the flame-photometer for the determination of sodium a wavelength of
589 nm.

Aspirate water as blank solution and calibrate the zero.

Aspirate the reference solution and adjust the sensitivity for a correct reading.

Recheck the zero.

Aspirate the reference solutions and record the results: r
100

, r
90

 and r
110

Aspirate the test solution and record the result: t

    t  x 74.1
Calculate ––––––––––– = mmol of Na+ per dose

       r
100

The mixture should contain 66.7  -  81.5 mmol/l of sodium per unit dose. The result (t)
should not be below the reference of “90%” (r

90
) or above the reference of “110%” (r

110
).

7.3.1.2 Potassium

a) Solutions

Test solution: Dilute 3 ml of solution A to 500 ml with water.
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Standard solution “100%”: Use a standard solution prepared by dissolving potassium chloride
R, previously dried to constant mass, in 1000 ml of water to contain 234.1 mg of KCl
(0.122 mg of K+ per ml). For the preparation of the reference solution, dilute 3 ml of the
standard solution “100%” with water to 100 ml.

Standard solution “90%”: Use a standard solution prepared by dissolving potassium chloride
R, previously dried to constant mass, in 1000 ml of water to contain 210.7 mg of KCl
(0.110 mg of K+ per ml). For the preparation of the reference solution, dilute 3 ml of the
standard solution “90%” with water to 100 ml.

Standard solution “110%”: Use a standard solution prepared by dissolving potassium chloride
R, previously dried to constant mass, in 1000 ml of water to contain 257.5 mg of KCl
(0.134 mg of K+ per ml). For the preparation of the reference solution, dilute 3 ml of
the standard solution “100%” with water to 100 ml.

Each g of potassium chloride is equivalent to 0.5245 g of K+.

b) Assays

Select the filter of the flame-photometer for the determination of sodium at a wavelength
of 767 nm.

Aspirate water as blank solution and calibrate the zero.

Aspirate the reference solution and adjust the sensitivity for a correct reading.

Recheck the zero.

Aspirate the reference solutions and record the results: r
100

, r
90

 and r
110

Aspirate the test solution and record the result: t

   t  x 20.1
Calculate ––––––––––– = mmol of K+ per dose

       r
100

The mixture should contain 18.1 - 22.1 mmol/l of potassium per unit dose. The result (t)
should not be below the reference of “90%” (r

90
) or above the reference of “110%” (r

110
).

7.3.2 Chloride

Titrate 20 ml of solution A (containing 35.75 mg of chloride) with silver nitrate (0.1 mol/l)
VS, using potassium chromate (100 g/l) TS as indicator.

Each ml of silver nitrate (0.1 mol/l) VS is equivalent to 3.545 mg of Cl-.

Calculate: ml AgNO3 x 6.4 = X mmol chloride per ORS packet.

Each g of sodium chloride and of potassium chloride is equivalent to 0.6066 g and 0.4756 g
of Cl-, respectively.

7.3.3 Citrate

Disperse 2.8 g of ORS, accurately weighted, in 80 ml of glacial acetic acid R1, heat to
about 50°C, and allow to cool to room temperature. Then dilute to 100 ml with glacial
acetic acid R1, and allow to stand for 10 minutes..

Titrate 20 ml of the above solution with perchloric acid (0.1 mol/l) VS, using 0.25 ml of
1-naphtholbenzeine/acetic acid TS as indicator (ml 

1
), as described in the 4th edition of

the International Pharmacopoeia (2.6 - Non-aqueous titration. Method A).
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Each ml of perchloric acid (0.1 mol/l) VS is equivalent to 6.303 mg of C
6
H

5
O

7
3-.

Calculate: ml perchloric acid (0.1 mol/l) x 1.23 = X mmol citrate per ORS packet.

Each g of sodium citrate is equivalent to 0.6430 g of C
6
H

5
O

7
3-.

7.3.4 Glucose

Dissolve 8 g of ORS, accurately weighed, in 40 ml of water, add 0.2 ml of ammonia
(~100 g/l) TS, and dilute to 50 ml with water. Mix and allow to stand for 30 minutes.
Determine the “Optical rotation” and calculate the quantity, in g, of anhydrous glucose
C

6
H

12
O

6
 by multiplying the observed rotation in degrees by 0.9477.
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Estimating the demand for ORS
A

n

n

e

x

1

ORS requirements are calculated for each year of the national programme, which is aimed primarily
at children under 5 years of age. The estimates are based on epidemiological statistics (national
average of diarrhoea episodes per child per year) and on the objectives and targets set in the plan
of operations of the programme. The following questions represent a simplified procedure for
obtaining the number of ORS packets required for one year.

1. How many cases of acute diarrhoea will receive treatment
with oral rehydration salts (ORS) in the year in question?1

(This figure is normally available in the plan of operations of
the national programme)

If this figure is not available, the following calculation can be made made:

A. Total population of children under 5 years?

B. National average of diarrhoea episodes per child
per year? (Normally based on results obtained in a
special study.  It is known that children under 5 years
age in developing countries have an average of about
2 episodes of diarrhoea per year.)

C. Percentage of diarrhoea episodes (in children under
5 years) expected to be treated with ORS during the year
in question?1 The given figure will need to be expressed
in decimal terms for calculation (e.g., 50%=0.5). The
answer to Question Number 1 can now be calculated as
follows:

x x =

2. How many ORS packets are required to treat one case of diarrhoea)
(Normally an average of 2 packets)2

3. How many packets will be required for the year in question?

x =

1 This refers only to the pre-packed complete WHO-recommended formula.  Before answering this question, it is necessary

to consider what proportion of cases will receive “salt and sugar” and “household food” solutions.
2 Each for one litre of solution

1

A

B

C

1CBA

1 2 3
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Checklist for assessing the feasibility
of local production of ORS

A

n

n

e

x

2

1. General

1.1. Total population of the country: ........................

1.2 Total population to be supplied with ORS from the planned
production facility ........................

1.3 Source, dose and quantities of ORS supplied to national authorities:

Quantity Dose Price per packet

 UNICEF .............. .............. .............

 WHO .............. .............. .............

 Other bilateral agencies .............. .............. .............

 Local government production .............. .............. .............

 Local commercial production .............. .............. .............

 Others .............. .............. .............

1.4 How many packets were used last year? ........................

1.5 How many packets are there at present in storage? ........................

1.6 Proportion of planned ORS requirements for the preparation of ORS
solutions (a) in health facilities and (b) for individual use:

Health facilities Individual use

In 20.... ........................... .........................

In 20.... ........................... .........................

In 20.... ........................... .........................

In 20.... ........................... .........................

In 20.... ........................... .........................

CHECKLIST FOR ASSESING THE FEASIBILITY OF LOCAL PRODUCTION OF ORS
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1.7 What has been identified as the appropriate and ideal standard dose

-  for use in health centres ........................

-  for individual use ........................

1.8 What is the desired presentation

Powder O

Tablet O

Liquid O

1.9 What are the average climatic conditions in the country or region where ORS is
produced and used?

C° ....................

Rh ...................

1.10 Is any particular type of packaging material preferred - e.g.,
International standard using laminated aluminium foil? ........................

Is any type of packaging material acceptable, provided that it is
locally produced and available in the required quantities? ........................

1.11 Are the necessary funds for local production (or purchase) of ORS
available or foreseen in the budget of the national programme? ........................

2. Raw material

2.1 Are any of the ingredients of ORS locally produced or available through importation:

Imported Locally Produced Price per kg

Glucose anhydrous ............... ............. .............. ................

Sodium chloride ............... ............. .............. ................

Potassium chloride ............... ............. .............. ................

Sodium bicarbonate ............... ............. .............. ................

Trisodium citrate, dihydrate ............... ............. .............. ................

2.2 Is aluminium foil (laminate) locally produced? ........................

If yes, by whom? ........................

2.3 Is polyethylene locally produced? ........................

If yes, by whom? ........................
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3. Production facilities/infrastructure

3.1 Is there a pharmaceutical laboratory/factory in the
country belonging to the Ministry of Health/Government? ........................

If yes, specify ........................

3.2 How many commercial pharmaceutical companies
exist in the country? ........................

3.3 Is any drug or food produced in powder form and
packed in sachets in the country, e.g., lemonade, soup)? ........................

If yes, specify ........................

3.4 Could ORS production be integrated in any existing
government-owned or commercial facility? ........................

If yes, are the WHO-recommended good manufacturing
practices (GMP) applied? ........................

Is a quality control laboratory available? ........................

Are additional equipment and instruments required

for ORS production? ........................

Are skilled production and quality control staff
available for ORS production? ........................

3.5 Is ORS production to be handled as a separate,
idependent and autonomous unit? ........................

If yes:
- is the basic infrastructure such as road access, water

supply, sewerage, electricity, etc. available? ........................

- are basic facilities such as warehouse, production rooms,
toilets, lockers, quality control laboratory, etc. available ........................

- are the necessary equipment, machinery and instruments
for quality control facilities available? ........................

- is trained staff for the warehouse, production and quality
control facilities available? ........................

CHECKLIST FOR ASSESING THE FEASIBILITY OF LOCAL PRODUCTION OF ORS
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4. Logistics

4.1 What is the normal delivery time for the goods in question?

Raw materials, locally produced ........................

Raw materials, imported ........................

Packaging material, locally produced ........................

Packaging material, imported ........................

4.2 Is the supply limited to certain season (road conditions)? ........................

4.3 Is the available storage space for this material sufficient
to cover the delivery cycles (normal delivery time) specified
in paragraph 4.1 above? ........................

4.4 Is the infrastructure (water, power, etc.) adequate, regular,
stable? ........................

4.5 Are the finished goods to be stored (before distribution) in
the factory? ........................

4.6 Does the Government at present distribute drugs, vaccines, etc? ........................

If yes, is the distribution efficient and satisfactory? ........................

If not, state reasons why ........................
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A. Requirements of ORS (see section 3.2) based on the plan of operation of the national
programme:

B. Cost of raw materials and packaging material, including seafreight, land transport, import
duties, and handling charges for the expected requirements of ORS:

C. Cost of raw materials and packaging material for ONE packet:

: =

Procedure for evaluating the cost
of locally produced ORS

A

n

n

e

x

3

PROCEDURE FOR EVALUATING THE COST OF LOCALLY PRODUCED ORS

1 Expected demand for ORS in one year (N°. of packets)  ....................

312

Item Quantity* Unit price Total price

GLUCOSE

SODIUM CHLORIDE

SODIUM CITRATE

POTASSIUM CHLORIDE

PACKAGING MATERIAL

Total cost of ingredients and packaging material 2
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D. Fixed assets and depreciations:

E. Fixed annual costs of personnel

F. Summary of costs of local production:

G. Cost per packet of locally produced ORS:

: =

H. Cost of imported packet, including freight:

Initial costs Expected life Annual costs

Buildings

Infrastructure equipment

Production equipment

Maintenance of building and equipment

Total fixed annual costs of ORS production 4

Type of employment Number required Annual salary Annual cost

Manager/Supervisor

Technician/Chemist

Laboratory assistant

Operator

Packer

Labourer

Total annual cost of personnel 5

Raw material for present year 2

Fixed assets 4

Personnel 5

Administration (estimation) 6

Contingencies/profit 7

8

918

10
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Good manufacturing practices for
pharmaceutical products: main principles

A

n

n

e

x

4

Annex 4 is copied from the document “WHO Technical Report Series, No 908”, 2003.

Thus, pagination does not correspond with the current document.
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