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Executive summary

Product specifications for mosquito netting material∗ were developed by
WHO in the year 2000. Five years on, this meeting was called to review the
experiences of industry, major procurement agencies, quality testing laboratories and scientific experts with the 2000 specifications, and to adapt the
specifications to the current market context including the development of
new netting technologies.
The meeting agreed to replace the 2000 material-specific specifications
for polyester, polyethylene and cotton netting, and instead to develop generic
specifications applicable to all netting materials irrespective of the fibres
from which they are made. The core characteristics of good quality nets are:
prevention of insect/vector entry; dimensional stability after washing;
strength of netting materials and seams; retention of strength over a period of
time (durability and storage stability) and safety for users.
The meeting agreed on the need for guidelines for procurement of
mosquito nets by national malaria control programmes and other net buyers,
and developed an outline of such a document for finalization by the WHO
Global Malaria Programme.
The attached report summarizes the issues discussed during the meeting,
provides the updated specification for mosquito nets, and identifies important
research needs related to the characteristics and quality of netting material.

∗

iv

In this report, the terms “netting” and “netting material” refer to the fabric, and the term “net” refers to
the product made from netting/netting material, to be utilized as a vector barrier by the end-user.
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Background

Specifications for, and quality control of, netting materials (fabric) and
mosquito nets are important to define acceptable physical properties (e.g.,
strength, barrier properties, uptake of insecticide solution) of mosquito
netting and nets for institutional buyers and end users. These specifications
help to ensure that the net does what it is intended to do for the user.
In June 2000, WHO proposed minimum specifications for the physical
characteristics of polyester netting material, the most commonly used
material for mosquito nets. These specifications were developed primarily for
institutional buyers and national malaria control programmes, to provide
guidance for procurement as well as to facilitate quality control of mosquito
nets.
Consequent to experience in this area acquired during the following five
years, there was a need to update the specifications that have been proposed
earlier. Some of the test methods were not clearly defined, or were difficult to
use reliably or had to be modified. Moreover, certain limits initially proposed
proved to be either too stringent or insufficiently stringent. Further, a new
material, high-density polyethylene (HDPE), is currently widely disseminated and netting materials based on other new technologies are either
becoming available or are in development.
Large-scale procurement of mosquito nets is now routinely being undertaken by institutional buyers, NGOs and national control programmes.
Simple and practical guidelines are therefore needed to help inexperienced
buyers, especially in national malaria control programmes, to address the
issue of quality during procurement and subsequently to maintain adequate
quality control.

|
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1. INTRODUCTION

The WHO Global Malaria Programme (previously the WHO Roll Back
Malaria Department) in collaboration with the Vector Biology and Control
Unit of the WHO Regional Office for Africa convened a four-day Technical
Consultation on Specifications and Quality Control of Netting Materials for
Mosquito Nets at WHO Headquarters in Geneva, Switzerland, 29 November
to 2 December 2005.
The meeting was opened by Dr Arata Kochi, Director, Global Malaria
Programme. Dr Kochi stressed the importance of science and evidence-based
medicine. He welcomed the opportunity to interact and work closely with
industry, where the interests of WHO and industry meet based on science.
Finally, he encouraged participants to reach clear consensus on the issues
being discussed.
The meeting brought together: (a) manufacturers of insecticides and
mosquito nets (including long-lasting insecticidal nets – LLINs∗); (b) invited
specialists from textile quality testing laboratories and major net procurement
agencies; (c) scientists with expertise in chemistry and malaria vector control;
and (d) experts from UNHCR, UNICEF and WHO (see Annex).
The first two days of the meeting were convened as plenary sessions, with
industry representation. During the last two days, in a closed meeting with
specialists and scientists, the updated specifications were finalized. Where
insufficient information was available to make clear recommendations on the
objectives, the meeting identified needs for further research.
The objectives of the meeting∗∗ were to:
• update specifications on polyester netting materials and nets;
• develop specifications for high density polyethylene netting materials;
• define tentative specifications for netting materials other than polyester
and polyethylene; and
• reach consensus on the content of guidelines for quality control and
procurement of mosquito nets.

∗
∗∗

Long-lasting insecticidal nets (LLINs) are identified by the code LN in WHO specifications for these
products.
The meeting did not consider certain characteristics which are restricted to LLINs, as these are
addressed through the WHO Pesticide Evaluation Scheme.
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2. PHYSICAL CHARACTERISTICS OF NETTING
MATERIALS FOR MOSQUITO NETS

In the 2000 meeting, three sets of specifications for netting material were
discussed – for cotton, polyethylene and polyester, with a range of attributes
and test methods proposed for polyester netting. However, as additional types
of netting materials are being introduced into the market, the 2005 meeting
recommended that generic minimum requirements for netting materials and
mosquito nets should be developed. Producers can then develop materials
that will possess the properties required of any type of netting.
Any mosquito net should comply with the following minimum attributes:
• protect against insect/vector entry;
• be strong and durable;
• keep its dimensions after washing; and
• be safe for users.
In addition, nets that are intended for treatment at the field level must be
able to be treated correctly with an appropriate volume of insecticide formulation diluted in water.
Once these minimum attributes are met, the choice of netting material and
nets is up to the buyers. Institutional buyers already include additional
attributes in their tenders, e.g., size, colour, shape, doors, hanging rings and
other net design and performance indicators, as appropriate to the intended
application or local requirements.

2
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3. MINIMUM GENERAL SPECIFICATIONS
FOR MOSQUITO NETS

3.1 Mesh count
Available evidence for the efficacy of non-treated mosquito nets is mostly
based on warp-knitted polyester netting, with a minimum mesh count of 156
(i.e. 156 holes per square inch). Although the holes in netting with this mesh
count are usually neither round nor square, and may be somewhat irregular in
shape and size, they have a diameter of about 2 mm and provide an effective
barrier to most Anopheles mosquitoes. Netting with a mesh count of 196 (i.e.
196 holes per square inch) is commonly used for prevention of leishmaniasis,
which is transmitted by sandflies that are smaller than mosquitoes. Netting
for LLINs may have larger holes (e.g. 56 holes per square inch), because
such netting presents both physical and chemical (repellent and killing)
barriers, which are expected to remain effective throughout the normal
service life of the net.
In the absence of an international standard method, mesh count is assessed visually with a Pick glass or other accurately calibrated rectangular
template, or with a ruler. The assessment may be made directly on the
material or by scanning/photocopying a measured square of the netting and
counting the holes on an enlarged printout. Counting is facilitated by aligning
one edge of the Pick glass or template with the holes in one dimension (e.g.
lengthwise) and, if possible, aligning the adjacent edge with the holes at right
angles (i.e. width wise), so that it is necessary to count only the holes on two
sides of the square. Alternatively, complete holes can be counted along a
ruler in the two directions of the fabric at a right angle, using a multiplication
to arrive at surface area. Irrespective of the method used and the alignment or
otherwise of the template, part-holes ≥½ are counted as complete holes,
whereas part holes <½ are not counted. Errors in counting are likely to arise
if the area counted is not square or rectangular. In practice most counting
methods produce similar, but not necessarily identical, results.
Consensus was reached that, for protection against mosquito entry, the
size of holes is more important than the number of holes per unit surface area.
However, given the wide range of hole shapes in various fabrics and the
absence of a standardized method for measuring the dimensions of holes of
irregular shape, the 156 mesh count remains the quality specification for
mosquito control for untreated or field-treated netting on condition that the
netting has holes of reasonably homogenous size. As already indicated,
because of their retention of insecticidal activity against mosquitoes, LLINs
may have a different minimum mesh count, which may be product-specific.

|
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Research requirements:
a. Determine the optimum shape and maximum dimensions of holes required to
prevent mosquito entry through untreated netting.
b. Develop alternative, rapid and reliable methods for measuring mesh size,
according to the optimum shape and maximum dimension requirements.

3.2 Bursting strength of netting materials
Strength of netting material can be measured as: (a) its bursting strength
(the maximum pressure that can be applied to a given surface area of netting
before it bursts under the strain); (b) its tensile strength (the strain applied to
a material in various directions before it gives way); (c) tear strength (e.g.,
the weight can be hung from a small hole before the material tears); or (d) as
a very crude measurement, by grasping the material in both hands and
gauging the effort required to push the thumbs through it.
Bursting strength is currently the only practicable test for which reliable
data exist. Netting quality has improved over the past 5 years and the meeting
agreed that the minimum bursting strength for acceptable netting materials is
250 kPa, when measured according to ISO 13938-1 (1999) or ISO 13938-2
(1999), using a 7.3 cm2 sample. Experience had shown that this corresponds
approximately to the minimum which would satisfy a test using thumb
pressure only, although the latter test is subjective and not suitable for testing
for compliance with a specification.
According to the ISO standard, bursting strength can be measured on
areas of netting material measuring either 7.3 cm2 or 50 cm2, though they do
not give identical results. In 2000, 7.3 cm2 was chosen for testing of netting
materials. All available routine test data were derived from 7.3 cm2 samples
and, at present, there are no validated threshold limits for 50 cm2 samples. A
sample size of 50 cm2 could be used for quality testing, subject to the
availability of data to support a proposed threshold value.
Research requirements:
a. In a range of netting materials, establish the values obtained from use of a
50 cm² test head that correspond to those measured with a 7.3 cm² test head.
b. In a range of netting materials, establish whether or not the values obtained
with hydraulic equipment (ISO 13938-1) are equal to those obtained with
pneumatic equipment (ISO 13938-2).

4
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3.3 Bursting strength of seams
Mosquito nets require seams in the netting material, to give the net the
desired shape and to seal against mosquito entry between adjacent panels of
fabric. For acceptable performance, the seams must be at least as strong as
the netting. At present, there is no documented experience with standardized
tension tests for seam quality control on mosquito nets. Therefore, the
meeting proposed that the test for bursting strength should also be used to
measure seam strength in the net. The equipment for testing bursting strength
does not require modification for this purpose.

Research requirements:
a. Manufacturers should check that the relative bursting strengths of fabric
and seams, measured by ISO 13938-1 or -2 (1999), correspond to the results
obtained by any other test method used for assessing seam strength.
b. In a range of netting materials, compare the values obtained from testing
seams with 50 cm² and 7.3 cm² test heads.
c. In a range of netting materials, compare the values obtained from testing
seams with hydraulic equipment (ISO 13938-1) and pneumatic equipment
(ISO 13938-2).

3.4 Dimensional stability
Current tests for dimensional stability are performed with a sample of the
netting material treated according to ISO 3759 (1994) and ISO 6330 (2000)
and the results are calculated according to ISO 5077 (1984) and expressed as
percentages (usually shrinkage, though stretching may also occur). The 2000
WHO specifications state that shrinkage in either direction of the netting
material should be no more than 5%. Most commonly netting material is
heated and pulled into shape during the production process (“heat-setting”) to
achieve the correct mesh count but nonetheless nets can be sensitive to the
temperature at which they are subsequently washed.
There are 10 European washing procedures (for front loading machines)
specified in the ISO 6330-1984 (E) standard and 11 for the United States of
America (for top loading machines). The revised WHO specification relies
on the 8A wash procedure (European norm: gentle wash at 30 ºC) and drying
procedure C (dry flat). For reproducible results, great care should be taken

|
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during all steps of preparation and handling of samples, avoiding tension on
the sample in any direction. The meeting noted that this laboratory test is not
necessarily comparable to any of the many different procedures used under
field conditions. However it does provide a standardized comparison between
products and the limits proposed are based on data from products which have
proven satisfactory in the field.
The meeting noted that acceptable dimensional stability criteria for
netting may not be appropriate for nets, if there is a large (but otherwise
within specification) difference between warp and weft shrinkage/stretching,
because unacceptable puckering or wrinkling of the seams could occur.

Research requirements:
a. Information should be collected on the occurrence of unacceptable puckering
or wrinkling of seams observed in practice, together with the corresponding
test measurements of dimensional stability, to support a future review of the
limits for this characteristic and of the possible need to include dimensional
stability of the net itself in the specification.

3.5 Durability and storage stability
The durability of nets and netting materials is a very important characteristic for the user but there is a lack of simple tests which measure, or
predict, resistance to the “wear and tear” arising from normal use. The most
important criterion of durability is the retention of bursting strength for an
acceptable time in normal storage and use. In principle, the bursting strength
of all fabrics can be expected to decline over time, due to polymer
degradation, and the rate of decline can be expected to be increased by
handling, washing, drying, exposure to heat and light, etc. The meeting
agreed that a test of “wear and tear” resistance is required and that it should
measure how well bursting strength is maintained.
In the absence of an appropriate test of “wear and tear” resistance, the
meeting considered the need for a test of storage stability. A well-established
test of storage stability (CIPAC method MT 46.3∗) is currently referenced in
WHO specifications for LLINs and includes a requirement for maintenance
of bursting strength after accelerated storage. The method has not been
applied to untreated nets/netting but it simulates storage equivalent to
approximately 2 years storage at room temperature. The usual test involves a
∗

Accelerated storage procedure. Pages 128–130. CIPAC Handbook, volume J. Analysis of technical and
formulated pesticides. Collaborative International Pesticides Analytical Council, Harpenden, UK. 2000.
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14-day continuous exposure to 54 °C, although a lower temperature may be
applied for a longer time to products that are irreversibly damaged at 54 °C
(testing at lower temperatures is unlikely to be necessary for untreated nets).
The rates of decline in bursting strength of currently available untreated
netting materials are unknown. Anecdotal evidence, from field use, indicates
that the strength of untreated polyester nets can decline to unacceptable levels
within 2–3 years but this may be more due to “wear and tear” than to the
simple effect of time. The meeting agreed that a minimum specification for
storage stability may be required but that data are needed to ensure that the
most appropriate characteristic is tested.

Research requirements:
a. Manufacturers of untreated netting materials should provide data to WHO
on the bursting strength of their products, before and after a test of storage
stability at 54 °C for 2 weeks (CIPAC method MT 46.3), to support a future
review of the need to test this characteristic and for setting appropriate limits.
b. A simple standard test of fabric durability should be developed, to predict
the impact on bursting strength of 2 years “typical wear and tear”, involving
a combination of washing, drying (shielded from direct sunlight) and storage
at elevated temperature.

|
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4. OTHER PHYSICAL CHARACTERISTICS OF
NETTING MATERIAL FOR MOSQUITO NETS

4.1 Yarn composition
The choice of yarn is usually related to economic or comfort considerations, and should not be part of the WHO specifications. However, if nets are
to be treated in the field, before purchasing nets made of a new type of
polymer or fibre type, evidence should be obtained on the uptake of
insecticide formulation diluted in water during dipping, and the retention of
active ingredient thereafter.

4.2 Fabrication method
Evidence for the suitability of untreated or conventionally treated nets is
currently only available for polyester warp-knitted 1 nets, which constitute
most of the current market for institutional buyers. Warp-knitting makes the
fabric "non-running", after minor damage, and this fabrication procedure has
therefore been used extensively for both polyester and polyethylene nets.

Research requirements for non-warp-knitted fabrics:
a. Develop a simple standard test for resistance to shifting of the yarn (i.e.,
holes cannot be pulled out of shape and size).
b. Develop a simple standard test for elasticity (i.e., after stretching, the material
quickly regains original size).

1

The warp, or chain-loom, machine, generally flatbed, builds vertical chains, or wales, each having a
separate yarn. The wales are tied together by zigzagging the yarns from needle to needle in the basic tricot
or milanese stitches, or variants of these. A warp-knit fabric is run-resistant but less elastic than weftknitted fabric. Raschel knitting is one type of warp knitting. In weft knitting, which includes hand knitting,
the fabric is constructed in horizontal courses with one continuous yarn.
From http://www.bartleby.com/65/kn/knitting.html (accessed 8 December 2005).

8
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4.3 Filament texture and filament count of yarn
Evidence (WHO unpublished results) indicates that texturization of multifilament polyester yarn results in slightly higher water absorption (2 to 5 %)
during field treatment with insecticide formulation diluted in water. Nets
made from texturized yarn usually have the same range of bursting strength,
a slightly lower shrinkage and a softer feel than netting made of flat or round
yarn. Both materials are suitable for use in mosquito nets.
The number of filaments which the yarn is made influences physical
characteristics of the netting: such as water uptake; the surface area to which
insecticide can bind; and hence the final concentration of insecticide per unit
area of net. The cross-sectional shape and surface texture of filaments also
influence the same characteristics: flat, irregular-shaped and textured
filaments have a greater surface area than round filaments of the same crosssectional area.
In 2000, a minimum filament count of 36 was agreed for the yarn to be
incorporated into polyester netting material. Netting made from polyester
multi-filament yarn with filament counts above 30 has proven acceptable for
insecticide treatment of nets at field level. Monofilament yarn is suitable for
netting made of high density polyethylene. The meeting agreed that it was
more important to ensure that the net absorbs the expected volume of
insecticide formulation diluted in water, than to maintain 36 as minimum
filament count.

Research requirements:
a. Further research should be undertaken by commercial partners on the relationship between filament count, physical strength and insecticide uptake,
both at laboratory and at field level.

4.4 Linear density
Linear density is a characteristic of the yarn and is expressed in units of
denier (grams per 9000 metres) or decitex (grams per 10 000 metres). Denier
and decitex are a description of yarn, not a minimum characteristic of the
netting, although the values influence the fabric weight per unit area. Linear
density is difficult to measure in any type of finished netting product and
impossible to measure in warp-knitted netting. The denier/decitex of yarn is
one element contributing towards the bursting strength of netting but bursting

|
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strength is a much more useful and practical overall measurement. Polyethylene nets are commonly made of higher denier yarn than polyester nets.
Denier should thus be specified in tendering and included on the label but it
should not be part of routine quality testing.

4.5 Weight of netting material
For a specific product (e.g., warp-knitted polyester netting), the weight
(grams per square metre) of the final netting material is closely linked to
denier of the yarn and to mesh count. Lighter netting material is cheaper.
Weight is not included in the minimum specification for netting materials but
it should be stated on the packaging of the net. When appropriate, weight
should be measured according to standard ISO 3801 (1977), with preconditioning according to ISO 139 (2005) (4 h, 20 ºC, 65% relative humidity).

4.6 Fire safety
Flammability of nets and netting depends on the polymer used to produce
the yarn and the application or incorporation of any additives, including
flame retardants. The potential for dripping of melting polymer at high temperatures is also an important characteristic, because of the risks to eyes and
skin: it is related to the yarn polymer and does not change from net to net.
Flammability may eventually be affected by insecticide treatment but there is
no evidence so far supporting this hypothesis.
Polyester is a flammability Class 1 material (“non-flammable”) according
to 16 CFR Part 1610. In a study on the flammability of netting materials, 10
samples of commercially available HDPE netting and 5 polyester samples
were tested according to EN 1102 and 16 CFR Part 1610 (WHO, unpublished
data). All samples were classified as non-flammable according to both standards.
However, in a previous study of 8 samples of HDPE, 3 samples eventually
ignited and dripped under EN 1102 conditions (“heterogeneous burn
behaviour”), although all samples were classified as Class I (“non-flammable”) according to 16 CFR part 1610.
Flammability should be determined by the manufacturer according to 16
CFR part 1610 but routine quality testing during procurement is not expected
to be required.

10
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Research requirements:
a. Additional investigations of burn behaviour and impact of flame retardants
should be undertaken.

4.7 Air permeability
It was agreed that air permeability should not be included in the WHO
specifications, as comfort is highly culture- and climate-dependent and, as yet,
no study data are available on consumer preferences for air permeability.

Research requirements:
a. Industry should carry out research on comfort in relation to air permeability
and moisture/vapour permeability of netting materials.

4.8 Water and insecticide uptake
Mosquito nets may be treated in the field by dipping in a dilution of
insecticide formulation in water. To ensure correct dosing when nets are
treated individually, the volume of diluted insecticide prepared should match
the water uptake of the net, especially if an insecticide treatment kit is
“bundled” with the net. If water uptake is unexpectedly high, parts of the net
will not be properly treated, whereas if uptake is unexpectedly low, the dose
rate may be too low and, as such the excess liquid must be disposed of safely.
Water uptake of a net is influenced by the type of yarn used and its pretreatment in the factory (e.g. addition of oils or other finishing products) and
should be stated on the label and packaging of the net.
At present, only polyester netting made from fibres with a filament count
of above 30 is known to provide the appropriate characteristics for insecticide
treatment at field level, and thus can be recommended for this purpose.
According to WHO, 0.5 litre of insecticide formulation diluted in water should
be used to treat a polyester net and 2 litres should be used for a cotton net∗.
∗

Instructions for treatment and use of insecticide-treated mosquito nets.
WHO/CDS/WHOPES/GCDPP/2002.4, WHO, Geneva, 2002.
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4.9 Pesticide bioavailability and retention in field-treated nets
Where nets are to be treated in the field, the netting material must provide
adequate retention and bioavailability of the insecticide. Producers of
insecticide treatment kits and sachets are already required, by WHOPES, to
specify the types of fabric/net for which the insecticide dose is intended, as
well as the expected wash resistance of the treatment and its duration.
Current WHO recommendations are that field-treated nets should be retreated
after three washes or at least once per year. Bioavailability and wash resistance of the insecticide on the net are key characteristics of the quality of
insecticide treatment of nets in the field. The meeting noted that bioavailability, as measured by bioassay, is difficult to relate to analytical measurements.

12
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5. GUIDELINES FOR PROCUREMENT AND
QUALITY INSPECTION OF MOSQUITO NETS

Outline of content
Consensus was reached on the following outline for the content of
Guidelines for procurement and quality inspection, which should be further
elaborated, for use by national programme managers and other unaccustomed
purchasers who do not benefit from the services of well-established
procurement agencies. The guidelines should reference simple but wellproven testing methods, to minimize time and cost while providing reliable
results. Following these guidelines and the WHO specification, purchasing
authorities should be able to adequately manage the procurement, quality
control and interpret test results.

5.1 Netting material
The fabric must comply with the WHO specification for mosquito nets.
Some additional, application-specific, requirements may be defined by the
supplier (e.g. number of filaments, type of fabric, weight). Nets for protection
against other vectors may require specifications which are different from
those adopted for mosquito nets.

5.2 Physical attributes of the nets
The product must comply with WHO specifications for mosquito nets.
Net design and performance indicators should be specified, e.g. shape, size,
colour, etc., according to local habits or the requirements of the application.

5.3 Reference samples
Bids for supply of nets must be accompanied by a reference sample of the
nets which will be supplied. This reference sample must be comprised of at
least two nets, one to be tested by the purchaser and one to be stored as a
reference in case of disputes. Producers must deliver a uniform consignment
which conforms to the reference sample.

|
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5.4 Treated or untreated nets
The purchaser must decide whether or not nets are to be treated or
untreated with insecticide, according to the requirements of the application.
Where treated nets are required, the purchaser must decide whether to buy
untreated nets for field treatment1, untreated nets with insecticide treatment
kit bundled, or LLINs. Procurement of factory-treated nets other than LLINs
is not recommended.

5.5 Labelling
On the net: size; name of manufacturer; brand name; fibre composition;
water uptake per net (if intended for treatment in the field). Standard
pictograms for washing should also appear on a label attached to the net.
There should be 5 pictograms (according to ISO 3758) indicating: gentle
wash at no more than 30 °C; no bleaching; no use of a drying machine; no
ironing; and no dry cleaning.

The same information should appear either on the bag, or as a leaflet
inside the bag, with the following additional information: filament count;
fabric weight (grams per square metre); linear density of fibres; flammability;
use, care and washing instructions, with illustrations, in addition to any other
information required by national regulations.

5.6 Information related to the insecticide intended for field
treatment other than long-lasting insecticide treatment kits
The label of the insecticide container must bear: the name of the
manufacturer; the identity of the active ingredient; the concentration of active
ingredient; the formulation type; the intended dose of active ingredient per
square metre of netting when applied to a defined net; expiry date of the
formulation; an instruction that the treatment must be repeated after three
washes of the net or at least once a year; hazard warnings and safety instructions; national registration information; reference to the WHO specification
for the formulation; the manufacturer’s statement of compliance with the
WHO specification for the product.
1

NB: at the moment only polyester nets are known to provide the appropriate characteristics for insecticide
treatment at field level. Thus, at the moment, only polyester can be recommended for this purpose.

14
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5.7 Packaging of bales of nets
The purchaser must define any requirements for maximum/minimum size,
labelling, weight, number of nets per bale, etc.

5.8 Procurement process
It is essential to define: the required place(s) and date(s) of delivery; the
required time scale between order and delivery; the intended inspection of
manufacturer’s premises and quality control (if required); national registration requirements, including notification for imports; the requirement for a
uniform consignment conforming to the reference material/sample; the
requirements for the manufacturer’s evidence of conformity with the reference sample; the arrangements for sampling and testing required for the
purchaser’s quality inspection programme, etc.

5.9 Quality inspection
The scope, sampling procedures and number of samples, acceptance and
rejection criteria, etc, of the purchaser’s quality inspection programme must
be defined. The costs, time delays and risk implications of the quality
inspection will be borne by the buyer and should be kept in mind when
developing a quality inspection programme. The appropriate balance between
costs and risks cannot be defined because both factors may involve many
components which will be weighted differently in different situations.
WHO specifications define the minimum criteria for distinguishing between good and bad products; therefore nets should be tested for compliance
with all specified clauses and limits. Omission of the more expensive or timeconsuming tests from the quality inspection process may appear to be
financially attractive but increases the risk of accepting poor quality nets or
netting, and is therefore not recommended.

5.10 Sources of information
Information on mosquito nets, insecticides and LLINs, their characteristics, applications, specifications, prices, etc., is available from many
different sources, for example http://www.rbm.who.int/mmss/.
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5.11 Actions to consider
a. Use of procurement agency services, for instance, from the UN system or
others.
b. Planning and management of the procurement process, so that all activities
and actions are undertaken by the correct persons, at the correct time, and
with the correct organizations, to avoid delays and mistakes.
c. Management of shipment/delivery, customs clearance, etc.; management
of distribution, storage, field treatment (if appropriate) of nets after delivery,
so that all activities and actions are undertaken by the correct persons, at the
correct time, and with the correct organizations, to avoid delays and mistakes.
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6. UPDATED WHO SPECIFICATION FOR
NETTING MATERIALS AND MOSQUITO NETS
6.1 Description (refer to note 1)
The product shall be in the form of a net of …[conical, rectangular, etc,] shape,
having dimensions of …[dimensions in metres]. It shall be made of netting, consisting
of …[denier/decitex, mono-/poly-filament, polymer type] fibres. The product shall
appear clean and shall be free from visible extraneous matter, visible damage (such as
splitting or tearing) and visible manufacturing defects (such as poorly made seams or a
weave that is either not uniform or too loose to remain uniform in use), and shall be
suitable for use as a mosquito net.

6.2 Physical properties (refer to notes 2 & 3)
6.2.1

Mesh count (note 4)

When counted by the method given in Note 4, the average number of complete
holes/in2 shall be not less than 156 and the lowest value shall be not less than 148.
6.2.2

Bursting strength (note 5)

The minimum bursting strength of the fabric shall be declared (not less than 250 kPa1)
and, when determined, the average shall be not less than that declared. If seams are
present, their average bursting strength shall be not less than the average for the fabric.
6.2.3 Dimensional stability (note 6)
Not more than 5% shrinkage/expansion in both dimensions.

NOTE 1
Other characteristics (colour, number of filaments in the yarn, filament texture, etc.)
may be specified separately, according to the requirements of the application.
NOTE 2
Nets should be tested for compliance with all clauses in the specification. The number,
frequency and distribution of nets, within and between batches/consignments, to be
1

KiloPascal: a unit of pressure. 1 kPa is approximately the pressure exerted by a 10-g mass resting on a
1 cm2 area – 101.3 kPa = 1 atm.
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tested by the buyer for compliance with the specification must be decided by the buyer,
according to the required balance between cost and risk. Risk depends on the probability
(or frequency) of non-compliant nets occurring within a batch/consignment. A method
for determining sampling frequency based on probability is given in Tables 1a and 1b,
page 19.
NOTE 3
Samples for testing physical properties should be taken from nets according to figure
1, page 20. Samples must be sufficiently large to conduct all tests required and be
representative of the net. Except where seams are to be tested, do not test material within
10 cm of seams or selvedges. Where a net is made from more than one type of netting,
each type of netting should be sampled and tested separately.
Use sharp scissors, or equivalent, to minimize damage to the fibres and fabric. Roll
up the strips or squares and place them in labelled, new, clean aluminium foil prior to
testing. Samples should be kept cool, avoiding heat sources (including sun heat) or
freezing, and tested with the minimum delay. Representative portions (sub-samples) for
testing should be taken as described in each test method.
NOTE 4
In the absence of a simple or standard method to determine the size of holes, which
may have complex shapes, in highly flexible fabrics, mesh size is determined by
counting the number of holes in a square of the fabric. Counting may be done directly on
the fabric or indirectly by scanning/photocopying the fabric. Indirect methods may ease
counting and provide a permanent record. Before scanning/photocopying or counting
directly, the fabric should be conditioned according to ISO 139 (2005) (4 h, 20 ºC, 65%
relative humidity).
Use a template to define the square of netting, taking care not to stretch or distort the
fabric. The template should be a rigid sheet, 1–2 mm thick, in/on which a calibrated
(±1% in each dimension) square (e.g. 1 x 1 in or 2 x 2 cm) has been accurately
cut/marked. Alternatively, a Pick glass may be used. If a template is not available and a
ruler must be used, great care is required to ensure that the area counted is square. Where
practicable, at least one edge of the square to be counted should be aligned with a row of
complete holes in the fabric. Incomplete holes ≥½ are counted as complete holes,
whereas those <½ are not counted. Count 5 replicate squares in pieces taken according to
Note 3, calculate the average and note the lowest value.
NOTE 5
Test method: ISO 13938-1 (1999) or ISO 13938-2 (1999), with conditioning of the
fabric according to ISO 139 (2005) (4 h, 20 ºC, 65% relative humidity). The declared
minimum bursting strength, and testing for compliance with it, should be based on tests
of 7.3 cm2 areas of fabric. Proposed specifications based on tests of 50 cm2 area must be
supported by data showing the suitability of the proposed value and its relationship to the
minimum of 250 kPa (which is based on 7.3 cm2 area). Five replicate tests should be
conducted on samples taken as described in Note 3. The average of the 5 measurements
is calculated.
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The method to test seam bursting strength is identical to that used to test the fabric,
except that 5 replicate tests should be made with a seam centred on the test head. Up to 5
seams may be tested but, if there are <5 seams, replicate measurements should be made
on 1 or more seams, to provide a total of 5 measurements.
NOTE 6
Method of preparation before and after the washing test: ISO 3759 (1994). Method of
washing: ISO 6330 (2000). Method of calculation: ISO 5077 (1984). Size of test portions:
500 mm x 500 mm; mark off 350 mm x 350 mm within each test portion. Test a total of
4 replicate portions, 2 washed in each of 2 separate loads. Type of washing machine: ISO
type A (front loading, horizontal drum). Washing programme: ISO type 8A (gentle cycle
30 ºC). Fill the washer with ballast/dummy load (with fabric as per ISO standard) up to
the standard of 2 kg. Detergent: IEC + sodium perborate. Drying: C, flat drying.
Table 1a: Sampling rate based on probability of detection and frequency of noncompliance
Minimum number of samples per batch required to
detect a non-compliant net with a probability of:
Actual frequency of noncompliant nets in the batch
20%
15%
10%
5%
1%

90%

95%

99%

11
15
22
45
231

14
19
29
59
299

21
29
44
90
459

Example: A buyer aiming for 90% confidence to detect a non-compliance occurring at
10% frequency would have to collect and test 22 nets per batch.
Table 1b: Example: the probability of detecting a non-compliant net by testing 8
nets per batch
Actual frequency of non-compliant nets in the
batch
44%
31%
25%
10%
5%
1%

Probability of detecting a non-compliant
net by testing 8 nets
99%
95%
90%
57%
34%
8%

The probability values given in Tables 1a and 1b assume either random sampling or a
random distribution of non-compliant nets, or both. The values are calculated from:
1–p = (1–i)n
where: p = probability of detecting a non-compliant net (expressed as a fraction, not %);
i = incidence of non-compliant nets in the batch (expressed as a fraction, not %);
n = number of nets tested from the batch.
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Figure 1. Sampling for testing for compliance with the specification.
Recommended positions from which 5 pieces of netting should be taken from a net and
combined to form a representative sample.
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ANNEX. LIST OF PARTICIPANTS
1. Dr Gerhard Hesse

Bayer Enviromental Science S.A.
Head, Global Vector Control Portfolio Management
16, rue Jean-Marie Leclair, CP 10669266 Lyon (Cedex 09), France
Tel.: +33 (0) 4 72 85 46 86; Mobile: +33 (0) 6 82 67 80 96
Fax : +33 (0) 4 72 85 46 32
gerhard.hesse@bayercropscience.com
2. Dr Karin Horn

Bayer Environmental Science
Technical Project Manager, Product Development Pest Management
D-40789 Monheim / Geb. 6100, Germany
Tel.: +49 2173-384934; Mobile: +49 175-3014934
Fax: +49 2173-384975
karin.horn@bayercropscience.com
3. Dr Ulrich Karl
Manager New Business Development, BASF Aktiengesellschaft
Carl-Bosch-Strasse. 38, D-67056 Ludwigshafen, Germany
Tel.: +49 (621) 605.8301
Fax: +49 (621) 604.1888
ulrich.karl@basf-ag.de
4. Dr Takaaki Itoh
Manager, Entomologist, Product Support and PCO
Marketing Department International
Sumitomo Chemical Co. Ltd
5-3 Kitahama, 4-Chome, 5418550 – Osaka, Japan
Tel.: + 81 797 74 2177
Fax: + 81 797 74 2185
itout12@sc.sumitomo-chem.co.jp; itont@sc.sumitomo-chem.co.jp
5. Mr Robin Slatter
Business Development Manager, Global Vector Control
Sumitomo Chemical (UK) Plc
7 Hess Court, Upper Saddle River, NJ07458 USA
Tel.: +1 201236 0583
Fax: +1 2012361191
slatter@scuk.sumitomo-chem.co.uk
6. Dr Mark Birchmore (unable to attend)
Global Technical Manager, Public Health - Professional Products
Syngenta Crop Protection AG
Schwarzewaldallee 215, 4002 – Basel, Switzerland
Tel: +41 61 323 61 27
Fax: +41 61 323 56 08
mark.birchmore@syngenta.com
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7. Mr Nadim Mohr
Executive Director, SiamDutch Mosquito Netting Co Ltd
15, Soi 33 Sukhumvit Road, 10110 – Bangkok, Thailand
Tel.: + 66 2 258 5621. Ext. 112; Mobile: + 66 1 846 0113
Fax: + 66 2 259 5084
nadim@siamdutch.com;
Website: www.siamdutch.com
8. Mr Hans Ryding
Technical Manager
SiamDutch Mosquito Netting Co. Ltd
15, Soi 33 Sukhumvit Road, 10110 – Bangkok, Thailand
Tel.: + 66 2 258 5621. Ext.: 112; Mobile: + 66 1 846 0113
Fax: + 66 2 259 5084
mullika@siamdutch.com
Website: www.siamdutch.com
9. Mr Mikkel Vestergaard
Director and Chief Executive Officer Vestergaard Frandsen A/S
Head Office, Haderslevvej 36
KD - 6000 – Kolding, Denmark
Tel.: + 45 75 50 30 50;
Mobile: + 45 29 99 20 90
Fax: + 45 75 50 30 44
mvf@vestergaard-frandsen.com
Website: www.vestergaard-frandsen.dk
10. Mr Anuj Shah
Director and Chief Executive Officer
A to Z Textile Mills Limited, Industrial Area, P.O. Box 945 - Arusha
United Republic of Tanzania
Tel.: + 255 744 20 2020; + 255 27 254 8895
Fax: + 255 27 254 8235
azpfl@yako.habari.co.tz
11. Mr Vijav Bhardwaj
Director, Sunflag Textile Products, P.O. Box 3123, Arusha
United Republic of Tanzania
Tel.: +255 27 250 41 50
Fax: +255 27 250 87 21
sunflag@habari.co.tz; Vjbhard3@aol.com
12. Mr Marcel Dubbelman
Bednet International Company Limited
59/1 Moo5 Rattanatibet Rd
Bangkrasor 11000, Nonthaburi
Thailand
Tel.: + 66 2 527 4135/6
Fax: +66 2 527 4137
info@bed-net.com
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13. Mr Bill Li (unable to attend)
General Manager, Tianjin Yorkool International
Rm 705, North China Finance Tower Box 5, Youyi Road, Tianjin 300201, China
Tel.: +86 (22) 883 50017
Fax: +86 (22) 883 50201
yorkool@treated-bednet.com
14. Mr Chaovalid Methawisal
C. K. Trading (1994) Co., Ltd
48 Soi Aree 3 Phaholyothrin Road, Bangkok, Thailand
Tel.: +66 2 279 6141
Fax: +66 2 271 4952
ctcenets@samart.co.th
15. Mrs Warissara Methawisal
C. K. Trading (1994) Co., Ltd
419 Moo 2 Soi Klongkhae Aomnoi Kratumban,
Samutsakorn Thailand 74130, Bangkok, Thailand
Tel.: +66 2 279 6141;
Mobile: +66 18384378
Fax: +66 2 271 4952
ctcenets@samart.co.th; wrs@nettothai.com
16. Mr Jean-Francois Wittmann
Clariant Huningue, Avenue de Bâle
Boîte Postale 149, F-68831 Huningue Cedex, France
Tel.: +33 (3) 8989 6064
Fax: +33 (3) 8989 6116
JeanFrancois.Wittmann@clariant.com
17. Mr Anand Samiappan
VKA Polymers, Clariant Huningue
Avenue de Bâle, Boîte Postale 149, F-68831 Huningue Cedex, France
Tel.: +33 (3) 8989 6064
Fax: +33 (3) 8989 6116
anand@vkapolymers.com
18. Dr Ole Skovmand
Intelligent Insect Control
IIC SAS 118 Chemin des Alouettes F-34170 Castelnau le Lez, France
Tel.: +33 467 108790; Mobile: 336 61983086
Fax: +33 467 108790
ole.skovmand@insectcontrol.net
19. Mr Nnamdi Iro Oji
Vice Chairman
African Net Manufacturers Association (ANMA)
Rosies Textile Mills LTD
49A Milverton Avenue
Aba, Abia state, Nigeria
Tel.: +234 80 37234240;
+234 80 56272670
nnamdioji@yahoo.com
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20. Ms Lesley Peel
Operational Head - High Performance Materials
Advanced Materials Services Ltd, Unit 14, Wheel Forge Way
Ashburton Road West, Trafford Park, Manchester, M17 1EH, United Kingdom
Tel.: + 44 (0) 161 873 6543
Fax: + 44 (0) 161 848 7378
lpeel@bttg-hpm.co.uk
21. Ms Suzana Blattmann
Centro Tecnologico das Industrias Textil e do vestua (CITEVE)
Quinta da Maia, Rua Fernando Mesquita 2785
4760 Vila Nova De Famalicao, Portugal
Tel.: +351 252 300 300
Fax: +351 252 300 317
sblattmann@citeve.pt
22. Mr Fernando Merino
Technical Director, Centro Tecnologico das Industrias Textil e do vestua
Quinta da Maia, Rua Fernando Mesquita 2785
4760 Vila Nova De Famalicao, Portugal
Tel.: +351 252 300 300
Fax: +351 252 300 317
fmerino@citeve.pt
23. Mr Brian J. McCarthy
Director, TechniTex Faraday Partnership
Arch 30, North Campus Incubator, Sackville Street, Manchester,
M60 1QD, United Kingdom
Tel.: +44-161-306-8500;
Mobile: 07841-590657
Fax: +44-161-306-8501
BrianMcCarthy@TechniTex.org; Brian.McCarthy@Manchester.ac.uk
Website: www.technitex.org
24. Mr David Whybrew
Crown Agents
St Nicholas House, St Nicholas Road, Sutton, Surrey SM1 1EL, United Kingdom
Tel.: +44 (020) 8643 3311
Fax: +44 (020) 8643 8232
david.whybrew@crownagents.co.uk
25. Mr Peter Jeyaraj
Operations Director
Health Inspection
Crown Agents
Tel.: +44 20 8710 6086
Fax: +44 20 8770 9101
peter.jeyaraj@crownagents.co.uk
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26. Mr Geert De Clercq
Hogeschool Gent, INWE, Vakgroep Textiel
Voskenslaan 362, B-9000 Gent
Belgium
Tel.: +32/9/24.24.297
Fax: +32/9/24.24.292
geert.declercq@hogent.be
27. Professor Marc Coosemans (unable to attend)
Institute of Tropical Medicine
Prince Leopold, Department of Parasitology
155 Nationalestraat, B-2000 Antwerpen, Belgium
Tel.: +32 23 247 6312 / 635
Fax: +32 3 247 6359
mcoosemans@itg.be
28. Dr Alan Hill
2 Paddock Close, The Old Village
Huntington, York Y032 9GP, United Kingdom
Tel.: +44 1904 761802
Fax.: +44 1904 761802
alanhill.york@btinternet.com
29.Dr Jean Marc Hougard
Centre de Recherche Entomologique de Cotonou
Centre Institut de Recherche pour le Développement du Bénin
01 BP 4414 RP, Cotonou, Bénin
Tel.: +229 30 0354
Fax: +229 30 8860
jean-marc.hougard@ird.fr
30. Mr David McGuire (unable to attend)
Vice President and Director, NetMark and Center for Private
Sector Health Initiatives, Academy for Educational Development
1825 Connecticut Ave, NW, Washington, DC 20009, USA
Tel. 202-884-8506
Fax. 202-884-8844
dmcguire@aed.org
31. Dr Willard D. Shaw, Ed.D.
Vice President
Center for Health, Population, and Nutrition
Academy for Educational Development
1825 Connecticut Ave. NW
Washington, D.C. 20009, USA
Tel.: (202) 884-8864
Fax (202) 884-8844
wshaw@smtp.aed.org
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32. Dr Mark Rowland (unable to attend)
HealthNet International
School of Hygiene and Tropical Medicine
Keppel Street, WCIE 7HT – London, United Kingdom
Tel: +44 207 299 4719;
+44 20 7850 9075
mark.rowland@lshtm.ac.uk
33. Mr Than Saung
Chief, Quality Assurance Centre, UNICEF Supply Division
Freeport, Copenhagen, DK2100
Tel: 0045-3527-3443
Fax: 0045-3526-9421
usaung@unicef.org
34. Ms Beverley Hasmore
Supply and Transport section
UNHCR Rue de Montbrillant 94, Case Postale 2055, 1211 Genève 2, Switzerland
Tel: 41 22 739 8433
Fax: 41 22 739 7377
ashmore@unhcr.ch
35. Dr Arata Kochi
Director, Global Malaria Programme (previously the Roll Back Malaria Department)
World Health Organization
20 avenue Appia
1211 Geneva 27, Switzerland
Tel.: +41 22 791 38 28
Fax: +41 22 791 48 24
kochia@who.int
Website: www.who.int/malaria
36. Dr Allan M. Schapira
Coordinator, Vector Control and Prevention (previously Strategy and Policy Team)
Global Malaria Programme (previously the Roll Back Malaria Department)
World Health Organization
20 avenue Appia
1211 Geneva 27, Switzerland
Tel.: +41 22 791 18 64
Fax: +41 22 791 48 24
schapiraa@who.int
Website: www.who.int/malaria
37. Dr Charles Delacollette (unable to attend)
Coordinator, Capacity Development and Operations Support Team
(previously the Roll Back Malaria Department)
World Health Organization
20 avenue Appia – 1211 Geneva 27, Switzerland
Tel.: +41 22 791 37 45
Fax: +41 22 791 48 24
delacollettec@who.int
Website: www.who.int/malaria
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38. Dr Mohammadou Kabir Cham
Senior Adviser, Global Malaria Programme
(previously the Roll Back Malaria Department)
World Health Organization
20 avenue Appia, 1211 Geneva 27, Switzerland
Tel.: +41 22 791 38 42
Fax: +41 22 791 48 24
chamm@who.int
Website: www.who.int/malaria
39. Dr Pierre F. Guillet
Acting Coordinator, Vector Control and Prevention
Global Malaria Programme
World Health Organization
20 avenue Appia, 1211 Geneva 27, Switzerland
Tel.: +41 22 791 11083, Fax: +41 22 791 48 24
(previously Vector Biology and Control, WHO Regional Office for Africa)
guilletp@who.int
Website: www.who.int/malaria
40. Dr Morteza Zaim
Scientist, Strategy Development and Monitoring
for Parasitic Diseases and Vector Control
World Health Organization
20 avenue Appia, 1211 Geneva 27, Switzerland
Tel.: 0041 22 791 38 41
Fax: 0041 22 791 48 24
zaimm@who.int
41. Dr Axel Kroeger (unable to attend)
Medical Officer, Special Programme for Research and
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World Health Organization
20 avenue Appia, 1211 Geneva 27, Switzerland
Tel.: 0041 22 791 33 98
kroegera@who.int
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Supply Officer, Contracting and Procurement Services
World Health Organization
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acriviadisp@who.int
43. Mrs Chantal Schnetzler
Supply Assistant, Contracting and Procurement Services
World Health Organization
20 avenue Appia, 1211 Geneva 27, Switzerland
Tel.: 0041 22 791 28 05
schnetzlerc@who.int
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44.Dr Maryse Dugue
Manager, Malaria Medicines and Supplies Services
Roll Back Malaria Partnership Secretariat Hosted by the
World Health Organization
20, Avenue Appia, CH-1211, Geneva 27, Switzerland
Tel.: +41 22 791 4439
Mobile: +41 79 445 1855
Fax: +41 22 791 1587
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