
Dengue Bulletin – Volume 30, 2006 251

�suparat.p@pngimr.org.pg; � +675-7322800; Fax: +675- 7321998

Household Practices of Temephos Use for
Dengue Larval Control, Khon Kaen Province,

North-east Thailand

Suparat Phuanukoonnona�, Mark Boughb and Joan H. Bryanc

aPNG Institute of Medical Research, P.O. Box 60 Goroka, EHP, 441 Papua New Guinea

bSchool of Humanities and Human Services, Queensland University of Technology, Carseldine,
Queensland 4034, Australia

cSchool of Population Health, University of Queensland, Herston, Queensland 4072, Australia

Abstract

In the absence of a vaccine against dengue infection, larval control remains the only option for the
control of Aedes aegypti, the vector species. Temephos, a larvicide, has been the main agent for the
control of the larvae of dengue vectors in Thailand since the 1970s. The use of temephos not only
requires estimation of the correct doses to be added to water containers but also retreatment at regular
intervals. The present study investigated the application of temephos in households in both rural and
urban areas of Khon Kaen province, Thailand. The study covered 966 households and 5821 water
storage containers. The results showed that temephos was commonly added to non-potable water and
the percentage of rural households using temephos was more than twice as high as that in urban
settings (rural 60%; urban 25%). The constraints identified in the usage of temephos included insufficient
availability of temephos, inappropriate methods of application and no retreatment at regular intervals.
In urban areas, the standard packages available facilitated the correct use of temephos in dragon jars
used for storage of water for drinking purposes (60 to 200 litres). However, temephos promotion also
suggested application of the chemical primarily to containers of bathing water, which are rectangular
cement containers with a much greater volume (>500 litres). On the basis of these results, the study
suggests the need to look beyond just the issue of distribution of temephos, but also focus attention on
promoting the appropriate dose application of temephos.
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Introduction

Dengue virus is transmitted principally by the
mosquito vector, Aedes aegypti, a species
closely associated with human habitats. In the
absence of dengue vaccine, Ae. aegypti control
by source reduction is the only option. Larval
control focuses on the treatment or elimination

of larval breeding sites, which are mainly
containers located in and around houses. The
dengue control programme in Thailand focuses
on encouraging people to take responsibility
for larval control by themselves, and one of the
advocated control methods is to add larvicide
(temephos or Abate® 1% sand granules) to
household water storage containers.
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Temephos can be safely used in drinking
water as it has a low mammalian toxicity.[1]

This chemical was first introduced for
mosquito larval control in Thailand in 1968
by the Aedes Research Unit funded by the
World Health Organization (WHO) and later
promoted on nationwide basis in 1978 in
conjunction with primary health care, mainly
in urban areas.[2]

In Khon Kaen province, the Provincial
Health Office is responsible for the distribution
of larvicide, and production and distribution
of information, education, communication
(IEC) material. Larvicide distribution in urban
areas is carried out by the municipal authority.
The district and sub-district health service
centres are responsible for temephos
distribution in rural areas.

The transmission season in Khon Kaen
with the maximum DHF cases extends from
May to August. All urban areas in Khon Kaen
are classified as high-risk areas where
temephos is distributed at least twice a year,
i.e. in March and June (seasonal transmission),
while the rural areas are classified variously,
resulting in different control strategies.
However, a recent larval survey in Khon Kaen
showed that the dengue control programme
had not been effective,[3] as Breteau indexes
(BI) of 201 and 113 and Container indexes
(CI) of 25 and 28 in rural and urban areas,
respectively, were higher than the target
indices set by the Ministry of Public Health
(BI ≤ 50 and CI ≤ 10). There may be many
factors contributing to such failures, i.e. people
disliking the smell of temephos or receiving
insufficient amounts of temephos, resulting in
irregular use of the larvicide in the household.
For the success of the dengue control
programme, larvicide application in
appropriate quantities, frequencies, timing of
application, degree of coverage, etc., are key

issues. This study investigates people’s
knowledge, beliefs and practices about
temephos use for larval control in household
water containers in rural and urban areas in
Khon Kaen.

Study locations and materials

The study was organized using qualitative
methods for 12 months (Sep 2000 – Aug 2001)
in a community in the city of Khon Kaen
Municipality, representing urban areas, and a
rural village in Kok Pho Chai district representing
rural areas. The techniques used were focus
group discussions (FGDs), in-depth interviews
(IDIs), informal interviews and participant
observation. Overall, there were 13 FGDs and
16 IDIs. After the qualitative study, a
quantitative study was undertaken using a
questionnaire in 45 of 52 urban communities
in Khon Kaen Municipality (population:
376 915) and 40 of 44 rural villages in Khok
Pho Chai subdistrict (population: 25 890).
Households were randomly selected in each
rural village and the urban community from the
housing registration records.

The questionnaire sought details for each
water storage container used in the household,
the purpose of the stored water (drinking,
washing, bathing and flushing toilets) and the
use of temephos and its application. The type
of containers investigated in this study were
large dragon jars – enamel pottery containers
with a painting of a dragon on the outside
(160–200 litres), small dragon jars (40–60
litres), plastic containers (200 litres), buckets
(10–60 litres), large cement jars (2000 litres)
and big rectangular indoor cement containers.
These built-in cement rectangular containers
are constructed in the corner of the bathroom
with sizes varying from one to 1.5 cubic metres
and more.
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Results

Application of temephos

Coverage

Nine hundred and sixty-six households (480
rural and 486 urban) were visited, which
provided access to 5821 containers (3893 rural
and 1928 urban) for inspection. Temephos
was more widely used in rural areas than in
urban settings with 60% of rural households
and only 25% of urban households reporting

the use of temephos in at least one container
in the past 12 months.

The percentage of households using
temephos in drinking-water containers was lower
than those using temephos in other containers.
In rural areas, the percentages of rural households
that applied temephos to storage containers
meant for washing, bathing and flushing toilets
amounted to 54%, 59%, 55% respectively. These
figures were twice as high as those in urban
settings, i.e. 21%, 24%, 20% respectively,
P<0.001 in all three cases (Table 1).

Table 1. Use of temephos 1% sand granules in household water containers
during September 2000 – August 2001

P-valueTypes of jars

N = number of containers
B-cement = Big rectangular cement containers
S-cement = Small rectangular cement containers

Drinking 2170 483 0.22 330 22 0.07 <0.001

Large cement jar 1782 416 0.23 199 11 0.06 <0.001

Dragon jar 388 67 0.17 131 11 0.08 0.014

Washing 842 453 0.54 620 131 0.21 <0.001

Large cement jar 39 20 0.51 59 7 0.12 <0.001

Dragon jar 656 347 0.53 438 95 0.22 <0.001

Small dragon jar 139 80 0.58 35 12 0.34 0.014

Plastic container 8 6 0.75 88 17 0.19 <0.001

Bathing 486 289 0.59 548 132 0.24 <0.001

Dragon jar 87 52 0.60 65 19 0.29 <0.001

Plastic container 1 1 1.00 112 11 0.10 0.004

B-cement 398 236 0.59 371 102 0.27 <0.001

Flushing 395 216 0.55 430 86 0.20 <0.001

Dragon jar 42 23 0.55 22 8 0.36 0.162

S-cement 319 178 0.56 303 65 0.21 <0.001

Bucket 34 15 0.44 105 13 0.12 <0.001

Urban

Propor-
tion

Temephos
use

Total
N

Rural

Propor-
tion

Temephos
use

Total
N
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Temephos distribution

In rural areas, temephos is delivered in 25 kg
drums from the Provincial Health Office to the
local health service centres while in urban
areas temephos can be obtained from two
sources, the Khon Kaen Municipal Health
Office and the Provincial Health Office via the
Department of Social and Preventive
Medicine, Khon Kaen Hospital. The main
channels for distributing temephos are the
village health volunteers (VHVs) and heads of
the communities. Temephos is also distributed
to schools, especially during the disease
outbreaks, to control dengue vectors at school
premises.

Temephos application practices can be
categorized in three ways:

(i) Measured specifically for dragon jars
and placed into 10.16×7.62 cms
(4×3 inch) pharmaceutical plastic
bags. The package is pierced before
being placed in a water container.

(ii) Packed in plastic bags or wrapped
with cloth but not measured for a
specific container, as was found in
both rural and urban areas. It is
recommended that the plastic
package of temephos be pierced and
put into water containers, or
temephos be wrapped in a piece of
cloth before being added to water,
or be added directly to the water.

(iii) In some rural areas, VHVs distribute
temephos to households by simply
scooping up the chemical with a
spoon and giving it to householders.
Temephos obtained in this way is
added directly to water or is wrapped
in a cloth before being placed in a
water container.

In any area, the distribution method
varied. For example, people reported receiving

temephos in plastic bags once but
subsequently might receive it without package.
Temephos is also available commercially in
urban areas but not in rural areas. In this study
95% (399 of 422) of the respondents in both
locations, who used temephos, obtained it
from health centres or VHVs. People could
obtain extra temephos from health service
centres or the municipal health office (during
working hours), or from VHVs, or the head of
community. However, only 27% (33 of 124)
of urban households and 26% (76 of 298) of
rural households reported obtaining extra
temephos.

Temephos application

Half of rural households (50%) added
temephos directly to water containers, while
only 9% of urban household did so. The
percentage of households piercing the
standard packages of temephos was 16% (76
of 486) (Table 2).

When temephos is added directly, there
is a problem of preserving it while cleaning
water containers, as temephos will be washed
out. Some participants, who wrapped
temephos in cloth, learnt it during the
promotion campaigns in 1980s. However,
there was currently no information about this
practice in any media such as TV, or IEC
materials.

Dosage schedule

The effectiveness of temephos is reduced by
over-dilution. The majority of communities
have been informed about the required
amount of temephos in relation to the volume
of water and how to apply it. Generally, “a
gram of temephos per 10 litres of water” is
the recommended dose so that a dragon jar
of 200 litres requires 20 grams of temephos



Household Practices of Temephos Use

Dengue Bulletin – Volume 30, 2006 255

(the amount of temephos is of formulation).
The study participants pointed out that they
found it difficult to understand “gram per litre
or spoon per litre”, especially as most people
did not own scales to weigh nor the capacity
of their containers; therefore, they could not
estimate the correct amount of temephos for
different containers. In the urban settings, a
standard package of temephos (20 grams) for
a dragon jar-size container was available to all
communities. However, no urban participant
knew the amount of temephos needed for
other containers. Some participants were not
sure of the correctness of the required dosages,
but other participants were not concerned;

for them simply adding temephos was
sufficient. Those who were concerned about
the right amount asked for extra packages of
temephos for large containers.

Urban people can obtain extra temephos
from many sources, the municipal health office,
hospitals and some VHVs or some heads of
community, but this depends on people’s
initiative for collecting it. In rural areas, only
VHVs distribute temephos. Normally, the
amount of temephos distributed by VHVs
depends on the amount obtained by them from
the health centres and has no relation to the
actual requirements, which always fall short.

Table 2: Application of temephos 1% sand granules (frequency of application and
source of information) during September 2000 – August 2001

Rural (N= 480) Urban (N= 486)
P-value

N Proportion N Proportion

How temephos is applied?

Pierce plastic package 23 0.05 76 0.16 <0.001

Wrap with cloth 33 0.07 3 0.006 <0.001

Add directly to water 242 0.50 45 0.09 <0.001

Not using temephos 182 0.38 362 0.74 <0.001

Frequency of treatment with temephos

More often than 3 months 76 0.16 33 0.07 <0.001

3 months 62 0.13 19 0.04 <0.001

Less often than 3 months 55 0.11 28 0.06 0.002

Inconsistent 105 0.22 44 0.09 <0.001

Not using temephos 182 0.38 362 0.74 <0.001

Sources of information

Health officers 137 0.46* 67 0.54* <0.001

VHVs 237 0.92* 66 0.53* <0.001

IEC 2 0.004* 9 0.07* 0.036

Friends or neighbours 0 – 10 0.08* 0.002

Heads of communities 3 0.006* 23 0.19* <0.001

*Proportion of number of households using temephos (rural = 298, urban = 124), multiple responses allowed



256 Dengue Bulletin – Volume 30, 2006

Household Practices of Temephos Use

Both urban and rural participants worked
out the requirements of temephos as per the
availability of containers. If sufficient temephos
was available, for one round for all containers
(n=5821) in the study locations (@ 1 gram per
10 litres), 598 kilograms of temephos would
be needed. Therefore, each house would need
approximately 0.6 kilograms of temephos for
each application. If containers with drinking
water are excluded, each household would
require 0.11 kilograms of temephos in both
rural and urban locations for each round.

Frequency of adding temephos

Rural areas are generally rated as low-to-
moderate-risk areas whereas urban areas are
rated as high-risk areas. Therefore, temephos
needs to be applied more often in urban areas
than in rural areas. However, the percentages
of those using temephos at least at three
months’ interval in urban areas was 11% (52
of 486), which was less than the 29% (138 of
480) of the rural households that did so. Most
participants in both locations reported using
temephos as and when it was available, so
retreatment would again depend upon the
availability of the next lot.

Source of information about temephos

Over 90% of the participants who used
temephos in rural areas learnt about it from
VHVs and 46% from health officers, while
VHVs and health officers were sources of
information for almost equal percentages (54%
and 53%) of people in urban areas (Table 2).
Less than 1% of the participants in rural areas
and 7% in urban areas learnt about temephos
from IEC materials such as leaflets, posters or
TV advertising. Health officers knew the
recommended dosages of temephos, but only
a few VHVs in both study locations knew the
correct dose, and this knowledge mainly

related to dragon jars only and not other
containers.

Why temephos was not used?

Almost half of all households, 28% (131 of 486)
in rural and 65% (314 of 480) in urban areas,
knew about temephos but did not use it. The
four main reasons for not using temephos were:
(i) did not receive temephos; (ii) perceived
temephos as harmful because it is a chemical;
(iii) alternative larval control measures were
used such as covering containers with lids or
cleaning containers; and (iv) temephos was
perceived to be ineffective for larval control.

The reasons for non-usage of temephos
indicated by 80% (104 of 131) of the rural
households and 60% (188 of 314) of the urban
households were non-receipt of the chemical
or its insufficient quantity for all their containers.
Even though extra temephos could be obtained
at the municipal health office, but many people
did not take any initiative to collect it.

The bad smell and taste of temephos,
linked to the perception of it being harmful to
health, accounted for 40% of those not using
it in drinking water (178 of 445), but for only
5% (22 of 445) of those who did not use it in
drinking water attributed it to other reasons.

In 15% (66 of 445) of the households in
both locations, the respondents pointed out
that household practices, such as frequent
water use and weekly cleaning of water
containers, were sufficient for larval control.
The number of respondents who cleaned or
emptied containers and used water frequently
as larval control measure was higher in urban
(44 of 66) than in rural (22 of 66) areas. This
could be due to the different types of water
containers in the two locations. For example,
dragon jars were the main receptacles for
storing water in the rural households, while
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many urban households used plastic
containers in preference to dragon jars, as it
was easier to empty and clean them.
According to the urban respondents, they
frequently emptied plastic containers to
control larvae, so temephos was not necessary.
Fifteen per cent of people (66 of 445: rural
30, urban 36) thought that temephos was
ineffective for larval control. The presence of
larvae after adding temephos was likely to be
due to addition of insufficient temephos or to
high volume of water, which over-diluted the
temephos. Lastly, despite decades of dengue
control campaigns in which temephos has
been used, about 10% of the households had
never heard about it (rural = 51, urban = 48).

Discussion

In Thailand, for dengue control, the use of
temephos was promoted in household water
containers that could not be covered by lids.
This study has brought out how the temephos
campaign has been affected by people’s
perceptions and practices associated with this
programme, both in rural and urban
households, in north-eastern Thailand. The
barriers to the correct use of temephos in
household water containers have been
identified and corrective measures can improve
the implementation of the programme.

Although temephos dilutes over time, its
effectiveness stays for significant periods.[4]

Emptying the container reduces the effectiveness
of temephos more than removing and replacing
the water.[5] This was because the temephos sand
granules sink to the bottom and remain so when
water is removed from the top of the container.
Emptying containers altogether removes
temephos and shortens its effectiveness, unless
temephos is wrapped in a cloth.

Monitoring the effectiveness of temephos
is an important activity for sustaining control.

Inspecting containers regularly and adding
temephos as and when larvae appear is
essential for effective larval control. However,
this contradicts the current message which
states that treatment at three-month intervals
are needed.

The investigation of the effectiveness of
temephos in different water containers in the
same study locations are reported elsewhere.[6]

Approximately 24% (435 of 1812) of the
containers had been treated with temephos,
but mosquito breeding still continued.[6] This
was due to temephos losing its effectiveness
with water usage without adding additional
quantities of the chemical. There was a huge
variation in water usage and therefore the
amount of temephos needed varied greatly.
Consequently, it is not realistic to develop a
health education message detailing the
frequency of adding temephos. In such
circumstances, the containers should be
inspected regularly and temephos should be
added when larvae appear. However, this
requires a properly designed study based on
a statistically significant sample size. Another
possible factor contributing to the
ineffectiveness of temephos could be the
build-up of temephos resistance to Ae. aegypti
larvae. Therefore, entomological monitoring
of resistance is also needed; at the time of this
study, there was no information available
regarding resistance status in the study areas.

Eighty per cent of the rural households and
60% of the urban households did not use
temephos as they had not received any
chemical. Though urban people had better
access to temephos than rural people, most
people did not collect extra requirements but
waited for next supplies as it clashed with their
working hours and supply hours. Besides the
problem of accessibility to temephos, the
instructions for usage required more
elaboration. Communities could not
understand the difference between “grams per
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litre” or “spoons per litre”. In urban areas,
standard packages facilitated the correct use of
temephos in dragon jars, but there are no other
packages available for other sizes of containers.

Most people in this study were passive
participants in the control activities and were
also inconsistent. As a result, many people saw
few positive outcomes in the temephos
programme and, therefore, concluded that they
were “wasting their time”. They thus become
increasingly less likely to engage in temephos
control programmes. The present temephos
operation does not inspire and encourage
people to play a proactive role in the control
activities, which is the main aim of community
participation in dengue control programmes.[6]

Community participation in the control
of dengue is clearly a very important strategy;
however, it would require a Herculean effort
to bring this about. It is not that the current
temephos ‘message’ is wrong, but the message
does not match with people’s everyday social
and economic realities.[7] This study indicates
a need for the generation of innovative
promotional material for effective health
education. Clearly, the starting point for
improvement must be the timely provision of
sufficient quantities of temephos. In addition,
the temephos programme should contain
details about the appropriate amounts of
temephos for water treatment, as well as a
clear, realistic strategy for retreatment of
temephos as water is used.

VHVs and health officers are the major
sources of information about temephos in both

rural and urban settings. Therefore, VHVs need
guidance and support to be able to provide
more fine-tuned information to householders
about the correct use of temephos in the
multitude of water containers found in
people’s homes. Due to the large number of
water storage containers and the complexity
of temephos use, it is also important to
promote intersectoral linkages to improve
water supply to reduce the burden of the
campaign.

It is accepted that the study sites were not
entirely representative of the rural and urban
populations of Thailand, as each site was
purposively selected. Nevertheless, those sites
were selected in order to gain both rural and
urban perspectives. Since water practices and
container types and use may differ in other
regions, it would be desirable to repeat this
type of investigation in different socio-
ecological settings, which would allow
generalization to all rural and urban areas in
Thailand.
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