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SUMMARY

Malaysia, situated in the hot, wet tropics, has its fair share of
vector-borne disease problems, especially malaria. The rapid development of
the country and the clearing of jungles for land schemes and agriculture
created favourable breeding sites for the malaria vectors with a resultant

increase in malaria cases.

At the beginning of the century many migrant labourers who came to work in
the estates and mines suffered from malaria. Before the use of pesticides and
drugs, the prevention of malaria was a more difficult task. However, attempts
at control had been made in those early days by workers such as
Sir Malcolm Watson who introduced simple environmental management measures such
as drainage, filling and tidal control for the prevention of malaria. Others
who followed the pioneer work of Watson made tremendous progress in the
prevention and control of malaria in Malaya. The concept of "species
sanitation" and the application of environmental management measures were
initially introduced in some urban areas, for example Port Swettenham, Klang
and Kuala Lumpur. These measures managed to reduce the malaria epidemics.
Later, these environmental management measures were introduced into the rural
areas in some rubber estates and rice farms. There are many records especially
from the Malaria Advisory Board which showed the tremendous work and effort
involved in the prevention and control of malaria in Malaya.

Since the advent of residual insecticides notably DDT in the late 1940s,
chemical control of vectors has been the strategy in most antimalaria
programmes. Resistance of vectors to insecticides, the increased cost of
alternative compounds, concern for the effect of pesticides on the environment
and human safety, and the growing operational difficulties including public
objection to indoor residual spraying have led to the need for identification
of other methods of vector control such as envirommental management. It is
generally agreed that a single method alone cannot effectively prevent and
control malaria in any situation. A combination of methods or an integrated
approach for malaria control is now widely accepted.
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Environmental management can constitute an impertant and cost-effective
component of an integrated vector control strategy.

The following report summarizes the various methods of environmental
management introduced in Malaya and their success since the early part of the
centurv until the use of DDT and chemoprophylaxis in the late 1940s.

The use of environmental management measures for urban malaria control in
Port Swettenham, Klang, Kuala Lumpur and Penang Island are taken as examples of
where successful malaria vector control had managed to reduce the incidence of
malaria. Malaria control measures in the rural areas and the problems
encountered are reviewed.

The application of envirommental management measures in Malaya is
discussed. The present and future prospects of environmental management for
vector control are reviewed with a proposal for their reintroduction in
modern-day malaria control.

PREFACE

Malaria has been among the most important worldwide health problems for many years
and, despite progress made in its control during the past decades by the use of
pesticides and drugs, it still represents a serious ever-present risk to a large part of
the world population in tropical and subtropical areas.

In some developing countries, agricultural land development schemes, construction of
roads and water resource projects inadvertently created favourable breeding sites for the
vectors thereby leading to an increase in malaria in these areas.

A number of countries which claimed to have eradicated the disease are now facing
the problem of a malaria resurgence. Some of the identified reasons for the failure of
some malaria programmes are vector resistance to insecticides, parasite resistance to
drugs, rising costs of alternative insecticides and drugs, human behaviour and changing
life-style. These and other operational problems contributed to an increase in malaria
incidence in many countries and have resulted in the need for other methods of control,
one of which is environmental management. The document discusses the various methods of
environmental management which can be applied in present-day malaria control. For these
methods to succeed, the community has to be committed and be involved in implementing
simple environmental management measures like drainage, filling and construction of
simple engineering works using local materials and rescurces. The primary health care
approach should be adopted in carrying out environmental management for malaria vector
control in malarious areas.

The paper is aimed at attracting the interest and support of health professionals,
scientists and their institutions in the study, development and application of
environmental management techniques within the overall strategies for integrated malaria
control. It proposes the reintroduction of environmental management measures based on
Malaya's experiences.
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1. MALARIA IN MAILAYSIA

It is not known when malaria was first introduced into Malaysia or the Malay
Peninsula. Was it spread from the Asia mainland by the southern population drift? Or
was it already endemic among the aborigines of these areas? Or again was it introduced
by the forces of the Indo-Malay Kingdoms of Sri Vijaya and Majapahit or by the traders
who frequented those parts of Malaya? The answers to all these fascinating questions are
not known.

Malaria enters into Malayan recorded history with the first British settlement on
the island of Penang (Fig. 1). The island was apparently healthy when occupied in 1786.
A few years later the hilltops remained healthy while on the lower slopes malaria had
become highly endemic. The immigrant Europeans suffered the most. Of the 34 European
civil servants stationed on the island between 1805 and 1825, 20 had died before 1830,
half of them from fever (IMR, 1951).

Ward & Grant (1830), two army surgeons stationed in Penang at the time, described
the ravages of "Pinang Fever" as a fatal form of fever affecting most of the population
and responsible for about one-third of all adult deaths. The story then was one with
which we are now only too familiar. The trees were felled to clear the jungles in the
foothills and valleys; settlers moved into the new clearings, and malaria came as a
disastrous and at that time almost certain death.

A similar fate befell the first Chinese settlement of Kuala Lumpur in 1857 from
fevers which came with the opening up of new land. The Malay pioneers who felled the
jungle and tilled the virgin soil must often have faced the same troubles. We need nc
historian to remind us of the price they paid, the toll of life, the vears of fever, with
defeat when the odds were too great and they were driven to abandon what they had newly
won,

The struggles of the first paddy planters reflect the early days of the whole
planting industry. The pioneer planters cleared the forests to plant coffee, sugar,
pepper and later rubber. Chinese and Indian labourers, drawn by the high wages flocked
into the developing areas and the stage was set for the devastating epidemics of malaria
which darkened the early days of plantation history. Soon after the turn of the century,
as the pace of development quickened, malaria took the offensive, advancing with
ever-increasing severity to a peak in the years just before the First World War (IMR,
1951).

Time and again in Malayan history, malaria has been disastrous to the unprepared
community making its first contact with the disease. The early settlers in Penang, the
first paddy planters in the hill-country, the workers in the first rubber plantations,
the ill-fated community of European administrators were but a few examples. The human
host had little natural defence and the conditions were favourable for an intense
interchange of parasites between man and the mosquito. The mosquito infections were
numerous and heavy, the human infections repeated and severe.
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FIG. 1.

MAP OF MALAYA (PENINSULAR MALAYSIA)
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Very different is the response to malaria of the community prepared by long and
constant contact with the disease from early infancy. That community exposed year after
year to endemic malaria is saturated with infection. The adults are immune, acquired at
the cost of much suffering and mortality in early life. There is here the paradox of
severe malaria with the illusion of comparative freedom. The infants are infected mostly
before they are two years old and suffer from constant malaria during the early years of
childhood. Some die and those who pass intc adulthood come slowly and painfully to terms
with the parasite. The community comes to terms with malaria. The parasite and host are
in relative equilibrium.

Malaria over much of rural Malaya had a moderate endemicity, the disease being there
all the time, but not greatly disturbing the rhythm of viliage life. The transmission of
infection from the mosquito was relatively infrequent, though enough to cause much
sickness and death. Such an endemicity, however, was enough to cause splenic enlargement
in more than a third of the children (IMR, 1941).

This equilibrium between malaria and the community often is disturbed by changes in
environmental conditions. Enhanced agricultural activities, unusual combinations of tide
and rainfall, development of new roads and other such activities that are favourable for
vector breeding have over the years caused malaria cases to appear in larger numbers.

The patterns of malaria in rural communities were reflected on the rubber estates,
but here they were greatly modified by artificial control, though epidemic malaria was
common. When the rubber industry was young, much of the estate malaria was due to the
clearing of jungle and importation of non-immune immigrant labour. There were recurring
peaks of severity im 1907, 1911, 1920, 1928 and 1938, but over the next 30 years a slow
irregular decline has dominated the picture as seen in Figs 2 and 3.

The pattern of malaria shown by Fig. 2 and by other authors is at its best
incomplete. These figures were collected from hospitals of the four Federated Malay
States (FMS) of Perak, Selangor, Negeri Sembilan and Pahang, and the Straits Settlements
of Penang, Malacca and Singapore. They reflect malaria trends only in areas served by
the hospitals, namely, the plantations, mines and areas around the towns. They do not
reflect the incidence of malaria in the Malay kampungs (villages) in the hill-country,
that great endemic pool which seldom drains into the hospitals. Similarly, Fig. 3 shows
the malaria situation as reported by hospitals and clinics from 1949 to 1965.

These figures, useful as they may be when considered in their own proper and limited
perspective, are not representative of the actual malaria incidence in the country as a
whole. Yet these figures are the only recorded data available on the malaria situation
until 1965 when the first systematic countrywide blood-film survey was carried out in
what is now known as Peninsular Malaysia. Based on this survey for malaria, together
with the confirmed malaria cases in hospitals, and the prevalence of malaria among the
aborigines, a projected estimate of incidence indicated over 300 000 malaria cases per
year.

The malaria eradication programme started in Peninsular Malaysia covered all the
rural areas and helped reduce the incidence over the next decade. The annual number of
malaria cases reported in Peninsular Malaysia from 1971 onwards (when it was made
notifiable by law) presents a more accurate picture (Fig. 4). Nevertheless, these are
only the confirmed cases notified to medical departments. Initially with the advance of
the eradication programme there was a dramatic decrease in the incidence which later
stabilized to between 10 000 and 12 000 cases annually (Jit Singh, 1981).
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FIG. 2. MALARTIA IN THE FEDERATED MALAY STATES 1891-1949
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FIG. 4. MICROSCOPICALLY CONFIRMED MALARIA CASES
REPORTED IN PENINSULAR MALAYSIA 1971-1986
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2. HISTCRY OF MALARIA CONTROL IN MALAYA

Malarial fever with its characteristic pattern of shivering, burning fever, sweating
and afebrile phases appearing at regular intervals has been long known to the world
(Russell, 1953). 1Its association with marshes and swamps had given it the names of
paludism (Latin palus for marsh) and malaria (Italian mal aria for bad air). From an
early date drainage was used to eliminate malaria from certain areas (Ross, 1910).

In a series of brilliant research studies by workers like Alphonse Laveran,
Patrick Manson, Ronald Ross and others the existence of a malaria parasite in blood and
its transmission by mosquitos was established. This knowledge was used to devise various
methods to prevent and control the disease.

Ross suggested the prevention of malaria by mosquito resduction wherever practicable,
while Koch advocated the use of quinine to kill the parasite, thus preventing
transmission by the mosquito. Manson had experimented with the use of fine wire-gauze
screening as a method of preventing mosquito entry to sleeping quarters and thereby
malaria.

In 1901 a young doctor called Malcolm Watson came to Malaya as District Surgeon,
Selangor and malaria control in the country entered a new era. Ross had recommended that
anything that held water - wells, ditches, swamps, tin cans, coconut shells, etc. should
be drained to prevent the larvae from maturing into adult mosquitos. It was Watson who
showed the world how Ross’s principle could be put to use to preavent malaria.

Dr Watson was in charge of the Klang, Kuala Langat and Kuala Selangor districts, on
the coast of the Straits of Malacca, in January 1901. At that time Klang was surrounded
by a large area of swamp, and year after year for the previous five years the population
had been swept by waves of malaria. The death rate of its inhabitants was 160 per
thousand. Nearly half the patients in the hospital were malarious. Fever was such a
commonplace occurrence that government servants were expected to take one week off out of
every four to recuperate in hospital. In November 1901, there was an epidemic of malaria
of exceptional severity, most of the cases being of the malignant type. The Chinese
shopkeepers closed their shops for days at a time to carry out religious rites and
ceremonial processions in the hope of dissuading the malaria demons from further
depredations (Russell et al., 1946). Watson decided that the only way to control the
disease was to control the mosquitos. He decided to drain the swamps around Klang. The
result was spectacular. The epidemic was controlled within a short time.

Hardly had this epidemic been contained when another broke out in nearby
Port Swettenham, lying on the estuary of the Klang river and surrourded with mangrove
trees growing on mud and salt water. The port had been opened only in the middle of
September, and govermment servants and labourers were sent there from Klang. Within
three months, 118 of the 176 government servants were stricken with fever. The rest of
them refused to stay there and ran back to Klang. Of the Harbour Master's staff of
66 Malays, only six escaped the disease. Ships’ crews, who had to handle the cargo,
caught malaria, and ships refused to call at the port. The High Commissioner,
Sir Frank Swettenham, ordered it to be closed. Some unpleasant things were written about
Dr Watson, the Health Officer, but when he replied that he had forewarned the authorities
of the likelihood of these outbreaks developing some months before, the correspondence
ceased, and they then carried out his plans. An area of about 100 acres (40 ha) was
drained and bunded to keep out the sea water. As soon as the land dried out, the number
of malaria cases dropped. Six weeks later, Port Swettenham was reopened and bustled with
life (Watson, 1921).

Within a year, deaths from malaria in the hospitals in Klang and Port Swettenham
dropped from 368 to 59. Surprisingly, that from other diseases such as convulsions in
children, dysentery, tuberculosis, nephritis and abscesses also fell from 214 to 85.
Thus it was shown that malaria lowered the vitality of the people, especially in
children, and exposed them to invasion by other infections, and that without successful
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control of malaria, other measures to improve health in the tropics were ineffective (Ho,
1986).

Watson’'s measures were quite empirical, because it was not known at the time which
species of Anopheles transmitted malaria in those localities. It was lucky for him that
they turned out the way they did, because they could just as well have been disastrous
failures. His method of clearing the jungle to remove shade and the draining of water
collections were applicable to all districts under similar conditions. Many of the
estates were on flat land where his method was successful. However, on those estates
situated in hilly areas near Klang, the measures failed to control the malaria and, in
fact, positively encouraged it. This unexpected difficulty was also encountered in
eradicating malaria in the towns. By 1910 most of the main towns situated on the
lowlands of the Federated Malay States were reasonably free of malaria - a visitor only
caught it if "he has been careless about his mosquito net" (Cuthbert, 1910). On elevated
ground, as in the hilly residential area of Kuala Lumpur, the disease was still rife. On
the estates, malaria raged like a forest fire, set off by the hasty clearing of thousands
of acres of jungle on hilly slopes for rubber, to cash in on the high commodity prices,
and by the equally hasty recruitment of large numbers of non-immune immigrants. The area
under rubber rose from about 2400 ha in 1900 to 18 600 ha in 1905 to 220 000 ha in 1910,

This expansion of the rubber industry brought in its wake the scourge of malaria.
At the Highland and Lowlands Para Rubber Company estate, for instance, 200 out of every
thousand tappers were dying from fever (Amin & Caldwell, 1977). Half of the labourers of
the Midlands Estates died between 1910 and 1912. Out of a total estate labour force of
143 614 in the Federated Malay States in 1911, 9040 died during the year.

It was not until Watson tackled malaria control on rubber estates in the foothills

that he ran into trouble. On such estates, clearing and drainage, which were so
successful on flat land, only increased the incidence of malaria. Others besides Watson
were having the same experience, and malaria was becoming a serious problem in
Kuala Lumpur. The more carefully ravines were cleared of bushes and other shading
vegetation and drained, the worse the malaria situation became. Investigating this
problem Watson found he was up against a different mosquito, Anopheles maculatus, with
larval habits the exact reverse of those of A. umbrosus, the lowland vector.
A. maculatus was absent from the flat land, but in hilly land the larvae could be found
at the edges of the flowing water of ravine streams and seepages, if these were exposed
to sunlight. By clearing the jungle in ravines and making the water flow in a drain cut
down the middle, ideal conditions were created for A. maculatus (Field & Reid, 1956).

This problem with A, maculatus led Watson to experiment with subsoil pipe drains.
He could not leave the ravines uncleared, or let vegetation regrow in those already
cleared, because of the danger of an invasion by A. umbrosus, but he could not with the
means at his disposal prevent A. maculatus breeding in the streams thus exposed. There
seemed only one thing left to do; to put the water in pipes underground where
A. maculatus could not breed. In 1911 the first subsoil pipe drains were laid on the
Seafield estate and they worked well.

The same year (1911), the Malaria Advisory Board was formed, with Watson as one of
its members. The Board was created to cope with the increasingly serious malaria
problem, and was given a free hand, with wide powers not only to advise and coordinate,
but also to order and execute control measures. It at once tackled the problem of
malaria in Kuala Lumpur, and by 1913 the disease had been brought under control by
subsoil draining the ravines. The malaria death rate in the town, which had been nearly
11 per thousand in 1908, fell to four per thousand.

Subsoil drainage was thus established as the best method for controlling
A. macylatus in towns, but it was expensive and required much skill, also trees could not
be planted near the pipe lines. For these reasons it was never satisfactory on the
rubber estates, and this led Watson in 1914 to try oil, which hitherto he had rejected as
unlikely to succeed on the flowing water of A, maculatus breeding places. By the choice
of a suitable blend of o0il, and by spraying this along the edges of the streams instead
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of relying on fixed drip cans, he had an immediate success. The method was comparatively
cheap and was taken up at once by the rubber estates (Reid & Din bin Ahmed, 1958).

Thus by 1914 the basic antilarval methodology for controlling the malaria vectors of
Malaya had been worked out, largely by Watson. Clearing and draining, to let in sunlight
and keep the water moving, controlled A. umbrosus and its related species. Bunding and
tidal gates, to deep out salt water whilst allowing drainage of the land, controlled
A. sundaicus. Subsoil drainage of the ravines, or weekly oiling of the canalized ravine
streams and seepages, controlled A. maculatus. During the next 25 years these methods
were refined and widely applied throughout Malaya, but remained basically unaltered, and
almost unchallenged. A few methods suitable for special situatioms, such as
stone-packing (Scharff, 1936) or sluicing (Williamson & Scharff, 1936) for steep rocky
ravines, were added later. Today, Watson’s methods are still the basis of urban malaria
control and may be expectad to remain so. The synthetic insecticides were later used to
some extent instead of oil as larvicides, because they were cheaper.

The first sign of any challenge to the supremacy of antilarval measures in Malaya
was the discovery by German chemists of atebrin (mepacrine) in 1932. By 1940 a few of
the most malarious estates, where oiling had never been very satisfactory, had adopted
mepacrine prophylaxis following the demonstration of its effectiveness by Wallace (1936)
and by Field and his colleagues (1937). After the war this earlier Malayan experience,
added to the success of mepacrine in the armies in Burma and elsewhere, led to the
immediate adoption of drugs, especially proguanil, on estates in place of oiling which
had become much more expensive.

The residual insecticides were not used extensively until about 1951 when, owing to
the emergency, the resettlement of large numbers of people in new villages created an
immediate need for malaria control. By that time the results of local research on the
insecticides were available, and recommendations on dosage, technique, etc., were
published by the Malaria Advisory Board (1952), and house spraying began to be used as an
alternative to suppressive drugs on some estates.

By the end of the 1950s the methods of malaria control being carried out in
Peninsular Malaysia may be summarized as follows:

(a) Urban_areas

{1) Permanent drainage of ravines by subsoil pipes discharging into open
concrete drains for control of A, maculatus.

(ii) Permanent bunds and tide gates to exclude salt water for control of
A. sundajcus.

(iii) Ditching and weekly larviciding, usually with oil, around the periphery
of towns and other areas for which permanent drainage measures had not yet been
taken.

(b) Rural areas

Before the Second World War, with the exception of rubber estates, there was no
malaria control in the rural areas other than the free distribution of quinine by
‘travelling dispensaries, village headmen, police and post offices. Malaria control
was not possible in these areas before the advent of DDT.

In 1960 the Government accepted the concept of malaria eradication covering the
whole country. With this in view, the Ministry of Health carried out a Malaria
Eradication Pilot Project (MEPP) from February 1960 to June 1964. Following the success
of the MEPP, the Government launched the Malaria Eradication Programme (MEP) in 1967
which by 1975 covered the whole Peninsula (Jit Singh, 1985).
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2.1 Malaria control in urban areas

From the initiation of malaria control in Malaysia, the towns and rubber estates
received special attention from the British Colonial Administration. The towns,
especially Kuala Lumpur, Penang, Klang, Singapere and Malacca, were seats of
administration where the Europeans lived, while the rubber estates were economically
important. Malaria control in these two areas therefore was of paramount importance to
the Administration.

Malcolm Watson was the pioneer in this field and laid the foundation of the malaria
control methods which are still used in urban areas at the present time. His success in
reducing malaria in Klang, Port Swettenham and the estates by means of permanent drains,
subsoil pipes and the use of oil film on water surfaces, was then adopted for other
towns. Coutts Milne (1947) commented that the permanent antimalaria works in the
Federated Malay States are an example of antimalarial engineering at its best.

In Kuala Lumpur, the incidence of malaria was comparatively very low during the
sarly part of the century. Wright (1901) recorded that there was practically no malaria
in the town although Anopheles abounded. From 1906 to 1911 the residential areas became
more and more malarious, due to the clearing of valleys without efficient drainage
resulting in increased breeding places for the vector A. maculatus. The first subsoil
drainage in Kuala Lumpur was laid in 1910 at Petaling Hill. By 1930 the whole of the
Kuala Lumpur Sanitary Board area was under permanent or temporary antimalarial.control.
In order to protect the full Sanitary Board area a half mile (800 m) zone beyond this
area was also placed under antimalarial control (Coutts Milne, 1947).

In 1940 the total area under control was about 32 square miles (83 kmz). The
permanent antima arial works consisted of concrete surface drainage and subsoil drains
under the control of the Public Works Department. Over 3300 ha including 400 km of
subsoil and 90 km of concrete surface drains were so controlled. This did not include
street and house sullage drains. About 350 km of earth drains were under temporary
antimalarial control. Temporary or recurring measures consisted of clearing, ditching
and maintenance of existing drains and oiling. For temporary antimalarial control in
Ruala Lumpur the Sanitary Board area was divided into 10 divisions with an inspector and
collector in charge of each division. The whole of a division was to be covered once a
week and for this purpose was divided into six sections and each section was covered the
same day each week.

The administrative structure of Kuala Lumpur has changed over the years; the town
of less than 100 000 people 50 years ago has developed into a city of more than a
million people. Indigenous malaria does not exist in the city and is being kept away by
the same antimalarial control methods that initially helped to control the disease.

Some of the best examples of permanent antimalarial drainage systems are to be found
on Penang Island.

George Town was so named by Francis Light on 10 August 1786 and is thus as old as
the settlement itself. The island was named after the then Prince of Wales in the
United Kingdom. The occupation of the almost uninhabited island attracted settlers to
seek their fortune under the new rulers. By 1792, the number of settler inhabitants
mainly from India and China were said to number 10 000, mostly crowded in an ill-drained
and swampy area round the harbour where many died of fever. Among the victims was Light
himself who succumbed to what was probably malaria on 21 October 1794 (Penang, 1966).

The scourge of Penang from within a few years of its occupation was malaria. It was
not always correctly diagnosed, nor until the work of Ross in India and Grassi and his
colleagues in Italy at the end of the nineteenth century became known was it recognized
that the mosquitos (or, to be exact, certain kinds of mosquitos) were responsible. When
this became accepted, then a war against mosquitos began. By 1908, the Municipal
Commissioners had recruited a "mosquito brigade"™ of labourers whose task it was to
eliminate the possible breeding grounds. There were 91 labourers employed in 1913 and
they used nearly 19 000 litres of petroleum. By then it was justly claimed that there
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were no malarial mosquitos within the municipal limits. In 1920 it came to be recognized
that the breeding places included not only expanses of stagnant water but any
receptacle - coconut shell, empty tin, broken jar - in which water might collect.

It was also realized that boys were actually more efficient at this work than men.
The 20 Tamil boys or "chokras" recruited in 1920 rose to 45 in 1930 and 60 in 1931,
allowing some reduction in the number of adult labourers (from 100 to 64 and eventually
to 55). The working gangs of "chokras" were employed chiefly in constructing ditches,
clearing and draining streams and stagnant ditches, filling in pools and hollows and
cutting undergrowth, much of the work being done in the so-called reserve roads.

It was considered by 1936 that mosquitos had been almost exterminated. By 1933
mosquito nets were largely discarded and the Health Officer could report that it was
encouraging and pleasing to hear people boast of nct having used their mosquito nets for
S0 many years.

TABLE 1. NUMBER OF DEATHS DUE TO MALARIA IN GEORGE TOWN, 1923-1946

1923 101 1933 51
1924 52 1934 25
1925 97 1935 37
1926 134 1936 32
1927 147 1937 28
1928 168 1938 31
1929 103 1939 25
1930 89 1940 28
1931 72 ; ;
1932 57 1946 86

Source: Administration Report of the
Municipality of George Town,
Penang, 1946.

It will be seen from Table 1 that the battle was never so complet:ly won as to allow
the Health Department to rest upon its laurels. Some 366 600 litres of antimalarial oil
were used in 1937, but there were setbacks even then as in 1935. Nor did the same remedy
continue to prove effective. In later years it was thought economical to use HCH instead
of oil. It was used with success from 1950 to 1954. By then, however, a breed of
mosquitos resistant to HCH had developed. Before HCH became completely ineffective for
this mosquito population, the Municipality began using a commercial antimalarial oil
emulsion, which was cheaper still. All this was after the major setback of the Second
World War, but it serves to illustrate the principle that "mosquito control is not merely
a matter of spray and forget". The work has to go on.

Besides the use of antimalarial oils, the Municipality Health Department allotted a
large sum of money for the construction and maintenance of permanent antilarval works
(for example, laying of subsoil pipes). 1In 1933, the Penang Health Department spent a
total of Malay $ 10 504.69 on permanent antimalarial works. Several areas had been
inspected and plans prepared for a continuation of this permanent work, the aim being
more or less to surround the town with a barrier by which it was hoped to exclude the
possibility of an invasion by malaria-carrying mosquitos - a possibility to which the
town must always be alive, considering the topography of the surrounding country
(Administration Report, 1933).

On the Penang Hill for example, a hill gang of eight persons was responsible for
reducing the number of breeding places of Anopheles maculatus. As long as the hill was



WHO/VBC/88.960
page 16

allowed to remain in its denuded state, special precautionary measures would be necessary
which would include the construction of agitation wells (Administration Report, 1933).

However, in the years following the Second World War, the Health Department was
handicapped by the deterioration of permanent and semi-permanent antimalarial works,
which it had not been able to put in order because of shortage of labour and material and
the high cost involved in these works. It was therefore compelled to substitute oiling
in many of these areas previously controlled by permanent works (Administration Report,
1946).

2.2 Malaria control in rural areas (1904-1941)

Malaria control in rubber estates

In the early days of the rubber industry in Malaya, malaria was a serious problem in
the newly-opened estates. As large tracts of land were cleared of jungle, creating
favourable breeding conditions for Anopheles maculatus, and thousands of immigrant
labourers, often with little malarial immunity, swelled the estate populations, only a
reservoir of malaria infection was needed to start up an epidemic of the disease in the
estates. The widespread havoc which malaria caused during the period of the first rubber
boom was portrayed by Watson (1921) and other early workers in Malaya. There were
recurring peaks of epidemic malaria in 1907, 1911, 1920, 1928 and 1938 mainly due to
population movement with the immigration of non-immune labour, who were immediately
associated with infected but immune populations, and the envirommental disturbance from
the felling of forest with increased breeding of the malaria vectors (Sandosham, 19539).

[

Early attempts to control malaria in the hilly estates by using the same methods of
clearing and drainage as were used in lowland estates and swampy jungle were met with
failure (Watson, 1921). The reason for the failure was that in the lowland estates the
vector was Anopheles umbrosus which favoured a shady habitat. Hence the removal of shade
ari the use of proper drainage resulted in the breeding of this vector being greatly
reduced.

In the hilly estates and jungle, however, the same method of clearing and drainage
could not control Anopheles maculatus because that vector favoured cleared streams and
breeding places exposed to the sun. This was the main reason for the outbreaks of
malaria in hilly estates as more and more land was cleared for rubber planting or
replanting. Replanting introduced new conditions suitable for the breeding of
A. maculatus, such as exposure and disturbance of ravine streams in the seepage, the
formation of holes following the removal of old rubber tree roots and the digging of
replanting holes which were left open for two or three months to weather the soil.
Whenever the soil contained a high proportion of clay, these measures might result in
holes capable of retaining seepage water which, under conditions of planting and
replanting, was exposed to the sun throughout the day. Under these circumstances,

A. maculatus found many favourable breeding sites (Sandosham, 1959).

The relation between malaria incidence and the planting and replanting of rubber in
pre-war years in Malaya was well illustrated in Fig. 5. 1In 1904, rubber planting began
on a significant scale and the graph recorded figures of planting and replanting for
estates of 40 ha or more. The figures for malaria referred only to admissions to
government hospitals of the Federated Malay States and, although they represented a small
fraction of the total incidence of malaria, they were nevertheless of value for purposes
of comparison over the years. Opening up new areas for rubber planting, importation of
labour, movement of people from one part of the country to another and other activities
associated with improved economic conditions showed that malaria was to some extent a
disease of prosperity, with the troughs in the curves about 1924 and 1934 corresponding
to periods of trade depression (Sandosham, 1959). The lack of correlation between
replanting and malaria incidence in the post-war years was probably due to greater use of
drug prophylaxis and residual insecticides and to newer methods of replanting.
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FIG. S. ADMISSIONS TO GOVERNMENT HOSPITALS IN PERAX, SELANGOR,
NEGRI SEMBILAN AND PAHANG FOR MALARIA, AND PLANTING AND REPLANTING OF RUBBER
(Mal. Adv. Bd. Ann. Rept., 1955)

(From: Sandosham, A. Malariology with special reference to Malaya, 1959, Fig. 14)
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Malaria control in ricefields

It has already been mentioned that the Malayan ricefields of the plains are
relatively free of malaria. Even in the ricefields of the narrow valleys malaria is not
a serious problem. The question as to whether some of the ricefields are malarious or
not is difficult to decide until breeding places outside the ricefields are completely
eliminated. The presence of Anopheles maculatus outside the ricefields has complicated
the malaria epidemiological picture. It was at one time thought that A. aconitus
breeding in the ricefields was responsible for malaria transmission, but it is now known
that this species plays a minor role, if any, in the transmission of malaria in Malaya.

Three types of valleys, where there is rice growing, have been observed (Sandosham,
1959). In one type an abundance of water flows over the land throughout the year and the
larvae of A. maculatus are found during its period of seasonal increase, both in the
streams entering from the sides of the valley and in the ricefields themselves. The
inhabitants of the valley are frequently reinfected and malaria is hyperendemic.

The second type are those valleys where there is less water and A. maculatus is
found only in small streams which run down to the valley bottom. Although the
inhabitants are all periodically infected, transmission is not intense and malaria does
not appear to be the cause of much morbidity.

In the third type, in which the valley has low hills dropping abruptly to the
ricefields, there are few side streams and very few A. maculatus can be found. Normally,
there is little malaria in such valleys. 1In all three types of valleys the larvae of
such species as A. barbirostris (light-winged form), A. aconitus, A. hyrcanus group and
A. philippinensis are to be found in large number in the ricefields themselves, the
anopheline fauna differing according to the stages in the growth of the crop.

The Malaria Bureau and the Malaria Advisory Board carried out investigations into
the malaria problem in rice-growing areas from 1925 to 1928 with the intention of
introducing naturalistic control for malaria. Williamson and others attempted various
naturalistic control methods including sluicing, flushing, automatic siphon, fascine
drainage, herbage packing, larvae-eating fish for the control of A. maculatus in inland
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rural areas (Williamson & Scharff, 1936). Some of these naturalistic measures are still
in existence and functional in Penang. It cannot be claimed, however, that any of these
measures were ever widely employed in Malaya for the control of rural malaria. They were
used mainly for extending the existing controlled areas in such places as Penang.

Investigations made by the Institute for Medical Research in collaboration with
health officers from 1939 to 1941 in rice-growing areas remote from towns, provided much
information on the epidemiology of "kampong malaria" but did not encourage the hope that
control by any of the antimosquito measures then available would be a practical policy.
Today, with the aid of the new insecticides, the problem is being tackled afresh with
much greater hope of success.

2.3 Malaria Advisory Boards

An account on the history of malaria would be incomplete without reference to the
Malaria Advisory Board. The Board was founded in 1911 as an advisory body nominated by
the Government but with no legal status. The first chairman was the Chief Secretary,
Federated Malay States. Other members included the Chief Medical Officer, a district
officer with experience of Sanitary Board work, an engineer skilled in antimalaria work,
two planters and a private medical practitioner. Later, as the importance of the Board
grew, it was enlarged as follows: the Principal Medical Officer who acted as Chairman;
the Chief Health Officer; the General Manager of the Railways; the Director of Drainage
and Irrigation; the Residents of the four Federated States; an entomologist; four
private practitioners; and a secretary.

In 1932, consequent on decentralization of the Federated Malay States, the
Constitution of the Board was changed. The Director of the Institute for Medical
Research (IMR) became the Chairman. The four State Medical and Health Officers replaced
the Chief Health Officer, and the Malaria Officer and the Entomologist of the IMR joined
the Board. Five private practitioners and the entomologist, Cameron Highlands, completed
the Board, and the Residents ceased to attend.

During its 30 years of activity, between 1911 and 1941, the Board promoted many
practical investigations on various aspects of malaria, issued statements to the public,
kept those concerned with the treatment and control of malaria in touch with changes of
ideas and new developments, advised the Government, and at its meetings discussed most
aspects of malariology. The records of its activities are found in its annual reports.

The Malaria Bureau for the study of entomological and parasitological problems was
formed in 1914 at the request of the Board; and in 1320 a start was made with the
formation of Mosquito Destruction Boards to carry out control measures in the main towns
of the Federation. These Boards, each under the chairmanship of the local health
officer, were coordinated with the Malaria Advisory Board to which they submitted their
annual estimates.

During the last two to three decades, the Malaria Advisory Board has been actively
seeking ways and means of extending malaria protection into the rural areas. Before the
advent of modern drugs and residual insecticides, nothing much came out of these
efforts. However, the development of modern weapons against malaria activated the Board
into renewed activities and, in line with its advice and in conjunction with the Ministry
of Health, three projects have been carried out with the sole objective of extending
antimalaria activities to the rural areas thereby providing a comprehensive coverage for
the whole country. The three projects refer to the Negeri Sembilan experiment
(1948-1952), the Malaria Eradication Pilot Project (1960-1964) and the Malarial
Pre-eradication Programme (1965-1966). The success of these projects eventually led to
the launching of the National Malaria Eradication Programme in Malaya in 1967.

In line with the WHO "Re-oriented Strategy" on malaria control (WHO, 1978), the
original objective of the Malaria Eradication Programme was modified in the Fourth
Malaysian Plan to that of a long-term antimalaria control programme with the ultimate
objective of eradication of malaria. This was to be implemented in three stages, namely:
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Stage one: FYormation of Anti Malaria Programme 1981-1982

All activities related to the eradication/control of malaria were to be
amalgamated into one national body to be known as the Anti Malaria Programme.

Stage two: Formation of Vector-Borne Disease Control Programme (1983-1984)

Dengue fever/dengue haemorrhagic fever and filariasis were to be amalgamated
with the Anti Malaria Programme resulting in the formation of the Vector-Borne
Disease Control Programme.

Stage three: Further expansion of Vector-Borne Disease Control Programme (from 1985
onwards)

Other diseases like plague, typhus, Japanese B encephalitis and yellow fever
were to be added to the Vector-Borne Disease Control Programme.

3. METHODS OF ENVIRONMENTAL MANAGEMENT USED FCR
MALARIA VECTOR CONTROL IN MALAYSIA

Environmental management, which in the past constituted one of the main methods for
the prevention and control of malaria, became of reduced importance with the wide-scale
application of chemical control measures. The optimism with the advent of the DDT era
led to the view that malaria could be eradicated from most areas of the world. There
were some early successes, but unfortunately faith in this approach was unfounded because
of various problems. These problems included the development of insecticide resistance
in many vectors, environmental pollution leading to the death of certain non-target,
harmless and even beneficial animals, the biomagnification of organochlorine insecticides
in the food chain, insecticide residues in foods and in man, as well as administrative
and operational difficulties in maintaining an efficient insecticidal spray programme.
The narrowing of the economic advantages of chemical control, due to increased costs of
chemical pesticides, especially new biodegradable ones, began to discourage the
repetitive use of pesticides and to focus attention on other metheds, such as
environmental management.

Environmental management measures may in the long term result in more lasting
control of malaria and produce considerable benefits to agriculture and socioceconomic
development. However, just as pesticides can generate unwanted side-eifects so can
environmental management measures if they are not properly selected. well planned and
implemented. ’ ‘ -

The present philosophy of vector control is shifting from concentration on one
single method of attack, whether it be insecticidal, bioclogical or environmental, towards
a more integrated approach (WHO, 1982, 1983). Fig. 6 illustrates the components and
methods which together form this integrated control approach for malaria control. Some
of the methods are well tested and are operational, others are only at the development or
research stage and cannot form a component in control.

Environmental management measures are in most instances applied in conjunction with
other control methods, as a component of an integrated control strategy, although
occasionally they may be used alone.

Simple environmental management measures are within the possibility of most malaria
vector control programmes and can be initiated with relatively little additional training
of staff and with slight reorientation of sexvices. Collaboration with agriculture,
irrigation and public works departments is essential for the introduction of corrective
measures in their activities to prevent and control malaria mosquito breeding. At the
same time, their resources and assistance can be used to plan and implement major
environmental activities which are mutually beneficial to health and agriculture.
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FIG. 6. DIAGRAM OF THE COMPONENTS (ENVIRONMENTAL MANAGEMENT,
CHEMICAL, BIOLOGICAL) AND THEIR POTENTIAL CONSTITUENT METHODS TO BE
CONSIDERED IN AN "INTEGRATED CONTROL" APPROACH TO MOSQUITO CONTROL

(Adapted from Axtell, 1979)
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During the past few years, environmental management for vector control has been the
subject of discussion at various international meetings on malaria control, water
resources development, irrigation and agriculture. The term "environmental management"
and some related terms were defined rather broadly to begin with, but later more
precisely as their use became established.

To avoid unnecessary misunderstandings, it is important that these tarms should be
interpreted and used in the same way by all concerned with environmental management for
vector control. The WHO Expert Committee on Vector Biology and Control, at its meeting
in November 1979, considered a number of commonly used terms and agreed on their
definitions, which are given below (WHO, 1980):

Environmental management for vector control: The planning, organization, carrying
out and monitoring of activities for the modification and/or manipulation of
environmental factors or their interaction with man with a view to preventing or
minimizing vector propagation and reducing man-vector-pathogen contact. This
approach, which should be carried out prudently and skilfully, is naturalistic and
involves an attempt to extend and intensify natural factors which limit vector
breeding, survival and contact with man.

Environmental modification: A form of environmental management consisting in any
physical transformation that is permanent or long lasting of land, water and
vegetation, aimed at preventing, eliminating or reducing the habitats of vectors
without causing unduly adverse effects on the quality of the human environment.
Environmental modification includes drainage, filling, land levelling and
transformation of impoundment margins. Although these measures are usually of a
permanent nature, proper operation and adequate maintenance are essential for their
effective functioning.
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Environmental manipulation: A form of envirommental management consisting in any
planned recurrent activity aimed at producing temporary conditions unfavourable to
the breeding of vectors in their habitats, Water salinity changes, flushing,
regulation of the water level in reservoirs, vegetation removal, shading and
exposure to sunlight are examples of environmental manipulation activities.

Modification or manipulation of human habitation or behavicur: A form of
environmental management that reduces man-vector-pathogen contact. Examples of this
kind of approach include the siting of settlements away from vector sources,
mosquito-proofing of houses, personal protection and hygiene measures against
vectors, and provision of such installations as mechanical barriers and facilities
for water supply, waste-water and excreta disposal, laundry, bathing and recreation
to prevent or discourage human contact with infested waters.

Source reduction: The term covers any planned modification of the environment,
which physically removes from the surface of the ground or reduces the water in
which mosquitos develop, or through physical changes in the environment renders the
water unsuitable for mosquito production (WHO, 1973).

3.1 Environmental modification

Impounding: Impounding is made use of in some man-made lakes to prevent breeding of
malaria mosquitos. These lakes collect excess runoff during rainy seasons and also
seepage water from nearby hills. A good example is seen in the Lake Gardens in

Kuala Lumpur, which makes use of impounding to ensure that the lake has steep margins
with much wave action. Vegetation along the edges of the lake is removed, together with
any floating vegetation on the lake. This action prevents mosquito breeding along the
steep shoreline exposed to wave wash and wind.

Filling: Filling is one of the most satisfactory methods for the permanent elimination
of mosquito breeding in depressions, provided a source of fill material is available
without creating undrained borrow pits. Scattered and small water collections in or
around villages and other settlements can be eliminated by hand-filling and grading.
Many marshy areas can be filled with stable demolition waste and excavation materials.
Depressions in coastal areas can be filled with hydraulic spoil from channel and harbour
maintenance dredging. Examples of filling of marshy land and coastal areas can be seen
in Penang Island. The land-filled areas may then be used for cultivation or housing
projects. .

Drainage: Drainage is the removal or elimination of unwanted water on the surface of the
ground or in the upper layers of the soil (WHO, 1982). Mosquito breeding is frequently -
associated with the absence of drainage systems or the inadequacy of existing drains to
cope with heavy rainfall or with an excess water resulting from over-irrigation, marsh
expansion or inundations. Proper drainage (regardless of its objective) helps reduce
mosquito populations by eliminating or reducing habitats suitable for their breeding.

Mosquitos have a rarige of flight, the maximum figures of which have been determined
for different species through entomological studies. For practical purposes, however,
anopheline mosquito control operations with a radius of 1.5-2 km from human habitation
provide reasonable protection. The drainage of mosquito habitats should not take longer
than the time required by the mosquito to develop from the egg to the adult (four days to
three weeks according to the species and local climate).

The drainage of mosquito habitats should be limited to the existing and potential
breeding places of the vector concerned. The concept of "species sanitation" requires
drainage to be directed against the particular mosquito species that is a confirmed
vector of malaria.
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FIG. 6. DIAGRAM OF THE COMPONENTS (ENVIRONMENTAL MANAGEMENT,
CHEMICAL, BIOLOGICAL) AND THEIR POTENTIAL CONSTITUENT METHODS TO BE
CONSIDERED IN AN "INTEGRATED CONTROL" APPROACH TO MOSQUITO CONTROL

(Adapted from Axtell, 1979)
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During the past few years, environmental management for vector control has been the
subject of discussion at various international meetings on malaria control water
resources development, irrigation and agriculture. The term "environmental management"
and some related terms were defined rather broadly to begin with, but later more
precisely as their use became established. »

To avoid unneeessary misunderstandings, it is important that these terns should be’
interpreted and used in the same way by all concerned with envirommental management. for
vector control. The WHO Expert Committee on Vector Biology and Control, at its meeting
in November 1979, considered a number of commonly used terms and agreed on their .
definitions, which are given below (WHO, 1980):

Environmental management for vector control: The planning, organlzatlon, carrylng

out and monitoring of activities for the modification and/or manlpulatlon of
environmental factors or their interaction with man with a view to preventing or
minimizing vector propagation and reducing man-vector-pathogen contact. This
approach, which should be carried out prudently and skilfully, is naturalistic and
involves an attempt to extend and intensify natural factors which llmit vector
breeding, survival and contact with man.

Environmental modification: A form of environmental management consisting in any
physical transformation that is permanent or long lasting of land, water and
vegetation, aimed at preventing, eliminating or reducing the habitats of vectors
without causing unduly adverse effects on the quality of the human environment.
Environmental modification includes drainage, filling, land levelllng and ,
transformation of impoundment margins. Although these measures are usually of a
permanent nature, proper operation and adequate maintenance are essential for .their
effective functlonlng
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Drainapge problems and malaria vector control in Peninsular Malaysia

Throughout Peninsular Malaysia, conditions of temperature, rainfall and humidity are |
generally favourable for malaria transmission throughout the year. Anopheline vectors ;
are distributed into three distinct ecological zomes according to the nature of the :
terrain and its vegetation. Fig. 7 illustrates the distribution of the main vectors. of
malaria in Peninsular Malaysia (Sandosham, 1959). The first ecological zone is the tidal
zone and areas of brackish water. This zone varies in size from a narrow strip along the
coast extending for varying distances up the larger rivers or for many miles along inland
creeks. In the untouched mangrove swamp of this zone, no vector species of anophelines
breed and the area is free of malaria.

FIG. 7. THE DISTRIBUTION AND ABUNDANCE OF VECTORS IN
DIFFERENT ECOLOGICAL ZONES OF MALAYA

(From: Sandosham, A. Malariology with special reference
to Malaya, 1959, Fig. 18)
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In areas where the mangrove has been cleared, however, and the tidal water
intermingles with the exposed collections of fresh water, the malaria vector, Anopheles
sundaicus, breeds prolifically in the brackish pools and becomes responsible for malaria
transmission there (Sandosham, 1959).

To counteract this, the use of tidal drainage and the construction of bunds and
tidal gates have met with some success in certain areas in Malaya, especially in
Port Swettenham. : '

\
: |
The second ecological zone is the coastal plains, which extend from the sea to the |
hills, and vary considerably in extent in different parts of Peninsular Malaysia. The
vector species of the untouched jungle swamps is Anopheles umbrosus but as this zone is
sparsely populated hence there is little malaria here. When such a jungle swamp adjoins
cleared areas under cultivation, A. umbrosus emerges from the jungle to bite man and thus |
transmits malaria. Drainage of jungle swamps tends to decrease breeding places and |

e e e
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reduces the numbers of this species. It is common practice to site labourers’ lines at
least a kilometre from the edge of such swampy jungles of the coastal plains (Sandosham,
1959).

When the jungle is cleared for cultivation, A. umbrosus disappears and its place is
taken by other anophelines. The large open swamps and areas of the coastal plain under
rice cultivation are relatively malaria free. When malaria occurs, the vectors may be
the dark-winged form of A. barbirostris or A. nigerrimus unless the ricefield abuts on to
a hill breeding A. maculatus, when that species is predominant. When the cleared area is
a kampong or under coconut or rubber cultivation, the amount of shade is just right for
A. letifer, which becomes the most important vector assisted by the dark-winged form of
A. barbirostris. The breeding of these species is readily kept in check by good drainage
and by keeping the drains free from vegetation. This procedure, which is economically
worth while on the estates, is hardly practical in the rural kampongs which remain
malarious. Typical examples of lowland drainage areas in Peninsular Malaysia are largely
confined to the large coastal plains characteristic of those in the neighbourhood of
Klang (Watson, 1921). :

The third and final ecological zone is the hills and the mountains which are
intersected by numerous valleys (Sandosham, 1959). Undulating land and hilly country,
when completely covered with virgin jungle or with dense vegetation is, in most parts of
Peninsular Malaysia, naturally malaria free. But the felling of trees and the cutting of
roads, in the neighbourhood foothills (whether on the coast or further inland) or in the
uplands, is apt to lead to serious outbreaks of malaria, unless such felling or earthwork
is accompanied by specific antimalaria measures. The chief malaria vector here is

Anopheles maculatus.

This species extends its range under suitable conditions, from the high-tide level
of many coastal hills up to a limit of 2000 m in the inland mountain ranges. The
efficiency of this vector is particularly marked on land where granite rocks appear.
Narrow valleys planted with rice are often malarious because A. maculatus finds suitable
exposed seepages along the edges of the planted area or along streams in the bottom of
the valley. Subsoil drainage methods have been employed quite successfully, especially
in Kuala Lumpur to control this vector (Watson, 1921).

Selection of drainage methods: There are three main groups of drainage methods employed,
namely:

(i) tidal drainage methods;
(ii) surface or open drainage methods; and
(iii) subsoil or underground drainage methods (Scharff, 1959).

In tidal drainage, advantage is taken of the falling tide to drain the low-lying
land which has become subject to invasion by sea water. The effect of the current of
water in the drainage channel, as well as the alternate raising and lowering of the level
of the water in the drain, has as much to do with the reduction of brackish water
breeders as has the exclusion of sea water, which is rarely altogether complete. Sea
water is excluded by bunds in which drainage outlets are guarded by automatic or
hand-worked sluices set against the rising of the tide.

In surface or open drainage, water is carried by earth or masonry drains in such a
manner as to hinder malaria vector mosquitos from breeding. Surface drainage usually
involves the shaping of the land surface, the improvement of natural watercourses, and
the construction of open ditches.

The construction of open drains as part of antilarval control may consist of
(i) simple clearing or regrading the outfall in blocked-up streams in which the flow is
too swift to allow breeding to take place; (ii) confining the water of swamps and
seepages to narrow channels where it can be treated with larvicides; and
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(iii) confining the tidal effect to the main channels and not allowing brackish water to
stagnate in ponds.

The main types of surface drainage found in Malaysia are the ravine drainage,
lowland drainage and the use of concrete drains. The purpose of ravine drainage is to
give ready exit to surface water and to control flowing water and seepages. Many ravines
in hilly districts are covered with "blukar" or secondary growth, which has replaced the
primary virgin jungle which has been felled. Though A. maculatus cannot breed so long as
the cover is of good growth, such ravines are potential sources of malaria outbreaks
since fallen trees, and the making of paths by men and cattle, can interfere with -the
shade. These blukar-covered ravines have to be drained so that breeding cannot take
place.

In Malaysia, owing to the frequent heavy downpours of rain, open drains in lowland
areas should be of large capacity for carrying off the storm water. In such large
drains, however, it would be difficult to maintain the bottoms free from stagnant pools
during dry weather. It is necessary to drain the streams, remove all vegetation and
treat their sides in order that no still water or pools form in them.

A better method, where it can be economically used, is to lay concrete channels in
the bottom of ditches, the sides being properly sloped and suitably protected from
erosion by either turf or concrete slabs. The location and design of drainage ditches
are largely determined by the topography of the area and by any natural or artificial
features, such as roads and canals, that may restrict the general direction of the
ditches, or streams, rivers, lakes and estuaries that may be useful as outlets to the
system.

The common layouts for drainage systems in flat irrigated land are the comb or
gridiron and the herringbone patterns of parallel sublaterals and laterals that receive
the drainage water from cultivated fields. Fig. 8 shows some typical patterns of
drainage systems and all but the last are commonly used in surface drainage (Walker,
1955).

Earth drains require repeated regrading and clearing. Concrete drains are more
easily cleaned, require less inspection, and are less costly in the long run than open
earth drains whose upkeep is always expensive. If properly graded, the surface water in
a concrete channel is able to flow at a velocity sufficient to prevent malaria mosquitos
from breeding. Fig. 9 shows a typical concrete drain employed in malaria control in
Malaysia.- Appendix 1 lists some’of the essential points in the technique of surface
drainage (Scharff, 1959).

In subsoil or underground drainage, the groundwater level is lowered. Seepages and
springs are intercepted and conveyed below the surface of the soil so as to prevent
breeding of vectors.

In Peninsular Malaysia this system of drainage has been used extensively for the
control of A. maculatus in the hilly districts. This vector breeds heavily in vertical
seepages, seepage swamps, clear springs, and even in clean weeded hill streams with quite
a strong current. Such breeding places abound in all ravines and valleys and are
extremely difficulty to deal with satisfactorily by any other wmethod.

The advantages claimed for subsoil drainage as compared with .surface drainage are:

(1) Clay mostly underlies the surface of the ground in Peninsular Malaysia and the
water-table is relatively high, therefore subsoil drainage is very satisfactory in
such a situation.

(ii) It permits no exposure of water, thus rendering it inaccessible to the
mosquitos, hence completely abolishing all possible breeding places within its area.



WHO/VBC/88.960
page 25

FIG. 8. TYPICAL DRAINAGE SYSTEMS

(Reproduced from: Manual on environmental managemen®
for vector control, WHO, 1982, Fig. IIID-3)
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FIG. 9. SURFACE OPEN CONCRETE DRAIN IN MALAYA

Note the clean, clear flowing water.
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(iii) Pipes properly laid are self-cleansing, readily inspected and need only
infrequent repair and very little attention to maintain them in good order.

(iv) It is frequently the least expensive form of drainage when intelligently
applied, being cheaper than antimalarial oiling, when the cost is reckoned over a
period of years.

(v) 1t possesses the advantage of permanency (Scharff, 1959).

Ravines are usually waterlogged and swampy, because they are the natural drainage
outlets for groundwater in the hillsides above them. Such ravines can only be dried out
by means of a system of drains running parallel to the contour of the hill (contour
drains) to intercept the seepage before it emerges on the surface. By placing subsoil
pipes of various sizes in such drains the erosion and weathering, to which open earth
drains are subjected, are avoided. An example of ravine drainage by subsoil pipes as
commonly seen in Malaya is illustrated in Fig. 10.

In place of clay pipes, subsoil drains may be constructed with stones in localities
where they are plentiful. Flat stones are arranged at the bottom of the trench so that
they form the floor, sides and roof of a stone-lined underground channel. The rest of
the trench may be filled with carefully arranged stones of progressively smaller
dimensions as the surface is reached. This is referred to as stone-packing and has been
found satisfactory in certain types of hill ravines, especially in steep rocky portions
where circumstances demand the institution of permanent control measures.

Fig. 11 shows a further modification of a stone subsoil drain in steep rocky
ravines. This method of drainage by stone-packing has given good results in dealing with
ravines on Penang Hill, where the jungle has been partially cleared and where springs and
seepages appear on the surface only for a short distance in the course of rock-strewn
streams. Fig. 12 shows a stone subsoil drain. Fig. 13 shows some examples of buried
conduits which are used in subsoil drainage (Scharff, 1959).

Fascine drainage is a type of subsoil drainage in which trunks and branches of trees
take the place of pipes. It was found useful during the increase in malaria in 1938 in
Malaysia that took place following an extensive replanting of rubber in estates
(Sandosham, 1959). The felling which preceded replanting provided the materials
necessary for fascine draining, otherwise the cost of carting timber would have been
prohibitive. Rubber wood has been found to be satisfactory. The roots of trees did not
appear to block the drains, as is liable to occur with pipe drainms. The fascine drains
could therefore be laid among standing trees. They are said to give satisfactory results
in the small watercourses which are the breeding grounds for A. maculatus.

Appendix 2 lists some essential points in the technique of subsoil drainage
(Scharff, 1959).

Antimalaria drains

Table 2 shows the situation of antimalaria drainage (surface and subsoil drains) in
Peninsular Malaysia in 1985.

The Ministry of Health maintained about 1500 km of antimalaria drains throughout the
States.

Table 3 shows the situation of the various antimalaria drains in 1965, just prior to
the launching of the Malaria Eradication Programme in Malaysia in 1967.

Comparing the figures in Table 2 and Table 3, it may be observed that there has been
a reduction of about 4 million metres of antimalaria drains between 1965 and 1985. Some
of the reasons for the reduction in the length of antimalaria drains may include neglect
in the maintenance resulting in antimalaria drains turning into sullage drains or, with
the development and expansion of the towns, the antimalaria drains have to make way for
housing projects.



WHO/VBG/88
page 28

.260

(From: Sandosham, A. Malariology with special reference
to Malaya, 1959, Fig. 27)
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